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Abstract
The main goals of the present study were to screen Iranian common bermudagrasses to find cold-tolerant accessions and 
evaluate their genetic and morphological variabilities. In this study, 49 accessions were collected from 18 provinces of Iran. 
One foreign cultivar of common bermudagrass was used as control. Morphological variation was evaluated based on 14 mor-
phological traits to give information about taxonomic position of Iranian common bermudagrass. Data from morphological 
traits were evaluated to categorize all accessions as either cold sensitive or tolerant using hierarchical clustering with Ward’s 
method in SPSS software. Inter-Simple Sequence Repeat (ISSR) primers were employed to evaluate genetic variability of 
accessions. The results of our taxonomic investigation support the existence of two varieties of Cynodon dactylon in Iran: var. 
dactylon (hairless plant) and var. villosous (plant with hairs at leaf underside and/or upper side surfaces or exterior surfaces 
of sheath). All 15 primers amplified and gave clear and highly reproducible DNA fragments. In total, 152 fragments were 
produced, of which 144 (94.73%) being polymorphic. The polymorphic information content (PIC) values ranged from 0.700 
to 0.928. The average PIC value obtained with 15 ISSR primers was 0.800, which shows that all primers were informative. 
Probability identity (PI) and discriminating power between all primers ranged from 0.029 to 0.185 and 0.815 to 0.971, 
respectively. Genetic data were converted into a binary data matrix. NTSYS software was used for data analysis. Cluster-
ing was done by the unweighted pair-group method with arithmetic averages and principle coordinate analysis, separated 
the accessions into six main clusters. According to both morphological and genetic diversity investigations of accessions, 
they can be clustered into three groups: cold sensitive, cold semi-tolerant, and cold tolerant. The most cold-tolerant acces-
sions were: Taft, Malayear, Gorgan, Safashahr, Naein, Aligoudarz, and the foreign cultivar. This study may provide useful 
information for further breeding programs on common bermudagrass. Selected genotypes can be evaluated for other abiotic 
stresses such as drought and salinity.
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Introduction

Common bermudagrass (Cynodon dactylon [L.] Pers.) is the 
most extensive and widely planted warm season turfgrass in 
southern parts of Iran with subtropical climate. It is a pros-
trate and perennial grass belonging to the family Poaceae, 
using  C4 carbon fixation pathway [9]. It is well adapted and 

grows across the tropical, subtropical, and transitional areas 
of the world distributed between 45°N and 45°S [13, 14]. 
Common bermudagrass originated from tropical Africa and 
Eurasia, and some countries in the Middle East such as Iran 
that is reported to be the center of diversity for this species 
[13]. Valuable genotypes with useful genes can be found in 
these countries. Because several biotypes of bermudagrasses 
are found in different regions of the world [16], potentially 
great genetic, morphological, and physiological variations 
exist. Common bermudagrass is tetraploid (2n = 4× = 36) 
[27], and its 2C nuclear DNA content is 1.95 ± 0.01 pg [5]; 
however, diploid cultivars (2n = 2× = 18) were reported as 
well [49].
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Common bermudagrass is a major turf species in the 
transition zone, where they can be used for sports fields, 
pastures, forage, parks, lawns, roadsides, cemeteries, soil 
stabilization, remediation, and golf courses and residential 
and commercial landscapes. They show high tolerance to 
drought, salinity, wear, and most types of soil [7]. Less tol-
erance to low and freezing temperatures is one of the main 
roadblocks to widespread bermudagrass use throughout the 
world. Generally, common bermudagrass is sensitive to hard 
winters and has much potential for winterkill by freezing 
stress in the transitional regions [32]. There is great vari-
ability among common bermudagrass accessions in response 
to cold temperatures. Bermudagrass growth and develop-
ment slow rapidly when mean daily temperature drops below 
15 °C. Leaf senescence begins when temperature declines 
to 10 °C. The concept of LT50 has been used as a meas-
ure of cold hardiness and is defined as the predicted test 
temperature resulting in 50% or greater loss of total elec-
trolytes [46]. According to Anderson et al. [3, 4], LT50 
for many cultivars of bermudagrass ranges from − 5.9 to 
− 10.3 °C. Ibitayo and Butler [19] reported that the coldest 
killing temperature for bermudagrass ‘Brookings’ is − 17°C. 
Previous studies showed that in cold-acclimated plants, 
significant metabolic alterations take place against freez-
ing stress [50]. Some of these alterations include changes 
in the levels of sugars, amino acids, proteins, compatible 
solutes and changes in the degree of fatty acid saturation 
level and antioxidant capacity that affect the freezing toler-
ance [24, 35]. Many reports in the literature indicate that 
freezing tolerance of common bermudagrass [35, 55] and 
other warm season grasses [8, 45] is attributed to these 
metabolic alterations. Some of these alterations are similar 
to drought tolerance, like the level of sugar [28]. There is 
much variation between natural accessions of common ber-
mudagrass for tolerance to freezing and other environmental 
stresses. Genetic resources and wild species have important 
role in plant breeding programs [12]. Today, numerous and 
extensive wild bermudagrass germplasm collections exist 
in all over the world with the purpose of common bermud-
agrass improvement [26]. Traditionally, turfgrass variation 
researches have focused on phenotypic characteristics [25]. 
Some molecular methods have been established to signifi-
cantly reveal natural germplasm diversity of crops [23]. In 
breeding programs of common bermudagrass, identifying 
the genetic variability among parental materials is a cen-
tral task in development of highly stress-tolerant cultivars. 
One well-known method in studies on genetic variability 
is using molecular markers [51]. Molecular markers sig-
nificantly discover polymorphism within the genome of an 
organism. Different molecular markers have been employed 
to determine genetic diversity of Cynodon accessions [17]. 
Some molecular markers have been successfully employed 

to analyze genetic diversity of bermudagrasses include DAF 
(DNA Amplification Fingerprinting) [2], RAPD (Random 
Amplified Polymorphic DNA) [10, 41], AFLP (Amplified 
Fragment Length Polymorphism) [22, 31, 52], ISSR [29, 
33], SSR (Simple Sequence Repeats) [21], and CpSSRLP 
(Chloroplast-Specific Simple Sequence Repeat Length Poly-
morphism) [22]. The main advantage of RAPD markers is 
their technical simplicity, but they have poor consistency 
and discriminating power. Though the AFLP approach is a 
useful tool that has high multiplexing ratio, but usually its 
operation is fairly labor intensive, requires multiple steps, 
and the costs of reagents and equipments are relatively 
high. The EST (Expressed Sequence Tag) and SSR mark-
ers require knowledge of the flanking regions for designing 
species-specific primers. Compared with other DNA mark-
ers, ISSR is a technique that overcomes most of these restric-
tions. ISSR markers can detect polymorphism without prior 
DNA sequence information. Moreover, they can produce 
more reliable and reproducible bands due to their primer 
length and the higher annealing temperature. There are 
many reports proving that ISSR markers are useful tools for 
genome separation in many plants such as Miscanthus [15], 
date palms [54], mangrove [20], honeysuckle [48], pepper 
[11], and tall fescue [43]. Common bermudagrass is widely 
distributed in Iran. The extensive germplasm available for 
the species suggests the presence of great diversity in Iranian 
common bermudagrass accessions. Despite the widespread 
occurrence of wild bermudagrasses in Iran, little information 
is available on their diversity within Iranian bermudagrass 
germplasm pool. The present investigation was undertaken 
to check genetic diversity among 49 Iranian wild common 
bermudagrass accessions collected from 18 provinces along 
with one foreign commercial cultivar (as control) by ISSR 
markers, and evaluation of morphological characteristics to 
find accessions with good freezing tolerance.

Materials and Methods

Plant Materials

Forty-nine accessions of natural bermudagrass were col-
lected from 18 provinces of Iran ranging from Shiraz, a 
city with subtropical climate to around Tabriz, with the 
temperate climatic condition (Table 1) along with one for-
eign cultivar (California origin) as control. Based on phe-
notypic traits described by Harlan and de Wet [13], Harlan 
[14], all collected samples were evaluated morphologi-
cally to be common bermudagrass. Originally, most of the 
accessions were collected from roadsides and transferred 
to the School of Agriculture, Shiraz University. They were 
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kept in normal greenhouse condition. Turfgrasses were 
hand-clipped to a canopy height of 5 cm every 2 weeks.

Evaluation of Morphological Characteristics

Accessions were evaluated with 14 qualitative and quan-
titative morphological characters (Table 2). In qualitative 
morphological traits with multistate data, each state was 
converted into a binary (absent/present) character. Data 
were analyzed using NTSYS-pc 2.02 software [40]. Cluster 
analysis was done using the unweighted pair-group method 
with arithmetic mean (UPGMA).

For selecting cold-tolerant accessions, each accession 
was transplanted into 14 cm pots under normal greenhouse 

Table 1  List and geographical origin of Cynodon dactylon (L.) Pers. 
accessions used in the present study

No Collected site Latitude Longitude Altitude (m)

1 Boroujerd N: 33°58′ E: 48°38′ 1723
2 Malayear N: 34°18′ E: 48°47′ 1793
3 Ghidar N: 36°35′ E: 48°34′ 1957
4 Zanjan N: 36′38 E: 48°33′ 1698
5 Tabriz N: 38°01′ E:46°24′ 1622
6 Sarein N:38°06′ E: 48°08′ 1489
7 Talesh N: 37°43′ E: 48°57′ 82
8 Anzali N: 37°27′ E: 49°34′ 39
9 Nour N: 36°35′ E:52°03′ − 2
10 Sari N: 36°33′ E:53°08′ 41
11 Gorgan N:36°50′ E:54°22′ 79
12 Minoudasht N:37°14′ E:55°23′ 147
13 Chenaran N: 36°37′ E: 59°09′ 1187
14 Mashhad N: 36°10′ E:59°40′ 1008
15 Maiami N: 36°24′ E: 55°43′ 1088
16 Damghan N: 36°06′ E: 54°13′ 1153
17 Semnan N: 35°28′ E: 53°13′ 1190
18 Tehran N:35°25′ E: 51°47′ 1072
19 Arak N: 34°07′ E: 49°56′ 1695
20 Malayear intersection N: 34°04′ E:48°37′ 1891
21 Nahavand N: 34°11′ E: 48°23′ 1723
22 Firouzan N: 34°22′ E: 48°06′ 1515
23 Kamiaran N: 34°45′ E: 46°55′ 1424
24 Dehgolan N: 35°08′ E: 46°56′ 1334
25 Sanandaj Abidar N: 35°18′ E: 46°58′ 1665
26 Kermanshah Taghbostan N: 34°23′ E: 47°07′ 1355
27 Mahidasht N: 34°15′ E: 46°42′ 1456
28 Islamabad Gharb N: 34°05′ E: 46°34′ 1342
29 Homail N: 33°58′ E: 46°43′ 1317
30 Ilam Saymareh bridge N: 33°39′ E: 47°08′ 1031
31 Holailan N: 33°34′ E: 47°17′ 1471
32 Poldokhtar N: 33°13′ E: 47°44′ 693
33 Mamoulan N: 33°24′ E: 47°57′ 918
34 Khorramabad N: 33°26′ E: 48°16′ 1164
35 Foreign cultivar N: 33°29′ E:49°04′ 1464
36 Doroud Nahalestan N: 33°29′ E:49°04′ 1464
37 Doroud Daneshjo Park N: 33°29′ E: 49°0.3′ 1479
38 Doroud Siahvel N: 33°30′ E: 49°04′ 1460
39 Doroud Babahour N:33°29′ E: 49°02′ 1705
40 Azna N: 32°26′ E: 49°25′ 1876
41 Aligoudarz N: 33°20′ E: 49°49′ 2173
42 Daran N: 33°00′ E: 50°26′ 2346
43 Naein N: 32°51′ E: 53°4′ 1606
44 Ardakan 1 N: 32°20′ E: 53°57′ 1038
45 Ardakan 2 N: 32°14′ E: 54°1′ 1091
46 Yazd N: 31°52′ E: 54°22′ 1254
47 Taft N: 31°46′ E: 54°13′ 1510
48 Abarkouh N: 31°10′ E: 53°21′ 1513
49 Safashahr N: 30°37′ E: 53°11′ 2324

Table 1  (continued)

No Collected site Latitude Longitude Altitude (m)

50 Shiraz N: 29°38′ E: 52°33′ 1602

Table 2  List of 14 evaluated qualitative and quantitative morphologi-
cal characters

No Character Character state

1 Spike color Green
Green with purple spots
Pale green

2 Hair presence on leaf Present
Absent

3 Hair presence under leaf Present
Absent

4 Hair presence on sheath Present
Absent

5 Hair presence on internode Present
Absent

6 Hair density on leaf Dense
Semi dense
Sparse

7 Hair density under leaf Dense
Semi dense
Sparse

8 Hair density on sheath Dense
Semi dense
Sparse

9 Visual quality 1–9
10 Color 1–9
11 Leaf width mm
12 Leaf length cm
13 Spike length cm
14 Number of rachis (inflorescence 

branches)
Number
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condition. The results of the evaluation of physiological 
characteristics are presented in another paper by Akbari and 
Salehi [1]. They transferred the pots to a growth chamber. 
Growth chamber was adjusted at 24/17, 7.5/0, − 7.5/− 12, 
and − 15/− 15 °C day/night cycles and a 10 h photoperiod 
under a light intensity of 300 µmol m−2 s−1. After 7 days for 
each temperature regime, fresh leaves and stolon sampling 
were done to assess their physiological traits including: SOD 
(Super Oxide Dismutase), CAT (Catalase), APX (Ascor-
bate Peroxidase) and POD (Peroxidase) activities, proline, 
electrolyte leakage (EL), and chlorophyll content. Turfgrass 
color and visual quality were measured after each treatment 
on a 1–9 scale, where 1 was the turf with very poor qual-
ity, 6 was minimally acceptable turf, and 9 was exceptional 
turf quality. In the present investigation, morphological data 
were evaluated for accession clustering as either cold toler-
ant or cold sensitive using Ward’s method of hierarchical 
cluster analysis in SPSS software.

ISSR Analysis

Two grams of fresh and healthy leaf tissue samples of each 
accession was detached for total DNA extraction. Harvested 
tissues got frozen in liquid nitrogen and ground to a fine 
powder with a sterile mortar and pestle. Genomic DNA iso-
lation was performed using the EZ-10 spin column genomic 
DNA minipreps kit (Bio Basic, Inc) as per directions pro-
vided by the supplier. The DNA quantity testing was done 
using a nano-drop spectrophotometer (ND1000, Thermo 
Scientific). DNA was re-quantified by visualization under 
UV light after running on 1% agarose gel electrophoresis 
using 1× TBE buffer at 90 voltage in 15 min and staining 
with 0.5 µg/mL ethidium bromide. The final DNA concen-
tration was diluted to 6 ng/ml for PCR amplification and kept 
in a freezer at – 20 °C. A total of 15 ISSR primers (Cinna-
gen Co, Iran) were used in lyophilized form, and optimum 
annealing temperature was determined for each primer. All 
reactions were performed in a BIO-RAD T100™ Thermal 
Cycler using the following protocol: one cycle of 5 min at 
94 °C, 40 cycles of 45 s at 94 °C, 40 cycles of 45 s at anneal-
ing temperature, 40 cycles of 2 min at 72 °C, and final step 
one cycle of 10 min at 72 °C. The amplified PCR products 
from each accession were separated by gel electrophoresis 
using a 1.5% agarose gel, stained by soaking the gels in a 
0.5 µg/mL ethidium bromide and revealed by a gel documen-
tation unit (Syngene Bio Imaging). Observable polymor-
phic banding of ISSR markers was selected for analysis. In 
order to evaluate diversity among accessions, presence and 
absence of fragments were coded as 1 and 0 for each band, 
respectively. Data were constructed in a binary qualitative 
data matrix using MS Excel. NTSYS PC version 2.02 soft-
ware was used for data analysis [40]. Cluster analysis was 
done by using two methods, namely principle coordinate 

analysis (PCoA) and the unweighted pair-group method with 
arithmetic averages (UPGMA). For each primer, polymor-
phism information content value (PIC; [37]), probability 
identity (PI; [38]) and discriminating power (D = 1 − PI) 
were calculated as follows:

where Pi and Pj are the frequencies of the ith and jth alleles 
within each locus, respectively.

Results and Discussion

The highest leaf width belonged to the Ilam Saymareh 
bridge (5.1 mm), and the lowest leaf width belonged to the 
Yazd (1.1 mm) accessions (Table 3). The highest leaf length 
belonged to the Malayear (10.7 cm), and the lowest leaf 
length belonged to the Doroud Siahvel (1.8 cm) accessions. 
The number of rachis was between 3 and 7. The spike length 
ranges between 1.0 cm (Gorgan accession) and 6.3 cm (Ilam 
Saymareh bridge). Observations indicated that accessions 
collected from Sarein and Talesh showed the highest visual 
quality (9), and accession from Semnan showed the lowest 
visual quality (4). The highest color belonged to the acces-
sions collected from Boroujerd, Mahidasht, and Doroud 
Siahvel (9). The lowest color belonged to the accessions 
collected from Semnan (5).

In the dendrogram obtained based on 14 qualitative and 
quantitative morphological traits (Fig. 1), populations were 
divided into two major groups. Each group was divided into 
two subgroups. The first subgroup had 17 accessions com-
prised: Boroujerd, Doroud Daneshjo Park, Doroud Siahvel, 
Taft, Firouzan, Kamiaran, Holailan, Doroud Nahalestan, 
Homail, Malayear intersection, Mahidasht, Malayear, Ghi-
dar, Damghan, Arak, Zanjan, and Tabriz. The second sub-
group had 21 accession including Sarein, Talesh, Anzali, 
Nour, foreign cultivar, Maiami, Nahavand, Naien, Safa-
shahr, Khorramabad, Ardakan 2, Yazd, Sari, Minoudasht, 
Chenaran, Gorgan, Mamulan, Mashhad, Shiraz, Tehran, and 
Poldokhtar. The third subgroup had three accessions includ-
ing: Dehgolan, Ardakan 1, and Saimareh bridge. The fourth 
subgroup had nine accessions including: Abidar, Doroud 
Babahour, Azna, Aligoudarz, Daran, Abarkouh, Islamabad 
Gharb, Taghbostan, and Semnan. The accessions that iso-
lated from north of Iran exhibited considerable separation 
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after cold stress, but a weak association was found among 
accessions collected from west of Iran [1].

All 15 primers amplified and gave clear and highly repro-
ducible DNA fragments. In total, 152 fragments were pro-
duced, of which 144 (94.73%) being polymorphic. Maxi-
mum bands (15) were produced with ISSR-5 and ISSR-7 
while ISSR-1, ISSR-3, ISSR-6, ISSR-8, ISSR-11, ISSR-12, 
and ISSR-13 primers produced 100% polymorphic bands 
(Table 4). Polymorphic bands observed from 15 ISSR mark-
ers were ranged from 4 to 14, with an average of 9.60. PIC 
values ranged from 0.700 to 0.928, with a mean PIC value 
of 0.800. PI and discriminating power (D = 1 − PI) between 
the primers ranged from 0.029 to 0.185 and 0.815 to 0.971, 
respectively. Annealing temperature ranged from 42.5 °C 
(ISSR-10) to 56.1 °C (ISSR-2 and ISSR-8). The UPGMA 
clustering algorithm from ISSR analysis distributed the 50 
accessions into six main clusters considered as A, B, C, D, 
E, and F with a similarity coefficient of 0.40 (Fig. 2). Cluster 
A consisted of Ardakan 1. Cluster B consisted of Khorrama-
bad, Abidar, Tabriz, Homail, Chenaran, Boroujerd, Anzali, 
Dehgolan, Malayear, Nour, Abarkouh, Nahavand, Mamou-
lan, Mashhad, Islamabad Gharb, Minoudasht, Mahidasht, 
Semnan, Tehran, Arak, Kamiaran, Daran, Doroud Siahvel, 
Azna, Taghbostan Kermanshah, Doroud Babahour, Maiami, 
Holailan, Safashahr, Ardakan 2, Zanjan, Gorgan, Doroud 
Nahalestan, Damghan, Talesh, Doroud Daneshjo Park, Taft, 
Malayear intersection, Aligoudarz, Sarein, Sari, Saymareh 
bridge, and Poldokhtar. Cluster C consisted of foreign culti-
var and Naein. Cluster D contained Shiraz and Yazd. Cluster 
E contained Ghidar. Lastly, Cluster F consisted of Firouzan. 
PCoA was carried out based on the genetic resemblance 
matrix to further understanding the relations between dif-
ferent accessions. Similar groupings with the UPGMA den-
drogram were also revealed by the two-dimensional PCoA 
plot (Fig. 3). PCoA analysis also clearly showed great vari-
ation among accessions, supporting data from dendrogram. 
Similar grouping pattern of clustering was shown both in 
the PCoA biplot and in the dendrogram in other reports by 
Huang et al. [17], Li et al. [29], and Senthil Kumar et al. 
[44].

The results of morphological data showed a broad degree 
of variation among the accessions studied. Among all the 
observed phenotypic traits, presence of hair on leaf and 
sheath surfaces was a major factor for groupings in dendro-
gram. Hair presence on leaf and sheath surfaces was impor-
tant characteristic that had been analyzed in some earlier 
reports [6, 36, 42]. Two forms glabrum Roshev. and villosus 
Regel. within C. dactylon were reported by Rozhevits and 
Shishkin [42] based on hair presence on leaves. Within C. 
dactylon, these traits were used by Davis [6] as diagnostic 
traits to discern var. dactylon and var. villosus Regel. Nasiri 
et al. [36] suggested that Iranian C. dactylon has two varie-
ties: var. dactylon and var. villosus Regel. The results of our 

taxonomic investigation support the existence of two varie-
ties of C. dactylon in Iran: var. dactylon (hairless plant) and 
var. villosous (plant with hairs at leaf underside and/or upper 
side surfaces or exterior surfaces of sheath).

Akbari and Salehi’s [1] results revealed that cold-tolerant 
common bermudagrass accessions had higher proline, pro-
tein, antioxidant enzymes, color, visual quality, and chloro-
phyll content under cold stress conditions. Selection of natu-
ral grasses with high stress tolerance is the most efficient and 
fastest method in plant improvement programs [30]. Great 
differences in freezing tolerance were observed among com-
mon bermudagrass accessions of Iran [1]. The major aim 
of many bermudagrass breeding programs is to select the 
genotypes with good freezing tolerance to increase winter 
survivability [3, 4].

Morphological traits in turfgrass may be affected by cli-
matic conditions, and grasses grown in different climatic 
zones may be different morphologically. Thus, the use of 
morphological characters for grouping may result in incon-
sistency. Evaluation of genetic variability of accessions is a 
prerequisite to develop high stress-tolerant cultivars and to 
produce genetically diversified populations. A wide diversity 
has been reported for morpho-physiological and phyloge-
netic traits in common bermudagrass accessions [18, 33, 36]. 
Our results demonstrate that the ISSR markers are effective 
tools for identifying polymorphism between common ber-
mudagrass accessions, as they can measure sufficient poly-
morphism and detect very low-level genetic variations and 
present high PIC, D, and low PI. A similar result was made 
by several other researches [17, 33, 47]. Our results clearly 
show that the polymorphism (94.73%) generated by ISSR 
markers was very high, and high level of variation exists 
in Cynodon accessions. Mohammadi Farsani et al. [33] in 
a survey on genetic variability of common bermudagrass 
genotypes from Iran by ISSR reported that of the 389 bands 
produced, 313 (80.5%) were polymorphic. High polymor-
phism can be due to high mutation chance in common ber-
mudagrass DNA [34, 39] that can be related to the extensive 
geographical environment of Iran, which contained many 
climatic zones. This work showed also the good potential 
of random primers in assessing diversity and revealing high 
level of polymorphism among accessions. It has been proved 
that genetic variation in bermudagrass can be due to hybridi-
zation [47]). No correlation was found between the level 
of polymorphism and the number of amplified bands. This 
result is similar with results of Zhao et al. [56] using ISSR 
molecular markers.

The PIC was used to estimate the genetic variability 
levels in common bermudagrass genotypes. Three degrees 
of polymorphism include high (PIC  >  0.5), medium 
(0.5 > PIC > 0.25), and low (PIC < 0.25) [53]. The high 
PIC values with a mean of 0.800 show that all primers are 
informative, and this can be related to high genetic variation 



266 Molecular Biotechnology (2018) 60:259–270

1 3

Fig. 1  UPGMA dendrogram of 49 wild Iranian common bermudagrass accessions along with one foreign cultivar based on qualitative and quan-
titative morphological traits
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among accessions used in this research. The abundance of 
genetic variability in natural Iranian common bermudagrass 
accessions can be the source of useful genes and genotypes, 

which is important in breeding programs. The genetic simi-
larity coefficients of all accessions ranged from 0.43 to 0.78 
(Fig. 2), with some accessions from the same area tending 

Table 4  ISSR primers used, number and percentage of polymorphism, annealing temperature, PIC, PI, and D revealed by ISSR primers

Primers Nucleotide motif No. of ampli-
fied bands

No. of polymor-
phic bands

Percentage of 
polymorphism

Annealing tem-
perature (°C)

PIC PI D

ISSR-1 5′-(AC)8 C-3′ 6 6 100 53.3 0.700 0.048 0.952
ISSR-2 5′-T(AG)9-3′ 8 7 87 56.1 0.850 0.064 0.936
ISSR-3 5′-(GA)8 C-3′ 11 11 100 43.3 0.835 0.029 0.971
ISSR-4 5′-(GA)8 T-3′ 13 12 92 42.9 0.862 0.076 0.924
ISSR-5 5′-(AC)8 G-3′ 15 14 93 54.9 0.850 0.059 0.941
ISSR-6 5′-(AC)8 T-3′ 14 14 100 49.2 0.928 0.038 0.962
ISSR-7 5′-(AG)8 C-3′ 15 14 93 46.8 0.878 0.079 0.921
ISSR-8 5′-CCA (CT)8-3′ 13 13 100 56.1 0.701 0.029 0.971
ISSR-9 5′-(CT)8 G-3′ 9 8 88 44.9 0.826 0.037 0.963
ISSR-10 5′-(AG)8 T-3′ 12 11 91 42.5 0.759 0.066 0.934
ISSR-11 5′-G(AG)9-3′ 6 6 100 53.1 0.687 0.054 0.946
ISSR-12 5′-(AG)8 GC-3′ 7 7 100 49.5 0.719 0.052 0.948
ISSR-13 5′-(AG)8 TC-3′ 4 4 100 53 0.752 0.185 0.815
ISSR-14 5′-(AC)8 GT-3′ 8 7 87 53.9 0.837 0.174 0826
ISSR-15 5′-(CA)8 TC-3′ 11 10 90 49.8 0.829 0.088 0.912

Fig. 2  Dendrogram of 49 common bermudagrass accessions and one 
foreign cultivar derived from cluster analysis (UPGMA) based on 
genetic similarity estimates from the ISSR marker analysis. (1) Arda-
kan 1, (2) Khoram abad, (3) Homail, (4) Chenaran, (5) Abidar, (6) 
Anzali, (7) Shiraz, (8) Abarkouh, (9) Doroud babahour, (10) Mamou-
lan, (11) Tabriz, (12) Tehran, (13) Mashhad, (14) Semnan, (15) For-
eign cultivar, (16) Naein, (17) Sari, (18) Ghidar, (19) Mahidasht, 
(20) Ardakan 2, (21) Islamabad gharb, (22) Minoudasht, (23) Daran, 

(24) Arak, (25) Kamiaran, (26) Doroud siahvel, (27) Boroujerd, (28) 
Nahavand, (29) Malayear, (30) Nour, (31) Miami, (32) Zanjan, (33) 
Damghan, (34) Yazd, (35) Holailan, (36) Dehgolan, (37) Doroud 
nahalestan, (38) Gorgan, (39) Saymareh bridge, (40) Firouzan, (41) 
Tagh bostan, (42) Doroud daneshjo park, (43) Talesh, (44) Taft, (45) 
Malayear intersection, (46) Aligoudarz, (47) Sarein, (48) Safashahr, 
(49) Azna, and (50) Poldokhtar
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to form a subgroup. Lower genetic distance indicated lower 
relatedness among the accessions. No complete relatedness 
was observed between molecular clustering and geographi-
cal affinities. This might be due to different ploidy levels, 
cross-pollination, genetic overlap, germplasm exchange, 
and gene flow. Dendrogram generated from ISSR molecular 
markers may be used to discriminate between common ber-
mudagrass accessions with different chromosome numbers, 
as reported by Anderson et al. [2] and Etemadi et al. [10].

According to morphological and genetic diversity of 
accessions, they can be clustered into three groups: cold 
sensitive, cold semi-tolerant, and cold tolerant. The most 
cold-tolerant accessions included: foreign cultivar, Naein, 
Safashahr, Gorgan, Malayear, Aligoudarz, and Taft. Acces-
sions collected from Taft, Naein, and Malayear were the 
most cold-tolerant accessions compared to foreign cultivar. 
These accessions can be introduced as cold tolerant. Iran 
has a variable climate. Accessions from Taft and Naein were 
collected from center of Iran, with cold, dry winters and 
hot, dry summers. Accession from Malayear was collected 
from west of Iran. In the west, winters are cold with substan-
tial snowfall and subfreezing temperatures, where summers 
are dry and mild. The UPGMA dendrogram grouped the 

accessions to some degree according to their geographical 
origin and some morphological traits, which is in agree-
ment with earlier reports of Li et al. [29] and Mohammadi 
Farsani et al. [33]. In the present study, we integrate morpho-
logical and previously tested physiological traits with ISSR 
molecular markers, to introduce genotypes with high cold 
stress tolerance. This study may provide useful information 
for further breeding programs on common bermudagrass. 
Further studies are in progress to check other characteristics 
such as drought and salt tolerance of the selected genotypes.
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