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ABSTRACT

The aposporic embryo sacs were observed in the ovules of the perennial wild sunflower species, Helianthus ciliaris DC. The 
aposporic embryo sac was always situated near the normal one and was somewhat retarded in comparison with it. Aposporic 
embryo sac formation is initiated probably as a result of some disturbances in fertilization process. Sunflower is a cross-
pollinating plant. H. ciliaris as the other perennial sunflower species practices vegetative propagation. Sexual reproduction 
takes place with difficulty. There are problems with cross-pollination. When it fails, the alternative pathways of reproduction, 
such as apospory take over. We could not confirm development of embryo from the aposporic embryo sacs but we do not 
exclude it because autonomous endosperm development has been observed.    
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In the life cycle of flowering plants, a diploid sporophyte Apospory, diplospory and adventive embryony are 

alternates with a haploid gametophyte. In apomixis, embryo interesting phenomena because these lead to the formation of 

formation takes place bypassing meiosis and fertilization. seeds with strictly maternal genotype. Aposporous embryos 

Seeds are derived asexually from maternal tissues (Ozias- are the clones of mother plant. Formation of aposporous plants 

Akins and van Dijk 2007). leads to genetic heterogeneity (the presence of both maternal 
Under natural conditions, only cross pollination is  typical and mixed inheritance) even among offspring of the same 

for sunflower. Apomixis was rarely observed in wild species of plant (Batygina and Vinogradova 2007). 
sunflower (Noyes 2007). Toderich (1988) mentioned single Detailed study of seed development in all species of 

instance of the formation of two embryo sacs in the same genus Helianthus L., is relevant from theoretical as well as 

sunflower ovule. He attributed their development to the practical point of view.

formation of several archesporial cells. Several authors opine MATERIALS AND METHODS
that apomictic reproduction is not typical for the genus 

Material of perennial wild sunflower- Helianthus ciliaris Helianthus (Toderich 1988, Gavrilova and Anisimova 2003). 
DC (2n = 68), belonging to section Ciliares (Asteraceae) The Jerusalem artichoke (H. tuberosus) is an exception. 
(classification by Schilling and Heiser 1981) was collected Formation of the initials of aposporous embryo sacs has been 
from Kuban experimental station of VIR. Plants were raised reported in this species (Dziubenko 1965). 
in Krasnodar region on fields of the Kuban experimental In the case of cultivated sunflower, apomixis is rare. 
station of N.I. Vavilov Research Institute of Plant industry.Dzyubenko (1959) observed  occasional apospory in an 

The material for cyto-embryological investigation was ornamental double flowered sunflower variety. Ustinova 
fixed from 1 hour till 9 days after pollination. (1955, 1964, 1970) observed apospory and polyembryony in 

The material at different stages of ovule development in sunflower cultivars 'Zhdanovskiy' and 'Saratovskiy' under 
plants of the cv. Peredovik (standard) of free pollination were unfavorable weather conditions.
collected and fixed, too.A series of experiments on the interspecific hybridization 

The whole flower heads or separate tubular flowers taken and the subsequent cyto-embryological study, including 
by pincers from a head were preserved in FAA solution pollination and fertilization, was carried out using plants from 
(formalin, acetic acid and 70% ethano mixed l in 7:7:100 CMS lines of cultivated sunflower. Some anomalies in female 
ratio). The flowers were dehydrated in ethanol series, reproductive system, including the apospory (Voronova 
infiltrated in ethanol-chloroform mixtures and embedded in 2008a, 2013, 2014, Voronova and Gavrilova 2007) and 
Histomix®. Permanent preparations for light microscopy integumentary embryony (Voronova 2010) have been 
were stained with Ehrlich hematoxylin with alcyan blue, reported.
Felgin's Schiff reagent with alcyan blue, “triple staining” Apospory is a type of apomixis in which embryo sac 
(Kamelina et al. 1992) and Heidenhain's hematoxylin with develops from a nucellar cell (aposporous initial cell) 

(Naumova 2008).  alcian blue (Zhinkina and Voronova 2000). The method of  



making it difficult to count the total number of additional cleared-ovule by methyl-benzoate was used for accelerated 
embryo sacs and the embryo sacs and the constituent cells of analysis of the material (Crane 2001, Voronova 2008b). The 
each embryo sac (Figs. 3-6).sections were observed and photographed using a Zeiss 

Aposporous embryo sacs develop later than the normal Axioplan 2 Imaging microscope. Cleared ovaries were 
embryo sac when the main embryo sac is fully mature and examined with Nomarscki interference contrast optics.
contains: the egg cell, synergids, fused nucleus of the central 

RESULTS AND DISCUSSION cell, and antipodes, the aposporous embryo sac has 
undifferentiated egg apparatus and polar nuclei (Figs. 5, 6).In  H. ciliaris ovules the aposporous embryo sacs were 

Similar aposporous elements were observed in some observed at different stages of ovule development. About 170 
CMS lines (VIR 114, VIR 116) pollinated with some pollen  of ovules were studied between mature embryo sac stage and 
perennial wild sunflower species. The aposporous embryo fertilization. Eight ovules contained aposporous embryo sacs. 
sacs were found at different times after pollination (from two The frequency of ovules with aposporous embryo sacs is 
hours to nine days). Usually aposporous embryo sac comprise 4.7%.
the egg apparatus, the central cell with two polar nuclei or a Aposporous embryo sacs always lying outside the 

integumentary tapetum and did not have a distinct shape, secondary nucleus and antipodes. Unlike the main embryo 

2019 67Apospory in Helianthus ciliaris DC. (Asteraceae)

Fig. 1. The formation of embryo sac and aposporous embryo sac in Helianthus ciliaris. 1 – a part of a tubular flower,  the ovule in the ovary has well 
developed integument with integumentary tapetum and contains one embryo sac, 2 – part of the ovule with one normal formed embryo sac, 3 – part 
of the ovule with one normal formed embryo sac and additional aposporous embryo sac, 4 – a part of a tubular flower,  the ovule in the ovary has one 
normal formed embryo sac and additional aposporous embryo sac, 5 – part of the ovule with a chalazal end of normal embryo sac and additional 
aposporous embryo sac whih egg apparatus, polar nuclei and antipodal cells, 6 – part of the ovule with one  normal embryo sac in which  the central 
cell, egg cell and antipodal cells are presented and additional aposporous embryo sac with egg apparatus, polar nuclei and antipodal cells.

Legend : ac – antipodal cell, aes –  aposporous embryo sac, ea –  egg apparatus, ec – egg cell, es – embryo sac, cc –  central cell, it  – 
integumentary tapetum, ov – ovule, pn – polar nuclei. Scale: 1, 4 – 100 μm; 2, 3 – 50 μm; 5, 6 – 20 μm). 



sac, it is difficult to isolate its constituent cells of aposporous In the other studies mentioned earlier (Toderich 1988) 
embryo sac (Voronova and Gavrilova 2007, Voronova 2008a, probably not deal with about apospory, because several 
2013, 2014). examples of the formation of two embryo sacs in the same 

In H. ciliaris the ovule is tenuinucellar, unitegmic and ovule in different wild sunflowers (H. rigidus, H. petiolaris, 
anatropous with integumentary tapetum. The embryo sac H. occidentalis) was connected with several archesporial cells 

develops according to Polygonum-type (Figs. 1, 2, 3). Mature formation.
Initial cells of aposporous embryo sac apply to basal area embryo sac consists of  three-cell egg apparatus, the central 

of nucellus and, probably, originated from the same cell with big fusion nucleus and antipodal cells (Newcomb 
subepidermal cell of ovule primordium, as an archesporial cell 1973a, b, Toderich 1988, Yan et al. 1991, Gotelli et al. 2008). 
(Table 1). Thus, the initial cells of aposporous embryo sacs Usually the mature embryo sac of H. ciliaris has two 
arise from the cells of the nucellus, and not from the antipodal cells (Fig. 6), but the wild species have as many as 4-
integument as considered Ustinova (1970). Apparently, they 6 antipodals (Toderich 1988). 
can be related with those cells that Dzyubenko (1959) called The present investigation reveals that the development of 
sporogenous cells without considering their origins.embryo sac in H. ciliaris is comparable to that of cultivated 

sunflower and H. tuberosus (Voronova 2013, 2014, Voronova Table 1—The sequence of divisions at an early stage of sunflower 
and Babro 2018). ovule development (from Voronova, 2014).

In the apical part of ovule primordium several 

subepidermal cells are noticed. By periclinal divisions, two or 

three pairs of cells (the initial cell and the first basal cell) are 

formed from the subepidermal cells. The initial cell located 

closer to the center of the ovule, is divided once more 

periclinally and lays up the archesporial cell, and down - the 

second basal cell. The second basal cell undergoes another 

mitotic division and formed table-like cells. The basal cells 

and the table-like cells together form the basal area of the 

nucellus (see Table) (Voronova 2013, 2014, Voronova and 

Babro 2018). 
Since aposporous embryo sacs were found near the 

Apospory is an alternate mode of reproduction. Apospory chalazal region of the main embryo sac (Figs. 3-6), it is easy to 
combined with sexual reproduction can lead to formation of assume that their initials are formed from cells of the basal 
genetically heterogeneous seeds (for example, the formation region of the nucellus.
of seeds with uniparental heredity). The aposporous embryo sac development is stimulated, 

Until recently, apomixes had not been reported in wild probably, by disturbance in process of pollination and 
sunflower species. Our material was collected under the fertilization. Formation of several aposporous embryo sacs 
conditions of introduction, which could be the reason for the under unfavorable weather conditions, such as low 
violation of seed reproduction and lead to the manifestation of temperature and excessive humidity, is described by Ustinova 
one of the forms of apomixis. This must be taken into account (1955, 1964, 1970) in sunflower cultivars Zhdanovskiy and 
when inter-specific hybridization and wild sunflowers are Saratovskiy. She suggested that aposporous embryo sacs arise 
used in breeding work, that because of apospory, the from the integumentary cells because the nucellar cells are 
emergence of offspring with maternal heredity is possible.destroyed early.  As we noted earlier the aposporous embryo 
Acknowledgement—The authors thank to Dr. V.A. 

sacs initial cells can be related with archesporial cell and were 
Gavrilova (VIR), as well as Ph.D. T.T. Tolstaya and other 

part of nucellus. 
employees of the Kuban experimental station for their help in Dzyubenko (1959) noted some cases of apospory in 
obtaining the experimental materials.The present study was ornamental double-flowered form of sunflower. She pointed 
carried out within the framework of the institutional research to the group of cells near chalazal end of normal embryo sac 
project (AAAA-A18-118051590112-8 " Polyvariance of that could be initials of aposporous embryo sacs. She named 
morphogenetic programs for the development of plant these cells the sporogenous cells. 
reproductive structures, natural and artificial models of their Thus, both authors observed, as we did, the differentiation 
implementation") of the Komarov Botanical Institute of the of aposporous initials from nucellar cells, but explained this 
Russian Academy of Sciences.phenomenon differently.
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