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Genetic Variability of Service Tree (Sorbus domestica L.)
in the Hungarian Middle Mountains —
Based on cpDNA Analysis in Two Regions
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Abstract — A genetic inventory was conducted at maternally inherited chloroplast DNA
(cpDNA) gene loci of 196 adulséervice treesS domestich The sampled trees represent
autochthonous collectives/populations originating from 2 distant regions, from contrasting
habitats, a forested area (eastern part of the Dunazug Mountains) and cultured habitats (Zemplén
Mountains), respectively.

Strong intrapopulation variation was observed; percentages of molecular variance were: between
regions 27%, among populations/regions 6%, within populations 67%. Considering all samples, the
major part of total diversity (i 0.752) was contributed by intrapopulation diversity=0.583).

Species diversity was represented differently in individual populations. E.g. the population
Kacsard contains only one haplotype: the doubtless sign of local human cultivation. The population
Buda Hills has an average differentiation considering the whole sampled material but the highest when
evaluating the region north from Budapest separately. That points to the dispersion after an
introduction event, probably parallel to adaptive radiation under selection influence.

In the study genetically polymorphic populations containing unique haplotypes were
detected, providing important information for forest management, gene conservation and
nature protection activities. The described work is pagixdfitu gene conservation projects of
the species in Hungary.

cpDNA diversity / PCR-RFLP / differentiation / representativity / genetic distances

Kivonat — K6zéphegységi hazi berkenye Sprbus domestical.) populaciék genetikai
variabilithAsa — két régid cpDNS vizsgalata alapjan.196 hazi berkenye egyed vizsgalatat
végeztik el cpDNS-markerekkel. Azl fak kollektivumait két tajegységben mintaztunk: a
Dunazug-hegység keleti felének ébdritotta részétl, illetve a Zempléni-hegység &bhegyi
kultar-élbhelyeil. Az élshelyek ugyan kilonbdek, viszont a mintadzott populaciok
6shonosaknak tekinthik.

A molekularis variancia 27%-a régiok kozotti, a régidkon bellli populaciok kdzott ez 6%, mig a
populaciékon bellli érték 67%. A mintdk Osszességét tekintve az 0Osszdiverzitas O(fi52)
meghatarozo részét a populacion bellli diverzitas teszi ki (0,583). Az elkllonitett populaciok
dtéré reprezentativitasi avagy differencialédasi értékeket mutattak a mintdk 0Osszességéhez
viszonyitva. A kacsardi populacio pl. csak egyetlen haplotifwist mely a helyi kultivacidé biztos
jele. A Budai-hegyek populécioja kulénlegesnek bizonyult: a teljes névényanyaghoz viszonyitva
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atlagos differencialédast mutatott, viszont a Buddfil északra le§ populacidk kézott a legjobban
differencialt. Mindez a behurcolast ké§etzétaramlasra utal, amely egyiitt jarhatott szedddfolyas
alatti adaptiv radiacioval is.

cpDNS-diverzitas / PCR-RFLP / differencidlédas forezentativitds / genetikai tavolsagok

1 INTRODUCTION

Forest species, particularly wind pollinated spgcexhibit a very effective gene flow. Unlike
the patterns of nuclear DNA encoded alleles, matemmheritance of the DNA of cell
organelles maintain local patterns of allelic stuwe for long time periods (Matyas 2002).
Intraspecific chloroplast DNA (cpDNA) diversity igery effective in characterisation of
population structures and in phylogeographic sad@emesure et al 1996; Fineschi et al
2000). Organelle DNA markers are suitable for tnagkof postglacial species migration
routes (Petit et al 2002/b), for introgression gbridisation testing, for kinship relations or
descent analysis (Heinze 1998 in: Matyas 2002).

Service treeorbus domesticag an insect pollinated and animal dispersed, speeies,
and is of high interest both from silvicultural awgll as from nature and gene conservation
aspects. The natural distribution area of the ggeisi concentrated on Southern Europe. Core
areas are the Balkans and Appenines, eastern Spdisouthern France (Rotach 2003). The
easternmost occurrences are found on the Crima@nguga and in Asia Minor. The northern
boundary of natural occurrence is uncertain, bexaige the Roman period this species was
repeatedly cultivated and dispersed for its frfksusch Blecken von Schmeling 2000,
Gyulai 2001). A contiguous distribution is presansouthern Germany (Kausch Blecken von
Schmeling 2000), Lower Austria (Klumpp — Kirisit€d®) and in southern Slovakia (Karpati
1959/60, Paganova 2008).

In Hungary, the species is distributed mostly alding Hungarian Middle Mountains
range and in South and West Transdanybigure 1). The habitats are in mountainous
regions, usually dry oak or scrub forests, rockyero woodlands, but also forest margins,
abandoned vineyards and fruit orchards.

Dunazug Mountains
Danube Bend

Figure 1. Natural distribution range of Sorbus d@tiea in Hungary
(after Bartha— Matyas 1995) and the location of the study areas
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Genetic Variability of Service Tree in the Hungarisliddle Mountains 19

The occurrences in the last two habitat types c¢eflee human influence on distribution
of the species. Gyulai (2001) states that archgezdbfindings (seeds, fruit residuals) prove
that Roman Villa-farms had a highly developed fraiid winery culture in the Roman
province of Pannonia (in present-day HungaBged finds from the Migration Period, and
finally the study of medieval wells in Buda castienfirm the historically continuous
consumption of service tree fruits and the cultovatof the tree species. Rapaid940)
considers the service tres. (domesticdaas indigenous in Hungary.

S. domesticdhas acertain economic potential glant material of excellengenetic
quality is used (Rotach 2003). However, in megions of Central Europe, service tree is
threatened, and is regarded as a valuable biolbgimhplant genetic resource worth to be
conserved.

2 MATERIAL AND METHODS

2.1 Plant material

SamplegTable 1.)were collected in the Zemplén Mountains (Northt&asHungary), and in the
eastern part of the Dunazug Mountains (Danube Beodh of Budapest). Fresh leaves were
collected from trees, afterwards frozen and stateéB0°C. 196 individuals were sampled and
analysed. In the Zemplén Mts. the service treesrargly located in cultured or semi-cultured
habitats: vineyards and extensively used villagegma (Nyari 2002). In the Danube Bend
S. domesticappears in some close-to-nature forest asso@aiidrile in the Buda Hills (western
limits of Budapest) the species is considered bspantaneous (Karpéati 1959/60, Nyari 2003).

Table 1. Sampled service tree populations in the@én Mountains (codes 1-5), and in the
eastern part of Dunazug Mountains (codes 6-9). ¢berdinates of populations
represent the means of individual tree coordinates

Code Populations _ Coordinates _ Number of
Longitude Latitude trees
1. Hegykdz 481’ 6” 21°30'38” 28
2. Kacsard 483'26” 21°35 57 17
3. Hegyalja 4315'54” 21°23'35” 43
4, Tokaj 48 9'51” 21°19'54” 15
5. Mezdilé 48°27'39” 21°18'12” 9
6. Buda Hills 4734'12” 1857'33” 11
7. Szentendre 4723'53” 19 3'45” 30
8. Visegrad 4°%5 7 1856’19” 29
9. Pilismarot 4746'31” 1851’ 5" 14

When defining the dividing borders of sampled pagiohs in the two regions, first of all
the reproduction biology of the species was comsileTherefore, the occurrences in larger
groups or significant presence in contiguous laagss (convergent valleys, coherent vine
yards, basins) were defined as populations beaafuserourable geographical circumstances
for gene flow.

2.2 DNA extraction, amplification and digestion

For extracting total DNA from frozen leaf samples DNeas§ 96 Plant Kit (6) (QIAGEN,
Hidden, Germany) was applied. The concentrationthadjuality of the extracted DNA was
checked by 1.5% agarose gel electrophoresis wittAExas running buffer (Sambrook et al.
1989).
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The fragment length polymorphisms obtained by pripaars, combined with restriction
enzymes, allow the detailed study of intraspecifaiability and investigation of putative
relationships between sampled genotyp€ke details of amplification and restriction
digestion conditions are described in Dumolin —égye et al. (1997) and Demesure (1999).
Seven cpDNA primer pairs HK, KQ, DT, ST, VL, CS aB&M, described originally for
Sorbus torminaliby Demesure (1999) were tested. Amplifed prodatthese primers were
digested with the restriction enzymes Alu |, Dd&¢pR I, Hae lll, Hinf I, Mse | and ScrF 1.
The restriction fragments were separated by ovetaliours of electrophoresis on 8%
polyacrylamide gel (Dumolin — Lapégue et al. 1998)e analysed samples revealed at KQ
digested by Mse | seven, and at KQ digested by Hiafir polymorphic bands, enabling the
description of different cpDNA haplotypes.

2.3 Data evaluation

Genetic structures were characterized by populajemetic parameters derived with GSED
(Gillet 1998-2010) and GenAlEx (Peakal and Smou3@5® Distances among haplotypes
were calculated with NTSYS 4.0 beta (SinaAemotiation 1998) represented by TreeView
(Page2001). For diversity analysis the programs HAPLOKW$Tand HAPERMUT were
utilised (Pons — Petit 1996).

The diversity parameter - which is usually applied for haplotype genetiterpretation
and analysis - is defined as follows (Pons - A&&6):

V:Zni'j XX XY,
ij

where 7; is the distance between haplotypesidj andx; andy; are observed frequencieh: ’

is calculated by ignoring the genetic distancenaf haplotypes. The resulting coefficients of
differentiation are defined assiN(based on), or Gs (utilising h diversity).

The Nst and Gt values are directly comparable by using permutagioalysis, and their
difference can be tested against O (Burban et®9)l Accordingly, after 1000 repetitions,
the Nsr value is recalculated. Afterwards it is assesshdtier the new value after certain
repetitions is larger thandgs(one-tailed test).

The differentiation parametdd; of a subpopulation was obtained according to Gregorius
and Roberds (1986):

D, =dy(p(1), (i) =5 2P (1)~ P ()

Here Ei(j) describes the relative frequency of ttteallele among the pooled material of all

included samples except tfth. Thus,D; indicates whether sampjeepresents the complete
set of samples (= relatively low value) or has ec&d genetic setup as compared to the other
samples (= relatively high value).

The o gives the mean of the differentiation parame®rsveighted with the proportions
¢ of the different samples (Gregorius 1984):

0= Zn:cj D,
j=1

The total population differentiatiosir (Gregorius, 1987, 1988) quantifies the amount of
genetic variation within a single sample:
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The genetic distancel, between subpopulations was calculated inter albowviing
Gregorius (1974) and Prevosti et al. (1975). Itrgifi@s the proportion of genetic elements
which the two subpopulations do not share.

.. 18
do(i, J) :§Z|pik - pjk‘
k=1

Herei andj denote the subpopulations angd the relative frequency of the” type (allele,
genotype) in subpopulationThe genetic distances following Nei (1972) weakewalated as well.

The value of smallest genetic differendés) is based on the consideration that it
guantifies the change to be made in the frequehdtyeotrait states in one population in order
to match the frequency distribution of the secoodypation, under the requirement that trait
states be shifted to the most similar trait statespple. The minimum change in the sense of
linear programming is relevant, taking into accotiré characteristics of the place of traits
during optimization (smallest difference) throudje application of the principle (Gillet et al.
2004). Therefore:

A(s) =Y s(a,b)d(a,b)

a,b

A =min  A(S)

3 RESULTS

Polymorphisms were observed by means of PCR-RFLRs.primer pair KQ was used to
amplify the non-coding region between trnK and tro@Qthe chloroplast genome. The
amplified fragment was digested with the restrictemzymesvisel andHinf | and visualised
on polyacrylamid (PAA) gel. Eleven polymorphic medion fragments were observed,
classifying the 196 studied trees into 16 diffedeaplotypesKigure 2, 3 and Table)2

e T TN || P

Figure 2. The RFLP restriction patterns of primeznzyme combinations KQ - Mse | (1-7)
and KQ — Hinf I (8-11) on PAA-gel. Arrows indicdke detected polymorphic
bands/products.
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The distances between haplotypes were calculatksing the PAUP 4.0 beta program
(Swofford 2002). From the resulting haplotype distance ma#ritree-stucture grouping
without roots was constructed (Structural groupingooted option, program: TreeView,
Page 2001). The resulting UPGMA diagram is showrigure 3.

Table 2. Presence (1) or absence (0) of the coomedimg bands 1 to 11 of S. domestica
cpDNA-haplotypes (I - XVI)
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3.1 Spatial distribution of cpDNA haplotypes

Haplotype “XI — Green” on the left upper arm Bfgure 3 is the generally distributed
haplotype, prevalent in the Zemplén Mts. The hgpletwas represented in 47% of the
analysed samples. The “lll — Blue” haplotype (o thlpper right branch ifrigure 3
represents 15% of the samples. The "V — Gray” lgp&®on the lower right arm is present in
12% of the sampled specimens. The “lll - Blue, Gray, XI — Green”, and “XIV — Pink”
haplotypes were observed in both of the geografidestant regions.

Table 3. S. domestica cpDNA haplotypes in the atlugliopulations (see Figure 3).

Population code

Haplotypes 1 2 3 4 5 6 7 8 9
I Hatched light blue 0 0 0 0 0 0 0 2 0
Il Light blue 0 0 0 0 0 0 0 1 1
Il Blue 2 0 0 0 0 1 15 9 2
\% Dark blue 0 0 0 0 0 0 2 0 0
\% Gray 2 0 0 0 0 0 8 7 6
VI Yellow 0 0 0 0 0 0 0 0 1
VIl Orange 0 0 0 0 0 0 1 1 0
VIII  Black 0 0 0 0 0 0 0 1 0
IX Hatched brown 0 0 0 0 0 0 0 1 0
X Hatched pink 0 0 0 0 0 0 0 0 1
Xl Green 21 17 27 8 6 4 3 7 0
Xl Claret 0 0 1 0 0 0 0 0 0
Xl Light green 2 0 3 3 1 0 0 0 0
XV Pink 0 0 3 0 0 4 1 0 3
XV  Red 1 0 9 4 2 0 0 0 0
XVI Brown 0 0 0 0 0 2 0 0 0
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Most populations include several (from 3 to 8) cpDNaplotypes. The population of the
vineyards of Kacsard was fixed for a single hapetwhich was common in other populations of
the Zemplén mountains (“XI — Green”). The reasory rha sought in the cultivation effect
supporting the propagation of a single local hgpletfFigure 4. Comparing the regions, the
characteristic “main” haplotypes are different &gp‘lll — Blue” and “XI — Green” have an
alternating dominance by region), or are typicaldialy one population. The Hegyalja, Tokaj and
Mezodilé populations, as well as Hegyk6z contain exclubaglotypes which occur only in the
eastern, Zemplén region (“XV — Red, XIll — Lightean”).

A large number of otherwise rare haplotypes (“l atdthed light blue; 1l — Light blue;
IV — Dark blue; VI — Yellow; VII — Orange; VIII — Bck; IX — Hatched brown; X — Hatched
pink™) were observed in three populations from hanube Bend (Pilismarét, Visegrad,
SzentendreTable 3 Figure 4). The population Nr. 6 of Buda Hills contains happes which
are typical and dominant haplotypes for both regi¢fil — Blue, XI — Green, XIV — Pink”)
and has a private haplotype (“XVI — Brown”) as well

Figure 3. Unrooted UPGMA diagram of the serviceetopDNA-haplotypes
(after Page 2001). The colours are correspondingiture 4.

8. Visegrad

7. Szentendre

6.Buda Hills

'

Figure 4. The spatial distribution of S. domestpdNA-haplotypes in the Dunazug (left)
and Zemplén (right) Mountains. The circle diametmes relative to sample sizes
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Considering the cpDNA-haplotype composition of stadied populations, it may be
deduced that the populations dominantly indicateni#ed origin, containing numerous
cpDNA haplotypes. Among these haplotypes, domirsartt codominant or accompanying
types are distinguishable within populations origag. Typically, the main or dominant
haplotype within a region could occupy the roleoflominant haplotype in the other region.

Observed patterns of cpDNA diversity confirm theyortance of endozoochorous seed
dispersal and typical extinction/recolonisation ayncs. Results indicate considerable gene
flow by seeds among populations within regions ltesy in a high diversity within
populations and sharing of haplotypes within thgiae, but very limited gene flow between
the two regions.

An analysis of molecular variance revealed that 2f%he total variation is distributed
between the two regions, 6% among populations witieigions, and the remaining 67%
within populations. Strong differentiation was oh&el between the two regions, with only 4
common haplotypes.

3.2 The cpDNA haplotype diversity and differentiaton among populations

A major proportion of the total diversity (= 0.752) is contributed by intrapopulation
diversity (h = 0.583;Table 4. Total diversity (k) values are similar in the two regions
(0.838 for Zemplén and 0.852 for Dunazug), howeter intrapopulation differentiation is
remarkably higher in the Dunazug than in the Zempiépulations (h= 0.761 vs. 0.678) due
to other, private and rare haplotypes. The higtapdpulation differentiation indicates that a
large number of mother plants participated in fongdhe populations.

The level of population subdivision using unorderadd ordered alleles resulted
Gst=0.225 and Ny = 0.245, respectively, for the whole material. Asang the two regions
separately the values of population subdivision ewksss pronouncedTéble 4. In the
Zemplén region the & value (0.191) was higher tharsN0.146) which is exceptional. The
differences betweendY and Gt were not significant neither separately for the n®gions,
nor for all samples (U-test).

Table 4. Diversity and differentiation of S. don@spopulations. Standard deviations are in

parenthesis
c~ _0 = = = = = =
&S ESRE °Q o o o o o o =
-5 O >0 = [2)
. as 2535 L2 " o = = n 2 o 2 = O3
Region 8_-8 858‘8% s < O > > 8 z8 2379
— .= E‘B © S c c [ c c c zZ
Om 595 Zc 8 8 g g b g
) n (°2) (°2) (°2) (°2) o
Zemplén 5 2111 9 0.678 0.838 0.191 0.709 0830 0.146 -1.23
Mountains ' (0.0763) (0.0879) (0.0135) (0.0748) (0.0345) (0.1046) NS
Dunazug 4 1738 13 0.761 0.852 0.106 0.738 0.858 0.140 0.43
Mountains ' (0.0269) (0.0272) (0.0303) (0.0657) (0.0472) (0.0723) NS
overal 9 1712 16 0.583 0.752 0.225 0569 0.754 0.245 0.25

(0.0835) (0.0831) (0.0577) (0.0932) (0.1121) (0.0497) NS

NS: not significant
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3.3 Genetic differentiation comparing the represerdtivity of populations

If each service tree population is compared withdbmplementary material, representativity
or presence of special types can be evaluateddTlagerage differentiation) value is quite
high (0.51), which might be explained by the ma&érmheritance, the geographical
segregation, and the significant number of polyrhamms. The most representative
population — including the largest number of hapes — is the Hegyk®dz population,
followed by Me#diil6 and by Hegyalja as well as Tok&jgure 5.

Table 5. Genetic differentiation among the S. ddicespopulations (Program: GSED,
author: Gillet 1998-2010)

1. 2. 3. 4., 5. 6. 7. 8. 9.
Hegyktz Kacsard Hegyalia Tokaj Mezodilé Buda Hills Szentendre Visegrad Pilismarét

G 0.143 0.087 0.219 0.077 0.046 0.056 0.153 0.148 710.0
D, 0351 0.575 0.431 0.431 0.417 0.508 0.686 0.531 140.7

C;: differentiaton proportionally to sample sizeg, differentiation versus the complementangterial

9. Pilismarat

- O.F

5. Mezodils| O

- 04

- 03

- 0.2

- 0.1

3. Hegyalja

8. Vigegrad {1

4. Tokaj

6. Buda Hillz

Figure 5. Genetic differentiation among populations
based on cpDNA haplotypes after Gregorius and RisbEr986).
The circle displays the mean differentiation ampogulations § = 0.51)

According to the differentiation values, populasan Zemplén are more representative.
Kécsard, containing just one haplotype, is the ptiop. This locally cultivated cpDNA type
is an autochthonous and well distributed haploippgbe Zemplén Mountains.

The differentiation of the Buda Hills populatioD;(= 0.508) corresponds to the mean
value among populations. It contains haplotypesmonty found in both regions and has a
private haplotype: this is also reflected by theteérmediate’ position in the dendrogram
(Figure 8.

The other populations in the Danube Bend (Viseg&mkntendre, Pilismarot) north of
Budapest, show only a lower representatidp> mearny) caused by the appearance of ‘new’
and rare haplotypesgigure 5.
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8=023  5=0054 _o2

5. Mezddild
- 03

- 02

4. Tokaj o
- o1 Aiixeed 9. Pilismarot

” /3. Hegyalja

8. Visegrad

1. Hegykoz

Figure 6. Genetic differentiation among the Figure 7. Genetic differentiation among the
Zemplén Mts. populations Dunazug Mts. populations.
(see Figure 5 for explanations)

When evaluating the Zemplén and Dunazug regionsratgly, the calculated mean
differentiation values are lowep (= 0.23 andd = 0.054 respectivelyFigures 6 and Y
compared to the pooled analysis. The reason isefj@nal separation regarding the main
haplotypes (seé&igure 4, which determines a relatively higher homogenaeiithin both
regions. In the Zemplén Mountains the populatiorthaf vineyards of Kacsard is the least
representative due of its single haplotype. Theufamns of Hegykdz and Hegyalja with a
large number of sampled trees and haplotypes hage to average differentiatiofrigure
6). The Tokaj and Me&xil6 display the same haplotypes but their proportiarnes. This fact
has a remarkable influence on the differentatidoutation.

In the Dunazug region, the Buda Hills populatiordéviant and considerably increases
the value of the average differentiation. The offegsulations have high representativity.

The mean differentiation valuesd)( are analogous to the sN and Gyt population
differentiation(Table 4).

3.4 Genetic distances among populations

Genetic distances among the 9 subpopulations vedcalated according to Nei (1972), Gillet
et al. (2004, smallest genetic difference), andgGries (1974) (software: GeneAlex /Peakall
— Smouse 2006/ and GSED /Gillet 1998-2010/). Whemparing the geographic and genetic
distances, the Buda Hills population shows dewahies (underlined iffable §.

The distances (after Gregorius 1974) are lessanetistern Zemplén region than in the
Danube Bend regioTéble §.

The intermediate situation of the Buda Hills popola was previously described: it
includes main or typical haplotypes from both regi@nd is remarkably differentiated from
the other, Danube Bend populations within the nediigure 7). Based on the distancds
after Gregorius (1974), a cluster analysis of thealysed populations was executed
(Figure 8. Within the SAHN (Sequential, Agglomerative, Hiechical, Non-overlapping)
classification the ’single linkage’ method sepasatbased on the principle of minimum
differences. The clustering using the single lirkagethod is clearly taking into consideration
the geographic differentiation as well.
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Table 6. Matrix of genetic distances (after Gregeril974) (left lower triangle) and
geographic distances (right upper triangle) of gamnpled populations

Geographic distance (km)

Hegykoz Kacsard Hegyalja Tokaj Mezdilé Buda HillsSzentendreVisegrad Pilismarot

— 15.227 29.488 41572 16.573 217.011 201.681 209.026 213.904Hegykdz
0.250 — 19.893 31.398 22.184 215.666 201.259 209.035 214.263Kacsard
0.267 0.372 — 12,119 22.761 197.153 183.283 191.298 196.733Hegyalja
0.360 0.467 0.188 — 33.063 188.885 175.710 183.983 189.638Tokaj
0.226 0.333 0.093 0.133 — 200.520 185.121 192.454 197.334Mezddiilé
0.565 0.636 0.567 0.636 0.636 — 19.551 20.291 24.208Buda Hills
0.757 0.900 0.867 0.900 0.900 0.776 — 9.534 16.516 Szentendre
0.616 0.759 0.759 0.759 0.759 0.668 0.315 — 7.020 Visegrad
0.857 1.000 0.930 1.000 1.000 0.695 0.557 0.581 — Pilismarot

Genetic distance

1_Hegykéz
3_Hegyalja
5_Mezadiilo

4_Tokaj

2_Kacsard

6_Buda_Hills

7_Szentendre

8_Visegrad

9_Pilismarét

r T T T T T T T T T T T T T T T T T T T 1
008 022 0.35 0.4 062

Coefficient

Figure 8. Single linkage dendrogram of nine S. dsiioa populations,
based on the genetic distanggadter Gregorius (1974)

In our clustering, using the distancesTiable § the Buda Hills was always grouped to
the eastern region. It seems, that the Danube Bepdlations constitute a distinctly different
region regarding their haplotype composition.

4 DISCUSSION

The cpDNA analysis of this insect-pollinated, sestl species is well suited for gene flow
analysis based on seed dispersal. The fruit hagmuws consumers (especially thrush species)
which transport the seed over greater distanceshaodgh the digestion process neutralise the
effects of germination inhibitors which are in theit flesh (Yagihashi et al.998).

Oddou-Muratorio et al. (2001/c) distinguished 19dwservice tree §. torminali$
haplotypes through Europe based on 7 cpDNS and SSRpprimer pairs. Two main
haplotypes were commonly occurring. In every popaiaalso minor or rare haplotypes were
found.
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In our study, regionally different major haplotyesd minor types occur as well in every
analyseds. domesticpopulation.

The Gst values ofS. domesticare extremely low: 0.106 (for the Dunazug regiorGsr
< 0.225 (for the two regions). Results #rtorminalisare similar: 0.13 < & < 0.35 (Oddou-
Muratorioet al.2001/b,Oddou-Muratorio et ak001/c).

Wild service tree §. torminali$ populations sampled over the eastern and soustier®a
part of its range were studied with seven, presiynadutral nuclear microsatellite markers
(Kucerova et al2010). The differentiation level was relatively higFst = 0.228), which
comes close to our cpDNA results for a species wittagmented occurrence at its limits.
Mohanty et al. (2002) found &&= 0.29 for the similarly insect pollinated and sesdd
Prunus aviumamong 23 European populations based on 16 deddrédg@otypes.

These values appear to be lower than those forlyvidistributed social broadleaved
species such &3. petraea Gst= 0,82 (Dumolin-Lapegue et al. 1997);@sr = 0.835 (Petit et
al. 2002); and-. sylvatica Gst= 0,83 (Demesure et al. 1996). The cpDNA markemsnsh
strong differentiation among social broadleaved ypaons and low levels of within
population diversity. Conventional cpDNA primersosls for insect pollinated wild fruit
species, that these populations are regularly fimediumerous haplotypes. The presence of
more — main and minor — haplotypes suggests nuradomnders also through long distance
seed dispersal.

The spatial distance between the two regions esc@80 km, therefore the structural
differences between the Danube Bend area and Zenapk remarkably high. The lack of
additional or ‘bridge’ data between the two regionfluences the evaluation and the
interpretation as well. The reasons for the exttiaary structure of Buda Hill population could
not be clarified undoubtedly, whether it is of matwrigin or a product of human impact or
cultivation. The influence of cultivation on thenpdistance dispersal is so far also not clear.

S. torminaliscpDNA results reveal, that a significant but stigieographical haplotype
pattern was observable approximately up to a distasf 100 km (Oddou-Muratoriet al.
2001/a). The described cpDNA pattern was comparedstzyme-based (biparentally
inherited and codominant) results, analysing thmeesplant material. Neither pollen nor seed
dominated gene flow was clearly observable in thgupation structure of that species

There are, however, countless examples for antigeapmus dispersal or cultivation
effects onSorbus species (Karpati 1959/60, Grater 1996, 1997, GyR@01). Karpati
(1959/60) refers to Holuby’s (1888) vascular fldescription of Trencsén County. Trencsén
County is situated over the northern limit of seevitree distribution. Holuby reported on
centuries-old service trees. He explained: in e@lsen accidentally detected seedlings were
found in forests, which originated from seeds sgrég birds, these were removed and
planted at the edges of arable land. At the sifembandoned orchards or vineyards, often
established on forest clearings, these trees c#in bst found, putative remnants of
transplanted specimens.

A very convincing example for local anthropogenalispersal is the occurrence in the
vineyards of Kacsard, which belongs to the histdiikaj-Hegyalja vine region. Here only
the major and generally distributed (“XI — Greehgplotype was found.

Based on the communications of Boros (1944 in: E&rpO59/60) the service tree in the
Buda Hills is subspontaneous and distributed bgisbirom nearby forests. Our sampled trees
in the Buda Hills are situated in private gardendprmer vineyards and in forested areas as
well. Cultured habitats are in any case more fragjirethe Buda Hills, than at other locations
of the Danube Bend. On the other hand, occurreimcgemplén are predominantly cultured
habitats, but no exceptional or unique cpDNA hages were found there.

! Presently Tretin, N-W Slovakia

Acta Silv. Lign. Hung. 6, 2010



Genetic Variability of Service Tree in the Hungarisliddle Mountains 29

5 CONCLUSIONS FOR CONSERVATION AND FORESTRY PRACTICE

Among the main species of the gensisrbus S. domesticaequires more ex situ gene
preservation, while for wild service tre8.(torminali$ in situ conservation methods seem
sufficient for gene conservation, because thisispds less endangered (Demesure 1997). In
the present study genetically polymorphic populai@ontaining unique haplotypes were
detected, providing important information for faremanagement, gene conservation and
nature protection activities &. domestica

The service tree remains rare in closed forestd, slnould be planted in forest edges,
hedges or clearings for game food (Vancsura 1992 the aspect of nature protection, it is
important to monitor the seedling recruitment amyedopment in regenerated stands, and
where necessary, to plant artificially.

The described genetic inventory was the prepardtioryene conservation breeding of
S. domestican both regions. Ex situ conservation measures.the planting of two grafted
seed orchards for gene conservation is in preparaifhe gene conservation units will
represent all identified genotypes of the respectegions. Minimum 3 grafted ramets per
genotype will be outplanted. The frequency of ggpes will vary according to phenotypic
trait differences, following the principles of gemenservation breeding for different traits
such as fruit, seed or trunk quality. The varyiegresentation of different genotypes in the
seed orchards will be based on the rating of repibek contribution which was first applied
in Hungary, in Scots pine breeding (Bano et al.897

Acknowledgements:the author is very thankful to Kornel Burg (AustriResearch Centers
Ltd; Seibersdorf) for his advising support durirge tlaboratory analysis and to Elizabeth
Gillet and Martin Ziehe (Georg-August University tiidgen) for their help in the statistical
analysis. The comments and support of Csaba M&igapron) during the manuscript
finalisation are specially acknowledged.

The research was supported by the Hungarian Mynisefr Agriculture and Rural
Development (Contract IDs: FVM 3-a/2001, FVM 168882 and TAMOP 4.2.2-08/1-
2008/20). The scholarship for laboratory analysés provided by the Austrian Exchange
Service and for the data analysis by COST E 28 tSherm Scientific Mission Action
Program. Special thanks are extended to the Fdtastery Enterprises of Balazs Kiss
(Pilismarot) and JénHorvath (Fuzeér) for their help in the specimenrske@nd sampling.

REFERENCES

BARTHA D. — MATYAS Cs. red. (1995): Erdei fa- és cserjefajolksferduladsa Magyarorszagon
[Occurences of woody tree and shrub species in Hyhdllebrand Printers, Sopron. 223 p.
(in Hungarian)

BANO F.— MATYAS Cs. — TuskO L. (1978): A magtermeszté$Seed productioh.159-165. In:
Keresztesi B. red A fedk termesztése és a fdiiggazdalkodad Conifer cultivation and
managemehtAkadémiai Kiadd, Budapest. 562 p. (in Hungarian)

BURBAN, C. — PETIT, R.J.— CARCREFF, E. — JACTEL, H. (1999): Rangewide variation of the maritime
pine bast scal®latsucoccus feytaudbuc. (Homoptera: Matsucoccidae) in relation to gleeetic
structure of its host. Mol. Ecol. 8, 1593-1602.

DEMESURE B. — Sobzl, N. — PETIT, J. (1995): A set of universal primers for amplificaticof
polymorphic non-coding regions of mitochondrial ehloroplast DNA in plants; Molecular
Ecology 4: 129-131.

Acta Silv. Lign. Hung. 6, 2010



30 Nyari, L.

DEMESURE B. (1997): Mountain ashSorbussp.); In. TUROK J; COLLIN E; DEMESUREB; ERIKSSON
G; KLEINSCHMIT J; RUSANEN M; STEPHAN R. eds.: Noble Hardwoods Network. Report of the
second meeting, 22-25 March 1997, Lourizan, Spaternational Plant Genetic Resources
Institute, Rome, Italy: 48-50.

DEMESURE B. (1999): Sequency of the primers and PCR programs of Sagpeasies, pers. inf. of
INRA, Orleans.

DUMOLIN-LAPEGUE S.— COMPS B. —PETIT R.J. (1995): Inheritance of chloropast and mitochi@idr
genomes in pedunculate oak investigated with doieft PCR method, Theor. Appl. Genet. Nr.
91: 1253-1256.

DUMOLIN-LAPEGUE S.— KREMER, A. — PETIT, R.J.(1997):Phylogeographics Structure of white oaks
throughout the European continent. Genetics 146514487.

FINESCHI , S; TAURCHINI , D; VILLANI , F; VENDRAMIN, G. G. (2000): Chloroplast DNA
polymorphism reveals little geographical structure Castanea sativaMill. (Fagaceae)
throughout southern European countries. Mol. E€o0l1,495-1503.

GILLET, E.M. (1998-2010): GSED - Genetic Structures from Elgdiooesis Data; Georg-August
University, Section of Forest Genetics and Forese Breeding, Gottingen.

GILLET, E.M. — GREGORIUSH-R. — ZIEHE M. (2004): May inclusion of trait differences in rggic
cluster analysis alter our views? Forest Ecology Management 197: 149-158

GRATER, C. (1996): Der Wald immergriin. [The forest is evergideRW-Verlag Weinbrenner GmbH
& Co, Leinfelden-Echterdingen, 111 p. (in German)

GRATER, C. (1997): Linde und Hag. [Lime and hedge.] DRW-VerMinbrenner GmbH Co,
Leinfelden-Echterdingen, 112 p. (in German)

GREGORIUS H-R. (1974): Genetischer Abstand zwischen Popran |I. Zur Konzeption der
genetischen Abstandsmessy@enetic distance among populations I. To the canockpgenetic
distance estimatignSilvae Genetica 23: 22-27. (in German)

GREGORIUS H-R. (1984): A unique genetic distance. Biom2@, 13-18.

GREGORIUS H-R. — ROBERDS J.H. (1986): Measurement of genetical differdida among
subpopulations. Theor. Appl. Genet. 71, 826—-834.

GREGORIUS H-R. (1987): The relationship between the corgept genetic diversity and
differentiation. Theor. Appl. Genet. 74, 397-401.

GREGORIUS H-R. (1988): The meaning of genetic variationhivitand between subpopulations,
Theor. Appl. Genet. 76, 947-951.

GYyuLAl F. (2001): Archaeobotanika. A kultirndvények torténete a Karpadencében a régészeti-
novénytani vizsgalatok alapjarfArchaeobotany. The history of cultivated plants time
Carpathian Basin based on archeological-botanitallyais] J6széveg NMhely Kiadd, Budapest,
222 p. (in Hungarian)

HEINZE, B. (1998):Molekulargenetische Unterscheidung und Identifiangr von Schwarzpappeln und
Hybridpappelnklonen[Molecular genetic differentiation and identificati@f black poplars and
hybrid poplar clondsin. MATYAS Cs. ed.(2002):Erdészeti és természetvédelmi genefikarest
and nature protection genefiddezsgazda Kiadd, Budapest, 422 pp. (in Hungarian)

KAUSCH BLECKEN V. — SCHMELING, W. (2000): Der Speierling.Service tred. Author’'s personal
edition, Bovenden, 184 p. (in German)

KARPATI Z. (1959/60): Die Sorbus-Arten Ungarns und der engenden GebietgSorbus species of
Hungary and the adjoining regigriseddes Repertorium — specierum novarum regni abjist
Band 62, Heft: 2-3, Akademie Verlag, Berlin. 71-3@d4 German)

KLUMPP, R. — KIRISITS, T. (1998): The Genus Sorbus in Austrian Forestry. Proceedafgthe
Workshop: The Conservation Status of Sorbus inUKe Wakehurst Place 28th April 1996;
Royal Botanic Gardens Kew: 51-60.

KUCEROVA, V. —HONEC, M. — PAULE, L. — ZHELEV, P.— GOMORY, D. (2010): Genetic differentiation
of Sorbus torminalis in Eastern Europe as deterthime microsatellite markers. Biologia 65/5:
817-821, Section Botany, DOI: 10.2478/s11756-018260

MANTEL, N. (1967): The detection of disease clustering)@ageneralized regression approach. Cancer
Res. 27: 209-220.

Acta Silv. Lign. Hung. 6, 2010



Genetic Variability of Service Tree in the Hungarisliddle Mountains 31

SMOUSE, P.E.—LONG J.C.—SOKAL R.R. (1986): Multiple regression and correlaticteasions of the
Mantel test of matrix correspondence. Systematmatyy, 35: 627-632.

MATYAS Cs. (red.) (2002): Erdészei és természetvédelmi genetilgorest and nature protection
geneticy Mezégazda Kiad6, Budapest, 422 p. (in Hungarian)

MOHANTY, A. — MARTIN J.P.— AGUINAGALDE, |. (2001): A population genetic analysis of chldest
DNA in wild populations of Prunus avium L. in EueyHeredity 87: 421-427.

NEI. M. (1972): Genetic distance between populatidmserican Naturalist, 106: 283—392.

NYARI L. (2002): Speierlingsvorkommen im Zempléner-GebirfService tree occurences in the
Zemplén Mountairis Corminaria, 18: 1:213. (in German)

NYARI L. (2003): Die Lage der Erhaltungsziichtung der &tsb Sorbus torminalis und des
Speierlings $orbus domestigan Ungarn[The situation of the gene conservation breeding of
wild service tree $orbus torminalijs and service tree Sprbus domestidain Hungary]
Corminaria, 20, 3-5. (in German)

ODDOU-MURATORIO, S.— PETIT, R.J.— LE GUERROUE B. — GUESNET, D. — DEMESURE B. (2001/a):
Pollen- versus seed-mediated gene flow in a sedltierest tree species. Evolution, 55(6): 1123—
1135.

ODDOU-MURATORIO, S. — GUESNET, D. — OzDEMIR, E. — PETIT, R.J. — DEMESURE B. (2001/b):
Patterns of seed dispersal in a scattered forestgpeciesSorbus torminalis based on multi-
scare investigation of population genetic strucforechloroplast DNA. INMULLER-STARCK, G.

— SCHUBERT, R. ed: Genetic Response of Forest Systems to Chaigimgonmental Conditions,
Vol. 70 (For. Sci.) 271-280. Kluwer Academic Pubéiss, Dordrecht, Boston, London.

ODDOU-MURATORIO, S.— GOUE, N. — ESPANOL-ALVAREZ, E. — MuscH, B. (2001/c): Historical and
current seed flow in a scattered tree species: Hi meale study in the wild service tree.
Proceedings of the Workshop: Phylogeography of pemo forest trees and shrubs and
application for their conservation and managemEnntainebleau, Paris, June 27-30th, 2001,
publicated by EU — ONF — INRA — CYTOFOR.

PAGANOVA, V. (2008): Ecological requirements of wild seesicee Sorbustorminalis[L.] Crantz.)
and service treeSprbusdomestica..) in relation with their utilization in forestrgnd landscape.
Journal of Forest Science, 54, (5): 216-226.

PAGE, R.D.M. (2001): TREEVIEW 1.6.6. Glasgow, Scotlanbivision of Environmental and
Evolutionary Biology, Institute of Biomedical andifé Sciences, University of Glasgow,
Glasgow.

PEAKALL, R. — SMoOUSE P.E. (2006): GENALEX 6: genetic analysis in Exdebpulation genetic
software for teaching and research. Molecular EppNotes, 6: 288-295.

PETIT, R.J. et al. (2002): Chloroplast DNA variation inrBpean white oaks. Phylogeography and
patterns of diversity based on data from over 2&6@fulations. Forest Ecology and Management
156: 5-26.

Pons, O. — PETIT, R.J (1996): Measuring and testing genetic differentiation wittdered versus
unordered alleles. Genetics 144, 1237-1245. (HAPSDIEnd HAPERMUT software)

PREVOSTI, A. — OCANA, J. — ALONSO, G. (1975): Distances between populationsDobsophila
subobscurabased on chromosome arrangements frequenciesr.Taed Appl. Genet. 45,
231-241.

RAPAICS R. (1940): A magyar gyumdlcgFruits of Hungary Kiralyi Magyar Természettudomanyi
Térsulat, Budapest, 350 p. (in Hungarian)

ROTACH, P. (2003): EUFORGEN Technical Guidelines for genetinservation and use for service
tree Sorbus domestigalnternational Plant Genetic Resources Institetane, Italy. 6 p.

SAMBROOK, J. — FRITSCH, E.F. — MANIATIS, T. (1989): Molecular Cloning: A Laboratory manual.
(Second edition). Cold Spring Harbor LaboratorysBrélainview, New York. 1659 p.

SWOFFORD D.L. (2002): PAUP*. Phylogenetic Analysis Using Slarony (*and Other Methods).
Version 4. Sinauer Associates, Sunderland, Massattsu 142 p.

YAGIHASHI, T.— HAYASHIDA, M. — MIYAMOTO, T. (1998): Effects of bird ingestion on seed
germination ofSorbus comnixtaDecologia, 114: 209-212.

VANCSURAR. (1992): Dendrol6gia. [Dendrology.] Mézazda Kiadd, Budapest. 728 p. (in Hungarian)

Acta Silv. Lign. Hung. 6, 2010



	Acta Silv. Lign. Hung., Vol. 6 (2010) 017-031 | DOI: 10.37045/aslh-2010-0002
	Abstract
	Kivonat
	Genetic Variability of Service Tree (Sorbus domestica L.) in the Hungarian Middle Mountains – Based on cpDNA Analysis in Two Regions
	1 INTRODUCTION
	2 MATERIAL AND METHODS
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSIONS FOR CONSERVATION AND FORESTRY PRACTICE

	Acknowledgements
	REFERENCES

