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ABSTRACT

In this study the allozyme variation in 8 chestnut populations (Castanea sativa Mill.) was studied. The 
studies were performed using standard methods for isozymes determining of genotypes. The large effective 
number of alleles was found thus proving the existence of a high genetic diversity. For population Petrich700 higher 
number of effective alleles was obtained, and the highest value for the expected heterozygosity was calculated 
for population Tsaparevo. For Petrich900, Petrich700, Samuilovo and Slavyanka populations, lower values   for the 
expected heterozygosity were obtained in comparison with the experimentally calculated. The positive values   
obtained for the inbreeding coefficient in Belasitsa, Brezhani, Tsaparevo and Churichene populations indicate for 
lack of heterozygous individuals. The cluster analysis classifies Petrich900, Petrich700 and Samuilovo populations as 
more similar to each other, which corresponds to its geographic location. The most distinct from the three major 
groups is Brezhani. It is also geographically the most remote population compared to the others, indicating the 
existence of a relationship between the genetic and geographic distances.
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INTRODUCTION

Sweet chestnut (Castanea sativa Mill.) populations are widely distributed all around 
the Mediterranean basin and are unique communities of major social, economic and 
ecological significance. C. sativa belongs to the so-called multipurpose species due to its 
diverse beneficial properties and the wide range of valuable products that can be obtained. 
The species has long cultivation traditions in many areas of Europe and species is a target of 
gene conservation network of the European Forest Genetic Resources Programme (IPGRI, 
2003), highlighting its international importance.

The widespread distribution of the species in Southern Europe and Asia Minor, 
according to Villani et al. (1994, 1999), determines the high level of inter-population 
variability that is established on the basis of biochemical markers. The results are confirmed 
by the established morphological and physiological differences between several populations 
of Eastern and Western Turkey. Villani et al. (1991) also believe that the populations of 
Western Turkey are genetically closer to the Italian populations than in the eastern part of 
Turkey. These differences, according to the authors, are most likely related to the macro-
climatic conditions and especially to the amount of precipitation and showed the great 
adaptability of chestnuts. 
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Contemporary approach includes various techniques (RAPD and isoenzyme 
assays), and very good results are obtained with a large number of primers used (Beccera 
et al., 2000). The authors proved the existence of great genetic diversity, assessed on the 
basis of genetic markers, establishing that effective number of alleles in populations from 
southern Europe is extremely high and gradually decreases to the north and west. Its strong 
reduction has been found by Machon et al. (1996) in studies of several chestnut populations 
in France. According to the authors, this was most likely due to genetic drift, due to the use 
of a limited number of genotypes in afforestation. 

The genetic differentiation of plant populations using enzymatic markers, which 
are assumed to represent neutral genes, has been extensively studied during the last 20 
years. Hamrick et al. (1992) showed that woody plants exhibit generally high level of 
intrapopulation diversity for enzymatic markers and interpopulation diversity related to 
the life-history traits of the species. Although life history and ecological traits explain a 
significant proportion of the variation among species, a large proportion of the interspecific 
variation is unexplained.

The ability to observe the variation of alleles in isozyme loci revolutionized the 
research in the field of biochemical, population and evolutionary genetics (Wendel, 
Weeden, 1989; Crawford, 1990; Schaal et al., 1991; Weir, 1996). This variation, defining 
the isoenzymatic polymorphism, is of great importance in studying genetic processes at 
each stage of the life cycle of both plant and animal species and identifying their genetic 
diversity. Today, this technique is relatively well developed and easy to implement, and for 
many plant species methodologies have been developed (Hamrick, Godt, 1990). However, 
much of the research shows that there is a relatively low degree of differentiation between 
species populations that do not have special adaptation mechanisms for seed propagation, 
as is sweet chestnut.

In the present study, isoenzymatic genetic markers are used to assess the genetic 
variability of selected populations of chestnut in SW part of Bulgaria. The objective is to 
estimate the genetic diversity within and among chestnut populations.

MATERIALS AND METHODS

Data collection and laboratory analysis
A total of eight populations representing C. sativa in SW part of Bulgaria were 

sampled (Table 1). From each population 1-year twigs with winter buds from 30 to 50 
randomly selected individuals were collected. The twigs were stored at -20°C until the 
analysis is performed.

The studies were performed using standard methods for determining of isozyme 
genotypes (Huang et al., 1994a; 1994b). Extraction buffer for tissues with high content 
of phenols according to Wendel, Weeden (1989) with small modifications was used for 
enzyme extraction. Before extraction 100 mg dithiothreitol and PVP-40 - 5 mg were 
added to 100 mL of the buffer. The buds were grinded in liquid nitrogen. The exposure is 
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performed at 1-2oC in order to preserve enzyme activity. The extracts were transferred to 
centrifuge tubes and centrifuged at 15 000 rpm for 30 min. After extraction, all extracts 
were transferred to Ependorf tubes and stored at -20°C until electrophoresis is started.

Vertical electrophoresis was applied in 8% polyacrylamide gel. The polymerization 
process of the gels lasts for about 2 h at room temperature. Buffer system Tris-glycine - pH 
8.3 (Ornstein, 1964) was used. For further analysis a total of 7 enzyme systems were chosen 
(Table 2). The movement of the electrophoresis front was controlled by bromophenol blue.

The electrophoresis duration was about 2 h at a voltage U = 60-90 V and a current  
power I = 25 mA. Enzymatic activity visualization follows standard protocols (Cheliak, 
Pitel, 1984; Wendel, Weeden, 1989) with small modifications. The loci and alleles were 
numbered according to their electrophoretic mobility, the most distant locus from the start 
is numbered 1 and the individual alleles in the corresponding locus are designated by A, B, 
C ...., according to their electrophoretic mobility.

In order to develop a well-functioning methodology for isozyme assays by applying 
polyacrylamide gel electrophoresis, several extraction buffer and electrode buffer systems 
were tested. For each buffer system, different pH values   of the solution were experimented 
(Shaw, Prasad, 1970, Aebersold et al., 1987; Wendel, Weeden, 1989; Murphy et al., 1990; 
Kazan et al., 1993). The electrophoretic properties of several enzyme systems in extracts of 
winter chestnut buds were found to characterized with good resolution.

Table 1. Location of studied chestnut populations

Object Code Population
Geographic coordinates Altitude 

mlatitude longitude

1 PT Petrich900 41о21/25// 23o10/49// 900

2 PH Petrich700 41o22/06// 23o11/28// 700

3 BS Belasitsa 41o21/21// 23o07/51// 550

4  SM Samuilovo 41o21/52// 23o05/11// 500

5 SL Slavyanka 41o24/56// 23o32/55// 800

6 BR Brezhani 41o51/48// 23o11/00// 7000

 7 ZP Caparevo 41o37/42// 23o05/33// 700

 8 CH Churichene 41o28/09// 23o04/12// 1000

Table 2. Enzyme systems

Enzyme E.C. N of loci
Glutamate dehydrogenase 1.4.1.2 1 (GDH)
Isocitrate dehydrogenase 1.1.1.41 1 (IDH
Shikimate dehydrogenase 1.1.1.25. 1 (SKD)
Formate dehydrogenase 1.2.1.2 1 (FDH)
Malate dehydrogenase 1.1.1.37 2 (MDH-1; MDH-2)
6 - Phosphogluconate dehydrogenase 1.1.1.44. 1 (6PGD)
Esterase 3.1.1. 2 (EST-1); (EST-2)
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Analysis and data processing
The diploid genotypes were detected directly from electrophoregrams. Based on the 

genotype frequencies, the following parameters were determined:
Allele frequency;
Genetic diversity in populations assessed on the basis of the following indicators:
- mean number of alleles per locus;
- effective number of alleles (Ae).
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where: 
Ae – effective number of alleles in particular locus; 
n – number of alleles; 
pi – the frequency of i-th allele in locus.
The average value for population was calculated as the harmonic mean of the values 

for the individual loci. 
Expected heterozygosity (He). This indicator shows what the heterozygosity should 

be at the given allele frequency and for each individual locus and was calculated by the 
following formula:
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The meaning of the other symbols is as in the formula (1). 
Total for the population (He) was calculated as the average of the values for all loci 

Inbreeding coefficient (F), was calculated by the formula:
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where:
Ho is the actual (observed) heterozygosity, detected on the basis of genotype 

frequencies.
The parameters of genetic diversity between populations were calculated according 

to Nei (1978). For better graphic interpretation, a cluster dendrogram was built on the 
basis of genetic distances between pairs of populations.

RESULTS AND DISSCUSSION

In preliminary analysis for malate dehydrogenase (MDH) and esterase (EST) 
enzymes were found to be characterized by two areas of activity each staining at different 
population-specific intensities, indicating that each distinct zone of enzyme activity is 
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determined by a single gene (Mdh-1, Mdh-2, Est-1 and Est-2). The enzymes shikimate 
dehydrogenase (Sdh), formate dehydrogenase (Fdh), 6-phosphoglucose-isomerase (6-Pgd) 
and esterase (Est-1, Est-2) were polymorphic in all of the studied populations (Table 3). 

The alleles Est-1/3 and Est-2/1 had relatively low frequencies in the studied 
populations. The average number of alleles per locus varied within the range of 2.1 in 
Brezhani to 2.4 in Petrich700 (Table 4). The observed mean value was 2.25 and was higher 
than that found by Bonnefoi (1984) and Pigliucci et al. (1990) for the average number 
of alleles in natural chestnut stands in France and Italy, but was lower than that found by 
Villani et al. (1991) for chestnut populations from the territory of Turkey.

The expected heterozygosity ranged from 0.141 to 0.198, respectively, for 
populations Petrich700 and Tsaparevo. The experimentally determined value varied between 
0.155 and 0.234 in Tsaparevo and Slavyanka, respectively. The mean value for the level of 
heterozygosity was 0.187 and was lower than that obtained by Villani et al. (1999) and 
Aravanopoulos et al. (2001) for the Turkish and Greek populations of the species, but were 
comparable to the values reported by Villani et al. (1991) for natural populations in Italy.

The observed heterozygosity had higher values   than the expected in five of the studied 
populations. The exceptions were Petrich900, Petrich700, Samuilovo and Slavyanka for which 
the expected heterozygosity had lower values. High levels of genetic diversity were found 
in Tsaparevo and Churichene populations (0.198 and 0.195, respectively). The average 
heterozygosity in this study (He=0.171) was slightly higher than the average presented by 
Hamrick et al. (1992) for wind-pollinating species (He=0.154) and for animal-pollinating 
species (He=0.163), estimated for a large variety of tree species.

The inbreeding coefficient has negative values   in half of the studied populations, 
indicating that heterozygous individuals predominate in these populations, whereas the 
positive values   obtained for Belasitsa, Brezhani, Tsaparevo and Churichene populations 
indicate a lack of heterozygouse individuals.

In populations with a negative value of this coefficient, heterozygous individuals were 
more than expected if the population is in genetic equilibrium. The calculated average value 
for inbreeding coefficient was 0.132, which was indicative of the presence of heterozygous 
individuals in natural populations of the species in Bulgaria, opposite to the situation in 
other European countries (Bonnefoi, 1984; Pigliucci et al., 1990; Villani et al., 1991). 
However, the present results are consistent with those obtained by Pereira-Lorenzo et al. 
(1996) for chestnut cultivars from the region of Galicia, Spain. One possible explanation, 
according to the authors, is that the cultivated trees are clones that have been selected for 
their powerful growth and strength, which are generally characteristic for hybrid plants. 
The crossing between genetically distant individuals and subsequent vegetative propagation 
through grafting could also result in this state. 

Population genetic parameters estimated in this study suggest that C. sativa, in 
general, has average levels of allozyme variation when compared and other plant species 
with similar ecological and life-history characteristics (Hamrick, Godt, 1989). The values 
obtained for the total genetic diversity varied between 0.185 to 0.526 in the tested loci 
(Table 5). The average value was 0.324 and seemed to be comparable to the values obtained 
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Table 3. Allele frequency

Locus/Allele
Populations

PT PH BS SM SL BR ZP CH
Gdh

A 0.775 0.860 0.370 0.800 0.184 0.688 0.208 1.000
B 0.225 0.140 0.630 0.200 0.816 0.312 0.792 0.000

Idh
A 0.745 0.831 0.845 0.948 1.000 0.658 1.000 0.456
B 0.255 0.169 0.155 0.052 0.000 0.342 0.000 0.544

Skd
A 0.275 0.412 0.250 0.929 0.520 0.051 0.414 0.591
B 0.725 0.588 0.750 0.071 0.480 0.949 0.586 0.409

Fdh
1 0.325 0.207 0.176 0.225 0.136 0.140 0.239 0.719
2 0.675 0.793 0.824 0.775 0.864 0.860 0.761 0.281

Mdh-1
A 0.858 0.976 0.707 0.880 0.858 1.000 0.775 0.755
B 0.142 0.024 0.293 0.120 0.142 0.000 0.225 0.245

Mdh-2
A 0.716 0.880 1.000 0.938 0.580 0.417 1.000 0.840
B 0.284 0.120 0.000 0.062 0.420 0.583 0.000 0.160

6-Pgd
A 0.248 0.385 0.833 0.205 0.152 0.612 0.591 0.555
B 0.752 0.615 0.167 0.795 0.848 0.388 0.409 0.445

Est-1
A 0.354 0.313 0.254 0.389 0.166 0.351 0.383 0.265
B 0.500 0.458 0.600 0.500 0.834 0.466 0.500 0.715
C 0.146 0.229 0.146 0.111 0.000 0.183 0.117 0.020

Est-2
A 0.155 0.098 0.153 0.062 0.228 0.091 0.135 0.244
B 0.762 0.555 0.611 0.667 0.772 0.909 0.604 0.579
C 0.083 0.347 0.236 0.271 0.000 0.000 0.261 0.177

Table 4. Parameters of genetic polymorphism 

Population Code N Ae Ho (SD) He (SD) F
Petrich900 PT 2.2 2.64 0.188 (0.075) 0.179 (0.071) - 0.050
Petrich700 PH 2.4 2.79 0.224 (0.111) 0.141 (0.055) - 0.588
Belasitsa BS 2.2 2.80 0.161 (0.088) 0.174 (0.068) 0.075

Samuilovo SM 2.3 3.08 0.189 (0.105) 0.143 (0.075) - 0.322
Slavyanka SL 2.2 3.27 0.234 (0.141) 0.147 (0.064) - 0.592
Brezhani BR 2.1 2.59 0.184 (0.079) 0.192 (0.055) 0.042
Caparevo ZP 2.3 2.35 0.155 (0.093) 0.198 (0.072) 0.217

Churichene CHR 2.3 2.41 0.164 (0.103) 0.195 (0.069) 0.159
Average 2.25 2.5 0.187 0.171 - 0.132

N – average number of alleles per locus; Ae – effective number of alleles; Ho – observed heterozygosity; 
He – expected heterozygosity; F – inbreeding coefficient
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for populations in Eastern Turkey, but was higher than the populations of Western Turkey 
and Italy (Villani et al., 1991). The calculated mean values for two parameters characterizing 
the genetic differentiation between populations (DST = 0.082 and FST = 0.237) were also 
higher than the values reported for the Turkish populations. These values for the degree 
of inter-population differentiation showed that about 24% of the total genetic diversity in 
chestnut populations was due to variation between populations and the remaining 76% was 
a consequence of intra-population variation and indicated a high degree of differentiation 
among studied populations. The overall FST value obtained for chestnut in Bulgaria 
indicates a moderate to substantial amount of population differentiation on a quite small 
study area. Such a level of population differentiation is much higher than the average value 
(3.8%) estimated for other tree species growing in the boreal-temperate zone (Hamrick et 
al., 1992). 

The genetic similarity between studied populations was determined using the 
UPGMA cluster analysis, applied for all polymorphic loci (Fig. 1). 

The studied populations were linked at different hierarchical levels. Three main 
groups of populations were identified, differentiated on the basis of the applied isoenzyme 
analysis. The first cluster included three populations, the closest among them were Belasitsa 
and Tsaparevo. The second cluster classified populations Petrich900, Petrich700 and Samuilovo 
as closest to each other, which was in congruence with its geographicall distribution. The 
most distinct from the three major groups was Brezhani population which was also the most 
distant geographically one. This imply the uniqueness of this population and indicated the 
existence of relationship between genetic and geographical distance, as was earlier proved 
by Huang et al. (1998). 

The information on genetic similarity, especially for cultivated species, is of great 
importance, not only in terms of elaboration and implementation of breeding programs but 
also for conservation of genetic resources of these species. Irwin et al. (1998) indicated that 
relatives are usually characterised with 80-90% similarity and therefore crossing between 
such individuals is not recommended. Following their recommendations, a possible gene 
flow between individuals from Belasitsa and Brezhani populations could provide genotypes, 
among which the selection of high quality individuals for nut and wood production could 
be done.

Table 5. Parameters of genetic diversity and differentiation 

Locus HT HS DST FST

Gdh 0.358 0.308 0.050 0.140
Idh 0.261 0.203 0.058 0.222
Skd 0.412 0.356 0.056 0.136
Fdh 0.477 0.223 0.254 0.532

Mdh-1 0.296 0.198 0.098 0.331
Mdh-2 0.315 0.236 0.079 0.251
6-Pgd 0.185 0.138 0.047 0.254
Est-1 0.248 0.205 0.043 0.173
Est-2 0.526 0.477 0.049 0.093
Mean 0.342 0.260 0.082 0.237
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CONCLUSION

The results obtained in this study represent only a part of the total work that is 
necessary to fully assess the variability of the species. Those on genetic diversity in Castanea 
sativa Mill. populations are in congruence with ones reported by Villani et al. (1999) for 
Turkish chestnut populations and are comparable to results found by Villani et al. (1991), 
Frascaria et al. (1993), Pereira-Lorenzo et al. (1996) and Aravanopuolos et al. (2001) for 
chestnut populations from different regions in Europe, as well as for American chestnut 
Castanea dentata (Huang et al., 1998). Unlike the negative effect on chestnut gene pool, the 
selection pressure did not seem to significantly affect the within population differentiation 
levels which resulted comparable with broadleaved those found in other European 
populations and close to the levels found in other broad-leaves cross-pollinated species. 
Thе results obtained here could be useful to organize conservation programmes aiming to 
preserve the genetic variability still present in the country.  
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