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Abstract

The genetic diversity in 100 upland rice germplasm of
Assam, was analyzed using 120 SSR markers, of which 98
(81.66%) showed useful polymorphism with a total of 183
alleles. The number of alleles ranged from one to three with
an average value of 1.867 per locus. The markers showed
an average effective number of alleles to be 1.73, average
Nei’s gene diversity was 0.393, and average Shannon’s
Information Index was 0.556. The effective number of alleles
and Shannon’s information index showed positive
correlation with the observed number of alleles. The
resolving power of the 98 SSR primers ranged from 0.72 for
primer RM38 to 2.82 for primer RM592. SSR generated an
average similarity of 0.460 with similarity ranging from 0.07
to 1.00. Sufficient diversity was detected among the
accessions.  A basic molecular database was created for
upland  rice genotypes, which will be useful to identify and
map useful genes that are harbored by these germplasms.

Key words: Upland rice, SSR markers, polymorphism
information content, gene diversity

Northeast India is considered as one of the primary
centers of origin of rice plant representing a rich source
of genetic diversity and reservoir of valuable gene
system. Upland rice in Assam is synonymous to ahu
rice, which is sown in the month of February and
March/April, in upland situation of plains as well as in
hills. Despite the availability of several high yielding
varieties, the landraces of ahu rice are very popular
among the farmers. These landraces of upland rice
represent a unique and critical source of genetically
variable traits for rice improvement. In a race against

genetic erosion, local upland rice germplasms along
with other breeding materials are collected and usually,
characterized at morphological level.  However, such
characterization is neither exhaustive nor complete to
facilitate their uses in rice breeding programme.  In
recent years, a vast array of molecular markers are
increasingly used for efficient characterization and
classification of germplasm. Among the various
classes of molecular markers available, microsatellite
markers (SSR markers) are the most popular one
because of their abundance, high discriminatory
power, co-dominance, ease and economy of use in
both manual and automated systems [1]. The present
investigation was undertaken to study the nature and
extent of diversity in a set of 100 upland rice accession
using SSR markers to assist breeders for their
effective utilization in breeding programme.

One hundred germplasms, comprising local
upland rice of Assam, advanced breeding lines and
high yielding varieties were used from the collection
of rice germplasm maintained at the Regional
Agricultural Research Station, Titabar, AAU, Assam.
DNA from leaf was extracted using a modified protocol
[2]. Initially, 120 microsatellite primer pairs were used
for analyzing the diversity, based on the published
map information (http://www.gramene.org/microsat/
ssr.html). Finally, 98 SSRs, showing useful
polymorphism were selected for analyzing the
variability in 100 genotypes. Amplification of DNA was
performed in 20 µl reactions consisting of 20-50 ng
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DNA, 0.25 mM dNTP, 0.2 µM each primers, and 0.5
unit of Taq DNA polymerase. Thermocycling was
carried out in a GeneAmp PCR System 2400 and the
‘touchdown’ amplification conditions were: 94°C for
5  min; 2  ×  (94°C for 1  min, 65°C for 1  min and 72°C
for 2  min); 2  ×  (94°C for 1  min, 62°C for 1  min and
72°C for 2  min); 4  ×  (94°C for 1  min, 59°C for 1  min
and 72°C for 2  min); 25  ×  (94°C for 1  min, 55°C for
1  min and 72°C for 2  min); and a final extension of
72°C for 5  min. Amplified products were mixed with
loading dye and were separated in 3% agarose gels
by electrophoresis. The average number of alleles (na),
effective number of alleles (ne), total number of alleles,
the percentage of polymorphic loci, observed
homozygosity, observed heterozygosity, Shannon’s
information index (I), Nei’s gene diversity (h), were
quantified between accessions for genetic diversity
assessment using POPGENE v 1.32 [3]. The UPGMA
dendrogram was constructed using the NTsyspc
program ver. 20.2a [4].

Table 1 summarizes the results obtained based
on the analysis of the 100 upland rice genotypes using
98 polymorphic SSR loci with a total of 183 alleles.
The number of alleles ranged from one to three with
an average value of 1.867 per locus. Kibria et al. [5]
reported in aromatic rice that the number of alleles
ranged from one to two per microsatellite locus. The
effective number of alleles (ne) ranged from 1.0 (11
markers) to 2.759 in RM592, with an average of 1.734
for the 98 SSR loci (Table 1). This effective number of
alleles is positively correlated with the observed
number of alleles (r = 0.904, P <0.001). This means
that the proportion of homozygotes would decrease,
or heterozygosity/polymorphism would increase, with
increase in the actual number of alleles at a locus in
the analyzed rice germplasm. The average value of I
(Shannon diversity index) was 0.556 and ranged from
0.0 to 1.056. For those loci with I > 1, the number of
alleles  was  found  to  be > 3, and for those loci with
I < 1, the number of alleles was found to be < 3 (Table
1). Thus, I estimate showed positive correlation with
the allele number (r = 0.968, P < 0.001), and therefore,
I values can be used to quantify the diversity or
polymorphism of SSR markers. Zhang et al. [6]
reported average Shannon’s index of 0.462 in weedy
rice with microsatellite markers which is lower and is
consistent with the present findings. The observed
homozygosity estimated showed that 73 loci exhibited
100 % homozygosity and the average observed
homozygosity was 99% (Table 1). Similarly, average
heterozygosity recorded for the 98 loci and was found
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to be as low as 8%. This high rate of observed
homozygosity and low heterozygosity is expected
because of self-fertilized nature of rice. All of the
populations are genetically diverse, with Nei’s gene
diversity (h) ranging from 0.0 to 0.5 with an average of
0.393 (Table 1). Tabkhkar et al. [7] reported Nei’s gene
diversity for microsatellite loci ranging from 0.63 in
RM314 to 0.81 in RM276 with an average of 0.72 which
was higher, while Kibria et al. [5] obtained an average

of 0.119 in aromatic rice genotypes which was smaller
than the present findings. The resolving power of the
98 SSR primers ranged from 0.72 for RM38 to 2.82 for
RM592 with an average of 1.972 (Table 1). The marker
RM592 with highest resolving power was able to
distinguish more number of genotypes, while RM38
with lowest resolving power could distinguish less
number of genotypes. Sujatha et al. [8] reported the
resolving power of five SSR primers of rice ranging

Fig. 1. UPGMA based dendrogram of 100 upland rice genotypes using Jaccard’s coefficient of similarity based on
98 SSR markers
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from 0.77 to 1.8 in 32 wild rice accessions. The number
of alleles, effective number of alleles and Shannon’s
information index showed positive correlation with the
resolving power. From this study, we can conclude
that based on number of alleles, effective number of
alleles, Shannon’s diversity index and resolving power
RM592 is the best SSR primer. Based on SSR marker
the indices of genetic relationship on pair-wise
Jaccard’s coefficient of similarity among all the
genotypes, using SSR data, were calculated (data not
presented). SSRs generated an average similarity of
0.460 ranging from 0.071 to 1.0.

One hundred genotypes were used to make
dendrogram using Unweighted Pair Group Method of
Arithmetic Means (UPGMA) (Fig. 1). The dendrogram
revealed two major clusters (A and B) at a similarity
coefficient of 27%.  The cluster A was the largest one
with 57 genotypes, could be divided into four sub-
clusters (A1, A2, A3 and A4) at a similarity value of
49%. The sub-cluster A1 comprised of 34 genotypes
at a similarity value of 76.6% out of which ‘Cheniahu’
was isolated from the rest. Cheniahu’ is a dormant
genotype with highest duration of dormancy [9]. The
genotypes ‘Kola Meghi Ahu’ and ‘Baibi-2’, ‘Begon Bisi’
and ‘Poromi Ahu’, ‘As-310’ and ‘As-105’, ‘As-180/2’
and ‘As-317’ were 100% similar. The sub-cluster A2

comprised of 14 genotypes at a similarity value of
68%. Among these genotypes, Rongadoria is a most
popular landrace of Assam and recommended for
cultivation in direct seeded upland situation. The sub-
cluster A3 comprised of 4 genotypes at a similarity
value of 62%. The sub-cluster A4 comprised of 5
genotypes at a similarity value of 50%. This cluster
comprised of improved, advance breeding line, HYV
and local germplasms.

Forty three genotypes were grouped together in
cluster B, at a similarity value of 44% and was
subdivided into three sub-clusters (B1, B2 and B3). The
sub cluster B1 consists of 24 genotypes at a similarity
value of 52%. This cluster also comprised of improved,
advance breeding line, HYV and local germplasms.
Among these genotypes, Banglami is a most popular
landrace of lower Assam due to its capacity to
withstand moisture stress. The sub-cluster B2

comprised of 4 genotypes at a similarity value of 56%.
The sub cluster B3 consists of 15 genotypes at a
similarity value of 62%. Cophenetic correlation (0.92)
studies revealed SSR data had a very good fit. This
confirms that SSR dendrogram was representative of
original similarity matrix [10]. Such a correlation
provides clear picture of diversity pattern.  However,
SSR markers were unable to produce any group specific

band/allele to distinguish the upland genotypes of
Assam, necessitating the use of more SSR primers
for such study.

Sufficient genetic diversity was revealed
between the genotypes indicating potentiality of SSR
markers to distinguish closely related genotypes.
Proper phenotyping is necessary to identify various
useful traits so that these marker data could be utilized
in a breeding programme for effective utilization of
diverse germplasm of this region.
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