
Introduction

Oak species (Quercus L.) have the highest forest
area proportion in Hungary and are therefore main
elements of our broadleafed forests not only in
economical but also in ecological point of view. Research
studies concerning oak species still hold unresolved key
questions such as the lack of taxonomic isolation,
hybridization and other ecological problems in
connection with population dinamics. Answering these
questions can facilitate such economically important
research fields as the monitoring of climate change
impacts on our forests, the better utilization of adaptation
potential of the different tree species and consequently
the safeguarding of sustainability or just the conscious
application of adventages derived from preservin
biodiversity.

Aims

The main aim of the study is the fine-scale genetic
pattern analysis of a mixed oak stand rich in different oak
species comprising the following tasks

- exact classification of all the adult individuals
growing on the study plot by the application of a
numeric taxonomic method,
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- comparative analyses of the different species (in
broad and strict sense) groups’ genetic pattern and
diversity, the evaluation of genetic relationship
between the studied oak species,

- comparative genetic analyses of the juvenile and
adult subpopulations found on the study plot,

- study of spatial genetic structure in the stand,
- exploration of hybridization or introgression

events by the genetic pattern analyses of each and
all of the individuals.

Matterial and method

The study site is a mixed oak forest that lays near
to Sopron (Szárhalom forest) and comprises a high
diversity of native white oak species in taxonomical and
morphological aspects. For the fine-scale genetic pattern
analysis of the plot an exhaustive sampling of all the
adult individuals and moreover two juvenile clumps
growing on the site were done.

The taxonomical classification of the trees was
carried out by the application of multivariate
classification functions of an exact numeric taxonomic
method.

The investigation of genetic relationship between
species – regarding the species complexes in broad sense
and the species in strict sense as well – was performed by
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the analyses of three different molecular marker groups
that were the followings: (1) four nuclear microsatellite
markers, (2) eight izozyme locus, (3) three RAPD
primers’ combination as a dominant marker type.

Calculating population genetic indices the genetic
diversity of the whole study plot was evaluated covering
the analyses of genetic relationship between the different
oak groups and the adult-juvenile subpopultions.
Furthermore, the spatial genetic structure of the stand
was defined by Mantel test and the spatial genetic
autocorrelation analysis option of Genalex.

The introgression rate in the stand was appraised
by the complex estimation of individual genotype
informations (K clustering by Structure and Assignment
test by Genalex) and other taxonomical details.

Results

The first fine-scale genetic pattern analysis was
carried out in case of a mixed oak stand in Hungary that
combined a numeric taxonomic classification method and
three different molecular marker types.

Based on the numeric taxonomic classification
and the representation of individuals on a map, two main
white oak groups could be identified – the pedunculate
oak (Quercus robur) and the pubescent oak complex
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(Quercus pubescens s.l.) – that dominate in the stand but
also segregate in space by their ecological demands. The
pubescent oak group appeared in a big variety: Qu.
virgiliana and Qu. pubescens sensu stricto × Qu.
virgiliana hybrids could also be identified in a high ratio
besides Qu. pubescens s.str. However, the sessile oak
group (Quercus petraea sensu lato) appeared only in a
very low number, but also Qu. dalechampii, Qu. petraea
s.str. and their hybrids were found. Hybrids between the
main oak species could be identified only in minimal
ratio in despite of the high morphological diversity of the
stand.

A low genetic differentiation could be detected
based on all the three molecular marker types according
to the former, foreign research results. Nevertheless, the
small sessile oak group showed a kind of unic genetic
pattern that resembeled rather to the pedunculate oak’s
pattern after two marker types (microsatellites, RAPD)
and on the other hand corresponded to the pubescent
group based on the isozyme pattern. Within the
pubescent oak complex there were no evidence of genetic
differentiation of the two species in strict sense and their
hybrids. The further classification of the pubescent oak
group is not supported by the genetic data described here.

From the outcome of the genetic pattern analysis
of each and all individuals only two genetically diffenet
groups turned out to be distinguishable by the Structure
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K-clustering method. These two clusters well
corresponded to the two morphologic groups, the ’robur’
and the ’pubescens’ groups. The ratio of hybrid
genotypes between the two clusters were 10%. Sessile
oaks had no private genetic pattern and were grouped
partly to the cluster of pubescens oaks and also appeared
among the hybrid genotypes. Then again, based on the
Assignment Test made by the program Genalex, sessile
oaks were supposed after their genotypes in the
pubescent oaks’ group and also in the pedunculate group,
in addition in higher proportion in this later species
group. The sessile oak complex was presumably affected
by introgression from two directions (from both the
pubescent and pedunculate oaks) and could be therefore
found in a low number in the stand regarding the genetic
and morphologic recognition marks.

However not all the individuals with hybrid
genotype showed a real transitional morphology and the
applied numeric taxonomic method were not able in all
cases to demonstrate introgressed forms. It is highly
recommended to keep these possabilities in view in case
of oak stands on mosaic sites where different oak species
are able to grow togethet due to the various microhabitats
and the hybridisation could be very frequent.

The proportion of individuals with traces of
introgression was almost 20% based on the complex
evaluation of genetic pattern, numeric taxonomy and
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traditional taxonomic characteristics. These trees were
located between the parent species zone in most cases.

The ratio of clones was only 9% despite of the
long time coppicing in the stand. These clone trees
appeared mainly as stump shoots and only in case of two
pubescent oak tree pairs were detected higher spatial
distance between the clones. These two pairs are rather
root suckers. Vegetativ strategy was more diversified and
more frequent in the pubescent oaks’ groups in general.
Genetic diversity analyses without the clone genotypes
showed no drastic genetic depression in the stand due to
the presence of clones. Coppicing could presumably
facilitate the protection of the native stand in this case.
During the procedure of designation of in situ reservation
sites, it is recommended to consider this possibility when
the given stand is worthy of protection in the high
taxonomical or morphological diversity point of view.

Vegetative strategy could be detected also on the
two analysed juvenile clumps where clones appeared
probably as an old tree root suckers. The taxonomic
status of the two juvenile sapling clumps could also be
identified, however they showed a rather distinct genetic
pattern from the adult group of the study plot and were
originated from trees standing outside the plot. The
marginal situation of the two juvenile cohorts also
verified the external origin.



7

A weak spatial genetic structure could be detected
concerning the two main oak species groups –
pedunculate oak and pubescent oaks – in the stand. At the
same time a clear correlation was identified as the
structure of the whole stand was analaysed. This
phenomenon could be referable also to the high number
of introgressed individuals.

Theses

1. In case of Hungarian oak stands that was the first
fine-scale genetic pattern analysis that rests on the
exhaustive sampling of all the trees standing on the study
plot, furthermore applies a numeric taxonomic
classification method in order to classify Quercus robur,
Qu. petraea s.str. Qu. dalechampii, Qu. pubescens s.str.,
Qu. virgiliana species in strict sense and their hybrids, in
addition evaluates the genetic diversity and the genetic
pattern of individuals with various approaches and the
combination of three different molecular marker types.
2. A low genetic differentiation could be detected
based on all the three molecular marker types according
to the former, foreign research results. Nevertheless, the
small sessile oak group showed a kind of unique genetic
pattern that resembeled rather to the pedunculate oak’s
pattern after two marker types (microsatellites, RAPD)



8

and on the other hand corresponded to the pubescent
group based on the isozyme pattern.
3. Within the pubescent oak complex there were no
evidence of genetic differentiation of the two species in
strict sense and their hybrids
4. The proportion of individuals with traces of
introgression was almost 20% (18,3%) based on the
complex evaluation of genetic pattern, numeric taxonomy
and traditional taxonomic characteristics. These trees
were located between the parent species zone in most
cases.
5. The sessile oak complex was presumably affected
by introgression from two directions (from both the
pubescent and pedunculate oaks) and could be therefore
found in a low number in the stand regarding the genetic
and morphologic recognition marks. This observation is
supported by two approaches of individual genotype
pattern analysis methods.
6. A clear spatial genetic structure was detected as
the whole stand was analaysed. At the same time only a
weak correlation could be identified concerning the two
main oak species (pedunculate oak and pubescent oaks)
groups separately. This phenomenon could be referable
also to the high number of introgressed individuals.
7. However not all the individuals with hybrid
genotype showed a real transitional morpholog. It is
highly recommended to keep these possabilities in view
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in case of oak stands on mosaic sites where different oak
species are able to grow togethet due to the various
microhabitats and the hybridisation could be very
frequent. For taxonomic research purpose a combined
strategy of various different methods and aspects should
be used.
8. Individuals could be identified with their unic
genetic fingerprints based on the applied four
microsatellite markers and therefore clones owning the
same genotype were sorted. Thereby the result of the
long-term coppicing could be demonstrated, however it
can not be considered too drastic as the rate of clones was
only 9% in the stand. These were mainly stump shoots
and only in case of two pubescent oak tree pairs were
detected higher spatial distance between the clones.
These two pairs are rather root suckers. Vegetativ
strategy was more diversified and more frequent in the
pubescent oaks’ groups in general. Clones were detected
in the two juvenile cohorts as well, so the vegetative
strategy appeared also among the offsprings besides the
generative propagation. These clones were presumably
originated as root suckers of an adult tree or emerged due
to game browsing.
9. Genetic diversity analyses without the clone
genotypes showed no drastic genetic depression in the
stand due to the presence of clones. Coppicing could
presumably facilitate the protection of the native stand in
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this case. During the procedure of designation of in situ
reservation sites, it is recommended to consider this
possibility when the given stand is worthy of protection
in the high taxonomical or morphological diversity point
of view.
10. The taxonomic status of the two juvenile sapling
clumps could also be identified, however they showed a
rather distinct genetic pattern from the adult group of the
study plot and were originated from trees standing
outside the plot. The marginal situation of the two
juvenile cohorts also verified the external origin.

Publications

Books

Borovics A., Cseke K., Benke A. (2008): Szaporítóanyag-
ellátás genetikai alapjainak fejlesztése. In Molnár S., Führer
E., Tóth B. (szerk.) (2008): Az ültetvényes fagazdálkodás
fejlesztése. NKTH, Sopron 25-30. [Development of the
reproductive materials’ genetic basis]

Publications in Hungarian

Benke A., Cseke K., Takács R., Kámpel J., Borovics A.
(2010): Hagyományos és molekuláris genetikai módszerekkel
támogatott nyárnemesítés a bioenergetika szolgálatában.
Mezőgazdasági Technika. LI. évf. 2010. január, pp. 8-10.
[Conventional and molecular genetic methods in poplar
breeding attached to bioenergetics]



11

Cseke K., Benke A., Borovics A. (2011): Nyár genotípusok
azonosítása DNS ujjlenyomatuk alapján. Erdészettudományi
Közlemények (1). pp. 107-114. [Identification of poplar
cultivars based on a genetic fingerprinting method]

Cseke K., Bordács S., Borovics A. (2011): Egy elegyes tölgyes
taxonómiai és genetikai szerkezetének elemzése.
Erdészettudományi Közlemények (1). pp. 95-105. [Taxonomic
and genetic study of a mixed oak stand]

Cseke K., Borovics A. (2011): Fűz fajták azonosítása
mikroszatellit markerekkel. Zöldenergia Termelés és
Hasznosítás Rendszere Tudományos Konferencia. Gyöngyös,
2011. szeptember 27. pp. 35-42. [Identification of willow
clones applying microsatellite marcers]

Benke A., Cseke K., Borovics A. (2011): Dunántúli Leuce
nyár populációk genetikai vizsgálata RAPD és cpDNS
markerekkel. Erdészettudományi Közlemények (1). pp. 83-93.
[Preliminary results of the population genetic inventory of
Leuce poplars applying RAPD and PCR-RFLP DNA markers]

Publications in English

Höhn M., Gugerli F., Abran P., Bisztray Gy., Buonamici A.,
Cseke K., Hufnagel L., Quintela-Sabarís C., Sebastiani F.,
Vendramin G.G. (2009): Chloroplast DNA variation in Swiss
stone pine (Pinus cembra L.) reflects contrasting post-glacial
history of populations from the Carpathians and the Alps.
Journal of Biogeography. 36 (9). pp. 1798-1806.

Bodor P., Höhn M., Pedryc, A., Deák T., Dücső I., Uzun I.,
Cseke K., Böhm É.I., Bisztray G.D. (2010): Conservation
value of the native Hungarian wild grape (Vitis sylvestris



12

Gmel.) evaluated by microsatellite markers. Vitis 49 (1), pp.
23-27.

Scotti I., Montaigne W., Cseke K., Traissac S.: Does habitat
disturbance contribute to maintain genetic variation in rain
forest tree populations? A genome-level test. Annals of Forest
Science. in press

Presentations

Cseke K. (2004): A cirbolyafenyő (Pinus cembra L.), mint
jégkorszaki reliktumfaj, posztglaciális története a molekuláris
kutatások tükrében. XXVII. Országos Tudományos Diákköri
Konferencia, Agrártudományi Szekció. Összefoglaló. Szarvas,
2005. 03. 31 – 04. 2. p. 141. [The postglacial history of the
glacial relict swiss stone pine (Pinus cembra L.) int he light of
the molecular studies]

Szulcsán G., Borovics A., Cseke K. (2005): A vadkörték
génmegőrzése (fajazonosság és diverzitásmeghatározás
izoenzim és DNS alapú vizsgálatok segítségével). Alföldi
Erdőkért Egyesület Kutatói Nap. Szeged, 2006. 11. 08. [The
genetic conservation of wild pear species (Species and
diversity identification applying isozyme and DNA based
methods]

Cseke K. (2006): Az európai cirbolyafenyő (Pinus cembra L.)
őshonos populációinak diverzitásvizsgálata a Kárpátokban
molekuláris genetikai módszerrel. Veszprémi Akadémiai
Bizottság Növényfiziológiai Munkacsoportjának Kihelyezett
Ülése. Sárvár, 2006. 10. 24. [Diversity study of autochthonous
swiss stone pine populations in the Carpathians using a
molecular genetic method]



13

Borovics A., Cseke K., Bordács S. (2007): A szaporítóanyag
genetikai minősége a körcsönyei magtermesztő ültetvényben.
Kocsányos tölgy plantázsok a Kárpát-medencében.
Konferencia. Szigetvár, 2007. 09. 20-21. [Genetic quality of
the reproductive material in the Körcsönye seed plantation]

Cseke K., Borovics A., Bordács S. (2007): Szárazságtűrő tölgy
fajok: felkészülés a klímaváltozás hatásaira. Kocsányos tölgy
plantázsok a Kárpát-medencében Konferencia. Szigetvár,
2007. 09. 20-21. [Drought tolerant oak species: Get ready for
climate change]

Cseke K., Borovics A., Bordács S. (2009): Egy elegyes tölgy
állomány taxonómiai és genetikai szerkezetének
megjelenítése. Kari Tudományos Konferencia. Nyugat-
Magyarországi Egyetem Erdőmérnöki Kar. Sopron, 2009.
október 12. [Representation of the taxonomic and genetic
pattern of a mixed oak stand]

Cseke K., Borovics A. (2009): White Oak Species Adapted to
Semiarid Conditions in the Carpathian Basin – Hidden
Reserves Mitigating the Effect of Climate Change.
’International cooperation in the forest sector: balancing
education, science and industry’. Mari State Technical
University (MarSTU), Sustainable Forest Management Center.
Yoshkar-Ola, 2009. 06. 01-05.

Borovics A., Cseke K., Molnár T. (2009): Mesterséges
populációk erdészeti felhasználásának genetikai
konzekvenciái. XV. Növénynemesítési Tudományos Napok:
Hagyomány és haladás a növénynemesítésben. Budapest,
2009. március 17. [Genetic consequences of using artificial
populations in forestry]



14

Benke A., Cseke K., Takács R., Kámpel J., Borovics A.
(2009): Hagymányos és molekuláris genetikai módszerekkel
támogatott nyárnemesítés a bioenergetikában Konferencia.
FVM Mezőgazdasági Gépesítési Intézet. Gödöllő, 2009.
október 29-30. [Conventional and molecular genetic methods
in poplar breeding attached to bioenergetics]

Cseke K., Borovics A., Bordács S. (2010): Miről mesél egy
tölgy állomány? Avagy a finomléptékű genetikai struktúra
térbeli megjelenítése fás populációkban. Pannon Tudományos
Nap. Nagykanizsa, 2010. október 13. [What does an oak forest
tell us? The representation of fine-scale spatial genetic pattern
in tree populations]

Jobb Sz., Borovics A., Cseke K., Koltay A. (2011): A
tölgypusztulás genetikai hátterének vizsgálata. Euroregionális
Természettudományi Konferencia. Nyugat-Magyarországi
Egyetem Savaria Egyetemi Központ. Szombathely, 2011.
január 26. [Study of the genetic background of oak decay]

Borovics A., Cseke K., Molnár Tamás (2012): Genetic
consequences of utilization artificial populations in forestry.
Seed orchard and Breeding Theory IUFRO Conference 21-25
May 2012 Antalya, Turkey Proceedings 67-71.

Posters

Höhn M., Ábrán P., Bisztray Gy., Bounamici A., Cseke K.,
Gugerli F., Sebastiani F., Vendramin G.G. (2005): Uneven
partitioning of genetic variation in chloroplast microsatellites
of Swiss stone pine populations along the European mountain
range. 17 International Botanical Congress. Abstracts.
Vienna,17-23 July 2005.



15

Benke A., Cseke K., Csintalan Zs., Borovics A. (2007): Hazai
nyárak populációgenetikai és élettani vizsgálata az erdészeti
célú felhasználás fejlesztése céljából. XIII. Növénynemesítési
Tudományos Napok. Magyar Tudományos Akadémia.
Budapest. p. 168. [Population genetic and physiological study
of nativ poplar species with the aim developing their
utilization in forestry]

Cseke K., Benke A., Borovics A. (2007): Nyár klónk genetikai
azonosítása. XIII. Növénynemesítési Tudományos Napok.
Magyar Tudományos Akadémia. Budapest. p. 87. [Genetic
identification of poplar clones]

Benke A., Cseke K., Borovics A. (2008): Természetes eredetű
hazai nyár állományok populációgenetikai vizsgálata a
Dunántúlon. Fiatal Kutatók az Élhető Földért Konferencia.
Budapest, 2008. november 24. [Population genetic study of
autochthonous poplar stands in the Transdanubian region]

Benke A., Cseke K., Borovics A. (2008): A Dunántúli Fehér és
Rezgő Nyár állományok populációgenetikai vizsgálatának
előzetes eredményei. Alföldi Erdőkért Egyesület, Kutatói Nap.
Szeged, 2008. november 6. [Preliminary results of the
population genetic study of autochthonous poplar stands in the
Transdanubian region]

Cseke K., Borovics A. (2008): Egy elegyes tölgy állomány
finomléptékű genetikai mintázatának elemzése. Fiatal Kutatók
az Élhető Földért Konferencia. Budapest, 2008. november 24.
[A fine-scale genetic pattern analysis of a mixed oak stand]

Höhn M., Hufnagel L., Ferenczi J., Cseke K. (2010): Despite
small habitat size and isolation, Scots pine (Pinus sylvestris l.)
populations of East-Central Europe have maintained high level



16

of chloroplast haplotypic variation. Conference on ‘Forest
ecosystem genomics and adaptation’. San Lorenzo de El
Escorial (Madrid), Spain, 9-11 June 2010. Book of abstracts.
Bioversity International (Rome, Italy) and INIA (Madrid,
Spain). p. 231.

Benke A., Cseke K., Borovics A. (2011): Őshonos nyárak
populációgenetikai és növényélettani vizsgálata. Az erdők
helye a vidékstratégiában – 2011. az erdők nemzetközi éve
Konferencia. Vidékfejlesztési Minisztérium. Budapest, 2011.
november 21. [Population genetic and physiological study of
native poplar species]


