
In this study ultrastructural differences between endothelial cells of different location in Penstemon gen-
tianoides have been examined with electron microscope at mature embryo sac phase. Embryo sac is of
the Polygonum type and surrounded by endothelium except the micropylar region. The cuticle is located
primarily around the chalazal three-fourths of the embryo sac. Endothelium cells around the chalaza and
toward the micropylar region are rich in cytoplasmic organelles. The cytoplasm of endothelial cells near
the central cell has large vacuoles and few organelles. There are also plasmodesmas on the anticlinal
walls of endothelial cells. The endothelium and the micropylar integumentary cells play a role in trans-
port of metabolites into the embryo sac.
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INTRODUCTION

The inner epidermis of the inner integument of bitegmic ovules and that of the sin-
gle integument of unitegmic ovules, in many plant species, becomes differentiated as
a specialized layer of radially stretched cells with dense cytoplasm and a large nucle-
us [13]. The origin of these cells can be also nucellar [24]. The presence of endothe-
lium is recorded in 65 families of dicotyledons and 7 families of monocotyledons [4].
According to Swamy & Krishnamurthy [30], a typical endothelium occurs only in
dicotyledons. It constitutes an important diagnostic feature in 47% of them. The gen-
eral correlation between endothelium and the unitegmic-tenuinucellate condition is
well known, but its occurrence is seen in many bitegmic and crassinucellate families
as well as Papilionaceae [2] and Paeoniaceae [6]. Endothelial coverage of the
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embryo sac varies not only in diverse families but also in different species of the
genus. The life span of endothelium is extremely variable. In some taxa it is
ephemeral, whereas in others its activity begins during post-fertilization stages and it
persists in the mature seed. Endothelium provides a range of variations with regards
to its distribution, morphology, cytology, differentiation and behaviour [13]. It
appears to fulfil diverse functions at different stages of development. It has high con-
centration of proteins, RNA, carbohydrates, ascorbic acid and enzymes [17]. It is
believed that endothelium helps in coordinating growth in the ovule, canalizes nutri-
tion to the embryo sac and later performs the protective function. And also provides
nourishment to the developing embryo and endosperm [2].

Although endothelium provides an interesting object for study of ovular morpho-
genesis, there are few investigations conducted at the ultrastructural level, so that
any generalization is difficult to make. Ultrastructural studies on the integuments in
embryo stage have been made on Pisum sativum [14], Medicago sativa [27],
Phaseolus vulgaris [34], Melilotus alba [26], Glycine max [5, 9] and Vicia faba [11].
In mature embryo sac stage these cells have been investigated in Helianthus annuus

Fig. 1. Longitudinal view of mature embryo sac of Penstemon gentianoides with endothelial cells.
Antipodals (An), central cell (CC), egg (E), endothelium (En), synergid (SY). Bar: 10 μm – 
Fig. 2. Endothelial cells toward the micropylar pole of mature embryo sac of Penstemon gentianoides.
Amyloplast (A), endothelial cell (EC), filiform apparatus (F), Golgi bodies (G) (arrow), lipid bodies (L),

mitochondria (M), nucleus (N), starch (S), synergid (Sy), vacuole (V). Bar: 3 μm



[18], in Jasione montana [3, 7], in Linum usitatissimum [33] and in Calendula offic-
inalis [21]. In Crepis tectorum [10] the endothelium has been examined at uni- and
four-nucleate stages of embryo sac.

The embryological investigations of some members of Scrophulariaceae family
were made with light microscopy [1, 12, 19, 22, 23, 31]. Ultrastructural studies with
male and female gametophytes of Scrophulariaceae family are very seldom and it
was the megagametophyte of Torenia fournieri has firstly been studied from this
family [32]. Ultrastructure of Penstemon gentianoides Poir.’s mature megagameto-
phyte has also been studied [20] but up to now nothing has been published on the
ultrastructure of the endothelium of Scrophulariaceae members to our best knowl-
edge.

The purpose of this study was to give some information on the ultrastructure of the
endothelium in mature embryo sac stages of P. gentianoides to shed more light on the
general organization of its embryo sac as well as establishing its possible similarities
to the embryo sac of other angiosperms.

MATERIAL AND METHODS

Penstemon gentianoides Poir. (Scrophulariaceae) flowers were collected from the
Botanical Garden of the University of California at Berkeley and all the preparations
were done at the same university. Ovules (from flower buds in 14–17 mm length)
were fixed in 4% glutaraldehyde (GA) in 0.1M cacodylate buffer pH 6.8, for 2 hours.
The ovules were then washed several times in buffer, fixed overnight with 2%
buffered OsO4 and dehydration was made with gradually increasing aceton-propy-
lenoxide series with staining in 70% acetone containing 1% uranyl nitrate overnight.
The material was embedded in Spurr’s medium [29]. 0.5–1 μm thick semi-thin sec-
tions were stained with methylene blue (1%) using 0.02 M NaOH to control pH and
observed using light microscopy. Thin sections were cut on a Porter-Blum ultrami-
crotome with a glass or diamond knife. Sections were stained on grids with lead cit-
rate [25] for one minute and observed with a Zeiss EM 9A electron microscope.

RESULTS

Penstemon gentianoides has anatropous and unitegmic ovules. The female gameto-
phyte was 8-nucleated monosporic Polygonum type and it is surrounded by endothe-
lium before fertilization. The mature embryo sac has a narrow, elongated chalazal
portion and an enlarged, oval micropylar area. It consists of egg apparatus (2 syn-
ergids and egg), central cell and 3 antipodals. Egg apparatus was located at the
micropylar side of the embryo sac (Fig. 1). Synergids have well developed filiform
apparatus (Fig. 2) and the highly vacuolate central cell in which the fusion nucleus is
located near the egg. In the chalazal side there are 3 antipodal cells and they degen-
erate in advanced stages of development (Fig. 3). The inner epidermis of the integu-
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Fig. 3. Endothelial cells at the chalazal pole of mature embryo sac of Penstemon gentianoides.
Amyloplast (A), antipodals (An), cutin (Cu) (arrows), endothelium (En), lipid bodies (L), mitochondria
(M), nucleus (N), starch (S), vacuole (V). Bar: 5 μm – Fig. 4. Cutin accumulation in the cell wall of
endothelial cell neighboring to central cell in Penstemon gentianoides. Amyloplast (A), central cell
nucleus (CCN), cutin (Cu), endothelium (En), endoplasmic reticulum (ER), lipid bodies (L), starch (S),
vacuole (V). Bar: 0.5 μm – Fig. 5. Endothelial cells near the chalaza before fertilization in Penstemon

gentianoides. Nucleus (N), mitochondria (M), plastid (Pl), vacuole (V). Bar: 3 μm
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Fig. 6. Endothelial cells near the central cell in mature embryo sac phase of Penstemon gentianoides.
Bar: 3 μm. Autophagic vacuole (AV), cell wall (CW), endothelial cell (EC), endoplasmic reticulum (ER),
lipid bodies (L), mitochondria (M), plasmodesma (P), starch (S), vacuole (V) – Fig. 7. Endothelial cells
near the central cell with vacuoles in mature embryo sac phase of Penstemon gentianoides. Bar: 3 μm.
Amyloplast (A), autophagic vacuole (AV), cell wall (CW), endothelial cell (EC), endoplasmic

reticulum (ER), mitochondria (M), plasmodesma (P), plastid (Pl), starch (S), vacuole (V)
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ment is differentiated to form the integumentary tapetum or endothelium. The major
part of the embryo sac lies in direct contact with the densely staining integument
tapetum. The entire endothelium is also covered by cuticle. The cuticle is very thick
along the narrow portion of the embryo sac (Fig. 4) but near the enlarged part, it
becomes thinner and in some cases terminated (Fig. 2). A thin cuticle is also seen on
the embryo sac wall (Fig. 3). The cutin layer belonging to endothelium cells and
embryo sac unites near the central cell (Fig. 4).

When the female gametophyte is mature, there are numerous starch grains, partic-
ularly in the cells at the micropylar end of the integument. In the micropylar region,
the endothelial cells were small and densely cytoplasmic with little vacuolation and
have several organelles. Before fertilization, these cells are filled with numerous
large amyloplasts. Nuclei and ER is seen. Mitochondria are dispersed throughout the
cytoplasm. Golgi bodies formed are sporadic in number (Fig. 2).

The endothelial cells near the chalazal region were rich in mitochondria and lipid
bodies (Fig. 3). They showed ultrastructural characteristics of meristematic cells.
These cells have dense cytoplasm with little vacuoles, poorly developed ER, abun-

Fig. 8. Plasmodesmata in the cell wall
between endothelial cells in mature embryo
sac phase of Penstemon gentianoides. Bar: 1
μm. Cell wall (CW), endothelial cell (EC),

mitochondria (M), plasmodesma (P)



dant free ribosomes, mitochondria, small number of plastids and dictyosomes
(Fig. 5). Subsequently, they elongate and develop thick walls on the side adjacent to
the embryo sac and probably cuticular in nature (Fig. 4). Some of the endothelial
cells near to a central cell have dense and less vacuolated cytoplasm, nevertheless
some of them were highly vacuolated (Figs 6, 7). Big vacuoles contain small vac-
uoles and cytoplasmic material. They seem to be autophagic vacuoles. In these cells,
a few amyloplasts, mitochondria, lipid bodies and the rough ER is extensive and ori-
ented parallel to the long axis of the cell (Figs 6, 7). The anticlinal wall of the
endothelial cells is smooth shaped and includes many plasmodesma (Fig. 8).

DISCUSSION

In this study in P. gentianoides, a very conspicuous endothelium has been observed
all along the side of the central cell and chalazal region, a feature that is common to
other members of the Scrophulariaceae family [1, 19, 23].

According to this study the presence of numerous organelles in the endothelium
of P. gentianoides indicates a metabolically active state of this tissue. Its ultrastruc-
tural aspects are similar to that of Linum usitatissimum, [33], Helianthus annuus [18],
Jasione montana [3, 7], in Calendula officinalis [21] and Saintpaulia ionantha [17].
The endothelium of P. gentianoides has ultrastructural features since they have mito-
chondria, autophagic vacuoles, and plasmodesmas. Because of this they may be
involved in “translocation of materials to the embryo sac”. The assignment of a
secretory and nutritional role to the endothelium has been shown in other species of
angiosperms [2, 13, 17, 28].

The cutinized walls of endothelium prevent the movement of digestive enzymes
into nucellar cells or embryo sac [17]. The thickness, uniformity and continuity of
the cuticular layer are variable not only in diverse species but also at different place
in the same species. In Digitalis, Scrophularia and Scoparia the cuticle layer is either
absent or thin near the micropylar region [1], in Torenia [32] it is thin at the submi-
cropylar region, and in Linaria it is absent at the poles [23]. The thickness of the
cuticular layer alters in relation to the major developmental change in the ovule. In
Saintpaulia ionantha [17] the cuticle becomes very thin in some place; and often, the
cuticle has small pores in it that were not seen in P. gentianoides.

The cuticle layer is at different place in various taxa. This indicates that there is no
single pathway for transfer of nutrients from endothelium to embryo sac. Erdelska
[7] reported that the cuticle disappeared at the level of the egg apparatus for Jasione
montana just before fertilization, and she refered to this area as a transfer region. The
presence of the transfer region; for example, in Digitalis, Scrophularia and Scoparia
[1], in Helianthus annuus [18], Proboscidea louisianica [16], Saintpaulia ionantha
[17] is at the micropylar region, in Torenia [32], in Jasione montana [3, 7] that is at
the submicropylar region near the central cell, Quercus gambelii [15] and Bellis
perennis [8] at the chalazal part.
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In conclusion, according to observations in this study and the findings in the liter-
ature, it is started that the endothelium of P. gentianoides is similar to that in some
species of Scrophulariaceae. The transfer region for nutrients is at the micropylar
region but the thickness of cuticle layer surrounding P. gentianoides’ embryo sac
shows some differences from other members of this family.
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