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Abstract. Genetic variations within the species of Agropyron desertorum and 2 varieties of
A. cristatum subsp. pectinatum var. imbricatum and A. cristatum subsp. pectinatum var.
pectinatum were studied using morphological traits and total protein profiles (with sodium
dodecylsulphate polyacrylamide gel electrophoresis). An experiment was conducted in
Research Institute of Forests and Rangelands (2012-2013) using a completely randomized
block design with three replications. Means comparison of different agronomical traits
among different wild populations of three taxa showed that A. desertorum had higher plant
crown, plant height, panicle length, number of stems and plant dry matter weight; however,
var. pectinatum had higher panicle length, grain yield and 1000-grain weight and got into
the pollination and full flowering phases in a shorter period. The results of total protein
profiles revealed that the genetic diversity of var. imbricatum samples was considerably
higher than var. pectinatum and/or A. desertorum. Classification analysis of different
populations of taxa using both markers showed that populations of var. pectinatum were
closer to A. desertorum than var. imbricatum. The results demonstrated that the study of
genetic diversity and the relationships among the crested wheatgrass species using
agronomical traits and total protein profiles provides important information for the
collection, genetic conservation and planning of future breeding programs.
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Introduction
Agropyrom is one of the most important
grasses in the temperate regions of the
world originated from the steps of central
Asia (Asay et al., 1992). This droughtresistant grass is an excellent source of
forage and habitat for livestock and
wildlife and it is valued for weed control,
habitat use, soil stabilization and
watershed management. Agropyron is
generally adapted to the sub-humid to
arid climatic conditions in steppe or
desert regions (Rogler and Lorenz, 1983).
Agropyron is one of the important
perennial grasses that naturally grow in
the arid to semiarid pastures and
rangelands of Iran. It is used for grazing
and producing hay as well as recovering
the overgrazed sub-steppe rangelands
(Jafari et al., 2008).
The Agropyron Gaertn. genus was
once thought to be one of the largest
genera in the tribe Triticeae Dumortier
comprising more than 100 species
(Dewey, 1983). Nevski (1934) restricted
Agropyron to perennial taxa with keeled
glumes, a group of species referred in
English as the crested wheatgrasses.
Subsequent work showed that members
of Agropyron sensu Nevski are diploids,
tetraploids or hexaploids in which only
the P genome is present (Dewey and
Asay, 1975; Melderis, 1978; Dewey,
1983; Assadi, 1995; Jensen et al., 2006).
This narrow concept of Agropyron is now
followed in most taxonomic works (e.g.
Tzvelev, 1976; Melderis et al., 1980;
Melderis, 1985; Barkworth et al., 2007).
It was also supported by the inter-generic
crossing experiments (Assadi and
Runemark, 1995).
According to Tzvelev (1976), the
genus Agropyron had 10 species, 9
subspecies of which were included in
Agropyron cristatum (L.) Gaertn. and
A. desertorum. A. cristatum is one of the
well-known species of the “crested
wheatgrasses” complex (Knowles, 1955).
However, Dewey and Asay (1975)
identified all Iranian crested wheatgrass
collections as A. cristatum. Bor (1970) in
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"Flora Iranica" did not cite any A.
cristatum collections. He identified most
specimens as A. pectiniforme Roem. &
Schult. and the few remaining specimens
as A. imbricatum (Bieb.) Roem. &
Schult.
More recently, however, taxonomic
realignment proposed that A. cristatum
complex in Iran consists of 4 subspecies
(subsp. incanum, subsp. hamadanicum,
subsp.
puberulum
and
subsp.
pectinatum). Subsp. pectinatum was
further divided into 3 varieties, var.
imbricatum (= A. imbricatum), var.
pectinatum (= A. pectiniforme), and var.
minor (Asadi, 1995; Yousefi and Assadi,
2006).
The A. cristatum subsp. pectinatum
var. imbricatum (with wide spikes and
pilose spikekets), A. cristatum subsp.
pectinatum var. pectinatum (with wide
spikes and glabrous spikelets) and A.
desertorum (with narrow spikes) are the
important commercial crested wheatgrass
species in Iran which makes them
vulnerable to destruction (Asri, 2011).
The destruction of natural habitats in
central and southwestern Asia and the
changes from traditional to modern
methods of cultivation may cause genetic
erosion (Hormaza et al., 1998) and the
loss of important germplasm. Therefore,
it is important to preserve the genetic
variability of natural crested wheatgrass
populations.
The molecular approach for the
identification of plant species or varieties
seems t o be more effect ive t han
t radit io nal morpho logical mar kers
because it allows the direct access to the
hereditary material and makes it possible
to understand the relationships between
plants (Williams et al., 1990; Paterson et
al., 1991). The introduction of
biochemical and molecular techniques
has been made to conduct a more
accurat e evaluat io n o f g enet ic
relationships of crested wheatgrass;
allozyme gene markers (Refouf and
Esnault, 2008), total protein profiles (Che
and Li, 2007), Random Amplified

Journal of Rangeland Science, 2015, Vol. 5, No. 3

Salehi Shanjani et al., /167

Polymorphic DNA (RAPD) (García et
al., 2002; Arghavani et al., 2010) and the
Amp lified
Fr agment
Lengt h
Polymorphism (AFLP) (Melish et al.,
2002). However, the protein profiling of
germplasm and use of genetic marker
have been widely and effectively used to
determine
the
taxonomic
and
evolutionary aspects of several crops
(Murphy et al., 1990; Khan, 1990; Das
and Mukarjee, 1995; Ghafoor et al.,
2002; Salehi Shanjani et al., 2013).
Sodium
Dodecyl
Sulphat e
Polyacrylamide Gel Electrophoresis
(SDS-PAGE) is the most economical,
simple and extensively used biochemical
technique for the analysis of genetic
structure of germplasm. Total leaf
proteins have been used as genetic
markers in breeding programs (Hirano,
1982; Vries, 1996; Kamel and Hassan,
2001; Reddy and Munirajappa, 2005;
Mohamed et al., 2006) as well as basic
studies on population genetics (Torkpo et
al., 2006) and reproductive biology
(Cardeña et al., 1998). To our knowledge,
no studies have yet been made in Iran on
the diversity of Agropyron complex
germplasm based on total protein
electrophoresis, and its association with
agronomical traits. Therefore, in this
study, we tried to I) estimate genetic
variations and relationships within and
between Agropyron Taxa; and II) analyze
11 quantitative traits in order to compare
neutral and quantitative variations and
thus, evaluate the role of natural selection
in the maintenance of morphological
integrity in wild populations.

Iranian Natural Resources Gene Bank
(INRGB) were used in the present study.
The research was conducted on the
experimental field at the INRGB. A total
of 30 seedlings of each population were
grown in jiffy pots for forty days before
transplanting into a field in March 2011.
The field experiment was arranged in a
completely randomized block with three
replications. Each plot included 36
spaced plants (0.50 x 0.50 m) in a single
row. Fertilizer application rates were 100
kg/h phosphorus (P) at sowing. The field
was irrigated once a week during
summer. No measurements were taken in
the establishment year.
During the two-year investigation
(2011 and 2012), nine phenotypic traits
were observed in this research. The data
were collected and analyzed for the
following nine agronomical traits: day to
flowering, day to pollination, plant height
(cm), panicle length (cm), grain yield
(kgh-1), dry matter yield (kgh-1), stem
number, 1000 grain weight (g) and crown
diameter (cm).

Materials and methods
seed materials and experiment
design
Seed materials of 15 wild populations of
A. cristatum subsp. pectinatum var.
imbri catum ( five populat ions), A.
cristatum
subsp.
pectinatum
var.
pectinat um ( four populat ions) and
A. desertorum (six populations) from
different regions of Iran provided by the

Total protein analysis
In this study, the extent of genetic variant
was based on SDS-PAGE markers.
Totally, 150 entries were selected from
15 wild populations (10 plants for each
population). Preliminary experiments
(data not shown) indicated that a larger
sample (20 plants for each population)
did not modify the results substantially
regarding the amount or the structure of
polymorphism. Total proteins were
extracted from 14 day-old seedlings using
protein extraction of 0.05M Tris-HCL
pH=8, 0.2% SDS, 5M urea and 1% Bmercaptoethanol. Electrophoresis was
carried out in the discontinuous Sodium
dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) system of
Laemmli (1970) using 12% (w/v)
separating gel and 5% (w/v) stacking gel.
The molecular weights of the dissociated
protein were estimated using molecular
weight standard proteins “MW-SDS-70
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Kit”. Gels were gently shaken until the
background of gel became clear and
polypeptide bands were clearly visible.

Data analysis
Analysis of variance was computed on
the collected data for each trait for
agronomical traits. The descriptive
statistics and phenotypic correlation
coefficients between traits were estimated
using the SAS9.1 software (SAS Institute
Inc. 2003). Eleven classification variables
had significant (P0.01) variations
among
populations
and
were
subsequently used for multivariate
analysis. The euclidean distances of
populations were computed on the
agronomical traits and then, they were
used for the Principal Component
Analysis (PCA) method using Minitab
software version 14.
For protein profile data to avoid the
taxonomic weighting, the intensity of
bands was not taken into consideration;
only the presence of bands was taken as
an indicative. The scores were 1 for the
presence and 0 for the absence of a band.
The indices of genetic diversity such as
the observed number of bands (Na),
polymorphic loci percent (PPL) and
expected heterozygosity (He) were
calculated using POPGENE 32 software
(Yeh et al., 1999) on the basis of gene
frequencies. At the same time, the genetic
structures within and among populations
were detected using the software
AMOVA-PREP1.01 (Miller, 1997) and
WINAMOVA (Excoffier, 1995) in order
to partition the genetic variations among
local and exotic groups, among the
populations within groups and among the
individuals within populations. The
significance of each variance component
was tested with permutation tests
(Excoffier et al., 1992). Genetic distances
were estimated according to Nei (1978)
and the resulting similarity matrix was
subjected to Principal Coordinate
Analysis (PCoA) and Neighbor-Joining
(NJ) analysis using MEGA4 software

(Tamura et al., 2007). Wright’s Fst was
used to estimate the population
differentiation. The rate of gene flow
(Nm) was estimated indirectly from the
proportion of total diversity that was
found among populations (Wright, 1931,
1951). A 999 random permutation Mantel
test (Gower, 1966) was used to assess the
correlation between the calculated
distance matrices (using phenotypic and
total protein profile data). The Pearson
correlation between the genetic index
within population, phenotypic traits and
ecological factors was analyzed using the
SPSS 11.0 software.

Results
Agronomical traits
Analysis of variance showed highly
significant differences among species and
populations in almost all the agronomical
traits except of plant height. Low to
moderate CV values were obtained for all
the traits (Table 1). Means comparison of
different agronomical traits among three
species (Table 2) showed that A.
desertorum had higher plant crown, plant
height, panicle length, stem number and
plant dry matter weight; however, var.
pectinatum had higher panicle length,
grain yield and 1000-grain weight; and
got to pollination and full flowering
phase in a shorter period (Table 2). The
results of agronomical correlation showed
a positive correlation between day to
pollination and day to flowering while a
negative value was obtained between day
to flowering and grain yield. Dry matter
yield was positively correlated with day
to flowering, stem number and crown
diameter. Number of stems was
positively correlated with plant crown
while a negative value was obtained
between number of stems and 1000-grain
weight (Table 3).
Genetic distance among 15 Agropyron
entries was also estimated using data on
nine agronomical traits using Euclidean
distances which ranged from 1.01
(between population D-Shahrekord from
A. desertorum and population Cpi-
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Maravtappe from var. imbricatum) to
9.98 (between populations D-Bojnord
and D-Boeenzahra both from A.
desertorum) with an average value of
2.84 (Table 4). The agronomical data
were used for conducting the Principal
Component Analysis (PCA) to study
further the genetic similarities among the
15 Agropyron populations (Fig. 1). The
first three factors contributed to 76% of
the total variance were observed. The
first factor had high contributing factor
loadings from day to flowering, day to
pollination and dry matter yield
contributing to 30.4% of the total
variation. The second factor had high

contributing loadings from grain yield,
stem number and crown diameter
contributing to 24.2% of the total
variation. The third factor had high
contributing loadings from dry matter
yield and crown diameter contributing to
21.4% of total variation. The results of
the PCA showed that the populations of
three taxa were relatively separated from
each other (Fig. 1). Moreover, the
classification
result
of
different
populations of each taxa showed that
populations of var. pectinatum were
closer to A. desertorum than var.
imbricatum.

Table 1. Results from the ANOVA on different studied characteristics
S.O.V.

Species
Population
Error
CV

df

2
12
30

Day to
Flowering

Day to
Pollination

Plant
Height

Panicle
Length

MS
Grain
Yield

DM
Yield

Stem
Number

198.5**
10.44**
3.2
4.52

499**
18.0**
1.61
2.04

23.86
133.27
21.89
7.11

3.63**
1.15**
0.1
6.37

33.97**
24.29**
1.99
16.49

27328**
2108**
249
1.076

1613.7**
1674**
64.62
14.71

1000Grain
Weight
0.29**
0.13**
0.02
4.93

Crown
Diameter
248.6**
158.1**
16.06
9.89

**

, significant at 0.01 level

Table 2. Comparison of the mean values for the different traits in the wild populations of A. cristatum subsp.
pectinatum var. imbricatum (with Cpi prefix), A. cristatum subsp. pectinatum var. pectinatum (with Cpp
prefix) and A. desertorum (with D prefix)
Pop.

Day to
Flowering

Day to
Pollination

Plant
Height

A.cristatum subsp. pectinatum var. imbricatum imbricatum
Cpi-Mravtappe
45.53a
68.40b
51.37f
Cpi-Esfahan1
41.43b-d
66.97b
66.27a-d
Cpi-Esfahan2
41.57bc
67.57b
69.07a-d
Cpi-Chadgan
44.00ab
64.30c
64.37dc
Cpi-Flaverjan
43.80ab
72.00a
73.67ab
A.cristatum subsp. pectinatum var. pectinatum
Cpp-Gorgan1
39.57c-e
59.57d
55.20ef
Cpp-Gorgan2
34.77f
54.77e
74.83a
Cpp-Lordegan
33.97f
53.97e
62.37c-e
Cpp-Jiroft
34.23f
54.23e
67.40a-d
A. desertorum
D-Shahrekord
39.27c-e
62.87c
62.10de
D-Boeenzahra
40.27c-e
62.33e
68.33a-d
D-Fereidonshahr
38.03ed
59.33d
71.27a-c
D-Asadabad
40.07c-e
63.70c
65.50b-d
D-Bojnord
39.40c-e
63.10c
66.73a-d
D-Karj
36.83ef
59.10d
68.37a-d
Cpi
43.27a
67.85a
64.95b
Cpp
35.63c
55.63c
64.95b
A. desertorum
38.98a
61.74b
67.05a

Panicle
Length

Grain
Yield

DM
Yield

Stem
Number

1000Grain
Weight

Crown
Diameter

3.37g
4.00f
5.07c-e
4.63e
5.23b-e

120d-f
160b-d
190ab
120d-f
35 h

1230e
1977a
1867a-c
1590dc
1540d

48.03b-d
93.63a
91.73a
34.73d-f
26.73f

2.43hg
2.70c-f
2.63d-g
2.40gh
2.80b-e

33.87fg
45.33b-d
42.60b-e
31.50g
31.50g

5.10c-e
5.27b-d
6.03a
4.67ed

100fg
205a
170a-c
155b-e

690f
1270e
800f
752f

31.53ef
41.60c-e
58.00b
31.47ef

2.97ab
2.73b-f
2.60d-g
3.13a

35.30e-g
48.47a-d
36.37e-g
35.97e-g

5.50a-c
5.77ab
5.07c-e
5.97a
5.07c-e
4.67ed
4.95b
5.27a
5.34a

75g
125d-f
135c-f
125d-f
115d-f
95fg
125b
157a
112b

1247e
1817a-d
1687b-d
1690b-d
1960a-d
1720a-d
1641a
880b
1688a

55.00cb
55.63bc
45.50b-e
102.63a
50.43bc
53.20bc
58.97a
40.65b
60.40a

2.50f-h
2.53f-h
2.83b-d
2.33h
2.90f-h
2.57e-h
2.59b
2.86a
2.61b

35.13e-g
48.80a-c
35.73e-g
54.70a
41.27a-c
51.17ab
36.96b
39.03b
44.47a

The values of columns with different letters are significant according to DMRT method (p<0.05)
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Table 3. Pearson correlation analysis for the relationships between phenotypic parameters of the wild populations of Agropyron complex
Day to
Day to
Plant
Panicle
Grain
DM
Flowering
Pollination
Height
Length
Yield
yield

Stem
number

Day to pollination
Plant height
Panicle length
Grain yield
Dry matter yield
Stem number
1000- grain weight
Crown Diameter

-0.502*
0.626*

0.922**
-0.314
-0.45
-0.437
0.417
0.096
-0.42
-0.275

-0.095
-0.345
-0.501*
0.548*
0.249
-0.339
-0.157

0.361
0.165
0.442
0.025
0.218
0.332

-0.005
-0.083
0.118
-0.068
0.267

-0.032
0.372
0.058
0.33

0.508*
-0.333
0.503*

1000
-grain
weight

-0.281

* **

, , significant at 0.05 and 0.01 level, respectively

1.544
3.745
3.477
2.573
2.848
1.739
1.727

0.287
0.260
0.268
0.271
0.273
0.293
0.334
0.186
0.262
0.112
0.163
0.112
0.241

0.055
0.101
0.037
0.042
0.078
0.086
0.075
0.129
0.171
0.166
0.203
0.152

0.119
0.078
0.111
0.144
0.159
0.151
0.214
0.158
0.119
0.159
0.104

0.089
0.152
0.163
0.197
0.155
0.194
0.184
0.195
0.209
0.199

0.083
0.094
0.103
0.082
0.117
0.135
0.143
0.226
0.121

0.042
0.058
0.034
0.077
0.136
0.159
0.174
0.141

0.010
0.039
0.074
0.136
0.163
0.172
0.127

1.734
4.176
3.914
2.607
2.81
1.579
1.8
8.302
0.055
0.099
0.170
0.180
0.231
0.143

1.015
2.53
2.225
1.569
1.569
2.096
8.257
1.462
1.757

1.986
1.277
1.305
1.224
1.86
3.797
1.86
3.102
3.321
1.827

0.045
0.101
0.154
0.139
0.154

0.131
0.233
0.214
0.199

1.552
1.835
1.842
5.916
1.84
3.555
1.681
2.731
2.863
1.596
7.467
0.045
0.094
0.078

2.359
9.649
9.63
2.274
2.755
4.013
2.371
3.076
3.614
2.093
1.479
1.874
0.113
0.045

2.646
1.468
1.314
1.904
1.597
3.944
2.168
3.638
3.82
2.223
9.983
1.501
1.99
0.128

D-karj

1.529
2.731
2.403
1.737
1.399
2.083

D-bojnord

2.579
4.506
4.098
3.387
2.666

D-asadabad

Cpp-lordegan

2.197
2.688
2.331
1.895

D-fereidonshahr

Cpp-gorgan2

1.235
2.306
2.303

D-boeenzahra

Cpp-gorgan1

2.663
5.731

D-shahrekord

Cpi-flaverjan

2.789

Cpp-jiroft

Cpi-chadgan

0.161
0.184
0.177
0.221
0.136
0.146
0.127
0.161
0.088
0.087
0.093
0.159
0.146
0.158

Cpi-esfahan2

Cpi-mravtappe
Cpi-esfahan1
Cpi-esfahan2
Cpi-chadgan
Cpi-flaverjan
Cpp-gorgan1
Cpp-gorgan2
Cpp-lordegan
Cpp-jiroft
D-shahrekord
D-boeenzahra
D-fereidonshahr
D-asadabad
D-bojnord
D-karj

Cpi-esfahan1

Populations

Cpi-mravtappe

Table 4. Pair-wise values for squared Euclidean distances (upper diagonal) and Nei’s genetic distances (lower diagonal) of the wild populations of A. cristatum subsp.
pectinatum var. imbricatum (with Cpi prefix), A. cristatum subsp. pectinatum var. pectinatum (with Cpp prefix) and A. desertorum (with D prefix)

1.999
1.531
1.319
1.482
1.413
3.346
1.444
2.884
3.093
1.535
6.632
1.078
1.598
8.6

Journal of Rangeland Science, 2015, Vol. 5, No. 3

Salehi Shanjani et al., /171

4
Cpi-mravtappe

Second Component

3
2

Cpi-chadgan

Cpp-gorgan1
Cpp-jiroft

1

Cpp-lordegan

0
-1

Cpp-gorgan2

D-fereidonshahr
D-shahrekord
Cpi-flaverjan
D-bojnord
D-karj

Cpi-esfahan1
D-boeenzahra

-2

Cpi-esfahan2

D-asadabad

-3
-3

-2

-1

0
First Component

1

2

3

Fig. 1. Phenograms of the wild populations of A. cristatum subsp. pectinatum var. imbricatum (with Cpi
prefix), A. cristatum subsp. pectinatum var. pectinatum (with Cpp prefix) and A. desertorum (with D prefix),
based on phenotypic traits

Total protein polymorphism
On the basis of the relative mobility of
total proteins on the gel, 40 polypeptide
bands of different sizes ranging from
6.606 to 269.153 kDa from 15
populations
of
Agropyron
were
identified. The high proportion of bands
was shared between three taxa (Fig. 2 and
3). The pooled values of Na, PPL and He
were higher in the var. imbricatum
samples than the A. desertorum and var.
pectinatum samples (Table 5). The
population of Cpi-Flavarjan (from var.
imbricatum) had the highest level of
variability (Na, PPL and He values: 38,
40% and 0.153, respectively) whereas
population of Cpp-Jiroft (from var.
pectinatum) had the lowest level of
variability (Na, PPL and He values: 30,
2.5% and 0.012, respectively) (Table 5).
The pairwise values for Nei’s genetic
distances between the analyzed datasets
of the Agropyron ranged from 0.010
(between the populations of Cpi-esfahan2
and Cpi-Flavarjan both from var.

imbricatum) to 0.334 (between the
population of Cpi-esfahan1 from var.
imbricatum and population of Cpp-Jiroft
from var. pectinatum) with an average
value given as 0.143 (Table 4).
Pairwise values for Fst (P≤0.01)
ranged from 0.062 (between the
populations of Cpp-Lordegan and CppJiroft both from var. pectinatum) to 0.907
(between the population of CpiMaravetape from var. imbricatum and
population of Cpp-Jiroft from var.
pectinatum) with an average value given
as 0.541 (Table 6). The level of gene flow
(Nm) between the populations of CppLordegan and Cpp-Jiroft both from var.
pectinatum was 3.77 individuals per
generation. However, Nm value between
the population of Cpi-Maravetape from
var. imbricatum and population of CppJiroft from var. pectinatum was 0.026
individuals per generation indicating that
there was a low migration rate among
populations (Table 6). This finding was
consistent with the type of genetic
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structure predicted by the expected
heterozigosity analysis which suggested
that 50% of the total variation was
partitioned among populations. AMOVA
analysis showed that the variations
between the taxa, between the
populations, and within the populations
were accounted for 7.50 and 44% of the
total variation, respectively (Table 7).
To elucidate the genetic relationships
among different populations of three taxa,
a PCoA biplot was produced using Nei’s
genetic distances. The results of the
PCoA showed that the var. imbricatum
populations were not separated from
other taxa (Fig. 4). However, all the
populations of var. pectinatum were
located closely. Besides, the classification
result of different populations of each
taxa showed that populations of var.
pectinatum were closer to A. desertorum
than var. imbricatum. The first three
principal coordinates were accounted for
62% of the total variation among the
populations or taxa. Overall patterns of
genetic
differentiation
were
also
examined using NJ analysis (Fig. 5). The
resulting tree had long terminal branches
which suggested that the populations and

taxa were well differentiated. The
dendrogram shows two major clusters.
The first major cluster consisted of two
minor clusters, one having different
populations of var. pectinatum (three
populations), var. imbricatum (one
population) and A. desertorum (two
populations); and the other one having
three populations of var. imbricatum and
one populations var. pectinatum. The
second major cluster included four out of
six populations of A. desertorum. The
Mantel tests indicated that there was no
significant
associated
relationships
between genetic distance and geographic
distance among the populations in
Agropyron (P>0.05 for three taxa alone
and all the combined populations).
Correlation
coefficients
among
pairwise genetic and agronomical
distance matrices were calculated using
Mantel's test. Regression and correlation
analyses
between
genetic
and
agronomical distances showed no
significant correlations (P>0.05). Pearson
correlative analysis showed that there
was no significant correlation either
between genetic diversity and latitude
(P=0.94) or longitude (P=0.33).
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Fig. 2. Total protein band frequencies of the wild populations of A. cristatum subsp. pectinatum var.
imbricatum, A. cristatum subsp. pectinatum var. pectinatum and A. desertorum
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Fig. 3. Percent of stability in different situations
Table 5. Genetic diversity parameters of the wild populations of A. cristatum subsp. pectinatum var.
imbricatum (with Cpi prefix), A. cristatum subsp. pectinatum var. pectinatum (with Cpp prefix) and A.
desertorum (with D prefix).
Pop.
Na
PPL
He
A. cristatum subsp. pectinatum var. imbricatum
Cpi-mravtappe
27
5
0.020
Cpi-esfahan1
22
10
0.034
Cpi-esfahan2
37
40
0.135
Cpi-chadgan
36
40
0.153
Cpi-flaverjan
38
40
0.152
Pooled
40
65
0.210
A. cristatum subsp. pectinatum var. pectinatum
Cpp-gorgan1
36
23.5
0.132
Cpp-gorgan2
32
22.5
0.090
Cpp-lordegan
33
20
0.070
Cpp- jiroft
30
2.5
0.012
Pooled
37
45
0.148
A. desertorum
D-shahrekord
32
32.5
0.133
D-boeenzahra
30
10
0.046
D-fereidonshahr
31
30
0.102
D-asadabad
28
15
0.057
D-bojnord
27
22.5
0.068
D-karj
28
7.5
0.025
Pooled
34
42
0.153
Na = observed number of bands; PPL = Percentage of polymorphic loci; He = Nei’s gene diversity

Coord. 2 (23.33%)

Cpi-chadgan
Cpi-flaverjan
Cpi-esfahan2
D-asadabad
D-foreigner
D-bojnord

Cpp-gorgan1
Cpp-gorgan2
Cpp-jiroft
Cpp-lordegan

D-fereidon
D-shahrekord
D-boeenzahra

Cpi-mravtappe

Cpi-esfahan1

Coord. 1 (38.81%)

Fig. 4. Two-dimensional graph based on the ordination scores of the principal coordinate analysis of the wild
populations of A. cristatum subsp. pectinatum var. imbricatum (with Cpi prefix), A. cristatum subsp.
pectinatum var. pectinatum (with Cpp prefix) and A. desertorum (with D prefix) based on seed storage
protein profiles
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0.103
0.061
0.388
0.254
0.256
0.354
0.622

0.741
0.672
0.646
0.709
0.779
0.803
0.899
0.632
0.861
0.534
0.689
0.560
0.828

0.203
0.323
0.140
0.222
0.392
0.476
0.301
0.603
0.532
0.574
0.592
0.582

0.323
0.267
0.415
0.496
0.553
0.434
0.653
0.463
0.436
0.482
0.409

0.273
0.465
0.494
0.561
0.413
0.595
0.473
0.529
0.521
0.535

0.368
0.414
0.485
0.303
0.548
0.451
0.513
0.595
0.490

0.287
0.459
0.159
0.546
0.521
0.615
0.601
0.638

0.062
0.198
0.558
0.533
0.636
0.613
0.638

0.026
0.028
0.276
0.202
0.195
0.266
0.294
3.773
0.315
0.811
0.643
0.738
0.734
0.844

0.255
0.146
0.581
0.325
0.356
0.575
1.323
1.016
0.543

0.073
0.041
0.165
0.133
0.170
0.206
0.208
0.198
0.058
0.578

0.302
0.373
0.531
0.475
0.552

0.603
0.783
0.731
0.845

0.214
0.218
0.220
0.289
0.278
0.305
0.230
0.219
0.139
0.420
0.164
0.237
0.395
0.402

Table 7. Analysis of Molecular Variance (AMOVA) of Agropyron complex
Source
Among species
Among pops/species
Within pops
Total

df
2
12
127
141

SS
68.865
254.066
228.267
551.197

MS
34.432
21.172
1.797
57.402

%

Prob
7%
50%
44%

0.010
0.010
0.010

0.090
0.113
0.185
0.323
0.223
0.237
0.157
0.143
0.089
0.220
0.069
0.803
0.497
0.337

0.121
0.197
0.173
0.269
0.230
0.170
0.166
0.158
0.090
0.277
0.092
0.383
0.253
0.567

D-karj

0.099
0.071
0.875
0.352
0.288
0.429

D-bojnord

0.164
0.103
1.534
0.686
0.666

D-asadabad

Cpp-lordegan

0.142
0.137
0.523
0.525

D-fereidonshahr

Cpp-gorgan2

0.149
0.122
0.984

D-boeenzahra

Cpp-gorgan1

0.108
0.087

D-shahrekord

Cpi-flaverjan

0.054

Cpp-jiroft

Cpi-chadgan

0.821
0.699
0.627
0.638
0.603
0.716
0.709
0.907
0.495
0.775
0.539
0.736
0.674
0.845

Cpi-esfahan2

Cpi-mravtappe
Cpi-esfahan1
Cpi-esfahan2
Cpi-chadgan
Cpi-flaverjan
Cpp-gorgan1
Cpp-gorgan2
Cpp-lordegan
Cpp-jiroft
D-shahrekord
D-boeenzahra
D-fereidonshahr
D-asadabad
D-bojnord
D-karj

Cpi-esfahan1

Cpi-mravtappe

Table 6. Pair-wise values for Nm (upper diagonal) and Fst (lower diagonal) of the wild populations of A. cristatum subsp. pectinatum var. imbricatum (with Cpi prefix), A.
cristatum subsp. pectinatum var. pectinatum (with Cpp prefix) and A. desertorum (with D prefix)

0.046
0.052
0.179
0.361
0.218
0.260
0.142
0.142
0.046
0.203
0.046
0.372
0.491
0.191
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Cpi-mravtappe
D-boeenzahra
D-shahrekord
Cpp-lordegan
Cpp-jiroft
Cpp-gorgan2
Cpi-esfahan2
Cpi-chadgan
Cpi-flaverjan
Cpp-gorgan1
D-asadabad
D-karj
D-fereidonshahr
Cpi-esfahan1
D-bojnord
0.02

Fig. 5. Phenogram of the wild populations of A.
cristatum subsp. pectinatum var. imbricatum
(with Cpi prefix), A. cristatum subsp. pectinatum
var. pectinatum (with Cpp prefix) and A.
desertorum (with D prefix) based on seed storage
protein profiles produced by the neighbor-joining
clustering method

Discussion
The present survey examined 15 wild
populations of Agropyron complex from
Iran. Relatively high level of variation
was observed for total agronomical traits
and total protein profiles. As it was
expected, the quantitative characters were
more variable and the within and between
taxa variations were more detectable. For
almost all the characters with a
quantitative genetic control, breeding for
increasing or reducing a given phenotypic
value would be possible. Parallel to our
findings, a significant variation was
observed with respect to morphological,
phonological, biological and molecular
properties between populations in
previous studies (Mueller and Richards,
1986; Buhteeva et al., 1990; Angell et al.,
1990; Huber-Sannwald et al., 1996;
Farshadfar and Farshadfar, 2004; Jafari et
al., 2008; Taghizadeh et al., 2011; Salehi
Shanjani et al., 2013). The reason for this
variation detected within populations may
be related to a genetic structure which is
probably due to the heterozygosis of
cross-pollination of Agropyron species
(Love, 1984). The cross-pollination
mechanism, sexual reproduction, high
seed ratio and incompatibility to produce
the offspring of the Agropyron species
could have resulted in the accumulation
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of abundant genetic variations during the
long evolutionary history (Asay et al.,
1992).
This
indicated
that
the
improvement for these traits is possible
through a simple selection. However,
broadening the genetic base from diverse
sources is recommended to include most
of the genetic determinants of these traits
(Laghetti et al., 1998; Ghafoor et al.,
2002).
Protein profiles confirmed the
presence of a much more pronounced and
significant
(P<0.01)
differentiation
among the populations within species
(based on AMOVA, differences among
species, among populations within
species and within populations account
for 7% 50% and 44% of the total protein
profile variance, respectively). The
coefficient of genetic differentiation (Fst
= 0.541) of different populations of
Agropyron in the present study was
higher than that in the studies on wild A.
mongolium populations using seed
storage proteins (average Fst = 0.340)
(Che and Li, 2007) and also other
Agropyron species using RAPD (Fst =
0.47, Arghavani et al., 2010; Fst = 0.37,
Taghavizadeh et al., 2011). In agreement
with the other studies in Agropyron
species (Che and Li, 2007; Arghavani et
al., 2010; Asghari et al., 2011;
Taghavizadeh et al., 2011; Mellish et al.,
2002), it is suggested that different
ecological conditions from which plants
were obtained may have caused the
observed variations. The results of this
work implied that the genetic diversity of
studied taxa was the result of the joint
effects of one or several ecological
factors, i.e., the ecological factors do not
play an important role in influencing the
protein profiles polymorphism of studied
taxa. This study provides evidence that
total protein marker polymorphisms are
an informative and suitable approach to
evaluate the polygenic relationships in
wild population of Agropyron complex.
Mantel tests for the isolation by
distance confirmed no correlations
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between
the
pairwise
genetic
differentiation (Fst) and geographical
distances among populations. This might
have resulted from the combined effects
including the exchange of pollen by
wind, transplantation of wild individuals
to cultivated populations, and using the
seeds from wild progenitors to find new
cultivated populations. The high gene
flow may have prevented from genetic
differentiation between A. desertorum
populations. The neighbor-joining tree
did not group the populations of different
taxa into a discrete cluster. The high
proportion of bands shared between the
three taxa suggests either introgression or
shared ancestral polymorphisms between
these taxa.
Morphological and total protein
profile data suggest that A. cristatum and
A. desertorum are very recently diverged
species. At the same time, the estimates
of gene flow and estimates of
interpopulation
differentiation
(Fst)
indicate that gene flow is low. Thus,
contemporary population structure has
probably been shaped largely by the
random genetic drift. This conclusion is
consistent with the large number of bands
shared between three taxa, and it further
suggests that the measures chosen for
distance tree construction are appropriate
since they assume the evolution solely by
the random genetic drift. Moreover, high
proportion of bands shared between these
taxa and the intermingling of taxa on the
distance trees are consistent with the
occurrence of interspecific introgression.
On the other hand, these features would
be expected for any two recently diverged
species whether there is a current
hybridization between them or not.
Therefore, definitive documentation of
hybridization between these species
would require more thorough sampling of
Agropyron
populations,
crossing
experiments to establish inter-fertility and
possibly the use of more rapidly evolving
genetic markers.

Our results also provide a theory for
further
protection
of
germplasm
resources. High levels of genetic diversity
within a population and low gene flow
among populations point to the
possibility of the possession of unique
genotypes in a single population that are
not found in the other populations. It is
therefore imperative for conservation
planners when designing conservation
strategies for wild populations of
Agropyron in Iran to ensure that as many
as possible separate populations are
targeted for conservation rather than a
few selected populations. Ex situ
conservation may also be appropriate
because the total genetic diversity in a
population of Agropyron may be
adequately captured in only a few plants
from the wild which would not be the
case for the species with high levels of
genetic diversity within a population. It
would be beneficial to find the ways to
strengthen the gene flow between
populations in order to maintain the
natural genetic variation of Agropyron
complex. Considering high genetic
differentiation
among
the
wild
populations, preservation of only a few
populations may not adequately protect
the genetic variations within the species
in Iran. Therefore, several populations
throughout the entire range of the species
in the country should be considered for
conservation. Although Agropyron had
not been listed as a species of
conservation concern for Iran, it is an
important economic forage species
endemic to Iran. Therefore, the
conservation and further reasonable
utilization of the germplasm resources of
this species is an urgent task.

Conclusion
The 15 Agropyron populations showed a
wide range of agronomical variability.
Means
comparison
of
different
agronomical traits shows that A.
desertorum had higher plant crown, plant
height, panicle length, stem number and
plant dry matter weight; however, var.
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pectinatum had higher panicle length,
grain yield and 1000-grain weight and got
to pollination and full flowering phase in
a shorter period. Total variance
(accumulated
by
three
principal
components
~
80%)
explains
satisfactorily the variability manifested
between the individuals. It is concluded
that day to flowering, day to pollination
and dry matter yield, and grain yield
could be used as characters to distinguish
the germplasm entries.
The polymorphism observed in total
protein profiles among the Agropyron
taxa in the present study demonstrated the
effectiveness of this method in
determining genetic variations. The study
confirmed that genetic and morphological
diversities work in different ways to
determine the relationships among
populations. To effectively exploit
germplasms, we should utilize both
methods in breeding work. In the present
study, the lowest genetic similarity
coefficients
(i.e.
highest
genetic
distances) were observed between A.
desertorum populations D-bojnord and
D-boeenzahra by phenotypic data and
between populations Cpi-esfahan1 (from
A. var. imbricatum) and Cpp-jiroft (var.
pectinatum) with total protein profiles.
Further studies are required to reveal
whether there are other factors that cause
genetic variations in Agropyron complex.
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ثررسی تىًع شوتینی ىًوٍَبی علف ىىفذیی  Agropyronتًسف يژصىفیَفبی
یًرفًلًشژل ي پريتئیهَبی مل ثره
پطٍيي صبلحي قبًزبًيالؿ ،علي اقطؾ رعفطية ،ضاضیِ رْبًجبظ

د

الؿاؾتبزيبض هَؾؿِ تحقیقبت رٌگلْب ٍ هطاتع کكَض ،تْطاى ،ايطاى (ًگبضًسُ هؿئَل) ،پؿت الکتطًٍیکPsalehi@rifr-ac.ir 7
ةاؾتبز هَؾؿِ تحقیقبت رٌگلْب ٍ هطاتع کكَض ،تْطاى ،ايطاى
دـبضغالتحصیل زاًكگبُ پیبم ًَض ،تْطاى ،ايطاى

تبضيد زضيبـت8060/30/85 7
تبضيد پصيطـ8061/30/35 7

چنیذٌ .تٌوَ غًتیکوي

نًَوِ Agropyron desertorum

ٍ زٍ ٍاضيتوِ

A.cristatum subsp. pectinatum

 A. cristatum subsp. pectinatum var. pectinatum ٍ var. imbricatumثِ ٍؾیلِ ٍيػنیْبي هَضـَلَغيک
ٍ الگَ پطٍتئیيّبي کل (ثب ضٍـ  (SDS-PGEهغبلعِ قوسًس ثوِ ايوي هٌ وَض یظهبيكوي ثوِصوَضت عوط
ثلَک ّبي کبهل تصبزـي زض ؾِ تکطاض (زض ؾبلْبي  )8060-8068زض هَؾؿوِ تحقیقوبت رٌگلْوب ٍ هطاتوع
کكَض ارطا قس هقبيؿِ هقبزيط هیبًگیي ٍيػني ّبي انطًٍَهیکي هیبى روعیت ّبي ؾِ تبکؿَى ًكبى زاز
کِ ثیكت طيي قغط ٍ اضتفب نیبُ ،عَل ذَقِ ،تعساز ؾبقِ ٍ ٍظى هبزُ ذكک نیبُ زض نًَوِ A. desertorum
ثیكتطيي هیعاى تَلیس ثصضٍ ،ظى ّعاضزاًِ ٍ عَل ذَقِ زض ٍاضيتوِ  var. pectinatumهكوبّسُ قوس ثعوهٍُ
نیبّبى ٍاضيتِ  var. pectinatumزض ظهبى کَتبُ تطي ثِ نلسّي کبهل ضؾویسُ ٍ نوطزُاـكوبًي هويًوبيٌوس
ًتبيذ الگَ پطٍتئیي ّبي کل ؾِ تبکؿَى هَضز ثطضؾي حبکي اظ تٌَ غًتیکي ثیكتط زض روعیتّبي ٍاضيتوِ
ً var. imbricatumؿجت ثِ زٍ تبکؿَى زيگط اؾت نطٍُثٌسي روعیتّبي هرتلؿ ؾِ تبکؿَى ثوب ّوط زٍ
ضٍـ ًكبى زاز کِ روعیتّبي ٍاضيتِ  var. pectinatumثویف اظ ٍاضيتوِ  var. imbricatumثوِ نًَوِ A.
 desertorumقجبّت زاضز ًتبيذ حبصل اظ هغبلعِ صفبت انطًٍَهیکي ٍ الگَ پطٍتئیي ّبي کل اعهعوبت ثوب
اضظقي ثطاي روعیٍضي حفبظت غًتیکي ٍ ثطًبهِّبي اصهحي یيٌسُ ثسؾت هيزٌّس
ملمبت ملیذی :کوپلکؽ  ،Agropyronتٌَ غًتیکي ،پطٍتئیيّبي کل ثطگ  ،هَضـَلَغي ،روعیتّبي
ٍحكي

