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Abstract In order to increase the molecular tools and markers
needed to detect genetic diversity of rice, Random Amplified
Polymorphic DNA (RAPD), Inter Simple Sequence Repeat
(ISSR) and Simple Sequence Repeat (SSR) markers were
used to reveal genetic diversity in 22 upland and lowland rice
cultivars from Bangladesh. DNA from fresh leaves of young
plants was extracted and subjected to the DNA polymorphism
studies using the above mentioned markers. Among ten
RAPD primers tested, four showed high polymorphism
(90.90 %) with an average of 8.25 bands per primer with band
size of approximately 220–1531 bp. Four ISSR primers out of
ten produced high polymorphism (90.47 %) with an average
of 10.5 bands per primer with band size of approximately
222–1750 bp. Among seven SSR primers tested, three ampli-
fied polymorphic bands with an average number of 4.0 bands
per primer (ranging from approximately 233–950 bp)
and 100 % polymorphism. Based on combined dataset
generated by RAPD, ISSR and SSR markers, the highest
similarity was showed between BRRI dhan 27 and BRRI dhan
29 (similarity coefficient value 0.89) and the lowest similarity
was recorded between BR-3 and BRRI dhan 19 (similarity
coefficient value 0.25). The UPGMA dendrogram based on
genetic similarity grouped the cultivars into several clusters.
Results obtained from PCA analysis were similar with
UPGMA dendrogram. The evaluation of genetic similarity
and cluster analysis provides useful guides for assisting plant

breeders in selecting suitable genetically diverse parents for
the future breeding programs.
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Introduction

Rice (Oryza sativa L.), a member of the plant family Poaceae,
is one of the most important staple food crops supporting the
world population especially in Asian countries including
Bangladesh. It is grown in about 75 % of total cropped area
for rice cultivation in Bangladesh. A large number of local
cultivars are used as germplasmand about 5000 rice acces-
sions are available in the Germplasm Bank of Bangladesh
Rice Research Institute. However, all these varieties are not
grown in Bangladesh. Developmental activities and exploitive
land-use pattern are destroying natural habitats, and further-
more, modern cultivars (e.g. HYVs in rice) are replacing in-
digenous cultivars and land races, resulting in a substantial
reduction of genetic diversity. Selection of plant varieties
based onmorphological characters is not very reliable because
major characters of interest possess low heritability and are
genetically complex. For this reason, the most successful
method is the use of molecular markers for detecting genetic
diversity of rice. Using DNA markers identified by DNA
polymorphism study among the tested genotypes is an effi-
cient approach in detecting genetic diversity and is widely
used in Biological research. Several molecular markers viz.
RFLP, RAPD, SSRs, AFLP and SNPs are presently available
to assess the variability and diversity at molecular level [18].
In the last few decades, new DNA molecular markers, based
on the PCR technique, such as random amplified polymorphic
DNA or RAPD [34] and inter simple sequence repeats or
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ISSRs [38], among others, have become excellent tools for
plant breeders [10, 11, 23]. However, RAPD has some
limitations, such as dependence on the genetic back-
ground, low reproducibility, and level of polymorphism
obtained [10, 13, 38]. In contrast to RAPD amplifica-
tion, the ISSR markers are also highly polymorphic and
their use is cost effective, requiring no prior information
of the sequence [3]. In cereals, ISSR markers have been
used to study genetic diversity and phylogenetic rela-
tionships [10, 20], for gene mapping [22], for gene tag-
ging in molecular assisted selection [1, 21], and for
DNA fingerprinting [7]. On the other hand, simple se-
quence repeats (SSR) or microsatellites are simple,
tandemly repeated, di to tetra-nucleotide sequence mo-
tifs flanked by unique sequences [14]. SSR markers have
been extensively used to identify genetic variation among
Oryza species [29], analyze genetic structure within the culti-
vated rice [12], evaluate genetic diversity of wild rice [32] and
among cultivars of cultivated rice [16, 17, 36, 37].

The objective of the present study was to assess genetic
diversity among twenty two rice cultivars using RAPD,
ISSR and SSR markers. The information on genetic relation-
ship based on genetic similarity and clustering data among
these rice cultivars may provide useful information for
selecting appropriate parental lines in breeding program for
improving rice varieties.

Materials and methods

Plant materials

Twenty two upland and lowland rice cultivars, obtained from
Bangladesh Rice Research Institute, Regional Office,
Rajshahi, were used as a source material in this experiment
(Table 1). Fresh leaves of young plants were collected ran-
domly from each cultivar of rice.

Extraction of genomic DNA

CTAB (Cethyltrimethylammonium bromide) buffer was used
for extraction of genomic DNA following the method of
Doyle and Doyle [9]. DNA concentration and purity were
determined by measuring the absorbance of diluted DNA so-
lution at 260 nm by a Spectrophotometer (T80 UV/VIS
Spectrometer, PG Instruments Limited, UK). Purified DNA
samples were checked by using 0.8 % agarose gel on gel
casting system (Bangalore GeNei gel electrophoresis
system, Bangalore, India) with 0.5 X TBE buffer.
Following the protocol of Borsch et al. [4] those with
high band intensity and less smear were selected for
polymerase chain reaction.

Primer screening

A set of eight decamer primers (Oligo Product Information,
Bio Basic Inc., Canada) were used for RAPD; a set of eight
primers (Sigma Aldrich, St. Louis, USA) were tested for ISSR
and a set of seven primers (Sigma Aldrich, St. Louis, USA)
were screened for SSR. The details of the primers are shown
in Table 2.

RAPD- PCR reaction

The RAPD amplifications were carried out in 25 μl reaction
mixtures containing 75 ng/μl of template DNA 1 μl, 10X
reaction buffer 2.50 μl, 20 mM MgCl2 2.50 μl, 10 mM
dNTPs (Oligo Product Information, Bio Basic Inc.,
Canada) 0.50 μl, 10 μM primer 2 μl, 1 Unit Taq
DNA polymerase (Bangalore GeNei Private Ltd.,
Bangalore, India) 0.25 μl and deionized water 16.25 μl.
The RAPD amplifications occurred under the conditions
as: initial denaturation/activation at 94 °C for 4 min,
40 cycles of 0.40 min denaturation at 94 °C, 0.30 min
at 37 °C, 1.30 min extension at 72 °C and a final extension at
72 °C for 7 min.

Table 1 List of rice cultivars used in the present analysis

Serial no. Rice cultivars Remarks

1. BR-1 (Chandina) Upland

2. BR-3 (Biplob) Upland

3. BR-7 (Balam) Upland

4. BR-8 (Asha) Upland

5. BR-9 (Sufola) Upland

6. BR-11 (Mukta) Lowland

7. BR-14 (Gazi) Upland

8. BR-15 (Mohini) Upland

9. BR-16 (Shahi Balam) Upland

10. BR-17 (Hashi) Lowland

11. BR-18 (Shahjalal) Lowland

12. BR-19 (Mongol) Lowland

13. BR-26 (Shraboni) Upland

14. BRRI dhan 27 Upland

15. BRRI dhan 28 Upland-Lowland

16. BRRI dhan 29 Upland-Lowland

17. BRRI dhan 35 Lowland

18. BRRI dhan 36 Lowland

19. BRRI dhan 45 Upland

20. BRRI dhan 47 Lowland

21. BRRI dhan 50 Lowland

22. IR-64 Lowland

16 Nucleus (April 2016) 59(1):15–23



ISSR- PCR reaction

The ISSR amplifications were carried out in 25 μl reaction
mixtures containing 75 ng/μl of template DNA 1 μl, 10X
reaction buffer 2.50 μl, 20 mM MgCl2 2.50 μl, 10 mM
dNTPs (Oligo Product Information, Bio Basic Inc., Canada)
0.50 μl, 10 μM primer 0.40 μl, 1 Unit Taq DNA polymerase
(Bangalore GeNei Private Ltd., Bangalore, India) 0.25 μl and
deionized water 17.75 μl. The ISSR amplifications occurred
under the following conditions as: initial denaturation/
activation at 94 °C for 4 min, 40 cycles of 0.40 min denatur-
ation at 94 °C, 0.30 min at annealing temperature (depending
on the primer), 1.30 min extension at 72 °C and a final exten-
sion at 72 °C for 7 min.

SSR- PCR reaction

The SSR amplifications were carried out in 25 μl reaction
mixtures containing 75 ng/μl of template DNA 1 μl, 10X
reaction buffer 2.50 μl, 20 mM MgCl2 2.50 μl, 10 mM

dNTPs (Oligo Product Information, Bio Basic Inc., Canada)
0.50 μl, 10 μM primer 0.40 μl, 1 Unit Taq DNA polymerase
(Bangalore GeNei Private Ltd., Bangalore, India) 0.25 μl and
deionized water 17.75 μl. The SSR amplifications occurred
under the conditions as: initial denaturation/activation at 94 °C
for 4 min, 40 cycles of 0.40 min denaturation at 94 °C,
0.30 min at annealing temperature (depending on the primer),
1 min extension at 72 °C and a final elongation at 72 °C for
5 min.

PCR reactions were carried out on a thermal cycler (Nyx
Technik Inc., model A6, USA). Amplified products from each
sample were separated electrophoretically on 1.4 % agarose
gel (Bangalore GeNei Private Ltd., Bangalore, India) contain-
ing ethidium bromide in 0.5X TBE buffer at 120 V for
1½ hour.

Data analysis

DNA bands were observed on gel documentation system
(Alpha InnoTech Inc., Santa Clara, California, USA). Each

Table 2 List of primers used for
polymorphism analysis Primer type Serial no. Primer name Primer sequence (5′-3′)

RAPD 1. MT370562 CAGGCCCTTC

2. MT370563 TGCCGAGCTG

3. MT370564 AGTCAGCCAC

4. MT370571 TGCGCCCTTC

5. MT370573 GTGAGGCGTC

6. MT370578 TTTCCCACGG

7. MT370581 ACCCGGTCAC

8. D-18 GTCGCCGTCA

9. D-1 AGCCAGCGAA

10. D-9 ACCCCCGAAG

ISSR 11. UBC825 ACACACACACACACACT

12. UBC864 ATGATGATGATGATGATG

13. UBC816 CACACACACACAGG

14. UBC846 CACACACACACACACART

15. UBC865 CCGCCGCCGCCGCCGCCG

16. UBC866 CTCCTCCTCCTCCTCCTC

17. ISSRCR-8 GTGGTGGTGGTGGTGGC

18. ISSRCR-2 CACACACACACACACAAG

19. ISSR-1 CACACACACACACACAA

20. ISSR-2 TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT

SSR 21. CMAG59 GAGAAAGAGAGAGAGAGAGAG

22. CMGA15 GAGAGAGAGAGAGA

23. CMAT141 ATATATATATATATGTGTGTGTGTGT

24. CMCCA145 CCACCACCACCACCA

25. CMACC146 ACCACCACCACCACCACCACCACCACC

26. CSGA057 GAGAGAGAGAGAGAGA

27. CSCCT571 CCTCCTCCTCCTCCTCTTCTCT
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amplified band was considered as a unit character regardless
of its intensity and scored in terms of a binary code, based on
presence (1) and absence (0) of bands. Data matrices for each
of the marker have been constructed based on presence/
absence of bands. A combined data matrix has also been pro-
duced. The computer package NTSYSpc Version 2.1 statisti-
cal package [30] was used to construct a dendrogram and PCA
(Principal Component Analysis). At first, the data matrices
were used to calculate genetic similarity based on Jaccard’s
similarity coefficient [15]. These similaritymatrices have been
used for PCA and for constructing dendrograms using
Unweighted Pair Group Method with Arithmetic averages
(UPGMA) [33].

Results

Based on the accurate amplified band profiles and the pro-
duced polymorphic patterns of DNA fingerprinting, four
primers were chosen both for RAPD and ISSR and three for
SSR (Table 3). The list of selected primers, their reproducibil-
ity, size of fragments and percentage of polymorphism are
shown in Table 3. Profile for RAPD, ISSR and SSR are shown
in Fig. 1. Dendrograms for RAPD, ISSR, SSR and combined
datasets are shown in Fig. 2. Three dimensional plots for PCA
for RAPD, ISSR, SSR and combined datasets are shown in
Fig. 3.

Polymorphism of RAPD markers and cluster analysis

The number of scorable fragments produced per primer
ranged from 7 to 10 and size of the products ranged from
approximately 220–1531 bp. Among the four primers,
MT370571 and MT370573 showed 100 % polymorphism
and ranges of fragments were between 220 and 1531 bp and
260–1200 bp respectively (Table 3). RAPD marker profile

produced by the primer MT370578 is shown in Fig. 1a. The
similarity coefficients of RAPD markers ranged from 0.10 to
0.94. Among the 22 rice cultivars, BRRI dhan-27 and BRRI
dhan-29 showed the highest similarity index (0.94), and BR-
16 and IR-64 showed the lowest similarity index (0.10). The
dendrogram (Fig. 2a) grouped rice cultivars into two main
clusters. First cluster was divided into two main subclusters.
The first subcluster was consisted of BR-1, BR-15, BR-14,
BR-11, BR-16, BR-17, BR-19, BR-18, BRRI dhan-35, BRRI
dhan-36, BRRI dhan-45, BRRI dhan-47, BR-8, BR-9, BR-26,
BRRI dhan-27, BRRI dhan-29 and BRRI dhan-28 while the
second subcluster was consisted of BR-3 and BRRI dhan-50.
The second cluster consisted of BR-7 and IR-64 (Fig. 2a). The
PCAyielded eigenvalues of each principle component axes of
coordination of cultivars with the first three axes (percentage
of PCA1, PCA2, PCA3 recorded 50.6295, 10.4703 and 5.
2868 respectively) totally accounted for 66.3866 (Fig. 3a).

Polymorphism of ISSR markers and cluster analysis

The sizes of amplified products ranged from 222 to 1750 bp
(Table 3) and in average 90.47 % polymorphism were ob-
served. ISSR marker profile produced by UBC825 in agarose
gel is shown in Fig. 1b. In ISSR analysis, the similarity
coefficients observed for the rice cultivars rangied between
0.94 and 0.30. Among the 22 rice cultivars, similarity index
was highest between BRRI dhan-27 and BRRI dhan-29 (0.94)
and it was lowest between BR-3 and BR-19 (0.30). The clus-
ter analysis of ISSR markers grouped the rice cultivars into
four distinct clusters (Fig. 2b). The first cluster included sev-
enteen cultivars of rice with two subsequent sub-clusters.
These seventeen cultivars were BR-1, BR-9, BR-16, BR-11,
BR-18, BR-14, BR-7, BR-8, BR-26, BRRI dhan-27, BRRI
dhan-29, BRRI dhan-35, BRRI dhan-28, BRRI dhan-36,
BRRI dhan-47, BRRI dhan-45 and IR-64. The second cluster
was consisted of only one cultivar BR-15, The third and fourth

Table 3 Name of selected
primers, number of monomorphic
fragments, polymorphic
fragments and percentage of
polymorphism obtained from
each RAPD, ISSR and SSR
primer for all varieties of rice

Name of
the primer

Range of
fragment
sizes (bp)

Number
of fragments

Monomorphic
fragments

Polymorphic
fragments

Percentage of
polymorphism

RAPD D-18 397–1200 8 2 6 75

MT370571 220–1531 10 0 10 100

MT370573 260–1200 8 0 8 100

MT370578 330–927 7 1 6 85.71

ISSR UBC816 248–1050 9 0 9 100

UBC825 273–1296 12 0 12 100

UBC864 222–1142 7 0 7 100

UBC866 283–1750 14 4 10 71.42

SSR CMCCA145 233–635 5 0 5 100

CMACC146 233–640 4 0 4 100

CMGA15 530–950 3 0 3 100
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Fig. 1 Amplified products
obtained from different markers.
a RAPD profile obtained with
MT370578; b ISSR profile
obtained with UBC825and c SSR
profile obtained with primer
CMCCA145. The lanes
represent, M: 100 bp DNA
marker, 1–22: rice cultivars listed
as in Table 1

Fig. 2 Dendrograms showing
genetic relationship among 22
rice cultivars revealed by
UPGMA cluster analysis based
on different marker types. a
RAPD; b ISSR; c SSR and d
combined dataset
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clusters were constituted of BR-3 and BR-17 and BR-19 and
BRRI dhan-50, respectively. The PCAyielded eigenvalues of
each principle component axes of coordination of varieties
with the first three axes (percentage of PCA1, PCA2, PCA3
recorded 64.7295, 6.9856 and 5.5923 respectively) totally
accounted for 77.3073 (Fig. 3b).

Polymorphism of SSR markers and cluster analysis

The 22 rice cultivars were fingerprinted using seven SSR
primers out of which three generated 100 % polymorphism
and the sizes of alleles ranged from 233 to 950 bp (Table 3). A

representative agarose gel for primer CMCCA145 is shown in
Fig. 1c. The number of alleles detected by a single marker
ranged from 3 to 5 with an average of 4.0. The similarity
coefficients of SSR markers ranged from 0.0 to 1.0. The
highest similarity index (1.0) was found between several cul-
tivars such as BR- 8 and BR-9; BR-14 and BR-15; BRRI
dhan-36, BRRI dhan-45 and BRRI dhan-47; BRRI dhan-28,
BRRI dhan-29 and BRRI dhan-50. However, these were dis-
tributed in several sub-cluster of the dendrogram. In the den-
drogram, the 22 rice cultivars were divided into 2 clusters
(Fig. 2c). The first cluster was constituted with three rice cul-
tivars namely BR-1, BR-3 and BR-16. The second cluster

Fig. 3 Three-dimensional plots obtained from principle coordinate analysis (PCOORDA) of the 22 rice cultivars. a: RAPD, b: ISSR; c SSR and d
combined dataset
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which was consisted of the rest of the 22 cultivars, was further
divided into two distinct subclusters. The PCAyielded eigen-
values of each principle component axes of coordination of
varieties with the first three axes (percentage of PCA1, PCA2,
PCA3 recorded 51.8799, 12.2734 and 9.4953 respectively)
totally accounted for 73.6485 (Fig. 3c).

Combined analysis with RAPD, ISSR and SSR data

The combined similarity coefficients of 22 rice cultivars based
on RAPD, ISSR and SSR markers ranged from 0.25 to 0.89.
BRRI dhan-27 and BRRI dhan-29 showed the highest simi-
larity index (0.89), while the lowest similarity index (0.25)
was found between BR-3 and BR-19. Cluster analysis per-
formed with combined data of the markers generated a den-
drogram that grouped the genotypes into several clusters (Fig.
2d). The first cluster was consisted of seventeen cultivars. The
first cluster was constituted with BR-1, BR-11, BR-16, BR-8,
BR-9, BR-18, BR-14, BR-15, BR-17, BR-26, BRRI dhan-27,
BRRI dhan-29, BRRI dhan-28, BRRI dhan-35, BRRI dhan-
36, BRRI dhan-45 and BRRI dhan-47. This cluster was divid-
ed into two distinct subclusters, each of which were subse-
quently divided into two subclusters. The PCAyielded eigen-
values of each principle component axes of coordination of
varieties with the first three axes (percentage of PCA1, PCA2,
PCA3 recorded 57.6700, 7.4895 and 4.4610 respectively) to-
tally accounted for 69.6205 (Fig. 3d).

Comparison of RAPD, ISSR and SSR markers

All the three markers were highly polymorphic among the rice
cultivars. Of these, SSR showed 100 % polymorphism (Table
4). RAPD and ISSR are comparable in respect to polymor-
phism (90.90% and 90.47 % for RAPD and ISSR, respective-
ly). However, it is notable that SSR produced fewer polymor-
phic bands than both RAPD and ISSR (Table 4). Comparison
of different similarity matrices revealed that ISSR and com-
bined dataset were the most correlated (r = 0.80673) followed
by RAPD and combined dataset (r = 0.75267).

Discussion

In the present investigation, the average number of fragments
amplified by RAPD primers among the genotypes was 8.25
with a range of 7 to 10 where average of polymorphic and
monomorphic bands were 7.5 and 0.75 respectively.
Kanawapee et al. [19] also evaluated 20 RAPD and 20 SSR
markers and a total of 161 RAPD alleles were produced which
revealed 68.94 % polymorphism. Other authors also reported
higher level of polymorphism for rice i.e. 80 % among 42
Indian elite varieties estimated by using 40 RAPD primers
[8], 72.9 % among 7 Egyptian genotypes using 8 RAPD
primers [31] and 89.4 % among 40 cultivars of Pakistani rice
using 25 RAPD primers [27]. Rahman et al. [28] detected
53.85 % of polymorphism in rice of Bangladesh. Such varia-
tion in the number of fragments produced by these arbitrary
primers may be attributed to the differences in the binding
sites throughout the genome of the genotypes included.
ISSR primers generated 7 to 14 bands with average of 10.5
of which 9.5 was with polymorphic bands and 1.0 was with
monomorphic bands. The total percentage of polymorphism
was recorded as 90.47. Earlier, generation of 3 to 6 fragments
in drought tolerant rice [35] and 8 fragments in Assam rice
[2D:\Programs\ProductionJournal\AppData\Local\Microsof-
t\Windows\Temporary Internet Files\Content.IE5\index.html
- 7#7] by ISSR primers were reported. Nagaoka and Ogihara
[24] have reported that the ISSR primers produced several
times more information than RAPD markers in wheat.
Bhuyan et al. [2] reported 201 polymorphic fragments which
showed 98 % polymorphism in Assam rice using ISSR
primers. It may be due to highly polymorphic, abundant na-
ture of the microsatellites due to slippage in DNA replication.
Galván et al. [11] also concluded that ISSR would be a better
tool than RAPD for phylogenetic studies. Compared to RAPD
analysis, higher level of polymorphism was observed with
SSR markers among twenty two rice cultivars. The average
number of fragments amplified by SSR primers among the
cultivars was 4.0 with a range of 3 to 5 and 100 % polymor-
phism was observed. Thus, it can be said that SSR revealed
more polymorphism than RAPD and ISSR despite producing

Table 4 Comparison of the
discriminating capacity of RAPD,
ISSR and SSR in rice

Index type Marker type

RAPD ISSR SSR

Number of assay units (U) 4 4 3

Number of polymorphic bands (np) 30 38 12

Number of monomorphic bands (nnp) 3 4 0

Percentage polymorphism 90.90 90.47 100

Average number of polymorphic bands/assay unit (np/U) 7.5 9.5 4

Number of loci (L) 33 42 12

Number of loci/assay unit (nu) 8.25 10.5 4

Nucleus (April 2016) 59(1):15–23 21



fewer bands. Zeng et al. [37] and Bounphanousay et al. [5]
reported in average 4.3 bands per locus and 3.1 bands per locus
respectively. In contrast, Brondani et al. [6] determined 6–22
bands per locus in average 14.6 for Brazilian rice. In the pres-
ent study, the polymorphic bands detected in rice varieties will
be very useful in future rice research. The molecular markers
identified by the present laboratory procedure are expected to
accelerate the detection of drought tolerant, saline tolerant or
disease tolerant genotypes more efficiently as compared to
those identified by field screening which is a very difficult
procedure with less accuracy. Pakniyat and Tavakol [26] found
markers related to drought tolerance in bread wheat genotypes
using these markers. Moreover, Nazari and Pakniyat [25]
found markers associated with drought tolerance in wild and
cultivated barley genotypes using RAPD markers.

Cluster analysis was carried out on four sets of marker pro-
filing data based on RAPD, ISSR, SSR and combination of
RAPD, ISSR and SSR. The results based on all the four com-
binations of DNA marker profiles broadly grouped the 22 cul-
tivars into several clusters where the clusters were subsequently
divided into further sub clusters. However, the formation of
subclusters within the cluster varied between RAPD, ISSR
and SSR. The highest similarity was noticed between BRRI
dhan-27 and BRRI dhan-29 in the combined cluster. This
was also found in RAPD and ISSR based dendrogram while
their position in the SSR based dendrogram was different. The
highest similarity coefficient varied among different markers
but the highest value was recorded as 0.94 between BRRI
dhan-27 and BRRI dhan-29 in ISSR marker system. The den-
drogram obtained from the UPGMAmethod was supported by
the PCA analysis. There was close relationship among some of
the rice cultivars used in this study, presumably they might
have been collected from similar locations or these cultivars
may have been derived from the same pedigree. Based on the
findings, it can be concluded that some distantly related varie-
ties like BR-1 and IR-64 can be utilized for breeding better
varieties in future development programme. Despite being the
most commercially important crop in Bangladesh, the research
findings on genetic analysis of different rice cultivars using
molecular markers are scarce. Molecular markers are scattered
throughout the genome and their association with various ag-
ronomic traits is influenced by the cultivator under selection
pressure induced by domestication. Exploration and evaluation
of diversity among these landraces would be of great signifi-
cance for in situ conservation and rice breeding programs.
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