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Mitosis in Spirogyra (Chlorophyceae) Jap. J.

Mitosis in three species of Spirogyra, S. crassa, S. crassa X and S. hunanensis, was

observed.

The chromosome numbers of S. crassa and S. crassa X were 12 and 6 respec-
tively, and S. hunanensis had four chromosomes.

The chromocenters and nucleoli, the

origin and formation of the chromosomes, the nucleolar substance, the nucleolar organizing
chromosomes, the parallel separation of chromatids, the stickiness of chromosomes and
cytokinesis were observed during the mitotic cycle.
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WISSELINGH (1900) observed mitotic divi-
sion in Spirogyra and mentioned that chro-
mosomes are derived partly from the nucleolus
and partly from the karyoplasm. Since then,
special attention has been paid to the origin
of the chromosomes and differing opinions
regarding this point have been presented by
various workers (DORAISWAMI 1946).

GEITLER (1930) and DoraAiswami (1946)
investigated the process of mitotic division
and suggested that the chromosomes are
derived solely from the karyoplasm and noted
the existence of the nucleolar substance.
WISSELINGH (1900), GEITLER (1930) and
GODWARD (1950) mentioned the existence of
nucleolar organizing chromosomes. GODWARD
(1954) also observed bipartition of the chro-
mosomes using the iron alum acetocarmine
method (GODWARD 1948). GODWARD (1956),
GODWARD and NEWNHAM (1965) published
cytotaxonomical studies of Spirogyra. FOWKE
and PICKETT-HEAPS (1969, 1969a) reported
the ultrastructural observations of cell division.

In Japan, cytological investigation of
Spirogyra was conducted by SUEMATSU
(1936), OURA (1935), UEDA (1956) and TA-

TSUNO and IiyAmA (1971). TATSUNO and
ItyAMA published a report on the chromosome
numbers of some species, including three
species having only two chromosomes.

However, many questions on the mitotic
process in Spirogyra remain, and in the pre-
sent paper, mitosis in three species, Spirogyra
crassa Kiitz., S. crassa X and S. hunanensis
Jao, is described.

Materials and Methods

Fertile filaments of S. crassa were collected
from rice fields of Shigisan, Nara Prefecture,
in Novemter, 1968, and from January to
November, 1969. S. crassa X was collected
from Yata, Nara Prefecture, from November
1971 till May 1972. The taxonomic charac-
teristics of this material are similar to that
of S. crassa, except for the smaller cell
dimentions, and this material was provision-
ally designated as S. crassa X. S. hunanensis
was collected from a pond in Fujii, Nara
Prefecture, in August, 1971.

The materials were fixed with acetic-alcohol
(1 : 3) mixture. By mixing the two fluids
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immediately before use, this fixative gave
good results during staining. The fixed
materials were stored in the same solution,
and kept in a freezer box. Fixation was
made at intervals of an hour throughout a
twenty-four hour period, and the most
abundant mitotic material was generally ob-
tained from sunset to midnight.

For observation, the modified WITTMANN's
(1965) method was employed, and serial treat-
ments were carried on the slide as follows:

1) The fixative was absorbed from the
material by filter paper, and the remaining
alcohol was evaporated by heating.

2) The material was pretreated with 1N
HCI, and one drop of 1-4 iron alum 45%
acetic acid.

3) Aceto-iron-haematoxylin-chloral hy-
drate was added to the material. This solu-
tion was made by throughly mixing 2.0 gm
of haematoxylin, 0.5gm of iron alum and
20 gm of chloral hydrate in 50 ml of 45%
acetic acid. This mixture used immediately
after melting, and gave clear chromatic
results. Furthermore, the staining ability
was retained for a long time.

4) Then, the material was heated, and
squashed with a cover glass. By heating,
the chromosomes were sharply stained and
the cytoplasm became transparent.

Observations.

1) Spirogyra crassa Kitzing (n=12)

Interphase: The nucleus was lenticular,
and was surrounded by cytoplasm, which
spread out in all directions as cytoplasmic
strands. The nucleus had one, sometimes
two, large nucleoli which were seen as bright
bodies in living cells (Fig. 1). In these
nucleoli, two densely stained thread-like
structures, called organizer tracks (GODWARD

1950) were clearly observed (Figs. 2, 3 and
4). When two nucleoli existed in a nucleus,
each nuclolus had a single organizer track.
Many irregular thread- or rod-shaped chromo-
centers were seen in the karyoplasm (Fig. 3).
Near the nucleolus, there was one or two
small spherical bodies which were as densely
stained as the nucleolus, and had been termed
Nebenkorper by GEITLER (1930) (Fig. 1).
However, no activity of these bodies at any
time during the division was observed.
Prophase: At this stage, the organizer
tracks in the nucleolus appeared as compact
winding cords (Fig. 4). Many chromocenters
linearly arranged were observed in the
karyopiasm. Then, the chromocenters con-
densed gradually and chromosomes formed
(Fig. 4). At mid-prophase, twelve chromo-
somes were counted. Two of these were
nucleolar organizing chromosomes (N.O.
chromosome, GODWARD 1950) that connected
with each of nucleolar-organizing region
(N.O. region, GODWARD 1950) in the nucleolus
and a satellite ahead of the nucleolus (Fig. 5).
At late prophase, the nucleolus changed into
a deeply stained substance, called the nucleolar
substance (GEITLER 1935), and the two N.O.
chromosomes and the ten other chromosomes
which originated from the chromocenters
located in karyoplasm were compltely en-
veloped in the nucleolar substance.
Metaphase: The nucleolar substance was
lenticular in shape and located in the equato-
rial plate of the nucleus as in S. crassa X
(Fig. 21). Twelve chromosomes in the
nucleolar substance were clearly observed at
this stage. Two of these chromosomes were
the N.O. chromosomes and had a satellite at
one end, about 12 gm in length (Fig. 6).
The other ten chromosomes were almost the
same in length, about 10 um. By pretreat-
ment with 1 N HC1, a banding pattern clearly

Figs. 1-10. Spirogyra crassa (n=12) 1-3. Interphase nucleus: 1. Two nucleoli and Nebenkérper
(arrow) ; 2. Organizer tracks in a nucleolus; 3. Chromocenters in karyoplasm; 4-5. Prophase: 4. Two
organizer tracks (arrows) in a nucleolus and bead-shaped chromosomes; 5. N.O. regions (arrows)
pretreated with HCI; 6-7. Metaphase: 6. Two N.O. chromosomes with a satellite (arrow); 7. Sticky
chromosomes ; 8-10. Anaphase: 8. Beginning of parallel separation and ladder shaped chromosomes;
9. Symmetric arrangement of chromatids in each daughter nucleolar substance; 10. Two horn-shaped

N.O. chromosomes (arrows).

(Scale bars=10 #m).
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appeared on the chromosomes of this stage,
and the number of bands on each chromosome
was nearly constant (Fig. 6). Some of the
chromosomes in metaphase showed some
stickiness, and were connected with one
another by a sticky substance at the end or
side (Fig. 7).

Anaphase : In early anaphase, the lenticu-
lar nucleolar substance began to separate
parallel to the equatorial plate of the nucleus.
Twelve chromatids embedded in this sub-
stance were thus moved to the opposite poles.
As a result of the separation of the nucleolar
substance into two round shaped disks, all
of the chromosomes began to separate in
parallel. Then the densely stained portions
of each chromosome began to strech and all
the chromosomes assumed a ladder shape
(Fig. 8). As the satellite of the N.O. chro-
mosomes separated later than the other parts,
it was often seen as two trails or horn-like
processes between the two nucleolar substance
(Figs. 9 and 10). The twelve chromatids in
each nucleolar substance disk was assumed
to have a symmetric position (Fig. 9).

Telophase: The chromatids that reached
each pole became fragments or rod-shaped
chromocenters. The daughter nucleolar suk-
stances changed from a round to a spongy
form and then to irregular shaped masses.
At the end of telophase, one or two nucleoli
occured in each daughter nucleus (Figs. 11
and 12).

Cytokinesis: At late prophase, a ring
consisting of minute granules appeared inside
the cell wall at the middle of the cell. The
ring was identified as two circles of granules
which were unstainable and were not affected
by heating (Figs. 20, 21 and 26). After
nuclear division, the granular ring developed
centripetally into a cell plate, and chloroplasts
and cytoplasm were divided into two cells

formed nucleoli.

by the plate.

2) Spirogyra crassa X (n=6)

At the begining of prophase, the nucleus
and the nucleolus began to swell up, and the
organizer track in the nucleolus gradually
became loose and short (Fig. 13). At midpro-
phase, the chromocenters connected to each
other and formed six bead-shaped chromo-
somes. Two of these chromosomes were the
N.O. chromosomes (Fig. 14). The nucleolar
substance was formed as in S. crassa (Fig.
21). The spindle was organized at four cor-
ners of the nucleus (Figs. 15 and 16). The
barrel-shaped spindle developed gradually and
was finally completed at late prophase (Fig.
17).

In metaphase, the two N.O. chromosomes
were about 12 #m in length and the other
four were the same shape and about 8 #m
in length (Fig. 18). On the chromosomes,
banding pattern was clearly observed.

At early anaphase, in strongly squashed
preparations, by bipartition of the chromo-
somes, the densely stained bands stretched,
and two parallel chromatids showed a ladder
shape (Fig. 19). At a later stage, these
chromatids separated from each other, but
the satellite of the N.O. chromosomes sepa-
rated later, as observed in S. crassa (Fig. 20).
Finally, a new cross wall was formed in the
same way as that in S. crassa.

3) Spirogyra hunanensis Jao (n=4)

At the begining of prophase, about 20 dot-
shaped chromocenters were observed in the
karyoplasm (Fig. 22). The chromocenters
gradually joined with each other and formed
four bead-like chromosomes. Two of these
were connected at their terminals in the
nucleoli (Fig. 23). In metaphase, four chro-
mosomes embedded in the nucleolar substance
lined up on the equatorial plate. All four
chromosomes were rod-shaped and 5-6 #m in

Figs. 11-12. Spirogvyra crassa (n=12) 11-12. Telophase: 11. Fragmented chromosomes; 12. Newly

Figs. 13-20. Spirogyra crassa X (n=6) 13-16. Prophase: 13-14. Two organizer tracks (arrows)
and six bead-shaped chromosomes; 15-16. Spindle formation and nuclear membrane (arrow) ; 17-18.
Metaphase : 17. Spindle and chromosomes enveloped with nucleolar substance; 18. Two N.O. chromoso-
mes (arrows) ; 19-20. Anaphase: 19. Parallel separation of chromosomss showing ladder-shape; 20.

Two daughter nuclei and dictyosomes (arrow).

(Scale bars=10 #m).
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Fig. 21. Spirogyra crassa X.
and dictyosomes (arrow).

21. Metaphase.

Figs. 22-26. Spirogyra hunanensis (n=4) 22-23. Prophase: 22. Two organizer tracks (arrow) and
chromocenters; 23. Four bead-shaped chromosomes; 24-25. Metaphase: 24. Four chromosomes having
bands; 25. Parallel separation of chromosomes; 26. Anaphase: 26. Symmetric arrangement of chromatids

and dictyosomes (arrow). (Scale bars=10 zm).

length. The two N.O. chromosomes had a
satellite at their tips. Each chromosome had
clear bands (Figs. 24 and 25). At anaphase,
the nucleolar substance enclosing four chro-
mosomes split transversally into two. On
the chromatids of this stage, the same band-
ing pattern characterized metaphase chromo-
somes was observed (Fig. 26).

Discussion

Through the present study on three species,
S. crassa, S. crassa X and S. hunanensis, a
general mitotic cycle of Spirogyra can be
shown in diagramatic form (Fig. 27).

Densely stained chromocenters and nucleoli
in interphase nuclei are prominent features
of Spirogyra. GODWARD (1956) mentioned
that the nature of the chromocenter was
regarded as a feature of cytotaxonomical
significance in Spirogyra. However, various
forms of chromocenters, thread- or dot-shaped,
were observed in each of the three species
investigated, and of the other species used
for coromosome observation (HARADA and
YAMAGISHI, in preparation). Thus, a clear
specificity of the chromocenters can not be
recognized. GODWARD (1950, 1956) suggested
that the number of nucleoli and the organizer
tracks in each nucleus was related with the
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Fig. 27. Diagram showing mitosis in Spirogyra.

H I

A. Interphase; B-C. Prophase; D. Metaphase;

E-G. Anaphase. bipartition of chromosomes enclosed with the nucleolar substance; H-I. Telophase.
(c: cytoplasm, p: pyrenoid, cp: chloroplast, n: nucleus, nl: nucleolus, cc: chromocenter, ot: organizer
track, sf: spindle fiber, ns: nucleolar substance, st: satellite, nor: nucleolar organizing region, noc:

nucleolar organizing chromosome, d: dictyosome).

number of the N.O. chromosomes. Through
the observation of the three species, it is
confirmed that the numbter of the nucleoli
coincides with the number of the organizer
tracks.

GEITLER (1930, 1935) and DORAISWAMI
(1946) reported that all of the chromosomes
originated from the karyoplasm in Spirogyra.
However, it was observed that all of the
chromosomes except the N.O. chromosomes
were formed from the iinearly arranged
bead-like chromocenters in the karyoplasm,
as mentioned by WISSELINGH (1900) and
GODWARD (1954). The banding pattern
(Figs. 6, 18 and 24) in the chromosomes at
metaphase became clear in pretreated pre-
paration by 1N HCl. The number of the
bands in each chromosome in metaphase is
constant in three species investigated. More-

over, it was confirmed that the number of
bands on each of the four chromosomes is
equivalent to the numbers of chromocenters
appeared in early prophase in S. hunanensis
(Figs. 23 and 24).

GEITLER (1935) first described the nucleolar
substance in Spirogyra. DORAISWAMI (1946)
also suggested that the nucleolus changed
into a substance, called the granullar homo-
genous substance, in midprophase. In Siro-
gonium (Zygnemataceae), a similar substance
was also reported by WELLS (1969) and
HARADA (1981). GODWARD (1953) traced the
relationship of the nucleolus and the nucleolar
substance in S. crassa. Figures 14-16 show
that the nucleolus completely loses its sharp
outline, then changes into the nucleolar sub-
stance. During late prophase, all the chro-
mosomes are completely embedded inside the



nucleolar substance. This substance scatters
and changes its original form in the squashed
preparation of mid, and late prophase, and it
remains only around the N.O. regions (Fig.
5), as GODWARD mentioned.

WISSELINGH (1900) and GEITLER (1930) ob-
served the N.O. chromosomes in some species
of Spirogyra. GODWARD (1950, 1953) illus-
trated a gradual emergence of the organizer
tracks and development of the N.O. chromo-
somes in S. crassa. Throughout this in-
vestigation from early prophase to metaphase
in the three species, it is demonstrated that
the process of N.O. chromosome formation
agrees with GODWARD’s observations. More-
over, the existence of the N.O. regions in
the nucleolus was ascertained by the pre-
treatment with 1 N HC1, which decreased the
staining ability of the nucleolus (Fig. 5).
GEITLER (1930) and GODWARD (1953) reported
the existence of a satellite of the N.O. chro-
mosome which projected from the nucleolar
substance. In this study, the satellite at
metaphase was observed as a horn-shaped
projection. Moreover, it was confirmed that
the satellite does not slough off and is com-
pletely enclosed in the nucleolar substance
(Figs. 6 and 18).

GEITLER (1930) first mentioned the parallel
separation of chromosomes in S. crassa, and
he attributed this to the fluidity of the spindle
and the rigidity of the chromosomes.
GODWARD (1954) considered that the separa-
tion of the chromatids was due to the fact
that the chromosomes had polycentric or
diffuse centromeres instead of a localized
centromere. The barrel-shaped spindle and
the parallel separation of the chromosomes
are observed in the three species used in this
study, as has been reported by the previous
workers. When the chromatids separate in
parallel and move to opposite poles, the chro-
matids hold the same position and the same
shape in each daughter nucleolar substance
in polar view (Figs. 9, 20 and 26). This
phenomenon may mean that the chromosome
itself does not divide into two chromatids,
but that the parallel separation of the chro-
mosomes may be due to the separation of the
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nucleolar substance itself.

Sometimes chromosomes in metaphase are
connected to one another with sticky threads
at the terminals or the sides. At anaphass,
each chromosome shows a ladder shaped
chromatic figure at the beginning of separation
(Figs. 8 and 19). GEITLER (1930) first ob-
served the stickiness between the chromosomes
in S. crassa. Moreover, GODWARD (1950,
1953, 1954) mentioned that the sticky matrix
was the nucleolar substance itself. By the
staining method used in this study, the chro-
mosomes are distinguishable from the nucle-
olar substance or nucleolus by their staining
ability. After pretreatment with 1 N HCI,
the staining ability of the chromosomes de-
creases in contrast to the nucleolar substance,
which is never stained. By this method,
chromatic strands or sticky threads between
the chromatids and the chromosomes are
stained in the same degree as the chromo-
somes. Judging from the staining ability, it
is considered that the sticky threads and
sticky substance are composed the same sub-
stance as the chromosomes.

WISSELINGH (1902) observed that the spindle
did not develop to extend to the karyoplasm
through the nuclear membrane in S. setiformis.
The spindle formation was also investigated
in detail by GEITLER (1930, 1935) and
DoraiswAMI (1946). Spindle formation was
observed in S. crassa X (Figs. 15, 16 and 17)
in material stained but not squashed, because
the spindle loses its structure in squashed
preparations. The process of spindle forma-
tion is similar to that described by GEITLER
(1930) for S. crassa.

Cells which entered into division always
had a circle of minute granules (Figs. 20, 21
and 26), called dictyosomes (WELLS 1969),
at the area where the new wall is formed.
These organelles were also observed in
Sirogonium by HARADA (198l), and in Zyg-
nema by HARADA and YAMAGISHI (1980).
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