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Artificial diploid gynogenesis, which involves
fertilization of eggs without genetic contribution
from the sperm and followed by certain treat-
ment to double chromosomes, has been suc-
cessfully induced in many species of fish and has
been used for examining sex-determination1)

and gene-centromere recombination2), as well as
the production of inbred lines, mono-sexual
broods, or clones3-8).

Although among marine bivalves many species
are known to be economically important for
aquaculture, the induction of gynogenetic
diploids has been reported only for Crassostrea
gigas9), Mytilus edulis10), and Mytilus galloprovin-
cialis11). Moreover, efficient procedures for
gynogenetic diploid induction have not been

established for bivalves as they have for fishes,
and there has been no report describing the 
production of adult gynogenetic molluscs.

In a previous paper, we demonstrated that
ultraviolet (UV) irradiation of sperm for 60 s at a
UV intensity of 72 erg/mm2/s provided the opti-
mum dose to achieve haploid gynogenesis in the
Pacific oyster, C. gigas12). In the present study,
we examined the effects of treatments of
cytochalasin B (CB) and combined caffeine and
heat (CH) on the induction of gynogenetic
diploids in C. gigas by suppressing polar body 
II (PBII), and also observed the nuclear 
behaviors of CB-treated and CH-treated eggs
that had been inseminated with normal and UV-
irradiated sperm respectively.
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Abstract: The induction of gynogenetic diploids during meiosis II in the Pacific oyster was attempted

in five trials using the treatments of cytochalasin B (0.5μg/ml; CB), and combined caffeine (10 mM) and

heat (32℃; CH). The effects of CB and CH treatments on meiosis and fertilization of eggs were also

examined under a fluorescence microscope. Haploid gynogenesis was induced by sperm which were

ultraviolet (UV)-irradiated for 60 s at an intensity of 72 erg/mm2/s. CB and CH treatments were highly

effective in suppressing meiosis II, producing 74.6% and 63.7% gynogenetic diploids, and 72.7% and 68.1%

triploids, respectively. Compared with CH treatment, CB treatment induced more expected ploids.

According to cytological observations, CB inhibited cytokinesis, resulting in two female pronuclei

formations, while CH inhibited both karyokinesis and cytokinesis, resulting in the formation of one

diploid female pronucleus with strong fluorescence. On the other hand, the UV-irradiated sperm nucleus

developed into a male pronucleus as a normal sperm nucleus. However, the male pronucleus formed no

chromosomes during the mitotic prophase, and did not participate in karyokinesis at mitotic anaphase;

these findings suggest that gynogenetic diploids were induced in the oyster.
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Materials and Methods

Gamete Collection
Mature cultured oysters, C. gigas (shell height,

10.5±0.8 (SD) cm; shell length, 5.8±0.6 (SD)
cm), were collected in Onagawa Bay, Miyagi
Prefecture. The eggs and sperms were obtained
by mincing the ovary and testis, and then sus-
pended in seawater. Suspensions of sperm and
egg were prepared at concentrations of 1.0×107

sperm/ml and 2.0×104 egg/ml by dilution with
seawater. All seawater used was filtered using
membrance cartridge filters whose pore size is 
1μm.

UV Irradiation of Sperm
Two milliliters of sperm suspension was spread

on a 9.0 cm diameter plastic petri dish (Nunclon
dish; Nalge Nunc Co., Denmark). The dish was
placed on a recipro shaker (TAITEC Inc., 
Japan) 15 cm below a 15 W UV germicidal light
(TOSHIBA GL15, 254 nm) which provided a UV
intensity of 72 erg/mm2/s as measured by a 
digital radiometer (DRC-100X; Spectronics Inc.,
USA). The sperm was treated with UV light for
60 s. During UV irradiation, the sperm suspen-
sion was shaken at 40 cycles/min.

Induction of Gynogenetic Diploids 
Six milliliters of UV-irradiated sperm suspen-

sion (UVsperm) was mixed with 30 ml of egg
suspension, and the mixture was then split into
three batches. One batch was the untreated 
haploid group, while the other two batches 
were used for inducing gynogenetic diploids by
inhibiting meiosis II (G2N) with treatments 
of the combined caffeine and heat (CH) or
cytochalasin B (CB). For the CH treatment, the
zygotes were placed in a cylinder (14 cm in depth
and 11 cm in diameter) with a 20μm mesh, and
at 25 min postinsemination, they were immersed
in heated seawater (32℃) containing 10 mM caf-
feine for 10 min. After treate mnt, the zygotes
were transferred into 5,000 ml of seawater. For
CB treatment, the zygotes were placed into 50 ml
of seawater and exposed to CB (0.5μg/ml sea-
water containing 0.1% dimethylsulfoxide, DMSO)

at 25 min postinsemination for 20 min. After
treatment, the zygotes were filtered through a
20μm mesh, rinsed with seawater, and resus-
pended in seawater with 0.1% DMSO to remove
the residual CB. Thirty min later, the zygotes
were transferred into 5,000 ml of seawater for
culture. During insemination and treatment, the
water temperature was maintained at 23℃. The
timing of the CH and CB treatments was based
on cytological observation13).

As described above, the zygotes inseminated
with normal sperm were also divided into three
batches. One batch was the untreated diploid
control, while the other two batches were treat-
ed with CH or CB in order to induce meiosis II-
inhibited triploid controls.

Fertilization and development rates were cal-
culated by counting the cleaved eggs and the D-
shaped larvae at 2 and 24 h after insemination,
respectively. The experiment was repeated five
times separately using gametes obtained from
different individuals.

Ploidy Determination
The ploidy of embryos was determined with

chromosome preparations at 10 h postinsemina-
tion. Samples of the larvae (trochophores) were
collected from each group, placed in 0.1%
colchicine for 2 h, subjected to a hypotonic treat-
ment with 0.075 M KCl solution for 30 min, and
fixed by Carnoy’s solution (methanol: acetic acid,
3 : 1, v/v). During fixation, the solution was
changed several times, and the samples were
stored in 50% acetic acid thereafter. The samples
were dropped on warmed glass slides, air-dried
and stained with 2% Giemsa solution diluted with
phosphate buffer (pH 6.8). Chromosome num-
bers were counted from well spread metaphase
figures.

Cytology
For cytological examination, eggs were col-

lected from each group at 5 min intervals up to 2
h after the addition of sperm, and fixed in 2% for-
malin in seawater at 4℃ . After rinsing three
times with 0.1 M phosphate buffer containing 8%
sucrose, the samples were stained with DAPI
(4’,6-diamidino-2-phenylindole dihydrochloride)
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according to the method of Komaru et al.14).
Samples were then observed with an Olympus
fluorescence microscope BX60. The optical 
conditions were: excitation filter BP330-385,
dichroic mirror DM400, cut filter BA420, objec-
tive lens UPlanAPO 40×.

Results

Induction of Gynogenetic Diploids
The effects of CH and CB treatments on the

rates of fertilization and development of D-
shaped larvae are shown in Fig. 1. The fertiliza-
tion rate for the control and triploid groups was
more than 97%, but fell markedly to 58.4%, 38.4%,
and 36.9% in the haploid, CH-treated, and CB-
treated G2N groups, respectively. The develop-
mental rate of D-shaped larvae was 95.1% in the
control group, 40.2% and 44.2% in the CH-treated
and CB-treated triploid groups, however no D-
shaped larvae was obtained in the haploid
group. Viable D-shaped larvae occurred in both
the CH-treated and CB-treated G2N groups, and
reached a developmental rate of 22.3% in the CB-
treated G2N group, which was considerably
higher than that observed in the CH-treated
G2N group (5.4%).

To ascertain whether or not the chromo-
somes were doubled in the larvae from the CH-
treated and CB-treated triploid and G2N groups,
we counted chromosome numbers. Mitotic
metaphase plates from larval cells are shown in

Fig. 2. Figure 3 presents the frequency distribu-
tion of chromosome numbers in larval cells
from the control, haploid, CH-treated and CB-
treated triploid and G2N groups in experiment
1. The modal numbers of the control and hap-
loid groups were 20 and 10 (Fig. 2A, B), respec-
tively, which coincided with the expected num-
bers of the diploid and haploid chromosomes 
for C. gigas12,15). Despite numbers of cells show-
ing the aneuploid number, the mode at N＝30
was verified in the CH-treated and CB-treated
triploid groups (Fig. 2C), whereas the mode at
N＝20 was verified in the CH-treated and CB-
treated G2N groups (Fig. 2D). The results of the
other four experiments were identical to those
of experiment 1.

Since many aneuploids were observed in the
various groups, we classified the cell ploidies as:
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Fig. 1. Rates of the fertilization and development of D-
shaped larvae in various experimental groups. CH,
combined caffeine and heat; CB, cytochalasin B; N,
haploid; 3N, triploid; G2N, gynogenetic diploid.

Fig. 3. Frequency distribution of chromosome numbers in
larval cells of C. gigas from the control, haploid, CH-
treated and CB-treated triploid and G2N groups in
experiment 1. n indicates the total number of observed
cells.

Fig. 2. Mitotic metaphase plates from the larval cells of
Crassostrea gigas. A, a diploid cell with 20 chromo-
somes from the control group; B, a haploid cell with
10 chromosomes from the haploid group; C, a
triploid cell showing 30 chromosomes from the CB-
treated triploid group; D, a diploid cell showing 20
chromosomes from the gynogenetic diploid group
treated with CB. Scale bar＝10μm.



haploid, 5-14 chromosomes; diploid, 15-24 chro-
mosomes; triploid, 25-34 chromosomes; and
tetraploid, 35-44 chromosomes. Table 1 shows
the levels of haploids, diploids, triploids, and
tetraploids in the larval cells of various experi-
mental groups. In the control and haploid
groups, 100% and 95.9% of the trochophore lar-
vae contained the expected ploidy levels. CH
and CB treatment effectively suppressed PBII
extrusion, resulting in 68.1% and 72.7% triploids
in the triploid groups, and 63.7% and 74.6%
diploids in the G2N groups. Compared with CH
treatment, CB treatment has been found to
induce the more expected ploids.

Cytology
To examine the behavior of UV-irradiated

sperm nuclei, and the effects of CB and CH
treatments on meiosis and fertilization in Pacific
oyster zygotes, we observed nuclear events
occurring in zygotes separated into CB-treated
and CH-treated groups.

In the CB-treated triploid group, maternal and
paternal chromosomes of most eggs formed two
female pronuclei and one male pronucleus
resulting from retention of PB II at 55 min
postinsemination (60.6%, Fig. 4-1), condensed
and constituted the metaphase plate of the first
cleavage at 75 min postinsemination (60.8%, Fig.
4-2), and then entered anaphase of the first
cleavage at 85 min postinsemination (34.4%, Fig.
4-3). At 100 min postinsemination, 54.5% of the
zygotes reached the 2-cell stage and showed
only single polar body, which indicated that
these zygotes may develop into triploid embryos
(Fig. 4-4). In contrast, maternal and paternal
chromosomes of eggs in the CB-treated G2N
group also formed two female pronuclei and one
male pronucleus, just as in the CB-treated

triploid group (Fig. 5-1). At metaphase of the
first mitosis, the chromatin of the male pronucle-
us condensed. However, unlike the chromatin of
the female pronuclei, the chromatin of the male
pronucleus did not transform into chromosomes
(Fig. 5-2). Concomitant with the movement of
the maternally derived chromosomes towards
two spindle poles at mitotic anaphase, the sperm
nucleus was left between the two groups of chro-
mosomes (Fig. 5-3). At the completion of cytoki-
nesis, the sperm nucleus was seen on the first
cleavage furrow as two partitioned parts (Fig. 5-
4).

In the CH-treated triploid group, most zygotes
had a female pronucleus with greater fluores-
cence compared to the male pronucleus and the
first polar body at 60 min postinsemination
(59.6%, Fig. 6-1), and then reached metaphase
and anaphase of the first mitosis at 75 and 85
min postinsemination respectively (Fig. 6-2, 3).
At 90 min postinsemination, 19.2% of the eggs
had reached the 2-cell stage with one polar
body; presumably they would develop into
triploids (Fig. 6-4). On the other hand, a more
fluorescent female pronucleus and one male
pronucleus were also observed in the zygotes in
the CH-treated G2N group, as was observed in
the CH-treated triploid group (Fig. 7-1). At
metaphase and anaphase of the first mitosis and
the 2-cell stage, sperm nuclei in the zygotes of
the CH-treated G2N group behaved in the same
manner as those in the CB-treated G2N group
(Fig. 7-2, 3, 4).

Discussion

The results obtained in this study demonstrat-
ed that although CH and CB treatments reduced
the development rate of D-larvae, they were
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Table 1.  Levels of haploids, diploids, triploids and tetraploids in various groups�
��

1. Eggs＋sperm (control)
2. Eggs＋UVsperm (Haploid)
3. Eggs＋sperm＋CH＊2 (3N)
4. Eggs＋UVsperm＋CH (G2N)
5. Eggs＋sperm＋CB＊2 (3N)
6. Eggs＋UVsperm＋CB (G2N)

　＊1 Each value represents the mean±SD (n＝5).
　＊2 See Fig. 1.

� 0.0±0.0＊1

95.9±8.7
0.0±0.0

36.3±14.4
0.0±0.0

18.7±5.2

100.0±0.0
4.1±8.8

31.6±9.3
63.7±14.4
17.9±4.5
74.6±11.5

0.0±0.0
0.0±0.0

68.1±9.3
0.0±0.0

72.7±5.3
0.0±0.0

0.0±0.0
0.0±0.0
0.3±1.6
0.0±0.0
9.4±3.8
6.7±11.3

Groups Haploid (%) Diploid (%) Triploid (%) Tetraploid (%)



highly effective in inhibiting PBII extrusion, and
successfully produced gynogenetic diploids and
triploids. Moreover, CB was more efficient than
CH. D-shaped larvae, which did not occur in 
the haploid group but were observed in the 

CH-treated and CB-treated G2N groups, were
suggested to be gynogenetic diploids. In addi-
tion to the gynogenetic diploids, gynogenetic
tetraploids were also seen in the CB-treated
G2N group. Since the early development of
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1 2 3 4

Fig. 4. Nuclear behavior of C. gigas eggs in the CB-treated triploid group. 1: Two female pronuclei (F) and one
male pronucleus (M) at 55 min postinsemination (pi). 2: Metaphase of the first cleavage (75 min pi). 3:
Anaphase of the first cleavage (85 min pi). 4: 2-cell (100 min pi). Scale bar＝20μm.

1 2 3 4

Fig. 5. Nuclear behavior of C. gigas eggs in the CB-treated G2N group. 1: Two female pronuclei (F) and one male
pronucleus (M) (60 min pi). 2: Metaphase of the first cleavage (85 min pi). 3: Anaphase of the first cleavage
(100 min pi). 4: 2-cell (120 min pi). Scale bar＝20μm.

1 2 3 4

Fig. 6. Nuclear behavior of C. gigas eggs in the CH-treated triploid group. 1: One large female pronuclei (F) and
one male pronucleus (M) (60 min pi). 2: Metaphase of the first cleavage (75 min pi). 3: Anaphase of the first
cleavage (90 min pi). 4: 2-cell (120 min pi). Scale bar＝20μm.

1 2 3 4

Fig. 7. Nuclear behavior of C. gigas eggs in the CH-treated G2N group. 1: One large female pronuclei (F) and one
male pronucleus (M) (75 min pi). 2: Metaphase of the first cleavage (85 min pi). 3: Anaphase of the first
cleavage (100 min pi). 4: 2-cell (120 min pi). Scale bar＝20μm.
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Pacific oyster eggs shows asynchronicity13),
gynogenetic tetraploids were considered as
resulting from zygotes in which both meiosis I
and meiosis II were suppressed. However, gyno-
genetic tetraploids were not detected in the CH-
treated G2N group; this difference may be due
to the different mechanisms (CB and CH) for
suppressing meiosis II.

CB is known to inhibit cytokinesis by prevent-
ing polymerization of actin filaments16,17). In this
study, CB-treated zygotes formed two female
pronuclei at anaphase of meiosis II; this process
has been observed in other bivalves16,18,19), which
indicates that CB is able to suppress cytokinesis
but not the segregation of chromosomes. In 
contrast, CH-treated zygotes formed a more 
fluorescent female pronucleus than the male
pronucleus; these findings agree with a report
on Pinctada fucata martensii20). Since the segre-
gation of chromosomes was not observed in the
zygotes at anaphase of meiosis II, the female
pronucleus seems to possess one chromosome
set which should be extruded from the zygotes
as PB II, and become diploid. It is suggested
that CH treatment may result in the depolymer-
ization of microtubules in the meiotic apparatus
of zygotes21). Although the process of female
pronuclear formation is different in CB-treated
and CH-treated zygotes, chromosome doubling
induced by the suppression of PB II formation
was satisfactorily achieved with CB and CH in
the oyster.

On the other hand, after its incorporation into
the egg cytoplasm, the UV-irradiated sperm
nucleus successively developed into a male
pronucleus, showing the behavior of a normal
sperm nucleus. However, at mitotic, prophase,
the male pronucleus formed no chromosomes,
unlike the female pronucleus. Instead, the male
pronucleus became a dense chromatin body
which did not participate in karyokinesis. These
results are fundamentally identical to previous
observations of gynogenetic haploid oyster
zygotes13), indicating that CB and CH treatments
did not affect the behavior of the UV-irradiated
sperm nucleus during meiosis and cleavage.

In this study, the development rate of gyno-
genetic diploid D-larvae was obviously low com-

pared with that of triploids and normal diploids.
This result is consistent with a previous study9),
and has been reported also for M. edulis10), 
M. galloprovincialis11), and Haliotis discus han-
nai22,23). The plausible causes for the low viabili-
ty of gynogenetic diploids are considered to be
the homozygosity of recessive lethal genes
resulting from the inhibition of meiosis II,
and/or genetic damage resulting from UV irra-
diation of sperm. The results shown here indi-
cate that the UV-irradiated sperm nucleus,
which did not participate in the first karyokine-
sis, was still recognized in the cytoplasm at the
two-cell stage. It remains unclear whether or not
UV-irradiated sperm nuclei affect the develop-
ment of zygotes after the 2-cell stage. Further
studies of the mechanisms of gynogenetic
diploid induction may improve the yield of gyno-
genetic individuals.
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マガキにおける雌性発生 2倍体の誘起および細胞学的研究

李　　・尾定　誠・柏原　勝
広橋　憲・木島明博

サイトカラシンB（0.5μg/ml）処理およびカフェイン（10mM）・高温（32℃）処理によるマガキ第 2

極体放出阻止型雌性発生 2倍体の誘起を試みた。また，サイトカラシンB処理およびカフェイン・高温

処理が卵の成熟分裂，受精過程に及ぼす影響を蛍光顕微鏡で調べた。精子ゲノムを不活性化するため，

紫外線72 erg/mm2/秒の線量で60秒間の照射を行った。サイトカラシンＢ処理およびカフェイン・高温

処理は効率的に第 2成熟分裂を抑制し，それぞれ74.6％および63.7％の雌性発生 2倍体と72.7％および

68.1％の 3倍体を誘起した。カフェイン・高温処理に比べてサイトカラシンB処理の方がより効率的であっ

た。細胞学的観察では，サイトカラシンB処理の細胞質分裂阻止による 2個の雌性前核の形成とカフェ

イン・高温処理の核および細胞質の分裂阻止による蛍光強度の高い 1個の 2倍性雌性前核の出現が明ら

かになった。一方，紫外線照射した精子核は正常な精子核と同様に雄性前核に発生したが，第 1卵割前

期には染色体にならず，第 1卵割後期には核分裂から隔離され，雌性発生 2倍体の誘起を示唆した。
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