Introduction

The tribe Cichoriae Lam. & DC. (syn. Lactuceae Cass.) represents one the most studied groups of Asteraceae
family especially thanks to several genera such as Crepis L., Hieracium L., Pilosella Hill. or Taraxacum Wigg.
and economically important genera as Lactuca. Cichoriaea is well morphologically and antomically defined
(occurrence of milky latex and homogamous capitula with 5-dentate, lingulate flowers have been constantly
respected characters since the time of its description; Tournefort 1964). Taxonomic situation inside of the tribe
is more complicated, i.e. that the majority of above mentioned genera are generally well known because
of polyploidy, hybridisation and apomixis frequently resulting in highly intricated taxonomic classifications.
The aim of a taxonomic treatment is to mirror real situation in nature usually expressed by numerous
"microspecies" representing particular apomictic lineages’. Nevertheless, system of these complex taxonomic
treatments can hardly be natural as hybridisation (even an ancient one) results in reticulate evolution.

Hieracium s. |.

Formal genus Hieracium sensu lato has recently been more frequently treated as two separete genera
(Hieracium and Pilosella; Sell & West 1975, Brautigam & Greuter 2007), which is why genus ranks Hieracium
and Pilosella are used separately in further text. Genera Hieracium and Pilosella comprise perennial herbs with
1 to numerous stems (foliaged or leafless) terminated by 1 to numerous capitula. Leaves are shaped from
entire to deeply dentate or lobed. Involucres are formed by several irregularly imbricate rows of linear
to lanceolate bracts. Individual ligules are usually yellow (sometimes with a red stripe on the outer face or
rarely orange, reddish, green or white). Achenes are covered in 10 to 13 ribs of narrowly obconical shape
(never beaked) carrying 1 or 2-rowed pappus (e.g. Zahn 1921, 1930, Sell & West 1976, Brautigam & Schuhwerk
2002, Chrtek 2002, 2004).

Pilosella

Genus Pilosella differs from Hieracium in several important characters. Cypselas length is up to 2.5 mm (genus
Hieracium 2.5 - 5mm) and they are covered in ca 10 denticular ribs. Pappus hair forms mainly 1 row (in case of
Hieracium 2 rows). Apart from the mentioned characters genus Pilosella may be discriminated by several
morphological tendencies such as presence of stolons or red veins on the abaxial ligule surface. Genus Pilosella
significantly differs also at the level of other biosystematical characters. Homoploid genome size (Cx-value)
is approximately twice lower in Pilosella than in Hieracium (Brautigam & Brautigam 1999, Vladimirov
& Greilhuber 2003, Chrtek et al. 2009). Also apomixis type is essentially different (Pilosella - apospory
vs. Hieracium - diplospory; Pogan & Wcisto 1989, 1995, Rosenberg 1906, 1907). Molecular markers (nuclear -
ITS and chloroplast haplotypes; Fehrer et al. 2007a) brought better understanding of the whole group.
Molecular study based on the analyses of the internal transcribed spacer of the nuclear ribosomal DNA (nrDNA
ITS) and trnT-trnL intergenic spacer and matK gene of the chloroplast DNA (Fehrer et al. 2007a) had great
impact for the understanding of the whole group. All markers confirmed the monophyly of the clade composed
of Hieracium s. |. Andryala L. and Hispidella Lam. However incongruence among the results based on
chloroplast and nuclear data was observed in respect of the evolutionary history of Pilosella. Whereas the
nuclear data (ITS) mainly confirm the hitherto taxonomical concepts with Pilosella/Hispidella being a sister
group to Hieracium s. str./Chionoracium and Andryala clades, Pilosella was split into two major lineages
according to the cpDNA. Moreover neither of them was composed of Pilosella accessions solely. In the first one
Andryala clustered together with part of the Pilosella species, the other clade comprised Hispidella in addition.
These data suggest ancient hybridisation events among these genera. However, higher number
of representative individuals should be added to potential consequent analyses as recent biosystematical
studies at region scale clearly confirm highly different microevolutionary patterns (hybridisation direction,
ploidy levels, breeding modes etc.) even from very close mountain ranges (Krahulec et al., unpublished).

' The highest number of taxa was described in Hieracium s. |. compared to any other genus in the European
flora (Sell & West 1976).



Generally accepted taxonomic concept of the genus Pilosella is structured into group of basic (Hauptarten)
and intermediate species (Nebenarten or later called Zwischenarten; Néageli & Peter 1885). Basic species
comprise taxa characterized by unique morphological traits, whereas intermediate ones combine basic species
features indicating their hybridogenous nature. The concept is supported by numerous hybridisation
experiments of Nageli and Peter (1885) and its robustness has been corroborated by many studies (i. e. Suda et
al. 2007, Fehrer et al. 2007a etc.). The basic vs. intermediate species distinction also corresponds well with
the patterns of ploidy level and breeding mode differentiation (basic species being frequently sexual diploids
vs. predominantly polyploid apomictic intermediates; Krahulcova et al. 2000). However, problems of particular
hybridogenous species age cannot be sufficiently determined either by molecular markers or by paleobotanical
research (most of Asteraceae taxa do not differ in pollen morphology, phytolites or any other known
paleobotanical marker; e.g. Beug 2004, phytolites - Petr & Urfus unpub.). Nevertheless, the majority of
hybridogenous intermediate species do evolve so they are already distinguishable (e. g. by progeny structure)
from recent hybrids (e.g. Krahulec et al. 2004, 2008). Number of basic species varies depending on the species
rank concept between 20 - 30 (i.e. 20 with numerous taxa treated at subspecific level; Brautigam & Greuter
2007). On the contrary, number of described intermediate species reaches place value of hundreds to
thousands. Detailed taxonomic concept probably reflects the real situation more naturally (especially in case of
application of biological species concept;e.g. Juxip 2002, Tyler 2005). On the other hand, morphological
delimitation of the microspecies is often doubtful. Vast number of previously described intermediate taxa
represents apomictic lineages artificially separated from partly sexually and apomicticaly breeding populations
which hybridise occasionally. Thus a high number of taxa described for example a hundred years ago does not
even exist (they vanished via recurrent hybridisation events; e.g. Krahulec et al. 2004, 20082). The situation,
obviously irresolvable by traditional taxonomic approaches, has therefore resulted in resignation on detailed
taxonomic concept [i.e. Brautigam and Greuter (2007) mention 122 intermediate species].

Most of the Pilosella species distribution areas does not spread far over the European geographic borders
(Brautigam 1992, Fehrer et al. 2007b), but in many cases their eastern distribution borders are simply
unknown. Several species distribution areas reach South Siberia (i. e. Pilosella echioides (Lumn.) F. W. Schultz
& Sch. Bip., P. onegensis Norrl.; Schischin 2002) or middle Asian mountains (Pilosella aurantiaca (L.) F. W.
Schultz & Sch. Bip.; Krahulec unpubl.). The majority of genus Pilosella species are mainly stress tolerant plants.
Basic species tend to occur mostly in primary mainly forest-free habitats (rocky outcrops, steppes, sandy
habitats, various transition mires margins etc.), whereas intermediate species mainly occur in secondary
habitats (e.g. Zahn 1921, 1930, Sell & West 1976, Brautigam & Schuhwerk 2002, Chrtek 2002, 2004).

The vast number of described taxa, various taxonomic concepts and frequent resignation on detailed plant
determination evidently imply question of the variation sources. There are several main sources of enormous
variation of the Pilosella species: hybridization accompained by polyploidisation (detected cytotypes: 2x, 3x, 4x,
5x, 6x, 7x, 8x; x=9), variation in reproductive mode (apomixis combined with sexual reproductive mode often
within the same capitulum) as well as vegetative reproduction via stolons (Gadella 1987, 1991, Krahulcova et
al. 2000). These sources are accompanied by production of fertile pollen (even in case of apomicts
and completely sterile plants such as F1 triploids) and occurrence of haploid parthenogenesis or autogamy via
mentor effect (Krahulcova et al. 1999, Krahulcova et al. 2000, Krahulcova & Krahulec 2000). Moreover, all the
above mentioned phenomena are usually combined in an intricate way. Apomictic lineages are facultative thus
they subsequently hybridise with other cytotypes or taxa resulting in enormous number of different
morphological lineages and cytotypes (Krahulcovd & Krahulec 2000). In addition, several other important
variation sources has not yet been sufficiently studied and, for example, the frequency of unreduced gametes
formation has not yet been assessed. Nothing is known about the importance of further genom duplication of
polyhaploids frequently resulting in highly distinct lineages (Krahulec et al. 2011).

? Detailed study of Pilosella species in KrkonoSe mountains illustrates intricacy of microspecies concept
(e. g. number of described taxa is some cases higher than number of clones; Krahulec et al. 2004).



Polyploidy

Genus Pilosella is deeply influenced by polyploidisation. Broad spectrum of ploidy levels was recorded
(2x,3x,4x%,5x,6%,7x,8x - basic chromosome number x=9 ; Schuhwerk 1996, Schuhwerk & Lippert 1997, 1998,
Krahulcovad & Krahulec 1999, Krahulcova et al. 2000, Rotreklova et al. 2002, 2005 etc.). During experimental
hybridisation even higher ploidy levels were detected (up to 12x; Skalinska 1976). Almost half of Pilosella taxa
are supposed to consist of more ploidy levels (even within one population; Schuhwerk 1996, Schuhwerk
& Lippert 1997, 1998, Krahulcova & Krahulec 1999, Rotreklova et al. 2002, 2005 etc.). Diploid level
is characteristic mostly for basic species (even though e.g. basic species P. aurantiaca does not have any diploid
cytotype, only dihaploid plants were recorded as a result of parthenogenesis during experimental crossing;
Skalinska 1971). Polyploidisation in the genus is probably induced via unreduced gametes, which fuse with
usual reduced gametes (rarely unreduced gametes) resulting in addition hybrids. According to results
of experimental crossing addition hybrids represent the first step for subsequent polyploidisation (Skaliriska
1973, 1976, Gadella 1988, Krahulcova & Krahulec 2000, Krahulcova et al. 2004, 2011). The importance
of addition hybrids as a source of variation and as a basic step for generation higher polyploids is probably still
not valued enough (i. e. P. rubra in KrkonoSse mountains was proved to be an addition hybrid between
P. aurantiaca - 2n and P. officinarum Vaill. - n; Krahulcova et al. 2004, Suda et al. 2007). Moreover, species
of genus Pilosella differ in absolute DNA content at the monoploid level and intermediate contents
of intermediate species are confirming the hybridogenous character (Suda et al. 2007).

Problems of aneuploidy (abnormal number of chromosomes) are obviously connected with plolyploidisation
(and hybridisation). In case of genus Pilosella aneuploidy was recorded several times: P. aurantiaca (2n=30;
Pashuk 1987), 5 individuals of P. piloselliflora (Nageli & Peter) Sojak (2n=48; Krahulcova & Krahulec 1999,
Krahulcova et al. 2000), or in hybridisation swarm between P. officinarum and P. piloselloides subsp. bauhini
(Schult.) S. Braut. & Greuter (Krahulcova et al. 2009) etc. Even in cases of experimental crossings aneuploidy is
quite a rare phenomenon known either as a triploid progeny of tertraploid and diploid crosssing
(P. officinarum, P. aurantiaca; Gadella 1991, Skalinska 1971) or relatively frequently as a result of pentaploid
(pollen donor) and diploid or tetraploid crossing (Krahulcova & Krahulec 2000).

Reproduction modes

Apomixis in genus Pilosella is, as mentioned above, of aposporous type (i.e. type Antenaria L.; Rosenberg 1907,
Pogan & Wocisto 1995). Essential role of genus Pilosella in apomixis research is underlined by the first detection
of aposporous type directly in the genus (Pogan & Wcisto 1989). Unreduced embryo sacs are frequently mixed
with the standard reduced ones resulting in mixed progeny (facultative apomixis, e.g. Krahulcova et al. 2000,
2004, 2011, Krahulec et al. 2004). Both types of embryo sacs are competing until one of them prevails (but only
little is so far known about factors influencing one of the embryo sacs final dominance).

The essential source of genus enormous variation is not apomixis itself, but especially the combination of
various reproductive modes (frequently within single capitulum; Krahulcova et al. 2000, 2004). Breeding modes
are partly fixed to particular ploidy levels. The higher ploidy level is, the higher is the probability of apomixis
(diploids are sexual). Odd ploidy levels are usually characterized by apomictic breeding (or sterile; Gadella
1987, 1991, Krahulec & Krahulcova 1999, Krahulcova et al. 2000, Krahulcova et al. 2001, Rotreklova et al. 2002,
2005). Nevertheless, many exceptions occur (e. g. rare sexual triploids, apomictic tetraploids and sexual
pentaploids or large groups of sexual hexaploids; Pogan & Wcisto 1995, Peckert 2005, Peckert & Chrtek 2006,
Rotreklova et al. 2002, etc.). But at least the diploid cytotypes were proved to be sexual (P. lactucella -
Skalinska 1967, Gadella 1984, Krahulcova & Krahulec 1999; P. peleteriana (Mérat) F. W. Schultz & Sch. Bip.
and P. hoppeana (Schult.) F. W. Schultz & Sch. Bip. - Gadella 1984, P. officinarum -Gadella 1984; P. onegensis -
Skaliriska 1967, Skaliriska & Kubiert 1972, Krahulcova & Krahulec 1999; P. echioides - Kasin & Cerniskova 1997,
Peckert 2001, Rotreklova et al. 2002). Despite that, the apomixis was confirmed in case of dihaploid individuals
(Bicknell 1997, Bicknell et al. 2000, Krahulec et al. 2011).



Sexual forms were proved to be allogamous (Gadella 1988, 1991, Krahulcova & Krahulec 1999). However, self-
compatibility is still possible via stimulation of stigma by foreign pollen - mentor effect (Krahulcova et al. 1999,
subsequently confirmed in case of Hieracium s. str.; Mraz 2003). Such process is probably common in the field,
as more than one species usually grow together; thus self-pollination probably occurs quite frequently.

Indispensable source of genus Pilosella variation is clonal growth (Krahulcova et al. 2000) via stolons (above or
below ground). Due to clonal growth a particular genotype is able to spread at local scale even in case of
otherwise sterile plants. Long-time persistence takes the sterile genotype back to microevolutionary process
because even sterile plants of genus Pilosella species were proved to produce viable pollen. The ability to
produce viable pollen (of probably all cytotypes) is in contrast to Hieracium s. str. because some of its cytotypes
produce aborted pollen grains (Gadella 1987, Krahulcova & Krahulec 2000).

Hybridization

Hybridisation is very common in genus Pilosella and the whole group represents a typical example of hybrid
speciation in many respects. Solitary hybrids, or at least signs of introgression occur in majority of populations
and even large hybrid swarms are quite frequent, because the most sympatric taxa are able to hybridise
(almost no hybridisation barriers are established; Gadella 1987). Introgression is obviously a widespread
phenomenon in the genus Pilosella species and even triple hybrids production happens (Gadella 1988, 1992).
Hybridisation also knocks down barriers between different ploidy levels or breeding modes. Hybridisation
between different ploidy level species was reported many times (e. g. Skalinska 1967, Gadella 1987). Even
apomictic individuals frequently participate in crossing either as pollen donors (e. g. Skalinska 1976, Gadella
1982, 1987) or surprisingly often as mother plants (naturally apomicts are facultative in case of genus Pilosella;
e. g. Skalinska, Krahulec et al. 2004, 2008).

Current high rate of genus Pilosella hybridisation is substantially increased due to human activities. Artificially
preserved forest-free areas (anthropic steppe) markedly contribute to genus Pilosella species spreading. Broad-
spectrum of variously disturbed secondary habitats frequently combines species whose niches would not
otherwise connect, resulting in an antropohybridisation (Wdjcicki 1991). Montane meadows are a classic
example of long time established anthropic habitat type, which is regularly disturbed by cutting for hay
and many less competitive species occur there. Species from alpine forest-free habitats and lower altitudes
grow there together, forming hybrid swarms and resulting in many well established hybridogenous taxa
(Krahulcova & Krahulec 1999, Krahulec et al. 2004).

Pilosella officinarum and P. piloselloides subsp. bauhini under investigation

Pilosella officinarum is probably the most abundant species of the whole genus Pilosella. Together with several
mostly diploid species it forms a section Piloselina, which is distinctly defined by one headed (single capitulum)
stem and dense cover of stellate hairs at abaxial side of leaf (e. g. Zahn 1923, Sell & West 1976). Pilosella
officinarum is the only abundant polyploid of the section (except for a rare tetraploid P. saussuroides); it is an
extremely variable species. The complexity of its variation may illustrate 624 subspecies mentioned or directly
described by the monograph of genus Hieracium s. |. K. H. Zahn (Zahn 1923).

Sources of P. officinarum variation are identical to the ones in the whole genus (polyploidy, different
reproductive modes, hybridisation and clonal growth; Krahulcova et al. 2000). According to high number
of ploidy levels (2x, 4x, 5x, 6x, 7x), various combinations of reproductive modes to different cytotypes and
extensive tendency to hybridise (the most frequent participant of all hybridisation events and also most
frequent parental species of hybridogenous species; e.g. Zahn 1923) Pilosella officinarum represents a model
species crucial for understanding the problems of the entire genus Pilosella and even for possible
reconstructing the ancient history of many other agamic complexes, where apomixis absolutely prevails (such
as Alchemilla). Different ploidy levels relate to particular reproductive modes. Tetraploids tend to be mostly
sexual (only rarely a partly apomictic exceptions were detected too; e.g. Gadella 1984). Pentaploids, on the
contrary, tend to be apomictic (e.g. Gadella 1984), but partly sexual individuals have been already proven
(Turesson & Turesson 1960, Tureson 1972, Pogan & Wocisto 1995) and even fully sexual ones (Krahulcova
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et al. 2000, Rotreklova et al. 2002). Hexaploids form both apomictic and sexual lineages. Sexual plants were
documented from mountainous habitats (especially the Alps; Gadella 1984) and recently also from Central
European regions from river canyons (Urfus 2006). Rare heptaploid individuals are either apomictic or sterile
(Gadella 1984, 1991). Pilosella officinarum diploid cytotype (described by Gadella 1984 and Delcourt 1972)
requires perhaps further studies as its status seems to be obscure.

P. piloselloides subsp. bauhini (further in text P. *bauhini) does not belong to such markedly morphologically
distinct group compared to P. officinarum - section Prealtina (e.g. related P. piloselloides subsp. piloselloides
differs only in the absence of stolons; e. g. Gottschlich 1987). As well as P. officinarum, P. *bauhini consists of
many intraspecific taxa (e. g. Zahn 1923, 1930). Pilosella *bauhini is also not as diversified in ploidy levels (three
were detected - 4x, 5x and 6x; Rotreklova 2004). Cytotypes of P. *bauhini are negatively distributed in Central
Europe compared to P. officinarum (Roteklova 2004). Tetraploid cytotype breeds mainly sexually, but some
apomictic tetraploid populations were also documented (Rotreklova 2004, Krahulcovd et al. 2009). Only
apomictic pentaploids and hexaploids were detected. Pilosella *bauhini also frequently participates
in hybridisation. The species forms huge hybrid swarms especially with P. officinarum [resulting in broad
spectrum of morphological lineages more or less close to P. brachiata (DC.) F. W. Schultz & Sch. Bip.
and P. leptophyton (Nageli & Peter) S. Braut. & Greuter - intermediate species between both parental species;
e. g. Krahulcova et al. 2009].

To understand the problematics of genus Pilosella, a comparison with a related group characterised
by evolution at the diploid level might by helpful. Picris hieracioides L. and very close P. hispidissima (Bartl.)
Koch represent species group of closely related and almost exclusively diploid taxa (Sell 1975, 1976, Bolos
& Vigo 1990, Slovak et al. 2007). According to recent phylogenetic studies (Klilian et al. 2009) Pilosella and Picris
rank among genera forming sister clades (clade 4 and 5). Picris hieracioides group may be characterised by high
morphological variation despite being strictly diploid and allogamous sexual (Sell 1976). High number of
intraspecific taxa confirms the real variation (currently recognised at the base of peduncle length, involucrum
proportions, colour and hair characteristics - very similar set of characters is also crucial in entire genus
Hieracium and Pilosella determination; Sell 1975, 1976). Different and incompatible taxonomic concepts of
Picris hieracioides were established (analogous to different taxonomic treatments in genus Hieracium
and Pilosella; Sell 1975, 1976, Bolos & Vigo 1990, Haeupler & Muer 2007). Generally Picris hieracioides
(according to study in the Western Carpathians; Slovak & Marhold 2007) occurs either in mountaineous
primary habitats ("higher altitude type") or in widespread secondary habitats ("lower altitude type").

Aims of the thesis

I. The detection of processes within hybrid swarm by morphometric comparrison of maternal and filial
generation

Il.  Ploidy levels distribution pattern on different scales
IIl. Morphometric evaluation of cytotypes defined by ploidy level and reproductive mode
IV. Comparison of different variation patterns in related taxa

Material and methods

Material used for the first case study was herbarium specimens linked to set of hybridization experiments
(Krahulcova et al. 2009). Individuals analysed in the second case study was sampled in the area of Central
Europe (3-5 randomly chosen plants per population) and then cultivated in experimental garden. After relevant
analyses a herbarium voucher was made out of each individual. Herbarium speciment (out of cytogeographic
study) were further used for biometric study. Material of P. hieracioides group was sampled analogously
to previous studies.



Flow cytometry was applied to asses DNA ploidy level (staining solution - DAPI) and absolute genome size
(staining solution - Pl). Methodics used to sample preparation was standardized (incl. minor optimalizations;
e. g. Suda et al. 2007).

Reproductive modes analysis followed standard emasculation tests (Gadella 1987, Krahulcovd & Krahulec
1999). Analysis consists of three methodical steps: foreign pollen addition (sterility test), capitulum covered by
textile bag (autogamy and apomixis test) and emasculated capitulum covered by textile bag (apomixis test).

Set of quantitative and semiquantitative characters was chosen in order to analyse the material
morphometrically. Obtained data were further analysed by multivariate statistics.

Results and discussion

Hybridization processes occurring within mixed population of Pilosella piloselloides subsp. bauhini
and P. officinarum in Prague (Praha - Vysocany) were detected by means of the morphometric analysis.
We analysed set of maternal plants occurring in the field and set of their progeny originated in the field.
The analysis showed common hybridization of both parents as well as of their hybrids (P. brachiata
and P. leptophyton). All plants with different reproductive modes (sexual, facultative apomictic and variable)
participated in these hybridizations.

Four ploidy levels were found in studied area with contrasting pattern of distribution. The most widespread
cytotype in Bohemian part of the Czech Republic is tetraploid (4x), while the pentaploids and hexaploids
(5x and 6x, respectively) clearly prevail in Slovakia and Moravian part of the Czech Republic. The boundary
between common occurrence of tetraploids and higher ploids is very obvious and represents
the geomorphologic boundary between the Bohemian Massif and the Western Carpathians with adjacent part
of Pannonia. Mixed populations consisting of two different ploidy levels were recorded in nearly 12% of
localities. Statistically significant difference in vertical distribution of penta- and hexaploids was observed in the
Western Carpathians and adjacent Pannonia. Hexaploid populations tend to occur in lower elevations (usually
below 500 m), while the pentaploid level is dominant at higher altitudes. Heptaploid level (7x) was found for
the first time in Slovakia in one site. In Europe, tetraploid level has clearly Subatlantic character of distribution.
Higher ploids (penta- and hexa-) prevail in northern part of Fennoscandinavia and British Isles and in the Alps
and the Western Carpathians with adjacent part of Pannonia.

Pilosella officinarum is represented mainly by tetraploid (2n = 36), pentaploid (2n = 45) and hexaploid (2n = 54)
cytotype further combined with different breeding modes (4x - sexual, 5x - apomictic and 6x - sexual
+ apomictic). Its current intraspecific taxonomical treatment based mainly on selected apomictic lineages is
confusing and not generally applicable. Morphometrical analyses were performed in order to determine set of
characters distinguishing particular lineages characterised by ploidy level and breeding mode. Results
confirmed morphological differences among ploidy levels and different breeding lineages of hexaploid cytotype
in addition.

Although divergences in nuclear DNA content among different species within a genus are widely
acknowledged, intraspecific variation is still a somewhat controversial issue. The aim of this study was to assess
genome size variation in the polymorphic species Picris hieracioides L. (Asteraceae) and to search for potential
interpretations of the size heterogeneity. 2C-values (population means) at the diploid level varied from 2.26 to
3.11 pg, spanning a 1.37-fold range. The variation persisted even after splitting the whole data set into two
recently distinguished morphotypes (i.e. the ‘Lower altitude’ type and the ‘Higher altitude’ type) that possess
significantly different nuclear DNA contents. Cluster analysis revealed the presence of three major groups
according to genome size, which exhibited a particular geographical pattern. Generally, the genome size
of both morphotypes increased significantly from south-west to north-east. A new cytotype, DNA triploid, was
found for the first time. High intraspecific variation in the amount of nuclear DNA in P. hieracioides correlates
with the extensive morphological variation found within the taxon. Despite the complex pattern that was
presented, genome size variants were non-randomly distributed and reflected palaeovegetation history.
We suggest that the complex evolutionary history of P. hieracioides (e.g. the existence of several cryptic
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lineages with different levels of cross-interactions) is the most plausible explanation for the observed
heterogeneity in genome size.

The only Balkan endemic of the genus Picris, Picris hispidissima, was studied in detail using morphological
and karyological methods. The species was shown to be morphologically distinct from the closest taxon, Picris
hieracioides, by the pectinate—ciliate indumentum of involucral bracts, dilatation of the peduncle, length of the
outer and inner bracts, and indumentum colour. No morphological variation that would require taxonomic
classification was found within this species. Despite the diploid chromosome number (2n = 2x = 10) being
confirmed for P. hispidissima, variation of up to 9.5% in genome size was found. The likely explanation for this
variation is hybridization and introgression with closely related P. hieracioides. The most convincing evidence
for this hypothesis is the detection of plants with two clearly different DNA contents arising from a single
capitulum found in the location where P. hispidissima and P. hieracioides co-occur.

Conclusions

To assess the importance of particular sources of variation within genus Pilosella and to follow
microevolutionary trends, several case studies at different levels were performed (population, regional,
comparative etc.). The gradient of different spatial levels and comparative studies of closely related groups
(characterised by partly different type of ongoing microevolution) clearly indicated common processes
and at the same time underlined the uniqueness of genus Pilosella.

Microevolutionary potential was studied at the population level (hybridization tendencies of highly complex
hybridization swarm in Prague - Praha Vysocany). Basic species P. officinarum and P. piloselloides subsp.
bauhini (further in text P. *bauhini) hybridize there resulting in wide spectrum of various lineages (according
to ploidy level, reproductive mode etc.). Aim of the above mentioned study was to focus on morphological
manifestation of highly complex microevolutionary phenomena (especially hybridization accompanied by
polyploidy, reproductive mode variation, parthenogenesis etc.).

The study was focused on two related datasets: maternal plants and their progeny. Both datasets were further
structured to biosystematically characterised groups based on ploidy level and reproductive mode. Results of
multivariate morphometric study confirmed morphological gradient in the hybrid swarm between
P. officinarum and P. *bauhini which exists in maternal plants. Crossing resulted in the most frequent hybrid
P. brachiata (and rare P. leptophyton). Analysis of filial plants showed shifts within the progeny: they indicate
several microevolutionary traits such as formation of new hybrid combination, introgressive hybridization
and hybrids segregation or most probably their combination. Hybridization was present in almost all directions
despite the fact of apomictic reproductive mode presence (one of the parental species as well as part of
hybrids) and P. officinarum was indicated to play dominant role in backcrossing (especially with P. brachiata),
which may be considered to be the crucial result of the analyses.

Population level was followed by studies at regional scale (focused on Central Europe overlapping to whole
distribution range). Pilosella officinarum was chosen as a model species. The taxon is characterised by
enormous variation (in ploidy levels and reproductive modes) and at the same time it is the most frequent
species of Pilosella in Europe. Further extrapolation of P. officinarum studies to the rest of genus Pilosella is
adequate, because P. officinarum is the most frequent participant of hybridization events in the entire genus.
Pilosella officinarum was sampled from the area of Central Europe (especially the Czech and Slovak Republic).
DNA ploidy level analyses confirmed highly discrete pattern of cytotype (DNA ploidy level) group distribution
including accurately determined cytotype distribution borders. Whole Europe cytotype distribution map was
created out of published data and the Central European distribution maps were finally interpreted in whole
European context.

Cytotype distribution pattern in central Europe corresponds to geomorphologic/geologic regions. Tetraploid
cytotype almost exclusively occurs in Bohemia and further to the west and North whereas pentaploid
and hexaploid cytotypes prevail in Moravia and Slovakia and further to south-east. The distribution areas
correspond to geomorphologic units of Czech Massif (=Hercynicum) and Western Carpathians, probably
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reflecting different history (florogenesis), geological constitution and climatic gradient towards continental
type. Tetraploid cytotype area have distribution centre in Central and Western Europe (incl. Baltic region)
and lberian Peninsula, whereas pentaploid and hexaploid cytotypes occur in surrounding areas (deglaciated
regions of British Isles and Scandinavia, Central and Eastern Mediterranean and the Balkan Peninsula. Overall
distribution pattern probably mirrors different processes in history, partially of postglacial recolonisation
(geographic parthenogenesis).

When we included results of reproductive mode analysis the cytotypes were further divided. Tetraploid
cytotype was confirmed to be sexual, whereas apomixis almost absolutely prevailed among pentaploids.
Hexaploid plants formed two distinct groups in Central Europe. Apomictic hexaploids occur frequently in
Moravia and Slovakia regions (Western Carpathians) and in Pannonia. On the other hand, sexual hexaploid
cytotype is almost exclusively restricted to several steep slopes and rocky outcrops of river canyons in southern
Moravia and Central Bohemia (relic primary forest free habitats).

Morphological characters of most of the plants were then analysed using multivariate morphometrics. Results
confirmed possibility to distinguish particular cytotypes (pentaploids partly overlapping with the tetra-
and hexaploids). Different morphologic traits of sexual vs. apomictic hexaploids were indicated too.
Nevertheless, the confirmed distinct groups could hardly be taxonomically treated for several reasons (over
600 already described subspecies, difficulties with their typifications, additional biosystematic data which
would be needed for original types etc).

Comparative studies of related group were then performed. As microevolutionary comparable taxa Picris
hieracioides group was chosen (less complex pattern, no apomixis, almost exclusively diploid). Variation is still
evidently mirrored at the level of absolute genome size. Detailed absolute genome size study revealed two
distinct groups with no overlaps. Each group occurs in different habitat according to altitude and rate of
anthropic impact ("higher altitude type" - mountains, primary habitats vs. "lower altitude type" - lowland,
secondary habitats) and that is why they are probably lineages with unique evolutionary history. Generally,
the genome size of both morphotypes increased significantly from south-west to north-east. During genome
size screening also a mixed population with two triploid plants was found (the first report of triploid incidence
in the whole genus). Picris hieracioides was supposed to be exclusively diploid; thus triploid plants existence
(probable via unreduced gamete participation) confirmed a theoretical polyploid potential even in this group.

Final comparative study was focused on Picris hispidissima - a Balkan taxon, which seemed to be already
distinctly derived from the P. hieracioides group (probably due to isolation). Stability and discreetness of
P. hispidissima as taxon was supported by much lower range of intraspecific genome size variation. Absolute
genome size also separates P. hispidissima from P. hieracioides (significantly higher content of DNA).
Multivariate morphometric studies finally confirmed markedly specific morphology compared
to P. hieracioides.

The Picris comparative case studies revealed highly distinct microevolutionary pattern compared to genus
Pilosella. Some crucial sources of genus Pilosella variation are evidently not present here and that is why less
reticulate and complex pattern is formed. Especially apomixis has not ever been recorded in Picris. Thus
formation of discrete lineages (=genotypes) characteristic of apomicts is not present. At the same time almost
no polyploidy was recorded. Results also indicate relatively low rate of hybridization (especially compared to
genus Pilosella). In addition, no clonal growth occurs and such rarity as long-time persistence of triploids is not
possible. Microevolution in genus Picris seems to be rapidly ongoing but there still exist natural, partly discrete
taxonomic units. On the contrary, during extremely rapid and reticulate microevolution within genus Pilosella
natural taxonomic units merge together and the whole genus is evidently coming through deep changes.



Uvod

Tribus Cichoriae Lam. & DC. (syn. Lactuceae Cass.) predstavuje jednu z nejstudovanéjsich skupin celedi
Asteraceae. Velkému zdjmu se tési predevSim rody jako: Crepis, Hieracium, Pilosella nebo Taraxacum
a hospodarsky vyznamny rod Lactuca (Kilian et al. 2009). Tribus Cichoriae je jednoznacné morfologicky
a anatomicky definovan (pfitomnost latex produkujicich mlécnic, homogamni Ubor a jazykovité kvéty
zakoncené péti zuby jsou znaky uznavané jiz od popisu taxonu, Tournefort 1964). Naproti tomu je taxonomicka
situace uvnitf tribu podstatné komplikovanéjsi. Vétsina vyse uvedenych rodl je totiz vSeobecné znama
vyskytem polyploidie, hybridizace a apomixie, nasledkem c¢ehoZz jsou taxonomicka pojeti casto velmi
komplikovana. Zamérem taxonomického pojeti je zohlednit skute¢nou situaci v pfirodé (Castym vysledkem
byva déleni do velkého mnoZstvi mikrospecii, které reprezentuji jednotlivé apomiktické linie). Pfesto vsak je
tézké prirozeny systém vytvorfit, nebot Casta hybridizace (projevujici se retikuldtni evoluci) vSe znaéné
komplikuje.

Hieracium s. |.

Na misto rodu Hieracium s. |. se dnes stale Castéji pouZiva uzsi pojeti vyjadrené dvéma rody (Hieracium
a Pilosella; Sell & West 1975, Brautigam & Greuter 2007). Z toho dlvodu jsou také v nasledujicim textu oba
rody pojaty oddélené. Rod Pilosella se od rodu Hieracium podstatné lisi nékolika znaky. Délka nazky
nepresahuje 2,5 mm (u rodu Hieracium je 2,5-5 mm) a nazka samotna je pokryta ca 10 Zebry. Chmyr naZzek byva
jednorady (u rodu Hieracium dvourady). Mimo jednoznacné znaky lze rod Pilosella charakterizovat na zakladé
nékolika morfologickych tendenci jako napf.: tvorba vybézkli nebo cervené prouzkovani okrajovych
jazykovitych kvétl (napt. Zahn 1921, 1923, 1930, Sell & West 1975, 1976, Chrtek 2002, 2004). OdlisSnosti lze
nalézt na Urovni biosystematickych vlastnosti. Absolutni velikost genomu (Cx - hodnota) je u zastupcd rodu
Pilosella priblizné dvakrat nizsi nez u rodu Hieracium (Brautigam & Brautigam 1999, Vladimirov & Greilhuber
2003, Chrtek et al. 2009). Zasadni odlisnost je na Urovni typu apomixie (Pilosella - aposporie a Hieracium -
diplosporie; Pogan & Wocisto 1989, 1995, Rosenberg 1906, 1907). Pfinos pro pochopeni problematiky rodu
znamenalo poufZiti molekuldrnich metod (jadernych marker - ITS a chloroplastovych haplotypl; Fehrer
et al. 2007a). Data z analyz jadernych marker( spiSe potvrdila dosavadni taxonomické koncepty. Naproti tomu
chloroplastové haplotypy vytvofily prekvapivé "pattern" rozdélujici rod Pilosella do dvou znacné vzdalenych
jedincl. Nékteré recentni biosystematické studie totiZ naznacuji, Ze typy a kombinace mikroevoluénich procesl
(hybridizace, ploidni droven, reprodukéni zplGsoby a dalsi) jsou znacéné odlisné i mezi dvéma velmi blizkymi
pohofimi (Krahulec et al. nepublikovano).

Pilosella

Vseobecné uzndvany taxonomicky koncept rodu Pilosella je ¢lenén do skupiny zékladnich druhd (Hauptarten)
a druhl vedlejsich (Nebenarten pozdéji téZz Zwischenarten; Nageli & Peter 1885). Skupina zakladnich druhd
zahrnuje skupinu taxon, které jsou charakterizovany unikatnimi znaky. Zatimco druhy vedlejsi kombinuji znaky
hlavnich druh(, a naznacuji tak jejich hybridogenni raz. Taxonomicky koncept je podporen velkym mnoZstvim
dat z hybridiza¢nich experimentl N&geliho a Petera (1885) a jeho robustnost dodnes potvrzovana (napf. Suda
et al. 2007, Fehrer et al. 2007a). Odliseni zakladnich a vedlejsich druhli rovnéz odpovidaji nékterym tendencim
biosystematickych vlastnosti (ploidni Uroven ¢i reprodukéni zpdsob). Zakladni druhy byvaji ¢asto diploidni
a sexualni jsou naproti tomu vedlejsi druhy nejcastéji polyploidni a apomiktické, Krahulcova et al. 2000). Stari
a okolnosti vzniku jednotlivych hybridogennich druhl vsak nelze jednoznacné urcit ani molekularnimi markery
ani paleobotanickym vyzkumem (vétSina taxonl Celedi Asteraceae totiz nema specifickou morfologii pylu,
fytolitli a ani dalSich paleobotanickych marker(, napt. Beug 2004, Petr & Urfus nepublikovano). Kazdopadné
evoluce vedlejsich druh( stale probiha a od recentnich hybrid( je vétSinou lze odlisit. Pocet vedlejsich druha
kolisd mezi 20 a 30 v zavislosti na jednotlivych taxonomickych konceptech (napf. Brautigam a Greuter rozlisuji
20 hlavnich druhG a mnozstvi poddruhl ve svém nejnovéjsim clenéni; Brautigam & Greuter 2007). Naproti



tomu pocet popsanych vedlejsich druh( se pohybuje v fadech stovek a tisicl. Detailnéjsi taxonomické pristupy
pravdépodobné |épe odrazeji redlnou diverzitu, avsak morfologické vymezeni jednotlivych mikrospecii je ¢asto
nejisté. Znacné mnozstvi dfive popsanych taxoni navic predstavuje apomiktické linie uméle vyjmuté z populaci,
které se z velké Casti rozmnoZuji sexudlné a pfrileZitostné hybridizuji. V neposledni fadé se jesté celd fada
taxonl popsanych pred vice jak sto lety zcela rozplynula prostfednictvim introgresivni hybridizace. Podobné
komplikované situace jsou pomoci tradi¢ni taxonomie témér nefeSitelné, coz v posledni dobé vydustilo
v rezignaci na detailni taxonomické koncepty (Brdutigam a Greuter zredukovali pocet vedlejSich druhd na
pouhych 122; Brautigam & Greuter 2007).

Rozsiteni rodu Pilosella pfilis nepresahuje geografické hranice Evropy (Brautigam 1992, Fehrer et al. 2007b).
V mnoha pfipadech vSak nejsou znamy vychodni hranice rozsifeni. Rozsifeni nékolika druhl zasahuje na jizni
Sibif (napf. P. echioides, P. onegense; Schischin 2002) nebo do stfedoasijskych pohofi (P. aurantiaca; Krahulec
nepublikovano). Vétsina druhd rodu Pilosella zahrnuje stres tolerantni rostliny. Zakladni druhy se maji tendenci
vyskytovat na primarnich bezlesych stanovistich (skaly, stepi, pis€iny, lemy vrchovist a raselinist atd.). Vedlejsi
druhy se vyskytuji spiSe na sekundarnich stanovistich (Zahn 1921, 1923, 1930, Sell & West 1975, 1976, Chrtek
2002, 2004).

S ohledem na znacné mnoiZstvi popsanych taxon( v rdmci rlznych taxonomickych konceptl se jednoznacné
nabizi otazka po zdrojich variability. Zdroji enormni variability skupiny je vice: polyploidie (zaznamenané
cytotypy: 2x,3x,4x,5%,6x,7x,8x;x=9), apomixie v kombinaci se sexualnim rozmnozovanim (¢asto v ramci jednoho
Uboru), vegetativni rozmnozovani pomoci vybézkl a dalsi (Gadella 1987, 1991, Krahulcova et al. 2000). Pyl
zastupcl rodu Pilosella byva navic i u rostlin s pfevazujici apomixii fertilni (i u jinak sterilnich rostlin typu F1
triploid)). Mezi dalSi zdroje variability mimo jiné patfi také: haploidni partenogeneze a autogamie
prostfednictvim mentor efektu (Krahulcova et al. 1999, Krahulcova et al. 2000, Krahulcova & Krahulec 2000).
Vétsina vyse zminénych fenomén( se navic nejriznéjsi mérou kombinuje. Apomiktické linie jsou fakultativni,
takZze casto nasledné hybridizuji s jinymi cytotypy ¢i taxony, vysledkem cehoZ je Siroka skala rdznych
morfologickych linii ¢i cytotypl. Rozhodné existuje jesté celda rada méné znamych zdroju variability rodu
Pilosella. Dodnes napf. nebyla zhodnocena frekvence vyskytu neredukovanych gamet. Stejné neni zdaleka
pochopen vyznam haploidni partenogeneze a predevsim zpétného zdvojovani polyhaploidl (Krahulec
et al. 2011).

Polyploidie

Rod Pilosella je polyploidizaci zasadnim zplsobem ovlivnén. Lze se v ném setkat se Sirokym spektrem ploidnich
urovni (zaznamenané cytotypy v pfirodé: 2x,3x,4x,5x,6x,7x,8x, pri zakladnim chromozomovém Cisle x=9;
Schuhwerk 1996, Schuhwerk & Lippert 1997, 1998, Krahulcova & Krahulec 1999, Krahulcova et al. 2000,
Rotreklova et al. 2002, 2005 atd.). Ovsem béhem rlznych hybridizacnich experimentl byly zaznamenany
mnohem vyssi ploidni Grovné (az do 12x; Skalinska 1976). Zna¢né mnoZstvi druhl je reprezentovano vice nez
jednou ploidni drovni a udava se, Ze prakticky polovina taxon( sestava z vice jak jedné ploidie (i v ramci
jednotlivych populaci; Schuhwerk 1996, Schuhwerk & Lippert 1997, 1998, Krahulcova & Krahulec 1999,
Rotreklova et al. 2002, 2005 atd.). Diploidni Uroven je charakteristicka predevsim pro hlavni druhy (u nékterych
zékladnich druhl vsak diploidni Groveri neni zndma - napf. P. aurantiaca - zde znam pouze dihaploid, tedy
vysledek haploidni partenogeneze; Skalinska 1971). Polyploidizace u rodu Pilosella je pravdépodobné
zpUsobena hybridizaci za Ucasti neredukovanych gamet (v naprosté vétsiné za ucasti jedné neredukované
gamety), vysledkem jsou posléze tzv. "addition" hybridi. "Addition" hybridi tak predstavuji zakladni krok
k nasledné polyploidizaci (pravé tento jev studovan v ramci experimentalnich hybridizaci; Skalinska 1973, 1976,
Gadella 1988, Krahulcova & Krahulec 2000, Krahulcova et al. 2004, 2011 a dalsi). DllezZitost "addition" hybrid(
jako zakladniho kroku k polyploidizaci a tedy zdroje variability vSak pravdépodobné stdle jeSté neni naleZité
docenéna (napt. u P. rubra z Krkonos bylo prokazano, Ze se jednd o "addition " hybrida mezi P. aurantiaca - 2n
a P. officinarum - n; Krahulcova et al. 2004, Suda et al. 2007). Jednotlivé zakladni druhy rodu Pilosella se mimo
jiné také lisi na zakladé absolutni velikosti genomu. Intermediarni absolutni velikost jednotlivych vedlejsich
druht nasledné potvrzuje jejich hybridogenni charakter (Suda et al. 2007).
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Problematika aneuploidie (tj. abnormalniho chromozomového poctu) evidentné souvisi s polyploidizaci
(a hybridizaci). V ptipadé rodu Pilosella byla aneuploidie zaznamenana jiz v nemélo pfipadech: P. aurantiaca
(2n=30; Pashuk 1987), 5 individuals of P. piloselliflora Nageli et Peter (2n=48; Krahulcova & Krahulec 1999,
Krahulcova et al. 2000), nebo v hybridnich rojich mezi P. officinarum a P. bauhini (Krahulcova et al. 2009) atd.
Dokonce i v ramci hybridizacnich experiment( je vSak aneuploidie u rodu Pilosella relativné vzacny fenomén.
Jezndma bud z triploidniho potomstva kfiZzeni tetraploidl a diploidG (P. officinarum x P. aurantiaca;
Gadella1991, Skalinska 1971) nebo je relativné casta jako vysledek kfizeni pentaploidnich (donor pylu)
a diploidnich nebo tetraploidnich rostlin (Krahulcova & Krahulec2000).

Zpusoby reprodukce

Apomixie (= apomixie s. str., t. j. agamospermie, neboli asexudini reprodukce prostfednictvim semen) se zda
byt v blizkém vztahu s polyploidii (jedinou diploidni vyjimku pravdépodobné predstavuje rod Boechera,
Brassicaceae, Kantama et al. 2007) a hybridizaci. V pfipadé rodu Pilosella se Ize setkat s aposporickym typem
apomixie (t. j. typ Antenaria; Rosenberg 1907). Zasadni roli rodu Pilosella ve vyzkumu apomixie mimo jiné
zdUraznuje fakt, Ze pravé u jeho zastupcl byl tento typ poprvé zaznamendn (Pogan & Wcisto 1989).
Neredukované zarodecné vaky se u zastupcll rodu Pilosella bézné misi se standardné redukovanymi, vysledkem
¢ehoZ je rovnéz smisené potomstvo (tj. fakultativni apomixie; napf.: Krahulcova et al. 2000, 2004, 2011,
Krahulec et al. 2004). Oba typy zarodecnych vakl spolu posléze kompetuji. Bohuzel neni o faktorech
ovliviiujicich podobnou kompetici a vyslednou dominanci jednoho z typl prakticky nic znamo.

Avsak apomixie sama o sobé neni zdsadnim zdrojem variability v rodu Pilosella, za ten lze totiz povazovat spiSe
kombinaci apomixie s dalsimi reprodukénimi zpUsoby (¢asto v rdmci jednoho Uboru; Krahulcova et al. 2000,
2004). Jednotlivé reprodukéni zplsoby se éasteéné vazi k riznym ploidnim Grovnim. Cim vy$si je napt. ploidni
uroven tim vyssi je pravdépodobnost apomixie (pficemz diploidni rostliny jsou sexualni). U lichych ploidii
je rovnéz vyssi pravdépodobnost apomixie (nebo sterility; Gadella 1987, 1991, Krahulec & Krahulcova 1999,
Krahulcova et al. 2000, Krahulcova et al. 2001, Rotreklova et al. 2002, 2005). Vyjimek je v rodu Pilosella v tomto
ohledu cela rada. Stale vsak alespon plati, Ze diploidni rostliny jsou sexudlni (P. lactucella - Skalinska 1967,
Gadella 1984, Krahulcova & Krahulec 1999; P. peleteriana a P. hoppeana - Gadella 1984, P. officinarum -
Gadella 1984; P. onegensis - Skalinska 1967, Skalinska & Kubien 1972, Krahulcova & Krahulec 1999; P. echioides
- Kasin & Cerniskova 1997, Peckert 2001, Rotreklova et al. 2002). Piesto véak byla apomixie potvrzena v p¥ipadé
dihaploidni rostliny (tj. rostliny s diploidnim po¢tem chromozomli, ktera vznikly z tetraploida pomoci haploidni
partenogeneze; Bicknell 1997, Bicknell et al. 2000, Krahulec et al. 2011).

U sexualnich rostlin byla potvrzena cizosprasnost (Gadella 1988, 1991, Krahulcova & Krahulec 1999). Presto lze
dosahnout autogamie prostfednictvim stimulace blizny pomoci ciziho pylu, tzv. mentor efekt (Krahulcova
et al. 1999, posléze potvrzeno i u rodu Hieracium s. str.; Mraz 2003). Podobny proces nemusi byt v pfirodé nijak
raritni udalosti, protoZe pospolu vétsinou roste vice druhd, takZe samosprasnost je relativné ¢asta.

Jednoznacné vyznamnym zdrojem variability je i klonalni rst prostfednictvim vybézkd (Krahulcova st al. 2000).
Pomoci klonéiniho ristu se totiz mohou genotypy na lokalni Grovni udrZovat az Sifit, coZz zahrnuje i genotypy
jinak sterilni, které diky stale fertilnimu pylu mohou déle zasahovat do mikroevoluce (Gadella 1987, Krahulcova
& Krahulec 2000).

Hybridizace

V neposledni fadé je zcela zadsadnim zdrojem variability rodu Pilosella hybridizace (Krahulcova et al. 2000).
Pravé hybridizace je povazovdna mnoha autory za zcela zdsadni motor speciace (Skalinska 1967, Turesson
1972, Krahulcova et al. 2000). Jednotlivi hybridni jedinci nebo alespori znaky svédcici o introgresi se vyskytuji ve
vétSiné populaci. Relativné bézné jsou i rozsahlé hybridni roje, protoze vétsina sympatricky se vyskytujicich
taxonl rodu je schopna hybridizace (nejsou vytvoreny prakticky Zadné hybridizacni bariéry; Gadella 1987).
Introgresivni hybridizace je zcela béznym jevem v celém rodu a lze se setkat i s trihybridy (Gadella 1988,1992).
Hybridizace zastupcl rodu Pilosella probihd bez ohledu na ploidni Grovné ¢i reprodukéni zplsoby. Dokonce
i apomikticti jedinci se podileji na hybridizaci bud’ jako donor pylu (napf. Skalinska 1976, Gadella 1982, 1987)
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nebo prekvapivé jako matefské rostliny, nebot jejich apomixie je fakultativniho typu (napf.: Skalirska, Krahulec
et al. 2004, 2008).

V holocénu je mira hybridizace pravdépodobné umocnéna lidskymi aktivitami. Uméle zachovana a rozsSifovana
bezlesa krajina (antropogenni step) vyrazné napomaha &ifeni nékterych druhl rodu Pilosella. Siroké spektrum
nejraznéjsich disturbovanych sekundarnich stanovist hosti druhy a propojenim jejich nik dochazi k tzv.
antropohybridizaci (Wdjcicki 1991). Horské louky jsou v tomto ohledu klasickym ptikladem dlouhodobé
udrzovaného antropogenniho habitatu, ktery je pravidelné narusovan seci a kde se udrzuji i méné kompetitivni
druhy. Setkdvaji se zde druhy horského bezlesi s druhy nizSich poloh a vytvareji hybridni roje ale i celou fadu
stabilizovanych hybridogennich taxonl (Krahulcova & Krahulec 1999, Krahulec et al. 2004).

Pilosella officinarum a P. piloselloides subsp. bauhini v centru zajmu

Pilosella officinarum je pravdépodobné nejbéznéji se vyskytujici druh rodu Pilosella. Pilosella officinarum
spole¢né s nékolika diploidnimi druhy tvofi sekci Pilosellina, ktera je jednoznaéné charakterizovana lodyhami
s jednim Uborem a hustou vrstvou hvézdovitych trichomd na rubu listd (napf. Zahn 1923, Sell & West 1976).
Pilosella officinarum je jedinym béznym polyploidnim druhem sekce’. Je to zna&né variabilni druh, jehoz vnitini
komplikovanost Ize nazorné ilustrovat 624 poddruhy, které udava monograf rodu K. H. Zahn (Zahn 1923).

Zdroje variability P. officinarum se shoduji s vyse uvedenymi zdroji pro cely rod (tzn. polyploidie, kombinace
raznych reprodukénich zplsobU, hybridizace a klonalni rdst; Krahulcova et al. 2000). Pilosella officinarum je
v téchto ohledech opravdu neuvéfitelné variabilni. Byly zaznamenany 2x, 4x, 5x, 6x a 7x cytotypy. Apomixie je
nejrliznéjsSim zplsobem kombinovana se sexudlnim rozmnozovanim. V ramci hybridizace lze druh
P. officinarum dokonce povazovat za nejdulezitéjsi pro cely rod, nebot je nej¢astéj$im rodi¢ovskym druhem
hybridogennich taxonl (napf. Zahn 1923). Podobné jako u celého rodu (viz. vySe) se vazi jednotlivé reprodukéni
zpUsoby k urcitym ploidnim Udrovnim. Tetraploidni rostliny jsou prevainé sexualni (jsou vsak znamy
i apomiktické vyjimky; Gadella 1984). Naproti tomu byvaji pentaploidni rostliny apomiktické (ovSem i zde jsou
sexualni vyjimky; Turesson & Turesson 1960, Tureson 1972, Gadella 1984, Pogan & Wocisto 1995, Krahulcova
et al. 2000, Rotreklova et al. 2002). Hexaploidni rostliny se vyskytuji jak sexualni, tak apomiktické. Sexualni
rostliny byly zaznamenany v horskych oblastech (pfedevsim v Alpach - grex incanum; Gagella 1984) a ve stfedni
Evropé v ficnich kanonech (Urfus 2006). Vzacny heptaploidni cytotyp predstavuji jak apomiktické tak sterilni
rostliny (Gadella 1984, 1991). Diploidni cytotyp (Delcourt 1972, Gadella 1984) vyZaduje jesté dalsi studium,
nebot jeho statut a zafazeni se zdaji byt pochybné.

Pilosella piloselloides subsp. bauhini (dale v textu P. *bauhini) na rozdil od P. officinarum nendleZi do tak
morfologicky odlisné skupiny (sekce Prealtina - pribuzny nominatni poddruh se liSi jen na zakladé absence
stolonl; napf. Gottschlich 1987). Podobné jako u P. officinarum i v ramci P. *bauhini bylo popsano znacné
mnozstvi vnitrodruhovych taxontd (napf. Zahn 1923, 1930). U druhu P. *bauhini také zjisténo vice ploidnich
urovni (4x, 5x a 6x; Rotreklova 2004). Pozoruhodné bylo zjisténi ohledné distribuce cytotypl (cytogeografie)
na Uzemi stfedni Evropy, nebot P. *bauhini ma téméf dokonale inverzni distribuéni "pattern" cytotypd ve
srovnani s P. officinarum (Rotreklova 2004). Tetraploidni cytotyp se rozmnoZuje predevsim sexualné, ale
podobné jako u P. officinarum i zde byly nalezeny apomiktické linie (Rotreklova 2004, Krahulcova 2009).
U pentaploidniho a hexaploidniho cytotypu zcela prevaZuje apomixie. Pilosella *bauhini také velmi casto
hybridizuje. Obzvlasté velké hybridni roje vytvari pravé s P. officinarum, vysledkem ¢ehoz byva Siroké spektrum
morfologickych linii podobnych P. brachiata (DC.) F. W. Schultz & Sch. Bip. a P. leptophyton (Nageli & Peter)
S. Brdut. & Greuter (- intermediarni hybridogenni druhy mezi obéma rodicovskymi druhy; napt. Krahulcova
et al. 2009).

Pro pochopeni problematiky rodu Pilosella je rozhodné vhodné srovnani s pfibuznou skupinou, u které se
odehrava evoluce na diploidni Urovni. Picris hieracioides L. jemu velmi pfibuzny P. hispidissima (Bartl.) Koch

3 Jediny dalsi tetraploidni taxon je vzacna P. saussureoides (napft. Sell & West 1976).
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zastupuji pravé skupinu témér vyhradné diploidnich a blizce pfibuznych rostlin (Sell 1975, 1976, Bolos & Vigo
1990, Slovak et al. 2007). Pfibuzenstvi obou skupin je rovnéz potvrzeno fylogenetickymi analyzami (Klilian et al.
2009), které radi rod Picris a Pilosella do sesterskych "clad(" (4 a 5) v ramci tribu Cichoriae. Skupina druhd
kolem Picris hieracioides predstavuje zna¢né morfologicky variabilni soubor, prestoZe se jednd o rostliny
sexualni, cizosprasné a diploidni (Sell 1976). | v této skupiné je rozliSovan vysoky pocet vnitrodruhovych taxon(.
Vétsina znakd se nachazi na odéni a zbarveni zdkrovu, velikosti a tvaru kvétenstvi apod., ¢imZ se znacné
podobaji morfologické variabilité rod( Pilosella i Hieracium; Sell 1975, 1976, Bolos & Vigo 1990, Haeupler
& Muer 2007). Obecné tvofi rostliny okruhu P. hieracioides (dle studie v zapadnich Karpatech) dvé skupiny dle
stanovist: horské linie z primarnich stanovist a znacné rozsifenou skupinu nizsich poloh ze sekundarnich
habitatl (Slovak et al. 2007).

Zameéry prace:

I. Detekce proces vramci hybridniho roje pomoci morfometrického zpracovani maternalni a filialni
generace

Il.  Distribuce ploidnich Grovni na rliznych skalach
Ill. Morfometrické zhodnoceni cytotypl definovanych ploidni Urovni a reprodukénimi zplsoby
IV. Srovnani riznych "pattern" variability u pfibuznych skupin

Material a metodika

Material pro prvni nazornou studii v dizertani prdaci predstavovaly dokladové herbarové polozky, které byly
ziskany v rdmci série hybridizacnich experimentl (Krahulcova et al. 2009). Rostliny zpracovavané béhem druhé
studie pochazely z terénnich sbér( (3-5 nahodné vybranych jedincd zpopulace), byly péstovany
na experimentalni zahradé BU AV CR minimalné dvé sezény a po pfisluénych analyzach z nich byly vytvoreny
dokladové polozky. Tento dokladovy materidl byl nadale rozsifen a zarfazen do biometrické studie. Materidl
okruhu Picris hieracioides byl sbirdn zcela analogickym zplsobem jako predchazejici studie.

Pratokova cytometrie byla uZita pro stanoveni DNA ploidni Grovné (fluorescencni barvivo DAPI) a absolutni
velikosti genomu (f. barvivo Pl). Postup pfipravy vzorkd byl standardni s mensimi Upravami (napf. Suda
et al. 2007).

Analyzy reprodukcnich zplsobl odpovidaly postupu sérii kastracnich pokust (dle Gadella 1987, Krahulcova
& Krahulec 1999). Analyza ma tfi nezavislé kroky: test sprasenim cizim pylem (sterilita), uzavieni Uboru
v platéném sacku (autogamie, apomixie) a emaskulace s naslednym uzavienim v platéném sacku (apomixie).

V morfometrickych ¢astech pak byla vybrana série kvantitativnich a semikvantitativnich znak, jejichz hodnoty
byly stanoveny u vybranych skupin herbarovych polozek. Ziskana data dale zpracovana mnohorozmérnymi
statistickymi metodami.

Vysledky a diskuze

Prostfednictvim morfometrické analyzy byly studovany hybridiza¢ni procesy, které se vyskytuji v populaci
P. officinarum a P. *bauhini. Analyzovan byl soubor materskych rostlin pfimo v terénu a tamtéz byly témto
rostlindm odebrany nazky k analyze potomstva. Vysledky potvrdily béZznou hybridizaci obou rodic¢ a jejich
hybrida (P. brachiata a P. leptophyton). Vsechny rostliny s rGznymi reprodukénimi zplsoby (sexualni,
fakultativné apomikticky i variabilni) se na kfizeni podilely.

Na studovaném uzemi byly nalezeny ctyti ploidni Urovné. Tetraploidni cytotyp byl nejrozsitenéjsi v zapadni casti
(Cechy = Hercynicum, Ceska vysocina). Pentaploidni a hexaploidni cytotyp je naopak charakteristicky pro oblast
Slovenska a Moravy (Zapadni Karpaty a Panonie). Hranice rozsifeni cytotypl je jasné patrnd a odpovida
hranicim geomorfologickych jednotek. Smisené lokality ze dvou cytotypl byly detekovany v témér 12%
pfipadd. V zdpadnich Karpatech byla navic detekovana signifikantni zavislost distribuce cytotypd na zakladé
nadmofrské vysky.
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Druh Pilosella officinarum je s ohledem na ploidni Groven reprezentovan predevsim tetraploidnim,
pentaploidnim a hexaploidnim cytotypem, které jsou dale kombinovany s rlznymi reprodukcnimi systémy (4x -
prevazné sexualni, 5x - vétSinou apomikticky a 6x sexualni i apomikticky). Soucasné vnitrodruhové pojeti druhu
je zaloZzeno na apomiktickych liniich, pfilis komplikované a v praxi téméf neuplatnitelné. Z toho dlvodu byli
zastupci vySe uvedenych skupin podrobeni morfometrické analyze. Vysledky potvrdily vyrazné rozdily mezi
vsemi tfemi cytotypy véetné odliSeni skupiny sexudlnich a apomiktickych hexaploidd.

Zamérem studie polymorfického taxonu P. hieracioides bylo stanovit variabilitu absolutni velikosti genomu. 2-C
hodnota byla od 2,26 do 3,11 pg. Variabilita zUstala i po rozdéleni souboru jedincl na dvé nedavno odlisené
morfologické skupiny. Mimo jiné byl objeven novy triploidni cytotyp. Velikost genomu v ramci areal( obou
morfotypu signifikantné vzrista od jihozdpadu k severovychodu.

V ramci posledni studie byla soustfedéna pozornost na jediného balkanského endemita rodu Picris,
P. hispidissima. Pro analyzy byly vyuZity morfometrické a cytometrické metody. Byla dokazdna morfologicka
odlisSnost od nejblizsiho taxonu P. hieracioides. Na vnitrodruhové Urovni jiz nebyla zaznamenana Zadna dalsi
variabilita, ktera by vyZadovala dalsi klasifikaci. Velikost genomu se ukdazala byt znacné variabilni (az 9,5%), coz
Ize vysvétlit hybridizaci s P. hieracioidesi, ktery ma signifikantné odliSnou velikost genomu.

Zavéry

Pro studium vyznamnosti jednotlivych zdroj variability rodu Pilosella a ke sledovani mikroevolucnich trend
byla uskutecnéna série studii na nékolika Urovnich (populaéni, regiondini, komparativni). Vysledky studii na
prostorovém gradientu a v ramci srovnavaciho pfistupu s pribuznou skupinou (charakterizovanou ¢astecné

odlisnymi mikroevoluénimi procesy) jasné naznacily spoleéné procesy a soucasné zdlraznily unikatni postaveni
rodu Pilosella.

Na populacni Urovni byl studovan mikroevoluéni potencial (hybridiza¢ni trendy mimoradné komplikovaného
hybridniho roje na Uzemi Prahy - Vysocany). Zakladni druhy P. officinarum a P. piloselloides susp. bauhini (dale
jen P. *bauhini) v ramci této populace intenzivné hybridizuji a vytvari Siroké spektrum rdznych linii potomstva
(jak podle morfologie, tak na zakladé ploidni Urovné ¢i reprodukcnich zplsobt). Zamérem této studie bylo
morfometrické zhodnoceni projevli vysoce komplikovanych hybridizacnich fenoménl (obzvlasté hybridizace
v souvislosti s polyploidii, variabilita reprodukcnich zpUsobU véetné partenogeneze atd.).

Studie byla zamérena na dva odlisné soubory dat: materské rostliny a jejich potomstvo. Oba soubory byly dale
strukturovany do skupin definovanych biosystematickymi vlastnostmi (ploidie a reprodukéni systém).
Morfometrickd studie souboru materskych rostlin potvrdila morfologicky gradient mezi obéma rodi¢ovskymi
druhy. Stejnym zplsobem zpracovany soubor potomkl jiz vykazuje posun, coZ naznacCuje hned nékolik
moznych fenoménl jako: formaci novych hybridnich kombinaci, zpétnou hybridizaci (obzvldst smérem
k P. officinarum) Ci segregaci hybrid nebo nejspis jejich kombinaci.

Populac¢ni uUroven byla nasledovana studii na regiondlni Urovni (zaméfend na stfedni Evropu s presahy
do celého aredlu rozsiteni). Pilosella officinarum byla vybrana jako modelovy druh. Vzorky byly sbirany
v prostoru stfedni Evropy (pfedeviim z Ceské a Slovenské republiky). Distribu¢ni "pattern" t¥i ploidnich Grovni
(4x, 5x a 6x) bylo vyneseno do map.

Rostliny z cytogeografické studie byly také podrobeny testim reprodukcnich zplsobd, které dale rozdélily
predevsim hexaploidni cytotyp (na skupinu apomiktl a sexudld). Cely soubor byl poté zpracovan morfometricky
a byly u néj potvrzeny znacné odlisné morfologické trendy.

V ramci komparativniho pristupu byli studovani zastupci znacné polymorfického okruhu P. hieracioides. Byly
u nich potvrzeny odlisné mikroevolu¢ni trendy. Byla sledovdna recentné intenzivné probihajici mikroevoluce
P. hieracioides, ktera zjevné sméruje k postupné speciaci dvou taxonu. Idedlnim materidlem pro srovnani
s predchozi studii byl endemicky druh P. hispidissimai, jehoZ speciace jiz dosdhla jednoznacné taxonomicky
hodnotitelné drovné.
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