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Abstract

Cvrčková H., Máchová P., Poláková L., Trčková O. (2017): Evaluation of the genetic diversity of selected Fagus 
sylvatica L. populations in the Czech Republic using nuclear microsatellites. J. For. Sci., 63: 53–61.

Fagus sylvatica Linnaeus (European beech), the ecologically and economically most important broadleaved tree species 
in the Czech Republic, was strongly reduced in the past. Today there are efforts to increase the proportion of beech to 
ensure optimal forest tree species composition. When extensively reintroducing beech, it is important to acquire more 
detailed knowledge of genetic diversity. Thirteen important beech populations in different stands in the territory of 
the Czech Republic were genotyped using 12 polymorphic nuclear microsatellite markers. The genotypic data from 
adult trees imply genetic differences between the populations. The estimated genetic diversity expressed as Shannon’s 
information index ranged from 1.73 to 1.92. Thirteen beech populations showed excess homozygotes, as indicated 
by positive fixation index (F) values (F = 0.005–0.115). The pairwise FST values indicated low genetic differentiation 
between the 13 Czech beech populations, because they were greater than zero, that means they confirmed the pres-
ence of population structuring in Czech European beech. Not significant linear correlations were observed between 
genetic and geographic distances of the 13 beech populations studied on the basis of microsatellite markers. Twelve 
microsatellite markers were verified as highly polymorphic and suitable for genotyping of European beech populations.

Keywords: DNA analysis; European beech populations; gene reserves; genetic distance; genetic variability; simple 
sequence repeats
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Fagus sylvatica Linnaeus (European beech) is 
ecologically and economically the most important 
broadleaved tree in the Czech Republic, where con-
ditions for its growth are favourable. This species is 
a monoecious diploid (2n = 24), wind-pollinated, 
late-successional forest tree (Oddou-Muratorio 
et al. 2011). It is a woody species of the European 
area with focus of distribution in the western, cen-
tral and south-eastern parts of the continent. The 
Czech Republic is located within that area, so this 
tree species grows throughout the Central High-
lands and in the Hercynian and Carpathian moun-

tainous regions of the country. Beech often consti-
tutes unmixed stands at altitudes of approximately 
400–800 m a.s.l. It is generally associated with oak 
at lower natural boundaries of its occurrence and 
with Norway spruce or silver fir at upper boundaries 
(Úradníček et al. 2009). The devastation of beech 
stands began in the Middle Ages due to the exten-
sive use of this species as fuel, and in the 19th century 
there occurred a strong decline in European beech 
cultivation as a consequence of artificial reforesta-
tion and silvicultural preferences of conifers, espe-
cially Norway spruce. The dissemination of beech 
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began in the mid-20th century again, but seeds from 
the Carpathian region were used for reforestation 
without testing the suitability of these provenanc-
es (Svoboda 1955). Recently, the main coniferous 
area, such as of spruce, pine and larch, has gradually 
decreased in the Czech Republic while growing pro-
portions of silver fir and such deciduous trees as Eu-
ropean beech have been planted in order to achieve 
optimal species composition of forests (Ministry of 
Agriculture of the Czech Republic 2015).

In order to reintroduce this species in larger pro-
portions, it is important to acquire more detailed 
knowledge about the dynamics of genetic diver-
sity within and among beech populations. F. syl-
vatica is one of the most thoroughly investigated 
European tree species, and it has been the subject 
of numerous genetic surveys using chloroplasts 
(Vettori et al. 2004), isozymes (Gömöry et al. 
1998; Konnert et al. 2000; Comps et al. 2001; 
Dounavi et al. 2010), amplified fragment length 
polymorphism (AFLP) (Scalfi et al. 2004; Jump, 
Peñuelas 2007), single nucleotide polymorphism 
(SNP) markers (Seifert et al. 2012), and microsat-
ellite markers (Pastorelli et al. 2003; Asuka et al. 
2004; Vornam et al. 2004; Hasenkamp et al. 2011; 
Lefèvre et al. 2012; Pluess, Määttänen 2013).  
With their high degree of polymorphism, microsat-
ellites provide an ideal tool for gene flow studies 
(Pastorelli et al. 2003). Nuclear microsatellites 
are codominant markers providing important in-
formation about population dynamics, spatial ge-
netic structure, and distribution of genetic diversi-
ty (Lefèvre et al. 2012). To provide an insight into 
the levels of genetic variation and differentiation  
of 13 important, naturally regenerated European 
beech populations growing in different parts of the 
Czech Republic, we used the method of simple se-
quence repeats (SSR) for DNA analysis. Analyses of 
large populations at multiple SSR markers are ex-
pensive and time-consuming processes. Therefore, 
we optimized polymerase chain reaction (PCR) con-
ditions using tested primer pairs to assemble them 
into multiplexes. Multiplexing consists in the ampli-
fication of several markers in a single PCR. In this 
study, we assembled 14 SSR markers into 3 multi-
plexes, and we successfully genotyped 390 individu-
als from the 13 beech populations.

MATERIAL AND METHODS

Sampling was carried out during 2012–2015 from 
13 populations growing mostly in gene reserves 
(gene conservation units), protected landscape ar-

eas, or national nature reserves. The sample sites 
were selected to cover the most important stands 
of naturally growing F. sylvatica populations in the 
Czech Republic (Fig. 1). The distance between the 
individually sampled adult trees was approximately 
100 m, their average age was about 120 years. Lo-
calities of the populations are illustrated in Fig. 2 
and their designations, geographic coordinates, al-
titudes and natural origin are recorded in Table 1. 
Total genomic DNA was extracted while following 
the manufacturer’s instructions using a DNeasy 
Plant Mini Kit (Qiagen, Germany) from 20 mg dry 
or 100 mg fresh young leaves or buds collected 
from 390 F. sylvatica adult individuals. Liquid ni-
trogen was used for disrupting the plant material. 
DNA concentrations and purity were measured 
spectrophotometrically using a NanoPhotometer 
(Implen, Germany). The SSR method based on PCR 
with specific primers was used to screen the select-
ed beech populations. We assessed 17 SSR loci. The 
oligonucleotide sequence primer pairs had been 
searched in the literature (Pastorelli et al. 2003; 
Asuka et al. 2004; Vornam et al. 2004; Lefèvre 
et al. 2012; Pluess, Määttänen 2013). In order 
to optimize the amplification conditions, different 
concentrations of primers, concentrations of the 
deoxynucleotide (dNTP) solution, and annealing 
temperature were tested. The quality of PCR prod-
ucts was checked on 2% agarose gels stained with 
GelRed (Biotium, USA). Fourteen specific primer 
pairs producing variable, well-scorable bands with 
the expected product size were used for fragmen-
tation analyses. They were labelled fluorescently 
using FAM, VIC, PET and NED dyes and then as-
sembled into three multiplexes (A, B, C) from the 
viewpoint of the targeted allele sizes: multiplex A 

Fig. 1. View of the Fagus sylvatica Linnaeus population at 
BK08 (Loučná nad Desnou)
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with loci mfc 11, FS1-03, FS1-15, Fagsyl-000905, 
and Fagsyl-001018; multiplex B with loci FS1-11, 
mfc 7, csolfagus-31, and sfc0036; and multiplex 
C with loci Fagsyl-002929, Fagsyl-004597, csolfa-
gus-29, FS4-46, and mfc 5. Amplification reaction 
conditions for each sample were in a final volume of 
15 µl containing 1 µl of template DNA (≈ 20 ng·µl–1),  
1.5 µl of 10× PCR buffer (Mg-free), 0.067 mM of 
dNTP mixture (Takara Bio, Japan), 2 mM MgCl2, 

0.37 U of Platinum® Taq DNA polymerase (Invitro-
gen by Thermo Fisher Scientific, USA), and primer 
combinations of the forward and reverse primers 
in three multiplex reactions. The concentration of 
each primer was 0.1 µM. The reaction mixtures 
were supplemented with sterile water for molecu-
lar biology (Sigma-Aldrich, USA). The PCR profile 
was as follows: initial denaturation at 94°C for 5 min  
followed by 35 cycles of denaturation at 94°C for 45 s,  

Fig. 2. Localities of the Fagus sylvatica Linnaeus populations (for details see Table 1)

Table 1. Geographic coordinates of the Fagus sylvatica Linnaeus populations

Population
Geographic coordinates Altitude  

(m a.s.l.) Natural origin
north latitude east longitude

BK01 – Kostelec nad Č. lesy 49°57'39''–49°57'54'' 14°47'18''–14°48'12'' 350–500 national nature reserve, 
gene conservation unit

BK02 – Křivoklát 49°56'22''–50°0'0.28'' 13°47'3.0''–13°51'39'' 380–500 protected landscape area, 
gene conservation unit

BK03 – Hluboká 49°4'16''–49°7'9.12'' 14°27'24''–14°32'39'' 370–550

gene conservation unit

BK04 – Buchlovice 49°5'39.7''–49°6'29.8'' 17°12'30''–17°15'15'' 320–510
BK05 – Náměšť nad Oslavou 49°8'8.3''–49°10'17'' 16°24'35''–16°25'38'' 330–440
BK06 – Vsetín 49°21'43''–49°22'43'' 18°9'43''–18°11'59'' 575–840
BK07 – Děčín 50°40'2.9''–50°41'35'' 14°13'19''–14°14'12'' 270–680
BK08 – Loučná nad Desnou 50°3'21.6''–50°6'49.9'' 17°11'42''–17°17'57'' 800–1,135
BK09 – Kaplice 48°36'43''–48°39'39'' 14°40'19''–14°42'59'' 780–935
BK10 – Luhačovice 49°2'32.7''–49°3'16.7'' 18°3'21''–18°4'23'' 460–650

BK11 – Žákova hora, Cikháj 49°38'60''–49°39'35'' 15°59'2.2''–15°59'54'' 740–810 protected landscape area, 
national nature reserve

BK12 – Frýdlant v Čechách 50°51'44''–50°52'11'' 15°6'19.836''–15°9'19'' 460–520 national nature reserve, 
gene conservation unit

BK13 – Trutnov, Hrádeček 50°34'54''–50°35'40'' 15°49'39''–15°51'7.6'' 425–560 gene conservation unit
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annealing temperature at 58°C for 45 s and exten-
sion at 72°C for 55 s, with a final extension step 
at 72°C for 15 min. Amplifications were carried 
out in a Veriti Thermal Cycler (Applied Biosys-
tems, USA). PCR products were separated by cap-
illary electrophoresis using the Applied Biosys-
tems 3500 genetic analyser. As size standard, we 
used GeneScanTM-600LIZ® (Applied Biosystems, 
USA). PCR amplifications and sizing of amplifi-
cation products were repeated twice to confirm 
the fragment lengths. Alleles were sized using the 
GeneMapper® software (Version 4.1, 2009). The 
majority of genetic diversity parameters: number 
of alleles, Shannon’s information index, observed 
heterozygosity, expected heterozygosity, fixation 
index (FST) values, Nei’s genetic distance were 
calculated using the statistical program GenAlEx 
(Version 6.501, 2013) (Peakall, Smouse 2012). 
The fixation index (F) was calculated according to 
Wright (1965), as Eq. 1:

 ST o e1 /F H H  ST o e1 /F H H   (1)

where:
Ho – observed heterozygosity,
He – expected heterozygosity.

The genetic divergence FST and Nei’s genetic dis-
tance (Nei 1972) between populations were esti-
mated by computing a pairwise population matrix. 
Pairwise FST was calculated by the GenAlEx soft-
ware as the analysis of molecular variance based on 
999 permutations (Peakall, Smouse 2012). Chi-
squared test for the Hardy-Weinberg equilibrium 
for codominant genotypes at single loci and for sin-
gle populations was used. The number of private al-
leles is the number of alleles unique to a single pop-
ulation. It was calculated as the mean value from 
all studied loci. The frequencies of null alleles were 
estimated using the CERVUS program (Version 
3.0.7, 2007) (Kalinowski et al. 2007). The Micro-
Checker software (Version 2.2.3, 2003) was used 
for identifying and correcting genotyping errors in 
microsatellite data (Van Oosterhout et al. 2004). 
The dendrogram was produced by the unweighted 
pair group method with arithmetic mean cluster-
ing technique using NCSS statistical software (Ver-
sion 8.0, 2012) (Hintze 2012). Cophenetic correla-
tion coefficient and delta parameters at distances 
0.5 (Δ0.5) and 1 (Δ1) were used to select the method 
providing maximum goodness of fit for hierarchi-
cal clustering. The centroid method (unweighted 
pair group) was chosen as the best. The statistical 
evaluation methods used were in accordance with 
Meloun and Militký (2011). 

RESULTS

The 13 F. sylvatica populations were evaluated 
separately to acquire genetic characteristics. Clear, 
reproducible PCR products were produced for 
the 14 microsatellite loci. All of the SSR markers 
have dinucleotide repeats except that the markers 
FS4-46, Fagsyl-000905, and Fagsyl-002929 have 
trinucleotide repeats. Their primer pairs provided 
good patterns with the expected product size and 
so they were used for the genetic characteriza-
tion. Two loci were subsequently eliminated: Fag-
syl-004597 due to stuttering in six beech popula-
tions which might have resulted in scoring errors 
as was checked using the Micro-Checker software 
(Van Oosterhout et al. 2004) and csolfagus-29 
due to a low level of polymorphism. The primer 
sequences of the 12 ultimately selected nuclear mi-
crosatellite markers and their genetic diversity pa-
rameters estimated using GenAlEx and CERVUS 
are recorded in Table 2. There were 209 different 
alleles detected at 12 loci in 390 individuals of Eu-
ropean beech. The number of alleles ranged be-
tween 9 and 43, with an average of 17.4 alleles per 
locus. He ranged from 0.61 (mfc 7) to 0.88 (mfc 5) 
with a mean value of 0.76 while the mean value of 
Ho was 0.70 and ranged from 0.41 (mfc 11) to 0.99 
(FS1-11). Shannon’s information index calculated 
for allelic and genetic diversity ranged from 1.25 
at locus mfc 7 to 2.40 at locus mfc 5. These values 
do not correspond to the highest and lowest num-
ber of different alleles at the same loci, because 
this estimation also depends on the evenness of 
allele frequencies. Fixation index values varied 
from –0.391 (FS1-11) to 0.390 (mfc 11). Most of 
the loci exhibited homozygote excess with posi-
tive F values. F values with significant deviations 
(P < 0.001) from the Hardy-Weinberg equilibrium 
(HWE) were at loci mfc 5, mfc 11, FS1-03, FS4-46, 
and Fagsyl-002929 as was calculated by CERVUS 
(Kalinowski et al. 2007). The loci mfc 7, FS1-11, 
Fagsyl-000905, Fagsyl-001018, and sfc0036 with 
negative fixation indexes reflect excesses of het-
erozygotes. Although no deviations from HWE 
were observed at FS1-15 locus across all 390 beech 
trees, significant (P < 0.001) deviations were iden-
tified in the BK08 and BK09 populations by the 
GenAlEx program (Peakall, Smouse 2012). The 
frequencies of null alleles at the studied loci were 
estimated by CERVUS (Kalinowski et al. 2007) 
and their values are reported in Table 2.

The Micro-Checker software was used for iden-
tifying and correcting genotyping errors in mic-
rosatellite data (Van Oosterhout et al. 2004). 
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No evidence was found for large allele dropout at 
any loci. At the four loci FS1-11, Fagsyl-001018, 
Fagsyl-002929 and csolfagus-31, no evidence was 
found for a scoring error due to stuttering, nor was 
there any evidence of null alleles for any population. 
At other loci and in some populations – namely 
mfc 5 (in 7 populations), mfc 7 (in 1 population), 
mfc 11 (in 11 populations), FS1-03 (in 6 popu-
lations), FS1-15 (in 3 populations), FS4-46 (in 
11 populations), Fagsyl-000905 (in 2 populations), 
and sfc0036 (in 2 populations) – the analysis indi-
cated that homozygote excess and null alleles may 
be present at these loci.

The number of alleles varied by as many as 8 
among populations at individual loci, but the mean 
numbers of alleles per population from all loci did 
not differ remarkably (Table 3). Significant differ-
ences were found in the allelic frequencies across 
the 13 studied beech populations at individual loci. 
At each locus, certain alleles were changing their 
representation in the populations by as much as 
30% and more. For example, allele 156 at the locus 
Fagsyl-002929 varied in frequency from 8 to 43% 

(Fig. 3). Additional characteristics of genetic diver-
sity within populations are given in Table 3. The es-
timated genetic diversity expressed as Shannon’s in-
formation index in the studied populations ranged 
from 1.73 to 1.92. Beech populations showed posi-
tive values of fixation index (0.005–0.115), thus in-
dicating heterozygote deficiencies relative to the ex-
pected fraction under random mating. There were 
no significant differences between the populations 
in the values of observed (Ho = 0.664–0.754) and 
expected (He = 0.734–0.791) heterozygosity. The 
number of private alleles was the highest at FS4-46 
locus, where the private alleles appeared in 8 popu-
lations. The highest number of private alleles was 
found in BK04 population. There were not any pri-
vate alleles at loci sfc0036, mfc 11, csolfagus-31. Es-
timates of differentiation between populations are 
presented in Table 4. FST values ranging from 0.001 
to 0.053 indicated low genetic differentiation. Most 
of the pairwise FST values were significantly greater 
than zero, thus confirming the presence of a slight, 
but significant amount of population structuring in 
Czech European beech. 

Table 2. Characteristics of selected nuclear microsatellite loci across 13 investigated Fagus sylvatica Linnaeus populations

Locus Primer sequence (5'-3') PCR product  
size range (bp) Na I Ho He F F (Null) 

mfc 5 F: ACT GGG ACA AAA AAA CAA AA
R: GAA GGA CCA AGG CAC ATA AA 277–321 22 2.40 0.62 0.88 0.302 0.1928

mfc 7 F: AAA ATA CAC TGC CCC AAA A
R: CAG GTT TTG GTT TCT TAC AC 100–128 13 1.25 0.63 0.61 –0.028 –0.0018

mfc 11 F: ACA GAT AAA AAC AGA AGC CA
R: TTT GGT TTT GTT GAG TTT AG 310–330 11 1.49 0.41 0.67 0.390 0.2539

FS1-03 F: CAC AGC TTG ACA CAT TCC AAC
R: TGG TAA AGC ACT TTT TCC CAC T 76–126 23 1.76 0.63 0.72 0.130 0.0816

FS1-11 F: TGA ATT CAA TCA TTT GAC CAT TC
R: GGA AGG GTG CTT CAA TTT GG 90–120 16 1.68 0.99 0.72 –0.391 –0.2131

FS1-15 F: TCA AAC CCA GTA AAT TTC TCA
R: GCC TCA ATG AAC TCA AAA AC 92–136 16 1.85 0.75 0.80 0.062 0.0437

FS4-46 F: GCA GTC CTC CAC CAT TAC TA
R: TAC AAC AGC AGG CTA TCC AT 213–372 43 2.30 0.62 0.85 0.273 0.1685

Fagsyl- 
000905

F: GAT CAT AGC GCC GGA ATT GG
R: GGT CCT CCT CCT GGT ACA AC 146–168 12 1.40 0.73 0.68 –0.080 0.0266

Fagsyl- 
001018

F: CGA GAT GGA CTT CTA AGT TTT ATT TGC
R: CGA GAT GGA CTT CTA AGT TTT ATT TGC 96–120 13 1.57 0.76 0.75 –0.024 –0.0013

Fagsyl- 
002929

F: GCG GCG ACT GGA ATA ATA GC
R: CAA TCA CAC GCT GCA CAA AC 143–200 19 1.94 0.72 0.81 0.118 0.0796

csolfagus- 
31

F: TCT ATT GAC ACA AGA ATA AGA ACA CC
R: CTT GGC AAG AAA AGG GGA TT 106–128 12 2.06 0.83 0.84 0.011 0.0173

sfc0036 F: CAT GCT TGA CTG ACT GTA AGT TC
R: TCC AGG CCT AAA AAC ATT TAT AG 98–114 9 1.60 0.74 0.73 –0.011 0.0075

Na – number of different alleles, I – Shannon’s information index, Ho – observed heterozygosity, He – expected heterozy-
gosity, F – fixation index, F (Null) – estimated null allele frequency
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Genetic distances between populations were cal-
culated based on Nei’s standard genetic distance 
(Nei 1972). The longest Nei’s genetic distance 
(0.260) appeared between the BK03 (Hluboká) 
and BK12 (Frýdlant v Čechách) populations. The 
closest Nei’s genetic distance (0.062) was between 
the BK11 (Žákova hora, Cikháj) and BK12 (Frý- 
dlant v Čechách) populations. Nei’s standard ge-
netic distances between the 13 Czech popula-
tions are graphically illustrated in a dendrogram 
(Fig. 4). The Mantel test was used for comparing 
the Nei’s genetic distance matrix with the geo-
graphic distance matrix to find relationships be-
tween the geographic and genetic distances. No 
significant linear correlations appeared between 
the genetic and geographic distances of 13 beech 
populations (R2 = 0.0047).

DISCUSSION

European beech is a tree species occurring in vari-
ous forest ecosystems that covers a large and contin-
uous geographic range within Europe. For the con-
servation and utilization of its genetic resources, it is 
important to acquire fundamental knowledge about 
the distribution of its genetic variation. Sufficiently 
high levels of genetic diversity constitute a prerequi-
site for the ability of a long-lived organism to survive 
in forest populations, and particularly in view of the 
recently very often varying environmental condi-
tions, and to preserve their adaptation potential for 
future generations (Vornam et al. 2004). 

The aim of this study was to assess the levels of 
genetic diversity of important F. sylvatica popula-
tions situated at different localities across the Czech 

Table 3. Mean values of genetic characteristics of 13 investigated Fagus sylvatica Linnaeus populations (N = 30) from 
12 selected nuclear microsatellite loci

Population Na Ne I No. of private alleles Ho He F
BK01 10 5 1.81 0.15 0.667 0.766 0.113
BK02 10.9 5.2 1.84 0.23 0.672 0.762 0.099
BK03 9.4 5.1 1.75 0.23 0.664 0.752 0.108
BK04 10.2 5.3 1.84 0.46 0.721 0.780 0.061
BK05 10.8 5.1 1.84 0.15 0.705 0.769 0.073
BK06 10.4 4.3 1.73 0.23 0.728 0.734 0.005
BK07 10.2 4.7 1.78 0.23 0.708 0.755 0.054
BK08 11 5.7 1.92 0.31 0.713 0.791 0.093
BK09 11.2 5.6 1.90 0.15 0.697 0.779 0.098
BK10 10.7 5 1.82 0.23 0.754 0.765 0.012
BK11 10.2 4.6 1.78 0.15 0.673 0.757 0.098
BK12 10.8 5.2 1.87 0.39 0.695 0.772 0.099
BK13 10.8 5.2 1.83 0.08 0.667 0.762 0.115
Mean 10.5 5.1 1.82 0.23 0.697 0.765 0.079

for localities of the populations see Table 1, N – sample size, Na – number of different alleles, Ne – number of effective 
alleles, I – Shannon’s information index, Ho – observed heterozygosity, He – expected heterozygosity, F – fixation index
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Republic. It examined genetic variation of naturally 
regenerated Czech beech populations using nuclear 
microsatellite markers. Genetic variation of 17 Eu-
ropean beech populations distributed in the Czech 
Republic had previously been studied by isozyme 
loci (Gömöry et al. 1998). The populations analysed 
in this study showed important amounts of genetic 
diversity, as estimated by means of variation scored 
at 12 nuclear microsatellite loci. Detected were 9–43 
alleles per locus and values of observed heterozygos-
ity ranged from 0.41 to 0.99. The number of alleles 
at individual loci varied in observed populations 
and averaged 10.5 alleles per population from all 
studied loci. The number of alleles obtained for our 
beech populations at loci FS1-03, FS1-11, FS1-15, 
mfc 5, mfc 11, csolfagus-31, and sfc0036 is approxi-
mately comparable with the numbers reported in 
the literature (Pastorelli et al. 2003; Vornam et 
al. 2004; Hasenkamp et al. 2011; Lefèvre et al. 
2012). Pluess and Määttänen (2013) reported 
for the loci Fagsyl-000905, Fagsyl-001018, and Fag-
syl-002929 lower numbers of alleles from 60 individ-
uals of F. sylvatica originating from three regions of 
Switzerland. In Czech beech populations, this com-
parable level of variability was identified despite the 
occurrence of deviations from HWE and which al-
ternated at individual loci for different populations. 
One possible explanation for deviations from the 
Hardy-Weinberg expectation with an excess of ho-
mozygotes may be due to the presence of null alleles 
and population differentiation (Asuka et al. 2004). 
Another reason could also be due to lower quality of 
some DNA samples.

The observed heterozygosity of the 13 studied 
populations ranged from 0.664 to 0.754. Buite-
veld et al. (2007) found similar small differences in 

observed heterozygosity (from 0.560 to 0.721) us-
ing microsatellite markers within beech stands in 
five European countries (Austria, France, Germany, 
Italy, and the Netherlands). These stands showed 
small but significant differentiation (FST = 0.058). 
The FST value across the 13 Czech beech popula-
tions was determined to be 0.017 (P < 0.001). When 
considering the shorter geographical distances be-
tween Czech populations, their differentiation is 
not inconsiderable and indicates the population 
structuring of Czech European beech populations. 
Pairwise comparison of FST values between Czech 
populations ranged from 0.001 to 0.053, being 
comparable with FST values of beech stands in Aus-
tria (FST = 0.0085), France (FST = 0.0535), Germany 

Table 4. Pairwise population FST values determining genetic differentiation between populations with values of 
probability

Population BK01 BK02 BK03 BK04 BK05 BK06 BK07 BK08 BK09 BK10 BK11 BK12 BK13
BK01 0.000 0.261 0.243 0.414 0.017 0.027 0.030 0.015 0.008 0.001 0.001 0.001 0.005
BK02 0.002 0.000 0.059 0.190 0.016 0.004 0.169 0.002 0.021 0.001 0.001 0.001 0.027
BK03 0.002 0.006 0.000 0.007 0.002 0.010 0.001 0.002 0.002 0.001 0.001 0.001 0.001
BK04 0.001 0.003 0.012 0.000 0.315 0.068 0.223 0.061 0.029 0.010 0.001 0.001 0.042
BK05 0.009 0.009 0.016 0.001 0.000 0.013 0.122 0.002 0.005 0.002 0.001 0.001 0.001
BK06 0.008 0.014 0.013 0.006 0.010 0.000 0.035 0.012 0.012 0.015 0.001 0.001 0.008
BK07 0.007 0.003 0.017 0.002 0.004 0.009 0.000 0.002 0.036 0.003 0.001 0.001 0.013
BK08 0.009 0.015 0.019 0.006 0.014 0.012 0.013 0.000 0.221 0.026 0.001 0.001 0.025
BK09 0.010 0.008 0.014 0.008 0.014 0.009 0.007 0.002 0.000 0.036 0.001 0.001 0.136
BK10 0.017 0.028 0.026 0.013 0.017 0.011 0.018 0.009 0.007 0.000 0.001 0.001 0.001
BK11 0.038 0.037 0.051 0.031 0.036 0.030 0.035 0.025 0.028 0.032 0.000 0.390 0.011
BK12 0.037 0.037 0.053 0.032 0.038 0.036 0.036 0.023 0.031 0.039 0.001 0.000 0.015
BK13 0.012 0.008 0.019 0.007 0.018 0.011 0.009 0.008 0.004 0.020 0.009 0.009 0.000

for localities of the populations see Table 1, FST values below diagonal, P based on 999 permutations above diagonal
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Fig. 4. The dendrogram based on Nei’s genetic distances 
between Fagus sylvatica Linnaeus populations (for details 
see Table 1)
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(FST = 0.0295), Italy (FST = 0.0168), and the Nether-
lands (FST = 0.0207) (Buiteveld et al. 2007). 

In the Czech beech populations, significant ge-
netic variations in the allelic frequencies of mi-
crosatellite markers were found. Considerable 
variation of allelic frequencies was also reported in 
previous studies which examined European beech 
in the Czech Republic based on isozyme gene mark-
ers (Gömöry et al. 1998). The genetic diversity 
expressed by Shannon’s information index ranged 
from 1.73 to 1.92 in the studied beech populations. 
We previously estimated the genetic diversity of 
important silver fir and Norway spruce popula-
tions growing in the various regions of the Czech 
Republic. We obtained similar values of Shannon’s 
information index for silver fir at 1.63–1.91, and 
higher values of 1.9–2.3 for Norway spruce (Čáp et 
al. 2015; Fulín et al. 2016).

Fixation index values of some loci used in this 
study with a higher proportion of putatively homo-
zygous genotypes suggest the presence of null allele 
corresponding with those reported in literature for 
the loci mfc 5 (Vornam et al. 2004; Chybicki et 
al. 2009; Piotti et al. 2012), FS4-46 (Buiteveld et 
al. 2007), mfc 11 (Tanaka et al. 1999) and FS1-15  
(Piotti et al. 2012). Another explanation for in-
breeding would be self-fertilization of mother 
trees (Chybicki et al. 2009). All 13 beech popu-
lations showed positive values of fixation index 
(0.05–0.115), which indicates a reduction in hetero-
zygosity when compared to the Hardy-Weinberg 
expectation of genotype frequencies. Higher val-
ues (0.139–0.320) of inbreeding coefficient were 
observed in 10 beech stands using microsatellites 
from Austria, France, Germany, Italy, and the Neth-
erlands (Buiteveld et al. 2007).

A possible effect of human activities, such as 
medieval devastation due to an extensive use of 
beech wood for fuel, and later forest management 
strategies, especially the 19th century preference of 
coniferous monocultures, could have affected the 
genetic structures of beech populations. Not sig-
nificant linear correlations were observed between 
genetic and geographic distances of the 13 beech 
populations studied on the basis of microsatellite 
markers. Using isozyme markers, Gömöry et al. 
(1998) did not observe any clear continuous cor-
relation between European beech populations dis-
tributed in the Czech Republic. The mosaic charac-
ter of the genetic variations is therefore assumed to 
be caused by the influence of human activities as a 
consequence of artificial reforestation. 

For more extensive reforestation aiming to achieve 
a more natural forest tree species composition, it is 

important to use suitable propagation material. This 
means that large amounts of forest reproductive mate-
rial, and especially of seeds, are needed. High genetic 
diversity and origin must be considered to ensure the 
best possible adaptation to the respective local con-
ditions (Hasenkamp et al. 2011). The presence and 
maintenance of genetic variation in genes controlling 
adaptive traits are important for the stability of long-
lived forest trees. Microsatellites as neutral markers 
are mostly located in noncoding regions, thus they 
are the most suitable tool to examine genetic diver-
sity and then proceed to the SNP method which has a 
sufficient potential for adaptation analyses. Recently, 
SNP was developed in order to analyse genes involved 
in adaptation to drought stress and bud phenology 
in beech (Seifert et al. 2012). In order to verify the 
most suitable reproductive material, it will be neces-
sary to continue in genetic studies of adaptive traits.

In conclusion, this study shows the distribution of 
gene diversity in selected Czech populations of Eu-
ropean beech and provides information essential for 
the management and conservation of genetic vari-
ability in European beech populations. Twelve mic-
rosatellite markers were successfully used for geno-
typing of beech trees and they were assembled into 
three multiplexes to achieve time and cost savings. 
The genotypic data from adult trees implies genetic 
differences between the studied populations. One of 
the priority tasks of the national forest policy and 
an international obligation of the Czech Republic 
are to conserve biodiversity in forest ecosystems and 
promote the principles of sustainable management. 
Given the prevailing artificial reforestation, knowl-
edge based on DNA analyses regarding the variabil-
ity of genetic resources will contribute to the quality 
of the reproduction material and to creating optimal 
species composition in forests.
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