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Original Article 

Dorso-ventral axis perturbatiop in goldfish embryos 
caused by heat- and pressure-shock treatments for 

chromosome set manipulation 
ETSURO YAMAHA,l* SATOSHI OTANI,2 ATSUYOSHI MINAMI2 AND KATSUTOSHI ARAI2 

lNanae Fresh- Water Laboratory, Field Science Center for Northern Biosphere, Holckaido 
University, Nanae, Hokkaido 041-1105 and 2 Laborat01Y of Breeding Sciences, 
Graduate School of Fisheries Sciences, Hokkaido University, Halcodate, 
Hoklcaido 041-8611, Japan 

ABSTRACT: Effects of the chromosome set manipulation on early embryonic development were 
examined ,in goldfish and crucian carp. Both pressure- and heat-shock treatments of fertilized eggs 
induced .developmental disorders such as thin blastodisc formation, delay of epiboly, and deficiency 
of dorso-anterior structures. The longer the treatments were applied to the eggs, the more ·frequently 
severe dorsal deficiencies were induced in the embryos. No and reduced signals of goosecoid mRNA, 
a dorsal mesodermal marker, were observed in embryos treated with heat-shock at 40°C for 1 min 
at 5 min postfertilization. These results suggested that such treatments should affect not only the 
retention of the second polar body, but also the suppression of dorso-ventral differentiation. 

KEY WORDS: chromosome set manipulation, crucian carp, dorso-ventral differentiation, 
goldfish, goosecoid, heat shock, polyploidization, pressure shock. 

INTRODUCTION 

Chromosome set manipulation has been used to 
produce mono-sex, sterile and clonal lines of 
farmed fish. 1-3 Although such manipulations have 
resulted frequently in the abnormal development 
of embryos, the effects of such treatments on 
embryogenesis have not been stlldied. Pressure-, 
heat- or cold-shock treatment is normally used to 
inhibit the second polar body release or the first 
cleavage of the egg. Such treatments Il!ay alter the 
form of tubulin in egg cytoplasm, which plays an 
essential role in segregating chromosome sets 
to daughter cells, and then results in an increased 
chromosome set number.4 Tubulin filaments in 
egg, however, have another function in early de­
velopment. During blastodisc formation, micro­
tubules may transport some cytoplasmic particles 
and/or factors, which regulate early cellular differ­
entiation of blastomeres, from the vegetal to the 
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animal hemisphere of embryos or vice versa.5
,6 In 

zebrafish, cold-shock treatment affecting cytoplas­
mic tubulin filaments gives rise to abnormal devel­
opment, including perturbation of dorsal-ventral 
specification.7 However, no studies have investi­
gated the side-effects of chromosome set manipu­
lation on the normal process of dorso-ventral 
specification in developing fish embryos. 

In the present study, we studied the effects of 
pressure- and heat-shock treatments on the early 
development of fertilized eggs, especially dorso­
ventral differentiation of goldfish and crucian carp 
embryos. 

MATERIALS AND METHODS 

Fertilization and cultivation 

Goldfish and crucian carp Carassius auratus 
were reared at the Graduate School of Fisheries 
Sciences, and Nanae Fish Culture Experi­
mental Station, Hokkaido University. Ovulation , 
was induced by hormonal injection, and artificial 
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insemination and fertilization were performed as 
described elsewhere.8 Briefly, inseminated eggs 
were fertilized in the fertilization solution, which 
contained 0.2% urea and 0.25% NaCl in tap water. 
The fertilization solution was exchanged with" tap 
water at approximately 3 h postfertilization (h. pJ.). 

To trigger gynogenetic development, sperm 
was irradiated with ultraviolet light (UV sperm) 
and inseminated into mature eggs, following the 
method described by Onozato and Yamaha9 but 
with slight modifications. Resultant haploid gyno­
genes were distinguished from diploid ones by 
their external appearance, collectively described as 
haploid syndrome which included abnormalities 
such as small eyes with incomplete pigmentation, 
dwarfed body size, bent body shape, and edema. 
Haploidy in. embryos displaying these abnor­
malities is always confirmed by flow cytometry 
(data not shown). 

Eggs treated with high temperature or hydrosta-
! tic pressure (as described later) and control eggs 

were incubated in tap water at 20°C for 3 days by 
exchanging the water and then removing dead 
eggs daily. Thereafter, the dorso-anterior index 
(DAI; described later) was scored for all embryos. 
Haploidy or diploidy was classified based on 
the external appearance of embryos at 3 days 
postfertilization (d.pJ.). 

Heat -shock and pressure-shock treatments 

Heat-shock treatment was carried out according 
to Nagoya etal. lO with slight modifications. Eggs 
inseminated with UV sperm or normal sperm were 
fertilized in platic Petri dishes filled with the fertil­
ization solution. At 5 min postfertilization (m. pJ.), 
eggs on the plastic Petri dishes were immersed 
in warmed (40°C) fertilization solution for a given 
duration of between 30 sand 4 min. 

Eggs for pressure-shock treatment were fertil­
ized on glass slides immersed in fertilization solu­
tion. The eggs that adhered to the glass slides were 
inserted into the cell of a French Press apparatus 
(Otake Works Co. Ltd, Tokyo, Japan) filled with fer­
tilization solution. At 5 m.pJ., 700 kg/cm2 of hydro­
static pressure was applied for a given duration 
lasting between 20 sand 4 min. 

Scoring of dorso-anterior index 

The DAI, which has been described previously by 
Mizuno etal.,ll was used for the relative index of 
ventralization.. of treated embryos. ·:rhe -extefnal 
characteristics of each DAI were as follows: DAI 1, 
rotational symmetry .(no . axis); DAI 2, truncated 

head; DAI 3, cyclops; DAI 4, joined eyes; DAI 5, 
normal. This goldfish DAI grading system is analo­
gous to the dorso-anterior index for Xenopus, 12 
with the 'exception that the non-axial, radialized 
embryos of goldfish were scored as DAI 1 instead 
of DAI 0 as in Xenopus. 

Whole-mount in situ hybridization 

For in situ hybridization, a part of the treated and 
control embryos were dechorionated 'with 0.1 % 
trypsin (Difco, Detroit, MI, USA) and 0.4% urea 
in Ringer's solution (128 mM NaCl, i8 mM KCl, 
1.8 mM CaCI2): 13 Dechorionated eggs were cultured 
in a plastic Petri dish coated with 1 % agar and 
filled with culture Ringer's solution containing 
1.6% albumen. Thereafter, the dechorionated 
embryos were fixed with 4% paraformaldehyde fix­
ative at the late blastula to the embryonic shield 
stage at 4°C overnight, and used for in situ 
hybridization. The developmental schedule for 
goldfish during pre gastrula has been staged previ­
ously by Yamaha etal.;15 the late blastula and the 
embryonic shield stage occurred approximat~ly 
8 h.pJ. and 15 h .pJ., respectively. 

In situ hybridization was carried out as 
described elsewherell with antisense RNA probes 
prep'ared from a DIG RNA labeling kit (Bo'ehringer 
Mannheim, Mannheim, Germany) . A clone con­
taining the gsc cDNA fragment, which excludes the 
homeo domain of the zebrafish, was used as the 
template for transcription. In teleosts, gsc expres­
sion during the stage from late blastula to gastrula 
is essential for the formation of dorsal structures at 
later stages.12 

RESULTS 

Embryos that developed from heat shock-treated 
eggs at 5 m.pJ. displayed thin blastodiscs with 
poorly developed cytoplasm (Fig. 1) . Many large 
particles were observed in the blastodisc cyto­
plasm. This blastodisc had an unclear border 
between the cytoplasm and yolk. Meridional cleav­
age furrows in treated eggs were shallower than 
those in normal control eggs. When epiboly began 
in the control embryos, the blastoderm of embryos 
developed from treated eggs was a hemispherical 
mass of blastomeres. The epiboly of treated eggs 
began later than in the control group. The embry­
onic shield of treated eggs was obscure in the germ 
ring at 15 h.pJ. 
--Atc -2 d.pJ:, many embryos that were developed 

from treated eggs showed typical dor o-anterior 
deficiencies with DAI scores of 1-4, whereas ~ 



[ 
! 
I 

r 
I 

Abnormal embryos by heat shock FISHERIES SCIENCE 315 

control embryos that developed up to the optic 
cup stage showed embryonic body formation 
(Fig. 2). Mortality and frequency of embryos with. 
severe DAI scores increased proportionally with 
duration of heat-shock treatment (Table 1). 

Fig. 1 External appearances of embryos from heat 
shock-treated eggs at the (a,b) two-cell and (c,d) late 
blastula stage. (a,c) Control embryo. (b,d) Heat shock­
treated embryos treated at 5 min postfertilization. 
Bar=lmm. 

Normal diploid gynogenetic embryos were 
obtained at 3 d.p.f. for all experimental groups tqat 
were developed from the eggs of three females 
(Nos 1-3), activated by UV sperm, and then treated 
with -heat shock (Table 1). When the same heat­
shock treatment conditions were applied to eight 
broods from other different females, the frequency 
of diploid embryos relative to total eggs treated was 
different between the broods (data not shown). 
The highest value was 54.5% (686/1258), and the 
lowest was 0% (0/1037) in the eight broods 
(average 15.4%). 

In situ hybridization was used to investigate gst 
expression in the embryos developed from heat .. 
shock-treated eggs of goldfis'h and crucian carp. In 
the embryos from eggs that underwent heat shock 
treatment for 75 sand 90 s, high percentages of 
no signals (13.0-74.6%) and reduced signals of 
gsc expression (6.8-35.2%) were observed, whereas 
only one reduced expression of gsc was observed 
in the control groups (Fig. 3, Table 2). 

Pressure-shock treatment also induced abnor­
malities that were similar to those observed in 
embryos developed from heat shock-treated eggs 
(Table 3). The incidence of mortality and the fre­
quency of embryos with severe DAI scores both 
increased with increased duration of pressure­
shock treatment. When the eggs were fertilized by 
normal sperm and then treated ' with pressure 
shock, we observed abnormalities similar to those 
observed in gynogenetically-induced embryos. 

Fig: 2- External appearances of dorso-'anterior deficient emblYos at 2 days postfertilization developed from heatcshock 
treatment at 5 min postfertilization. (a) Dorso-anterior index (DAI) 1; (b) DAI 2; (c) DAI 3; (d) DAI 4; and (e) DAI 5 
embryos from heat-shocked eggs. (f) Control embryo. Bar=O.5 mm. 
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DISCUSSION 

Both heat -shock and hydrostatic-pressure treat­
ments apparently caused developmental disorders 
in goldfish embryos. Such treatments have been 
reported previously to cause disruptions in micro­
tubules.4 In the present study, because normal 
diploid embryos were obtained in the treated eggs 
fertilized with UV sperm, these treatments were 
effective in disrupting spindle fibers at the second 
maturation division. Therefore, the developmental 
disorders observed in the present study may have 
to do with the microtubules distributed in the 
zygote just after fertilization. . ' 

Poor formation of the blastodisc was observed 
in treated eggs. In zebrafish, ooplasmic segregation 
is performed by cytoplasmic microfilaments. 16 

The role of microtubules in ooplasm segregation is 
unclear because bundles of microtubules locate 
only the vegetal pole in zebrafish. 17 However, 
the transportation of cytoplasmic particles to the 
animal pole is inhibited by colcemid treatment in 
medaka.5 Therefore, the poorly formed blastodisc 
may result from the partial disruption of ooplasmic 
segregation. Cytoskeletal microtubules in yolk also 
play an essential role in epiboly. IS In zebrafish, the 
disruption of yolk microtubules inhibits epiboly 
and causes the accumulation of blastoderm cells 
aCthe··anfriiar pole.7 In the present study, heat­
shocked eggs showed delayed epiboly, but epiboly 
proceeded in most treated embryos, suggesting 
that high-temperature and pressure treatments 
would affect the cytoskeletal microtubules of 
zygotic cells directly. 

A high frequency of the goldfish embryos that 
developed from treated eggs fertilized with both 
UV sperm and normal sperm showed low DAI 
values; hence, reflecting the abnormalities appar­
ently caused by the dorso-anterior deficiency. 
As these abnormalities were also observed in the 
embryos that developed from treated eggs fertil­
ized by normal sperm, low DAI values do not result 
from the expression of lethal and sublethal genes 
by inbreeding due to chromosome duplication. In 
goldfish and zebrafish, the vegetal yolk hemisphere 
of the early cleaving embryos contains axis deter­
mination factor(s) that are necessary for the 
generation of dorsal structures. II The animal hemi­
sphere of embryos should receive information 
indispensable for dorso-ventral axis formation, 
which for goldfish is after the 16-cell stage II and 
after the four- and eight -cell stages for zebrafish. 19 

Such cytoplasmic factor(s) probably exist in the 
upstream of the cascade of dorso-ventral axis for­
mation; · leading · ·to ··the · .expression · of -gsc. ·It· is 
presently unclear whether or not this factor(s) orig­
inally localized around the vegetal pole moves 
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Fig. 3 Expression of goosecoid at 12 h postfertilization in (a) control embryos and (b-d) heat shock-treated embryos. 
Embryos were treated at 40°C for (b) 30 s; (c) 60 s, and (d) 90 sat 5 min postfertilization. Bar= 1 mm. 

Table2 Frequencies of embryos expressing normal, reduced and no signal of goosecoid (gsc) 

Normal gsc Reduced gsc 
signal signal No gsc signal 

Experiment Duration of heat shock (s) No. eggs No. % No. % No. % 

No.1 0 
(Goldfish) 45 

60 
75 

• 90 
No.2 0 

(Crucian carp) 45 
60 
75 
90 

toward the animal pole during the early cleavage 
stage. Jesuthasan and Strahle have proposed that 
the cytoplasmic movement, which is mediated by 
the transient array of microtubules in the yolk 
cortex, would require axis specification.G Their 

- hypothesis is supported by the observation that 
the disruption of microtubules soon after fertiliza­
tion gave rise to the frequent occurrence of dorsal-

34 
48 
50 
54 
54 
62 
60 
57 
58 
59 

33 97.1 1 2.9 0 0.0 
47 97.9 0 0.0 1 2.1 
46 92.0 3 6.0 1 2.0 
36 66.7 11 20.4 7 13.0 
18 33.3 19 35.2 17 31.5 
61 98.4 1 1.6 0 0.0 
50 83.3 3 5.0 7 11.7 
42 73.7 4 7.0 11 19.3 
28 48.3 6 10.3 , 24 41.4 
11 18.6 4 6.8 44 74.6 

defective embryos. G Results of the present study of 
goldfish coincides with their observations. In 
medaka, the cytoplasmic particles are transported 
by microtubules from the vegetal pole to the 
animal pole and vice versa5 and, furthermore, the 
direction of the microtubule array coincides with 
the future embryonic axis.20 These results suggest 
that the dorsal signal might be transported by 
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microtubules. Although no conclusive evidence 
has been obtained yet, chromosome set manipula­

-tion.treatments would disturb-axis specification at 
the early stage of goldfish development. 

In the present study, the same heat-shock treat­
ment conditions did not always give the same 
result in a batch from different females. Frequen­
cies of dorsal deficiencies in the resultant embryos . 
varied between females, whereas those of normal 
embryos were more than 90% intact in control 
groups. Expression of gscwas not always decreased 
even in those groups treated with heat" shock for 
60 s. These results might demonstrate that the sen­
sitivity of eggs to heat-shock treatment might be 
specific for each brood. If so, the best conditions 
for chromosome set manipulation for each brood 
must be selected to get the best yield of normal 
polyploidized embryos. 

In conclusion, treatments for chromosome set 
manipulation, such as heat shock or hydrostatic 
pressure, would affect cytoskeletal microtubules in 
eggs and then cause developmental disorders, 
especially dorso-ventral differentiation. 
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