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Molecular markers, such as Inter-Simple Sequence Repeats (ISSR), are relatively easy to use and
are highly effective for genetic diversity studies. This research was carried out to evaluate poly-
morphism and variation among Agropyron accessions. Genetic variability was studied for 13 ac-
cessions of Agropyron desertorum using molecular markers. Genetic variations for 13 accessions
were screened using 15 ISSR primers and 12 primers were scored. The ISSR primers produced
61 bands, of which the polymorphism was observed in 60 bands. The primers IS5, 1511 and 1S13
revealed the highest number of bands (7 bands) and 1S3 showed the lowest number of bands (3
bands). The highest Polymorphism Information Content (PIC) value (0.44) belonged to 1S3, which
determined better genetic distance than other primers based on the PIC index. The 1S9 with the
lowest PIC value (0.27) did not separate the accessions. The average Resolving Power (RP) index
was 4.19, of which primers IS5, 1S11,1S12 and 1S13 had the greatest value of RP. Primers 1S3, 1S7,
and 1S14 had the lowest values of RP. However, IS5, IS11 and 1S13 had the greatest values, and
IS3 and 1S15 had the lowest amount of Marker Index (MI) and Effective Multiplex Ratio (EMR).
In addition, IS5, IS11 and 1S13 could be introduced as desirable primers for the determination
of genetic variation based on all indices. The accession of G11 had the highest similarity (0.79)
with G10, while the accessions of G4, G5 had the lowest similarity (0.39) with G8. The Agropyron
accessions were classified by cluster analysis method based on Dice's coefficient. All of the 13
accessions were grouped into four clusters.

Introduction

Agropyron is one of the most important forage grass-
es that can be grown in weak and shallow soils, and is
cultivated mainly to aid with pasture establishment and
reclamation in different climates (Sanderson et al. 2002).
The gene pool of Agropyron includes about 19 species
in Iran and 150 species worldwide (Bor, 1970). Plant ge-
netic resources are the basis of global food security. They
comprise diversity of genetic material contained in tradi-
tional varieties, modern cultivars, crop wild relatives, and
other wild species in order to improve the rangeland and
increase forage production (Arghavani et al., 2010, Far-
shadfar & Farshadfar, 2008). Since, there is high variation

Citation (APA):

within and among different species of Agropyron, the
selection response for improving important traits is high
(Arghavani et al.,, 2010). On the other hand, understand-
ing genetic diversity of certain species is not only use-
ful in addressing questions about evolutionary process
and the development of conservation strategies, but
also a prerequisite for efficient use of genetic resources
in breeding programs. Interest in the genetic structure
of natural populations of grass species has increased in
the last few years because of the necessity of broaden-
ing the knowledge of genetic variations in cultivated
species (Che & Li, 2007). Molecular markers provide a
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Tabel 1: List of 13 accessions of Agropyron desertorum

accessions Code
G1 4051 - 2066
G2 3965 - 2059
G3 8848
G4 287-10
G5 plc1
G6 plc 2
G7 341-2053

Accessions Code
G8 Alborz 2077(Mix)
G9 M - 4036
G10 3477 - 2058
G11 747
G12 400
G13 3014

Tabel 2: Compounds of optimized ISSR reaction

Total volume 20 pl

12.6 ul ddH20

2l PCR Buffer (X10)
1.5ul MgCI2 (50 mMol)
0.4 ul

1.2ul Primer (10 uMol)
0.3 pl Tag polymerase
2 ul DNA (10 ng)

robust estimate of genetic similarity that was likely not
obtained using morphological data alone (Surendhar
et al,, 2009). Often, the initial objective of DNA profiling
of populations is to determine diversity among popula-
tions in order to develop genetically distinct subsets of
populations in a breeding program or to check for dupli-
cates in a gene bank. In these cases, it may be possible
to determine diversity among populations by profiling
bulked DNA of the individuals (Rouf Mian et al., 2002).
Genetic variations based on DNA markers between and
within different species of Agropyron were reported
by many researchers (Arghavani et al., 2010; Sun et al.,

Compounds of each sample

Nucleotides mixture (10 mMol)

1999; Sun et al.,, 2002; Refoufi et al., 2009; Szczepaniak
et al., 2009; Dizkirici et al., 2010; Che et al., 2011; Yang
et al, 2011). Many PCR-based DNA markers have been
developed, including Randomly Amplified Polymorphic
DNA (RAPD), Amplified Fragment Length Polymorphism
(AFLP), Simple Sequence Repeat (SSR), Expressed Se-
quence Tag (EST), and Inter-Simple Se—~quence Repeats
(ISSR). Among these, RAPD and ISSR are relatively sim-
ple to use and are highly effective in plant fingerprinting
and phylogenetic studies, which require no prior knowl-
edge of sequence information (Xu et al., 2012; Yousefi-
azar-Khanian et al., 2016). The first report of inter-simple
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Figure 1: The band pattern for accessions using I1S13 primer

sequence repeats (ISSRs) was published in 1994 (Zietkie-
wicz et al., 1994), which provides genomic information
for a range of applications and it is widely used in popu-
lation genetic studies (Behura, 2006). In other word, ISSR
markers have great potential for studying natural popu-
lations (Wolfe et al., 1998). Sicard et al. (2005) mentioned
that ISSR and RAPD markers were the most widely used
compared to the other molecular markers for genetic
variation analysis, however, Souframanien and Gopalkr-
ishna (2004) reported that ISSR markers were more ef-
fective than RAPD to determine genetic diversity. The
objectives of the present research include: (1) determi-
nation of the potential of ISSR to generate polymorphic
markers in Agropyron desertorum; and, (2) identification
of the relationship between different Agropyron acces-
sions using ISSR molecular markers.

Materials and methods

Plant Materials: In order to evaluate the genetic varia-
tion, 13 accessions of Agropyron desertorum were pro-
vided from the Natural Resources Gene Bank of Iran at
the Research Institute of Forest and Rangeland. (Table
1). The experiment was conducted at the Agriculture
and Natural Resources Research center of Kermanshah
in lran.

DNA Extraction and ISSR Method: The total genom-
ic DNA was extracted from young leaves of green-
house-grown plants using a modified CTAB (Murry &
Tompson, 1980) with modification described by De la
Rosa et al. (2002). The quality and quantity of extracted
DNA were examined using 0.8% agarose gel. The PCR
mixtures were carried out according to Table 2. Template

22 ISSN-Internet 2197-411x OLCL 862804632

DNA was initially denatured at 92°C for 5 minutes, fol-
lowed by 35 cycles of PCR amplification under the fol-
lowing parameters: denaturation for 30 seconds at 95°
C, primer annealing for 30 seconds at the temperature
based on primer temperature (50, 55 and 60° C), and fi-
nal extension for 1 minute at 72° C. A final incubation
was performed for 5 minutes at 72° C to ensure that the
primer extension reaction proceeded to completion. The
PCR amplified products were separated by electropho-
resis with 1.5% agarose gels and a TBE buffer. The gels
were placed in the ethidium bromide for 30-45 minutes
and visualized using gel documentation. ISSR bands
were treated as binary characters and coded accordingly
(presence =1, absence = 0).

Statistical Analysis: The Number of Scored Bands (NSB),
the Number of Polymorphic Bands (NPB), the Percentage
of Polymorphism Bands (PPB), and the Polymorphism In-

formation Content ( PIC=1-3_PI* )were calculated for
each primer (Anderson et al,'1993), in addition to the
Marker Index (MI= PIC x E) (Powell et al., 1996), Effective
Multiplex Ratio (EMR= NPB x {3) (Kumar et al., 2009), and
Resolving Power (RP=3IB) (Altintas et al., 2008). Matrix
similarity was computed based on Dice's coefficient NT-
SYSpc 2.02e (Rohlf & Taxonomy, 1998), and the cluster
analysis was performed for grouping accessions based
on Dice's coefficient according to the UPGMA method.
Principal coordinate analysis was performed to better
interpret the genetic variation between accessions DAR-
win 6 (Perrier & Jacquemoud-Collet, 2006), and finally,
the analysis of molecular variance GenAlEx 6.2 (Peakall
& Smouse, 2006) was performed for the three groups us-
ing cluster analysis.
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Tabel 3: Polymorphism percentage, total bands, PIC, MI, EMR, RP of ISSR markers

Primer code No. of pol-
ymorphism
induced (pro-
liferated)

1S3 5' GAGAGAGAGAGAGAGAYC 3' 3

IS10 5' GAGAGAGAGAGAGAGARC 3' 5

1S6 5'-CACACACACACACACAG -3' 5

IS7 5'DBDACACACACACACACA3! 4

1S13 5' AGAGAGAGAGAGAGAGYT 3' 7

IS5 5' AGAGAGAGAGAGAGAGC 3' 7

IS11 5' ACACACACACACACACC 3' 7

1S12 5'TGTGTGTGTGTGTGTGG 3' 5

1S9 5'CTCTCTCTCTCTCTCTG 3' 5

1S14 5' GACAGACAGACAGACA 3' 4

IS15 5' GGATGGATGGATGGAT 3' 4

IS16 5'DBDACACACACACACACA3' 5
5.08

Results

ISSR Polymorphism: Primers, sequences, code, number
of bands scored, number of polymorphic bands, percent
of PPB and Polymorphism Information Content (PIC),
Marker Index (MI), Effective Multiplex Ratio (EMR), Re-
solving power (RP) were showed for 12 ISSR primers in
Table 3. For all primers, the numbers of 61 bands were
scored but only 60 polymorphisms were observed. The
IS5,1S11, 1S13 primers had the highest number of bands
with 7 bands, and primer IS3 with 3 bands had the low-
est number of bands. Band pattern of accessions for I1S13
was showed in Figure 1. The lowest percentage of pol-
ymorphism belonged to 1S13 (85.71%) and the highest
percentage of polymorphism was 100% for other prim-
ers. The average value of polymorphism percentage was
96.73.The mean value of PIC for all primers was 0.38, and
the highest value of PIC belonged to 1S3 (0.44), while the
lowest value (0.33) belonged to IS15 primers. The mean
amount of Ml was 1.91, and the largest Ml was IS5 with
3.01, and the lowest value was IS15 with 1.30. The aver-
age EMR was 4.93, and the IS5 and IS11 were 7. The aver-
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L 12
No. of Polymor-  PIC MI EMR RP
polymor-  phism
phism Percent-
place age
3 100 044 133 3.00 2.15
5 100 034 1.68 5.00 5.38
5 100 0.41 2.04 5.00 3.08
4 100 043 170 4.00 2.77
6 85.71 032 239 5.14 6.46
7 100 043  3.01 7.00 6.77
7 100 037 260 7.00 7.38
5 100 0.37 1.87 5.00 6.92
5 100 0.27 1.35 5.00 6.15
4 100 040 1.59 4.00 231
4 100 0.33 1.30 4.00 5.38
5 100 041  2.06 5.00 4.15
5.00 96.73 0.38 1.91 4.93 491

age of RP was 4.91, and the largest value was IS11 with
7.38, though, the lowest was I1S3 with 2.15.

Similarity Matrix: Similarity matrix based on Dice’s co-
efficient for accessions varied between 0.39 and 0.79
(Table 4). The greatest value of similarity was observed
between accessions G11 and G10 with 0.79, while the
least value was G5, G4 with G8 (0.39).

The frequency distribution histogram showed that the
number of accessions with about 0.41 distance was the
greatest amount and accessions with about 0.65 dis-
tance were the least amount of frequency indicate that
the number of accessions with moderate distance were
higher than the others (Figure 2).

Cluster Analysis: Based on Dice’s coefficient (Figure 3),
the UPGMA hierarchical clustering for grouping acces-
sions were identified for the four distinctive groups. The
first group consisted of accessions G3, G4, and G5 with
mean similarity 0.61. The second cluster included G1, G2,
G6, and G7 with a 0.71 value of similarity. The third group
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Tabel 4: Similarity matrix between Agropyron accessions based on ISSR primers

G1 G2 G3 G4 G5 G6
G1 1.00
G2 0.76  1.00
G3 068 0.73 1.00
G4 048 056 059 1.00
G5 046 050 069 056 1.00
G6 067 072 056 066 0.3 1.00
G7 068 074 062 0.51 048 0.75
G8 063 055 052 039 039 048
G9 056 063 063 048 0.61 0.59
G10 069 061 0.61 057 054 057
G11 063 052 061 050 055 058
G12 055 053 062 062 056 0.58
G13 066 061 064 042 050 054

consisted of G10, G11, and G12 with 0.72 similarities. The
forth cluster included G8, G9, and G13 with a 0.59 similar-
ity coefficient. Similarity between clusters was showed in
Table 4. Maximum similarity was between cluster 1 and
cluster 4, while the least similarity was between cluster 2
and cluster 3.

Principal Coordinate Analysis (PCo): Scatter plot for
accessions based on first (26.01) and the second (20.20)
axis from principal coordinate analysis (Figure 4) showed
that genetic variation did not match with the geograph-
ical distribution of accessions. These results, confirmed
by cluster analysis and similarity matrix, grouped the ac-
cessions into four clusters.

Molecular Variance Analysis: Analysis of Molecular
Variance (AMOVA) was performed for ISSR bands to de-
termine significant differences between groups of ac-
cessions based on cluster analysis (Table 6). The results
showed a statistically significant difference (p<0.01) be-
tween groups and the portion of variance percentage
for the variables between group and within group were
23% and 77%, respectively. Results indicated that the

24

G7 G8 Q9 G10  GN G12 G13
1.00

0.57  1.00

0.58  0.55 1.00

063 052 058 1.00

060 056 048 079 1.00

055 060 059 067 073 1.00

063 059 064 062 059 067 1.00

portion of variance within groups with 77% was much
greater than among groups with 23%.

Discussion

This research revealed that the genetic pattern of Agro-
pyron accession can be determined using ISSR in the
short-term. The results proved that ISSR markers are
suitable for detecting the genetic variation in Agropyron
accessions. The average of PPB in the present investiga-
tion indicated a high polymorphism among Agropyron
accessions based on ISSR primers. Ma et al. (2008) re-
ported the percentage of (PPB)=77.20% for accessions
of Elymous sibiricus and mentioned that, according to
ISSR markers, there was a high level of variation between
accessions. Moreover, all primers used in the study were
helpful for determination of genetic diversity based on
PPB in Agropyron populations, however measurements,
such as PIC, and the primers 1S3, 1S6, IS7, IS5, 1S14, and
IS16 were useful for polymorphism study and can be
used in further analysis of genome for other Agropyron
accessions in future research. Efficiency of ISSR primers
were reported by other researchers to determine the
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Figure 2: Amount of distance estimated between Agropyron accessions

16
1
\18
o Q 9
23

22

25

Figure 3: Dendrogram of Agropyron accession based on ISSR primers

genetic diversity between and within different plant
species (Pivoriene & Pasakinskiene, 2008; Hu et al., 2011;
Fasih et al.,, 2013; Shirvani et al.,, 2013; Shirvani et al.,
2014). Based on Dice’s coefficient, the similarity between
accessions was low, therefore it can be stated that there
was high genetic variation among accessions. In general,
according to all indices, the primers IS5, 1S11, and 1513
were the best ones to identify genetic variation among
Agropyron. Esnault and Refoufi (2008), by using RAPD
and isozymes, measured the genetic variation among

Agropyron species with different ploidy levels. Group-
ing of accessions, based on cluster analysis and principal
coordinate analysis, indicated that genetic variations are
not in accordance with the geographical distribution of
accessions. There are several possible explanations for
these results, such that some of them are connected
through nature, and also that the structure of different
molecular markers are designed from various regions of
genome, among other reasons. An additional problem
was the possibility of overestimating genetic similarity
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Table 5: Similarity coefficient between cluster

Clusters

Cluster1
Cluster2
Cluster3

Cluster4

Cluster1

1.000
0.790
0.820
0.837

Gl3

Cluster2

1.000

0.768

0.811

Future of Food: Journal on Food, Agriculture \\‘ q
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Cluster3 Cluster4
1.000
0.791 1.000
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Figure 5: Distribution diagram of accessions in regard to the first and second PCo

Table 6: Analysis of molecular of variance based on ISSR markers

S.0V
Between
group

Within group

Total

as the fragments with the same size could have different
origins (Suvendu et al., 2009; Poczai et al., 2013; Etminan
et al.,, 2016). The results from the cluster analysis were
confirmed by AMOVA. On the other hand, the results
of estimated variance indicating the genetic variation

26

Df

9

12

SS

59.423

89.500

148.923

MS

19.808

9.944

Est. Var. Var% PhiPT
3.053 23% 0.235*
9.944 77%

12.997 100%

the within group variable was more than the between
group variable, and can be explained by the high ge-
netic variation between accessions (Etminan et al.,, 2018;
Moradkhani et al., 2015). Finally, based on ISSR markers,
the accessions of the first group (G3, G4, G5) had higher
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genetic distance compared to the accessions of the forth
group (G8, G9, G13). As depicted by the high diversity
between these two groups, they would be appropriate
partners in crossing programs to obtain high yield and
heterosis.

Conclusions

The assessment of genetic diversity is important, not
only for crop improvement, but also for efficient man-
agement and conservation of germplasm resources.
The current study confirmed the importance of molec-
ular studies data in detecting genetic variation among
genotypes to select diverse parents in order to carry out
a new crossing program successfully. We believe that
there is a need for molecular marker studies as a com-
plementary study to the morphological traits in the field.
The primers 1S3, 1S6, 1S7, IS5, 1S14, and 1S16 were useful
for polymorphism study and can be used for the analy-
sis of genome and other Agropyron accessions in future
research. The grouping of accessions based on cluster
analysis and principal coordinate analysis indicated that
genetic variations are not in accordance with the geo-
graphical distribution of accessions. The greatest value
of similarity was observed between accessions G11 and
G10 with 0.79, while the least value was G5, G4 and G8
with 0.39. Due to the high diversity between these two
groups, they would be considered appropriate partners
in crossing programs to obtain high yield and heterosis.
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