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Abstract

Genetic improvement mainly depends on the extent of genetic variability present in the population. The molecular
marker is a useful tool for assessing genetic variations and resolving cultivar identities. The objective of this study
was to evaluate the genetic divergence of 30 rice varieties (Basmati, Non-Basmati, Aerobic) using 10 ISSR, RAPD
markers each. The diversity or similarities and dissimilarities between all thirty rice varieties were calculated using 0
1 sheets. SSR primers RM-263 is highly informative since it recorded high PIC value (0.995). The resolving power
varies between 0.132(RM-256) to 4.662(RM-222) with an average value of 2.7502. In RAPD analysis PIC values
varies from 0.811(OPD-08) to 0.9925(OPF-13) with average of 0.9635 and resolving power varies from 1.32(OPJ-08)
to 2.066(OPJ-13) with average of 1.8256. In ISSR analysis, PIC value ranged from 0.8791(ISSR6) to 0.9916(ISSR5)
with an average value of 0.9482. The resolving power varies between 1.6(ISSR3) and 8.366(ISSR2) with an average
value of 5.2708. The PIC values and Resolving power were calculated for individual primers. The analysis indicated
that ISSR expressed maximum resolving power of 8.336 and RAPD gave maximum PIC values of 0.9925. RAPD
primer OPF-13 gave the maximum accessions coverage (depending on the value of PIC) in the rice genome. Out
of 52 amplified bands, 49 bands were polymorphic and 3 bands were monomorphic. The cluster analysis using the
marker systems could distinguish the different genotypes. The dendogram generated on the principle of Unweight
Pair Wise Method using Arithemetic Average (UPGMA) was constructed by Jaccard’s Coefficient and the genotypes
were grouped in to clusters. The dendogram developed for aroma and quality traits showed that the genotypes with
common phylogeny and geographical orientation tend to cluster together thus marker based molecular fingerprinting
could serve as a sound basis in the identification of genetically distant accessions as well as in the duplicate sorting

of the morphologically close accessions as the case is common in differentiating Basmati and non-basmati.
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Introduction

Rice (Oryza sativa L.) is one of the leading cereal crops of the world
and is the principal food crop of about half of the world’s population.
It is a major source of calories for them [1]. In many regions, it is eaten
with every meal and provides more calories than any other single food.
It can also be used in the manufacture of cosmetics and textiles; beer
and wine are also made from it [2]. Besides its food value, it has high
cultural and social values in rice consuming societies. Rice is the staple
food of more than 50% of the world’s population [3]. By the year 2025,
21% increase in rice production will be needed over that of year 2000
[4]. It is one of the most important crops that provide food for more
than half of the world population [5].

This implies that thousands of valuable allelic variations of
traits of economic significance remain unutilized [6]. The first step
towards determining the magnitude of these risks is to evaluate the
genetic diversity in improved rice genotypes as the success of a crop
improvement program depends on the magnitude of genetic variability
and the extent to which the desirable characters are heritable [7]. Hence
assessment of genetic diversity becomes important in establishing
relationships among different cultivars [8,9]. Therefore, different rice
varieties of distinct genetic structure are a good promise for the future
rice crop improvement. Thus, identification of genotypes and their
inter-relationships is important. Development of new biotechnological
techniques provides increased support to evaluate genetic variation
in both phenotypic and genotypic levels and the results derived
from analyses of genetic diversity at the DNA level could be used for
designing effective breeding programs aiming to broaden the genetic
basis of commercially grown varieties.

DNA fingerprinting/profiling is used to describe the combined use
of several single locus detection systems and is being used as versatile
tools for investigating various aspects of plant genomes including
characterization of genetic variability, genome fingerprinting,
genome mapping, gene localization, analysis of genome evolution,
population genetics, taxonomy, plant breeding [10]. Genetic diversity
can be evaluated with morphological traits, seed proteins, isozymes
and DNA markers. Molecular marker technology is the powerful
tool for determining genetic variation in rice varieties. In contrast
to morphological traits, molecular markers can reveal abundant
difference among genotypes at the DNA level, providing a more direct,
reliable and efficient tool for germplasm characterization, conservation,
and management and untouched by environmental influence. In
the present study SSR, ISSR and RAPD markers were used, as these
are dominant marker systems and are less costly and easier to be
developed and used. The genetic diversity analysis can be extended to
characters like salt tolerance/ other abiotic stress, which are controlled
by large number of QTLs which may share homology between genes
responsible for other abiotic stresses like temperature, drought, flood,
submergence etc. Refinement in primer sequences and increasing their
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specificity in relationship to characters under study can enhance the
efficacy of microsatellite markers as a tool for tagging specific gene
throughout the concerned genome [11]. In the present study, 30 rice
varieties were analyzed for genetic variation using SSR, ISSR & RAPD
markers. Specially, the objective of the study was DNA fingerprinting
and genetic diversity analysis of different varieties (Basmati, non-
basmati & aerobic) to measure the extent of genotypic differences,
genetic relationship and to assist in broadening the germplasm base of
future aromatic rice breeding programs.

Materials and Methods

The field trial involving thirty Basmati and non-Basmati rice
varieties adapted to traditional irrigated and aerobic agro-eco systems
of rice cultivation was conducted at Sardar Vallabhbhai Patel University
of Agriculture and Technology, Meerut during Kharif (Rainy) crop
season in 2012-2013. For molecular studies, genomic DNA was
isolated from single leaf taken from each of the 30 varieties/genotype
of the rice following CTAB (Cetyl Trim ethyl Ammonium Bromide)
method [12]. The 30 varieties/genotypes were subjected to classify for
genetic diversity of rice with the help of 10 SSR, 10 ISSR, 10 RAPD
primers. Agarose gel electrophoresis was used to quantify DNA on the
basis of molecular weight. The purified DNA was amplified in PCR
with different SSR, ISSR, RAPD primers (10 each). The 30 varieties/
genotypes were subjected to screen for diversity of Basmati and non-
Basmati genotypes adapted to irrigated and aerobic conditions.

For evaluating marker efficiency, PIC (Polymorphism Information
Content) value and Resolving powers were estimated for each primer.

Data analysis and detection of genetic diversity for SSR, ISSR
& RAPD markers

Thirty one rice varieties were used to estimate genetic diversity.
Polymorphic products from all the marker system were assayed for
presence (1) or absence (0). The proportion of bands that have been
shared between any of the two varieties averaged over loci SSRs ISSRs
& RAPDs were used as the measure of similarity. Genetic diversity
was calculated using formula given by Chakravarthi et al. [12]. It
refers to the value of a marker for detecting poly- morphism within
a population, depending on the number of detectable alleles and the
distribution of their frequency.

The power of each primer to distinguish among the studied
genotypes was evaluated by the resolving power (Rp) [12] Resolving
power is the capacity of any primer to distinguish among different
varieties. It is defined per primer as Rp=% Ib where Ib is the band
informativeness, that takes the values of: 1-(2x [0.5-p]), being p the
proportion of the rice varieties containing the band.

The calculation was based on the number of bands in SSRs,
ISSRs, & RAPD primers. Clustering pattern was based on distance
matrices by using the Un- weighted Pair Group Method Analysis
(UPGMA) program in NTSYS-pc version 2.2 [13]. Thirty rice varieties
were analyzed for Genetic diversity and molecular characterization.
Numbers of polymorphic as well as monomorphic bands were
obtained for determination of PIC value and resolving power of 30
markers (Table-1). Gel photographs are given in Figures 1-3 for SSR,
RAPD & ISSR respectively. The Resolving power of RAPD, ISSR &
SSR molecular markers are presented by Pie diagrams (Figure 4) and
PIC of combined markers values are given as bar diagram (Figure
5). Comparative analysis of RAPD, ISSR & SSR is given in Table 1.
Clustering of genotypes based on different marker assays and joint
assays is given in Figure 6 onwards.

Discussion

Traditionally used morphological and chemical parameters have
not been found to be discriminative enough, warranting more precise
techniques. Presently several molecular techniques are available for
fingerprinting different cultivars of crops involving differences within
and among cultivars. Among these, the DNA Markers RAPD, simple
sequence repeat (SSR) and ISSR markers are considered effective and
cost-efficient which could detect higher degree of polymorphism in rice
[14].

In this present study, the detailed use of molecular markers for the
assessment of genetic diversity and identification of economically
important traits were evaluated. Genome analysis based, molecular
markers have generated epitome of information and a number of
databases. The availability of new techniques and new equipment such
as invention of PCR technology has revolutionized progress of research
in molecular biology. PCR-based methods during the last more than
20 years became the routine work of molecular laboratories. Presently
publications related to the methodology and applications of PCR-
based DNA fingerprinting behave like the DNA in a PCR, i.e., they
multiply exponentially. DNA based molecular markers are the most
powerful diagnostic tools to detect DNA polymorphisms both at the
level of specific loci and at the genome level [15].

DNA based molecular markers are the most powerful novel
tools to detect variation in rice genotypes on the basis of DNA
polymorphisms both at the level of specific loci and at the whole
genome level [16]. Polymorphisms at the DNA level can be studied
by numerous approaches like polymorphism information content etc
[17]. Direct strategy is the determination of the nucleotide sequence of
a defined region [18], the establishment of lineage of this sequence to
an orthologous region in the genome of related organisms. The extent
of homology between various sequences can be deduced from the
alignment, and phylogenies reconstructed by a variety of approaches
and algorithms. DNA sequencing provides highly robust, reproducible,
and informative data sets that can be utilized to different analyses for
discrimination or mapping of targeted regions of a genome [19]. On
the other hand, DNA sequencing can be tedious and expensive when
very large number of individuals has to be assayed (e.g., in population
genetics and marker-assisted plant breeding programs). In specific
areas of research, it is not suitable for estimation of genetic diversity.
PCR-based molecular markers SSR (Simple sequence repeat) and
ISSR (Inter simple sequence repeat) instead provide a measure of
genome wide genetic variation [20]. The analysis of genetic diversity
and relatedness between or within different populations, species, and
individuals is very important for many disciplines of biological science.
Marker technology based on polymorphisms in DNA has catalyzed
research in a variety of disciplines such as phylogeny, taxonomy,
ecology, genetics, and plant and animal breeding [21].

Despite such large number of varieties developed using diverse
germplasm, molecular marker based diversity analysis has shown the
genetic base of Indian rice gene pool to be surprisingly narrow [22,23].
Moreover, with regard to trends of genetic diversity in major Indian rice
cultivars, however, little work has been done, recently hypervariable
microsatellite markers evenly distributed in rice genome have been
demonstrated to be quite effective in estimating genetic diversity [24]
and during last three decades, a classical strategy for estimation of
genetic variability has been complemented by molecular techniques.
These include, for example, the analysis of chemical constituents, but
most importantly relate to the development of molecular markers.
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No. of Polymor- . -
Sr. Primer Mgs;:'a‘;;;'t' (;I;r Motif P;Iymor. No. g;nmdono. phyism z;{zﬂ:‘:g Marker Index
ands %
SSR
1 RM-235 700-3000 12 (CT)24 6 0 100% 0.958 5.875
2 RM-222 200-8000 10 (CT)18 2 0 100% 0.962 4.662
3 RM-236 400-700 2 (CT)18 2 0 100% 0.97 3.862
4 RM-242 500-1000 9 (CT)26 2 0 100% 0.976 3.394
5 RM-247 400-800 12 (CT)16 3 0 100% 0.982 2.728
6 RM-254 200-700 11 TC)BATT(CT)11 1 0 100% 0.987 1.464
7 RM-253 100-200 6 (GA)25 2 0 100% 0.982 1.932
8 RM-256 100-280 8 (CT)21 2 0 100% 0.911 0.132
9 RM-263 100-240 2 (CT)34 2 0 100% 0.915 1.131
10 RM-264 100-200 8 (GA)27 1 1 50% 0.961 4.198
Avg.=0.9718
prmor Mool N s "M pomorgtiemss  pic  Metlerindex
RAPD

1 OPF-13 300-1400 4 2 66.6% 0.9925 1.43

2 OPC-15 500-900 7 0 100% 0.982 1.8

3 OPD-08 200-1700 7 0 100% 0.811 1.866

4 OPF-14 300-700 6 0 100% 0.979 1.93

5 OPF06 400-1400 6 0 100% 0.986 1.732

6 OPJ-08 100-900 3 0 100% 0.985 1.32

7 OPC-07 500-1800 4 0 100% 0.975 2.052

8 OPF-17 100-1200 3 0 100% 0.981 2.061

9 OPJ-13 400-900 4 1 80% 0.977 2.066

10 OPK-11 400-900 5 0 100% 0.967 2

ISSR Avg.=.9635

1 ISSR1 200-1100 6 0 100% 0.951 5.24

2 ISSR2 200-1000 7 1 87.5% 0.9167 8.366

3 ISSR3 200-900 2 0 100% 0.971 1.6

4 ISSR4 200-900 8 2 80% 0.912 7.926

5 ISSR5 200-1000 6 2 75% 0.8791 4.06

6 ISSR6 100-900 9 0 100% 0.9916 7.786

7 ISSR7 200-900 5 1 83.33% 0.966 3.326

8 ISSR8 200-1000 7 0 100% 0.941 6.088

9 ISSR9 200-1500 8 0 100% 0.975 4.722

10 ISSR10 200-1000 6 1 85.7% 0.979 3.594

Avg=0.9482

Table 1: Primer code, annealing temperature, total no. of alleles, no. of Polymorphic alleles, no. of monomorphic alleles and PIC (Polymorphism Information Content)

value of 30 rice genotypes.

SSR marker have some merits such a quickness, simplicity,
rich polymorphism and stability, thus being widely applied in genetic
diversity analysis, molecular map construction and gene mapping
[25,26] construction of fingerprints [27], genetic purity test [26], analysis
of germplasm diversity [27-29] utilization of heterosis, especially in
identification of species with closer genetic relationship. Availability of
a number of marker assays provides great opportunities for exercising
choice of efficient and robust marker system based on well-defined
objectives, convenience and costs. Microsatellite (SSR) markers, a type
of variable numbers of tandem repeats, containing generally two or
three nucleotide repeats were introduced during 1990s. Such markers
are simple, PCR based, locus specific, more reliable i.e. reproducible
and typically co-dominant markers. Therefore, SSR markers and their
alternative method inter-SSR assay available in public domain were
presently used to fingerprint 30 different varieties of basmati and non-
basmati rice and also to asses DNA based genetic diversity/similarity of
the same varieties [28-29].

DNA fingerprint database has been prepared using the three
different PCR-based marker (SSR, RAPD and ISSR) systems for 30 rice
genotypes. All the above three molecular markers used in this study were
able to generate sufficient polymorphisms and unique DNA fingerprints
to identify each of the 30 rice varieties. The level of polymorphism
generated by ISSR markers (maximum no. of polymorphic bands
amplified by a primer was 9 for ISSR) was higher compared to the SSR
(maximum no. of polymorphic bands amplified by a primer was 6) and
RAPD (maximum no. of polymorphic bands amplified by a primer was
7) markers. Genetic relationships as determined by cluster of SSR,
RAPD, ISSR and/or pooled allelic diversity data of 30 rice genotypes.
The SSR polymorphism and diversity could likely be attributed to
pedigree [30]. The dendrograms obtained using SSR, RAPD and ISSR
data (Figures 7 and 8) were quite similar and most of the varieties
were placed in their respective groups, which also match their known
pedigrees. Salient features of finger print database obtained using
different markers are given below:
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Figure 1: Banding Patterns of various primers of SSR, ISSR & RAPD, with M=100 bp molecular marker.
all 30 varieties/genotypes. Figure 4: RAPD profiling pattern of 30 rice varieties with OPD-08 primer.

M=500 bp molecular marker.

M=100bp molecular marker.
Figure 2: SSR profiling pattern of 30 rice varieties with RM-242 primer.

Figure 5: RAPD profiling pattern of 30 rice varieties with OPF-13F primer.

M=20 bp molecular marker . Figure 6: ISSR profiling pattern of 30 rice varieties with ISSR-2 primer
Figure 3: SSR profiling pattern of 30 rice varieties with RM-263 primer. (M=100 bp molecular marker).
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Figure 8: Combined Resolving power of ISSR, RAPD and SSR primers.

SSR analysis

The term SSR (simple sequence repeat) also known as
microsatellites was coined by Litt & Luty. These are Co-dominant
markers [31]. They are a class of repetitive DNA sequences usually
2.6 bp that are distributed throughout whole genome and are flanked
by highly conserved region [32]. The objective of this present study
was to evaluate these markers essentially belonging to the repetitive
DNA family. Simple sequence repeats (SSRs) consist of 1 to 6 bp long
monomer sequences which are repeated several times. A microsatellite
fingerprint database, has been generated with 10 SSR markers for 30
rice genotypes, and used for diversity analysis and determination of
genetic relationships, as we know the high level of polymorphism
associated with microsatellites represents just one component of their
rapid rise to become the “genetic tool of choice” for mappers working
with all animal as well as plant species.

In SSR analysis, a total of 24 amplified bands were detected using
10 SSR primers in 30 rice varieties, out of 24 amplified bands, only 1
was monomorphic and 23 were polymorphic (Table 2). The maximum
numbers of polymorphic bands (4 bands) were obtained using RM-
235 primer with 98% polymorphism. RM-235 observed minimum

polymorphism with PIC Value of 0.912, Lower PIC value may be the
result of closely related genotypes and higher PIC values might be the
result of diverse genotypes. Low PIC values for some other primers
were earlier reported by Ma et al. [33]. Among the primers used in the
present study, RM-263 is highly informative since it recorded high PIC
value (0.995) value of. The resolving power varies between 0.132(RM-
256) to 4.662(RM-222) with an average value of 2.7502. On the basis
of PIC values & RP (resolving power) cleared that SSR primers have
important position in this analysis. In the analysis of SSR assay, all the
30 rice varieties were classified in four main clusters (Figure 3). All
the ten Basmati varieties were clustered together. In addition, MAUB
13 and PS 2511 both the non-Basmati genotypes were grouped in
the same cluster. The reason, being that these varieties had common
parentage. MAUB-13 a non-Basmati and a Basmati variety Vallabh
Basmati-21(Similarity 100%) had the same parentage. All varieties/
genotypes adapted in aerobic conditions in Srilanka were also included
in the same cluster along with Sarbati a variety of Indian origin. Two
genotypes shahpasan (Chhattisgarh origin) and Sathi, a farmers’
variety (Traditionally conserved in Northern India), both suitable
for aerobic condition clustered together in a main cluster. The rest
all non-Basmati rice genotypes were clustered together. DG154 and
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Components RAPD ISSR SSR
Total no. of primers used 10 10 10
Polymorphic markers all all all
Total no of bands amplified 52 71 24
Average no of bands per primer 5.2 71 2.4
Maximum no. of ban@s amplified by a 7 10 6
single primer
No. of polymorphic bands 49 64 23
Average no. of po!ymorphic bands per 4.9 6.4 23
primer
Maximum no. of polymorphic bands 7 9 6
amplified by a primer
Genetic similarity coefficient for all
possible pairs of genotype
maximum 0.9925 0.9916 0.995
minimum 0.811 0.8796 0.912
average 0.9635 0.9482 0.9718
Resolving power
maximum 2.006 8.336 4.662
minimum 1.32 1.6 0.132
average 1.8256 5.2708 2.7502

Table 2: Comparative analysis of RAPD, ISSR and SSR markers in this study.

DG138 expressed maximum similarity (approximately 100%) perhaps
they had same line of origin or they have been selected on the basis of
phenotypic differences those were governed by small DNA sequences
with a difference of very few base pairs. Also, DG234 and DG296 had
maximum similarity (approximately 100%).

RAPD analysis

Williams et al. used simplest version of molecular markers, the
Random Amplified Polymorphic DNA (RAPD). These are mainly
Dominant markers [31]. Such primers are simple arbitrary sequences
of decamer nucleotides with a GC content of at least 50%. Such primers
are used under relaxed stringent conditions and in such cases no prior
knowledge of DNA sequence is required. Such primers are still being
used despite their low reproducibility. This is due to the simplicity of
this technique, as an only very small amount of DNA is required and
information on template DNA sequence is not needed [34].

This study indicates that RAPD is a sensitive and powerful technique
to distinguish among rice cultivars and to detect genetic variation
at DNA level. The results can complement classical morphological
identification. The RAPD technique requires a small amount of DNA
extracted from a single rice seed, and is not affected by environmental
factors. In contrast, morphological identification involves the
evaluation of many morphological parameters of the whole plant, and
can be affected by environmental factors. DNA-based analysis could be
used to identify Indica rice cultivars to prevent fraudulent commercial
activity. However, the RAPD is not suitable for the analysis of DNA
extracted from processed products, because of the high degradation
rate of DNA in products.

RAPD analysis revealed a large number of distinct, scorable
fragments per primer pair. A total of 52 bands were amplified using
10 RAPD primers in 30 rice gentotypes. Out of 52 amplified bands,
49 bands were polymorphic and 3 bands were monomorphic (Table
2). The number of amplified fragments varied from 3 to 49, with an
average of 5.2 (i.e. Average no of bands per primer). The PIC values and
resolving power were calculated for individual primers. Polymorphic
Information Content (PIC) refers to the value of a marker for detecting
polymorphism within a population, depending on the number of
detectable alleles and the distribution of their frequency whereas

resolving power is the capacity of any primer to distinguish among
different varieties.

In RAPD analysis, PIC values varies from 0.811(OPD-08) to
0.9925(OPF-13) with average of 0.9635 and resolving power varies from
1.32(OPJ-08) to 2.066(OPJ-13) with average of 1.8256. RAPD markers
could be employed both for estimating the relationships between
varieties and for variety identification [35,36]. All the 30 rice varieties of
two quality groups (Basmati, Non-Basmati) adapted in different agro-
eco systems were grouped into three distinct major clusters (Figure 3).
The Basmati type varieties/genotypes were not clustered together and
distributed over three sub clusters in different major clusters. MAUB-
13, MAUB-15 and MAUB-64 were clustered with Taroari Basmati, a
Basmati variety suitable for normal as well saline/alkaline conditions.
Pusa Basmati-1 was clustered with Basmati-370. Another variety of
quality rice PS-1121 was clustered with PS-2511. While MAUB-57 the
elite Basmati genotype could not be clustered with any variety. Also,
NDR118 and Sathi varieties could not be grouped with other varieties.
Therefore, these varieties were put individually in two separate clusters.
The major cluster was subdivided into 10 sub clusters in case of RAPD.
The genotypes having far distant place of origin were clustered together
reflecting that the distribution of varieties over clusters was independent
of their place of origin/development. It indicated the uniqueness of the
DNA sequences represented by RAPD markers in the whole genome.
Maximum varieties of Srilanka origin were grouped in one major
cluster; perhaps they had same line of origin or were selected on the
basis of minor differences governed by few numbers of base pairs.

ISSR analysis

ISSR (Inter-simple sequence repeat) primers are an alternative form
of SSR and can be utilized to amplify inter-SSR DNA sequences [28].
These are mostly dominant markers though occasionally a few of them
exhibit co-dominance. A total of 71 bands were amplified using 10 ISSR
primers in 30 rice varieties. Out of 71 amplified bands, 7 bands were
monomorphic and 64 were polymorphic (Table 2). In ISSR analysis,
PIC value ranged from 0.8791(ISSR6) to 0.9916(ISSR5) with an average
value of 0.9482. The resolving power varies between 1.6(ISSR3) and
8.366(ISSR2) with an average value of 5.2708.

In ISSR analysis, all 30 rice varieties classified in two main clusters
(Figure 3). Sathi separately clustered with the Srilanka rice varieties.
The export quality variety Pusall2l was clustered with varieties of
coarse rice Pusa677 and Vallabh Bangani. Furthermore, N22 a non-
Basmati variety was clustered with two traditional varieties Basmati-370
and Ranbir Basmati. The situation could be explained that the ISSR
molecular markers could not represent DNA sequences of Basmati
characteristics adequately. It also reflected inefficiency of ISSR markers.
Govind and shahpasan were clustered together reflecting that pattern
of clustering was independent of place of origin. The genotypes MAUB
13, MAUB 15 & MAUB 164 of quality rice developed at SVPUA&T
Meerut were included in a single cluster, reason may be the common
DNA sequences received from common parents.

Conclusion

The use of more number of markers would be efficient to
characterize the three varieties i.e basmati, non-basmati & aerobic
used for the present study, which highlighted the presence of diversity
at genomic level among the genotypes studied. India harbors a huge
resource of rice cultivars that are lesser known at the market front
but hold great significance not only for farmers but also for the local
consumers. An effort was made to collect a set of 30 cultivars including
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10 basmati varieties, 10 non-basmati and 10 aerobic varieties of rice and
to assess their genetic diversity. Their genetic diversity with molecular
markers (ISSR RAPD markers) were according to their genotypes
having far distant place of origin were clustered together reflecting that
the distribution of varieties over clusters was independent of their place
of origin/development like MAUB-57 the elite Basmati genotype could
not be clustered with any variety. Also, NDR118 and Sathi varieties
could not be grouped with other varieties. Some genotypes recently
developed (Sathi, MAUB-13, MAUB-21 [Vallabh Basmati-21], MAUB-
15, MAUB-64 and MAUB-57) were also characterized and offered
promise in their use in the genetic improvement of rice cultivars for
grain quality even in case of SSR, out of 24 amplified bands, only 1 was
monomorphic and 23 were polymorphic. In the RAPD assay, MAUB-
13, MAUB-15 and MAUB-64 were clustered with Taroari Basmati. Pusa
Basmati-1 was clustered with Basmati-370. Another variety of quality
rice PS-1121 was clustered with PS-2511. While MAUB-57 the elite
Basmati genotype could not be clustered with any other variety. Also,
NDR118 and Sathi varieties could not be grouped with other varieties.
In SSR marker assay, all the Basmati varieties were clustered together.
In addition, MAUB 13 and PS 2511, the non-Basmati genotypes were
grouped in the same cluster. All varieties/genotypes adapted to aerobic
conditions in Srilanka were also included in the same cluster along with
Sarbati. Two genotypes shahpasan and Sathi were clustered together.
ISSR+RAPD+SSR assay showed that all the genotypes of Basmati
rice MAUB-13, MAUB-21 (Vallabh Basmati-21), MAUB-15, MAUB-
64 and MAUB-57 developed at SVPUA&T Meerut were clustered
in cluster with Taroari Basmati. Pusa Basmati-1 was clustered with
Basmati 370 and Ranbir Basmati. However, the most prominent
variety of Basmati, PS 1121 was clustered with non- Basmati variety
PS-2511 and could not be grouped in any cluster having traditional
variety of Basmati. The dendogram also showed that Sathi and all
genotypes of Srilanka origin well adapted to aerobic conditions were
clustered together.

The dendogram also showed that Sathi and all genotypes of
Srilanka origin well adapted to aerobic conditions, which is a newly
developed water-saving rice system in which rice grows in nonflooded
and unsaturated soil according to 2001 report of the International
Rice Research Institute in Philippines, this system has been monitored
to identify potentially promising varieties of rice able to grow as an
irrigated upland crop and quantify yield potential and water use
efficiency, thus these aerobic varieties clustered together, which can
be used for proper identification and selection of appropriate parents
for breeding programs, including gene mapping, and ultimately for
emphasizing the importance of marker-assisted selection (MAS) in
aromatic/ non-aromatic rice improvement worldwide.
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