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According to the type of leaf anatomy, narrow-leaved fescues could be divided to 
three main groups: species with leaves as in Festuca rubra (sclerenchyma strands small, 
numerous), type F. valesiaca (3 main and big sclerenchyma strands + adventive) and type F. 
ovina (sclerenchyma ring). The species of the last group were chosen in our study. The seed 
proteins variation in natural populations of Festuca vaginata, F. psammophila, F. pallens, F. 
polesica and F. ovina from Ukraine and Bulgaria was examined by means of polyacrylamide 
(PAGE) and sodium dodecyl sulphate (SDS-PAGE) electrophoresis. These fescues exhibit 
high variability and overlap of morphological and anatomical characters, including diagnostic 
ones, leading to identification difficulties and uncertainties in their taxonomy. The purpose 
of the present study was to analyze seed protein composition in order to reveal systematic 
relationships among the above mentioned taxa of genus Festuca. The results showed that 
F. vaginata, F. psammophila and F. polesica are closely related. The species F. pallens was 
relatively distant from the above mentioned three species. The specific position of F. pal-
lens is confirmed also by its ecological characteristics– it is the only species growing on 
carbonate rocks, while the rest of taxa are typical psammophytes. The results showed distinct 
differences between Ukrainian populations of F. pallens and F. psammophila and confirmed 
occurrence of latter in Ukrainian Roztocha. The cluster patterns were somewhat inconsis-
tent in regard to different types of proteins (PAGE, SDS-PAGE). The only exception is F. 
ovina, which always occupies a separate position. This confirms its remote position within 
the studied group of the genus Festuca and supports the view to consider F. ovina s.str. as a 
separate series Ovinae among the species with sclerenchyma ring. Whereas all other studied 
species (F. vaginata, F. psammophila, F. pallens, F. polesica) should be considered as a 
separate series of closely related taxa – series Psammophilae.
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Introduction
According to the type of leaf anatomy, narrow-leaved fescues could be divided into three 

main groups: species with leaves as in Festuca rubra (sclerenchyma strands small, numerous), F. 
valesiaca type (3 main and big sclerenchyma strands + adventive) and F. ovina type (sclerenchy-
ma ring). The species of the last group were chosen in our study. There are different taxonomic 
treatments of this group. Two main treatments exist in Eastern Europe. According to the first one 
[3, 12], among the species with sclerenchyma ring there are several small species aggregates, 
namely F. ovina agg. (leaves predominantly green, thin 0,3–0,7 mm, 5–7 veins, 1–3 ribs: F. ovina 
L., F filiformis Pourr., F. airoides Lam.), F. glauca agg. (or F. pallens s.l.) (leaves bluish, rigid 
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0,6–1,2 mm in diameter, flat, 7–13 veins, 3(-5) triangle ribs: F. pallens Host, F. psammophila 
(Hack. ex Čelak.) Fritsch) and F. beckeri agg. (leaves green, rigid, often trachyphylous, 0,4–0,8 
mm, veins 7–11, ribs 5–7, partly flat: F. beckeri (Hack.) Trautv., F. polesica Zapał.). Maria Pawlus 
[9] proposed an alternative classification, dividing the species with sclerenchyma ring into two 
series: Ovinae M.Pawlus (F.  ovina, F  filiformis, F.  airoides, F.  guestfalica Boenn. ex Rchb.) 
with thin leaves, 5–7 veins and 1–3 ribs, and series Psammophilae M.Pawlus (F. psammophila, 
F. polesica, F. vaginata Waldst. & Kit. ex Willd., F. pallens), which unites the rest of species with 
more rigid leaves, numerous veins and long trichomes on ribs. Despite of substantial differences 
among the typical representatives of all mentioned series/aggregates, quite frequently there can 
be observed specimens (sometimes whole populations) of intermediate type. The phylogenetic 
relationships among these species groups and their adequate taxonomic treatment still remain 
unresolved.

The present study includes five taxa of Festuca from Ukraine and Bulgaria: F. vaginata, 
F. psammophila, F. pallens, F. polesica and F. ovina, which represent all above-mentioned species 
aggregates.

The five above-mentioned fescues exhibit high variability and overlap of morphological 
and anatomical characters, including diagnostic ones leading to identification difficulties and 
uncertainties in their taxonomy. Thus, there is a need to apply different new approaches, including 
biochemical ones, to reveal the systematic structure and relationships among them. Electrophoretic 
techniques that separate seed storage proteins are rapid and generally free from environmental 
effects compared with the traditional morphological and other classical criteria. They indirectly 
reflect the genome. For these reasons, they are widely employed for estimation of systematic 
relationships and genetic variation of natural populations and cultivars of different plant taxa [2, 
4, 7, 8, 10, 13].

The purpose of the present study was to analyze seed protein composition in order to re-
veal systematic relationships among the above mentioned taxa of the genus Festuca.

Materials and Methods
Bulk seeds’ samples from natural populations of the above mentioned taxa were collected 

in Ukraine and Bulgaria (Table 1). Each population sample consisted of 20–30 plants which were 
identified first by their anatomical and morphological traits. Total seed proteins were extracted 
by 0.01M tris, 0.08M glycine, 20 % sucrose, pH 8.3 and ratio seeds : buffer = 1 : 6. Anodal seed 
proteins were electrophoretically resolved in vertical polyacryamide slab gels (7.5 % separating, 
3 % stacking gels) using slightly modified system of Davis [5]. The length of the separating gel 
was 8 cm, while the spacer was 1 cm long. Gels were stained with Coomasie Brilliant Blue R-250 
(0.1 %) in 10 % acetic acid, 45 % methanol for 2 hours and destained in 10 % acetic acid, 10 % 
methanol for a night.

The discontinuous sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) of proteins was performed as described by Gardiner et al. [7]. The stacking (5 % acryl-
amide) and separating (12 % acrylamide) gels were used. The length of stacking and separating 
gel was 2 cm and 12 cm, respectively. 

Affinities among the taxa within the studied group were evaluated by the coefficient of 
similarity SI = M/(M+N), where M is the number of bands common for compared taxa, N-.the 
sum of absent bands in each compared taxon. The values of coefficient SI for each pair-wise 
comparison among the taxa were calculated separately for each set of seed proteins (anodal, SDS-
PAGE). Then, mean values of coefficient SI as an average on the two data sets were calculated in 
order to assess overall affinities among the taxa within the studied group of Festuca. An index of 
group affinity (GA) was calculated for each taxon as a sum of its SI values [6].
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Table 1
List of studied taxa and populations of Festuca

№ Taxon Country Location Latitude   Longitude
1.
2.
3. 
4.
5. 
6. 
7.
8. 
9. 

F. vaginata
F. vaginata
F. psammophila
F. pallens
F. pallens
F. polesica
F. polesica
F. polesica
F. ovina

Bulgaria, Black sea coast, Pobitite camani, 43°13‘60 ‚‘   27°40‘0‘‘
Bulgaria, Black sea coast, Arcutino, 42°20‘4.74‘‘   27°43‘34.88‘‘
Ukraine, Lviv region, Yavoriv district, Stradch 49°53‘45.09“   23°45‘18.69“
Ukraine, Ternopil region, city Kremenets, tract Divochi Skeli 50°7‘5.78“    25°43‘38.35“
Ukraine, Ivano-Frankivsk region, Galych district, Podilla 49°16‘36.11“   24°44‘28.97“
Ukraine, Kyiv region, Vyshgorod district, village Hotyanivka 50°37‘3.91“    30°33‘8.85“
Ukraine, Volyn region, Lyubeshovsky district, Lyubotin 51°50‘46.66“   25°19‘44.61“
Ukraine, Kharkiv region, Bogodukhov 50° 8‘44.38“    35°32‘16.72“
Ukraine, Kyiv region, Vyshgorod district, Hotyanivka 50°38’54.82»   30°33’17.26»

Results and Discussion
Anodal seed proteins. Totally eighteen anodally migrating electrophoretic bands were 

observed in the studied taxa of genus Festuca (Table 2). Bands 29 and 61 were shared by all taxa. 
Except F. ovina, electrophoretic bands 12, 41 and 45 were common for the studied group. Simi-
larly, band 50 was observed in all taxa but absent in F. pallens. Band 23 was detected in F. pallens 
and F. ovina only. Electrophoretic band 53 was species-specific for F. pallens.

Table 2
Banding profiles of anodal seed proteins in the studied taxa of Festuca. 

1 – band present, 0 – band absent. Each band was designated by a number reflecting 
its migration (in mm) from the origin.

Taxon Electrophoretic band
12 18 21 23 29 31 38 41 44 45 48 50 51 53 54 55 61 63

F. vaginata
F. psammophila
F. pallens
F. polesica
F. ovina

1
1
1
1
0

1
0
1
0
1

1
1
1
0
0

0
0
1
0
1

1
1
1
1
1

1
1
1
0
0

0
1
1
0
1

1
1
1
1
0

1
1
0
0
1

1
1
1
1
0

1
0
0
1
0

1
1
0
1
1

1
0
1
1
0

0
0
1
0
0

1
1
0
1
0

1
1
0
1
0

1
1
1
1
1

1
0
0
1
0

The values of coefficient SI varied in a wide range from 0.20 (F. ovina vs F. polesica) to 
0.73 when the latter species was compared to F. vaginata (Table 3). The latter species demonstrat-
ed also high affinity to F. psammophila and F. polesica. The species F. ovina proved to be most 
isolated within the studied group as its SI values were the lowest for all pair-wise comparisons.

Table 3
Coefficient of similarity (SI) values for pair-wise comparisons among the studied taxa 

of genus Festuca – anodal seed proteins
Taxon Coefficient of similarity (SI) values

1 2 3 4 5
1. F. vaginata
2. F. psammophila
3. F. pallens
4. F. polesica
5. F. ovina

1.00
0.69
0.50
0.73
0.29

0.69
1.00
0.43
0.50
0.38

0.50
0.43
1.00
0.37
0.36

0.73
0.50
0.37
1.00
0.20

0.29
0.38
0.36
0.20
1.00

Index of group similarity contributed further to revealing systematic relationships within 
the examined group of the genus Festuca. Lower values of index GA mean greater distance for 
a given taxon, and vice versa, higher values are indication for a closer affinity within the group. 
Considering the index of group affinity (GA), it could be noticed that F. ovina (GA=1.23) is 
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most distantly positioned within the group. The species F. polesica (GA=1.80) and F. pallens 
(GA=1.66) were almost equidistantly positioned while F. vaginata (GA=2.22) was the most tight-
ly bound within the group (Fig. 1).

Tree Diagram for 5   Variables
Unweighted pair-group average

Euclidean distances

0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1

Linkage Distance

F. ovina

F. pallens

F. psammophila

F. polesica

F. vaginata

Fig. 1. Cluster analysis dendrogram for the studied Festuca species based on anodal seed proteins
SDS-PAGE seed proteins. Contrary to the PAGE method based on differences of proteins 

electric charge, the technique of SDS-PAGE separates proteins on the basis of their relative 
molecular mass. Smaller proteins move faster down the gel than larger ones. Thus, the final band 
pattern represents the proteins arranged down the gel in decreasing order of their molecular mass. 
Both enzymatic and storage proteins are extracted. As the storage proteins are major portion of 
total seed proteins, it is assumed that the patterns are mainly due to the former ones. 

Overall, sixteen protein bands were resolved by SDS-PAGE in the seed samples of the 
studied Festuca species (Table 4). Four electrophoretic bands, namely 32, 43, 68, 100 were 
observed in all studied species. Except F. ovina, bands 52, 62 and 91 were detected throughout 
the whole group. Electrophoretic band 60 was observed in F. polesica and F. ovina only, whereas 
the bands 87 and 114 were common for the latter and F. pallens. Electrophoretic band 26 was 
species-specific for F. ovina.

Considering the values of coefficient SI, it was established that F. ovina occupied a rela-
tively remote position within the studied group as its SI were the lowest (Table 5). The species F. 
vaginata demonstrated highest affinity to F. polesica and less to F. pallens and F. psammophila.

Analysis of GA values led to the same conclusions. The species F. ovina occupied the most 
remote species within the group as its GA value (1.61) was the lowest one, while the GA values 
of the other species were ranging from 2.19 to 2.47 – an indication for their high mutual affinity 
(Fig. 2).
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Table 4
Banding profiles of SDS-PAGE seed proteins in the studied taxa of Festuca: 

1 – band present, 0 – band absent. Each band was designated by a number reflecting 
its migration (in mm) from the origin

Taxon Electrophoretic band
26 30 32 43 52 56 60 62 68 77 81 87 91 100 105 114

F. vaginata
F. psammophila
F. pallens
F. polesica
F. ovina

0
0
0
0
1

0
0
1
1
1

1
1
1
1
1

1
1
1
1
1

1
1
1
1
0

1
0
1
1
0

0
0
0
1
1

1
1
1
1
0

1
1
1
1
1

0
1
0
1
1

1
0
1
1
0

0
0
1
0
1

1
1
1
1
0

1
1
1
1
1

1
0
0
1
1

0
0
1
0
1

Table 5
Coefficient of similarity (SI) values for pair-wise comparisons among the studied taxa 

of genus Festuca – SDS seed proteins
Taxon Coefficient of similarity (SI) values

1 2 3 4 5
1. F. vaginata
2. F. psammophila
3. F. pallens
4. F. polesica
5. F. ovina

1.00
0.64
0.64
0.71
0.31

0.64
1.00
0.54
0.61
0.40

0.64
0.54
1.00
0.66
0.40

0.71
0.61
0.66
1.00
0.50

0.31
0.40
0.40
0.50
1.00

Tree Diagram for 5   Variables
Unweighted pair-group average

Euclidean distances

0,4 0,5 0,6 0,7 0,8 0,9 1,0

Linkage Distance

F. ovina

F. psammophila

F. pallens

F. polesica

F. vaginata

Fig. 2. Cluster analysis dendrogram for the studied Festuca species based on SDS-PAGE seed proteins
Mean values of coefficient SI for all pair-wise comparisons among the studied taxa cal-

culated as an average of the two SI data sets (anodal, SDS-PAGE seed proteins) are presented in 
Table 6. 
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Table 6
Mean values of coefficient of similarity (SI) for pair-wise comparisons among the studied 

taxa of genus Festuca – anodal seed proteins and SDS-PAGE seed proteins
Taxon Coefficient of similarity (SI) values

1 2 3 4 5
1. F. vaginata
2. F. psammophilla
3. F. pallens
4. F. polesica
5. F. ovina

1.00
0.66
0.57
0.72
0.30

0.66
1.00
0.48
0.56
0.39

0.57
0.48
1.00
0.52
0.38

0.72
0.56
0.52
1.00
0.35

0.30
0.39
0.38
0.35
1.00

Graphically the data are presented in Fig. 3. The species F. vaginata, F. psammophila and 
F. polesica proved to be closely related as judged by the two data sets. The species F. ovina was 
most distantly positioned within the studied group as its SI values were the lowest for all pair-
wise comparisons. 

Tree Diagram for 5   Variables
Unweighted pair-group average

Euclidean distances

0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1

Linkage Distance

F. ovina

F. pallens

F. psammophila

F. polesica

F. vaginata

Fig. 3. Cluster analysis dendrogram based on the two SI data sets (anodal and SDS-PAGE seed proteins) for 
the studied Festuca species
The species F. ovina possessed the lowest overall value of index of group affinity 

(GA=1.43), which confirms its remote position within the studied group of the genus Festuca and 
supports the view to consider F. ovina s.str. as a separate series Ovinae among the species with 
sclerenchyma ring. On the contrary, the value for species F. vaginata (GA=2.25), F. psammophila 
(GA=2.08) and F. polesica (GA=2.14) indicated their close affinity. The species F. pallens 
(GA=1.94) proved to be relatively distant from the above mentioned three species. Specific 
position of F. pallens is confirmed also by its ecological characteristics – it is the only species 
growing on carbonate rocks, while the rest of taxa are typical psamophytes which occur in pine 
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forest sands, river terrace sands, open dunes etc. Anatomical and morphological parameters and 
some of biochemical markers for F. pallens and F. psammophila are very similar [2, 3]. For this 
reason, some authors previously did not recognize F. psammophila as an independent species 
[11, 12]. There was also a number of discussions to which of this two species the population 
from Ukrainian Roztocha belongs to [3]. The results we obtained using seed protein markers 
showed that F. pallens and F. psammophila have substantial differences between each other – they 
were always located in different clusters. This fact once again confirms the independent status 
F. psammophila, and the fact that the species indeed occurs in Ukrainian Roztocha [3]. The cluster 
patterns were somewhat inconsistent (Figs. 1–3) in regard to different types of proteins (PAGE, 
SDS-PAGE). The only exception is F. ovina, which always occupies a separate position. This 
provides evidence that there is no clear distinction among small species aggregates (F. beckeri 
agg., F. glauca agg.), that previously were reviewed in Eastern Europe [3, 12], while F. vaginata, 
F. psammophila, F. pallens, F. polesica should be considered as a separate series of closely related 
taxa – series Psammophilae.
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Для ідентифікації вузьколистих видів роду Festuca традиційно використову-
ють ознаки анатомічної будови листків. Загалом, можна виділити три основні групи 
видів: ті, що мають анатомію за типом F. rubra (численні тонкі тяжі склеренхіми), 
за типом F. valesica (є три основних грубих і можливі додаткові тяжі) та за типом 
F. ovina (наявне кільце склеренхіми). У межах останньої групи, за різними авторами, 
виділяють низку дрібних видових агрегатів, трактування обсягів яких (спорідненості) 
у різних авторів є досить відмінним. Метою роботи було провести аналіз філогене-
тичної спорідненості низки видів із кільцем склеренхіми за альтернативними до кла-
сичних морфологічних ознак біохімічними маркерами, зокрема, за протеїнами білків. 
За допомогою електрофорезу в поліакриламідному гелі (PAGE) та додецилсульфаті 
натрію (SDS-PAGE) було досліджено мінливість білків насіння п’яти видів костриць 
флори України та Болгарії: Festuca vaginata, F. psammophila, F. pallens, F. polesica та 
F. ovina. Результати показали, що F. vaginata, F. psammophila та F. polesica виявилися 
досить тісно пов’язаними між собою, тоді як F. pallens є порівняно віддаленою від 
них. Специфічне положення F.  pallens підтверджується її екологічними особливос-
тями – це єдиний вид серії, що росте на карбонатних породах, у той час як всі інші 
таксони є типовими псамофітами. Результати показали також чіткі відмінності між 
українськими популяціями F. pallens і F. psammophila. Цей факт є особливо важли-
вим з огляду на нещодавні сумніви стосовно визнання останньої самостійним видом. 
Отримані дані підтвердили гіпотезу виростання F. psammophila на українському Роз-
точчі та доцільність розглядати її як окремий вид. Найвіддаленішою від усіх виявила-
ся F. ovina, яка в межах досліджуваної групи має найменші морфологічні параметри 
та найтонші листки. Отримані результати підтверджують її приналежність до окремої 
серії Ovinae серед видів із кільцем склеренхіми. Дендрограми кластерного аналізу 
були трохи відмінні за результатами щодо різних типів білків (PAGE, SDS-PAGE). Це 
свідчить про відсутність чіткого розмежування малими видовими агрегатами. Звідси 
можна зробити висновок, що всі інші досліджувані види (F. vaginata, F. psammophila, 
F. pallens, F. polesica) слід розглядати як окрему серію близькоспоріднених таксонів – 
серію Psammophilae.

Ключові слова: електрофорез, Festuca, насіннєві білки, систематика, взаємо-
відносини


