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Abstract

Key message Neck cells in Ginkgo biloba contribute to
archegonial opening through morphological changes
and might be involved in the production of fertilization
liquid to attract spermatozoids toward archegonia.
Abstract Neck cells are an essential part of the archego-
nium in archegoniate gymnosperms, but their function in
the sexual reproductive process remains unclear, particu-
larly in zoidogamous gymnosperms. To clarify the struc-
tural characteristics of neck cells and their role in
fertilization, we examined the neck cells of Ginkgo biloba
L. by means of scanning electron microscopy and trans-
mission electron microscopy. The two curved inner neck
cells, which are covered imbricately by the two turgid outer
neck cells, were pushed to two sides during fertilization,
which indicated that morphological changes in these cells
contribute to archegonial opening. The neck cells con-
tained many secretory organelles with some material
accumulated outside the cell wall, thus the neck cells might
be involved in the production of fertilization liquid to
attract spermatozoids toward the archegonium. In addition,
the surrounding surface cells of the female gametophyte
also cooperate to produce the liquid. Taken together, these
results indicate that the neck cells provide an effective
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mechanism by which zoidogamous gymnosperms achieve
reproductive success through altering the morphology and
cellular physiology of the neck cells.
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Introduction

Neck cells, which are present in all archegoniate plants, are
the only efficacious portion of the archegonium through
which the male gametophyte enters the archegonium and
affects fertilization (Fernando et al. 1998; Ma et al. 1998).
Archegoniate plants include most gymnosperms, which can
be classified into siphonogamous gymnosperms and zoi-
dogamous gymnosperms. The neck cells affect the devel-
opment of the male gametophyte in siphonogamous
gymnosperms. For example, the body cell mitosis occurs
only when the pollen tube is close to the neck cells in
Podocarpus totara (Wilson and Owens 1999) and, only
after the tip of the pollen tube is in contact with the neck
cells, the wall of the pollen tube is digested completely in
Taxus baccata (Pennell and Bell 1988). Because of the
importance of neck cells in the fertilization process, the
developmental process and their structural characteristics
have received considerable attention.

The neck cells show some similarities with synergid cells
of angiosperms, e.g., both are located close to the egg cell and
are important for guidance and development of pollen tubes.
Studies focused on the synergids’ functions have shown that
the synergids secrete small polymorphic proteins, which
attract pollen tubes and induce sperm release (Marton et al.
2005; Capron et al. 2008; Okuda et al. 2009). However, to
date few investigations of the function of neck cells have been
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reported, and particularly the role of neck cells in gymno-
sperm reproduction remains controversial. Owens and Bruns
(2000) showed that neck cells might help to direct pollen tube
growth because they have a secretory function in Pinus
monticola. However, other studies have found no evidence to
prove that neck cells produce chemotactic signals to guide
pollen tubes in Pseudotsuga menziesii (Fernando et al. 1998;
Ma et al. 1998). Therefore, it is of importance to clarify how
the neck cells exert their functions in gymnosperms.

Ginkgo biloba L., which is often regarded as a ‘living
fossil’, occupies an important position in seed plant evolution
because of its unique morphological traits and primitive
evolutionary characteristics shared with early seed plants
(Hirase 1896; Zhou and Zhang 1989; Zhou and Wu 2006).
Since the spermatozoid was first observed by Hirase (1896),
the reproductive biology of G. biloba has attracted much
attention. Some studies have noted that the primary neck cell,
which originates from unequal division of the archegonial
initial, undergoes two divisions to form four cells (Lee 1955;
Ji et al. 1999, 2003). During archegonial development, the
egg cell is tightly surrounded by jacket cells and other female
gametophyte cells and only the inflated neck cells are naked
in the archegonial chamber (Wang et al. 2009). Recently,
Zhang et al. (2012) showed that the neck cells respond to
interaction of the generative cell and central cell since the
neck cells are present between the two cells. To further study
the roles of the neck cells in the fertilization process in G.
biloba, we applied scanning electron microscopy and semi-
thin sectioning to examine the morphological and anatomical
changes in neck cells during fertilization to reveal the
mechanism of archegonial opening. In addition, using ultra-
thin sectioning and transmission electron microscopy, we
investigated the involvement of the neck cells and sur-
rounding surface cells of the female gametophyte in secretion
of the fertilization liquid to guide the spermatozoids toward
the egg cell.

Table 1 Developmental phenology of neck cells in G. biloba

Developmental stage Date Days after
pollination
Initial stage Apr. Pollination period
7-13
Primary neck cell formed Jun. 1 50 days
2 Neck cells formed Jun. 5-8 55-58 days
2 Neck cells developed Jul. 5 85 days
Aug. 5 115 days
4 Neck cells formed (oblique Aug. 125-130 days
division) 15-20
Archegonial opening formed Aug. 128-132 days
between 4 neck cells 18-22 (fertilization)
Neck cells shriveled Aug. 25 135 days
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Fig. 1 SEM micrographs of neck cells in G. biloba. a Formation of
the secondary neck cells about 55 days after pollination. b, ¢ Gradual
enlargement of the secondary neck cells. d About 115 days after
pollination, neck cell protrusion is obvious. e Oblique division of the
secondary neck cells. f Four neck cells arranged imbricately and
covered by a translucent membrane. g Separation of the four neck
cells along their connecting walls. Some globular particles are on the
cell surface and cytoplasmic debris is apparent at the opening.
h Clustered material adhering to the neck cells. Arrowhead indicates
the archegonial opening. i After fertilization, all neck cells are
shriveled, but the archegonial opening (arrowhead) is still visible.
j Micropylar part of female gametophyte before fertilization.
k Micropylar part of the female gametophyte after fertilization.
Archegonial openings (arrowhead) form opposite the tentpole. Cw
cell wall, In inner neck cell, Nc neck cell, On outer neck cell,
T tentpole. Bars a—i 50 pum, j, k 200 pm

Materials and methods
Plant materials

Healthy female G. biloba trees were selected from the
Ginkgo experimental station at Yangzhou University,
Yangzhou, China (32°20'N, 119°30'E). About 30 ovules of
G. biloba were collected weekly from early June to middle
August in 2008 and 2009. In late August, the period for
fertilization, ovules were collected daily.

Sampling and stereomicroscope observation

The female gametophyte was carefully dissected with a
razor blade, the portion close to the micropylar side was
observed using a Motic SMZ-168-TL stereomicroscope
(Motic China Group Co. Ltd., Xiamen, China), and
digital images were captured with a Nikon Coolpix 4500
camera (Jin et al. 2012). After that, the samples were
fixed with different fixation solutions based on different
purposes as follows and stored in a refrigerator at 4 °C
until use.

Scanning electron microscopic observation

Samples were fixed in an improved FAA solution (70 %
alcohol: glacial acetic acid: formaldehyde; 90:5:5) for
1 week at 4 °C, then dehydrated in a graded ethanol
series (30, 50, 70, 80, 90, 95, and 100 %, 15 min at each
step). After infiltration twice in 100 % acetone, the
samples were moved through an acetone—isoamyl acetate
series (2:1, 1:1, 1:2, and 0:1 acetone:isoamyl acetate, at
15 min intervals). After critical point drying, the speci-
mens were coated with a layer of gold and observed
under a S-4800 field-emission scanning electron micro-
scope (Hitachi, Tokyo, Japan) at 15 kV accelerating
voltage (Jin et al. 2010).
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Semi-thin sectioning

Specimens were fixed in 2.5 % glutaraldehyde in 0.2 M
phosphate buffer (pH 7.2) for 1 month at 4 °C. The arche-
gonia were dehydrated through a graded ethanol series (20,
40, 60, 80, 90, 95, and 100 %, 10 min at each step) and
infiltrated with propylene oxide on a gyrator before embed-
ding in Spurr resin at 70 °C for 12 h (Jin et al. 2011). Semi-
thin sections (1 pm thick) were cut with a glass knife, stained
with 1 % (w/v) toluidine blue, and observed under a Carl
Zeiss microscope (Zeiss Axioskop 40, Carl Zeiss Shanghai
Company Ltd, Shanghai, China).

Transmission electron microscopic observation
Dissected archegonia were prefixed in 2.5 % glutaraldehyde

in 0.2 M phosphate buffer (pH 7.2) for 24 h at4 °C, postfixed
in 1 % OsO, for 4 h at room temperature, then dehydrated in

an ethanol series (50, 70, 80, 90, 95, and 100 %, 10 min at
each step). After replacement with acetone (100 % twice,
10 min for each change), the specimens were infiltrated and
embedded in Spurr resin (Jin et al. 2011). Sections (70 nm)
were cut with a diamond knife using a Leica ultramicrotome
(Leica Microsystems GmbH, Wetzlar, Germany), picked up
on Formvar-coated grids, and stained for 30 min with uranyl
acetate and for 15 min with lead citrate. The stained sections
were examined with a Philips Tecnai 12 transmission electron
microscope (JEOL Ltd, Tokyo, Japan).

Results

Morphological characteristics of neck cells
before and during fertilization

Neck cells of G. biloba originated from the archegonial
primary cell, which underwent an unequal division to give

Fig. 2 Comparison of normal and abnormal neck cells in G. biloba.
a, b Stereomicrographs of normal neck cells. ¢, d Stereomicrographs
of abnormal neck cells. e-g Stereomicrographs of abnormal neck
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Fig. 3 Anatomical structure of
neck cells in G. biloba. a A
well-developed archegonium
before oblique division of the
neck cells. b A neck cell just
before oblique division. c,

d Sunken areas (arrows) in the
wall of central cell. e-g Serial
sections of neck cells after
oblique division. h Neck cell
after entry of a sperm into the
archegonium. Cc central cell,
Cw cell wall, Ec egg cell, In
inner neck cell, Jc jacket cell,
Nc neck cell, N nucleus, On
outer neck cell, S starch grain,
Sp sperm. Bars a 50 um, b, c,
e-h 20 ym, d 5 pm

rise to a large central cell and a small primary neck cell
(Wang et al. 2009). The developmental process of the neck
cell is summarized in Table 1. Our observations began at
55 days after pollination, when the primary neck cell
divided perpendicularly into two semicircular and flattened
cells. The secondary neck cells were distinctly larger than
the surrounding cells (Fig. 1a). The secondary neck cells

gradually expanded and enlarged during archegonium
development (Fig. 1b), and progressively projected toward
the archegonial chamber (Fig. 1¢). In mid-August, the two
elliptic-shaped secondary neck cells had almost attained
their maximum volume and significantly protruded into the
archegonial chamber (Fig. 1d). About 125 days after pol-
lination, both secondary neck cells underwent oblique
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division to produce four cells (Fig. le). With further
development, the four cells were arranged imbricately,
consisting of two outer and two inner cells (Fig. 1f), with a
layer of translucent membrane covering the surface. When
approaching fertilization, the two outer cells jutted slightly
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upwards to induce the four cells to separate from their
neighbors, and thus to produce a split among the neck cells,
termed the archegonial opening (Fig. 1g). In this period,
several globular particles were observed on the surface of
neck cells, with cytoplasmic debris apparent at the opening.
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«Fig. 4 Ultrastructure of neck cells in G. biloba. a—c Ultrastructure of
neck cells at about 85 days after pollination. a Mitochondria were
numerous with various shapes and distinct cristae. Arrows indicate
small vesicles. b Small vesicles (arrows) distributed adjacent to the
cell wall. Position indicated by small black box in inset image.
¢ Parallel-arranged rough endoplasmic reticulum and some lipid
droplets in the cytoplasm. d—g Ultrastructure of neck cells at about
115 days after pollination. d Many mitochondria and dictyosomes
(arrows) scattered near the nucleus. e Increased abundance of rough
endoplasmic reticulum and starch grains. f Cystic structures (arrows)
in the cytoplasm. g Inclusions of cystic structures were unloaded into
the space between the cell wall and plasmalemma. h—j Ultrastructure
of neck cells just before oblique division. h Abundant vesicles in the
cytoplasm. Gray-colored material (arrow) outside the neck cell wall
is shown in the inset image. i Degradation of starch grains in plastids.
Jj Degenerated mitochondria. k-1 Ultrastructure of neck cells after
oblique division. k Cytoplasm of neck cells. 1 Organelles restricted to
the cell periphery. Cc central cell, Cw cell wall, D dictyosome, Ld
lipid droplet, M mitochondrion, Nc neck cell, N nucleus, Pm
plasmalemma, Rer rough endoplasmic reticulum, S starch grain,
V vesicle, Va vacuole. Bars a, b, j,11 um, ¢, g0.5 um, d—f, i, k2 pm,
h 5 pm

Occasionally, the neck cells were covered by clusters of
material that adhered closely to the archegonial opening
(Fig. 1h). At this stage, the neck cells were extremely
turgid and the archegonial opening became enlarged. After
fertilization, all four neck cells were distinctly shriveled
(Fig. 1i), although the archegonial opening was still visi-
ble, which was irregular in shape with a maximum diam-
eter of about 20 pm (Fig. 1i, arrowhead).

In general, before the oblique division, each female
gametophyte usually comprised two archegonia, which
were distributed around a column of female gametophyte
tissue known as the tentpole (Figs. 1j, 2a). Interestingly,
the two neck cells were a similar distance from the tentpole
before division (Fig. 1j), and the opening between the four
neck cells that developed after the oblique division formed
frequently opposite the tentpole (Fig. 1k). In addition,
among the large number of female gametophytes we
observed, 6.75 % of the female gametophytes were found
to have three or more archegonia, and <1.125 % of the
neck cells appeared to be abnormal. For example, Fig. 2c
shows the micropylar end of a female gametophyte with
one tentpole and two archegonia, but one of the archegonia
was observed to have two pairs of secondary neck cells
(Fig. 2d). Figure 2e shows four neck cells positioned side-
by-side, which may be derived from two perpendicular
divisions of the primary neck cell, and Fig. 2f and g,
respectively, shows two and three pairs of neck cells
arranged in close proximity to each other.

Anatomical changes to neck cells during oblique
division

About 115 days after pollination, just before oblique divi-
sion of the neck cell, the archegonium was well developed

and composed of one central cell, two neck cells, and a layer
of jacket cells (Fig. 3a). The swollen neck cell contained a
large nucleus and numerous starch grains (Fig. 3b). At this
stage, the wall of the central cell was extremely thick except
for some thinner areas adjacent to the jacket cells (Fig. 3c,
d), which represents the site of exchange of materials
between the central cell and the jacket cell, whereas the wall
of the central cell adjacent to the neck cell was relatively
thin (Fig. 3b). Oblique division of each neck cell gave rise
to a cell wall between the outer and inner cell. The central
cell also underwent an unequal division to form an egg cell
and a ventral canal cell (which disappeared quickly). The
nucleus of the egg cell was located in the upper part of the
cell near the neck cells, and part of the cytoplasm protruded
toward the neck cells (Fig. 3e). Serial sections indicated
that the inner neck cell was concave in shape; in Fig. 3e the
inner neck cell showed a compressed appearance with the
wall adjacent to the egg cell curved toward the outer neck
cell, and in Fig. 3f the inner neck cell displayed a decreased
area and seemed nearly dissociated into two parts; in
Fig. 3g only a small part of the inner neck cell was visible,
and the outer neck cell was in contact with the egg cell.
After fertilization, when the sperm entered the archego-
nium, the neck cells almost lost their swollen shape and all
organelles were indiscernible (Fig. 3h).

Ultrastructure of neck cells before fertilization

About 85 days after pollination, the neck cell contained
abundant mitochondria, ribosomes and some rough endo-
plasmic reticulum (RER) (Fig. 4a—). Adjacent to the wall
were dotted some electron-dense materials enclosed by a
single membrane (Fig. 4a, b, arrows). Occasionally, par-
allel-arranged RER was apparent in the cytoplasm with
numerous ribosomes scattered between them (Fig. 4c). In
this period, lipid droplets could be observed in the cyto-
plasm (Fig. 4c). About 115 days after pollination, the
dictyosomes and RER had increased markedly in abun-
dance in the neck cell (Fig. 4d, e). The dictyosomes were
well developed with distinct stacks and vesicles (Fig. 4d)
and the dilated RER was distributed throughout the cyto-
plasm (Fig. 4e). Plastids containing starch grains also were
increased in number and size (Fig. 4e, f). Several pockets
of cytoplasm enclosed by double membranes were appar-
ent in the neck cell (Fig. 4f, arrows). These vesicles
seemed to dock, fuse and unload their contents in the space
between the cell wall and plasma membrane (Fig. 4g).
After unloading, the vesicle was recycled back to the
cytoplasm and seemed to vanish progressively (Fig. 4g).
Just before oblique division, the number of small vesicles
increased in the neck cells (Fig. 4h), and abundant organ-
elles accumulated in the central cell along the thin wall
near the neck cell (Fig. 4h). In addition, gray-colored
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material accumulated outside the neck cells (Fig. 4h, inset
image, arrow). It was notable in this period that the starch
grains in plastids were gradually degraded (Fig. 4i). Plas-
modesmata were completely absent in the wall of the neck
cells, but the dictyosomes were still distinct (Fig. 4j). After
the oblique division, the cytoplasm of the neck cells con-
tained some mitochondria, dictyosomes and scattered
plastids (Fig. 4k). With formation of the archegonial
opening, the four neck cells contained many small vacu-
oles, and some small vacuoles fused to form larger vacu-
oles occupying most of the cell volume, and consequently
the cytoplasm was confined to a narrow peripheral layer
surrounding the vacuoles (Fig. 41).

The micropylar part of the female gametophyte con-
sisted of a tentpole, 2-5 archegonia and numerous small
cells (Fig. 5a). During female gametophyte development
and until fertilization, the surface cells of the tentpole and
the female gametophyte around the neck cells were filled
with lipid droplets (Fig. 5b, c). After fertilization, the
density of lipid droplets in these cells decreased consider-
ably (Fig. 5d, e). Moreover, in the surface cells of the
tentpole, dictyosomes were distributed around the cell
periphery (Fig. 5d), and a large number of vesicles were
evident in the surface cells of the female gametophyte
(Fig. Se).

Discussion

Neck cells facilitate opening of archegonia in G. biloba
during fertilization

Neck cells are essential to enable the male gametophyte to
enter the archegonium and achieve fertilization in gym-
nosperms. The pollen tube grows toward the archegonium
and enters the archegonium between the neck cells in si-
phonogamous gymnosperms (Wang 1948; Pennell and Bell
1988; Owens et al. 1995). During the process of male
gamete entry, some pollen tubes destroy the neck cells
(Owens and Morris 1998), some grow between the neck
cells because of the comparatively large intercellular space
(Burlingame 1915), and some grow through the previously
degenerated neck cells (Owens and Morris 1990). In
addition, Owens et al. (1995) reported that pollen tubes
may enter the archegonium through female gametophyte
tissue other than the neck cells. Nevertheless, such entry
points damage the egg cells and consequently fail to
accomplish fertilization. In contrast to siphonogamous
plants, opening of the neck cells in zoidogamous gymno-
sperms, such as cycads, during fertilization is initiated by
osmotic changes; increasing turgor pressure in each cell
may lead to cell expansion and consequent separation of
the cell walls (Norstog 1972; Takaso et al. 2013). After
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fertilization, neck cells can also block the archegonial
opening to avoid multiple sperm entering the egg cells
(Steyn et al. 1996). In the present investigation, we
observed that the two turgid outer neck cells, which im-
bricately covered the two inner cells, jutted upwards to
create the archegonial opening during fertilization, and
after fertilization all four neck cells degenerated. Although
the neck cells in the above-mentioned gymnosperms are
inconsistent in their arrangement and behavior during fer-
tilization, they have important functions in the sexual
reproduction process in all of the species.

In G. biloba, the spermatozoids move toward the ar-
chegonia via their flagella after their release from the
suspended pollen tube. Simultaneously, to facilitate entry
of the spermatozoid, some cytoplasm of the egg cell pro-
trudes through the neck of the archegonium (Lee 1955;
Zhang et al. 2012). Although earlier studies revealed that
neck cells are essential for the spermatozoids to enter the
archegonium, little information is available on the arche-
gonial opening process. Moreover, the two inner neck cells
cannot be directly observed because they are invariably
covered by the two elliptic-shaped outer neck cells. Here,
using serial sectioning, we observed that the two outer cells
were extremely turgid, whereas the two inner cells were
concave in shape. On the basis of these findings we
hypothesized that, after division, the two inner cells are
curved opposite to each other, with the visible portions in
contact and the concealed portions separate, and all of the
neck cells are in contact with the egg cell (Fig. 6a, b).
During fertilization, the four neck cells separated from
each other in the region of contact, which ultimately led to
opening of the archegonium (Fig. 6¢, d), indicated that the
neck cells formed intercellular space to enable the sper-
matozoids entering the archegonium. Importantly, forma-
tion of the archegonial opening involved morphological
changes in the neck cells: the outer cells were extruded
toward the archegonial chamber and the inner cells were
pushed to two sides (Fig. 6¢, d). Both changes might be
effected by the protrusion of the egg cell cytoplasm.
Because the neck cells do not separate to a large extent, the
archegonial opening would correspondingly be oblique
rather than perpendicular to the archegonium. Taken
together, we proposed the mechanism for archegonial
opening in G. biloba that the neck cells have uniquely
morphological characteristic, and they would undergo
distinctively structural changes which contribute to the
archegonial opening during fertilization.

Neck cells of G. biloba have a secretory function
to facilitate fertilization

It has long been considered that the neck cells in arche-
goniate plants are equivalent to the synergid cells in
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Fig. 5 Ultrastructure of surrounding surface cells of the tentpole and
female gametophyte during fertilization. a Micropylar part of female
gametophyte. b Surface cell of tentpole filled with lipid droplets
before fertilization. ¢ Surface cells of female gametophyte containing
numerous lipid droplets before fertilization. d Surface cells of
tentpole showing decreased lipid droplets and increased dictyosomes

(arrows) after fertilization. e Lipid droplets (arrows) were less
frequent in surface cells of female gametophyte after fertilization. Ar
archegonium, Cw cell wall, Fgs surface cells of female gametophyte,
M mitochondrion, Nc neck cell, N nucleus, S starch grain, T tentpole,
Ts surface cells of tentpole. Bars a 200 pm, b, d 2 um, ¢, e 5 pm
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Fig. 6 Schematic illustration of neck cell morphology in G. biloba
after oblique division. a Four neck cells of an archegonium after
oblique division before archegonial opening. b Perspective drawing
of a, showing part of inner neck cells (pink) concealed by outer neck
cells (green). ¢ Neck cells during archegonial opening (arrowhead).
d Perspective drawing of ¢, showing the two inner neck cells forced to
two sides. Arrowhead indicates the archegonial opening. In inner neck
cell, On outer neck cell (color figure online)

D

angiosperms, as both cell types are located close to the egg
cell and may act as a canal for growth of the male game-
tophyte. Most synergid cells contain a unique structure, the
filiform apparatus, which greatly increases the surface area
of the plasma membrane and assists the synergid cells to
absorb and transport metabolites (Kasahara et al. 2005;
Punwani et al. 2007; Okuda et al. 2009) and direct pollen
tube growth (Higashiyama et al. 2001; Higashiyama 2002).
In addition, one of the two synergid cells may initiate
programmed cell death for pollen tube entry and sperm
release (Huang and Russell 1992). Studies of the fertil-
ization process in some archegoniate species indicate that
neck cells show similar characteristics with synergids, such
as attraction of pollen tubes and degeneration during fer-
tilization (Ottley 1909; Owens and Molder 1979; Owens
and Morris 1991). In the present study, we observed that
the archegonia were frequently located around the tentpole,
with the neck cells close to the egg cell protruding toward
the archegonial chamber, which implied that the neck cells
of G. biloba probably exert functions in the guidance of the
male gametophytes.

In contrast to most gymnosperms, in which pollen tubes
show a more or less similar behavior of growth toward the
neck cells, pollen tubes of G. biloba do not show such
behavior and instead branch many times in the intercellular
space of the pollen chamber, by which they may absorb
nutrients and help to anchor themselves (Gifford and Lin
1975). Before fertilization in G. biloba, the unbranched end
of the pollen tube swells and bursts to release the
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spermatozoids into the archegonial chamber (Friedman
1987). In the present study, abundant mitochondria, dict-
yosomes, vesicles and RER were observed in the neck cells
just before fertilization. Although we did not observe
plasmodesmata in the neck cell walls, we found many
vesicles and wrinkled plasmalemma, which indicated that
the neck cells in G. biloba were biochemically active and
dynamic during fertilization, and had a secretory function.
Considering that the archegonial chamber is filled with
liquid during spermatozoid release, we propose that the
neck cells play a role in production of the liquid. The
secretory characteristics and function of neck cells have
been reported also in P. menziesii (Owens and Morris
1991), interior spruce (Picea) (Runions and Owens 1999),
and Larix decidua (Rafinska and Bednarska 2011). How-
ever, the size of neck cells is not in proportion to the
volume of fertilization liquid, therefore, we speculate that
an additional origin(s) is involved in the secretion. Our
transmission electron microscopic observations on the
surface cells of the tentpole and female gametophyte
clearly showed a marked decrease in number of lipid
droplets during fertilization, which implied that these cells
were probably the greatest source of the liquid. Taken
together, we suggest that the neck cells only contribute a
small portion of the total liquid volume, and the secretions
may be involved in signal transduction that function as an

attractant to guide the spermatozoids toward the
archegonia.
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