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Abstract

Myriodesma tuberosum J. Agardh and M. integrifolium Harvey, collected
from Australia, were studied cytologically. At prophase of the oogonium nucleus
in both M. tuberosum and M. integrifolium, the diffuse stage follows after open
spireme. In M. fuberosum, the peculiar spherical bodies referred to as “chromo-
philous spherules”, “refractive granules associated with nucleolus” and ‘heterogene-
ous nucleolus” were at times observed at prophase in the oogonium. In both
M, tuberosum and M. infegrifolium, the nuclear division after metaphase in the
oogonium is very curious. As soon as the nucleus enters early anaphase, it
suddenly comes to stain deeply so that the behaviour of the chromosomes hereafter
cannot be easily traced. Without direct division of the mother nucleus in the
oogonium, the daughter nucleus, with haploid number of chromosomes, is formed
within the oospore. The number of chromosomes in M. fuberosum was ascertained
to be twenty-four in the oogonia and antheridia, and more than thirty in the wall
cells of the conceptacles; in M. integrifolium the number was four in the oogonia and
antheridia and eight in the antheridial hair cells and wall cells of the conceptacles.

Introduction

I had an opportunity to visit Australia on board the training ship “Oshoro
Maru” of the Faculty of Fisheries, Hokkaido University, on her 16th voyage (to
the Great Australian Bight) and to collect and fix some seaweeds from Australia
for cytological study. The present paper gives the cytological results on two
species of brown algae belonging to the genus Myriodesma, viz., M. tuberosum J.
Agardh and M. integrifolium Harvey, both of which are described by Nizamuddin
& Womersley?).

I am much indebted to Dr. J. Tokida, Emeritus Professor of Hokkaido Uni-
versity, for his permission to go on board the training ship. Thanks are also due
to Dr. 8. Motoda, Emeritus Professor of Hokkaido University, to Captain T. Fujii
and the officers and crew of the training ship “Oshoro Maru” of the Hokkaido
University, as well as to Mr. L.R. Thomas of the Western Australia Regional
Laboratory, Nelands, W. Australia, for their kind support in collecting the materi-
als for this study. I am very grateful to Dr. H.B.S. Womersley of Adelaide
University, South Australia, for his courtesy in identifying the specimens used here
and in reading and correcting the manuscript.

* Laboratory of Marine Botany, Faculty of Fisheries, Hokkaido University
(VA S B K B S SR )
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Materials and Methods

The material of Myriodesma tuberosum J. Agardh was caught in a trawl fish-
ing net of the training ship “Oshoro Maru” from the sea bed at 33'01”S. and
126'29’E. on December 23, 1965, while that of M. integrifolium Harvey was
collected on a reef about 70 km north of Fremantle, W. Australia, on November
15, 1965, as well as being caught in a trawl fishing net with the M. tuberosum J.
Agardh. After collection, they were brought to the laboratory room on the
training ship and were kept alive in vats filled with sea-water. Fixing was made
during the night with Tahara’s solution?) which is composed of 29, osmic acid 5
ml, stock solution of chromic acid (sea-water 98 ml, saturated water solution of
chromic acid 2ml) 70 ml, glacial acetic acid 2.5 ml and sea-water 30 ml. Twelve
hours after fixing of the materials, they were washed with running water for
about six hours, and were put into 309%,, 50%, and 759, alcohol at an interval of
thirty minutes. The materials thus preserved in 759, alcohol were taken to the
Phycological Laboratory at Hakodate, Faculty of Fisheries, Hokkaido University.
Sections were made by the paraffin method at 4-7 u thickness and were stained
with Heidenhain’s haematoxylin.

Results

In both Myriodesma tuberosum J. Agardh and M. integrifolium Harvey, her-
mophrodite conceptacles are formed on both sides of the thallus (Pl I, figs. 2 &
4). Within a conceptacle, antheridial hairs develop from the wall cells near the
upper part of the conceptacle, while oogonia develop from near the basal part.

1. Myriodesma tuberosum J. Agardh

a) Nuclear division in the oogonium

The young oogonium is formed as a projection from a wall cell of the concep-
tacle. A nucleus, at resting stage in a young oogonium, shows a deeply stained
nucleolus (about 3 u in diameter) which has occasionally vacuolated structure.
When the nucleus goes into prophase, it grows in size rapidly and when about 20
p in diameter, the very thin chromatin threads are found to gather at one corner of
the nuclear cavity (Pl II, fig. 5). In this synapsis stage, chromatin threads are
feebly stained at first but soon they increase a little in both their staining affinity
and their thickness (PL. I, fig. 6). Plate II, fig. 7 indicates a nucleus in open spi-
reme. After this stage, the nucleus passes through the diffuse stage. In the
late diffuse stage, the nucleolus becomes obscure. The diffuse stage is supposed to
be fairly long in duration, because this time was found more often than other
stages of prophase.

During the period from late synapsis to the end of the diffuse stage, three kinda
of peculiar spherical bodies have been found at times, apart from the nucleolus
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within the nuclear cavity. The first kind of body appears during the period from
early synapsis to open spireme; it is always one in number and stains somewhat
deeper than the nucleolus (PL II, figs. 6 & 7). This body is thought to be identical
with the “chromophilous spherule” which had been reported in the tetraspore
mother cells in some Dictyotales (Mottier®), Williams®, Carter®), Yabu®), Kumagae,
Inoh & Nishibayashi”) and in the first meiotic division of oogonium and antheri-
dium in some Fucales (Tahara®, Okabe®), Hiroe & Inoh®®, Inoh & Hiroel!)12)),
The second kind of body appears mostly in the diffuse stage, being very variable
In number (2-20) and in size, (more or less than 1 u) and they usually gather
around the nucleolus (PL. 1T, figs. 8-13; PL III, figs. 14-15). This body is supposed
to be the same as the ‘“‘refractive granules associated with nucleolus” which were
found in prophase of Halidrys siliquosa by Moss & Eilliot'® who said that they
resembled very much the figures of “intra nucleolar chromosomes” described by
Svedelius'®) in the red alga Lomentaria rosea. According to Svedelius'®) these
granules in Lomentaria rosea afterwards enter the nucleolus, but such an event
could not be observed in the present species. The third kind of body appears
during the period from synapsis to the diffuse stage, being always one in number,
about 3 u diameter (nearly the same size as the nucleolus), but it stains uniformly
weak as can be seen in the nucleus shown in Pl II, fig. 13 & Pl III, fig. 14. This
is thought to be the “heterogeneous nucleolus”.

In diakinesis, the chromosomes appear first as faintly stained thin chromatin
threads spreading all over the nuclear cavity. These slender chromosomes soon
become thick and short, and then they gradually gather near the center of the
nucleus. At metaphase, 24 chromosomes were usually counted. At the side
view of metaphase, faintly stained spindles were recognized (Pl III, fig. 20). The
later stages of nuclear division are very peculiar. As soon as a nucleus enters early
anaphase, it suddenly comes to show a strong affinity for the staining solution,
probably due to a rapid physiological change in karyolymph, so that the behaviour
of chromosomes could not be traced hereafter. At the same time the area sur-
rounding a nucleus comes to be filled with dense cytoplasm. After a while, the
nucleus (which is seen as a dark large body) goes into the resting stage with a
nucleolus, and then recovers normal staining affinity.

Among the numerous oogonia in the preparations, a few were found to
contain two daughter nuclei. One of the oogonia is shown in Pl III, fig. 21.
Those daughter nuclei are supposed to be formed in the normal process of the
nuclear division after metaphase, but the formation of these two nuclei in oogonia
should be regarded as abnormal in the present species.

b) Nuclear division tn the antheridium
Dividing nuclei were encountered in numerous antheridia, but good meta-
phase, in which the chromosome count was possible, were met only in some of the
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first and second nuclear divisions in antheridia. About 24 chromosomes were
observed in them. In the side view of metaphase, deeply stained spindles were
noticed as shown in Pl III, fig. 22, but a centrosome was not recognized at the
pole.

c) Nuclear division tn somatic cells

Although somatic nuclear divisions were occasionally observed in the hair
cells of conceptacles, counts of chromosomes were not possible in any metaphase
nucleus. However, some metaphase nuclei clearly has more than thirty chromo-
somes.

2. Myriodesma integrifolium Harvey

a) Nuclear division in the oogonium

The nucleus in early prophase enlarges rapidly and comes to have small
chromatin granules in its nuclear cavity. Soon chromatin threads develop from
these granules. During the course of the nuclear division in the oogonium, a
nucleus attains maximum size in spireme. The three kinds of peculiar spherical
bodies, which were seen at times in the nucleus at prophase in the oogonium of
M. tuberosum could not be found in the present species. Similarly to M. tubero-
sum, the diffuse stage follows after an open spireme. When the nucleus enters
the diffuse stage, dense cytoplasm comes to surround the nucleus. In the diffuse
stage, the chromatin threads spread over the nuclear cavity as a coarse network.
When the nucleus enters diakinesis, the chromatin threads are still visible and
the chromosomes begin to appear as if they were knots on the threads of chromatin.
At diakinesis, the nucleolus disappears completely in Myriodesma tuberosum but
it occasionally remains in the present species. The chromosomes are found to be
four in number, two being somewhat larger than the other two. The largest
chromosome is nearly the same size as the nucleolus, so that if the nucleolus still
remains within the nucleus it is apt to be confused with the chromosomes. As in
M. tuberosum, the subsequent stages of division after metaphase are also very
curious. In many cases, both the nucleus and the chromosomes within it at near
mid-metaphase become small in size and then the chromosomes come to gather at
the center of the nucleus as seen in Pl. V, fig. 34, where the nuclear membrane
vanishes completély. After this, the nucleus (which begins to elongate) comes to
stain well. At the same time the chromosomes gathering at the center of the
nucleus become well stained and dot-like (Pl. V, fig. 35). After a while, the nucleus
grows larger and rounded, with an increase of staining affinity, and at last the
content within the nuclear cavity cannot be discriminated due to its deep staining.
In some cases, the nucleus becomes heavily stained well before the stage of mid-
metaphase (as seen in PL. V, figs. 32 & 33), and then it turns directly to the stage of
PL V, fig. 37 where four chromosomes, nearly the same size as in the nucleus of
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PL V. fig. 32, were still barely visible. A well stained large globular nucleus like
this, soon decreases in its staining affinity and the nucleolus begins to appear
within the nuclear cavity. The staining condition of the nucleus becomes gradually
normal, and it is then the daughter nucleus in the resting stage of the egg as seen
in PL. V, fig. 40. The oogonium with two daughter nuclei, which is supposed to
be abnormal, is also sometimes observed as in M. tuberosum.

b) Nuclear division in the antheridium

In the first division of the antheridium, few are found in synapsis or in spireme
and none in diakinesis, but many in metaphase. Four chromosomes were always
recognized on the polar view of metaphase (Pl. VI, fig. 44). In the side view of
metaphase, spindle fibres were observed, but centrosome could not be seen at the
pole. Numerous metaphase nuclei were found also in the following successive

nuclear divisions. At metaphase of those divisions, four chromosomes were easily
counted (Pl VI, figs. 45-48).

¢) Nuclear division in somatic cells
Dividing nueclei in the somatic cells were observed in the wall cells of con-
ceptacles and in the antheridial hair cells. From the metaphase of those divisions,

the chromosomes in somatic cells were ascertained to be eight in number (Pl VI,
figs. 41-43).

Discussion

Since 1896 when Farmer & Williams'® first published on nuclear division in
the species of Fucales, cytological investigations in that order have been made by
many workers, but such study in the genus Myriodesma was only made by
Nizamuddin!® in 1962, who described the resting nucleus in the somatic and
reproductive cells or in the embryonal development in M. integrifolium, M. lati-
Jolium and M. quercifolium. Among these previous investigations, the report on
Halidrys siliquosa by Moss & Elliot'® is peculiar in so far as the reduction division
was suggested to occur in the germination of oospore, however the work of Moss
& Eilliot was proved incorrect by Naylor'”®). The present study on Myriodesma
tuberosum and M. integrifolium reveals that the reduction division takes place in
the formation of the oospores and sperms, as reported in many previous cytological
works on Fucales.

Between Myriodesma tuberosum and M. integrifolium, some disparities were
observed in meiosis of the oogonium as follows: The prophase nucleus is found
at times to have “chromophilous spherule”, or “refractive granules associated
with nucleolus” or “heterogeneous nucleolus” in M. tuberosum but none in M.
integrifolium. At diakinesis, the nucleolus disappears completely in M. tubero-
sum but it occasionally remains in M. integrifolium.
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In both M. tuberosum and M. integrifolium, the diffuse stage, which is of fairly
long duration, follows after open spireme. The diffuse stage had been observed
In several species of Dicytotales, such as Dictyota dichotoma (Williams®; Kumagae,
Inoh & Nishibayashi?), Padina pavonia (Carter®) and P. japonica (Kumagae, Inoh
& Nishibayashi?), but it has not previously been observed in any species of Fucales.
In the presence of this diffuse stage, the two species of Myriodesma studied here
seem to be somewhat more related to the Dictyotales than the Fucales.

It is well known that many of the Fucales give rise to eight nuclei in the
oogonia as the result of the three successive nuclear divisions. In both Myriodesma
tuberosum and M. integrifolium however, the behaviour of the nucleus after
metaphase of the first division in the oogonium is very curious and it was noticed
that the mother nucleus of the oogonium became a daughter nucleus without a
direct division. Probably at anaphase of the mother nucleus in the oogonium,
one group of daughter chromosomes which were separated towards the pole, soon
ceases to exist within the nucleus, and only the other group of chromosomes comes
to contribute to the nucleus in the egg.
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Explanation of Plates

PLATE I
Myriodesma tuberosum J. Agardh
Habit of portion of thallus. (x1/2)
Cross section of a part of thallus through conceptacle.

Myriodesma integrifolium Harvey
Habit of thallus. (x3/4)
Cross section of a part of thallus through conceptacle.

(x120)

(X 150)
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PLATE I1
Myriodesma tuberosum J. Agardh
Various stages of nuclear division in the oogonium.

5. Nucleus in early synapsis. Thin and faintly stained chromatin threads, which
are connected with the nucleolus, are seen at the corner of the nuclear cavity.

6. Nucleus in synapsis. Chromophilous spherule is seen within the nuclear cavity.

7. Nucleus in open spireme. Chromophilous spherule is seen in the upper side of
the nucleolus.

8. A later stage than fig. 7. The chromatin threads begin to fade away, commencing
the diffuse stage of the nucleus. The refractive granules associated with the nucleolus
are visible near the center of the nuclear cavity.

9-13. Nucleus in the diffuse stage. The refractive granules associated with the
nucleolus are seen within the nuclear cavity. In fig. 13, the heterogeneous nucleolus is
vigible at the corner of the nuclear cavity.

(All figures, X 1,600)
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PLATE II1
Myriodesma tuberosum J. Agardh
Various stages of nuclear division in the oogonium.

14-15. Nucleus in the diffuse stage. Heterogeneous nucleolus and the refractive
granules associated with the nucleolus are seen within the nuclear cavity. Fig. 15 is fo-
cussed to the refractive granules and the heterogeneous nucleolus is not visible in this figure.

16. Nucleus in late diffuse stage. The nucleolus has disappeared completely.
17. Nucleus in early diakinesis.

18-19. Nucleus in metaphase.

20. Side view of metaphase.

21. Two daughter nuclei in the resting stage. The focus is brought to the nucleus
in one of the two nuclei lying above and below.

22. Side view of metaphase in the first nuclear division in the antheridium.
(All figures, x1,600)
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PLATE IV
Myriodesma integrifolium Harvey
Various stages of nuclear division in the oogonium.
23-28. Nucleus in late diakinesis.

29-31. Nucleus in metaphase.
(All figures, X 1,600)
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PLATE V
Myriodesma integrifolium Harvey
Various stages of nuclear division in the oogonium.
32-33. Nucleus in metaphase.
34. Nucleus in the side view of metaphase.

35. Nucleus in a later stage than fig. 34. Assembled chromosomes are seen as a small
dot at the center of the elongated nucleus.

36. Nucleus in a later stage than fig. 35. Nucleus becomes deep in staining. Here-
after, the nucleus grows larger in size and stains more deeply as in fig. 37.

37. Nucleus in a later stage than in figs. 32-34. The nucleus comes to be stained
deeply and at the same time cytoplasm surrounding the nucleus becomes more condensed.
Within the nucleus of this figure, four chromosomes, which are nearly the same size as
those seen in fig. 32, are still barely obssrved, but do not show well in this photograph.

38. Nucleus in a later stage than fig. 37.
39. Nucleus in a later stage than fig. 38.

40. Resting stage of daughter nucleus which is formed after completion of nuclear
division in the oogonium.
(All figures, x1,600)
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41.

cell.

42,
43.
44,

PLATE VI
Myriodesma integrifolium Harvey

Part of a hair cell in a conceptacle. A nucleus in various stages is seen in each

Nucleus in late prophase in the basal cell of an antheridial hair.
Nucleus in metaphase in a wall cell of a conceptacle.

Nuclues in metaphase in the first nuclear division in an antheridium.

45-48. Various stages of nuclear divisions leading to spermatozoid formation in
antheridia.

49.

Corresponding drawing of the uppermost cell in the hair of the conceptacle

shown in fig. 41.

50-54. Corresponding drawings of nuclear division in the antheridia shown in
figs. 44-48, respectively.
(All figures, x1,600)
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