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Abstract — In Lathyrus undulatus Boiss. (Fabaceae), the young microspore stage of anther
development was characterized by the enlarged secretory tapetal cells, which presented an
intense reaction with regard to protein, insoluble polysaccharides and lipids. At bicellular
pollen stage, the middle layer and the tapetum degenerated. After degradation of the
tapetum, epidermis and single row U-shaped endothecium existed in the mature anther
wall, and pollen grains remained in the locus. Young microspores had a spherical and cen-
trally located nucleus with one or two nucleoli, many spherical lipid bodies and starchy
plastids. A mature pollen grain contains insoluble polysaccharides, proteins, lipids and
calcium. The mature pollen had the following morphological characteristics: 3-zono-
colporate, prolate, tectate (imperforate) type of exine and perforate type of structure. The
intine formed an important constituent portion of the wall, and consisted two sublayers: an
outer intine (exintine) and an inner intine (endintine). The well-defined exine was made
up of lipoidal substances and protein, but the intine composed of insoluble polysaccha-
rides and protein. The bicellular state of the pollen grains persisted to anthesis.

Keywords: Anther, cytochemistry, Fabaceae, Lathyrus undulatus, microsporogenesis,
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Abbreviations: PMC — pollen mother cell, PAS — periodic acid-Schiff

Introduction

Microsporogenesis and pollen grain development have been a focus of interest since
generative reproduction in plants depends on pollen structure and function. Disturbances
decrease the chance of effective pollination and fertilization of maternal plants (BOHDANO-
wicz et al. 2005). Male sterility is mostly due to defects in the development of the micro-
spore or the surrounding nutritive layer, the tapetum. During microsporogenesis, the tape-
tum performs a secretory role, providing essential nutrients to the developing sporogenous
tissue, and later degenerates to facilitate the release of the mature pollen (PACINI 2000). The
mature pollen grain is a nutrient storage site necessary for the germination and growth of
the pollen tube (RODRIGUEZ-GARCIA et al. 2003).
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For structural and molecular analysis of anther tapetum, many authors divide the
tapetum life span into stages correlated with microspore/pollen grain development (PLATT
et al. 1998, KoLtunow et al. 1990).

This paper reports observations on the development and cytochemistry of anthers in
Lathyrus undulatus Boiss. (Fabaceae), which belongs to the Papilionoideae subfamily, en-
demic to northwestern Turkey. The genus Lathyrus L. (Fabaceae) comprises approxi-
mately 200 species, represented by 77 Lathyrus taxa, 23 of which are endemic to Turkey
(Davis 1970, 1988; GUNES and CirricI 2008).

Pollen morphological characters have been established to elucidate the phylogenetic re-
lationship of Lathyrus genus within the Papilionoideae (EVREN et al. 1994, MANTAR et al.
2003, TosHEVA and ToNKOV 2005). Taxonomy within the genus cannot be solved by mor-
phological analysis (MANTAR et al. 2003). Embryological characters and the study of the
male reproductive organ within the Lathyrus genus, mainly relating to meiotic chromo-
somes of pollen mother cells (LATTER 1925). A few studies described the female gameto-
phyte development in Lathyrus (REMBERT 1969, DAVIES and WILLIAMS 1985), but no atten-
tion has been given to the structural and cytological aspects of the male gametophyte.

The present paper provides research on anther and pollen grain development in
Lathyrus undulatus, by the application of light, fluorescence and electron microscopy.

Material and methods

Flower buds of Lathyrus undulatus Boiss. (Fabaceae) growing in natural habitats in the
vicinity of Beykoz-istanbul (Turkey) were collected in March-April. One anther from the
each flower bud was gently dissected and squashed in DAPI (concentration 1 pg mL™") for
estimation of the development stage (SCHWEIZER 1976).

Flower buds were fixed in 3% glutaraldehyde in 0.05 M cacodylate buffer at pH 7.4 for
6 h at 4 °C and post-fixed in 1% osmium tetroxide in the same buffer for 4 h at 4 °C. The
samples were dehydrated in ethanol series, and embedded in epoxy resin using propylene
oxide. Ultrathin sections (~70 nm) contrasted with uranyl acetate and lead citrate, and ex-
amined with a JEOL JEM 1011 transmission electron microscope (TEM).

For cytochemical observations, the osmication step was omitted from the fixation.
Semi-thin sections (1 pum) were stained with periodic acid-Schiff (PAS) (FEDER and
O’BRIEN 1968) for insoluble polysaccharides, Coomassie Brilliant Blue (FISHER 1968) for
proteins, Sudan Black B for lipids (PEARSE 1961), Alizarin Red S (MCGEE-RUSSEL 1958)
for intracellular Ca®* and Auramine O (HesLopP-HARRISON and SHIVANNA 1977) for sporo-
pollenin and exine.

Results

The anther development of Lathyrus undulatus Boiss. was separated into 5 stages: pre-
meiotic stage, tetrad stage, young microspore stage, vacuolated pollen stage and bicellular
pollen grain stage.

The undifferentiated anthers of L. undulatus were ovoid and consisted of meristematic
cells encircled by an epidermal layer. Concurrent with development, the anther turned out
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to be tetrasporangiate. In each anther lobe 2—4 hypodermal cells differentiated into arche-
sporial cells, going in a parallel plane to the outer wall of the anther (periclinal divisions),
cutting off parietal cells toward the epidermis and primary sporogenous cells toward the in-
terior of the anther. The cells of the parietal layer formed concentric layers of wall endo-
thecial, middle and tapetal layer (dicotyledonous type) by a series of periclinal and anticli-
nal divisions. Meanwhile the sporogenous cells enlarged and underwent mitotic divisions
once generating pollen mother cells (PMCs). The enlargement of anthers was in progress
during meiotic division of PMCs. Pollen sacs combined by tissue fusion were subsequent
to the pollen maturation. Mature pollen grains scattered to the environment concurrent with
dehiscence of stomium.

In Lathyrus undulatus an anther locule containing the developing microspores was bor-
dered by four different layers: the tapetum, the middle layer, the endothecium and the epi-
dermis at the early development stages. The secretory tapetal cells with emphatic nuclei
and large volume resembled PMCs (Fig. 1a). Cytochemical reactions revealed that anther
wall cells presented a weak reaction with regard to protein, insoluble polysaccharides,
lipids and intracellular Ca*? as carried out by Coomassie brilliant blue, PAS, Sudan black B
and Alizarin red S, respectively (Figs. 1a, 2a, 3a, 4a). At the tetrad stage, the organic com-
pounds and intracellular Ca** started to accumulate in the tapetal cells in comparison to the
other anther wall cells. The tapetal cell was polarized, and most of the cytoplasm was lo-
cated on the locular side. The vacuole of tapetum grew progressively, and took up almost
the whole cellular volume (Figs. 1b, 2b, 3b). At young microspore stage, uninucleated
tapetal cells enlarged and the cytoplasm became denser. Insoluble polysaccharides, pro-
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Fig. 1. Semi-thin sections of Lathyrus undulatus anthers at different developmental stages stained
with Coomassie brilliant blue. A— PMCs at premeiotic stage and anther wall layers, epidermis
(Ep), endothecium (En), middle layer (ML) and tapetum(Ta). B — Enlarged tapetal cells at
tetrad stage with large central vacuole. C — Young microspore stage, tapetal cells with denser
cytoplasm. D, E — Vacuolated microspore stage, degenerating tapetum (arrow in E) and pol-
len-tapetum connection (arrow in D). F — Bicellular pollen stage, disintegrated tapetal cells.
Bar denotes 10 um in A-F.
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Fig. 2. Semi-thin sections of Lathyrus undulatus anthers at different developmental stages stained
with PAS. A — PMCs at premeiotic stage and anther wall cells. B — Enlarged tapetal cells at
tetrad stage with large central vacuole. C — Young microspore stage, tapetal cells with denser
cytoplasm. D, E — Vacuolated microspore stage, degenerating tapetum and pollen-tapetum
connection (arrow). F — Bicellular pollen stage. Arrow denotes PAS positive endothecial
thickening. Bar denotes 10 pm in A-F.

teins and lipids were indicated in the cytoplasm (Figs. 1c, 2¢, 3c). Auramine O dye indi-
cated cytoplasmic lipoidal globules containing sporopollenin precursors which were den-
ser in the locular side of tapetum (Fig. 3d). As well as the organic compounds, intracellular
Ca*? was increased in the tapetal cytoplasm and nucleus (Figs. 4b, c). At vacuolated pollen
stage, the tapetum underwent important modifications. During this period, the volume of
tapetal cell was reduced, the central vacuole collapsed, and the cytoplasm dispersed in the
locule. The degenerating tapetal cytoplasm was abundant in protein, insoluble polysaccha-
rides and calcium (Figs. 1d, e; 2 d, e; 4d) although it was poor in lipoidal substances (Figs.
3e, 1).

Microspore mother cells of L. undulatus showed a regular meiotic division, and the pro-
cesses of pollen development progressed normally within each individual anther as well as
in all anthers of the same flower. Meiotic division was followed by simultaneous cyto-
kinesis. Callose accumulation started at the corners of PMCs in the early stages of prophase
1. Microspore tetrads mostly showed a tetrahedral arrangement, and four microspores were
separated from each other by a callose wall (Fig. 5)

As tapetal degeneration progresses, cytochemical tests showed that tapetal remnants
consisted of dense protein and polysaccharides were in contact with the pollen grains. The
contact between tapetal remnants and pollen exine were visible ultrastructurally (Figs. 6b,
c¢). Endothecial wall thickenings initiated at the mentioned stage and reacted PAS-positive
(Figs. 2e, f). At bicellular pollen stage, the middle layer and the tapetum degenerated com-
pletely. After degradation of the tapetum, epidermis and single row U-shaped endothecium
existed in the mature anther wall, and pollen grains remained in the loculus (Fig. 1f)
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Fig. 3. Semi-thin sections of Lathyrus undulatus anthers at different developmental stages stained
with Sudan Black B (A-C, E) and Auramine O (D, F). A — PMCs at premeiotic stage and an-
ther wall cells. B — Tetrad stage. C — Young microspore stage, tapetal cells with denser cyto-
plasm. D, E — Vacuolated microspore stage, cytoplasmic lipophilic globules containing
sporopollenin precursors (arrow). F — Pollen grains with exine. Bar denotes 10 um in A-F.

Fig. 4. Lathyrus undulatus anthers at different developmental stages stained with Alizarine red S. A —
PMCs at premeiotic stage and anther wall cells. B — Tetrad stage. C — Young microspore
stage, tapetal cells with intracellular Ca>* deposits. D — Vacuolated microspore stage, degen-
erating tapetum (arrow). Bar denotes 10 pm in A-D.
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Fig.5. Microsporogenesis in Lathyrus undulatus anthers. A— PMC, B — Prophase 1., C — Metaphase
L., D — Anaphase ., E — Telophase L., F — Metaphase II., G — Anaphase I1., H — Telophase I1.,
I-Tetrads., J — Small young microspore, K — Enlarged young microspores, L. — Mature pol-
len. Bar denotes 10 um.

Ultrastructural observations confirmed that a PMC resembled a meristematic cell with
spherical nucleus, dense cytoplasm and thin cell wall at premeiotic stage. At the end of
meiosis, the callose wall surrounding tetrads underwent progressive lysis, and the young
microspores were liberated into the locule cavity. The free microspores which had spheri-
cal and centrally located nucleus with one or two nucleoli started to round up (Fig. 6a).
Many spherical lipid bodies and starchy plastids were distributed throughout the cytoplasm
of the young microspore. Then the vacuole expanded concomitantly with the increase in
microspore volume, and the nucleus displaced to a peripheral position in the thin layer of
cytoplasm (Figs. 6b, c). Division of the pollen took place in the vacuolated stage, and re-
sulted in a large vegetative and generative cell (Fig. 6d). At shedding time the pollen grains
were 2-celled with a generative cell and a vegetative cell. The vegetative nucleus was
spherical and usually had one nucleolus. The elliptical generative nucleus became elon-
gated in further. The generative cell was bounded by a plasma membrane (Fig. 6e).

The mature pollen had the following morphological characteristics: 3-zonocolporate,
prolate, tectate (imperforate) type of exine and perforate type of structure. The pollen wall
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Fig. 6. Ultrastructure of pollen grains, from young microspore to bicellular polen stage. A — Young
microspore with central nucleus. B, C — Vacuolization in microspore, degenerating tapetum and
pollen connection (arrows). D — Mature pollen grain with vegetative (vn) and generative nucleus
(gn). E — Mature pollen grain with elongated generative nucleus (arrow). F — Exine and two
sublayers of intine; exintine (ex) and endintine (en). Bar denotes 5 um (A-E) and 1 pm (F).

composed of exine and intine. The exine was thin in respect to the intine, initially.
Ultrastructural studies revealed that tectate was thick and composed of a darkly stained
globular material. Therefore the nexine was considerably thinner than the sexine. The
intine formed an important constituent portion of the wall and consisted of two sublayers:
an outer intine (exintine), presenting a thick zone, and an inner intine (endintine), which
consisted of a reticular network. The endintine was thickened at the germ pore region.

The pollen grain surface and anther dehishence is shown by scanning electron micro-
graphs (Figs. 7a, b). The bicellular state of the pollen grains of L. undulatus persisted to
anthesis (Figs. 6f, 7b).

Cytochemical experiments indicated that the cytoplasm of a mature pollen grain was
filled with insoluble polysaccharides, proteins, lipids and calcium. It was detected that a
well-defined exine was made up of lipid-like substances and proteins, but intine was com-
posed of insoluble polysaccharides and proteins (Fig. 8).
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Fig. 8. Cytochemistry of Lathyrus undulatus pollen grains. A — Protein depositions stained with
Coomassie brilliant blue. B — Insoluble polysaccharide depositions stained with PAS. C —
Lipid depositions stained with Sudan Black B. D — Intracellular calcium depositions stained
with Alizarin red S. Bar denotes 10 pm.

Discussion

Beside chromosome number (GUNES and Cirpict 2008) and pollen morphology (GUNES
and AYTUG 2010), the male gametophyte development was not investigated in Lathyrus.

The anther wall development in Papilionoideae was reported as Dicotyledonous type
(Davis 1966), including Trifolium (HINDMARSH 1964), Pisum and Lens (BIDDLE 1979,
Indigofera (ASHRAFUNNISA and PULLAIAH 1995), Lotus glaber (GALATI et al. 2006). The
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presented results confirmed that anther walls of L. undulatus also belonged to Dicotyledo-
nous type.

The undifferentiated anther of Dumasia miaoliensis (Papilionoideae) was ovoid-shap-
ed and tetrasporangiated (L1u and HUANG 2003), as the observations were showed the simi-
lar evidences in Lathyrus undulatus. Furthermore periclinal divisions of sporogenous cells
resulted in the formation of pollen mother cells in D. miaoliensis. The researchers stated
that at early developmental stages the epidermal, endothecial and middle layer cells had
prominent nuclei, large vacuoles, numerous rough endoplasmic reticula and mitochondria.
Besides, the microspore mother cells structurally resembled to the tapetal cells.

Analysis of Glycine max has shown that the endothecial thickenings started to accumu-
late in inner tangential and radial wall at vacuolated pollen stage (ALBERTSEN and PALMER
1979), the same in Lotus glaber (GALATI et al. 2006). The middle layer degenerated at
young microspore stage. They found similar timing of developmental alterations as we
found in Lathyrus undulatus.

The uninucleate tapetal cells were commonly observed in members of Mimosoideae
and Papilionoideae (Buss and LERSTEN 1975, ALBERTSEN and PALMER 1979). The cells of
secretory tapetum maintain their position, and eventually undergo degeneration in situ to-
wards the end of pollen development (PACINI et al. 1985). Although, in recent years, it has
been known that tapetal cells undergo programmed cell death during degeneration (PAPINI
etal. 1999, Wu and CHEUNG 2000), the time of the degeneration varies greatly from species
to species. In L. undulatus, the uninucleated tapetal cells developed at young microspore
stage, underwent degeneration at vacuolated pollen stage and degenerated completely at
bicellular pollen stage.

The tapetum has been considered to be the nutritive tissue for the developing pollen. In
the secretory tapetum metabolites in the form of soluble carbohydrates, amino acids and
peptides are released into the loculus from which they are taken up by the developing pol-
len (PACINI 1994). The proteins are located in exine cavities (tectate grain) as pollenkitt/try-
phine. It has been reported that (SHIVANNA 2003) orbicules originate in the cytoplasm of the
tapetal cells as lipoidal pro-orbicular bodies that accumulate below the membrane and
eventually extrude to the cell surface (facing the locule) where they provide sporopollenin
precursors for exine formation.

According to our results, the tapetal cells of L. undulatus accumulate protein, carbohy-
drate and lipoidal substances during development, and after breakdown these derivatives
contribute to pollen coat formation. The results confirmed that tapetal derivatives were in
contact with pollen grains, and had a possible role in pollen maturation. Several researchers
reported that polysaccharides, proteins and lipids existing in pollen cytoplasm had impor-
tant metabolic roles in pollen germination and pollen tube formation (BEDINGER 1992,
HEss 1993, Liet al. 1995).

Calcium plays an important role in plant growth and development. It is implicated in
the movement of cellular organelles such as the spindle apparatus and secretory vesicles,
and may play a key role in integrating plant cell metabolism (MANIVANNAN et al. 2007). It
has been shown that Ca®" is one of the key elements of apoptotic pathway and alteration of
the intracellular Ca®>" concentration can lead to cell death (OLOFSSON et al. 2008). Intra-
cellular Ca** increase in tapetal cells of L. undulatus as evidenced by the Alizarin red S may
be related to cell death.

ACTA BOT. CROAT. 70 (1), 2011 61



VARDAR F., UNAL M.

Cytochemical results of Lathyrus undulatus anthers showed that the cells of epidermis,
endothecium and middle lamella gave weak reaction for protein, polysaccharides, lipids
and intracellular Ca>*. However PAS positive reaction showed that endothecial wall thick-
enings consisted of polysaccharide. In Chenopodium rubrum (DE FOSSARD 1969) and
Triticale (BHANDARI and KHOSLA 1982) endothecial thickenings were described as a kind
of polysaccharide, a.-cellulose.

Lathyrus undulatus underwent simultaneous cytokinesis in the pollen mother cells. Iso-
bilateral microspore tetrads in L. undulatus were shown to be comparable to Vicia galileae
(Papilionoideae), as found by DANE and MERI¢ (1999).

The morphological characters of pollen obtained from TEM and SEM studies were
compatible with the other Lathyrus species; however the intine structure was first indicated
in the genus Lathyrus.
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