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In the present investigation, five microsatellite (SSR) markers namely RM-2,RM-27,RM-72, RM-107 and
RM-154 were used to estimate the genetic diversity of eight indica rice cultivars significant for rice
breeding programme in the temperate Kashmir Province of India. The SSR primers used, specific to five
different chromosomes, revealed distinct polymorphism among the cultivars studied indicating the
robust nature of micro satellite markers in revealing polymorphism. Twenty-three (23) alleles were
scored for all the SSR primers across the genotypes with a mean value of 4.6. A total of 40 bands were
scored and all were polymorphic. No primer revealed a monomorphic band in the present investigation.
Number of alleles per locus varied from four (RM2) to six (RM127). Similarity coefficient (DICE) ranged
from 0.2 to 0.6 with an average of 0.35. Polymorphism information content (PIC) value for the primers
studied ranged from 0.22 (RM27) to 0.82 (RM154) with an average value of 0.62. No null allele was

reported in the present investigation.
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INTRODUCTION

Rice is one of the agronomically and nutritionally
important cereal crops and is the principal staple food in
developing countries in general and Kashmir in particular.
Approximately one-third of the world’s population relies
on rice for the significant portion of their food. However,
rice yields have plateaued during the last two and a half
decades (Virmani, 1994), which may have resulted from
the narrow genetic base of the released varieties
(Carmona, 1990). This is an alarming situation and is a
prime concern for breeders. Crosses between genetically
diverse parents are, therefore, important in hybridization
programme to increase variability within the genotypes
developed.

Several approaches have been used to estimate
genetic diversity to select appropriate parental genotypes
in crossing programme. A commonly used measure of
genetic similarity is coefficient of parentage (CP) or co-
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ancestry, which is defined as the probability that a
random allele of one individual is identical by descent to a
random allele of another individual at the same locus
(Malecot, 1948).

Measurement of morphological and biochemical
characteristics is another commonly used method to
arrive at an estimate of genetic diversity in parental
genotypes. However, their use is restricted as these
suffer from many disadvantages. Compared to
morphological analysis, molecular markers can reveal
differences among many accessions/genotypes at the
DNA level and thus provide a more direct, reliable and
efficient tool for germplasm conservation and
management. Besides, the molecular markers are stably
inherited and are not affected by developmental stage of
the genotypes under investigation.

Several types of molecular markers are now available
for evaluating the extent of genetic variation in rice.
These include restriction fragment length polymorphism
(RFLP) (Botstein et al.,, 1980), random amplified
polymorphic DNA (RAPD) (Welsh and McClelland, 1990;
Williams, 1990), amplified fragment length polymorphism



Table 1. The pedigree record of the parents used.
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S/N Name of the parent/variety

Pedigree

SKAU-382

SKAU-389

Chenab (SKAU-23)
Jhelum (SKAU-27)
Shalimar Rice-1 (SR-1)
SKAU-46

Ch-1039

SKAU-5

o ~NO O A~ WNBR

IR-32429-47-3-2-2 x K-448
China-1007 x SKAU-27

K-21-9-10-1 x IR-2053-521-1-1-2
K-448-1-2 (Jukkoku x IET-1444)
K-500-5-3-2-2 (China-1007 x IET-444)
IET-1444 x Hayayuki

Introduction

China-1039 x |IR-580-19-2-3-3

(AFLP) (Vos et al., 1995) and microsatellite or simple
sequence repeat (SSR) (Tautz, 1989). Of these
microsatellites, RFLP are co-dominant markers and their
map positions, on the rice genome, are well known, while
as RAPD and AFLP markers involve the use of random,
largely dominant markers. Microsatellites are PCR-based
markers that are both technically efficient and cost
effective to use and are available for rice (Chen et al.
1997; Temnykh et al., 2000). Compared with RFLP’s,
microsatellite markers detect a significantly higher degree
of polymorphism in rice (Wu and Tanksley, 1993; Yang et
al., 1994), and are especially suitable for evaluating
genetic diversity among closely related rice cultivars
(Akagi et al., 1997).

The efficiency of rice hybrid breeding programme can
be potentially increased if parents of the superior crosses
can be predicted, before the actual field evaluation, using
molecular markers (Bhat et al., 2006). The prediction of
hybrid performance is of considerable importance and
has attracted much interest. For this, the initial step will
be estimation of genetic diversity using molecular
markers.

MATERIALS AND METHODS
Experimental materials

The basic materials for the present study consisted of eight diverse
genotypes of rice (Oryza sativa L.) namely SKAU-382, SKAU-389,
Chenab (SKAU-23), Jhelum (SKAU-27), Shalimar Rice-1 (SR-1),
SKAU-46, Ch-1039 and SKAU-5 selected from the germplasm
collection maintained at Regional Rice and Research Station (RR
and RS), Khudwani on the basis of genetic variability for various
agronomic traits and maturity. The pedigree record of the parents
used in the present study is given in Table 1.

Genomic DNA extraction

Plants were grown in a greenhouse under controlled conditions of
temperature and humidity. Plant DNA was isolated using cetyl
trimethyl ammonium bromide (CTAB) method as modified by
Maroof-Saghai et al. (1984) with some modification.

Assessment of quality and quantity of DNA

Quantity of DNA was checked by agarose gel electrophoresis. In

this, 0.8 g of agarose was dissolved in 100 ml of 0.5X TBE
electrophoresis buffer [(Tris base (45 mM), Boric acid (45 mM) and
EDTA (1 mM)]. The mixture was heated till the agarose was
dissolved completely that is, when solution became transparent and
clear. It was cooled down to 55 to 60°C with constant stirring.
Ethidium bromide was added to a final concentration of 0.5 pg/ml of
buffer. Then, the agarose solution was poured into an already
prepared gel mould with combs and was left for 20 to 30 min for
solidification. DNA samples for loading were prepared by adding 2
uL loading dye (6X) (0.25% w/v bromophenol blue, 50% glycerol in
sterile water) to 2 uL DNA. 6 pL sterile water was added (to make
the volume 10 pL) to the DNA such that the final concentration of
loading dye was 1X. The DNA samples were loaded into wells with
the help of micropipette. Along with the DNA samples, marker of
known concentration (uncut A DNA of 50 ng/uL concentration) was
also loaded. The gel was run for about 1 to 2 h at voltage of 5
V/cm. The gel was then visualized under UV light using photo gel
documentation system (Bio Rad Pvt. Ltd.) and the DNA samples
were photographed. The intensity of fluorescence is directly
proportional to the total mass of DNA. The intensity of fluorescence
of each sample was compared with that of a standard marker and
then DNA concentration of each sample was ascertained. The
guality of DNA samples was judged based on whether DNA formed
a single high molecular weight band (good quality) or a smear
(degraded/poor quality). After the quantification, the DNA was
diluted in multi-well dilution plate with sterile water such that the
final concentration of DNA became 20 ng/ L.

SSR analysis
Selection of primers

The SSR markers utilized in the present study were obtained from
Genetics Biotech Asia Private Limited, New Delhi. A set of five
microsatellite markers, covering five different chromosomes were
selected from website www.gramene.org using the SSRTI tool. The
selected microsatellite markers along with their chromosomal
location are presented in the Table 2.

PCR amplification

In vitro amplification using polymerase chain reaction (PCR) was
performed in a 96 well microtiter plate (Bio Rad Pvt. Ltd.) using 75
ng of genomic DNA of each genotype in a final volume of 20 pL per
reaction. It contained 2 pL of 1x buffer, 1.5 mM of MgCl,, 100 pM of
dNTPs, 0.25 pM of each farward and backward primer, 1 unit of tag
Polymerase and 75 ng of template DNA. The reaction mixture was
placed in a 96 well thermal cycler. Amplification was performed
using temperature profile programmed to 1 cycle of 4 min., at 94°C
as an initial hot start and strand separation step. This was followed



660 Afr. J. Biotechnol.

Table 2. Sequence information and polymorphism information content (PIC) values of SSR markers.

SIN  Primer Ch:\;)un:nobsgrme Forward Primer Sequ:;(;zrse Repeat motif  PIC value all\llglr:st?/?c:coufs
1 RM-2 7 ACGTGTCACCGCTTCCT ATGTCCGGGATCTCATCG (GA)13 0.75 4
2 RM-27 4 GTGGGATAGCTGCGTCGCGTCG AGGCCAGGGTGTTGGCATGCTG (AGG)s 0.22 6
3 RM-72 8 CCGGCGATAAAACAATGAG GCATCGGTCCTAACTAAGGG (TAT)sC(ATT)1s 0.65 5
4 RM-107 9 AGATCGAAGCATCGCGCCCGAG ACTGCGTCCTCTGGGTTCCCGG (GA)7 0.66 4
5 RM-154 2 ACCCTCTCCGCCTCGCCTCCTC CTCCTCCTCCTGCGACCGCTCC (GA)21 0.82 4

by 35 cycles of 1 min at 94°C for denaturation, 2 min at 55
to 60°C for annealing and 2 min at 72°C for primer
elongation and finally 1 cycle of 7 min at 72°C. After
amplification to 20 pL of the amplified product, 3.3 pL of 6X
loading dye was added so as to make the final
concentration of the loading buffer in the reaction samples
to 1X. The PCR products were resolved on 3.5 to 4.0%
agarose gel prepared in 0.5X TBE buffer with 1 kb ladder
as molecular marker (Gibco BRL). Ethidium bromide was
added at concentration of 0.5 g/L. The gel was run for 3.5 h
at 85 volts and visualized under UV transilluminator and
photographed by using BIO-RAD gel documentation
system.

Scoring of SSR allele profile

All the genotypes were scored for the presence or absence
of the SSR bands, and the data were entered into a binary
matrix as discrete variables namely; 1 for presence and 0
for absence of the character. The data matrix was
subjected to further analysis. The Excel file containing the
binary data was imported to NT Edit of NTSYS-pc 2.02e.
The 0/1 matrix was used to calculate similarity using DICE
coefficient and SIMQUAL subroutine in SIMILARITY
routine. The resultant similarity matrix was employed to
construct dendrograms using Sequential Agglomerative
Hierarchical Nesting (SAHN) and Unweighted Pair Group
Method with Arithmetic Means (UPGMA) options to infer
genetic relationships.

Polymorphism information content (PIC) values

The PIC values described by Botstein et al. (1980) were
used to refer to the relative value of each marker with

respect to the amount of polymorphism exhibited. PIC
values for each of the 5 primers were estimated using
formula given by Nei (1973).

P|C:1—i(P”.)2

Where Pj is the frequency of jth allele in ith primer and
summation extends over ‘n’ patterns. PIC is synonymous
with the term ‘gene diversity’ as described by Weir (1990).
The PIC takes into account not only the number of alleles
that are expressed but also the relative frequencies of
those alleles (Smith et al., 1997).

Cluster analysis

Cluster analysis of the germplasm, using data generated
by microsatellite markers was conducted using computer
software  programme  Numerical Taxonomic and
Multivariate Analysis System (NTSYS-pc) version 2.02e
(Ronhlf, 1997). Microsatellite marker amplification profile for
all the genotypes under study was compared to each other
and DNA fragments were scored as present (scored as 1)
or absent (scored as 0). Data from all the five primers were
used to estimate the similarity based on the number of
shared amplified bands. Similarity matrix value based on
Nei and Li (1979) coefficient of similarity (Dj) were
calculated as:

Dj = 2al (2a+b+c)

Where, ‘@’ represents matched fragments, b and ¢ are

unmatched fragments. The 2a+b+c are the total number of
fragments amplified in a particular set. The similarity matrix
was thus generated and dendrogram was constructed
using UPGMA available in NTSYS. In UPGMA
similarity/dissimilarity between a genotype and an
established cluster is the average similarity/dissimilarity of
that genotype with all genotypes in that cluster. This means
that after fusion of two most similar genotypes, clustering
continues between two next closest genotypes or between
any unplaced genotypes and the established cluster. An
unplaced genotype can join a cluster if its average
similarity to all members of the cluster is small enough in
comparison with any other pair of unplaced genotype. The
process is repeated until all clusters join one cluster. This
is an unweighted method, because it gives equal weight to
each genotype within a cluster. It is considered as only a
‘moderate type of clustering’ (Sneath and Sokal, 1973;
Panchen, 1992).

RESULTS AND DISCUSSION

Genetic diversity analysis using SSR markers

In the present study, a set of five SSR markers,
covering five different chromosomes, were used
to assess the genetic diversity among eight
parental lines of rice belonging to indica type. All
the five RM primers showed polymorphism among
the eight rice cultivars. A total of 40 bands were
scored and all the bands were found to be
polymorphic. A total of 23 alleles were detected in
the eight cultivars studied. Summarized data for



Habib et al. 661

¥ 250bp

200 bp

150 bp

Plate 1. Ethidium bromide stained DNA amplification profile of the eight parental lines of rice
(O. sativa L.) using SSR markers. M, ladder marker; C, control.

the number of alleles detected and the polymorphism
information content (PIC) values for each of the 5 SSR
primers are presented in the Table 2. The average
number of SSR alleles per locus was 4.6, with a range of
four alleles (RM-2) to six alleles (RM-27) (Plates 1 and 2).
The genetic similarity (GS) between pairs of cultivars
averaged 0.33, with a range of (0.2) to (0.6). PIC values
for SSR loci across all the 8 genotypes ranged from 0.22
(RM-27) to 0.82 (RM-154) with an average of 0.62. A
comparison of PIC values for different repeat sizes
revealed that SSR primers with di-repeats revealed a
maximum mean PIC value of 0.74, followed by tri-repeats
(0.43). The present investigation revealed that the di-
repeats with larger size, such as [(GA),;—RM-154] had
higher PIC value as compared to shorter di-repeats
[(GA);-RM-107)]. The level of polymorphism
displayed by the SSR markers was high in the present
analysis as reflected by the mean PIC value of 0.62 and
the highest PIC value of 0.81 (RM-154).

Analysis of genetic relationship among cultivars

Genetic distance (GD) between the cultivars was studied

using Dice coefficient (Nei and Li, 1979) available in
NTSYSpc 2.02e (Rohlf, 1997). The GD matrix was used
as input file for cluster analysis using clustering
algorithms- UPGMA available in SAHN module. Cluster
analysis was used to group the varieties and to construct
a dendrogram. The similarity matrix representing the
DICE coefficient was used to cluster the data using the
UPGMA algorithm. A total of three distinct groups
resulted out of analysis of pooled SSR marker data
(Figure 1). This dendrogram revealed that the genotypes
that are derivatives of genetically similar types clustered
more together.

Considering coefficient of similarity as 0.60, it was
possible to assign the cultivars to three clusters (CI, CllI
and CIll). The coefficients of similarity are presented in
the form of a matrix (8 x 8) (Table 3). Perusal of the
similarity values revealed that high degree of similarity to
the extent of 60% existed between Ch-1039 and SKAU-
46, whereas very low level of similarity of 20% existed
between SKAU-382 and SKAU-46; Jhelum and SKAU-
389 and SKAU-23 and SKAU-389. The similarity
coefficient of 0.20 to 0.40 between most of the parental
pairs indicated that the materials in descent are not
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Plate 2. Ethidium bromide stained DNA amplification profile
of the eight genotypes of rice (O.sativa L.) using SSR
markers.

Gl

Gty

L8

G5

T T T T T T R T T T T T T T T T T T T T T T T T R T T T T T T R T T [T I TR T O T [ U T I T A A A Ay AT A T T [ v A ey
007 013 020 026 032 0238 [ X = 051 057 064 070
Similarity coefficient (Dice)

Figure 1. Dendrogram depicting the genetic relationships among the eight genotypes of rice
(Oryza sativa L.) base on SSR data using UPGMA (Dice coefficient).
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Table 3. Similarity matrix (8 x 8) for 8-parental lines used for SSR analysis using UPGMA (Dice coefficient).

Parameter *Gl G2 G3 G4 G5 G6 G7 G8
Gl 1.00
G2 0.22 1.00
G3 0.40 0.45 1.00
G4 0.35 0.26 0.38 1.00
G5 0.25 0.42 0.23 0.26 1.00
G6 0.29 0.32 0.26 0.36 0.28 1.00
G7 0.20 0.42 0.50 0.29 0.60 0.23 1.00
G8 0.28 0.20 0.20 0.25 0.48 0.40 0.47 1.00

663

*G, Genotype; G1, SKAU-382; G2, Jhelum; G3, SKAU-23; G4, SR-1 (Shalimar Rice-1); G5, Ch-1039; G6, SKAU-5; G7,

SKAU-46;G8, SKAU-389.

related that much and posses diverse genetic
background and allelic resources. The possible reason
for low similarity coefficient in our investigation can be: i)
low number of SSR primers used; ii) only limited number
of genotypes were studied; iii) geographical distribution of
the varieties; iv) pedigree of the genotypes and common
parents in some genotypes.

Introgression and subsequent recovery of pure lines
are expected to produce a varietal profile that would be
useful so far as future needs of rice production and
productivity are concerned. The cultivars assigned to
different clusters were as under: Cluster 1: SKAU-382,
SKAU-23, SKAU-5 and SKAU-389; Cluster 2: China-
1039 and SKAU-46 and Cluster3: Jhelum and SR-1

Polymorphism information content (PIC) value for the
primers studied ranged from 0.22 (RM27) to 0.82
(RM154); with an average value of 0.62. Comparison of
the PIC values for different repeat sizes revealed that
SSR primers with di-repeats depicted maximum mean
PIC value (0.72) followed by tri-repeats (0.43). Our
results are in conformity with Ni et al. (2002) who also
reported that the larger the maximum repeat number in
microsatellite DNA, larger is the number of alleles
detected. No null allele was reported in the present
investigation. In case of null alleles, PCR amplification
fails to produce a reproducible band and can arise as a
result of point mutation(s) in one or both of the primer
sites. Ni et al. (2002) reported low percentage of null
alleles in Oryza rufipogon and Oryza nivara, which are
both close relatives of Oryza sativa. The possible reason
for not detecting null alleles in present study is that only a
limited number of SSR primers were used.

Various research workers (Ravi et al., 2003; Sarla et
al., 2003; Shivapriya and Hittalmani, 2006; Barooah and
Sarma, 2008; Rabbani et al., 2010) have also studied the
genetic diversity in rice cultivars using different molecular
markers.
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