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ABSTRACT

The allelic diversity and relationship among 12 elite aromatic rice cultivars were determined through DNA fingerprinting using micro-
satellite markers. A total of 24 SSR markers were used to characterize and discriminate all rice genotypes, 10 of which were polymorphic
for different chromosome numbers. The number of alleles per locus generated by each marker varied from 2 (RM256, RM510) to 7
(RM180), with an average of 3.8 alleles per locus. The polymorphic information content (PIC) values varied widely among loci and
ranged from 0.239 to 0.765 with an average of 0.508. The highest PIC value (0.765) was obtained for RM180, followed by RM207
(0.746), RM224 (0.680), RM163 (0.593), and RM566 (0.505). The genetic distance-based results seen in the unrooted neighbor-joining
tree and UPGMA clustering revealed five genetic groups in which closely related genotypes were clustered together. A moderate salt-
tolerant variety, Rajasail, grown mainly in coastal areas, formed a distinct monogenic cluster. Another single cluster was formed by
Tilockachari, which was 54.02% dissimilar with Rajasail; the remaining aromatic land races formed distinct clusters according to their
relatedness. Pairwise genetic dissimilarity was also studied to determine the level of relatedness among the cultivars in which highest
genetic dissimilarity was recognized between Gondhocosturi and Lalrodha dhan (81.03%), Gondhocosturi and Rajasail (81.03%), and
other pairs. This information will provide maximum selection of diverse parents, background selection during backcross breeding prog-
rams and assist in broadening germplasm-based rice breeding programs in the near future.

Keywords: dendogram, DNA fingerprinting, polymorphic information content (PIC) value
Abbreviations: ARL, aromatic rice landrace; BRRI, Bangladesh Rice Research Institute; GRC, Genetic Resource Center; PIC, poly-
morphic information content; SDS, sodium dedocyl sulphate; SSR, simple sequence repeat; UPGMA, Unweighted Pair Group Method

with Arithmetic Average

INTRODUCTION

Rice (Oryza sativa L.) occupies almost one fifth to the total
land area covered by cereals and it is the principal staple
food for more than 50% of the world’s population (Chakra-
varthi et al. 2006; Ram ef al. 2007). Approximately 11% of
the world’s arable land is cultivated annually with rice
(Cantrell and Hettel 2004), ranking next after wheat. Rice is
grown under diverse eco-geographical conditions in various
tropical and subtropical countries like Bangladesh and other
Asian countries. Despite the annual production shortfall of
2 to 4 million metric tons, rice provides more than 80% of
the food requirements for the common people of Bangla-
desh (Jalaluddin e? al. 2007). Rice occupies 77% of the total
cropped area in Bangladesh and provides 75% of the calo-
ries and 55% of proteins of the population’s average daily
diet (Bhuiyan et al. 2002). Aromatic rice is popular in Asia
and has gained wider acceptance in Europe and USA
because of its aroma and texture (Hossain et al. 2006). Aro-
matic rice has seen a higher demand in recent years because
of its scent and palatability for both internal consumption
and export. A landrace is a geographically or ecologically
distinctive autochthonous population, which is conspicu-
ously diverse in its genetic composition both between land-
races and within them and represents a unique and critical
source of genetically variable traits that can serve as a re-
source for future rice improvement. Landraces have been
shown to be excellent sources of genes for novel alleles
(McCouch et al. 1997; Hoisington et al. 1999; Jackson

1999; Guevarra et al. 2001). More than 4000 traditional
Bangladesh rice accessions or landraces have been collected
and registered at a rice gene bank in the Bangladesh Rice
Research Institute (BRRI) for medium-term storage and an
identical set is held in trust at International Rice Research
Institute (IRRI) for longer storage (Jackson 1999). Nearly
10,000 landraces are considered to exist in Bangladesh;
among them, more than 4000 local landraces of rice have
been adapted in different parts of the country (Kaul et al.
1982). Agriculture relies heavily on the genetic diversity of
a crop plant and it is estimated that not even 15% of the
potential diversity has been utilized. This implies that thou-
sands of valuable allelic variations of traits of economic
significance remain unutilized (Hossain et al. 2008). There-
fore, it is highly necessary not only to conserve landrace
genotypes but also to reveal the gene-pool of aromatic rice
and unlock valuable genes for breeding purposes (Rabbani
et al. 2008). Thus, identification of genotypes and their inter-
relationships is imperative. Genetic variation can be eval-
uated on both phenotypic and genotypic levels and the
development of new biotechnological techniques provides
increased support to achieve this goal. Molecular markers
are powerful tools in the assessment of genetic variation, in
the elucidation of genetic relationships within and among
species and have demonstrated the potential to detect gene-
tic diversity and to aid in the management of plant genetic
resources (Virk et al. 2000; Song et al. 2003; Teixeira da
Silva 2005). After the completion of rice genome sequen-
cing in 2005 by the International Rice Genome Sequencing
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Project/IRGSP, the genome sequence information has
served as an excellent platform to uncover single nucleotide
polymorphisms (SNPs) of rice that is now more than 5
million (McNally 2006). SSR is the next most abundant
marker in rice numbering to 13,000 (Romero et al. 2009).
Microsatellite DNA markers consisting of AT repeats were
found to be highly polymorphic in the rice genome and an
abundance of microsatellite markers is now available
through the published high-density linkage map (McCouch
et al. 2002; IRGSP 2005). Diversity analysis for fine grain
and aromatic rice landraces (ARLs) has been rarely con-
ducted in Bangladesh. These ARLs could serve as a mine of
germplasm and a new genetic pool. Great effort has been
made to assess genetic variability at the molecular level
among 12 ARLs using SSR markers because of their abun-
dance in the plant genome and high level of polymorphism.
Consequently, these markers would be particularly useful
for developing unique DNA profiles for rice genotypes. The
present study addresses the ability of microsatellite markers
in revealing genetic diversity and DNA fingerprinting aro-
matic landraces to determine genotypic differences, seed
purity, and serve as a basis for rice breeding programme,
germplasm collection, management and establishment of a
core collection of ARLs.

MATERIALS AND METHODS
Plant materials

Twelve elite rice genotypes of ARLs and fine rice landraces were
selected for the experiment: Gondhocosturi, Gondhoraj, Hatisail,
Begunbichi, Khajar, Rajasail, Basmati tap 90, Radhunipagol,
Nizersail, Lalrodha dhan, Kartiksail, Tilockachari. Seeds of rice
genotypes were collected from the Genetic Resource Center
(GRC), BRRI for germination after dormancy breaking at 50°C
for 3 days. Germination of seeds was carried out on petri dish (15
seeds of single genotype per Petri dish) with filter paper and dis-
tilled water at 28°C in dark condition. For seed germination, a
minute amount of distilled water was used only to soak the filter
paper under aseptic conditions and then germinated seeds were
sown at specified row and column distances in pots in a glass-
house.

Genomic DNA isolation

Prior to the isolation of genomic DNA, a healthy portion of fresh
youngest leaves were harvested from a single 3-week-old plant of
each line grown in pots in a glasshouse. DNA extraction was car-
ried out following a mini-prep DNA extraction protocol which did
not require liquid nitrogen and required only a very small amount
of tissue samples (Zheng et al. 1995). All chemicals used for DNA
extraction were purchased from Sigma-Aldrich, Germany. Leaf
tissues were cut into small pieces, homogenized and digested with
extraction buffer (1 M Tris, 0.5M Na,EDTA, 5M NacCl, 10% SDS
and distilled H,O, pH 8.0). Leaf extracts were then placed in 65° C
water bath in a tube holder for 20 min and inverted at 10-min
intervals and returned to the water bath each time. Following incu-
bation, 800 pl of a mixture of chloroform and isoamyl alcohol (24:
1) was added, centrifuged for 8 min at 11,000 rpm in a microcen-
trifuge and 500 pl of upper aqueous layer was collected. To this
supernatant, 1000 pl of cold 100% ethanol was added, mixed and
centrifuged for 12 min at maximum speed (13,200 rpm). A small
pellet was visible and the supernatant was decanted. The DNA
pellet was washed with cold 70% ethanol and allowed to air dry.
The DNA pellets were resuspended in 100 pl of 10X TE buffer
and dissolved by warming in a 65°C water bath for up to 1 h (with
frequent mixing or flicking of the tube). The pellet, once dissolved,
was stored at -20°C. The quality of DNA was also checked by
DNA quantification using a Thermo Scientific NanoDrop™ 1000
spectrophotometer (Thermo Fisher Scientific, USA).

Microsatellite markers

A total of 24 microsatellite primer pairs (Sigma-Aldrich, Ger-
many) covering all 12 chromosomes were selected for the genetic
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diversity analysis of the 12 ARLs in Bangladesh. Primers that
showed monomorphic banding patterns were excluded while only
one primer with higher allele number was selected from primers
showing a polymorphic banding pattern at the same chromosome
based on number of allele detected. Finally, 10 microsatellite pri-
mers with a distinct chromosome number were used for final poly-
merase chain reaction (PCR) amplification. The original source,
repeat motifs, primer sequences, expected length and chromoso-
mal positions for these markers can be found in the rice genome
database (http://www.gramene.org).

PCR amplification

Prior to DNA amplification, a PCR cocktail was prepared con-
taining all required components. All reagents were purchased from
Sigma-Aldrich. PCR was carried out in a DNA thermal cycler
(Model: ALS1296, BioRad, USA and G- STORM, GSI, England,
Serial no: GT-11620) and PCR amplification reactions were done
in a total volume of 10 pl containing 1.5 pl of 10X buffer, 0.25 pl
of 10 mM dNTPs, 0.5 pl of each forward and reverse primer, 2.25
ul of ddH,0, 0.2 ul of 7ag polymerase, 1.8 ul of MgCl, and 3 pl
of diluted template DNA. For PCR amplification, the thermal cyc-
ler was set at 1 cycle for 5 min at 94°C (hot start and strand sepa-
ration) followed by 34 cycles of denaturation (94°C), annealing
(55°C) and primer elongation (72°C) for 30 sec each and a final
extension in 1 cycle of 5 min at 72°C. Amplified products were
stored at -20°C until further use. The reproducibility of amplifica-
tion products was confirmed twice for each primer. PCR products
were mixed with bromophenol blue gel loading dye at a 5: 3 ratio
and resolved by polyacrylamide gel electrophoresis run on 8%
polyacrylamide gels in TBE buffer. To each well, 4 ul of sample
was loaded and run at 80 V for 90 min using a mini vertical poly-
acrylamide gel running apparatus for high throughput manual
genotyping (model: 300 series, CBS Scientific Co Inc., CA. USA).
The gels were next stained in ethidium bromide solution (50 pl in
500 ml distilled water) for 30-35 min, kept in the dark, and then
scanned using an a UVPRO (Uvipro Platinum, EU) gel documen-
tation unit linked to a PC (Windows).

SSR data analysis

The size of amplicons was estimated by comparing the migration
distance of amplified fragments with that of known size fragments
using 25 (bp) base pairs (Promega, Madison, USA) and 50 bp
DNA ladder (Thermo Fisher Scientific, Fermentas INC., Maryland,
USA). The molecular weight of distinct bands or amplified frag-
ments was measured in bp using Alpha-Ease FC 5.0 software.
Genetic diversity of cultivars by SSRs was evaluated by the num-
ber of alleles and the polymorphic information content (PIC) value,
which is an estimate of the discriminatory power of a SSR marker
locus. Statistics, including the number of alleles per locus, major
allele frequency, gene diversity, and PIC values were calculated
using PowerMarker version 3.25 (Liu and Muse 2005). SSR mar-
ker alleles were analyzed using Power Marker version 3.25 and
used to export the allele frequency data to a binary format in
which each SSR band was scored as present (1), absent (0), or as a
missing observation for analysis with NTSYS-pc version 2.2
(Rohif 2002). NTSYS-pc was used to construct a UPGMA (un-
weighted pair group method with arithmetic averages) dendrogram
showing the distance-based interrelationship among the genotypes.
For the unrooted phylogenetic tree, genetic distance was calcu-
lated using the “C.S Chord 1967 distance (Cavalli-Sforza and
Edwards 1967) in PowerMarker with tree viewed using Treeview
software.

RESULTS
Overall SSR DNA marker diversity

The level of polymorphism among the rice cultivars was
evaluated by calculating allele number and PIC values for
each of the 10 SSR loci evaluated. In the present investiga-
tion SSR markers from all chromosomes except 4 and 12
were used to characterize and to assess genetic diversity
among the 12 ARLs where, Chromosome 4 and 12 was not
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Table 1 Number of alleles, allele size range, highest frequency allele and polymorphism information content (PIC) values found among 12 rice genotypes

for 10 SSR markers.

Primer Chromosome RM Position NA Freq. Diversity PIC

RM243 1 (CN18 57.3cM 4 0.6667 0.5139 0.4760
RM180 7 (ATT)10 55.8cM 7 0.3333 0.7917 0.7648
RM207 2 (CT)25 191.2cM 6 0.3333 0.7778 0.7456
RM163 5 (GGAGA)4 (GA)11 C(GA)20 91.4 cM 3 0.3333 0.6667 0.5926
RM510 6 (GA)15 20.8 cM 2 0.8333 0.2778 0.2392
RM256 8 (CT)21 101.5cM 2 0.8333 0.2778 0.2392
RM566 9 (AG)15 47.7cM 3 0.5833 0.5694 0.5045
RM590 10 (TCT)10 117.2 cM 3 0.5000 0.5694 0.4768
RM224 11 (AAG)8(AG)13 120.1 cM 5 0.4167 0.7222 0.6800
RM338 3 (CTT)6 108.4 cM 3 0.7500 0.4028 0.3633

Chr: chromosome; Freq: major allele frequency; NA: number of alleles; PIC: polymorphism information content, RM: repeat motif * Motif of the SSR markers, position and

number of repeats as previously published (http:/www.gramene.org).
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Fig. 1 Separation of alleles on 8% polyacrylamide gel followed by
staining with ethidium bromide and visualized under UV light. PCR
products were amplified with rice microsatellite primers (A) RM566 (B)
RM590 (C) RM224 (D) RM163. The first lane of each row was the
molecular marker, all are 50 base pair (bp) ladder marker except D (25 bp
ladder marker) followed by 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 and 12 where
they represents rice landraces Gondhocosturi, Gondhoraj, Hatisail, Begun-
bichi, Khajar, Rajasail, Basmati tap 90, Radhunipagol, Nizersail, Lalrodha
dhan, Kartiksail and Tilockachari respectively.

considered because of financial constrain. A total of 38
alleles were detected at 10 SSR markers in the 12 rice
genotypes. Among the polymorphic markers, 2 amplified 2
alleles each, 4 markers produced 3 alleles each, only one
marker produced 4 alleles while the remaining 3 markers
produced 5, 6 and 7 alleles each, respectively (Table 1).
The number of alleles per locus generated by each marker
varied from 2 alleles (RM256, RM510) to 7 alleles
(RM180), with an average of 3.8 alleles per locus. The
variability in allele number per locus is consistent with the
frequency of the most common allele at each locus, ranging
from 33.33% (RM180, RM207 and RM163) to 83.33%
(RM256, RM510). On average, 55.83% of the 12 rice geno-
types shared a common major allele at any given locus. The
genetic diversity of these 10 loci for the 12 rice landraces
ranged from 0.2778 to 0.7917 with an average of 0.5570,
indicating a moderate level of diversity. The highest genetic
diversity (0.7917) was recorded in locus RM180 and the
lowest genetic diversity (0.2778) was detected in loci
RMS510 and RM256 (Table 1). Fig. 1 shows a gel image of
amplified fragments using a primer selected RMS566,
RM590, RM224 and RM163. The PIC value is a reflection
of allele diversity and frequency among varieties. The PIC
value of each marker, which can be evaluated on the basis
of its alleles, varied greatly for all the SSR loci tested,
ranging from 0.239 to 0.765 with an average of 0.508. The
highest PIC value (0.765) was obtained for RM180, fol-
lowed by RM207 (0.746), RM224 (0.680), RM163 (0.593),
and RM566 (0.505).

Genetic distance-based analysis

Genetic distance is a measure used to quantify the difference
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Fig. 2 An unrooted neighbor-joining tree showing the genetic relation-
ships between the 12 rice accessions based on 10 microsatellite mar-
kers. The five major groups are found based on relatedness between them-
selves. Like Tilockachri, a moderate salt tolerant aromatic landrace Raja-
sail which mainly found in costal region form distinct single group. All
other grouped separately based on their similarity and dissimilarity.

between two populations in relation to the frequency of a
particular trait as well as the relationship among popula-
tions. An unrooted neighbor—joining tree (Fig. 2) showing
the genetic-relationships among 12 aromatic landraces of
Bangladesh was constructed based on the alleles detected
by 10 SSR markers. The genetic distance-based results seen
in the unrooted neighbor-joining tree revealed 5 groups.
Four ARLs (Gondhocosturi, Hatisail, Gondhoraj, and Beg-
unbichi) were clustered in the same group in which Gond-
horaj was very close to Begunbichi, while Gondhocosturi
and Hatisail were close to each other. ARL Basmati 90 was
clustered with Nizersail, Lalrodha dhan and Kartiksail. A
moderate salt-tolerant variety Rajasail, which is grown
mainly in the coastal area, solely formed a distinct cluster.
Another single cluster was formed by Tilockachari. Further-
more, the remaining two ARLs, Khajar and Radhunipagol,
appeared to be close and could thus be considered as a sin-
gle group. Cluster analysis was used to group these varieties
and to construct a dendogram. The genetic relationship
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Fig. 3 An UPGMA cluster dendogram showing the genetic relationships among 12 aromatic rice landraces based on 10 SSR markers.

Table 2 Genetic dissimilarity between pair of genotypes obtained from SSR analysis.

Ecotypes AR1 AR10 AR11 AR12 AR2 AR3 AR4 ARS AR6 AR7 ARS8 AR9
AR1 0.0000

AR10 0.8103 0.0000

ARI11 0.7203 0.2701 0.0000

ARI12 0.6302 0.7203 0.6302 0.0000

AR2 0.2701 0.6302 0.6302 0.5402 0.0000

AR3 0.1801 0.6302 0.5402 0.5402 0.2701 0.0000

AR4 0.3601 0.6302 0.5402 0.3601 0.1801 0.1801 0.0000

AR5 0.5402 0.7203 0.6302 0.5402 0.5402 0.5402 0.4502 0.0000

ARG 0.8103 0.4502 0.5402 0.5402 0.8103 0.7203 0.6302 0.8103 0.0000

AR7 0.5402 0.5402 0.4502 0.5402 0.6302 0.3601 0.5402 0.6302 0.5402 0.0000

ARS8 0.5402 0.8103 0.7203 0.6302 0.5402 0.4502 0.5402 0.4502 0.8103 0.4502 0.0000

AR9 0.7203 0.4502 0.3601 0.5402 0.5402 0.5402 0.4502 0.5402 0.6302 0.3601 0.7203 0.0000

Note: AR1 = Gondhocosturi, AR2 = Gondhoraj, AR3 = Hatisail, AR4 = Begunbichi, AR5 = Khajar, AR6 = Rajasail, AR7 = Basmati 90, AR8 = Radhunipagol, AR9 =

Nizersail, AR10 = Lalrodha dhan, AR11 = Kartiksail, AR12 = Tilockachari.

among the rice cultivars was assessed by a UPGMA cluster
analysis of the similarity coefficient. The UPGMA-based
dendogram obtained from the binary data was deduced
from the DNA profiles of the samples analyzed. The genetic
similarity analysis using UPGMA clustering agreed with the
neighbor-joining data. The UPGMA clustering system also
generated 5 genetic clusters (Fig. 3) with a similarity coef-
ficient of 44%. Here, cluster I consisted of ARLs Khajar
and Radhunipagol, which showed 45.02% dissimilarity bet-
ween them. Tilockachari alone was grouped in a single
cluster, cluster II. Four ARLs (Gondhocosturi, Hatisail,
Gondhoraj and Begunbichi) were clustered in the same
group (cluster III) and also had additional sub-clusters
within this cluster. For example, Tilockachari and Rajasail
also formed a separate group (cluster IV) alone and showed
54.02% dissimilarity with Tilockachari. The remaining 4
ARLs (Nizersail, Lalrodha dhan, Basmati 90 and Kartiksail)
formed a single cluster (V) which had two separate ad-
ditional sub-clusters within it. Clusters III and V were the
largest group including 4 ARLs each, cluster I comprised 2
cultivars while clusters II and IV were of equal size com-
prising a single cultivar each. This dendogram revealed that
the genotypes that are derivatives of genetically similar
types clustered together more.

Pairwise genetic distance

A dissimilarly matrix was used to determine the level of
relatedness among the cultivars studied. The pair-wise
genetic dissimilarity indices (Table 2) indicated that the
highest genetic dissimilarity was between Gondhocosturi
and Lalrodha dhan (81.03%), Gondhocosturi and Rajasail
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(81.03%), Radhunipagol and Lalrodha dhan (81.03%), Rad-
hunipagol and Khajar (81.03%) as well as between Gond-
huraj and Rajasail (81.03%). These pairs were followed by
Gondhocosturi and Kartiksail (72.03%), Lalrodha dhan and
Tilockachari (72.03%), Radhunipagol and Kartiksail
(72.03%), Gondhocosturi and Tilockachari (63.02%), de-
creasing thereafter. The lowest genetic dissimilarity among
rice landraces was between Gondhocosturi and Hatisail
(18.01%), Hatisail and Begunbichi (18.01%) as well as
Gondhoraj and Begunbichi (18.01%), followed by Gondho-
costuri and Gondhuraj (27.01%), and Gondhuraj and Hati-
sail (27.01%). No ARLs were found in duplicate (i.e., 100%
similarity). As expected, genetic dissimilarity between the
ARLs was comparatively high. Hence, microsatellite mar-
kers could serve as a potential tool in the identification and
characterization of genetically distant cultivars from various
sources.

DISCUSSION

Assessment of genetic diversity is an essential component
in germplasm characterization and conservation. Morpholo-
gical and seed traits have long been the means of studying
taxonomy and variability among plant species. Microsatel-
lites are amongst the most widely used DNA marker for
many purposes such as diversity, genome mapping, varietal
identification, etc. (Teixeira da Silva 2005). The use of
these markers to investigate genotypic variations among
different rice cultivars was previously reported by some
researchers (Singh et al. 2004; Joshi and Behera 2006). The
use of these molecular techniques to investigate the genetics
of Bangladeshi ARLs is limited. 10 SSR markers evenly
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spread over all chromosomes (except for chromosomes 4
and 12) of rice were used in this study based on their phy-
sical position according to the “Gramene” database (http://
www.gramene.org). The number of alleles detected by
microsatellite markers varied from 2 to 7 with an average of
3.8 alleles per locus (Table 1). The numbers of alleles
observed in the present study was very consistent with some
earlier reports on Indian rice landraces specifically ARLs
(Siwach et al. 2004; Neeraja et al. 2005). Jalaluddin et al.
(2007) reported on the genetic diversity and DNA finger-
printing of some modern /NDICA and JAPONICA rice
where the number of alleles detected in the 25 rice cultivars
at the five loci varied from 2 to 4 with an average 2.8. Our
results were also comparable to 2.0-5.5 alleles per SSR
locus for various classes of microsatellites reported by Cho
et al. (2000), who used genomic libraries and GeneBank
sequences in rice. Wong et al. (2009) reported the genetic
relationship and diversity analysis among 8 Bario rice cul-
tivars using 12 SSR primers, detecting a total of 31 alleles.
The average number of alleles per locus was 2.6, which is
markedly lower than our report. In contrast, the average
number of alleles detected in the present study was lower
than the average number of alleles reported by Ni et al.
(2002), Jain et al. (2004), Xu et al. (2004), Lu et al. (2005),
Jayamani et al. (2007), Thomson et al. (2007), Pervaiz et al.
(2010) and Upadhyay et al. (2011), who reported an ave-
rage of 6.8, 7.8, 11.9, 6.57, 14.6, 7.7, 13, 4.4 and 4.35
alleles per locus using rice subspecies, Indian quality rice
germplasm, US rice genetic resources, traditional varieties
of Brazilian rice, a diverse collection of Portuguese rice,
Indonesian rice germplasm (both indica and japonica), Pak-
istani rice landraces and Indian rice varieties respectively.
There is such big variability using SSRs in the number of
alleles detected per locus and this inconsistency might be
due to the diverse genotypes used and selection of SSR
primers with scorable alleles. Parvaiz et al. (2009) used 32
SSR markers to determine the genetic diversity of 35
cultivars of Asian rice and showed a clear division of cul-
tivars into aromatic and non-aromatic groups. In their expe-
riment, the number of alleles detected by microsatellite
markers varied from 2 to 13 with an average of 4.5 alleles
per locus, which is higher than our study (3.8 alleles per
locus). According to Borba et al. (2009), a set of 86 SSRs
detected a total of 1,066 alleles across 242 accessions from
the EMBRAPA Rice Core Collection (ERiCC). The average

number of alleles per locus was 12.4 with a range of 3 to 32.

The SSR markers involving di-nucleotide repeats amplified
a relatively small number of bands as reported earlier in rice
(Cho et al. 2000; Sainil et al. 2004). Similarly, microsatel-
lites with poly (AT)n repeats represent the most abundant
and polymorphic class of SSRs but are frequently associ-
ated with the Micropon family of miniature inverted-repeat
transposable elements (MITEs) and are difficult to amplify
(Temnykh et al. 2001). Markers with the highest number of
discernable alleles could be the best markers for molecular
characterization and diversity analysis. RM180 on chromo-
some 7 detected 7 alleles followed by RM207 (6 alleles),
RM224 (5 alleles) and RM243 (4 alleles). This suggests that
these markers could be potentially used for molecular cha-
racterization of ARL germplasm from various sources.
However, there were a number of markers which produced
only few alleles. Two markers produced only two alleles,
and despite their ability to produce only few alleles, they
were robust enough to distinguish specifically diverse geno-
types or different accessions of the same genotype. The PIC
value of a marker is the probability of the marker allele that
can be deduced in the progeny and is a good measure of a
marker’s usefulness for linkage analysis. The level of poly-
morphism determined by the PIC values was quite high and
varied (range from 0.239 to 0.765, average = 0.508) con-
siderably among SSR loci (Table 1). The PIC values ob-
served in our study were consistent with previous estimates
of microsatellite marker analysis in rice by Jain ef al. 2004
(range from 0.2 to 0.9, mean = 0.6); Siwach et al. 2004
(range from 0.0 to 0.78, mean = 0.62); Lu et al. 2005 (range

46

from 0.028 to 0.881, mean = 0.463); Jayamani et al. 2007
(range from 0.179 to 0.894, mean = 0.667); Thomson et al.
2007 (range from 0.34 to 0.88, mean = 0.66) and Wong et al.
2009 (range from 0.375 to 0.656, mean = 0.52). The PIC
value was lower than that previously reported by Xu et al.
(2004) and Parvaiz et al. (2009), who observed an average
PIC value 0of 0.73 and 0.603 for a world collection and Asian
cultivars, respectively. According to Borba et al. (2009),
PIC values varied greatly among markers, from 0.19 to 0.90
with an average of 0.75, which is markedly higher than the
result in our study. In our study, the highest PIC value
(0.765) was observed by RM180 followed by RM207
(0.746), RM224 (0.680), RM163 (0.593), and RM566
(0.505). RM180, considering its high PIC value, is sup-
posed to be the best marker for characterizing the 12 geno-
types (Islam et al. 2008) and, to a lesser extent, RM207,
RM224, RM163 and RM566, which were also used for
molecular characterization of these varieties. Molecular
diversity analysis of stress tolerant rice using SSR marker
was conducted by Islam et al. (2008), who observed
RM10793 with the highest PIC value found to be the best
marker for characterizing the 21 rice genotypes. The
UPGMA clustering system also generated genetic clusters
with a similarity coefficient of 44%. Cluster analysis based
on similarity coefficients placed 12 rice genotypes into 5
major groups (Fig. 3). Some of the ARL clusters fell into
close sub-groups. This dendogram revealed that the geno-
types that are derivatives of genetically similar type clus-
tered together more. For example, Tilockachari and a mode-
rate salt-tolerant variety (Rajasail) which is grown mainly
in coastal areas, solely formed a distinct cluster. Develop-
ment of salt-tolerant germplasm, i.e. breeding lines, through
crosses with salt-tolerant landraces is an intermediate step
before the final transfer of salt-tolerance genes into com-
mercial cultivars (Zeng et al. 2004). Identifying different
salt tolerance components and pyramiding them into a salt-
tolerant cultivar has been suggested (Yeo et al. 1986). The
success in pyramiding different salt tolerance components
into a cultivar can be increased using microsatellite markers
because of the difficulty in identifying these tolerance com-
ponents using conventional methods (Zeng et al. 2004).
With the aid of microsatellite makers, different salt toler-
ance components may be combined by intercrossing geno-
types from different clusters. In this study, the larger range
of similarity values for cultivars revealed by microsatellite
markers provides greater confidence for the assessments of
genetic diversity and relationships in conjunction with pedi-
gree records, which can be used in future breeding prog-
rams. The utilization of 10 microsatellite markers in the
analysis of rice varieties revealed a high level of genetic
polymorphism and these 10 markers gave sufficient infor-
mation for unambiguous identification of 12 ARLs. From
this study, it might be concluded that microsatellite analysis
could be efficiently utilized for diversity analysis and dif-
ferentiation of ARLs. Many studies have also reported sig-
nificantly greater allelic diversity of microsatellite markers
than other molecular markers (McCouch et al. 2001). In
addition, marker-based identification and differentiation of
ARLs could be helpful to preserve the integrity of high-
quality rice varieties such as basmati and aromatic varieties,
for characterization, unlocking many genes and benefiting
both farmers and consumers. Molecular diversity studies
are useful for characterizing vast resources of plant germ-
plasm, especially in the context of protecting traditional
plant resources maintained by individual farmers from con-
traventions. Markers based on polymorphism in DNA se-
quences are increasingly being utilized for this purpose
(Weising et al. 2005). The results represent one of the
attempts to discover a small set of microsatellite markers to
discriminate ARLs from Bangladesh providing meaningful
data that can be enlarged by additional rice cultivars and
new microsatellite markers.
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