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rial suitable for dating such events. We have reported one
such peat bed within the sand horizons of the western
coastal sedimentary sequence of North Andaman1.
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Sexual reproduction in Odontella regia
(Schultze) Simonsen 1974
(Bacillariophyta)
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We report here on the sequence of spermatogenesis
and sperm cell count of Odontella regia (Schultze)
Simonsen from Indian waters. The sequence of events
in the spermatogenesis producing 16 spermatogonia
following four differentiating (depauperating) mitosis
to produce 64 sperms per cell and dehiscence is
reported. Fertilization, auxosporulation and size restoration in O. regia are also shown.
Keywords: Depauperating mitosis, diatom, Odontella
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THE most characteristic feature of a diatom is the bipartite (made up of two halves), silicious cell wall, called the
frustule. One half is larger (epitheca) and overlaps the
other half, which is slightly smaller (hypotheca), analogous to a box. Diatoms reproduce vegetatively by binary
fission, and two new individuals are formed within the
parent cell using the parent theca as the epitheca and producing a new hypotheca. Therefore, one daughter cell
retains the original size, whereas the other is slightly
smaller. This brings about a steady reduction in size with
every mitotic or vegetative division, and was described
by the MacDonald–Pfitzer rule1,2. A gradual decrease
in the cell diameter in centric diatoms and cell length in
pennate diatoms is usually observed. Generally a diatom
cell undergoes gametogenesis when it reaches about 30–
40% of it original size. This size is believed to be the cue
for the ‘biological clock’3, to which the diatoms respond
with sexual reproduction to restore cell size. Restoration
of cell size by sexual reproduction is therefore a unique
feature of the diatom community4, making sexuality
obligatory rather than a factor in dormancy or dispersal5.
It is well known that diatoms are sexual organisms.
However, sexual stages are known from only a tiny
minority of diatom species6. This lack of observation has
been attributed to the long time intervals between each
sexual phase in a population5,7. Furthermore, only a small
proportion of a vegetative population is involved8–10,
thereby increasing the chances of missing out witnessing
sexual reproduction.
Although ‘auxosporulation’ was mentioned in 1847
(ref. 11) and ‘microspores’ were reported as early as 1927
(ref. 12), the fact that centric diatoms underwent oogamy
was only established in 1950 (ref. 13). Most of the earlier
*For correspondence. (e-mail: acanil@nio.org)
CURRENT SCIENCE, VOL. 101, NO. 2, 25 JULY 2011

RESEARCH COMMUNICATIONS

Figure 1. Odontella regia. a–f, Spermatogenesis. a, Spermatogonangium has undergone the first special differentiating mitosis with the formation of the rudimentary theca (arrow) which is placed immediately after the first mitotic division forming two half-spermatogonangia. The upper
half-spermatogonangium has completed the second mitosis (thick arrow) and progresses to the third (arrowhead), whereas in the lower halfspermatogonangium the second mitosis is not yet complete but the third has begun, indicating that it occurs in quick succession. b, The upper
half-spermatogonangium is at the fourth differentiating mitosis with the formation of eight spermatogonia (16 spermatogonia are produced in this
stage, however, the two half-spermatogonangia were asynchronous). c–e, These special mitoses are then followed by two meiotic divisions,
wherein each spermatogonium divides into four flagellated sperms giving rise to 32 sperm cells in each half-spermatogonangium. c, Meiotic division progresses (arrow) to produce 16 cells in the upper spermatogonangium, whereas the lower one has just completed forming eight cells. d, The
upper half-spermatogonangium has 16 cells and the lower one is still dividing to produce 16 cells. e, The 64-cell stage; 32 cells in each halfspermatogonangium, and f, Dehiscence. The upper spermatogonangium has released the 32 sperm cells produced, whereas the lower one is not
ready for dehiscence. (Also note the rounding-off of the oogonium on the left in a–f.)

works on sexual reproduction were non-English publications and Chepurnov et al.6 point this out as the other
possible reason that sexual reproduction in diatoms is not
well known. Studies on the sexual reproduction in centric
diatom species are detailed in the literature4–7,9,10,14–16. In
India, however, there has been scarcely any work on the
life histories of Indian diatoms since the studies by
Subrahmanyan17,18, Rao and Desikachary19, and Ragothaman and Rao20.
We describe here details of sexual cycle of Odontella
regia (Schultze) Simonsen 1974 (synonym Biddulphia
regia (Schultze) Ostenfeld). The vegetative cycle has
been described by Mayer and Schmid21.
O. regia is a planktonic, bipolar, centric diatom in the
Eupodiscaceae family, with a probable cosmopolitan distribution22. Cells are narrow elongated, apical length is
137.4 μm and trans-apical length 37.6 μm. Trans-apical
length increased to 115 μm and apical length decreased to
40 μm following sexual reproduction.
O. regia has been shown to auxosporulate14, but details
of this process and the number of sperm cells produced
was not mentioned. We have recorded 64 sperm cells per
cell in this species.
Sea-water samples were collected on 2 May 2010 from
Dona Paula Bay located at the mouth of the Zuari estuary
in Goa (15°27.5′N, 73°48′E), on the west coast of India
for isolation of algal clones. A subsample was filtered
through 100 μm mesh to exclude herbivores and then
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concentrated up to ten times on a 10 μm mesh. Subsequently, serial dilution from 10–1 to 10–5 was carried
out in a six-well polystyrene culture plate in 10 ml of f/2
(ref. 23) enriched medium. Incubation was carried out at
24°C under illumination from a fluorescent lamp
(50 μmol photons m–2 s–1) in 12 : 12 light and dark photocycle. Gametogenesis in O. regia was observed in culture
wells following 3 days of incubation. Olympus IX71
(Olympus Singapore Pvt Ltd, Singapore) inverted microscope equipped with a digital camera (Olympus
CAMEDIA C-4040ZOOM) was used. For nuclear staining, the culture was fixed with 1% glutaraldehyde and
stained with DAPI (4-6,diamidino-2-phenylindole; Sigma,
USA) (0.1 μg ml–1) for 20 min.
Spermatogenesis is of the hologenous type where both
daughter nuclei survive and equal cytokinesis occurs at
both meiosis I and meiosis II (ref. 24). Spermatogenesis
begins with a series of differentiating or special mitosis,
also known as the ‘depauperating mitosis’4,6. The vegetative cell that differentiated to initiate spermatogenesis
(also called the spermatogonangium) was divided into
two equal halves following the first depauperating mitosis. This takes place in the median valve, wherein a rudimentary theca is placed (Figure 1 b), separating the
spermatogonangium into two half-spermatogonangia4.
The cell undergoes three additional, successive, depauperating mitoses producing a total of 16 spermatogonia per
cell, i.e. 8 spermatogonia per half-spermatogonangium
223
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Figure 2. Odontella regia. a–n, Oogenesis, fertilization and auxosporulation. a, The cell acquires a hump (arrow) following plasmolysis (arrowhead), but without cell division. b–d, Sequence of plasmogamy. e, f, Development seen in the hump, the complete process could not be captured
(see text). Therefore, oocytes formed elsewhere in the culture well have been photographed (g). h, DAPI-stained, unfertilized egg with two nuclei
and a sperm (fluorescing red) attached (arrow). i, j, Fertilization. i, Sperm attaches to oocyte and transfers nuclear content. j, Transfer complete, a
second sperm that has attached itself to the oocyte later degenerates. k, Enlargement of auxospore. l, DAPI-stained auxospore showing diploid nucleus. m, First filial generation (first cell). n, The first cell has undergone two mitotic divisions, resuming the vegetative mode of life.

(Figure 1 c). The spermatogonium undergoes two meiotic
divisions to produce four flagellated sperms each (Figure
1 f ). Therefore, 32 sperm cells per half-spermatogonangium, i.e. 64 sperm cells per cell were produced. It
was observed that the two half-spermatogonangia did not
develop together. The spermatogonium in one halfspermatogonangium developed first into the flagellated
sperm, which immediately began to move within the cell.
This activity caused dehiscence and release of sperms.
The total time taken for one half-spermatogonangium to
release sperm cells was 2 h : 31 min : 46 s.
Oogonium developed directly from vegetative cells;
the oogonium itself became the oocyte. O. regia undergoes type-1 oogenesis24. In this type, two secondary
oocytes, each containing a functional haploid nucleus, are
produced by nuclear division and equal cytokinesis at
meiosis I. Meiosis II follows in each secondary oocyte
with no cytokinesis and one of the two daughter haploid
nuclei produced by this nuclear division becomes pycnotic in each secondary oocyte. Finally the secondary
oocytes, each containing a functional nucleus and a
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pycnotic nucleus24 (Figure 2 h), become eggs at the open
ends of the thecae (Figure 2 g). Eggs were buoyant and
therefore floated in the culture well. Due to the rarity of
oogenesis in our culture, the complete sequence of
oogenesis could not be recorded. The cells that were
being followed to record the sequence of oogenesis
stopped developing/aborted at crucial points. Elsewhere
in the culture well, well-formed oocytes (Figure 2 g) were
recorded; an assumption, that the strong light of the
microscope inhibited the formation of the oocyte, may be
made. The images represented (Figure 2 a–f ) may perhaps be the development of the oocyte. On DAPI staining, most of the already formed oogonial cells showed the
presence of two nuclei (Figure 2 h). These seemed to represent the sister nuclei from meiosis II. We had initially
assumed the second nuclei to be the sperm nucleus, but
further observations of other oogonial cells confirmed the
presence of the second (pycnotic) nucleus derived after
meiosis II, since a faint nuclear thread between the two
daughter nuclei was observed (could not be photographed
clearly). This indicated that meiosis was complete before
CURRENT SCIENCE, VOL. 101, NO. 2, 25 JULY 2011
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fertilization, unlike the observation of oogenesis in another centric diatom Thalassiosira punctigera, where
meiosis was incomplete at fertilization and meiosis II occurred after fertilization7.
The released sperms swimming actively in the media
were found attached to the respective eggs. Fertilization
occurred with the contents of the sperm cell being completely transferred into the egg, leaving behind only an
empty frustule (Figure 2 i, j) (in some cases two or three
sperm cells would attach to an oocyte, although only one
sperm successfully fertilized an egg). This process took
24 h. An organic wall was formed within 6 h of fertilization forming the auxospore. DAPI staining of auxospores
(Figure 2 l) showed a single diploid nucleus. Gradually
the auxospore changed shape from spherical to a slightly
compressed ellipsoid (Figure 2 m) and underwent the first
mitotic division and successively the second mitotic division (Figure 2 n), entering the cycle of asexual reproduction.
The trans-apical valve lengths of 25 randomly selected
cells (male determined, female determined and the F1
generation (progeny), each) were measured. Cells in the
process of spermatogenesis and cells attached to the
auxospores were measured for male and female cell sizes
respectively. The trans-apical valve length in male cells
was 25–32 μm (SD ± 2.07), and that of the female cells
varied from 30 to 50 μm (SD ± 6.37). The F1 generation
had a size range between 50 and 145 μm, and a large
standard deviation (± 20.43). Jewson10 observed that the
size of the auxospore is proportionate to the size of the
oocyte, and also that the size of the auxospore may be
dependent on the internal reserves of the mother cell.
This strain of O. regia recorded from Dona Paula Bay
had an apical length of 137 μm and trans-apical length of
37 μm. The first cell was about 40 μm in length. This
species gained breadth after sexual reproduction and the
trans-apical length was measured to be 115 μm.
The course of gametogenesis not only varies at the
intergeneric level, but also at the interspecific level, it is
interesting to note that three closely related diatom taxa
of similar habit and morphology that undergo type-I
oogenesis and hologenous-type spermatogenesis24, viz. O.
sinensis, O. regia and O. mobiliensis, have three different
sperm cell counts. Drebes14 reported the number of
sperms for O. sinensis and O. mobiliensis as 128 and 32
respectively. However, the sperm count of O. regia
was not reported. With the report of 64 sperm cells in
O. regia, this finding fills the void.
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