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Abstract
To understand the genetic wealth of rice, a total of 83 indigenous rice germplasm were collected from
rice core collection of Madhya Pradesh and screened for different yield and quality traits. Less difference
between GCV and PCV was observed for the characters viz., grain length, decorticated grain length and
amylose content. On the basis of trait differences in the materials for quality aspect, 19 rice lines were
selected for molecular analysis. A total of 12 SSR markers were applied from which only nine markers
were found polymorphic. The polymorphic markers RM276, RM256, RM259, RM234, RM142, RM7,
RM201, RM42, and BADEX 7-5 were associated with amylose content, panicle length per plant, grain
length, grain protein, grain elongation ratio, 1000 grain weight, drought tolerance, amylose and aroma
content respectively. The average percentage of major allele frequency ranged between 42.11 %
(RM256) to 100.00% (RM341). Based on dendrogram generated by neighbor-joining method
implemented in Power Maker version 3.25 genotypes Karnal Basmati and Tarrori Basmati were highly
diverse with other experimental genotypes. Marker RM234 amplified 2 unique alleles (190 bp) in Tarrori
basmati and Karnal basmati. The unique alleles found in Tarrori basmati and Karnal basmati which were
highly diverse genotypes would help to search new alleles for the concern traits and might be utilized in
DNA finger printing of rice genotypes.
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1. Introduction
Rice is a major source of food for more than half of the world population. In recent years due
to rise in living standard, people started demanding quality rice with good eating and cooking
quality attributes with varied preferences across different regions. Breeding efforts are more
focused on improving the quality of rice to meet out the specific type of quality rice demand of
consumers as well as potential market demand for various commercial uses. Grain quality can
be considered as physical, chemical, cooking and nutritional quality groups (Verma et al.
2015) [52].
Furthermore, it is the main determinant of the eating and cooking quality (ECQ) of rice as
amylose content (AC) are main parameter that significantly contribute to the ECQ (Fernando
et al. 2015) [9]. AC is responsible for texture and appearance in rice hence; regulating AC in
rice has been a major concern of rice breeders. To facilitate the development of new varieties
with high cooking and eating qualities, it is necessary to understand the genetic bases of such
traits (Sabouri H, 2009) [34]. Gelatinization temperature is used in varietal development as an
indicator of the cooking time (Cuevas et al., 2010) [7]. It is an economically important indicator
of quality, because selecting for varieties with shorter cooking time can lead to savings in fuel
costs (Fitzgerald et al., 2009) [10].
Traditionally used morphological and physico-chemical parameter does not provide more
precise techniques (Nagaraju et al., 2002) [27]. Therefore, foolproof instant safeguards are
required to confirm the concern quality trait/traits. In parallel, reliability and precision of such
discriminatory functions will apparently depend upon adequacy of molecular markers used and
characters contributing towards estimates of genetic diversity. Molecular markers are a useful
tool for assaying genetic variation, determining cultivar identity and have greatly enhanced the
genetic analysis of crop plants and also an indispensable tool for characterizing genetic
resources and providing breeders with more detailed information to assist in selecting parents.
Among different classes of molecular markers, SSRs loci are most commonly used molecular
markers, as they are relatively abundant, evenly distributed over the genome and are easily
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assayed by PCR. These loci typically exhibit variation for
allele frequency distribution within a species. SSRs have
power to detect high level of allelic diversity and have been
extensively used to identify genetic variation, analyze genetic
structure among rice species and within the cultivated rice
(Garris et al., 2005) [11]. Alternatively, it is needed to find out
characteristics/determinants contributing to genetic diversity
(Singh, 2010) [40] which is the basis of classification/clustering
of genotypes.
So, the present study was undertaken with the objective to
fingerprint/characterize varied of local rice germplasm&
released varieties adapted to different agro-ecological systems
by using SSR (Singh et al., 2000a, 2000b) [44, 45] and
biochemical analysis to examine the results in order to work
out efficient determinants for molecular marker and
biochemical based classification

second, primer annealing at 55 °C for 30 second, elongation
at 72 °C for 30 second followed by extension step at 72 °C for
5 minutes. PCR products were mixed with 5 μl of gel loading
dye. The amplification products were electrophoresed on 1.5
% SFR agrose gel at 3 to 5 V/cm in 1x TAE buffer. Genomic
DNA was quantified by UV absorbance at 260 nm using UV
syngene gel documentation system.

2. Materials and Methods
2.1 Evaluation of grain and quality
The material used in the present study comprised of 83
germplasm lines & released varieties received from rice core
collection of Madhya Pradesh (India). For determination of
the length breadth (L/B) ratio and decorticated L/B ratio,
3.1.1
grain length & breadth of whole grain and decorticated grain,
10 fully developed wholesome and randomly selected milled
rice grain were measured. The grain elongation ratio (ER) was
estimated as ratio of length of the cooked grain (CGL) to that
of uncooked grain (GL).
Amylose content of each rice variety was estimated using the
method described by Juliano (1971) [16]. For this analysis in
100 mg of rice flour 1 ml of 95% ethanol and 10 ml of 1.0 N
NaOH was added and leaved for overnight. Samples were
diluted to 100 ml with distilled water. From this suspension,
2.5 ml of the extract were taken and about 20 ml of distilled
water and 3 drops of phenolphthalein were added. Then 0.1 N
HCL added drop by drop until the pink colour just disappears.
After this 1 ml of iodine reagent were added and the volume
made up 50 ml. Theabsorbance was measured at 590 nm
using spectrophotometer. For this programme 0.2, 0.4, 0.6,
0.8 and 1 ml of the standard amylose solution were made and
used. Amylose was calculated by the following formula:
Absorbance corresponds to 2.5 ml of the test solution = x mg
amylose

100 ml. contains

.

x 100

2.4 Data analysis and detection of genetic diversity
Polymorphic products from SSR-PCR assays were calculated
qualitatively for presence (1) or absence (0). The proportion
of bands that have been shared between any of the two
varieties averaged over loci SSR primers were used as the
measure of similarity. The calculation was based on the
number of bands per primer for SSR. Cluster pattern was
based on distance matrices by using neighbor-joining method
implemented in Power Maker version 3.25. The diversity or
similarities between varieties were given in the form of
dendrogram.
3. Results & Discussion
3.1 Evolutionary result of grain and quality
Genetic Variability
Analysis of variance indicated that the mean sum of squares
due to genotypes were significant for all the characters which
revealed that there was considerable genetic variability
amongst the material under study. The performance of the
varieties was evaluated by the mean performance of the
observed traits. It compares the varieties for specific
characters. Maximum variability and highest mean was
observed for amylose content and lowest for grain elongation
ratio.
To get a clear picture of variability among the lines under
study, coefficient of variation was calculated. Very less
difference between GCV and PCV was observed for the
characters viz., grain length, decorticated grain length and
amylose content. Lingaiah et al. (2014) [22] was partly in
agreement with these findings. High phenotypic and
genotypic coefficients of variation were observed for amylose
content and decorticated length breadth ratio. This was in
agreement with the findings reported by Nachimuthu et al.
2015 [26]. High heritability was recorded for grain length and
decorticated grain length (mm). The result was in agreement
with that reported by Selvaraj et al. (2011) [35] and Jha et al.
(2014) [14]. In this study very high genetic advance with high
heritability recorded for amylose content and decorticated
length breadth ratio (Table: 2).
3.2 Assessment of polymorphism from SSR profiles
In this study 12 SSR markers linked with different quality
traits were chosen for the identification of genetic architecture
of studied material. SSR markers even in less number can
give a batter genetic diversity spectrum due their multi allelic
and highly polymorphic nature. Several previous works have
shown the power of such markers for differentiating
individual germplasm accessions, particularly when they are
closely related (Singh et al. 2004, Singh et al 2014) [43, 47]. In a
total of 12 SSR markers, 9 polymorphic markers showed
consistent banding patterns and were ultimately chosen for
assessing genetic diversity. Four SSR markers RM259,
RM234, RM142 and RM7 were associated with important
quality traits i.e. grain length, grain protein, grain elongation
and 1000 grain weight. Two markers RM276 and RM42
linked with amylose content while again three markers
RM201, RM256 and BADEX 7-5 related with drought,

2.3 Molecular markers assessment
The genomic DNA of 19 selected rice germplasm after
selection on the basis of various quality assessments was
isolated using CTAB method (Moller et al., 1992) [25]. A total
of 12 SSR markers (Table No. 1) were utilized for molecular
analysis. The Thermo Hybrid (Px2) PCR Machine was used
to enhance the speed of sensitivity of detection of molecular
markers. The 5’- 3’ anchored SSR primers synthesized by
IDT USA (Promega) were used. Each reaction mixture (20 ul)
that used SSR primers for amplification consisted of 10x
assay and approximately 25 ng of genomic DNA for SSR
respectively.
The PCR amplification conditions for SSR analysis were
applied as initial extended step of denaturation at 94 °C for 4
min, followed by 35 cycles of denaturation at 94 °C for 30
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panicle number per plant and aroma content (Lang et al.
2004a, Lang et al. 2004b) [18, 19]. The markers RM223, RM236
and RM341 associated with aroma content, panicle number
and culm length produced monomorphic allelic pattern in all
the studied rice germplasm.
The total numbers of alleles amplified were 26 with a mean
value of 2.17. The maximum number of alleles was 3 (Table:
3) amplified by marker RM256 (100,120 and 180 bp), RM259
(120,150 and 350 bp) and BADEX 7-5 (150,195 and 210 bp).
Similar observations were also reported; 3.11 alleles per locus
with SSR markers during characterization of 729 rice varieties
(Singh et al. 2016) [42] and 3.02 alleles per locus in a set of 25
Indian rice hybrids characterization (Anand et al. 2012) [2].
Highest allele size produced by RM259 (350 bp) whereas
lowest in RM276, RM256 (Table 3 & Fig: 2) and RM236
(100 bp). Average percentage of major allele frequency

ranged between 42.11 % (RM256) to 100.00% (RM341). The
mean of major allele frequency was 66.89 %. Genetic
diversity values varied from 0.000 (RM 341) to 0.655
(RM256) with an average of 0.391. Similar findings ranged
from 0.04 (HvSSR06-16) to 0.66 (HvSSR03-37) with an
average of 0.33 reported by Singh et al. 2016. Gene diversity
obtained in the present study was quite low as compared to
0.52 (Nachimuthu et al. 2015) [26] and 0.54 (Choudhary et al.
2013) [6] reported in rice germplasm lines and varieties,
respectively.
The heterozygosity was moderate with an average of 0.386
and varied from 0.000 to 1.000. Highest heterozygosity was
reported with marker RM 223 (1.000) (Table: 3). The low
level of heterozygosity has also been reported in other studies
on rice (Nachimuthu et al. 2015 and Singh et al. 2016) [26, 42]
and this could be attributed to its self pollination behavior.

Fig 1: Allele profiles of a subset of 19 rice genotypes for SSR locus RM 256 on 2% agarose gel

value was reported for marker RM256 (0.582) amplified with
three alleles that was agreement with the findings of XiLan et
al. 2010 [54] and Singh et al. 2016 [42].

3.3 Specific locus/marker based genetic diversity
evaluation
The genetic diversity for a specific locus/marker can be
evaluated by the Polymorphic Information Content (PIC)
value. The overall PIC value ranged between 0.000 (RM341)
to 0.582 (RM256) with a mean value of 0.324. PIC value
ranged from 0.54 to 0.96 by Singh et al. (2011) [41], 0.74 to
0.92 by Shah et al. (2012) [36] whereas, mean value of PIC
was 0.44 reported by Mahalingam et al. (2013) [23]. Shah et al.
(2013) [37] and Pachauri et al. (2013) [30] were reported mean
PIC values 0.37 and 0.38, respectively in different sets of rice
varieties which were closer to our result. The highest PIC

3.4 Unique Alleles found from SSR on elite lines
Marker RM256, RM259 and BADEX 7-5 amplified highest
number of allele (three), out of which no one amplified any
unique allele (Table: 3). Marker RM201 amplified a total of
three unique alleles in the genotypes Tarrori Basmati,
Sugandha-3 and Karnal Basmati with the allele size of 170 bp
each. RM234 amplified 2 unique alleles in Tarrori Basmati
and Karnal Basmati (190 bp).

Table 1: List of twelve SSR markers with their sequences
Marker
Forward sequence
Reverse sequence
Character associatedChromosome No
RM276 5'-CTCAACGTTGACACCTCGTG-3'
5'-TCCTCCATCGAGCAGTATCA-3'
Amylose content
6
RM256 5'-GACAGGGAGTGATTGAAGGC-3'
5'-GTTGATTTCGCCAAGGGC-3'
Panicle length
8
RM259 5'-TGGAGTTTGAGAGGAGGG-3'
5'-CTTGTTGCATGGTGCCATGT-3'
Grain length
1
RM223 5'-GAGTGAGCTTGGGCTGAAAC-3' 5'-GAAGGCAAGTCTTGGCACTG-3'
Aroma content
8
RM236 5'-GCGCTGGTGGAAAATGAG-3'
5'-GGCATCCCTCTTTGATTCCTC-3' Panicle number per plan
11
RM234 5'-ACAGTATCCAAGGCCCTGG-3'
5'-CACGTGAGACAAAGACGGAG-3'
Grain protein
7
RM142 5'-CTCGCTATCGCCATCGCCATCG-3' 5'-TCGAGCCATCGCTGGATGGAGG-3' Grain elongation
4
RM7
5'-TTCGCCATGAAGTCTCTCG-3'
5'-CCTCCCATCATTTCGTTGTT-3'
1000 grain weight
3
RM201 5'-CTCGTTTATTACCTACAGTACC-3' 5'-CTACCTCCTTTCTAGACCGATA-3' Drought tolerance
9
RM341 5'-CAAGAAACCTCAATCCGAGC-3'
5'-CTCCTCCCGATCCCAATC-3'
Culm thickness
2
RM42 5'-ATCCTACCGCTGACCATGAG-3'
5'-TTTGGTCTACGTGGCGTACA-3'
Amylose content
6
ADEX7- 5'-TGTTTTCTGTTAGGTTGCATT-3' 5'-ATCCACAGAAATTTGGAAAC-3'
Aroma content
8
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Table 2: Estimated parameters of genetic variability for quality traits in rice.
Traits

Mean Range Mini. Range Maxi. GCV (%)

GL
GW
LBR
DGL
DGW
DLBR
CGL
GER
AC %

08.65
02.61
03.39
06.68
02.19
03.16
08.58
01.30
14.59

06.26
01.80
02.30
03.07
01.22
01.13
07.11
01.04
05.62

11.49
03.34
05.20
09.04
03.07
05.15
11.55
02.33
25.87

PCV (%)

10.85
13.37
19.55
12.94
16.70
22.52
10.05
12.33
31.68

10.85
13.76
19.80
12.95
16.86
22.71
10.16
12.42
31.71

h2 (Broad
Sense) (%)
99.90
94.40
97.50
99.90
98.10
98.30
97.80
98.60
99.80

Genetic
Advancement 5%
01.93
00.70
01.35
01.78
00.75
01.45
01.76
00.33
09.51

Gen. Adv as %
of Mean 5%
22.34
26.76
39.76
26.65
34.07
45.99
20.47
25.22
65.21

Table 3:

S.
Major Allele Gene
Number Polymorphic Unique
Marker
Heterozygosity PIC
No.
Frquency Diversity
of allele
allele
allele
1.
RM276
0.9211
0.1454
0.0526
0.1349
2
2
*
2.
RM256
0.4211
0.6551
0.1579
0.5817
3
3
*
3.
RM259
0.4474
0.6053
0.8947
0.5212
3
3
*
4.
RM223
0.5000
0.5000
1.0000
0.3750
2
*
*
5.
RM236
0.5263
0.4986
0.9474
0.3743
2
*
*
6.
RM234
0.8947
0.1884
0.0000
0.1706
2
2
2
7.
RM142
0.8684
0.2285
0.2632
0.2024
2
1
*
8.
RM7
0.6316
0.4654
0.0000
0.3571
2
2
*
9.
RM201
0.8421
0.2659
0.0000
0.2306
2
2
3
10
RM341
1.0000
0.0000
0.0000
0.0000
1
*
*
11
RM42
0.5263
0.4986
0.6316
0.3743
2
2
*
12 BADEX7-5
0.4474
0.6385
0.6842
0.5635
3
3
*
Mean
0.6689
0.3908
0.3860
0.3238 2.1667
5
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