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ABSTRACT

The Tungabhadra Command Area of Karnataka, comprising the districts of Raichur, Koppal, Ballari, and
Vijayanagara, harbours a rich diversity of locally adapted rice germplasm accessions that represent an
important genetic reservoir for traits related to biotic and abiotic stress tolerance as well as grain quality.
In the present study, twenty-four rice germplasm accessions were evaluated along with four check
varieties BPT-5204, GGV-05-01, IET-19251 (Gangavati Emergency), and P27PO4 to assess genetic
diversity using selected 14 simple sequence repeat (SSR) markers, of which 13 were found to be
polymorphic, with an average polymorphism information content (PIC) value of 0.578, ranging from
0.076 (RM408) to 0.800 (RM212). The dendrogram constructed using the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) based on Nei’s genetic distance grouped the twenty-four rice
accessions into ten distinct clusters, with Cluster III, IV, V exhibiting the highest heterogeneity. The SSR
marker-based molecular profiling proved to be an effective tool for identifying genetically distinct
accessions suitable for use as parental lines in hybridization programs, thereby enhancing heterosis,
genetic gain, and the utilization of region-specific adaptive traits suited to the Tungabhadra agro-climatic
conditions.
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Rice (Oryza sativa L.) is the most important food

Introduction (Swarup et al., 2021). However, genetic diversity in

crops has been assessed using morphological and

crop in the world and feeds over half of the global
population. India, the second largest rice producing
country, grow rice in an area of about 51.4 mha and
produces around 150 mt which accounts for 28 percent
of global production (Statista, 2024) However, India’s
average rice productivity is approximately 3.4 t/ha
hectare, which is significantly lower than the global
average of around 5.6 t/ha (Statista, 2024).

The effectiveness of crop improvement programs
largely hinges on the precise identification and
strategic utilization of genetic diversity, encompassing
modern and newly developed cultivars, traditional
landraces, wild species, and germplasm collections

physiological traits. Such phenotypic evaluations alone
may not be reflect the underlying genetic differences
among genotypes (Temnykh et al., 2000). Molecular
markers provide a more accurate and efficient means
of assessing genetic variation (Mukta et al,
2024;Siwach et al., 2004). Simple Sequence Repeat
(SSR) markers are markers of choice due to highly
informative, co-dominant, PCR-based, cost-effective,
genome wide, and easy to analyse (Akagi et al., 1996;
McCouch et al., 1997; Temnykh et al., 2000).

The SSR markers well-suited for assessing genetic
diversity and elucidating genetic relationships among
plant species, populations, and individuals (Kostova et
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al., 2006; Rashmi et al., 2017). SSR marker-based
genetic divergence has been effectively used for
parental selection in various crop species (Karakousis
et al., 2003).

The present investigation was undertaken to
assess the underlying genetic diversity at the molecular
level among twenty-four rice genotypes, which can be
utilized in designing effective breeding programs
aimed at broadening the genetic base of commercially
grown cultivars.

Materials and Methods
Plant materials

A total of twenty-four rice genotypes (1
landrace,10 Germplasm accessions, 4 Purelines, 1
hybrid and & Breeding lines) constituted the
experimental material (Table 1 and Figure 1), were
collected from the Agricultural Research Station,
Gangavati, University of Agricultural Sciences,
Raichur, India. The rice genotypes were raised under
normal field conditions.

Genomic DNA isolation

DNA was isolated from young leaf tissue of each
rice genotype using a modified cetyl tri-methyl
ammonium bromide (CTAB) protocol (Dellaporta et
al., 1983). The DNA obtained through this method was
of high purity and yielded substantial quantities. The
DNA concentration and quality were assessed using an
Eppendorf biophotometer. The purified DNA samples
were subsequently diluted to a working concentration
of 20 ng/uLL with double-distilled water. For SSR
analysis, marker sequences, annealing temperature and
chromosomal locations are obtained from Gramene
database (http://www.gramene.org/microsat/ssr.html).
that were highly polymorphic, trait-specific, and
reproducible. a total of 14 SSR markers pairs obtained
from Research Genetics Inc. (USA) were used for PCR
amplification (Table 2).

SSR Analysis

PCR amplifications were performed following the
protocol described by (Panaud et al., 1996). Each PCR
reaction was carried out in a total volume of 20 uL,
containing 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 200
UM each of deoxynucleotide triphosphates (dNTPs),
0.2 uM each of forward and reverse primers, 1 U of
Taq DNA polymerase, and 20 ng of template DNA.
Amplifications were performed using a Bio-Rad
thermocycler.

The thermal cycling conditions consisted of an
initial denaturation at 94°C for 5 min, followed by 35
cycles of denaturation at 94°C for 1 min, annealing at

55-65°C for 1 min (depending on the primer pair
used), and extension at 72°C for 2 min. A final
extension step was carried out at 72°C for 7 min, after
which the amplified products were stored at -20°C
until further use.

The reproducibility of the amplification products
was confirmed by repeating each reaction twice for
every primer pair. Following amplification, a 15 pL
aliquot of each PCR product was mixed with 3 puL of
loading buffer (0.4% bromophenol blue, 0.4% xylene
cyanol, and 5 mL glycerol) and electrophoresed on 3%
agarose gels in 1x TBE buffer (10 mM Tris-borate, 1
mM EDTA) containing 0.5 pg/mL ethidium bromide.
A 100 bp DNA ladder was used as a molecular size
marker. After electrophoresis, gels were visualized and
documented using an UV transilluminator, Alpha Gel
Documentation System (Alpha Innotech).

Data Analysis

Only clear and unambiguous polymorphic bands
were scored visually based on their presence or
absence across all genotypes. The data were recorded
in a binary matrix format, where ‘1’ indicated the
presence and ‘0’ indicated the absence of a band for
each genotype. To measure the informativeness of the
markers, the polymorphism information content (PIC)
for each SSR locus was calculated according to the
formula (Anderson et al., 1993).

PICi = 1— ) (Pij)’,
=1
where PIC; is the polymorphism information content
for the i™ marker, n is the total number of alleles
detected for that specific locus and Py is the frequency
of the i allele of the ;" in the set of genotypes
investigated.

The PIC or expected heterozygosity for each SSR
marker was calculated using PowerMarker version 3.0
(Liu & Muse, 2005). PIC is also an estimate of the
discriminatory power of a SSR marker locus. Pairwise
comparisons among genotypes were performed based
on the proportion of shared and unique amplification
products (alleles) to estimate genetic similarity using
the Dice coefficient.

The Dice similarity coefficients were computed
using the SIMQUAL sub-program under the similarity
routine of NTSYS-pc version 2.2 (Rohlf, 1988). The
estimation of genetic similarity followed the method
described by (Nei & Li, 1979). The resulting similarity
matrix was subjected to Sequential Agglomerative
Hierarchical Nesting (SAHN) clustering using the
Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) to generate a dendrogram depicting genetic
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relationships and phylogeny among the rice genotypes
(Sneath et al., 1973). All computations were carried
out using NTSYS-pc version 2.2 software (Rohlf,
1988).

Results and Discussion

In the present study, twenty-four indica rice
genotypes were analysed using fourteen SSR markers
to assess genetic diversity. SSR are widely used DNA
markers for identifying genotypes and studying genetic
diversity. (Joshi & Behera, 2007; Nachimuthu et al.,
2015; Singh et al., 2004). Out of fourteen SSR markers
used, thirteen markers produced polymorphic bands,
while one marker found to be monomorphic. A total of
29 alleles were detected, out of which 27 were
polymorphic across twenty-four genotypes.
Polymorphism percentage was 96.96. The number of
alleles detected per primer pair ranged from 1 to 3 with
an average of 2.074. Several previous reports have
indicated the number of alleles per locus, polymorphic
information content (Ram et al., 2007). The maximum
number of amplified products was observed in the
profiles of the primer RM212 and RM315 (Figure 2).
The minimum number of amplified products was
observed in the profiles of primer RM408 and RM11
(Figure 3). The primers RM408 and RMI11 were
proved to be less polymorphic and rest were
polymorphic. The SSR products size ranged from 148
to 302 bp.

Polymorphic information content (PIC)

The polymorphic information content (PIC), was
employed for each locus to assess the information of
each marker and its potential for discrimination.
Higher the PIC value of a locus, higher the number of
alleles detected. PIC values ranged from O
(monomorphic) to 1 (very high discriminative) with
many alleles in equal frequencies (Nagy et al., 2012).
In this study, allele counts and PIC values for each of
the fourteen SSR markers were calculated in order to
examine the polymorphism levels among the various
genotypes. each marker pairs differed significantly in
their ability to determine variability among the
genotypes. The PIC values varied widely among loci
and ranged from 0.076 (RM408) to 0.80 (RM212) with
an average of 0.57 per marker, it indicates that greater
magnitude of diversity among the plant materials
(Table 3). The SSR markers had high PIC values,
which show genotype-to-genotype allele diversity and
frequency Ashraf et al., 2016; Li et al., (2023). Similar
results were found with Neeraja ef al., 2005; Saini et
al., 2004 Siwach et al., (2004). The number of alleles
detected per primer pair ranged from 1 to 3 with an
average of 2.074.

1559

Cluster Analysis and Principle Component Analysis

Cluster analysis was employed to evaluate the
genetic diversity among the studied rice genotypes. By
analysing genetic data that highlights differences
between individuals (polymorphic data), calculated the
similarity index. The similarity matrix was computed
using SSR marker based on Jaccard’s coefficient
following the UPGMA method using SHAN
programme of NTSYS-pc 2.02, this score, ranged from
0.30 to 0.96. A maximum genetic similarity 96%
between the genotypes GNV-GP-11-4017 & GGV-05-
01. The lowest similarity 30% was observed between
AG-7 and BR-6926-3-1-4-5-4. The genotypes from
clusters with high genetic divergence (i.e., low
similarity index values) have a better scope for
inclusion in a breeding programme (Rezk et al., 2024;
Sarif et al., 2020).

A UPGMA based clustering by using all the 29
alleles (amplification products) generated by 13
polymorphic SSR markers grouped the genotypes into
10 clusters at 85% similarity level and the results are
presented in Figure 4. The list of all the ten clusters
along with genotypes included is presented in Table 4.
Analysis of SSR marker data grouped the genotypes
into 10 clusters, indicating significant genetic diversity
at the molecular level. Among the different clusters,
the cluster size varied from 10 (Cluster IV) to 1
(Clusters VI, XI and X). Similar results were reported
by (Oladosu et al., 2015; Ravi et al., 2003). The SSR
marker data were able to differentiate the accessions
into separate clusters; this elucidated the potentiality of
SSR markers for the characterization of germplasm
accessions. Among the ten clusters the maximum
number of genotypes were grouped in cluster III, IV, V
followed by cluster 1. The genotypes within this cluster
possess a related genetic background. Nevertheless,
hybridizing the most divergent members within the
cluster is a promising strategy for developing adaptive
genotypes for direct use in breeding. This method may
be more practical than wide crosses between distinct
clusters (I to X), which are typically foundational, pre-
breeding activities requiring extensive subsequent
selection.

Principle components analysis of twenty-four rice
genotypes was carried out according to the similarity
coefficient. Among all the rice genotypes selected for
the present investigation, BPT5204, GNV-GP-11-
4048, PSBRC-18, BELINELLU, PK-8573-4-1, AG-7
were more diverse from other genotypes as, it formed
separate sub group (Figure 5).
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Conclusion 4 GNV-GP-11-4017 | Germplasm accessions
This study successfully employed SSR markers to |2 GNV-GP-11-4048 | Germplasm access?ons
quantify the high degree of genetic diversity within the | © GNV-GP-11-4083 | Germplasm accessions
rice germplasm of the Tungabhadra command area. 7 GNV-GP-11-4087 | Germplasm accessions
The effectiveness of these markers in identifying 8 GNV-GP-11-4005 | Germplasm accessions
genetically distant genotypes, which were then 9 GNV-GP-11-4050 | Germplasm accessions
organized into distinct clusters, provides direct 10 | GNV-GP-11-4027 | Germplasm accessions
molecular evidence that local farming and seed |11 | GNV-GP-11-4047 | Germplasm accessions
management practices are successfully maintaining 12 | BPT-5204 Pure line
rice biodiversity. This molecular data offers a reliable 13 | GGV-05-01 Pure line
framework for breeders to strategically select diverse 14 | IET-19251 Pure line
parental lines. By facilitating the intercrossing of these 15 | P27P0O4 Hybrid
parents, this marker-based approach accelerates the 16 | GNV-GP-11-4014 | Pure line
development of superior varieties and ultimately 17 | AG-7 Breeding line
contributes to food security. 18 | PSBRC-18 Breeding line
Table 1 : Details of the genotypes used in the study. 19 | OM6162 Breeding line
S. . 20 | A-69-1 Breeding line
No, | Accession Name Category 21 | BR-6926-3-1-4-5-4 | Breeding line
1 Beli nellu Landrace 22 PK-8573-4-1 Breeding line
2 GNV-GP-11-4082 | Germplasm accessions 23 | CB-01-001 Breeding line
3 GNV-GP-11-4029 | Germplasm accessions 24 | CB-01-508 Breeding line

Table 2 : Details of SSR primers employed for molecular diversity analysis, including primer sequences and their
respective chromosome number

SI. | Locus . Chromosome Annealing | Product
Trait Sequence .
No | name No temperature| size
1 IRM 212 Grain length 1 F5' CCACTTTCAGCTACTACCAG 3 55 136

R5'CACCCATTTGTCTCTCATTATG3'

. F 5' GAGGTACTTCCTCCGTTTCAC3'
2 |RM 315 Panicle length 1 R5 AGTCAGCTCACTTGCAGTG3’ 55 133

. F 5 GAGCCAAATAAGATCGCTGA3'
3 |RM 2421 Days to heading 0 R5'TGCAAGCAGCAGATTTAGTG3' >3 225

L F5' GCGAAAACACAATGCAAAAAZ
4 RM 1 |Grain yield per plant 1 R5'GCGTTGGTTGGACCTGACS' 55 113

. F5' TCTCCTCTTCCCCCGATC3'
5 | RM 11 | Days to maturity 7 R5' ATAGCGGGCGAGGCTTAGS' 55 140

) F5 GAAACCACCACACCTCACCG3'
6 |RM152)  No. of tillers 8 RS'CCGTAGACCTTCTTGAAGTAG3' 33 151

. F 5 CAACGAGCTAACTTCCGTCC3'
7 |RM408 | Days to maturity 8 R5'ACTGCTACTTGGGTAGCTGACC3' >3 128

. F5 TCTCTCCTCTTGTTTGGCTC3'
8 |RM 536| Panicle number 11 R5ACACACCAACACGACCACACS' 55 243

. F 5 TTCGCCATGAAGTCTCTCG3'
9 | RM7" | Spikelet number 3 R5CCTCCCATCATTTCGTTGTT3' >3 180

. F 5' ATCGATCGATCTTCACGAGG3'
10 |RM 224 Panicle length, 11 R5TGCTATAAAAGGCATTCGGG3' 55 157

L F5' CCCAGGCTAGCTCATGAACC3'
11 |RM 263 | harvesting index 2 R5GCTACGTTTGAGCTACCACG3' 55 199

. F 5 GCTACAAATAGCCACCCACACC3'
12 |RM 190 Panicle length 6 R5CAACACAAGCAGAGAAGTGAAGC3' 33 2

. F 5 TCCAACATGGCAAGAGAGAG3'
13| RM 13 Grain yield, > R5GGTGGCATTCGATTCCAG3' >3 141

F5' CTCGTTTATTACCTACAGTACC3'
14 |RM 201 | Seed set percent, 9 R5CTACCTCCTTTCTAGACCGATASZ' 55 158

References: http://www.gramene.org/markers/micsrosat/50_ssr.html
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Table 3 : Details of markers, allelic frequency, PIC value and genetic diversity of the SSR markers across twenty-

four cultivars.

Marker Number of alleles Numbet: of p Polymorphism PIC
polymorphic alleles (%)
RM212 2 2 100 0.8074
RM315 2 2 100 0.7663
RM242 2 2 100 0.7481
RM1 2 2 100 0.3536
RM11 3 1 80.00 0.2212
RM152 2 2 100 0.5609
RM408 2 2 100 0.0767
RMS536 2 2 100 0.4881
RM7 2 2 100 0.6923
RM224 2 2 100 0.5968
RM263 2 2 100 0.6371
RM190 2 2 100 0.7649
RM13 2 2 100 0.3694
RM201 2 2 100 0.5331

Table 4 : Grouping of twenty-four genotypes of rice into ten clusters on the basis of dendrogram analysis.

Cll:)ter ge:(;)t;)[f)es List of genotypes
1 2 GNV-GP-11-4082, GNV-GP-11-4087
11 1 GNV-GP-11-4005
111 5 GNV-GP-11-4017, GGV-05-01, CB-01-001, GNV-GP-11-4047, BR-6926-3-1-4-5
v 5 GNV-GP-11-4048, GNV-GP-11-4014, GNV-GP-11-4027, OM 6162, GNV-GP-11-4083, P-27PO4
\ 5 BELINELLU, PK-8573-4-1 A-69-1, CB-01-508, GNV-GP-11-4050,
VI 2 GNV-GP-11-4029, G-EMERGENCY(IET19251)
VII 1 GNV-GP-11-4027
VIII 1 PSBRC-18
IX 1 BPT-5204
X 1 AG-7

Fig. 1 : Map showing the distribution of rice genotypes used in the present study across the Tungabhadra
Command Area of Karnataka.
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