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Abstract

Cultivated Rye (Secale cereal L.) is a diploid plant
used for feeding humans and animals. Closely
studying genetic variation is the main component of
breeding programs and desirable genetic variation is
a prerequisite for selection. In this study, Molecular
Variation of 22 Iranian and exotic Rye genotypes
were evaluated using 15 ISSR primers which 13 of
them produced suitable repeatable bands. Result
indicated that 761 bands (70%) out of total 1091 bands
were polymorphic. Polymorphic information content
(PIC) and Shannon's information index (I) were
ranged from PIC=0.45, 1=0.64, PIC=0.29, 1=0.43,
respectively. Based on Jaccard similarity matrix,
the highest similarity (0.74) was observed among
Ethiopia 3 and Palestine genotypes and the lowest
similarity was observed among Shapour and Ardebil
genotypes with 0.24. Performing cluster analysis
using Jaccard similarity matrix and Complete Linkage
method resulted in the most suitable groupings which
the genotypes were divided in five groups. Generally
the results of the study indicated that ISSR markers
can be used for grouping Rye genotypes.

Keywords: Molecular variation; Rye; Polymorphic
information content (PIC); ISSR markers.

1. Introduction

Cultivated Rye (Secale cereal L.) is an annual diploid
plant (2n=2x=14), which is used for feeding human
and animals [1]. The high tolerance of the plant
to undesirable environmental conditions such as
drought, frost and tolerance to diseases and pests
has directed the attention of plant breeding scholars
towards it. Ryes plantation are often performed in cold
regions and north Europe [2]. As Rye is compatible to
cold regions, its plantation has not been developed
in countries with dry warm climates. Since its grain
yield and baking quality is lower than wheat, so much
attention has not been paid to breeding and producing
new varieties of the plant. These have resulted in
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decreased production and planted areas of Rye
[3]. Genetic variation plays a very important role in
breeding programs because the hybrids resulted from
lines with much more diversity show more heterosis
than other closely related origins [4]. Identifying,
separating and transferring useful genes native
genotypes of plants and their wild relatives are highly
important in breeding programs [5]. In plant society's
genetic variation may be produced by different
methods such as mutation, sexual recombination,
immigration and gene flow, genetic drift, interspecific
hybridization, polyploids and selection [6]. The
study of genetic variation is a process expressing
differences and similarities among individuals using
certain statistical models and methods in terms of
their molecular and morphological traits. The most
important achievement is use of molecular biology,
using and identifying molecular markers in breeding
plants. DNA markers show individual differences at
DNA molecular level and have high polymorphisms,
genomic random distribution, high frequencies,
organs, and tissues. They are unaffected by
environmental factors and are growth independent
and can be evaluated in laboratories in each step
[7]. Molecular markers were used to identify plants
and also to genetically analyze existing germplasms
for breeding cultivated plants. ISSR markers due to
producing many bands with proper repeatability are
widely used in genetic variation studies and due to
lack of need for identifying DNA sequences, they
are considered as less costly markers [8,9]. ISSR
markers have been used to study genetic variation
and relationships in many cereals such as wheat
[10], barley [8], oat [11] and triticale [12]. Studies
showed that limited genetic variation studies have
been conducted on Ryes using molecular markers
particularly ISSR markers. In a study by Pivoriene
and Pasakinskiene [13] to investigate genetic
variation and determine genetic affinities among 16
Rye genotypes and two Fesulolium (Fesulolium L.)
genotypes, out of 33 ISSR markers were used. The
results of cluster analysis showed that the studied
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genotypes were divided into two main groups
including Rye group and Fesulolium group. They
also reported that 71 percentages of bands showed
polymorphism. The results of their study also showed
that ISSR markers were effective in separating Rye
genotypes. Regarding the importance of Ryes in
terms of having genes resistant against stresses
such as cold and drought and also due to the fact that
there are no reports on the study of genetic variation
of Rye genotypes in Iran using ISSR markers, the
current study, using ISSR markers, was conducted
to estimate the degree of genetic affinities among
existing Rye germplasm in Iran.

2. Materials and Method

Plant materials used in this study included 22 Rye
genotypes (15 genotypes from different regions
of Iran along with 7 exotic genotypes) provided
from the gene bank of Institute for Breeding and
Producing Scions and Seeds of Iran (Table 1). After
planting seeds in vases, young leaves were used
to extract DNAs. DNA extraction was performed

Table 1. List of name and origin of Rye genotypes.

Number

Number Origin Collectibles State

1 Iran 4695 Ardebil

2 Iran 4547 Kermanshah

3 Iran 4685 Ardebil

4 Ethiopia 1 47241 -

5 Kenya 47254 -

6 Italy 47250 -

7 Ethiopia 2 47236 -

8 Ethiopia 3 27238 -

9 Palestine 47249 -

10 France 47244 -

11 Iran 4538 Hamadan

12 Iran 4546 Kermanshah

13 Iran 4636 East Azarbaijan
14 Iran 4637 East Azarbaijan
15 Iran 4651  western Azerbaijan
16 Iran 4656 | western Azerbaijan
17 Iran 4657  western Azerbaijan
18 Iran 4664 | western Azerbaijan
19 Iran 4666 East Azarbaijan
20 Iran 4683 Ardebil
21 Iran 4788 -
22 Danko - -

using the modified method of Saghai Maroof [14].
Spectrophotometer and agarose gel methods were
used to measure quality and quantity of the DNAs.
Fifteen ISSR primers were used to conduct PCR
reaction (Table 2). Amplification of DNA extractions
in a reaction with the final volume of 15 pl containing
1.50 ul Buffer PCR with the concentration of 10X,
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3 ul ANTP with the concentration of 1 mM, 0.30 pl
magnesium chloride with the concentration 100
mM, 1.20 ul from each primer with the concentration
of 10 mM and 0.10 ul Tag polymerase with the
concentration of 5 yl was reached to 12 pl with
double distilled water, then adding a concentration of
25 ng/ul DNA to they reached to the final volume.
Polymerase Chain Reaction steps included primarily
denaturation at 94°C for 5 min, 35 cycles including
denaturation at 94°C for 45 seconds, annealing
at the desirable temperature of each primer for 45
seconds, extension at 72°C for 1.50 min and final
extension at 72°C for 7 min. 1.5% garose gel, tinted
with bromide ethidiom and observed under UV were
used to study PCR products closely. For the purpose
of data analysis, existence and inexistence of bands
were identified with numbers of 0 and 1. To measure
the percentage of polymorphism, the number of
polymorphic segments was divided by the total
segments and was multiplied by 100. Polymorphic
Information Content (PIC) and Shannon's information
index were estimated using Pop Gene 1.31. Similarity
matrix was calculated based on Jaccard's coefficient
and dendrogram was constructed based on Complete
Linkage Grouping and using NTSYS 2.2.

3. Results and Discussion
3.1 ISSR markers

Only two primers out of primers used in the study
(I8 and 13) lacked multiplied patterns which could
be scored, so they were omitted from calculations.
Through studying the remaining primers and the
bands obtained from them, a total number of 1091
bands were observed out of which 761(69.70%)
bands were polymorphic (Figure 1). Results showed
that the highest percentage of polymorphism was
related to I1, 12, and 19 primers (100%) and the least
percentage was related to the primer 16 (60%). The
band pattern of 19 is shown in Figure 1. Generally
the amount of polymorphism observed in the study
was higher than those obtained by Pivoriene and
Pasakinskiene [13] who reported that 6 out of 33 ISSR
markers showed the highest amount polymorphism
(100%) and 2 markers showed the least amount of
polymorphism (20%). Results suggested that the
highest amount of Polymorphic Information Content
(PIC) was related to 110 and 115 (45% and 44%
respectively) the least amount was related to 17
(29%). PIC mean for all primers was calculated as
41% (Table 2).

3.2 Cluster analysis

Jaccard similarity coefficients, Dice coefficients and
simple comparison were used to measure genetic and
family relationships among genotypes and grouping
them. The results showed that cophenetic coefficient
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Figure 1. The band pattern of 22 genotypes of Rye using |19 primer. (To view the name of genotypes refer to Table1),

Ladder 1000 bp.

Table 2. Details of the Rye ISSR primers used in the present study.

Number Primer Annealing polymorphism Polymorphic information _ Sha_nno'n's
temperature (°C) content (PIC) information index (1)

1 1 51 100 0.41 0.60

2 2 51 100 0.4 0.58

3 3 49 - - -

4 4 49 80 0.36 0.53

5 5 52 71.4 0.34 0.51

6 6 45 60 0.41 0.59

7 7 51 66.7 0.29 0.43

8 8 45 - - -

9 9 51 100 0.35 0.53

10 10 52 71.4 0.45 0.64

11 11 52 62.5 0.36 0.54

12 12 55 80 0.41 0.6

13 13 47 85.7 0.38 0.56

14 14 47 80 0.39 0.57

15 15 50 75 0.44 0.63
Average Average - 79.44 0.41 0.56

of dendrogram obtained from Jaccard’s similarity
matrix was higher than cophenetic coefficient from
the other two methods, so Jaccard’s similarity matrix
was selected as the most appropriate coefficient
for drawing dendrogram. The results of Jaccard’s
similarity matrix indicated that the amount of similarity
among the genotypes studied ranged from 0.24 to
0.74, representing high genetic variation among the
genotypes in the study. The genetic variation may
be caused by nature of cross pollination in Rye,
high heterozygosis and genetic recombination in
the studied genotypes. The results of the study of
genetic distances of genotypes in Jaccard’s similarity
matrix showed that the genotypes Ethiopia 3 and
Palestine had the highest amount of similarity and
the genotypes Shapour and Ardebil had the least
amount of similarity (24%). The results of grouping
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the genotypes based on Jaccard’s similarity matrix
showed that the most appropriate genotypes
grouping was obtained through Complete Linkage
method (Figure 2).

In the obtained dendrogram based on the cutting line
through the similarity coefficient40%, genotypes were
categorized into five groups which this represents
genetic variations among the genotypes studied. The
first group included Khalkhal, Kangavar, Toyserkan,
Italy, Ethiopia1, and Ethiopia 2 genotypes, the second
one included French and Ebrahimabad genotypes,
the third one included Nilshapour and Shapour
genotypes, the fourth included Ardebil, Khalilvand,
Lanji, Hamzekandi, and Danko genotypes, and the
fourth one included Kenya, Abibaran, Ethiopia 3,
Palestine, Ashrafabad, Marand Emamkandi, and
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Figure 2. Dendrogram showing clustering of 22 Rye genotypes constructed using UPGMA based on Jaccard’s

coefficient obtained from ISSR analysis.

Khoy Emamkandi genotypes. To study the genetic
variation of 16 Rye genotypes and 2 Fesulolium
genotypes, Pivoriene and Pasakinskiene [13], using
ISSR markers, reported that the genotypes fell into
the main group (Rye group) and Fesulolium group.

While they reported that the Rye genotypes were
divided into three sub-groups, which suggested there
were genetic variations among the Rye genotypes.
The results of Jaccard similarity matrix and the
dendrogram obtained from cluster analysis indicated
that the genotypes Ethiopia 3 and Palestine had the
highest genetic similarity, which suggested there was
an identical genetic basis among them and might
has been transferred to these regions by scholars
collecting Rye germplasms. As Shapour and Ardebil
genotypes had the least similarity and also were
placed in different groups, regarding the variation
of the genetics of the two mentioned genotypes the
maximum heterosis and transgressive segregation
can be achieved through breeding programs [4].
Results suggested that some genotypes related to
Iran were placed in the group related to genotypes
from exotic and some genotypes from exotic were
placed in the group related to Iranian genotypes
(Figure 2). Results showed that the origins of
genotypes in first group were from three different
continents including Asia (Iranian genotypes including
Khalkhal, Kangavar, and Toyserkan), Europe (ltaly),
Africa (Ethiopia 1 and Ethiopia 2) suggesting an
identical genetic basis and relationships of the
above-mentioned genotypes.
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To study the genetic variation among Rye genotypes
[15], using microsatellite markers reported that
geographical distance is not the reason for away
and close genetics of Ryes and genotypes from
different countries and continents due to similarity
and identical genetic basis were placed in the same
group. Generally the results of the study of genetic
variation, geographical distance and genotypes
farness and closeness in the study showed that
geographical distance is not the reason for away and
close genetics of individuals. Situate of genotypes
related to different ecological conditions in the same
cluster may be due to the existence of an identical
genetic basis in them, which had been transferred to
different regions of the world by scholars collecting
germplasms.

3.3 Principal component analysis (PCA)

Results of PCA showed that the first three
components justified about 29% of the total
changes (Table 3). Although the results may not be
statistically appropriate for PCA and graphic display,

Table 3. Eigen value, explained variance and cumulated
variance in the PCA using ISSR markers.

Principal Eigen Explained Cumulative
Components Value Variance % Variance %
1 1252 11.242 11.242
2 1.019 9.152 20.394
4 0.943 8.474 28.869
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genetically they suggested the desirable sampling
of ISSR markers out of the total Rye genotypes
because the more the transmittal of markers in
genomes, the less their correlation is and therefore
more components are necessary to justify them
[16,17]. Studies showed genotypes distribution
on a two-dimension diagram obtained from PCA
did not conform to groupings from cluster analysis
(Figure 3). Results suggested that Kenya, Abibaran,
Ethiopia 3, Palestine, Ashrafabad, Emamkandi of
Marand, Emamkandi of Khoy, Khalkhal. Kangavar,
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specific principles and characteristics can be of help
for scholars in analyzing the data so as to group
genotypes accurately.

4. Conclusion

The results of the current study suggested that ISSR
markers can be effective to study relationships among
Rye genotypes to be used in breeding programs.
As morphological markers were influenced by
environmental factors and unlike them the molecular
markers were independent from environmental
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Figure 3. Genetic relationship of 22 Rye genotypes based on principal component analysis.

Toyserkan, Italy, Ethiopia 1, Ethiopia 1, and Ethiopia
2 in the two-dimension diagram obtained from PCA
were placed in the same group (Figure 3), while
cluster analysis of the above mentioned genotypes
had been placed in the two separate groups (groups 1
and 5). The reason for inseparation of the two groups
of genotypes in the two-dimension diagram can be
attributed to the low relative variance of the first two
main components resulting in their separation. It was
demonstrated that if the first two components justify
25% of the total variation, PCA encounters problems
in genotypes clustering (Melchinger).

As in this study, the first two components had justified
20% of the total variation, so it can be stated that
this phenomenon led to lack of correspondence of
groupings obtained from PCA with results of cluster
analysis. It is also believed that when the amount of
variation justified with PCA is low; cluster analysis
is more effective than PCA to determine genetic
relationships among individuals [16]. Generally
due to the limitations and advantages of different
statistical methods, using them along with knowing
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factors and different plant growth stages and also had
high polymorphism, so it is recommended to make
attempts to study phylogenetic relationships of Rye
genotypes using molecular markers such as ISSR
markers. Results of the study of genetic variations
and also geographical distances of the genotypes
showed that geographical distance is not the reason
for away and close genetics of individuals.

Placing genotypes related to different continents
and ecological conditions in a clustering may be
due to the existence of an identical genetic basis
among them, which has been transferred to different
regions all across the world by scholars collecting
germplasms [18-23]. Studies suggest that the lack
of correspondence of groupings obtained from
PCA with the results of cluster analysis can be
attributed to low relative variance of the first two
principal components, which has led to inappropriate
separation of the genotypes. It can be mentioned
that when the amount of variations justified with the
first two or three components of PCA is low, cluster
analysis shows more precise results. Generally,
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knowing the principles of different statistical methods
can help scholars analyze the data accurately and
precisely group genotypes.
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