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Abstract. Polyacrylamide gel electrophoresis was applied to examine the isoenzyme variation of superoxide dismutase, 
glucose-6-phosphate dehydrogenase, malate dehydrogenase, NADP-dependent malate dehydrogenase, and 
α-amylase in natural populations of Festuca valesiaca, F. rupicola. F. dalmatica, and F. stojanovii. The purpose was 
to evaluate the isoenzyme variation and systematic relationships among the above-mentioned species of genus 
Festuca. Two similarity indices (Coefficient of Divergence DCD and phenotypic identity Ih) were calculated in 
an attempt to evaluate qualitatively the affinities and systematic relationships among the species. The presented 
isoenzyme data suggest that F. dalmatica and F. stojanovii are closely related, but different and well defined taxa 
within genus Festuca. The species F. valesiaca and F. rupicola are also well characterized isoenzymatically as 
distinct genetic entities. The results support the recent narrow species concept in genus Festuca.
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Introduction

Festuca L. is one of the most complex genera in 
Poaceae. The high level of morphological variabili-
ty within Festuca makes difficult its systematic inter-
pretation and taxonomic treatment. The species con-
cept in genus Festuca has undergone drastic changes. 
More than a century ago, relatively few broadly de-
fined taxa were recognized (Hackel 1882). Lately, 
the species definitions became narrower and a large 
number of finely split taxa have been recognized to-
day (Markgraf-Dannenberg 1976, 1978, 1980). The 
species Festuca ovina L. is an extreme example of this 
concept of changing species. Originally described 
by Hackel (1882) as a single variable species, it was 
recognized in the 1980s as several dozens of spe-
cies (Markgraf-Dannenberg 1980; Wilkinson & Sta-
ce 1981). 

The present study includes four species, name-
ly, Festuca valesiaca Schleich. ex Gaudin, F. rupico-
la Heuff., F. dalmatica (Hack.) K. Richter, and F. sto-

janovii (Acht.) Foggi & Petrova (Foggi & al. 2005). 
These fescues have been formerly referred to as F. ovi-
na. The species F. valesiaca was considered a variety 
(Stoyanov & Stefanov 1924), or a subspecies (Stoy-
anov & Stefanov 1948) of Festuca ovina. Stoyanov & 
Stefanov (1933) treated F. dalmatica as a subspecies 
of F. ovina. Ahtarov (1953) described F. stojanovii 
as a subspecies of F. dalmatica. Lately, Kozhuharov 
(1982) suggested the new species F. stojanovii of ge-
nus Festuca. The examined fescues are dense tuft 
plants growing in dry grassy habitats.

In the last two decades, several isoenzyme stud-
ies of subarctic/arctic (Aiken & al. 1993, 1994; Aiken 
& Lefkovitch 1995; Guldahl & al. 2001) and temper-
ate zone fescues (Livesey & Norrington-Davis 1991) 
have been conducted in an attempt to investigate the 
species delimitation by means of isoenzyme markers.

The purpose of the present study was to reveal 
isoenzyme variation in an attempt to shed light on 
systematic relationships among the above-men-
tioned four species of genus Festuca.
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Material and methods

The isoforms of enzymes superoxide dismutase (SOD), 
glucose-6-phosphate dehydrogenase (G-6-PDH), 
malate dehydrogenase (MDH), NADP-dependent 
malate dehydrogenase (NADP-MDH), and α-amylase 
(AMY) were resolved by polyacrylamide gel electro-
phoresis. Altogether, 261 individual plants belonging to 
eight natural populations (on the average, 33 plants/pop-
ulation) of the species were examined (Table 1).Vouch-
ers are deposited at the Herbarium of the Institute of 
Biodiversity and Ecosystem Research (SOM). 

Leaves were ground in 0.01 M Tris, 0.08 M glycine, 
0.005 M cysteine, and 20 % sucrose with pH 8.3. Ion-
exchange resin Dowex 1 × 8 (0.4 g/1 g fresh tissue) was 
added to the extraction buffer to eliminate polyphe-
nols. Homogenates were centrifuged at 10 000 rpm for 
10 min. The supernatant was used as a source of en-
zymes. The enzymes superoxide dismutase, glucose-
6-phosphate dehydrogenase, malate dehydrogenase, 
and NADP-dependent malate dehydrogenase were re-
solved on 7.5 % separating gel (3 % stacking gel) poly-
acrylamide slabs, using the electrophoretic system of 
Davis (1964). The length of the separating and stack-
ing gel was 8 cm and 2 cm, respectively. Electropho-
resis was conducted at 200 V, until the indicator dye 
Bromphenol Blue reached the gel end. The enzyme 
α-amylase was run on 6 % polyacrylamide slabs con-
taining 0.5 % soluble starch, for 10 hours at 200 V. 
Staining of gels followed the procedures of Soltis & 
al. (1983) for NADP-MDH, Shaw & Prasad (1970) for 
MDH and G-6-PDH, Baur & Schorr (1966) for SOD, 
and Reisfeld & al. (1962) for AMY. Each isoform was 
assigned a number reflecting its gel migration (in 
mm) from the origin (Perez de la Vega & Allard 1984).

The examined enzymes were not subjected to ge-
netic analysis. With the exception of Festuca rupicola, 
the studied species were polyploids. Hence, it was dif-

ficult to discriminate between isozymes and allozymes 
and to interpret the electrophoretic patterns in genetic 
terms. For this reason, two phenetic parameters were 
employed: 1) isoform presence/absence, and 2) iso-
form frequency. Mean frequencies of isoforms were 
calculated for each species. Using isoform frequency, 
mean values of DCD (Coefficient of Divergence after 
Clark 1952, see Stuessy 1990) and the measure of phe-
notypic identity (Ih) of Hedrick (1971) were calculat-
ed according to the equations: 
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where N is the total number of isoforms for each 
enzyme, xij and xik – the frequency of i-th isoform in 
taxa j and k,
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where Pjx and Pjy are the frequencies of j-th iso-
form in species x and y, and n is the number of iso-
forms of each enzyme.

Results 

The mean isoform frequencies of superoxide dismutase 
are shown in Table 2. Eleven isoforms were detected 
electrophoretically. Isoforms 38, 43, 49, and 54 were 
monomorphically fixed across the entire group, while 
isoform 34 was invariant in Festuca valesiaca and F. 
rupicola only. Isoform 67 was monomorphic and spe-
cies – specific for F. valesiaca. Isoform 30 was common 
for F. valesiaca and F. rupicola, but it was absent in F. 
stojanovii and F. dalmatica. Isoform 34 was not found 
in the studied populations of F. stojanovii. The Coef-

ficient of Divergence DCD varied with-
in the range from 0.22 in the comparison 
between F. stojanovii and F. dalmatica to 
0.50 when the former was compared with 
F. valesiaca. The pair-wise comparisons 
among the species resulted in a pheno-
typic identity coefficient Ih equal to 0.79, 
when F. valesiaca and F. stojanovii were 
contrasted. The highest values (Ih=0.95) 
were obtained in the comparison of the 
species F. dalmatica and F. stojanovii.

Table1. Species, populations and number of examined individuals. 

Species Locality Number of 
individuals

Voucher 
number

F. valesiaca Sofia region, MtVitosha, around Bosnek village 29 Co-170
Sofia region, Mt Vitosha, Boyansko Swamp 34 Co-172

F. rupicola Znepole region, around Belidie Han 29 Co-106
Stara Planina Mts, around Chelopech village 35 Co-164

F. dalmatica Sofia region, Mt Vitosha, Kladnitza village 37 Co-111
Sofia region, Mt Vitosha, around Selimitza chalet 28 Co-112

F. stojanovii Sofia region, Mt Lozenska, peak Polovrak 32 Co-115
Znepole region, Mt Chepan, 35 Co-117
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Table 2. Mean isoform frequencies of superoxide dismutase in 
the studied species of genus Festuca.

Species
Isoform

23 26 30 34 38 43 47 49 54 58 67
F. valesiaca 0.83 1.00 0.11 1.00 1.00 1.00 0.27 1.00 1.00 0.86 1.00
F. rupicola 0.12 1.00 0.28 1.00 1.00 1.00 0.74 1.00 1.00 0.34 0.00
F. dalmatica 0.48 0.84 0.00 0.14 1.00 1.00 0.28 1.00 1.00 0.48 0.00
F. stojanovii 0.15 0.38 0.00 0.00 1.00 1.00 0.28 1.00 1.00 0.14 0.00

Totally, five isoforms of glucose6-phosphate de-
hydrogenase were detected in the studied species 
(Table 3). Most isoforms were shared by all examined 
species. Isoform 4 was not found in the studied pop-
ulations of Festuca dalmatica. Isoform 28 was mono-
morphically fixed across the entire group. In respect to 
DCD, the range of its variation was from 0.17 (F. vale-
siaca vs. F. dalmatica) to 0.28, when the latter was con-
trasted to F. rupicola. Coefficient Ih varied within a 
narrow range (0.91–0.98) for most pair-wise compar-
isons among the examined species.

Table 3. Mean isoform frequencies of glucose-6-phosphate 
dehydrogenase in the studied species of genus Festuca.

Species
Isoform

4 10 13 20 28
F. valesiaca 0.22 0.31 0.27 0.24 1.00
F. rupicola 0.48 0.58 0.34 0.42 1.00
F. dalmatica 0.00 0.22 0.44 0.56 0.00
F. stojanovii 0.29 0.42 0.16 0.22 1.00

Six isoforms of malate dehydrogenase were re-
solved in the studied species (Table 4). Regarding iso-
forms 24, 26 and 28, the populations of all species were 
monomorphic and uniform. Isoform 5 was fixed in 
the species Festuca valesiaca and F. rupicola. Similarly, 
isoform 30 was invariant and common for F. stojanovii 
and F. dalmatica. The values of DCD varied from 0.41 
(F. valesiaca vs. F. rupicola) to 0.62, when the former 
species was compared with F. dalmatica. The pheno-
typic identity coefficient Ih ranged from 0.74 (F. vale-
siaca vs. F. dalmatica) to 0.90, when the former species 
was contrasted to F. rupicola.

Table 4. Mean isoform frequencies of malate dehydrogenase in 
the studied species of genus Festuca.

Species
Isoform

5 6 24 26 28 30
F. valesiaca 1.00 0.86 1.00 1.00 1.00 1.00
F. rupicola 1.00 0.74 1.00 1.00 1.00 0.00
F. dalmatica 0.00 0.32 1.00 1.00 1.00 0.00
F. stojanovii 0.00 0.49 1.00 1.00 1.00 1.00

In total, five isoforms of NADP-malate dehydroge-
nase were electrophoretically resolved (Table 5). Most 
isoforms were shared by all examined species. Isoform 
23 was monomorphically fixed across the entire group, 
while isoform 19 was invariant and common for Festu-
ca rupicola and F. valesiaca only. Isoform 13 did not oc-
cur in the studied populations of F. stojanovii. In terms 
of coefficient DCD, the species F. valesiaca and F. sto-
janovii demonstrated the highest affinity (DCD=0.22) 
within the studied group. On the contrary, F. rupicola 
was most distant (DCD=0.35) from F. stojanovii. The 
values of coefficient Ih were high and ranged from 
0.90 (F. dalmatica vs. F. stojanovii) to 0.96 in the pair-
wise comparisons of F. valesiaca with F. dalmatica and. 
F. stojanovii. 

Table 5. Mean isoform frequencies of NADP-malate 
dehydrogenase in the studied species of genus Festuca.

Species
Isoform

13 15 17 19 23
F. valesiaca 0.31 0.31 0.31 1.00 1.00
F. rupicola 0.72 0.48 0.64 1.00 1.00
F. dalmatica 0.53 0.27 0.16 0.86 1.00
F. stojanovii 0.00 0.38 0.52 0.72 1.00

The isoenzyme structure of α-amylase is present-
ed in Table 6. Isoforms 16 and 17 occurred with dif-
ferent frequencies in all examined species. Isoforms 
14 and 18 were not found in the studied populations 
of Festuca dalmatica and F. stojanovii. Isoform 26 was 
monomorphically fixed across the entire group. With 
the exception of the species pair dalmatica- stojanovii 
(DCD=0.05), the values of coefficient DCD fell within 
the 0.26–0.34 range, when F. stojanovii was contrasted 
to F. rupicola and F. valesiaca, respectively. The values 
of coefficient Ih varied from 0.79 (F. valesiaca vs. F. sto-
janovii) to 0.99, when the latter species was compared 
with F. dalmatica. 

Table 6.  Mean isoform frequencies of α-amylase in the studied 
species of genus Festuca.

Species
Isoform

14 16 17 18 26
F. valesiaca 0.00 0.87 0.11 0.05 1.00
F. rupicola 0.48 0.58 0.07 0.10 1.00
F. dalmatica 0.00 0.27 0.39 0.00 1.00
F. stojanovii 0.00 0.18 0.47 0.00 1.00

The mean values of coefficients Ih and DCD are 
presented in Table 7. The lowest value of coefficient 
DCD was obtained, when Festuca dalmatica and F. sto-
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janovii were contrasted. A comparatively low value of 
coefficient DCD was calculated in the comparison be-
tween F. valesiaca and F. rupicola. An analysis of the 
mean Ih values demonstrated a similar pattern. The 
highest values of Ih were found in the comparisons 
between the species pairs F. dalmatica – F. stojanovii 
and F. valesiaca – F. rupicola. All other pair-wise com-
parisons of the species resulted in lower values, which 
varied within a comparatively narrow range – an in-
dication of nearly equidistant positions of the species 
within the group. 

Table 7. Mean values of the Coefficient of Divergence DCD and 
phenotypic identity Ih for all pair-wise comparisons among the 
examined species. 

Species
Coefficient of Divergence 

DCD
Phenotypic identity  

Ih
1 2 3 4 1 2 3 4

F. valesiaca 0.00
F. rupicola 0.29 0.00 0.92 1.00
F. dalmatica 0.36 0.37 0.00 0.87 0.80 1.00
F. stojanovii 0.31 0.38 0.25 0.00 0.88 0.86 0.92 1.00

Discussion

An analysis of the isoenzyme data has demonstrated 
that the examined taxa could be clearly discriminat-
ed by the employed molecular markers. Several mono-
morphically-fixed isoform differences in the isoen-
zyme structure of the studied species were detected. 
On the other hand, some isoforms were not found in 
some of the examined Festuca species. These specific 
combinations form distinct isoenzyme patterns which 
clearly distinguish the respective species from all oth-
er taxa within the group.

Similar patterns of isoenzyme variation have 
been found during other studies of the fescues. Iso-
enzymes were used to assess the species boundaries 
in the North American representatives of the Festuca 
ovina complex (Aiken & al. 1993). Distinct isoenzyme 
profiles have delimited some discrete entities within 
the complex. An extensive study of the F. brachyphylla 
complex, which has been formerly referred to F. ovina, 
revealed unique diagnostic bands and distinct band-
ing patterns for all four examined taxa (Guldahl & al. 
2001). Unique combinations of the bands pertaining 
to different taxa within the same complex have been 
also reported (Aiken & al. 1994; Aiken & Lefkovitch 
1995). Other isoenzyme studies have also demonstrat-
ed that fescues and other grasses may be separated by 

extreme allele frequency differences (Warwick & Ai-
ken 1986; Davis & Manos 1991; Davis & Goldman 
1993).

Considering the coefficients Ih and DCD, it be-
comes evident that Festuca dalmatica and F. stojanovii 
are closely related, as shown by the surveyed isoen-
zymes. In spite of the distinct anatomical differenc-
es between them, F. stojanovii was first recognized by 
Ahtarov (1953) as a subspecies of F. dalmatica, mainly 
on the basis of the vascular bundles’ number. However, 
the number of leaf sclerenchyma bundles – four in F. 
dalmatica and six-seven in F. stojanovii – as well as the 
number of leaf ribs have allowed to differentiate these 
two taxa. Isoenzyme data presented in this study sup-
port the opinion of Kozhuharov (1982) that F. dalmat-
ica and F. stojanovii are closely related, but different 
and well-defined taxa within genus Festuca. Mention 
deserves the fact that the species F. valesiaca and F. 
rupicola, separated mainly on the basis of subtle mor-
phological differences, were also well characterized 
isoenzymatically as distinct genetic entities. These 
species are more or less equidistantly positioned with-
in the studied group and clearly distinguished from 
F. dalmatica and F. stojanovii. In an earlier study of 
polyphenolic compounds (Angelov & al. 1988) it was 
shown that xerophytes F. valesiaca and F. rupicola are 
more closely related to each other than to a group of 
mesophyte species of genus Festuca. These findings 
support the results of the present study.

The studied species of genus Festuca have exhibited 
some subtle morphological differences. They differed 
mainly in anatomical characters observed by cross-
sectioning, but their identification was difficult. The 
isoenzyme data presented here provide evidence that 
the four taxa have been genetically well-defined enti-
ties. The results are in good concordance with those 
reported in the above-mentioned studies of other fes-
cue species. And finally, the present study supports the 
recent narrow-species concept in genus Festuca. 
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