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Systematic relationships among four taxa of genus Melica 
(Poaceae) in Bulgaria: isoenzymatic survey
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Abstract. Polyacrylamide gel electrophoresis (PAGE) was employed to examine the variation of six isoenzymes, in 
an attempt to clarify the systematic relationships among Melica transsilvanica, M. ciliata, M. nutans, and 
M. uniflora. Their affinities were assessed by calculating the coefficient of divergence D. Averaged over 
the six surveyed enzymes, the mean values of coefficient D demonstrated that the species M. uniflora was 
equidistantly and far positioned from the species pairs M. ciliata (D = 0.56) and M. transsilvanica (D = 0.57), 
while the last two species were much close to each other (D = 0.33), as compared to M. uniflora. On the other 
hand, due to the number of species-specific isoforms, the species M. transsilvanica seems to be a different 
genetic entity, as compared to M. ciliata. It was concluded that M. transilvanica and M. ciliata were closely 
related but genetically different entities within genus Melica. These two species were almost equidistantly 
and far positioned from both M. uniflora and M. nutans. Results of the present study are in concordance with 
the main morphological features of the examined taxa of genus Melica.
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Introduction

The present study includes Melica ciliata L., M. trans-
silvanica Schur., M. nutans L., and M. uniflora Retz. 
The Melica ciliata–M. transsilvanica complex encom-
passes a group of Sub-Mediterranean-Continental 
species (Tutin 1980). These taxa are caespitose per-
ennials, diploids with chromosome number 2n = 18. 
M. transsilvanica is distinguished from M. ciliata by 
a set of several characters, including dense inflores-
cence, flatter leaves, very unequal glumes, and pubes-
cent lower leaf-sheaths. However, the intricate mor-
phological variability and overlapping traits make the 
Melica ciliata–M. transsilvanica complex a taxonomi-
cally problematic group (Hempel 1970). 

Melica uniflora is a rhizomatous, perennial and 
diploid (2n = 18) grass. Its spikelets are 3–7 mm long, 
erect, with one fertile floret. It occurs mainly in shady 
places. Its range of distribution in Europe goes north-

wards to Scotland, and eastwards to Moldavia (Tutin 
1980).

The species Melica nutans is shortly-rhizoma-
tous, long-living perennial grass, diploid, with chro-
mosome number 2n = 18. Its spikelets are 6–8 mm 
long, eventually nodding, with 2–3 fertile florets, fall-
ing together when ripe. This species occupies shady 
and often rocky places. It is distributed in most of Eu-
rope, but seldom in the Mediterranean region and its 
islands (Tutin 1980). 

Phylogenetic and taxonomical relationships be-
tween the taxa belonging to the Melica ciliata–M. 
transsilvanica complex have not been exhaustively 
explained and verified yet (Hempel 1970). A mono-
graphic revision of the genus Melica in Eurasia based 
mainly on morphology and anatomy was done by 
Hempel (2011). According to his taxonomic treat-
ment, M. ciliata and M. transsilvanica are included in 
the section Dalycum, whereas M. nutans and M. uni-
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flora belong to the sections Melica and Husnotchloa, 
respectively. The level of genetic variation and struc-
ture in natural populations of M. ciliata and M. trans-
silvanica were studied by DNA markers (Szczepaniak 
& Cieślak 2006). The genetic and morphological dif-
ferentiation between M. ciliata and M. transsilvanica 
were also studied (Szczepaniak & Cieślak 2011). 

Studies of isoenzyme variation and genetic struc-
ture of the natural populations in other Melica spe-
cies are rather scarce. Large-scale geographic patterns 
in the widespread Eurasian woodland grass M. nu-
tans were studied by sets of isoenzyme systems (Tyler 
2002a,b; 2004). Electrophoretic patterns of six isoen-
zymes in M. uniflora were also examined, in order to 
reveal its isoenzyme variation (Angelov 2012). An is-
ophenotype was found to be dominant in each of the 
surveyed enzymes and the third isophenotype was ra-
re. A substantial portion of isoforms occurred across 
all studied individuals of M. uniflora and were mono-
morphically fixed – an indication of the low level of 
genetic variation. 

The main purpose of our study was to reveal the 
isoenzyme population variability, in order to assess 
the systematic relationships among the above-men-
tioned Melica species.

Material and methods

Two natural populations of each Melica ciliata (Mt 
Lozenska, Lozen, N 42°35'/E 23°29; Mt Sredna Gora, 
Petrich, N 42°36'/E 24°09'), M. transsilvanica (Dan-
ubian Hilly Plain: Tarnene, N 43°23'/E 24°30'; Brest-
Gulyantsi, N 43°37'/E 24°37'), M. nutans (Pirin Mts, 
Banderitsa, N 41°46'/E 23°25'; Mt Lozenska, Dolni 
Pasarel, N 42°32'/E 23°29'), and M. uniflora (Mt Vito-
sha, Knyazhevo, N 42°39'/E 23°14'; Mt Lyulin, Klisura, 
N 42°43'/E 23°15') were individually studied. The en-
zymes cathodal esterase (EST), glutamate oxaloacetate 
transaminase (GOT), malate dehydrogenase (MDH), 

NADP-malate dehydrogenase (NADP-MDH), glucose-
6-phosphate dehydrogenase (G-6-PDH), and anodal 
peroxidase (PER) were analyzed. Leaves were grinded 
in 0.01 M Tris, 0.08 M glycine, 0.005 M cysteine, 20 % 
sucrose, pH 8.3. Anodally migrating isoforms were re-
solved on 7.5 % polyacrilamide slab gels as described by 
Davis (1964). The cathodal EST was run on 7.5 % pol-
yacrylamide slab gels (Reisfeld & al. 1962). The length 
of gels was 7.5 cm for GOT, MDH, NADP-MDH, G-
6-PDH; 6.25 cm for anodal PER; and 6 cm for cathod-
al EST. The following staining recipes were used: PER, 
GOT (Przybylska & al. 1982), EST (Schmidt-Stohn & 
Wehling 1983), G-6-PDH, MDH and NADP-MDH 
(Shaw & Prasad 1970).

Systematic relationships among the above-men-
tioned taxa of genus Melica were assessed by calculat-
ing the coefficient of divergence D (Stuessy 1990), ac-
cording to the following formula:
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where, N is the number of isoforms for each enzyme, 
and xij and xik are the mean frequencies of i th isoform 
in taxa j and k.

Results and discussion

Cathodal esterase. A total of eleven isoforms of 
the enzyme were electrophoretically resolved in Meli-
ca transsilvanica, M. ciliata, M. nutans, and M. uniflo-
ra (Table 1). Isoforms 16, 22 and 27 were shared by all 
examined species. Isoforms 19, 31 and 33 were com-
mon for M. transsilvanica and M. ciliata. Isoform 20 
was species-specific for M. uniflora, while isoform 44 
was found in M. transsilvanica only. Pairwise compar-
isons among M. ciliata, M. transsilvanica and M. uni-
flora resulted in values of coefficient D equal to 0.33 
and 0.45, respectively. The value of comparison be-

Table 1. Mean isoform frequencies of cathodal esterase in the studied populations of Melica transsilvanica, M. ciliata, M. nutans, and 
M. uniflora.

Species
Mean isoform frequencies

16 19 20 22 24 27 31 33 35 44 47
M. transsilvanica 0.50 0.12 0.00 1.00 0.12 0.87 0.50 0.05 0.62 0.12 0.38
M. ciliata 0.71 0.75 0.00 0.23 0.08 0.75 0.75 0.12 0.00 0.00 0.04
M. nutans 0.75 0.00 0.24 0.88 0.00 0.62 0.00 0.00 0.00 0.00 0.08
M. uniflora 0.40 0.00 0.60 0.71 0.00 0.10 0.00 0.00 0.06 0.00 0.00
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tween M. ciliata and M. transsilvanica was 0.41. The 
value of comparison between M. uniflora and M. nu-
tans was much lower and equalled 0.16.

Glutamate oxaloacetate transaminase. Eight iso-
forms of the enzyme were found in the studied popu-
lations of Melica species (Table 2). Two monomorph-
ically-fixed isoforms (24 and 44) were characteristic 
of M. ciliata only. Isoform 39 was invariant across the 
studied group of species. Beside isoform 39, M. uniflo-
ra was monomorphic in respect to isoforms 21 and 49. 
Isoform 46 was species-specific for M. transsilvanica. 
Melica transsilvanica and M. ciliata proved to be very 
closely related (D = 0.16), while M. uniflora was near-
ly equidistant from M. ciliata (D = 0.76) and M. trans-
silvanica, with coefficient D equal to 0.65. The value of 
coefficient D in comparison between M. uniflora and 
M. nutans was equal to 0.16.

Table 2. Mean isoform frequencies of glutamate oxaloacetate 
transaminase in the studied populations of Melica transsilvanica, 
M. ciliata, M. nutans, and M. uniflora.

Species
Mean isoform frequencies

15 18 21 24 39 44 46 49
M. transilvanica 0.00 0.25 0.25 1.00 1.00 0.87 0.13 0.00
M. ciliata 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00
M. nutans 0.44 0.56 0.92 0.64 1.00 0.00 0.00 0.78
M. uniflora 0.06 0.06 1.00 0.00 1.00 0.00 0.00 1.00

Malate dehydrogenase. Seven isoforms of malate 
dehydrogenase were detected in Melica transsilvanica, 
M. ciliata, M. nutans, and M. uniflora (Table 3). Two 
monomorphically-fixed isoforms (34, 41) were com-
mon for the entire species group. An invariant isoform 
(29) was species-specific for M. uniflora. The latter 
species was almost equidistant from both M. transsil-
vanica (D = 0.62) and M. ciliata (D = 0.67), where-
as the value of coefficient D was 0.46, when the latter 
two species were compared. The value of coefficient D 
when compared between M. uniflora and M. nutans 
equalled 0.20.

Table 3. Mean isoform frequencies of malate dehydrogenase 
in the studied populations of Melica transsilvanica, M. ciliata, 
M. nutans, and M. uniflora.

Species
Mean isoform frequencies

17 22 25 29 31 34 41
M. transsilvanica 0.63 0.00 0.00 0.00 0.75 1.00 1.00
M. ciliata 0.05 0.00 0.00 0.00 0.05 1.00 1.00
M. nutans 0.00 0.10 0.16 0.00 0.70 1.00 1.00
M. uniflora 0.00 0.50 1.00 1.00 1.00 1.00 1.00

NADP-malate dehydrogenase. A total of elev-
en isoforms of the enzyme were electrophoretical-
ly resolved in the populations of studied Melica taxa 
(Table 4). Isoform 12 was shared by all studied species. 
Isoform 19 was common for M. ciliata and M. nutans, 
while isoform 41 was shared by the latter species and 
M. uniflora. Two isoforms (17, 29) were characteristic 
for M. uniflora. The species M. uniflora was equidis-
tant from both Melica transsilvanica (D = 0.49) and M. 
ciliata (D = 0.50), whereas the respective value of the 
comparison between the two latter species equalled 
0.26. A pairwise comparison between M. uniflora and 
M. nutans resulted in coefficient D value of 0.21.

Table 4. Mean isoform frequencies of NADP-malate dehydro-
genase in the studied populations of Melica transsilvanica, 
M. ciliata, M. nutans, and M. uniflora.

Species
Mean isoform frequencies

12 17 19 29 41
M. transsilvanica 0.75 0.00 0.00 0.00 0.00
M. ciliata 0.67 0.00 0.33 0.00 0.00
M. nutans 0.77 0.00 0.42 0.00 0.12
M. uniflora 0.31 0.68 0.00 0.47 0.16

Glucose-6-phosphate dehydrogenase. Altogeth-
er, five isoforms of the enzyme were detected in Meli-
ca transsilvanica, M. ciliata, M. nutans, and M. uniflo-
ra (Table 5). Isoforms 22 and 26 were common for the 
entire studied group. Isoforms 18 and 30 occurred with 
different frequency in most of the studied taxa. Isoform 
33 was characteristic for M. uniflora. Pairwise compar-
isons of M. ciliata with M. transsilvanica and M. uniflo-
ra resulted in values of coefficient D equal to 0.45 and 
0.65, respectively. The value from the comparison be-
tween M. ciliata and M. transsilvanica was 0.28. The 
value of coefficient D in a comparison between M. uni-
flora and M. nutans was lower and equal to 0.21.

Table 5. Mean isoform frequencies of glucose-6-phosphate de-
hydro genase in the studied populations of Melica transsilvanica, 
M. ciliata, M. nutans, and M. uniflora.

Species
Mean isoform frequencies

18 22 26 30 33
M. transsilvanica 0.75 1.00 0.87 0.12 0.00
M. ciliata 0.32 0.95 0.53 0.00 0.00
M. nutans 0.22 0.85 0.23 0.12 0.00
M. uniflora 0.00 0.12 0.44 0.57 0.57

Anodal peroxidase. A total of sixteen isoforms of 
anodal peroxidase were detected in the examined spe-
cies group of genus Melica (Table 6). Most isoforms were 
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shared by all studied taxa. Three isoforms, namely, 11, 30 
and 37 were unique for M. transsilvanica, whereas iso-
form 36 was observed in the studied populations of M. 
ciliata only. The values of coefficient D from compar-
isons of the species pairs M. ciliata – M. transsilvanica 
and M. ciliata – M. uniflora were 0.48 and 0.51, respec-
tively. A value of 0.60 was obtained, when M. transsil-
vanica and M. uniflora were contrasted. The value of co-
efficient D in the comparison between M. uniflora and 
M. nutans equalled a much lower figure of 0.20.

Averaged over the six surveyed enzymes, the mean 
values of coefficient D demonstrated that the species 
M. uniflora was equidistantly and far positioned from 
the species pairs M. ciliata (D = 0.56) and M. transsil-
vanica (D = 0.57), while the last two species were much 
closer to each other (D = 0.33), as compared to M. uni-
flora. On the other hand, due to the number of species-
specific isoforms, the species M. transsilvanica seems to 
be a different genetic entity, as compared to M. ciliata. 
Multivariate morphometrical analyses revealed a partly 
overlapping morphological variability between M. cilia-
ta and M. transsilvanica (Szczepaniak & Cieślak 2011). 
It was found that the lower-glume-to-upper-glume 
length ratio was the best discriminating character be-
tween the two species. Despite their morphological re-
semblance, the obtained isozyme data allow to discrim-
inate between M. ciliata and M. transsilvanica.

Mention deserves the fact that the mean value of 
coefficient D from the comparison between M. nutans 
and M. uniflora was 0.19 – an indication of a high sim-
ilarity of the isoenzyme structure of both taxa. This 
value is much lower than the values from all pair-
wise comparisons within the studied species group of 
genus Melica. The result demonstrated that the spe-
cies M. nutans and M. uniflora are closer related and 
more distant from the species pair of M. ciliata and M. 
transsilvanica. Both M. nutans and M. uniflora are rhi-
zomatous, while the species M. ciliata and M. transsil-
vanica are caespitose. Thus, the results of the present 
study are in concordance with the main morphologi-
cal features of the examined taxa of genus Melica. 

Summarizing the results of the present study, it 
could be concluded that the species M. ciliata and M. 
transsilvanica are closely related but genetically differ-
ent entities within genus Melica. These two species are 
almost equidistantly and far positioned from both M. 
uniflora and M. nutans.
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