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mmary. The development of the generative cell (GC) was examined
the bicellular pollen of Cyrtandra pendula. The essential stages
1 (1) GC attached to the intine, (2) GC detached and spheroidal
shape, (3) GC mature and elongated. Cisternae of the endoplasmic
jculum (ER) of the vegetative cell are in close contact with the
2 at all stages of development. In stages (1) and (2) the entire,
ghtly undulated surface of the GC is surrounded by tightly ap-
essed, single ER tubules or short stacks. In mature pollen grains
age 3) the shape of the GC as well as the arrangement of the
rrounding ER changes conspicuously. The GC is now spindle-
aped and its surface is wrinkled. An ER tubule is present in each
vagination. These ER tubules form a cage-like framework around
e GC. In the cytoplasm of the generative cell, 6 10 7 microtubular
mdles with longitudinal orientation can be observed. They seem
be responsible for maintaining the elongate shape of the GC.
uring all stages of development vegetative ER cisternae are the
1ly elements intimately associated with the GC wall. This feature
dicates that the ER may contribute to the formation of the un-
1lated outer shape of the GC. Also discussed is the possibility that
iergy-carrying substances are conveyed into the GC through the
1annels of ER.

eywords: Cyrtandra pendula; Generative cell; Endoplasmic reticu-
im; Pollen grain; Ultrastructure.

bbreviations: GC generative cell; GN generative nucleus; VC veg-
:ative cell; ER endoplasmic reticulum; rER rough endoplasmic re-
culum; MT microtubule; RF-FS rapid freeze fixation-freeze sub-
Jitution.

ntroduction

“he development of the generative cell (GC) has at-
racted the attention of a large number of cell biologists
ince Strasburger (1878) first described mitotic cell di-

Correspondence and reprints: Institute of Botany, University of
lienna, Rennweg 14, A-1030 Wien, Austria.

vision in pollen grains of angiosperms. Publications are
focussing on the formation and nature of the GC wall
(Angold 1968, Sanger and Jackson 1971 a, Heslop-Har-
rison 1968, Cresti etal. 1987, Brighigna etal. 1981,
Schlag and Hesse 1992), the positional relationship be-
tween the vegetative nucleus and the GC (Heslop-Har-
rison et al. 1986, Mogensen 1986, Kaul etal. 1987, Pal-
evitz 1993), and the process of GC division and sperm
cell association (Cass and Karas 1975, Dumas et al.
1985, McConchie etal. 1985, Weber 1988 a, Charzyn-
ska and Lewandowska 1990, Mogensen 1992).

A striking feature during maturation of pollen is the
alteration in shape of the GC from spheroidal to mark-
edly elongate. It is generally agreed that microtubules
are necessary to maintain this asymmetric configura-
tion (Burgess 1970, Sanger and Jackson 1971 b, Cresti
etal. 1984, Derksen etal. 1985, Lancelle etal. 1987,
Zhou and Yang 1991). Some studies refer to the con-
spicuously undulated surface of the GC in mature pol-
len grains (Nakamura and Miki-Hirosige 1985, Cresti
etal. 1990 a, Keijzer and Willemse 1988, Van Aelst and
Van Went 1991). Van Aelst etal. (1989) obtained a
three-dimensional image of the elongated GC and its
longitudinally wrinkled surface by observing freeze-
fractured frozen pollen of Papaver dubium with cryo-
scanning electron microscopy. The involvement of the
endoplasmic reticulum (ER) in the formation of the
undulated outer shape of the GC in Tradescantia re-
flexa pollen is reported by Noguchi and Ueda (1990).
The present paper describes three developmental stages
of the GC in pollen of Cyrtandra pendula, a member
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ol the highly evolved dicol plant family Gesneriaceae. and embedded in Spurr’s low viscosity epoxy resin (Spurr 1969).

Ultrathin sections. cut on a Reichert Ultracut with a diamond knife,
were stained with uranyl acelate and lead citrate (UA-Pb staining)
and examined in a Zeiss EM 109 transmission clectron microscope
at 50 or 80kV. For detecting neutral polysaccharides ultrathin sec-
tions were collected on gold grids and treated with periodic acid
(45min). thiocarbohydrazide (12h) and silver proteinate (30 min)
(PATAg staining) according to Thiéry (1967).

Special attention is paid to its ultrastructure and the
intimate association of the ER of the vegetative cell
and the GC wall,

Material and methods

Crriandra pendula Bl.. collected by A, Weber in the Malay Peninsula
870501-1/17, is cultivated in the greenhouses at the Botanical Garden
of the University of Vienna (FBV). Anthers were fixed in 3% bull-
ered glutaraldehyde (0.1 M phosphate buffer, pH 8) for 7h at room Generative cell (GC) attached 1o the intine

temperature. After rinsing in buffer and distilled waler. samples were o )

postfixed in 2% 0s0, plus 0.8% phosphate buffered K Fe(CN), (in Alter the first pollen mitosis the GC is attached to the
the ratio of 1:1) for 11 h at + 6°C. dehydrated in an ethanol serics intine. Its cytoplasm contains numerous mitochondria,

Results

Fig. . Generative cell attached to the intine. Its cytoplasm conltains a large nucleus (GN), numerous mitochondria, plastids, ER tubules, lipid
bodies. small vacuoles, vesicles and a few single microtubules. The entire surface of the GC is surrounded by vegetative ER cisternae
(arrowheads). PATAg stained: bar: 1 um -

Fig. 2. Detail of Fig. I, showing the border between generative (GC) and vegetative cell. The plastids of the GC (*) do not contain starch,
while the plastids of the vegetative cell (**) are beginning to accumulate starch. Cisternae of vegelative ER are tightly appressed to the GC
wall. PATAg stained: bar: 1 um

Fig. 3. Pollen grain with detached. young generative cell. The GC is spheroidal and its surface is slightly convoluted. Its cytoplasm is filled
mainly with the large nucleus (GA); plastids are no longer detectable in the GC. In the vegetative cell a large amount of reserve substances
has accumulated (plastids, P. including starch granules and lipid bodies, L). PATAg stained; bar: 10 pm

Fig. 4. Detached young GC: dark-stained GC wall (arrows) and extremely closely associated short ER stacks. The innermost cistern. does
not bear ribosomes on the membrane adjacent lo the GC wall. PATAg stained: bar: [ pm

Fig. 5. Detached young GC: GC wall (arrows) and tightly appressed ER cisternae show similar contrast by staining with UA-Pb. Bar: 1 ym

Fig. 6. Tangential section of the nuclear envelope of the vegelative nucleus (/) showing a large number of nuclear pores. PATAg stained;
bar: | pm
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ER tubules, lipid bodies, plastids without starch, few
dictyosomes, small vacuoles and a few single MTs
(Fig. 1).

ER is abundant within the vegetative cell (VC). Some
of the cisternae are in close association with its inner
plasma membrane (Figs. 1 and 2). The entire surface

section it is spindle-shaped (Fig. 10). It is mainly filled
with the large, spindle-shaped generative nucleus. Most
of its cytoplasm is located in the terminal parts of the
cell. It contains small vacuoles, mitochondria, rER tub-
ules, lipid droplets and dictyosomes, but no plastids.
About 6-7 microtubular bundles, which could not be
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of the GC is surrounded by one or more ER cisternae.
Furthermore, the VC contains elongated plastids with
starch granules, lipid bodies, numerous mitochondria
and a few inactive dictyosomes.

observed in previous stages, are now arranged periph-
erally and orientated along the longitudinal axis of the
cell (Fig. 10). The two plasma membranes around the
GC are conspicuously undulated and closely appressed
to a layer of wall material (Fig. 8). Plasmodesmata-like
structures link the cytoplasm of the GC and the veg-
etative cell (Fig. 9). Cross sections of the central region
of the GC show that its undulated surface consists of
roughly 30 lobes (Fig. 7). The microtubular strands of
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GC detached and spheroidal in shape
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After detachment from the intine the GC moves to-
wards the centre of the pollen grain. Its content of
organelles is comparable with the previous stage, but
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plastids are lacking. At this stage the shape of the GC
is spheroidal to oblong; its surface is slightly undulated
(Fig. 3). Some ER cisternae of the vegetative cell are
closely appressed to the GC and their arrangement
follows exactly its outline. Single sheets of ER, but also
short ER stacks, surround the entire surface of the GC.
The innermost cistern does not bear ribosomes on the
membrane adjacent to the GC wall (Figs. 4 and 5). ER
sheets and the GC wall can be clearly differentiated
after PATAg staining because of the strong contrast
of the plasma membranes around the GC (Fig. 4); UA-
Pb does not allow sufficient discrimination (Fig. 5).

The vegetative cytoplasm is characterized by the ac-
cumulation of high amounts of storage substances
(Fig. 3). Plastids are numerous and densely packed with
starch. Mitochondria, small vacuoles and rER are fre-
quent; the latter are mainly arranged in single layers,
some cisternae are arranged in small stacks. Lipid bod-
ies are evenly distributed throughout the cytoplasm
and, at this stage, are not in close association with ER.

the GC are located usually near these lobes (Fig. 9).
In the vegetative cytoplasm the presence of stacked
rER is a striking feature; some of the large stacks con-
tain over 70 cisternae (Fig. 12). Other cisternae, how-
ever, are single and frequently associated with lipid
bodies and plastids (Figs. 7 and 10). Moreover, the ER
of the vegetative cell is in close contact with the GC.
Tubules of the ER enter into all invaginations of the
GC surface, which is wrinkled mainly longitudinally,
but also transverse (Figs. 10 and 11). Cross sections of
the GC show circular profiles of ER in each concavity
(Fig. 7).

In the vegetative cell the irregularly shaped nucleus lies
next to the GC. A large number of nuclear pores are
visible in tangential sections of the nuclear envelope
(Fig. 6). The plastids are often amoeboid in shape and
no longer contain starch granules. Each lipid body is
surrounded by at least one rER cistern. Mitochondria
with many cristae are present, as are many small elec-
tron-translucent vacuoles and very active dictyosomes.
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Dictyosomes are in an inactive state.
Discussion
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GC mature and elongated ER in pollen grains is mostly described in relation to

--its -association- with lipid droplets (Ciampolini etal.-
1988, Noguchi 1990) and the outer plasma membrane

“In ‘mature pollen grains the" generative-cell-appears-
roundish in cross section (Fig. 7), while in longitudinal -

Fig.7. Cross seclion of the generative cell in a mature pollen grain. Its cell wall is conspicuously undulated and circular profiles of ER
(arrows) are situated in each concavity. In the cytoplasm the large generative nucleus (GN) and some microtubular bundles (*) are visible.
The vegetative nucleus (V) lies close to the GC. PATAg stained; bar: 1 pm
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"Fig.8. Undulated GC wall in a mature pollen grain. Note ER profiles (arrows) in each concavity. UA-Pb stained; bar: 0.1 pm

Fig. 9. Microtubules aré located close to the undulated GC wall. Plasmodesmata-like structures (arrow) seem to link the cytoplasm of the
generative (GC) and vegetative cell. UA-Pb stained; bar: 0.1 pm
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Fig. 10. Longitudinal section of the GC in a mature pollen grain. Its cytoplasm is filled mainly with the large spindle-shaped nucleus (GN);
"a microtubular bundle (*) runs along the longitudinal axis of the GC. Each surface undulation is occupied by an ER tubule. PATAg stained;
bar: I um
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