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Ophrys holubyana Andrasovszky (Orchidaceae), distributed in the Carpatho-Pannonian region, is generally believed
to be of hybrid origin. Although its hybrid origin is broadly accepted by many authors, no molecular evidence has been
found to support the hypothesis. The nuclear ribosomal DNA internal transcribed spacer (nrDNA ITS) region was
sequenced from Ophrys holubyana, and from the presumed progenitor taxa: Ophrys fuciflora (Cr.) Rchb. and Ophrys
bicornis Sadler ex Nendtvich. Nearly all the known populations in the Carpatho-Pannonian region were sampled, and
the first data on the nrDNA ITS sequence of O. holubyana and O. bicornis are presented. Aligning the ITS sequences
revealed no differences among the ten samples. After cloning the amplified ITS regions, eight discrete ITS paralogs
with regularly appearing nucleotide differences could be partitioned, differing in only 6 base pairs. Paralog sequences
were detected not only in O. holubyana but also in some populations of the two parent species, suggesting that
O. fuciflora and O. bicornis in the Carpatho-Pannonian region are also partially of hybrid origin themselves, or
influenced by introgression. The study suggests that nrlTS regions can be generally useful in the study of Ophrys
systematics and phylogeography and for analyzing the hybrid zones of related Ophrys species groups.
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speciation, nrlTS paralogs.

INTRODUCTION

The genus Ophrys is distributed from the Canary
Islands in the west to Iran in the east, and from
Scandinavia in the north to the Sahara in the south
(Soliva et al., 2001; Bernardos et al., 2003). Its highest
diversity is reached in the Mediterranean region.

The number of species within the genus has been
estimated at anything between 21 (Nelson, 1962) and 215
(Delforge, 2001), showing that the taxonomy of the genus
is controversial. Because many species are thought to be
of hybrid origin (Nelson, 1962; Danesch and Danesch,
1972; Baumann and Kuinkele, 1982; Delforge, 1994), and
the floral morphology is highly variable, it is obviously
difficult to identify the species boundaries and to de-
duce the phylogenetic relationships of the genus.

The genus Ophrys is commonly divided into two
sections, Pseudophrys and Ophrys, on the basis of
pollination type (abdominal or cephalic) (Bernardos et
al., 2003). The sections are further subdivided into
species complexes and species groups (Delforge, 2001)
based primarily on floral morphological characters
(mainly the shape, color, hairiness and size of the
labellum), which play a great role in the classification
of the genus.

The Ophrys fuciflora complex in section Ophrys
contains Atlanto-Mediterranean, Adriato-Mediter-
ranean and Ponto-Mediterranean elements (Delforge,
2001). Two species from the complex are encountered
in the Carpatho-Pannonian region and its surround-
ings: Ophrys fuciflora (Cr.) Rchb., possessing rather
flat, broad lips with slightly emerging lateral lobes; and
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Fig. 1. Typical flowers of the studied Ophrys species. From left to right: O. bicornis, O. holubyana, O. fuciflora. Redrawn after
photographs taken at Pécs (pop. 3), Balatonftired (pop. 10) and Mardéc (pop. 1) by A. Molnér V.

Ophrysbicornis Sadler ex Nendtvich, possessing trans-
versely vaulted lips with conical, long lateral lobes (Fig.
1). The third member of the complex in the Carpatho-
Pannonian region, Ophrys holubyana, was found and
described by the Hungarian botanist AndrasovszKy in
1915 (Andrasovszky, 1917) from the Republic of Slova-
kia in the former Austro-Hungarian Empire. This
taxon has been interpreted as a hybrid derivative of
O. fuciflora and O. bicornis expressing floral morpho-
logical features intermediate between its presumed
progenitors (Fig. 1). This is very widely accepted in the
orchid literature (Keller and So6, 1930-1940; Soo6,
1959; Kumpel, 1977; Prochdzka and Velisek, 1983;
Baumann and Kinkele, 1986; Buttler, 1986; Delforge,
1994; Potucek and Cacko, 1996; Prochazka et al., 1999;
Delforge, 2001; VIcko et al., 2003), probably on the
basis of the morphological and chorological features of
the species involved. In addition to the floral morpho-
logical characters described above, O. fuciflora and
O. bicornis are the only members of the Ophrys fuci-
flora species complex occurring in the Carpatho-Pan-
nonian region, where O. holubyana is considered to be
an endemic species. However, the distribution areas of
the presumed parental species are parapatric here, and
O. holubyana occurs in the contact zone of the areas
(Molnar and Gulyas, 2005).

Diploid chromosome counts (2n = 36) are very
frequent in sect. Ophrys (Loéve and Kjellqvist, 1973;
Greilhuber and Ehrendorfer, 1975; Queirds, 1983; Sil-
vestre, 1983; Chiscano et al., 1990; Bianco et al., 1991;
Bernardos and Amich, 2002). Polyploidy has been re-
ported only once (Balayer, 1984). Bernardos et al.
(2003) found the O. scolopax group to be karyologically
very stable and claimed that "the speciation of the
0. scolopax group has not led to changes either in
chromosome numbers or chromosome morphology."

The morphological diversity of Ophrys species may
be partly the result of interspecific hybridization and
introgression, as suggested by morphological evidence
from Anderson (1953), Stebbins and Ferlan (1956),

Danesch and Danesch (1976), Voth and Ehrendorfer
(1976), Ehrendorfer (1980), and Pedersen and Faur-
holdt (1997). As has long been recognized by a number
of authors (e.g., Stebbins, 1950; Grant, 1971), hybridi-
zation between species and subsequent polyploidiza-
tion and gene duplication are important factors in
adaptive divergence (Soltis et al., 2003). Hence, it is
interesting that in the genus Ophrys polyploidy can
only be detected in the primitive sect. Pseudophrys,
while sect. Ophrys seems to contain only homoploid
hybrids. Corresponding homoploid hybrid speciation in
other groups of flowering plants has been studied in
detail by Rieseberg (1991, 1997), Ungerer et al. (1998),
Buerkle et al. (2000) and Lexer et al. (2003), who claim
that it is a very rapid speciation process.

ITS sequencing is a very valuable tool for under-
standing the phylogeny of diverse groups of angio-
sperms (Baldwin et al., 1995). It has been suggested
that ITS amplicons should be cloned to detect paralogs,
because they could bear evidence of past hybridization;
the importance of obtaining ITS paralogs from all mem-
bers of the studied species lineage is emphasized as a
way of revealing species relationships (Suh et al., 1993;
Ritland et al., 1993). A growing number of studies have
reported intra-individual ITS paralogs (e.g., Wendel et
al., 1995; Fenton et al., 1998; Weiblen, 2000; Gernandt
etal., 2001 ; Zhangetal., 2002; Wei et al., 2003; Behnke
et al., 2004; Razafimandimbison et al., 2004), sugges-
ting that the main cause of heterogeneity is slow con-
certed evolution due to hybridization and polyploidy.
Incomplete concerted evolution is attributable to re-
centinterspecific hybridization, high rates of mutation,
loss of sexual recombination, or location of nrDNA loci
on nonhomologous chromosomes (Campbell et al.,
1997). It has recently become clear that complete con-
certed evolution of nrDNA is not as widespread among
angiosperms as previously assumed (Bailey et al.,
2003). High levels of ITS heterogeneity were found, for
example, in Pinaceae, mainly due to the especially long
ITS of this family (Gernandt et al., 2001), and in
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TABLE 1. Ophrys species and codes of populations studied. Vouchers are deposited at the Herbarium of Debrecen University (DE).

Code Taxon Site Voucher nriTS type GenBank accession no.
1. O. fuciflora Mardc, Hungary Molnér, 782-1 DE A/B,C D AJ972925-28
2. O. fuciflora Perchtoldsdorf, Austria  Molnér, 782-2 DE A B AJ972929-30
3. O. bicornis Pécs, Hungary (loc. class.) Molnér, 784-5 DE A G I L A J972933, AM039522-24
4. O. bicornis Litohoron, Greece Molnér, 784-6 DE A AJ972937
5. O. bicornis Siklés, Hungary Molnér, 784-7 DE A AJ972938
6. O. bicornis Kunpeszér, Hungary Molnar, 784-8 DE A AJ972939
7. O. bicornis Budapest, Hungary Molnér, 784-9 DE A AJ972940
8. O. holubyana Sipkov, Slovakia Molnér, 782b-3 DE A, B, J AJ972941-42, AM039525
9. O. holubyana Krésna Ves, Slovakia Molnér, 782b-4 DE A,/ B AJ972945-46

10. O. holubyana Balatonfiired, Hungary ~ Molnér, 782b-5 DE A, B AJ972949-50

11. O. apifera Balatonszodldés, Hungary  Molnar, 783-3 DE - AJ973253

12. O. sphegodes Cegléd, Hungary Molnér, 780-11 DE - AJ973254

13. O. sphegodes Kunpeszér, Hungary Molnér, 780-12 DE - AJ973255

Xylaria hypoxylon isolates (Fungi) (Platas et al., 2003).
In Ficus, however, the nucleotide differences between
the clones were irregular, though this may have been
due to DNA polymerase errors (Weiblen, 2000).

The main objective of this study is to find molecu-
lar evidence of past hybridization in the studied Ophrys
taxa. Hybridization might be combined with polyploidi-
zation (though highly unlikely in sect. Ophrys; see
above), but chromosome counting was impossible be-
cause collecting the samples would have threatened the
populations.

MATERIALS AND METHODS
PLANT MATERIAL

The study examined two populations of O. fuciflora,
three of O. holubyana and five of O. bicornis, collected
from ten different locations (Tab. 1; Fig. 2). The popu-
lations were classified by floral morphological charac-
ters according to the descriptive nomenclature of
Delforge (2001). Two individuals were sampled from
each population. All samples were fresh leaves stored
in absolute alcohol, dried completely before extraction.

In addition, two samples of O. sphegodes from two
different locations and one sample of O. apifera, taxa
from two phylogenetically distantly related species
groups (Soliva et al., 2001), were used as an outgroup
in order to present the variability of ITS in Ophrys.

DNA EXTRACTION AND PCR

In this study we used sequences from the internal
transcribed spacer (ITS) region of nuclear ribosomal
DNA (nrDNA). The DNA extraction procedure was
carried out according to Doyle and Doyle (1987). Dried
leaves (1-30 mg) were thoroughly ground in liquid
nitrogen and then resuspended in lysis buffer (2%
CTAB, 20 MM EDTA pH 8, 100 mM Tris-HCIpH 9, 1.4

Fig. 2. Sampling sites of O. fuciflora complex: O. fuciflora
(triangles), O. holubyana (squares) and O. bicornis (circles),
mentioned in text and tables.

mM NacCl). After incubation at 65°C for 60 min, the
samples were centrifuged at 20,000 g for 10 min; then
the supernatant was extracted with an equal volume
of chloroform and centrifuged for 15 min at 20,000 g.
The extraction procedure was done twice. The DNA
was precipitated with two volumes of 100% ethanol and
stored at -20°C or below for 1 h. DNA was pelleted by
centrifugation at 20,000 g for 30 min. The pellet was
washed twice with 70% ethanol, dried, and redissolved
in70 ul 0.1 M Tris (pH 7.5).

For amplifying ITS, the PCR reaction mixture
contained 0.1 volume 10x PCR buffer (Zenon), 200 uM
each of dNTPs (Fermentas), 2 mM MgCl2, 0.2 uM of
each primer, 1.25 U Taqg DNA polymerase (Zenon) and
5 ng/ul genomic DNA extract. The amplifications were
performed with a Perkin Elmer PCR System 2400
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Fig. 3. Distribution of paralogs in O. fuciflora complex: O. fu-
ciflora (triangles), O. holubyana (squares) and O. bicornis
(circles) populations with (empty symbols) and without (filled
symbols) paralogs.

programmed for a denaturation step at 94°C for 4.30
min, followed by 33 cycles of denaturation for 30 sec at
94°C, annealing for 30 sec at 51°C and extension for 30
sec at 72°C, the extension time being increased by one
second in every cycle; the thermal cycling was ended
by a final extension for 7 min at 72°C.

PRIMERS AND SEQUENCING

The entire nriTS region was amplified by the newly
devised plant-specific ITS1A (5-GACGTCGCGA-
GAAGTCCA) and ITS1P (5-CCGTACCATTTAGAG-
GAAGGAG) primers and the universal primer 1TS4
(White et al., 1990), and applied in the PCR reaction to
specifically amplify the plant nrITS.

For direct sequencing, the PCR products were puri-
fied using a Montage centrifugal unit (Millipore). An ABI
PRISM BigDye Terminator Cycle Sequencing Ready Re-
action Kit V. 3.1 (Applied Biosystems) was used for cycle
sequencing, and electrophoresis was carried out with an
ABI PRISM 3100 Genetic Analyser (Applied Biosystems)
according to the manufacturer’s instructions. The se-
guences were aligned with the ClustalW (Thompson et
al., 1994) program with default parameters.

CLONING ITS

PCR products from O. fuciflora, O. bicornis and O. ho-
lubyana were cloned and sequenced for comparison
with the results of direct sequencing. Ten ITS clones
from one individual per species were sequenced to look
for the presence of heterologous ITS copies within
species. ITS PCR products were ligated and trans-

TABLE 2. Composition of cloned ITS sequences from three
paralog-bearing populations of O. fuciflora, O. holubyana and
O. bicornis. Note that identical sequences of paralogs are not
shown.

Nucleotide position

nriTS type
19 97 142 220 453 558
A C T C A C G
B T G T T T T
C C T C A T T
D T G T T C G
G C G T A C G
| C T C A C T
J T T C T T T
L C G T T T T

formed using the pGEM-T Easy Vector System Il (Pro-
mega Corp., U.S.A.). Transformed cells were screened
with ampicillin, and recombinant plasmid DNA was
isolated using the Wizard Plus Miniprep DNA purifi-
cation system (Promega, U.S.A.).

RESULTS

Direct sequencing of the nrITS region resulted in iden-
tical 624 bp sequences in O. fuciflora, O. holubyanaand
O. bicornis. As for the outgroup, sequence alignment
revealed differences of only 1.44% (9 bp) for
0. sphegodes and 2.24% (14 bp) for O. apifera.

The alignment of the cloned ITS sequences re-
sulted in a matrix with 624 positions with single nucle-
otide polymorphism (SNP) at six nucleotide sites,
which distinguished eight regular sequence variations
(Tab. 2). The eight nrlTS sequence variations were
treated as nrlITS paralogs, since intra-individual
nrDNA polymorphism is indicative of sequence para-
logy (Bailey et al., 2003).

Four paralogs (A, B, C, D) were cloned from O. fu-
ciflora (population 1), three (A, B, J) from O. holubyana
(pop. 8) and four (A, G, I, L) from O. bicornis (pop. 3).
Two paralogs (A, B) were cloned from population 2 (O.
fuciflora) and populatons 9 and 10 (O. holubyana). The
most frequent paralog, A, was found in the majority
(66.6%) of the clones. Paralog B was less frequent
(10.0%), whereas the additional paralogs exhibited
smaller frequencies (6.6% for C and 3.3% for the
remaining ones). No polymorph nrITS sequences
were found in the samples of populations 4, 5, 6 and
7 (O. bicornis), where only sequence type A could be
detected. Another aspect is that Ophrys bicornis sam-
ples from Greece (pop. 4) and Hungary (pop. 5, 6, and
7) possessed only nrITS type A, while the samples of
the same species from Pécs, Hungary (pop. 3) ex-
hibited paralogs (Fig. 3).
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DISCUSSION

ITS paralog sequences may emerge due to polymerase
errors or PCR artefacts (see Introduction), but the
regularity of differential nucleotides in our study ex-
cludes this possibility. Alternatively, the nrDNA poly-
morphism found in the studied Ophrys taxa could be
due to a high mutation rate in the genus, the loss of
sexual recombination, or location of the screened
multigene family on nonhomologous chromosomes.
However, asexual reproduction, which could lead to
loss of sexual recombination, is a very rare phenome-
non in Ophrys (van der Cingel, 1995), where it is only
known from Ophrys apifera, a taxon not included in the
studied species group. There are no reports of high
mutation rates of nrDNA or of location of nrDNA on
nonhomologous chromosomes in Ophrys, but these
phenomena cannot be ruled out completely when inter-
preting nrDNA polymorphism. Still, it seems more
likely that the intra-individual ITS sequence variation
originated from crossing of different ITS lineages, in
which case the polymorphic loci represent parental
sequences and recombinants. Similarly, Campbell et
al. (1997) interpreted the presence of polymorphic
intra-individual nrITS in Amelanchier "erecta” to be an
indication that this taxon originated through hybridi-
zation between taxa representing two main phylo-
genetic clades.

Samples of O. holubyana exhibited paralog se-
guences. This supports the previous assumption, based
on floral morphological characters, that this taxon is of
hybrid origin. However, the presence of paralog se-
quences in populations 1 and 2 (classified as O. fuciflo-
ra) as well as in population 3 (classified as O. bicornis)
suggests a complex hybridization pattern.

Our pending Europe-wide survey suggests that
paralogs A and B are original sequence variants be-
longing to the progenitor taxa (O. bicornis and presum-
ably O. fuciflora), and that the remaining paralogs are
recombinant sequences. Considering the present find-
ings, the studied populations of the Ophrys fuciflora
complex in the Carpatho-Pannonian region (O. bicor-
nis, O. fuciflora s.str. and O. holubyana) could be
divided into two groups: (i) populations without nriTS
paralogs (pop. 4, 5, 6, 7, all classified as O. bicornis)
should be regarded as possessors of one progenitor
sequence; (ii) taxa with nrITS paralogs (pop. 1, 2, 3, 8,
9, 10, belonging to all three species) probably contain
hybrids and introgressants. Taxonomy is beyond the
scope of this paper, but it is worth mentioning that
samples from the locus classicus of Ophrys bicornis
Sadler ex. Nendtvich (pop. 3) contain nriITS paralogs.

Since paralog sequences are quickly homogenized
due to concerted evolution (Baldwin et al., 1995; Soltis
et al., 2003), the presence of paralogs in the present
data set may imply that the hybrid zone in the Carpa-
tho-Pannonian region has been formed recently (in

postglacial times). Moreover, the dominant nrITS
types are presumed to be connected to lineages isolated
in Mediterranean refugia during previous glaciations,
while the less frequent nriITS types are produced by
recombination. Studies of nriTS paralogs could have
some value in revealing the phylogenetic relationships
and postglacial phylogeography of the genus Ophrys.

ACKNOWLEDGEMENTS

The authors thank H. £. Pedersen and an anonymous
reviewer for their thoughtful review and comments on
the manuscript, Z. E. Rudner, J. Reinhardt and W.
Wucherpfennig for collecting the missing literature,
and J. VIgko, M. Ovari, R. Vidéki, A. Maté, A. Mészaros,
A. Dénes and P. Kézdy for their assistance with the
fieldwork. This paper forms part of a PhD thesis for
GG, University of Debrecen. This work was supported
by the Hungarian Ministry of Education (FKFP
0114/2001, Molnar).

REFERENCES

ANDERsON E. 1953. Introgressive hybridization. Biological Re-
views 28: 280-307.

ANDRAsOVszKY J. 1917. Magyarorszag Orchidea-flérdjahoz. Ma-
gyar Botanikai Lapok 16: 110-112.

BaiLEY DC, CARR TG, HARRIS SA, and HucHEs CE. 2003. Charac-
terization of angiosperm nrDNA polymorphism, paralogy,
and pseudogenes. Molecular Phylogenetics and Evolution
29: 435-455.

BALAYER M. 1984. Les orchidées de la partie orientale des Pyré-
nées frangaises. Etude biosystématique réactualisation du
catalogue. Ph.D. dissertation, Faculté des Sciences de Per-
pignan.

BAaLbwIN BG, SANDERSON MJ, PorRTER JM, WoJiciEcHowsKI MF,
CaMPBELL CS, and DoNoGHUE MJ. 1995. The ITS region of
nuclear ribosomal DNA: A valuable source of evidence on
angiosperm phylogeny. Annals of Missouri Botanical Gar-
den 82: 247-277 .

BaumanN H, and KUNKELE S. 1982. Die Wildwachsenden Orchi-
deen Europas. Kosmos Verlag, Stuttgart.

BaumanN H, and KUNKELE S. 1986. Die Gattung Ophrys L. —eine
taxonomische Ubersicht. Mitteilungsblatt Arbeitskreis
Heimische Orchideen Baden-Wrttemberg 18: 306-688.

BEHNKE A, FrIEDL T, CHEPURNOV VA, and MANN DG. 2004. Re-
productive compatibility and rDNA sequence analyses in
the Sellaphora pupula species complex (Bacillariophyta).
Journal of Phycology 40: 193-208.

BERNARDOS S, and AmicH F. 2002. Karyological, taxonomic and
chorological notes on the Orchidaceae of the Central-West-
ern Iberian Peninsula. Belgian Journal of Botany 135: 76—
87.

BERNARDOS S, AmicH F, and GALLEGo F. 2003. Karyological and
taxonomic notes on Ophrys (Orchidoideae, Orchidaceae)
from the Iberian Peninsula. Botanical Journal of the Lin-
nean Society 142: 395-406.



66 Gulyéaset al.

Bianco P, D'EMERICO S, MEDAGLI P, and RucGGiErRO L. 1991.
Polyploidy and aneuploidy in Ophrys, Orchis and Anacamp-
tis (Orchidaceae). Plant Systematics and Evolution 178:
235-245.

BuUErRkLE CA, Morris RJ, AsmusseN MA, and RIESEBERG LH.
2000. The likelihood of homoploid hybrid speciation.
Heredity 84: 441-451.

ButTLER KP. 1986. Orchideen. Die wildwachsenden Arten und
Unterarten Europas, Vorderasiens und Nordafrikas. Mo-
saik Verlag. Minchen.

CAMPBELL CS, WoJciecHowskl MF, BAaLbwiIN BG, ALIice LA, and
DoNnoGHUE MJ. 1997. Persistent nuclear ribosomal DNA
sequence polymorphism in the Amelanchier agamic complex
(Rosaceae). Molecular Biology and Evolution 14: 81-90.

CHiscaNo PJL, OLiva DF, and LLano GJR. 1990. Nueva variedad
de Ophrys apifera Huds. Studia Botanica Salamanca 9:
113-117.

DaNEscH O, and DaNEscH E. 1972. Orchideen Europas: Ophrys-
Hybriden. Hallwag, Bern.

DaNescH O, and DanescH E. 1976. Hybriden und Hybriden-
schwarme aus Ophrys argolica Fleischm. und Ophrys sco-
lopax Cav. ssp. cornuta (Stev.) E. G. Cam. in Griechenland.
In: Senghas K [ed.], Tagungsbericht der 8. Welt-Orchideen-
Konferenz Palmengarten Frankfurt 10-17 April 1975, 129—
138. Deutsche Orchideen Gesellschaft e. V., Frankfurt am
Main.

DeLFORGE P. 1994. Guide des Orchidées d’Europe, d'Afrique du
Nord et du Proche-Orient. Delachaux et Niestlé, Paris.
DeLFORGE P. 2001. Guide des Orchidées d’Europe, d'Afrique du
Nord et du Proche-Orient. 2nd ed. Delachaux et Niestlé,

Paris.

DovLE JJ, and DoyLE JL. 1987. A rapid DNA isolation procedure
for small amounts of fresh leaf tissue. Phytochemical Bul-
letin 19: 11-15.

EHRENDORFER F. 1980. Hibridisierung, Polyploidie und Evolution
bei européisch-mediterranen Orchideen. In: Senghas K,
Sundermann H [eds.], Probleme der Evolution bei européi-
schen und medoiterranen Orchideen, 15-34. Orchidee
(Hamburg), special issue.

FENTON B, MALLOCH G, and GERMA F. 1998. A study of variation
in rDNA ITS regions shows that two haplotypes coexist
within a single aphid genome. Genome 41: 337-345.

GERNANDT DS, ListoN A, and PINErRO D. 2001. Variation in the
nrDNA ITS of Pinus subsection Cembroides: Implications
for molecular systematic studies of pine species complexes.
Molecular Phylogenetics and Evolution 21: 449-467.

GRANT V. 1971. Plantspeciation. Columbia University Press, New
York.

GREILHUBER J, and EHRENDORFER F. 1975. Chromosome number
and evolution in Ophrys (Orchidaceae). Plant Systematics
and Evolution 124: 125-138.

KELLER G, and So6 R. 1930-1940. Monographie und Iconographie
der Orchideen Europas und des Mittelmeergebietes II.
Dahlem bei Berlin.

KUMPEL H. 1977. Ein Beitrag zur Kenntnis der westkarpatischen
Ophrys fuciflora. Preslia 49: 13-21.

LExER C, LAl Z, and RiIEseBERG LH. 2003. Candidate gene poly-
morphisms associated with salt tolerance in wild sunflower

hybrids: implications for the origin of Helianthus paradox-
us, a diploid hybrid species. New Phytologist 161: 225-233.

LovE A, and KJELLQUIST E. 1973. Cytotaxonomy of Spanish plants
I1. Monocotyledons. Lagascalia 3: 142-182.

MoLNAR VA, and GuLyAs G. 2005. Zur Kenntnis der Ophrys
holubyana Andrasovszky 1917. Journal Européischer Or-
chideen 37: 625-638.

NELsON E. 1962. Gestaltwandel und Artbildung erértert am Beis-
piel der Orcidaceen Europas und der Mittermeerlfinder ins-
besondere der Gattung Ophrys — mit einer Monographie und
Ikonographie der Gattung Ophrys. Fischer Verlag, Chernex-
Montreux.

PeEDERSEN H/ZE, and FAaurHoLDT N. 1997. A critical approach to
Ophrys calypsus (Orchidaceae) and to the records of O. ho-
loserica subsp. apulica from Greece. Flora Mediterranea 7:
153-162.

PLATASs G, RuiBaL C, and CoLLabo J. 2003. Size and sequence
heterogeneity in the ITS1 of Xylaria hypoxylon isolates.
Mycological Research 108: 71-75.

Potucek O, and Cacko L. 1996. Vetko o orchideach. Vydava-
tel'stvo Slovart, Bratislava.

PRrRoCHAZKA F, JONGEPIEROVA-HLOBILOVA |, and PoTucCeEk O. 1999.
Ophrys fuciflora (F. W. Schmidt) Moench — ToFi¢ ¢mel&-
kovity, Hmyzovnik (trénik) Emel'ovity. In: éef’ovsky J, Fer-
&kova V, Holub J, Maglocky S, and Prochazka F [eds.],
Cervena kniha ohrozenych a vzéacnych druhov rastlin a
Zivogichov SR a CR, vol. 5, 259. Priroda a. s., Bratislava.

ProcHAzKA F, and VELisek V. 1983. Orchideje nasi prirody. Aca-
demia, Praha.

QUEIROS M. 1983. Nmeros cromossémicos para a flora portugue-
sa, 64-85. Boletim da Sociedade Broteriana, sér. 2 56:
79-98.

RAZAFIMANDIMBISON SG, KELLOGG EA, and BREMER B. 2004. Re-
cent origin and phylogenetic utility of divergent ITS puta-
tive pseudogenes: a case study from Naucleeae (Rubiaceae).
Systematic Biology 53: 177-192.

RieseBerG LH. 1991. Homoploid reticulate evolution in Helian-
thus: evidence from ribosomal genes. American Journal of
Botany 78: 1218-1237.

RieseBerRG LH. 1997. Hybrid origins of plant species. Annual
Review of Ecology and Systematics 28: 359-389.

RiTLAND CE, RiTLAND K, and Straus NA. 1993. Variation in the
ribosomal internal transcribed spacers (ITS1 and ITS2)
among 8 taxa of the Mimulus guttatus species complex.
Molecular Biology and Evolution 10: 1273-1288.

SILVESTRE S. 1983. Nmeros cromosomticos para la flora espanola,
295-300. Lagascalia 12: 133-135.

SoLiva M, KocvaN A, and WiDMER A. 2001. Molecular phylogene-
tics of the sexually deceptive orchid genus Ophrys (Orchida-
ceae) based on nuclear and chloroplast DNA sequences.
Molecular Phylogenetics and Evolution 20: 78-88.

SoLTis DE, SoLTis PS, and TATE JA. 2003. Advances in the study
of polyploidy since plant speciation. New Phytologist 161:
173-191.

Soo6 R. 1959. Ophrys Studien. (Geobotanische Monographie der
Orchideen der pannonischen und karpatischen Flora I11.)
Acta Botanica Academia Scientiarum Hungaricae 5: 437—
471.



Interspecific hybridization in Ophrys 67

STeBBINS GL. 1950. Variation and evolution in plants. Columbia
University Press, New York.

STeEBBINS GL, and FeErLAN L. 1956. Population variability, hy-
bridization, and introgression in some species of Ophrys.
Evolution 10: 32-46.

SuH YB, THIEN LB, REevE HE, and ZimmER EA. 1993. Molecular
evolution and phylogenetic implications of internal tran-
scribed spacer sequences of ribosomal DNA in Winteraceae.
American Journal of Botany 80: 1042—-1055.

THompPsoN JD, HicGINs DG, and GissoN TJ. 1994. CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Re-
search 22: 4673-4680.

UNGERER MC, BAIRD S, PaN J, and RIEseEBERG LH. 1998. Rapid
hybrid speciation in wild sunflowers. Proceedings of the
National Academy of Sciences of the U.S.A. 95: 11757—
11762.

vAN DER CINGEL NA. 1995. An atlas of orchid pollination. Euro-
pean orchids. A. A. Balkema, Rotterdam.

Vicko J, Dite D, and KorNik M. 2003. Vstavacovité Slovenska.
Orchids of Slovakia. ZO SZOPK Orchidea, Zvolen.

VoTH W, and EHRENDORFER F. 1976. Biometrischer Untersuchun-
gen an Populationen von Ophrys cornuta, O. holoserica und

ihren Hybriden (Orchidaceae). Plant Systematics and Evo-
lution 124: 279-290.

WEI XX, WaNG XQ, and Hong DY. 2003. Marked intragenomic
heterogeneity and geographical differentiation of nrDNA
ITS in Larix potaninii (Pinaceae). Journal of Molecular
Evolution 57: 623-635.

WEiBLEN GD. 2000. Phylogenetic relationships of functionally
dioecious Ficus (Moraceae) based on ribosomal DNA se-
quences and morphology. American Journal of Botany 87:
1342-1357.

WENDEL JF, ScHNABEL A, and SeeLANAN T. 1995. Bidirectional
interlocus concerted evolution following allopolyploid speci-
ation in cotton (Gossypium). Proceedings of the National
Academy of Sciences of the U.S.A. 92: 280-284.

WHITE TJ, BRuNs TD, LEE S, and TAYLOR JW. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White
TJ [eds.], PCR protocols: A guide to methods and applica-
tions, 315-322. Academic Press Inc., San-Diego.

ZHANG W, Qu L, Gu H, GAao W, Liu M, CHEN J, and CHEN Z. 2002.
Studies on the origin and evolution of tetraploid wheats
based on the internal transcribed spacer (ITS) sequences of
nuclear ribosomal DNA. Theoretical and Applied Genetics
104: 1099-1106.



