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Abstract The effects of high- and low-temperature
shock treatments, applied at different phases of the 2nd
meiotic division within the limits of 0.05-0.607,
(zo =relative unit of embryological age) in order to
induce gynogenesis in the common carp, were studied. A
remarkable difference in the effect of two temperature
treatments applied at the same biological age after
insemination (expressed in 7,) was revealed. The curves
of embryo survival and diploid gynogenetic larva out-
put showed a bimodal response in cold-shocked
gynogenetic progenies, with the highest level of dip-
loid larva output at the periods 0.05-0.10 7, and
0.30-0.40 17, (after insemination), separated by a period
of high sensitivity to cold shock (0.15-0.25 7). In con-
trast to this, the curves of embryo survival and diploid
gynogenetic larva output showed a single, narrow, peak
corresponding to 0.15-0.257, in heat-shocked gyno-
genetic progenies. The results obtained are in general
accord with those of previous experiments on induced
gynogenesis and triploidy in common carp, in which
either cold- or heat-shock was used.
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Introduction

Temperature shocks are common agents used to induce
suppression of cell division for chromosome-set ma-
nipulations in fish (¢.g., Thorgaard 1983). Two types of
temperature treatment, i.e., long cold shock and short
heat shock, are used for suppression of the 2nd meiotic
division in eggs, in order to induce meiotic gynogenetic

Communicated by G. Wenzel

N. B. Cherfas (<) - Y. Peretz -
G. Hulata

Agricultural Research Organization, Fish and Aquaculture Research
Station, Dor, Mobile Post Hof Hacarmel 30820, Israel

N. Ben-Dom -+ B. Gomelsky *

or triploid fish progenies. In spite of a large number of
experiments on this subject, there is limited information
concerning the comparative effect of these two types of
temperature-shock treatment on embryo development.
The first indications of differential high- and low-tem-
perature-shock effects were obtained in experiments on
induced gynogenesis in the loach Misgurnus fossilis L.
(Romashov and Belyaeva 1965). Further data were ob-
tained for other fish, including the tilapia species
Oreochromis aureus and O. niloticus (Don and Avtalion
1988; Hussain et al. 1991). Results of experiments on
induced gynogenesis and triploidy in the common carp
have also indicated some differences in the effects of
high- and low-temperature shocks on embryo develop-
ment, mainly concerning the optimum shock timing for
interference with the 2nd meiotic division (Nagy et al.
1978; Hollebecq et al. 1986; Taniguchi et al. 1986; Lin-
hart et al. 1987, 1991; Komen et al. 1988; Gomelsky
et al. 1989; Cherfas et al. 1990, 1994). No direct com-
parison of the effects of high- and low-temperature
shocks in the common carp has, however, yet been carried
out. The present investigation was, therefore, aimed at
obtaining accurate data on the comparative effects of
differential temperature shocks applied to common carp
eggs at the 2nd meiotic division, with a view to the
optimization of chromosome-set manipulation tech-
niques and an improvement in our understanding of the
nature of temperature influences on cellular processes.

Materials and methods

The experiments were conducted at the fish and Aquaculture Re-
search Station, Dor, during 1991-1992. The experimental procedures
were identical to those described by Cherfas et al. (1993, 1994), with
the specific required modifications. Eggs, fertilized with irradiated
sperm, were separately exposed to either a high- or low-temperature
shock, or left unshocked as a control. Temperature shocks were
initiated within the period of the 2nd meiotic division, the timing of
shock initiation being expressed in 1, (Detlaff and Detlaif 1961; Cherfas
et al. 1993, 1994). In the present experiments, temperature shocks were
initiated (at 0.5 7, intervals) from 0.05 to 0.40 1, after insemination, in
exp. 20/91 and form 0.05 to 0.60 t,, in exp. 1/92 and 2/92. The exact
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temperatures, as well as the durations and timings of shocks used in
each experiment, are presented in Table 1. After completion of tem-
perature shock, the eggs were returned to incubation at an ambient
water temperature of 2023 °C. Eggs (150-450) were shocked and
incubated, attached to Petri dishes placed on trays, within a cir-
culated water system.

Active surviving larvae of normal appearance were assumed to be
gynogenetic diploids. The results were expressed as per-cent survival
prior to and 2-3 days following hatching.

Results

The rates of fertilization and embryo survival prior to
hatching in control batches varied in the ranges of

81-96% and 72-90%, respectively, indicating that eggs
used were of good quality (Table 1). A majority of the
embryos died at or around hatch, presumably due to
their haploid condition. A few diploid larvae were found
in all control groups, the rate of spontaneous dip-
loidization varying between 0.5-0.9% of the number of
eggs inseminated. All descendants (both in control and
shocked progenies) had the recessive (transparent) body
color, confirming their gynogenetic origin and demon-
strating the efficacy of the sperm-irradiation procedures.

The pattern of embryo survival following the expo-
sure of eggs to temperature-shock treatment varied
markedly between the two shock types (Table 1, Fig. 1).
Cold-shock treatments were characterized by two per-

Table 1 Results of the experi-

ments with temperature shocks isnkl!?izlt(ion heat shock 2n-larvae Cold shock 2n-larvae
;I:) Iii?n?ré?si?ﬁixﬁ?frtg gll;{_ o No.of  Survival prior  No. Y% No.of Survivalprior  No. %*
loid .larvae production in cges f,? ahatchlng cges f,? ahatchlng
gynogenetic progenies ° 0
Experiment 20/91
(39.4°C, 2.5min) (1.4-2.6°C, 45min)
0.05 217 68 14 6.5 167 74 22 13.1
0.10 313 62 12 3.8 295 28 8 2.7
0.15 242 73 22 9.0 317 20 6 1.9
0.20 260 81 23 8.8 364 26 11 3.0
0.25 280 76 46 16.4 291 5 0 0.0
0.30 347 63 27 7.2 291 39 5 1.7
0.35 291 53 12 4.1 271 56 30 11.1
0.40 306 44 3 09 277 45 19 69
ct 325 90 1 0.3
Experiment 1/92
(39.5°C, 1.8 min) (3.6-3.8°C, 30 min)
0.05 236 38 9 38 272 49 6 2.2
0.10 287 39 18 6.3 407 53 2 0.4
0.15 206 81 55 26.7 398 19 2 0.7
0.20 300 77 101 33.7 463 12 1 0.2
0.25 260 61 35 135 339 3 0 0.0
0.30 285 49 9 32 N 27 15 4.0
0.35 272 42 2 0.7 269 77 9 3.3
0.40 293 23 2 0.7 312 73 1 0.3
045 280 22 0 0.0 446 83 0 0.0
0.50 291 26 1 0.3 246 72 0 0.0
0.55 267 37 0 0.0 288 68 3 1.0
0.60 353 33 0 0.0 189 53 0 0.0
CcP 369 72 2 0.5
Experiment 2/92
(39.8°C, 2.0 min) (3.2-3.5°C, 30 min)
0.05 257 11 0 0.0 316 63 14 44
0.10 205 20 1 0.5 358 28 1 0.3
0.15 171 16 4 2.3 247 2 2 0.8
0.20 231 25 14 6.0 254 2 0 0.0
0.25 283 11 3 1.1 268 17 5 1.9
0.30 197 14 0 0.0 236 52 24 10.2
0.35 237 4 0 0.0 207 49 5 24
0.40 213 2 0 0.0 256 52 5 1.9
045 229 3 0 0.0 273 53 1 0.4
0.50 225 6 0 0.0 304 66 2 0.7
0.55 219 5 0 0.0 308 62 0 0.0
2 From the total number of in- 0.60 229 7 0 0.0 190 47 1 0.5
seminated eggs cb 276 84 2 0.7

® No-shock gynogenetic control




Fig.1 Survival(% from number 100
of inseminated eggs) prior to
hatching in heat- and cold-
shock-treated gynogenetic
progenies (means of three experi-

ments + SEM)
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iods of high embryo survival (corresponding to
0.05-0.107, and 0.30-0.557,). Embryo survival was
similar within these two periods, but 15-30% lower
than in control batches. A drastic decrease in embryo
survival was registered in the period 0.10-0.30 7, after
insemination, indicating extremely high sensitivity to
low temperature during this period.

Embryo survival following heat-shock treatments
was distinctively different from that seen in the, simulta-
neously applied, cold-shock treatments (Table 1, Fig. 1).
A single peak within 0.15-0.25 7, after insemination was
seen, in which survival was close to that of the control
groups in experiments 20/91 and 1/92. In experiment
2/92 embryo survival was very low, apparently due to a
too-high shock temperature.

The rate of production of 2n-gynogenetic larvae fol-
lowing cold-shock treatments also showed a bimodal
response (Table 1, Figs. 2,3), the optimum timing for
cold-shock initiation corresponding to either 0.05 z,, or

0.10

0.20

Shock initiation (in1)

0.30-0.407,. Gynogenetic diploid larvae were infre-
quently recorded when cold shocks were initiated at
other timings, even when high embryonic survival had
been observed (later than 0.40 ;). The yield of diploid
larvae was similar in these two effective periods, being
6.6% (at 0.051,) and 5.3-5.6% {at 0.30-0.35 7,) when
calculated from the total number of inseminated eggs
(Fig. 2), and 9.8% and 12.9-9.7% of the number of live
embryos prior to hatching (Fig. 3).

Although heat shocks were more variable in their
effect (Table 1), a single peak was observed in the pro-
duction curves of diploid gynogenetic larvae following
their application (Figs. 2,3). The highest numbers of
diploid larvae were obtained when heat shocks were
initiated at 0.15-0.257,. The optimum timing corre-
sponded to 0.20 7,, when the mean frequency of diploid
larvae was 16.2% of the total number of inseminated
eggs (Fig. 2), or 26.3% when calculated from the number
of live embryos prior to hatching (Fig. 3).

Fig. 2 Production of diploid 20
larvae (% from number of in- ( —-©—~ Heat —e— Cold —&— Control
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Fig. 3 Production of diploid 30
larvae (% from number of live
embryos prior to hatching) in
heat- and cold-shock-treated
gynogenetic progenies (means of
three experiments + SEM)

Frequency (%)

-

Heat —&— Control

Heat shock was more effective than cold shock (ac-
cording to the output of diploid gynogenetic larvae) in
exp. 20/91 and 1/92, while no difference was found
between cold- and heat-shock series in exp. 2/92. The
mean production of diploid larvae at the effective per-
iods was higher in heat-shock than in cold-shock treat-
ments (Figs. 2, 3), although the differences were not sig-
nificant [ty;,— = 1.3-1.4].

Discussion

The results of the present experiments revealed differen-
ces between the effects of cold- and heat-shocks on both
embryo survival and chromosome-set diploidization,
with a peak in the cold-shock curve when a sharp drop
occurred in the heat-shock curve, and vice versa.

The features of the response of diploid larva produc-
tion to cold- and heat-shock treatments are independent
of embryo survival, since the pattern does not change
when it is calculated relative either to the number of
inseminated eggs or to that of live embryos prior to
hatching (Figs. 2, 3). Based on the data of Saat (1991) the
optimum timing for cold shock corresponds to early
anaphase-II (the first peak) and telophase-11 (the second
peak), while optimum timing for heat shock corresponds
to middle-late anaphase-11. The period from telophase-
IT to the separation of the 2nd polar body (0.307,—
0.48 1, after insemination) is ineffective for both type of
temperature-shock treatment. These results are in
agreement with previous published data. Bimodal re-
sponse to cold shock of embryo survival and the produc-
tion of diploid gynogenetic (or triploid) larvae was
described by Nagy et al. (1978), Taniguchi et al. (1986)
and Komen et al. (1988). According to our calculations,
the optimal timing for cold shocks observed in these
investigations corresponded to 0.08 7, and 0.34-0.42 7,
(Taniguchi et al. 1986), to 0.057, and 0.397, (Komen
et al. 1988) and to 0.17 7, and 0.51 7, (Nagy et al. 1978).
The results of the first two studies coincide with those of

0.20

0.30 0.50

Shock initiation (in )

the present investigation. Similar data were also ob-
tained by Cherfas et al. (1990) when shock application
was examined shortly after insemination. The highest
number of diploid gynogenetic larvae was obtained in
that study when the shock was initiated within
0.03-0.07 7, after insemination, while a sharp decrease
in embryo survival and diploid gynogenetic larval pro-
duction was observed when cold shock was applied
later. The best results reported from other cold-shock
experiments on induced gynogenesis and triploidy in the
common carp (Gervai et al. 1980; Ueno 1984; Linhart
etal. 1987, 1991) suggested shock initiation within a
wide range of 0.06—0.27 1, after insemination, but a true
optimum timing could not be calculated because cold
shocks were initiated at wide time intervals.

In contrast, high-temperature 2nd meiotic interfer-
ence treatments are characterized by having a single
optimum (Hollebecq et al. 1986; Gomelsky et al. 1989;
Sumantadinata et al. 1990; Cherfas et al. 1994) occur-
ring within 0.10-0.2517, after insemination (Cherfas
et al. 1994 and this study).

In experiments on induced gynogenesis in the loach
(Romashov and Belyaeva 1965) the curves for the pro-
duction of diploid larvae also had a different optimal
timing for cold- and heat-shock initiation. A pattern
similar to that of the common carp was observed, and
the effective interval after insemination corresponded
approximately to the single heat-shock and the second
cold-shock peaks of the present study. In experiments
on induced triploidy in tilapia (Don and Avtalion 1988)
cold shock was effective within a long period after
insemination, whereas only a narrow range therein was
also effective for heat shock. Some indications of dif-
ferent shock timing for low and high temperatures
(similar to those reported for the loach) were obtained
in a further investigation on tilapia (Hussain et al.
1991). It may be safe to conclude, therefore, that the
optimal timings for the application of cold- and heat-
shocks in order to suppress the 2nd meiotic division are
different.
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