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Differentiation of the suspensorin Triglochin maritimum L. (2n = 48) was studied in comparison with the development
of the embryo proper. The zygote divides into the apical cell and the basal cell, which becomes the basal cell of the
suspensor. The fully differentiated suspensor consists of 2-3 stem cells and a large basal cell. A single, huge nucleus
is situated in the central part of the cell. Measurements of the nuclear DNA content and nuclear volume of the
suspensor basal cell indicated its degree of ploidy, which could reach a maximum 256C. Lower ploidy levels — 4C, 8C
and 16C - characterize the basal cell of small, 3-10-celled embryos. Nuclei with the highest ploidy levels of 128C and
256C were found only in fully differentiated basal cells of more than 100-celled embryos. During polyploidization there
were some changes in the chromatin structure of polyploid nuclei. Chromocenters at low levels of ploidy, endochro-
mocenters at the middle levels, and bundle-like aggregations of chromatin at the highest levels of ploidy were observed.
The lack of mitoses, rhythmic enlargement of DNA content and nuclear volume of the basal cell, as well as the
characteristic structure of its chromatin point to endoreduplication as a mechanism of polyploidization in the suspensor.
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INTRODUCTION

The zygote in angiosperms usually divides transver-
sely to form a basal cell and an apical cell, which
gives rise to the embryo proper. The basal cell often
creates a complete suspensor or only part of it (e.g.,
its basal cell). Angiosperm suspensors generally are
rapidly developing and short-lived organs, varying
widely in size and morphology from a single cell to
a massive column of several hundred cells (Yeung
and Meinke, 1993). Classically, the suspensor was
thought to maintain the embryo proper in a suitable
position and to push it into the interior of the embryo
sac (Maheshwari, 1950). However, extensive cyto-
chemical, ultrastructural and physiological studies
have shown the suspensor to play an active role
during development of the embryo proper (Prit-
chard, 1964; Schulz and Jensen, 1968; Avanzi et al.,
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1970; Picciarelli et al., 1984). Multiplication of nuclear
DNA content and polytenization of chromosomes often
accompanies suspensor development. The most com-
mon mechanism of polyploidization in the suspensor
is endoreduplication. Regular formation of restitution
nuclei is observed less frequently (Nagl, 1962, 1981).

High levels of ploidy and endoreduplication as a
means of suspensor differentiation are characteristic
of many species in Helobiae. In Alisma lanceolatum,
Potamogeton densus (Hasitchka-Jenschke, 1959)
and Echinodorus tenellus (Nagl, 1962) the nucleus
of the basal cell attains a ploidy level of 128n, and in
Alisma plantago-aquatica (Bohdanowicz, 1973)
even as high as 1024n.

This paper presents the results of an investiga-
tion of cytological processes during suspensor dif-
ferentiation in Triglochin maritimum L., which also
belongs to Helobiae.
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MATERIALS AND METHODS

The examined materials were T. maritimum L.
(Juncaginaceae) flowers at various stages of their
development, originating from natural habitats on
the Baltic Sea coast in Mrzezino near Puck. The
young and overblown flowers were fixed for 4 h in
1:3 acetic ethanol at room temperature and stored
in 75% ethanol at 4°C.

Two different methods were used to determine the
ploidy levels of suspensor cells. The earlier stages of
the embryo and suspensor development were studied
by the volumetric method, and the older ones were
examined by the cytophotometric method.

Most of the embryological preparations were
made using the paraffin method. Microtome sections
25 um thick, after deparaffinization and hydration,
were stained with acetocarmine, dehydrated and
embedded in Euparal. The volumes of nuclei were
calculated according to the formula:

V=é n-dlodz-d:j
where d;, d», d; represent the diameters of the nuclei.

Nuclear DNA content was determined after
Feulgen staining. Ovules isolated from the pistils
were hydrolysed for 1 h in 4N HCI at 20°C and
stained with Schiff's reagent for 2 h. Squashed prep-
arations were made from the ovules by the dry ice
method, dehydrated in ethanol and embedded in
Euparal. All the measurements were performed
using an Amplival Photometrie MFV 4001 cyto-
photometer.

Analysis of nuclear DNA content or nuclear
volume in more than fifty telophasic and prophasic
nuclei of embryo cells permitted estimation of the
2C = 2n and 4C = 4n values. The nuclear volumes
from the 138-248 um’ range correspond to the 2n
level (telophasic nuclei), and from the 282-498 um’
range to the 4n level (prophasic nuclei). On the other
hand, the values of DNA content of the telophasic
nuclei (2C) ranged from 57 to 84 (in arbitrary units)
and of the prophasic nuclei (4C) from 113 to 189 (in
arbitrary units). The results from the two methods
were consistent.

A few cytotypes of T. maritimum have been
reported for Poland: 2n = 12, 24, 30 and 48 chromo-
somes (Piotrowicz in: Skalinska et al., 1961). To
determine which cytotype characterizes the studied
plants, squashed preparations from young acetocar-
mine-stained anthers were analyzed. In all these
specimens the haploid chromosome number n=24
(2n=48) was found.

Luszezek et al.

RESULTS
DEVELOPMENT OF THE SUSPENSOR

The zygote in T. maritimum L. shows the polarity
typical for that kind of cell. The nucleus, surrounded
by dense cytoplasm, occupies the chalazal pole, and
a large vacuole occurs at the micropylar pole. After
the first division of the zygote, two cells of unequal
size are formed: the large basal cell and the smaller
apical one (Fig. 1, inset). The basal cell does not
divide further but enlarges considerably and
becomes the suspensor basal cell, whereas the apical
cell undergoes two more divisions, resulting in the
formation of three new cells. The cell adjacent to the
suspensor basal cell develops into the suspensor
stem. The embryo proper originates from the other
two cells (Figs. 1-3).

The fully differentiated suspensor consists of a
very large basal cell and 2-3 cells of the stem. The
suspensor basal cell is generally spherical or ellip-
soidal, and its nucleus of appreciable size is situated
in the central part (Figs. 2, 3).

POLYPLOIDIZATION OF THE SUSPENSOR BASAL CELL

The process of suspensor basal cell differentiation
was investigated in various stages of embryo devel-
opment. Over two hundred nuclei of suspensor basal
cells were analyzed by two different methods — vol-
umetric and cytophotometric. The two methods of
ploidy determination produced similar results (see
also: D’Amato, 1989).

The initial stages of development of the suspen-
sor basal cell and the embryo proper (up to ~ 50-
celled embryos) were studied on 25 um thick paraffin
sections, which preserved complete, undamaged em-
bryos in one slice. For the same reason, further
stages (from 50- to ~ 500-celled embryos) were exam-
ined mainly in squashed preparations after Feulgen
staining. The results of nuclear volumes and DNA
content measurements (Tab. 1) permitted seven
classes of nuclei to be distinguished, corresponding
to levels of ploidy from 4n to 256n.

Ploidy levels of 4n and 8n were found in the
basal cells of very small, 2-celled embryos (Tab. 2).
On the other hand, in the examined basal cells there
were no nuclei with volumes corresponding to 2n.
These two facts suggest that basal cell nuclei may
undergo two cycles of endopolyploidization at the
beginning of embryo development. Moreover, these
observations indicate that polyploidization of the
suspensor basal cell and the first mitotic division in
the apical cell probably begin simultaneously (see
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Figs. 1-3. Early development of Triglochin maritimum embryo; longitudinal sections of ovules. Fig. 1. 3-celled embryo with
enlarged basal cell (BC). Inset: 2-celled embryo. Note basal cell (BC) and dividing apical cell (AC). Fig. 2. 10-celled embryo
with suspensor composed of basal cell (BC) and 2-celled stem. Fig. 3. Globular embryo proper (EP) and ellipsoidal suspensor
basal cell (BC) with huge nucleus situated in its central part.

Fig. 1). Octoploid nuclei of basal cells were also
present in larger embryos, but not in those greater
than 10-celled. The greatest variability in the num-
ber of cells (from 10 to ~ 100) constituting the embryo
corresponds to ploidy levels of 16n and 32n. This
suggests that the ploidy levels of 16n and 32n,
reached by the basal cell in the early stages of
embryogenesis are a prerequisite for further normal
development of the embryo.

The higher (64n and 128n) and highest (256n)
ploidy levels (Fig. 7) were reached only in suspensor
basal cell in very large embryos (formed from 50 to
~ 500 cells). Some nuclei at intermediate ploidy
levels (between 64n and 128n) were noted in these
embryos. The continuous multiplication of nuclear
DNA indicates that endoreduplication takes place in
the differentiated basal cell as well.

During multiplication of DNA content in the
suspensor basal cell, some changes in its chromatin
structure were observed. The chromatin structure
in diploid cells of the T. maritimum embryo could be
classified as chromocentric (Fig. 7, inset). A very
similar structure characterizes suspensor nuclei at

lower degrees of ploidy (4n and 8n). Nuclei at the
middle levels of ploidy (16n and 32n) reveal a dis-
tinct chromatin structure. The chromocenters have
grown in length and diameter, forming endochro-
mocenters with short aggregations of chromatin
visible at their ends (Figs. 4, 5). In nuclei at the
highest ploidy levels (from 64n to 256n), further
enlargement of endochromocenters is observed
(Figs. 6, 7). Evidently the endochromocenters have
evolved into elongated, bundle-like aggregations
of chromatin scattered throughout the nucleus.
Numerous chromatin threads radiating out of these
aggregations form a net regularly distributed inside
the nuclei (Fig. 7). At the same time, with increasing
ploidy levels and chromocenter size, the number of
chromocenters does not change significantly. The
cells of the suspensor stem undergo no polyploidiza-
tion. Their nuclei remain similar to embryo proper
nuclei.

Analysis of the data on nuclear volume and
DNA content of polyploid suspensor nuclei reveals
their rhythmical growth, with the regular spherical
or oval shapes of the nuclei retained. All the de-



134

Luszczek et al.

TABLE 1. Nuclear volume and DNA content of suspensor basal cells in Triglochin maritimum L.

Degree of ploidy established by: Volume of nuclei Nuclear DNA content Number of nuclei analysed by:
Volumetric Cytophotometric min = max min - max Volumetric Cytophotometric
method method (um”) (arbitrary units) method method
4n 4C 448 — 493 3
8n 8C 568 - 980 19
16n 16C 1118 - 1999 503 - 683 33 2
16n - 32n 16C - 32C 2014 - 2090 757 - 792 6 2
32n 32C 2248 — 3955 877 75 1
32n - 64n 32C - 64C 4062 - 4323 1542 - 1635 3 2
64n 64C 4502 - 7300 1893 - 2720 34 9
64n - 128n 64C - 128C 2810 - 3885 10
128n 128C 10804 - 13911 3902 - 5312 2 10
128n - 256n 128C - 256C 6541 — 7384 2
256n 256C 8006 - 8012 2

TABLE 2. Relation between developmental stages of embryo (number of cells) and of suspensor basal cell (degree of ploidy)

in Triglochin maritimum L.

Degree of ploidy of suspensor basal cell

Number of embryo cells

2n 4n 8n 16n 32n 64n 128n 256n

2 - 1 2 ~ - - - -

3-4 - 2 3 - - - - -

5-10 - - 11 10 1 - - -

11-20 - - - 10 2 - - -

21-50 - - - 9 2 - - -

50 - 100 - - - 1 69 34 2 -

100 - 500 - - - 1 1 6 2 -

- - - - - 3 8 2

>500

scribed changes in chromatin structure also indicate
an increase in the amount of DNA in the nuclei.
Neither endomitoses nor other processes causing
similar effects were observed. These observations
lead to the conclusion that polyploidization of nuclei
in suspensor basal cell occurs due to endoreduplica-
tion.

DISCUSSION

Development of the suspensor, a short-living organ,
in association with the embryo proper, is a very
common though not universal feature of em-
bryogenesis in angiosperms. Numerous karyological
investigations have established that in many plant
species the differentiation of suspensor cells is ac-
companied by endopolyploidization of their nuclei,
or much more rarely by the formation of restitution
nuclei (Nagl, 1962; for review: D’Amato, 1984). En-
doreduplication also seems to be the most common
mechanism of suspensor differentiation within

Helobiae. In Alisma lanceolatum and Potamogeton
densus (Hasitchka-Jenschke, 1959), Echinodorus te-
nellus (Nagl 1962) and Alisma plantago-aquatica
(Bohdanowicz, 1973), the basal cell, which origin-
ates from unequal transverse division of the zygote,
grows directly into a large suspensor basal cell. Its
nucleus undergoes endoreduplications and reaches
a maximum ploidy level of 128n in A. lanceolatum
and Potamogeton densus, and even 1024n in A. plan-
tago-aquatica. Suspensor development in T. mariti-
mum L. proceeds very similarly to that in other
species of Helobiae described earlier. After the first
unequal zygotic division, the basal cell increases
only in size and becomes the suspensor basal cell. At
the same time, the apical cell divides twice more and
forms the initial cells of suspensor stem and embryo
proper. The suspensor basal cell nucleus rhythmi-
cally increases its nuclear volume and DNA content
and attains a maximal ploidy level of 256n.

The highly polyploid nuclei of Potamogeton den-
sus suspensor frequently show polytene chromosomes
with a clearly banded structure (Hasitchka-Jensch-



Polyploidization of suspensor in Triglochin 135

Figs. 4-7. Triglochin maritimum. Polyploid nuclei from suspensor basal cells at different levels of ploidy. Fig. 4. 16C.
Endochromocenters clearly visible. Fig. 5. 32C. Fig. 6. 64C. Size of endochromocenters increases with increasing ploidy level,

whereas number of endochromocenters undergoes no significant changes. Fig. 7. Nucleus at the highest level of ploidy (256C),
with bundle-like aggregations of chromatin. Inset: chromocentric, diploid nuclei of an embryo proper.
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ke, 1959), whereas the higher ploidy nuclei of Alisma
plantago-aquatica suspensor are characterized first
of all by more or less compact chromatin bundles
(Bohdanowicz, 1973). The chromatin structure of
suspensor nuclei in 7. maritimum does not reveal
such various forms as have been observed in other
species of Helobiae. Only the presence of endochro-
mocenters and elongated, bundle-like aggregations
of chromatin were noted, in polyploid and highly
polyploid nuclei of the basal suspensor cell, respec-
tively.

Both in T. maritimum or in other species of
Helobiae studied up to now, the nuclei of the suspen-
sor stem generally are similar to the embryo proper
nuclei, and they undergo no polyploidization. In
various angiosperms the degree of ploidy usually
increases toward the base of the suspensor, reaching
up to 8192C in the basal cells of Phaseolus coccineus
(Brady, 1973) and 4096C in Phaseolus vulgaris
(Nagl, 1974). Multiplication of genome number in
the nucleus of an endopolyploid cell usually leads to
a proportionate increase in its physiological activity
(D’Amato, 1989; Nagl, 1990a). Very extensive
studies of the suspensor in Phaseolus by many re-
searchers (Avanzi et al., 1970; Nagl, 1970; Cremoni-
ni and Cionini, 1977) using many different
techniques reveal high synthetic activity in suspen-
sor basal cells. In their polytene nuclei the rate of
RNA synthesis is hundreds of times higher than in
embryo cells, and transcriptional activity per
amount of DNA is twice that of the embryo proper
(Walbot et al., 1972). Cytochemical and ultrastruc-
tural studies of the suspensor provide evidence indi-
cating eitherits role in synthesis or its specialization
in active transport (Nagl, 1990b; Nagl et al., 1991).
The wall ingrowths characteristic of so-called trans-
fer cells occur in the micropylar part of the suspensor
basal cells of, for example, Capsella (Schulz and
Jensen, 1968, 1969), Phaseolus (Schnepf and Nagl,
1970), Stellaria (Newcomb and Fowke, 1974), Tro-
paeolum (Nagl, 1976), Vigna sinensis (Hu et al.,,
1983) and Alisma (Bohdanowicz, 1987).

These numerous investigations of the suspen-
sor suggest that its role during embryogenesis is not
restricted to pushing the embryo into the embryo sac
where it would be exposed to the endosperm. The
correlation between suspensor development and for-
mation of the embryo proper confirms the suspen-
sor’s importance to normal embryogenesis.

In T. maritimum, fast progress of endoredupli-
cation in the basal cell coincides with the first divi-
sion of the embryo mother cell, and differentiation
of the suspensor precedes that of the embryo proper.
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Further development of embryo very probably i
possible only when the basal cell nucleus undergoé
a few (3-4) rounds of endoreduplication. A similar
relationship between suspensor and embryo devel-
opment has been reported by Schulz and Jensen
(1969) in Capsella bursa-pastoris and Bohdanowicz
(1973) in Alisma plantago-aquatica. The important
regulatory role of the suspensor (as a source of
growth substances and nutrients) during early em-
bryogenesis has been confirmed by many authors
(Lorenzi et al.,, 1975; Yeung and Sussex, 1979;
Yeung, 1980) in Phaseolus. This implies that the
suspensor functionally replaces the endosperm in
the first stages of embryogenesis. However, further
multiplication of the nuclear DNA of suspensor nu-
clei in T. maritimum proceeds simultaneously with
the growth of the embryo (to ~ 500 cells). The basal
cell nuclei attain a ploidy level of 256C. This seems
to indicate high physiological activity by the suspen-
sor during late embryogenesis. This finding seems
consistent with studies by Forino et al. (1992) and
Andreucci et al. (1994), reporting extensive metabo-
lic activity by the suspensor in the heart-shaped and
cotyledon embryo stages.

The results obtained in this investigation of
suspensor differentiation in T'. maritimum support
the suggestion that the suspensor plays an active
role during early and late embryogenesis.
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