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SUMMARY

The brown hare being an important game species which is widespread across the European continent has been in focus of many population
genetic studies. However only a few comprising researches can be found on the diversity of Central-European populations.

The aim of our large scale long term ongoing study is to fill this gap of information on the species by describing the genetic history and
structure of the brown hare populations of the area using both mitochondrial DNA markers and genomic skin and hair colour regulating genes.

This article gives forth a part of our results concerning the mitochondrial DNA diversity of Hungarian brown hares based on amplification
of a 512 bp long D-loop sequence. N=39 tissue or hair samples have been collected from 15 sampling sites on the Hungarian Great Plain.
We have described a high level of haplotype diversity (Hd=0.879+0.044) based on a 410 bp alignment of our sequences. We have found 17
haplotypes within our sample set with the nucleotid diversity of t=0.01167+0.0022. Our ongoing research shows high genetic diversity for the
brown hare in the studied region and a second alignment with 156 sequences downloaded from GenBank indicates a geographic pattern of
haplotypes among the studied populations though these results need confirmation by our further analyses.
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OSSZEFOGLALAS

A mezei nyul egy Eurdpa szinte minden teriiletén elterjedt, vadaszati szempontbdl kifejezetten fontos emlésfaj, ezért az utobbi évszazad-
ban sok kutatas foglalkozott populdciogenetikai jellemzdinek feltarasaval és filogeografidja leirasdaval. Ennek ellenére a kozép-eurépai popu-
laciokrol nagyon keveset tudunk.

Hosszu tavu, nagyszamu mintdt alapul vevd kutatasunk célja, hogy e fehér foltot megsziintesse a faj populdaciogenetikai ismeretanyagd-
nak térképén. Ezen kutatasban négy genetikai markert haszndlva tervezziik feltérképezni a kozép-eurdpai populdaciok diverzitdsat, populdacio-
eredményeit tessziik kozzé.

N=39 szévet- vagy szérmintat dolgoztunk fel, melyek az Alfold 15 mintavételi helyérdl szarmaznak. A kapott szekvencidak 410 bazispar
hosszi illesztése alapjan 17 haplotipust irtunk le magas haplotipus diverzitdas (Hd=0,879+0,044) értékkel. A nukleotid diverzitas n=0,01167+
0,0022 értékiinek adodott. Eldzetes vizsgalataink magas genetikai diverzitast, valamint egy masodik, 156 GenBank-rél szarmazo szekvenciat
is magaban foglalo illesztés alapjan foldrajzi mintazatot mutatnak, bar ez utobbi eredmény tovabbi analizissel valo megerdsitést kivan.

Kulcsszavak: diverzitas, Magyarorszag, Lepus europaeus, mitokondrialis DNS, D-loop

INTRODUCTION consensus among them regarding the possible glacial
refugia and the directions of the postglacial expansion.

Among other effects the severe and multiple climatic For instance Stamatis et al. (2009) described one major
changes in the Pleistocene epoch are the most important refugium area on the Balkans while other researchers

reasons why the diversity and distribution of most have presented works which suggest that multiple
European mammal species show their contemporary refugia were present in the Mediterranean Basin
characteristics. That is the case concerning the European (Kasapidis et al. 2005, Fickel et al. 2008) including
brown hare (Lepus europaeus Pallas 1778) also (Hewitt one on the Iberian-peninsula.

1999, Kasapidis et al. 2005, Alves et al. 2008). In Mitochondrial DNA based (typically D-loop and
addition, the brown hare’s natural populations suffer cytochrome-b) population genetic analyses have
from the effects of hybridization with other species of provided a great amount of data on the brown hare
the genus, the fragmentation of natural habitats and (e.g. Alves et al. 2003, Djan et al. 2006, Stamatis et al.
because of the latter from the competition for the 2009, Mamuris et al. 2010) showing different degrees
continually decreasing food resources (Tapper and of genetic divergence within and among the populations
Barnes 1986, Endler and Jezierski 1995, Panek and of Europe. Despite the fact that the species is so well-studied

Kamieniarz 1999, Koutsogiannouli et al. 2014.). on the whole continent we have very few information

The L. europaeus is native and present on the about its populations in Central- and Eastern-Europe.
majority of the European continent (Folitarek 1940, This is the reason why we have started a project on
Thenius 1980) and is a highly important game species brown hares of the abovementioned area. Our main
which make it an obvious subject for different population objectives are to investigate the diversity and phylo-
genetic studies. Many research groups focused on its geography (along with possible glacial refugia) and to

evolutionary history (e.g. Kasapidis et al. 2005, Stamatis describe genetic relationships between the populations
et al. 2009, Antoniou et al. 2013) but there is a lack of of the species in Central-Europe.
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We plan to carry out our research on as many
individuals as we can during the research period of
which there are 179 collected so far. Beside the mtDNA
D-loop and cyt b regions we intend to focus on the MC1R
and ASIP genes as well since there can be found a large
amount of data in the literature on those also (Fontanesi
et al. 2006, Fontanesi et al. 2010, Koutsogiannouli et
al. 2012). In this article we provide preliminary results
of our research on the Central- and Eastern-European
hare populations’ mtDNA diversity.

MATERIAL AND METHODS
Sample collection

Our 39 samples (tissue and hair) have been collected
from 15 sampling sites of the Great Hungarian Plain:
Detk, Kapolna, Erk, Dormand, Négyes, Mezénagymi-
haly, Mezdcsat, Hajdinanas, Hortobagy, Balmazujva-
ros, Turkeve, Korosszegapati, Kotegyan, Békéscsaba
and Baja (Figure 1). Some of them were provided by
hunters during the hunting seasons of 20102014, while
others have been found in 2015, in Imperial eagles’
nests by the co-workers of the Hungarian Ornithological
and Nature Conservation Society (MME) during nest
monitoring in connection with the ,, Conservation of
Imperial eagles in Hungary” (LIFEIONAT/HU/019)
project.

DNA from tissue samples was isolated with and
following the instructions of the E.Z.N.A.® Tissue
DNA Kit (Omega Bio-Tek), while from hair follicles

we isolated the DNA with simple proteolysis using
ProteinaseK from Tritirachium album of Sigma-Aldrich’s
following the protocol of FAO/TAEA (2004).

For the amplification of a 512 base pairs long
sequence of the mtDNA D-loop region we used the
primers (Le.H-Dloop, Le.L-Dloop) published by
Kasapidis et al. in 2005. The PCR was carried out
under the thermal conditions listed in 7able I with 35
reaction cycles.

Table 1.
PCR program thermal conditions used in this study

Initial denaturation 94 °C 5 min
Denaturation 94 °C 1 min
Annealing 60 °C 1 min
Elongation 72°C 1 min
Final elongation 72 °C 5 min

The electrophoretic pattern was visualized using
ethidium bromide in 2% agarose gel. PCR product
purification and sequencing have been carried out as a
service by Macrogen Europe.

Sequence analysis

For sequence alignment we used CodonCode Aligner
v.6.0.2 (CodonCode Corporation, www.codoncode.
com) and then re-checked with the naked eye. One of
our aims was to allocate the Hungarian brown hare
population in the European phylogeography therefore
we downloaded sequences of L. europaeus mtDNA

Figure 1: Map of the sampling sites
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D-loop from GenBank to continue our analysis with.
Since the majority of those sequences were shorter with
almost 100 base pairs there have been produced two
different alignment sets to avoid the loss of information
on the Hungarian population. The first alignment of
our 39 samples is 410 bp long. The 331 bp long second
alignment contains 156 GenBank sequences along with
an Oryctolagus cuniculus (Linnaeus 1758) sequence
which was used as an outgroup for constructing a
phylogenetic tree. DnaSP 5.10 software (Rozas et al.
2003, Librado and Rozas 2009) was used to calculate main
diversity indices, Network 4.613 (fluxus-engineering.
com) and MEGA 6.06 (Tamura et al. 2013) to build
phylogenetic trees, and MEGA 6.06 to calculate Tamura-
Nei distance among populations.

RESULTS

Our analysis revealed h=17 mtDNA D-loop haplo-
types among the N=39 Hungarian L. europaeus
individuals of which 8 were unique (i. e. consisting
of only one individual). Based on the 410 base pairs
long alignment set a markedly high value of haplotype

diversity of Hd=0.879+0.044 (Table 2) was described
along with the nucleotide diversity of n=0.01166+
0.0022. There were identified S=30 polymorphic sites
in the sequences.

Table 2.

Main diversity indices of the Hungarian

Lepus europeaus Pallas 1778 population
Number of samples 39
Number of detected haplotypes (h) 17
Haplotype diversity (Hd) 0.879+0.044
Nucleotide diversity () 0.01166+0.0022
Number of polymorphic sites (S) 30
Average number of nucleotide differences (k) 4.768

Based on the alignment a maximum likelihood tree
was generated using the Hasegawa-Kishino-Yano
model (Hasegawa et al. 1985) with the software MEGA
6.06 (Figure 2). This tree shows a separate clade of two
of the haplotypes being genetically farther away from
the rest, however they are not separated geographically.

Figure 2: Maximum likelihood tree of the Hungarian samples based on HKY+G model
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Our second, 331 base pairs long alignment included
156 GenBank sequences from Greece, Italy, Austria,
and Germany. An Oryctolagus cuniculus (Linnaeus
1758) sequence (Accession number: AJ535793) was
added to the alignment as an outgroup in phylogenetic
tree constructions. Two phylogenetic trees have been
constructed based on the 112 haplotypes we have

got. A median joining tree (Bandelt et al. 1999) which
was built using the software Network 4.613 (fluxus-
engineering.com) reveals a noticeable geographic
separation among the inspected haplotypes however
the Hungarian population shows itself being genetically
close to the Italian and German ones (Figure 3).

Figure 3: Median joining network of the Hungarian and GenBank sequences
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Note: a circle represents a haplotype. Circle sizes are proportional to the number of individuals with the specific haplotype in the total sample.
Branch lengths are not proportional to genetic distance. Number of mutational steps between haplotypes denoted. Unmarked branches represent
one mutational step. Outgroup: Oryctolagus cuniculus (Linnaeus 1758)

Moreover there is a haplotype (HAP82) consisting
of both Hungarian and German sequences. The maximum-
likelihood tree (HKY+G) constructed in MEGA 6.06
illustrates the relationships of haplotypes similarly
(Figure 4). Both of the trees show the two previous
mentioned Hungarian haplotypes being fairly distinct
from the rest on a branch of German, Italian and Greek

haplotypes. However none of the Hungarian samples
are closely related to Austrian ones. The Tamura-Nei
matrix (Tamura and Nei 1993) computed with MEGA
6.06 supports these findings. It shows that the German
population is the closest and the Austrian is the farthest
from the Hungarian despite their geographic positions
(Table 3).
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Figure 4: Maximum-likelihood tree (HKY+G) of 112 L. europaeus mtDNA D-loop haplotypes
Oryctolagus cuniculus (Acc. no.: AJ535793) as outgroup
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Note: rounds: Hungarian haplotypes, Circle (HAP82): haplotype consisting of both Hungarian and German sequences.

Table 3.
Estimates of Evolutionary Divergence over Sequence Pairs
between Populations

ITA GRC AUT DEU HUN
ITA 0.0087  0.0142  0.0073  0.0063
GRC 0.0716 0.0108 0.0085  0.0079
AUT 0.1050  0.0765 0.0138  0.0144
DEU 0.0545 0.0642  0.0985 0.0068
HUN 0.0446  0.0532  0.0894  0.0411

Note: numbers of base substitutions per site from averaging over all
sequence pairs between groups are shown. Analyses were conducted
using the Tamura-Nei model. Evolutionary analyses were conducted
in MEGAG6. SE estimates calculated (above diagonal) with 1000
bootstrap repetitions.

DISCUSSION

In spite of the fact that many molecular genetic
studies have provided a large amount of data concern-
ing the diversity and phylogeography of the L. euro-
paeus in Europe, our knowledge is shallow regarding
its Central-European populations. Information can be
found in literature on Austrian (Hartl et al. 1993) and
Serbian (Vapa et al. 2002, 2007, Djan et al. 2004,
2006) populations but except for a few haplotypes
(Pierpaoli et al. 1999) no information can be reached
on the Hungarian brown hare populations’ diversity.
Therefore with our research we intend to gather data
on the diversity and reveal the evolution history of L.

europaeus populations in the Carpathian-basin. Our
results shall help to understand the shaping effects of
the genetic structure of the species in the region, which
is crucial in carrying out preservation and management
plans.

The haplotype diversity described in this work is in
congruence with the values given forth in previous
studies (e.g. Fickel et al. 2008, Stamatis et al. 2009,
Mengoni 2011) regarding different populations of
Europe. A high level of haplotype diversity (Hd=0.853)
with a great number of haplotypes has been described
for example from Greece also by Mamuris et al. (2001).
However the haplotype diversity in Denmark (Andersen
et al. 2009), Serbia (Djan et al. 2006) and some other
regions of Central-Europe (Hartl et al. 1993) was
described to be lower. Our preliminary results show
that the Hungarian brown hares are more closely
related to both Italian and German populations than
to Austrian ones. The reason for this could be either
the Central-European populations’ Italian origin as
described by Fickel et al. (2008), or the regular trans-
locations of the 1900s from Central-Europe with the
aim of repopulating the over-hunted European habitats
(Pierpaoli et al. 1999). Assuming that the close genetic
relationship between the Italian and Hungarian
populations is resulting from the latter we cannot rule
out the possibility that Hungarian populations evolved
from the supposedly main post-glacial refugium on
the Balkan-peninsula as Stamatis and co-workers
suggested (2009).
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However since data on diversity of the brown
hare’s populations are scarce from the region we don’t
intend to further speculate until more information is
available on the topic.

Molecular genetic studies provide useful data for
conservation biology researches which makes possible
the further analyses of important diversity related
problems. Results of those researches furthermore
contribute to creating successful sustainable management
plans. Keeping natural populations’ genetic variability
at a high level is crucial especially in the case of species
that live in shrinking natural habitats and are as over-
hunted and translocated over the times as the brown hare.
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