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Summary

Nucleolus-like inclusions in the meiocytes of Ulium
sp. have been investigated at the light and electron-
microscope levels, with respect both to their compo-
sition and their formation during the meiotic div-
isions. Those present in the cytoplasm (cytoplasmic
nucleoloids) first appear as small structures late in
anaphase I. Coincidentally, small nuclear nucleolus-
like inclusions (NLBs) develop on the surface of the
chromosomes, and sometimes in the region between
chromosomes as they are carried into the daughter
nuclei. The cytoplasmic nucleoloids increase in size
from late anaphase I to the dyad stage, but disappear
before metaphase II. They redevelop late in ana-
phase II and persist, increasing in size, until the
tetrad stage. The NLBs also increase in size over this
period. Ultrastructural investigation indicates that
both the nascent nucleoloids and NLBs are fibrous in
texture as they arise in late anaphase. Elsewhere in
the cytoplasm, however, large accumulations of

amorphous electron-opaque material also aggregate.
This material becomes associated with the nucleo-
loids and the NLBs during the period of their
enlargement. Nucleoloids late in development, and
post-telophase nucleoli are not invested by these
amorphous masses. Interestingly, cytoplasmic nuc-
leoloids and NLBs react in an identical fashion to a
range of cytochemical treatments and, using in situ
hybridisation at the electron-microscope level, they
have been demonstrated to contain RNA sequences
homologous with a wheat ribosomal gene probe.
Cytoplasmic nucleoloids are thus interpreted as
following an identical developmental pathway to
nucleoli except in that, perhaps owing to high levels
of rDNA transcription during meiosis, they condense
in the cytoplasm rather than the nucleoplasm.

Key words: cytoplasmic nucleoloids, meiocytes, nuclear
nucleolus-like bodies, rRNA.

Introduction

Nucleolus-like inclusions are a feature of the meiotic
cytoplasm of many plants (McClintock, 1934; Hakansson
and Levan, 1942; Kusanagi, 1967; Dickinson and Heslop-
Harison, 1970; Kusanagi and Kawano, 1975) and have
been termed cytoplasmic nucleoloids (Dickinson and
Heslop-Harrison, 1970). Similar structures, referred to
here as 'nuclear nucleolus-like bodies' (NLBs), also arise
in the nucleoplasm at this time. In other studies these
have been called 'spherical bodies' (Lafontaine, 1965) or
'dense bodies' (Barlow, 1981).

Kusanagi and Kawano (1975) report nucleoloids to be
present in the cytoplasm throughout meiosis, from
diakinesis to telophase II in Maianthemum dilatatum. The
situation is clearly different in Lilium henryi, for while
conspicuous in dyads and tetrads, nucleoloids have proved
undetectable during the cytokinetic stages (Dickinson and
Heslop-Harrison, 1970). Cytoplasmic nucleoloids and
nucleolus-like bodies (NLBs) closely resemble the nu-
cleolus in cytochemical characteristics, and it is tempting
to propose that, since a clearly defined nucleolus is absent
during the periods when these inclusions arise, they
together may represent the 'nucleolar apparatus' of the
cell. The composition of these nucleoloids and NLBs is also
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far from clear; they do not bind tritiated poly(U),
suggesting that they contain little or no mRNA (Dickinson
and Willson, 1985) but RNAase-gold labelling indicates
that the nucleoloids contain somewhat less RNA than
nucleoli (Sato et al. 1989).

Most importantly, nothing is known of the function of
cytoplasmic nucleoloids and, in particular, their relation-
ship with the 'nucleolar cycle' of mitotic cells. Prenucleolar
material is known to be associated with the metaphase
chromosomes during mitosis (Fan and Penman, 1971) and,
following restitution of the nuclear envelope at telophase
it condenses to form the nucleoli at the NORs of the
chromosomes. Since nucleoloids are free in the cytoplasm
and thus cannot be associated with the NORs of the
meiotic nucleoli - at either telophase I or telophase II -
these two classes of structure cannot be identical.
However, the similarity of their behaviour during the
cytokinetic stages is striking. Dickinson and Heslop-
Harrison (1970) proposed that the cytoplasmic nucleoloids
played a part in the repopulation of post-meiotic cytoplasm
with ribosomes, although their comparatively low content
of RNA militates against this. Interestingly, morphologi-
cally similar structures are seen in the cytoplasm of the
egg cells of Pteridium aquilinum (Pennell and Bell, 1987)
but these have been convincingly demonstrated not to
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contain RNA. Ignorance of the composition of the
cytoplasmic nucleoloids of higher plants has thus made it
impossible to link them with nucleolar metabolism.
Moreover, it leaves open the possibility that they are
composed principally of protein, perhaps derived from the
meiotic chromosomes (Sato et al. 1989). We present here
definitive evidence of the constitution of the cytoplasmic
nucleoloids and the NLBs of Lilium, and the manner of
their formation during anaphase I and II.

Materials and methods

Conventional electron microscopy
Plants of Lilium longiflorum and Lilium hybrida, var. Enchant-
ment were grown under glass at 20(±5)°C. Anthers, excised from
buds at appropriate stages of development, were fixed in 1.3%
(v/v) glutaraldehyde, buffered at pH7.0 in 0.03 M phosphate
buffer. Following fixation for 5h at room temperature the
material was dehydrated in an acetone series and embedded in
Epon-812 (Shell Chemical) using propylene oxide as a transfer
reagent.

For light microscopy, the embedded tissue was sectioned at
0.5 /on using an LKB Ultrotome, and the sections transferred to
glass slides. Thin sections were also cut for electron microscopy.
Following mounting on grids, the ribonucleoprotein was 'prefer-
entially stained' using the method of Bernhard (1969). Obser-
vations were made using Hitachi HU-12 and H800 electron
microscopes operating at 100 and 75 kV, respectively.

Silver staining
Silver staining was performed in 0.5 ;<m resin sections using a 1:1
mixture (w/v) of silver nitrate and distilled water at between 60
and 65 °C for several hours, according to the method of Sato and
Shigematsu (1985).

In situ hybridisation
Tissue preparation. For in situ hybridisation anther material

was fixed and embedded in LR gold (London Resin Co.) according
to McFadden et al. (1988). Ultrathin silver/gold-defracting
sections were cut on a Reichert Ultracut microtome and collected
on 200 mesh Formvar-coated nickel grids.

Probe preparation. The double-stranded DNA probe was de-
rived from genomic clone pTA-71, which carries the ribosomal
DNA (rDNA) repeat unit of wheat (Gerlach and Bedbrook, 1979)
cloned in pUC 18. A 3.6 kb fragment of pTA-71 encoding 18 S, 5S
and 26 S ribosomal RNAs (Appels and Dvorak, 1982) was excised
from the recombinant by BamHl (Boehnnger Mannheim)
digestion, isolated by agarose gel electrophoresis and recovered
from the gel using a 'Gene Clene' kit (B10 101). The 3.6 kb rDNA
(l(ig) was labelled with digoxygenin (DIG)-ll-dUTP by random
priming (Feinberg and Vogelstein, 1983) using a DIG DNA
labelling kit from Boehringer Mannheim. Label incorporation
was accomplished at 37 °C for 20 h. Labelled probe was separated
from unincorporated nucleotides on a Sephadex G-50 (Pharmacia
LKB) spun column (Maniatis et al. 1982) and precipitated with
ethanol using glycogen (200/igml"1) as a carrier. After drying,
probe was resuspended at approx. S/zgrnl"1 in hybridisation
solution (50% formamide, 5xSSC (SSC is 0.15M NaCl, 0 .015 M
sodium citrate, pH7.0), 10% dextran sulphate, 10 mM Tris-HCl,
pH7.5, 12.5xDenhardt8' solution, 0.5% sodium dodecyl sulphate,
250(i%ml"1 salmon sperm DNA and 5 ing ml"1 sodium pyrophos-
phate) and stored at -20°C. Immediately prior to use, probe was
denatured at 100°C for 5 min and cooled rapidly on ice.

Hybridisation. Ultrathin sections were incubated with
lO/igml"1 proteinase K (Boehringer Mannheim) in TE (lOmM
Tris-HCl, lmm EDTA, pH7.5) for 15 min at 22 °C and washed
repeatedly in TE. Grids were placed on 5/il drops of denatured
probe solution and hybridised at 42°C in a sealed Petri dish
(containing excess 50% formamide, 5xSSC) for 18 h. Post-
hybridisation washes were performed by floating grids on 50/il
drops of 2xSSC (2x10 min, room temperature (RT)) and lxSSC

(2xlh, 42 °C). For the immunodetection of digoxygenylated
hybrids grids were sequentially incubated in drops of the
following solutions at RT: 15 min, 50 //I SC buffer (50 mM Pipes,
pH 7.2, 0.5 M NaCl, 0.5 % Tween 20; McFadden et al. 1988); 1 h SC
buffer containing 1% BSA; 6h, 10 /il mouse anti-digoxygenin
monoclonal antibody (Boehringer Mannheim) diluted in SC
buffer (1/20); 6 x 10 min, 50 (il SC buffer; 2 h, 20 (il goat anti-mouse
IgG-15nm gold (Biocell Research Laboratories) diluted in SC
buffer (1/25), 6xl0min, 50(il SC buffer; 5x1 min bidistilled
water. After blotting dry, grids were lightly stained with lead
citrate and uranyl acetate.

Controls. For use as controls, sections were treated with
RNAase A (McFadden et al. 1988) following the proteinase K
digestion. In other controls the primary antibody was omitted
from the reaction mixture.

Results

Silver-binding inclusions during meiosis I and II
Pollen mother cell nuclei in meiotic prophase possess
strongly agryophylic nucleoli featuring many lacunae
(Fig. 1). In metaphase I, these nucleoli disperse, becoming
no longer detectable with either the light (Fig. 2) or the
electron microscope. However, silver staining of cells in
late anaphase I reveals structures in the cytoplasm and on
the surface of the chromosomes themselves (Fig. 3). These
are present in all late anaphase cells and persist through
telophase I to the dyad stage (Figs 4 and 5). The
dimensions of these agryophylic inclusions vary with the
stage of meiosis (Figs 3-5); thus, in late anaphase I they
appear small and particulate, whilst during telophase I
and the dyad stages they are more massive. In order to
determine the relationship between the size of these
bodies and the meiotic stages at which they appeared,
their diameters have been categorised into three ranks
and frequencies determined for each category. In late
anaphase all agryophylic inclusions possess diameters of
less than 0.7 (.cm (Fig. 8) but, by the end of late anaphase I,
their diameters exceed this value, with diameters ap-
proaching 2 jum in the dyad or tetrad stages. Significantly,
this increase in size is accompanied by a decrease in
number. Unfortunately, since the inclusions are not
evenly distributed within the cytoplasm and the cells have
not been serially sectioned, it has proved impossible to
estimate whether the material composing the small
structures could form the smaller number of larger bodies.

The timing of the appearance and disappearance of the
various classes of silver-binding structures is significant.
For example, the particulate material on the chromosome
surfaces appears late in anaphase I, coincident with the
particulate inclusions in the cytoplasm - the cytoplasmic
nucleoloids. Further, between telophase I and dyad, the
particulate nuclear inclusions become no longer detectable
at the same time as the appearance of larger structures in
the karyoplasm (Fig. 5), which we have termed NLBs.

The rapidity with which the cells pass through the
prophase of meiosis II makes examination of the nucleo-
loids and NLBs difficult, but there is clearly a short
interval late in prophase II during which all agryophylic
structures again become absent. They reappear in ana-
phase II (Fig. 6) but in smaller numbers. As development
proceeds to the tetrad stage the nucleoloids again decrease
in frequency but increase in size, often exceeding 3 (xm in
diameter (Figs 7 and 8). Whilst this behaviour mirrors
that seen in the first meiotic divisions, the particulate
material associated with the chromosomes in late ana-
phase II is far less abundant in the tetrad cells, where
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Fig. 1. Meiocyte of Lilium longiflorum following silver staining. The nucleolus, which features lacunae, binds the stain strongly.
Light micrograph. X1750.
Fig. 2. Meiocytes of Lilium longiflorum at metaphase I following silver staining. No silver-binding structures are present. Light
micrograph. X1750.
Fig. 3. Silver-stained meiocyte in late anaphase I showing silver bound both to structures associated with the chromosomes, and to
particulate cytoplasmic structures. Light micrograph. X1750.
Fig. 4. As Fig. 3, but early in the telophase stage. The silver-staining stuctures, both associated with the chromosomes and free in
the cytoplasm, have become enlarged. Light micrograph, x 1750.
Fig. 5. As Fig. 3, but cells at the dyad stage stained with silver. Since the nuclear envelope has re-formed, the silver-binding
structures in the cytoplasm may now be identified with cytoplasmic nucleoloids. The structures in the nucleus decrease in number
but increase in volume. Light micrograph. X1750.
Fig. 6. Silver-stained meiocytes early in telophase H The cytoplasmic nucleoloids and the nucleolar-like structures in the nucleus
resemble those seen early in telophase I. Light micrograph, x 1750.
Fig. 7. Silver-stained tetrad of microspores. The cytoplasmic nucleoloids and nucleolar-like bodies resemble very closely those seen
in the dyad (Fig. 5). Light micrograph. X1750.
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Fig. 8. Frequency distribution of
cytoplasmic nucleoloids of
different size occuring during the
first and second meiotic cell
divisions. Diameters were
determined by measuring the
nucleoloids on enlarged prints,
and then conventionally
categorising them into three
ranks: (1) under 0.7/cm; (2)
0.7-1.0/un; and (3) over 1.0/an.
Thirty micrographs were
analysed for each developmental
stage. This figure demonstrates
that late anaphase is
characterised by the presence of
small nucleoloids, whilst larger
structures appear in early
telophase at the dyad or tetrad
stages. Their number, however,
decreases.

larger NLBs and normal nucleoli are now seen. The
cytoplasmic nucleoloids of the tetrads are also conspicu-
ously larger than those of cells at the dyad stage.

The development of nucleoloids and NLBs
Treatment of cells at metaphase I with EDTA regressive
staining, which is held to identify RNP, reveals no
structures. By early anaphase, however, numerous aggre-
gates of amorphous electron-opaque material become
visible in the cytoplasm (Fig. 9). In many instances, this
material is also loosely associated with the chromosomes.
In late anaphase cells, which, from the light-microscopic
evidence, should contain particulate cytoplasmic nucleo-
loids and NLBs (see Fig. 3), small electron-opaque com-
pact clusters, with a fibrillar texture and measuring less
than 1 /mi in diameter, are detectable both on the
chromosomes and elsewhere in the cytoplasm (Fig. 10). In
subsequent descriptions, these are termed fibrous cores
(FCO). The FCOs can be differentiated from the amorph-
ous electron-opaque material by their fibrillar nature and
higher degree of condensation.

As the chromosomes assemble at the spindle poles at
telophase I, the space between them becomes occupied by
amorphous electron-opaque material (Fig. 11). FCOs can
be distinguished within this material and it seems
reasonable to assume that they correspond to the
particulate NLBs identified with the light microscope, on
the basis of their dimensions, appearance and location.
Structures resembling the FCOs are also located in the
cytoplasm, but these (Fig. 12) do not feature the ribosome-
like particles characteristic of the 'mature' cytoplasmic
nucleoloids seen in late telophase I (Fig. 14). The most
conspicuous feature of these cytoplasmic structures is the

electron-opaque amorphous material that appears to be
associated with their surfaces as well as being dispersed
elsewhere in the cytoplasm. Interestingly, the internal
structure of both early NLBs and cytoplasmic nucleoloids
is identical (Fig. 13) and the NLBs are also fringed by
amorphous masses of electron-opaque material.

The cytoplasmic nucleoloids and NLBs of the dyad and
tetrad cells
The larger cytoplasmic nucleoloids of the dyad cells, which
exceed 1 /.an in diameter, are less frequently associated
with amorphous masses. This is also the case for tetrad
cells where the contour of the nucleoloid surface often
resembles that of somatic nucleoli (Figs 14 and 22). The
larger cytoplasmic nucleoloids characteristic of the dyad
and tetrad stages also contain electron-lucent lacunae
(Figs 14 and 21). The ultrastructure of the NLBs at these
stages resembles very strongly that of the cytoplasmic
nucleoloids (compare Figs 14 and 15). As the microspores
mature within the tetrad a conventional nucleolus starts
to appear. This is apparently formed by the fusion of the
NLBs and other particulate electron-opaque masses
within the nucleus. Using conventional staining methods,
the nucleolar material appears slightly less electron-
opaque than that composing the NLBs. By the end of the
tetrad stage, when the microspores are released into the
loculus, the nucleus has assumed a typical 'somatic' aspect
containing a large nucleolus, sometimes featuring lacu-
nae.

In an attempt to determine the presence of ribosomal
transcripts in the NLBs and cytoplasmic nucleoloids,
sections were hybridised in situ using DNA probes derived
from wheat ribosomal genes. A variety of controls were
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Fig. 9. Meiocyte of Lilium longiflorum at early anaphase; ribonucleoprotein (RNP) preferential staining. Amorphous electron-
opaque aggregates (arrows) are shown, ch, chromatin. Electron micrograph. Bar, 0.5 ̂ m.
Fig. 10. Material as shown in Fig. 9. Minute, compact fibrous cores (arrows) are visible on the chromosome surface and in the
cytoplasm. Electron micrograph. Bar, 0.5/im.
Fig. 11. Meiocyte in early telophase I; RNP preferential staining. The spaces between the chromosomes are filled with amorphous
electron-opaque aggregates. Nucleolus-like bodies (arrows) are seen associating with the chromosomes. Electron micrograph. Bar,
0.5 ^m.
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Fig. 12. A cytoplasmic nucleoloid present in a meiocyte at early telophase I; RNP preferential staining. The nucleoloid is invested
by amorphous masses (arrowheads) further amorphous electron-opaque aggregates (arrows) are also present close by in the
cytoplasm, ch, chromatin. Electron micrograph. Bar, 0.5 /im.
Fig. 13. NLBs seen in a meiocyte early in telophase I; RNP preferential staining. The structure of this inclusion and its reaction to
the stain are very similar to cytoplasmic nucleoloids. Amorphous electron-opaque aggregates (arrowheads) also invest this
structure. Electron micrograph. Bar, 0.5 ftm.
Fig. 14. Cytoplasmic nucleoloid present in the tetrad of microspores; RNP preferential staining. No amorphous electron-opaque
masses invest this mature structure, which also features a number of electron-lucent lacunae. Electron micrograph. Bar, 0.5 ftm.
Fig. 15. NLBs in the nuclei of young microspores in the tetrad; RNP preferential staining. The profiles of these structures are very
similar to those of the cytoplasmic nucleoloids. Chromatin (ch). Electron micrograph. Bar, 0.5/an.
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Fig. 16. Diagrammatic representation of cytoplasmic nucleoloid and NLB formation during the meiotic divisions. The mother cell
nucleolus disperses completely by the end of prophase. At anaphase, a number of amorphous electron-opaque aggregates become
visible; these aggregate further, via fibrous cores, to form either large cytoplasmic nucleoloids or NLBs. Fusion between these
structures may also occur.

employed, including RNAase treatment, and omission of
the probe primary antibody from the reaction mixtures. In
none of these controls was any binding observed above a
very low background level. Treatment of sections with the
probe in the absence of RNAase results in a general
binding of gold to the cytoplasm, but not to the
nucleoplasm (Figs 18-20). Negligible binding occurs over
cell walls and embedding resin. Material was not
available for the study of all developmental stages, and the
in situ work was restricted to early and mid-tetrad stages.
However, even in these later stages, it is clear that both
NLBs (Fig. 20) and the cytoplasmic nucleoloids (Figs 22
and 23) bind the probe. Some interesting differences in
binding were noted. For example, the tetrad nucleus
appears to contain two classes of NLB-like body, one
capable of binding the ribosomal probe (Fig. 20) and one
not (Fig. 19). Both these types of body contribute to the
nucleolus, which develops at this time. The nucleolus itself
also binds the probe (Fig. 18), but to a slightly lesser
extent than the NLBs. The chromatin itself does not bind
to the probe.

In the cytoplasm, while the nucleoloids generally
display the same affinity for the probe as nucleoli, some
preparations suggest that the nucleoloid peripheries bind
higher levels of the probe (Fig. 23). Some preliminary
counts were made of the gold particles binding to the
NLBs, nucleoli and nucleoloids, but the section to section
variability in probe hybridisation was such that the errors

were too great to determine any differences in probe
affinity between these two classes of inclusion.

Discussion

The various morphologies assumed by the cytoplasmic
nucleoloids and NLBs are interpreted as different stages of
their development throughout meiosis. These events are
schematically illustrated in Fig. 16, and commence in late
anaphase with the appearance of amorphous electron-
opaque aggregates in the cytoplasm. Within a short
period, small compact fibrous cores become associated
with, or invested by, these aggregates. It has proved
impossible to establish the precise relationship between
the small fibrous cores and the aggregates, but it seems
probable that the former are derived from the latter,
following some physical or chemical change in their
constitution. This assumption is based on three obser-
vations. First, the appearance of the amorphous electron-
opaque aggregates precedes that of the fibrous cores;
second, these aggregates appear to be associated with the
fibrous cores; and, third the fibrous cores gradually
increase in size whilst the aggregates become less
frequent. We therefore interpret the small fibrous cores
found in late anaphase as the origins of the cytoplasmic
nucleoloids and NLBs. Although it seems likely that the
growth of these nascent nucleoloids and NLBs takes place
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Fig. 17. Tetrad cytoplasm, prepared for in situ hybridisation, but unprobed. A number of nuclear and cytoplasmic structures are
visible. In the nucleus, chromatin (ch) and a number of nucleolus-like bodies (arrows) are visible. In the cytoplasm mitochondria
(m) and a cytoplasmic nucleoloid (n) are present. Electron micrograph. Bar, 0.5 ;jm.
Fig. 18. Nucleolus at the tetrad stage hybridised with the ribosomal probe. The probe clearly binds only to the nucleolar material
(n) and not to a lacuna (1) and the remainder of the nuclear matrix (mx). Electron micrograph. Bar, 0.5 [cm.
Fig. 19. Material as shown in Fig. 18. A small nuclear inclusion fails to bind the ribosomal probe. Electron micrograph. Bar,
0.5 fan.
Fig. 20. Material as shown in Fig. 19. A nuclear inclusion of a similar size than that depicted in Fig. 19, but displaying clear
affinity for the ribosomal probe. Electron micrograph. Bar, 0.5

by addition of material derived from the amorphous
electron-opaque aggregates, it is also possible that they
enlarge by fusion and, while this inference is supported by
the observation that they decrease in number, it is perhaps
significant that profiles indicating fusion have not been
seen.

The electron-lucent lacunae within the nucleoloids are
interesting and, although they have been described
previously (Dickinson and Heslop-Harrison, 1970), their
function remains unknown. Similar structures occur in
the nucleoli and have been termed 'nucleolar vacuoles' by
Jordan (1984). Here, their appearance may accompany

development at the fibrillar centres characteristic of
nucleoli, which are believed to be the site of rRNA
synthesis (Raska et al. 1989; Wachtler et al. 1989), or they
may be involved in the metabolism of RNP particles
(reviewed by Risueno and Medina, 1986). Clearly, the
appearance of the electron-lucent lacunae in the nucleo-
loids of Lilium cannot be associated with fibrillar centres,
for these are not present. Our results suggest that these
lacunae are only present in more mature nucleoloids and
are absent from early stages and, since the cytoplasmic
nucleoloids are degraded shortly after appearance of the
lacunae, these voids may constitute evidence that the
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Fig. 21. Material as shown in Fig. 17. A cytoplasmic nucleoloid is depicted showing the early stage of lacuna (1) development.
Despite its maturity, this inclusion is associated with particulate structures (arrows). Electron micrograph. Bar, 0.5 /an.
Fig. 22. Material as shown in Fig. 21 but hybridised with the ribosomal probe. Both the nucleoloid (n) and the cytoplasmic
ribosomes show affinity for the ribosomal probe. The probe does not, however, bind to mitochondria (m). Electron micrograph. Bar,
0.5 ism.
Fig. 23. Material shown as in Fig. 22 but following longer hybridisation. The probe hybridising with the nucleoloid (n) appears to
aggregate about its periphery. Electron micrograph. Bar, 0.5 /im.

process of dispersion has commenced. Interestingly, in
nucleoli, these lacunae are most conspicuous in prophase -
again a stage immediately prior to the dispersion of the
organelle.

Cytoplasmic nucleoloids and nucleoli in the meiotic cells
of Maianthemum dilatatum show identical staining re-
sponses; further, they do not stain following pretreatment
with 10 % perchloric acid (Kusanagi and Kawano, 1975).
Methylgreen-pyronin, which differentiates between DNA
and RNA, and does not stain protein, binds to both
nucleoloids and nucleoli giving a pink coloration. From
these cytochemical data, Kusanagi and Kawano (1975)
have concluded that the cytoplasmic nucleoloids contain
RNA, and perhaps some protein. The present study
reveals that both nucleoloids and nucleoli not only respond
identically to silver staining and the EDTA regressive
treatment, but also hybridise in situ with rDNA probes to
similar extents. Thus, on any cytological criteria, save
their position within the cell, cytoplasmic nucleoloids
cannot be differentiated from nucleoli. However, studies
based on the affinity of RNAase for the material
composing nucleoli and nucleoloids suggest that, in
Lilium, the nucleoloids of the meiocytes may contain a
lower level of RNA than nucleoli (Sato et al. 1989). Since
the manner of their formation would indicate nucleoloids
unlikely to be derived directly from nucleoli either by
fragmentation or degradation, it remains possible that
following the dispersal of the nucleoli prior to metaphase I
particular fractions of nucleolar material may reaggregate
to form the nucleoloids at late anaphase.

The accumulating evidence that cytoplasmic nucleo-
loids contain a relatively high proportion of RNA indicates
that these structures are not identical with morphologi-
cally similar inclusions seen during egg maturation in
Pteridium aquilinum (Pennell and Bell, 1987). Oogenesis
in ferns is not, of course, accompanied by meiosis but a

number of significant cytoplasmic events do take place at
this point in development (Bell, 1983). Chief amongst
these is the reorganisation of the cytoplasm and a
conspicuous nuclear cytoplasmic interaction involving the
nuclear envelope. It has been proposed that the NLBs form
as a result of these processes (Pennell and Bell, 1987), a
view supported by the finding that these events do not
accompany male meiosis in higher plants.

The compact fibrous cores present on the surface of the
chromosomes gradually enlarge during the intervals
between anaphase I and dyad, and anaphase II and the
tetrad stage. Viewed in the electron microscope they
appear identical with the particulate NLBs seen with the
light microscope, both with regard to the timing of their
appearance and to their dimensions and distribution,
indicating that these are likely to be the same structures
at different levels of resolution. As with the cytoplasmic
nucleoloids, the light microscopic study indicates that the
appearance of large NLBs is accompanied by the gradual
disappearance of the smaller structures, suggesting that
fusion may occur. Such an inference is supported by
observations from root tip meristematic cells where
numerous pre-nucleolar bodies appear in early telophase,
and then aggregate at the nucleolar organising region to
form nascent nucleoli (De la Torre and Gime'nez-Martm,
1982; Risueno and Medina, 1986). The NLBs present in
meiotic cells are therefore probably identical with the
prenucleolar bodies characteristic of somatic cells. Such a
view is further supported by observations that these two
classes of structure are identical in their response to EDTA
regressive treatment and silver staining. Further, their
ultrastructural texture is similar, as is their behaviour
throughout the cell cycle. In situ hybridisation with
ribosomal probes indicates that the situation is less simple
than previously suspected, for two classes of NLB appear
to be present in the late tetrad nucleus, only one of which
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contains ribosomal sequences. Both these types of body,
nevertheless, contribute to the nucleolus, which is devel-
oping over this period. While no data have emerged from
this investigation to indicate what might be contained in
the bodies not containing rDNA transcripts, it would seem
reasonable to assume that they could contain RNA-
binding polypeptides, which are later incorporated into
mature ribosomes. The basic nature of these proteins
would ensure a similar reaction with silver stains as
normal nucleolar material. Any relationship has, how-
ever, yet to be established between the NLBs and new
nucleolar material formed at the NORs of the dyad or
tetrad cells. The slight differences in the levels of
ribosomal probe hybridising with the early NLBs, nucleoli
and nucleoloids are interesting, and it remains possible
that, like the amorphous masses that invest the nucleo-
loids, which also bind high levels of probe, the NLBs
contain a greater abundance of ribosomal transcript than
the nucleoli and nucleoloids themselves, which might
consist of proportionally larger amounts of ribosomal
polypeptides.

Since clear parallels can now be drawn between the
formation of the nucleoloids in the cytoplasm and the
appearance of the NLBs on the surface of chromosomes in
late anaphase, it would seem sensible to assume some
relationship between them. The simplest hypothesis
would identify cytoplasmic nucleoloids with aggregates of
nucleolar precursor material that, once released from the
metaphase/anaphase chromosomes (Tan and Penman,
1971), failed to be incorporated into the new nucleoli
formed during the dyad and tetrad stages.
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