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Abstract The aim of this study is to find Iranian tall fescue
accessions that tolerate drought stress and investigation on
phylogenetical, morphological, and physiological charac-
terization of them. For this propose, inter-simple sequence
repeats (ISSR) markers were used to examine the genetic
variability of accessions from different provinces of Iran. Of
21 primers, 20 primers generated highly reproducible frag-
ments. Using these primers, 390 discernible DNA fragments
were produced with 367 (93.95 %) being polymorphic. The
polymorphic information content (PIC) values ranged from
0.948 to 0.976, with a mean PIC value of 0.969. Probability
identity (PI) and discriminating power (D = 1 — PI) among
the primers ranged from 0.001 to 0.004 and 0.998 to 0.995,
respectively. A binary qualitative data matrix was con-
structed. Data analyses were performed using the NTSYS
software and the similarity values were used to generate a
dendrogram via UPGMA. To study the drought stress, plants
were irrigated at 25 % FC condition for three times. Fresh
leaves were collected to measure physiological characters
including: superoxide dismutase, catalase, and peroxidase
activities and proline and total chlorophyll content at two
times, before and after stress application. Relative water
content, fresh and dry weight ratio, survival percentage, and
visual quality were evaluated after stress. Morphological
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and physiological characters were assessed in order to
classify accessions as either tolerant or sensitive using
Ward’s method of Hierarchical cluster analysis in SPSS
software. The results of present study demonstrated that the
ISSR markers are useful for studying tall fescue genetic
diversity. Convergence of morphological and physiological
characterizations during drought stress and phylogenetic
relationship results showed that accessions can be grouped
into four clusters; drought-tolerant accessions that collected
from west of Iran, drought-tolerant accessions collected
from northwest of Iran, drought semi-tolerant accessions
collected from center of Iran, and drought-sensitive acces-
sions collected from north of Iran. Data presented could be
used to classify the tall fescue accessions based on suit-
ability of cultivation in the regions studied or the regions
with the similar environmental condition.

Keywords Accession - Enzymes activity - ISSR -
Molecular markers

Introduction

Tall fescue (Festuca arundinacea Schreb.) is a common
cool-season perennial grass that is under cultivation in urban
landscape throughout the transitional climates [1]. This
species has a relatively deep root system that acclimates
itself to drought stress better than other cool-season grasses
[2]. Tall fescue is cross-pollinated, allohexaploid
(2n = 6x =42) with the genomic constitution of
PPG1G1G2G2 [3]. This species grows in natural pastures of
central, western, and northeast regions [4]. One well-known
method for proving crop breeding, especially in studies on
genetic diversity and gene mapping, is using DNA markers
[5]. Inter-simple sequence repeats (ISSR)-PCR has recently
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emerged as a powerful technique in the characterization of
genomes, and is specifically useful in the differentiation of
closely related individuals or species [6-9] that based on
random nucleic acid analysis. This type of PCR screening
uses the inter-simple sequence repeats present in all
eukaryotic species to anchor random oligonucleotide
primers. ISSR-PCR produced markers tend to exhibit co-
dominant Mendelian inheritance. However, the same as
RAPD markers, tend to occur in non-coding regions of the
genome, produce bands on electrophoresis gel that each
represents a locus of the genome, and therefore, are a
valuable and effective tool for screening [10, 11]. ISSR-
PCR studies have been performed to determine the diversity
of various plant species, such as wheat (Triticum aestivum
L.) [12], radish (Raphanus sativus L.) [13], perennial rye-
grass (Lolium perenne L.) [14], and bermudagrass (Cynodon
dactylon (L.) Pers. and Cynodon x transvaalensis) [15].
However, there are few reports on genetic diversity of tall
fescue using ISSR markers [16]. Few of other molecular
markers such as RFLP were used to study the phylogenetic
relationship of tall fescues with related grass species [17].
Drought is the most serious abiotic stress affecting plant
growth, which is caused by lack of water in arid or semi-arid
areas or due to irregular distribution of precipitation [18].
During drought stress, Reactive Oxygen Species (ROSs)
were increased that these ROSs adversely affected growth
and development [19]. ROSs highly deactivate cellular
metabolism by oxidative damage to membranes, proteins,
and nucleic acids; they also cause lipid peroxidation, protein
denaturation, and DNA mutation [20]. Activity and content
of antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and peroxidase (APX), and proline
increases in plant cells as a response to drought stress and
play a key role in the defense against oxidative stress [19].
However, tolerance to drought stress is a complex quanti-
tative character controlled by several small effect genes [21,
22]. The results of investigation on important morphological
and physiological traits of tall fescue accessions can be used
in breeding programs to find tolerant accessions. Thus, in
this report we investigated the physiological and morpho-
logical characters (before and after drought stress) and ISSR
markers in 45 Iranian accessions along with one foreign
commercial cultivar (as control) of tall fescue.

Materials and Methods

Plant Material and Examination of Morphological
and Physiological Characteristics

One foreign cultivar, “Starlet” (as control) and 45 Iranian
accessions of F. arundinacea were collected from different
geographical regions (Fig. 1) and moved to greenhouse of

Department of Horticultural Science at Shiraz University.
They were maintained under ambient temperature at
25 £ 2 °C, 70-80 % relative humidity. Photosynthetic
photon flux (PPF) density was set at 60 = 5 pmol m > s~
provided by white fluorescent lamps with 16-h photoperiod.
The experiment was arranged as a completely randomized
design (CRD) with three replications. After 2 months of
growing, fresh leaves were collected to measure their
physiological characters including; SOD [23], CAT [24],
APX [25] activities, and proline and total chlorophyll con-
tent. After that, plants were irrigated to 25 % FC condition
for three times and then after, fresh leaves were collected
again for measuring SOD, CAT, and APX activities, proline
and total chlorophyll content, and morphological traits.
Morphological traits including relative water content
(RWO), fresh and dry weight ratio, survival percentage, and
visual quality were evaluated. Morphological and physio-
logical characters were assessed in order to classify acces-
sions as either drought tolerant or sensitive using Ward’s
method of Hierarchical cluster analysis in SPSS software.

ISSR Analysis

Samples (4 g of fresh mature leaves) were rinsed in tap
water followed by sterilized distilled water. They were then
air-dried and stored at —80 °C until used. The leaves were
ground in liquid nitrogen in a sterile prechilled mortar with
pestle. Plant genomic DNA was extracted by a CTAB
(cetyltrimethylammonium bromide) protocol. Leaf tissues
(100 mg) were ground in 1000 pL. of CTAB extraction
buffer [100 mM Tris (pH 8.0), 1.4 M NaCl, 20 mM EDTA
(pH 8.0), 0.2 % (p/v) PB-mercaptoethanol, 2 % (p/v)
CTAB], and heated at 60 °C for 30 min. DNA was
extracted with one volume of a chloroform:isoamyl alcohol
mix (24:1) and precipitated in presence of isopropanol
[40 % (v/v) final concentration]. The DNA pellet was
washed with 5 mM ammonium acetate and 70 % ethanol,
dried, and dissolved in 100 pL of TE [10 mM Tris-HCL
(pH 8.0), 1 mM EDTA (pH 8.0)]. After addition of 1 pL of
RNase (10 mg/mL), DNA concentrations were determined
with a spectrophotometer (Biochrom, France).

Twenty-one ISSR primers were purchased in lyophi-
lized form from Cinnagen Co (Iran) and optimum anneal-
ing temperature was determined for each primer.
Amplifications were carried out by using a DNA thermal
cycler (Eppendorf, mastercycler gradient, USA), program
for each primer is shown in Table 1.

The PCR products were analyzed by electrophoresis using
a 1.5 % agarose gel. DNA was stained by soaking the gels in
a 0.5 pg/mL ethidium bromide solution and observed under
UV light and photographed using gel documentation unit.
Amplified ISSR markers were scored as present (1) or absent
(0) and ambiguous bands, which could not be easily
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Fig. 1 The sampling locations
for tall fescue accessions
collected from different regions
of Iran / Borojen, 2 Tiran,

3 Hashtrod, 4 Saghez,

5 Hamedan, 6 Aligodarz,

7 Divandareh I, 8 Alisadr,

9 Boloran, /0 Bostanabad,

11 Golpayegan, /2 Islamabad,
13 Arak, /4 Kamyaran,

15 Khoramabad, /6 Salmas,
17 Darehsari, /8 Sanandaj,

19 Divandareh II, 20 Pakdasht,
21 Garmsar, 22 Shahrod,

23 Tonekabon, 24 Manjil,

25 Azadshahr, 26 Rasht,

27 Mahmodabad,

28 Bandargaz, 29 Tehran,

30 Chalos, 31 Khoshyeylagh,
32 Aliabad, 33 Karaj, 34 Babol,
35 Chaboksar, 36 Sari,

37 Neka, 38 Qaemshahr,

39 Qazvin, 40 Lahijan,

41 Kohein, 42 Semnan, Khazarg shore
43 Gorgan, 44 Damghan, %i?zzaralgms p
45 Behshahr Weat Zagros
Azarni
Central

distinguished, were not scored. A binary qualitative data
matrix was constructed. Data analyses were performed using
the NTSYS PC version 2.02 software [26]. The similarity
values were used to generate a dendrogram via the un-
weighted pair group method with arithmetic average (UP-
GMA) [27]. Polymorphism information content (PIC) value,
probability identity (PI), and discriminating power (D =
1-PI) of primers was estimated using HET software [28].
PIC described by Oliviera et al. [29], and PI described
by Pollefeys and Bousquet [30] were calculated as follows:

k-1 k
PIC=2) "> PPi(1 - P;P)),

i=1 j=it1

PI=Y P+ Z i:(ZPin)27

i=1j>i

where P; and P; are the frequencies of the ith and jth alleles
within each locus, respectively.

Results and Discussion

Out of 21 ISSR primers, 20 of them produced DNA frag-
ments which were scorable and all the 20 scorable primers
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produced polymorphic bands. However, ISSR-13 produced
no band. ISSR-19 produced maximum bands (27) while,
ISSR-2, ISSR-4, ISSR-8, ISSR-11, ISSR-16, ISSR-17, and
ISSR-21 primers produced 100 % polymorphic bands
(Table 1). Annealing temperature ranged from 49 °C
(ISSR-10 and ISSR-12) to 58 °C (ISSR-7 and ISSR-8). The
PIC of primers was high and varied from 0.948 for ISSR-
16 to 0.976 for ISSR-7 (K15) with an average PIC of 0.969.
Furthermore, minimum D and maximum P; was belonged
to ISSR-7 and maximum D and minimum P; was belonged
to ISSR-16 (Table 1).

The UPGMA clustering algorithm from ISSR analysis
grouped the accession into five clusters at a similarity index
value of 0.22 (Fig. 2). Tall fescues collected from Rasht,
Alisadr, Chalos, and Khoramabad were included in the
separate groups. Other accessions made a major group that
was separated to three subgroups. The first subgroup had
18 accession including: Borojen, Tiran, Hashtrod, Ha-
medan, Control, Divandare I, Boloran, Bostanabad, Gol-
paygan, Kamyaran, Salmas, Darehsari, Divandare II,
Sanandaj, Eslamabad, Pakdasht, Garmsar and Semnan. The
Second subgroup had 23 accession including: Saghez, Al-
igodarz, Shahrod, Tonekabon, Kohin, Qazvin, Mahmoda-
bad, Aliabad, Behshahr, Khoshyeylagh, Damghan, Gorgan,
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Table 1 The total number of loci, polymorphism percentage, annealing temperature, PIC, PI, and D revealed by ISSR primers

Primers Nucleotide No. of bands Polymorphic Annealing PIC PI D

motif bands (%) temperature(°C)

ISSR-1 VBV-(AC)7 13 92 52 0.972 0.00138 0.998
ISSR-2 BDB-(CA)7 17 100 52 0.970 0.00137 0.998
ISSR-3 GCV-(TC)7 18 94 56 0.972 0.00138 0.998
ISSR-4 VCG-(TC)7 16 100 56 0.972 0.00142 0.998
ISSR-5 BDV-(AG)7 19 95 52 0.971 0.00153 0.998
ISSR-6 HVH-(TGT)5 18 89 52 0.975 0.00115 0.998
ISSR-7 BDB-(CAC)5 18 95 58 0.976 0.00107 0.998
ISSR-8 BDV-(CAG)5 18 100 58 0.972 0.00143 0.998
ISSR-9 (AC)8-YT 18 83 50 0.973 0.00127 0.998
ISSR-10 (AC)8-YG 22 95 49 0.968 0.00182 0.998
ISSR-11 (CT)8-RG 20 100 50 0.965 0.00221 0.997
ISSR-12 (GT)6-YR 25 92 49 0.972 0.00143 0.998
ISSR-13 (AT)8-C -- -- - - - -
ISSR-14 (GT)8-C 18 89 55 0.971 0.00148 0.998
ISSR-15 (GA)8-YC 22 90 53 0.970 0.00158 0.998
ISSR-16 (TC)8-RG 16 100 55 0.948 0.00473 0.995
ISSR-17 (AC)8-YA 17 100 54 0.957 0.00320 0.996
ISSR-18 (GA)8-G 20 95 55 0.966 0.00210 0.997
ISSR-19 (GA)8-RC 27 85 55 0.973 0.00129 0.998
ISSR-20 (CA)8-GT 26 85 54 0.974 0.00123 0.998
ISSR-21 (GT)8-YC 22 100 55 0.972 0.00144 0.998

VnonT (A, G,C), Bnon A (T,G,C), Hnon G (A, T, C), Dnon C (G, A, T)

Type of degenerated nucleotide: Y pYrimidine (C, T), R puRine (A, G)

Karaj, Tehran, Azadshahr, Chaboksar, Bandargaz, Babol,
Sari, Neka, Qaemshahr, Lahijan, and Manjil. The Third
subgroup included only the accession collected from Arak.

Relations between tall fescue accessions were also
revealed by PCoA (Fig. 3). In the two-dimensional PCoA
plot, in general, similar groupings with the UPGMA den-
drogram and geographical information were also revealed
(e.g., the accessions were placed in one group by their
phylogenetic relationships and geographical distance). The
first two principal axes accounted for 9.5 and 5.22 % of the
total variation, respectively, representing the complex
multidimensional nature of ISSR wvariation. The two-
dimensional projection of genotypes along the first prin-
cipal axes revealed the climate and location relationships
among accessions (Fig. 3). The accessions that isolated
from Khazari, East Zagros, and Central climates produced
tight clusters and exhibited considerable separation. The
factor loadings along the second axis (5.22 %) cannot
contribute accessions.

The UPGMA clustering algorithm from physiological
characters before drought stress grouped accessions into two
major clusters. The first group that had more antioxidant
enzymes activity, and proline and protein content were 9
accessions including: Borojen, Khoramabad, Tiran, Pakdasht,

Karaj, Kamyaran, Garmsar, Shahrod, and Tehran. Other
accessions were in second group and had low antioxidant
enzymes activity, and proline and protein content (Fig. 4).

UPGMA clustering algorithm from physiological and
morphological characters after drought stress grouped
accessions into three major clusters. The first group is
foreign cultivar, the second group included 25 accessions,
and third group included 20 accessions. First group that is
drought-tolerant, had most antioxidant enzymes activity;
proline and protein content; highest visual quality, RWC,
dry and fresh weight ratio, and survival percentage. The
second group that are drought semi-tolerant had lower
pointed characters than first group and higher than third
group, i.e., drought-sensitive group (Fig. 5).

Principal component analysis (PCA) of morphological
and physiological characteristics in tall fescue accessions
grown under water-sufficient and deficient condition were
revealed in Figs. 6 and 7 by the two-dimensional PCA
plots. It was found that the first and second component
accounted for 96.5, 2.5 % of variance under water-suffi-
cient condition and 96.4, 2.8 % of variance under water-
deficient condition. The accessions that isolated from
Khazari and shore Khazari exhibited considerable separa-
tions under two water availability conditions.

@ Springer
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Fig. 3 Two-dimensional projection of inter simple sequence repeat variation calculated by principal coordinate analysis for 45 accessions of tall
fescue and control cultivar. For the accession numbers correspondence see the numbers listed in Fig. 1
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Results showed that ISSR markers are efficient tool for
identification of tall fescue accessions and presenting high
polymorphism, PIC, D, and low PI. Tessier et al. [31]
reported the discriminating power, which is an extension
of PIC available from the frequencies of the different
banding patterns. Sivaprakash et al. [32] have reported
that the ability to resolve genetic variation may be more
directly related to the degree of polymorphism detected by
the marker system. Our PIC values were high, which
could be due to the fact that the accessions used in our

study have a widespread genetic base. Twenty ISSR
markers produced 380 bands totally and the average of
polymorphism was high (93.95 %). In an investigation on
genetic diversity of Iranian tall fescue accessions by
AFLP, Majidi et al. [33] reported that of the 493 bands
scored, 421 (85.4 %) were polymorphic. Motawei and
Ghumaiz [16] reported that 15 ISSR primers among the
six turfgrass cultivars [two tall fescue cultivars, two
perennial ryegrass cultivars, and two orchardgrass
(Dactylis glomerata L.) cultivars] produced 77 bands, 66

@ Springer



254 Mol Biotechnol (2014) 56:248-257
5.14 77
- Khazari shore
| Khazari ®
East Zagros
T ’ Weat Zagros
4 g6 Azari
3.10 Central
4 11
. B*d 4 29 -
X 16 . 21
o
1 105 6 2
2 41 1 2
N ] 9 ; 18 r
(@) - 14 39
& 3 19 5
00 43 34 2 &0
30¢ 380 §3 ¢ 7 2
- & 24 77 }6 26 10 5 33
099 —
45
i é
40
T 28 35
_ & 3!
37
3.04 T T T T T T T T ? T T T T T T T T
-10.64 -338 3.89 11.15 1841

PC1 (96.5%)

Fig. 6 Principal component analysis (PCA) of physiological characteristics in 45 tall fescue accessions and control cultivar grown under water-
sufficient condition. For the accession numbers correspondence see the numbers listed in Fig. 1

9.07 11
4 Khazar shore
J Khazari ®
East Zagros
4 Weat Zagros
J Azan
IR 39 29147 o129 Cenl
32¢,-® 17
] aedS 3 150 Lle 013
3536 254 37 5075019
1745 3438 ¢ 142 18
g . 2 6 1033
@; -1.95 8 3
& i
O i
A
T 16
-746 —+
_ 42
-1197 T T 22 T | T T T I T T T T | T T T T
-24.87 -8.55 777 24.08 4040
PC1 (96.4%)

Fig. 7 Principal component analysis (PCA) of morphological and physiological characteristics in 45 tall fescue accessions and control cultivar
grown under water-deficient condition. For the accession numbers correspondence see the numbers listed in Fig. 1

(85.7 %) of them were polymorphic. However, in that
study amplified bands were lower than the present study.
Totally, most of the primers used in present experiment

@ Springer

between tall fescue populations.

revealed workable patterns that can be tested in further
investigations for analysis of phylogenetic relationships
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From the UPGMA clustering results, tall fescue acces-
sions were obviously separated. Because tall fescue is
cross-pollinated and self-incompatible [34], the accessions
lead to many different groups and genetic diversity
between them is affected by the self-incompatibility [35—
37]. However, in small populations self-incompatibility
causes reduction in genetic diversity due to a reduced
availability of compatible mates [38, 39]. UPGMA clus-
tering and two-dimensional PCoA plot indicated that the
accessions grouping is closely based on their origin. As
mentioned before, tall fescues were isolated from different
climates and the climate affected the flowering time.
Therefore, accessions are fertilized by accessions that their
anthesis takes place at the same time. The factors that
affect the tall fescue flowering have not been extensively
investigated. One most important factor that enhances
floral development is cold temperature during the winter
[34]. Furthermore, this matter was found that tall fescue
will flower under a range of photoperiods; short days for
flower induction (not an absolute requirement when ver-
nalization had occurred during the winter) and long days
resulted in earlier flowering with fewer panicles per plant
[40]. Hicks and Mitchell [41] reported that tall fescue need
short photoperiods or low temperature for floral induction
and long photoperiods (16 h) for floral initiation. As can be
observed in Fig. 1, accessions were collected from regions
with different latitudes and altitudes. Latitude can affect
photoperiod and temperature and altitude can affect
temperature.

Principal component analysis (PCA) is one of the most
general explorative methods used to reduce multivariate
data complexity. This is a method of choice for identifying
patterns, and expressing data in ways that highlight simi-
larities and differences between samples [42]. The results
of CAT, POD, and APX activities in accessions showed
significant increase during drought stress (data not shown).
Other studies have reported similar changes in maize [43],
caper [44], and wheat [45]. Plants have a wide range of
defense systems to survive against drought stress [46, 47].
One of the earliest responses of plants to stresses such as
water-deficiency is the accumulation of ROSs such as
superoxide, hydroxyl radicals, hydrogen peroxide, and
singlet oxygen that can damage the plant cells [48]. ROS
accumulation initiates pre-emptive defense responses such
as increasing activity of antioxidant enzymes [49, 50].
CAT, SOD, and POD are common and important antioxi-
dant enzymes that have high ability to destroy ROSs [49,
51] and many researchers reported that these antioxidant
enzymes are higher in resistant plants than sensitive ones
during drought stress [47, 52, 53]. In present study, CAT,
SOD, and POD were increased by drought stress, espe-
cially in tolerant accessions (data not shown). Furthermore,
water stress induced proline and protein content. It is well

known that the free proline level increases in response to
drought. Proline is one of the osmotic adjustment (OA)
materials and has important function as osmoprotectant
[54] for resistance and adaptation under drought stress
conditions [55]. It may play a role in protection from
desiccation and from the harmful effects resulted from
solute accumulation. The level of free proline in plants
depends to water stress. Drought stress increases ROSs,
resulting in oxidative injury at cellular level. ROSs can
disrupt electron transport system [56, 57], therefore limit
photosynthesis and usually accompanied with the forma-
tion of ROSs such as 027, H,0,, and OH™ in chloroplasts
[58, 59] causing decrease in chlorophyll content.

According to phylogenetical, morphological, and phys-
iological investigations and origins of accessions we can
cluster them into four groups: drought-tolerant accessions
that collected from west of Iran, drought-tolerant acces-
sions collected from northwest of Iran, drought semi-tol-
erant accessions collected from center of Iran, and drought-
sensitive accessions collected from north of Iran. However,
foreign cultivar was the most drought-tolerant population
compared to Iranian accessions. Data presented could be
used to classify the tall fescue accessions based on suit-
ability of cultivation in the regions studied or the regions
with the similar environmental condition.
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