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The phylogeographical structure of the temperate shrub Rosa pendulina at 45 locations in Europe
was studied using sequencing of a non-coding cpDNA region (trnL-trnF). Our study revealed
a clear geographic structure of cpDNA haplotypes. Three main haplotypes were geographically
widespread, but showed little overlap in their distributions, suggesting that postglacial expansion
occurred from at least two distinct glacial refugia, probably located (1) at the edge of the Alps, N
Apennines or Dinaric Alps, and (2) in the Balkan Peninsula or S Carpathians. All populations at lo-
cations in the Czech Republic and surrounding regions are of Carpathian origin. This finding dis-
proved an Alpine origin of R. pendulina populations in the Sumava Mts (Czech Republic).
A contact zone between Carpathian and Alpine migration routes of R. pendulina is probably located
in the Danube valley.
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Introduction

Present distribution patterns of European plants are to large extent determined by the ex-
tensive climatic changes during the Quaternary, which caused repeated cycles of species
migration throughout the continent (Hewitt 1999). Migration processes can be inferred
only indirectly on the basis of palynological or phylogeographical evidence. The latter
deals with the spatial distribution of gene lineages (Avise 2000).

Early phylogeographic studies on European taxa, dealing mainly with economically im-
portant tree species (e.g. Alnus, Quercus, Fagus; Demesure et al. 1996, Dumolin-Lapéegue et
al. 1997, King & Ferris 1998), focused on genetic patterns at the scale of the whole conti-
nent. Similar patterns of postglacial colonization routes were found for several taxa, and
three main refugia in S Europe postulated (the Iberian and Italian Peninsulas and the Bal-
kans; Taberlet et al. 1998). Putative refugial populations were found to harbour specific ge-
netic lineages and sometimes also higher diversity than populations in recolonized areas (but
see Widmer & Lexer 2001). The latter probably experienced bottlenecks during expansion
after climate warming 13,000 years ago (Comes & Kadereit 1998).

Previous large-scale studies revealed several zones (Remington 1968, Swenson &
Howard 2004) in Europe, where populations of the same or closely related taxa expanding
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from different refugia came into contact (Hewitt 1988, 1999, Taberlet et al. 1998). Al-
though these contact or suture (when hybridization is also involved) zones do not have
identical locations for all taxa, four main areas can be identified: the Pyrenees, the Alps,
central Europe north of the Alps and central parts of the Scandinavian Peninsula.

Based on palacoecological evidence, Willis et al. (2000) and Willis & van Andel (2004)
concluded that there was no forestless landscape in Central Europe during the last glacial
as had been previously hypothesized. Thermophilous trees (Carpinus betulus, Quercus,
Corylus, Ulmus and Tilia) must have survived in micro-environmentally favourable pock-
ets in Central Europe. Recently published evidence on Fagus sylvatica (Magri et al. 2006)
also suggests the presence of open forests in Central Europe. This evidence may change
our view on glacial refugia of the Central European flora and the postglacial migration
routes established by early phylogeographic studies.

The flora of the Czech Republic provides several examples of taxa with potentially dif-
ferent patterns of postglacial immigration. Sometimes it seems possible to unequivocally
infer the origin of populations from their present distribution pattern. A few examples of
taxa with an apparently Alpine origin are: Soldanella montana (distribution map in Slavik
1990), Alnus viridis (KuCera 1966, Plzdkova 1973) and Willemetia stipitata (KlaStersky
1961, Kucera 1966), while Cardamine glanduligera (= Dentaria glandulosa; Slavik
1990, Lihova et al. 2007), Cardamine amara subsp. opicii (Hrouda & Marhold 1993),
Centaurea jacea subsp. oxylepis (Hendrych 1985) and Salix silesiaca (Hendrych 1985)
possibly migrated from the Carpathians to the area of the Czech Republic. There is, how-
ever, an array of species that could have come from both the Alps and the Carpathians
(Hendrych 1985). This phenomenon potentially reflects the existence of a contact or su-
ture zone in Central Europe, including the Czech Republic.

One of the species for which both Alpine and Carpathian postglacial immigration into
the area of the Czech Republic can be hypothesized is Rosa pendulina L. (Rosaceae). It
occurs predominantly in mountains and hills in the Alps, Carpathians, Balkan Mountains,
Apennines and Pyrenees (Meusel et al. 1965, Kurtto et al. 2004; Fig. 1a). In the Czech Re-
public, Rosa pendulina is common in mountainous and hilly landscapes, but it does not
occur in lowlands (Slavik 1995: 38, Vétvicka 1995).

In this study, we analysed 45 samples of R. pendulina representing populations from
the whole distribution area of the species. Using sequences of the non-coding trnL-trnF
region of chloroplast DNA (Taberlet et al. 1991), allowed us to address the following ques-
tions: (1) Is there a phylogeographical structure in the distribution of cpDNA haplotypes?
(2) Can we trace the glacial refugia of Central European populations? (3) Are there any
contact zones in Central Europe? (4) Are the postglacial migration routes of R. pendulina
comparable to those found in other plant species?

Methods

We analyzed individuals originating from 45 locations (one sample each) from the whole
distribution area, including hypothetical refugia (Pyrenees, S Italy and Balkans; Table 1).
Young leaves were collected in the field and dried in silica gel. Voucher specimens were
deposited in the herbarium PRC.
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Fig. 1. — (a) Distribution area of Rosa pendulina in Europe (Kurtto et al. 2004) (shaded) and locations of the 45
samples (Table 1) used in trnL-rnF sequencing. Colour of dots refers to the five cpDNA haplotypes detected. (b)
Parsimony network showing the relationships among the five cpDNA haplotypes detected. Box sizes are propor-
tional to the number of samples with a particular haplotype. Small white squares represent missing haplotypes.

DNA extraction, PCR-RFLP and sequencing

Total DNA was extracted using the protocol of Doyle & Doyle (1987). DNA concentra-
tions were measured photometrically and adjusted to 5 ng/ul.

We first searched for cpDNA variation in three non-coding regions (psbC-trnS, trnK-
trnK, trnC-trnD; Demesure et al. 1995) using the polymerase chain reaction — restriction
fragment length polymorphisms (PCR-RFLPs) with 11 restriction enzymes (Hinfl, Hin6l,
Mbol, Bsh1236RI1, Alul, BsuRI, Mspl, Rsal, Pstl, Bgll, Hincll, Taql, Tail, Tasl, Trull).
Restriction products were loaded onto an 1.8% agarose gel, electrophoresed and visual-
ized under UV light after staining with ethidium bromide. Eleven samples, from Romania
(no. 32; Table 1), Ukraine (29), Slovakia (27), Austria (33), France (3) and the Czech Re-
public (13, 16, 17, 18, 20, 22), were screened in order to detect variation in restriction pro-
files. We found no variation in any of the primer/restriction enzyme combinations.

Therefore, sequencing of the trnL-trnF introns and spacer cpDNA was additionally
used. PCR amplification with the universal primers c and f of Taberlet et al. (1991) was
carried out in a volume of 19 pl reaction using 5 ng of template DNA, 2 ul of 10X reaction
buffer (Sigma), 0.4 pl of ANTP mix (10 mM), 4 pmol of each primer and 0.5 U of REDTaq
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DNA Polymerase (Sigma) on a Mastercycler ep gradient S thermal cycler (Eppendorf)
with denaturation at 94 °C for 60 s, 35 cycles of 45 s denaturation at 94 °C, 45 s annealing
at 52.2 °C and 2 min extension at 68 °C, followed by 10 min final extension at 70 °C. Am-
plification products were subsequently purified using the JetQuick PCR Purification Kit
(Genomed). Sequencing reactions were performed using BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) according to the manufacturer’s instructions using
the primers cited above. Purification of sequencing reactions was carried out using an etha-
nol/sodium acetate precipitation provided with the sequencing kit. Products were run on
an ABI 3100 Avant automated sequencer (Applied Biosystems).

Data analysis

Sequences from both strands were manually assembled and aligned using CLUSTALX
v 1.83 (Thompson et al. 1997). The alignment was improved manually. Informative inser-
tions/deletions were coded using simple indel coding (Simmons & Ochoterena 2000) im-
plemented in SEQSTATE (Miiller 2005).

A parsimony network of haplotypes (Templeton et al. 1992) was made with TCS 1.21
(Clement et al. 2000), which constructs a haplotype network with a minimum number of
required mutational steps among haplotypes. The position of haplotypes in the network
gives information regarding their age since older haplotypes are located internally in the
network (Posada & Crandall 2001). The input file includes the alignment and inser-
tions/deletions were coded as two additional characters using C for the presence of inser-
tion and A for its absence. The gaps were treated as missing data, but with additional indel
coding (see above).

Results

The total length of the aligned trnL-trnF region was 836 bp. Eleven positions were vari-
able: nine point mutations and two indels (one and four bp in length, respectively). Based
on this variation, five different haplotypes were determined (A-E; Table 2). GenBank da-
tabase accession numbers are: haplotype A — EF591622, B — EF591623, C — EF591624,
D — EF591625, E — EF591626. Three haplotypes (A, C, and D) were widely distributed,
haplotypes B and E only occurred locally (Fig. 1a). Haplotype A occurred in the Balkans,
Carpathians and in all samples from Central Europe north of the Alps except sample 5
(Schwibische Alb, Germany) and 36 (Lower Austria). Haplotype B was only found in the
Jeseniky Mountains (22; Czech Republic) and in one sample from the Slovak Republic
(26). The distribution of haplotype C included the Pyrenees, S Italy and the W Balkans.
All populations of R. pendulina in the Alps and surrounding areas have haplotype D.
Haplotype E was only found at one Bulgarian locality, namely in the Rila Mts (45).

Haplotypes A and B found in the Carpathians and in Central Europe north of the Alps
differed by only one point mutation (Fig. 1b). Similarly, the S European haplotype C and
the Alpine haplotype D also differed by one point mutation. These two groups of
haplotypes differed by two point mutations. The haplotype E, found in the Balkans, was
more distinct from all the other haplotypes, differing by five point mutations and two
indels from haplotypes A and C.



Fér et al.: Phylogeography of Rosa pendulina 373

Table 2. — Variable positions in the trnL-trnF cpDNA region defining five haplotypes (A-E) in Rosa pendulina.
The number of sites at which a particular haplotype was found is indicated.

Haplo- Number Variable positions (bp)
type ofsites 45 131 266 291 548 554 625-628 645 756 769
A 22 G A A G T T - G C C
B 1 G A A G T C - G C C
C 5 G A A G T T - T C G
D 12 G A A G G T - T C G
E 1 - G C T T T TTCA G T G
Discussion

This study suggests a geographic organization of the trnL-trnF cpDNA variation with
three geographically widespread common haplotypes that showed little overlap in their
distributions. The present day distribution of cpDNA haplotypes of R. pendulina suggests
that postglacial expansion originated from two major refugia. One was located in the Bal-
kan Peninsula or Carpathians. From here, migration to the whole E and Central Europe oc-
curred. This is one of the most common scenarios for the colonization of Central Europe
as demonstrated for Fagus sylvatica (Magri et al. 2006) and Carpinus betulus (Grivet &
Petit 2003). The other refugium was located somewhere at the edge of the Alps, the N
Apennines or Dinaric Alps. From here the species spread throughout the Alps and sur-
rounding regions. A similar refugial area has also been postulated for Alnus glutinosa
(King & Ferris 1998), Fraxinus excelsior (Heuertz et al. 2004) and Abies alba (based on
isozymes; Konnert & Bergmann 1995).

We found a single common haplotype of R. pendulina in all three hypothetical southern
refugia (Iberia, Italy and the Balkans; Taberlet et al. 1998). This haplotype (C) probably
did not contribute to the present-day genetic pool of the Central European populations.
The distribution of haplotype C on both the western and eastern shores of the Adriatic Sea
suggests a connection between refugia in the Italian and Balkan Peninsulas as previously
observed in common ash (Heuertz et al. 2004), oaks (Fineschi et al. 2002, Petit et al. 2002)
and ivy (Grivet & Petit 2002). Indeed, during the last glacial maximum, the sea level of the
Adriatic Sea was considerable lower, and there was possible contact between the Italian
and the Balkan floras, especially in the northern part of the Adriatic region (Frenzel et al.
1992, Adams 1997). The most genetically distinct haplotype E was found at a single loca-
tion in Bulgaria (45). A geographically more detailed study will be necessary to evaluate
the haplotype diversity in the Balkan Peninsula.

The hypothesis that R. pendulina survived in Central Europe during the last glaciation
(see also Willis et al. 2000, Willis & van Andel 2004) cannot be completely rejected on the
basis of our results. A more variable molecular marker (e.g. AFLPs; Vos et al. 1995)
should be used in addition to our cpDNA data, since it may provide some indication of bot-
tlenecks or founder effects (Tribsch et al. 2002).

A contact zone between the Carpathian and Alpine migration pathways of R. pendulina
probably is located in the Danube valley. This is indicated by the present day distribution
gap between the continuous Alpine area and Danube river in Germany and Austria
(Haeupler & Schonfelder 1989, H. NiklIfeld et al., University of Vienna, unpublished data)
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at low elevations. An alternative explanation is that the migration from the Alpine
refugium was slower than the expansion from the Carpathian source. Despite the gap be-
tween the Alpine and Carpathian parts of R. pendulina distribution, some migration across
the Danube valley was detected. The Carpathian haplotype A was detected at Hochschwab
(sample no. 35, Table 1) and Schneealpe (37) in central E Austria.

Based on the geographical distribution of cpDNA haplotypes, all individuals in the
Czech Republic and surrounding regions appeared to have a Carpathian origin and proba-
bly originated from Carpathian or Balkan refugia. Therefore, an Alpine origin of the R.
pendulina in the Sumava Mts (Hendrych 1985) seems unlikely. The low altitude landscape
along the Danube has probably constituted an ecological barrier, which has prevented the
Alpine populations of R. pendulina from dispersing further north (see above).

Haplotype B was found in the Jeseniky Mountains (22; Czech Republic) and the
Belianské Tatry Mts (26; Slovak Republic). It is related to the common Carpathian
haplotype A from which it differs by a single point mutation. This haplotype probably
evolved recently or during the postglacial recolonization of Central Europe as indicated by
the terminal position of the haplotype in the network (Posada & Crandall 2001).

It is possible to conclude from our study that sequences of the non-coding cpDNA re-
gion (trnL-trnF) of Rosa pendulina can be used to reveal geographical patterns in genetic
variation of this species. Postglacial history of R. pendulina and the origin of the Central
European populations can be traced using this molecular marker. It is apparent that the
current Central European populations originated from at least two glacial refugia. The
populations occurring north of the Alps, including those in the Sumava Mts appear to have
a Carpathian origin.
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Souhrn

Pouzitim PCR-RFLP a sekvenovéni nekddujicich Gseki cpDNA byla studovana fylogeograficka struktura mezi
45 populacemi riize pievislé (Rosa pendulina) v Evropé. Nase studie ukdzala jednoznacné geografické usporada-
ni diversity chloroplastové DNA. Tri hlavni haplotypy jsou geograficky Siroce rozsifené a vykazuji jen velmi
malé presahy v distribuci. Tato situace svéd¢i o tom, Ze postglacidlni kolonizace probihala nejméné ze dvou odli§-
nych glacidlnich refugit, ktera byla lokalizovana (1) na okraji Alp, severnich Apenin anebo Dinarskych Alp a (2)
na Balkénském poloostrové nebo v Karpatech. Viechny populace v Ceské republice a okoli jsou karpatského pii-
vodu. Toto zjisténi vyvraci spekulace 0 mozném alpském ptvodu Sumavskych populaci R. pendulina. Kontaktni

zOna mezi alpskym a karpatskym migracnim proudem je pravdépodobné Gdoli Dunaje.
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