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1. INTRODUCTION

Taro is a member of Aracacea family and is one among the oldest crop
cultivated alongside most humid tropic and subtropics. It is a perennial tropical
plant produced for its edible corms, leaves and petioles. Taro ranks fourteenth as
the most consumed vegetables world-wide (Lebot and Aradhya, 1991). Taro add
profoundly to nutrition and food security in most African countries. It is also known
as potato of the humid tropics and is also important as a subsistence crop and are

produced as cash crops mostly for trade in local markets of India.

Taro is believed to be originated in Indo Malayan region probably in North
Eastern India and Asia. In the whole world, Taro is thought to be cultivated in more
than 65 countries (USDA, 2001) and is believed to be one of the earliest cultivated
crop and was cultivated in India before 5000 B. C. There are two botanical varieties
of taro. One is dasheen type with a large central corm having suckers, stolon and
small cormels and eddoe type with smaller corm bordered by many number of

cormels.

The yield of taro is approximately 5.5 t/ha on average. It is grown in an area
of 51,724 ha producing 810995 t with a productivity of 15.68 ha during 2009-10.
In Kerala, Taro cultivation covers about 8841 hectares and the major leading district
in its area of cultivation is Kollam with 1831 hectares followed by Pathanamthitta
with an area of 1144 hectares (Srinivas ef al., 2012). In India it is produced widely
along all the agricultural states and in Kerala it is mainly cultivated in
Pathanamthitta, Kollam and Alapuzha districts. Major taro varieties available in the
market are Sathmukhi, Sree Rashmi, Sree Pallavi, Katyan, Ahena, Poonampet,
Muktakeshi, Topi etc. Taro is cultivated in 2 more than 1.08 million hectares in the
world (FAO, 2001). Consumption per person/year in homes was 29 kg in 2002, but
27.08 kg in 2008 (Nunes, 2012).

Taro production is strangled by the grasp of Phtyophthora colocasiae and
other pests and diseases which lead to the genetic erosion of taro. Due to random

changes in environmenta! factors, inbreeding, altered host-pollinator interactions



the genetic base is declining. Since it’s important to food and cultural diversity in
many regions, the alarming rate of genetic erosion has to be checked. Climatic
change is yet another reason for genetic erosion and it accounts for the major threat
in survival genetic resources. And furthermore the FAO, (2004), has reported that
in the 20th century “some 75 percent of plant genetic diversity has been lost as
farmers worldwide have left their multiple local varieties and landraces for
genetically uniform, high-yielding varieties”. So it’s vital to study the genetic
diversity of taro and conserve these varieties from further genetic erosion. Studies
about genetic resources of tropical tuber crops are underway from the year 1978.
The Central Tuber Crops Research Institute (CTCRI), India under the Indian
Council of Agricultural Research (ICAR), Ministry of Agriculture, Department of
Agricultural Research Education has included taro as a mandatory crop from its
very inception in 1963 (Edison et al, 2003).

Taro germplasm conservation exists in many countries world-wide. The
danger of taro leaf blight and other diseases enthused the establishment of taro
genetic conservation and utilization network in 1998 initiated by IPGRI-APO.
Collection and conservation of genetic resources of tropical tuber crops in India is
carried out by National Bureau of Plant Genetic resources, New Delhi with its
regional stations located in different agro-ecological regions and CTCRI with its
regional station at Bhuwaneswar (Dwivedhi, 2013). In CTCR], in vitro and field
gene bank conservation of tuber crops is done along with its characterisation,
evaluation and documentation and is known to be the National Active Germplasm
Site. The Central Tuber Crops Research Institute, Trivandrum is the sole research
Institute in India engaged in the genetic upgradation of all tropical tuber crops
including taro. This Institute possesses the richest germplasm wealth of 424 edible
genetic stocks of taro in its HQ at Trivandrum in the south and 120 in its Regional
Centre at Bhubaneswar in east India (Edison ef al., 2003).

Taro leaf blight is a disease caused by Phytophthora colocasiae which is a
highly infectious fungus. It is primarily a foliar pathogen, and it also affects petioles
and corms. It produces dark brown flecks on the upper leaf surface. The infected



leaves by the fungus can be destroyed within 10-20 days along with a reduction in
yield upto 50 % and the plants may be reduced to two or three functional leaves,
compared with the 4 normal leaf growth situation (Toktok, 2006). This has led to
the instigation of several breeding programs with the goal of broadening the genetic
base of breeding populations in addition to selection of resistance to taro leaf blight.

Molecular characterization is the best way to assess variability within
germplasm samples as it gives best results in a very short time with a low expend
of resource and labour. Microsatellites (SSRs) are tandem repeat motifs of 1-6 bp.
SSRs have affirmed to be the finest markers of choice for marker-assisted selection
(MAS) in breeding and genetic diversity studies. It is widely used because of their
polymorphism, reproducibility and co-dominant nature.

AFLP marker was used to identify geographical identification and molecular
marker linked to Taro leaf blight resistance in Taro. ISSR markers on the other hand
can be best used for the study because of its ease of use and a highly informative
data. ISSR marker is fast, robust, and provides more informative data with less cost.
It encompasses amplification of DNA segments between two identical
microsatellite repeat regions directed in opposite way using primers designed from
microsatellite regions. The technique uses 16-25 bp long, of di-nucleotide,
trinucleotide, tetra-nucleotide or penta-nucleotide repeats for targeting multiple
genomic loci. ISSR primers are used widely for studying genetic variability, MAS
studies and for identification of marker linked to specific traits such as disease

resistance.

In this study, we present the application of SSR technology for evaluation
of the extent of genetic diversity of different cultivars of taro collected from parts
of Kerala and try to identify molecular markers linked to taro leaf blight resistance
using SSR and ISSR markers.






2. REVIEW OF LITERATURE

Taro is an important staple food crop grown throughout many Pacific Island
countries, parts of Africa, Asia and the Caribbean for its fleshy corms and nutritious
leaves (Deo et al., 2009). In Vanuatu, an oceanic archipelago located in south-west
Pacific, taro (Colocasia esculenta (L.) Schott) is one of the staple crops (Sardos,
2012). Taro is one of the oldest cultivated crops grown for its edible corms and
leaves (Plucknett, 1976; Kuruvilla and Singh, 1981; Coates et al., 1988). It is a
major root crop with wide distribution in tropics (Singh et al, 2008). Taro is a
member of the Araceae family, which is made up of at least 100 genera and more
than 1500 species (JTrwin, 1998). It is grown in almost all tropical regions of the
world and is a crop of considerable socio economic importance in Southeast Asia
and the Pacific (Kreike, 2004). C. esculenta grows best in well-drained loamy soils,
but it has the potential to grow in a wide variety of soils including clay, sandy, and
loamy soils with pH normally ranging from 5.5 to 6.5 (Onwueme, 1999; Safo-
Kantaka, 2004). About 400 million people include taro in their diets and it is the
14th most consumed vegetable worldwide (Brown, 1989; Lebot and Aradhya
1991).

It is a highly polymorphic species, cultivated from the equator to Japan
(45°N), and more than 10,000 landraces exist (Ivancic and Lebot, 2000). There are
several kinds of related species viz, swamp taro (Cyrtosperma chamissonis), tannia
(Xanthosoma sagittifolium), giant taro (dlocasia macrorrhiza) which are confused
with the ordinary or true taro {Colocasia esculenta) prevalent in India, Tannia is the
most similar species to the common taro and is characterized by relatively large,
sagittate leaves, a large main corm and several cormels, which are used as food
(Edison et al, 2003). Colocasia is usually cultivated by family agriculturists in
traditional populations for their own consumption and for exchange for other
products (Yalu et al., 2009; Singh et al., 2008). Taro is the second most important
root staple crop after sweet potato in terms of consumption (Singh et al., 2006) and
is ranked the fourth root crop after sweet potato, yam and cassava in terms of its
production by weight (Bourke and Vlassak, 2004). Archaeological studies indicate



its usage as early as 28,000 years ago in the Solomon Islands (Loy et al. 1992) and
it is also cultivated and utilized in China as a food source and medicinal herb for
2000 years (Xu et al. 2001). Taro is being replaced in many countries by other tuber
crops such as sweet potatoes and cassava largely due to constrain of pests and

disease, which are becoming a limiting factor for taro production (Ivancic, 1992).

Research to define the genetic diversity of taro has been largely based upon
cytology (Yen and Wheeler, 1968; Kurnuvilla and Singh, 1981; Coates et al., 1988;
Gunman and Dongxiao, 1990) and morphology (Tanimoto and Matsumoto, 1986).
These studies showed that taro could be separated into either diploid or triploid
types with x = 14 as the basic number of chromosomes. Chromosome numbers
reported for taro from various regions include 2n = 22, 26, 28, 38 and 42
(Onwueme, 1978). The most commonly reported chromosome numbers are:
diploids 2n = 28 and triploids 3n = 42 (Kuruvilla and Singh, 1981; Wang, 1983;
Lebot and Aradhya, 1991; Lee, 1999). Furthermore, plants with 3n = 42 were
referred to as alowane (male, large plant) and those of 2n = 28 were referred to as
alokine (female, short plant) by Solomon Island farmers (Sackson et al., 1977,
Wang, 1983). Cultivated taro is mostly diploid (2n = 2x = 28), although some
triploid forms are also found (2n = 3x = 42) (Caillon, 2006). Both diploids and
triploids occur in all the regions of India, but the diploids predominate in South
India over the triploids while the triploids convincingly out-numbered the diploids
in the north (Sreekumari and Mathew, 1991). Polyploids in general have larger
dimensions and greater adaptability which apparently enable them to thrive better
in a wide range of higher latitudinal and altitudinal zones (Zeven, 1980).

There are two botanical varieties characterised by their corm shape and
described as var. esculenta (dasheen type) and var. antiquorum (eddoe type). It has
been suggested that of the two varieties, C. esculenta var. esculenta is diploid and
var. antiguorum is triploid (Kuruvilla and Singh 1981; Irwin ef al., 1998). It is
generally accepted that the majority of triploids are of Asian origin (Matthews,
1990). One third cultivated form expresses intermediate traits between the dasheen
and eddoe types and is believed to be hybrids (Lebot ef al. 2000). It has been



suggested that the eddoe type of taro was developed and selected from cultivated
taro in China and Japan several centuries ago, and it was later introduced to the
West Indies and other parts of the world (Purseglove, 1972).

The common names of taro cultivars in different parts of the country are
arvi (Hindi), chempu (Malayalam), scppan kizhangu (Tamil), kachchi (Kannada),
chamandupa (Telugu), alu (Marathi), and Kachu (Bengal) (Edison et al, 2003).

In many countries like Brazil, taro is grown asa non-conventional vegetable
and maintaining the taro cultivars is difficult, especially because there are no studies
on their cultivation and no encouragement to use these non-conventional vegetables
(Diegues and Arruda, 2001). The need for developing a germplasm reservoir core
arose because of limited resources available and complexities involved in
maintaining and preserving the extensive taro collection. Although it has been
emphasized elsewhere that the core collection is for enhancing use only and not for
conservation purpose (Johnson and Hodgkins, 1999), it was felt that, under highly
resource limited conditions, it is better to maintain a core (rationalized on the basis
of genetic diversity contained in the larger collection) than losing the entire
collection (Singh, 2008). The International Plant Genetic Resources Institute
(IPGRJ), formerly the International Board for Plant Genetic Resources (IBPGR),
funded several collection missions in the 1980s.

2.1. IMPORTANCE OF TARO

Taro is one of the few major staple foods where both the leaf and
underground parts are important in the human diet (Lee, 1999).The development of
taro silage and its use as animal feed especially for swine, the potential of taro
alcohol as a fuel for remote islands and the potential of taro starch as a raw material
in cosmetic and plastic manufacture are all explored (Griffin, 1982). In Pacific
Island countries such as Fiji and parts of Africa, taro is a staple food crop (Lebot
and Aradhya, 1991; Opara, 2001). In the Solomon Islands, about 10% of people’s
dietary calories come from taro and 30% from other tubers (Deo et al., 2009). In
Samoa, prior to a devastating spread of taro leaf blight (TLB), virtually all the



population’s dietary intake from tubers (one-fifth of the overall diet) came from
taro. Taro flour and other products are used extensively for infant formulae in the
United States and have formed an important constituent of proprietary canned baby
foods (Lee, 1999). Young taro leaves are used as a main vegetable throughout
Melanesia and Polynesia where they are usually boiled or covered with coconut
cream, wrapped in banana or breadfruit leaves and cooked on hot stones (Deo ef
al., 2009). It has attained considerable economic importance as a fresh crop in many
large islands in the region such as Samoa, Fiji and others (Hanson and Imamuddin,
1983). The petioles are used for preparation of soup (Sastrapradja and Hambali,
1979). It is a significant component of the food consumed by traditional
communities; however, the crops are not organized into formal production chains
as are conventional vegetables such as potatoes, tomatoes, cabbage and lettuce
(Diegues, 2001; Madeira et al., 2008; FAQ, 2010).

2.2. ORIGIN AND DISTRIBUTION

Taro [Colocasia esculenta (L.) Schott, Family Araceae] is an edible aroid
distributed in the humid tropics and subtropics (Lakhanpaul, 2003). It was
mentioned in Chinese books as early as 100 B.C. and was being grown in Egypt in
the beginning of the Christian era (Whitney et al., 1939; Plucknett et al., 1970). The
origins of wild taros and their domesticated relatives and the directions of dispersal
remain debatable (Matthews and Terauchi, 1994 cited by Yen, 1995). The centre of
origin of taro is generally believed to be between Myanmar and Bangladesh
(Plucknett, 1976). Taro is thought to have originated in North Eastern India and
Asia (Kuruvilla and Singh, 1981; Hanson and Imamuddin, 1983; Ivancic, 1992) and
was gradually spread worldwide by settlers. It is thought to have originated in the
Indo-Malayan region, probably in eastern India and Bangladesh, and spread
eastward into Southeast Asia, eastern Asia, and the Pacific Islands; westward to
Egypt and the eastern Mediterranean; and finally southward and westward from
there into Africa, where it moved into the Carribbean and the Americas (Chang,
1958; Yen and Wheeler, 1968). It generally grows in humid areas (2,000 mm



rainfalls) and is cultivated for its starchy corm (Sardos, 2012). As such, it is now
cultivated in more than 65 countries worldwide (USDA, 2001).

In Papua New Guinea (PNG), taro is the second most important root crop
staple after sweet potato and it is a dietary staple from the coastal lowlands up to an
altitude of 2,200 m in the Oksapmin-Telefomin area (Singh, 2008). In Brazil, taro
has a limited distribution in the mid-western and south-eastern regions. The wild
Colocasia species show a greatest diversity in the range from northeast India to
southern China, within the Himalayan region of mainland South-East Asia (Ahmed
et al. 2013; Hunt et al., 2013; Matthews, 1991; Quero-Garcia ef al., 2004). Taro
cultivation at Kuk in the Western Highlands Province, for example, has been dated
to be 9,000 B.C. (Golson 1977). It has been suggested that it was the principal crop
in the highlands prior to the introduction of sweet potato (Ipomoea batatas) 300-
500 years ago (Clarke, 1977; Bayliss-Smith, 1982, 1985). With a long history of
association with human society, taro has emerged as an extrinsic symbol in
traditional beliefs and rituals among many ethnic groups (Barrau, 1965; Panoff,
1972; Barth, 1975; Morren and Hyndman, 1987).

2.3. HABITAT AND BOTANY

C. esculenta can be found growing mainly in moist forests and wet areas in
riparian habitats, riverbanks, along streams, marshes, and canals (Safo-Kantaka,
2004; Acevedo-Rodriguez and Strong, 2005; Langeland et al., 2008). It can also be
found in secondary forests, roadsides, and disturbed areas near to abandoned crop
fields (Wagner et al., 1999; Acevedo-Rodriguez and Strong, 2005). It is listed
among the 200 most invasive plants in the region of Queensland and is also a
problem in the coastal districts of New South Wales and along the waterways in
Western Australia (Queensland Department of Primary Industries and Fisheries,
2011). Taro is a herbaceous plant which grows to a height of 1-2 m. The plant
consists of a central corm {lying just below the soil surface) from which leaves grow

upwards, roots grown downwards, while cormels, daughter corms and runmers



(stolons) grow laterally. The root system is fibrous and lies mainly in the top one

meter of soil. Cormels, daughter corms and runners grow laterally.

The leaf is peltate; the root system is fibrous and lies mainly in the top one
metre of soil. The corm is a nutrient storage organ and shares the following
characteristics with food storage organs in camot, sweet potato and manioc:
abundance of periderm, food storage in large, thin-walled parenchymatous cells,
poorly developed vascular bundles that are few in number, presence of latex cells,
mucilage cells and ergastic substances such as druses and raphides (Miyasaka,
1979). Idioblasts (cells which contain raphides or bundles of calcium oxalate
crystals) also occur in the ground tissue, and in nearly all other parts of the taro
plant. The raphides are associated with acridity or itchiness of taro. The density and
woodiness of the corm increase with age. Cultivated taro is classified as Colocasia
esculenta, but the species is considered to be polymorphic (Purseglove, 1972).
There are eight recognized variants within Colocasia esculenta, of which two are
commonly cultivated (O’Sullivan ef al., 1995). Colocasia esculenta (L.) Schott var.
esculenta which possesses a large cylindrical central corm and only few cormels;
agronomically it is referred to as the ‘dasheen’ type oftaro and Colocasia esculenta
(L.) Schott var. antiquorum which has a small giobular central corm with several
relatively large cormels arising from the corm; agronomically this variety is referred
to as the ‘eddoe’ type of taro (Purseglove, 1972; Lebot and Aradhya, 1991).

Taro is herbaceous, but survives from year to year by means of the corms
and cormels. Root formation and rapid root growth take place immediately after
planting, followed by rapid growth of the shoot. Corm formation commences at
about three months after planting; cormel formation follows soon afterwards in
cultivars that produce appreciable cormels. By the sixth month when shoot growth

declines, the corm and cormels become the main sink and grow very rapidly.

Taro is mainly vegetatively propagated (Shaw, 1975; Strauss ez al., 1979),
but may also reproduce sexually (Ivancic, 1992). Pollination in this species is

performed by flies (Onwueme, 1999). Due to vegetative/clonal propagation, there



is almost no genetic variation within the cultivars, although somatic mutations do
occur, thus increasing their vulnerability to pest and diseases or changes in climatic
conditions (Ivancic, 1992) in the Pacific Islands. However, sexual hybridization of
taro is well documented and techniques for pollinating and growing seedlings have
been established (Wilson, 1990; Tyagi et al., 2004; Abraham and Ramachandran,
1960; Jos and Vijaya Bai, 1977, Strauss et al., 1979; Ghani, 1979). Sexual
hybridization is one way to generate new cultivars with improved qualities (Strauss
et al., 1979). By sexual hybridization, the first taro variety in India having good
cooking quality, round to oval cormels and long keeping quality, Sree Kiran, was
released by ICAR-CTCRI in the year 2004 (Abraham et al., 2006).

2.4, NUTRITION

Taro corm is an excellent source of carbohydrate, the majority being starch
of which 17-28% is amylose, and the remainder is amylopectin (Oke, 1990). Taro
corms and leaves are also accredited to have medicinal value in reducing
tuberculoses, ulcers, pulmonary congestion and fungal infection (Misra, 2002).
Taro is especially useful to people allergic to cereals and can be consumed by
children who are sensitive to milk, and as such taro flour is used in infant food
formulae and canned baby foods (Lee, 1999). Taro corm is low in fat and protein;
however, the protein content of taro corm is slightly higher than that of yam, cassava
or sweet potato. The protein is rich in some essential amino acids, but is low in
isoleucine, tryptophan and methionine (Onwueme, 1978). Taro leaf contains greater
amounts of vitamin B-complex than whole milk (Lee, 1999) and are higher in
protein and other nutrients, except oil, than tannia (Xanthesoma sagittifolium). They
also contains higher levels of protein and are also excellent source of carotene,
potassium, calcium, phosphorous, irom, riboflavin, thiamine, niacin, vitamin A,
vitamin C and dietary fibre (Onwueme, 1978; Lambert, 1982; Hanson and
Imamuddin, 1983; Bradbury and Holloway, 1988; Opara, 2001). The fresh taro leaf
lamina and petiole contain 80% and 94% moisture, respectively. Taro corms and
cormels are rich in starch, but low in fat and protein (Goplan et al., 1977). Taro is

recommended for gastric patients and taro flour is a good baby food (Parthasarathy,
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1986). Taro corms are rich in calcium, phosphate, and vitamins A, B and C (Warid,
1970). The protein content in taro leaves is much higher in corms (Bradbury,
Holloway, 1988). According to USDA National nutrient data base (USDA SR-21),
nutrition value per 100g taro consists of carbohydrate, protein, energy, total fat and
dietary fibre in the amount of 26.46g, 1.50g, 112Kcal, 4.1g respectively and the
vitamins such as folates, niacin, pantothenic acid, pyridoxine, riboflavin, thiamine,
Vitamin A, Vitamin C, Vitamin E, Vitamin K in the amounts 22pg, .600mg, 0.303
mg, 0.283 mg, 0.025 mg, 0.095 mg, 76 IU, 4.5mg, 2.38mg and 1 ug respectively.

2.5. SSR MARKERS

Molecular markers are broadly classified into three classes based on the
method of their detection: (i) hybridization based markers such as restriction
fragment length polymorphisms (RFLP), (ii) PCR. based markers such as random
amplification of polymorphic DNA (RAPD), amplified fragment length
polymorphisms (AFLP) and microsatellite or simple sequence repeat (SSR), and
(iii) sequence based markers such as single nucleotide polymorphisms (SNP)
(Gupta and Rustgi, 2004). The sequences are abundant, dispersed throughout the
genome and highly polymorphic in comparison with other molecular markers
(Akkaya et al. 1992; Morgante and Qlivieri 1993; Wang et al. 1994). The most
advance form of genectic markers are molecular markers which reveal DNA
sequence variations called ‘polymorphisms’ (Collard et al., 2005). The size of
repeat units, the number of repeats, the presence of variant repeats and the
frequency of transcription in the area of DNA. repeats are factors responsible for
generating polymorphism (Somasundaram et al., 2011). Polymorphic markers can
be dominant or co-dominant markers based on whether markers can discriminate
between homozygotes and heterozygotes loci (Collard et al., 2005). SSRs have
been used successfully in the genome mapping of a variety of crop species including
maize, rice, barley and wheat (Senior and Heun 1993; Wu and Tanksley 1993;
Saghai-Maroof et al. 1994; Roder ef ol. 1995). However, due to the technical
difficulties in developing SSRs, these markers have not been commonly used for
gene tagging in plants (Ratnaparkhe, 199‘8).
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Microsatellites or SSRs are short tandem repeats of 1-6 nucleotides that
occur with high frequency throughout the genomes of many organisms {Weber,
1990). In plants, the presence of SSRs was first demonstrated by the hybridization
of oligonucleotide probes of poly (G-T) and poly (A-G) on the phage libraries of
tropical tree genomes (Condit, 1991). SSRs have become the genetic markers of
choice in mammalian and many plant species due to their abundance, high degree
of polymorphism, and suitability for automation (Weber and May, 1989). SSR
markers have several advantages over other molecular markers, which ensure a
more reliable method for DNA fingerprinting (Yamamoto, 2001). A search of
published DNA sequences reveals that SSRs are also show highly abundant in
diverse plant genomes (Morgante, 1993; Wang, 1996). SSRs have therefore become
the preferred molecular marker system for analysis in plant genetics and ecology.
There polymorphisms consists of variations in the number of repeats, which was
suggested to be due to slippage of polymerase (Kruglyak et al., 1998). Simple
sequence repeat (SSR) markers have become a preferred choice in recent years for
several uses (Mahfooz ef al., 2012). SSRs have been reported to be superior to other
molecular markers because multiple SSR alleles may be detected at a single locus
using a simple PCR based screen, SSRs are evenly distributed all over the genome,
they are co-dominant, only a very small quantities of DNA are required for
screening and analysis may be semi-automated (Varshney et al., 2005). Due to these
features, SSRs have become valuable genetic markers for linkage mapping, QTL
mapping, association mapping and diversity analysis (Jones ef al., 1997; Powell et
al., 1996; Varshney et al., 2005). SSR primers are more useful for characterising
taro landraces (Mabhaudhi, 2013).

2.6. MOLECULAR CHARACTERIZATION

Genetic markers are specific loci in chromosomes of particular organisms
associated with a trait and can be used as tool for marker assisted selection (MAS)
in plant breeding (Gupta, 2013). Genetic marker assisted breeding is more efficient,
effective, reliable and cost effective as compared to conventional plant breeding
(Collard et al., 2005). Studies have used different molecular techniques, such as
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isozyme, DNA hybridisation, RAPDs (Randomly Amplified Polymorphic DNAs)
analyses, and microsatellites, to determine genetic diversity of Hawaiian, Pacific
and Asian taro varieties (Irwin ef al., 1998; Lebot and Aradhya 1991; Matthews and
Terauchi 1994; Mace and Godwin 2002), Simple sequence repeats (SSRs) markers
were also used for germplasm management and marker-assisted selection in taro
(Hu et al., 2009; Lu et al., 2011; Mace and Godwin, 2002; van Rensburg et al.,
2013). Characterization of genetic resources refers to the process by which
accessions are identified or differentiated or genetic characterization refers to the
description of attributes that follow a Mendelian inheritance or that involve specific
DNA sequences (Vicente, 2005). In the agreed terminology of gene banks and
germplasm management, the ferm ‘characterization’ stands for the description of
characters that are usually highly heritable, easily seen by the eye and equally
expressed in all environments (IPGRI/CIP, 2003). Molecular characterization, by
itself or in conjunction with other data (phenotypic traits or geo-referenced data),
provides reliable information for assessing, among other factors, the amount of
genetic diversity (Perera, 2000), the structure of diversity in samples and
populations (Shim, 2000; Figlinolo, 2004) rates of genetic divergence among
populations (Maestri, 2002) and the distribution of diversity in populations found
in different locations (Ferguson, 2004; Perera, 2000_). Molecular characterization
also helps to determine the breeding behaviour of species, individual reproductive
success and the existence of gene flow, that is, the movement of alleles within and
between populations of the same or related species, and its consequences (Papa,
2003). The increasing number of sequencing projects has resulted in an increasing
possibility to develop markers linked to specific genes, which, in turn, may help
identify novel functional variation (Han, 2004). There is a need for molecular
characterisation, in addition to morphological characterisation, in order to
determine the full nature and extent of differences (Mabhaudhi, 2013).

Molecular characterization of taro (Colocasia esculenta) was done by Irwin,
1998, using RAPD markers. Forty-four taro (Colocasia esculenta), two tania

(Xanthosoma species) and one Colocasia gigantea accessions were evaluated for
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genetic diversity using random amplified polymorphic DNA (RAPD) primers. One
hundred and twelve RAPD primers were used in DNA amplifications. Seventy-
three primers gave scorable, 24 gave unscorable, and 15 amplified few or no PCR
bands. Eand sizes ranged from 0.4 to 3.8 kb and the number of scorable bands per
primer ranged from 1 to 13 with an average of 5 bands per primer. A total of 277
bands were scored. Thirty-two of 73 primers utilized were ‘highly informative’
because they either amplified more than 5 polymorphic bands. Eleven primers
generated polymorphic patterns among Indonesian accessions. Almost every
marker scored showed some polymorphism between C. esculenta accessions and
the Xanthosoma sp. and C. gigantea accessions and a phylogenetic tree was

generated using UPGMA cluster analysis.

Molecular characterisation studies are being done to analyse genetic
diversity and phylogenetic studies in taro using different molecular markers, Taro
germplasm accessions collected from different parts of India were subjected to
RAPD (Random Amplified Polymorphic DNA) analysis to assess the genetic
diversity prevalent and also to test the genetic basis of morphotypic classification
(Lakhanpaul, 2003). Lakhanpaul analysed 13 random decamer primers which were
used to analyse 32 taro accessions belonging to 28 morphotypes that were procured
from Thrissur Regional Station of National Burean of Plant Genetic Resources,
India of which three out of these thirteen primers analysed showed 100 per cent
polymorphism and he concluded that presence of a very close genepool of the wild,
weedy and cultivated forms with extreme levels of phenotypic and genotypic
variation is suggested as the reason for the high genetic diversity. According to him
only one primer; OPW-12, gave monomorphic pattern, nine primers gave
suboptimal levels, and OPW-8, CPW-10 and OPW-15 gave hundred percent
polymorphism. '

Morphological and molecular characterization of taro was done by Lebot et
al., (2004) using isozymes and AFLP for the genetic diversity analysis. Malate
dehydrogenase,  phosphogluco  isomerases, isocitrate  dehydrogenase,
phosphogluconate dehydrogenase, mallic enzyme, shikimic dehydrogenase were

14



the isozymes used. For AFLP analysis, three primer combinations were used, and a
total of 465 scorable amplification products were obtained but the genetic diversity

obtained were low.

A germplasm stratification was done on taro (Colocasia esculenta) by
Quero-Garcia, (2004), based on agro-morphological descriptors and AFLP
markers. More than 450 accessions of taro collected throughout Vanuatu and
established in a field collection were described using 19 descriptors. Three
sampling strategies were tested and the variation captured within each sample was
compared for the frequencies of characters. Sample (S1) was randomly selected,;
the second sample (S2) was conducted within the subgroups produced by the
stratification method, and the third sample (S3) was based on UPGMA clustering
within each subgroup, sample (S4) that included the parents of the Vanuatu
breeding programme. AFLP markers were used to compare the diversity between
S3 and a sample (S4). These studies have confirmed the narrow genetic base of the
Vanuatu taro germplasm. The number of polymorphic bands per primer pair ranged
from 7 to 30. S3 presented the most extreme values ranging from 28 to 74%. S4
had values between 38 and 60%.

Genetic diversity of taro, in Southeast Asia and the Pacific was done by
Kreike et al., (2004). The genetic diversity of 255 taro accessions, both cultivated
and wild from Vietnam, Thailand, Malaysia, Indonesia, the Philippines, Papua New
Guinea and Vanuate was studied using AFLPs. They used three AFLP primer
combinations and generated a total of 465 scorable amplification products. In each
country, the gene diversity within the groups of wild genotypes was the highest
compared to the cultivars groups, of which the highest diversity in wild was
observed in Thailand and the lowest diversity in cultivars were also observed in
Thailand.

Genetic diversity of taro prevailing in Pacific Ocean islands, Vanua Lava,
Vanuatu was studied by Caillon, (2006). He analysed the taro diversity using AFLP

marker system. Taro cultivated in Ve“tuboso, a village of northern Vanuatu,
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Melanesia, was surveyed to assess the extent of morphological and molecular
variation being maintained by growers at the village level and to compare this
diversity with the diversity found in the crops in Vanuatu. A total of 126
polymorphic bands were used for this study. The four accessions named ‘Rov’ were
tightly clustered with only 3 polymorphic bands out of 126 and with a mean
dissimilarity of 0.003. They got only a very less diversity which substantiate the
work of Lebot and Kreike as it has already been demonstrated, using isozymes
(Lebot and Aradhya, 1991) and then AFLPs (Kreike ef al., 2004), that Pacific taros

share a very narrow genetic base.

Evaluation of variability among breeding lines and cultivars of taro
(Colocasia esculenta) in Papua New Guinea was studied by Okpul et al., 2005,
using ISSR fingerprinting and agro-morphological characterization. Twenty-three
discriminatory descriptors and ISSR primers (GA)9AT, (GA)9AC and (ACC)6Y,
were used to characterize 13 taro accessions. ISSR primers generated complex
banding patterns, with primer (GA) 9AC obtaining a fewer bands (10} but more
polymorphism (90%) compared to 69% for both (GA)9AT and (ACC)6Y.
Fingerprinting with three ISSR primers enabled the identification of closely related
genotypes and the separation of those that were distantly related.

In the assessment and rationalization of genetic diversity of Papua New
Guinea taro by Singh et al., (2008), they used both morphological descriptors and
SSR primers for the diversity analysis. Taro accessions for the study were collected
from PNG. A total of 859 accessions were clustered for a characterisation and core
collection. They used 30 agro morphological descriptors and a high variability was
observed against 20 descriptor traits. 7 SSR primers resulted in the amplification of
35 total alleles of which 86% of them were polymorphic. The percentage of unique
DNA fingerprints varied from 18.9% to 56.7%.

Assessment of genetic diversity in three taro landraces was done using
agro-morphological and SSR primers by Mabhaudhi, (2013). Three taro landraces,
namely, Dumbe Lomfula (wild), Kwangwanase and Umbumbulu, were collected
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from two locations in Kwazulu-Natal (KZN), South Africa, and planted at two
Jocations, Pietermaritzburg (KZN) and Roodeplaat, Pretoria. Agro-morphological
characterisation of vegetative and corm characteristics were done four months after
planting and at harvest, respectively. Agro-morphological characterisation was
useful in showing differences between the wild landrace and the two cultivated
landraces, as well as identification of dasheen and eddoe types. SSR primer
characterisation showed that despite the significant morphological difference, the
wild Dumbe Lomfula and Umbumbulu landraces were closely related but different
from the KwaNgwanase landrace. DNA fingerprinting using five SSR primers
showed that Dumbe-Lomfula and Umbumbulu landraces were more similar (0.82)
to each other, while the KwaNgwanase landrace was distinctly different. SSR
primer characterisation showed that despite significant morphological difference,
the wild Dumbe Lomfula and Umbumbulu landraces were closely related but
different from the Kwangwanase landrace.

Polymorphic microsatellites used for genetic diversity analysis in cultivars
of taro from Brazil were developed by Nunes et al, (2012). The aim of this study
was to perform a molecular characterization of the seven regional core collections.
Genetic diversity of the cultivars was investigated by using SSR polymorphisms,
in seven loci valuation by the software GelCompar II showed that the loci
Xugtem?73, Xuqtem88 and Xuqtem110 were the most informative, featuring 7, 10
and 8 alleles, respectively, The percentage of cultivars with polymorphic alleles
was greatest for the Xuqtem?73 (85%) and Xuqtem 110 loci, the Jater had 100%
polymorphic alleles. The polymorphism information content (PIC) ranged from
0.75 to 0.91, and the value of 0.91 was identical for the Xuqtem73, Xuqtem88 and

Xuqtem110 markers.

Genetic structure and diversity of East African taro was studied by
Macharea, (2014). This study utilizes six SSR primers developed by Mace and
Godwin, (2002), to analyse and 5 population of taro from 3 different regions of East
Africa namely Kenya, Uganda, Tanzania. 98 taro cultivars obtained from East
Africa and SSR data indicated variation but did not show any distinct structure.
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Population diversity estimate was relatively low with highest being 0.27. AMOVA
revealed most variation among individuals within populations at 79%. In total 31
alleles were amplified from six SSR primers across 98 accessions and 85% were
polymorphic. The highest proportion of percentage polymorphic loci was found in
taro from Lake Victoria basin while the lowest was found in Central Kenyan taro.

Genetic diversity of Taro (Colocasia esculenta (L.) Schott) assessed with
SSR markers by Noyer et al; (2003). Plant DNA was obtained from N. Kreike
(Kreike et al., 2003). Fifteen primer pairs were designed. Seven primer pairs were
used to study the genetic diversity of 105 accessions and 100 alleles were revealed.
One hundred alleles were identified ranging from 12 to 17 per locus with an average
of 14.3. All of them exhibited polymorphism on a subset of 5 taro accessions with
a number of alleles ranging from 2 to 8. The heterozygosity level ranged from 41.2
to 86.7 with an average of 68.7. Dendrograms were constructed using the NJTree
method based on a similarity matrix computed with a Dice index. The NJTree based
on microsatellite loci and the UPGMA dendrogram based on AFLP data (Kreike ef
al., 2003) gave consistent results. A differentiation between Southeast Asian and
Melanesian taros was observed, confirming AFLP and isozyme results as
substantiated by Kreike, (2003).

Genetic diversity of taro (Colocasia esculenta (L.) Schott) in Vanuatu
(Oceania) was studied with SSR markers by Sardos, (2012). A sample of 344
landraces referred as the National Sample (NS) was collected. Its genetic diversity
was assessed using nine microsatellites markers. The nine SSR loci used to study
the 344 landraces and revealed a total of 89 alleles, ranging from 6 to 17 alleles per
locus with an average of 9.89. Among these alleles, 57.30% were rare, i.e. with a
frequency q\0.05, with at the extremes, loci Ce1B03 and CelF04 exhibiting 33.33
and 88.23% of rare alleles, respectively. The molecular dataset revealed in 324
distinct multilocus genotypes, six genetic clusters mainly differentiated by rare
alleles, a geographical structure of the genetic resources of taro based, within each

village, on the dominance of one or two of these clusters rather that their exclusivity,
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and an analogy between the patterns of dominant clusters between villages and the

past and present social networks.

Genetic diversity of taro in Yunnan province was studied by Shen et al.,
(1999). He observed abundant genetic diversity in protein expression and DNA

molecular levels.
2.7. TARO LEAF BLIGHT

Taro is being replaced in many countries by other tuber crops such as sweet
potatoes and cassava largely due to constrain of pests and disease, which are
becoming a limiting factor for taro production {Ivancic, 1992). There are currently
five viruses reported to infect taro with varying distribution in taro growing region
and throughout the Pacific Islands i.e. Dasheen mosaic virus (DsMV), Taro
bacilliform virus (TaBV) is a badnavirus, Colocasia bobone disease virus (CBDYV),
Taro vein chlorosis virus (TaVCV) and Taro reovirus (TaRV) (Revill et al., 2005).
The Oomycete water mould, Phytophthora colocasiae is another economically
important pathogen which causes taro leaf blight (Sharma et al., 2012). Taro leaf
blight has been recorded in a number of countries in the Pacific region, most
recently in Nigeria and West Africa (Bandyopadhyay et al., 2011). Raciborski
(1900) was the first person to study the leaf blight disease of taro in Java and was
also responsible for naming the causal pathogen. There is limited information on
the origin of P. colocasiae and the magnitude of the area of origin remains to be
delineated (Zhang et al., 1994). Ko (1979) has indicated that Asia may be the centre
of origin of P. colocasiae given that it is the world’s centre of origin for many wild
and cultivated varieties of taro. One of the indications of the centre of origin of a
fungus such as Phytophthora is the existence of an A1/A2 mating type ratio of about
1:1 (Zentmyer, 1988). Evidence for an Asian origin of P. colocasiae has come from
China (Zhang et al.,, 1994), where previous reports had indicated that only the A2
mating type occurred (Ho et al, 1983). In India, only Al mating type has been
found indicating that it is not the centre of origin (Narula and Mehrotra, 1980). Taro
leaf blight was first detected in the Western District highlands of Tutuila Island,
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American Samoa on 15 June 1993 and the disease has severely constrained taro
production in the country (Gurr, 1993). Leaf blight has become a limiting factor for
taro production in the Solomon Islands, Ponape, Hawaii, Fiji, and Western Samoa
and in India causing a 25-30% vyield loss (Graham, 1965; Trujillo and Aragaki,
1964; Gollifer and Brown, 1974; Jackson ef al., 1980; Misra, 1997). The disease
significantly reduces the number of functional leaves and can lead to yield
reductions of the magnitude of 50% (Trujillo and Aragaki, 1964; Trujillo, 1967,
Jackson, 1977). The disease can also be spread on taro planting material and the
fungus has been reported as remaining alive on planting tops for about 3 weeks after
harvest (Jackson, 1977).

Worldwide, it is believed that crop diseases reduce agricultural productivity
by more than 10%, equivalent to half a billion tonnes of food every year (Hunter,
1993). The epidemics associated with these diseases reduce food availability,
increase food prices and pose a danger to rural livelihoods and regional food
security. More than 600 M people could be fed each year by halting the spread of
fungal diseases in the world’s five most important crops alone (Fisher, 2012).

Taro is affected by at least 10 major diseases and pests in different parts of
the world (Kohler, 1997). Of the various taro diseases, taro leaf blight (TLB) caused
by the fungus-like Qomycete Phytophthora colocasiae Raciborski (P. colocasiae)
is of prime importance because it can reduce corm yield by up to 50% (Jackson et
al., 1996, Singh et al., 2006, Trujillo et al., 1964 and Trujillo et al., 1967) and leaf
yield by 95% in susceptible varieties (Nelson, 2011). TLB can also deteriorate corm
quality (Paiki, ef al., 1996 and Sar et al., 1998). In addition to corm yield losses that
occur as a consequence of the reduced leaf area (Jackson et al., 1997) in diseased
plants, a corm rot caused by P. colocasiae may also occur (Brunt et ai., 2001).
Under some circumstances the disease invades harvested cornms and causes heavy
losses during storage (Jackson, 1975). The introduction of TLB to the Caribbean in
2004 led to the annihilation of the taro crop in the Dominican Republic, Cuba and
Puerto Rico (Rao et al., 2010).

20



The first sign of the disease are water-soaked lesions, which expand to form
large brown spots; infection is generally first observed on those leaves where water
collects. The lesions expand at night forming a 3-5 mm water soaked margin, which
dries out during the day; the following night a newer water-soaked margin forms.
At night large volumes of sporangia form around the expanding margin of the
lesions such that they take on a white powdery appearance. TLB lesions exude
droplets of a yellow to brown liquid which dries out during the day producing dark
brown, hard deposits, which is a characteristic of the disease (Singh et al., 2012).
TLB is a very destructive disease, reducing the Ileaf areca available for
photosynthesis, and the number of functioning leaves. As seen in Samoa,
susceptible varieties can be totally destroyed. Corm rots can usually be observed
soon after harvest and entire corms can decay in 7 to 10 days. Arecas damaged at
harvest are sites for the rots to occur, and infection is encouraged by wet, warm
conditions (Singh et al., 2012). '

Many countries had to undergo heavy economical loss. In Samoa taro was
a major export and in 1993, taro exports to New Zealand from Samoa were 6300
tonnes, with an FOB value WST 9.5 million, representing 60 per cent of exports in
that year (McGregor et al., 2011). Due to TLB, Samoa suffered an annual loss in
foregone domestic taro consumption valued at WST 11 million and a taro export
market valued at WST 9 million (McGregor et al., 2011).

Both cultural and chemical methods were instigated to reduce TLB
infestation in plants and because of the high epidemic nature of the disease,
defoliation is necessary.

Other cultural methods that have been recommended include delaying
planting on the same land for a minimum of three weeks, avoiding plantings close
to older infected ones and preventing the carryover of corms or suckers which can
harbour the pathogen from one crop to the next (Jackson, 1999). Other methods
are available, such as intercropping and pianting during the dry season (Singh et al.,
2012). A range of fungicides, either protective or systemic have been found to
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provide effective control, but there is evidence that results with chemicals can be

variable (Jackson et al., 1980).

Resistant cultivars offer the best sustainable management strategy against
taro leaf blight. There was relative optimism with this approach as molecular studies
clearly showed the existence of two distinct genepools in Asia and the Pacific, with
the diversity in Southeast Asia being far greater than that found in the Pacific (Lebot
and Aradhya, 1991; Mace et al., 2006). In India, Misra (1996), conducted elaborate
field trials to assess yield losses caused by taro blight. During 1990, yield loss of
28.75% was recorded in the farmer’s field whereas on the CTCRI farm, a 46.75%
yield loss was recorded in the susceptible variety and 22.75% in the tolerant variety
(Misra, 1990, 1996). A variety ‘Mukthakeshi’ was released (in 2001) from Regional
Centre of CTCRI is tolerant to taro leaf blight (Edison et al., 2003).

2.8. MARKERS FOR ANALYSING TRAITS CORRESPONDING TO SPECIFIC
GENES

The development of molecular techniques, in particular the use of molecular
markers have been used to identify markers linked to useful traits and made great
advances in recent years (Kamal et al., 2008). Kamal ef al. (2008), employed AFLP
technique for marker analysis in taro leaf blight. Other studies related to marker
analysis in TLB is not yet reported worldwide.

Amplified fragment length polymorphism (AFLP) analysis was used to
analyse the geographical differentiation, phylogenetic relationships and to identify
molecular markers linked to taro leaf blight resistance genes of Indian taro. Here,
application of AFLP techmique for evaluating and examining the genetic
differentiation of 14 cultivars of taro including 4 highly susceptible, 6 susceptible,
2 moderately resistant and 2 highly resistant variety including Muktakeshi collected
from different region of India by cluster analysis based on allele frequencies of gene
loci and analysed the markers linked to leaf blight resistance gene by Sharma et al.,
(2008). They used 5 primer combinations for the study. The five primer
combinations produced bands ranging in size from 25 to 500 bp. Total 151

22



amplification bands were scored as polymorphic bands with an average of 41+£3
| bands per primer combination as indicated by their absence in atleast 1 of 14
accessions tested. The fragments observed in all the 14 accessions showed high
polymorphism. Based on this dendrogram was constructed by UPGMA with a
dissimilarity matrix, an r value of 0.90. The results of the molécular analysis with
respect to the resistance of different genotypes to leaf blight indicated that the ALFP
generated bands at approximately base pair of 75 are only detected in the highly
resistant genotypes AFLP markers linked to the leaf blight resistance gene was
identified.

Molecular markers linked to the apple scab resistance gene Vbj derived
from Malus baccata jackii was done by Gygax, (2009) with RAPD, SCAR, SSR
markers and he identified three RAPD markers, 3 SSR markers and 1 SCAR marker
linked to Vbj were identified. The RFLP markers closely linked to the three
dwarfing genes in distinct regions of the oat genome contributed to plant height and
were used for characterizing new genetic sources for dwarfness in oats (Milacher
al., 1997). PCR-based markers were developed to detect the point mutations
responsible for the two major semi dwarfing genes Rhs-BIb (RhtI) and Rhe-D1b
(Rht2) in wheat (Ellis ef al., 2002). Leaf tip necrosis using molecular markers viz.,
AFLP and SSR, was studied with the slow rusting resistance genes Lr46/Y129 by
Rosewamne ef al, 2006. Fine mapping of a semi-dwarf gene in a centromeric region
in rice (Oryza sativa L.) bad done and identified a recessive gene, named sd-c, that
controls plant height and tiller number helped in breeding semi dwarf indica rice
cultivars (Chen et al., 2013).

SSR analysis of cultivated groundnut (drachis hypogaea L.) germplasm
resistant to rust and late leaf spot diseases was done by Mace, (2006) by employing
SSR markers. TaSTE (wheat), the ortholog of AtSTE! (Arabidopsis), was cloned
and mapped to wheat chromosome homologous group 3 in the interval between
simple sequence repeats (SSRs) markers CWM48.1 and WMC532, with genetic
distances of 17.7 and 7.6 cM, respectively. Both linkage and association analyses
revealed that TaSTE-A! was significantly associated with plant height in bread
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wheat (Zhang ef al., 2013). Identification of AFLP fragments linked to seed coat
colour in Brassica juncea and conversion to a SCAR marker for rapid selection was
studied by Negi, (2000). Rajesh et al. (2013) developed RAPD-derived SCAR
marker associated with tall-type palm trait in coconut. The marker OPA09260 was
present exclusively in tall accessions and absent in the dwarf cultivar, so the marker
was excised, purified, cloned, sequenced and converted to SCAR. Evaluation of
cassava varieties for cassava mosaic disease resistance jointly by agro inoculation
screening and molecular markers by using SSR and SCAR was studied by Huiping,
(2010). Genetic effects of dwarfing gene RAz-5 on agronomic traits in common
wheat (Triticum aestivum L.) and QTL analysis on its linked traits was studied by
Daoura, (2014), by employing SSR primers. Divashuk ef al. (2013) studied reduced
height genes and their importance in winter wheat cultivars grown in southern
Russia by using SSR makers. Paran, (1993); worked on markers linked to downy
mildew resistance genes in lettuce by employing SCARS and RAPD.
Identification of markers linked to disease-resistance genes by bulked sergeant
analysis was studied by Michelmore using RAPD and RFLP markers. Identification
if molecular markers related to stem rust resistance gene rpg4 in barley was studied
by Borovkova et al, (1994), by using RAPD and RFLP.

Identification of Molecular Markers Linked to Leaf Rust Resistance Genes
in Wheat was studied by Dhillon, (2011), by using RAPD primers. Molecular
markers for rust and pyricularia leaf spot disease resistance in pearl millet was
studied by Morgan ef al, (1998); by using RAPD and RFLP. Identification of SRAP
and RGA markers linked to powdery mildew (Blumeria graminis) resistance gene
PmZB90 in common wheat was studied by Yanjie et al, (2013), and found out
SRAP markers linked to the gene. Identification and characterization of RAPD
and SCAR markers linked to anthracnose resistance gene in sorghum was
studied by Singh, (2006), by employing RAPD and SCAR markers and found out
a SCAR marker linked to anthracnose resistance gene and confirmed the marker by
doing BLAST and found out that the marker showed 100 per cent alignment with

the contig{_}3966 located on the longer arm of chromosome 8 of sorghum genome.
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Penner, (1993) studied on RAPD marker linked to the oat stem rust
gene Pg3 and found out an RAPD marker closely linked to the gene. Molecular
markers linked to brown stem rot resistance genes, Rbs! and Rbs2, in Soybean was
studied by Bachman, (1999) using SSR markers and found out two SSR markers
closely linked to the gene. Identification of molecular markers linked to head smut
resistance gene Shs was studied by Frederiksen et al., (1994) by using both RAPD
and RFLP marker and found out 2 RFLPs and I RAPD marker closely linked to the
gene. DNA markers for disease resistance breeding in peas was studied by Vaughan
et al., (1997).

2.9. ISSR MARKERS

Inter simple sequence repeat (ISSR) technique is a PCR based method,
which involves amplification of DNA segment present at an amplifiable distance in
between two identical microsatellite repeat regions oriented in opposite direction.
(Reddy, 2002). ISSR-PCR is a technique that overcomes most of these limitations
(Zietkiewicz et al., 1994; Gupta et al., 1994; Wu et al., 1994; Meyer et al., 1993).
It is rapidly being used by the research community in various fields of plant
improvement (Godwin et al., 1997). The technique uses microsatellites, usually 16-
25 bp long, as primers in a single primer PCR reaction targeting multiple genomic
loci to amplify mainly the inter- SSR sequences of different sizes (Reddy, 2002).
The primers used can be either unanchored (Gupta et al., 1994; Meyer ef al., 1993;
Whu et al., 1994) or more usually anchored at 3’ or 5* end with 1 to 4 degenerate

bases extended into the flanking sequences (Zietkiewicz ef al., 1994).

ISSRs have high reproducibility possibly due to the use of longer primers
(16-25 mers) as compared to RAPD primers (10 mers) which permits the
subsequent use of high annealing temperature (45-60°C) leading to higher
stringency (Reddy, 2002). The sequences are abundant, dispersed throughout the
genome and highly polymorphic in comparison with other molecular markers
(Akkaya et al. 1992; Morgante and Olivieri 1993; Wang ef al. 1994). Ratnaparkhe
et al. (1998) were the first to demonstrate that ISSR markers are useful in gene
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tagging and can be used for finding markers linked to the gene of interest. ISSRs
have been successfully used to estimate the extent of genetic diversity at inter- and
intra-specific level in a wide range of crop species which include rice (Joshi et al.,
2000), wheat (Nagaoka and Ogihara, 1997), finger millet (Salimath et al., 1995),
Vigna (Ajibade et al., 2000), sweet potato (Huang and Sun, 2000) and Planfago
(Wolff and Morgan-Richards, 1998).

Inheritance of inter-simple-sequence-repeat polymorphisms and linkage
with a fusarium wilt resistance gene in chickpea was studied by Ratnaparkhe,
(1998). They studied the inheritance of an inter-simple-sequence-repeat (ISSR)
polymorphism in a cross of cultivated chickpea (Cicer arietinum L.} and a closely
related wild species (C. reticulatum Lad.) using primers that anneal to a simple
repeat of various lengths, sequences and non-repetitive motifs. Twenty two primers
were used for analysis and yielded a total of 31 segregating loci. Primers based on
(GA)n repeats were the most abundant while primers with a (TG). repeat gave the
largest number of polymorphic loci. They found an ISSR marker linked to the gene
for resistance to fisarium wilt race 4. The marker concerned, UBC-855s00, was
found to be linked in repulsion with the fusarium wilt resistance gene at a distance
of 5.2 cM.

Marker assisted characterization of chickpea genotypes for wilt resistance
was studied by Padaliya et al., (2013); using RAPD, SCAR and ISSR. The inter
simple sequence repeat (ISSR) marker UBC-825 produced amplification of 1200
bp in susceptible genotypes and intermediate genotype. The alleles of 265 bp
amplified by primer TA- 96 (STMS primers) was present only in resistance

genotypes and absent in other genotypes.

Molecular Markers for Resistance of Chocolate Spot Disease in Faba Bean
(Vicia faba L.) using ISSR-PCR was studied by Khalaf et al., (2015) and found out
two markers linked to the disease resistance gene.

Identification and Validation of a New Male Sex-Specific ISSR Marker in
Pointed Gourd was studied by Adhikari et al., (2014) to allow gender determination
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at any stage in the life cycle and found out a primer ISSR-6 closely linked to male
bulk.
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3. MATERIALS AND METHODS

The taro accessions which were used in the work named “Genetic diversity
analysis and identification of molecular markers associated with leaf blight
resistance in taro (Colocasia esculenta (L.) Schott)” was carried out in ICAR-
Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram and the
plant materials were taken from the germplasm collection of ICAR-CTCRIL

3.1 MANUAL METHOD FOR THE ISOLATION OF DNA

The CTAB extraction method developed by Doyle and Doyle (1987),
modified by Sharma et al. (2008), with further slight modification made by Vinutha,
K. B. (2014), was used for the isolation of DNA. Uncurled leaf of taro was selected
for best results as it contains less polyphenols which results in high purity DNA.
2% PVP and 2% B-mercaptoethanol were added to the CTAB buffer (Appendix I)
after preheating at a temperature of 65°C. 0.3g of sample was cut by using a sterile
knife, Liquid nitrogen was added to the sample and was ground to a fine powder.
Before the powdered samples get thawed, 2m] buffer was added and the mixture
was homogenized well. The homogenate was then transferred to a 2ml microfuge
tube which was properly labelled with the appropriate accession numbers, 5pl of
RNase (10mg/ml) was added to the mixture and was mixed thoroughly by slight
inversion. The samples were then incubated in a water bath at 37°C for 1 hour with
intermittent shaking. 5 pl proteinase K (10mg/ml) was then added to the
homogenate and incubated in a water bath for 37°C for 30 minutes with intermittent
shaking. Then the mixture was incubated in a waterbath (Memmert) at 65°C for 30
mins with frequent shaking. The homogenate was then centrifuged at 10,000rpm
for 10 mins in a centrifuge (Sigma laberzentrifge) and the supernatant was treated
with equal volumes of 24:1 chloroform/isoamyl alcohol. The mixture was again
centrifuged at 10,000rpm and the upper aqueous layer was collected which was then
treated with 2/3™ volume of isopropanol for precipitation of DNA. The precipitated
DNA was pelletized by cenirifuging at 10,000rpm for 15 mins. The pellet was then
washed with 70% ethanol and spinned down at 10,000rpm for 5 mins in a centrifuge
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(Sigma laborzentrifge). The DNA pellet was air dried to remove ethanol traces
completely followed by suspension in 100p] of 1X TE buffer.

3.2. KIT METHOD OF DNA ISOLATION - DNeasy Plant Mini Kit
(Qiagen) Method

Young uncurled taro leaves were collected and about 100-200mg leaf was
weighed to isolate DNA. The leaf samples were then grinded in pestle and mortar
using liquid nitrogen. 400u] AP1 buffer and 4p] RNaseA were added to the sample.
The homogenate was then vortexed and incubated for 10 mins at 65°C. The tubes
were inverted twice or thrice during the incubation. 130pl of Buffer P3 was added
to the homogenate after incubation. The samples were then mixed and incubated
for 5 mins on ice. The lysate was centrifuged for 5 mins at 20,000xg (14,000rpm)
followed by pipetting the lysate into a QIA shredder spin column placed in a 2ml
collection tube. The samples were again centrifuged for 2 minutes at 20,000xg. The
flow-through was then transferred into a new tube without disturbing the pellet if
present. 1.5 volumes of Buffer AW1 was added and mixed by careful pipetting.
650p1 of the mixture was transferred into a DNeasy Mini spin column placed in a
2ml collection tube and centrifuged for 1 minute at >6000xg (>8000 rpm). The
flow-through was then discarded. The previous step was repeated with the
remaining sample. The spin column was placed into a new 2ml collection tube.
500ul Buffer AW2 was added, and centrifuged for 1 min at >6000xg. The flow-
throngh was discarded. 500ul buffer AW2 was again added for further washing of
the DNA. peliet and again centrifuged for 2 mins at 20,000xg. The spin column was
then removed from the collection tube carefully so that the column cannot come
into contact with the flow-through. The spin column was transferred into a new
1.5ml or 2ml micro-centrifuge tube. 100pul Buffer AE was then added to the
shredder for elution and was incubated for 5 mins at room temperature before
centrifugation for 1 minute at >6000xg. The last step was repeated and the sample
was kept in -20°C refrigerator. All the samples were checked for DNA in 0.8 %
agarose gel and confirmed.
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3.4. QUANTIFICATION OF DNA

20u1 of DNA sample in 1X TE buffer was diluted to 2mI (2000 pl) with 1X
TE buffer. The Optical Density (O.D) values were taken at 260nm and 280nm by
spectrophotometer (Systronics, India). TE buffer was kept as blank. Purity was
checked by calculating 260/280 of the respective sample. Best quality DNA would
have the ratio 1.8 to 2.0. If the ratio is greater than 2.0, the value indicates that the
sample is contaminated by RNA and if the ratio is lesser than 1.8, the value shows
that the sample is contaminated by protein. An absorbance (Az60) of 1.0 corresponds
to 50pg DNA/ml of sample. Concentration of the DNA is calculated by the formula,

Concentration of the DNA/ml of sample = Azsp x Dilution factor x 50,

Where 50 corresponds to the concentration of DNA in pg/ml of unit absorbance.
Dilution factor = total velume/ volume of sample taken

3.5 CHECKING THE QUALITY OF DNA

To check the quality of DNA, agarose gel electrophoresis was performed.
The agarose gel was prepared by weighing 0.8% agarose in 1X TBE buffer
(Appendix IIT). The mixture was heated in an oven (IFB appliances) till the agarose
is completely dissolved. Once the solution became warm, ethidium bromide was
added to intercalate with the DNA sample and was mixed thoroughly with gentle
swirling without the formation of bubbles. After the gel was sét, 3ul DNA along
with 3pl loading dye (bromophenol blue) was mixed and added to each well. Then
1X TBE buffer was added as electrophoresis buffer to the buffer tank (Scie-plas).
The electrodes (anode and cathode) were connected to the respective slots in the
power pack and was made to run at 80V for 1hr. The gel image was captured in a
gel documentation system (Alpha Innotech, USA).

3.6 GENETIC DIVERSITY ANALYSIS
The thirty taro accessions used for genetic diversity were collected from Kerala
which are conserved in the ICAR-CTCRI field gene bank. The details of the

collection location in presented in table 1 and are as follows:
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Table 1: Geographical location of Taro accessions

S1. No. SAMPLE PLACE OF COLLECTION
1 C-218 | Thrissur
2 C-203 Palghat
|3 C-262 | NBPGR, Thrissur
4 C-273 | Kerala
5 C-370 Thrissur
6 C-371 Kollam
7 ] C-388 Alleppey
.' 8 C-389 Unknown
9 C-390 Unknown
10 C-392 Idukki
11 C-406 NBPGR, Thrissur
12 C-681 Trivandrum
13 C-685 Kollam
14 C-688 | Kottayam
15 C-691 Alappuzha
16 TCR 147 Kottayam
17 TCR 151 Kerala
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18 TCR 155 Pathanamthitta
19 TCR 254 Kerala

20 TCR 296 Kannur

21 TCR 366 Kerala

22 TCR 369 Kozhikode
23 TCR 384 Kozhikode
24 TCR 424 | Malappuram
25 TCR 429 Malappuram
26 TCR 443 Ernakulam
27 TCR 450 Ernakulam
28 TCR 545 Wayanadu
29 TCR 903 Malappuram
30 ADR 2014-20 Palghat

3.6.1. PRIMERS USED

Previously identified ten polymorphic SSR primers were used for genetic
diversity analysis of 30 taro accessions from Kerala. The details of which are given
in table 2.
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Table 2: List of primers selected for genetic diversity analysis in taro

SL

No.

SSR ID

Primer sequence

Repeat type

Expected
product

size (bp)

Cel A06

F- GCTTGTCGGATCTATTGT

R-
GGAATCAGTAGCCACATC

(CT)a

2351

Cel B03

F- TTGCTTGGTGTGAATG

| R-

CTAGCTGTGTATGCAGTGT

(GA)(GAT

1 A3 (TA)2

175

Cel C03

F- TGTTGGGAAAGAGGG
R- GGGGAATAACCAGAGAA

(CTha

117

Cel C06

F-
CCAGAAGAGACGTTACAGA

R- ACGACTTTGGACGGA

(CT)s

166

Cel F04

F- AGGGAATACAATGGCTC

R-
ACGAGGGAAGAGTGTAAA

(CT)a

Cel H12

F- TAGTTAGCGTGCCTTTC

R-
CAACAACTTAATGCTTCAC

(GAs

uq73-
164

F-
ATGCCAATGGAGGATGGCA
G

R-
CGTCTAGCTTAGGACAACA
TG

(CT)s

164

uq84-
207

F-
AGGACAAAATAGCATCAGC
AC

(CThs

207
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R-
CCCATTGGAGAGATAGAGA
GA

19. | uq97- F- (CA)s 256
1256 GTAATCTATTCAACCCCCCT
T

R-
TCAACCTTCTCCATCAGTCC

10. | ug201- |F- (Chs 283
302 | CTAAGGAGAGGAGATCCGA
AC

R-
CAAGACGATGCTGAACCAC

3.6.2. SSR REACTION MIX FOR PCR STANDARDIZATION

Template DNA of 30 (Table 1) taro accessions were used. The PCR mixture
composition is enlisted in Table IIL

Table 3: PCR mixture composition

Components Stock Required Volume for one
concentration | concentration reaction (20p1)

Taq buffer with 15mM 10X 1IX 12

(Finnzyme)

MgCl: (Thermo 25mM 1mM 0.8

Scientific)

dNTP (Genei) 2mM each 0.1mM each 1.00

Primer (F) (IDT) 10pM 0.2pM 04

Primer (R) (IDT) 10uM 6.5pM 0.4
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Template DNA 10ng/pL 20ng 2
Taq DNA Polymerase 2U/ul 1U/reaction 0.5
(Finnzyme)

dH20 12.9
Total 20

PCR was carried out in a Biorad thermalcycler. The program was as follows:
94°C - 5 mins (initial denaturation)

959C - 1min (denaturation)

56°C - 2mins (annealing) 35 cycles

72°C - 3mins (extension)

72°C - 10mins (final extension)

4°C—-q

The cycle was repeated 35 cycles and the amplified PCR products were
electrophoresed in 2% agarose gel along with 100bp and 1kb DNA ladder and the
gel was then viewed in a gel documentation system (Alpha imager, Innotech, USA).

3.6.3. DENATURING PAGE FOR SSR ANALYSIS

7 M urea denaturing PAGE (6% polyacrylamide) was performed using
Biorad Sequi- Gen® Cell (38 X 50 cm) according to the Biorad manual with heat
denatured samples and detected by silver staining (Pillen et al., 2000).

3.6.4. INTEGRAL PLATE CHAMBER (IPC) UNIT ASSEMBLY

The unit consists of a larger plate and a smaller plate. The smaller plate in
which the gel has to be casted was first cleaned well with a detergent named

35



labolene and was then rinsed thoroughly using both tap water and distilled water.
Once the plate is dried, both the plates has io be laid down on the working table.
With lint free tissue, both larger plate and the small plate was thoroughly cleaned
with double distilled water followed by wiping with absolute alcohol. Then the
larger plate was wiped separately using a repellent (labolene) and the smaller plate
was wiped clean with bind silane thoroughly for the fine sticking of gel onto its
surface. Then 0.4mm spacers were cleaned and laid on the long edge of the larger
plate followed by mounting of the smaller plate which has bind silane coated
surface facing towards the labolene coated surface of the larger plate. Then clamps
were attached to both sides of the unit in order to hold both the larger and the smaller
unit tight by moving the levers towards the IPC panel. The IPC assembly was then
positioned vertically in a precision caster base containing the precision caster gasket
and fixed to the base by locking the cam pegs. The entire assembly was laid flat on
the working bench with the drain port facing the person doing the experiment.

3.6.5. GEL PREPARATION AND CASTING

The acrylamide solution was prepared according to the method given under
gel preparation and casting in this chapter. 15ml of the acrylamide solution was
taken. 42g of urea was weighed and the urea was transferred to a solution of 10ml
10X buffer and 15mi double distilled water. The mixture was then heated for 45
seconds. The urea solution was then sieved and poured into a beaker containing
acrylamide and the solution was made up to 100ml. Simultaneously 0.1g of APS
was weighed and dissolved in 1ml double distilled water by vortexing. Then 600l
of the APS solution and 60pl of TEMED was added to this mixture at the same time
without any time lag. Then the solution was injected into the injection part of the
caster base using a syringe. As soon as the gel front reached the other end of the
unit, the vinyl comb was inserted between the plates. The gel was allowed to
polymerase for 15-20 mins.
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3.6.6. GEL RUNNING

When the gel is set, the IPC assembly was dislodged from the precision
caster base and fit vertically into the universal base using a stabilizer bar. The
temperature probe was then adhered to the surface of the outer plate to monitor the
temperature during the run. The buffer tank and the buffer chamber of the larger
plate were filled with require volume of 1X TBE buffer followed by attachment of
electrodes to the power pack. The gel was then pre run for 10mins at 100W and a
temperature of 50°C. During the time of pre run the samples were prepared for
loading with bromophenol blue (8] bromopheno! blue for 20pl PCR reaction) and
was made to denature at 95°C for 5 mins. After the pre run, the power supply was
stopped and the top safety cover was removed. The wells were thoroughly rinsed
using a pipette to remove any traces of the deposited urea or tiny pieces of dislodged
gel. The denatured sample (4-6u1) was loaded along with 100bp DNA ladder. Then
the upper safety cover was replaced and the samples were electrophoresed at 100W
for 30-45 mins according to the PCR product size. The power supply was turned
off after the completion of rin. The upper safety cover was then removed and the
1X TBE was partially drained from the glass chamber by attaching the connector
to the drain port. The clamps were then removed and the rest of the buffer was
drained into the buffer tank. The plate was laid on the working bench and the
smaller plate was lifted off carefully from the larger plate for staining.

3.6.7. SILVER STAINING FOR PCR PRODUCT DETECTION

The glass plate was ftransferred into a large trough containing fixer
(Appendix VI) with the gel surface facing upwards and was shaken slowly for 20
mins on a shaker. After 20 mins, the glass plate was transferred into another trough
which contained water for 5 mins for washing the fixer away. Then the gel plate
was moved into a trough containing silver stain (Appendix VII) and shaken for 20
mins. The plate was then plunged into double distilled water and taken out
immediately to wash off the stain adhering to the plate in the places other than the
DNA bands. Subsequently the gel plate was transferred into a trough containing
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developer (Appendix VIII) which was prepared on the day of the experiment and
which was refrigerated. Once the gel plate was transferred into the developer, the
trough has to gently be rocked manually in a to and fro motion. A white laminated
sheet was kept underneath the plate for visualization of bands, After the bands were
visibly developed, the plate was transferred immediately into the fixer for 5 mins
for the thorough visualization of the bands followed by washing in double distilled
water for another 5 mins. The plate was then dried for 2 days before scanning the

image.

3.7. IDENTIFICATION OF MOLECULAR MARKERS ASSOCIATED WITH
TARO LEAF BLIGHT RESISTANCE

Six taro leaf blight susceptible and six tolerant taro varieties along with a TLB
tolerant variety, Muktakeshi were used for the preliminary study aimed at
identifying any molecular markers associated with taro leaf blight resistance. The

samples used for the study was as follows:

Table 4: List of taro varieties for TLB analysis

S1. No. Taro accessions used
Susceptible Tolerant

1 Sree Rashmi Muktakeshi

2 C-681 C-545

3 C-211 TCR 443

4 C-688 C-370

5 C-82 C-203

6 C-185 Cc-717
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DNA from the susceptible and resistant taro plants (Table 4) were isolated
using the above methods and quality of DNA was checked using 0.8% agarose and
the gel image was taken in an alpha imager as mentioned earlier. The quantity of

DNA was checked in a UV/VIS spectrophotometer at 260 and 280nm.
3.7.1. OPTIMIZATION OF ISSR REACTION

Different concentrations of template DNA varying from 10ng-50ng was tried. The

PCR reaction mix was as follows:

Table: 5 PCR REACTION MIX

Components Stock Required Volume for one
concentration. | concentration reaction (20u1)
Buffer with 15mM 10X 1X 2uL.
(Finnzyme)
MgClz (Thermo 25Mm 1mM 0.8uL
Scientific)
dNTP (Genei) 2mM 2mM each 0.5pL
Primer 10pM 0.3pM 0.6pL
Template DNA 10ng/pL 40ng 4uL
Taq DNA Polymerase | 2U/uL 1U 0.5puL
(Finnzyme)
dH:0 1 1.6].1.1.
Total 20uL

39



3.7.2. PRIMERS USED AND PCR CONDITIONS

A set of 14 UBC ISSR primers whose details are given below in table 6
were used for the study. Standardized concentrations of the template DNA and other
PCR components as per table 5 were taken in a PCR tube and 30 different samples
as listed in the Table 1 were subjected to PCR with the below mentioned primers.

Table 6: List of primers used for TLB analysis

S1. No. { Primers used Primer sequence (5°- 3°)

1 UBC 808 AGAGAGAGAGAGAGAGC

2 UBC 810 GAGAGAGAGAGAGAGAT

3 UBC 817 CACACACACACACACAA

4 UBC 824 TCTCTCTCTCTCTCTCG

5 UBC 825 ACACACACACACACACT

6 UBC 827 ACACACACACACACACG

7 UBC 841 GAGAGAGAGAGAGAGAYC

8 | UBC 847 CACACACACACACACARC

9 UBC 848 CACACACACACACACARG

10 UBC 857 ACACACACACACACACYG

11 UBC 861 ACCACCACCACCACCACC

12 UBC 871 TATTATTATTATTATTAT

13 (AG)9AC AGAGAGAGAGAGAGAGAGAC
14 (AG)9AT AGAGAGAGAGAGAGAGAGAT
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PCR was carried out in a Biorad thermalcycler. The program was as follows:
94°C - 5 mins (initial denaturation)
95°C — 30 seconds (denaturation) )

56°C - 1 min (annealing) +35 cycles

72°C — 1 min (extention)
72°C - 10 mins (final extention)
4°C —a

The PCR products were then analysed in a 2% agarose gel along with 100bp
and 1kb ladder and the images were documented in an alpha imager for further

analysis.
3.7.3. SSR REACTION

The samples were subjected to PCR as mentioned above in the genetic diversity

analysis study.

The PCR products thus obtained were checked in a 2% agarose gel and the image
was checked in an alpha imager. The products were then denatured for doing PAGE
by incubating the samples at 95°C for 5mins and the bands were analysed by
staining using silver staining method (As described in genetic diversity analysis).
Here bands specifically linked with resistance were marked and the band sizes were
determined (Padaliya et al, 2013; Mace, 2006 Zhang ef al., 2013).

3.8. ANALYSIS OF MOLECULAR MARKER DATA

Scoring of bands and data analysis using NTSys including cluster analysis for
analysis of genetic diversity in taro.

For genetic diversity analysis, clear and reproducible bands obtained using SSR

markers were only selected for scoring. Binary scoring was carried out by assigning
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“1” for presence of band and “0” for absence of band. The data matrix was created
in excel format and was used as the input file for cluster analysis. This binary data
was statistically analyzed used NTSYS pc Ver. 2.2. Pair-wise distance (similarity)
matrices were computed using sequential, agglomerative, hierarchical, and nested
(SAHN) clustering option of the NTSYS-Pc (Numbering Taxonomy and
Multivariate Analysis System, Biostatistic, New York, U.S.A, Software Version
2,02 package).The program also generated dendrogram, which grouped the
accessions on the basis of Nei genetic distance (Nei, 1979) using un weighted pair

group method with arithmetic average (UPGMA) cluster analysis.
38.1.PIC

Polymorphic information content is a software which helps in measuring
heterozygosity (H), and polymorphic information of the SSR primers employed for
studying genetic diversity analysis of the taro.

3.8.2. CLUSTER ANALYSIS

The R statistical package was used for hierarchical cluster analysis based on
Euclidean distance. A dendrogram grouping of the 30 accessions based on SSR
marker data was constructed based on this method.

For identification of molecular markers using ISSR and SSR markers linked to taro
leaf blight resistance, bands repeated only in the resistant lines and not present in
the susceptible variety was noted for comparison and the molecular weight was
calculated using Alpha imager software available with gel documentation system
(Alpha Imager).
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RESULTS



4. RESULTS

The results of study entitled “Genetic diversity analysis and identification of
molecular markers associated with leaf blight resistance in taro (Colocasia
esculenta (L.) Schott)” carried out at the Division of Crop improvement, CTCRI,

Sreekariyam, Trivandrum are explained in this chapter.
4.1. GENETIC DIVERSITY ANALYSIS
4.1.1. DNA ISOLATION PROTOCOL

For DNA isolation, samples were collected from fields of CTCRI and is represented
as plate 1. DNA isolation was done by employing two methods viz., DNA isolation
mini kit (Amnion AMpreP plant gDNA Mini kit) and the method standardized by
Doyle and Doyle (1987), modified by Sharma et al; (2008), with a further
modification made by Vinutha, (2014), (data unpublished). Both the methods gave
intact and unsheared DNA and showed a good absorbance value with purity ranging
from 1.65-2.1.The spectrophotometer readings of the DNA samples extracted from
30 taro accessions are listed in the table 7.

Table 7 : DNA QUANTIFICATION AND YIELD OF DNA

DNA

ABSORBA | ABSORBA YIELD
SINO: |[SAMPLE A260/280

NCE A260 | NCE A280 (ng/pl)
1 C-218 0.02 0.11 1.68 853
2 C-203 0.02 0.01 1.66 112
3 C-262 0.63 0.04 1.76 331.5
4 C-273 0.10 0.06 1.78 505
5 C-370 0.062 0.04 1.76 310

43



TCR 429

6 C-371 0.03 0.02 2.0 149.5
7 C-388 0.07 0.04 1.7 356
18 C-389 0.02 0.01 1.61 101.5

9 C-390 0.03 0.02 2.01 170.5
10 C-392 0.06 0.03 12.00 310.5
11 | C406 0.05 0.02 2.12 272.5
12 C-681 0.06 0.03 2.09 290.5
13 C-685 .10.03 0.02 1.62 146.5
14 C-688 1 0.06 0.03 1.94 290.5
15 C-691 0.11 0.05 1.97 545.5
16 TCR 147 | 0.04 0.03 1.70 228.5

|17 TCR 151 |0.08 0.042 1.86 390.5
18 TCR 155 |0.03 0.02 1.81 161
19 TCR 254 | 0.03 0.18 1.93 171
20 TCR 296 |0.035 0.02 2.16 176
21 TCR 366 |0.02 0.01 1.8 100
22 TCR 369 (0.18 0.09 1.97 885
23 TCR 384 |0.17 | 0.08 1.97 820
24 TCR 424 | 0.26 0.14 1.82 1275
25 0.04 0.02 1.82 209.5




26 TCR 443 | 0.06 0.03 19 285

27 TCR 450 |0.07 0.04 1.84 333

28 TCR 545 |0.05 0.03 1.77 226

29 TCR 903 | 0.04 0.02 2.11 180

30 ADR 0.01 0.06 2.02 545.5
2014-1

The agarose gel profile of the DNA extracted from the accessions are represented
as Plate 2 and 3.

4.1.2. SSR PCR AMPLIFICATION FOR GENETIC DIVERSITY ANALYSIS

PCR condition, already standardized by molecular biology lab, crop improvement
division, CTCRI was done to obtain crisp and clear amplicons with an annealing
temperature of 56°C. 18 SSR primers were screened to analyse its amplification
profile, out of which 10 primers were used to study genetic variation. After the
prelimiﬁary analysis from the primer screening data, 14 primers were selected from
the 18 screened. From this 10 were selected for genetic diversity analysis. The
primers Cel B12, Cel D12 were eliminated from the study due to its poor
amplification strata and uq 110-283, uq 132-147 were discarded because of its
monomorphic banding pattern. The primers selected for genetic diversity analysis
are Cel H12, Cel A06, Cel B03, Cel F04, Cel C03, Cel C06, uq 97- 256, uq
201- 302, uq 84-207, uq 73-164. The amplicons obtained after SSR primer
screening and various gradient studies are resolved in 2% agarose gel profiles are

shown in plates 4-8.
4.1.3. DENATURING PAGE FOR SSR ANALYSIS

Denaturing PAGE gives higher resolution and separation of bands comparing to
agarose gel electrophoresis, so all the 10 SSR primers amplified DNAs were
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Plate 1: Taro field, ICAR- CTCRI



Plate 2: Agarose gel profile of DNA (0.8%) extracted from taro accessions

1.C390 2. TCR 147 3. TCR 443 4. C-203 5. C-262 6. C-681 7. C-273 8. C-371 9. TCR 5 15
TCR 903 11. TCR 429 12. TCR 450 13. C-388 14. TCR 384 15. TCR 151 16. TCR 369 1

366 18. C-218 19. TCR- 296 20. C-254 21. C-406 22. C-389



Plate 3: Agarose gel profile of DNA (0.8%) extracted from taro accessions

a. 23.C-392 24. C-370 25. ADR2014-1 26. C-691 27. TCR 155 28. C-685 29. C-638 30
CR 424
b. 1.SR2.C-6813.C-2114.C-6885.C-826.C-1857. C-5458. TCR 203 9. C-370 10.(

203 11.C-717 12. MUK
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41 41.943.7 46.449.852.6 54.2 55

Plate 4: Gel profile obtained after various annealing temperatures
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Plate 5: Gel profile obtained after various annealing temperatures



Plate 6: Agarose gel profile of DNA (2%) extracted from taro accessions with primers Cel AO¥
and uq 88-94 respectively and accessions in their order are represented below:

1. SR 2. C-681 3. C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12
MUK



Plate 7: Agarose gel profile of DNA (2%) extracted from taro accessions with primers uq 97-
256 and Cel CO3 respectively.

1. SR 2. C-681 3. C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12.
MUK



Plate 8: Agarose gel profile of DNA (2%) extracted from taro accessions with primers uq 7
164 respectively.

1. SR 2. C-681 3. C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12
MUK
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Plate 9: Denaturing Urea-Acrylamide (6%) gel profile of uq 73-164 and Cel BO03 respectively

1.C390 2. TCR 147 3. TCR 443 4. C-203 5. C-262 6. C-681 7. C-273 8. C-371 9. TCR 545 10.
TCR 903 11. TCR 429 12. TCR 450 13. C-388 14. TCR 384 15. TCR 151 16. TCR 369 17. TCR
366 18. C- 218 19. TCR- 296 20. C- 254 21. C-406 22. C-389 23. C-392 24. C-370 25.
ADR2014-1 26. C-691 27. TCR 155 28. C-685 29. C-688 30. TCR 424



1234567891011 1213 14 1516 1718 19 20 21 22 23 24 252627 282930 ™M

1234567891011 1213 14 1516 17 18 19 20 21 22 23 24 2526 27282930

Plate 10: Denaturing Urea-Acrylamide (6%) gel profile of Cel C03 and Cel F04 respectively

1. C390 2. TCR 147 3. TCR 443 4. C-203 5. C-262 6. C-681 7. C-273 8. C-371 9. TCR 545 10.
TCR 903 11. TCR 429 12. TCR 450 13. C-388 14. TCR 384 15. TCR 151 16. TCR 369 17. TCR
366 18. C-218 19. TCR- 296 20. C- 254 21. C-406 22. C-389 23. C-392 24. C-370 25.
ADR2014-1 26. C-691 27. TCR 155 28. C-685 29. C-688 30. TCR 424
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Plate 11: Denaturing Urea-Acrylamide (6%) gel profile of uq84-207 and uq 97-256 respectively.

1. C390 2. TCR 147 3. TCR 443 4. C-203 5. C-262 6. C-681 7. C-273 8. C-371 9. TCR 545 10.
TCR 903 11. TCR 429 12. TCR 450 13. C-388 14. TCR 384 15. TCR 151 16. TCR 369 17. TCR
366 18. C- 218 19. TCR- 296 20. C- 254 21. C-406 22. C-389 23. C-392 24. C-370 25.
ADR2014-1 26. C-691 27. TCR 155 28. C-685 29. C-688 30. TCR 424
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Plate 12: Denaturing Urea-Acrylamide (6%) gel profile of ug 201- 302 and Cel HI12 respectively

1.C390 2. TCR 147 3. TCR 443 4. C-203 5. C-262 6. C-681 7. C-273 8. C-371 9. TCR 545 10.
TCR 903 11. TCR 429 12. TCR 450 13. C-388 14. TCR 384 15. TCR 151 16. TCR 369 17. TCR
366 18. C- 218 19. TCR- 296 20. C- 254 21. C-406 22. C-389 23. C-392 24. C-370 25.
ADR2014-1 26. C-691 27. TCR 155 28. C-685 29. C-688 30. TCR 424



separated by PAGE. All the primers gave high polymorphic bands and show high
allelic frequency than their respective agarose gels. The primer uq 97-256 gave the
highest number of alleles and the lowest was obtained from the primer uq 84-207.
The denaturing urea- acrylamide gel profiles are represented as plate 9-12.

4.1.4. ANALYSIS OF MOLECULAR MARKER DATA

For analysis of genetic diversity, the bands obtained after PAGE were considered.
The presence of band were marked as “1” and the absence was marked as “0”. This

data was used for construction of dendrogram and PIC analysis.
4.1.4.1. POLYMORPHIC INFORMATION CONTENT

The PIC value ranged from 0.639 to 0.857. The highest heterozygosity was obtained
for the primer uq 97-256 with a value of 0.871 and the lowest was obtained for the
primer uq 84-207 with a value of 0.694. Number of alleles per locus ranged from
1.9-4.56 with the maximum alleles shown by uq 97-256 and the minimum showed
by uq 84-207 and uq 201-302. The heterozygosity, PIC and number of alleles of all

primers are represented in the table 8.

Table 8: PIC ANALYSIS

SLNO: | GENOTYPES | HETEROZYGOSITY | PIC ALLELES
PER LOCUS

1 uq 73-164 0.833 0.8137 3.57

2 Cel CO3 0.844 0.825 2.1

3 uq 97-2556 0.871 0.857 4.36

4 Cel B03 0.81 0.784 2,13

5 Cel FO4 0.805 0.777 3.63

6 Cel AO6 0.803 0.774 3.73

|
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7 Cel C06 0.768 0.734 1.866

8 Cel H12 0.805 0.777 3.6
9 uq 84-207 0.694 0.647 1.9
10 uq 201-302 0.871 0.639 1.9

4.1.4.2. DENDROGRAM ANALYSIS

Based on the scoring data, a dendrogram tree was constructed using R Package
software. It grouped the varieties into 3 main clusters. According to the fig.1, the
first cluster comprised of the accessions from C-406 to TCR 450. The second
cluster consists of C-218 to C-384 and the third large cluster groups most of the
genotypes ranging from TCR 424 to TCR-296 and ADS2014-20 has formed an
outlier. The third cluster is further subdivided into four sub-clusters and the second
sub-cluster consists of major number of genoytpes and has an outlier C-273. The

dendrogram tree is represented as fig 1.
4.2. MOLECULAR MARKERS ASSOCIATED WITH TLB

Molecular marker linked with TLB was studied using two markers viz., ISSR and
SSR.

4.2.1. DNA ISOLATION

DNA was isolated using DNA isolation mini kit (Amnion AMpreP plant gDNA
Mini kit). The method was found to be easy and efficient. The method gave intact
and clear and crisp DNA. The spectrophotometer readings of the DNA samples
extracted from 6 susceptible and 6 resistant taro accessions are listed in the table.
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Table 9: DNA QUANTIFICATION AND YIELD OF DNA

SINO: |SAMPLE | ABSORBANCE | ABSORBANCE | A260/280 | DNA
YIELD
A260 A280
(ng/ul)
1 Sree Reshmi | 0.19 0.09 1.94 925
2 C- 681 0.13 0.06 2.08 635
3 C-211 0.04 0.02 1.95 215
4 C-688 0.06 0.03 1.94 290.5
5 C-82 0.09 0.04 2.00 430
6 C-185 | 0.10 0.05 1.90 495
7 Muktakeshi | 0.08 0.04 1.86 420
8 C-545 0.04 0.03 1.77 226
9 TCR 443 0.09 0.04 2.04 444.5
10 C -370 0.07 0.04 1.76 310
11 C -203 0.02 0.01 1.66 112
12 C-717 0.07 0.03 1.94 340

The method has resulted in obtaining a good quality DNA with a purity in the range

of 1.8 -2.0. The DNA profiles resolved in 0.8% agarose gel is represented in plate
2.
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Plate 13: Agarose gel profile of DNA (2%)of UBC 841 and UBC 848 respectiv ely.

1. SR 2. C-681 3. C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 |
C-717 12. MUK . In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant
varieties.



Plate 14: Agarose gel profile of DNA (2%) of UBC 810 and (AG)sAC respectively. In this, 1-6 comprises of

susceptible varieties and 7-12 comprises of resistant varieties

1.SR 2. C-681 3.C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203
C-717 12. MUK



Plate 15: Agarose gel profile of DNA (2%) of UBC 808 and UBC 847 respectively

1.SR 2. C-6813.C-2114.C-688 5. C-82 6. C-1857. C-5458. TCR 203 9. C-370 10. C-203
C-717 12. MUK. In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant

varieties.



Plate 16: Agarose gel profile of DNA (2%) of UBC 837 and UBC 871 respectively

[.SR 2. C-681 3. C-2114. C-688 5. C-82 6. C-1857. C-545 8. TCR 203 9. C-370 10. C-203

719

C-717 12. MUK. In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant

varieties.



Plate 17: Agarose gel profile of DNA (2%) of UBC 857 and UBC 825 respectively. 1. SR 2. C-
681 3.C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12
MUK . . In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant varieties.
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Figure 1: Dendrogram clustering of accessions based on genetic diversity analysis



4.2.2. ISSR PCR AMPLIFICATION FOR TLB MARKER ANALYSIS

PCR condition, already standardized by molecular biology lab, crop improvement
division, CTCRI was done to obtain crisp and clear amplicons with an annealing
temperature of 56°C. 17 ISSR primers were screened to analyse its amplification
profile, out of which 13 primers were used for the study. After the preliminary
analysis from the primer screening data, 13 primers were selected from the 17
screened. Rest of the primers viz., UBC 11, UBC 811, UBC 818, (ACC)¢Y were
eliminated because of its poor amplification profile. The primers selected for the
TLB screening were UBC 841, UBC 848, UBC 810, UBC 808, UBC 817, UBC
847, UBC 871, UBC 827, UBC 857, UBC 825, UBC 809, (GA)sAC, (AG)-AT.

4.2.3. ISSR GEL ELECTROPHORESIS FOR PCR PRODUCT ANALYSIS

The PCR products were made to resolve in 2% agarose gel for the identification of
molecular markers associated with leaf blight resistance in taro. Out of the 13
primers, 5 of them gave an extra band for resistant varieties. UBC 825 and (AG)s
AC gave an extra band in all the resistant varieties in 684.99 bp and 808.30 bp
region respectively. The primers UBC 827, UBC 817and UBC 808 gave bands in
5 resistant varieties in the region, 597.92, 674.95 and 667 respectively. The agarose
gel profiles are represented as plate 13-17.

4.2.4. SIMILARITY INDEX

The similarity index values obtained for each pair wise comparison among the 12
taro accession based on thirteen ISSR marker data is given in the table 10. The
similarity coefficient based on ISSR markers ranged from 0.42 to 0.93. Most of the
similarity coefficients ranges between 0.53 to 0.76. Among the 12 taro accessions,
the lowest similarity index (0.42) was observed between Muktakeshi and Sree
Rashmi, whereas, the highest similarity index (0.93) was observed between C-211
and C-688 along with C-688 and C-82.
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Table 10:

Sree
Rash

C 681
C 211
C 688
C 82
C 185
TCR
545
TCR
443

C 370
C 203
CNnz

Mukta
keshi

Similarity coefficient of 12 taro accessions using thirteen ISSR markers
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—-—-ggn

2

<
681

0.7

0.7

0.7

0.6

0.6

0.6

0.5

0.5

0.5

0.5

C
211

1

0.9

0.8

0.8

0.7

0.6

0.5

0.5

0.5

0.4
9

C

C

688 82

0.9

0.8

0.7

0.6

0.6

0.5

0.5

0.5
2

0.8

0.7

0.6

0.6

0.5

0.5

0.5
4

4.2.5. DENDROGRAM ANALYSIS

C TC: TC € C C Mu

185 R R 370 203 717 kia
545 443 kes

hi

1

08 1

1

0.7 08 1

2 7

06 07 08 1

9 8 7

06 07 08 09 1

6 4 0

06 06 07 08 08 1

2 8 7 4 7

05 06 07 08 08 08 1

9 4 3 2 4 9

A dendrogram generated using UPGMA cluster analysis separated the 12 taro

accessions into two major clusters with the susceptible varieties clustering together

and so also the resistant (Fig. 2 ). The clusters, cluster I and cluster II have around

60% similarity. Cluster I comprised of six accessions, Sree Rashmi, C-681, C-211,

C-688 C-82 C-185, whereas, Cluster [I comprised the resistant six accessions, TCR
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Fig. 2 Dendrogram showing the clustering pattern in 12 taro accessions using thirteen ISSR

markers
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Fig. 3 : Dendrogram showing the clustering pattern in 12 taro accessions using 7 SSR markers
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545, TCR 443, C-370, C-203, C-717, Muktakeshi. The dendrogram tree is
represented as fig 2.

Table 11: Details of 13 TARO accessions grouping under the two major clusters

Cluster Accessions

Cluster | Sree Rashmi, C-681, C-211, C-688 C-82 C-185

Cluster IT TCR 545, TCR 443, C-370, C-203, C-717,
Muktakeshi

4.2.6. SSR PCR AMPLIFICATION FOR TLB MARKER ANALYSIS

PCR condition, already standardized by molecular biology lab, crop improvement
division, CTCRI was done to obtain crisp and clear amplicons with an annealing
temperature of 56°C. As mentioned in 4.1.2, 18 SSR primers were screened to
analyse its amplification profile, out of which 10 primers were used to study TLB
marker analysis. The primers selected were Cel A08, Cel F04, Cel CO3, Cel F12,
Cel H12, uq 97- 256, uq 201- 302, uq 73-164, uq 115-71 , uq 88-94.

4.2.7. DENATURING PAGE FOR SSR ANALYSIS

As mentioned in the part, 4.1.3, denaturing PAGE was done to analyse the bands as
it gives higher resolution than agarose gel electrophoresis. But it was found out that
no SSR primers gave any specific band for resistant varieties. The SSR gel profiles

are represented as plate 18-19.
4.2.7.2 SSR MARKERS ASSOCIATED WITH TLB

No specific bands were obtained while performing SSR marker study. The primers
Cel A08, Cel F04 and Cel CO03 failed to give any specific band in the respective
product size, so they were not taken for the study and was not involved in the

scoring.
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Plate 18: Denaturing Urea-Acrylamide (6%) gel profile of uq 88 and uq 97 respectively.

1.SR 2. C-681 3. C-211 4. C-688 5. C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12.
MUK. . In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant varieties.



Plate 19: Denaturing Urea-Acrylamide (6%) gel profile of Cel HI12 and F12 respectively.

1.SR 2.C-6813.C-2114. C-6885.C-82 6. C-185 7. C-545 8. TCR 203 9. C-370 10. C-203 11. C-717 12.
MUK. . In this, 1-6 comprises of susceptible varieties and 7-12 comprises of resistant varieties.



4.2. SIMILARITY INDEX

The similarity index values obtained for each pair wise comparison among the 12
taro accession based on 7 SSR marker data is given in the table 12. The similarity
coefficient based on SSR markers ranged from 0.48 to 0.86. Most of the similarity
coefficients ranges between 0.61 to 0.84. Among the 12 taro accessions, the lowest
similarity index (0.48) was observed between Sree Rashmi and Muktakeshi,
whereas, the highest similarity index (0.86) was observed between TCR 443 and
C - 203 and along with C - 82 and C - 185 and C - 688 and TCR 545.

Table 12: Similarity coefficient of 12 taro accessions using 7 SSR markers

S,e C C C € € TC TC C C C Mu
e 681 211 6838 82 18 R R 370 203 717 kta

Ras 545 443 kes
hm hi
i

Sree 1.0

Rash 0

mi

Co681 0.7 1.0
7 0

C211 06 06 1.0
4 8 0

ces88 05 07 08 1.0
2 0 0 0
c8 05 06 08 08 1.0
9 8 2 4 0
C18 06 06 07 08 08 1.0
4 8 3 0 6 0
TCR 05 06 06 08 07 08 1.0
545 7 1 6 6 5 0 0
TCR 06 06 05 08 06 07 08 1.0
443 8 8 9 0 4 3 4 0
Cc370 07 06 06 07 07 08 08 08 1.0
0 6 6 3 5 0 2 4 0
c203 06 06 06 08 07 08 08 08 08 1.0
8 8 8 0 3 2 0 6 4 0
c717 05 06 05 06 06 06 05 06 05 07 10
2 1 7 4 1 6 5 6 9 5 0
Mukta 04 06 05 07 05 06 06 07 05 07 07 10
keshi 8 1 2 3 7 6 4 0 5 0 7 0
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A dendrogram generated using UPGMA cluster analysis separated the 12 taro
accessions into three major clusters (Fig. 3). The clusters, cluster I and cluster II
and cluster III have around 67% similarity. Cluster I comprised of two accessions,
Sree Rashmi and C- 681, whereas, Cluster II comprised six accessions, viz., C-211,
C-688 C-82 C-185, TCR 545, TCR 443, C-370, C-203. Here, it is observed that the
highly susceptible Sree Rashmi is clustering with another susceptible accession,
C-681 and the tolerant Muktakeshi clusters with another tolerant line, C-717.
However, the rest of the susceptible and tolerant accessions are grouped together in
the cluster II. Accession C-211, a susceptible line forms an outlier with the cluster
II. The dendrogram is analysis is obtained as fig 3.

Table 13: Details of 12 taro accessions grouping under the three clusters

Cluster Accessions

Cluster I Sree Rashmi, C 681

Cluster I C-211, C-688 C-82 C-185, TCR 545,
TCR 443, C-370, C-203

Cluster Il Muktakeshi, C-717
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DISCUSSION



5. DISCUSSION

5.1 GENETIC DIVERSITY ANALYSIS

Taro (Colocasia esculenta 1. Schott) is one of the major root crop belonging
to the family Araceae and sub-family Aroidea. It’s one of the earliest crop and is
used as a major food in south Pacific and African countries. The molecular
characterization of germplasm is a major factor in rationalizing the national
collections and in establishing a core collection for the region, which will consist
of a limited number of genotypes that are more accessible to regional breeding
programs selected fo represent the genetic diversity of the region (Mace ef al.,
2002). Taro is believed to have had its origin in northeast India and so the
probability of finding a high genetic diversity is more in India. So, in this study we
have incorporated 30 taro accessions from Kerala, a Southern state of India, to
analyse its diversity. If there is a high degree of diversity existing within a
population, it can be utilized for further breeding experiments in order to widen its
genetic base and to achieve more elite hybrid varieties. In addition, taro germplasm
characterization using molecular markers will contribute to the knowledge of
genetic relationships between accessions of wild and cultivated gene pool, and
hence facilitate the breeding of taro cultivars to satisfy the market needs and
respond to diverse biotic (e.g., taro leaf blight) and abiotic (e.g., drought and
salinity) challenges (Sharma et al., 2008).

Microsatellites have great potential in this respect, owing to their multi-
allelic and co-dominant nature, which allows individuals to be uniquely genotyped
(Mace et al., 2002). High information content, definitive allele assignment, and
rapid analysis by PCR make SSR markers well suited for both linkage mapping and
genetic diversity studies in plants (Akkaya ef al., 1995; Plaschke et al., 1995; Bell
and Ecker, 1994; Saghai-Marcof ef al., 1994; Morgante et al., 1994; Wu and
Tanksley, 1993).
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5.1.2. DNA ISOLATION PROTOCOL

To isolate pure and intact DNA from plant tissues, numerous protocols have
been established (Maroof et al., 1984; Doyle and Doyle, 1990; Scott and Playford,
1996; Sharma et al., 2000: Haymes, 1996). But it can vary with plant species, thus,
these DNA extraction protocols cannot be reproduced for ali plant species (Porebski
et al., 1997). Mucilage, a highly viscous secondary metabolite composed of a polar
polymer of glycoprotein is present in tubers, seeds, and stems of taro, which co-
precipitates with DNA and inhibits the action of Taq polymerase and reduce its
purity (Jose and Usha, 2000; Ghosh et al., 2009). The cetyl trimethylammonium
bromide (CTAB) method and its modifications have been used to obtain good
quality total DNA for polymerase chain reaction (PCR). CTAB is considered to be
the best method to isolate the DNA. Modifications in CTAB may enable it to fulfil
the quality and quantity requirements of PCR reactions (Tiwari ef al., 2012). High
concentrations of NaCl, Ethylene Diamine Tetra Acetic acid (EDTA) and
mercaptoethanol enhanced the CTAB extraction and purification activity. As
additional quantities of NaCl and mercaptoethanol enhanced the DNA extraction
and proteins degradation respectively, while increased concentration of EDTA
protected DNA. Considering this, a method standardized by Sharmma et al., (2008)
with slight modifications made by Vinutha (2014) was chosen for the study. A
purity range of 1.65-2.00 was obtained, however, for the majority of the DNA
samples, the purity ranged from 1.8-2.00 which was considered as a good quality
DNA. Typically A260/280 absorbance ratios of the DNA ranging from 1.8-2.0
indicated that little or no protein contamination has occurred (Schultz ef al., 1994).
The DNeasy kit (Qiagen) also gave a good quality DNA in the range of 1.8-2.0.
The kit also uses the above reagents for isolation of DNA. Here, the main advantage
was the time saved as the kit method took only 2 brs to complete. Considering this

added advantage, kits are now being commonly used in many experiments.
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5.1.3. PCR STANDARDIZATION AND PRIMER SCREENING

We chose SSR markers for studying genetic diversity in taro accessions
from Kerala because SSR markers have been applied to analyse genetic diversity
(Cho et al., 2000; Harrington, 2000). SSRs can be used as highly informative
markers for genome mapping and gene tagging (Ratnaparkhe, 1998). SSR is a
single locus amplifying marker and more alleles can be detected at a single locus
with microsatellites ie., more than with other molecular markers presently used,
and this results in an average index of similarity between individuals which is
generally much lower (Noyer et al., 2003). The development of molecular markers
as a tool for taro germplasm characterization and early progeny selection is highly
desirable for developing an efficient breeding program to speed the integration of
new genetic material into elite germplasm (Mace ef al., 2003).

The PCR condition already standardized at the molecular biology lab of
ICAR-CTCRI was utilized for PCR amplification. It is critical to optimize the
reaction conditions prior to large-scale application of each locus, such as
phylogenetic or genetic diversity studies (Narina, ef al., 2011). 20ng/ul DNA for
SSR reaction mixture was also standardized for one reaction. Higher concentrations
of DNA can hinder the amplification process because high amount of DNA can
contain more amount of polyphenols which can interact with Taq polymerase.
According to Ahmed, ef al., (2009), too much template DNA may decrease PCR
efficiency due to contaminants in DNA preparations. 0.5mM MgCl; was used in
the study which was optimum and gave good amplification profile. Increased Mg*2
concentration enthances Taq. activity up to a certain limit, above which it may act
as a depressant of it (Kramer ef al., 2004). The SSR primers selected for genetic
diversity analysis are Cel H12, Cel A06, Cel B03, Cel F04, Cel C03, Cel C06,
uq 97- 256, uq 201- 302, uq 84-207, uq 73-164 because they detected distinct and
polymorphic bands, whereas, the eliminated primers showed monomorphic
amplification. The development of an ideal molecular DNA marker system which

is genetically co-dominant and highly polymorphic allows precise discrimination
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even of closely related individuals and is important due to the high levels of
heterozygosity in individual genotypes (Elizabeth, et al., 2003).

5.1.4. DENATURING PAGE FOR SSR PRODUCT SEPERATION

For resolving the PCR products denaturing gel electrophoresis was done
because the resolution of acrylamide gels compared to agarose gels, could result in
the detection of a larger number of bands per locus. This is of particular concern for
SSR loci containing dinucleotide repeats whose amplification products which differ
by 2 bp could not be resolved using agarose gels (Senior ef al., 1998). In our study,
stutter bands were also visible with the actual bands after staining with silver nitrate.
However, only bands of the expected product size was considered for scoring in
some previous studies (Nunes ef af, 2012, Rallo et al. 2000). A matker was deemed
suitable when a single locus amplified efficiently at the expected size and with a
minimum of stutter bands when assayed on silver-stained denaturing
polyacrylamide gels (Echt ef al., 1996). Length of flanking sequences corrclate
positively with the shadow band contribution and the possibility of stutter bands
generation is increased with the use of low DNA template concentration
(Olejniczak et al., 2006). DNA replication slippage can also occur during ir vitro
amplification of the SSRs to produce ‘stutter bands’, which often obscure non-
parental SSR bands in genetically segregating populations (Ellegren, 2004). In this
study, though stutter bands were obtained, they were eliminated and the bands in

the range of its product size was only considered.
5.1.5. POLYMORPHIC INFORMATION CONTENT

The highest PIC value was obtained for the primer uq 97-256 with a value
0f 0.857 and high heterozygosity value of 0.871. Nunes ef al., 2012 investigated the
genetic diversity of seven regional core collections of Brazilian taro vsing seven
microsatellite loci. The polymorphism information content (PIC) ranged from 0.75
to 0.91, and the polymorphism observed in this study was able to differentiate
between the taro cultivars and showed a high polymorphism. This study is thereby
in accordance with the values attained by Nunes. The polymorphic alleles per locus
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obtained in the study ranged from 1.9 to 4.6 which is also comparable with the data
observed by Nunes. Taro from lake Victoria basin Macharia et al., 2014, showed a
hetrozygosity value of 0.248 which signifies a low genetic base in the area. The
variability has been indicated in diversity studies based on quantitative traits
(Ivancic et al., 1995), isozyme variations (Lebot and Aradhya, 1991), variations in
ribosomal and mitochondrial DNA restriction sites (Matthews, 1990), Randomly
Amplified Polymorphic DNA (Irwin et al., 1998), Amplified Fragment Length
Polymorphisms (AFLP) (van Eck et al, 1998) and microsatellites (Mace and
Godwin, 2000). Thus it proves that SSR markers can be used for genetic diversity
analysis of taro and show enough polymorphism to differentiate the accessions.
This is possible because the complementary flanking regions to the primers are
frequently conserved within the same species or among species and correlated
genera, although the microsatellite regions are subject to high mutation rates
(Hopkins et al., 1999).

5.1.6 DENDROGRAM ANALYSIS

Based on the scoring data, a dendrogram tree was constructed using R
software. It grouped the genotypes into 3 main clusters and one outlier. The third
cluster is further subdivided into four sub clusters and the second sub cluster had
an outlier C-273. But no congruence was seen between accession grouping and
geographical origin. The results agrees with the result published by Lakahanpaul er
al., (2003), where, clustering pattern did not show any strict relationship between
geographical distribution and genotypic diversity as the accessions from different
geographic regions were placed in nearly all the clusters. Macharia et al., (2014),
also got similar results, where they found no distinguishable pattern of the
clustering groups either as dasheen or eddoe or in accordance with its geographical
origin. Isozymes and RAPD studies performed by Sharma et al., (2008), also
showed no similarity between the clusters and the geographical origin. The previous
study by Vinutha (2014), where taro accessions from the Centre of Origin was
studied, no accessions were grouped based on their geographical similarities in both
molecular and morphological clustering. It should be noted that taro inhabits
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diverse environments. Geographically close habitats can be ecologically quite
different and conversely, habitats that are geographically distant from one another

can be very similar in their environmental conditions.

5.2. MOLECULAR MARKERS ASSOCIATED WITH LEAF BLIGHT
RESISTANCE IN TARO

Taro is being replaced in many countries by other tuber crops such as sweet
potatoes and cassava largely due to constrain of pests and disease, which are
becoming a major limiting factor for taro production (Lvancic, 1992). TLB
constitutes a significant threat to food security and economy in those Pacific Island
countries which do not have resistant varieties and where taro is a major staple and
an export commodity (Sharma et al., 2008). Leaf blight has become a limiting factor
for taro production in all taro growing-countries including India causing yield loss
_of 25-30 % (Thankappan, 1985). There are studies going around the world to
develop resistant varieties to taro leaf blight. But no studies have yet been reported
to identify markers associated to TLB disease with SSR and ISSR primers. The one
study done till date was by Sharma et al., 2008 by employing AFLP markers. It was
identified that major constraints for taro breeding programs including TLB
resistance breeding are the lack of knowledge of the genetic diversity in the
cultivars, the limitations in access to and knowledge of additional sources of disease
resistance as well as the absence of information on the potential agronomic and
processing value of genotypes (fvancic, et al., 2000). The development of molecular
techniques, in particular the use of molecular markers have been used to identify
markers linked to useful traits and made great advances in recent years (Sharma ef
al., 2008).

The varieties Sree Reshmi and Muktakeshi which are highly susceptible and
tolerant respectively, were taken for the study. For breeding resistant varieties, the
germplasm was screened for TLB resistance. Six of the tolerant lines identified
were used along with six susceptible ones for this study. The long-term strategy for
the management of taro leaf blight is the breeding of more resistant varieties which,
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together with the introduction of resistant exotic varieties, is the most sustainable
approach in managing the disease (Hunter ef al., 1993). For the present study, both
SSR and ISSR markers were employed.

In a previous study done at ICAR-CTCRI, Sharma ef al., (2008}, examined
the genetic differentiation of 14 cultivars of taro including 4 highly susceptible, 6
susceptible, 2 moderately resistant and 2 highly resistant varieties including
Muktakeshi and perforrned molecular analysis with respect to the resistance of
different genotypes to leaf blight. It indicated that the ALFP generated bands at
approximately 75bp were only detected in the highly resistant genotype but the
band was absent in moderately resistant varieties and he concluded that there is
more than one gene involved in taro leaf blight resistance. In our study we used 6
susceptible and 6 resistant varictics by employing 13 ISSR markers and 10 SSR

markers.

5.2.1. ISSR MARKER STUDY

ISSR primers were used to find out molecular markers associated with leaf
blight resistance in taro. The primers selected for the molecular screening for
developing markers associated with TLB were UBC 841, UBC 848, UBC 810,
UBC 808, UBC 817, UBC 847, UBC 871, UBC 827, UBC 857, UBC 825, UBC
809, (GA)AC and (AG)9AT. Ratnaparkhe et al., (1998) were the first to
demonstrate that ISSR markers are useful in gene tagging and can be used for
finding markers linked to the gene of interest. They had found out that the simple
sequence repeat (AC) sYT when used directly in a PCR reaction, amplifies a
marker, UBC-855, which is linked to the gene for resistance to fisarium wilt race
4. The repeat (AC): T amplified a marker UBC-825 which was located 5.0 ¢M from
the gene for resistance to fusarium wilt race 4, which was closer than the UBC-855
and CS-27 markers (Mayer et al., 1997; Ratnaparkhe et al., 1998). In soybeans,
Lohnes et al. (1993) reported that two resistance genes (Rmd and Rps2) were closely
linked to each other, and to a non-nodulation gene (Rj2) was characterized using
ISSR. In lettuce, ISSR markers were used to identify the 13 resistance genes for
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downy mildew and have been mapped in four clusters (Hulbert er al., 1985). In the
present study, the primers UBC 827, UBC 817and UBC 808 gave bands in 5
resistant varieties in the region, 598, 675 and 667 bp, respectively. UBC 825 and
(AG)oAC gave an extra band in all the resistant varieties in 685 bp and 808 bp
regions, respectively. This analysis is important because this marker if validated,
can be utilized for further breeding programs to screen for resistant progeny at a
very ecarly stage itself and thus speedup the process of developing varieties which
are resistant to TLB. The clustering of resistance genes at a specific chromosomal
region is advantageous in a breeding program, as this block of genes can be
transferred to an adapted background via backcrossing, and the desired trait can be
selected using the ISSR markers (Ratnaparkhe, 1998).

5.2.2. CLUSTER ANALYSIS

The cluster analysis in the present study utilizing ISSR markers proved to
be a successful one with the formation of 2 clusters. The first cluster consisted of
susceptible varieties viz, Sree Rashmi, C-681, C-211, C-688 C-82 C-185 and the
second cluster comprised of the resistant varieties TCR 545, TCR 443, C-370, C-
203, C-717, Muktakeshi. Though the studies done in this aspect was a preliminary
one, we got specific clustering and specific bands for the resistant ones. This
varieties can be further screened and the level of degree of resistance needs to be
ascertained before it can be utilized for breeding purpose. Nevertheless,
hybridizations between accessions of these two different groups might give a
heterotic response. The remarkably high level of polymorphism around the disease
resistance gene cluster indicates an association between the molecular mechanism
of disease resistance and rapid sequence divergence in plants (Sudupak et al., 1993;
Yu et al., 1996). Similar to the application of the marker assisted selection (MAS)
using DNA markers tightly linked to wilt resistance genes which was used to screen
a large number of germplasm lines for the presence of these genes without actually
subjecting them to the pathogen and to pyramid them into agronomically superior
varicties (Padaliya et al., 2013), the present result could also pave way for use of
these ISSR markers after proper validation in MAS applications in future.
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5.2.3. SSR MARKER STUDY

Studies on disease resistance genes have indicated a high level of
polymorphism and the presence of SSRs at certain loci for crops like maize, where
resistance genes to rust were found in five clusters (Yu et al.,, 1996). Disease
resistance genes have been found to form clusters in crops like flax, lettuce (Sheperd
and Mayo, 1972; Islam et al., 1993; Kesseli et al., 1993). However, finding SSR
markers linked to disease resistance genes is very expensive and involves screening
the library, sequencing the clone and synthesizing the primers. This has prevented
the broad use of microsatellites in plants {Ratmaparkhe, 1998). In the present study,
previously identified SSR makers were used among which primers Cel A08, Cel
F04 and Cel C03 didn’t give any specific band in the respective product size, so
they were not taken for the study and was not involved in the scoring. The primers
chosen for the study were Cel H12, Cel Fi12, uq 201- 302, uq 97- 224, uq 73-164,
uq 115- 71 and uq 88-94 since they gave polymorphic bands. However, no specific
abnd could be obtained associated with TLB resistance. RAPD markers were used
by Gygax, ef al., (2004) on apple scab resistance gene Vbj derived from Malus
baccata jackii. He quoted that breeding for scab-resistant apple cultivars by
pyramiding several resistance genes in the same genetic background is a promising
way to control apple scab caused by the fungus Venturia inaequalis. After further
studies, a similar type of marker system could be developed and employed in taro
to breed new varieties where resistance to TLB could be confered by pyramiding
several resistance genes. Gygax found out three RAPD markers linked to ¥&j. SSR
analysis of cultivated groundnut germplasm resistant to rust and late leaf spot
diseases was done by Mace, (2006) by employing SSR markers. Negi, (2000)
identified AFLP fragments linked to seed coat colour in Brassica juncea and
conversion to a SCAR marker for rapid selection. Such studies are being done
worldwide to find out markers linked to disease resistance gene and to incorporate
this genes into new varieties by breeding. Though in this study, no specific bands
were obtained in the respective product size, further studies will be done to identify

the marker by incorporating more number of markers and genotypes.

62



5.2.4. CLUSTER ANALYSIS

Three clusters were obtained while mapping dendrogram using NTsys
software. The first cluster consisted of the highly susceptible variety Sree Reshmi
along with C-681 which points out that C-681 also show high susceptibility towards
TLB which was similar to that of ISSR study. The second cluster showed a mixed
pattern which clustered both susceptible and resistant groups together. The third
cluster grouped the resistant variety Muktakeshi and C-717 together. Further studies
has to be done to analyse their relation, as these accessions were also grouped
together in ISSR studies. Similar results were also obtained while studying chickpea
genotypes for wilt resistance by Padaliya et al., (2013). He found out that the
moderately resistant genotype Chaffa was grouped in a separate cluster while
resistant genotype WR-315 was grouped in a sub-cluster of cluster-I. Moreover,
another resistant and tolerant genotype such as, ICCV-2 and GG-1 was grouped in
the same sub-cluster of cluster-II, the susceptible genotypes GG-4 and JG-62 were

present in one cluster.

It is difficult to pyramid two or more disease resistance genes through
conventional means, particularly where the resistance genes in question are
effective against all the prevalent pathotypes. However, recent advances in
molecular biology has made it possible to pyramid several genes in single line using
marker assisted selection (MAS) and tagging of genes with molecular markers is
pre-requisite for MAS (Dhillon et al., 2011).

The future strategy should be to develop new elite taro varieties in along
with enrichment of the germplasm from different regions to further diversify the
existing germplasm diversity and conserve taro collection. Use of this germplasm
for crop improvement needs will strengthen the capacities of the national taro
breeding programmes and to develop high disease resistant varieties.
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SUMMARY



6. SUMMARY

The project titled “Genetic diversity analysis and identification of molecular
markers associated with leaf blight resistance in taro (Colocasia esculenta (L.)
Schott)” was carried out at the Division of Crop improvement, ICAR-CTCRI,
Sreekariyam, during 2014-15. The objective of the study was to assess the genetic
diversity among taro accessions from Kerala, using SSR markers and to identify
molecular markers associated with leaf blight resistance in taro by SSR and ISSR
markers. 30 accessions maintained at ICAR-CTCRI which was coliected from
different districts of Kerala were used for genetic diversity analysis. 12 genotypes,
6 each of both susceptible and resistant varieties screened in the fields of ICAR-
CTCRI for TLB was employed for the study to identify molecular markers
associated with leaf blight resistance in faro.

DNA of all the 30 accessions were isolated by using two methods- the
method standardized by Doyle and Doyle, (1987) and later by Sharma et al., (2008),
which was modified slightly by Vinutha (2014). The other method used for the
study was the kit method - DNeasy Plant Mini Kit (Qiagen). Purity of most of the
DNA varied from 1.7-2.0.

PCR condition already standardized at the molecular biology laboratory,
Division of Crop Improvement, ICAR-CTCRI was used for SSR-PCR
amplification. The annealing temperature of the PCR condition was optimized at
56°C. Ten primers which showed polymorphic bands were selected for the study
based on its agarose gel profile. The primers selected for genetic diversity analysis
were Cel H12, Cel A06, Cel B03, Cel F04, Cel C03, Cel C06, uq 97- 256, uq
201- 302, uq 84-207 and uq 73-164.

Denaturing PAGE of 6% acrylamide concentration was prepared to separate
the PCR products. The apparatus was electrophoresed for 45 minutes at 100W. The
amplified products were observed by staining with silver nitrate. Binary scoring of
1, 0 was tabulated in an excel sheet and was subjected to R-package and PIC
program to quantify the diversity of the genotypes.



All the primers gave polymorphic bands and showed high allelic frequency
than their respective agarose gels. By calculating polymorphic information content,
the highest heterozigosity was obtained for the primer uq 97-256 with a value of
0.871 and the lowest was obtained for the primer uq 84-207 with a value of 0.694.
Number of alleles per locus ranged from 1.9-4.56 with the maximum alleles shown

by uq 97-256 and the minimum showed by uq 84-207 and uq 201-302.

For the analysis of genetic variation among 30 Kerala accessions, a
dendrogram was constructed for phylogenetic analysis and the first cluster of the
tree comprised of the accessions from C-406 to TCR 450. The second cluster
consists of C-218 to C-384 and the third large cluster groups most of the genotypes
ranging from TCR 424 to TCR-296 and ADS2014-20 has formed an outlier. The
third cluster is further subdivided into four sub-clusters and the second sub-cluster
consists of major number of genoytpes and has an outlier C-273.The analysis found
no correlation between geographical origin of the accessions and the cluster
grouping. The accessions in the different clusters can be included as parents in
breeding programs depending upon traits of interest possessed by them in the future

as they have a wide genetic base,

The other study conducted was to identify molecular markers associated
with leaf blight resistance in taro by employing two marker systems - SSR and ISSR
markers. The DNA was isolated by the same methods as done for the genetic
diversity study. 13 ISSR markers were selected for the study which gave good
amplification profile in agarose gels. PCR conditions already standardized in the
ICAR-CTCRI molecular biology lab with an annealing temperature of 56°C was
employed for the study. The primers selected for the TLB screening were UBC 841,
UBC 848, UBC 810, UBC 808, UBC 817, UBC 847, UBC 871, UBC 827, UBC
857, UBC 825, UBC 809, (GA)sAC and (AG)eAT. Out of the 13 primers, 5 of them
gave an extra band for resistant varieties. UBC 825 and (AG)sAC gave an extra
band in all the resistant varieties in 685 bp and 808 bp regions, respectively. The
primers UBC 827, UBC 817 and UBC 808 gave bands in 5 resistant varieties in the
regions, 598, 675 and 667 bp, respectively.
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Analysis of the binary data using NTSYS pc, a dendrogram was constructed
where all the susceptible varieties clustered together into cluster I and all the
resistant varieties into cluster II. A similarity matrix generated using NTSys showed
a similarity index ranging from 0.42 to 0.93. The lowest similarity index (0.42) was
observed between Muktakeshi and Sree Rashmi, whereas, the highest similarity
index (0.93) was observed between C-211 and C-688 along with C-688 and C-82.

SSR markers were also employed to study the marker associated with TLB
resistance. The PCR conditions employed in the genetic diversity analysis was used
to amplify the PCR products. The primers selected were Cel A0S, Cel F04, Cel
CO03, Cel F12, Cel H12, uq 97- 256, uq 201- 302, uq 73-164, uq 115-71 and uq
88-94. The products were then subjected to 6% acrylamide (denaturing urea gel)
for its separation. But no specific bands were obtained in the range of its expected
product size. The primers Cel A08, Cel F04 and Cel C03 didn’t give any specific
band in the respective product size, so they were eliminated from the study.

A dendrogram generated using UPGMA cluster analysis separated the 12
taro accessions into three major clusters. Here, it was observed that the highly
susceptible Sree Rashmi was clustered with another susceptible accession, C 681
and the tolerant Muktakeshi clustered with a tolerant line, C 717. However, the rest
of the susceptible and tolerant accessions were grouped together in the cluster II.
Accession C 211, a susceptible line formed an outlier with the cluster II. The
similarity coefficients based on SSR markers ranged from 0.48 to 0.86. The lowest
similarity index (0.48) was observed between Sree Rashmi and Muktakeshi,
whereas, the highest similarity index (0.86) was observed between TCR 443 and C
203 along with C 82 and C 185 as well as C 688 and TCR 545.

Further studies have to done by employing more accessions and primers to
screen for markers associated with the TLB resistant gene to arrive at a definite

consensus.
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APPENDIX 1

CTAB EXTRACTION BUFFER (CTAB METHOD)

8. APPENDIX

Composition Concentration
Tris HCI (pH: 8) 100 mM
EDTA 25 mM
NaCl 1.5M
CTAB 2.5%
B- mercaptoethanol 2%
PVP 1%
APPENDIX II
TE Buffer (10 X)
Composition Concentration
Tris HCI (pH: 8) 100 mM
EDTA 1 mM
APPENDIX III
TBE BUFFER (10X)
Composition Concentration

85




Tris base 107 g

Boric acid 55¢

0.5 M EDTA 40 ml

The solution is made up to 1000ml.

APPENDIX 1V

40% ACRYLAMIDE SOLUTION
Composition Concentration
Acrylamide 38¢g
Bisacrylamide 2g

Dissolve 38 g acrylamide in 40 ml solution and then dissolve 2 g bis acrylamide
and make up to 100 ml.

APPENDIX V

BIND SILANE
Composition Concentration
Absolute alcohol 95%

v-methacryloxypropyl-methoxy silane 1ul

0.5% acetic acid 2.5ml

The solution is then made up to 100ml.
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APPENDIX VI

FIXER
Composition Concentration
Acetic acid 1200 g
Distilled water 1800 ml

APPENDIX VII

SILVER STAIN

2 g silver nitrate dissolved in 2000 ml distilled water with thorough mixing,
Added 3 ml formaldehyde to this solution to make up the stain.

APPENDIX VIII

DEVELOPER

60 g sodium carbonate dissolved in 2000 ml distilled water. Store the solution at
20°C. Just before use, add 400 pl chilled sodium thiosulphate (10 mg/ml) and 3

ml formaldehyde.

APPENDIX IX

NaCH

40 g NaOH dissolved in 2000 ml distilled water.
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7. ABSTRACT

The project titled “Genetic diversity analysis and identification of molecular
markers associated with leaf blight resistance in taro (Colocasia esculenta (L.)
Schott)” was carried out at the Division of Crop improvement, ICAR-CTCRI,
Sreekaryam, Thiruvananthapuram, during 2014-15. Thirty Kerala accessions were
employed to study the genetic diversity and 12 genotypes comprising 6 susceptible
and 6 resistant which were screened in the fields of ICAR-CTCRI was taken for the
study.

DNA was isolated from all the 30 varieties by a method standardized by
Doyle and Doyle, (1987) and later by Sharma ef al., (2008) which was slightly
modified by Vinutha, K. B. (2014). A purity level of 1.7-2.0 was achieved by most
of the genotypes.

PCR conditions already standardized in the molecular biology lab of Crop
Improvement lab of ICAR-CTCRI were used to amplify the SSR markers. After
preliminary screening, 5 primers were eliminated from the study because of its poor
amplification profile. 10 primers out of the 15 screened were utilized for PCR. The
PCR products were made to run in 6% acrylamide gel (denaturing urea gel) and the
bands were studied after staining with silver nitrate. PIC and cluster analysis was
done to analyze its diversity.

By calculating polymorphic information content, the highest heterozygosity
was obtained for the primer uq 97-256 with a value of 0.871 and the lowest was
obtained for the primer uq 84-207 with a value of 0.694. Number of alleles per locus
ranged from 1.9-4.56 with the maximum alleles shown by uq 97-256 and the
minimum showed by uq 84-207 and uq 201-302.

The first cluster comprised of the accessions from C-406 to TCR 450. The
second cluster consists of C-218 to C-384 and the third large cluster groups most of
the genotypes ranging from TCR 424 to TCR-296 and ADS2014-20 has formed an
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MN2755

outlier. The third cluster is further subdivided into four sub clusters and the second

sub cluster consists of major number of genoytpes and has an outlier C-273.

In the next part of the work, 12 sets of DNA was isolated comprising 6
susceptible and 6 resistant varieties each, to identify molecular markers associated
with TLB. 13 ISSR primers were tried to identify the same. The product was
amplified at 56°C. The PCR products were resolved in 2% agarose Qut of the 13
primers, 5 of them gave an extra band for resistant varieties. UBC 825 and
(AG)sAC gave an exfra band in all the resistant vareties in 685 bp and 808 bp
regions, respectively. The primers UBC 827, UBC 817 and UBC 808 gave bands
in 5 resistant varieties in the region, 598, 675 and 667 bp, respectively. The
dendrogram analysis using UPMGA clustered resistant and susceptible varieties
into two different clusters which gave a more promising result. But the SSR primers
employed for the same study using the primers Cel A08, Cel F04, Cel CO3, Cel
F12, Cel H12, uq 97- 256, uq 201- 302, uq 73-164, uq 115-71 and uq 88-94 failed
to show any specific bands in the expected product size. However, more number of
accessions showing different levels of tolerance and suscepiibility to TLB as well
as more number of markers could lead to the identification of promising markers

assoctated with TLB resistance.
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