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Abstract

Sea Buckthorn population from Ujpest Nature Reserve, the only one assumed to be native in Hungary sustains at the
periphery of Budapest city on the sandy substrate deposited by the Danube river. The study aims to characterize the gene stock
preserved on this small edaphic habitat by comparing with the genetic material of planted specimens of known origin used in
horticultural and gardening practice. Fragment length variations of seven nuclear microsatellite markers were evaluated and a
phylogenetic tree was constructed based on sequence variation of an intron from nuclear gene encoding the chalcone synthase
enzyme. Gender rate was evaluated by female specific SCAR marker. Microsatellite analysis pointed out the extremely low
variation of the natural sea buckthorn population from Ujpest Nature Reserve compared to the cultivated specimens, while
the phylogenetic tree revealed that the natural population belongs to the genetic lineage distributed mostly in Western and
Middle-Europe, and in Romania, region, which has strong links to the Balkan and the Black Sea. The analysis clearly separated
the genetic material of the native Ujpest population from the planted individuals from the vicinity that proved to be of
allochthonous origin. The HrX2 SCAR marker revealed the dominance of the males (1:1.42). The study provides support for
the autochthonous origin of the Hungarian remnant population being in reproductive isolation that suggest for its long
persistence and relict status. Ex sizu conservation and nature protection measures are highly recommended to maintain one of

the last native sea buckthorn populations of the Pannonian region.
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Introduction

The genus Hippophae - belonging to the Eleagnaceae
family, commonly known as sea buckthorn comprises seven
species: H. rhamnoides, H. goniocarpa, H. neurocarpa, H.
litangensis, H. gyantsensis, H. salicifolia and H. tibetana (Sun
et al., 2002). The area of the buckthorn species covers the
Quinghai-Tibetan plateau and adjacent areas, except F.
rhamnoides, which is widely distributed both in Asia and
Europe (Bartish ez al, 2000, 2002; Jia et al., 2012). H.
rhamnoides comprises eight subspecies (Swenson and
Bartish, 2003). According to Rousi (1965) the Hungarian
provenances belong to subspecies carpatica. However, in
Hungary, the only population assumed to be native grows at

the northern border of Budapest city, on the sandy substrate
deposited by the Danube River. The protected area called
sca buckthorn Nature Reserve of Ujpest (Gadé and
Kerényi-Nagy, 2012), was established in 1999 with the
primary scope of preserving the last remnants of the native
Hungarian sea buckthorn gene stock. This pioneer shrub
has a great importance in sustaining also the local ecosystem
of the open sandy grassland characterized by a series of
perennial species specific for the Pannonian lowland area.
The sand dunes of low nutrient content provide long-term
survival for this pioneer species as well for other sandy
species of high adaptive potential and low competitive
ability. However, large parts of the sandy vegetation along
the Danube have been destroyed because of the expansion
of the city. Nature protection activities are of high
importance to hinder ongoing secondary succession that
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may cause final decline of this specific remnant habitat
preserving rare species like the sea buckthorn.

H. rhamnoides is a deciduous, dioecious, frost-resistant
shrub with genetically determined diploid cytotype (27 =
24) (Rousi, 1965). The flowers are wind-pollinated, the
fruits are fleshy pseudodrupes (Mangla ez al., 2015). Its
common name comes from its habitat: sea buckthorn grows
on dunes along the Black, North and Baltic Seas, or along
the river banks, valley slopes, mountain streams of low or
middle altitudes (Lian ez /. 1998). It has a clonal structure
spreading mainly by root suckers, and in this way can fast
colonize the adjacent areas (Bartish ez a/., 2000). Generative
propagation of buckthorn is implemented by bird-dispersed
seeds. The average lifetime of a plant was reported to be 30-
40 years; older than 80 years old genotypes were not
described (Gadé and Kerényi-Nagy, 2012). As ecarly
successional  species with fragmented and isolated
distribution it is presumed to show genetic pauperisation,
and signs of genetic drift (Bartish ez 4/., 1999).

Sea buckthorn is an economically and ecologically
important multi-purpose plant. Its health protective effect
was known already since 5000 BC (Kalia ez 4/, 2011).
Different extracts of leaf showed antiviral and anticancer
activity (Enkhtaivan e al, 2017). However the sea
buckthorn oil is known to have one of the most important
pharmacological effects. The fruits of H. rhamnoides are
rich in carotenoids, lipids, ascorbic acid, tocopherols, sterols,
flavonoids and triterpenes. Due to several health-protecting
compounds, sea buckthorn has been extensively used in
food and cosmetic industry (Bawa e 4l., 2002). The plant
has also other popular qualities like nitrogen fixation
capacity, soil improvement and ornamental value (Sezen et
al., 2015). The wide range of infraspecific morphological
diversity can serve as a good potential for plant
improvement by crossbreeding or selection. Because of its
high use individuals were planted by people from the carly
times. Breeding programs were established in several
European countries with main purposes: high yield, bigger
fruit size, thornless, better fruit quality andg rowth habit.
Until now, many valuable cultivars are avai%able (Li and
Schroeder, 1996). Sea buckthorn has been widely planted
also as protective buffer strips along the main roads.

Molecular markers are excellent tools for selecting
genetic traits at an carly stage and for assessing genetic
potential or for screening genetic diversity due to their high
polymorphism and ability to reveal a high number of alleles
for each locus, resulting in a high degree of variability and
reproducibility (Kalia ez 4/, 2011). During the last decade,
the popularity of Hippophae species has attracted
considerable attention from rescarchers and several
molecular analyses were carried out. RAPD markers (Sheng
et al, 2006; Lacis and Kota-Dombrovska, 2014), ISSR
markers (Tian ez al., 2004, Li et al., 2009), AFLP (Raina ez
al., 2012) or combined methods (Srihari ez a/., 2013) were
applied to assess genetic diversity. For gene tagging,
genotyping and molecular breeding, two sets of SSR
markers were developed: Wang ez al. (2008) published 9
microsatellite markers developed for subsp. sinensis, while
Jain ez al. (2010) introduced 11 EST-based SSR markers for
H. salicifolia and H. rhamnoides.

Sex-linked markers for Hippophae are also available to
identify the gender, as sex of the seedlings cannot be
determined until the shrubs do not start flowering, Korekar
et al. (2012) developed two, female specific SCAR-markers
on subsp. turkestanica. The HrX1 was successfully used by
Chawla ez al. (2014) on H. salicifolia and H. tibetana. To
investigate the intraspecific phylogeny, phylogeographic
structure, expansion and demographic history of sea
buckthorn, Bartish ez 4/ (2006) examined chalcone
synthase intron sequence polymorphism (Chsi) of 131
individuals. Altogether, 81 haplotypes were recorded. Their
phylogenetic tree topology proved several deep splits
between the Chsi haplotypes of H. rhamnoides from
Europe/Asia Minor.

Since the Hungarian sea buckthorn population
represents a valuable and prominent natural gene reserve of
the species in East-Central Europe, the goal of our study was
to characterize and estimate the genetic assessment of
genotypes survived in the small edaphic sandy habitat of
Ujpest, and to evaluate the remnant genetic material in
comparison to planted specimens used in the horticultural
practice and to reported European accessions using different
molecular markers.

Materials and Methods

Plant material

The target native population of H. 7hamnoides is situated
in the Nature Reserve Area of Ujpest, in the outskirts of
Budapest city, Hungary. The size of) this protected population
was estimated to be around 200 individuals grouping in five
main clusters without any geographical isolation. As H.
rhamnoides is able to develop large clones and has strong
vegetative propagation ability by root suckers, we do not
know the exact number of genets within the population and
along the five clusters. However, we sampled leaf material
equally from each cluster, altogether 68 specimens. To
evaluate the genetic background of the native population, 12
cultivars preserved in the Soroksér experimental farm of the
Szent Istvin University were also involved in the study:
‘Hergo’, ‘Leikora’, Frugana Oranzseva)a, ]antarnaja,
‘Obilnaja’, ‘Aromata’, ‘Avr’, Peté 2°, Rémai 2’, ‘§20” and
Poﬂm1x (Table 1). On the roadside of the 2A Hungarian
highway, at the vicinity of the Nature Reserve Area sca
buckthorn shrubs were also planted. We sampled from this
roadside hedge 8 genotypes to evaluate the genetic links to
native individguals Table 1).

DNA extraction and PCR analyses

DNA was extracted from the frozen leaves with DNeasy
Plant Mini Kit (Qiagen, Hilden, Germany) following the
procedures described %)y manufacturers.

A set of 7 SSR primer (Table 2) specific to Hippophae
chromosomes were selected based on the polymorphic loci
described previously (Wang et 4l., 2008; Jain et al., 2010).

PCR amplifications were performed in 25 pl reaction
mixture containing 25 ng of DNA, 10 x PCR buffer
(Fermentas-Thermo Scientific, Burlington, Canada), 2.5
mM dNTP, 0.4 uM of the primers and 0.625 U 729 DNA
polymerase.
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To detect the sequence polymorphism of Chsi, the
CHSxIF and CHSx2RN universal primers were used
(Strand ez al., 1997). Following Korekar ez al. (2012) HrX1
and HrX2 SCAR-markers were used to determine the rate
of genders in the population. PCR amplifications were
performed also in 25 pl reaction mixture: 0.625 U
DreamTag DNA polymerase 10 x DreamTaq buffer
(Fermentas-Thermo Scientific, Burlington, Canada), 2.5
mM MgCL, 10*mg/ml BSA, 2.5 mM dNTP, 0.4 uM of the
primers and 25 ng DNA. All reactions were carried out in
PTC 200 (M] Rescarch, Quebec, Canada) using the
program described for the primers.

The amplified PCR products were separated on 1%
TAE agarose gels for 2 h at 60 V and DNA bands were
stained with ethidium bromide. Fragment sizes were
estimated by comparison with the 1 kb DNA ladder
(Fermentas-Thermo Scientific, Burlington, Canada). For
analysing fragment length polymorphism of the SSRs, the
fluorescently labelled products were run in an automated
sequencer ABI Prism 3100 Genetic Analyzer using the ABI
Peak Scanner 1.0 (Applied Biosystems, Foster City,
California, USA) and GS500 LIZ size standard (Applied

Biosystems).

DNA sequencing and sequence analysis

Chsi PCR products were cloned to pTz-S7R/T
(Fermentas) plasmid vector. The ligated plasmid vectors
were transformed into DHS5a competent Escherichia cols
cells  prepared  with  Z-CompetentTM  E.  cols
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Transformation kit (Zymo Research Corp., Irvine, USA).
Plasmid DNA was isolated with the EZ-10 Spin Column
Plasmid DNA kit (Bio Basic Inc.) and sequenced in an
automated sequencer ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems). For cach fragment, the nucleotide
sequences of two or three clones were determined in both
directions with sequencing primer M13. DNA sequences
were compared using BLASTN at NCBI and Clustal W
program (Thompson ez al, 1994), and the aligned
sequences were edited with BioEdit v.7.0.9.0. A
phylogenetic tree was generated using maximum parsimony
method with MEGA version 4.0 (Kumar ez 4., 2004),
including the three group of samples; the native specimens,
the specimens from near the road and the planted garden
cultivars. The sequences used for these analyses were:

DQI109656; DQI109645; DQI109634; DQ109638;
DQ109657, DQ109640; DQI109639; DQ109647;
DQ109658; DQI109626; DQ109627; DQ109624;
DQ109632; DQI109616; DQI109655; DQ109620;
DQI109617; DQI109619; DQ1096660; DQ109663;
DQ109593; DQ109597; DQ109598; DQ109594;
DQ109592; DQI109620; DQ109599; DQ109633;
DQ109660;  DQI109651;  KJ542877;  KJ542879;
KJ542878;  KJ542871; DQI109607;  DQ109582;
DQ109652; DQ109600; DQ109601. NCBI accession

numbers of isolated sequences of this study are:
MKO034737- MK034744. The 50% majority-rule consensus
of the most parsimonious trees was prepared for the
phylogenetic analysis.

Table 1. The sampled specimens of Hippaphae rhamnoides involved in the study

Number of specimens sampled from each

Accession Location of the five sampling clusters in Ujpest Nature Reserve Area
clusters
1) 47° 36' 9.2658"; 19° 05' 52.8138" 34
2) 47° 36 9.8022"; 19° 05' 46.6332" 6
Native population from the Ujpest 3) 47°36'9.918";19° 05' 49.2216" 5
Nature Reserve 4) 47°36' 8.8128"; 19° 05' 46.6506" 18
5) 47°36'6.5052" ; 19° 05' 52.7568" 6
all five clusters 68
Planted individuals from the 2A roadside
47°35'49.04" ;197 08' 25.49" 8
(Hu)
Cultivars from the Soroksdr Gene Bank
47°24'03.0";19°09'12.5" 12
(Hu)
Table 2. List of SSR primer pairs used in the study
Primer Motif Type Reference
HrMS003 (TCA)6 EST-SSR Jain ez al., 2010
HrMS012 (CTT)11 EST-SSR Jain ez al., 2010
HrMS025 (AG)8 EST-SSR Jain ez al., 2010
Hr01 (GA)11 SSR Wang ez al., 2008
Hr02 (AG)9 SSR Wang ez al., 2008
Hr03 (AG)10 SSR Wang et al., 2008
Hr06 (CA)9 SSR Wang et al, 2008
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Results

SSR profiling

For testing the polymorphism of the SSR loci, 12
cultivars originated from different breeding programs were
screened.  Amplification of the genomic DNA  was
successful in all 7 SSR loci which proved to be highly
polymorphic in most of our samples. All primer pairs
produced a maximum of two alleles per genotype in
accordance with the diploid level of the species. Genotypes
showing a single band were considered homozygous for that
particular locus. These primer sets revealed a total of 53
alleles, with an average value of 7.5 (data not shown). Alleles
ranged in size from 73 to 370 bp. The number of alleles
amplified by each primer pair varied from 4 to 11. Primer
pair HrMS025 produced the highest number of alleles (11),
with sizes ranging from 314 to 370 bp. Primers Hr06
exhibited the lowest number of alleles (4), with sizes rangin
from 73 to 93 bp. Based on the fragment lengths, algl
cultivars showed clearly different SSR patterns, which
means that using these loci for further analysis is an efficient
tool to distinguish different genotypes, since polymorphic
loci made possible exclusive identification of samples.

Alrogether 68 specimens were screened from the Nature
Reserve Area of Ujpest. The population comprising five
main groups of individuals without any geographical
isolation were equally sampled. Six primer pairs from the 7
tested on cultivars produced reliable and reproducible
banding pattern in case of the samples collected from Ujpest
area. Amplification and evaluation of HrMS025 locus was
not adequate, hence it was excluded from further analysis.
The number of alleles proved to be extremely low in all loci
3 in Hr01 (165 bp, 171 bp and 175 bp), 3 in Hr02 (159 bp,
165 bp and 169 bp), 5 in Hr03 (82 bp, 86 bp, 88 bp, 92 bp
and 96 bp), 2 in Hr06 (75 bp and 87 bp), 2 in HrMS003
(214 bp and 250 bp), while 2 in HrMS012 (143 bp and 155
bp) (Table 3). In the locus Hr01 only 2 genotypes were
detected (165/171 and 165/175); 2 in locus Hr02
(159/165 and 159/169); 4 in locus Hr03 (86/92, 88/92,
86/96 and 82/96); 1 in locus Hr06 (75/87); 1 in locus
HrMS003 (214/250) and 1 in locus HrMS012 (143/155).
The pattern of the alleles was monomorphic, almost every
plant group (except for locus Hr03) could be characterized
by only one genotype. All individuals proved to be
heterozygote in each locus, which was expected in case of a
dioecious species.

Although we do not know the origin of the 8 genotypes
planted along the closely running highway area we presume
their allochtonous provenance. These samples revealed a
different SSR fingerprint and showed higher genetic
variability compared to the native plant material: 4 al%eles in
locus Hr01 (157 bp, 163 bp, 165 bp, 171 bp and 175 bp); 4
in locus Hr02 (151 bp, 157 bp, 159 bp, 165 bp and 169 bp);

Table 3. Number of SSR alleles for the three type of dataset

S in locus Hr03 (78 bp, 84 bp, 86 bp, 92 bp and 96 bp); 7 in
locus Hr06 (71 bp, 73 bp, 75 bp, 85 bp, 87 bp, 91 bp and 93
bp); 5 in locus HrMS003 (250 bp, 324 bp, 338 bp, 340 bp
and 354 bp), while 4 in locus HrMS12 (143 bp, 145 bp, 149
bp and 155 bp). These above listed genotypes were not
detected in the native population of Ujpest. We found 6, 66
alleles in average within the studied cultivars (Table 3).

Length polymorphism of Chsi

Since the size of Chsi showed very remarkable variability
in the genus Hippophae, we cloned and sequenced this
region in two individuals (35/2, 42/3) with different SSR-
profile from the native population of Ujpest, one genotype
(78/6) from the highway 2A, and 3 cultivars (Jantarnaja’,
‘Frugana’ and ‘Pollmix’). Bartish ez 4/. (2006) identified 81
haplotypes from the sequence information of 131
individuals originated from Europe and Asia Minor. The
fragments length ranged from 628 bp to 778 bp.
Phylogenetic analysis revealed 7 lineages among the
haplotypes, which were plotted on maps. We detected one
or two alleles in our samples with different sizes: 691 bp in
35/2, 695 bp in 42/3, 714 bp in 78/6, 593 and 719 bp in
‘Frugana’, 711 bp in ‘Jantarnaja’, while 650 bp and 627 bp
in the male cultivar. After BLAST homology, a majority-
rule consensus tree of maximum likelihood analysis was
carried out with other 39 downloaded Hippophae Chsi
sequences (Fig. 1). Samples from Ujpest belonged to the II.
lincage, which is distributed mostly in Western and Middle-
Europe, and Romania. ‘Pollmix” and the genotype from
route 2A belonged to the lincage I (bootstrap value > 50%).
The ‘Frugana’ German cultivar was placed in group IV,
representing the German and Eastern Carpathian lineage
detected by Bartish ez al. (2006).

Rate of genders

Determining the rate of genders is crucial from the
perspective of tlgie population’s survival at dioecious plants.
In the nature reserve, the sea buckthorn individuals without
fruit were not considered male. Distinction of the two
genders is almost impossible based on morphological
markers (Kalia ez 4/, 2011). Korekar et al. (2012) designed
two SCAR markers (H7X1, HrX2) allowing to determine
individual gender. The same SCAR markers were tested by
Chawla ez al. (2014) in H. rhamnoides, H. tibetana and H.
salicifolia. Both SCAR markers (HrX1, HrX2) used
produced optimal amplification in H. rhamnoides, but only
HrX1 amplified fragments in H. tibetana and H. salicifolia.

The female specific H7X2 marker revealed fragments
(386 bp) in 34 from 76 samples (Fig: 2). Altogether 28
samples from Ujpest were scored female, which means the
female ratio to the male is 1:1.42. Based on our results,
HrX2 s a reliable tool to determine genders.

SSR
Samples HRO1 Hr02 Hr03 Hr06 HrMS003  HrMS012  Allloci Na Ne I
No. alleles
Native populations (68 indiv.) 3 3 5 2 2 2 17 2.833 2.343 0.8
Planted (8 indiv.) 4 4 5 7 5 4 29 4.833 3.683 1.4
Cultivars (12) 7 7 6 4 8 7 40 6.833 4.4 1.6%

Na: number of alleles; Ne: number of effective alleles; I Shannon diversity index; *Because of different bred specimens diversity indices have only informative value
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H r haplotype IVA
H r haplotype IVX
H r haplotype IVIM
H r haplotype IVB
H r haplotype IVG
H r haplotype IVG
H r haplotype IVY
H r haplotype VT
H r haplotype IVS
H r haplotype IVH
H r haplotype IVF
Frugana A

H r haplotype IVO
Frugana B

H r haplotype IVO

H r haplotype V'
H r haplotype lID
H r haplotype lIE
H r haplotype lIB
H r haplotype lllJ
H salicifolia

H r haplotype IID
42/3 Ujpest

H r haplotype IIH
35/2 Ujpest

H r haplotype IIE
H r haplotype lIG
H r haplotype lIG

H r haplotype lIG
H r haplotype VIB
H tibetana

H neurocarpa subsp. stellatopilosa

74
68 H r subsp. turkestanica

Jantamaja
H r haplotype VIIA
98 H r haplotype VIIA
100 H r haplotype IL

100

#

H r haplotype IZ

68
100 H r haplotype IP

H r haplotype 1A

82 H r haplotype IM
H r haplotype IR

88 H r haplotype IS

78 100

F— H r haplotype IK
94l Hr haplotype 1K

F— Pollmix A
100 L— Polimix B

T H r haplotype IK
100 L— H r haplotype IK
78/6 highway

Fig. 1. A phylogenetic tree was generated using the maximum
parsimony method on Chsi haplotype sequences of Hippophae
rhamnoides, based on multiple alignments, with bootstrap
analysis with 1000 replications (MEGA software version 4.0,
Kumar et al., 2004). Bootstrap values are indicated on the
branches. H.». haplotype sequences were downloaded from
NCBI new sequences isolated in this study signed as: Frugana A
and B, 42/3 Ujpest, 35/2 Ujpest, Jantarnaja, Pollmix A and B

Discussion

Based on SSR loci published by Wang ez al. (2008) for
Hippophae rhamnoides subsp. sinensis, and Jain et al. (2010)
who have designed EST-SSR primers based on H.
rhamnoides, H. salicifolia and H. tibetana we selected six
SSR markers that proved to be polymorphic in our study in
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10 11 12 13 1415 16 17
+«— 386 bp
u 20 21 22 26 27 28 29 30 31 32 33 34 35 36
«— 386 bp
-:15 46 47 48 49 50 51 52 53 54
«— 386 bp
61 62 63 ;d 65 66 67 68 _69 70 71 72 73
-— 386 bp

Fig. 2. Amplification profile of the SCAR marker HrX2,
showing the 386 bp fragment in female genotypes (Korekar e
al., 2012). M. 1 kb Gene Ruler DNA ladder (Thermo Fisher
Scientific); 1-68 genotypes from Hungarian sea buckthorn
population; 69-72 female control cultivars: ‘Hergo’, ‘Leikora’,
‘Frugana’; ‘Oranzsevaja’, 73 male control cultivar ‘Pollmix’, 74-
76 genotypes from 2A Hungarian highway

the three groups of sampled specimens: (i) selected cultivars
from Soroksér experimental fgrm (ii) planted individuals of
unknown origin from the V1c1n1ty of the 2A h1ghway, iii)
putative genets from the native population of Ujpest
Nature Reserve. Our microsatellite analysis pointed out the
extremely low variation of the native sea buckthorn
population from the Hungarian Ujpest Nature Reserve area
compared to the two other groups. The stand is
homogencous with a decreased number of alleles compared
to the studied cultivars as well the involved planted
individuals from near the highway. From the six SSR
markers that could have been evaluated 68 individuals from
the native population presented 2 or 3 alleles/locus and in
one locus 5 alleles while the six garden cultivars and eight
planted specimens presented 4 to 9 and 4 to 7 alleles/locus.
Genetic background of the native population indicates
that the primary spreading mechanism of plants is mainly
clonal, by root suckers. Only very few seedlings were found.
Due to the degradation of the habitat and increasing
environmental stress — like the highway in the vicinity or
the bridge across the Danube, construction of electricity
poles, trash, appearance of non-native species, increased air
pollution — most probably only some individuals could
survive and only the most resistant genotypes have been
preserved. Borzan and Schlarbaum (1997), has found
growing sterility among the pollen due to air pollution in
case of Pinus sylvestris, Picea spp., Quercus spp. Moreover,
low genetic variability and harmful environment
conditions (reduced fertilization) can lead to mbreedmg
depression (Mdtyés, 2002). The low genetic variability is
especially dangerous in case of an isolated population like in
this case. In a genetically unstable population the defence
system of the plants is vulnerable; an infection could be
dangerous for the whole group. Reduced genetic diversity
decrease the evolutionary potential of species to adapt to
changing environments (Leimu e 4/, 2006). In Ujpest area
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it was almost impossible to separate the individuals from
cach other, the groups in the population consisted of a few,
clonal plants. From the aspect of nature conservation, this
has high significance since some population may seem
bigger than they actually are (Lendvay ez 4/, 2013).

In the nature reserve area, we found female plants in
three of the five groups of plants. The gender rate calculated
for the native population differs from the resule by Huxley
(1992), where the sex ratio in favour of the females was 0.6.
According to Li ez al. (2007) under bad conditions this ratio
is in favour of males and it is roughly balanced under
appropriate environment. While the male individuals use
their energy for vegetative growth, the female plants spread
rather sexual (Massei ez al., 2006). In case of Hippophae — as
a wind-pollinated species — the male plants are more
common among the seedlings (De Jong and Mejiden,
2004). Hippophae cannot tolerate even its own shading,
which interferes with the growth of the seedlings. Gad6 and
Karcza (1999) mentioned the same groups of individuals in
the Ujpest population as we have observed. According to
their analysis the rate of genders was found more offset in
males, as it is now. The improvement could be caused by the
rehabilitation done recently in the area by reducing the
biomass of the shading vegetation.

DNA sequence variation at an intron from a nuclear
gene encoding the chalcone synthase enzyme (CHS; EC
23.1.74) offers wuseful technique to evaluate the
polymorphism or to reveal phylogeographical aspects
(Strand ez al, 1997). A consensus tree of maximum
likelihood analy51s showed clear separation of the native
U)pest population from the planted individuals in the
vicinity. Latter proved to be of allochtonous origin
clustering with the Russian samples. Although these planted
individuals of higher genetic variation are at small distance
from the native population (not more than few km),
sequence variation, as well as lack of common SSR
fragments provided evidence for genetic isolation between
the two stands. The native population with its two alleles
falls within the group of the Western- and Central-
European samples including Romania, region which has
strong links to the Balkan and the Black Sea area from
where according to Bartish ef 4/. (2006) expansion of sca
buckthorn populations started in the last cooling period of
the Pleistocene colonizing Europe and Scandinavia. The
population’s withdrawal has been presumed to have
happened during the warming period of the Holocene as
result of the competitive exclusion by the spread of warm
adapted broadleaf species. Sea buckthorn could survive in
specific edaphic habitats like the pioneer row sandy
substrates near the rivers (Bartish ez /., 2006). The genetic
material of low variation was sustained by clonal structure
fixing presumably the most adapted genotypes. Although in
case of our population we have not detected population
specific genotypes, the low SSR variation compared to the
cultivared specimens, and the reproductive isolation (ie. lack
of common alleles) of the population, give strong support
for the relict status of this small population from the
remnant habitat of Ujpest area. Based on our study we
suggest ex situ conservation and intensive nature protection
measures to maintain one of the last native sea buckthorn
populations of the Pannonian region.

Conclusions

Genetic assessment of the native Hungarian sea
buckthorn population indicates a different and highly
pauperised gene stock compared to the cultivated specimens
as well as planted individuals. The strong clonal population
structure reflects long term survival and mostly vegetative
propagation ability and isolation. The preserved gene stock
with the genetically different allele composition is one of the
last that derives most probably from an ancient lincage
spreading from the Balkan towards Central Europe.
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