
INTRODUCTION

The Ranunculaceae include a remarkable array of
primitive and advanced morphological and embry-
ological characters: actinomorphic or zygomorphic,
bisexual or unisexual flowers; free or fused carpels;
multiovulate follicles or uniovulate achenes; crassi-
or tenuinucellate, uni-, bi-, or ategmic ovules;
Polygonum or Allium types of embryo sac (ES)
development; and ephemeral or persistent antipo-
dals (Vijayaraghavan and Bhandari, 1970; Johri et
al., 1992). Polyploidization is frequently seen in ES
cell types such as antipodals, synergids, endosperm
and suspensor (Kozieradzka-Kiszkurno and
Bohdanowicz, 2003; Greilhuber et al., 2005), and
there is an apparent correlation between their struc-
ture and length of life span, suggesting their nutritive
role (Raghavan, 1997). The occurrence of endopoly-
ploid antipodals was noted in members of
Ranunculaceae (Turała-Szybowska and Wędzony,
1981; Turała-Szybowska and Wolańska, 1989). In
this study we examined the development of ES,
embryo and endosperm of Consolida regalis L.

MATERIALS AND METHODS

Flower buds originating from plants grown in the
meadows of Terkos (Istanbul) were fixed in different

stages of development in acetic alcohol (1:3, v/v).
After embedding in paraffin, microtome sections
8–12 μm thick were stained with Regaud's hema-
toxylin; for cytochemical observations, sections were
stained with periodic acid-Schiff (PAS) for insoluble
polysaccharides, methyl green-pyronin for DNA and
RNA, ninhydrin for proteins, and Sudan III for lipids
(Schneider, 1981; Bancroft, 1996).

Nuclear volume was calculated according to the
formula 4/3 r1r2r3π (Tschermak-Woess and
Hasitschka, 1953). In large high-polyploid nuclei the
r3 dimension represents the sum of values from suc-
cessive microtome sections, and only nuclei of regu-
lar shape were calculated. 

The preparations were photographed with an
Evolution LC color camera and an Olympus BH–2
microscope, and the images were analyzed with
Image-Pro Express Version 6.0 scientific image pro-
cessing and analysis software

RESULTS

In Consolida regalis the mature ovule is anat-
ropous, bitegmic and crassinucellate. The outer
integument develops first and then the inner integu-
ment appears as a small protuberance at the megas-
pore mother cell (MMC) stage. A single archesporial
cell differentiates as a MMC which undergoes meio-
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sis to form a dyad and then a linear tetrad. At about
the functional megaspore stage the ovule is com-
pletely anatropous. Mitotic divisions in the function-
al megaspore result in 2-, 4- and 8- nucleate ES (Fig.
1a–c). The development of the ES conforms to the
Polygonum type. In a mature ES the egg apparatus
consists of one egg cell and two synergids. The syn-
ergids lying above the egg cell are ephemeral, and
degenerate simultaneously soon after fertilization.
Polar nuclei lie somewhat below the egg apparatus,
and they soon fuse to form the secondary nucleus
(Fig. 1c). The secondary nucleus is close to the
antipodals (Fig. 2c). Two of the three antipodal cells
are persistent, but the third one disappears before
endoreduplication starts.

The development of the antipodals was followed
from the organized 8-nucleate ES to the cellular

endosperm stage when the antipodals degenerate
(Fig. 2a–i). The antipodals are located on the posta-
ment consisting of parenchymatic cells at the chalaza.
Later the postament becomes prominent and push-
es the antipodals towards the center of the ES (Fig.
1d,e).

Young antipodal cells are bigger than the egg
and synergids. They have dense, nonvacuolated
cytoplasm and spherical or ellipsoidal nuclei. The
number of antipodal cells and the number of their
nuclei do not increase during development, but they
enlarge considerably. Two of these cells persist to
the formation of endosperm and show substantial
enlargement. One antipodal disappears without
leaving any remnants. The enlargement of persistent
antipodals is a result of vacuolation of the cyto-
plasm, together with an increase in the dimensions
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Fig. 1. Development of embryo sac, endosperm and embryo in Consolida regalis L. (Ranunculaceae). (a) 2-nucleate
embryo sac, (b) 4-nucleate embryo sac, (c) Organized embryo sac with egg apparatus, secondary nucleus and two
antipodals, (d,e) Antipodals on the postament, (f) Linear proembryo and nuclear endosperm. (a–c, f) stained with hema-
toxylin, (d) stained with methyl green-pyronin, (e) stained with ninhydrin. ant – antipodals; eg – egg cell; sn – secondary
nucleus; sy – synergid; en – endosperm; ps – postament; emb – embryo. Bars = 10 μm.



of the nucleus and nucleolus. The chromatin mate-
rial appears as granular structures. They are haploid
only at a very early stage, and then undergo rhyth-
mical growth. The volume of nuclei was calculated
and the results are presented in Table 1. The vol-
ume of haploid nuclei ranged from 139 to 37432
μm3. From the calculations, nine classes of nuclei
corresponding to ploidy levels n, 2n, 4n, 8n, 16n,
32n, 64n, 128n and 256n were established. 

The presence of spherical polyploid nuclei with
enlarged nucleoli, the rhythmical growth of nuclear
volume, and the appearance of chromatin suggest
repeated chromosome endoreduplication cycles.
Since the two antipodal nuclei are almost the same
size, polyploidization takes place synchronously and
the antipodals have the same degree of ploidy. The
giant antipodal cells differ from young cells by their
less stained, vacuolated cytoplasm and by their
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Fig. 2. Antipodals with polyploid nuclei. (a) n, (b) 2n, (c) 4n, (d) 8n, (e) 16n, (f) 32n, (g) 64n, (h) 128n, (i) 256n. 
(a–h) stained with hematoxylin, (i) stained with ninhydrin. sn – secondary nucleus. Bar in (i) = 10 μm and also applies
to (a–h). 



thick wall. When the antipodal cells enlarge, the vac-
uoles fuse to form a large one. The nuclei in these
cells become more vacuolated and more irregularly
shaped. During cellularization of the endosperm, the
giant antipodals are crushed and then degenerate.

Cytochemical analysis showed that all cells of
young ES have low amounts of cytoplasmic polysac-
charides, RNA and proteins, and their nuclei show
less stainability for DNA. When ES matures, the
cytoplasm of antipodals shows a stronger PAS-posi-
tive reaction than the egg apparatus cells (Tab. 2).
The methyl green stainability for DNA and the
pyronin stainability for RNA in giant antipodals were
comparable to that of the nuclei in somatic cells
(Fig. 1d). The nucleolus stained intensely for RNA.
The cytoplasm of antipodals showed very strong
stainability for RNA and proteins (Fig. 1e). They con-
tained starch grains giving a positive reaction with
PAS. At the cellular endosperm stage the giant
antipodals shrunk. They lost their RNA and pro-
teins. Their nuclei showed less stainability for DNA.

The endosperm is of Nuclear type (Fig. 1f). Free
nuclei remain embedded in a cytoplasmic sheet
around the central vacuole. Centripetal wall forma-
tion sets in when the proembryo is at 6- to 8-tiered
stage. The endosperm becomes completely cellular at
the globular embryo stage. The cells of the mature
endosperm are mostly uninucleate, rarely binucleate.

The zygote is smaller than the egg cell, and
divides by a transverse wall. Embryo development
conforms to the Solanad type. The suspensor is ini-
tially uniseriate, then becomes biseriate. The embryo
is small and reduced, and does not differentiate into
organs when the seeds are ready for dispersal.

DISCUSSION

In Consolida regalis the ovules are anatropous,
bitegmic and crassinucellate. Megasporogenesis is
regular. The chalazal megaspore gives rise to a
monosporic ES of the Polygonum type. Although the
family Ranunculaceae were once considered to show
uniform development (Polygonum type) of the
female gametophyte (Kordyum, 1959), several varia-
tions have been reported. Adonis shows only the
Allium type (Bhandari, 1962; 1963; Uluce and Ünal,
1996) whereas development is bisporic in Trollius
acaulis and monosporic in T. europeus (Bhandari
and Kapil, 1964). In Thalictrum angustifolium var.
flavum, Picci (1964) described tetrasporic, 16-
nucleate ES of the Pyrethrum type, but in T. javan-
icum the development of the female gametophyte is
monosporic, 8-nucleate, and of the Polygonum type. 

The antipodals in Consolida regalis were
placed at the apex of the postament. In crassinucel-
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TABLE 1. Volume and degree of ploidy of the antipodal nuclei in Consolida regalis

TABLE 2. Cytochemical analysis of cells of egg apparatus and antipodals



late ovules the cells of the proximal region develop
into the postament, which is a characteristic struc-
ture in Ranunculaceae (Batygina and Shamrov,
1999). Among the cells of the ES, the persistent
antipodals exhibit the greatest variation (Hasitschka-
Jenschke, 1962; Ünal et al., 1997). In the family
Ranunculaceae, two types of polyploidization have
been reported in antipodal cells. Polyploidization may
result from disturbed mitosis, as, for example, in a
few species of Anemone (Hasitschka-Jenschke, 1959;
Trela, 1963; Ünal, 1978; 1984), or from endomitosis
as in Ranunculus peltatus (Turała-Szybowska, 1980)
and Aconitum (Tschermak-Woess, 1956). Endore-
duplication has also been observed in some repre-
sentatives of the Ranunculaceae: for example, in four
species of Aconitum (Tschermak-Woess, 1956), in
Helleborus niger (Hasitschka-Jenschke, 1959),
Ranunculus peltatus (Turała-Szybowska, 1980) and
R. baudotii (Wędzony, 1982). The repeated
endoreduplication cycles lead to the formation of
1024n antipodals in R. baudotii and in Aquilegia vul-
garis (Wędzony, 1982; Turała Szybowska and
Wolańska, 1989). The antipodals of Consolida
regalis showed rhythmical growth, and attained 256n
as a result of endoreduplication.

The presence of low amounts of cytoplasmic
RNA, polysaccharides, proteins and lipids suggests
that the cells of the egg apparatus are metabolically
inactive in Consolida regalis The cytoplasm of
antipodal cells is basophilic, being rich in ribosomal
RNA. The very big nucleolus and cytoplasm are
stained intensely for RNA. The large nucleus is also
densely stained by methyl green for DNA. All these
features suggest high metabolic activity in the
antipodals.

The endosperm is nuclear as in other
Ranunculaceae, and becomes cellular by centripetal
wall formation. Chitralekha and Bhandari (1993) saw
dictyosomes and their vesicles as well as ER and occa-
sional arrays of microtubules in conjunction with the
freely growing anticlinal walls during cellularization.

Embryo development is regular and follows the
Solanad type in Consolida regalis. The variation in
embryogeny found in most representatives of
Ranunculaceae was not observed in this species.
Reduced embryos without the usual organization
into a radicle plumule and cotyledons have also
been described in other taxa of Ranunculaceae
(Natesh and Rau, 1984).
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