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INTRODUCTION



INTRODUCTION

Plant genetic resources are considered as one of the most important gifts of
nature to mankind. They represent the sum total of diversity accumulated through years
of cultivation under domestication and natural selection. Many of these genetic
resources are also important sources of high nutritive value foods for human
consumption. While the importance of conservation and use of genetic resources for the
benefit to mankind can not be understated, the key to successful utilization of the
existing genetic resources and the variability available in the broad gene pool requires a
systematic evaluation of different agronomic traits in the available germplasm.

Out of the total crop genetic diversity available mankind has denended on a very
limited number of crops to meet the needs of staple diets and on a very limited number
“of major non-food crops to meet associated needs. The narrowing of the number of

crops upon which global food security and economic growth depend has placed the



future supply of food and rural incomes at risk. The shrinking portfolio of species used
in agriculture reduces the ability of farmers and ecosystems to adapt to new
environments, needs and opportunities. So far out of the estimated 75,000 species of
edible plant only about 150 have been widely used. Even out of these, only about 30
species provide 90% of the world’s food. Considering the ever-increasing demand for
food materials, it is not only necessary to use the available rich diversity and wide
genetic resources and to improve the existing conventional cultivars but also to look for
non-conventional lesser known and underutilized food crops.

The Himalayan ranges of India are extremely rich in floristic wealth and are
home to a large variety of traditional crops that could form an important component of
human diet in times to come. Although Himalayan region is well established as a mega
diversity region in the entire Indian sub-continent, the severe population pressure
coupled with changes in the socio-economic life style of the peoples pose a serious
threat to the unique biodiversity of the region. The region is home to a rich diversity of
several plant species many of which are underutilized. These underutilized crops have a
good potential for use as food or for industrial purposes. This rich genetic estate, extant
in diverse ecosystem, nurtured by ingenious communities, provides ample opportunities
for further development of agriculture in the region at a comparative advantage in terms
of sustainability and diversification of farming systems. These crops could also
constitute an important genetic base to look for suitable heterologous proteins and their
genes, which could be used as tools in crop improvement programmes. Amongst the
existing known plant resources, the International Plant Genetic Resources Institute
(IPGRI) and Consultative Group on International Agriculture (CGIAR) have identified
common buckwheat, grain amaranth and Chenopodium as important but underutilized
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nutraceutical crops which could be used as the genetic base for identification and
isolation of suitable heterologous genes coding for biomolecules of potential economic
importance.

Traditionally, diversity is assessed by measuring variation in phenotypic traits
such as flower colour, growth habit or quantitative agronomic traits like yield potential,
stress tolerance, etc., which are of direct interest to users. Generally early distinctness,
uniformity and stability of any cultivar have relied on morphological methods. This
approach has certain limitations: genetic information provided by morphological
characters is often limited and expression of quantitative traits is subjected to strong
environmental influence and thus do not reflect the true genetic diversity of the
collection (Green, 1971; Wikramaratne, 1981; Banerjee, 1992). Thus the morphological
markers were not quite enough to expose the genetic diversity between the
morphological overlap cultivars and the morphological identical accessions. The need,
therefore, for new tool was desperate. Molecular tools such as isozyme patterns, seed
storage protein polyfnorphism, Amplified Fragment Length Polymorphism (AFLP),
Restriction Fragment Length Polymorphism (RFLP), Random Amplification of
Polymorphic DNA (RAPD) provides virtually unlimited source of information on
interspecific as well as intraspecific variations. These molecular tools also provide
information about the genetic makeup of the plants which could be used as a tool in
accessioning of the germplasm. Such analysis can also be an important tool tagging
different agronomic traits to molecular markers for use in crop improvement
programmes. The AFLP technique combines the RFLP reliability with the power of
PCR to amplify simultaneously many restriction fragments (Vos et al., 1995). This
technique was used successfully to evaluate genetic diversity and genetic relationships
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in wheat (Salamini ef al., 1997; Barrett and Kidwell, 1998), bean (Phaseolus vulgaris
L.) (Tohme et al., 1996), rice (Mackill et al., 1996; Virk et al., 2000), tea (Camellia
sinensis Kuntze) (Paul er al., 1997), barley (Hordeum vulgare L.) (Qi and Lindhout,
1997) and soybean (Maughan et al., 1996).

The genus Fagopyrum consists of about 19 species, some of which have been
recently discovered (Ohnishi, 1998; Ohsako and Ohnishi, 1998). Of the two cultivated
species, Fagopyrum esculentum Moench and Fagopyrum tataricum Gaertn, cultivation
of Fagopyrum esculentum extends from temperate Europe to Japan through the Indo-
Mayanmar region. Cultivation of Fagopyrum tataricum is restricted mainly to the
Himalayan region and China. Fagopyrum cymosum, the wild species of buckwheat
occurs mostly in Himalayan foothills (Fig.1). The genus Fagopyrum has been divided
into two phylogenetic groups viz. the cymosum group comprising of two cultivated
species F. esculentum and F. tataricum and two wild species F. cymosum and F.
homotropicum and the urophyllum group comprising F. wrophyllum and other wild
species (Ohnishi and Matsuoka, 1996; Yasui and Ohnishi, 1998a, b; Ohsako and
Ohnishi, 2000). Baniya et al. (1992) have observed significant variation in days to
maturity, plant height, number of branches and leaves, clusters and seeds per cyme,
seed weight, grain yield, seed colour/ shape/ surface in different landraces of
buckwheat. Evaluation of genotypes for their consistency of performance under
different environments is important in plant breeding programmes. The occurrence of
large genotype-environment (GE) interactions possesses a major problem of relating
phenotypic performance to genetic constitution and makes the selection of genotypes
difficult. Registration of buckwheat cultivars in gene banks is mainly based on
morphologic and physiologic characteristics. Even though these descriptors are useful,
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Fig 1: Plants of different accessions/cultivars of Fagopyrum esculentum,
“Fagopyrum himalianum”, Fagopyrum tataricum and Fagopyrum cymosum
collected from different areas of Himachal Pradesh, Uttaranchal and
Arunachal Pradesh and Meghalaya growing in experimental beds in the
botanical garden of the Department of Botany, NEHU.






they are limited in number and may be affected by environmental factors. Molecular
markers are a useful complement to morphological and physiological characterization of
cultivars because they are plentiful, independent of tissue or environmental effects, and
allow cultivar identification early in plant development. RAPD and SDS PAGE profiles
have been successfully used for analysis of diversity in many crops including
buckwheat (Javonik & Kump, 1993; Tsuji & Ohnishi, 1998; Ohnishi & Asano,1999),
cowpea (Mignouna et al.,1998), soybean (Thompson et al., 1998), Brassica Juncea
(Rabbani et al., 1998), bean ( Duarte er al., 1999), Vicia sativa ( Potokina er al., 2000).
Ohnishi (1998),, Ohsako and Ohnishi (1998) and Ohsako and Ohnishi (2000? have
worked on phylogenetic relationships between different spécies of | the genus
Fagopyrum. However, not much information is available on interspecific variations in
molecular fingerprints in the genus.

The objective of the proposed investigation é_s;_ to elucidate the variation in
different accessions of buckwheat at the molecular level and to develop suitable protein

and RAPD based markers for the identification of various accessions of buckwheat.
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REVIEW OF LITTERATURE



REVIEW OF LITERATURE
Plant ‘genetic resources are considered as one of the most important gifts of
nature to mankind. They represent the sum total of diversity accumulated through years

of cultivation under domestication and natural selection. {\Since the dawn of agriculture,

dome;{ic;ltibﬂ of plant- specie‘srhas helped in the evolution of useful plant species and
these resources have been exploited to our advantage. The unique process of
domesticaﬁon had the inherent objectives of cultihvating plants with better traits to serve
as basic source of food and raw materials for industry. So far) out of the estimated
75,000 species of edible plant/' only about 150 have been widely used (Gautam and
Singh, 1998). Of these, about 30 species provide 90% of the world’s food. This tiny part

of the existing biodiversity in species, however, has an extraordinary importance and

involves huge inter- as well as intra-specific genetic diversity.



De Candolle (1886) presented the first documented account of origin and
diversity of species occurring in the Indian Gene Centre. The document was primarily
based on the Flora of British India (1876). The Indian Gene Centre focused prominently
in this concept. The Indian Gene Centre is also recognized for its native wealth of plant
genetic resources with over 1200 species having medicinal and aromatic importance.

The genetic diversity of agricultural crops is represented by bred cultivars,
landraces and other genetic stock as well as by wild relatives of cultivated plants. All
these materials constitute a gene pool which can be used for improvement/ value
addition, broadening of a genetic base of cultivars and also as a source of new diversity
for agriculture. One of the main justifications for the conservation of genetic resources
is their utilization for crop improvement. However, the key to successful use of
variability from broad gene pool requires the knowledge of desirable traits available in
the germplasm and this requirfs a systematic evaluation of different agronomic traits in
the available germplasm. Both characterization and evaluation results in recording of a
number of agronomic traits and in the identity of accession with desirable traits for use
in crop improvement. Assessment of genetic variation in a species is important to
initiate an effective improvement programme for crop improvement because it provides
the basis for tailoring the desirable genotypes. Information on genetic diversity is also
valued for the management of germplasm and for evolving conservation strategies.

Morphological descriptions of plant cultivars often present problems in clear-cut
identification because the phenotypic differences within species are too minute to
discriminate between species. The use of genetic polymorphism assessed by various
biochemical and molecular markers has been applied in many crops to determine
genetic relationships for purposes of phylogenetic studies, varietal identification as well
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as for QTL mapping. Molecular markers such as isozyme patterns, seed storage protein
polymorphism, RFLP, RAPD can provide a virtually unlimited source of information
on interspecific as well as intraspecific variations (Godshalk et al., 1990; Dudley et al.,
1991; Boppenmaier et al., 1993; Zhang et al., 1995, 1996). Genome analysis based on
molecular markers has generated a vast amount of information and a number of
databases are now available. All molecular marker based assays generate a
characteristic banding pattern for each individual/ population which can be assigned a
marker genotype. The differences in allele frequencies at the marker loci can be used to
calculate the genetic distance (GD) between individuals of a population or between
populations of a species. When the banding pattern is complex and the genotype cannot
be determined directly, the GD is usually estimated based on the uncommon bands
between the individuals being studied (Nei and Li 1979).

A variety of molecular markers have been used to study the extent of genetic
variation among the diverse group of important crops. More recently, DNA-based
techniques have been used successfully in developing DNA fingerprints of several plant
species such as sunflower (Hongtrakul et al., 1997) and grapes (Cervera et al., 1998)
and in genetic diversity studies (Jain ef al., 1994; Sonnate ef al., 1997, Menkir et al.,
1997, Barrett and Kidwell, 1998; Sivolap ef al., 1998; Zhu et al., 1998; Chowdari et al.,
1998; Gupta et al., 1999; Sivolap et al., 1999; De-Bustos ef al., 1999; Strelchenko et al.,
1999).

Seed protein polymorphism:

Traditional cultivar identification based on plant morphological characters is
very time consuming and may be unreliable, since some of these characteristics are
strongly affected by the environment. Morphological descriptions of plant cultivars also
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present problems in clear-cut identification because in most cases differences at the
phenotypic level may be too minute. Ideally the differences between cultivars should be
based on the differences at the genetic level. Miege (1982) has suggested that
intercultivar differences could be measured by comparing the differences in the
products of gene activity indicating thereby the use of proteins as genotype markers. In
recent years, seed protein electrophoresis has found wide application in resolving
systematic relationships and in characterising cultivated varieties in crop plants
including cereals and legumes and largely cross-fertilized pasture grasses (Ladizinsky
and Hymowitz 1979; Ferguson & Grabe, 1986; Nevo and Payne, 1987; Chen et al.,
1987; Levy and Feldman, 1988; Gardiner & Forde, 1988; Clark et al., 1989; Singh et
al., 1991; Yupsanis et al., 1992; Jaradat 1991; Bernardo et al., 1997; Przybylska et al.,
1998; De Bustos et al., 1999a; Gonzalez-Castano, 1992). Ladizinski and Hymowitz
(1979) have emphasized the importance of seed protein electrophoresis in resolving
specific taxonomic and evolutionary problems.

Seed protein electrophoresis has been utilized as a powerful tool in solving
taxonomic problems and explaining the origin and evolution of a number of cultivated
plants including Cicer (Ahmad and Slinkard, 1992), Lens (Ahmad et. al., 1997,
Ladizinsky, 1979; Hussain et af, 1989; Sammour, 1952‘4), Capsicum anum (Vladova et
al., 2000)( and Wigna mungo (Ghafoor et al., 2001),\Chenopodium (Bhargava et al.,
2005). Ahmad and Slinkard (1992) have analyzed the SDS PAGE profiles of seed
storage proteins of one cultivated species and eight wild annual species of Cicer. They
have reported that the seed protein profile was a conservative and species specific trait.
Based on the differences in the seed storage protein profiles Ahmad and Slinkard (1992)
have confirmed that Cicer judaicum and Cicer pinnatifidum were indeed two separate|
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species. They were also able to establish the relative genetic distances between different
species of Cicer. On the basis of SDS PAGE profiles of different species of lentils,
Sammour (1994) concluded that L. culinaris spp. Orientalis and L. odemensis were the
wild progenitors of cultivated lentils. Ghafoor et al (2001) studied thirty seven diverse
genotypes of Vigna mungo and three of V. radiata resembling to V. mungo for seed
~

characters to determine the extent of genetic variation. Based on SDS PAGE, specific
bands were suggested to be used for identifying Vigna radiata from mixed germplasm
with Vigna mungo. They have suggested that while the two species showed a low level
of inter-specific genetic diversity for agronomic characters and geographical origin,
SDS PAGE profile of seed proteins could differentiate Vigna radiata and Vigna mungo.
Bhargava et al. (2005) analyzed the seed storage protein SDS PAGE data for different
accessions of Chenopodium to determine inter as well as intraspecific relationships
between different accessions of Chenopodium. They observed that the seed protein data
was congruent with the taxanomic position, crossability rélationships and other
biochemical characters for}he various accessions of Chenopodium. SDS PAGE has also
been used to discriminate high yielding soybean plants from the low yielding ones
(Rashed er al., 1997) as well as disease resistant plants from the susceptible ones. These
results indicate the significance of use of seed storage protein SDS PAGE profiles as a
tool for species identification. Variation of seed storage proteins has also been analyzed
to estimate the center of genetic diversity and possible dissemination pathway in
common bean (Gepts ef al., 1988).

Magdalena et al (2002) have assessed 59 Spanish landraces of common wheat
belonging to different agrotypes for 11 seed protein loci to determine the level of

agreement between the agrotype classification and the morphological and biochemical
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variation of the wheat. At least 22 new gliadin, which were not catalogued before were
found in the Spanish landraces studied. Multivariate and cluster analysis revealed that
there was a clear relationship between seed protein composition and wheat
 classification for different agrotypes. Similar studies carried out by Aktad et al (2002)
on Triticum aestivum and Triticum durum, have revealed the evolutionary history of the
species. The SDS PAGE profiles obtained by these workers clearly distinguished
species of T. aestivum from T. durum.

Rahman and Hirata (2004a, b) analyzed eighty five different cultivars of
Brassica rapa, Brassica juncea, Brassica napus, Brassica carinata, B. oleracea and the
hexaploid Brassica collected from Bangladesh, Japan, China and Denmark for seed and
leaf protein variations by SDS PAGE to identify polymorphic genetic markers. While
10 polymorphic markers were identified from seed proteins no identifiable polymorphic
band was detected from leaf proteins. The polymorphic markers developed by these
workers clearly distinguished the yellow sarson self-compatible cultivars from the
brown seeded, self-incompatible cultivars. Similar observations had been reported by
Das et al. (2000) using RAPD and AFLP analysis. Rahman and Hirata (2004a, b) also
reported that the hexaploid Brasica had the indices for % polymorphic bands, degree of
phenotypic diversity, diversity value for genetic markers and the sum of effective
number of alleles. The cluster analysis using data generated from SDS PAGE clearly
separated the different seeded cultivars from different geographical areas of the Asia
Pacific region. De Wet ef al., (1979) and Afzal er al. (1996) have analysed the
intraspecific variation of foxtail millet, an important crop which was domesticated in
the early stages of agriculture, vis-a-vis geographical distribution through protein
polymorphism. Based on a comparison of the variation in seed storage protein profiles
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the landraces of foxtail millet were classified into six different types. Despite the limited
number of landraces from Thailand, Myanmar and Indonesia a geographical cline of
SDS PAGE electrophoretogram was observed. Based on a comparison of seed protein
electrophoretic profiles between wild and cultivated species of Sefaria from Western
Europe, Afghanistan, and East Central China, De Wet et al. (1979) have even suggested
a mechanism for domestication through germplasm exchange for the species. Signor et
al., (2005) studied diversity in seed protein composition in fifty lines of Medicago
truncatula and reported 26 polymorphic protein bands out of 46 major seed
polypeptides. The polymorphism for the major seed protein classes allowed the
clustering of the genotypes into four groups. There was no evidence of clustering
according to geographical origin of the lines. However, all lines not belonging to either
M. truncatula spp. truncatula or spp. longispina were clustered in a single group,
demonstrating the value of seed protein profiles in delimiting species boundaries.
Within-accession variation was investigated for one dimensional seed profiles, with
additional lines obtained from the same ecotypes. Lines contrasting for qualitative traits
and seed protein content were identified to allow for the genetic determination of these
characters. Similar work carried out by Shawky et al., 2005 on twenty-one varieties and
sixteen landraces of faba bean (Vicia faba) showed a total of 30 distinguishable protein
bands out of which 11 were polymorphic. Cluster analysis of the data resolved the
populations into three major groups and seven subgroups. Even though much work has
been done on analysis of seed protein polymorphism as a marker of genetic diversity in
several crop plants not much information is available on buckwheat grain protein
polymorphism (Zeller 2001). Rout and Chrungoo (2006) have determined the species
relationship in Himalayan buckwheat by SDS PAGE of endosperm proteins. Their
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results have indicated that the current practice of accessioning based on IPGRI defined
descriptors could lead to erroneous cataloguing. They have emphasized the use of
molecular markers like endosperm protein SDS PAGE profiles/ RAPD/ RFLP maps in
determining species relationships in buckwheat. Rogl and Javornik (1996) and Yan et
al., (2003) have emphasized the usefulness of storage protein polymorphism as genetic
markers for cultivar identification, crop origin and evolutionary studies.

The question of protein composition and its quantification is, however, still
problematic. Webster (1986) has reported that the protein fractions obtained with
Osborne method of protein separation and the homogenous polypeptides detected by
SDS PAGE were hardly comparable. Application of modifications to the original
Osborne method (Volker, 1975; Wieser et al., 1980) could complicate the uniform
protein characteristics and other possibilities of their use as markers. Electrophoretic
studies of multilocus-enzymes (MLEE) and whole-cell protein (SDS PAGE) carried out
by Rosa et al. (2000) to evaluate the parity between different methods for the
characterization of five Candida species have revealed that SDS PAGE was more
efficient in grouping strains in their respective species while MLEE had a much limited
resolution in organizing all strains in their respective species-species clusters.

The analysis of genetic diversity based on endosperm proteins has previously
been undertaken with species of several genera such a Triticum spp. (Nevo and Payne,
1987; Levy and Feldman, 1988), Hordeum spp. (Jaradat 1991; Bernardo et al., 1997; De
Bustos ef al., 1999), Aegilops spp. (Gonzalez-Castano, 1992) and Thinopyrum spp.
(Moustakas ef al., 1986, 1988; Nieto et al., 2003). The results obtained by these
investigations have revealed population specific patterns of SDS PAGE profiles of
endosperm proteins.
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Isozymes as a tool for analysis of genetic diversity:

Electrophoretic separation and visualization of allozyme polymorphism is
another technique to study the plant genetic diversity in several plant genera. Isozymes
offer the advantage of environmental stability and co-dominant expression of isozymic
genes. Cerezo et al., (1989) have emphasized the rapidity and ease of reproducibility of
the technique. Since the discovery of allozyme techniques by Hunter and Markert in
1957, the principle of isozyme analysis has been successfully applied to study
population genetics (Gottlieb, 1977; Crawford, 1990) and germplasm management
(Bvretting and Widrlechner, 1995). Although the limited number of isozymes makes it
difficult to use these as markers for providing complete genome coverage, the use of
isozymes remain as a quick, cheap and easy method for a preliminary survey based on a
few markers (Ghereyaize et al., 1995). Hamrick and Godt (1997) has highlighted that
the Isozymes loci for a given enzyme are highly conserved in a given taxa. The number
of loci which afe polymorphic (% polymorphic loci) and the mean number of alleles per
polymorphic loci are two of the genetic diversity parameters which gives an estimate of
the extent of diversity maintained by plant species.

Electrophoretic separation and visualization of allozyme polymorphism has also
been the most commonly used procedure to estimate plant genetic diversity in several
plant genera such as Phaseolus (Acquaah et al., 1994; Paredes and Gepts, 1995);
Glycine (Griffin and Palmer, 1995); Vigna (Sonnante et al., 1997) and Cicer ( Labdi et
al., 1996) maize (Goodman et al., 1980), wheat (Jaaska, 1983), tomato (Rick, 1983), or
common bean (Vallejos et al., 1992) etc. Isozymes have been used to identify cultivars,
rootstocks and wild species in apples (Vinterhalter and James, 1983; Menendez et al.,
1986; Manganaris and Alston, 1992), cultivars in peach (Arulsekar es al., 1986),

14



cultivars and rootstocks in grape (Walker and Lin, 1995), apricot (Byrne, 1989), Citrus
(Torres et al., 1978), in strawberry (Bringhurst ef al., 1981).

Tous et al., (1992) studied variability of isozymes in 9 enzyme systems of 25
cultivars of carob (Ceratonia siligua L.). Five enzymes viz. PGI, AAT, MDH,
Aconitase and PGM were polymorphic, making it possible for the 25 cultivars to be
classified into 8 phenotype categories. Similar investigations were carried out by
Dudnikov (1998) on 24 Transcaucasian populations of Aegilops squarrosa and A.
strangulata. Dudnikov (1998) reported the involvement of Acphl, Est2, Est5, Gotl and
Gor2 loci in the adaptive process of Ae. Squarrosa subspecies divergence.
Investigations on genetic diversity through analysis of allozyme variations in Aegilops
sp. was also studied by Kawahara (2000) who analyzed genetic variation at 21 loci in 73
accessions of Aegilops comosa and A. uniaristata, two species belonging to section
Comopyrum of Aegilops. He concluded that the two species were genetically distant
from each other, supporting the previously assigned different genome symbols M and
N. Isozyme divergence has also been used as a tool to measure the level of diversity
between two groups of rice breeding lines or cultivars which were screened as potential
maintainers in hybrid rice breeding programmes (Devanand et al, 1999). Their
observations revealed that the majority of potential maintainers exhibited japonica type
alleles whereas most of the potential restorers exhibited indica type alleles.

In order to clarify the genetic diversity of wild species as compared with its
cultivated species it is important to use the wild species potential as a genetic resource.
Some of the investigations in this direction were carried out by Ohnishi and Asano
(1999) who assessed the genetic diversity of 19 populations of Fagopyrum
homotropicum, a self fertilizing close relative of common buckwheat. Based on the
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variation at 16 loci of 11 enzymes they could identify the tetraploid populations of the
species. Yamane and Ohnishi (2001) have studied the allozyme variation among natural
populations of perennial buckwheat for phylogenetic relationships. They reported that
the phylogenetic tree constructed by the neighbour-joining method based on allozyme
variation clarified two distinct groups of diploid populations of F. cymosum complex.
DNA based markers:

Molecular markers, which detect variation at the DNA level, provide a way to
characterize germplasm accurately at a faster rate. An array of molecular marker
techniques has been developed. RAPD markers remain popular because of their
simplicity and low development cost. RAPD markers are generated by PCR
amplification of random genomic segment with a single primer of arbitrary sequence
(Williams et al., 1990).

Compared with other methods of detecting DNA polymorphism, randomly
amplified polymorphic DNA (RAPD) technique has potential advantage for the
investigation of the rare plants. It is relatively inexpensive and technically
straightforward for conducting experiment (Rosseto et al., 1995). The amplified
fragments provide a large number of polymorphic loci, which are especially useful for
studies of species with low genetic variation (Dawson et al., 1993).

The large number of accessions in gene banks usually demands a reliable, rapid
and not complicated method, which is sufficiently discriminative to distinguish most or
all genotypes held in a collection. The RAPD technique in general has been proven to
be very successful in addressing different issues in the management of plant genetic
resources, such as evaluation of germplasm (Novy et al., 1994; Thorman et al., 1994;
S us“tar-Vozlie and Javornik, 1999) identification of duplicate accessions (Waycott and
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Fort, 1994; Virk ef al., 1995), detection of misclassifications (Margale et al., 1995), and
genetic improvement. The RAPD technique is an effective tool for identifying variation
and estimating diversity in different biological system (Tingey and Tufo, 1993).
Because of its simplicity, rapidity and reliability, the random amplified polymorphic
DNA (RAPD) has been successfully used for diversity studies in many crops viz.
buckwheat (Javonik & Kump, 1993; Tsuji & Ohnishi, 1998; Ohnishi & Asano, 1999),
cowpea (Mignouna et al., 1998), soybean (Thompson et al., 1998), Brassica Juncea
(Rabbani et al., 1998), bean (Duarte et al., 1999), Vicia sativa (Potokina et al., 2000).

Many researchers have reported the use of RFLP and RAPD profiles for
generating information on variability within plant germplasm (Beckmann & Soller,
1983; Tanksley et al., 1989, Williams et al., 1990; Skroch & Nienhuis, 1995; Ashburner
et al., 1997). The RFLP technique requires a large amount of relatively pure DNA
which is time consuming and is technically demanding. RAPD methodology overcomes
these limitations since a large number of polymorphic bands can be generated with
relative ease from less DNA. Metais ef al., (2001) have assessed common bean diversity
using RAPD and AFLP markers. They reported a higher level of polymorphism with
RAPD than with AFLP analysis. However, both analyses led to the same type of
clustering. RAPD markers have been successfully used in cultivar analysis in some
cross (Hu and Quiros 1991, Yang and Quiros 1993, Koller et al., 1993). Genetic
analysis using RFLP has already been employed in genotyping Japanese tea cultivars
(Matsumoto et al., 1994), but variation was limited due to the low number of loci
investigated.

During the last decade, the most widely utilized tool for phylogeny
reconstruction in plants has been the analysis of chloroplast (cp) DNA, which is
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haploid, multicopy and nonrecombining. A low evolutionary rate of cpDNA genomes
generally makes this type of analysis unsuitable for the study of phylogenetic
relationships among closely related taxa. However several informative studies on
intraspecific variation of cpDNA sequences have focused on rapidly evolving regions in
the chloroplast genome (Jordan e al., 1996; Fujii et al., 1997, 1999; Yasui and Ohnishi,
1998a; Ohsako and Ohnishi, 2000, 2001). In the genus Fagopyrum, 3’ end of rbcL,
accD, and associated intergeneric spacer region of cpDNA (Yasui and Ohnishi, 1998a),
the trnC-rpoB spacer, and the trnK/ matK region (Ohsako and Ohnishi, 2000, 2001) has
been used to study genetic relationships at lower taxonomic levels such as within a
species.

Clegg et al., 1991 has emphasized that the chloroplast genome evolves slowly in
general making it an ideal system to assess phylogenetic relationships among genera.
Such studies have been carried out in the family Onagraceae (Conti e al., 1993),
Apiaceae (Downie ef al., 1996), Asteridae (Olmstead et al., 1992) including monocots
(Davis, 1995) other seed plants (Chase ef al., 1993) and angiosperms (Nickrent and
Soltis, 1995). Nucleotide variation of noncoding regions in cpDNA is being used for
phylogenetic analyses at the intraspecific level because of their considerably higher
evolutionary rate than gene-encoding regions (Dumolin-Lape'gue et al., 1997; Fujii et
al., 1997).

The spacer region is useful for both phylogenetic assessment at species as well
as population levels (Golenberg et al., 1993; Manen et al., 1994; Natali et al., 1995).
Several universal primers for amplifying noncoding spacers of the chloroplast genome
have been reported (Taberlet et al., 1991; Demesure ef al., 1995; Dumolin-Lapegue et
al., 1997). Most of the primers were designed for amplifying spacers between tRNA
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genes, which have been proved variable among species or populations (Demesure ef al.,
1996). The sequences of the rbcL (the large subunit of ribulose-1, 5- bisphosphate
carbolylase/ oxidase) gene have been used widely to construct plant phylogenies (e.g.,
Ritland and Clegg, 1987: Doebly et al., 1990).

Analyses of the DNA sequences of rbcL gene and internal transcribed spacer
(ITS) region of nuclear ribosomal RNA have been successfully used in classifying
major groups of Fagopyrum (Yasui and Ohnishi, 19967 Yaéui and Ohnishif1998a, b).
Based on molecular data, the genus Fagopyrum has been divided into two phylogenetic
groups viz. the cymosum group comprising of two cultivated species F. esculentum
(Moench) and F. tataricum (L.) Gaertn and two wild species F. cymosum (Meissn), and
F. homotropicum Ohnishi and the urophyllum group comprising F. urophyllum (Bur. et
Franchet) H. Gross. and other wild species (Ohnishi and Matsuoka, 1996; Yasui and
Ohnishi, 1998a, b; Ohsako and Ohnishi, 2000).

Common buckwheat (Fagopyrum esculentum Moench) has been a crop of
secondary importance in many countries and yet it has persisted through centuries of
civilization and enters into the agriculture of nearly every country where cereals are
cultivated. The main regions of buckwheat cultivation across the globe include China,
Russia, Ukraine, Kazakhstan, parts of Eastern Europe, Canada, Japan, Korea, Nepal and
India. Buckwheat is grown throughout a large area of Asia and Southeast Asia as a crop
that fits the farming system on marginal and fairly unproductive land. It is used as a
subsistence crop in many of the more mountainous areas where it is often grown with
barley at the higher altitudes. The crop grows extensively in the Himalayan foothills and
is used by people living in the region as a staple diet (Fig.2). The plant is a pseudocereal
of high economic importance because of short growth span, capacity to grow on poor
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Fig 2

a: Areas of cultivation and distribution of buckwheat (Fagopyrum spp.) in
the world. 1. China, 2: Manchuria, 3: Korean penusula, 4: Japan, 5:
Myanmar, 6 & 7: Indian Himalayas, 8: Nilgiri Hills in Southern Indian
penunsula, 9: USSR, 10: Sweden, 11: Denmark, 12: United Kingdom, 13:
Poland, 14: Bulgaria, 15: Romania, 16: Austria, 17: Germany, 18: France,
19: Italy, 20: South Africa, 21: Brazil, 22: USA and 23: Canada

b: Areas of collection of accessions/cultivars of buckwheat for the present
study.l: Chamba, 2: Kangra, 3: Kinnaur, 4: Mandi, 5: Kulu, 6: Shimla,
7:Almora, 8: Meghalaya and 9: Arunachal Pradesh.






soils and the high protein content of its grains. The plant is a rich source of trace
elements (Ikeda er al., 2000; Skrabanja er al., 2004), rutin, vitamins B1,B2 and E
(Watanabe ef al., 1995, Watanabe ef al., 1997) and dietary proteins for gluten-sensitive
individuals (Skerritt, 1986).

Joshi and Paroda (1991) have evaluated 408 accessions of Buckwheat from the
Himalayan region for 31 descriptor parameters including plant height, number of
branches and leaves, clusters per cyme, seeds per cyme, days to maturity, seed weight,
grain yield, seed colour/ shape/ surface. They have considered accession no. IC-13145
on the level of a species as “Fagopyrum himalianum”. The accession, housed in the
Regional Station, NBPGR, Phagli, Shimla (India), has been listed as ”F. tataricum var.

himalianum® by IPGRI (www.ipgri.cgiar.org/publication). Campbell (1997) has,

however, considered it as a subspecies of F. esculentum.

Assessment of genetic variation in a species is important for initiation of
effective breeding programmes because it provides the basis for tailoring desirable
genotypes. The preparation of a list of Buckwheat Descriptors (IPGRI, 1994) was a
major step forward in the coordination of passport data and descriptors on this crop. The
National Bureau of Plant Genetic Resources has a large collection of indigenous
buckwheat accessions. The bureau has also developed descriptor parameters based on
morphological characteristics for these accessions. However, the evaluation protocol
based on descriptors developed by NBPGR is a laborious process. In many cases the
accessioning of germplasm based on morphological parameters only has led to
incorrect/ duplicate accessioning. While there are some reports on marker based
characterization of buckwheat accessions of China, Tibet and Japan (Onishi, 1998a, b;
Tsuji et al., 1999; Tsuji and Onishi, 2000), there has been no report on protein and DNA
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based markers for the different indigenous accessions of this important crop. In contrast
to the work done on the analysis of phylogenetic relationships between different species
of the genus Fagopyrum (Javornic and Kump, 1993; Ohnishi, 1998; Ohsako and
Ohnishi, 1998; Ohsako and Ohinishi, 2000), not much information is available on
interspecific variations in molecular fingerprints in the genus, especially those
cultivated in the Indian Himalayan region. With a vast resource of genetic diversity of
minor cereals, legumes and other underutilized crops in mind, the present investigation
was undertaken to study the different accessions/cultivars of buckwheat at
morphological and molecular level and to elucidate the inter as well as intra specific
variations in different accessions of buckwheat. Such a study would provide leads for
identification of protein and DNA based markers for the identification of various

accessions/cultivars of buckwheat.
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CHAPTER Il
MATERIALS AND METHODS



L.MATERIALS:

Plant Material: Grains of various accessions/cultivars of buckwheat (Fagopyrum spp.)
used for the present investigation were procured from the National Bureau of Plant
Genetic Resources, New Delhi, Vivekananda Laboratory of Hill Agriculture (Indian
Council of Agricultural Research), Almora, East Khasi Hills in Meghalaya (India) and
the Tawang District of Arunachal Pradesh (India). The accessions used for the present
study are listed in Table 3.1.

Reagents: All the chemicals used in the present investigation were of analytical/
Molecular Biology grade and were procured from Sigma chemical co., St. Louis, (USA),
Bangalore Genie, Bangalore, HiMedia, EMerk, Darmstadt (Germany) and BDH,
England. The oligonucleotide primers used in the present study were procured from
Microsynth GmbH, Switzerland, Operon Technology Inc., Alameda, Calif. USA and
University of British Columbia, BC., Canada. The SDS-PAGE molecular weight markers

were purchased from Roche Molecular Biological Ltd and Bangalore Genei, India.
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ILMETHODS:

The grains were observed under a magnifying glass for morphological features
like grain shape, colour, presence or absence of striations and wings etc. The parameters
assessed and the score assigned to each qualitative parameter are listed in table 3.2.

The collection of germplasm was separated into different groups on the basis of
their morphological features. The accessions/cultivars were grown in the experimental
garden to study the qualitative as well as quantitative features during their growth span.
The grains were sown in two different seasons, viz. as a summer crop during April and as
a winter crop during late August. Sowing was done in rows with three rows for each
accession. The crop was raised for three consecutive years for studying both qualitative
as well as quantitative morphological parameters of the accessions.

For determination of grain weight, 25 grains from each accession/cultivary were
weighed on Sartorius BP160P balance. The weight of each grain was calculated by
dividing the gross weight by the number of grains. For determination of hull/ groat ratio,
the grains were dehulled manually and weighed on a balance. The weight of hull was
calculated as the difference between total grain weight and the weight of groat. The hull/
groat ratio was calculated by dividing the weight of the hull by the groat weight. The
qualitative characters assessed for the present study are listed in table 3.3. Height of the
plants was measured at 50 % flowering by measuring the distance from the base to the tip
of the plant. The total leaf surface area of each leaf was first measured using leaf area
meter. The surface area of all the individual leaves of a plant were added together to get
total leaf area per plant. The parameters were recorded individually for 15 plants from

each accession/cultivars. The mean of individual readings was used for final calculations.
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Table 3.2: Qualitative morphological characters analyzed for determination of variation
between the different accessions/cultivars of buckwheat (Fagopyrum spp.) studied in the
present investigation.

S1. No. Traits Variable*

1. Seed Shape 1 Winged (1); Non-Winged (0)
2. Seed Shape 2 Non-conical (0); Conical (1)

3. Seed colour Brown (1); Dark brown (0)
4. Seed coat striations Present (1); Absent (0)

5. Seed coat texture Smooth (1); Rough (0)

5. Colour of the stem Red (1), Green (0)

6. Blade shape 1 Cordate (1); Sagittate (0)

7. Blade shape 2 Non Hastate (0); Hastate (1)

8. Leaf margil}é colour Red (1); Green (0)

9. Flower colour 1 White (1); Green (0)

10. Flower colour 2 Pink (1); Non - Pink (0)

*Figures in parenthesis depict the score for the character

Table 3.3: Quantitative morphological characters analyzed for determination of
variations between the different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation.

SI. No. | Trait Units of measurement
I. Plant Height Centimeter
2. Number of Branches Number
3. Number Internode length | Number
4. Leat Area Centimeter”
5. Days to Flower Number
6. Days to maturity Number
7. Total no of seeds/ plant Number




Extraction of soluble proteins from grains and SDS PAGE profiling:

Mature and healthy grains from each group, representing accession/cultivars,
were used for extraction of soluble proteins. The hull of each of the grains was removed
with forceps to take out the groat fraction which was used directly for extraction of total
grain proteins. For analyzing the SDS PAGE profile of endosperm proteins the dehulled
grains were dissected with the help of a pointed forceps to remove the embryo so as A
obtain the endosperm portion for extraction of proteins. The groat fraction as well as the
endosperm tissue was defatted by washing with cold acetone for 4-6 hours. Acetone was
removed by filtration and the defatted meal dried under a continuous stream of dry air
to remove the acetone completely. The dried defatted meal was powdered in liquid
nitrogen and homogenized in a pre-chilled mortar and pestle in 50mM Tris-Cl buffer
(pH 6.8) containing 100mM NaCl, 10Mm EDTA, 100mM glycine, 10% SDS and 1mM
PMSF. The homogenate was allowed to stand for 45 min at 4°C in a cold room .The
homogenate was subsequently centrifuged at 10,000 rpm for 15 min at 4°C. The
extracted proteins were recovered as clear supernatant. Protein concentration in each
sample was determined according to Bradford (1976). 5ul protein sample from each
accession/cultivars was taken in separate eppendorf tubes and the volume was made to
100pl with distilled water. To the above sample, 1ml Bradford reagent was put and
mixed thoroughly by gentle vortexing. Prior to taking the reading of protein sample a
blank reading was taken with only Bradford reagent taken in cuvet. After taking blank
reading, the prepared sample was transferred to cuvet and spectrophotometer (Beckman
DU®530) reading was taken at A595 for all the accessions individually. Using the

standard curve the equivalent protein concentration for the protein sample was recorded.
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SDS PAGE of the extracted protein pool was carried out on 12% polyacrylamide
gel following the method of Laemmli (1970). Suitable aliquot of the extracts,
representing 50 pg protein from each sample, was mixed with 2X Laemmli buffer in the
ratio of 1:1. The mixture was heated for 5 minutes in a boiling water bath followed by a
brief centrifugation to sediment the debris. The supernatant was loaded into the wells of a
1.5 mm thick 12% acrylamide gel. An aliquot of a mixture of standard molecular weight
markers (Bangalore Genei/ Roche) also was denatured similarly and loaded a lane of the
same gel to serve as reference for determination of molecular mass of the resolved bands.
Electrophoresis was carried out at a constant voltage of 100 V for 6 hours. After
electrophoresis the gel was removed and washed briefly with distilled water. Proteins in
the gel were fixed by immersing the gel for 30min in in a solution containing methanol:
glacial acetic acid: water (4:1:5). The gel was subsequently stained for 3 hours in 0.25%
(w/v) Coomassie Brilliant blue R-250 prepared in methanol: glacial acetic acid: water
(4:1:5). Destaining was carried out in a destaining solution I composed of methanol:
water: glacial acetic acid (4:5:1). The gels were further destained in destaining solution I
composed of methanol: water: glacial acetic acid (4:5.3:0.7) and stored in the same
solution till required. Protein bands were visualized on KODAK gel documentation
system under white light. Electrophoretic mobility (Ry) of the bands was calculated as the
ratio of the distance traveled by the band to the distance traveled by the dye front. For
deriving a relationship between the molecular mass of the protein and its mobility on the
polyacrylamide gel, the R¢ value of the standard molecular weight marker was plotted
against log molecular weight of the protein to obtain a standard curve. The molecular
mass of the resolved proteins was determined by comparing their electrophoretic
mobility with that of the standard molecular weight markers and by reference to the
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standard curve drawn for the Revalue of the marker protein against log molecular weight.
Consistency of result was ensured by studying a minimum of three seed samples from
each groups of the accession and only the consistent bands were taken into account.
Isozyme analysis:

For determination of isozyme profiles, 10-15 seeds from each accession/cultivars
were germinated on germination paper in growth chamber under dark condition at 25°C.
Cotyledons from 7 day old seedling or tissue extracts of young leaves (2 weeks old plant)
were prepared in 0.1M Tris-Cl buffer (pH 8.0) containing 0.1% 2-Mercaptoetanol,
0.00IM EDTA, 0.01M KClI, 0.01M MgCl,, and 4% polyvinyl pyrrolidone (PVP).

The enzymes for which the isozyme profiles were determined included Malate
dehydrogenase (MDH, E.C. no. 1.1.1.37), Phosphoglucomutase (PGM, E.C. no. 5.4.2.2),
Peroxidase (PER, E.C. no. 1.11.1.7) and Esterase (EST, E.C. no. 3.1.1.1).
Electrophoresis of the tissue extracts for determination of isozyme profiles was carried
out on 12% polyacrylamide gels under native conditions in a cold room at a constant
voltage of 80 volts acc‘ording‘ to Dgy%s (1964). The gels were separately stained for
detection of isozyme profiles of each enzyme. Each set of experiments was carried out
twice to confirm the reproducibility of bands.

Staining procedures:

Malate dehydrogenase: Staining of gels for detection of isozymes of malate
dehydrogenase was carried out as per the method described by Nichols and Ruddle
(1973). The gel was incubated for 20-25 minutes in dark at 37°C in staining solution

‘f,?,mPQ,?‘?d,_(QflM Tris buffer (pH 7.5) containing 0.01M DL- Malate (pH 7.5) , 0.02 %

NAD", 0.02% NBT and 0.005% PMS. After staining? the isozymes of malate
dehydrogenase appeared as violet bands against a light brown background.
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Peroxidase: Staining of gels for detection of peroxidase isozymes was carried out as per
the method described by Shaw and Prasad (1970). The gel was incubated for 10-15
minutes in dark at 37°C in staining solution composed 0.1M acetate buffer (pH 5.6)
containing 0.05% 3-amino, 9-ethyl carbazol N, N" dimethyl fomamide, 4mM CaCl, and
0.06% H,0,. Peroxidase isozymes appeared as dark blue bands against a light
background.

Phosphoglucomutase: Staining of gel for detection of phosphoglucomutase isozyme
activity in the gels was carried out according to the method described by Murphy ef a/
(1990). The gel was incubated in dark at 37°C in a staining solution consisting of 0.1M
Tris-Cl buffer (pH 8.0), 0.1M MgCl,, 0.05 a-D-G-1-P disodium salt, 1 unit glucose-6-
phosphate dehydrogenase, 0.008 % B-NADP, 0.008 % MTT and 0.004% PMS till
distinct bands representing PGM activity appeared on the gels.

Esterase: Staining of gel for detection of esterase isozyme activity was carried out as per
the method described by Scandalios (1974). The gel was incubated for 30 minutes in
dark at room temperature in 0.1M phosphate buffer (pH. 6.0) containing 0.1% Fast blue
RR salt and 0.02% a-naphthyl acetate prepared in 50 % acetone. Isozymes of esterase
appeared as dark brown bands against a light pink background.

Post staining treatment and observations: The gels were fixed in 7% acetic acid after
the staining and visualized under a transilluminator under visible light. The R,, value of
each band was calculated on the basis of ratio of the distance traveled by the band to the
distance traveled by the dye front. For each individual enzyme, the bands were
sequentially designated as ‘a’, ‘b’, ‘¢’ ..... ‘n’ for purposes of identification. The data
matrix for the isozyme profile of each enzyme for different accessions was prepared as
presence (1) or absence (0) of the band.
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Isolation of Genomic DNA:

Total genomic DNA was isolated from 7 day old etiolate seedling by a modified
CATB extraction protocol (Murray and Thompson 1980). Healthy grains from different
accessions/cuitivars of common buckwheat were surface sterilized by immersion in
0.01% HgCl, solution for 5 minutes followed by thorough rinsing with sterile distilled
water. The grains were allowed to germinate on clean germination paper in an incubator
at 27°C in dark. Etiolated seedlings were harvested 7 days after germination and used for
isolation of genomic DNA. Approximately lgm of leaf tissue from the etiolated
seedlings was washed with cold distilled water and then crushed to fine power in a
prechilled pestle and mortar under liquid nitrogen. Approximately 500 mg of the
powdered tissue was lysed with 500ut of 2X CTAB buffer in an eppendorf tube followed
by incubation at 65°C for 45 min. The incubation was followed by addition of
chloroform: isoamyl alcohol mixture (24:1) in the ratio of 1:1. The mixture was mixed by
gentle inversion. The solution was centrifuged at 13000 rpm for 5 min in a cooling
centrifuge (Biofuge) at room temperature to separate the aqueous phase from the organic
phase. After centrifugation, the aqueous phase was transferred to a fresh tube for further
processing. DNA was precipitated from the aqueous phase by addition of 2/3 volumes of
isopropanol. Complete precipitation of DNA was allowed by overnight incubation of the
solution at  -20°C. The precipitated DNA was pelletted by centrifugation for 15 minutes
at 13000 rpm at room temperature in a microfuge. The pelletted DNA was washed thrice
with 70% ethanol, vacuum dried and dissolved in 200 ul of water. The DNA was
incubated with RNase A (20ug mi™) for 30 minute at 37°C to degrade the RNA present
in the solution. The incubation was followed by addition of phenol: chroform: isoamyl

alcohol (25:24:1) in the ratio of 1:1. The solution was mixed by gentle inversion and
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centrifuged for 15 minutes at 13000 rpm at room temperature in a microfuge to separate
the aquous and organic phases. The aqueous phase was transferred to a fresh tube and
extracted once with equal volume of chloroform: isoamyl alcohol (24:1). DNA was
precipitated from the aqueous phase by addition of 0.1 volume of 3M sodium acetate (pH
5.2) and 2 volumes of absolute alcohol. Complete precipitation was allowed by keeping
the solution overnight at -20°C. The precipitated DNA was pelletted by centrifugation for
10 minutes at 13000 rpm at 4°C. The DNA pellet was washed twice with 70% alcohol,
air dried and dissolved in nuclease free ultra pure water.

The isolated DNA was electrophoressed on 0.8% agarose gel at 50V for 3 hours
in 1X TBE buffer (pH 7.5). After the electrophoresis was over, the gel was stained with
ethidium bromide (0.5 pg ml™) for 20 minutes followed by destaining in water till the
background fluorescence disappeared. DNA was visualized under UV light in a KODAK
Gel Logic200 Imaging System.

Quantification of DNA: DNA was directly quantified by the Image analysis software of
the Gel documentation system by comparison of the fluorescence of the ethidium
bromide stained DNA bands with florescence of known amount of ADNA
electrophoressed along with isolated DNA sample (Sambrook et al, 1989).
Quantification of isolated DNA sample also was carried out spectrophotometrically by
measuring absorbance of the sample at 260 nm in a UV-Vis spectrophotometer with
Aje0=1 representing 50 upg/ml of the double stranded DNA. The purity of DNA
preparation was checked by measuring the absorbance of the sample at 260 and 280 nm
in a Beckman DU®530 spectrophotometer and determination of Asgy / Azgp ratio of the

sample. The sample was considered as sufficiently pure if Azgp/ Azgo was >1.8.
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Table 3.4: Nucleotide sequences of random decamer oligonucleotide primers used for
amplification of genomic DNA from accessions/cultivars of Fagopyrum spp.

Primer name/ number | Sequences % GC content
1 OPD-6 5’ACCTGAAGC G3 60
2 OPC-13 5 AAGCCTCGT C3° 60
3 OPD-14 5’AGCATGGCT C3’ 60
4 OPO-16 5TCGGCGGTT C3’ 70
5 UBC-185 S’GTGTCTTCA C3° 50

Table 3.5: Primer pair used for amplification of the intergenic spacer between #»nC and

rpoB spacer.

Region

Primer sequences

Reference

Intergenic spacer region
between ##nC- rpoB

S’TGCCTTACCACTCGGCCAT3’

Oshako & Ohnishi

S’GTAGATATTCCCTCATTTCC3® | (2000)




Random Amplification of Polymorphic DNA analysis:

RAPD profiles of the total genomic DNA isolated from different accessions/cultivars
were determined by amplifying polymorphic DNA from the collected accessions with
single decamer primers according to Williams et al., (1990). List of decamer primers
used in the study is listed in table 3.4. A typical 25ul reaction volume of the
amplification mixture contained 15.2ul of sterile water, 200uM (2.5ul ) ANTP mix., 1.5
mM (1.5u1) of MgCl,, 2.5pu] of 10X reaction buffer, 100 pmol (1.0pl) of decamer primer,
1 unit (0.3ul) of Tag DNA polymerase and 100ng (2.0pl) of genomic DNA as template.
The reaction was performed in a thermal cycler (Techne, UK) programmed to one cycle
of “hot start” (94°C, 5min); 35 cycles of denaturation (94°C, 1.0 min), annealing (37°C,
Imin.), and polymerization/ primer extension (72°C, 1min.) and one cycle of chain
elongation (72°C, 10min). Each set of amplification reaction mixtures had a positive
(reaction mixture without the primer) and negative (reaction mixture without the
template) control.

After the amplification cycles were complete, the mixture was electrophoressed
on 1.2% agarose gel at S0V for 5 hours in 1X TBE buffer (pH 7.5). After the
electrophoresis was over, the gel was stained with ethidium bromide (0.5 pg ml™) for 20
minutes followed by destaining in water till the background fluorescence disappeared.
The amplified DNA was detected as fluorescent bands under UV light on a KODAK Gel
Logic200 gel documentation system. The molecular mass of the resolved bands was
determined by comparing their electrophoretic mobility with that of the standard
molecular weight markers electrophoressed on the same gel.

Amplification was carried out under varying concentrations of DNA and MgCl,,
six initial reactions were set up with DNA concentration of 50 and 100 ng 25ul" of

reaction volume and three different concentrations viz. 1.5mM, 2.0mM and 2.5mM of
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MgCl,. Each set of reactions was carried out thrice to check the reproducibility of the
results. The bands were sequentially designated as ‘a’, ‘b’, ‘¢’ ..... ‘n’ for purposes of
identification, ignoring smeared and faint bands. The data matrix for the RAPD profile
generated by each primer for different accessions was prepared as presence (1) or
absence (0) of the band.

Amplification of intergenic spacer region between trnC and rpoB:

A typical 25ul reaction volume for amplification of the #»C and rpoB intergenic
spacer region contained 14.2ul of sterile distilled water, 2.5ul of 10 mM dNTP mix, 25
mM (1.5ul) of MgCly, 1.0ul each (200 pmols) of the forward and reverse primers, 2.5pl

of 10X reaction buffer, 0.3pl of Tag DNA polymerase (Sunits/ul) and 100 ng (2.0pl) of
genomic DNA template. Primer pair used for amplification of the intergenic spacer
between trnC and rpoB spacer is listed in table 3.5.

The reaction was performed in a thermal cycler (Techne, UK) programmed to one
cycle of “hot start” (94°C, Smin); 35 cycles of denaturation (94°C, 1.0 min), annealing
(57°C, 1 min), and polymerization/ primer extension (72°C, 1 min) and one cycle of
chain elongation (72°C, 10min). Each set of amplification reaction mixtures had a
positive (reaction mixture without the primer) and negative (reaction mixture without the
template) control.

After the amplification, the mixtures were electrophoressed on 1.0 % agarose gel
at S0V for 5 hours in 1X TBE buffer (pH 7.5). After the electrophoresis was over, the gel
was stained with ethidium bromide (0.5 pg m1™) for 20 minutes followed by destaining
in water till the background fluorescence disappeared. The amplified DNA was detected
as fluorescent bands under UV light on a KODAK Gel Logic200 gel documentation

system. The molecular mass of the resolved bands was determined by comparing their
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electrophoretic mobility with that of the standard molecular weight markers
electrophoreses on the same gel.

The amplified bands were eluted from the gel as per the protocol given by Byrnes
et al., (1995). The agarose slice containing the band of interest was chopped into tiny
slices which were then transferred to a 1.5ml micro-centrifuge tube. The agarose slices
were immersed in cold buffer saturated phenol and the tubes left overnight at 4°C. The
tubes were subsequently incubated at 68°C for 20-30 minutes or till the agarose melted
completely and then centrifuged at 12,000 rpm for 10 minutes in a microfuge at room
temperature. The aqueous phase was transferred to a fresh microcentrifuge tube followed
by addition of equal volume of chloroform: isoamyl alcohol (24:1). The solution was
centrifuged at 12000 rpm for 10 minutes to separate the aqueous and organic phases. The
aqueous phase was then transferred to a fresh tube. DNA precipitated from the aqueous
phase with 0.5 volumes of 7.5mM ammonium acetate and two volumes of ice cold
ethanol followed by incubation at -20°C overnight. The precipitated DNA was pelletted
by centrifugation at 12000 rpm for 5 minutes, washed twice with cold 70% ethanol and
dried under vacuum. After drying the pellet was dissolved in a suitable volume of ultra
pure nuclease free water. The amplified DNA samples were digested with EcoR1 for 4
hours and then electrophoressed on 1.2% agarose gel at SOV for 5 hours in 1X TBE
buffer (pH 7.5). The gel was subsequently stained with ethidium bromide and the
banding pattern of digested DNA checked under a UV transilluminator.

Data analysis:

Mean, Standard deviation and standard error of mean have been calculated for the
quantitative data on morphological characters using standard procedures. The data on
qualitative morphological characters, SDS PAGE protein profiles, isozyme profiles and
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RAPD was scored for the presence or absence of morphological character or protein/
isozyme/ DNA bands and converted into a data matrix indicating presence (1) or absence
(0) of the character/ protein/ isozyme/ RAPD. Evaluation of variation in the total seed
storage protein, endosperm protein, RAPD and isozyme profiles were performed by
calculating the individual band frequency for each accession/cultivar. The binary data
was used for determining polymorphism by dividing the number of polymorphic bands
by the total number of bands. Polymorphism information content (PIC) was determined
as per Botstein (1980) with the formula PIC= 2 Pi (1-Pi)

Where, Pi designates frequency of occurrence of polymorphic bands in different primers.
The genetic relationships among the accessions were computed using Jaccard’s
coefficient of similarity (Jaccard, 1908) according to the formula:

J=(Nab)/ (Na+ Np - Nav)

where

Nav=Number of bands common in both accessions

N,= Total number of bands present in accession 1

Np= Total number of bands present in accession 2

Cluster analysis: Cluster analysis of the similarity matrices has been carried out by the
UPGMA method to show the phenetic representation of genetic relationship among the
accessions/cultivars. All computations were performed with NTSYS-PC Version 2.1
(Rohlf, 1993). Principal coordinate analysis (PCA) of the similarity matrix data has been
performed following the method described by Sneath and Sokal (1973) using the

NTSYS-pc Version 2.1 statistical Software package (Rohlf, 1993).
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CHAPTER IV
RESULTS



EXPERIMENTAL:

Accessions of common buckwheayﬁlsed in the present study were procured from|
the National Bureau of Plant Genetic Resources, New Delhi, Vivekananda Laboratory:
of Hill Agriculture (Indian Council of Agricultural Research), Almora, East Khasi Hills)',‘
in Meghalaya (India) and the Tawang District of Arunachal Pradesh (India). The |
accessions/cultivars used for the present study are listed in Table 3.1.//These/
accessions/cultivars belong to four different species of the genus Fagopyrum ‘namer
Fagopyrum esculentum (Moench), Fagopyrum tataricum (Gaertn.), “Fagopyrum _
himalianum” and Fagopyrum cymosum (Meissn). The collection included 12 accessions
and 4 cultivars of F. esculentum and 5 accessions and 10 cultivars of F. tataricum. 1C-
13145, which has been identified as F. himalianum by NBPGR, was considered as one
of the accession of this species. F. cymosum was represented by plants collected from
wild with no specified accessions or cultivars within it. The accessions/cultivars were

grown in the experimental garden to study the qualitative as well as quantitative features



during their growth span. The grains were sown in two different seasons i.e April as a
summer crop and August as a winter crop. The grains were collected at harvest and used
for studying the SDS PAGE profiles of total as well as endosperm proteins. Grains from
each of the accessions/cultivars were germinated under sterile conditions in a seed
germinator. Genomic DNA was isolated from 7 day old etiolated seedlings and used for
RAPD analysis and for amplification of ##nC and rpoB spacer region.
RESULTS:
Morphology:

The variations among the accessions/cultivars of different species of Fagopyrum
were assessed using 17 diagnostic morphological traits; including 10 qualitative and 7
quantitative characters. The qualitative traits assessed were Grain type (Winged/Non
winged), Grain shape (Conical/Non conical), Grain coat colour (Brownish/Greyish
black), Striations on grain coat (Present/Absent), Leaf margin colour (Red/Green),
Colour of the stem (Green/Red), Blade shape (Cordate/Non cordate), Blade shape
(Hastate/Non hastate), Flower colour (White/Yellowish Green), Flower colour
(Pink/Non-pink). The parameters assessed and the score assigned to each qualitative
parameter are listed. The traits were scored as “1” for presence and “0” for absence
(Table 4.1). The variations in grain morphology were observed within and across the
accessions/cultivars of different species. Similarity matrix value for the scored
parameters was calculated on the basis of the 1 or 0 values for different characters
(Table 4.2) and a dendrogram was developed using NTSYS-PC version-2.1 (Rohlf,
1993). The quantitative traits studied includes Plant Height, Number of Branches on
main stem, 2nd Internode length, Total Leaf surface area, Number of days to flower,
Total number of grains per plant and Number of days to maturity.
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Table 4.1: Variations in grain shape, grain coat colour, presence or absence of striations on the coat of
grains, stem colour, shape of leaf blade, colour of leaf margin and flower colour in different accessions/
cultivars of buckwheat of buckwheat (Fagopyrum spp.) studied in the present investigation.

Grain Grain Striations | Colour | Blade Blade Flower | Flower | Grain Leaf
Accessions shape coat (Y/N) of shape Shape | colour colour | shape margin
(W/NW) | colour stem (C/S) (H/NH) | (WINW) | (NP/P) | (NCIC) | colour
(B/DB) (R/G) (R/G)

1

IC-188669-1
IC-188669-2
IC-188669-3
IC-188669-4
IC-188669-5
IC-188669-6
I1C-188669-7
IC-18751-1
IC-18751-2
I1C-18751-3
1C-18751-4
IC-18751-5
IC-13376-1
IC-13376-2
1C-13376-3
IC-13376-4
IC-13376-5
1C-13145-1
IC-13145-2
I1C-13145-3
IC-13145-4
IC-13145-5
I1C-13141-1
I1C-13141-2
1C-13141-3
IC-13141-4
IC-13141-5
IC-13141-6
I1C-13417-1
I1C-13417-2
I1C-13417-3
IC-13417-4
IC-13417-5
EC-323729-1
EC-323729-2
EC-323729-3
EC-323729-4
EC-323729-5
Local

Kamroo local

0C-2
VL-7

IC-319595

IC-319588
IC-324244
IC-324313
IC-352992
KBB-3
Himpriya
Kuppa Local
Shimla B-1
Sangla B-1
Sangla B-2
Sangla B-3
Sangla B-4
Sangla B-5
Sangla B-6
I1C-412744
IC-421598
IC-412722
I1C-412863
IC-421597
F. cymosum
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The grains of different accessions/cultivars of buckwheat showed a wide
variation in shape (Fig. 4.1). While the grains of different accessions/cultivars of F.
esculentum and F. cymosum were triangular in shape,those of F. tataricum were either
conical or globous in shape. All the accessions/cultivars of F. tataricum, except Shimla
B-1 and Kuppa Local, showed conical type of grain shape. The grains of Shimla B-1
and Kuppa Local were globous. One of the prominent features of grains of Shimla B-1
was the presence of deep furrows with prominent three lobes. The furrows were visible
in Kuppa Local also but were not as deep as in Shimla B-1. The grains belonging to F.
cymosum were triangular in shape. All the accessions/cultivars of F. esculentum had a
smooth grain coat. Differences were, however, observed in the grain coat striations
within different accessions of F. esculentum (Fig. 4.2a). Intra accession variation for
presence or absence of striation was observed in the collections of esculentum from
Himachal Pradesh. While there was no prominent striations on the grain coat of
accessions 1C-324313, 1C-324244, 1C-352992 and cultivar Local. The grain coat of
Kamroo Local, OC-2 and VL-7 had prominent striations, which extended longitudinally
across the surface of the coat. All the accessions/cultivars of tataricum and cymosum
showed rough grain coat without any striations. The accessions/cultivars of Fagopyrum
showed broadly two types of grains i.e. winged and non winged (Fig.4.2a). All winged
type of grains were triangular in shape, each having a pair of winged type protrusion.
The non-winged grains were triangular, conical or globous type. The triangular grains
were either elongated or oblong in shape.

Variations were also observed in shape of the leaf blade, leaf margin colour and
grain colour. While F. esculentum and “F. himalianum” showed both cordate and
sagittate leaf blade morphology, F. cymosum had exclusively sagittate blades. The leaf
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Fig 4.1: Variations in grain morphology in different accessions of buckwheat
(Fagopyrum spp.) a-c: accessions/cultivars belonging to of F. esculentum
and F. himalianum, d-e: accessions/cultivars belonging to of F. tataricum
and f: accession of F. cymosum. EC-323729 is an exotic collection from
Japan. All other accessions/cultivars are collected from Indian Himalayas.
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Fig 4.2 a: Variations in grain morphology in different accessions/cultivars of
buckwheat (Fagopyrum spp.) i: grains without wings showing striations on
the surface, ii: grains with wings and striations on the surface, iii & iv:
grains without wings and any striations on the surface.

b: Variations in the shape of leaf blade in different species of buckwheat
(Fagopyrum spp.) 1. leaf of F. cymosum showing sagittate leaf blade, ii. leaf
of F. tataricum showing hastate leaf blade, iii. leaf of F. esculentum
showing cordate leaf blade and iv. leaf of F. himalianum showing cordate

leaf blade.






blade shape in F. tataricum was hastate (Fig. 4.2b). All the accessions/cultivars of F.
esculentum, “F. himalianum” and F. cymosum had leaves with red margin. The leaf
margin of plants of F. tataricum was, however, green in colour. All the accessions/
cultivars of F. esculentum and “F. himalianum” showed either brownish or dark brown
seed coat colour, while seeds of F. tataricum and F. cymosum were dark brown in
colour.

While F. esculentum, F. cymosum and “F. himalianum™ had white flowers, F.
tataricum produced yellowish green flowers. Some cultivars of F. esculentum even
produced pink flowers (Fig. 4.3). While the accessions IC-188669, IC-18751, IC-13376,
IC-13141, IC-13417 and IC-323729 had white flowers and produced both winged as
well as non-winged grains, the accession IC-319588, IC-319595, 1C-324313, IC-
324244, and 1C-352992 had only white flowers which produced non-winged grains
only. The grains of cultivars Local, Kamroo Local, OC-2 and VL-7 were exclusively
non winged. Cultivars Local, Kamroo Local, OC-2 had pink flowers while those of VL-
7 had white flowers. On the other hand accessions/cultivars belonging to F. tataricum
showed yellowish green coloured flowers and produced only non-winged grains.

The pattern of variation observed for morphological traits among genotypes
displayed statistical significant difference for quantitative traits. Considerable
intraspecific diversity was observed between F. esculentum accessions/cultivars for
grain shape, grain colour, striations, flower colour, shape of leaf blade and colour of the
stem. Amongst the accessions/cultivars of tataricum intraspecific variation was
observed only for grain shape and colour of the stem. F. cymosum, however, showed no
intraspecific variation for any of the qualitative morphological characters studied in the
present investigation. The similarity matrix based on ten morphological traits among
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Fig 4.3: Photographs showing the variation in colour of sepals in flowers of
buckwheat (Fagopyrum spp.) a & b: flowers of Fagopyrum esculentum, c:
flowers of F. himalianum, d: flowers of F. cymosum, e: flowers of F.
tataricum and f: a close up view of flower of F. esculentum.
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thirty two accessions/cultivars of Fagopyrum revealed a range of coefficient of
similarity from 0.10 to 1.0 (Table 4.2). This indicated the diverse nature of collected
germplasm. The dendrogram generated on the basis of Jaccard’s similarity coefficient
for the qualitative morphological traits showed the clustering of accessions/cultivars into
two broad groups (Fig. 4.4). Cluster 1 comprised of all the accessions/cultivars of
Fagopyrum esculentum and F. cymosum. While the accessions IC-324313, 1C-324244
and 1C-352992, which are collections from Arunachal Pradesh, showed a similarity
coefficient of 1.0, IC-13145 showed 100% similarity with IC-13141-3 and IC-13417-4
of F. esculentum. IC-13145 has been designated by NBPGR as “F. himalianum”. The
cultivars Local, Kamroo Local and OC-2 of Uttaranchal clustered in same subgroup,
with Kamroo Local and OC-2 showing 100% similarity and the variety Local showing
90% similarity with Kamroo Local and OC-2. Cluster 2 comprised of all the
accessions/cultivars of tataricum. This cluster had three sub-clusters. The cultivars
KBB-3 and Himpriya showed 100% similarity and emerged separately from rest of the
accessions/cultivars. Kuppa Local and Shimla B-1 emerged out as a separate subgroup
within this sub-cluster. While KBB-3 and Himpriya showed a similarity coefficient of
0.9 with Kuppa Local, these cultivars recorded a similarity coefficient of 0.8 with
Shimla B-1. All the accessions of tataricum from Arunachal Pradesh showed 100%
similarity amongst themselves. Similarly the six cultivars viz. Sangla B-1, B-2, B-3, B-
5, B-6 and B-7 from Himachal showed a similarity coefficient of 1.0.

The crop was raised in two different seasons. The summer crop was grown
during April to July while the winter crop was grown during August to November. For

measurement of quantitative traits, readings were recorded individually for 15 plants
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Fig 4.4: Dendrogram based on the UPGMA analysis generated from the similarity
matrix of the qualitative morphological characters of accessions/cultivars of
Fagopyrum spp. investigated in the present study.
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from each accessions/cultivar and average measurements were calculated. The crop was
raised consecutively for three years during both the seasons.

F. cymosum showed significantly higher values for all the quantitative
parameters studied. Amongst the accessions/cultivars of F. esculentum, plant height
ranged from 55 c¢cm in the cultivar “Local” to 88 cm in the accession IC-13141. Except
IC-188669, which is a collection from Himachal Pradesh, the height of plants at 50%
flowering in all the accessions of esculentum ranged between 76 to 88 cm. IC-188669
showed a height of 65 cm at 50% flowering. The cultivars collected from Uttaranchal,
however, showed a wide range of variation in plant height which ranged from 55 cm in
Local to 74 cm in OC-2. On the other hand, the accessions collected from Arunachal
Pradesh showed a narrow range of variation in plant height. The height of plants at 50 %
flowering in the accessions from Arunachal Pradesh ranged from 60 cm in IC-319588 to
70 cm in 1C-352992. Amongst accessions/cultivars of F. tataricum the height of plants
at 50 % flowering ranged between 59 cm for the cultivar Kuppa local to 95 cm for
cultivar Shimla B-1. F. cymosum showed an average plant height of 156 cm (Table 4.3;
Fig. 4.5). The accessions/cultivars belonging to F. esculentum and F. tataricum did not
show marked variations in height during the winter season of growth. The height of
plants at 50 % flowering during the winter season ranged from 34.6 cm for VL-7 to 48.2
cm for Shimla B-1. On the other hand F. cymosum showed an average plant height of
120 cm (Table 4.4; Fig. 4.5). There was no significant intraspecific variation in the
number of branches per stem. While the number of branches recorded per stem was 4.0
in accessions/cultivars of F. esculentum, it ranged from 5.0 to 7.0 in accessions/cultivars
of F. tataricum. On the other hand F. cymosum showed an average number of 15
branches per axis. The number of branches per axis was 3.0 in IC-13145, which has
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4.5:

Graphical representation of plant height at 50% flowering, number of
branches on the main stem and number of internodes per plant in plants of
different accessions/cultivars of buckwheat (Fagopyrum spp.) grown as
summer crop during April to July and as winter crop during August to
November in the experimental fields of the Botanical garden at NEHU
campus, Shillong. Columns in red signify accessions/cultivars of F.
esculentum, yellow for F. himalianum, blue for F. tataricum and green for

F. cymosum.
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been identified as “F. himalianum” (Table 4.3; Fig. 4.5). During winter season F.
esculentum and 1C-13145 “F. himalianum” showed 2.0 to 3.0 branches while F.
tataricum recorded 3.0 to 5.0 branches. F. cymosum showed an average number of
branches of 13.0 (Table 4.4; Fig. 4.5).

A wide variation in the number of internodes on main axis was observed in
plants from different accessions/cultivars during the summer season of growth. The
number of internodes ranged from 7 in cultivar Local of F. esculentum to 26 in F.
cymosum. Within the accessions/cultivars of F. esculentum the minimum number of
internodes ranged from 7 in Local to 13 in OC-2. The magnitude of variation in the
number of internodes per plant was, however, much less within accessions/cultivars of
F. tataricum. In this species the number of internodes ranged between 14 to 18 (Table
4.3; Fig. 4.5). During winter season of growth there was no marked variation in the
number of internodes per plant within a species. However, accessions/cultivars of F.
tataricum showed a larger number of internodes on the main axis than the
accessions/cultivars belonging to F. esculentum. Plants belonging to F. cymosum
recorded the highest number of internodes on the main axis during winter season also
(Table 4.4; Fig. 4.5).

Irrespective of the season the total leaf surface area of plants belonging to
different accessions/cultivars of Fagopyrum studied in the present investigation
recorded a wide variation. During the summer season of growth the total leaf surface
area per plant ranged from 249.5 cm® in IC-421598 to 1133.3 cm® in F. cymosum.
Amongst the accessions/cultivars of F. esculentum the total leaf area per plant ranged
from 301.1 cm? in the variety Local to 606.1 cm?® in IC-18751. Similarly the total leaf
surface area per plant in different accessions cultivars of F. tataricum ranged from 249.5
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cm? in 1C-421598 to 549.0 cm® in KBB-3 (Table 4.3; Fig. 4.6). During winter season,
the range of variation in the total leaf surface area between different accessions/cultivars
was much less compared to that observed in the crop grown during summer. F.
cymosum recorded the highest leaf surface area per plant during this season also (Table
4.4; Fig. 4.6)

During summer season of growth the number of days to attain 50% flowering
ranged from 31-39 days in accessions/cultivars of F. esculentum and 39 to 53 days in
accessions/cultivars of F. tataricum. Within these two species VL-7 took the least
number of days to attain 50% flowering. This cultivar attained 50% flowering in 31 days
after sowing. On the other hand, Sangla B-6 took 53 days after sowing to attain 50%
flowering. F. cymosum, however, attained 50% flowering in 125 days after sowing
(Table. 4.3; Fig. 4.6). During winter season, the number of days to attain 50% flowering
ranged from 26-48 days in accessions/cultivars of F. esculentum and 32 to 45 days in
accessions/cultivars of F. tataricum. During this season VL-7 attained 50% flowering in
27 days. On the other hand, the variety OC-2 took 48 days to attain the same percentage
of flowering. F. cymosum recorded 50% flowering in 104 days after sowing (Table. 4.4,
Fig. 4.6).

The crop raised during summer season showed a wide range of variation for
number of grains per plant. Within the accessions/cultivars of F. esculentum the highest
number of grains was recorded for VL-7 and the lowest number of grains yield was
recorded in cultivar Local. Similar variation in the number of grains per plant was
observed in accessions/cultivars of F. tataricum. Within this species Shimla B-1

produced the highest number of grains and Himpriya the lowest number of grains per

41



4.6:

Graphical representation of total leaf surface area per plant, days to 50%
flowering and grain yield per plant in plants of different accessions/cultivars
of buckwheat (Fagopyrum spp.) grown as summer crop during April to
July and as winter crop during August to November in the experimental
fields of the Botanical garden at NEHU campus, Shillong.
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plant (Table. 4.3; Fig. 4.6). Similar variation in the number of grains produced per plant
was also observed in the crop grown during the winter season (Table. 4.4; Fig. 4.6).

The number of days to attaining maturity has been calculated as the number of
days taken from the day of sowing to 50% seed set. Amongst the accessions/cultivars of
F. esculentum the number of days to attain maturity ranged from 76 in cultivar VL-7 to
112 in cultivar OC-2. IC-13145 attained the same level of maturity in 89 days. In
accessions/cultivars of F. tataricum the number of days to attain maturity ranged from
81 in cultivar Shimla B-1 to 108 days in Sangla B-1 and Sangla B-6. F. cymosum took
190 days to attain the same level of maturity (Table. 4.3; Fig. 4.7). During the winter
season of growth accessions/cultivars of F. esculentum matured between 57 to 77 days.
While VL-7 took 57 days to attain maturity OC-2 attained the same level of maturity in
77 days. Amongst the accessions/cultivars of F. tataricum the number of days to attain
maturity ranged from 66 in Shimla B-1 to 89 on Sangla B-7. F. cymosum took 165 days
to attain the same level of maturity (Table. 4.4; Fig. 4.7).

The grain weight per 25 grains ranged from a minimum weight of 0.46g in OC-2
to a maximum of 0.84g in cultivar VL-7 and in accession 1C-319595 of F. esculentum.
The accessions collected from Himachal Pradesh and Arunachal Pradesh showed the
grain weight between 0.66-0.84g. The cultivars of esculentum collected from
Uttaranchal showed the grain weight between 0.46g for OC-2 and 0.84g for VL-7.
Amongst the tataricum group the minimum grain weight of 0.37g was shown by
accession 1C-412744 and maximum grain weight of 0.61g in Sangla B-2. The
accessions of tataricum collected from Arunachal Pradesh showed comparatively lower
grain weight (0.37-0.44¢) than the cultivars collected from Uttaranchal (0.42-0.61g). F.
cymosum showed grains weight of 1.0g, which was highest of all the species. IC-13145
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4.7:

Graphical representation of a: number of days to attain maturity in plants of
different accessions/cultivars of buckwheat (Fagopyrum spp.) grown as
summer crop during April to July and as winter crop during August to
November in the experimental fields of the Botanical garden at NEHU
campus, Shillong and b: grain weight and hull groat ratio of different

accessions of buckwheat (Fagopyrum spp.).
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Table 4.5: Variations in grain weight 25 grains'l and hull/ groat ratio in different
accessions/cultivars of buckwheat (Fagopyrum spp.) studied in the present

investigation.
Sr. No. [Accessions/Cultivars | Grain weight per 25 grains Hull/ groat Ratio
Mean Standard error Mean Standard error
1 (IC-188669 0.75 0.03 0.23 0.03
2 |IC-18751 0.76 0.02 0.27 0.03
3 |IC-13376 0.74 0.01 0.25 0.00
4 [IC-13145 0.74 0.09 0.29 0.04
5 [IC13141 0.72 0.05 0.23 0.02
6 |IC-13417 0.74 0.04 0.25 0.01
7 |EC-323729 0.74 0.03 0.24 0.00
8 [IC-319588 0.71 0.09 0.29 0.02
9 |[IC-319595 0.84 0.04 0.41 0.07
10 |[IC-324313 0.70 0.07 0.28 0.05
11 |IC-324244 0.66 0.07 0.26 0.00
12 [IC-352992 0.74 0.06 0.35 0.08
13 |Local 0.62 0.02 0.24 0.02
14 |Kamroo focal 0.52 0.03 0.39 0.06
15 |0OC-2 0.84 0.02 0.30 0.01
16 |VL-7 0.46 0.00 0.26 0.02
17 |KBB-3 0.57 0.11 0.40 0.04
18 |Himpriya 0.42 0.01 0.44 0.01
19 |Kuppa local 0.53 0.06 0.45 0.00
20 |Shimla B-1 0.48 0.02 0.34 0.04
21 ([Sangla B-1 0.60 0.05 0.35 0.02
22 |[Sangla B-2 0.61 0.03 0.35 0.01
23 |Sangla B-3 0.60 0.01 0.36 0.01
24 |Sangla B-5 0.53 0.04 0.38 0.02
25 |Sangla B-6 0.60 0.02 0.39 0.01
26 |Sangla B-7 0.57 0.03 0.32 0.00
27 [(IC-412744 0.37 0.03 0.30 0.03
28 [IC-421598 0.41 0.01 0.33 0.00
29 [IC-412722 0.44 0.04 0.21 0.06
30 (IC-412863 0.42 0.03 0.28 0.00
31 |IC-421597 0.40 0.00 0.32 0.01
32 |F. cymosum 1.05 0.08 0.32 0.00




“F. himalianum” showed grain weight of 0.74g which was similar to the weight of
grains shown by many accessions of esculentum (Table 4.5, Fig. 4.7).

The hull/ groat ratio ranged from a minimum of 0.23 in IC-13141 to a maximum
of 0.41 in IC-319595 of F. esculentum. The cultivars of esculentum collected from
Uttaranchal showed hull/ groat ratio between 0.24g in Local and 0.39 in Kamroo local.
OC-2 showed a ratio of 0.26 while VL-7 showed a ratio of 0.30. Amongst the tataricum
group the minimum hull/ groat ratio of 0.21 was shown by 1C-412722 0.21 and
maximum of 0.45 in Kuppa local. The accessions of fataricum collected from Arunachal
Pradesh showed comparative lower hull/ groat ration (0.21-0.33) than the cultivars
collected from Uttaranchal (0.32-0.45). F. cymosum grains showed hull/ groat ration of
0.32. IC-13145 “F. himalianum” showed hull/ groat ration of 0.29 (Table 4.5, Fig. 4.7b).
Grain protein SDS PAGE analysis:

For determination of the SDS PAGE profile of total grain proteins, mature and
healthy grains from each group, representing accession/cultivars, were used for
extraction of soluble proteins. The hull fraction of each of the grain was removed and
the dehulled grains representing the groat fraction was defatted. The defatted groa
fraction was dried under a continuous stream of dry air and powdered in liquid nitrogen.
The dried defatted meal was homogenized in SOmM Tris-Cl buffer (pH 6.8) containing
100mM NaCl, 10mM EDTA, 100mM glycine, 10% SDS and ImM PMSF. The
homogenate was allowed to stand for 45 min at 4°C in a cold room. The homogenatel
was subsequently centrifuged at 10,000 rpm for 15 min at 4°C and the supernatant used\
for SDS PAGE analysis. The SDS PAGE profile of each accession/cultivars was

recorded as presence (1) or absence (0) of a band of a particular molecular weight. The
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Jaccard’s similarity coefficient between different accessions/cultivars was derived from
the binary data showing the pair wise similarity between the accessions/cultivars.

The SDS PAGE profile of grain proteins of different accessions/cultivars of F.
esculentum, “F. himalianum”, F. tataricum and F. cymosum is presented in Fig. 4.8 and
Fig. 4.9. The number of bands resolved on the gels ranged from a minimum of 24 in the
accession IC-13376-5, IC-13141-4 and 1C-13417-5 of F. esculentum to a maximum of
33 in the accessions/cultivars of F. tataricum. The size of bands ranged between 17-121
kDa. Total 47 bands were observed out of which 14 were monomorphic to all the
accessions/cultivars of different species and 33 bands were polymorphic in nature.
Distinct qualitative variations were observed in the SDS PAGE profile of total grain
proteins of F. esculentum, F. tataricum and F. cymosum. Variation amongst the
accessions/cultivars was observed for both number and band sizes of polypeptides. The
variation in band sizes of total grain protein was mainly seen in the molecular weight
range of 100-121 kDa and 39-54 kDa.

The SDS PAGE profile of total grain proteins of different accessions/cultivars of
F. esculentum revealed a total of 36 polypeptides out of which 22 polypeptides showing
molecular weights of 104, 98, 93, 87, 83, 76, 74, 72, 66, 62, 57, 35, 33, 31, 29, 26, 25,
24, 22, 21, 20, 17 kDa were monomorphic to all the accessions/cultivars. 14
polypeptides of molecular weights of 121, 100,56, 55, 54, 51, 50, 49, 47, 44, 43, 41, 40,
39 kDa were polymorphic to the accessions/cultivars studied. One of the significant
features of the profiles was the presence of a 47kDa band in IC-18751, IC-13145 and
EC-323729 all of which belong to F. esculentum. This band could not be detected in any
other accession/cultivars of F. esculentum. SDS PAGE profiles of grain proteins from
IC-18751 and EC-323729 also revealed the presence of a 44 kDa and 47 kDa duplex.
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Fig 4.8: SDS PAGE profile of total grain proteins extracted from single grain of
different accessions/cultivars of buckwheat (Fagopyrum spp.) investigated
in the present study. a: Lanes1-5: IC-188669-1 - IC-188669-5; b: Lanes1-5:
IC-18751-1- IC-18751-5; ¢: Lanes1-6: IC-13141-1- IC-13141-5; d: Lanesl-
5: 1C-13417-1 - 1C-13417-5; e: Lanesl-5: 1C-13376-1- IC-13376-5; f:
Lanesl-5: EC-323729-1- EC-323729-5, M- Protein Molecular Weight
Marker.
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Fig 4.9: SDS PAGE profile of total grain proteins extracted from single grain of
different accessions/cultivars of buckwheat (Fagopyrum spp.) investigated
in the present study. a: Lane 1: OC-2, Lane 2: Local, Lane 3: Kamroo
Local, Lane 4:VL-7; b: Lane 1: IC-319588, Lane 2: IC-324313, Lane 3: IC-
352992, Lane 4: IC-319595, Lane 5: 1C-324244; ¢: Lanes1-5: IC-13145 (£
himalianumy); d: F. cymosum, e: Lane 11: 1C-412744, Lane 12: 1C-421598,
Lane 13: 1C-412722, Lane 14: IC-412863, Lane 15: IC-421597; f: Lane 1:
KBB-3, Lane 2: Himpriya, Lane 3: Kuppa Local, Lane 4: Shimla B-1, Lane
5: Sangla B-1, Lane 6: Sangla B-2, Lane 7: Sangla B-3, Lane 8: Sangla B-5,
Lane 9: Sangla B-6, Lanel0: Sangla B-7, M- Protein Molecular Weight
Marker.
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This duplex was not present in any other accession/cultivars of the species. The
presence of 40 kDa band was observed exclusively in EC-323729, an exotic accession
procured from Japan. A significantly high level of inter- as well as intra-
accession/cultivars variation was observed in the SDS PAGE profiles of grain proteins
isolated from different accessions/cultivars of F. esculentum. On the other hand there
was no significant variation in the SDS PAGE profiles of grain proteins isolated from
different accessions of F. tataricum. The profile revealed a total of 33 polypeptide bands
ranging in molecular weight from 17-104kDa. There was no variation in the number as
well as molecular mass of polypeptides in different accessions/cultivars belonging to the
species. The polypeptides detected in accessions/cultivars of tataricum had molecular
masses of 104, 102, 98, 97, 93, 87, 85, 83, 80, 74, 72, 70, 66, 62, 57, 56, 52, 49, 48, 41,
40, 39, 35, 33, 31,29, 26, 25, 24, 22, 21, 20, 17 kDa. When compared with that of F.
esculentum the SDS PAGE profile revealed the presence 6 bands showing molecular
weights of 102, 97, 85, 80, 70 and 48 kDa exclusive to F. tataricum only. These bands
could be considered as marker band for the identification of this species. Protein bands
which were common to accessions/cultivars of F. esculentum as well as F. tataricum
included polypeptides showing molecular masses of 104, 98, 93, 87, 83, 74, 72, 66, 62,
57, 56, 49, 43, 41, 39, 35, 33, 31, 29, 26, 25, 24, 22, 21, 20, 17 kDa. Band size of 52
kDa was observed in the accessions/cultivars of tataricum and cymosum and not
observed in any of the accessions/cultivars of esculentum group.

When subjected to SDS PAGE the total pool of proteins from grains of F.
cymosum resolved into 25 bands ranging in molecular weight from 17 to 104 kDa. The
SDS PAGE profile revealed no intra specific variation either in the number or molecular
mass of different polypeptides in the species. The polypeptides detected in F. cymosum
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had molecular masses of 104, 93, 90, 83, 79, 76, 65, 62, 59, 55, 52, 49, 47, 44, 38, 35,
33, 29, 26, 25, 24, 22, 21, 20, 17 kDa. The profile, however, revealed difference from
the profiles of accessions/cultivars of F. esculentum and F. tataricum. Out of all the
bands detected in the accessions/cultivars of F. esculentum, F. tataricum and F.
cymosum protein bands showing apparent molecular weights of 90, 79, 65, 59, 55, 38
kDa were detected only in F. cymosum whereas protein bands showing molecular
weights of 93, 83, 62, 49, 35, 33, 29, 26, 25, 24, 22, 21, 20, 17 kDa were universal to all
the accessions/cultivars studied.

Analysis of pair wise similarity showed a range of coefficient of similarity from
0.63 to 1.0 between accessions/cultivars belonging to F. esculentum and 0.34 to 0.67
between accessions/cultivars of F. esculentum and F. tataricum. The Jaccard’s similarity
coefficient between IC-13145, which has been identified as “F. himalianum” by
NBPGR, and different accessions/cultivars of F. esculentum ranged between 0.72- 1.00.
IC-13145 showed a similarity coefficient of 0.53 with accessions/cultivars of F.
tataricum and 0.41 with F. cymosum. The similarity values grouped F. himalianum
along with the accessions/cultivars of esculentum (Table 4.6).

The dendrogram generated on the basis of SDS PAGE profiles of proteins,
isolated from single grain, showed the clustering of the accessions/cultivars into 3 broad
groups (Fig. 4.11a). Cluster 1 included all accessions/cultivars of F. esculentum. The
coefficient of similarity within accessions/cultivars in this cluster ranged from 0.63 to
1.0. Within cluster 1, containing accessions/cultivars of esculentum, numerous sub
groups were formed with majority of single grain showing a similarity between 90-
100%. The accessions of esculentum from same geographic location showed no
prominent difference in single seed grain protein SDS PAGE profile from accessions
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from other geographic location which could sub group accession on the basis of location
of collection. Except VL-7 all the cultivars of esculentum collected from Uttaranchal
(Local, Kamroo Local, and OC-2) clustered together. On the other hand, VL-7, which is
a high yielding and early maturing cultivar of F. esculentum from Uttaranchal, showed
more closeness with IC-13141-3 and IC-319595 which are not high grain yielding or
early maturing accessions of F. esculentum as VL-7. The cultivar showed a Jaccard’s
coefficient of 0.96 with both the accessions IC-13141-3 and IC-319595. The only
difference between the grain protein SDS PAGE profile of VL-7 and IC-13141-3 and
IC-319595 was in the presence of a 55 kDa band in VL-7. This band could be used as
marker band for the high yielding and early maturing genotype.

Cluster 2 includes all the accessions/cultivars of F. tataricum. There was no
polymorphism observed between the accessions/cultivars of tataricum. F. cymosum
emerged out separately both from F. esculentum and F. tataricum and formed cluster 3.
There was no intraspecific variation in single seed profile of cymosum. F. cymosum
showed least similarity coefficient of 0.26 with VL-7 and a maximum value of 0.52 with
IC-188669-5. This indicates that F. cymosum was relatively closer to IC-188669-5 and
least close to VL-7. A comparison of the SDS PAGE profiles of total proteins from
grains of F. c¢ymosum and F. tataricum revealed a Jaccard’s coefficient of 0.30
indicating the low level of genetic closeness between the two species.

The SDS PAGE profile of endosperm grain proteins of different accessions/
cultivars of F. esculentum, “F. himalianum”, F. tataricum and F. cymosum is presented
in Fig. 4.10. The number of polypeptide bands observed in the accessions/cultivars
ranged from a minimum of 17 in IC-13145 to a maximum of 25 in accessions/cultivars
of F. tataricum. The size of resolved polypeptides ranged between 19 and 104 kDa. A
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Fig 4.10: SDS PAGE profile of endosperm proteins extracted from single grain of
different accessions/cultivars of buckwheat (Fagopyrum spp.) investigated
in the present study a: Lane 1: IC-188669-1, Lane 2: IC- 188669-2, Lane 3:
IC-18751-2, Lane 4: IC-18751-3, Lane 5: IC-13376-1, Lane 6: 1C-13376-4;
b: Lane 1: IC-13145-4, 2: IC- 13141-1, Lane 3: IC- 13141-5, Lane 4: IC-
13145-2; ¢: Lane 1: IC-13417-2, Lane 2: IC-13417-5, Lane 3: EC-323729-
1, Lane 4: EC-323729-5; d: Lane 1: VL-7, Lane 2: Local, Lane 3: Kamroo
Local, Lane 4: OC-2; e: Lane 1: IC-319588, Lane 2: 1C-324313, Lane 3:
1C-352992, Lane 4: IC-319595, Lane 5: 1C-324244; f: Lane 1: 1C-412744,
Lane 2: 1C-421598, Lane 3: 1C-412722, Lane 4: 1C-412863, Lane 5: IC-
421597; g: Lanel: Sangla B-1, Lane 2: Sangla B-2, Lane 3: Sangla B-3,
Lane 4: Sangla B-5, 5: Sangla B-6; h: Lanel: KBB-3 Lane 2: Himpriya,
Lane 3: Kuppa Local, Lane 4: Sangla B-7; i: Lanel: Shimla B-1, Lane 2: F.
cymosum; M- Protein Molecular Weight Marker.
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total 43 polypeptides were observed out of which 6 were monomorphic to all the
accessions/cultivars and 37 were polymorphic.

The endosperm proteins extracted from single grain of different accessions/
cultivars of F. esculentum resolved into 39 bands ranging in size from 19 to 104 kDa.
Out of these 10 polypeptides showing apparent molecular mass of 91, 87, 78, 76, 58, 56,
32,28, 23, 19 kDa were monomorphic and 29 polypeptides showing apparent molecular
mass of 104, 102, 74, 69, 65, 62, 60, 53, 52, 50, 49, 47, 42, 41, 39, 37, 36, 35, 33, 31,
30, 29, 28, 27, 25, 24.56, 23.84, 23, 21, 20.55 kDa were polymorphic to accessions of
this species. Protein bands showing molecular mass of 104, 102 and 53 kDa were
detected only in Local, Kamroo local, VL-7 and OC-2. These cultivars were procured
from VPKAS, Almora, Uttaranchal. Similarly protein bands showing apparent
molecular mass of 34, 41 and 52 kDa were detected only in accessions of F. esculentum
collected from Arunachal Pradesh. One of the most important features of the SDS
PAGE profiles of endosperm proteins was the presence of a 42 kDa band in accessions
of F. esculentum having winged grains and a 31 kDa band in accessions with grains
having prominent striations on the surface. Further a duplex band of size 41 and 39 kDa
could be detected only in VL-7. This variety is high yielding and early maturing,
suitable for cultivation in the middle hills. The variation in band sizes of endosperm
grain protein were mainly seen in the molecular weight range of 102-104 kDa, 60-74
kDa, 33-56 kDa and 24-31 kDa. Analysis of pair wise similarity showed a range of
coefficient of similarity from 0.46 to 1.0 between accessions/cultivars belonging to F.
esculentum (Table 4.7).

SDS PAGE analysis of endosperm protein revealed the presence of 24 bands
ranging in size from 19 to 104 kDa. in different accessions of F. tataricum and 22
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bands ranging from 19 to 104 kDa in F. cymosum. Except for Shimla B-1 there was no
intraspecific variation in accessions/cultivars of F. tataricum. Analysis of pair wise
similarity revealed a Jaccard’s similarity coefficient between 0.9 to 1.0 amongst the
accessions/cultivars of F. tataricum and 0.75 with accessions of F. cymosum.

The SDS PAGE profile of endosperm proteins of “F. himalianum” showed
much similarity with that of F. esculentum. The Jaccard’s similarity coefficient between
IC-13145, which has been identified as “F. himalianum” by NBPGR, and different
accessions/cultivars of F. esculentum, however, ranged between 0.46 to 0.96. The
variation in the SDS PAGE profile between the two species was mainly observed in the
molecular weight range of 27-50 kDa.

The dendrogram generated on the basis of SDS PAGE profile of endosperm
grain proteins revealed the clustering of the accessions/cultivars into three broad clusters
(Fig 4.11b). Cluster 1 included all the accessions/cultivars of F. esculentum. Within this
cluster three different subgroups were noticed. Subgroup I included cultivars designated
as Kamroo local, OC-2 and VL-7 which were collected from VPKAS, Almora. Even
though Kamroo local and OC-2 have been identified as two different cultivars, they
showed 100% identity in endosperm protein profile. Accessions having winged seeds
and those having striations on the grain coat formed sub cluster II and III respectively.
IC-13145, which had been identified as a separate species viz. “F. himalianum”, showed
>90% similarity with IC-13376 (F. esculentum). The two accessions clustered together
even on the basis of their morphological descriptors. Our results indicate that “F
himalianum” belongs to the esculentum group rather than qualifying as a different
species. Cluster 2 included all the accessions/cultivars of F. tataricum. All the
accessions/cultivars of F. tataricum, except Shimla B-1, clustered into one group with
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Fig 4.11 a: Dendrogram based on the UPGMA analysis generated from the
similarity matrix developed from the SDS PAGE profiles of total seed
proteins extracted from single seeds of different accessions/cultivars of
Fagopyrum spp. investigated in the present study. 1: IC-188669-1, 2: IC-
188669-2, 3: IC-188669-3, 4: IC-188669-4, 5: IC-188669-5, 6: IC-18751-1,
7: 1C-18751-2, 8: IC-18751-3, 9: 1C-18751-4, 10: IC-18751-5, 11: IC-
13376-1, 12: IC-13376-2, 13: IC-13376-3, 14: IC-13376-4, 15: IC-13376-5,
16: 1C-13145-1, 17: 1C-13145-2, 18: 1C-13145-3, 19: IC-13145-4, 20: IC-
13145-5, 21: IC-13141-1, 22: IC-13141-2, 23: IC-13141-3, 24: IC-13141-4,
25: 1C-13141-5, 26: IC-13417-1, 27: 1C-13417-2, 28: IC-13417-3, 29: IC-
13417-4, 30: IC-13417-5, 31: IC-323729-1, 32: 1C-323729-2, 33: IC-
323729-3, 34: 1C-323729-4, 35: 1C-323729-5, 36: KBB-3, 37: Himpriya,
38: Kuppa Local, 39: Shimla B-1, 40: Sangla B-1, 41: Sangla B-2, 42:
Sangla B-3, 43: Sangla B-5, 44: Sangla B-6, 45: Sangla B-7, 46: 11:IC-
412744, 47: 1C-421598, 48: 1C-412722, 49: 1C-412863, 50: 1C-421597, 51:
0C-2, 52: Kamroo Local, 53: Local, 54:. VL-7, 55: F. cymosum, 56:
319588, 57: 1C-324313, 58: 1C-352992, §9: IC-319595 and 60: 1C-324244.

b: Dendrogram based on the UPGMA analysis generated from the
similarity matrix developed from the SDS PAGE profiles of endosperm
proteins extracted from single grains of different accessions/cultivars of
Fagopyrum spp. investigated in the present study.
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100% similarity. Cluster 3 included F. cymosum, which clustered as a separate group
distinct from both esculentum as well as tataricum. F. cymosum showed least similarity
of 39.4% with F. esculentum and a maximum of 57% similarity with F. tataricum.
Isozymes:

Isozymes profiles of Malate dehydrogenase (MDH), Phosphoglucomutase
(PGM), Peroxidase (PER) and Esterase (EST) were determined in extracts of
cotyledonary tissues of 7 day old seedling or young leaves from 2 weeks old plant with
0.IM Tris-Cl buffer (pH 8.0) containing 0.05ml 0.1% 2-Mercaptoetanol, 0.001M
EDTA, 0.01M KCL, 0.01M MgCl, hexahydrate, 1g 4% polyvinyl pyrrolidone (PVP).
The extracts were centrifuged at 10000 rpm 15 min at 4°C. The supernatant was
collected and used for isozyme analysis.

The isozymes profiles of MDH showed 3 zones/loci of activity with a total of
6 bands designated as 1a, 2a, 2b, 2c, 3a & 3b (Fig. 4.12a). Two bands of Rm values 0.55
& 0.68 (alleles 2¢ and 2a) were monomorphic to all the species. Other bands showing
Rm values of 0.20, 0.38, 0.56 & 0.76 (alleles 3b, 3a, 2b and 1a) were polymorphic. The
isozyme band of Rm 0.2 representing allele 3b was detected in all the
accession/cultivars of F. esculentum and F. himalianum but not in accessions/cultivars
of F. tataricum and F. cymosum. The isozyme band showing Rm value of 0.76
representing the allele 1a was observed only in three cultivars of F. esculentum viz.
Local, Kamroo local and OC-2. This allele could not be detected in any other
accession/cultivars. On the other hand the cathodal allele 3a having Rm value of 0.38
was observed in all accessions/cultivars of F. esculentum except Local, Kamroo local
and OC-2, F. himalianum and F. tataricum. The accessions/cultivars of F. tataricum
showed the presence of only two bands of Rm values 0.55 & 0.68. These represented
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Fig 4.12 a: Isozymes profiles of malate dehydrogenase from cotyledonary tissues
of different accessions/cultivars of buckwheat (Fagopyrum spp.)
investigated in the present study. Lane 1:IC-188669, Lane 2:IC-18751,
Lane 3:IC-13376, Lane 4:IC-13145, Lane 5:IC-13141, Lane 6:1C-13417,
Lane 7:EC-323729, Lane 8:Local, Lane 9:Kamroo local, Lane 10:0C-2,
Lane 11:VL-7, Lane 12:IC-319588, Lane 13:1C-324313, Lane 14:IC-
352992, Lane 15:1C-319595, Lane 16:1C-324244: Lane 17:1C-412744,
Lane 18:1C-421598, Lane 19:1C-412722, Lane 20:1C-412863, Lane 21:1C-
421597, Lane 22:KBB-3, Lane 23:Himpriya, Lane 24:Kuppa local, Lane
25:Shimla B-1, Lane 26:Sangla B-1, Lane 27:Sangla B-2, Lane 28:Sangla
B-3, Lane 29:Sangla B-5, Lane 30:Sangla B-6, Lane 31:Sangla B-7 and
Lane 32:F. cymosum.

b: Dendrogram based on the UPGMA analysis generated from the
similarity matrix developed from the isozymes profiles of malate
dehydrogenase of different accessions/cultivars of buckwheat (Fagopyrum
spp.) investigated in the present study.
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the alleles 2c and 2a. F. cymosum showed the presence of alleles 2a, 2b, 2¢c & 3a alleles.
Analysis of pair wise similarity showed a range of coefficient of similarity from 0.33
between F. cymosum and the cultivars Local, Kamroo Local and OC-2 of F. esculentum
to 1.0 within the accessions of F. esculentum except the cultivars Local, Kamroo Local
and OC-2. Accessions/cultivars of F. tataricum also showed a similarity coefficient of
1.0 for MDH isozymes (Table 4.8). The dendrogram generated on the basis of similarity
matrix for isozymes of MDH revealed clustering of the accessions/cultivars into two
distinct clusters (Fig. 4.12b). Cluster 1 comprised of 15 accessions/cultivars of F.
esculentum, 1C-13145 “F. himalianum” and F. cymosum. Cluster 2 comprised of all the
accessions/cultivars of F. tataricum. The dendrogram revealed a similarity coefficient
of 0.5 between cluster 1 and cluster 2.

The electrophoretic banding pattern of isozymes of PER revealed a total of 14
bands. While the accessions/cultivars of F. esculentum showed 9 bands those of F.
tataricum showed 6 bands for PER activity. F. cymosum showed 4 bands for activity of
isozymes of peroxidase (Fig. 4.13a).

Analysis of pair wise similarity revealed a range of value for coefficient of
similarity, from minimum of 0.11 between accessions of F. esculentum and F. cymosum
to 1.0 within accessions/cultivars of F. esculentum and F. tataricum (Table 4.9). The
dendrogram generated on the basis of similarity matrix for isozymes of PER revealed
clustering of the accessions/cultivars into three distinct clusters (Fig. 4.13b). Cluster 1
comprised accessions/cultivars of F. esculentum and F. himalianum. While the
accessions/cultivars belonging to F. tataricum comprised the 2™ cluster and F. cymosum

emerged out as a separate cluster as cluster 3.
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Fig 4.13 a: Isozymes profiles of peroxidase from leaf tissues of different
accessions/cultivars of buckwheat (Fagopyrum spp.) investigated in the
present study. Lane 1:1C-188669, Lane 2:1C-18751, Lane 3:1C-13376, Lane
4:1C-13145, Lane 5:1C-13141, Lane 6:1C-13417, Lane 7:EC-323729, Lane
8:Local, Lane 9:Kamroo local, Lane 10:0C-2, Lane 11:VL-7, Lane 12:IC-
319588, Lane 13:1C-324313, Lane 14:1C-352992, Lane 15:1C-319595, Lane
16:1C-324244, Lane 17:1C-412744, Lane 18:1C-421598, Lane 19:IC-
412722, Lane 20:1C-412863, Lane 21:1C-421597, Lane 22:KBB-3, Lane
23:Kuppa local, Lane 24:Himpriya, Lane 25: SanglaB-1, Lane 26:Sangla B-
2, Lane 27:Sangla B-3, Lane 28:Sangla B-5, Lane 29:Shimla B-1, Lane 30:
Sangla B-6, Lane 31:Sangla B-7 and Lane 23:F. cymosum.

b: Dendrogram based on the UPGMA analysis generated from similarity
matrix developed from the isozymes profiles of peroxidase of different
accessions/cultivars of Fagopyrum spp.
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The electrophoretic banding pattern of PGM isozymes revealed a total of 9
bands (Fig. 4.14a). Out of these one band with Rm value of 0.76 and representing the
allele 1b was monomorphic and 8 bands with Rm values of 0.086, 0.17, 0.21, 0.34, 0.58,
0.69, 0.72 & 0.86 were polymorphic. One of the significant features of the profile was
the presence of band having Rm value of 0.17 representing allele 3¢ in accessions of F.
esculentum collected from Arunachal Pradesh and Uttaranchal. While the band at Rm
0.08 representing the allele 3d was exclusively found in accessions of F. tataricum, Rm
value of 0.72 representing the allele 1¢ was exclusive to F. cymosum.

Cluster analysis of the similarity matrix generated from the electrophoretic
profile of isozymes of PGM revealed clustering of the accessions/cultivars into two
distinct clusters (Fig. 4.14b). Accessions/cultivars of F. esculentum, F. himalianum and
F. cymosum clustered together in one cluster. Cluster 1 revealed three sub clusters
within it. The entire collection of accessions of F. esculentum from Himachal Pradesh
showed a similarity coefficient of 1.0 amongst them and formed one subgroup. The
cultivars Local, Kamroo Local, OC-2 and VL-7 from Uttaranchal showed 100%
similarity amongst them and formed another subgroup. All other accessions of F.
esculentum except 1C-319588 Arunachal Pradesh showed 100% similarity within them
and clustered together as the 3" subcluster within cluster 1. Cluster 2 comprised of all
the accessions/cultivars of F. tataricum. Two sub clusters were observed within this
cluster, the cultivars from Uttaranchal clustered in one sub group while the accessions
from Arunachal Pradesh formed another sub group. F. cymosum showed a mean
closeness of 48% with accessions/cultivars of F. esculentum, while 38% with the

accessions/cultivars of F. tataricum (Table 4.10) and clustered along with cluster 1.
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Fig 4.14 a: Isozymes profiles of phosphoglucomutase from cotyledonary tissues of
different accessions/cultivars of buckwheat (Fagopyrum spp.) investigated
in the present study. Lane 1:IC-188669, Lane 2:IC-18751, Lane 3:IC-
13376, Lane 4:1C-13145, Lane 5:1C-13141, Lane 6:1C-13417, Lane 7:EC-
323729, Lane 8:Local, Lane 9:Kamroo local, Lane 10:0C-2, Lane 11:VL-
7, Lane 12:F. cymosum, Lane 13:1C-319588, Lane 14:1C-324313, Lane
15:1C-352992, Lane 16:IC-319595, Lane 17:1C-324244, Lane 18:KBB-3,
Lane 19:Himpriya, Lane 20:Kuppa, local, Lane 21:Shimla B-1, Lane
22:Sangla B-1, Lane 23:Sangla B-2, Lane 24:Sangla B-3, Lane 25:Sangla
B-5, Lane 26:Sangla B-6, Lane 27:Sangla B-7, Lane 28:1C-412744, Lane
29:1C-421598, Lane 30:1C-412722, Lane 31:1C-412863 and Lane 32:IC-
421597.

b: Dendrogram based on the UPGMA analysis generated from similarity
matrix developed from the isozymes profiles of phosphoglucomutase of
different accessions/cultivars of Fagopyrum spp.
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The electrophoretic profile for isozymes of EST revealed three loci of activity
with a total of nine alleles. While the anodal alleles were designated as la andlb the
cathodal alleles were designated as 3a, 3b and 3c. The alleles which were intermediate
between the anodal and cathodal ends were designated as 2a, 2b, 2c and 2d (Fig. 4.15a).
Five alleles were observed amongst the accessions/cultivars of F. esculentum. One of
these was cathodal and four alleles were intermediate in position. The profile did not
reveal the presence of any anodal allele in accessions/cultivars of F. esculentum and F.
himalianum. Accessions/cultivars of F. tataricum had five alleles of EST. Out of these
allele one was cathodal, three were intermediate in position and one was anodal. The
isozymes profile of F. cymosum showed five alleles out of which two were cathodal,
two were anodal and one was intermediate in position. No intraspecific variation was
observed in any of the species studied. Pairwise genetic similarities observed between
esculentum and cymosum was 0.25, between esculentum and tataricum was 0.67 and
between tataricum and cymosum was 0.25. There was no intraspecific variation
observed in any of the species studied (Table 4.11).

The dendrogram constructed with UPGMA clustering of the similarity matrix
generated from the EST isozymes profiles revealed clustering of accessions/cultivars
into three distinct clusters. Accessions/cultivars of F. esculentum and F. himalianum
clustered together in one cluster. Cluster 2 comprised of all the accessions/cultivars of F.
tataricum. F. cymosum, which was observed to be equidistant from F. esculentum as

well as F. tataricum, formed the 3" cluster (Fig. 4.15b).

The values for %age of polymorphism contributed by each isozymes and the
average polymorphism of all the isozymes are presented in Table 4.12. It describes
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Fig 4.15 a: Isozymes profiles of esterase from cotyledonary tissues of different
accessions/cultivars of buckwheat (Fagopyrum spp.) investigated in the
present study. Lane 1:1C-188669, Lane 2:1C-18751, Lane 3:1C-13376, Lane
4 1C:13145, Lane 5:1C-13141, Lane 6:1C-13417, Lane 7:EC-323729, Lane
8:VL-7, Lane 9:0C-2, Lane 10:Kamroo local, Lane 11:Local, Lane 12:IC-
319588, Lane 13:1C-324313, Lane 14:1C-352992, Lane 15:1C-319595, Lane
16:1C-324244, Lane 17:KBB-3, Lane 18:Himpriya, Lane 19:Kuppa local,
Lane 20:Shimla B-1, Lane 21:Sangla B-1, Lane 22:Sangla B-2, Lane
23:Sangla B-3, Lane 24:Sangla B-5, Lane 25:Sangla B-6, Lane 26:Sangla
B-7, 27:F .cymosum, 28:1C-412744, 29:1C-421598, Lane 30:1C-412722,
Lane 31:1C-412863 and Lane 32:1C-421597.

b: Dendrogram based on the UPGMA analysis generated from similarity
matrix developed from the isozymes profiles of esterase of different
accessions/cultivars of Fagopyrum spp.
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Table 4.12: Polymorphic percentage and polymorphism information content derived
from analysis of isozyme profiles of malate dehydrogenase, phosphoglucomutase,
peroxidase and esterase from leaf tissues of different accessions/cultivars of
buckwheat (Fagopyrum spp.) studied in the present investigation.

Enzyme Total number Numberof % age Average PIC
of bands polymorphic polymorphism frequency of
bands polymorphic
bands
MDH 6 4 66.66 0.51 0.49
PGM 9 8 88.88 0.52 0.50
PER 14 13 92.85 0.41 0.48
EST 9 8 88.88 0.56 0.49

Total 38 33 86.80 Average 0.49




average frequency of polymorphic bands by isozymes and the polymorphism
information content. While isozymes profile of PER showed 92.85% polymorphism in
the banding pattern isozymes profile of EST and PGM showed 88.88 percent
polymorphism. The lowest level of polymorphism was recorded for isozymes profile of
MDH. This enzyme showed 66.6% polymorphism in the banding pattern. The isozymes
profiles of PGM and MDH showed the highest values for PIC (polymorphism
information content) followed by isozymes profiles of EST and PER. As the
polymorphism exhibited by all the isozymes were close to each other and very close to
average PIC value, all the isozymes were suitable for characterization of Fagopyrum
germplasm.

RAPD profiling & amplification of trnC- rpoB spacer region:

Random amplified Polymorphic DNA (RAPD) profiles for different accessions/
cultivars of buckwheat used in the present study were generated by PCR amplification
of genomic DNA isolated from different accessions/cultivars of buckwheat. PCR was
carried out in a Techne thermal cycler programmed for 35 cycles with an initial strand
separation at 94 °C for 5 min and 94 °C for 1 min., followed by annealing at 37 °C for 1
min and extension at 72° C for 1 min. After 35 cycles there was a final extension at 72°C
for 10 min. The amplifications were carried out under optimized reaction conditions
with amplification conditions being identical for all the reactions. Optimization of
RAPD assay was done by titrating different concentration of DNA samples, dNTPs,
primers and Taq polymerase enzyme. In the present study, six initial reactions were set
up with DNA concentration of 50 and 100 ng 25ul" of reaction volume and
three different concentrations viz. 1.5mM, 2.0mM and 2.5mM of MgCl,. The PCR assay
was optimized with 100 ng DNA, 200 pm dNTPs, 100 pM primers, 1.5
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mM MgCl, and 1 unit of Tag DNA polymerase. Each set of reactions was repeated
thrice and only the reproducible ones were included in the analysis. For the present
study, fifteen decamer primers were used to analyze the RAPD variation in 32
accessions/cultivars of buckwheat from Indian Himalayas. Out of these, only five
primers produced reproducible polymorphic amplified products. These primers
produced a total of 150 bands ranging in size from 70-2152bp.

The CTAB extraction protocol used in the current investigation yielded good
quality DNA from etiolated buckwheat seedlings. Analysis of the isolated DNA
revealed that the preparation was free of RNA and had not undergone any shearing
during isolation. The protocol gave a yield of about 20 pgm of DNA gm'1 tissue with a
260/280 absorption ratio of 1.9. Under UV light, the DNA was detected as a single high
molecular band corresponding to a molecular mass of approximately 25 kb in all species
taken for study (Fig. 4.16).

Amplification of genomic DNA with primer 1 (OPD-6) resulted in the
amplification of fourteen polymorphic bands ranging in size from 250 bp to 2152 bp
(Fig. 4.17a-c). The number of amplified products in different accessions ranged from 7
to 14, with an average of 11 bands per accession. A significant feature of the profiles
obtained with primer 1 was the detection of a 851 bp RAPD in accessions of F.
esculentum only. While all the accessions of F. esculentum collected from Himachal
Pradesh and Arunachal Pradesh showed the presence of a 741 bp RAPD those from
Arunachal Pradesh showed the presence of RAPDs having molecular mass of 600 and
1558bp. The 600 and 1558bp amplicons could not be detected in accessions/cultivars of
F. esculentum collected from either Uttaranchal or Himachal Pradesh. The profiles did

not reveal any prominent differences among accessions having winged or non-winged
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Fig 4.16: Electrophoretic profile of total genomic DNA isolated from 7 day old
etiolated seedlings of different accessions of buckwheat (Fagopyrum spp.).
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Fig 4.17: RAPD profile of genomic DNA extracted from 7 day old etiolated
seedlings of different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation using the primer OPD-6. a: Lane 1:1C-
13417-2, Lane 2:1C-13376-1, Lane 3:1C-13376-4, Lane 4:1C-13141-5, Lane
5:IC-188669-1, Lane 6:1C-188669-2, Lane 7:1C-18751-2, Lane 8:IC-
13145-4, Lane 9:1C-13145-2, Lane 10:IC-13141-1, Lane 11:IC-18751-3,
Lane 12:1C-13417-5, Lane 13:EC-323729-1, Lane 14:EC-323729-3, Lane
15:0C-2, Lane 16:VL-7, Lane 17:Local, Lane 18:Kamroo Local, Lane
19:1C-319588, Lane 20:1C-324313, Lane 21:1C-352992, Lane 22:IC-
319595, Lane 23:1C-324244; b: Lane 1:Sangla B-1, Lane 2:Sangla B -2,
Lane 3:Sangla B-3, Lane 4:Sangla B-5, Lane 5:Sangla B-6, Lane 6:Sangla
B-7, Lane 7:KBB-3, Lane 8:Himpriya, Lane 9:Kuppa Local, Lane
10:Shimla B-1; Lane 11:1C-412744, Lane 12:1C-421598, Lane 13:IC-
412722, Lane 14:1C-412863, Lane 15:1C-421597; c: Lane 1: F. cymosum.
M: A DNA EcoR1/Hind Il double digest; d: Dendrogram based on the
UPGMA analysis generated from similarity matrix of the RAPD profiles
of different accessions of buckwheat (Fagopyrum spp.) studied in the
present investigation using Primer OPD-6.
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grains. The primer amplified 314 and 1489bp RAPDs exclusively in accessions
/cultivars of F. tataricum. While a 1154bp RAPD was detected in all cultivars
/accessions of F. tataricum, it could not be detected in Shimla B-1. Shimla B-1 is an
early maturing and high yielding cultivar. Out of all the bands amplified a 250 bp RAPD
was detected only in varieties KBB-3, Himpriya, Kuppa Local and Shimla B-1 collected
from Uttaranchal. The frequency of occurrence of polymorphic bands across all
~ accessions ranged from 0.03 to 1.00 with an average frequency of 0.43 and percentage
polymorphism of 96.0 (Tables 4.13; 4.14).

The similarity matrix based on RAPD score with OPD-6 is presented in table
4.15. The coefficient of similarity revealed least similarity with a coefficient of 0.11
between Kuppa local and IC-188669-1. On the other hand accessions/cultivars of F.
tataricum showed the maximum level of similarity with a coefficient of 1.0. The
dendrogram generated on the basis similarity matrix developed for the RAPD profiles of
the accessions/cultivars revealed clustering into three distinct clusters (Fig. 4.17d).
While Cluster 1 included all the accessions/cultivars of F. esculentum, clusters 2 and 3
included F. cymosum and accessions/cultivars F. tataricum respectively. Cluster 1 had
three sub clusters within it with IC-13376-1, IC- 13376-4, IC-18751-2, IC-13145-4, EC-
323729-1, EC-323729-3, IC-188669-1, IC-18751-3 and IC-13417-5 forming one
subgroup. The cultivars Local, Kamroo Local, OC-2 and VL-7 of Uttaranchal formed
another subgroup with similarity coefficient value ranging from 0.82 to 1.0. The
accessions [C-319588, IC-324313, I1C-352992, IC-319595 and IC-324244 from
Arunachal Pradesh showed 100% similarity amongst them and emerged as separate sub
cluster. Cluster 2 comprised the species F. cymosum which emerged out as a separate
cluster. Cluster 3 included all the accessions/cultivars of F. tataricum. All the
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Table 4.13: Number of bands amplified and frequency of occurrence of polymorphic
bands in RAPD analysis.

Sr. Number of RAPD bands Frequency of occurrence
No. produced of polymorphic bands
Primer Band sizes Range Average Range Average

1 OPD-6 2152-250  7-14 11.0 0.03- 1.00 0.43
2 OPC-13  1450-173  7-12 10.0 0.05- 1.00 0.36
3 OPC-14  1488-347  5-11 8.0 0.05- 1.00 0.46
4 OPO-16  2140-173  6-19 12.0 0.03-0.77 0.22
5 UBC-185 1362-70  7-13 10.0 0.03-1.00 0.48

Table 4.14: Polymorphic percentages and polymorphism information content derived
from the RAPD profiles of genomic DNA isolated from 7 day etiolated seedlings of
different accessions/cultivars of buckwheat (Fagopyrum spp.) studied in the present
investigation.

Sr. | Primers Total Number of Y%age of Average frequency PIC
No. number polymorphic  polymorphic of polymorphic
of bands  bands bands bands
1 | OPD-6 25 24 96 0.43 0.49
2 | OPC-13 21 20 95 0.36 0.46
3 | OPD-14 17 16 94 0.46 0.50
4 | OPO-16 65 65 100 0.21 0.33
5 | UBC-185 22 20 91 0.48 0.50
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accessions/cultivars of F. tataricum except KBB-3, Kuppa Local, Himpriya and Shimla
B-1, formed one subgroup with 100% similarity between them. The cultivars Himpriya
and Kuppa Local, which showed a similarity coefficient of 1.0 amongst them, emerged
out as another subgroup within this cluster.

Primer 2 (OPC-13) generated 21 polymorphic bands with sizes ranging from
173 bp to 1450bp (Fig. 4.18a-c). While the number of amplified products per accession
ranged from 7 to 12 with an average of 10 bands per accession the frequency of
polymorphic bands ranged from 0.05 to 1.00 with an average value of 0.36 (Table 4.13).
The number of amplified bands ranged between 7 and 12 in accessions of F.
esculentum. While 1C-13141-1 and IC-13141-4 generated 7 bands VL-7 produced 12
bands. A 1033 bp amplicon was detected only in the variety VL-7. VL-7 is one of the
high yielding and early maturing variety belonging to the species F. esculentum. The
RAPD profiles of accessions belonging to F. tataricum revealed the presence of 10
bands in all the accessions. These bands ranged in size from 413 to 1450 bp. There was
no variation in the RAPD profile of accessions/cultivars of F. tataricum. The primer
amplified 14 polymorphic DNA bands ranging in size from 173 to 1450 bp from
genomic DNA of F. cymosum. Out of these 5 bands were common to F. tataricum and
9 were common to F. esculentum. Two RAPD bands of 218 and 500 bp were, however,
exclusive to F. cymosum. An amplicon of 447 bp obtained using this primer was
monomorphic to all the accession/cultivars studied in the present investigation.
Estimation of the polymorphism content revealed 95 percent polymorphism content and
a similarity coefficient ranging from 0.11 to 1.0 (Table 4.13; 4.14). Cluster analysis of
the genetic similarity estimates revealed clustering of the accessions/cultivars into two
broad clusters (Fig. 4.18d). All the accessions/cultivars belonging to F. esculentum
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Fig 4.18: RAPD profile of genomic DNA extracted from 7 day old etiolated
seedlings of different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation using the primer OPC-13. a:Lanel:IC-
13376-1, Lane 2:1C-13417-5, Lane 3:1C-13417-2, Lane 4:1C-18751-2, Lane
5:Local, Lane 6:Kamroo Local, Lane 7:0C-2, Lane 8:VL-7, Lane 9:IC-
18751-3, Lane 10:1C-13141-1, Lane 11:1C-13376-4, Lane 12:IC-13141-5,
Lane 13:EC-323729-1, Lane 14:1C-188669-2; ¢: Lane 15:1C-13145-4, Lane
16:1C-188669-1, Lane 17:1C-13145-2, Lane 18: EC-323729-3, Lane 19:1C-
319588, Lane 20:1C-324313, Lane 21:1C-352992, Lane 22:1C-319595, Lane
23:1C-324244; b: Lanel:KBB-3, Lane 2:Himpriya, Lane 3:Kuppa Local,
Lane 4:Shimla B-1, Lane 5:Sangla B-1, Lane 6:Sangla B-2, Lane 7: Sangla
B-3, Lane 8:Sangla B-5, Lane 9:Sangla B-6, Lane 10:Sangla B-7, Lane
11:1C-412744, Lane 12:1C-421598 Lane 13:1C-412722, Lane 14:IC-
412863, Lane 15:1C-421597, c¢: Lanel: F. cymosum; M: ADNA EcoR1\Hind
I[II double digest; d: Dendrogram based on the UPGMA analysis
generated from similarity matrix of the RAPD profiles of different
accessions of buckwheat (Fagopyrum spp.) studied in the present
investigation using Primer OPC-13.
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clustered together as cluster 1. F. cymosum emerged separately from the accessions
/cultivars of both F. esculentum and F. tataricum, but showed more closeness to
esculentum group than tataricum group. Amongst all the genotypes belonging to F.
esculentum, VL-7 clustered separately with an average similarity matrix value of 0.54
with other genotypes of this species. Cluster 2 clubbed together all the accessions/
cultivars of F. tataricum. The accessions/cultivars of tataricum showed a similarity
coefficient of 1.0 (Table 4.16).

Primer 3 (OPD-14) amplified seventeen polymorphic bands in Fagopyrum
species with sizes ranging from 347 to 1488 bp (Fig. 4.19a-c). The RAPD profiles
revealed a polymorphism percentage of 94.0 and frequency of occurrence of
polymorphic bands across all genotypes ranging from 0.05 —1.00 (Table-4.13; 4.14).
There was variation in the RAPD profile of different accessions/cultivars F. esculentum.
The primer amplified 10-11 bands in accessions/cultivars F. tataricum and 10 bands in
F. cymosum. All the accessions/cultivars of F. tataricum, except KBB-3 and I1C-412744,
showed the same RAPD profiles. These two accessions showed a 1176 bp amplicon
which could not be detected in other accessions/cultivars. Out of the 10 amplified bands
observed in F. cymosum, 9 bands were common with the accessions /cultivars of F.
tataricum 6 bands were common to both the accessions/cultivars of F. esculentum and
F. himalianum. Analysis of the profiles revealed the lowest similarity coefficient of 0.29
between IC-18751-2 and F. cymosum. On the other hand the highest similarity
coefficient of 1.0 was recorded amongst many accessions/cultivars of F. esculentum and
F. tataricum (Table 4.17).

Within the accessions of F. esculentum the similarity matrix ranged from 0.38
between 1C-324244 and IC- 13376-1 to 1.0 between EC-323729-5, 1C-188669-1, EC-
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Fig 4.19: RAPD profile of genomic DNA extracted from 7 day old etiolated
seedlings of different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation using the primer OPD-14. a: Lanel:1C-
188669-2, Lane 2:1C-188669-1, Lane 3:1C-18751-2, Lane 4:EC-323729-1,
Lane 5:VL-7, Lane 6: Local, Lane 7:Kamroo Local, Lane 8:0C-2; B: Lane
9:1C-13376-1, Lane 10:1C-13145-4, Lane 11:1C-13417-5, Lane 12:IC-
13376-4, Lane 13:1C-13417-2, Lane 14:EC-323729-3, Lane 15:1C-18751-3,
Lane 16:1C-13141-5, Lane 17:I1C-13145-2; Lane 18:1C-13141-1, Lane
19:1C-319588, Lane 20:1C-324313, Lane 21:1C-352992, Lane 22:IC-
319595, Lane 23:1C-324244; b: Lane 1:KBB-3, Lane 2:Himpriya, Lane
3:Kuppa Local, Lane 4:Shimla B-1, Lane 5:Sangla B-1, Lane 6: Sangla B-2,
Lane 7: Sangla B-3, Lane 8: Sangla B-5, Lane 9: Sangla B-6, Lane 10:
Sangla B-7; ¢: Lane 11:1C-412744, Lane 12:1C-421598 Lane 13:1C-412722
Lane 14:1C-412863 Lane 15:1C-421597; ¢: Lanel: F. cymosum; M: ADNA
EcoR1 + Hind 111 double digest; d: Dendrogram based on the UPGMA
analysis generated from similarity matrix of the RAPD profiles of
different accessions of buckwheat (Fagopyrum spp.) studied in the present
investigation using Primer OPC-14.
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3232729-1, VL-7, Local, OC-2, IC-319588, 1C-324313, 1C-352992, 1C-319595, IC-
13145-4, 1C-13417-5, 1C-13145-5. There was no prominent and distinct band found
amongst accessions/cultivars of F. esculentum which could separate them on the basis of
their collection from different geographic location. The exotic collection EC-323729
showed 100% similarity with accessions/cultivars of F. esculentum collected from
different geographic location. IC-13145, identified as F. himalianum, showed 100%
similarity with other accessions/cultivars of F. esculentum. Cluster analysis of the
genetic similarity estimates revealed clustering of the accessions/cultivars into two
broad clusters (Fig. 4.19d). While cluster 1 included all the accessions/cultivars of F.
esculentum cluster 2 included all the accessions/cultivars of F. tataricum and F.
cymosum.

Primer 4 (OPO-16) amplified seventeen polymorphic bands in Fagopyrum
species with sizes ranging from 173 to 2140 bp (Fig. 4.20a-c). While frequency of
occurrence of polymorphic bands across all accessions was 0.21, the profiles did not
reveal the presence of any monomorphic band (tables 4.13, 4.14). One of the significant
features of the profiles was the detection of 3 bands having molecular mass of 2140 bp,
1820bp and 1294 bp only in accessions of F. esculentum collected from Arunachal
Pradesh. While a RAPD of 1350 bp was detected to be monomorphic to accessions of F.
tataricum. All the cultivars of Sangla group showed the same amplification profile. The
primer produced 8 amplicons with genomic DNA from F. cymosum. Out of these
amplicons an amplicon of 1321 bp was found to be exclusive to this species. All other
bands of F. cymosum was either common with accessions/cultivars of esculentum or
tataricum. The values for Jaccard’s coefficient of similarity based on the RAPD score
with primer 4 (OPO-16) are presented in Table 4.18. Cluster analysis of the genetic
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Fig 4.20: RAPD profile of genomic DNA extracted from 7 day old etiolated
seedlings of different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation using the primer OPO-16.a: Lanel:IC-
18751-3, Lane 2:IC-13376-1, Lane 3:1C-13145-2, Lane 4:1C-13141-1, Lane
5:13417-5, Lane 6:EC-323729-3, Lane 7:Local, Lane 8:Kamroo Local,
Lane 9:VL-7, Lane 10:0C-2; Lane 11:1C-319588, Lane 12:1C-324313,
Lane 13:IC-352992; Lane 14:1C-18751-2, Lane 15:1C-13376-4, Lane 16
IC-13141-5, Lane 17:1C-188669-1, Lane 18:13417-2, Lane 19:EC-323729-
1, Lane 20:IC-13145-4, Lane 21:IC-188669-2, Lane 22:1C-319595, Lane
23:1C-324244; b: Lanel:KBB-3, Lane 2:Himpriya, Lane 3:Kuppa Local,
Lane 4:Shimla B-1, Lane 5:Sangla B-1, Lane 6: Sangla B-2, Lane 7: Sangla
B-3, Lane 8: Sangla B-5, Lane 9: Sangla B-6, Lane 10: Sangla B-7, Lane
11:1C-412744, Lane 12:1C-421598, Lane 13: 1C-412722, Lane 14:1C-
412863, Lane 15: 1C-421597; ¢: Lanel:F. cymosum; M: ADNA EcoR1 +
Hind 111 double digest; d: Dendrogram based on the UPGMA analysis
generated from similarity matrix of the RAPD profiles of different
accessions of buckwheat (Fagopyrum spp.) studied in the present
investigation using Primer OPO-16.
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similarity estimates revealed clustering of the accessions/cultivars into three broad
clusters (Fig. 4.20d). A significant feature of the dendrogram was the emergence of F.
cymosum as a separate group with a similarity coefficient of 0.06 with both F.
esculentum and F. tataricum. The accessions/cultivars of tataricum clustered together in
one group with similarity coefficient ranging from 0.42 to 1.0. IC-412744, IC-412863,
IC-421597, which are collections from Arunachal Pradesh, showed their distinctness
from each other as separate accessions.

Primer 5 (UBC-185) amplified seventeen polymorphic bands in Fagopyrum
species (Fig. 4.21a-c). The average frequency of occurrence of polymorphic bands was
0.48 with 91.0% polymorphism (Table.4.13; 4.14). A significant feature of the profiles
was the detection of a 692 bp RAPD in all the accessions/cultivars of esculentum and
only in Shimla B-1 of tataricum species. Amongst the accessions/cultivars of F.
tataricum, Shimla B-1 is an early maturing and high yielding variety. There was no
clear variation in the number or size of amplicons on the basis of different geographic
location of collection sites of the accessions/cultivars. The values for Jaccard’s
coefficient of similarity based on the RAPD score with primer 5 (UBC-185) are
presented in Table 4.19. The values for similarity coefficient ranged between 0.62-1.0
for accessions/cultivars belonging to F. esculentum. Within this species the lowest value
of 0.62 was recorded between IC-18751-3 and EC-323729 and the highest value of 1.0
was recorded between IC-13376-1, IC-13145-2, IC-13141-1, Local, Kamroo Local, OC-
2, IC-319588, 1C-324313, 1C-352992, 1C-319595, IC-324244, 1C-13141-5, IC-13417-5,
IC-188669-2, IC-18751-2, IC-13376-4. All the cultivars of Sangla group showed
similarity coefficient of 1.0. Cluster analysis of the genetic similarity estimates revealed
clustering of the accessions/cultivars into three broad clusters (Fig. 4.21d). While cluster
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Fig 4.21: RAPD profile of genomic DNA extracted from 7 day old etiolated
seedlings of different accessions/cultivars of buckwheat (Fagopyrum spp.)
studied in the present investigation using the primer UBC-185.a: Lanel:IC-
188669-1, Lane 2:I1C-18751-3, Lane 3:IC-13376-1, Lane 4:1C-13145-2,
Lane 5:IC-13141-1, Lane 6:1C-13417-2, Lane 7:EC-323729-1, Lane
8:Local, Lane 9:Kamroo Local, Lane 10:VL-7, Lane 11:0C-2, Lane 12:IC-
319588, Lane 13:1C-324313, Lane 14:1C-352992, Lane 15:1C-319595, Lane
16:1C-324244, Lane 17:1C-13141-5, Lane 18:1C-13417-5, Lane 19:IC-
188669-2, Lane 20:EC-323729-3, Lane 21:1C-18751-2, Lane 22: 1C:13376-
4, Lane 23:1C-13145-4; b: Lanel:KBB-3, Lane 2:Himpriya, Lane 3:Kuppa
Local, Lane 4:Shimla B-1, Lane 5:Sangla B-1, Lane 6: Sangla B-2, Lane 7:
Sangla B-3, Lane 8: Sangla B-5, Lane 9: Sangla B-6, Lane 10: Sangla B-7,
Lane 11:1C-412744, Lane 12:1C-421598, Lane 13:1C-412722, Lane 14:1C-
412863, Lane 15:1C-421597; ¢: Lanel:F. cymosum; M: ADNA EcoR1 +
Hind 111 double digest; d: Dendrogram based on the UPGMA analysis
generated from similarity matrix of the RAPD profiles of different
accessions of buckwheat (Fagopyrum spp.) studied in the present
investigation using primer UBC-185.
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I included all the accessions/cultivars of F. esculentum and four cultivars of F.
tataricum, cluster 2 included the accessions/cultivars of F. tataricum. Cluster 1 had
three sub clusters with majority of the accessions/cultivars viz. IC-188669-2, IC-18751-
3, IC-13145-2, IC-13141-1, Local, Kamroo local, OC-2, IC-319588, 1C-324313, IC-
352992, 1C-319595, 1C-324244, IC-13141-5, IC-13417-5, 1C-188669-2, EC-323729 -3,
IC-18751-1, IC-13376-4 forming one sub cluster. While IC-13417-2, IC13145-5 and
variety VL-7 formed the 2™ sub cluster. KBB-3, Himpriya and Kuppa local formed the
third sub cluster. Accessions/cultivars within each sub cluster showed 100% similarity
amongst themselves. Cluster 2 included Sangla B-1, Sangla B-2, Sangla B-3, Sangla B-
5, Sangla B-6, Sangla B-7, 1C-412744, 1C-421596, 1C-412722, 1C-412863 and IC-
421597 of tataricum. F. cymosum emerged out separately in Cluster 3.

PCR amplification of the intergenic spacer region between rnC and rpoB was
carried out using primer listed in table 3.5. Diagrammatic representation of organization
of trnC-rpoB intergeneric spacer region is presented in Fig. 4.22a. The amplification
resulted in generation of a 1.36 kbp DNA fragment in accessions/cultivars of F.
esculentum, a 1.42 kbp fragment in accessions/cultivars of F. tataricum and a 1.39 kbp
fragment in F. cymosum (Fig. 4.22b). There was no intraspecific variation in the size of
the amplicon in any of the species tested. However, the profile revealed distinct inter-
specific variation in the size of the amplified product. The amplified DNA fragment
from each accession/cultivars was eluted from the gels using a modified protocol of
Byrnes et al., (1995). The eluted DNA fragments were digested with EcoRI. The
restriction digestion pattern did not reveal any intraspecific variation in the banding
pattern of the digested DNA. However, differences were observed in the banding pattern
between accessions/cultivars belonging to different species (Fig. 4.23).
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Fig 4.22 a: Diagrammatic representation of organization of ##nC-rpoB intergeneric
spacer region.

b: Polymerase chain reaction (PCR) amplification of the intergenic
spacer region between #nC and rpoB of different accessions/cultivars of
buckwheat (Fagopyrum spp.) studied in the present investigation. (i): Lane
1:Local, Lane 2:Kamroo Local, Lane 3:I1C-319588, Lane 4:IC-324313,
Lane 5:1C-324244, Lane 6:1C-188669, Lane 7:Empty, Lane 8:1C-13376,
Lane 9:EC-323729, Lane 10: Sangla B-1, Lane 11: Sangla B-2, Lane 12:
1C-412744, Lanel3: F. cymosum; (ii): Lane 1:1C-319588, Lane 2:VL-7,
Lane 3:0C-2, Lane 4:1C-18751, Lane 5:IC-13141, Lane 6:1C-13417, Lane
7:EC-323729, Lane 8:KBB-3, Lane 9:Himpriya, Lane 10:Kuppa local, Lane
11:Shimla B-1, Lane 12:SanglaB-3 13:1C-421598, Lane 14:F. cymosum;
(iii): Lane 1:1C-352992, Lane 2:1C: 319595, Lane 3:1C-324244, Lane 4:F.
cymosum, Lane 5:1C-421598 Lane 6:1C-412722, Lane 7:1C-412863, Lane
8:1C-421597, Lane 9:Sangla B-5, Lane 10:Sangla B-6, Lane 11:Sangla B-7.
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Fig 4.23: Restriction fragment length profile (RFLP) of amplicons of t#nC-rpoB
intergeneric spacer region of different accessions/cultivars of buckwheat
(Fagopyrum spp.) studied in the present investigation. a: Lane 1:Local,
Lane 2:Kamroo Local, Lane 3:Undigested DNA, Lane 4:1C-13376, Lane
5:EC-323729, Lane 6:1C-324313, Lane 7:1C-319595, Lane 8:Undigested
DNA, Lane 9:F. cymosum; b: Lane 1:Undigested DNA, Lane 2:IC-13141,
Lane 3:IC-13417, Lane 4:1C-319588, Lane 5:KBB-3, Lane 6:Himpriya,
Lane 7:Kuppa Local, Lane 8:Shimla B-1, Lane 9:Sangla B-2, Lane 10:IC-
412744, Lane 11: 1C-421598, Lane 12: F. cymosum.



L 1 2 3 4 5 6 78 91011 12




CHAPTER: V
DISCUSSION



DISCUSSION:

The genus Fagopyrum belongs to the family Polygonaceae. The Polygonaceae
family has leaves that vary in size, arrangement and shape, but the leaf stalk is always
surrounded by a membranous or chaffy sheath at the base. The flowers are often grouped
in clusters that are showy owing to the colour of the sepals or bracts, for there are no
petals. The fruit is a triangular nut, sometimes prominently winged. The common
buckwheat plant is a broadleaved, erect annual with a single main stem and a branching
habit. Common buckwheat is an ir}'fleter{‘r'ligqt?‘ Agpecies in photoperiodic response. The
flowers of F. esculentum are perfect but incomplete. They have no petals, but the calyx is
composed of five petal-like sepals that are usually white, pink or dark pink. The flowers
are showy and densely clustered in racemes at the ends of the branches or on short

pedicels that arise from the axils of the leaves. This species is dimorphic, having plants

bearing one of two flower types. The pin flowers have long pistils and short stamens



while the thrum flowers have short pistils and long stamens. Flowers with pistils and
stamens of similar length (Esser 1953; Marshall 1969) and lines with only one floral type
(Marshall 1969; Fesenko and Antonov 1973) have also been reported.

Despite the large number of collections there appears to be little agreement on
important traits to be documented for characterization of different accessions of the crop.
Ohnishi (1995) has given a key for identification of different species of Fagopyrum on
the basis of morphological features. While the key holds well for identification upto the
level of genus it does not hold well for identification upto the level of species. The key
identifies a species of the genus Fagopyrum as F. cymosum if the achene has a smooth
surface. However, the achene of F. cymosum has a rough surface. The preparation of a
list of Buckwheat Descriptors (IPGRI 1994) has been the only major step forward in the
coordination of passport data and descriptors on this crop. The descriptors used for
development of passport data for most of the collections have included plant height,
number of branches, number of internodes, petiole length, days to flowering and
maturity, grain shape, grain size, grain yield etc. Since most of these traits can be
influenced by environment, the evaluation data has not lead to development of reliable
morphological markers for determination of diversity in buckwheat. This has lead to a
greater focus on identification of qualitative traits for determining genetic diversity in the
crop.

The grains of different accessions/cultivars of buckwheat studied in the present
investigation showed a wide variation in shape. While the grains from plants belonging to
different accessions/cultivars of F. esculentum and F. cymosum were triangular in shape
those of F. tataricum were either conical or globous in shape. All the accessions/cultivars
of F. tataricum, except Shimla B-1 and Kuppa Local, showed conical type of grain shape.

63



One of the prominent features of grains of Shimla B-1 was the presence of deep furrows
with prominent three lobes. All the accessions/cultivars of F. esculentum had a smooth
seed coat. Differences were, however, observed in the grain striations within different
accessions/cultivars of F, esculentum. Intra accession variation for presence or absence of
striation was observed in the collections of esculentum from Himachal Pradesh. While
there was no prominent striation on the grain coat of IC-319588, IC-319595, 1C-324313,
_IC-324244, 1C-352992 and Local the seed coat surface of Kamroo Local, OC-2 and VL-7
had prominent striations which extended longitudinally across the surface of the coat. All
the accessions/cultivars of tataricum and cymosum showed rough seed coat without any
striations. The absence of any striations on the grain coat in the cultivar “Local” indicates
that this cultivar is a distinct local cultivar of Uttaranchal. Significantly Kamroo local,
OC-2 and VL-7, which were also the collections of Uttaranchal, did not show any
striations on the grain coat. The accessions/cultivars of Fagopyrum showed broadly two
types of grains i.e. winged and non-winged. These observations clearly indicate that grain
morphology can be used as an important feature to differentiate accessions/cultivars of F. .
esculentum and F. cymosum from those of F. tataricum. |
While the accessions 1C-188669, IC-18751, IC-13376, IC-13141, IC-13417, and
IC-323729 had white flowers and produced both winged as well as non-winged grains,
the accessions IC-319588, 1C-319595, 1C-324313, 1C-324244, and IC-352992 had only
white flowers which produced non winged grains only. Cultivars Local, Kamroo Local,
OC-2 and VL-7 were exclusively non winged. Cultivars Local, Kamroo Local and OC-2
had pink flowers while those of VL-7 white flowers. On the other hand
accessions/cultivars belonging to F. tataricum showed yellowish green coloured flowers
and produced only non-winged grains. These observations are in conformity with those
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of Joshi and Paroda (1991) and Campbell (1997) who ,4121;‘ described in detail the
v,

morphology of F. esculentum, F. tataricum and F. cymosum. Variations were also
observed in shape of the leaf blade and leaf margin colour between different species of
buckwheat. While F. esculentum and “F. himalianum” showed both cordate and sagittate
leaf blade morphology, F. cymosum had exclusively sagittate blades. The leaf blade
shape in F. tataricum was hastate. The presence of hastate leaf blade thus appears to be a
feature exclusively associated with F. rataricum.

The qualitative parameters analyzed in the present investigation indicate that
IC-13145, which has been identified by NBPGR as “F. himalianum”, belongs to the
esculentum group rather than as a separate species. Similarly IC-13141, which has been
identified by NBPGR as an accession of F. esculentum, is described as F. tataricum by
Joshi and Paroda (1991). Our results indicate that the accession belongs to F. esculentum
and not F. tataricum as described by Joshi and Paroda (1991).

Accessions belonging to F. esculentum showed intra-accession variation in
morphological features of the grains including shape, colour, and presence or absence of
wings and striation on the grains, shape of the leaf blade and colour of the stem. On the
other hand there was no intra-accession variation in flower colour and leaf margin colour.
These observations indicate that while the morphological features of the grains and shape
of the leaf blade and stem colour can not be used solely for identification of any of the
accessions/cultivars of F. esculentum, features like flower colour and leaf margin colour
could be used as pointers towards identification of accessions/cultivars in this species.
Within F. tataricum, however, intra-accession variations were detected in the shape of ’
the grains and colour of the stem. These observations point towards the presence of a

high level of heterozygosity in accessions/cultivars of F. esculentum compared to that in
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F. tataricum. This could be ascribed to the cross pollinating nature of accessions of F._
ecrulentum and the self pollinating‘ pature of accessions/cultivars belonging to F.
tataricum species. Ohnishi (1998b) has indicated that the loss of variability in tartary
buckwheat probably occurred during the process of domestication. These workers have
suggested that tartary buckwheat could have acquired four variants through mutation.
Each of the mutated lines was fixed in several local populations during diffusion of
buckwheat cultivation to other parts of China and to Himalayas.

Cluster analysis of data on qualitative traits of different accessions/cultivars of
buckwheat studied in the present investigation indicates a high level of genetic variability
amongst them. However these features could not be correlated to the accession/cultivars
collected from different geographical location i.e. presence of a particular character in
accessions/cultivars from a particular geographic location.

The accessions of F. esculentum collected from Himachal Pradesh and cultivars /
from Uttaranchal showed a comparatively higher level of inter-accession variation in;
plant height and number of branches per stem, there was no significant variation in plant
height and number of branches per stem in accessions of the species collected from
Arunachal Pradesh. This could probably indicate that either the collections from
Arunachal Pradesh belonged to a uniform gene pool or these accessions had a greater
adaptive capability to the environmental conditions of Arunachal Pradesh. Amongst all
the accession/cultivars of esculentum studied in the present investigation, VL-7 took least
number of days to mature. This identifies VL-7 as an early maturing cultivar. The little
variation in yield of VL-7 during the winter season could be due to better adaptation of

VL-7 as a summer crop.
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. The accessions of esculentum did not show significant variation in grain weight
except IC-319595. While the cultivars collected from Uttaranchal showed variation, with
a minimum grain weight of 0.46g in OC-2 and 0.84g in VL-7 for 25 grains. VL-7 was
identified as a cultivar with highest grain weight. This cultivar proves to be very
important from high yielding, early maturing and high grain weight point of view. The
accessions/cultivars of fataricum showed low grain weight than F. esculentum. KBB-3
proves to be an important cultivar amongst the fataricum group as it showed high grain
weight. F. cymosum showed highest grain yield of all the species, thus making it an
important species to be considered for crop improvement.

The accessions/cultivars of esculentum did no show much variation in hull/ groat
ratio except for Kamroo local, IC-319595 (0.41) and IC-352992 (0.35). Amongst the
tataricum group the minimum hull/ groat ratio was shown by 1C-412722 (0.21) and 0.45
in Kuppa local. For crop improvement programme accessions having high hull/ groat
ratio are avoided as they have greater hull weight compared to other accessions of same
species. In F. cymosum high grain weight and less hull/ groat ratio revealed higher grout
weight.

Compared to F. esculentum and F. tataricum, F. cymosum showed the higher
values for all the quantitative morphological features studied in the present investigation.
The reason for F. cymosum showing higher quantitative value for all parameters studied
could be due to its tetraploid nature (Yamne & Ohnishi, 2001). F. cymosum is

heterostylous out breeding perennial shrub (Ohnishi and Matsuka, 1996). One of the

greatest drawback with this species is the brittleness of the pedicel. Though the species !

produces the highest number of flowers and seeds per plant most seeds shed off before
attaining complete ripening.
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Principal coordinate analysis of the data matrix of ten morphological parameters
for the accessions/cultivars of buckwheat studied in the present investigation revealed
that the accessions/cultivars could be grouped into two groups (Fig.5a). While the
accessions/cultivars belonging to F. esculentum and F. cymosum formed one group those
belonging to F. fataricum formed the other group. The accessions/cultivars of F.
esculentum and F. cymosum clustered together while those of F. tataricum emerged out
as a separate group. These results indicate that on the basis of morphological features F.
cymosum is closer to F. esculentum than to F. tataricum. Similar observations have been
made by Campbell (1997). Our results indicate a relatively higher level of variability in
the esculentum group. Within the esculentum group the cultivars “Local” and Kamroo
local and OC-2 together emerged out separately from others. These cultivars have pink
flowers, while in “Local” the grains do not have any striations on the surface other
cultivars have. Within the rataricum group the cultivars Shimla B-1, KBB-3 and
Himpriya together and Kuppa local could be identified as different cultivars on the basis
of qualitative morphological characters.

Multivariate methods of analysis, such as the PC and cluster analyses have been
extensively used to assess genetic diversity in several species including quinoa (Ortiz et
al. 1998), blackgram (Ghafoqr et al. 2001), sorghum (Grenier et al. 2001), sugarcane (Tai
and Miller 2002), chickpea (Ghafoor ef al. 2003) and cacti (Carmona and Casas 2005).
Our results support the significance of use of Principal coordinates analysis for analysis
of genetic diversity even in species which have a high level of heterozygosity.

Joshi and Paroda (1991) reported on 408 collections of buckwheat grown in single
row observation plots during the years 1985 and 1986 at the Regional Station of the
NBPGR at Phagli, Shimla. A wide range of variation was found in characters like plant
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Fig Sa: Plot of principal coordinate analysis based on qualitative morphological
characters of different accessions/cultivars of buckwheat (Fagopyrum
spp.) investigated in the present study.

Fig Sb: Plot of principal coordinate analysis based on SDS PAGE profile of total
seed proteins extracted from single grains of different accessions/cultivars
of buckwheat (Fagopyrum spp.) investigated in the present study.

Fig Sc: Plot of principal coordinate analysis based on SDS PAGE profile of
endosperm protein extracted from single grains of different
accessions/cultivars of buckwheat (Fagopyrum spp.) investigated in the
present study.

Fig 5d: Plot of principal coordinate analysis based on RAPD profile of genomic
DNA extracted from 7 day old etiolated seedlings of different
accessions/cultivars of buckwheat (Fagopyrum spp.) studied in the
present investigation using Primer OPD-6.
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height, number of branches, number of internodes, days to flower, days to maturity. This
is in conformity with the results obtained in the present investigation indicating the
existence of a great deal of variability that could be utilized in the development of lines
for different growing periods or for use in double-cropping systems. However, the range
of values for different parameters reported by Joshi and Paroda (1991) differ from the
values reported by us for the same parameters and the same accessions. This variation
could be ascribed to differences in the environmental conditions between Phagli (Shimla)
and NEHU (Shillong). These observations clearly indicate these morphological
descriptors may not be reliable parameters accessioning of buckwheat germplasm. Since
the quantifiable morphological parameters are susceptible to environmental influences
their use for studying genetic relationships has been criticized by many workers
(Gubbels, 1978; Kumar, 1999). Clements & Cowling, (1994) have suggested that
morphological features along with molecular characterization for identification of genetic
diversity could facilitate better germplasm management and assembling a core collection
of crop genetic resources.

The accessions/cultivars of F. esculentum, F. himalianum, F. tataricum and F.
cymosum were analyzed for variations in the profile of grain proteins by SDS PAGE to
identify the polymorphic genetic markers for evaluation of genetic resources. SDS PAGE
profile of total grain protein revealed a total of 47 bands out of which 14 bands were
rllg_r_quporphié and 33 polymorphic bands revealing high amount of polymorphism. Most
of the variations in the profile detected in protein bands showing molecular weights
between 121-100 kDa and 54-39 kDa. On the other hand, Rogl and Javornik (1995)
reported that the variations in the profiles were restricted to protein bands having

molecular weights between 30-54 kDa. Three distinct regions revealing 18 scorable
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protein band were detected in this range. They have suggested that the polymorphism
revealed by the pool of total proteins was actually the polymorphism of proteins stored in
cotyledons. Significantly the SDS PAGE profile of total grain proteins of different
accessions of Fagopyrum revealed a total of 47 bands out of which 14 were
monomorphic to all the accessions and 33 were polymorphic. A significantly high level
of inter- as well as intra- accession variation was observed in the SDS PAGE profiles of
grain proteins isolated from different accessions/cultivars of F. esculentum. On the other
hand .there was no significant variation in the SDS PAGE profiles of grain proteins
isolated from different accessions of F. tataricum. Compared with the SDS PAGE
profiles of different accessions of F. esculentum, the profiles of accessions/cultivars
belonging to F. tataricum revealed the presence of 6 bands having molecular weights of
102, 97, 85, 80, 70, and 48 kDa only F. tataricum. These bands could be considered as
marker bands for of this species.

The dendrogram generated on the basis of similarity matrix for SDS PAGE
profiles of total proteins, isolated from single grain of different accessions/cultivars of
Fagopyrum, showed the clustering of the accessions/cultivars into 3 clusters. While
cluster 1 included all accessions/cultivars of F. esculentum cluster 2 included all the
accessions/cultivars belonging to F. ftataricum. Cluster 2 includes all the accessions
[eultivars of F. tataricum. There was no polymorphism observed amongst the accessions
/cultivars of ftataricum. A similarity coefficient of 1.0 for these accessions/cultivars
indicates that these accessions/cultivars may be genetically similar. F. cymosum emerged
out separately both from accessions/cultivars of F. esculentum and F. tataricum and

formed cluster 3. A comparison of the SDS PAGE profiles of total proteins from grains

70



of F. cymosum and F. tataricum revealed a Jaccard’s coefficient of 0.30 indicating the
low level of genetic closeness between the two species.

SDS PAGE profile of endosperm proteins revealed a total of 43 bands out of
which 6 were monomorphic to all the accessions/cultivars and 37 polymorphic. The
variation in band sizes of endosperm seed protein were mainly seen in the molecular
weight range of 102-104kDa, 60-74 kDa, 33-56 kDa and 24-31 kDa. Interestingly, most
of the protein bands in the 26-54 kDa category belong to the legumin type family of seed
proteins (Rout and Chrungoo, 1996; Bharali, 2002). The SDS PAGE profile of
endosperm proteins of “F. himalianum” showed much similarity with that of F.
esculentum. Accessions of F. tataricum and F. cymosum, on the other hand, did not show
any significant intraspecific variations in the SDS PAGE profile of grain endosperm
proteins. These results are consistent with the observations of Nishiyama et al. (1991)
and Svetek (1994). One of the most important features of the profile was the presence of
a 42 kDa band in accessions/cultivars of F. esculentum having winged grains and a 31
kDa band in grains having prominent strips. Further a duplex of 41 and 39 kDa could be
detected only in VL-7. This cultivar is high yielding and early maturing, suitable for
cultivation in the middle hills (Arora et al., 1995). This protein band could be used as a
marker for the identification of this cultivar. Another important feature of the endosperm
protein profile was the presence of a 31 kDa band in grains having prominent striations
on seed coat surface. The presence or absence of a protein band or a group of bands
which are in association with particular character might indicate a relationship between
the protein and the particular feature. Similar observations have been made by Rao and
Pernolett (1981) who have demonstrated a relationship between wrinkled phenotype and
the presence of a 60 kDa vicilin in Pisum sativum.
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Significant intraspecific variations were detected in the endosperm protein profile
of different accessions/cultivars of F. esculentum. This could be ascribed to a high degree
of grain protein polymorphism in F. esculentum. Similar observations have been made
by Marija ef al. (2004) on the endosperm proteins of common buckwheat. Results of the
present investigation revealed 40 % polymorphism in the grain proteins of F. esculentum.
These observations are, however, contradictory to those obtained by Ikeda (1995) and
Rogl & Javornik (1996) who have reported high polymorphism of cotyledon storage
proteins but high endosperm protein homogeneity in accessions of common buckwheat.
Rogl & Javornik (1996) have also demonstrated the relationship between frequencies of
protein bands revealed by single seed analysis and their appearance on the bulk seed
analyses. Our studies revealed a clear distinction in the electrophoretic profiles of
endosperm proteins between accessions of F. esculentum and F. tataricum. While F.
esculentum is self-incompatible F. tataricum is a self compatible species. Similar results
have been reported by Ikeda (1995). These results clearly indicate that SDS PAGE of
endosperm proteins can be used as a tool to differentiate accessions/cultivars of F.
esculentum from F. tataricum. Thanh et al. (2003) and Rahman et al. (2004) have
demonstrated the usefulness of SDS PAGE of grain proteins in differentiating the self
compatible yellow sarson cultivars from the self-incompatible the brown sarson cultivars.

Principal coordinate analysis (PCA) of the results of SDS PAGE profiles of total
grain proteins carried out in the present investigation supports the taxonomic treatment of
the three species and the relationship within accessions within the genus Fagopyrum (Fig.
5b). Species esculentum, tataricum and cymosum emerged out separately in three distinct
groups, with of esculentum showing intra specific variation while the species tataricum
and cymosum showed no intra specific variation.
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There were no differences in the SDS PAGE profiles of endosperm proteins of
different accessions/cultivars of F. tataricum except Shimla B-1. A similarity coefficient
of 1.0 for these accessions indicates that these accessions/cultivars may be genetically
similar. The variation in electrophoretic profiles of endosperm proteins between Shimla
B-1 and other accession/cultivars of F. tataricum was mainly observed due to the absence
of 102, 38 and 34 kDa protein bands in Shimla B-1, while these bands were present in
other accessions of fataricum. Shimla B-1 is an early maturing and high yielding cultivar
of F. tataricum. This differentiation could not be made by SDS PAGE profile of total
grain proteins. Endosperm proteins have the advantage of reflecting numerous variations
since they belong to very polymorphic multigenic families (Doll and Brown, 1979).

F. tataricum is self compatible and is cultivated extensively in the Indian
Himalayan foot hills. The loss of variability in tatary buckwheat could have occurred
during the process of domestication. Ohnishi (1998b, 2004) has suggested that tartary
buckwheat acquired four variants through mutations during the process of domestication.
Each of the variants got fixed in the local populations during diffusion of buckwheat
cultivation in the Indian Himalayas. The presence of common protein bands among all
the accessions/cultivars of the species may be an evidence of evolutionary origins of the
cultivars studied.

The dendrogram generated on the basis of SDS PAGE profile of endosperm
proteins revealed the clustering of the accessions into three broad groups. Cluster 1
included all the accessions of F. esculentum. Within this cluster three different subgroups
were noticed. Subgroupl included cultivars designated as Kamroo local, OC-2 and VL-7
which were collected from VPKAS, Almora. Accessions having winged seeds and those
having strips on the seed coat formed 2" and 31 subgroup respectively. IC-13145, which
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had been identified as a separate species viz. “F. himalianum”, clustered together with
accessions of F. esculentum in cluster 1. Our results indicate that “F. himalianum”™
belongs to the esculentum group rather than qualifying as a different species. Cluster 2
included all the accessions belonging to F. tataricum. All the accessions/cultivars of F.
tataricum, except Shimla B-1 clustered into one group with 100% similarity. Cluster 3
included the accessions of F. cymosum. F. cymosum showed least similarity of 39.4%
with F. esculentum and a maximum of 57% similarity with F. tataricum. Our results on
SDS PAGE indicate that F. cymosum, which to a greater extent resembles F. esculentum
morphologically, is closer to F. tataricum. These observations are in conformity with
earlier findings reported on species relationships in Fagopyrum using a different marker
approach (Kishima et al. 1995; Sharma & Jana, 2002).

Principal coordinate analysis (PCA) of SDS PAGE profiles of endosperm grain
proteins carried out in the present investigation supports the taxonomic treatment of the
three species and the relationship within accessions/cultivars within the genus
Fagopyrum (Fig. 5¢). One of the significant features revealed by PCA was the emergence
of VL-7 as cultivar distinct from other accessions/cultivars of the same species. It could
also distinguish cultivars Local, Kamroo local and OC-2 as one entity separately from
other accessions/cultivars of esculentum. VL-7 is a cultivar released by VPKAS, Almora.
These results indicate that SDS PAGE profile of endosperm proteins can be used to
determine intraspecific variability in Fagopyrum spp.

The four enzyme systems analyzed in the present investigation revealed 11 loci
with 38 alleles. Out of 38 bands present 33 bands were polymorphic. Of all the isozymes
phosphoglucomutase revealed highest polymorphism information content and revealed
intra specific variations. Analysis of pair wise similarity between different accessions of
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buckwheat on the basis of isozyme profiles revealed a range of values for Jaccard’s
coefficient of similarity from 0.1 between esculentum and fataricum groups. These
results indicate a wide range of genetic distance between the two species. The values for
Jaccard’s coefficient of similarity ranged between 0.60-1.0 between different
accessions/cultivars of F. esculentum and between 0.50-1.0 within the accessions/
cultivars of F. tataricum. This indicates a relatively higher level of intraspecific genetic
similarity in the genus. This is, however, in contradiction with the observations on SDS
PAGE profiles of endosperm proteins which have been able to establish a significantly
high level of intraspecifc variation in F. esculentum. Based on the results obtained on
isozyme profiles of different species of buckwheat Ohnishi (1993) and Chen (1999) have
reported that while isozyme profiling could reveal differences between different species
of the genus Fagopyrum they revealed little information about intraspecific variations in
the genus. Results obtained in the present investigation partially supports this
observation. While the isozyme profiles of MDH, PGM, EST did not reveal significant
information on intraspecific variations in the genus the isozyme profiles of PER could
reveal differences between some of the accessions of the same species in the genus. Out
of 14 alleles for the enzyme peroxidase detected in the present investigation only one was
observed to be monomorphic and the rest polymorphic. The profiles showed accessions
specific alleles for IC-188669, IC-18751, IC-13376, IC-13145.

Our result revealed 5 alleles of PGM in F. fataricum. This is in conformity with
the findings of Ohnishi (1998) on wild fartary buckwheat from Yunnan-Sichuan Tibet
boarder area. Since Tartary buckwheat is self fertilizing, the level of genetic variability in
a population is expected to be very limited. Of the 20 loci investigated Ohnishi (1998b)
could detect allozyme variation at oflly three loci only. The allozyme polymorphism
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detected in small populations of wild tartary buckwheat was ascribed either to partial out
crossing or adaptation of different genotypes to different environments (Ohnishi, 2000).

In the present investigation, fifteen decamer primers were used to analyze the
RAPD variation in 32 accessions/cultivars of buckwheat from Indian Himalayas. Out of
these, only five primers produced reproducible polymorphic amplified products. These
primers differed greatly in their efficiency for revealing polymorphism. Since the reaction
conditions were kept uniform for all primers, differences in the amplification resolution
and the clarity in the banding patterns were probably due to specific requirements of the
primer. While the primer OPO-16 generated the 65 RAPD fragments the primer OPD-14
amplified only seventeen bands. A total of 150 bands were observed out of which 96.6%
were polymorphic. While primer OPO-16 detected the highest level of polymorphism the
primer UBC-185 detected least level of polymorphism in buckwheat genomic DNA. The
primers also revealed unique banding patterns for most species, indicating the wide
genetic base of the Fagopyrum species. The pattern of polymorphism generated by
RAPD markers show different degrees of genetic relationships among the species
involved in the study. Similar observations on variation in band number and RAPD
profile in different species of buckwheat have been made by Sharma and Jana (2000).
The presence of unique composite RAPD markers among various Fagopyrum species
indicates the usefulness of the approach for fingerprinting purposes.

A significant feature of the profile was the amplification of a 851 bp amplicon
only in accessions belonging to F. esculentum and 314 and 1489 bp amplicons
exclusively in accessions/cultivars of F. tataricum with primer OPD-6. The primer also
amplified a 600 bp and a 1558 bp amplicon in accessions of F. esculentum collected from
Arunachal Pradesh. While a 1154 bp RAPD was detected in all accessions of F.
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tataricum except Shimla B-1, a 250 bp RAPD was detected only in KBB-3, Himpriya,
Kuppa Local and Shimla B-1. The 250 bp RAPD was not detected in Sangla group of
cultivars. Presence of this band in KBB-3, Himpriya, Kuppa Local and Shimla B-1 and
its absence from Sangla group of accessions reveals the difference between them. The
grouping pattern of genotypes revealed that the composition of clusters were
heterogencous with regard to their geographical origin. Such specific fragments or bands
can be used for species identification or accession/cultivars identification which is
important. Relationship between the presence or absence of a RAPD band vis a vis
geographic location of an accession has also been reported by Sharma and Jana (2000).
Our results indicate that primer OPD-6 is very effective not only in elucidating genetic
relationships between different species of the genus Fagopyrum studied in the present
investigation. The primer could also differentiate between accessions from the same
species individually, as well as on the basis of their location. The absence of 1154bp band
from cultivar Shimla B-1, which is high yielding and early maturing cultivar of F.
tataricum, could be used as a diagnostic of this cultivar.

No single primer or combination of two primers could discriminate between
banding pattern for all 32 individuals. Out of many primers used, the UPGMA
dendrogram generated using the primers OPD-6 and OPO-16 elucidated the inter-
accession as well as inter-specific differences in accessions of buckwheat used in the
current study. The RAPD data obtained by different primers supports the taxonomic
treatment of different accessions/cultivars in the species. Our data clearly identifies IC-
13145, which was identified as “F. himalianum” by NBPGR, as an accession of F.
esculentum. Cluster analysis of the genetic similarity estimates using the primers OPD-6
grouped the cultivars Local, Kamroo local, OC-2 and VL-7 into one subgroup within the
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cluster containing accessions/cultivars belonging to F. esculentum. Accessions collected
from Himachal Pradesh and accessions from Arunachal constituted separate subgroup
within the cluster. Even though Tsuji and Ohnishi, (1998, 2000a, b) could not
discriminate between cultivated landraces of buckwheat collected from different
geographical locations on the basis of RAPD profiles our results clearly indicate the
effectiveness of the primers in differentiating between accessions/cultivars collected from
different geographical locations.

In contrast to the observations based on morphological parameters and isozyme
analysis, the similarity matrix developed on the basis of RAPD profiles could not
separate the accessions of F. tataricum collected from Arunachal Pradesh from other
accessions of the same species. Similarly Sangla group of cultivars could not be
distinguished on the basis of RAPD profiles. Several factors may account for the
discordance between morphologic and RAPD markers. Johns et al., (1997) suggested that
discordance might occur if morphological similarity was due to different combinations of
alleles producing similar phenotypes. Discordance between morphologic and molecular
markers could occur if a single or few genes controlled the expression of morphological
traits, and were not detected by RAPDs (Steiner and Garcia de los Santo 2001).
Discordance may also be due to difference in evolutionary rates between morphologic
characters and characters originating from selectively neutral, non coding DNA,
especially if morphological characters have adaptive value and molecular markers
reflects functional neutrality (Johns et al. 1997, Linhart and Grant 1996). Morphological
variation was strongly associated with environmental variation. Reasons for
inconsistencies may include differences in geographic scale examined, type of breeding
system in studied species and level of heterogeneity in environment examined.
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The similarity matrix generated on RAPD by using primer OPD-6 revealed that F.
cymosum showed greater similarity with F. tataricum than with F. esculentum. Similar
results were observed with Primer OPD-14, OPO-16 and UBC-185. These results are in
agreement with the observations of Kishima ef al. (1995), Yasui and Ohnishi (1998a, b)
and Sharma & Jana (2002) who have placed F. cymosum closer to F. tataricum than F.
esculentum. While the observations of Kishima et al. (1995) are based on RFLP analysis
of cpDNA those of Yasui and Ohnishi (1998a, b) are based by comparison of the
nucleotide sequences of the rbcL-acceD region of cpDNA and nuclear DNA sequences of
different species of the genus Fagopyrum. The observations of Sharma & Jana (2002) are
based on observations on RAPD profiles of different species of the genus Fagopyrum.
Our results are in agreement with these observations.

Principal coordinate analysis (PCA) of the RAPD profiles (Fig. 5d) supports the
taxonomic treatment of the three species and the relationship within accessions/cultivars
within the genus Fagopyrum. One of the significant features revealed by PCA was the
emergence of EC-323729 as an accession distinct from other accessions of the same
species. While EC-323729 is an East European accession the other accessions
investigated in the present investigation are from Indian Himalayas.

PCR amplification of the intergenic spacer region between trnC and rpoB and the
restriction digestion profile of the amplicon revealed distinct inter-specific variation
while no intraspecific variation. The trnC-rpoB spacer region can be used to study genetic

relationships at lower taxonomic levels such as within a species.
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CHAPTER : VI

GENERAL SUMMARY
AND CONCLUSIONS



INTRODUCTION:

Plant genetic resources are considered as one of the most important gifts of nature
to mankind. They represent the sum total of diversity accumulated through years of
cultivation under domestication and natural selection. Many of these genetic resources
are also important sources of high nutritive value foods for human consumption. While
the importance of conservation and use of genetic resources for the benefit to mankind
can not be understated, the key to successful utilization of the existing genetic resources
and the variability available in the broad gene pool requires a systematic evaluation of
different agronomic traits in the available germplasm.

Out of the total crop genetic diversity available mankind has depended on a very
limited number of crops to meet the needs of staple diets and on a very limited number of
major non-food crops to meet associated needs. The narrowing of the number of crops

upon which global food security and economic growth depend has placed the future



supply of food and rural incomes at risk. The shrinking portfolio of species used in
agriculture reduces the ability of farmers and ecosystems to adapt to new environments, .
needs and opportunities. So far out of the estimated 75,000 species of edible plant only
about 150 have been widely used. Even out of these only about 30 species provide 90%
of the world’s food. Considering the ever-increasing demand for food materials, it is not
only necessary to use the available rich diversity and wide genetic resources and to
improve the existing conventional cultivars but also to look for non-conventional lesser
known and underutilized food crops.

The Himalayan ranges of India are extremely rich in floristic wealth and are home
to a large variety of traditional crops that could form an important component of human
diet in times to come. Although Himalayan region is well established as a mega diversity
region in the entire Indian sub-continent, the severe population pressure coupled with
changes in the socio-economic life style of the peoples pose a serious threat to the unique
biodiversity of the region. The region is home to a rich diversity of several plant species
many of which are underutilized. These underutilized crops have a good potential for use
as food or for industrial purposes. This rich genetic estate, extant in diverse ecosystem,
nurtured by ingenious indigenous communities, provides ample opportunities for further
development of agriculture in thé region at a comparative advantage in terms of
sustainability and diversification of farming systems. These crops could also constitute an
important genetic base to look for suitable heterologous proteins and their genes, which
could be used as tools in crop improvement programmes. Amongst the existing known
plant resources, the International Plant Genetic Resources Institute (IPGRI) and
Consultative Group on International Agriculture (CGIAR) have identified common
buckwheat, grain amaranth and Chenopodium as important but underutilized
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nutraceutical crops which could be used as the genetic base for identification and
isolation of suitable heterologous genes coding for biomolecules of potential economic
importance.

Buckwheat (Fagopyrum spp.) is an ancient crop, which has long been grown in
East Asia and the Himalayan region. It is a major staple food crop in the high altitude
zones including the Daliang Mountain in Southwest China (Jiang and Xing, 1992). It is
the most important crop of mountain region above 1800m elevation both for grain and
greens. Unlike common cereals which are deficient in lysine, the buckwheat has excellent
protein quality in terms of essential amino acid composition. Despite the large number of
collections there appears to be little agreement on important traits to be documented for
characterization of different accessions of the crop. Ohnishi (1995) has given a key for
identification of different species of Fagopyrum on the basis of morphological features.
While the key holds well for identification upto the level of genus it does not hold well
for identification upto the level of species. The key identifies a species of the genus
Fagopyrum as F. cymosum if the achene has a smooth surface. However, the achene of F.
cymosum has a rough surface. The preparation of a list of Buckwheat Descriptors (IPGRI
1994) has been the only major step forward in the coordination of passport data and
descriptors on this crop. The descriptors used for development of passport data for most
of the collections have included plant height, number of branches, number of internodes,
petiole length, days to flowering and maturity, grain shape, grain size, grain yield etc.
Since most of these traits can be influenced by environment, the evaluation data has not
lead to development of reliable morphological markers for determination of diversity in
buckwheat. This has lead to a greater focus on identification of qualitative traits for
determining genetic diversity in the crop.
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The genus Fagopyrum has been divided into two phylogenetic groups viz. the
cymosum group comprising of two cultivated species F. esculentum (Moench) and F.
tataricum (L.) Gaertn and two wild species F. cymosum (Meissn), and F. homotropicum
Ohnishi and the urophyllum group comprising F. urophyllum and other wild species
(Ohnishi and Matsuoka, 1996; Yasui and Ohnishi, 1998a, b; Ohsako and Ohnishi, 2000).
Baniya et al. (1992) have observed significant variations in plant height, number of
branches and leaves, clusters per cyme, seeds per cyme, days to maturity, seed weight,
grain yield, seed colour/ shape/ surface in different landraces of buckwheat in Nepal.
Joshi and Paroda (1991) have evaluated 408 accessions of Buckwheat from Himalayan
region for 31 descriptor parameters including plant height, number of branches and
leaves, clusters per cyme, seeds per cyme, days to maturity, seed weight, grain yield, seed
colour/ shape/ surface. They have considered accession no. IC-13145 on the level of a
species as “Fagopyrum himalianum”. The accession, housed in the Regional Station,
NBPGR, Phagli, Shimla (India), has been listed as “F. tataricum var. himalianum” by

IPGRI (www.ipgri.cgiar.org/publication). Campbell (1997) has, however, considered it as

a race of F. esculentum. Morphological descriptions of plant cultivars often present
problems in clear-cut identification because the phenotypic differences within species are
too minute to discriminate between them. The occurrence of large genotype-environment
(GE) interactions possesses a major problem of relating phenotypic performance to
genetic constitution and makes the selection of genotypes difficult. Molecular tools such
as isozyme patterns, seed storage protein polymorphism, Amplified Fragment Length
Polymorphism (AFLP), Restriction Fragment Length Polymorphism (RFLP), Random
Amplification of Polymorphic DNA (RAPD) provides virtually unlimited source of
information on interspecific as well as intraspecific variations. Even though some work
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has been done on the analysis of phylogenetic relationships between different species of
the genus Fagopyrum using isozyme profiling and RFLP variations in cpDNA (Ohnishi,
1998; Ohsako and Ohnishi, 1998; Ohsako and Ohinishi, 2000), not much information is
available on inter- as well as intra-specific variations in molecular fingerprints in this
genus. The objective of the proposed investigation is to elucidate the variation in different
accessions of buckwheat at the molecular level and to develop suitable protein and RAPD
based markers for the identification of various accessions of buckwheat.

Accessions of buckwheat used for the present investigation were procured from
the National Bureau of Plant Genetic Resources, New Delhi, Vivekananda Laboratory of
Hill Agriculture (Indian Council of Agricultural Research), Almora, East Khasi Hills in
Meghalaya (India) and the Tawang District of Arunachal Pradesh (India). Germplasm
collected from different places was separated into different groups based on their
morphological characters. The accessions were grown in the experimental garden to
study the qualitative as well as quantitative features during their growth span. The seeds
were sown in two different seasons i.e April-July and August-November. Variation in the
morphological characters was determined by visual checking of the features on the plants
from each accession. Each character was scored either as (1) or (0). Evaluation of
variation in the endosperm proteins and RAPD profile was performed by calculating the
individual band frequency for each accession. Polymorphism was scored for the presence
(1) or absence (0) of bands. Cluster analysis was performed on the similarity matrix
based on Jaccard’s coefficient by the UPGMA method. All computations were performed

with NTSYS-PC version 2.1 (Rohlf, 1993).
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RESULTS:

The grains of different accessions/cultivars of buckwheat studied in the present
investigation showed a wide variation in shape. While the grains from plants belonging to
different accessions/cultivars of F. esculentum and F. cymosum were triangular in shape
those of F. tataricum were either conical or globous in shape. All the accessions/cultivars
of F. tataricum, except Shimla B-1 and Kuppa Local, showed conical type of grain shape.
One of the prominent features of grains of Shimla B-1 was the presence of deep furrows
with prominent three lobes. All the accessions/cultivars of F. esculentum had a smooth
grain coat surface. Differences were, however, observed in the grain coat surface
striations within different accessions of F. esculentum. While there was no prominent
striations on the grain coat surface of IC-319588, IC-319595, 1C-324313, 1C-324244, IC-
352992 and Local, the grain coat surface of Kamroo Local, OC-2 and VL-7 had
prominent striations which extended longitudinally across the surface of the coat. All the
accessions/cultivars of fataricum and cymosum showed rough seed coat without any
striations. The absence of any striations on the coat in the cultivar “Local” indicates that
this cultivar is a distinct local cultivar of Uttaranchal. Significantly Kamroo local, OC-2
and VL-7, which are also grown in Uttaranchal, did not have any striations on the grain
coat. The accessions of Fagopyrum showed broadly two types of grains i.e. winged and
non-winged. While the accessions IC-188669, IC-18751, IC-13376, IC-13141, IC-13417,
IC-323729 had white flowers and produced both winged as well as non-winged grains,
the accessions IC-319588, IC-319595, 1C-324313, 1C-324244, 1C-352992 had only white
flowers which produced non winged grains only. The grains belonging to cultivars Local,
Kamroo Local, OC-2 and VL-7 were exclusively non-winged. Cultivars Local, Kamroo
Local and OC-2 had pink flowers while those of VL-7 white flowers. On the other hand
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accessions/cultivars belonging to F. tataricum showed yellowish green coloured flowers
and produced only non-winged grains. Variations were also observed in shape of the leaf
blade and leaf margin colour between different species of buckwheat. While F.
esculentum and “F. himalianum” showed both cordate and sagittate leaf blade
morphology, F. cymosum had exclusively sagittate blades. The leaf blade shape in F.
tataricum was hastate. The presence of hastate leaf blade thus appears to be a feature
exclusively associated with F. tataricum.

The pattern of variation observed for morphological traits among genotypes
displayed statistical significant. The similarity matrix based on ten morphological traits
among thirty two accessions/cultivars of Fagopyrum revealed a range of coefficient of
similarity from 0.10 to 1.0. This indicated the diverse nature of collected germplasm. The
dendrogram generated on the basis of Jaccard’s similarity coefficient for the qualitative
morphological traits showed the clustering of accessions/cultivars into two broad groups.
Cluster 1 comprised of all the accessions/cultivars of Fagopyrum esculentum and F.
cymosum. 1C-13145, which has been identified as F. Aimalianum by NBPGR, showed
100% similarity with accessions IC-13141-3 and IC-13417-4 of F. esculentum. Cluster 2
comprised of all the accessions/cultivars of F. tataricum. This cluster had three sub-
clusters. All the accessions of F. tataricum from Arunachal Pradesh showed 100%
similarity amongst themselves. The qualitative parameters analyzed in the present
investigation indicate that IC-13145, which has been identified by NBPGR as “F.
himalianum”, belongs to the esculentum group rather than as a separate species.
Similarly, IC-13141 which has been identified by NBPGR as an accession of F.
esculentum and F. tataricum by Joshi and Paroda (1991) appears to belong to F.
esculentum.
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The accessions/cultivars of F. esculentum, F. himalianum, F. tataricum and F.
cymosum were analyzed for variations in the profile of grain proteins by SDS PAGE to
identify the polymorphic genetic markers for evaluation of genetic resources. SDS PAGE
profile of total grain protein revealed a total of 47 bands out of which 14 bands were
monomorphic and 33 polymorphic bands revealing high amount of polymorphism. Most
of the variations in the band size in protein profile were detected between 121-100 kDa
and 54-39 kDa. The size of resolved polypeptides ranged between 17-121 kDa. A
significantly high level of inter- as well as intra- accession variation was observed in the
SDS PAGE profiles of grain proteins isolated from different accessions/cultivars of F.
esculentum. On the other hand there was no significant variation in the SDS PAGE
profiles of grain proteins isolated from different accessions/cultivars of F. tataricum.

The dendrogram generated on the basis of similarity matrix for SDS PAGE
profiles of total proteins, isolated from single grain of different accessions of Fagopyrum,
showed the clustering of the accessions/cultivars into 3 clusters. While cluster 1 included
all accessions/cultivars of F. esculentum cluster 2 included all the accessions belonging to
F. tataricum. There was no polymorphism observed in the accessions/cultivars of
tataricum. F. cymosum emerged out separately both from accessions/cultivars of F.
esculentum and F. tataricum and formed cluster 3.

SDS PAGE profile of endosperm proteins revealed a total of 43 bands out of
which 6 were monomorphic to all the accessions and 37 polymorphic. The variation in
band sizes of endosperm grain protein was mainly seen in the molecular weight range of
104-102 kDa, 74-60 kDa, 56-33 kDa and 31-24 kDa. Interestingly, most of the protein
bands were in the 26-54 kDa category belongs to the legumin type family of grain
proteins (Rout and Chrungoo, 1996; Bharali, 2002). One of the most important features
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of the profile was the presence of a 42 kDa band in accessions of F. esculentum having
winged grains and a 31 kDa band in grains having prominent striations on grain coat
surface. Further a duplex of 41 and 39 kDa could be detected only in VL-7. This cultivar
is high yielding and early maturing, suitable for cultivation in the middle hills (Arora et
al., 1995). This protein band could be used as a marker for the identification of this
accession.

Significant intraspecific variations were detected in the endosperm protein profile
of different accessions of F. esculentum. Our results indicate 40% polymorphism in the
grain proteins of F. esculentum. The dendrogram generated on the basis of SDS PAGE
profile of endosperm proteins revealed the clustering of the accessions/cultivars into three
broad groups. Cluster 1 included all the accessions/cultivars of F. esculentum. Within this
cluster three different subgroups were noticed. Subgroupl included cultivars designated
as Kamroo local, OC-2 and VL-7 which were collected from VPKAS, Almora.
Accessions having winged seeds and those having strips on the seed coat formed 2™ and
3™ subgroup respectively. IC-13145, which had been identified as a separate species viz.
“F. himalianum”, clustered together with accessions of F. esculentum in cluster 1. Our
results indicate that “F. himalianum” belongs to the esculentum group rather than
qualifying as a different species. Cluster 2 included all the accessions/cultivars belonging
to F. tataricum. All the accessions/cultivars of F. tataricum, except Shimla B-1 clustered
into one group with 100% similarity. Cluster 3 included the species F. cymosum. F.
cymosum showed least similarity of 39.4% with F. esculentum and a maximum of 57%
similarity with F. tataricum. Our results on SDS PAGE indicate that F. cymosum, which
to a greater extent resembles F. esculentum morphologically, is closer to F. rataricum.
These observations are in conformity with earlier findings reported on species
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relationships in Fagopyrum using a different marker approach (Kishima et al. 1995;
Sharma & Jana, 2002).

The four enzyme systems analyzed in the present investigation revealed 11 loci
with 38 alleles. Out of 38 bands present 33 bands were polymorphic. Based on the results
obtained on isozyme profiles of different species of buckwheat Ohnishi (1993) and Chen
(1999) have reported that while isozyme profiling could reveal differences between
different species of the genus Fagopyrum they revealed little information about
intraspecific variations in the genus. Results obtained in the present investigation partially
support this observation. While the isozyme profiles of MDH, PGM, EST did not reveal
significant information on intraspecific variations in the genus the isozyme profiles of
PER could reveal differences between accessions of the same species in the genus. Our
result revealed 5 alleles of PGM in F. tataricum. This is in conformity with the findings
of Ohnishi (1998) on wild tartary buckwheat from Yunnan-Sichuan Tibet boarder area.
Since Tartary buckwheat is self-fertilizing, the level of genetic variability in a population
is expected to be very limited.

In the present investigation, fifteen decamer primers were used to analyze the
RAPD variation in 32 accessions/cultivars of buckwheat from Indian Himalayas. Out of
these, only five primers produced reproducible polymorphic amplified products. These
primers differed greatly in their efficiency for revealing polymorphism. While the primer
OPO-16 generated 65 RAPD fragments the primer OPD-14 amplified only seventeen
bands. While OPO-16 detected the highest level of polymorphism the primer UBC-185
detected least level of polymorphism in buckwheat genomic DNA. A significant feature
of the profile was the amplification of 851 bp amplicon only in accessions belonging to
F. esculentum and 314 and 1489 bp amplicons exclusively in accessions/cultivars of F.
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tataricum with primer OPD-6. The primer also amplified a 600 bp and a 1558 bp
amplicon in accessions of F. esculentum collected from Arunachal Pradesh. While an
1154 bp RAPD was detected in all accessions of F. tataricum except Shimla B-1, a 250
bp RAPD was detected only in KBB-3, Himpriya, Kuppa Local and Shimla B-1. The 250
bp RAPD was not detected in Sangla group of cultivars. Presence of this band in KBB-3,
Himpriya, Kuppa Local and Shimla B-1 and its absence from Sangla group of accessions
reveals the difference between them. The absence of 1154bp band from cultivar Shimla
B-1, which is high yielding and early maturing variety of F. tataricum, could be used as a
diagnostic of this cultivar. The grouping pattern of genotypes revealed that the
composition of clusters were heterogeneous with regard to their geographical origin. A
significant feature of the profiles obtained by UBC-185 was the detection of a 692 bp
RAPD in all the accessions/cultivars of esculentum and only in Shimla B-1 of tataricum
species. Amongst the accessions belonging to F. tataricum, Shimla B-1 is an early
maturing and high yielding variety.

No single primer or combination of two primers could discriminate between
banding pattern for all 32 individuals. Out of many primers used, the UPGMA
dendrogram generated using the primers OPD-6 and OPO-16 elucidated the inter-
accession as well as inter-specific differences in accessions of buckwheat used in the
current study. The RAPD data obtained by different primers supports the taxonomic
treatment of different accessions/cultivars in the species. Our data clearly identifies IC-
13145, which was identified as “F. himalianum” by NBPGR, as an accession of F.
esculentum. Cluster analysis of the genetic similarity estimates using the primers OPD-6
grouped the cultivars Local, Kamroo local, OC-2 and VL-7 into one subgroup within the
cluster containing accessions/cultivars belonging to F. esculentum. Accessions collected
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from Himachal Pradesh and accessions from Arunanchal constituted separate subgroup
within the cluster. Even though Tsuji and Ohnishi, (1998, 2000a,b) could not discriminate
between cultivated landraces of buckwheat collected from different geographical
locations on the basis of RAPD profiles our results clearly indicate the effectiveness of
the primers in differentiating between accessions/cultivars collected from different
geographical locations.

The similarity matrix generated on RAPD by using primer OPD-6 revealed that
F. cymosum showed greater similarity with F. tataricum than with F. esculentum. These
results are in agreement with the observations of Kishima er al. (1995), Yasui and
Ohnishi (1998a, b) and Sharma & Jana (2002) who have placed F. cymosum closer to F.
tataricum than F. esculentum.

Principal coordinate analysis of the SDS PAGE profile of total grain protein,
endosperm protein and RAPD profiles supports the taxonomic treatment of the three
species and the relationship within accessions/cultivars within the genus Fagopyrum. One
of the significant features revealed by PCA of SDS PAGE profile of endosperm protein
by was the emergence of VL-7. PCA of RAPD using primer OPD-6 could identify EC-
323729 as an accession distinct from other accessions of the same species. While VL-7 is
a cultivar released by VPKAS, Almora EC-323729 is an East European accession.

PCR amplification of the intergenic spacer region between trnC and rpoB resulted
in amplification of a 1.36 kbp DNA fragment in accessions/cultivars of F. esculentum, a
1.42 kbp fragment in accessions of F. tataricum and a 1.39 kbp fragment in F. cymosum.
There was no intraspecification in the size of the amplicon. The restriction digestion
pattern did not reveal any intraspecific variation in the banding pattern of the digested
DNA.

91



CHAPTER : VII
REFERENCES



REFERENCE:

Acquaah, G., Isleib, T.G. and Forguson, A.E. (1994) Gene pool specificity, paucity of
enzyme variation and phaseolin polymorphism in the common bean. Hort.
Sci., 29: 1337-1339.

Afzal, M., Kawase, M., Nakayama, H. and Okuno, K. (1996) Variation in
electrophoregrams of total seed protein and Wx protein in Foxmillet.
In: Progress in new crops (Janick, J. ed.) ASHS Press, Alexandria, VA. pp.
191-195.

Ahmad, F., Slinkard, A.E. (1992) Genetic relationships in the genus Cicer L. as
revealed by polyacrylamide gel electrophoresis of seed storage proteins. Theor.
Appl. Genet., 84: 688-692.

Ahmad, Z., Bashir, M. and Mitueda, T. (1997) Evaluation of legume germplasm for
seed borne viruses. In: Harmonizin- Agricultural Productivity and Conservation
of Biodiversity: Breeding and Ecology. 8th Sabrao Conference. pp. 117-118.

Arora, R. K., Baniya, B. K. and Joshi, B. D. (1995) Buckwheat Genetic Resources in
the Himalayas: Their Diversity, Conservation and Use. In: Current Advances in
Buckwheat Research (Matano, T. and Ujihara, A. eds.). Shinshu University Press,
Asahi Matsumoto City, Japan. pp. 39-46.

Arulsekar, S., Parfitt, D. E. and Kester, D. E. (1986) Comparison of isozyme variability
in peach and almond cultivars. J. Her., 7: 272-274.

Ashburner, G. R., Thomson, W. K. and Halloran, G. M. (1997) RAPD analysis of South
Pacific Coconut palm populations. Crop Sci., 37: 992-997.



Banerjee, B. (1992) Selection and breeding of tea. In: Tea: cultivation to consumption
(Wilson, K. C. and Clifford M. N. eds.) Chapman and Hall, London, pp. 53-85.

Baniya, B.K., Riley, K.W., Dongol, D.M.S. & Sherchan, K.K. (1992). Characterization
and evaluation of Nepalese buckwheat (Fagopyrum ssp.) landraces. Proc Sth Int
Symp Buckwheat, pp. 64-74.

Barrett, B. A. and Kidwell, K. K. (1998) AFLP-based genetic diversity assessment
among wheat cultivars from the Pacific Northwest. Crop Sci., 38:1261-1271.

Beckmann, J. S. and Soller, M. (1983) Restriction fragment length polymorphisms in
genetic improvement: methodologies, mapping and cost. Theor. Appl. Genet.,
67: 35-43.

Bernardo, A., Luque, A., Cuadrado, A., Negro, A. Jouve, N. and C. Soler (1997) The
assessment of genetic variation in Spanish primitive cultivars of barley,

Hordeum vulgare L. by a combination of isozyme and hordeins. Genet. Res.
Crop Evol., 44: 217-226.

Bharali, S. (2002) Isolation, cloning and molecular analysis of the legumin gene of
common buckwheat (Fagopyrum esculentum). Ph.D thesis, North Eastern Hill
University, Shillong (India).

Bhargava, A., Rana, T. S., Shukla, S. and Ohri, D. (2005) Seed protein electrophoresis
of some cultivated and wild species of Chenopodium. Biologia Plantarum,
49: 505-511.

Boppenmaier, J., Melchinger, A. E., Brunklaus-Jung, E., Geiger, H. H. and Herrmann,
R. G. (1993) Genetic distance for RFLPs in European maize inbreds. III,
Performance of crosses within versus between heterotic groups for grain traits.
Plant Breeding, 111: 217-226.

Botstein, D., White, R.L., Skolnick, M. and Davis, R.W. (1980) Construction of a
genetic linkage map in man using restriction fragment length polymorphisms.
American Journal of Human Genetics, 32: 314-331.

Bradford, M. M. (1976) A rapid and sensitive method for the quantification of
micrograms of protein utilizing the principle dye binding. Anal. Biochem.,
72:248-254.

Bvretting, P. K. and Widrlechner, M. P. (1995) Genetic markers and horticultural
germplasm management. Hort. Sci., 30: 1349.

Bringhurst, R. S., Arulsekar, J., Hancock, J. F. and Voth, V. (1981) Electrophoretic
characterization of strawberry cultivars. J. Amer. Soc. Hort. Sci., 106: 684-687.

93



Byme, D. H. (1989) Electrophoretic variability in four diploid stone fruits. Acta.
Horticulturae, 254: 29-34.

Byrnes, L., Enenkel, B., Gannon, F. and Smith, T. (1995) Preparation of DNA for use
as probes. In: Gene Probes 1: A practical approach (Hames, B. D. and Higgins,
S.J. eds.) IRL Press, Oxford. pp. 17-55.

Campbell, C. G. (1997) Buckwheat: Fagopyrum esculentum Moench. Promoting the
conservation and use of underutilized and neglected crops, Vol. 19. Rome:
International Plant Genetic Resources Institute.

Carmona, A., and Casa, A. (2005) Management, phenotypic patterns and domestication
of Polaskia chichipe (Cactaceae) in the Tehuacan valley, central Mexico. J. Arid
Environ. 60: 115-132.

Cerezo, M., Socias i Company, R. and Aras, P. (1989) Identification of almond
cultivars by pollen isoenzymes. J. Amer. Soc. Hort. Sci., 114: 164-1609.

Cervera, M-T., Cabejas, J. A., Sancha, J. C., Martinez, de Toda, F. and Martinez-
Zapater, J. M. (1998) Application of AFLPs to the characterization of grapevine
Vitis vinifera L. genetic resources. A case study with accessions from Rioja
(Spain). Theor. Appl. Genet., 97: 51-59.

Chase, M. W., Soltis, D. E., Olmstead, R. G., Morgan, D., Les, D. H., Duvall, M. R,
Price, R., Hills, H. G., Qiu, Y., Kron, K. A., Rettig, J. H., Conti, E., Palmer, J.
D., Clegg, M. T., Manhart, J. R., Sytsma, K. J., Michaels, H. J., Kress, W. J.,
Donoghue, M. J., Clark, W. D., Hedren, M., Gaut, B. S., Jansen, R. K., Kim, K.
J., Wimpee, C. F., Smith, J. F., Furnier, G. R,, Straus, S. H., Xiang, Q., Plunkett,
G. M,, Soltis, P. S., Eguiarte, L. E., Learn, G. H., Barrett, S. C. H., Graham, S.,
Albert, V. A. (1993) Phylogenetics of seed plants: an analysis of nucleotide
sequence from the plastid gene rbcL.. Annals of the Missouri Botanical garden,
80: 528-580.

Chen, L. F. O., Cheng, M.C. and Chen, S. C. G. (1987) Similarity and diversity of seed
proteins in rice varieties. Bot. Bull. Acad. Sin., 28: 169-183.

Chen, Q. F. (1999) A study of resources of Fagopyrum (Polygonaceae) native to China.
Bot. J. Linnean Soc. 130: 53-64.

Chowdari, K. V., Venkatachalam, S. R., Davierwala, A. P., Gupta, V. S., Ranjekar, P.
K. and Govila, O. P. (1998) Hybrid performance and genetic distance as
revealed by (GATA)4 microsatellite and RAPD markers in Pearl millet. Theor.
Appl. Genet., 97: 163-169.

Clark, K. W., Hussain, A., Bamford, K. and Bushuk, W. (1989) Identification of
cultivars of Agrostis species by polyacrylamide gel electrophoresis of seed

94



proteins. In: Proceedings of the 6th International Turfgrass Research Conference
(Takatoh, H. ed.)Tokyo, Japan. pp. 121-125.

Clegg, M. T. and Zurawski, G. (1991) Chloroplast DNA and the study of plant
phylogeny: Present status and future prospects. In: Molecular Systematics of
Plants. (Soltis, P. S. Soltis, D. E. and Doyle, J. J. eds.) Chapman and Hall, New

York. pp. 1-13.

Clements, J. C. and Cowling, W. A. (1994) Patterns of morphological diversity and
geographical origins of wild Lupinus angustifolius from the Aegean region. Genet.
Resour. Crop Evol. 41: 109-122.

Conti, E., Fischbach, A. and Sytsma, K. J. (1993) Tribal relationships in Onagraceae:
implications from rbcL sequence data. Ann. Missouri Bot. Gard., 80: 672-685.

Crawford, D. J. (1990) In: Plant molecular systematics: macromolecular approaches.
John Wiley & Sons, New York, NY.

Das, S., Jyothi, R., Sabhyta, B., Srivastava, P. S. and Malathi, L. (2000) Assessment of
Fragment length Polymorphism and random amplification of polymorphic DNA
markers. Plant Molecular Biology Division, Tata Energy Research Institute,
Lodhi Road, New Delhi, India.

Davis, B. J. (1964) Disc Electrophoresis. II. Method and Application to human serum
proteins. Ann. N. Y. Acad. Sci., 121: 404-427.

Davis, J. 1. (1995) A phylogenetic structure of the monocotyledons, as inferred from
chloroplast DNA restriction site variation and a comparison of measures of
clade support. Syst. Bot., 20: 503-527.

Dawson, I. K., Chalmers, K. J., Waugh, R. and Powell, W. (1993) Detection and
analysis of genetic variation in Hordeum spontaneum populations from Israel
using RAPD markers. Mol. Ecol., 2(3): 151-159.

De Bustos, A., Casanova, C., Soler, C. and Jouve, N. (1999) Analysis of the genetic
diversity of wild Spanish populations of the genus Hordeum through the study
of their endosperm proteins. Plant Syst. Evol., 214: 235-249.

De Candolle, A. (1886) In: Origin of cultivated plants. Hafner, New York.

De Wet, J. M. J,, Oestry-Stidd, L. L. and Cubero, J. 1. (1979) Origins and evolution of
foxtail millets. J. d'Agr. Trad. Bota. Appl., 26:53-64.

Demesure, B., Cops, B. and Petit, R. (1996) Chloroplast DNA polymorphism of the
common beech (Fagus sylvitica L.) in Europe. Evolution, 50: 2515-2520.

95



Demesure, B., Sodzi, N. and Petit, R. J. (1995) A set of universal primer for
amplification of polymorphic non-coding region of mitochondrial and
chloroplast DNA in plants. Molecular Ecology, 4: 129-131.

Devanand, P. S., Wan, J., Rangaswamy, M. and lkehashi, H. (1999) Isozyme
divergence between maintainers and restorers in hybrid rice breeding program in
India. Crop Sci., 39: 831-835.

Doebley, J., Durbin, M., Golenberg, E. M., Clegg, M. T. and Mi, O. P. (1990)
Evolutionary analysis of large subunits of carboxylase (rbcL) nucleotide
sequence among the grasses (Gramineae). Evolution, 44: 1097-1108.

Doll, H. and Brown, A. D. H. (1979) Hordein variation in wild (Hordeum spontaneum)
and cultivated (H. vulgare) barley. Can. J. Genet. Cytol., 21: 239-404.

Downie, S. R., Katz-Downie, D. S. and Cho, K. J. (1996) Phylogeny of Apiaceae
subfamily Apioideae: evidence from nuclear ribosomal DNA internal
transcribed spacer sequences. Amer. J. Bot., 83: 234-251.

Duarte, J. M., Dos Santos, J. B. and Melo, L. C. (1999) Genetic diversity among
common bean cultivar from different races based on RAPD markers. Genet.
Mol. Biol., 22: 419-426.

Dudley, J. W., Saghai Maroof, M. A. and Rufener, G. K. (1991) Molecular markers and
grouping of parents in a maize breeding program. Crop Sci., 31: 718-723.

Dudnikov, A. Ju. (1998) Allozyme variation in Transcaucasian populations of Aegilops
squarrosa. Heredity, 80: 248-258.

Dumolin-Lapegue, S., Demesure, B., Fineschi, S., Le corre, V. and Petit, R. J. (1997)
Phlylogeographic structure of white oaks throughout the European continent.
Genetics, 146: 1475-1487.

Esser, K. (1953) Genome doubling and pollen tube growth in heterostylous plants.
Indukt Abstamm. and Vererbungsl. 85: 25-50.

Ferguson, J. M. and Grabe, D. F. (1986) Identification of cultivars of perennial ryegrass
by SDS-PAGE of seed proteins. Crop Sci., 26: 170-176.

Fesenko, N.V. and Antonov, V. (1973) New homostylous form of buckwheat. Plant
Breed. Abstr. 46:10172.

Fujii, N., Ueda, K., Watano, K. and Shimizu, T. (1999) Further analysis of intraspecific
sequence variation of chloroplast DNA in Primula cuneifolia Ledeb
(Primulaceae): implication for biogeography of the Japanese Alpine Flora. J. Pl.
Res., 112: 87-95.

96



Fujii, N., Ueda, K., Watano, Y. and Shimizu, T. (1997) Intraspecific sequence variation
of chloroplast DNA in Pedicularis chamissonis Steven (Scrophulariaceae) and
geographic structuring of the Japanese “Alpine” plants. J. Pl. Res., 110: 195-
207.

Gardiner, S. E. and Forde, M. B. (1988) Identification of cultivars and species of
pasture legumes by sodium dodecyl sulphate polyacrylamide gel electrophoresis
of seed proteins. Plant Varieties Seeds, 1: 13-26.

Gautam, P. L. and Singh, A. K (1998) Agrobiodiversity and Intellectual Property Rights
(IPR) related issue. Indian Journal of Plant Genetic Resources, 11(2): 129-151.

Gepts, P. and Bliss, F. A. (1988) Dissemination pathway of common bean deduced
from phaseolin electrophoretic variability. II. Europe and Africa. Econ. Bot.,
42: 86-104.

Ghafoor, A., Gulbaaz, F. N., Afzal, M., and Arshad, M. (2003) Interrelationship
between SDS-PAGE markers and agronomic characters in chickpea (Cicer
arietinum L.). Pakistan J. Bot. 35: 613-624.

Ghafoor, A., Sharif, A., Ahmad, Z., Zahid, M. A., and Rabbani, M. A. (2001) Genetic
diversity in blackgram (Vigna mungo L. Hepper). Field Crop Res. 69: 183-190.

Ghareyazie, B., Huang, N., Second, G. and Bennett, J. (1995) Classification of rice
germplasm. I. Analysis using ALP and PCR-based RFLP. Theor. Appl. Genet.,
91:218-227.

Godshalk, E. B., Lee, M. and Lankey, K. R. (1990) Relationship of restriction fragment
length polymorphism in single- cross hybrid performance of maize. Theor.
Appl. Genet., 80: 273-289.

Golenberg, E. M., Clegg, M., Durbin, M. L., Doebley, J. and Ma, D. P. (1993)
Evolution of a noncoding region of the chloroplast genome. Mol. Phylogenet.
Evol., 2: 52-64.

Gonzalez-Castafio, S. (1992) Recursor fitogenelicos silvestres: estudios de Variabilidad
en poblanciones espafiolas det género Ageilops L.-Ph. D. thesis, Alcola de
Henares.

Goodman, M. M., Stuber, C. W., Newton, K. and Weissinger, H. H. (1980) Linkage
relationships of 19 enzyme loci in maize. Genetics, 96 (3): 697-710.

Gottlieb, L. D. (1977) Electrophoretic evidence and plant systematics. Ann. Missouri
Bot. Gard., 64: 161-180.

Green, M. J. (1971) An evaluation of some criteria used in selecting large yielding tea
clones. J. Agric. Sci., 76: 43-156.

97



Grenier C., Bramel-Cox P. J., and Hamon, P. (2001) Core collection of sorghum. I:
Stratification based on eco-geographical data. Crop Sci., 41: 234-240.

Griffin, J. D. and Palmer, R. G. (1995) Variability of 13 isozyme loci in the USDA
soybean germplasm collection. Crop Sci., 35: 897-904.

Gubbels, G. H. (1978) Yield, seed weight, hull percentage and testa colour of
buckwheat at two soil moisture regimes. Can. J. Plant Sci., 58: 881-883.

Gupta, P. K., Varshney, R. K., Sharma, P. C. and Ramesh, B. (1999) Molecular markers
and their applications in wheat breeding. Plant Breeding, 118: 369-390.

Hamrick, J. L. and Godt, M. J. W. (1997) Allozyme diversity in cultivated crops. Crop
Sci., 37: 26-30.

Hongtrakul, V., Huestis, M. and Knapp, S. J. (1997) Amplified fragment length
polymorphisms as a tool for DNA fingerprinting sunflower germplasm: genetic
diversity among oilseed inbred lines. Theor. Appl. Genet., 95: 400-407.

Hu, J. and Quiros, C. F. (1991) Identification of broccoli and cauliflower cultivars with
RAPD markers. Plant Cell Reports, 10: 505-511.

Hunter, R. and Markert, C. (1957) Histochemical demonstration of enzymes separated
by zone electrophoresis in starch gels. Science, 125: 1294-1295.

Hussain, A., Bushuk, W. and Clark, K.W. (1989) Discrimination of cultivars of lentils
(Lens culinaris Medik) by electrophoresis of seed proteins. Canadian Journal of
Plant Science, 69: 243-246.

Ikeda, K., Kishida, M., Kreft, I. and Yasumoto, K. (1995) Protein as a factor responsible
for the quality characteristics of buckwheat. In: Current advances in buckwheat
research: proceedings of the 6th International Symposium on buckwheat in
Shinshu (Matano, Toshiko, Ujihara, Akio eds.), Shinshu, Shinshu University
Press, pp. 773-776.

Ikeda, S., Yamashita, Y. and Kreft, I. (2000) Essential mineral composition of
buckwheat flour fractions. Fagopyrum, 17: 57-61.

IPGRI. (1994) Descriptors for Buckwheat (Fagopyrum spp.). International Plant
Genetic Resources Institute, Rome, Italy.

Jaaska, V. (1983) Secale and triticale. In: Isozymes in plant genetics and breeding, Part
B (Tanksley, S. D. and Orton, T. J. eds.) Elsevier, Amsterdam. pp. 79-101.

98



Jaccard, P. (1908) Nouvelles reseaches sur la distribution florate- Bull. Soc. Vaudoise
Sci. Nat., 44: 223-270.

Jain, A., Bhatia, S., Banga, S. S., Prakash, S. and Lakshmikumaran, M. (1994) Potential
use of random amplified polymorphic DNA (RAPD) technique to study the
genetic diversity in Indian mustard (Brassica juncea) and its relationship to
heterosis. Theor. Appl. Genet., 88: 116-122.

Jaradat, A. A. (1991) Grain protein variability among populations of wild barley
(Hordeum spontaneum C. Koch) from Jordan. Theor. Appl. Genet., 83: 164-168.

Javornik, B. and Kump, B. (1993) Random amplified polymorphic DNA (RAPD)
markers in buckwheat. Fagopyrum, 13: 35-39.

Johns, M. A., Skroch, P. W., Nienhuis, J., Hinrichsen, P., Bascur, G. and Munoz-
Schick, C. (1997) Gene pool classification of common bean landraces from
Chile based on RAPD and morphological data. Crop Science, 37: 605-613.

Jordan, W. C., Courtney, M. W. and Neigel, J. E. (1996) Low levels of intraspecific
genetic variation at a rapidly evolving chloroplast DNA locus in North
American duckweed (Lemnaceae). Amer. J. Bot., 83: 430-439.

Joshi, B. D. and Paroda. R. S. (1991) Buckwheat in India. National Bureau of Plant
Genetic Resources, New Delhi.

Kawahara, T. (2000) Isozyme variation in species of the section Comopyrum of
Aegilops. Genetic Resources and Crop Evolution, 47: 641-645.

Kelly, J. D. and Miklas, P. N. (1998) The role of RAPD markers in breeding for disease
resistance in common bean. Molecular Breeding, 4: 1-11.

Kishima, Y. K., Mizukami, O. K., Mikami, T. and Adachi, T. (1995) Chloroplast DNA
analysis in buckwheat species: phylogenetic relationships, origin of reproductive
systems and extended inverted repeats. Plant Sci. 108: 173-179.

Koller, B., Lehmann, A., McDermott, J. M. and Gessler, C. (1993) Identification of
apple cultivars using RAPD markers. Theor. Appl. Genet., 85 (6-7): 901-904.

Kreft, I. (1994). Traditional buckwheat food in Europe. Bull. Res. Inst. Food Sci., 57:
1-8.

Kumar, L. R. (1999) DNA markers in plant improvement: An overview. Biotechnology
Advances, 17: 143-182.

Labdi, M., Robertson, L. D., Singh, K. B. and Charrier, A. (1996) Genetic diversity and
phylogenetic relationships among annual Cicer species as revealed by isozyme

polymorphism. Euphytica, 88: 181-188.

99



Ladizinsky, G. W. and Hymowitz, T. (1979) Seed protein electrophoresis in taxonomic
and evolutionary studies. Theor. Appl. Genet., 54: 680-685.

Laemmli, U. K. (1970) Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature, 227: 680-685.

Levy, A. A. and Feldman, M. (1988) Ecogeographical distribution of HMW glutenin
alleles in populations of the wild tetraploid wheat Triticum turgidum var.
dicoccoides. Theor. Appl. Genet., 75: 651-658.

Linhart, Y. B. and Grant, M. C. (1996) Evolutionary significance of local genetic
differentiation in plants. Ann. Rev. of Ecological Systematics, 27: 237-277.

Mackill, D. J., Zhang, Z., Redofia, E. D. and Colowit, P. M. (1996) Level of
polymorphism and genetic mapping of AFLP markers in rice. Genome, 39: 969-
9717.

Magdalena, R., Metakovsky, E. V., Rodriguez-Quijano, M., Vazquez, J. F. and Carrillo,
J. M. (2002) Assessment of storage protein variation in relation to some
morphological characters in a sample of Spanish landraces of common wheat

(Triticum aestivum L. spp. aestivum). Genetic Resource and crop evolution,
49(4): 373-384.

Manen, J. F., Natali, A. and Ehrendorfer, F. (1994) Phylogeny of Rubiaceae- Rubieae
inferred from the sequence of a cpDNA intergene region. Plant Systematics and
evolution, 190: 195-211.

Manganaris, A.G. and Alston, F.H. (1992) Genetics of leucine aminopeptidase in apple.
Theor. Appl. Genet., 83: 345-352.

Margale, E., Herve, Y., Hu, J. and Quiros, C. F. (1995) Determination of genetic
variability by RAPD markers in cauliflower, cabbage and kale local cultivars
from France. Gene. Resour. Crop Evol., 42: 281-289.

Marijja, L., Vaclav, D., Petra, C. and Anna, M. (2004) Endosperm protein
polymorphism of common and tartary buckwheat. Acta. agriculturae slovenica, 83:
171-179.

Marshall, H. (1969) Isolation of self-fertile, homomorphic forms in buckwheat,
Fagopyrum sagittatum Gilib. Crop Sci. 9: 651-653.

Matsumoto, S., Takeuchi, A. Hayatsu, M. and Kondo, S. (1994) Molecular cloning of
phenylalanine ammonia-lyase cDNA and classification of varieties of tea plants

(Camellia sinensis) using tea Pal cDNA probe. Theor. Appl. Genet.,
89: 671-675.

100



Maughan, P. J., Saghai Maroof, M. A, Buss, G. R. and Huestis, G. M.
(1996) Amplified fragment length polymorphism (AFLP) in soybean: species
diversity, inheritance, and near-isogenic line analysis. Theor. Appl. Genet.,
93: 392-401.

Menendez, R. A., Larsen, F. E. and Fritts, R. Jr. (1986) Identification of apple
rootstocks and cultivars by isoenzyme analysis. J. Amer. Soc. Hort. Sci.,
111: 933-937.

Menkir, A., Goldsbrough, P. and Ejeta, G. (1997) RAPD based assessment of genetic
diversity in cultivated races of sorghum. Crop Sci., 37: 564-569.

Metais, 1., Aubry, C., Hamon, B., Jalouzot, R., Peltier, D. (2001) Assessing common
bean genetic diversity using RFLP, DAMD-PCR, ISSR, RAPD and AFLP
markers. Acta Hort., 546: 459-461.

Miege, M. N. (1982) Protein types and distribution. In: Nucleic acids and proteins in
plant (Boulter, C., Parthier, B., eds) Springer, Berlin. pp. 291-315.

Mignouna, H. D., Ikea, N. Q., Ng, J. and Thotapilly, G. (1998) Genetic diversity in
cowpea as revealed by random amplified polymorphic DNA. Journal of genetics
and plant breeding, 52: 151-159.

Moustakas, M. L., Symeonidis, L. and Coucoli, H. (1986) Seed protein electrophoresis
in Agropyron junceum (L) PB complex. Ann. Bot., 57: 35-40.

Moustakas, M. L., Symeonidis, L. and Ouzounidou, G. (1988) Genome relationships in
the Elytrigia group of the genus Agropyron (Poaceae) as indicated by seed
protein electrophoresis. Plant Syst. Evol., 161: 147-153.

Murphy, R. W., Sites, J. W., Buth, D. G. and Haufler, C. H. (1990) Proteins I: Isozyme
electrophresis. In: Molecular Systematics (Hillis, D. M. and Moritz, C. eds.)
Sinauer Associates Inc. Massachusetts. pp. 45-126.

Murray, M.G. and Thompson, W. F. (1980) Rapid isolation of High molecular weight
plant DNA. Nucl. Acid Res., 8: 4321-4325.

Natali, A., Manen, J. and Ehrendorfer, F. (1995) Phylogeny of the Rubiaceae-
Rubioideae, in particular the tribe Rubieae: evidence from a non-coding
chloroplast DNA sequence. Ann. Missouri Bot. Gard. 82: 428-439.

Nei, M. and Li, W. H. (1979) Mathematical model for studying genetic variation in
terms of restriction endonucleases. Proc. Natl. Acad. Sci. U.S.A.,
76: 5269-5273.

Nevo, E. and Payne, P. 1. (1987) Wheat storage proteins: diversity of HMW glutenin
subunits in wild emmer from Israel. 1. Geographical patterns and ecological
predictability. Theor. Appl. Genet., 74: 827-836.

101



Nichols, E. A., and Ruddle, F. H. (1973) A review of enzyme polymorphism, linkage
and electrophoretic conditions for mouse and somatic cell hybrids in starch gels.
J. Histochem. Cytochem. 21: 1066-1081.

Nickrent, D. L. and Soltis, D. E. (1995) A comparison of angiosperm phylogenies from
nuclear 18S rDNA and rbcL. sequences. Ann. Missouri Bot. Gard., 82: 208-234.

Nieto-Lo’ pez, R. M., Soler, C. and Garcia, P. (2003) Genetic diversity in wild, Spanish
populations of Thinopyrum junceum and Thinopyrum junceiforme using
endosperm proteins and PCR based markers. Hereditas, 139(1): 18-27.

Nishiyama, K., Lachman, S. and Miura, M. (1991) Electrophoretic property of
buckwheat seed protein. Proc. ICOBB, Miyazaki. pp 215-225.

Novy, R. G., Kobak, C., Goffreda, J. and Vorsa, N. (1994) RAPDs identify varietal
misclassification and regional divergence in cranberry (Vaccinium macrocarpon
(Ait.) Pursh) Theor. Appl. Genet., 88: 1004-1010.

Ohnishi, O. (1993) Population genetics of cultivated common buckwheat. Fagopyrum
esculentum Moench. IX. Concluding remarks on worldwide survey of allozyme
variability. Jpn. J. Genet., 68: 317-326.

Ohnishi, O. (1995) Discovery of new Fagopyrum species and its implication for the
studies of evolution of Fagopyrum and of the origin of cultivated buckwheat. Vol.
I. Proc. 6th Int. Symp. Buckwheat, Aug. 26-29, 1995, Shinshu Univ., Nagano,
Japan.

Ohnishi, O. (1998a) Search for the wild ancestor of buckwheat I. Description of new
Fagopyrum (Polygonaceae) species and their distribution in China and the
Himalayan hills. Fagopyrum, 15: 18-28.

Ohnishi, O. (1998b) Search of the wild ancestors of buckwheat III. The wild ancestor of
cultivated common buckwheat and of tartary buckwheat. Econ. Bot., 52: 123-
133.

Ohnishi, O. (2000) Geographical distribution of allozymes in natural populations of
wild Tartary buckwheat. Fagopyrum 17: 29-34.

Ohnishi, O. (2004) Wild Buckwheat species in the San Jiang (Three rivers) area of
Southwestern China. In: Proceedings of 9" international symposium on
Buckwheat, 18-22 August 2004, Prague, Czech Republic. Research Institute of
crop production, Prague. pp 226-232.

Ohnishi, O. and Asona, N. (1999) Genetic diversity of Fagopyrum Homotropicum, a

wild species related to common buckwheat. Genetic Resources and Crop
Evolution, 46: 389-398.

102



Ohnishi, T. and Matsuoka, Y. (1996) Search for the wild ancestor of Buckwheat II.
Taxonomy of the Fagopyrum (Polygonaceae) species based on morphology,
isozyme and chloroplast DNA variability. Genes Genet. Syst., 71: 383-390.

Ohsako, T. and Ohnishi, O. (1998) New Fagopyrum species revealed by morphological
and molecular analysis. Genes Genet. Syst., 73: 85-94.

Ohsako, T. and Ohnishi, O. (2000) Intra and Inter-specific phylogeny of the wild
Fagopyrum (Polygonaceae) species based on nucleotide sequences of non-
coding regions of chloroplast DNA. Amer. J. Bot., 87: 573-582.

Ohsako, T. and Ohnishi, O. (2001) Nucleotide sequence variations of the chloroplast
trnK/ matK region in two wild Fagopyrum (Polygonaceae) species F.
leptopodum and S. statice. Genes and Genetic systems, 76: 39-46.

Olmstead, R. G., Michaels, H. J., Scott, K. M. and Palmer, J. D. (1992) Mono-phyly of
the Asteridae and identification of their major lineages inferred from DNA
sequences of rbcL. Ann. Missouri Bot. Gard., 79:249-265.

Ortiz, R., Ruiz-Tapia E. N., Mujica-Sanchez, A. (1998) Sampling strategy for a core
collection of Peruvian quinoa germplasm. Theor. Appl. Genet., 96: 475-783.

Paredes, O. M. and Gepts, P. (1995) Extensive introgression of Middle American

germplasm into Chilean common bean cultivars. Genet. Res. Crop Evol,,
42:29-41.

Paul, S. Wachira, F. N. Powell, W. and Waugh, R. (1997) Diversity and genetic
differentiation among populations of Indian and Kenyan tea (Camellia sinensis
(L.) O. Kuntze) revealed by AFLP markers. Theor. Appl. Genet., 94: 255-263.

Potokina, E., Vaughan, D. A., Eggi, E. F. and Tomooka, N. (2000) Population diversity
of the Vicia sativa agg. (Fabaceae) in the flora of former USSR deduced from
RAPD and seed protein analysis. Genetic Resource and Crop Evolution,
47:171-183.

Przybylska, J., Zimniak-Przybylska, Z. and Krajewski, P. (1998) Diversity of seed
albumins in the grass pea (Lathyrus sativus): an electrophoretic study. Genet.
Res. Crop Evol., 45: 423-431.

Qi, X. and Lindhout, P. (1997) Development of AFLP markers in barley. Mol. Gen.
Genet., 254: 330-336.

Rabbani, M. A., Murakami, A. Y., Suzuki, T. and Takayanagi, K. (1998) Genetic

diversity in mustard (Brassica Juncea L.) germplasm from Pakistan as
determined by RAPDs. Euphytica, 103: 235-242.

103



Rahman, M. and Hirata, Y. (2004a) Homology of seed coat color specific marker of B.
Jjuncea with brown seeded cultivar of B. rapa. Journal of Biological Sciences, 4
(6): 731-734.

Rahman, M. and Hirata, Y. (2004b) Genetic diversity in Brassica species using SDS-
PAGE analysis. Journal of Biological Sciences, 4 (2): 234-238.

Rao, R. and Pernolett, J. C. (1981) Pisum sativum seed globulins as biochemical
markers for wrinkled-smooth seed character: comparison of genotypes through
different protein extraction and electrophoretic procedures. Agronomy,
1: 909-916.

Rashed, M. A., Fahmy, E. M., Sharabash, M. T. M., Hammad, A. H. and El-
Demerdash, H. M. (1997) Biochemical genetic markers for discriminating high
yielding soybean plants (Glycine max L.) after irradiation with gamma rays. J.
Agric. Sci., 5: 69-87.

Rick, C. M. (1983) Tomato (Lycopersicon). In: Isozymes in plant genetics and breeding
(Tanksley, S. D. and Orton, T. J. eds.) Elsevier Science Publishers BV,
Amsterdam, pp. 147-165.

Ritland, K. and Clegg, M. T. (1987) Evolutionary analysis of plant DNA sequences.
American Naturalist, 130: S74-S100.

Rogl, S. and Javornik. B, (1996) Seed protein variation for identification of common
buckwheat (Fagopyrum esculentum Moench) cultivars. Euphytica, 87:111-117.

Rohlf, F. J. (1993) NTSYS-PC: Numerical Taxonomy & multivariate Analysis System.
Version 2.1. Exeter Publishing. Setauket, NY.

Rosa, E.A.R., Rosa, R.T., Pereira, C.V., Boriollo, M.F.G., Hofling, J.F. (2000) Analysis
of parity between protein-based electrophoretic methods for the characterization
of oral Candida species. Mem. Inst. Oswaldo Cruz, 95: 801-806.

Rossetto, M., Weaver, P. K. and Dixon, K. W. (1995) Use of RAPD analysis in
devising conservation strategies for the rare and endangered Grevillea scapigera
(Proteaceae). Molecular Ecology, 4: 321-329.

Rout, A. and Chrungoo, N. K. (2006) Genetic variation and species relationships in
Himalayan Buckwheat as revealed by SDS-PAGE of endosperm proteins
extracted from single seeds and RAPD based DNA fingerprints. (In press) DOI
No-10.107/f 110722-006-0006-4.

Rout, M. K. and Chrungoo, N. K. (1996) Partial characterization of the lysine rich 280
KD globulin from common buckwheat (Fagopyrum escuentum Moench): its
antigenic homology with seed proteins of some other crops. Biochemistry and
Molecular Biology, 40: 587-595.

104



Salamini, F., Heun, M., Schafer-Preg, R., Klawan, D., Castagna, R., Accerbi, M. and
Borghi, B. (1997) Site of einkorn domestication identified by DNA
fingerprinting. Science, 278: 1312-1314.

Sambrook, J., Fritsch E. F., and Maniatis, T. (1989) Molecular cloning: A laboratory
manual. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
USA.

Sammour, R. H. (1994) Seed protein homology and species relationship in the tribe
Vicieae. Feddes Repertorum, 105: 191-196.

Scandalios, J. G. (1974) Isozymes in development and differentiation. Ann. Rev. Plant
Physiol., 25: 225-258.

Sharma, T. R. and Jana, S. (2002) Species relationships in Fagopyrum revealed by
PCR-based DNA fingerprinting .Theor. Appl. Genet., 105: 306-312.

Sharma, T. R.and Jana, S.(2002) Random amplified polymorphic DNA (RAPD)
variation in Fagopyrum tataricum Gaertn. accessions from China and the
Himalayan region. Euphytica, 127: 327-333.

Shaw, C. R. and Prasad, R. (1970) Starch gel electrophoresis of enzymes-compilation of
recipes. Biochemical Genetics, 4: 297-320.

Shawky, A. H., Fayed, A. H., Haekel, M.Y. and Enas M. Abd El-Ghani (2005) Genetic
diversity among faba bean populations based on seed storage protein
polymorphism. Department of Genetics, Faculty of Agriculture, Zagazig
University, Zagazig, Egypt.

Signor, C. Le., Gallardo, K., Prosperi, J. M., Salon, C., Quillien, L., Thompson, R. and
Duc, G. (2005) Genetic diversity for seed protein composition in Medicago
truncatula. Plant Genetic Resources, 3(1): 59-71.

Singh, S. P., Nodari, R. and Gepts, P. (1991) Genetic diversity in cultivated common
bean I. allozymes. Crop Sci., 31: 19-23.

Sivolap, Yu. M., Chebotar, S. V., Topchieva, E. A., Korzun, V. N. and Totskiy V. N.
(1999) RAPD and SSRP Analyses of Molecular—Genetic Polymorphism
in Triticum aestivum L. Cultivars. Genetika, 35: 1433-1440.

Sivolap, Yu. M., Solodenko, A. E. and Burlov, V. V. (1998) RAPD analysis of the

molecular genetic polymorphism of sunflower Helianthus annuus. Genetika,
34:266-271.

105



Skerritt, J. H. (1986) Molecular comparision of alcohol soluble wheat and buckwheat
proteins. Cereal Chem., 63: 365-369.

Skrabanja, V., Kreft, 1., Golab, T., Modic, M., Ikeda, S., Ikeda, K., kreft, S., Bonafaccia,
G., Knapp, M., Kosmelj, K. (2004) Nutrient content in buckwheat milling
fractions. Cereal Chem., 81: 172-176.

Skroch, P. W. and Nienhuis, J. (1995) Qualitative and quantitative characterization of
RAPD variation among snap bean (Phaseolus vulgaris) genotypes. Theor. Appl.
Genet., 91: 1078-1085.

Sneath, P. H. A. and Sokal. R. R. (1973) Numerical Taxonomy: The Principles and
Practice of Numerical Classification, W.H. Freeman and Company, San Francisco,
573 p.

Sonnante, G., Spinosa, A., Marangi, A. and Pignone, D. (1997) Isozyme and RAPD
analysis of genetic diversity within and between Vigna luteola and V. marina.
Ann. Bot., 80: 741-746.

Steiner, J. J., and Garcia de los Santo G. (2001) Adaptive ecology of Lotus corniculatus
L. genotypes 1 Plant morphology and RAPD marker characterizations. Crop
Science, 41: 552-563.

Strelchenko, P., Kovaleva, O. and Okuno, K. (1999) Genetic differentiation and
geographical distribution of Barley germplasm based on RAPD markers. Genet.
Res. Crop. Evol., 46: 193-205.

S us“tar-Vozlie, J. and Javornik, B. (1999) Genetic relationships in cultivars of hop,
Humulus lupulus L., as determined by RAPD analysis. Plant Breed.,
118: 175-182.

Svetek, S. (1994) Electrophoretic analysis of buckwheat (Fagopyrum esculentum
Moench). Proc. IPBA, Rogla, Slovenia. pp. 161-171.

Taberlet, P., Gielly, L. Pautou, G. and Bouvet, J. (1991) Universal primers for
amplification of three non-coding regions of chloroplast DNA. Plant Mol. Biol.,
17: 1105-1109.

Tanksley, S. D., Young, N. D., Paterson, A. H. and Bonirbale, M. W. (1989) RFLP
mapping in plant breeding: new tools for an old science. Bio Technol.,
7:257-264.

Thang Vo cong, Tran Ngoc Nguyen, Yutaka Hirata and Nguen Van Thoung, (2003)

Antenna protein diversity of prawns (Macrobrachium) in the Mekong Delta
Biosphere conservation, 5: 11-17.

106



Thompson, J. A., Nelson, R. L. and Vodkin, L. O. (1998) Identification of diverse
soybean germplasm using RAPD markers. Crop Sci., 38: 1348-1355.

Thorman, C. E., Ferreira, M. E., Camargo, L. E. A., Tivang, J. G. and Osborn, T. C.
(1994) Comparison of RFLP and RAPD markers for estimating genetic
relationships within and among cruciferous species. Theor. Appl. Genet.,
88: 973-980.

Tie P. Y. P. and Miller, J. D. (2002) Germplasm diversity among four sugarcane species
for sugar composition. Crop Sci., 42: 958-964.

Tingey, S. V. and del Tufo, J. P. (1993) Genetic analysis with random amplified
polymorphic DNA markers. Plant Physiology, 101: 349-352.

Tohme, J., Gonzalez, D. O., Beebe, S. and Duque., M. C. (1996) AFLP analysis of gene
pools of a wild bean core collection. Crop Sci., 36: 1375-384.

Torres, A. M,, Soost, R. K. and Diedenhofen, U. (1978) Leaf isozymes as genetic
markers in Citrus. Am. J. Bot., 65: 869-881.

Tous, J., Olarte, C., Truco, M. J. and Arus, P. (1992) Isozyme polymorphisms in carob
cultivars. Hort. Science, 27: 257-258.

Tsuji, K. and Ohnishi, O. (1998) Phylogenetic relationships among cultivated land races
and natural population of tartary buckwheat (Fagopyrum tataricum) revealed by
RAPD analysis. Proc. 7% Intl. Symp. Buckwheat at Winnipeg VI, 41-49.

Tsuji, K. and Ohnishi, O. (2000) Origin of cultivated Tartary buckwheat (Fagopyrum
tataricum Gaertn.) revealed by RAPD analyses. Genet. Resour. and Crop Evol.,
47:431-438.

Tsuji, K. and Ohnishi, O. (2001a) Phylogenetic position of east Tibetan natural
populations in Tartary buckwheat (Fagopyrum tataricum Gaert.) revealed by
RAPD analysis. Genet. Resour. and Crop Evol., 48: 63-67.

Tsuji, K. and Ohnishi, O. (2001b) Phylogenetic relationships among wild and cultivated
Tartary buckwheat (Fagopyrum tataricum Gaertn.) revealed by AFLP analyses.
Genes & Genetic Systems, 76: 47-52.

Tsuji, K., Yasui, Y. and Ohnishi, O. (1999) Search for Fagopyrum species in eastern
Tibet. Fagopyrum, 16: 1-6.

Vallejos, C. E., Sakiyama, N. S., Chase, C. D. (1992) A molecular marker-based
linkage map of Phaseolus vulgaris L. Genetics, 131: 733-740.

Vinterhalter, D. V. and James, D. J. (1983) The use of peroxidase polymorphism in the
identification of apple scion cultivars. Sci. Hortic., 18: 253-261.

107



Virk, P. S, Newbury, H. J, Jackson, M. T. and Ford Lloyd, B. V. (1995) The
identification of duplicate accessions within a rice germplasm collection using
RAPD analysis. Theor. Appl. Genetics, 90: 1049-1055.

Virk, P. S., Newbury, H. J., Jackson, M. T. and Ford-Lloyd, B. V. (2000) Are mapped
markers more useful for assessing genetic diversity? Theor. Appl. Genet.,
100: 607-613.

Vladova, R., Pandeva, R. and Petcolicheva, K. (2000) Seed storage proteins in
Capsicum annum cultivars. Biol. Plant., 43: 291-295.

Volker, T. (1975) Untersuchungen uber den Einfluss der stickstoffdungung auf die
Zusammenset zung der Weizenund Hafer-Protine. Arch. Acker.Pfl.-Bau
Bodenkde, 19: 267-276.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., van de Lee, T., Hornes, M., Frijters, A.,
Pot, J., Peleman, J., Kuiper, M. and Zabeau, M. (1995) AFLP: A new technique
for DNA fingerprinting. Nucleic Acid Res., 23: 4407-4414.

Walker, M. A. and Liu, L. (1995) The use of isozymes to identify 60 grapevine
rootstock (Vitis spp.). American Journal of Enology and Viticulture,
46: 299-305.

Watanabe, M., Ohshita Y. and Tsushida, T. (1997) Antioxidant compounds from
buckwheat (Fagopyrum esculentum Moench) Hulls. J. Agri. Food Chem.,
45: 1039-1044.

Watanabe, M., Sato, A., Ohsawa, R. and Terao, J. (1995) Antioxidative activity of
buckwheat seed extracts and its rapid estimate for evaluation of breeding
materials. Nippon Shokuhin Kogyo Gakkaishi 42: 649-655.

Waycott, W. and Fort, S. B. (1994) Differentiation of nearly identical germplasm
accessions by a combination of molecular and morphologic analyses. Genome,
37: 577-583.

Webster, F. H. (1986) In: Oats, chemistry and technology. AACC, Inc. St. Paul,
Minneseta. pp. 153-204.

Wieser, H., Seilmeier, W. and Belitz, H. D. (1980) Vergleichende Vntersuchungen {iber
pariielle Aminosatire sequenzen von Prolamines & Glutelinen verschiedener.

Getreidearten 1. Protein fraktionierung nach Osborne. Z. Lebensm.-
unters.Forsch., 170: 267-276.

Wikramaratne, M. R. (1981) Variation in some leaf characteristics in tea (Camellia
sinensis L.) and their use in the identification of clones. Tea Q 50: 183-189.

108



Williams, J. G. K., Kubelik, A. R, Livak, K. J., Rafalski, J. A. and Tingey, S. V. (1990)
DNA polymorphisms amplified by arbitrary primers are useful as genetic
markers. Nucleic Acids Research, 18: 6531-6535.

Yamane, K. and Ohnishi, O. (2001) Phylogenetic relationship among natural
populations of perennial Buckwheat, Fagopyrum cymosum Meisn. revealed by
allozyme variations. Genet. Resour. and Crop Evol., 48: 69-77.

Yan Y., Hsam, S. L. K., Yu, J., Jiang, Y., Ohtsuka, I. and Zeller, F. J. (2003) HMW and
LMW glutenin alleles among putative tetraploid and hexaploid European spelt
(Triticum spelta L.) progenitors. Theor. Appl. Genet. 107: 1321-1330.

Yang, X. and Quiros, C. (1993) Identification and classification of celery cultivars with
RAPD markers. Theor. Appl. Genet., 86: 205-212.

Yasui, Y. and Ohnishi, O. (1996) Comparative study of rbcl. gene sequence in
Fagopyrum and related taxa. Genes and Genetic System, 71: 219-224.

Yasui, Y. and Ohnishi, O. (1998a) Interspecific relationship among Fagopyrum species
revealed by nucleotide sequences of the rbcL and accD genes and their
intergeneric region. Amer. J. Bot., 85: 1134-1142.

Yasui, Y. and Ohnishi, O. (1998b) Interspecific relationship among Fagopyrum species
revealed by nucleotide sequences of the ITS region of the nuclear rRNA gene.
Genes Genet. Syst., 3: 201-210.

Yupsanis, T. M., Moustakes, M. and Karakoli, S. (1992) Seed protein electrophoresis
for varietal identification in rice (Oryza sativa L.). J. Agron. Crop Sci.,
168: 95-99.

Zeller, F. J. (2001) Buckwheat (Fagopyrum esculentum Moench): utilization, genetics,
breeding. Bodenkultur 52: 259-276.

Zhang, Q. F., Gao, Y. J., Yang, S. H., Saghai Maroof, M. A., Li, J. N. (1995) Molecular
divergence and hybrid performance in rice. Mol. Breed., 1: 133-142.

Zhang, Q. F,, Zhou, Z. Q., Yang, G. P., Xu, C. G., Liu, K. D. and Saghai Maroof, M. A.
(1996) Molecular marker heterozygosity and hybrid performance in Indica and
Japonica rice. Theor. Appl. Genet., 93: 1218-1224.

Zhu, J., Gale, M. D., Quarrie, S., Jackson, M. T. and Bryan, G. J. (1998) AFLP markers
for the study of rice biodiversity. Theor. Appl. Genet., 96: 602-61.

109



APPENDIX

Buffers:
The composition of the commonly used buffers and solutions are given below:
Bradford reagent:
Solution I
0.2% Coomassie Blue G250 in 95% ethanol.
Seolution II
85% phosphoric acid
Solution III
Sol. 1 and sol. II added in the ratio of 1:2
The Bradford’s reagent comprised of 15% solution III in distilled water.

Protein extraction buffer:
50 mM Tris-Cl (pH 6.8),100 mM NaCl,100 mM EDTA, glycine,10 mM EDTA, 2%
SDS and 1 mM PMSF,

Coomassie Brilliant Blue Stain:
0.25% Coomassie Brilliant Blue R-250 in 40% Methanol, 10% Glacial acetic acid.

Fixing solution: 40% Methanol, 10% Glacial acetic acid
Destaining Solution I: 40% Methanol, 10% Glacial acetic acid
Destaining Solution II: 10% Methanol, 5% Glacial acetic acid

Tank buffer for SDS-PAGE: 0.025 M Tris, 0.192 M Glycine, 0.1% SDS, pH 8.3

Isozyme Extraction buffer:

0.1 M Tris-ClI buffer (pH 8.0) containing 0.1% 2-Mercaptoetanol, 0.001 M EDTA, 0.01
M KCL, 0.01 M Magnesium chloride (MgCl,) hexahydrate, 1g 4% polyvinyl
pyrrolidone (PVP).

Tank buffer for native gels: 0.025 M Tris, 0.192 M Glycine, pH 8.3

Agarose Gel Electrophoresis Buffer: Tris-Borate EDTA (TBE) buffer.

1X TBE is composed of 0.09 M Tris Borate, 0.002 M EDTA. For 5X concentration
stock; 54 g Tris-Cl, 27.5 g boric acid, 20 ml 0.5 M EDTA pH 8.0 and the volume made
upto 1 litre.

Gel loading buffer (5X):
5 ml Glycerol, 20 pul of 0.05 M EDTA, 250 ul of 50X TE and 20 mg of Bromophenol
blue and the volume adjusted to 10 ml.

Buffer for plant genomic DNA isolation:

Composition of 2X CTAB Buffer: 100 mM Tris-Cl pH-8.0, 20 mM EDTA, 1.4
M NaCl, 2% CTAB, 0.2% Mercaptoethanol.
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