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Development of female gametophyte in Dioscorea caucasica (Dioscoreaceae)
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ABSTRACT

Present paper deals with the development of female gametophyte in Dioscorea caucasica (Dioscoreaceae). It has been 
established the tetrasporic Drusa-type, while earlier it was reported to be of monosporic Polygonum type. The characteristics of 
all the stages of embryo sac development up to mature embryo sac formation are described.
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Dioscoreaceae is a family of monocotyledonous  female gametophyte is one of the most important 
flowering plant family that belongs to the order Dioscoreales, embryological characteristics for taxonomic evaluation of 
consisting of 4 genera and 870 species of herbaceous or woody flowering plants (see Johri et al. 1992, Kamelina 2000, 2009). 
vines and shrubs, distributed throughout tropical and warm Information on the characterstics of  only 5 (distributing in the 
temperate regions (Christenhusz and Byng 2016). The best- China and Japan) among 30 species of the section Stenophora 
known member of the family is yam (Dioscorea), one of the is available. Both monosporic Polygonum-type and 
largest genera. The circumscription of Dioscoreaceae has tetrasporic Drusa-type of the embryo sac development in 
expanded over the years. For instance Stenomeris together with different species of this section were reported (Takeuchi and 
Avetra was included in Dioscoreaceae as the subfamily Kimura 1968, Takeuchi 1971, 1972, Torshilova et al. 2003). 
Stenomeridoideae and the remaining four genera were grouped The species from the South-East Asia, America, Caucasus and 
in the subfamily Dioscoreoideae, the two being distinguished Balcan have received little attention. There is only one report 
by the presence of bisexual and unisexual flowers respectively on the development of female reproductive structures and the 
(Bouman 1995). The phylogenetic system of the family has embryo sac (Yurtsev and Yurtseva 1973) and they observed 
been debatable for a long time largely due to its broad monosporic Polygonum-type of embryo sac development in 
morphological diversity, dioecy and other factors and these D. caucasica Lipsky although it requires a more detailed 
have made its study more complicated (Wilkin et al. 2005). The embryological study. An additional importance of present 
genus, number of its species and relationships between different investigation is largely due to the fact that D. caucasica is a 
taxa were subjected to continuous revision based on the analysis rare tertiary relict endemic to the North Caucasus with a small 
of some important morphological features e.g. direction of the areal (gentle slopes along the Black Sea coast from the river 
winding shoots growth, the structure of underground organs and Mzymta to the river Kodor – Krylova 1996). Since it is listed 
the seeds (shape and position of wing) and the fundamental in the Red data book of the Russian Federation, the studies on 
taxonomic treatments (Knuth 1924, Burkill 1960 and Huber optimization of its seed multiplication are of utmost interest 
1998).  Recently, the genus also has undergone revision on the for the preservation of the species.
basis of cladistic analysis of DNA sequences of the species. The In the light of this present investigation was devoted to 
new morphologically independent molecular phylogenetic tree understand the type of embryo sac development and the 
of the genus Dioscorea was generated and the monophyly of characteristics of its elements in D. caucasica.
genus and the status of its section Stenophora as the most 

MATERIAL AND METHODS
primitive were confirmed (Wilkin et al. 2005). Several 
morphological and molecular methods were carried out in the Female flowers were collected from plants in the 
section Stenophora system also (Kawabe et al. l997, Gao et al. Pyatigorsk Ecological-Botanical Station, Komarov Botanical 
2008). However, the trees built still remain controversial. Institute (North Caucasus, Russia) in the end of May, 2009. 

Several studies on morphology, anatomy and molecular These were fixed in Formalin, Acetic, Alcohol (70% ethanol, 
phylogenetics of the genus Dioscorea and its section glacial acetic acid, formalin in the ratio of 100:7:7). Classical 
Stenophora in particular have been undertaken, but the cytoembryological method after Pausheva (1980) was 
embryological data with systematic value is lacking. Among followed for dehydration, infiltration and paraffin embedding. 
the 220 species (on Burkill's system, 1960), the embryological Sections were cut at 10 µm with Microm 325 (Carl Zeiss, 
studies on only 11 and out of approximately 30 species of the Germany) microtome and stained with safranin and alcian 
section Stenophora, only 7 species have been made (Rao blue. The sections were observed under Axioplan 2ie (Carl 
1953, Guignard 1963, Takeuchi and Kimura 1968, Takeuchi Zeiss, Germany) microscope, photographs were taken with 
1971, 1972, Torshilova et al. 2003, Torshilova and Titova Axiocam MRc5 (Carl Zeiss, Germany) camera and drawings 
2010, Torshilova et al. 2012). The mode of development of the were made by RA-6 drawing apparatus. 
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RESULTS in the following steps of the embryo sac development. 
The first mitotic division leads to the formation of 8-

D. caucasica is a dioecious perennial herbaceous climber. 
nuclei coenocyte with the location of two nuclei localized at 

The spicate inflorescences consisting of male or female 
the micropyle region and 6 nuclei at the chalazal region which 

flowers develop on different plants. The flowers are either 
are distributed on the periphery of latter zone. A large vacuole 

functionally male or functionally female. Functionally female 
fills the central region of coenocyte (Fig. 1, 6). The second and 

flowers are actinomorphic, tertiary, the rudimentry stamens 
the last mitosis is accompanied by the cell walls formation to 

are small with sterile anthers in two rings and in the center is 
produce a cellularized gametophyte. The three cells of the egg 

located the cylindrical pistil consisting of ovary, short style 
apparatus and one nucleus of the central cell are present in the 

and 3-lobed stigma. Gynoeceum is tricarpellary, ovary is 
micropylar region; the 11 antipodals cells and the second 

inferior, syncarpous, and there are two anatropous, 
nucleus of the central cell are present in the chalazal part (Figs. 

crassinucellate, bitegmic ovules in each locule on axile 
1, 7).

placenta.
It should be noted that the specialization of the cells of the Archesporial cell is differentiated at the early stages of 

embryo sac occurs after its cellularization, and in the ovule primordium formation. A careful study was made on the 
micropylar pole this process occurs especially quickly. genesis of ovule using 3-D-reconstruction and cell lines 
Located at the micropylar pole, two pear-shaped cells identification showed that the origin of the archesporial initial 
differentiates into synergids. In their basal part, the filliform is epidermal. Interestingly, this is similar to the development 
apparatus develops. The cytoplasm in these cells remains of sporangium in leptosporangiate ferns and has not earlier 
dense, without vacuoles, and the nucleus is located in a center been reported in angiosperms (Torshilova et al. 2012). The 
position. Egg cell initial locates above the synergids initials epidermal cell of the placenta (centrally located in the 
and come near to one of the lateral wall of the egg cell becomes protruding ovule primordium) undergoes a periclinal division 
larger than the synergids with a week polarization i.e. showing to form two cells. The upper becomes an epidermal cell of the 
a small vacuole in its basal part and the nucleus in its apical end ovule primordium, and the lower one functions as archesporial 
(Figs. 1, 7).cell. The archesporial cell increases in volume, its nucleus 

The central cell is the largest cell of the maturing embryo enlarge as compared to the nuclei of surrounding cells, and its 
sac and occupies the whole the central region, showing two cytoplasm becomes dense (Fig. 1, 1). The archesporial cell 
nuclei, originally located at the poles of the cell. Most of the undergoes new periclinal division, resulting into an outer 
cell cytoplasm is occupied by the vacuole.parietal cell, and a sporogenous cell on the inner side, which is 

Eleven antipodal cells are located at the funnel-shaped finally transformed into megasporocyte (Figs. 1, 2). During 
chalazal pole of the megagametophyte, which is formed as a this process, megasporocyte increases in size and 
result of lysis of postament cells surrounding this part of the distinguishes from other cells by a large nucleus occupying the 
embryo sac. Destruction of these postament cells is followed central position and dense cytoplasm without distinct 
by intensive growing of embryo sac in this direction. Wherein vacuoles (Figs. 1, 3).
the antipodals occupies both the narrow part and the peripheral The first meiotic division of megasporocyte is not 
zone of chalazal end of the embryo sac, i.e., 4 cells are located followed by cytokinesis and the both newly formed nuclei 
at the narrow end, and the others -at the edges of the funnel-move to the opposite poles. The cell volume remains 
shaped area. Initially, these cells are small, with dense practically unchanged, and a newly formed nuclei turn out to 
cytoplasm and nuclei, which are usually located in their be close to each other; the cytoplasm remains dense, without 
central part (Fig. 1, 7 & Fig. 2, 2).vacuoles (Fig. 1, 4). After the first division, both the nuclei 

The embryo sac maturation is accomplished by its undergo second meiotic divisions, without being followed by 
elongation and expansion into volume. Synergids cell walls formation. It should be noted that the divisions of 
significantly increase in size, and the large vacuoles are micropylar and chalazal nuclei are mutually perpendicular. 
formed in their epical parts, the nucleus migrates to the The micropylar nucleus divides in a longitudinal plane 
micropylar pole where the filiform apparatus is located (Figs. relative to the ovule axis and its derivatives nuclei migrate to 
1, 8, Figs. 2, 3). The egg cell acquires an elongated-oval shape the opposite poles of an elongating sporocyte cell and vacuole 
and becomes strongly polarized -with its nucleus displaced to is formed between them. The chalazal nucleus divides in a 
an extreme micropylar position and a large vacuole occupying transverse plane relative to the long axis of the cell, and its 
chalazal and central position. In the chalazal pole of the derivatives remain in the slightly extended chalazal end of the 
megagametophyte of the antipodals increase in size, large sporocyte. One from the four nuclei derived from the second 
vacuole is formed in each cell and the nucleus become meiotic division become organized at the micropylar end of 
accentric which creates a certain polarity of the cells (Fig. 1, 8 the coenocytic sporocyte and the other 3 at chalazal end (Figs. 
& Fig. 2, 4). It should be noted that the  long-time preservation 1, 5, Fig. 2, 1a, b). All the four nuclei of the sporocyte are 
of these cells, together with their wall thickening appearing at functional, and they undergo two more mitotic division cycles 
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Fig. 1– The embryo sac development in Dioscorea caucasica. 1 - the archesporial cell initiation in the ovule primordium; 2 – the ovule primordium at 
the stage of the sporogenous cell formation; 3 – ovule at the stage of pre-meiotic megasporocyte; 4 – 2-nucleate coenocyte formation as a result of 
meiosis I; 5 – the end of meiosis II and 4-nucleate embryo sac formation; 6 - 8-nucleate embryo sac; 7 - early 15-celled and 16-nucleate embryo sac; 
8 – mature embryo sac. а – antipodal complex, arch – archesporial cell, ch p n – chalazal polar nucleus, e – egg cell, d p – degenerated parietal cell, 
m – megasporocyte, m p n – micropyle polar nucleus, p – parietal cell, p n – polar nuclei, s – sinergids, sp – sporogenous cell. Scale – 0.01mm.
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the early stages of differentiation and their specific and their two subsequent mitotic divisions indicate a the 
polerization can be taken as indicative participation of the Drusa-type gametophyte in this species (Maheshwari 1950, 
antipodes in the nutrients transport to embryo sac. Romanov 1971, Pechenitsyn 1994, 2008). The formed 

During the process of the embryo sac maturation, the embryo sac in D. caucasica is 15-celled, 16- nucleate, and 
polar nuclei come together into the central cell and their mature embryo sac is 15-celled, but 15- or 16- nucleate that 
topography in the mature embryo sac may be varied. By the depends on the behaviour of the polar nuclei (it merged or not). 
time of fertilization they can be located in the micropylar or It consists an egg apparatus (with typical polarization of the 
chalazal poles, or in the central part of the central cell, in synergids and egg cell), a central cell, characteristically 
contact with each other or merged into a secondary nucleus. showing variability in its polar nuclei display (they can be 

located in the different parts of the cell, being in contact with 
each other or merged into a secondary nucleus), and a massive 
antipodes complex (11 cells with thick cell walls and a specific 
polarization, that indicate possible direction of nutrients 
transport to the embryo sac).

Based on the results of this study it is concluded that 
embryo sac development in Dioscorea caucasica  is the 
tetrasporic Drusa-type and not of the monosporic Polygonum-
type as reported earlier by Urtsev and Urtseva (1973). 
Probably, these authors mistakenly interpreted axial row of 
relatively large cells formed at the early stages of development 
and representing the initial cells of the ovule basic structures 
as the tetrad of megaspore. This feature was identified during a 
detailed study of the ovule genesis in D. caucasica (Torshilova 
et al. 2012).

Further, our results extend the understanding about the 
heterogeneity of the section Stenophora, and the genus 
Dioscorea at all the feature "embryo sac development". Now, 
monosporic Polygonum-type of the embryo sac development is 
identified in D. nipponica Makino, D. tokoro Makino 
(Takeuchi, Kimura 1968, Torshilova et al. 2003) and D. 
quinqueloba Thunb. (Takeuchi 1972) as the tetrasporic Drusa-
type – in D. septemloba Thunb., D. izuensis Akahori (Takeuchi 
1971) and D. caucasica (orig. data), i.e., approximately equal 
ratio among the species studied in this section. However a larger 
species number, especially from South-East Asia which have 
basal position in the phylogenetic tree (according to different 

Fig. 2–The female gametophyte structure at the different stages of its 
systems, Wilkin et al. 2005, Gao et al. 2008) are required a 

development  in Dioscorea caucasica. 1a,b – the nuclei distribution in 
study for understanding of this feature distribution and the the 4-nucleate embryo sac formed after meiosis; 2 - the antipodals in 

the early embryo sac; 3, 4 - the egg apparatus (3) and antipodals (4) in evolutionary trend the gametophyte development within the 
mature embryo sac, (the polar nuclei are located near the egg genus Dioscorea and its section Stenophora.
apparatus only part of the antipodal cells apparatus are visible in 4); a – Acknowledgments—The present study was carried out 
antipodals, ch p n – chalazal polar nucleus, 1 ch n –1 chalazal  nucleus, 

within the framework of the institutional research project (no. 2 ch n –2 chalazal  nucleus, 3 ch n –3 chalazal  nucleus,  e - egg cell, m 
01201255606) of the Komarov Botanical Institute of the n - micropylar nucleus, p n – polar nuclei, s – synergids, s n – sister 

nuclei in 4- nucleate embryo sac. Scale – 0. 01 mm. Russian Academy of Sciences and the project (no. 0126-2015-
0070) of the Russian Academy of Sciences Program for Basic 

DISCUSSION
Research (1.21P).

The lack of formation of cell walls after both divisions 
REFERENCES

of meiosis in D. caucasica and participation of all of these 
Burkill IH 1960. The organography and evolution of nuclei in the embryo sac formation (four nuclei, which are 

Dioscoreaceae, the family of the Yams. J. Linn. Soc. Bot. the nuclei of megaspores in fact) indicates its tetrasporic 
56(367) 319-412.nature. The 1+3 arrangement of the nuclei after meiosis 



152 The International Journal of Plant Reproductive Biology 9(2) July 2017, pp.148-152

Christenhusz MJM and Byng JW 2016. The number of known Pechenitsyn VP 1994. Drusa-type of embryo sac 
plants species in the world and its annual increase. development. Embryology of flowering plants . 
Phytotaxa. Magnolia Press. 261(3) 201–217. Terminology and concepts. Vol.1: Generative organs of 
doi:10.11646/phytotaxa.261.3.1. flower. Mir I semya, Saint-Petersburg, 225–226

Gao X, Zhu Y-P, Wu B-Ch, Zhao Y-M, Chen J-Q and Hang Y- Pechenitsyn VP 2008. Embryology of middle-Asia species of 
Y 2008. Phylogeny of Dioscorea sect．Stenophora based 

Tulipa. Tashkent Pp.150
on chloroplast matK, rbcL and trnL-F sequences. J. Syst. 
Evol. 46(3) 315-321. Rao NA 1953. Embryology of Dioscorea oppositifolia L. 

Phytomorphology. 3 121-126.Guignard JL 1963. Embryologie vegetale. Embriogenie des 
Dioscoreacees. Development de l`embryon chez le Romanov ID 1971. The types of embryo sac development of 
Tamus communis L. Note. C.r. Acad. Sci. Paris. 256(14) angiosperms. Problems of embryology. Кiev. Pp. 72–112
3172-3175.

Takeuchi Y 1971. Embryo Sac Development in Dioscorea 
Huber H 1998. Dioscoreaceae. In: The families and genera of 

izuensis Akahori. Sci. Rep. Tohoku Univ. IV (35) 225-229.
vascular plants Volume III, Monocotyledons, Lilianae 

(except Orchidaceae). Berlin: Springer-Verlag,  Takeuchi Y 1972. Embryo Sac Development in 

216–235. Dioscorea japonica Thunb. Acta Phytotax. Geobot. July. 

25(2-3) 57-60.
Johri BM, Ambegaokar KB  and Srivastava PS 1992. 

Comparative Embryology of Angiosperms. Berlin: Takeuchi Y and Kimura C 1968. On the embryo sac formation 
of Dioscorea nipponica Makino and D. tokoro Makino.  Springer-Verlag, 1 1-614; 2 615-1221.
Sci. Rep. Tohoku. Univ. IV (34) 137-140.

Kamelina OP 2000. Embryological features in phylogenetic 
Torshilova AA and Titova GE 2010. Seed formation and systematics of flowering plants. Bot. Zhurn. 85(7) 22–33.

morphogenetic correlations in its structures development 
Kamelina OP 2009. Systematic embryology of flowering in Dioscorea nipponica (Dioscoreaceae) Bot. Zhurn. 

plants. Vol. 1: Dicotyledons. Barnaul Pp.501. 95(1) 298–325.

Kawabe A, Myiashita NT and Terauchi R l997. Phylogenetic Torshilova AA, Rudskii IV and Shamrov II 2012. To the 
interpretation of early stages of ovule development in relationship among the section Stenophora in the genus 
Dioscorea caucasica (Dioscoreaceae). Bot. Zhurn. 97(6) Dioscorea based on the analysis of nucleotid sequence 
734–743variation in the phosphoglucose   izomeraie (Pgi) locus. 

Genes genet. syst. 72 253-262. Torshilova A, Titova G and Batygina T 2003. Female 
reproductive structures and seed development in Knuth R 1924. Dioscoreaceae. In: Engler A. Das 
Dioscorea nipponica Macino (Dioscoreaceae) Acta Biol. 

Pflanzenreich Leipzig,. 4(43) 438-461. 
Cracov. Ser. Bot. 45(1) 149-154.

Krylova IL 1996. Dioscorea caucasica Lipsky -areal, 
Wilkin P, Schols P, Chase MW, Chayamarit K, Furness CA, 

morphology, biology и ecologic-cenotical characteristic. Huysmans S, Rakotonasolo F, Smets E and Thapyai C 
Rastit. resursy 4 1–13 2005. A plastid gene phylogeny of the Yam genus, 

Dioscorea: roots, fruits and Madagascar. Systematic Bot. Maheshwari P 1950. An introduction to the embryology of 
30(4) 736–749.

angiosperms. N.Y. et al.: McGraw-Hill Book Comp. Inc. 

Pp 453 Yurtsev VN and Yurtseva NS 1973. Cytoembryological study 
of Dioscorea (Dioscorea caucasica Lipsky). Doklady 

Pausheva ZP 1980. Manuals for cytology of plants. Moskow Timiriazevskoi s.-kh. akad. 195 187–193. 
Pp 255


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

