
INTRODUCTION

Taraxacum Wigg. is a widespread and common
genus, found native to all continents except
Antarctica (Richards, 1973). Taxonomically it is
very complicated, with some 2000 microspecies
described (Mogie and Ford, 1988), grouped to over
40 sections (Kirschner and Štìpánek, 1996), and
new sections are still being described (Kirschner
and Štìpánek, 2004; Uhlemann et al., 2004). This
taxonomic complexity follows from the breeding sys-
tem in the genus. 

The section Ruderalia Kirschner, H. Øllg. et
Štìpánek represents, like other Taraxacum sec-
tions, a polyploid series with the basic chromosome
number x = 8. Diploids in the section Ruderalia are
obligate sexuals, allogamous in natural conditions
(Menken et al., 1995). Polyploids are apomicts.
Three basic elements characterize apomictic megas-
pore and embryo development (van Dijk et al.,

2003): avoidance of meiosis, parthenogenetic
embryo development, and autonomous endosperm
development. Male meiosis is disturbed, resulting in
pollen grains of different sizes. Residual sexuality
has been found in polyploid Taraxacum. Facultative
agamospermy, that is, the presence of both reduced
and unreduced ovules in one capitulum, was report-
ed by Richards (1970b) and Małecka (1973). 
BIII hybrid formation (fertilization of an unreduced
ovule) was found by Małecka (1973) and later by
Mártonfiová (2006). 

Intersectional crosses have been made in order
to investigate the relationships between particular
sections of Taraxacum, but often also to study
breeding systems and crossability in this genus (e.g.,
Richards 1970a; Hughes and Richards 1988; Morita
et al., 1990a). Intrasectional crosses usually have
been made in order to investigate breeding systems,
gene flow and microevolutionary processes in popu-
lations with co-occurrence of diploids and poly-
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ploids (Jenniskens et al., 1985; Sterk, 1987; Tas
and van Dijk, 1999; van Dijk et al., 1999; de Kovel
and de Jong, 2000; van Baarlen et al., 2002;
Verduijn et al., 2004). Intrasectional crossing exper-
iments have also been used to produce artificial
populations for studying the genetics of breeding
systems (Vijverberg et al., 2004). 

The progeny of crosses between diploids and
triploids in the section Ruderalia usually consist of
diploids, triploids and tetraploids (Jenniskens et
al., 1985; Sterk, 1987; Tas and van Dijk, 1999).
These progeny were studied in detail in terms of
breeding systems by van Dijk et al. (1999); in cross-
es of diploid sexuals with triploid pollen donors,
they obtained 15 triploid hybrids and 7 tetraploid
hybrids. All tetraploid progeny and five of the
triploid hybrids were apomicts. The nonapomictic
progeny were one of the following types (van Dijk et
al., 1999, 2003):
• Type A hybrids were sexuals lacking all ele-

ments of apomixis.
• Type B hybrids were diplosporous plants with

the capacity for parthenogenesis, lacking the
capacity for autonomous endosperm formation;
nuclear restitution was often incomplete.

• Type C hybrids were diplosporous plants lack-
ing egg cell parthenogenesis, possessing
autonomous endosperm formation.
Later, van Dijk and Bakx-Schotman (2004) dis-

covered that diplospory is controlled by dominant
allele D on a locus named DIP (diplosporous), and
diplosporous plants have a simplex genotype, Ddd
or Dddd.

Tetraploids seem very important from the point
of view of gene flow and microevolutionary process-
es in the genus Taraxacum (Kirschner and
Štìpánek, 1996; Verduijn et al., 2004; Mártonfiová,
2006). The latter studied gene flow between different
ploidy levels and the breeding system in many cross-
es between diploids and tetraploids. The progeny of
these crosses was used in the present study to
address several questions: (i) What is their breeding
system? (ii) Are there any important differences in
progeny characteristics when compared with the
progeny of the diploid × triploid crosses studied by
van Dijk et al. (1999)? (iii) Does analysis of these
progeny also confirm the breakdown of apomixis?
(iv) What are the possibilities for this progeny to par-
ticipate in microevolutionary processes – the forma-
tion of new triploid and tetraploid lineages?

MATERIALS AND METHODS

Numerous crosses between diploid sexual and poly-
ploid (triploid, tetraploid) dandelions were made in
order to study the breeding system and gene flow in
Taraxacum sect. Ruderalia (Mártonfiová, 2006).

Polyploid progeny (F1, Fig. 1) from some of these
crosses were used in the present study. The progeny
plants studied were crossed with various diploid
pollen donors (1–5 capitula) and isolated (1 or 2
capitula). The seeds obtained were studied by flow
cytometric seed screening (FCSS, Matzk et al.,
2000) technique in order to investigate their breed-
ing system.

PLANT MATERIAL

The parent plants of the studied polyploid hybrids
were collected in the city of Košice and vicinity.
Detailed data on the material are given in
Mártonfiová (2006). 

The progeny (F1) of the crosses between parent
plants (P, Fig. 1) were analyzed by FCSS. On the
basis of these results, several crosses were selected
for further study of F1 plants: the crosses that pro-
duced enough seeds (i.e., some seeds remained after
FCSS) and showing some triploid or, as the case
may be, tetraploid progeny; together, six crosses
were selected. In one of the crosses the diploid
mother was pollinated with a triploid pollen donor,
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FFiigg..  11.. Crossing scheme of the experiments leading to the
progeny plants studied. Circle – pollen partner; dashed
line – induced selfing; dotted line – apomixis; black –
parental generation; dotted shading – first filial genera-
tion; DP – progeny of apomictic (diplosporous, partheno-
genetic) hybrid; A – crossed progeny of type A plant
(nondiplosporous, nonparthenogenetic hybrid), C –
crossed progeny of type C plant (diplosporous, non-
parthenogenetic hybrid).



and the other crosses employed tetraploid pollen
donors. 

The seeds originating from the selected crosses
were sown on wet filter paper in Petri dishes and
grown until the first leaves appeared. Then the
seedlings were transferred to small pots with soil
and grown to maturity in an experimental garden.
The chromosome numbers of the plants that sur-
vived in cultivation were counted and 29 polyploid
hybrids were selected. 

CROSSING EXPERIMENTS

The following spring, 1–5 capitula on each of these
plants were pollinated with various diploid pollen
donors and 1 or 2 capitula were isolated. Mature
seeds were collected, the seeds were classified as
developed or undeveloped according to Tas and van
Dijk (1999), and seed set was determined. 

FLOW CYTOMETRY

The developed seeds were analyzed by FCSS in
order to reveal the reproduction mode of the mater-
nal plants – the polyploid hybrids studied.
According to the FCSS results the plants were clas-
sified in several types. A modification of van Dijk et
al.'s (1999) classification was used. The following
year, herbarium specimens of the plants studied
were prepared and were deposited in KO. 

KARYOLOGICAL TECHNIQUES

For chromosome number determination, root tip
meristems of potted plants were used. They were
pretreated in 0.1 or 0.05% aqueous solution of
colchicine for ~90 min. The roots were fixed in
acetic ethanol (ratio 1:3) for 2–24 h, washed in dis-
tilled water, macerated in 1N HCl at 60°C for 5 min
and washed in distilled water. Then squashes were
made using cellophane squares (Murín, 1960),
stained in 10% solution of Giemsa stain stock solu-
tion in Sörensen phosphate buffer, washed, dried
and observed in an oil drop. 

CROSSING TECHNIQUES

The capitula were isolated in bud stage in small bags
made of dense tissue impenetrable to pollen grains.
Cross-pollination was carried by rubbing together
two capitula at about the same stage of flowering,
usually on three successive days, until one of them
became swollen.

FCSS TECHNIQUES

For flow cytometry, 25 seeds per sample (or less if
there was lower seed yield from the respective cross-

ing) from one capitulum were used. The FCSS
method followed Matzk et al. (2000). The analyses
were made with a Becton Dickinson FACSCalibur
flow cytometer with BD CellQuest Pro Software.
Combined extraction and staining was used
(buffer: 0.107 g MgCl2 6H2O, 0.5 g NaCl, 1.211 g
Tris, 0.1 ml Triton × 100 in 200 ml aqueous solu-
tion, pH 7.0, supplemented with 50 μg propidium
iodide and 50 μg RNAse). As the internal standard,
older but viable seeds of a diploid for which no
peak for endosperm was detectable were used (in
older but still viable Taraxacum seeds,
endosperm is not detectable by FCSS;
Mártonfiová, 2006). In most cases the sample was
analyzed both with and without the internal stan-
dard in order to check where the diploid peaks
were superimposed. The breeding behavior of par-
ticular maternal plants was evaluated according to
the embryo:endosperm ploidy ratio (Matzk et al.,
2000). In Taraxacum, this ratio is 2:3 in sexually
arisen progeny (1C ovule + 1C sperm cell for
embryo and 1C + 1C polar bodies + 1C sperm cell
for endosperm; C-value represents amount of
nuclear DNA in unreplicated haploid nucleus) and
3:6 (3C unreduced ovule and 3C + 3C polar bod-
ies in autonomous endosperm) for the triploid
progeny arisen by apomixis; the ratio is similarly
modified for other ploidy levels involved in sexual
or apomictic reproduction. In facultative apomicts
(both apomictic and sexual progeny from one
capitulum), mixing of peaks for both reproduction
modes is expected (some may be superimposed).
Since in Taraxacum the number of endosperm
cells is much lower than that of embryo cells, the
peaks for embryo and endosperm can be clearly
distinguished. The ploidy levels of the embryo and
endosperm can also be estimated.

RESULTS

Karyological studies (Tab. 1) showed that the proge-
ny from the selected six crosses (one crossing of
diploid mother with triploid pollen donor and five
crossings of diploid mother with tetraploid pollen
donor) consisted only of diploids and triploids; no
tetraploid progeny were found.

SEED DEVELOPMENT

Seed development was highly variable in the triploid
hybrids studied (see Table 2). After isolation, some
plants developed seeds (in 10 of the hybrids stud-
ied) and the others produced no or only undevel-
oped seeds. After cross-pollination with diploids all
the triploid hybrid plants produced some developed
seeds.
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CLASSIFICATION OF THE TRIPLOID HYBRIDS

From each capitulum that produced some
seeds, a seed sample was taken and subjected to
FCSS to obtain information on progeny type. On the
basis of this information, together with the data on
seed development, the following hybrid types were
distinguished:

Apomictic hybrids (7 plants)

The progeny of this type were predominantly
(near)triploid formed by apomixis [the endosperm
was (near)hexaploid]; some (near)tetraploid progeny
also formed (found in 2 plants, 3 capitula), with
endosperm always (near)hexaploid (Fig. 2). Seed set
in these plants was high (Tab. 2), isolated capitula
produced seeds by apomixis in 5 plants, and in 2
plants they were damaged due to manipulation in
the course of crossing experiments.

Nonapomictic hybrids

Type A (17 plants) – chromosome numbers in type
A progeny are from the interval 2n = 16 to 2n = 31,
many capitula produced progeny only between 2n =
16 and 2n = 24 (23 of 41 capitula studied); in the
majority of cases, the progeny did not exceed hyper-
triploid chromosome number. Type A plants pro-
duced progeny sexually, reduced ovules were fertil-
ized, FCSS detected embryos ranging between 2n =

2x and 2n = 4x (x = 8, basic chromosome number),
and the endosperm corresponded to sexual develop-
ment (Fig. 3). In two cases (progeny with higher than
hypertriploid chromosome number) FCSS detected
autonomous endosperm. Seed set in type A plants
was low (Tab. 2), isolated capitula produced either
no seed (in most cases) or poorly developed
embryos, and no peaks for embryo or endosperm
appeared in FCSS (3 cases).

Type C (3 plants) – the progeny of type C plants
was (near)tetraploid, and endosperm was (near)
hexaploid (Fig. 4). This indicates fertilization of
unreduced ovules (BIII hybrid formation) and
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TABLE 1. Chromosome numbers of the progeny of select-
ed crosses between diploid maternal plants and polyploid
pollen donors

TABLE 2. Seed set after cross-pollination with diploid and
reproduction mode of polyploid hybrids coming from
diploid × tetraploid crosses of Taraxacum sect. Ruderalia.
(*undeveloped seeds could not be counted). For definition
of the A and C types, see Introduction



autonomous endosperm development. Seed set in
this plant type was intermediate between type A and
apomicts (Tab. 2). After isolation, seed production
was very low (maximum 2 developed seeds per
capitulum), and in 2 cases seeds were formed by
autogamy (one peak for aneuploid embryo and a
peak for autonomous endosperm).

One of the plants studied (34/15) produced pen-
taploid embryos and octoploid endosperm. The
remaining plant (34/12) was nonapomictic, but only
an isolated capitulum developed (the crossed one
was undeveloped, probably due to trauma caused by
isolation and manipulation), and thus no conclu-
sions on the hybrid type were drawn. The majority
of plants in our study came from crosses of diploid
sexuals with tetraploid pollen donors. Only two of
the plants came from crossing between diploid sex-
ual and triploid pollen donors. One of these two was
apomictic, and the other was a type C plant.

DISCUSSION

BREEDING SYSTEM OF POLYPLOID HYBRIDS

Apomictic hybrids

The majority of progeny of apomictic hybrids were
(near)triploid, formed by apomixis. The tetraploid
progeny of triploid apomictic hybrids studied in
this paper are presumed to be BIII hybrids

(Mártonfiová, 2006). In both cases, the endosperm
was autonomous.
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FFiigg..  22..  Flow cytometric analysis of seed sample of apomic-
tic triploid hybrid pollinated by diploid (C-value repre-
sents amount of nuclear DNA in unreplicated haploid
nucleus); i – 3C embryo DNA peak; ii – 6C endosperm
DNA peak; d – 2C embryo DNA peak of control plant.

FFiigg..  33..  Flow cytometric analysis of seed sample of non-
apomictic triploid hybrid type A pollinated by diploid (C-
value represents amount of nuclear DNA in unreplicated
haploid nucleus); the peaks are the result of superimpos-
ing sexually developed embryo DNA peaks (i), correspon-
ding endosperm DNA peaks (ii) and diploid control
embryo peak (d).

FFiigg..  44..  Flow cytometric analysis of seed sample of non-
apomictic triploid hybrid type C pollinated by diploid (C-
value represents amount of nuclear DNA in unreplicated
haploid nucleus); i – 4C BIII hybrid embryo DNA peak; 
ii – 6C autonomous endosperm DNA peak; d – 2C embryo
DNA peak of control plant.



Nonapomictic hybrids

Type A plants (nondiplosporous, nonparthenogenet-
ic hybrids). The type A crossed progeny ranged
between 2n = 16 and 2n = 31, that is, the chromo-
some number of ovules (the result of distraction of
8 paternal chromosomes) ranged between n = 8 and
n = 23. This means that female meiosis occurred;
the type A plants lacked diplospory. These plants
lacked the ability to develop parthenogenetically –
the isolated capitula usually produced no progeny.
In a few cases, poorly developed seeds were pro-
duced after isolation, and showed no peaks in flow
cytometry. 

Type B plants (diplosporous hybrids, faculta-
tively parthenogenetic, without autonomous
endosperm formation). Type B plants are non-
apomictic hybrids – diplosporous plants with low
penetrance of diplospory, producing, after cross-
pollination, some mixture of (near)triploid and
(near)tetraploid progeny (with a considerable share
of aneuploid progeny), lacking the capacity for
autonomous endosperm formation (van Dijk et al.,
2003). Type B plants were not found in the progeny
of diploid × tetraploid crosses.

Type C plants (diplosporous, nonpartheno-
genetic hybrids with autonomous endosperm forma-
tion). Type C plants produced BIII hybrids when
cross-pollinated. The autogamous production of
some seeds after isolation confirms the loss of
parthenogenetic development capacity in this type of
plant.

DIFFERENCES BETWEEN THE PROGENY 
OF TRIPLOID AND TETRAPLOID POLLEN DONORS

The progeny of crosses between diploid sexuals and
triploid pollen donors was studied in detail by Tas
and van Dijk (1999) and van Dijk et al. (1999). Our
studies discovered similar types of hybrid polyploid
plants coming from diploid × tetraploid crosses as
given by van Dijk et al. (1999). This was expected.
On the basis of previous work (Mártonfiová, 2006)
we supposed that tetraploids in natural populations
are usually BIII hybrids originating from an unre-
duced ovule of a triploid fertilized by haploid pollen
of a diploid. Since such a tetraploid has three chro-
mosome sets (complete genome) of a triploid, the
same types of hybrid plants are expected among the
progeny of a tetraploid pollen donor as in a triploid
one. However, some differences are obvious. 

Both types of crosses produced some apomictic
and nonapomictic triploid progeny. In diploid
triploid crosses the ratio was 1:2 (Tas and van Dijk,
1999); in our studies of diploid × tetraploid crosses
this ratio was ~1:3. This result was expected theo-
retically. Pollen parents, diplosporous triploids and
diplosporous tetraploids have Ddd and Dddd geno-

types, respectively (D is the dominant allele for
diplospory, van Dijk and Bakx-Schotman, 2004);
the quotient of diploid gametes transferring
diplospory and diploid gametes not transferring
diplospory is 2:1 in the former and 1:1 in the latter.
More diplosporous plants (apomicts + type C + type
B nonapomicts) are thus expected theoretically in
the progeny of diploid × triploid more than in
diploid ×  tetraploid crosses.

In the progeny of diploid × tetraploid crosses
studied by Mártonfiová (2006), tetraploids were
quite rare, so it is not surprising that no tetraploid
hybrids were found by chromosome counting in the
present study. Tetraploids are more frequent in
diploid × triploid crosses (Mártonfiová, 2006); this
conclusion agrees with the finding that 7 tetraploid
apomictic hybrids were present among 22 polyploid
hybrids in a study of diploid × triploid crosses (Tas
and van Dijk, 1999). 

Nonapomictic triploids of type A coming from
diploid × tetraploid crosses showed reduction in
ovules ranging between n = 8 and n = 23, while in
diploid ×  triploid crosses studied by van Dijk et al.
(1999) the reduction was between n = 8 and n = 16;
in that paper, however, the sample size was small,
with only two type A hybrids. In our type A hybrids,
many capitula produced progeny ranging between
2n = 16 and 2n = 24 only, and in the others (often
coming from the same hybrid) the progeny ranged
between 2n = 16 and 2n = 31. 

There are evident differences in the frequency
of type A plants. Among the progeny of diploid ×
tetraploid crosses, type A plants were the most fre-
quent – 17 of the 27 plants studied. However, van
Dijk et al. (1999) gives only 2 or 3 type A plants
among 22 polyploid progeny of diploid × triploid
crosses. Differences in the frequency of
nondiplosporous hybrids (type A plants) in the
triploid progeny of diploid-triploid crosses and
diploid-tetraploid crosses were, as stated above,
expected, but were not expected to be so striking. 

In the study of van Dijk et al. (1999), type B was
the most frequent one (4 of 10 plants) among the
nonapomictic polyploid hybrids, but type B plants
were totally absent from the progeny of diploid
tetraploid crosses. All of the plants that produced
(near)triploids or some mixture of (near)triploids
and (near)tetraploids were apomicts. FCSS showed
apomictic embryo development for triploid
embryos, and the tetraploids were very probably BIII
hybrids (i.e., hybrids originating from fertilization of
unreduced egg cells; Asker and Jerling, 1992). No
evidence of pseudogamy was found in the FCSS
results.

The reason type B plants were not found among
the progeny of diploid × tetraploid crosses remains
unknown. As stated earlier here, the hybrid types
found in the progeny of diploid × triploid crosses
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are also expected in the progeny of diploid ×
tetraploid crosses. For some unknown (genetic?)
reason, type B hybrids either are totally absent from
the progeny of diploid × tetraploid crosses or else
are quite rare and were not registered among the 27
progeny plants. This finding does not contradict
multigenic control of apomixis; it only underlines
that this phenomenon is a very complex one. 

BREAKDOWN OF APOMIXIS

The presence of type C plants also among the prog-
eny of diploid × tetraploid crosses confirms the
breakdown of apomixis and supports the multigenic
control of apomixis as described by van Dijk et al.
(1999). Multigenic control of apomixis has recently
been described in another diplosporous partheno-
genetic genus – Erigeron (Asteraceae) – by Noyes
(2005, 2006).

PARTICIPATION IN MICROEVOLUTIONARY 
PROCESSES

In relation to microevolutionary processes we can
conclude the following: (1) Both triploid and
tetraploid pollen donors have the capacity to partici-
pate in the formation of new triploid apomicts and,
presumably, new triploid apomictic lineages. The
diploid mothers produced seeds much more easily
with tetraploid pollen donors than with triploid pollen
donors (Mártonfiová, 2006), so the contribution of
tetraploid pollen donors to the formation of new
apomicts may be conspicuously higher even though
the quotient of apomicts is higher in the progeny of
diploid × triploid crosses. (2) Type C plants can be
suggested to be mediators to new apomictic
tetraploids. (3) Type A plants produce progeny which
probably are of very low vitality due to incomplete-
ness of chromosome sets, and their microevolution-
ary impact as maternal plants is expected to be low.
This is in accordance with the situation in natural
localities – aneuploids are quite rarely reported, and
these reports refer only to plants lacking one or two
chromosomes at maximum, or having one surplus
chromosome (Sørensen, 1958; Mártonfiová, 2006).
(4) The question of the microevolutionary importance
of the hybrids as pollen donors, as well as that of
diploid hybrids coming from crosses of diploids with
tetraploid pollen donors, remains open and requires
further study.
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