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Abstract: Genetic variation of two Pinus mugo Turra populations, 
one Pinus sylvestris population and four putative hybrid swarms of 
the species was studied using 12 polymorphic allozyme loci. In all 
populations studied the relatively high values of fixation indices 
were found. The causes of this phenomenon vary from population 
to population. The population of P. sylvestris from Hruštín is 
characterized by a small population size. We assume that this is 
the reason for such a high value of the fixation index of the 
population (0.234). The specific growth and reproductive biology 
(pollination occurs primarily between the nearest neighbours) of 
Pinus mugo is probably the cause of high value of fixation index in 
population Roháče (0.290). Putative hybrid swarms is difficult to 
compare. They have different population sizes and different 
proportions of the individuals of parent species and their hybrids. 
Fixation indices in the various putative hybrid swarms vary 
significantly (0.102–0.235). We assume that a larger portion of 
hybrids in hybrid swarm means a lower fixation index. Our results 
indicate that the highest proportion of hybrids should occur at sites 
Habovka and Terchová.  
 
Keywords: Pinus mugo, Pinus sylvestris, putative hybrid swarm, 
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Introduction 

In plants hybridization and introgression are known to be important 
evolutionary forces  (ANDERSON & STEBBINS 1954; STEBBINS 1969; GRANT 1981; 
ARNOLD 1992). Gene flow between species may lead to uni- or bi-directional 
gene exchange, may eliminate species boundaries after secondary contact 
generating unstable tension zone, or may initiate stable speciation events 
(RIESEBERG 1997). Hybrid speciation in plants through polyploidy is much more 
common than homoploid hybrid speciation, because the duplication in 
chromosome number provides the hybrid with an effective means of reproductive 
isolation from its parental species. Hybrid speciation without increase in ploidy 
must, in contrast, involve other isolation factors such as ecological and spatial 
isolation or some degree of chromosomal or genetic incompatibility (RIESEBERG 
& CARNEY 1998; BUERKLE et al. 2000). 

The Scots pine (Pinus sylvestris) is a wide spread tree species and the main 
forest-forming component in Europe and Asia. This species is closely related to 
the dwarf mountain pine (Pinus mugo) that is endemic to European mountainous 
regions and which occurs also on some peatbogs since the postglacial period 
(CRITCHFIELD & LITTLE 1966). Individuals with intermediate or mixed phenotypic 
characters with regard to P. sylvestris and P. mugo were found in sympatric 
populations of the species (STASZKIEWICZ & TYSZKIEWICZ 1969, 1972; BOBOWICZ 
1990; CHRISTENSEN & DAR 1997).    

The natural hybridization between Pinus mugo and Pinus sylvestris was 
verified by several authors using morphological and anatomical characters 
(BOBOWICZ 1990; STASZKIEWICZ 1996), analysis of proteins by serological 
techniques (PRUS-GŁOWACKI et al. 1978, 1981; PRUS-GŁOWACKI & SZWEYKOWSKI 
1980), analysis of chloroplast DNA (FILLPULA et al. 1992; KORMUŤÁK et al. 2005, 
2006, 2008; WACHOWIAK et al. 2006; WACHOWIAK & PRUS-GŁOWACKI 2008) and 
analysis of isoenzyme polymorphism (WACHOWIAK & PRUS-GŁOWACKI 2008). 
However, estimates of hybridization intensity in individual studies vary from 
creation of a small number of hybrids (NEET-SARQUEDA et al. 1988; CHRISTENSEN 
& DAR 1997) to the formation of complex hybrid swarms involving parental 
species, F1-generation hybrid and their back-crosses (STASZKIEWICZ & 
TYSZKIEWICZ 1969; BOBOWICZ 1990). 

By means of a simultaneous analysis of the species-specific chloroplast DNA 
markers in the embryo and in the corresponding mother tree KORMUŤÁK et al. 
(2008) have illustrated natural hybridization between P. mugo and P. sylvestris at 
several locations in northern Slovakia. However, the portion of hybrid seeds from 
different localities varied considerably. This finding may be explained by the 
flowering phenology (only a small number of individuals of the parent species is 
 phenologicaly synchronized) and the genetic causes (for locations where 
introgressants are present, they may be more prone to hybridization). 
Identification of hybrid trees would require the use of species-specific markers 
for mitochondrial DNA (KORMUŤÁK et al. 2008).   

STEBBINS (1950) suggests that consequence of an introgressive hybridization 
is the change in the variability pattern of the hybrid populations. Hybrids are 
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characterized by an increase variability compared with the parent species. 
Therefore, we have made an attemp to compare the observed heterozygosity 
and fixation index within populations of P. sylvestris, P. mugo and their putative 
hybrid swarms at analysed isoenzyme loci. 

Material and methods 
Altogether, we have studied 7 populations, including 2 P. mugo populations, 1 

P. sylvestris population and 4 putative hybrid swarms with intermediate forms 
between P. mugo and P. sylvestris. The geographic origin of  investigated 
populations is given in Tab. 1. 

Tab. 1. Populations of P. mugo, P. sylvestris and their putative hybrid swarms 
used in the analysis. 

No. Population Species Region or mountains Latitude Longitude Altitude Sub-soil 
1 Hruštín P. sylvestris Orava 49°19´18´´  19°21´39´´  700 mineral 
2 Roháče P. mugo Západné Tatry 49°12´33´´  19°45´05´´  1450 mineral 
3 Vrátna P. mugo Malá Fatra 49°11´16´´  19°01´52´´  1230 mineral 
4 Terchová Hybrid swarm Malá Fatra 49°15´20´´  19°01´59´´  1171 mineral 
5 Tisovnica Hybrid swarm Orava 49°34´09´´  19°23´54´´  815 peatbog 
6 Habovka Hybrid swarm Orava 49°16´25´´  19°36´25´´  815 peatbog 
7 Suchá Hora Hybrid swarm Orava 49°23´20´´  19°47´11´´  765 peatbog 

Bud samples were collected from 42–70 individuals (depending on size of the 
population). The following 6 enzyme systems encoded by 12 loci were studied 
(Enzyme Commission number and locus abbreviations in parentheses): leucin 
aminopeptidase (LAP; E.C. 3.4.1.1.1.), fluorescent esterase (F-EST; E.C. 
3.1.1.1.), isocitrate dehydrogenase (IDH; E.C. 1.1.1.42.), shikimate 
dehydrogenase (SkDH; E.C. 1.1.1.25.), malate dehydrogenase (MDH; E.C. 
1.1.1.37.), 6-phosphogluconate dehydrogenase (6 PGDH; E.C. 1.1.1.44.). The 
separation of isoenzymes in 12% starch gels was performed as described by 
CONCLE et al. (1982). LAP and F-EST were separated in Ashton buffer, pH 8,1. 
IDH, SkDH, MDH and 6 PGDH were separated in Tris-histidine buffer, pH 7,0. 
Detecting mixtures were prepared according to the recipes by CHELIAK & PITEL 
(1984, 1985). Expected and observed heterozygosity and fixation index were 
calculated using  BIOSYS program (SWOFFORD & SELANDER 1981). 

Results 
Observed heterozygosity values are the basis for evaluation of the deviations 

from Hardy-Weinberg equilibrium. Our results revealed that expected 
heterozygosity varies between loci and between populations (Tab. 2). 

The main indicator of deviations from the population equilibrium is the fixation 
index. Our results show that significant differences in fixation index values exist  
between loci and between populations (Tab. 3, 4). Statistically significant positive 
fixation index value can be expected in the nearly monomorphic loci (Skdh-B, 
Mdh-A, Lap-B). Surprisingly, statistically significant positive fixation index values 
have been recorded also for other loci. Statistically significant negative fixation 
index was recorded in populations of P. mugo (Roháče). 
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Tab. 2. Observed heterozygosity (Ho) at different loci in different populations (underline + 
bold - P. sylvestris, simple font - P. mugo, bold - putative hybrid swarms). 

locus Hruštín  Roháče Vrátna Tisovnica Habovka Suchá Hora Terchová 
IDH A 0.024 0.016 0.083 0.094 0.000 0.017 0.000 
SkDH A 0.095 0.290 0.400 0.448 0.358 0.383 0.322 
SkDH B 0.190 0.097 0.100 0.156 0.132 0.117 0.067 
MDH A 0.071 0.000 0.017 0.031 0.057 0.183 0.100 
MDH B 0.262 0.194 0.367 0.375 0.453 0.400 0.367 
MDH C 0.333 0.177 0.317 0.354 0.434 0.333 0.333 
6 PGDH 0.429 0.452 0.467 0.542 0.245 0.583 0.722 
LAP A 0.000 0.258 0.233 0.323 0.170 0.117 0.256 
LAP B 0.071 0.129 0.117 0.219 0.113 0.050 0.267 
EST A 0.119 0.355 0.467 0.417 0.245 0.233 0.478 
EST B 0.524 0.581 0.683 0.396 0.472 0.283 0.489 
EST C 0.286 0.177 0.317 0.240 0.245 0.233 0.378 

Tab. 3. Fixation index (FIS)at different loci in dif ferent populations (underline + 
bold - P. sylvestris, simple font - P. mugo, bold - putative hybrid swarms).  

locus Hruštín  Roháče Vrátna Tisovnica  Habovka  Suchá Hora  Terchová  
IDH A 0.000  0.000  –0.024  –0.033  -  0.000  -  
SkDH A 0.288  0.337 ** 0.175  0.085  0.128  0.212  0.155  
SkDH B –0.091  0.416 ** 0.211  –0.061  –0.047  –0.044  0.418 ** 
MDH A 0.544 ** -  0.000  0.000  –0.018  –0.063  –0.031  
MDH B 0.196  0.472 ** 0.104  0.173  0.075  0.144  0.184  
MDH C 0.023  0.506 ** 0.261 * 0.239 * 0.118  0.272 * 0.251 * 
6 PGDH 0.268  0.215  –0.237  0.160  0.377 ** –0.002  –0.139  
LAP A 0.988 ** 0.121  –0.119  0.302 ** –0.082  –0.054  0.217 * 
LAP B 0.708 ** 0.428 ** 0.163  0.595 ** –0.046  –0.020  0.120  
EST A –0.043  0.312 ** 0.119  0.168  0.136  0.380 ** 0.076  
EST B –0.152  –0.266 * –0.147  0.005  –0.102  0.371 ** 0.000  
EST C 0.341 * 0.519 ** 0.326 ** 0.441 ** 0.139  0.488 ** 0.259 ** 

Tab. 4. Comparison of average values expected heter ozygosity ( He), observed 
heterozygosity ( Ho) and fixation index ( FIS) in different populations and species ( n - 
number of analyzed loci). 

Population Species n He Ho Fis 

Hruštín P. sylvestris 12 0.258 0.200 0.234 
Terchová Hybrid swarm 12 0.356 0.315 0.120 
Tisovnica Hybrid swarm 12 0.389 0.299 0.235 
Habovka Hybrid swarm 12 0.269 0.244 0.102 
Suchá Hora Hybrid swarm 12 0.312 0.244 0.224 
Average Hybrid swarms 12 0.332 0.276 0.170 
Roháče P. mugo 12 0.317 0.227 0.290 
Vrátna P. mugo 12 0.323 0.297 0.088 
Average P. mugo 12 0.320 0.262 0.189 
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Discussion 

Only a few papers have appeared referring to observed heterozygosity in 
populations of P. mugo and P. sylvestris. Practically it is possible to make 
comparison with the literature data only for some loci (Lap-A, Lap-B, Mdh-A, 
Mdh-B). 

KORSHIKOV et al. (2002) reported of a large range of values of observed 
heterozygosity (0.080 to 0.360) for populations of P. sylvestris at locus Lap-A. 
The authors KORSHIKOV et al. (2007) found for this locus in the population P. 
sylvestris var. cretacea different values of observed heterozygosity for haploid 
and diploid tissue (0.172; 0.036). These results correspond well with our data. 
KORSHIKOV & PIRKO (2002) found in populations of P. mugo higher values of 
observed heterozygosity (average value 0.578) than our findings. 

KORSHIKOV et al. (2002) detected values of observed heterozygosity ranging 
from 0.120 to 0.240 at locus Lap-B of P. sylvestris populations. Other authors 
(KORSHIKOV et al. 2007) found for this locus in the population P. sylvestris var. 
cretacea different values of observed heterozygosity for haploid and diploid 
tissue (0.172; 0.018). These values are similar to our results. KORSHIKOV & PIRKO 
(2002) found in populations of P. mugo higher values of observed heterozygostity 
averaging at 0.208. The figure is higher than our findings. 

KORSHIKOV et al. (2002) found that observed heterozygosity in populations of 
P. sylvestris at the Mdh-A locus ranges from 0.040 to 0.111. Their results are 
similar to our results. KORSHIKOV & PIRKO (2002) found in populations of P. mugo 
at locus Mdh-A of P. mugo populations slightly higher values of observed 
heterozygosity (0.043) than in our case. 

KORSHIKOV et al. (2007) found for the Mdh-B locus in the population P. 
sylvestris var. cretacea similar values of observed heterozygosity for haploid and 
diploid tissue (0.310; 0.316). However, KORSHIKOV et al. (2002) found even 
higher values  ranging from 0.460 to 0.760. These values are quite larger than 
our observed results. KORSHIKOV & PIRKO (2002) found in populations of P. mugo 
at locus Mdh-B similar values of observed heterozygosity (0.220) as our results. 

In the studied populations, we have found considerable variability in the 
fixation index values of different loci. However, statistically significant differences 
were detected not only in the nearly monomorphic loci (Skdh-A, Skdh-B, MDH, 
Lap-B), where we can expect such values, but also in the more polymorphic loci 
(F-Est-A, F-Est-B, F-Est-C,  Skdh-A, 6 PGDH, Mdh-B, Mdh-C and LAP). 
Comparing our results with literature data is possible only for those loci which 
analyzed other authors (Mdh-A, Mdh-C, F-Est-A, F-Est-B, Lap-B, Skdh-A, Skdh-
B). 

Values of fixation indices for Mdh-A locus in populations of P. mugo, P. 
sylvestris, and their putative hybrid swarms vary significantly. A high value of 
fixation index was recorded in the population of Pinus sylvestris, while in 
populations of P. mugo the recorded values were lower. A similar finding also 
provides ODRZYKOSKI (2002). The author found for the population of P. sylvestris 
fixation index values ranging between –0.036 and –0.275, whereas  for the 
population of P. mugo between –0.030 and –0.004. Our results are also 
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consistent with the findings of other authors averaging in P. sylvestris 
populations at 0.266 DVORNYK (2001), in P. mugo populations at –0.033 
(KORSHIKOV & PIRKO 2002). However, comparison of fixation indices at this locus 
is rather difficult. The reason is that this locus is almost monomorphic. Even a 
small random change in the number of heterozygotes may significantly affect the 
index value. 

Higher values of fixation indices for populations of P. mugo than for 
populations of P. sylvestris were detected at locus Mdh-C. ODRZYKOSKI (2002) 
similarly found that high positive index values are more typical for populations of 
P. mugo than for populations of P. sylvestris (P. sylvestris: –0.036 – –0.069; P. 
mugo: –0.103 – –0.212). Results of other authors also support this argument as 
evidenced by the average fixation index of  –0.173 for P. sylvestris (DVORNYK 
2001) and average indexes of 0.252 and 0.323 for P. mugo  (SLAVOV & ZHELEV 
2004).  

Highly variable values of fixation indices varying from population to population 
were calculated for locus F-Est-B. DVORNYK (2001) postulates for  populations  
of P. sylvestris the value – 0.100, whereas ODRZYKOSKI (2002) the values –0.091 
– –0.185. The values of  0.209  and –0.048 – –0.023 were calculated by SLAVOV 
& ZHELEV (2004) and ODRZYKOSKI (2002) for  P. mugo populations. 

Highly variable values of fixation indices we calculated also for locus Lap-A. 
ODRZYKOSKI (2002) found in populations of P. mugo wider range of values of 
fixation indices (–0.068 – –0.262) than in populations of P. sylvestris (–0.003 – –
0.104). KORSHIKOV & PIRKO (2002) calculated for the population of P. mugo low 
average fixation index (–0.116), whereas SLAVOV & ZHELEV (2004) found a high 
average value of the kind (0.380). 

Lap-B locus appears to be almost monomorphic, and the high variation in 
fixation index values can be expected. KORSHIKOV & PIRKO (2002) found low 
average fixation index for this locus (–0.024) in populations of P. mugo, while 
SLAVOV & ZHELEV(2004) show a higher average fixation index for the population 
of the same species (0.300). 

SLAVOV & ZHELEV (2004) calculated for the locus Skdh-A in P. mugo positive 
average fixation index (0.174). ODRZYKOSKI (2002) for populations of P. 
sylvestris and P. mugo published a small range of values of fixation indices at 
this locus (0.021 – –0.186; –0.038 – –0.084). 

    Skdh-B locus is characterized by a high volatility of fixation indices values. 
ODRZYKOSKI (2002) found higher fixation index values range in populations of P. 
sylvestris (–0.076 – –0.228) than in populations of P. mugo (–0.062 – –0.013). 
However, SLAVOV & ZHELEV (2004) calculated a higher average fixation index 
also for the populations of P. mugo (0.152), which corroborate better our results. 

Comparison of our results with findings in the literature (PRUS-GŁOWACKI & 
BERNARD 1994; PRUS-GŁOWACKI & STEPHAN 1994; DVORNYK 2001; PRUS-
GŁOWACKI et al. 2003; MÁNEK & EŠNEROVÁ 2004; SLAVOV & ZHELEV 2004; 
EŠNEROVÁ & MÁNEK 2005; PRUS-GŁOWACKI et al. 2005; KORSHIKOV et al. 2007) 
indicates that total value of the fixation indices are mostly lower in populations of 
P. sylvestris as compared with populations of P. mugo.  



173 
 

Values of fixation indices in the putative hybrid swarms vary significantly. In 
populations studied by us were found relatively high values of fixation indices. 
The causes of this phenomenon vary from population to population. SLAVOV & 

ZHELEV (2004) suggest that high levels of fixation index in populations of P. mugo 
may be due to peculiar growth and reproductive biology of the species with 
pollination occurring primarily between the nearest neighbours. The population of 
Roháče shows a similar fixation index value as reported by these authors. The 
population of P. sylvestris from Hruštín is characterized by a small size. The 
reproduction process involves only a few individuals. The consequence is that 
intrapopulation variability decreases from generation to generation under 
simultaneous increase of homozygote proportion. Putative hybrid swarms have 
different size and different proportion of hybrid individuals and individuals of the 
parent species. Phenological isolation exists between the parental species. This 
has reduced the effective population size. We assume that hybrid individuals 
have greater ability to break down barriers to gene flow. For this reason, a larger 
portion of hybrids in hybrid swarm means lower fixation index. KORMUŤÁK et al. 
(2008) and DEMANKOVÁ & KORMUŤÁK (2007) found the highest proportion of 
hybrid seeds at Terchová and Habovka. Their findings correspond well with our 
results. 
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