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Abstract

Approximately 11% of the Indian rice varieties notified from
1969 to 2012 have IR-8 in their parentage. More than 30%
notified varieties during this period are derived from
germplasm with ‘IR’ in their parentage. India is one of the
centers of diversity in rice and broadening of genetic base
of cultivated rice can be successfully performed using
indigenous germplasms. Genetic diversity among 42 Indian
rice varieties ( Oryza sativa L.), including landraces, aus
cultivars and modern varieties of India were investigated
for phenotype as well as genotype diversity. Genetic
diversity analysis using genome-wide SNP panel suggested
that aus cultivars, landraces and indica rice germplasm are
genetically very close. The SNP panel was based on single
copy genes thereby reflecting functional diversity of the
germplasm set. The dendrogram based on molecular
marker analysis grouped the 42 rice cultivars into 4 diverse
groups. Further, population structure analysis also resulted

to 4 sub populations. These sub population differentiated
aus germplasm set from other accessions. Further, principal
component analysis based on phenotype also suggested
the closeness of aus cultivars, landraces and indica rice
germplasm sets. Information generated through genetic,
phenotypic and comprehensive diversity profiles in the
present study can be efficiently utilized in breeding high
yielding rice varieties.
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Introduction

Rice (Oryza sativa L.) is one of the earliest
domesticated crop species and has become the one

of the world’s most widely grown crops. Rice
consumption constitutes about 20% of the world’s
calorie intake, and in Asian countries, where over half
of the world’s population lives, rice represents over
50% of the calories consumed (Agrama et al. 2010).

In addition to the two major subspecies, japonica
and indica, (Agrama et al. 2010) several other minor
rice types have been identified with genetic
markers (Londo et al. 2006; Bautista et al. 2001) which
include the short duration aus germplasm of India and
Bangladesh, the deep-water rice of Bangladesh, and
the aromatic rice. Extensive genotypic and phenotypic
diversity exists within O. sativa, due to adaptations
to different habitats, resulting in about 120,000
different accessions (Second et al. 1982). These
accessions include traditional rice landraces and
commercially bred cultivars. Landraces of rice have
been selected over generations by farmers are the
one of the most important repositories of genetic
diversity. Their value in modern plant breeding is
massive. Non-elite natural populations such as
landraces harbour rare alleles besides other high- and
low-frequency alleles. These germplasm sets can play
a significant role in expanding the genetic base of
cultivated rice varieties. The crosses between parents
with maximum genetic divergence are generally the
most responsive for genetic improvement (Harlan et
al. 1975). Genetic diversity is the most important pre-
requisite for a rice improvement program as it helps in
broadening the genetic base, identifying recombinants
and therefore, giving chance to breeders in selecting
favorable alleles.
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Molecular markers, especially DNA-based
markers, have been used extensively for the study of
genetic diversity. Mackill et al. (1995) using
methodology as proposed by Arunachalam et al. (1981)
classified traditional and modern japonica rice cultivars
using RAPD and successfully distinguished the
temperate and tropical japonica genotypes. SSR
markers have been used for evaluating rice genetic
diversity by a number of groups (Wu et al. 1993;
Panaud et al. 1996; Xiao et al. 1996; Olufowote et al.
1997; Thanh et al. 1999; Yang et al. 1994, Akagi et al.
1997; Herrera et al. 2008) for estimating variation
between the indica and japonica subspecies and
classifying Oryza sativa L. genotypes. At national
level breeding programs diversity analyses have been
performed over a period of time (Rathi et al. 2014;
Krishnamurthy et al. 2014). Herrera et al. (2008) used
48 simple-sequence-repeat (SSR) markers to assess
the genetic diversity of 11 Venezuelan rice cultivars
released by the National Rice Breeding Program
between 1978 and 2007 and detected 203 alleles. Zhao
et al. (2011) recently classified a global set of rice
germplasm in to five groups using high density SNP
array.

Genus Oryza is highly rich in intra specific as
well as inter specific diversity allowing its diverse
cultivation pattern. Rate of increase in yield potential
of rice globally is less than required (Ray et al. 2013)
to feed burgeoning food demands and challenges
related to climate change are on card. Narrow genetic
base in the breeding materials confines the genetic
gain during improvement of genotype. Knowledge of
genetic diversity and relatedness is an important factor
for adopting a systematic and effective breeding
strategy for improving genotype. Broadening cultivated
rice gene pool through bridging utilized and under-
utilized diversity can help greatly in addressing such
problems. Balance between genetic drift, inbreeding,
recombination, gene flow, mutation and selection
determines the genetic diversity present within and
among populations (Loveless et al. 1984; Hartl et al.
1997) and is affected by both natural and
anthropogenic factors. Identification of diverse sources
of genes for resistant to stress tolerance and yield
potential has become important now. One way to
identify alleles/genes for various qualitative and
guantitative traits has been through use of various
types of molecular markers (Pachauri et al. 2013).
Therefore, focusing a comprehensive approach
involving molecular markers applications along with
large scale phenotyping platforms is required to expand
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the genetic base of breeding germplasm pool of rice.

Most of the marker assay/systems used till date
are based on non-genic region because of the presence
of higher polymorphisms in those regions. Study based
on single copy genes should provide a good estimate
of functional diversity. The polymorphism present
among the candidate genes may be more enlightening
than anonymous DNA markers with respective to
functional diversity. Single copy genes are important
source of variation because they represent the
functional aspects of plant metabolism. Therefore,
single nucleotide polymorphism (SNP) markers derived
from functional region of genomes should provide a
robust estimate of genetic diversity relevant to plant
breeders. In this study SNP information based on
single copy genes have been implied for diversity
analysis along with phenotype information. The present
study was conducted on 42 Indian rice varieties in
order to study the extent of genetic variation and
relatedness between genotypes.

Materials and methods

Phenotypic evaluation of rice varieties for yield
related traits

The forty two different rice varieties including traditional
cultivars, cultivated varieties and landraces were
evaluated in randomized block design with two
replications. Twenty one day old seedlings were
transplanted in 2.0-meter 3-row plots and middle row
was harvested for measuring the 1000 grain weight.
Standard agronomic practices were followed for field
trial management. Data pertaining to grain yield related
traits were recorded, viz., days to flowering, plant
height, panicle length, ear bearing tillers, grain yield
and the thousand grain weight.1000-grain weight was
measured in grams by randomly weighing 1000 filled
grains. Observations were recorded on five plants per
genotype and averaged over five samples.

Genotypic analysis

Six to nine fully mature healthy rice grains were
dehulled/dehusked in a mechanical Satake dehuller
with the resulting brown rice ground into fine powder in
a tissue lyser (Tissue lyser Il Retsch, Germany). The
fine powder was then used to isolate DNA using
QIAGEN DNeasy plant mini kit (Hilden, Germany).
Manufacturers’ instructions were followed accordingly.

A total of 36 SNPs from conserved single copy
rice genes with an average of three genes per rice
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chromosome (one each from short arm, long arm and
centromeric region from all 12 rice chromosomes) were
designed and used for genotyping using Sequenom
MALDI-TOF MassARRAY system (Vikram et al. 2016)
(http://www.sequenom.com). The multiplex assays
and 30-mer pre-amplification primers were designed
using MassARRAY Assay Design 3.1 software and
optimized premixed primers (2 x 36 plex assays) were
procured from Sequenom (San Diego, California). PCR
reactions were done as per Sequenom iPLEX Gold
amplification kit instruction manual. Mass ARRAY
workstation ver.3.3 was used to analyze the results
of iPLEX spectrochip bio-arrays.

Statistical analysis of massARRAY data

MassARRAY Typer 3.4 Software was used for
visualization of SNPs and allele calling. Power Marker
3.5 software was used to obtain major allele frequency,
gene diversity, heterozygosity and PIC values for each
locus for SNP as well as SSR markers (Liu et al. 2005)
and genetic distances across the genotypes. The
dissimilarity matrix generated by Power Marker was
used to construct un-weighted neighbor joining (NJ)
tree using DARwin 5.0.158 software. GenAlEx V6.5
software (Peakall et al. 2012) was used to calculate
Principle Coordinate Analysis (PCoA) and Analysis of
Molecular Variance (AMOVA). For SNP data, the four
nucleotide bases were numerically coded viz., A=1,
C=2, G=3 and T=4 while any missing data was coded
as 0.

Genetic diversity analysis

STRUCTURE V2.3.1 software was used to cluster
similar rice genotypes on the basis of their historical
lineages. To obtain genetic clusters, K value was set
from 1 to 20 using admixture model with correlated
allele frequency; with each set replicated three times.
Each run was implemented with a burn-in period of
100,000 steps followed by 100,000 Monte Carlo
Markov Chain replicates (Pritchard et al. 2000). Ln(PD)
derived for each K was then plotted to obtain plateau
of the AK values (Evanno et al. 2005). Final population
structure was constructed using open web source
program STRUCTURE HARVESTER (http://taylorO.
biology.ucla.edu). The proportion of the genome of
individual rice genotypes belonging to the admixture
of each inferred population was also estimated
(Pritchard et al. 2000; Evanno et al. 2005). A principal
component analysis was also done based on the grain
yield related traits viz., days to flowering, plant height,
panicle length, ear bearing tillers, grain yield and the
thousand grain weight) using R-project (www.r-
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project.org).
Results and discussion

Enhancement of the genetic yield potential of rice is a
major concern for global food security. Genetic
improvement of Indian rice germplasm has been
centered mainly to the green revolution/pre-green
revolution rice varieties IR8, TKM6 or Mahsuri
(Upadhyay et al. 2011). Most of the high yielding
varieties released from 1970s to till date have IR8,
TKM®6 and Mabhsuri either in their parentage or in their
pedigree. We compiled the total number of rice varieties
notified from 1969 to 2012 (http://drdpat.bih.nic.in/
Rice%20Varieties%20in%20India.htm)

and found that 11% of them had IR-8 as direct
parentage. A total of 11% notified varieties had
parentage with TN-1, TKM-6, Mahsuri or IR36.
Interestingly, 34% notified varieties have been derived
from IRRI derived lines i.e. with ‘IR’ pedigree. Recent
reports have clearly delineated the negative selection
of rice breeders against drought tolerance during and
after green revolution (Vikram et al. 2016; Vikram et
al. 2016; Vikram et al. 2016). Continuous use of the
similar parents in the national breeding programs is
attributed to enhanced homogeneity in the Indian rice
germplasm. Therefore stagnation in the genetic yield
potential is another probable threat for further yield
enhancement that too under rain-fed environments.
Development of new rice varieties with comparable
yield potential under irrigated and enhanced yields
under drought stress is the ultimate need of plant
breeders. India is the home for a number of aus
germplasm as well as landraces (Mc Nally et al. 2009).
Landraces in India and other Southeast Asian countries
have been maintained by farmers. Since these
landraces didn’'t undergo selection, they endow
tremendous genetic variability. The aus group of rice
cultivars and locally adapted traditional varieties/land
races has immense genetic potential for the yield
related parameters which can be potentially utilized
for genetic improvement of rice yields. This genetic
variability could be utilized efficiently in genomics
studies as well as molecular breeding for improving
yield and vyield related parameters in rice genotypes.
A total of 42 rice varieties were subjected to genotypic
as well as phenotypic diversity analysis in the present
study. Genotypic and phenotypic analyses were carried
out with SNP markers and grain yield related
parameters respectively. Significant variation was
observed among traits under study. Among these traits
plant height ranged 73-136 (cm); days to flowering
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ranged 66-103 (days), panicle length: 18-31 (cm), ear
bearing tiller: 5-14, and grain yield: 1.1-5.6 t/ha™™.
Similarly, significant variation in 1000-grain weight in
the rice varieties was reported (Pd”"0.05). Basmati 370
had the lowest thousand-kernel weight (17.1g) whereas
Jaya showed the highest value for thousand-kernel
weight (30.57 g). Details of the phenotypic variability
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among the 42 rice genotypes are summarized in
Tables 1la, 1b and 2. Coefficient of variation was
maximum for grain yield and minimum for plant height
in the germplasm set analyzed in this study. This
analysis suggests utilizing larger collections for future
diversity analyses in rice. These data sets were used
to perform principal component analysis presented in

Table 1a. General morphological and grain features of the 42 rice genotypes recorded for two consecutive crop seasons

S. No. Genotype Variety EVWV EVW DTF DTF PH PH PL PL EBT EBT GY GY 1000-

type 1 2 1 2 1*  2x 1 2 1 2 1 2" cw®
1 Anijali Indica 3.7 3.0 84.0 86.7 95.7 99.5 255 25.7 9.0 8.3 4.1 4.4 27.94
2 Annada Indica 5.7 5.0 82.7 80.0 84.7 83,5 255 25,5 10.0 9.7 45 4.7 2597
3 Apo Indica 5.7 5.0 95.0 94.3 104.0 104.0 23.2 21.7 9.3 8.0 52 53 26.7
4 ASD-17 Aus 4.3 4.3 74.0 74.3 80.0 78.3 20.7 19.0 5.3 5.7 24 25 28.27
5 Ashoka Indica 3.7 3.0 833 817 1223 1247 19.7 183 6.0 6.7 27 3.0 2573
6 Azucena Japonica 4.3 5.0 99.7 100.3 105.3 105.8 26.7 25.0 7.7 7.3 1.3 14 30.2
7 Basmati-370  Aromatic 5.7 5.0 103.0 103.0 123.3 1232 223 21.8 8.0 7.0 28 3.0 17.1
8 BHOJ Indica 5.7 5.0 82.3 82.3 94.3 94.0 21.7 23.0 8.3 127 53 55 25.4
9 Bhuvan Indica 6.3 7.0 91.7 90.7 1147 1152 22.8 225 9.7 8.7 3.4 35 24.87
10 Birsagora Aus 5.7 3.7 84.3 87.3 123.3 120.0 23.2 23.2 5.0 5.7 1.6 1.7 2517
11 Dandi Indica 6.3 6.3 86.7 86.3 103.3 100.7 233 257 9.3 8.3 51 54 29.2
12 Dehula Indica 5.7 50 837 823 129.0 128.7 223 232 7.3 8.3 56 3.6 24.37
13 Dhalaheera Indica 5.7 5.0 66.7 66.7 89.0 89.5 27.0 26.8 7.3 7.3 24 24 2543
14 Dular Aus 5.7 7.0 80.3 81.7 115.7 112.7 26.5 27.7 5.7 7.0 3.6 3.8 2523
15 Durgabhog Aus 3.7 30 940 950 953 950 220 205 6.3 6.3 26 26 234
16 Ganteshwari  Indica 5.7 50 820 840 853 830 230 215 8.7 8.7 23 23 254
17 IR-36 Indica 5.7 43 767 767 91.7 90.8 223 223 9.7 9.3 46 46 259
18 IR-64 Indica 5.7 5.0 83.7 82.7 77.0 79.3 243 25.8 8.3 8.3 54 54 2433
19 JAYA Indica 7.0 9.0 93.7 91.0 92.3 90.3 23.3 25.2 9.0 9.0 51 54 30.57
20 Kakro Landrace 3.7 3.0 68.7 66.7 136.0 133.8 23.3 245 10.7 10.7 15 16 24.4
21 Kalakeri Aus 5.7 6.3 89.0 87.0 1183 119.7 23.0 23.2 7.3 7.3 1.7 1.7 21.93
22 KALINGA Il Indica 5.7 43 837 80.0 120.3 1203 22.7 220 100 10.0 1.6 1.7 23.07
23 Khandagiri Indica 4.3 43 817 810 893 888 205 218 103 10.0 42 46 27.47
24 Lalat Landrace 4.3 3.7 91.0 89.0 103.0 102.3 24.3 26.3 8.7 9.0 40 51 25.4
25 Lalnakanda-41 Indica 3.0 3.0 76.0 76.3 127.0 126.3 31.0 30.5 11.7 10.3 14 1.4 24.4
26 Lalsar Indica 3.7 4.3 66.0 65.7 86.7 85.0 25.7 27.3 6.7 6.7 22 22 2397
27 Mehar Indica 7.0 70 817 817 753 727 183 193 9.7 9.3 45 3.8 24.67
28 N22 Aus 3.7 3.7 823 803 99.7 99.7 220 225 9.3 9.0 36 29 198
29 Naveen Indica 5.0 50 947 947 96.7 97.0 253 247 7.7 8.7 38 52 2517
30 Ranjit Indica 5.0 5.0 80.3 80.7 82.3 82.0 21.0 22.0 127 127 48 49 2823
31 Ratna Indica 3.0 3.0 80.3 80.3 92.7 92.3 233 24.0 10.0 10.7 4.8 4.8 24.87
32 Sadabahar Indica 4.3 4.3 87.3 88.0 94.3 90.7 22.0 22.0 9.7 8.3 4.2 4.2 27.2
33 Sahabhagi Indica 5.0 50 927 947 950 955 227 232 120 14.0 45 46 27.17
34 Saita Indica 7.0 70 837 857 1083 106.7 223 238 9.0 9.3 1.4 1.4 28.13
35 Saket-4 Indica 3.7 43 950 947 91.0 880 232 235 9.3 9.0 3.6 47 2353
36 Samanta Indica 3.0 3.0 86.3 84.0 93.0 93.7 25.3 25.0 10.0 10.3 21 21 25.37
37 Satabdi Indica 5.0 5.0 88.3 89.7 83.3 83.0 23.8 25,5 133 13.0 23 22 2383
38 Sathi Landrace 5.0 5.0 7.7 80.3 117.0 116.8 22.3 22.7 5.0 5.3 1.1 1.2 24.27
39 Sukhawan Indica 4.3 43 880 900 96.7 99.3 225 235 8.3 8.3 28 2.8 2547
40 Udayagiri Indica 7.0 70 870 877 870 868 242 245 107 9.7 46 3.6 27.03
41 Vasumati Indica 6.3 6.3 960 98.0 101.0 101.3 247 253 6.7 8.3 22 23 2501
42 Virendra Indica 5.0 5.0 83.7 81.3 103.0 101.0 233 25.3 8.7 9.0 3.6 46 26.23

EVV: Early vegetative vigor; DTF: Days to flowering; PH: Plant height; PL: Panicle length; EBT: Ear bearing tillers; GY: Grain yield; 1000-
GW: Thousand grain weight; _1 and _2 represent two consecutive crop seasons; *In centimeters; #Grain yield in two consecutive crop
seasons; ®Mean of five independent determinations at 5% level of significance
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Table 1b. Statistical analysis presenting variability for
phenotypic traits

Trait Mean SD based on SD based CV (%)
total SS  on residual SS
EVV ~ 4.9536 1.26 0.511 10.3
DTF  84.918 8.21 1.159 1.4
PH 100.29 15.35 1.204 1.2
PL 23.557 2.29 0.811 3.4
EBT  8.7929 1.94 0.713 8.1
GY 3.3881 1.37 0.381 11.2
TKW  25.42 2.43 0.657 2.59

Table 2. Analysis of variance among the genotypes

Source df SS MS Est.Var. %
Among 1 31.519 31.519 0.91 18%
populations

Among 40 317.945 7.949 3.754 74%
individuals

Within 42 18.5 0.44 0.44 9%
individuals

Total 83 367.964 5.104 100%
Fig. 1.
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Fig. 1. Principal component analysis of 42 rice
genotypes based on grain yield related traits

all 12 chromosomes were used for the genetic diversity
analysis. A total of 64 alleles were amplified with an
average of 2 alleles per locus in all the varieties. Four
SNPs were found to be monomorphic. Alleles were
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scored as wild, heterozygous and alternate alleles
across all the 42 rice varieties and the percent allele
was calculated for each loci. Major allele frequency
ranged from 0.53 to 0.97 with an average of 0.80.
Average PIC value was observed to be 0.22, with
highest PIC value (0.37) recorded for SNP primer 11-
521 _C_214 located on chromosome 11, while primers
11-1849 and 11-3935, both on chromosome 11
recorded lowest PIC value (0.04). Gene diversity ranged
from 0.04 to 0.49 with an average gene diversity of
0.27. The average value of PIC for SNP was 0.22,
similar reports of low PIC value for SNP marker was
also reported in rice by (Chen et al. 2011). This low
average PIC indicates that lower genetic diversity
exists among the rice varieties. Heterozygosity ranged
from 0.0 to 0.16 with an average value of 0.02. Highest
number of heterozygous alleles (17%) were found
associated with marker 10-188-1 located on
chromosome 10. Details of the thirty two polymorphic
SNP primers along with their allelic profile are listed in
Table 3. Performing Analysis of Molecular Variance
(AMOVA) with obtained SNP data showed that highest
diversity existed at individual level (73%), while there
was only 9% diversity level within individuals. At the
population level, 18% diversity existed, highest
diversity exists at individual level (73%) and lowest
diversity exists within individual (9%) (Table 3). Genetic
diversity in the present study was based on the SNPs
derived from single copy genes. Such an approach to
perform overall diversity analysis should provide robust
estimate of genetic base of a breeding germplasm
pool.

In order to study genetic relatedness between
rice varieties, clustering pattern was seen in un-rooted
tree. For clustering similar genotypes, NJ tree was
constructed using dissimilarity matrix. Unrooted tree
was drawn in order to predict genetic relationships
among the 42 rice varieties (Fig. 2). The genotypes
were grouped into four different clusters viz., I, Il, 1l
and IV. Clusters 1, 2, 3 and 4 harbored 2, 5, 13 and 4
varieties, respectively. There were six aus varieties;
four were present in Cluster 2, one in cluster 3 and
one in cluster 4. Further, to better understand the
population structure and genetic relationship among
individual rice varieties, a model based program
STRUCTURE V2.3.1 was used. Genotypes were
categorized as pure and admixed; varieties with >0.80
score were considered as pure while those scoring
less than 0.80 were categorized as admixture.
Populations one, two, three and four had 4, 6, 4 and
28 varieties respectively. Population 1, 2 and 3 were
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Table 3. Details of SNP primers and genotyping data of 42 rice varieties

Chr.* Primer ID wild Alternate Heterozygous Frequency Gene  Hetero- PIC
alleles alleles allele of major diversity zygosity
(%) (%) (%) allele
1 01-3916-1_C_156.fasta 69 29 2 0.7 0.42 0.02 0.33
01-608-4_C_375.fasta 62 33 5 0.64 0.46 0.05 0.35
01-6351-1_C_202.fasta 88 12 0 0.88 0.21 0 0.19
2 02-267 .fasta 67 33 0 0.67 0.44 0 0.35
02-3029-1_C_474.fasta 64 33 2 0.65 0.45 0.02 0.35
02-4333-1_C_293.fasta 86 14 0 0.86 0.24 0 0.21
3 03-1691-1_C_373.fasta 79 21 0 0.79 0.34 0 0.28
03-3478-1_C_206.fasta 67 29 5 0.69 0.43 0.05 0.34
03-4660-1_C_355.fasta 90 10 0 0.9 0.17 0 0.16
4 04-1801-20_C_428.fasta 95 5 0 0.95 0.09 0 0.09
04-3787-3_C_358.fasta 81 17 2 0.82 0.29 0.02 0.25
5 05-2692-1_C_109.fasta 83 17 0 0.83 0.28 0 0.24
05-4192-1_C_280.fasta 64 31 5 0.67 0.44 0.05 0.35
05-48-1_C_279.fasta 93 5 2 0.94 0.11 0.02 0.11
6 06-1776-1_C_501fasta 86 12 2 0.87 0.23 0.02 0.2
06-2509-1_C_497 .fasta 93 2 2 0.96 0.07 0.02 0.07
7 07-2904-39_C_299.fasta 67 26 7 0.7 0.42 0.07 0.33
07-293-12_C_368.fasta 90 10 0 0.9 0.17 0 0.16
07-4304_new 57 38 5 0.6 0.48 0.05 0.37
8 08-2765-2_C_360.fasta 93 2 5 0.95 0.09 0.05 0.09
08-4218-5_C_129.fasta 69 26 5 0.71 0.41 0.05 0.32
08-847-6_C_113.fasta 67 31 2 0.68 0.44 0.02 0.34
9 09-209.fasta 95 5 0 0.95 0.09 0 0.09
09-2107-5_C_145.fasta 95 5 0 0.95 0.09 0 0.09
09-2716-4_C_457 fasta 83 14 2 0.85 0.26 0.02 0.23
10 10-1192-7_C_178.fasta 55 38 7 0.58 0.49 0.07 0.37
10-188-1.fasta 81 2 17 0.89 0.19 0.17 0.17
10-2723.fasta 86 12 2 0.87 0.23 0.02 0.2
11 11-1849.fasta 98 2 0 0.98 0.05 0 0.05
11-3935.fasta 98 2 0 0.98 0.05 0 0.05
11-522-1_C_214 fasta 50 43 7 0.54 0.5 0.07 0.37
12  12-400.fasta 95 5 0 0.95 0.09 0 0.09
Mean 0.81 0.27 0.03 0.22

Chr. = Chromosome
Population 3

pure and population 4 contained six admixed varieties
(Figs. 3 and 4). Varieties in cluster 2 and cluster 3 of
NJ tree correspond to varieties in population 2 and
population 3. Varieties in cluster 1 and 4 correspond
to population 1 and 4 with few exceptions. Cluster 2
and population 2 in diversity and population structure
analysis were therefore specific to aus. Also, diversity
analysis suggested that the aus and indica group of
accessions are genetically highly closer to each other.
Varieties were grouped into four clusters, but indica
and aus varieties were mainly grouped together.
Principal Coordinate Analysis (PCoA) exhibited large

) s diversity among the 42 rice varieties.
Fig. 2. NJ tree constructed for SNP data (4, 10, 14, 15,

21, 28 are aus varieties) Phenotypic diversity was estimated based on

Population 2
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grain yield related parameters of rice accessions
subjected to analysis. The principal component
analysis performed using grain yield related traits did
not revealed clear groups and no specific cluster of
aus/indica was observed (Fig. 1). However, another
classification led some of the aus to form a clear cluster
(Fig. 5). Interestingly, some of the aus accessions
grouped with indicas (Fig. 5). These results suggest
that that using Aus and landrace cultivars in breeding
programs don’t have a detrimental effect on yield. As
an example, well known rice landrace, Durgabhog is
grouped with a recently released variety, Sahbhagi.
This study provides an indication, however, extended
work using large number of individuals and traits would
further confirm. Usually landraces are known for the

Coord. 1

Fig.5. Principal Coordinate Analysis (PCoA) of 42 rice
varieties based on SNP data (Populationl
indicates indica varieties and Population 2
indicates aus varieties)

low yield potential and not preferred by breeders for
development of the high yielding rice varieties.
However, our analysis with the grain yield related traits
clearly suggest here that not necessarily we may have
a detrimental effect on yield potential after using aus
cultivars and the landraces. It could therefore be
recommended that following a focused breeding
strategy for yield enhancement in rice using Aus
cultivars and/or landraces may help significantly. It is
interesting to note that genetic classification of rice
reported earlier by Kato et al. (1928) and Glazman et
al. (1987) suggested that there are two broad groups-
indica and japonica. Genotypic as well as phenotypic
diversity results obtained in the present study are in
full agreement of this. Overall, we recommend large
scale use of Aus and traditional germplasm groups in
rice for genetic improvement.
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