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Introduction

Apomixis occurs in many wild species but 
is not found in any food crop plants. Apomictic 
reproduction leads to the formation of 
populations that are genetically uniform maternal 
clones, and due to this fact apomixis is of a great 
interest in plant breeding. The introduction of 
apomixis into agriculturally important sexual 
genotypes could allow for the fixation of 
heterozygosity and hybrid vigour which may 
result in tremendous benefits to agriculture and 
seed production (Bhat  et  al.  2005; Bicknell 
& Bicknell 1999; Bicknell & Koltunow 
2004; Carneiro  et  al. 2006; Noyes 2008; 
Van Baarlen et al. 1999). Apomictic mode 
of reproduction was found in over 40 plant 
families but it is especially prevalent within 
the three families, i.e. Poaceae, Rosaceae, 
and Asteraceae (Asker & Jerling 1992; 
Bicknell & Koltunow 2004). Apomixis in 
the Asteraceae is frequently autonomous and 
apomicts are almost always polyploids (Noyes 
2007). It is worth mentioning that some of 
the genera representing Asteraceae family, e.g. 

Taraxacum and Hieracium, are used as model 
systems to investigate the genetic and molecular 
bases, and evolution of apomixis (Van Dijk 
2003; Koltunow 2000).

Taraxacum udum Jord., T. alatum H. Lindb., 
Chondrilla juncea L., Ch. brevirostris Fisch. & 
C.A. Mey. are species belonging to the subfamily 
Cichorioideae, the tribe Cichorieae and the 
subtribe Crepidinae (Adenberg et al. 2007). 
They have been previously studied cariologically 
and embriologically (Kościńska-Pająk 2006; 
Kościńska & Bednara 2006; Marciniuk 
et al. 2010). Caryological analysis showed that 
these species are triploids and embryological 
investigations were focused on the observations 
of micro- and megasporogenesis, on embryo 
and endosperm development. It was shown 
that these species are obligatory apomicts with 
diplosporous embryo sacs of the Taraxacum-
type in which the embryo and endosperm 
develop autonomously without fertilization. 
In previous studies, the ovule anatomy has not 
received sufficient attention. Therefore this 
research was focused on the description of the 
ovule structure.
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material and methods

Inflorescences of studied species were fixed 
in FAA and stored in 70% ethanol. Dehydrated 
material was embedded in paraffin or in LR 
White acrylic resin. Paraffin sections 10 μm thick 
were stained by Heidenhain’s hematoxylin with 
alcian blue. Semithin sections were stained with 
toluidine blue. The periodic acid-Schiff (PAS) 
reaction was used for the localization of insoluble 
polysaccharides. Additionally, some samples 
were cleared in methyl salicylate. Paraffin and 
semithin sections were examined with a Nikon 
400 Eclipse microscope. For analysis of cleared 
ovaries Nikon Eclipse 80i microscope equipped 
with Nomarski interference contrast optics was 
used.

results and discussion

The Taraxacum and Chondrilla species under 
investigation have an inferior and unilocular 
ovary in which one anatropous, tenuinucellate 
and unitegimic ovule develops (Fig. 1a). 
Similar structure of ovary and ovule was also 
described in the other members of Asteraceae 
( Johri  et al. 1992). In the ovules of the 
investigated species the restitution nucleus was 
formed after a disturbed first meiotic division. 
The second division led to the formation of 
two unreduced megaspores, i.e. diplodyad. 
At this developmental stage we observed the 
formation of uniseriate integumentary tapetum 
(endothelium) which originated from the 
innermost layer of the massive integument 
(Fig. 1b). The endothelium cells were radially 
elongated with dense cytoplasm surrounding 
the prominent nucleus. This layer is considered 
to provide nutrition for the female gametophyte 
and embryo (Kapil & Tiwari 1978).

In older ovules, considerable changes 
were observed in the integumental cell layers 
adjacent to the endothelium. At the stage of 
four-nucleate embryo sac, the walls of those 
cells started to thicken and finally mature female 
gametophytes were surrounded by cells with 
extremely thick walls (Fig. 1c, d). The lumen of 
the cells was considerably reduced, most likely 
the cells showed signs of programmed cell death. 

Histological analysis revealed that the thick cell 
walls were PAS positive (Fig. 1e) which indicates 
that the material deposited in the walls is rich in 
water insoluble polysaccharides. Similarly, PAS 
positive thick-walled layers were observed in the 
ovules of T. linearisquameum Soest and T. gentile 
G.E.Haglund & Rail. (Musiał  et  al.  2012). 
It should also be noted that Koltunow et al. 
(1998) observed intensive liquefaction of the 
integument cells surrounding the embryo sac in 
the ovules of apomictic Hieracium. The authors 
emphasized that this special zone probably plays 
a nutritive role and may have facilitated the 
evolution of the apomictic trait in this genus. The 
tissue observed around the female gametophyte 
of the investigated Taraxacum and Chondrilla 
species seems to be an additional source of 
nutrients for the embryo and presumably 
reduces the importance of role played by 
endosperm. It is presumed that the occurrence 
of somatic nutritive tissue could explain why 
most of the apomicts in the Asteraceae show 
autonomous embryo development (Van 
Baarlen et al. 1999).
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fig 1. Ovule structure of Taraxacum udum (a, c) and Chondrilla juncea (b, d, e): a – longitudinal section of ovary with 
anatropous, unitegmic ovule, arrowhead indicates two-nucleate embryo sac; b – diplodyad surrounded by integumentary 
tapetum; c – ovule at the stage of mature embryo sac, arrows point to a characteristic somatic nutritive zone around the 
integumentary tapetum, image was obtained from unstained cleared ovule using Nomarski DIC optic; d – semithin 
longitudinal section of ovule, arrow indicates layers of thick-walled cells; e – ovule after the periodic acid-Schiff treatment, 
PAS positive reaction is visible in thick walls of the integumentary cells adjacent to the endothelium (arrow). abbreviations: 
ch – chalazal pole; es – embryo sac; f – funiculus; it – integumentary tapetum; m – micropylar pole.
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