
Identification and classification of numerous Festuca species is still a difficult problem due to the close
morphological resemblance. The most difficult fine fescues to identify belong to the Festuca ovina
aggregate, which is the largest group in the genus Festuca. Many taxons are considered to be separate
species based on quantitative taxonomic characters, differences in ploidy level or the structure of scle-
renchyma cells.

In order to evaluate the taxonomic value of DNA-based markers, sequence analysis of the internal
transcribed spacer (ITS1-5.8S-ITS2) region and the chloroplast trnL (UAA) intron was performed in the
ten most problematic fine fescues belonging to the Festuca ovina aggregate. Intraspecific ITS variants
were found in a single case while in other cases only intragenomic ITS polymorphisms were detected
with 1-2 ambiguous positions. Among the sequences of the trnL (UAA) intron even intragenomic poly-
morphisms were not detected in any of the Festuca species studied. Thus, the results do not support the
species status of these ten taxa.

Keywords: Molecular taxonomy – Festuca ovina aggregate – ploidy level – internal transcribed spacer
(ITS) – trnL (UAA) intron

INTRODUCTION

The Festuca genus is a prominent group within the Poaceae family. Morphological
discrimination of some species is still not unambiguous due to their close morpho-
logical similarity, the strong environmental dependence of existing taxonomic traits
and, as a consequence, the existence of numerous ecotypes. Even more complica-
tions are caused by the large number of species (taxonomists currently recognize
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between 450 and 500 species of Festuca worldwide [10, 49]), the possible interspe-
cific hybridization and the wide range of ploidy levels between diploid to dode-
caploid.

Phylogenetic analysis has divided the Festuca genus into two major clades: fine-
leaved and broad-leaved fescues [43]. Fine fescues are usually subdivided into two
main complex groups: the F. rubra aggregate and the F. ovina aggregate. Classifying
species to the rubra or ovina aggregate is generally not difficult, but within the two
aggregates it is a problem. Festuca species with both the basal vegetative- and flag
leaves unfolded and caulinar are identified in flora publications as belonging to the
F. ovina aggregate [1, 2, 14, 16–19, 27–30, 32, 34, 37, 38, 40, 41, 46]. Species with-
in the F. ovina aggregate are the most difficult fine fescues to identify.

Systematic description of the European species of Festuca was first made by
Hackel in 1882 [16]. The whole F. ovina aggregate was treated as a single species
and divided into nine subspecies. By now, the taxonomic status of many taxa was
raised to the species level [20, 24, 26, 46, 50 and references therein] making the
F. ovina aggregate the largest group in the Festuca genus with up to 90 species in
Europe only.

Generally two major groups are divided within the F. ovina aggregate according
to the basal leaves, which have a continuous sclerenchyma ring (F. ovina group) (as
visualized by transverse section of the leaf blade) or separate sclerenchyma strands
(F. valesiaca group). Additionally, a third transitional group was established by sev-
eral authors [5, 17–19, 27, 28, 33, 37, 38, 47, 48] in which the patterns of scle-
renchyma bands change during the vegetation period; the young leaves show segre-
gated sclerenchyma strands which form a continuous ring in older leaves. According
to these authors the transitional form of leaf tissue character is an indication for the
hybrid origin of these taxa. This kind of grouping is not uniformly accepted, e.g.
Englmaier [14] classifies the species with transitional sclerenchyma strands into the
F. valesiaca group. Penksza [31] verified that F. javorkae belongs to the transitional
group.

Phylogenetic relations involved species from the F. ovina aggregate have been
studied so far with protein-electrophoresis [6, 8], RFLP analysis of chloroplast DNA
[11, 25] and of nuclear DNA [9, 51], RAPD [39], ribosomal DNA [9, 15, 43, 44] and
chloroplast DNA [7] marker methods. Admittedly, comparisons at DNA level pro-
vide the most reliable information for the establishment of phylogenetic relations.

The aim of the present work was to evaluate genetic variation of ten species with-
in the most disputed group of Festuca taxa belonging to the ovina aggregate (sect.=
Ovinae Hack.) via nucleotide sequence analysis of the internal transcribed spacer
(ITS) region of nuclear ribosomal DNA and the trnL (UAA) intron of chloroplast
DNA. These DNA markers have been widely used for phylogenetic studies and
proved to be informative at various taxonomic levels in angiosperms, i.e. within fam-
ilies [3, 4] and at the species level within subfamilies of Pooideae [7, 15, 21–23, 43,
44]. On the basis of comparative sequence analysis we evaluated the taxonomic sta-
tus of these ten species.



MATERIALS AND METHODS

Plant material

Ten Festuca species were examined from each three groups of the F. ovina aggregate,
which are present in the Carpathian Basin. Species with continuous sclerenchyma
ring (F. ovina group) were: F. pallens, F. vaginata; species from the F. valesiaca
group were: F. dalmatica, F. pseudodalmatica, F. pseudovina, F. rupicola, F. valesi-
aca; and species from the transitional group were: F. javorkae, F. stricta, F. wagneri.
Multiple samples per species were used from different locations to avoid misidenti-
fication. In case of doubtful classification, samples from the locus classicus were also
examined (Table 1).

Collected plants have been maintained from the beginning of 2000 at the St. István
University in the Experimental Garden of the Department of Genetics and Plant
Breeding in Gödöll�, Hungary. The ploidy level was measured for all individuals per
species, while ITS and trnL (UAA) intron sequences were determined in two to four
individuals per species. For samples collected from one location only, two individu-
als were sequenced. When samples were available from more locations one individ-
ual was sampled for sequence analysis from each location except for F. javorkae, in
which case two individuals were used from each location (Table 1).
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Table 1
Species from Festuca ovina aggregate used for molecular analysis, their sampling locations and

number of individuals sampled to define ploidy level and sequence of ITS rDNA and trnL (UAA)
intron regions

Species Sampling locations
No. of No.

samples seqs

F. dalmatica (Hackel) K. Richter Szársomlyó (H) 6 2
F. javorkae Májovský Sturovó locus cl. (SK), Domonyvölgy (H) 4, 4 4
F. pallens Host Szarvask� (H), Budai Mts (H), Baden (A) 3, 4, 3 3
F. pseudodalmatica Krajina Mátra (H) 6 2
F. pseudovina Hack. ex Wiesb. Farmos (H), Albertirsa (H) 3, 3 2
F. rupicola Heuffel Baile Herculaneum locus cl. (RO), 2, 2, 2, 4

Vészt� (H), Nyírád (H), Deliblato (SRB) 2
F. stricta Host Balatonalmádi (H), Alsóörs (H), Baden (A) 2, 2, 2 3
F. vaginata W. et K. ex Willd Imrehegy (H), Domonyvölgy (H) 3, 3 2
F. valesiaca Schleicher ex Gaudin Gerecse (H) 6 2
F. wagneri Degen Thaisz et Flatt Deliblato locus cl. (SRB), Örkény (H), 2, 2, 2, 4

Imrehegy (H), Domonyvölgy (H) 2

A: Austria, H: Hungary, RO: Romania, SK: Slovakia, SRB: Serbia.
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Flow cytometry

For the determination of ploidy levels, young, fully expanded leaves (~50 mg) were
washed with distilled water and placed in plastic Petri dishes containing 1 ml chop-
ping buffer [13]. Leaves were chopped with a sterile scalpel to a size of approxi-
mately 0.5 mm. The cell suspension was filtered through Cell Trics/TM membrane
filter into 3 ml test tubes. The plant nuclei were stained with DAPI (4,6-diamidino-
2-phenylindole) for a few min before measurement by a PARTEC I flow cytometer
(Partec GmbH, Germany). F. vaginata specimens with known chromosome number
(2n = 2× = 14) (collected from Domonyvölgy, Hungary) were used for comparison as
external standards. Ploidy levels of other individuals were determined by the relation
of their DNA amount values to the F. vaginata standard.

DNA isolation

The DNA extraction procedure was carried out as described [12], with slight modi-
fications. Small masses (~150 mg) of fresh leaves were thoroughly ground in liquid
nitrogen, then resuspended in lysis buffer (2% CTAB, 20 mM EDTA, 100 mM Tris-
HCl, and 1.4 M NaCl, pH = 8.0) in microcentrifuge tubes. After incubation at 60 °C
for 40–60 min, the samples were extracted twice with an equal volume of chloroform
and centrifuged for 15 min at 12,000 g after each extraction. The DNA was precipi-
tated with two volumes of absolute ethanol, incubated for at least 1 h at –20 °C and
pelleted by centrifugation at 12,000 g for 30 min. The pellet was washed twice with
70% ethanol, dried and dissolved in 200 μl of sterile Milli-Q water (Millipore).

PCR conditions

The total length of the ITS region (ITS1-5.8S-ITS2) was amplified by the ITSL/ITS4
primers [22]. The trnL (UAA) intron was amplified using the universal primers ‘C’
and ‘D’ [42]. The reactions were performed in a final volume of 20 μl in an ICycler
device (Bio-Rad). The reaction mixture consisted of the following components: 50
ng template DNA, 3 μl of 25 mM dNTPs, 1.5 μl of 25 mM MgCl2, 0.75 μl of each
of the two primers (10 μM) and 1.2 units of Red-Taq DNA polymerase (Sigma). The
conditions of the reaction were: after a period of 2 min at 94 °C, cycles of 10 sec at
94 °C, 30 sec at 59 °C and 1 min at 72 °C were repeated 35 times. The amplification
process was finished with 5 min at 72 °C. The amplified PCR products were sepa-
rated on 1% agarose gels and visualized with ethidium bromide. 

Sequencing

For direct sequencing, PCR products were purified with Microcon-PCR centrifugal
devices (Millipore) and checked by agarose gel electrophoresis. For cycle sequenc-
ing, the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit



(Applied Biosystems) was used with Amplitaq DNA Polymerase FS (Applied
Biosystems) and the original amplification primers (see above). The electrophoresis
was performed on an ABI PRISM 310 Genetic Analyser (Applied Biosystems)
according to the manufacturer’s instructions. The obtained sequences have been
deposited in the NCBI GenBank under accession numbers AY254371-AY254379,
AJ508377 and AJ508379 for the ITS region and under accession numbers
AY583726-AY583735 for the trnL (UAA) intron.

RESULTS AND DISCUSSION

DNA level

The ploidy level of 70 specimens was determined by flow cytometry (Table 2). For
three species two ploidy levels were measured. Among the F. dalmatica individuals
collected in Szársomlyó (Hungary) four tetraploid and two hexaploid samples were
found (Fig. 1).

All individuals of F. javorkae, which were collected in Stúrovo (locus classicus,
Slovakia) proved to be hexaploid. However, most F. javorkae specimens from
Domonyvölgy (Hungary) were tetraploid, though a hexaploid sample was also
found. There was no visible morphological difference between hexaploid and
tetraploid F. javorkae. In case of F. pallens, samples collected from Szarvask�
(Hungary) and Baden (Austria) were diploid while the ones from the Buda
Mountains (Hungary) were tetraploid without exception. These plants were much
more robust and taller than the diploids. Presumably, they represent the F. pannoni-
ca species, which was thought to be extinct in Hungary [35].

The amplification of the whole ITS region (ITS1-5.8S-ITS2) of genomic DNA
and trnL (UAA) intron of chloroplast DNA was performed in 28 specimens of ten
species within the F. ovina aggregate (Table 1).

ITS region

Sequencing resulted in a 596-bp fragment of the ITS region in each species.
Intraspecific ITS variation was detected only in F. rupicola; individuals from Nyírád
contained two, while the other samples only one ambiguous nucleotide sites. In other
species there was no variation in the sequences of different individuals originated
even from geographically distant accessions. In these nine species polymorphism
manifested only in intragenomic differences. In the case of F. dalmatica, F. javorkae,
F. pseudodalmatica, F. pseudovina, F. rupicola (Nyírád), we have detected intrage-
nomic polymorphism in the individuals in two positions, while in F. rupicola
(Vészt�, Baile Herculaneum), F. stricta, F. vaginata, F. valesiaca in one position
(Fig. 2). The ambiguous sequences were pirimidine bases (T or C = Y) except for
one case (F. pseudovina, Farmos) where guanine and thymine could not have been
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distinguished. In case of F. wagneri and F. pallens not even intragenomic polymor-
phisms were detected (Fig. 2).

Among the examined ten taxa, ITS sequences of F. valesiaca (three sequences)
and F. pseudovina (one sequence) have already been published [45]. In the case of F.
valesiaca, two specimens were derived from Iran and one from Romania. All these
sequences are different from the one we isolated in 3–18 positions and also from each
other in 7, 25 and 34 positions, respectively. The highest dissimilarity (6%) was
found between the two specimens from Iran. In case of F. pseudovina, the sample of
the published sequence was derived from Hungary. The difference between our F.
pseudovina sequence and the one described in [45] was ~1% (in 7 positions). These
differences are presumably caused by the possible polyphyletic origin of F. valesia-
ca and F. pseudovina. 

Our sequences show a complete homology with the sequence of F. rupicaprina
published earlier (GenBank acc. no. AF171146). Specimens of Festuca species hav-
ing the same ITS sequence belonged to the same taxon in all publications, so far. ITS
sequences of various Festuca species which can be found in the GenBank (more than
150 sequences of more than 50 species) were different from each other at the rate of
0.1–15%. However, in the Lolium genus the same ITS sequences were described for
different species [15]. In allopolyploid species, the polymorphism of ITS sequences
within the individuals can be explained not only with the high number of copies of
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Table 2
Species and ploidy levels from the Festuca ovina aggregate used for nuclear ITS and

chloroplast trnL (UAA) intron sequence analysis

Species Ploidy level (2n) ITS acc. no. trnL intron acc. no.

F. dalmatica (Hackel) K. Richter 4x=28, 6x=42 AY254371 AY583726
F. javorkae Májovský 4x=28, 6x=42 AY254372 AY583727
F. pallens Host 2x=14, 4x=28 AY254373 AY583728
F. pseudodalmatica Krajina 4x=28 AY254374 AY583729
F. pseudovina Hack. ex Wiesb. 2x=14 AY254375 AY583730
F. rupicola Heuffel 6x=42 AJ508379 AY583731

AY254376
F. stricta Host 6x=42 AY254377 AY583732
F. vaginata W. et K. ex Willd 2x=14 AY254379 AY583733
F. valesiaca Schleicher ex Gaudin 4x=28 AJ508377 AY583734
F. wagneri Degen Thaisz et Flatt 4x=28 AY254378 AY583735

GenBank accession numbers are indicated.

←⎯⎯⎯
Fig. 1. Flow cytometric diagrams of a tetraploid (A) and hexaploid (B) F. dalmatica individuals collect-
ed in Szársomlyó (Hungary). Specimens of F. vaginata with known diploid chromosome number (C)
were used as external standard. Doubled-DNA content of some mitotic cells can be seen in diagrams A

and C
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rDNA and the possible differences between these copies, but also with the different
rDNA variants deriving from different genomes. In most polyploid Festuca species
it is not even known whether these were derived via auto- or allopolyploidy.

The ploidy levels of the studied species varied from diploid to hexaploid (Table 2).
Since the basic ITS sequences were the same in all cases, the species with higher
ploidy level might have been produced by autopolyploidy. ITS sequences derived
from other genomes were not found among the samples tested.

trnL (UAA) intron

DNA sequencing resulted in a 535-bp fragment of the trnL (UAA) intron region of
chloroplast DNA, which was identical in all ten species; we even did not detect
intragenomic polymorphisms. At present, trnL (UAA) intron sequences of 26
Festuca species or subspecies can be found in the GenBank database. These are all
different from each other except for two sequences, which are the same as ours and
represent the F. vaginata (AY461509) and F. pallens (AY461510) species. The F.
vaginata sample was originated from Hungary while the F. pallens was from
Slovakia. Taken together, the intron sequence data indicate that while genetic varia-
tion occurs in other aggregates of the Festuca genus, this appears significantly lower
within the F. ovina aggregate. Perhaps a common chloroplast DNA (maternal) donor
for these species of F. ovina aggregate is responsible for this event. The lack of the
intron sequence variation together with the same in the ITS sequences might be an
indication for autopolyploidy. This hypothesis is supported by the spontaneous
occurrence of triploid plants of F. pallens natural populations [36].

Although the applied DNA based markers have been widely used in similar phy-
logenetic studies at the taxonomic levels among closest relatives, in this case they do
not contain enough variation for phylogenetic analysis. In our study, the ITS and trnL
intron sequences of the examined ten species do not support their present taxonomi-
cal classification as separate species. The current identification and classification of
these species in the F. ovina aggregate should be re-examined in the future by the
integration of data obtained by molecular methods. Investigation of more molecular
markers and crossing experiments are needed to reconsider the current morphologi-
cal-based classification of these species.
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