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Twenty diverse rice germplasm were used to estimate genetic diversity using five
microsatellites (SSR) and five randomly amplified polymorphic DNA (RAPD)
markers. A total of 33 clear and repeatable bands were scored from RAPD markers
and 33 alleles were detected from SSR primer pairs. Average polymorphic information
content (PIC) value across the SSR alleles was 0.789 and average polymorphism for all
microsatellite markers was 100%. Polymorphism level revealed by RAPD was 93.80%.
The unweighted pair group method of arithmetic means (UPGMA) dendrogram on
Nei’s genetic distance based on SSR markers clubbed germplasms into three clusters:
Binadhan-5, Binadhan-6, Iratom-24, BRRI Dhan 37 and BRRI Dhan 36 in cluster 1;
TNDB-100, Binashail, Chini Shagor, BRRI Dhan 41, RD-2586, Jongli Boro, BRRI
Dhan-40 and Kalo Bhog formed cluster 2; and Dhol Kochuri, BINA Dhan-4, BRRI
Dhan 38, Y-1281, Baowi Jhak, BRRI Dhan 32 and Kala Jira formed cluster 3. The
UPGMA dendrogram on Nei’s genetic distance based on RAPD markers clustered
germplasms into three clusters: BRRI Dhan 37, Iratom-24, BRRI Dhan 36, Binashail,
RD-2586, BRRI Dhan 32, TNDB-100, BRRI Dhan 40 and Kala Jira were grouped in
cluster 1; BRRI Dhan 38, BRRI Dhan 41, Chini Shagor, Baowi Jhak and Kalo Bhog
were grouped in cluster 2; and Jongli Boro 581, BINA Dhan-4, BINA Dhan-5, BINA
Dhan-6, Y-1281 and Dhol Kochuri were grouped in cluster 3. Both SSR and RAPD
markers revealed BINA Dhan-5 and BINA Dhan-6 with lowest genetic diversity
between them. SSR analysis showed more definite separation of clusters of genotype
indicating a higher level of efficiency of these markers in determining relationships
between germplasms than RAPD markers.

1. Introduction

compliments existing cultivars. Availability of a large number
of polymorphic markers enables precise classification of the

Rice is grown under diverse cultural conditions and over
wide geographical range. In Bangladesh, rice varieties have
been developed traditionally by selection, hybridization and
backcrossing with locally adapted high-yielding lines. The
number of parental lines used in the breeding programmes is
however quite small, resulting in a narrow genetic base. Genetic
uniformity in crops can be undesirable in terms of vulnerability
of the crop to epidemics and environmental stresses.

Genetic diversity is commonly measured by genetic distance
or genetic similarity (Weir, 1990). Molecular markers provide
information that can help to define the distinctiveness of
germplasm and their ranking according to the number of
close relatives and their phylogenetic position which helps
to identify and develop genetically unique germplasm that

w

cultivars. Several molecular markers viz. RFLP (Becker et al.,
1995), RAPD (Williams et al., 1990), SSRs (Levinson and
Gutman, 1987), ISSRs (Blair et al., 1999), and AFLP (Zhu
et al., 1998) are presently available to assess the variability
and diversity at molecular level (Joshi et al., 2000). SSR has
been successfully used to construct detailed genetic maps
of several organisms and to study genetic variation within
populations of the same species such as rice (Brown et al.,
1996). Based on the study large number range of similarity
values for related rice cultivars using SSR markers provides
greater confidence for the assessment of genetic diversity and
relationships (Chakravarthi and Naravaneni, 2006). Random
Amplified Polymorphic DNA (RAPD) is the a widely used
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molecular marker where DNA fragments are amplified by
the polymerase chain reaction (PCR) using short (usually 10
bases in length) synthetic primers of random sequence. RAPD
markers tend to estimate intra or inter genetic distances more
distantly related individuals. Hence, present investigation was
to assess genetic diversity among 20 rice germplasms using
SSR and RAPD markers.

2. Materials and Methods

The study was carried out with six landraces, three advanced
mutants and 11 high yielding rice varieties obtained from
International Rice Research Institute (IRRI), Philippines,
Bangladesh Institute of Nuclear Agriculture (BINA) and
Bangladesh Rice Research Institute (BRRI).

2.1. DNA extraction

DNA was extracted from rice leaves using the modified mini
preparation CTAB method (IRRI, 1997).

2.2. SSR Analysis

SSR primers RM231, RM24, RM336, RM9 and RM20 were
used for study (Table 1).

The total volume of PCR cocktail for this study was 13 pl per
sample. It contained 1pul 10x PCR buffer, 1 pl dNTPs, 1.5 pl
primer forward, 1.5 ul primer reverse, 0.2 ul Taq polymerase
and 2.8 ul sterile dH,O. Two ul genomic DNA was added with
8 ul PCR cocktail. Template DNA was initial ly denatured at
94 °C for 3 minutes followed by 34 cycles of PCR amplification
with the thermal profile of 30 seconds denaturation at 95 °C,
1 minute primer annealing at 55 °C and 30 seconds primers
extension at 72 °C. Finally, 7 minutes incubation at 72 °C was
allowed for completion of primer extension. For checking
amplification, the PCR products were electrophoretically
resolved on 1% agarose gel in 0.5X TBE.

The level of polymorphism among the 10 rice germplasm
was evaluated by calculating allele numbers and polymorphic
information content (PIC) values for each of the three SSR
loci. PIC or expected heterozygosity for each SSR marker
was calculated based on the formula Hn=1-3p? where p, is
the allele frequency for the i-th allele.

2.2.1. Polyacrylamide gel electrophoresis for microsatellite
analysis

Before sample loading, both the gel and PCR products were
preheated. During preheating of gel, the comb was again placed
on the gel allowing sample to be loaded easily and 1200 ml 1x
TBE buffer was added to the vertical chamber. The gel was
pre-run for 30 minutes at 120 W to rise the temperature up to
50 °C. Meanwhile, PCR-products and 5 pnl 100 bp DNA ladder
were preheated at 95 °C for 5 minutes. After electrophoresis
the gel was stained with silver nitrate. The individual bands in

Table 1: Summary for microsatellite markers used for
diversity study

Chro-
mosome
locus

Size
range
(bp)
169-191 3

Primer
name

Sequence Annealing

temp. (°C)

RM231 Fwd.  ccagatt- 55
atttcctgag-
gtc
cacttg-
catagttctg-
cattg
gaagtgt- 35
gatcactg-
taacc

tacagtg-
gacggc-
gaagtcg
cttacaga- 55
gaaacg-
geatcg
getggttt-

gittcaggt-
tcg

Rev.

RM24  152-198 1 Fwd.

Rev.

RM336 148-193 7 Fwd.

Rev.

RM9 124-194 1 Fwd. acggcect- 55

catcaccttc

ggtgecat-
tgtecte

atcttgtc- 55
cctgcag-

gtcat
gaaaca-

gaggca-
catttcattg

Rev.

RM20 162-198 12 Fwd.

Rev.

glass plate were stained and scored for analysis.
2.2.2. Microsatellite data analysis

Only clear and unambiguous SSR markers were scored to
the presence and absence of the corresponding band among
the genotypes. The scores 1 and 0 indicated the presence and
absence of bands, respectively. The unweighted pair-group
method with arithmetic means (UPGMA) dendrogram was
drawn by using the software TREEVIEW. Nei’s (1972) genetic
distance value was computed using the POPGENE (Version
1.31) software user manual.

2.3. RAPD analysis

2.3.1. Reaction mixture preparation, amplification and
electrophoresis

DNA samples were quantified by the spectrophotometer and
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the concentration adjusted to 25 ng pl'. Each RAPD reaction
was done with 10 pl containing 10X PCR Buffer 1 pl, 1 pl
dNTP, Taq polymerase 1 pl, and distilled water 3.3 pul. DNA
amplification was performed in an oil-free thermal cycler
with the following programme: preheat at 94 °C for 3 minutes
followed by 40 cycles of 1 min denaturation at 94 °C, 1 min
annealing at 34 °C and extension at 72 °C for 2 minutes. After
the last cycle, a final step was for 7 minutes at 72 °C to allow
complete extension of all amplified fragments and reactions
were held at 4 °C. The amplified products were separated by
electrophoresis in 1.5% agarose in 1x TBE buffer, containing
2.50% ethidium bromide at 100 V for 1 hr. The gels were
visualized under UV light and the images were transferred to
a microcomputer for analysis.

2.3.2. RAPD data analysis

The amplified bands were visually scored as present (1) and
absent (0) separately for each individual and each primer. The
scores obtained were pooled to create a single data matrix.
This was used to estimate polymorphic loci, Nei’s (1973) gene
diversity, genetic distance (D) and a UPGMA dendrogram
using a computer programme, POPGENE (Version 1.31) (Yeh
et al., 1999). The same programme was also used to perform

test of homogeneity in different locus between population
pairs. Genetic similarity was determined according to the
following formula:

Similarity index (SI)=2 ny/NX-S-Ny

Where, N is the number of RAPD bands shared by individuals
x and y respectively, and Nx and N, are the number of bands in
individual x and y, respectively (Chapco et al., 1992).

3. Results and Discussion

3.1. Phenotypic performance of twenty rice germplasm

Variation in phenotypic performance was found among studied
20 rice germplasm in respect to yield and yield components
(Table 2). It was observed that HY V(s) showed comparatively
shorter plant height than local varieties. Among local varieties,
Jongli Boro showed highest plant height (177.37 cm) than
other local varieties and HYVs. Both RD-2586 and Kalo
Bhog flowered earlier (72 days). RD-2586 matured at earliest
(101 days) time. BINA Dhan-6, BINA Dhan-5 and Binashail
gave higher grain yield plant” (39.82 g, 37.70 g and 35.89 g,
respectively). Thousand grain weight of BINA Dhan-4 was the
highest (26.89 g) among all germplasm. BINA Dhan-6 showed
the highest number of effective tillers hill! (11) and the highest

Table 2: Performance of yield and yield components of 20 rice germplasm

Strain/ Plant Days to Days to Efective No. of grains  1000-grain Grain yield
Variety height (cm) flowering  maturity tillers hill”! panicle’! wt. (g) plant' (g)
Iratom-24 89.30 100 125 10 115 22.25 30.21
Binashail 148.40 104 132 216 24.21 35.89
BINA Dhan-4 130.60 93 125 176 26.89 31.88
BINA Dhan-5 102.30 112 140 236 25.12 37.70
BINA Dhan-6 110.10 115 142 11 252 23.02 39.82
RD-2586 108.63 72 101 9 90 22.30 18.28
Y-1281 95.25 97 126 9 238 20.21 32.19
TNDB-100 93.98 90 122 10 180 21.02 27.21
BRRI Dhan 32 123.60 96 119 7 168 18.03 26.67
BRRI Dhan 36 104.72 109 130 9 128 21.42 23.92
BRRI Dhan 37 132.61 98 129 9 250 15.89 24.32
BRRI Dhan 38 132.30 96 129 6 210 16.42 23.02
BRRI Dhan 40 143.30 109 136 8 219 24.36 26.09
BRRI Dhan 41 163.10 106 135 6 191 23.12 22.12
Chini Shagor 146.30 85 122 7 104 15.20 18.19
Baowi Jhak 162.40 86 125 6 112 13.22 17.18
Jongli Boro 581 177.37 86 119 8 96 20.20 16.18
Kalo Bhog 144.51 72 120 6 152 15.09 16.01
Kala Jira 144.09 95 125 9 80 14.14 12.16
Dhol Kochuri 165.39 100 130 6 102 20.22 10.12
CV (%) 20.20 12.35 7.03 19.77 35.52 19.87 34.34
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number of grains per panicle (252) which ultimately produced
higher grain yield plant.

3.2. Genotypic performance of 20 rice germplasm with SSR

All microsatellite primers showed polymorphism among 20
rice germplasms. Thirty three bands were scored from five
SSR markers. The marker RM231 showed six alleles in 20
rice germplasm (Figure 1).

The number of alleles ranged from lowest five to highest eight
per locus. The average numbers of alleles was 6.6. RM24 and
RM336 had the highest number of alleles (8) compared to
primers RM231 (6), RM9 (5) and RM20 (6). Saker et al. (2005)
observed that the six SSR primer sets which were distributed
through six different rice chromosomes revealing 25 alleles,
eight alleles with RM-10 primer set, six with T92, five alleles
with RM13 primer set, four alleles to each RM-8 and two with
RM-3 and RM-14 primer sets.

The average PIC value of SSR marker was 0.789 and ranged
from 0.832 (RM336) to 0.741 (RM9) (Table 3). The highest
PIC value was observed in RM336, while lowest in RM9. Ravi
etal., 2003 reported the average PIC value 0.578 and it ranged
from a low of zero (RM115) to a high of 0.890 (RM202) for
38 SSR markers in 40 rice cultivars.

3.3. Dendrogram

Twenty germplasm used to make dendrogram based on Nei’s
(1972) genetic distance using UPGMA were differentiated

<€200bp

0 1kb ladder

: Iratom-24

Binashail

BINA Dhan-4
BINA Dhan-5

BINA Dhan-6

= |<«i000p

Chini Shagor
Bawoi Jhak
Jongli Boro 581
Kalo Bhog
Kala Jira

Dhol Kochuri

Figure 1: Microsatellite profiles of 20 rice germplasm at loci
RM231

into three main clusters; Binadhan-5, Binadhan-6, Iratom-24,
BRRI Dhan 37 and BRRI Dhan 36 were grouped in cluster
1 (Figure 2). The germplasms TNDB-100, Binashail, Chini
Shagor, BRRI Dhan 41, RD-2586, Jongli Boro, BRRI Dhan-
40 and Kalo Bhog formed cluster 2 and Dhol Kochuri, BINA
Dhan-4, BRRI Dhan 38, Y-1281, Bawoi Jhak, BRRI Dhan 32
and Kala Jira formed cluster 3.

In cluster 1, BRRI Dhan 36 alone grouped in a sub cluster and
Iratom-24, BRRI Dhan 37 and BINA Dhan-5, BINA Dhan 6
grouped in two different sub cluster. In cluster 2, TNDB-100
alone grouped in sub-cluster I. Sub-cluster II was divided into
two sub clusters. Binashail, Chini Shagor, BRRI Dhan 41,
RD-2586 and Jongli Boro 581 were grouped in a sub-cluster
of sub-cluster 1T where RD-2586 and Jongli Boro 581 were
grouped in sub-sub-cluster. BRRI Dhan 40 and Kalo Bhog
were grouped in another sub-cluster of sub-cluster II. In cluster
3, Dhol Kochuri, BINA Dhan-4, BRRI Dhan 38, Y-1281 and
Bawoi Jhak were grouped in a sub-cluster while BINA Dhan-4
and BRRI Dhan 38 were grouped in a sub-sub-cluster. BRRI
Dhan 32 and Kala jira were grouped in another sub-cluster of
cluster 3. The rice genotypes were classified and grouped into
11 distinct groups (Chakravarti et al., 2006); Yu et al. (2004)
studied cluster analysis of the 223 accessions parental lines of
rice and showed three major groups and nine sub groups. The
dendrogram revealed that the genotypes derived fro genetically
similar type clustered together.

In a sub cluster of cluster 1: Binadhan-5, Binadhan-6, Iratom-
24 and BRRI Dhan 37 are grouped in same sub-cluster
and Binadhan-5, Binadhan-6 and BRRI Dhan 37 showed
comparatively similar performance based on phenotypic
characters like plant height, number of effective tillers hill! and
number of grains panicle (Table 2). It is noted that, F, seeds
from Iratom-24x Dular were irradiated and 2 high yielding
sister lines were identified as Binadhan-5 and Binadhan-6
indicating similar agronomic performance between these two
varieties. In cluster 2, TNDB-100 alone grouped in a sub cluster
may be due to mutant variety. RD-2586 and Jongli Boro were

Table 3: Status of microsatellite markers towards genetic
diversity of 20 rice genotype

Primer  Chro- Size  No.of Diversity Avg. PIC
name mo- range  alleles index value
some (bp) PIC=
locus 1-Y Xi2j
RM231 3 169-191 6 0.809 0.789
RM24 1 152-198 8 0.749
RM336 7 148-193 8 0.832
RM9 1 124-194 5 0.741
RM20 12 162-198 6 0.813
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introduced from different countries but were grouped together
with close genetic distance (0.00). But phenotypically they
showed differences (Table 2). Same cases were also observed
in some HY Vs and Landraces like Binashail vs. Chini Shagor,
BRRI Dhan 40 vs. Kalo Bhog. Actually these germplasm are
different, although they showed close genetic distance. The
reason might be use of only five SSR primers for genomic
coverage.

BINA Dhan-4 and BRRI Dhan 38 have been grouped in
same sub-sub cluster in cluster 3 and their phenotypical
characteristics of plant height, days to maturity; grain character
and yield were similar. Dhol Kochuri alone was in different
sub cluster and it is a landrace with different phenotypical
characteristics. A subset of three rice groups were analyzed by
using 19 SSR loci and 12 inter-SSR-PCR primers indicating
that the subset of aromatic rice varieties is probably derived
from a single landrace (Nagaraju et al., 2002).

The highest genetic distance was 2.8904 from Summary of
Nei’s (1972) genetic distance (below diagonal) values for
different cultivar pairs of rice (Figure 2). between Kala Jira
vs. Iratom-24, BINA Dhan-5, BINA Dhan-6, because of Kala
Jira is a local variety and others are mutant variety. So, kala
Jira was located in a distinct position in the dendrogram from
those germplasms.

3.4. Genotypic performance of twenty rice germplasm with
RAPD markers

Thirty three distinct bands were scored from selected five
primers and thirty one bands were considered as polymorphic
(93.80%). Maximum numbers of polymorphic bands (9) were
generated from OPAO02 suggested high level of polymorphism

BRRI Dhan 36
|: Iratom-24

BRRI Dhan 37

BINA Dhan-5

BINA Dhan-6
TNDB-100

EBinashail
Chini Shagor
BRRI Dhan 41
L 4|_7|:RD-2586
Jongli Boro 581
4|:BRRI Dhan 40
Kalo Bhog
Dhol Kochuri
4|EBINA Dhan-4
BRRI Dhan 38
Y-1281
{Bawoi Jhak
I:BRRI Dhan 32
Kala Jira
O.IOO

2.89 1.45

Figure 2: UPGMA dendrogram based on Nei’s (1972) genetic

distance showing differentiation of 20 rice germplasm
according to SSR

w
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(Table 4).

The RAPD band profiles of primer OPA0O1 with 6 varieties are
shown in (Figure 3).

3.5. UPGMA dendrogram

The unweighted pair group method of arithmatic means
(UPGMA) dendrogram was constructed based on Nei’s (1972)
original measures of genetic distance (D) (Figure 4). In this
study 20 rice germplasms were grouped into three clusters;
BRRI Dhan 37, Iratom-24, BRRI Dhan 36, Binashail, RD-
2586, BRRI Dhan 32, TNDB-100, BRRI Dhan 40 and Kala
Jira grouped in cluster 1. BRRI Dhan 38, BRRI Dhan 41, Chini
Shagor, Baowi Jhak and Kalo Bhog were grouped in cluster
2 and in cluster 3 there were Jongli Boro 581, BINA Dhan-4,
BINA Dhan-5, BINA Dhan-6, Y-1281 and Dhol Kochuri.
Cluster 1 was divided into two sub-clusters. Sub-cluster [ have
several sub-sub-clusters and main sub-cluster I have BRRI
Dhan 37, Iratom-24, Binashail, BRRI Dhan 32, BRRI Dhan
40 and Kala Jira with sub-sub-clusters variation. Cluster 2

Table 4: Sequence, number of bands and percentage of
polymorphic loci across primers in rice germplasm

Primer Sequences Total Poly- Poly- Mean
code (5/-3/) no.of mor- mor- poly-
band phic phism  mor-
scored bands (%)  phism
OPAO1 CAGGC- 6 6 100 93.80
CCTTC
OPA02 TGC- 9 9 100
CGAGCTG
OPB01 GTTTCGCTCC 5 5 100
OPB02 TGATCCCT- 6 5 83.33
GG
OPB07 GGTGACG- 7 6 85.71
CAG
Total 33 31

:!,,ssr'
ca® —oosoone ==

Figure 3: 1: Iratom-24; 2: Binashail; 3: BINA Dhan-4; 4: BINA
Dhan-5; 5: BINA Dhan-6; 6: RD-2586; RAPD profiles of six
rice germplasms at loci OPAO1
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BRRI Dhan 32
Binashail
4'_?Iratom-24
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[BRRI Dhan 40
Kala Jira
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4'%RRI Dhan 41
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Figure 4: UPGMA dendrogram based on Nei’s (1972) original
measures of genetic distance, summarizing the data on differentiation
between rice germplasm according to RAPD analysis

have two sub-clusters, sub-clusters I and sub-clusters II. Sub-
clusters I have divided into sub-sub cultures. BRRI Dhan 38,
BRRI Dhan 41 and Chini Shagor were grouped in sub cluster.
In another sub-cluster there were Baowi Jhak and Kalo Bhog.
Cluster 3 was divided into two sub-clusters. Jongli Boro 581
alone was grouped in one sub-cluster and BINA Dhan-4, BINA
Dhan-5, BINA Dhan-6, Y-1281, Dhol Kochuri were grouped
in another sub-cluster where BINA Dhan-5 and BINA Dhan-6
were grouped in a sub-sub-cluster. BINA Dhan-5 and TNDB-
100 were distinctly located in the dendrogram which supports
with highest genetic distance (0.7504) in between them. In
cluster 2, BINA Dhan-5 and BINA Dhan-6 were grouped in
same sub-cluster and also showed lowest genetic distance
(0.0441) between them.

3.6. Comparison of SSR and RAPD markers

In the present study average polymorphism percentages of
SSR (100%) is relatively higher than RAPD (93.80%) across
primers (Table 5). Shannon’s information index from SSR is
higher (1.69) than that of RAPD (0.52). Higher polymorphism
and Shannon’s information index across primers indicate the
superiority of the SSR marker than RAPD in rice diversity
analysis.

Table 5: Comparative average polymorphism and Shannon’s
information index value of

SSR and RAPD  Polymorphism %
SSR 100
RAPD 93.80

Shannon’s inf. index
1.69
0.52

In genetic diversity analysis both SSR and RAPD markers
helped in grouping the genotypes according to their subspecies
level. The SSR markers grouped fewer genotypes in sub-
clusters of a cluster while the RAPD markers grouped more
genotypes in sub-clusters of a cluster and therefore more
variation within each cluster. Between the DNA markers, SSR
markers were more polymorphic and specific. The polyallelic
nature of SSR markers has the advantage of discriminating the
individuals more precisely (Ravi et al., 2003).

From the present study it is clear that unique SSR profiles
can give more clear relationship and genetic diversity among
rice genotypes than RAPD. Xiao et al. (1996) found that the
comparison of RAPD and SSR markers profiles of different
genotype pairs that tend to cluster together revealed more
discriminating power of SSR markers than RAPD markers.
Moreover varietal profiling based on SSR markers will be more
reliable than the profiling based on RAPD markers and there
are possibilities for cost reduction when SSR markers are used;
SSR marker analysis based on the availability of more than
2500 SSR loci convening the entire rice genome (McCouch
et al., 2002) augmented with silver staining, multiplex PCR
and multiplex PAGE can remain as the future viable strategy
for the marker based varietal profiling in rice and extending
the same to the purity analysis. The polyallelic nature of SSR
markers has the advantage of discriminating the individuals
more precisely.

4. Conclusion

DNA fingerprinting is a useful tool for varietal protection
to prove ownership or derivation of plant lines where SSR
markers have been proved to be powerful tools for molecular
genetic diversity analysis of rice cultivars for plant breeding
programme to produce new varieties that are aimed towards
the improvement of crop productivity and able to withstand
from biotic and abiotic factors.
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