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Identification of oligoclonal agamospermous microspecies:
taxonomic specialists versus microsatellites

Testovani identity oligoklonalnich agamospermnich drobnych druhii — taxonomové versus mikrosatelity

JanKirschner',CarlaOplaat’, Koen].F. Verhoeven?
Vojtéch Zeisek"® Ingo Uhlemann®, Bohumil Trdvnicek®,
JuhaniRdsinen’, Rutger A. Wilschut® & JanStépanek'

'Institute of Botany, The Czech Academy of Sciences, Zdmek 1, CZ-252 43 Priihonice,
Czech Republic, e-mail: jan.kirschner@ibot.cas.cz, vojtech.zeisek@ibot.cas.cz,
jan.stepanek@ibot.cas.cz; *Department of Terrestrial Ecology, Netherlands Institute of
Ecology (NIOO-KNAW), Droevendaalsesteeg 10, 6708 PB Wageningen, The Netherlands,
e-mail: k.verhoeven@nioo.knaw.nl, c.oplaat@gmail.com, r.wilschut@nioo.knaw.nl; 3Teich-
strafie 61, 01778 Liebenau, Germany, e-mail: greta_uhlemann@web.de; *Plant Bio-
systematics and Ecology RG, Department of Botany, Faculty of Science, Palacky University,
Slechtitelii 11, CZ-783 71 Olomouc, Czech Republic, e-mail: bohumil.travnicek@upol.cz;
5Pajutie 1B4, Linnunlahti, FI-80110 Joensuu, Finland, e-mail: juhanimr@elisanet.fi;
Department of Botany, Faculty of Science, Charles University in Prague, Bendtskd 2,
CZ-128 01 Prague, Czech Republic

Kirschner J., Oplaat C., Verhoeven K. J. F., Zeisek V., Uhlemann I., Trdvnicek B., Résénen J.,
Wilschut R. A. & Stépéanek J. (2016): Identification of oligoclonal agamospermous microspecies:
taxonomic specialists versus microsatellites. — Preslia 88: 1-17.

There has been a decrease in the ability of biologists to identify their material correctly, particu-
larly plants of complicated genera with common agamospermy, where old clonal entities are
accorded the rank of species (microspecies). Agamospermous microspecies are taxonomic enti-
ties recognizable from one another by a set of minute morphological features. The knowledge of
microspecies is confined to a few specialists. Specialists use microspecies names but there could
be inconsistencies in the taxonomic concepts used by different, geographically remote experts.
A selection of nine widespread, generally recognized agamospermous microspecies of
Taraxacum sect. Taraxacum, which are characterized by means of eight microsatellite loci, were
used to evaluate the ability of four European Taraxacum specialists to identify these microspecies
consistently. With two exceptions (and one unclear result) for 125 plants coming from an area
extending from Finland to central Europe, the experts identified the microspecies consistently,
exclusively on the basis of morphological differences. Another problem studied was within-spe-
cies variation. The within-species microsatellite variation corresponded to the mutational clone
cluster hypothesis, with a single unclear result. Each microspecies consisted of one, more or less
dominant, clone and several minority clones, each usually confined to a single plant. A combina-
tion of the traditional microspecies identification by experts and the characterization of
microspecies by a set of molecular markers opens the field of microtaxonomy to a wider group of
researchers.

Keywords: agamospermy, clonality, microsatellite variation, plant identification, population
variation, Taraxacum, taxonomy
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Introduction

One of the cardinal issues of current botany is the decrease in the ability of biologists to
identify their material correctly and verify previously published taxonomic data (Kirschner
& Kaplan 2002). The high proportion of incorrect data, mistakes and misinterpretations in
important databases and publications may prove to be a hindrance in the development of
experimental botany and modern genomic studies (Bridge et al. 2003, Vilgalys 2003,
Hawksworth 2004, Holst-Jensen et al. 2004, Kristiansen et al. 2005, Zaveska Drabkova
& Kirschner 2013). A conclusion drawn on the basis of the literature offers two comple-
mentary methods of how to achieve a reliable means of identifying plant material: expert
determination assisted by a specific combination of molecular markers.

In studies on Taraxacum, the problem of identification is even more important as the
probability of misidentification is higher than in most other taxa, as the taxonomic knowl-
edge is far from complete and the extent of the variation in taxa largely remains unexplored.
Common dandelions thus represent a suitable model for testing the accuracy of identifica-
tion and determining the intraspecific variation in autonomous agamosperms.

The genus Taraxacum Wigg. (Asteraceae-Cichorieae-Crepidinae), a well-known exam-
ple of biological and taxonomic complexity, is characterized by the coexistence of sexu-
ality and agamospermy at various levels, from individuals and populations to sections.
Agamospermy tends to prevail, both geographically and in the number of species and
individuals, and there are large areas where asexuality either totally predominates or is
the only reproduction system present (Kirschner & Stépanek 1996). Thus, the most com-
mon pattern found at a locality is a result of the coexistence of a few (rarely a single) to
many microspecies (e.g. von Hofsten 1954). Asexual microspecies in Taraxacum are pre-
sumed to be entities, which in the majority of cases, came into being via multiple remote
hybridizations, with hybridity “frozen” by agamospermy, and the genotype diversity in
the multiclonal agamic hybrid swarm reduced by subsequent strong selection. They dif-
fer in a number of autecological and morphological attributes (Kirschner & St&panek
1994, 1996). There are two major issues associated with the coherence and individuality
of Taraxacum microspecies: the ability of taxonomists to recognize and name the
microspecies consistently and the existence and character of the variation within agamo-
spermous microspecies.

As in many complicated plant groups, a detailed knowledge of the taxonomy of
numerous Taraxacum microspecies and the ability to identify them in the field is con-
fined to a very narrow community of taxonomists. A taraxacologist usually uses a general
“imprint” of a microspecies (a combination of characters perceived as a unity) to spot it
among dozens of other dandelions; technically, only a simultaneous use of a series of
characters can lead to a safer identification. Because of the complex nature of the prob-
lem, most Taraxacum taxonomists “inherited” their knowledge from one or several
founders of modern taraxacology, usually during joint excursions. There is an uncer-
tainty whether a binomial in 7araxacum always covers the same clone or clone cluster
when used in geographically remote parts of Europe, or by taxonomists of different
taraxacological schools. There are several methods used by the taraxacologists to unify
the taxon/name concepts and to disseminate new results: regular joint excursions and
workshops and, importantly, the distribution of a standard exsiccate series, Taraxaca
Exsiccata (distributed since 1986, now having reached over 1000 in number, Kirschner



Kirschner et al: Oligoclonal agamospermous microspecies 3

& Stépanek 1997). Thus, all the specialists involved in the present study have a similar
background: field knowledge of the Taraxacum flora of a particular country, at least
partly inherited from the previous generation of experts, a repeated joint field training
and herbarium material serving as a standard collection (Kirschner & Stépanek 1998,
Uhlemann 2003, Travnicek et al. 2010, Ridsdnen 2013). However, the very fact that sev-
eral specialists jointly use species names for a group of similar individuals cannot serve
as proof that a clone cluster within a microspecies always bears the same name, or that
a name is always applied to the same clone cluster and therefore it is important to obtain
an external data set to resolve this problem.

The majority of Taraxacum have a very uniform general appearance of rosulate short-
lived hemicryptophytes with scapes, two series of involucral bracts, numerous yellow
florets in the capitulum and the popular beaked cypselas. As regards the number of char-
acters used to diagnose and describe Taraxacum, we can give an example of the detailed
Taraxacum treatment in the Flora of the Czech Republic (Travnicek et al. 2010), in which
the Taraxacum flora lacks much of the structural diversity of the genus. In spite of this
fact, there are almost 90 characters used to describe the species, and the number of char-
acter states exceeds 400 (the flora includes more than 180 species, the majority of which
are agamospermous microspecies). These characters, when taken separately as in
a dichotomous key, are insufficient to distinguish more than a few very distinct taxa, and
multiaccess keys or computer-generated identification tools are needed to increase the
probability of correct identification. Because of the limited availability of material identi-
fied at the microspecies level, some authors refrain from recognizing these basic units
and perform their experiments on mixtures of clones, which is an approach that may often
lead to rather controversial results (Taylor 1987, Van der Hulst et al. 2000, 2003).

The genus Taraxacum is a popular model for the study of diplosporous agamospermy
(Richards 1973, Ozias-Akins & van Dijk 2007), clonality (Kirschner & gtépe’mek 1994),
epigenetic heritability (Verhoeven et al. 2010a, b, Verhoeven & van Gurp 2012) and
potential germplasm for economic exploitation (Kirschner et al. 2013). This usage is sup-
ported by other advantageous features, such as easy cultivation, unproblematic emascula-
tion and efficient propagation. The pattern in variation of agamospermous Taraxacum,
i.e. numerous microspecies characterized by a limited within-species variation, was rec-
ognized more than a hundred years ago (Raunkiaer 1903) and, particularly European
microspecies have often been accorded species names.

We selected nine widespread, generally recognized microspecies of Taraxacum sect.
Taraxacum, sampled by four Taraxacum specialists (JK, IU, BT, JR) at geographically dis-
tant localities across northern and central Europe (Electronic Appendix 1); possible mis-
identifications may be cross-checked using voucher material reexamination. We tested the
conformity of the species concepts of the experts by using presumably selectively neutral
microsatellite markers (Balloux & Lugon-Moulin 2002, Bhargava & Fuentes 2010); any
pattern associated with the person identifying the material should be detected.

The other main objective of this paper is to evaluate the character of variation within
microspecies. During the evolution of an agamospermous microspecies, the originally
(potentially) high ancestral multiclonality gradually decreases by means of selection;
at the same time, the variation is gradually enriched by mutations. In regions where
Taraxacum is almost exclusively asexual and most plants belong to stable obligately
agamospermous species (i.e. where most of the samples used in the present study came
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from), the major source of variation is somatic mutation (Majesky et al. 2012). In non-
uniclonal apomictic Taraxacum, therefore, the expected picture would be a cluster of
closely related clones (Normark et al. 2003).

There are therefore three concepts to be evaluated: (i) a conformity of the micro-
species concepts of experienced taraxacologists from different regions, (ii) a pattern of
dominant mutational clone clusters within microspecies, and (iii) a statistical evaluation
of clone clusters showing the expected agreement between expert opinions and the enti-
ties characterized by molecular means.

Material and methods
Material

A detailed account of the plant material used is given in Electronic Appendix 1. The
selection of microspecies was done based on the following criteria: (i) stabilized
agamospermous triploids, (ii) distribution covering both northern and central parts of
Europe, (iii) names safely typified, (iv) names issued in a standard exsiccate series
(Taraxaca Exsiccata, cf. Kirschner & Stépanek 1997), (v) species recognized by several
Taraxacum specialists (i.e. J. Ridsédnen, B. Travnicek, I. Uhlemann and J. Kirschner).
Four specialists collected achenes and usually also herbarium specimens of these species
in six countries (mainly Czech Republic, Finland and Germany and less so also Austria,
Poland and Slovakia). The material is deposited in the herbaria of the collectors and in the
herbarium PRA. One to four samples were collected at each locality for each species of
the selection present, and usually one, less often two were analysed. The following spe-
cies were included: T. alatum Lindb. fil., T. ekmanii Dahlst., T. hemicyclum G. Hagl.,
T. hepaticum Railons., T. interveniens G. Hagl., T. macranthoides G. Hagl., T. obtusifrons
Markl., T. piceatum Dahlst. and T. pulchrifolium Markl. As controls, two couples of sam-
ples were included each of a single parental plant (7. piceatum, samples pin2-1, pin2-2,
and 7. hepaticum, samples hepa8-1, hepa8-2; Electronic Appendix 1). It should be added
that all the species included in the present study were described on the basis of plant mate-
rial from Scandinavia and the Baltic countries, and only later recognized and recorded in
central Europe.

We used up to two plants per locality to germinate seeds directly on a potting soil and
pumice mixture (80:20), three per pot. After germination the pots were weeded back to
one plant per pot. Leaf tissue for DNA isolation was collected when the plants were
4 weeks old.

Ploidy analysis

Leaf tissue was homogenized and cell nuclei were stained with DAPI to visualize the
DNA-content and a leaf sample of a confirmed diploid sexual accession of the section
Taraxacum was added as a reference. All accessions were analysed using a Partec flow
cytometer (Tas & van Dijk 1999) and confirmed to be triploid.
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DNA isolation

Total DNA was isolated from fresh leaf tissue, 1.2 cm?, using the hexadecyl-trimethyl-
ammonium-bromide (CTAB) procedure described by Rogstad (1992), with some modifi-
cations referred to as the “RETCH” method described by Vijverberg et al. (2004).

Microsatellite analysis

All plants were characterized by eight microsatellite loci (SSRs, Jarne & Lagoda 1996),
which were distributed over two multiplex PCR reactions (mutliplex 1: MSTA 31, 44B,
78, 58 and multiplex 2: MSTA 143, 67, 72, 61). Seven microsatellite loci and relevant
primers (MSTA 31, 44B, 58, 61, 67, 72, 78) were taken from Falque et al. (1998) and one
microsatellite locus (MSTA 143) comes from Vasut et al. (2004). The PCR reaction was
performed using the QIAGEN Multiplex PCR kit (Qiagen, Venlo, Netherlands) accord-
ing to manufacturer’s protocol in a final volume of 10 pl containing 200 nM of each
primer and 30-50 ng of DNA. PCR protocol was as folows: 15 min 95°C, 30x (30s 94°C,
90s 57°C, 60s 72°C) and 30 min 60°C. Final PCR products were analysed using a 3130
ABI Genetic Analyser (Life Technologies, Carlsbad, CA, USA) and allele numbers and
sizes were subsequently scored using the Genemapper v4.0 (Life Technologies,
Carlsbad, CA, USA). Of the original set of 131 samples we excluded six samples because
of amplification failure.

Statistical analyses

As all the taxa included in the analyses are agamospermous triploids, and the expected
allelic configurations are simple, we used a method of identifying the gene dosage based
on the peak size and area following Esselink et al. (2004).

For the purposes of the evaluation of the clone cluster data, we consider statistical
techniques based on Bayesian clustering as very effective because they do not involve
a priori hypotheses about sample clustering. As we lack any reference library for the taxa
under study, nor for related taxa, Bayesian clustering is expected to reveal “natural”
genetic clusters as well as to show possible hybridization and/or influence of other geno-
types. For this purpose we selected widely used software, BAPS 6.0 (Corander et al.
2008). We used a number of clusters (K) ranging from 2 to 25, 20 times each. We also
used Bayesian K-means clustering as described for Discriminant Analysis of Principal
Components (DAPC, Jombart et al. 2010). It works with data “cleaned” by PCA and
maximizes the manifestation of the major pattern involved in the data.

Most computations were performed in R 3.1 (R Core Team 2014). We used packages
ade4 (Dray & Dufour 2007), adegenet (Jombart 2008), APE (Paradis et al. 2004), pegas
(Paradis 2010) and Poppr (Kamvar et al. 2014). We calculated the distribution and diver-
sity of multi locus genotypes (MLGs) within species, Principal Coordinate Analysis
(PCoA, Dray & Dufour 2007), K-means clustering (with 100,000,000 iterations and maxi-
mal K = 15, Jombart et al. 2010), Minimum Spanning Network (MSN) and Neighbour-
Joining (NJ) tree (Saitou & Nei 1987, Paradis et al. 2004, Popescu et al. 2012). NJ was
tested using 10,000 permutations. For distance-based analysis we used Nei’s chord dis-
tance (Nei et al. 1983) based on frequency of shared alleles. For MSN we used Bruvo’s
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distance reflecting number of microsatellite repeats (Bruvo et al. 2004). Details about
R work-flow, software settings etc. are available from VZ upon request.

Genotype diversity was quantified according to Hughes & Richards (1988) as
G = 1-2x;?, where x; is the frequency of i-th MLG. This parameter is useful for population
sets with expected variation in reproduction systems (i.e. a substantial departure from the
Hardy-Weinberg expectations) and for situations where recombination is partially sup-
pressed as a consequence of alloploidy; it reasonably reflects both richness and evenness
and closely approaches the modified Simpson’s index (Widén et al. 1994). The R function
we used to calculate the values of genotype diversity is given in Electronic Appendix 2.

Results

In 125 individuals we detected a total of 44 MLGs. None of them were detected in more
than one species. Within most species, samples from Finland and from central Europe
shared some multilocus genotypes. All individuals except two, alal1-103 and ala5-2
(T. alatum), grouped genetically under the species name to which they were originally
assigned on the basis of morphology. Sample pul1299 (T. pulchrifolium) showed only
partial affinity to its morphology-based species and its position is ambiguous. Thus, in
seven species out of nine, and in 122 samples out of 125, there is full agreement between
the genetic grouping and the expert identification. The two samples of 7. alatum were
misidentified.

Bayesian clustering in BAPS revealed nine major clusters (Fig. 1) and three individu-
als were not included in the expected clusters. K-means clustering (Fig. 2), similar to
BAPS, revealed nine very well separated clusters one for each of the respective species.
The only individuals not included in the clusters, as expected, were ala5-2 (close to
T. hepaticum) and alal1-103 (close to T. piceatum).

Fig. 1. — Bayesian clustering of individuals performed in BAPS. Each colour represents one inferred genetical
cluster. The only three individuals not included in “their” clusters are two probably misidentified individuals of
Taraxacum alatum (alal1-103 — marked “1” at the top of the figure, and ala5-2 — marked “2”") and one of
T. pulchrifolium (pul1299 — marked “3”; see Discussion). Compare with output of K-means clustering (Fig. 2).
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Fig. 2. — K-means Bayesian clustering showing an almost perfect match of inferred genetic clusters and
originally sampled morphologically determined species. Sample ala5-2 groups with Taraxacum hepaticum,
alal1-103 with 7. piceatum and pul1299 with T. pulchrifolium. Size of squares is proportional to the number of
individuals. Compare with output of BAPS (Fig. 1).

Trees (NJ and MSN) provide strong support for grouping these species together
(regardless of technique and distance matrix), thus forming nine main branches (Fig. 3
and Electronic Appendix 3: Fig. 1). NJ tree based on Nei’s distance provides very good
resolution and high bootstrap support. MSN of MLGs reveals the star-like pattern typical
of recently radiating groups. These species are usually formed by one central dominant
MLG with several rare derived MLGs. In both cases, relationships among species remain
unclear as we sampled only a small subset of all the species in this section (e.g. Lundevall
& Pligaard 1999). PCoA (Electronic Appendix 3: Fig. 2) of the original samples reveals
generally well separated clusters. The most aberrant samples were probably misidentified.
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Fig. 3. — NJ tree based on Nei’s distance. Grey ellipses mark supported clusters, while symbols indicate the
original determinations by experts (arrows indicate identification mistakes and question mark the enigmatic
sample pul1299). Bootstrap values higher than 50 are also displayed. Omitted are also numbers for crown
clades with practically identical genotypes. As there are many samples with identical genotypes, their labels
fully overlap.

The genotype diversity and distributions of MLGs within a microspecies clone cluster
are given in Table 1. The diversity of G-values are comparatively high, much higher than
those reported for agamosperms by Hughes & Richards (1988, 1989). In most micro-
species, the proportion of the dominant MLGs exceeds 50% (in T. hemicyclum it reaches
93%), and, with one exception, the majority of MLGs within microspecies are each con-
fined to a single individual (26 MLGs of 44).

Genetic analysis leads to the recognition of groups corresponding to species, with two
exceptions out of 125 individuals (and one unclear case, see Discussion), and the accu-
racy of identification was nearly perfect, i.e. all the Taraxacum experts use the
microspecies names in the same way and there is no identification bias associated with
the person responsible for the determination. Within species samples we failed to detect
any geographical pattern (analyses not shown). Results also indicate the existence of
microspecies clone clusters.
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Table 1. — Genotype diversity (G) calculated for microspecies samples, and the percentage of the within-spe-
cies dominant multi locus genotype (MLG) in each sample. The three aberrant accessions are not included in
this analysis (see Results and Discussion), so that for the Taraxacum alatum and T. pulchrifolium columns
“Number of plants” does not include all the plants sampled under that name.

Species Number Number of MLGs % of plants Genotype Number

of MLGs restricted belonging to the diversity G of plants
to a single plant dominant MLG

T. alatum 6 4 68 0.462 21

T. ekmanii 3 2 77 0.370 9

T. hemicyclum 2 1 93 0.290 18

T. hepaticum 4 2 75 0.414 16

T. interveniens 6 4 40 0.760 10

T. macranthoides 4 3 62 0.562 8

T. obtusifrons 6 4 46 0.639 13

T. piceatum 7 5 27 0.809 11

T. pulchrifolium 5 1 53 0.657 16

Discussion
Elucidation of the nature of Taraxacum microspecies

The opinions of theorists about the nature of agamospermous entities treated as
microspecies range from their total denial (Janzen 1977) to vehement advocacy (Abbott
1979, see also Kirschner & gtépének 1994). This discussion, however, was not based on
reliable experimental data. The first person to study the population biology and ecology
of microspecies thoroughly was von Hofsten (1954). As regards the clonal identity of his
material, he took advantage of the detailed knowledge of the Taraxacum flora of Sweden; at
many places he pointed out the biological differences among microspecies of the 7. officinale
group, usually on the basis of careful cultivation experiments. His work, however, is sel-
dom used or cited as it is written in Swedish. An important contribution to the knowledge
of the competitive behaviour of individual Taraxacum sect. Taraxacum microspecies
(defined as biotypes characterized by isozyme patterns) is presented by Solbrig &
Simpson (1974, 1977). There is an array of papers elucidating various aspects of the bio-
logical and ecological differentiation among Taraxacum microspecies published by
Dutch authors (van Loenhoud & Duyts 1981, Sterk et al. 1983, Sterk & Luteijn 1984,
Roetmann & Sterk 1986), all documenting the multidimensional identity of Taraxacum
microspecies. The discussion on the clonal character of microspecies and the various
pathways of Taraxacum evolution are summarized by Kirschner & Stépanek (1994,
1996). Microspecies are seen as entities resulting from unique evolution and adaptation
processes, able to generate variation, which exhibit a variety of clone-specific biological,
reproductive and distribution features.

The problem of microspecies coexistence at a locality has been addressed several
times using various molecular markers. In spite of relatively scanty material (26 plants of
six species from 14 localities), the most important study is that of Reisch (2004). Three
taxa of sect. Erythrosperma, T. parnassicum, T. lacistophyllum and T. tortilobum, each
exhibit a RAPD variation corresponding to the clone cluster model. There is significant
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variation in 7. rubicundum, which partly can be attributed to the nature of the RAPD mark-
ers and partly, and very probably, to the fact that plants very similar to 7. rubicundum are
sexual in south-western Europe, and the variation may be a consequence of either resid-
ual sexuality or the multiclonal character of the agamospermous species recently derived
from a closely related sexual ancestor. Another two molecular studies also reliably docu-
ment the coexistence of up to 10 species of sect. Erythrosperma (Ford & Richards 1985,
van Qostrum et al. 1985).

Another aspect of the nature of Taraxacum microspecies is the existence of variation
within progeny or, generally, the non-maternal offspring. Rather limited or not fully reli-
able data exists that indicates the extent of the variation in the progeny of Taraxacum apo-
micts. The variation reported by King & Schaal (1990) may, at least partly, be attributed
to the intraindividual variation in ntDNA and Adh copies. However, the very fact of occa-
sional variation in the progeny is undeniable (Ford & Richards 1985, Kirschner &
Stépanek 1998, Van Baarlen et al. 2000, also Mogie 1985 but see below) and has been
documented by various methods including karyology, isozymes and DNA markers. On
the contrary, the enormous intraspecific clonal diversity reported by Lyman & Ellstrand
(1984) in T. officinale refers to the whole section Taraxacum in the USA, i.e. to an assem-
blage of agamospermous microspecies.

The hypothesis of the uniclonal, or nearly uniclonal, nature of Taraxacum micro-
species has received a considerable amount of attention. There are several examples docu-
menting the uniclonality of Taraxacum microspecies, usually they are for morphologically
very distinct species. Based on allozyme profiles, several species of sect. Palustria in the
Czech Republic and Slovakia, T. uliginosum (28 plants from two sites) and 7. subalpinum,
are uniclonal (Battjes et al., 1992). This study mainly focused on another two species,
T. hollandicum, with 228 plants from The Netherlands and the Czech Republic, i.e. sam-
pled across a large geographical range, and T. vindobonense (87 plants from four locali-
ties). The former species was shown to be uniclonal (225 plants belonging to a single
multilocus genotype, and three single-plant genotypes easily derived from the dominant
clone by a single mutation). In contrast, the sample of the latter species consisted of
64 clones, not a single clone of which was found at more than one locality. While
T. hollandicum is a triploid relict of an early postglacial period, with a few similar taxa in
France, T. vindobonense is a young and the westernmost agamospermous derivative of an
assemblage of forms with agamospermous and facultatively agamospermous reproduc-
tion, centred in the Pannonian Basin of Hungary and Romania (Kirschner & St&panek
1998). A picture very similar to that of T. hollandicum is documented by Menken &
Morita (1989) on the basis of isozyme spectra: samples of 7. albidum taken from popula-
tions across a 1000 km wide geographical range of this pentaploid agamosperm reveal
almost strict uniclonality (19 localities, 109 plants, only a single aberrant plant with a sin-
gle-allele mutation). It should be added that the recent study by Sato et al. (2011) revealed
an extensive ploidy and karyotype variation within 7. albidum, and it is plausible that
they covered not only 7. albidum but also another whitish-flowered taxon (or taxa) of
sect. Mongolica. A combined SSR and AFLP study similar to the present one but based
on material of the sect. Taraxacum collected by a single specialist (Majesky et al. 2012)
showed a similar pattern: clone clusters originating through the accumulation of muta-
tions and occasional recombinants of unknown origin and age. The most recent case
(Kirschner et al. 2013) is an AFLP analysis of a triploid apomict, T. brevicorniculatum,
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cultivated in botanical gardens or preserved in germplasm collections all over the world
for more than 50 years (six collections sampled) under the name 7. koksaghyz and found
at a number of wild localities in Kazakhstan (16 populations sampled). Taraxacum
brevicorniculatum is almost uniclonal, with three plants each deviating from the domi-
nant clone by the absence of a single fragment.

Clonal organisms and intraspecific variation

Several works emphasize the dynamic and adaptive features of the genome of clonal,
asexual plants (Lushai et al. 2003). While in clonal vegetative apomicts a high level of
recessive lethals is recorded (e.g. in ferns, Klekowski 2003), agamospermous lineages
are a result of more complex processes. Predicted long-term effects of the loss of sex and
recombination on genomes of agamospermous taxa include phenomena such as genomic
panvicariance, disconcerted evolution, mutation rate changes, decay of sex- and recom-
bination-specific genes, disadaptation, etc. (Normark et al. 2003). Loxdale & Lushai
(2003) even point out the rapid changes in clonal populations. The role of somatic muta-
tions among various sources of variation in apomicts is proven, for instance, in Grevillea
rhizomatosa Olde et Mariotti (Gross et al. 2012). We can conclude that there are various
sources of within-population genetic differentiation of clonal microspecies, including
activation of mutagenic activity, recombinations, mechanisms that involve transposable
elements, epigenetic changes, and autosegregation. On the other hand, in populations, we
can view the disadvantageous (and advantageous) mutations as side branches of the
genotype trees (clone clusters) that undergo a within-cluster competition and selection.

There is relatively little literature evaluating genetic variation within agamospermous
microspecies in genera other than Taraxacum. Mraz et al. (2001), Storchova et al. (2002)
and Chrtek et al. (2007) show that the majority of the species of Hieracium L. studied are
uniclonal or nearly so, while some taxa (such as H. alpinum L.) are multiclonal. A similar
situation occurs in stabilised agamospermous taxa of Rubus L. (Kraft et al. 1996, Nybom
1996); one of the clonal microspecies studied, R. nessensis Hall, is uniclonal over a rela-
tively large area in southern Scandinavia and Germany. Lo et al. (2010) made an impor-
tant attempt to elucidate the within-progeny variation in the tetraploid pseudogamous
Crataegus crus-galli L. and compare it with that of C. punctata Jacq., a sexual diploid.
The former species was characterized by a much higher within-progeny genetic
resemblance and lower extent of among-progeny differentiation. Sources of variation in
C. crus-galli might have been residual sexuality.

Species-specific clone clusters

A cluster of clones is expected pattern under strict agamospermy (Klekowski 2003,
Normark et al. 2003); another feature of this in microspecies is a high proportion of popu-
lation-specific alleles of those that deviate from the dominant multilocus genotype,
which is shown by Gross et al. (2012) and Reisch (2004). The same pattern was recorded
in our sample of microspecies of sect. Taraxacum, if the two misidentified plants of
T. alatum are disregarded (probably because they were collected late in the season, when
Taraxacum species are rather difficult to identify).

Two probably misidentified accessions of 7. alatum (alal1-103 and ala5-2) show dif-
ferent genetic affinities. While the sample ala5-2 exhibits certain relationships with
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T. hepaticum, the other sample, alal 1-103, appears in various positions depending on the
technique used. BAPS (Fig. 1) gives it its own cluster and in distance-based methods
(Fig. 3, Electronic Appendix 3, and not-shown results) it was always placed differently.
We conclude that the latter sample belongs to another species, not included in this study.

The most aberrant MLG belonging to 7. pulchrifolium (pul1299) is rather ambiguous
as it is the only plant that was impossible to assign either to a case of misidentification or
aremote member of a species clone cluster. There is a hypothetical explanation that takes
into account the fact that this sample was collected, unlike the others, in a lowland region
in the northern part of Moravia, Czech Republic, where a diploid Taraxacum sect.
Taraxacum is commonly recorded, and our plant might be a hybrid between a sexual
plant as a maternal parent and 7. pulchrifolium as a pollen donor. However, a detailed
examination of the voucher specimen (BRNM 763212) did not reveal any deviation from
the typical pattern of this species, and other alternatives, including a sampling- or label-
ling mistake must be considered. Further analysis will be carried out to check the siblings
of this aberrant plant.

Genotype diversity

The relatively high number of single-plant mutations within our sample of oligoclonal
microspecies results in high values of the genotype diversity index, particularly com-
pared to the values published by Hughes & Richards (1988, 1989). The difference may be
attributed to the different markers, i.e. allozymes as products of functional genes versus
microsatellites, the latter being highly variable.

Utilization of molecular markers to distinguish closely related lineages

There are numerous studies in which various molecular markers are used to identify spe-
cies (Hebert et al. 2003, Kress & Erickson 2008). Various methods have been evaluated
to find appropriate genetic markers, using regional samples (Lahaye et al. 2008), samples
of a particular group of organism (often for conservation purposes, e.g. Sass et al. 2007),
samples covering all vascular plants (Kress et al. 2005, Hollingsworth et al. 2009, Dong
et al. 2012, Hollingsworth et al. 2014) and assortments of lineages of crop germplasm
(e.g. Naiiez et al. 2004, Thomson et al. 2007). The concept of so-called “barcoding” is not
generally accepted (nor the terminology stabilized) and there are ongoing debates about
its usability (Meyer & Paulay 2005, Rubinoff et al. 2006, Seberg & Petersen 2009). It fol-
lows from the discussion that the genome barcoding techniques are not universal, nor can
they replace traditional taxonomy. On the other hand, a carefully developed and tested
system of molecular markers can be useful in solving a number of questions.
Microsatellites have been successfully used in the analysis of germplasm of a number
of crop species and cultivars (e.g. Cruz et al. 2006, Madhou et al. 2012), most frequently
of material propagated vegetatively for a long time. The most similar case to that dealt
with in the present study is the study of Citrus L. species and cultivars; the cultivars are
usually reproduced by means of adventitious embryony and represent products of
hybridization similar to microspecies. Alternatively, they have been propagated vegeta-
tively for a long time. Fang & Roose (1997) used 22 ISSR primers to distinguish 68 vari-
eties of Citrus cultivars. Some of them are extremely difficult to recognize morphologi-
cally, especially at a young age and/or without fruit. The five botanical species can be
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distinquished by each of the 22 primers. Most cultivars can also be distinguished from
one another, usually with the exception of sister cultivars that came into being through
a single mutation. It should be added, however, that, to our knowledge, the concept of
barcoding (or fingerprinting) has not been methodically applied to characterize uni- or
oligoclonal agamospermous wild plants.

It is therefore a positive message that microsatellite screening of the above material
revealed the pattern of microspecies with a high fidelity of clone cluster — name relation-
ships, even when several geographically distant specialists identify the material. The
other side of the same coin is the fact that a microspecies can be characterized, or
“barcoded”, and identified statistically using a set of molecular markers, and, therefore,
the utilization of the stabilized agamospermous microspecies concept, not only in
Taraxacum, is open to a wider community of non-specialists, e.g. experimental botanists
or ecologists. There are two possible approaches: a microsatellite screening of no-name
samples followed by a Bayesian analysis to identify and compare “natural” clusters or,
alternatively, a step-wise building of a library based on samples identified by specialists
and characterized by microsatellites. On the basis of the results presented in this paper,
the latter approach, although time consuming and laborious, seems to be promising.

See www.preslia.cz for Electronic Appendices 1-3
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Souhrn

Jednim z kardinélnich problému soucasného piirodozpytu je klesajici schopnost biologt spravné ur¢it rostlin-
ny material. To zv1asté plati pro rody s neobvyklymi reprodukénimi zptisoby, napt. koexistenci sexuality a aga-
mospermie, kdy jednotlivé taxony jsou si zna¢né podobné. Jednotlivé klonélni (oligoklonélni) entity v tako-
vych skupinach jsou obvykle popisovény jako tzv. drobné druhy (mikrospecie), navzdjem rozeznatelné na za-
kladé souboru drobnych morfologickych rozdilt. Znalost takovych mikrospecii je obvykle omezena pouze na
uzkou skupinu specialistd, ktefi dosti Casto izce navazuji na znalosti pfedchazejicich generaci expertd. Specia-
listé pouzivaji publikovana jména mikrospecii, av§ak muze existovat pochybnost, zda pod stejnym jménem je
vzdy uvadeén stejny taxon a zda jeden taxon pokazdé nese stejné jméno. Vybrali jsme proto 9 Siroce rozsifenych
a bézné rozeznavanych druht rodu Taraxacum ze sekce Taraxacum (pampeli$ka smetanka), ur¢enych ¢tyfmi
specialisty z geograficky vzdalenych oblasti (Finsko a stfedni Evropa). Soubor 125 rostlin jsme analyzovali
pomoci 8 zna¢né variabilnich mikrosatelitovych lokusu. Tyto molekularni markery rozélenily pouzity material
na 9 shluki odpovidajicich o¢ekavanym druhtim. Ukazalo se, Ze u 122 rostlin z naSeho souboru identifikace ex-
pertt odpovidala geneticky charakterizovanym shlukiim. Dva vzorky byly ur€eny mylné a jeden zustava nejas-
ny. Jednotlivé genotypy jsme zachytili na raznych lokalitach, jak ve Finsku, tak ve stfedni Evropé. DalSim stu-
dovanym problémem byla geneticka variabilita v rdamci geneticky i morfologicky charakterizovanych skupin,
tj. mikrospecii, ktera odpovidala hypotéze, Ze mikrospecie jsou oligoklonalni, obvykle s jednim dominantnim
klonem a nékolika pridruZenymi, velmi podobnymi genotypy, zpravidla omezenymi na jednu rostlinu
a odvoditelnymi pomoci mutaci. Kombinace tradi¢ni identifikace experty na zdkladé morfologickych znaka
a charakterizace mikrospecii pomoci vhodnych molekularnich markertt mtze otevfit vyuziti mikrospecii pro
mnohem $irsi skupinu uzivatel v biologickém vyzkumu.
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