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Genetic Diversity and Population Structure in Hashemi Rice 
(Oryza sativa L.) Mutants Revealed by Morphological and 

Molecular Markers 

L. Khazaie1, R. Shirzadian-Khoramabad1*, A. A. Ebadi2, and A. Moumeni3 

INTRODUCTION 

Mutagenesis has been one of the effective methods for creating genetic diversity and 
plant mutants can be significant bio-resources for crop breeding and functional genomics 
studies. The genetic and phenotypic diversity of 95 selected mutants from 17 mutant 
populations, obtained from an EMS mutagenized rice Hashemi variety, were 
phenotypically and molecularly assessed in M3 generation. Phenotypic variation of these 
mutants showed that grain yield components varied among the selected mutants 
compared to the control plants. In parallel, genetic diversity assessed by 13 Inter-Simple 
Sequence Repeats (ISSR) primers showed that the number of amplified fragments per 
primer varied from 4 (pr1-7) to 11 (ISSR-7, ISSR-11). In general, 13 primers amplified 99 
fragments, 50 of which were polymorphic (52.92%). The genetic variation created by 
ISSR markers within 17 populations varied from 11.11% in HM9 (Hashemi Mutant Line 
number 9) to 45.45% in HM2. The average molecular polymorphism value was 0.27. In 
the total genetic variance, 95% of differences were attributed to within-population 
diversity, and 5% were related to among-populations. The Unweighted Pair-Group 
Method with Arithmetic mean (UPGMA) trees illustrating ISSR diversity classified the 
rice mutant population into seven groups, which were further supported by model-based 
STRUCTURE analysis. In general, the studied mutant genotypes revealed desirable 
genetic characteristics in populations 13 and 17, with em3h204 and em3h280 genotypes 
being the most divergent.  

Keywords: Ethyl methane sulfonate, ISSRs, Phenotypic variation, Mutagenized rice. 

INTRODUCTION 

About 20% of the world’s dietary energy 
supply is provided by rice (Oryza sativa L.) 
grain and more than three billion people all 
around the world feed on rice daily (Birla et 
al., 2017). Consequently, enhancement in 
the production of rice varieties with high 
quality and quantity is considered an 
important goal. In this regard, the 
improvement of rice varieties depends on 
accessibility, genetic variability, and the use 
of new biotechnological tools. Mutation is 

considered and applied as a suitable method 
in many crops, especially rice, and has an 
important function in development of novel 
varieties with favorite characters (Sharma 
and Singh, 2013). The induction of rice 
mutants has confirmed that utilizing this 
method could be an impressive research tool 
for genetic and physiological appraisal of 
yield-limiting factors in rice. Hence, EMS 
(Ethyl Methane Sulfonate), an alkylating 
agent, works as a chemical mutagen for the 
induction of transitional point mutations in 
nucleotide sequences by reacting with DNA 
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(Kanra and Brunner, 1970).  
In plant breeding, DNA markers are used 

as effective tools for illustrating and 
evaluating genetic assortment within and 
between varieties and populations. In 
contrast to other DNA markers, Inter-Simple 
Sequence Repeats (ISSR) markers have 
great advantages for employing technical 
simplicity, speed of assay, requiring minimal 
DNA contents and low cost approach in 
identification of genetic variations. 
Numerous ISSR markers in rice have been 
identified and are employed for assessment 
of rice genetic diversity (Lapitan et al., 
2007; Pervaiz et al., 2010; Das et al., 2013; 
Yadav et al., 2013). A model-based 
approach by STRUCTURE for population 
analysis has been frequently implemented 
for studying population structure by many 
researchers (Jin et al., 2010; Liakat Ali et 
al., 2011; Zhang et al., 2011; Chakhonkaen 
et al., 2012; Courtois et al., 2012; Das et al., 
2013). They identified two subcategories in 
the investigated population and categorized 
rice varieties into two groups with few 
admixture lines. Das et al. (2013) classified 
a set of 91 accessions of rice landraces from 
eastern and north- eastern India into four 
classes. 

 Therefore, we evaluated morphological 
characteristics by means of economic 
agronomic traits as well as genetic diversity 
using 13 ISSR markers to gain a better 
understanding of the amount of genetic 
variation among mutant populations, 
following population structure assessment to 
produce novel cultivars carrying the genes 
related to yield increment and yield 
components.  

MATERIALS AND METHODS 

Plant Material and Growth Conditions 

Seeds of Hashemi local variety of rice 
were obtained from the germplasm center 
maintained by the Department of Plant 
Breeding and Agronomy, Rice Research 
Institute of Iran (Rasht, Gilan Province, 

Iran). Then, 500 g of seeds were used to be 
treated by EMS.  

EMS Treatment 

To induce point mutations, first, 500 g 
seeds of Iranian local rice Hashemi cultivar, 
as wild type, were soaked in distilled water 
for 24 hours at room temperature in the 
central laboratory of Faculty of Agricultural 
Sciences of University of Guilan (Dr. 
Shirzadian-Khorramabad 's research project 
Number 714: Use of EMS mutagen to create 
a population of mutant plants in one of 
Iranian rice cultivars). Then, the water was 
drained and the seeds were treated in a 
solution of eight millimolar (0.8%) Ethyl 
Methane Sulfonate (EMS) for 6 hours 
(Mohapatra et al., 2014). After measurement 
of the germination percentage (results not 
shown), the treated seeds were conserved for 
sowing in rice field. Next, the M1 treated and 
control seeds were planted in the field to 
develop M1 plant population. At the end of 
the growing period, the seeds of each plant 
were harvested separately (labeled as 1-18). 
Whenever the mutant population were 
generated, due to identification for mutation 
properties, the seeds from the mutant plant 
comprising the next generation were 
collected for phenotype investigation (Henry 
et al., 2014) (Figure 1). 

Evaluation of M2 and M3 Mutant Plants 

Then, 309 M2 seeds along with non-
mutated Hashemi local rice seeds were sown 
in the following year, and the desirable 
mutants (95 genotypes from 17 mutant 
populations) were selected based on the 
observed diversity in the field. Later, the M3 

selected plants were grown in paddy fields at 
the Rice Research Institute of Iran (RRII), 
for DNA analysis and, subsequently, the M4 
seeds were collected for analysis of 
morphological traits (Table 1). During the 
growth period, all the data concerning 
vegetative traits, yield, and its components 
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were recorded. The measured morphological 
traits included 50% flowering, plant height, 

panicle number per plant, panicle length, 
filled grain number per panicle and unfilled 
grain number per panicle, 100-seed weight, 
grain length, grain width, and seed yield.  

Genomic DNA Isolation and PCR 
Amplification 

For genetic diversity assessment of the 
studied mutant population, 13 ISSR markers 
were utilized (Fernandez et al., 2002; 
Jabbarzadeh et al., 2013; Aalami and 
Karimi, 2017) (Table 2). ISSR primers with 
the highest amplifications were selected for 
ISSR evaluation.  

The CTAB method (Murray and 
Thompson, 1980) was used to extract DNA 
from fresh leaves of plant mutants (95 
selected M3 mutants plus control parent 
plants) (Table 3). Then, a similar annealing 
temperature was optimized for ISSR primers 
(Table 2). PCR amplification was 
accomplished on a thermal cycler (Model T-
Gradiant, Bio-metra, USA) at an initial 

 
Figure 1. The employed scheme for gaining 

various mutant populations in local rice 
Hashemi cultivar. The figure has been made by 
the manuscript authors. 
 

Table 1. List of mutant genotypes used with the control parent (Hashemi accession).a 

SN 
Mutant 

genotype 
SN 

Mutant 
genotype 

SN 
Mutant 

genotype 
SN 

Mutant 
genotype 

SN 
Mutant 

genotype 
1 em3h7 21 em3h53 41 em3h116 61 em3h201 81 em3h272 
2 em3h9 22 em3h57 42 em3h122 62 em3h204 82 em3h275 
3 em3h10 23 em3h58 43 em3h127 63 em3h208 83 em3h280 
4 em3h12 24 em3h61 44 em3h130 64 em3h219 84 em3h281 
5 em3h13 25 em3h65 45 em3h135 65 em3h223 85 em3h284 
6 em3h17 26 em3h68 46 em3h140 66 em3h224 86 em3h287 
7 em3h21 27 em3h69 47 em3h145 67 em3h227 87 em3h290 
8 em3h22 28 em3h75 48 em3h151 68 em3h229 88 em3h294 
9 em3h25 29 em3h78 49 em3h157 69 em3h232 89 em3h296 

10 em3h29 30 em3h81 50 em3h163 70 em3h233 90 em3h297 
11 em3h30 31 em3h83 51 em3h164 71 em3h236 91 em3h298 
12 em3h31 32 em3h88 52 em3h166 72 em3h243 92 em3h303 
13 em3h32 33 em3h93 53 em3h177 73 em3h246 93 em3h307 
14 em3h35 34 em3h94 54 em3h178 74 em3h251 94 em3h309 
15 em3h36 35 em3h96 55 em3h181 75 em3h256 95 em3h313 

16 em3h39 36 em3h97 56 em3h183 76 em3h259 96 
Parent 

(Hashemi rice) 
17 em3h42 37 em3h104 57 em3h184 77 em3h260 - - 
18 em3h44 38 em3h106 58 em3h189 78 em3h263 - - 
19 em3h50 39 em3h111 59 em3h194 79 em3h266 - - 
20 em3h51 40 em3h112 60 em3h198 80 em3h270 - - 

a em3hn: em showing EMS, 3: Is third generation, h: Hashemi variety, and n: Is the genotype number. 
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Table 2. Primers used in the ISSR analysis for molecular evaluation of the selected mutants.  

ISSR primer 
Sequence 
(5′–3′)a 

Annealing 
temperature 

(ºC) 

Fragment size range 
(bp) 

ISSR440 CACACACACACACACACACAG 53 103-932 
ISSR425 ACACACACACACACACACC 52 218-1588 

PR1-1 CAGCAGCAGCAGCAG 55 240-1046 
PR1-4 CTCTCTCTCTCTCTCTT 45.9 257-1051 
PR1-5 CCACCACCACCACCA 55 267-1000 
PR1-7 CAACAACAACAACAA 46 392-1176 
PR1-9 ACTGACTGACTGACTG 45.9 141-1224 

ISSR-2 (UBC808) AGAGAGAGAGAGAGAGC 53.6 382-757 
ISSR-5 (UBC841) GAGAGAGAGAGAGAGAC 50 169-800 
ISSR-7 ( UBC823) TCTCTCTCTCTCTCTCC 52.4 216-1067 
ISSR-9 (UBC828) TGTGTGTGTGTGTGTGA 45.9 163-1029 

ISSR-11 AGGAGGAGGAGGAGGCC 57 141-1224 
ISSR-12 AAGAAGAAGAAGAAGAAGC 40 316-1211 

 

Table 3. DNA quality and average DNA yield obtained using different DNA extraction methods. 

Solution name/Buffer Reactive material 
TE buffer Tris (1M)               10M 

EDTA (0.5M)        2 ml 
Tris (1M) Tris                       121/14    g 
EDTAa (0.5M) EDTA(2H2O)        186/7   g 

NAOH                   20 g 
Nacl (5M) Nacl                      292/2 g 
CTABb 2% CTAB                    2 g 

Nacl (5M)              14 mL 
Extraction buffer EDTA (0.5M)         5 mL 

Tris (1M)                5 ml 
Nacl (5M)               6 mL 

SDSc (20%) SDS                        20 g 
Chloroform Isoamylalcohl Cloroform              24 mL 

Isoamylalcohl         1 mL 
a  Ethylen Diamine Tetra Acetic acid, b Cetyl Trimethyl Ammonium Bromide, c Sodium Dodecyl Sulphate.  
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Parameters in accordance with the mutant 
population including the number of effective 
alleles, Shannon diversity index, and Neis̓ 
gene diversity index were calculated by 
POPGENE 32 software version 1.31. 
Structure of the mutant population was 
assessed by a model-based method in 
Structure software v. 2.3.4 (Pritchard et al., 
2000). The number of populations was 
tested from K= 1-10 by the admixture and 
correlated allele frequencies̓ models. Ten 
individual runs were arranged for each K 
with a burn-in period of 100,000 and a run 
of 500,000. Optimum K value was 
determined from log probability of data [ln 
P(D)] and ad-hoc statistic ΔK proposed by 
Evanno et al. (2005) using the structure 
harvester website and software (Earl and 
Vonholdt, 2012). The number of putative 
populations (K), assumed according to a set 
of allele frequencies at each locus can 
provide the degree of admixture of mutant 
genotypes. Phenotypic data were analyzed 
by SPSS software version 22.0 package 

(SPSS Inc., Chicago, IL, USA). Afterwards, 
multivariate analysis was run for separation 
of families using cluster analysis by the 
Ward’s method.  

RESULTS AND DISCUSSION 

Evaluation of Phenotypic Variation 

The results of phenotypic assessment 
showed that all ten measured quantitative 
traits were diverse among the selected 
mutant plants in population compared to the 
control plants, demonstrating the presence of 
high genetic diversity among the mutant 
plants, which can be used to select suitable 
mutant lines for further breeding of Hashemi 
local variety (Table 4). The grain number 
per plant ranged from 57 to 147, with a 
mean of 91.9. Moreover, the 100-grain 
weight ranged from 2.16 to 3.89 g with a 
mean of 2.78 g. The mean grain yield of 
mutants per hectare was equal to 3,204.89 

Table 4. Analysis of variability in phenotypic traits within the 95 M3 mutant genotypes with non-mutant 
parent cultivar (control).  

Trait 
Hashemi 

var. 
Mean±SEM Range 

amount 
of 

variation  

Genotypes with 
lowest–highest 

means  

Standard 
deviation 

Days to 50% 
flowering 

78 82.3 ± 0.14 73 – 87 14 em3h298 - em3h75 1.33 

Plant height 142 132.9 ± 0.62 143 – 155 52 em3h272 - em3h201 6.01 
Panicle 

number per 
plant 

16 12.6 ± 0.2 6 – 23 17 em3h88- em3h307 1.99 

Panicle length 30.5 29.1 ± 0.16 37.5 – 21 16.5 em3h303 - em3h166 1.56 

Filled grain 
number per 

panicle 
95 91.9 ± 1.33 147 – 57 90 em3h256 - em3h104 12.95 

Unfilled grain 
number per 

panicle 
7 7.01 ± 0.31 29 – 1 28 em3h303 - em3h232 2.99 

100-Seed 
weight 

2.57 2.78 ± 0.01 3.89 - 2.16 1.73 em3h280 - em3h208 0.11 

Grain length 9.8 10 ± 0.03 10.97 - 8.8 2.17 em3h275 - em3h163 0.34 

Grain width 2.2 2.62 ± 0.01 3.1 - 2.06 1.04 em3h224 - em3h227 0.11 

Seed yield 3906.4 3204.98 ± 70.1 5950 – 1361 4589 em3h251 - em3h75 683.71 
 

 

 [
 D

O
I:

 1
0.

22
03

4/
JA

ST
.2

6.
3.

60
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

8-
11

 ]
 

                             5 / 16

http://dx.doi.org/10.22034/JAST.26.3.607
https://jast.modares.ac.ir/article-23-63474-en.html


 
Figure 2. Phenotypic distributions for the studied agronomic traits: (a) Days to 50% flowering, (b) Plant 
height, (c) Panicle number per plant, (d) Panicle length, (e) Filled grain number per panicle and (f) 100-Seed 
weight. Histograms show data of all genotypes used in the assays. The resulting curves from fitting the data 
to a normal distribution are shown. 
 

 [
 D

O
I:

 1
0.

22
03

4/
JA

ST
.2

6.
3.

60
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

8-
11

 ]
 

                             6 / 16

http://dx.doi.org/10.22034/JAST.26.3.607
https://jast.modares.ac.ir/article-23-63474-en.html


 Genetic Diversity and Population Structure of Rice ________________________________  

613 

dwarf and long grain varieties, it is 
necessary to use suitable traits for plant 
height and long grain. Early maturity is the 
best characteristic of these genotypes that 
can be utilized in breeding programs. The 
results showed that all the studied genotypes 
comprising Hashemi local variety and 
mutant genotypes varied in their growth 
duration, yield, and yield components. Viana 
et al. (2019) presented the documentary 
results that the use of EMS enhances 
agronomically important traits.  

Plant height reduction, increases in panicle 
number, grain number, and 100-seed weight 
are desirable and optimal traits for 
increasing seed yield. Plants were thus 
identified based on one or more appropriate 
traits.  

Genetic Diversity 

A total of 13 ISSR primers consisting of di 
and tri-repeat motifs were utilized to obtain 
distinct, reproducible, and well-resolved 
fragments in 95 selected mutant genotypes 
in M3 populations. Primers were found to 

confer a clear polymorphic pattern and were 
subsequently used to analyze the entire set 
of 95 mutant genotypes (Table 1, Figure 3). 

The ISSR amplified fragments were 
placed within a range of 103 to 1,588 bp. 
The fragments amplified per primer varied 
from 4 (pr1-7) to 11 (ISSR-7 and ISSR-11). 
13 ISSR primers, in total, generated 99 
fragments, 50 of which (52.92%) were 
polymorphic. The average number of loci 
and polymorphic loci produced per primer 
were equal to 7.62 and 3.85, respectively. In 
this study, the genetic variation detected by 
ISSR markers in 17 populations varied from 
11.11% in HM9 (Hashemi Mutant 9) to 
45.45% in HM2 (Hashemi Mutant 2). 
Analysis of genetic variation of total 
population is represented in Table 5.  

Evaluation of genetic diversity is an 
important factor in identification and 
preservation. In this research, Nei’s gene 
diversity index was utilized for evaluation of 
markers, along with the PIC and Shannon 
index. PIC value is a principal factor for 
recognizing the ratio of polymorphism of a 
marker at a particular locus, so, the higher 

Table 5. Analysis of genetic variations in seventeen studied populations generated by ISSR makers (HM).a 

Population 
% 

Polymorphic 
Bands (PPB) 

Allele 
number (no) 

Effective 
allele 

number (ne) 

Nei’s gene 
diversity (He) 

Shannon’s 
Index (I) 

HM1 37.37 1.3737 1.2673 0.1495 0.2179 
HM2 45.45 1.4545 1.3568 0.1941 0.2789 
HM3 20.2 1.202 1.1486 0.0822 0.1194 
HM4 35.35 1.3535 1.2616 0.1445 0.2093 
HM5 39.39 1.3939 1.2866 0.1573 0.2285 
HM6 26.26 1.2626 1.1807 0.1028 0.1511 
HM7 22.22 1.2222 1.1712 0.093 0.1342 
HM8 18.18 1.1818 1.1256 0.0716 0.1053 
HM9 11.11 1.1111 1.0786 0.046 0.0672 
HM10 26.26 1.2626 1.2126 0.1134 0.1625 
HM11 32.32 1.3232 1.2508 0.138 0.1986 
HM12 26.26 1.2626 1.1914 0.1053 0.1534 
HM13 38.38 1.3838 1.2636 0.1487 0.2179 
HM14 32.32 1.3232 1.2367 0.1321 0.1921 
HM15 35.35 1.3535 1.2679 0.1457 0.2104 
HM16 35.35 1.3535 1.2573 0.1431 0.2081 
HM17 33.33 1.3333 1.2236 0.1268 0.1866 
a Overall Gst (Genetic differentiation)= 0.37 and overall Nm (gene flow from Gst)= 0.87. H: Hashemi 

parent, M: Mutant, Number: Number of populations. 
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the PIC value, the higher the percentage of 
polymorphism (Anupam et al., 2017). PIC 
values varied from 0.09 to 0.27, with a mean 
value of 0.16. The maximum PIC value 
(0.27) was illustrated in PR1-5 primer; while 
the minimum PIC value (0.09) was 
demonstrated in PR1-4 primer. PIC confirms 
that the employed ISSR loci are highly 
informative to identify genotype variations 
(Maclean, 2013). This result is in close 
agreement with the findings reported in the 
previous studies (Muthusamy et al., 2008; 
Reddy et al., 2009; Kshirsagar et al., 2014; 
Khaled et al., 2015) in rice genotypes. 
Among the populations, the HM2 population 
showed the highest variability with 45.45% 
of Polymorphic Bands (PPB), an Allele 
number (Ao) of 1.45, an effective Allele 
number (Ae) of 1.36, Nei’s genetic diversity 
(He) of 0.19 and a Shannon’s Index (I) of 
0.28. Meanwhile, the least variability was 
found in HM9 with 11.11% of Polymorphic 
Bands (PPB), an Allele number (Ao) of 
1.11, an effective Allele number (Ae) of 
0.046, Nei’s gene diversity (He) of 0.067, 
and a Shannon’s Index (I) of 0.28. In this 
study, the Global genetic diversity (Gst) 
among populations was 0.37, indicating that 
37% of genetic diversity was allocated 
among the populations. The Number of gene 
flow (Nm) was anticipated to be 0.87 per 
generation amongst the populations. The 
high Shannon’s index of this primer showed 
that it could better represent genetic 
diversity and is suitable for evaluating 
within-population diversity. The estimates of 
Nei’s (1973) genetic identities and genetic 
distances from pairwise comparisons 
between population pairs are shown in Table 
6. According to the results, the highest 
identity (0.97) was observed between HM2 
and HM5 populations and the lowest 
identity (0.82) was found in local cultivar 
Hashemi and HM8 populations (Table 6). 
Similarity coefficients revealed the genetic 
relationship between the mutants and their 
parents.  

Principal component analysis separated 95 
individual trees into 17 distinct groups 
(Figure 4). The distribution of various 

individuals related to the two principal axes 
of variation could be found in Figure 4. The 
first seven components showed that 90.8% 
of the changes were related to the 13 studied 
primers. Based on the results, 85.1% of the 
total variation was described by PC1 and 
PC2. Among 32 rice genotypes, 82.7% of 
the explained variation by PC1 was also 
shown by Lasalita-Zapico et al.( 2010 )in 
their study. Also, 68.6% of variation 
explained by PC1 and PC2 was reported by 
Caldo et al. (1996). The results show that 
the sites and applied markers are 
independent and distributed in various 
locations in the genome (Figure 4) 

STRUCTURE analysis showed that the 
maximum peak value for Delta K (0.56) was 
identified at an optimum K value (K= 7), 
implying that among the selected mutant 
populations, at least seven distinct groups 
(G1-G7) could be recognized (Figure 5). An 
UPGMA cluster classified the cultivars into 
seven groups based on genetic distance. The 
distribution of sub-populations was similar 
to the classification presented in the 
UPGMA dendrogram (Figure 6), performed 
based on ISSR markers. Sub-populations 1 
and 4 contained 8 and 9 genotypes, 
respectively, whereas sub-population 6 
consisted of 44 genotypes. The majority of 
the mutant genotypes were included in sub-
population 6, whereas Hashemi rice (non-
mutant parent cultivar) and other mutants 
were located in an admixture of sub-
populations (Figure 7). Non-mutant parent 
(Hashemi rice) and 31 mutant genotypes did 
not fall into any sub-population contribution 
among the 95 mutant genotypes categorized 
by molecular markers in parallel with 
STRUCTURE results.  

Analysis of Molecular Variation 
(AMOVA) was conducted at three 
hierarchical levels in the present study to 
assess the total genetic variance. The 
significance level was found at 1,000 
random permutations of sequences amongst 
the populations. The significant genetic 
differences (P< 0.001) among and within the 
populations were identified. From the total 
molecular variance, 95% of differences were 
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ascribed to within-population diversity, 
while 5% of differences were related to 
among-population diversity (Table 7). As a 
result, AMOVA results revealed a highly 
significant genetic differentiation between 
and within groups. Recent studies have 

illustrated a higher level of diversity within 
groups and within populations compared to 
genetic diversity among groups in non-
mutated species (Thangjam, 2014; Islam et 
al., 2017; Tu Anh et al., 2018; Zhang et al., 
2022).  

Table 6. Measurement of genetic identity (above diagonal) and genetic distance (below diagonal) between the 
seventeen studied mutant populations and Hashemi parent cultivar. 

Pop HM1 HM2 HM3 HM4 HM5 HM6 HM7 HM8 HM9 
HM 
10 

HM 11HM 12HM 13HM 14HM 15HM 16HM 17
Hashemi 

rice 

HM1 ** 0.98 0.93 0.96 0.96 0.95 0.93 0.88 0.90 0.92 0.94 0.90 0.93 0.93 0.90 0.95 0.94 0.87 

HM2 0.02 ** 0.95 0.98 0.98 0.97 0.95 0.93 0.93 0.95 0.98 0.95 0.97 0.96 0.95 0.97 0.97 0.90 

HM 3 0.08 0.06 ** 0.93 0.94 0.95 0.96 0.91 0.91 0.93 0.94 0.92 0.95 0.94 0.94 0.93 0.93 0.84 

HM 4 0.04 0.02 0.08 ** 0.97 0.97 0.95 0.93 0.92 0.94 0.97 0.93 0.97 0.95 0.94 0.97 0.96 0.88 

HM 5 0.04 0.02 0.07 0.03 ** 0.97 0.96 0.92 0.92 0.97 0.97 0.92 0.96 0.94 0.94 0.96 0.95 0.86 

HM 6 0.06 0.03 0.05 0.03 0.03 ** 0.94 0.90 0.91 0.95 0.95 0.92 0.96 0.91 0.92 0.96 0.95 0.88 

HM 7 0.07 0.05 0.04 0.05 0.05 0.06 ** 0.95 0.95 0.95 0.96 0.95 0.95 0.93 0.95 0.96 0.96 0.87 

HM 8 0.13 0.07 0.10 0.07 0.08 0.11 0.05 ** 0.93 0.92 0.93 0.93 0.95 0.93 0.93 0.92 0.91 0.83 

HM 9 0.11 0.07 0.09 0.08 0.08 0.09 0.05 0.07 ** 0.93 0.93 0.92 0.94 0.93 0.93 0.92 0.91 0.83 

HM 10 0.09 0.05 0.08 0.06 0.03 0.05 0.05 0.09 0.07 ** 0.95 0.93 0.95 0.92 0.94 0.94 0.92 0.85 

HM 11 0.06 0.02 0.06 0.03 0.04 0.05 0.04 0.07 0.07 0.05 ** 0.95 0.98 0.96 0.97 0.96 0.95 0.90 

HM 12 0.10 0.05 0.08 0.07 0.08 0.08 0.05 0.07 0.08 0.07 0.05 ** 0.94 0.93 0.93 0.93 0.96 0.91 

HM 13 0.07 0.03 0.05 0.03 0.04 0.04 0.05 0.05 0.06 0.05 0.02 0.06 ** 0.98 0.97 0.95 0.93 0.88 

HM 14 0.08 0.04 0.06 0.05 0.07 0.09 0.07 0.08 0.08 0.09 0.04 0.07 0.02 ** 0.97 0.92 0.92 0.85 

HM 15 0.11 0.05 0.06 0.06 0.06 0.08 0.06 0.07 0.07 0.06 0.03 0.07 0.03 0.03 ** 0.93 0.93 0.85 

HM 16 0.05 0.03 0.07 0.03 0.04 0.04 0.04 0.08 0.08 0.06 0.04 0.07 0.05 0.09 0.07 ** 0.97 0.91 

HM 17 0.07 0.03 0.07 0.04 0.05 0.05 0.04 0.09 0.09 0.08 0.05 0.04 0.07 0.08 0.07 0.03 ** 0.90 

Hashemi 
rice 

0.14 0.10 0.18 0.13 0.15 0.13 0.13 0.19 0.19 0.16 0.10 0.09 0.13 0.16 0.16 0.10 0.10 ** 

 

 
Figure 4. Principle component analysis based on 13 ISSR markers for 95 M3 mutated genotypes (selected from 17 

populations) with Hashemi parent cultivar.  
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Figure 5. Two-dimensional scatter for determining optimum value of K. 

 
Figure 6. Dendrogram of 95 M3 mutant genotypes with Hashemi parent cultivar (control). Individual 

trees belonging to seventeen populations based on UPGMA analysis of ISSR polymorphism. 
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Choudhary et al. (2013) reported a high-
level genetic diversity within populations 
(96%) and a very low genetic diversity 
among populations (4%) in four rice 
populations. More diversity within 
populations demonstrates that there is more 
differences than what could be detected in 
mutant populations for further use in 
breeding programs. Moreover, AMOVA 
results attributed to a greater percentage of 
molecular variance (95%) to within-group 
diversity, representing a higher magnitude of 
genetic differentiation within group 
individuals than among groups (5%), which 
could be due to the effect of local 
domestication preferences of rice varieties 

(Figure 8).  
There is also evidence from various 

studies that populations maintain high levels 
of variability both within their own species 
and within themselves, and that this genetic 
diversity is relatively low compared to that 
of non-mutated varieties (Thangjam, 2014; 
Tu Anh et al., 2018; Ab Razak et al., 2020). 
Like many other outcrossing species, the 
mutated population is also heterozygous 
with most of its morphological, 
physiological, and biochemical properties, 
presenting continuous variation. The most 
similarity with control parents was found in 
the HM2 and HM5 mutant populations, and 
the least similarity was related to the HM8 

 
Figure 7. The diagrammatic representation shows the distribution of M3 selected mutant genotypes with 

Hashemi parent cultivars in different sub-populations. 

Table 7. Result of the Analysis Of Molecular Variance (AMOVA) of 95 M3 mutated genotypes with 
Hashemi parent cultivar (control) individual trees representing seventeen populations based on ISSR analysis. 

Source df SS MS Est. var. % 
Among Pops 17 197.643 11.626 0.498 5% 
Within Pops 78 701.982 9.000 9.000 95% 
Total 95 899.625 

 
9.498 100% 

 

 
Figure 8. Analysis Of Molecular Variance (AMOVA) of 95 M3 mutated genotypes with Hashemi 

parent cultivar (control), individual trees indicating seventeen populations based on ISSR analysis. 
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and HM9 mutant populations. Given the 
above dendrogram, cluster analysis using 
UPGMA illustrated that control plants were 
placed in a separate group from the selected 
mutated populations (Figure 6) (Sen and 
Alikamanoglu, 2014). Studying the 
molecular variation of the selected mutant 
populations using ISSR markers 
demonstrated that mutation treatment could 
have rather high polymorphism in 50% of 
them. Genetic variation in a population is a 
valuable source for magnifying a range of 
genetic materials in plant breeding, and 
molecular markers such as ISSRs are 
remarkable tools to determine genetic 
diversity (Nachimuthu et al., 2015; Thant et 
al., 2021).  

A model based on admixture was 
performed on K values varying from 1 to 10 
with ten repetitions by all 95 mutant 
genotypes and 13 polymorphic markers for 
maximum probability and Delta K (nK) 
values (Figure 5). ΔK peak at K= 7 revealed 
that all the studied mutant populations (HM) 
could be categorized into seven clusters. The 
result was firmly in agreement with the 
obtained principal coordinates analysis and 
UPGMA tree. Population STRUCTURE 
analysis in various rice diversity panels has 
revealed the existence of two to eight sub-
populations (Jin et al., 2010; Das et al., 
2013; Dang et al., 2015; Ming et al., 2015; 
Nachimuthu et al., 2015). Therefore, the 
results of this study representing the genetic 
diversity of the mutant genotypes can be 
employed to predict approaches such as 
analysis of mutant genotypes, classical 
mapping of population development; 
parental line selection in breeding programs 
and hybrid development for exploiting 
genetic variation existing in this population. 
Ninety-six mutant genotypes were mainly 
grouped into seven sub-populations and 
three distinctive groups by population 
STRUCTURE analysis, revealing the 
existence of moderate population structure 
within them. Thus, it is helpful to extend 
diversity in various strategies in crop 
improvement programs. The majority of the 

mutated genotypes were present in sub-
population 6.  

CONCLUSIONS 

In fact, the mutagenesis modifies the 
normal biological combination of an 
organism and factual genetic changes create 
desirable characteristics. These derived 
mutant genotypes will experience 
observational yield trails to pick up the most 
superior genotypes of the Hashemi local 
variety with shorter maturity duration, plant 
height, and high yield. The overall 
evaluation of the newly developed 
genotypes revealed that the best genotype is 
em3h280, followed equally by em3h204. The 
study has shown that EMS mutagenesis was 
an efficient method for mutation induction 
in Hashemi local rice and the mutants were 
successfully identified through ISSR 
analysis. The existence of a notable amount 
of genetic variation in the studied 
populations can assist in the selection of 
suitable mutant lines for further breeding of 
the Hashemi local variety. 
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  چکیده

توانند منابع مهم تنوع  های گیاهی می زایی بعنوان یکی از منابع مهم ایجاد تنوع ژنتیکی بوده و موتانت جهش

ژنوتیپ موتانت  ٩٥تنوع ژنتیکی و فنوتیپی ها محسوب شوند.  ژن زیستی برای اصلاح گیاهان و مطالعه عملکرد

روی رقم برنج هاشمی به صورت  EMSزای  جمعیت موتانت، حاصل از جمعیت جهش ١٧شده از  انتخاب

ها) مورد مطالعه قرار  (تکثیر نواحی بین ریزماهواره ISSRبا استفاده از سیزده آغازگر  M3مولکولی در نسل 

های  یافته ز ارزیابی شد که نشان داد اجزای عملکرد دانه در بین جهشها نی یافته گرفت. تنوع فنوتیپی جهش

شده توسط نشانگرهای  انتخابی نسبت به گیاهان شاهد متفاوت بودند. به طور موازی، تنوع ژنتیکی ارزیابی

) ISSR-7 ،ISSR-11( ١١) تا pr1-7( ٤مولکولی نشان داد که تعداد کل قطعات تکثیر شده در هر آغازگر از 

قطعه آن پلی مورفیک  ٥٠آغازگر بدست آمد که  ١٣قطعه بوسیله  ٩٩غیر است. به طور کلی، در مجموع مت

٪ در ١١/١١جمعیت از  ١٧در میان  ISSRدرصد) بود. تنوع ژنتیکی ایجاد شده توسط نشانگرهای  ٩٢/٥٢(

HM9  در ٤٥/٤٥تا ٪HM2  از مجموع  .بود ٢٧/٠متفاوت بود. میانگین مقدار پلی مورفیسم مولکولی

ها مربوط  درصد تفاوت در میان جمعیت ٥ها به تنوع درون جمعیت و  درصد از تفاوت ٩٥واریانس مولکولی، 

، ISSRدهنده تنوع  ) نشانUPGMAشود. نمودار درختی روش جفت گروه بدون وزن با میانگین حسابی ( می

به  .ی مدل مبتنی بر ساختار نیز تایید شدبندی کرد، که با ارزیاب یافته برنج را به هفت گروه طبقه جمعیت جهش

نشان  ١٧و  ١٣های  های ژنتیکی مطلوبی را در جمعیت های موتانت مورد مطالعه، ویژگی طور کلی، ژنوتیپ

توان به عنوان  ها را می واگراترین آنها بودند. بنابراین، این موتانت em3h280و  em3h204های  دادند که ژنوتیپ

نژادی برای بهبود ارقام برتر در  عنوان والدین در برنامه به ارقام جدید برنج مناسب برای محصول برنج و به

  های پیشرفته پیشنهاد کرد. نسل
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