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Abstract

Résumé

Linhart O., M. Flajshans, P. Kvasni¢ka. Aquat. Living Resour., 1991, 4, 139-145,

Cold shocks and hydrostatic pressure shocks, respectively, were applied for the induction of both
triploidy and tetraploidy in the common carp. Cold shocks of 0-2°C, lasting 40 minutes and starting
2-5 minutes after the activation of gametes and hydrostatic pressure shocks with 1-3-5 minute exposures
at 49.03-56.88 MPa (i.e. 7116-8225 psi—pounds per squarc inch), starting 5 minutes after the
activation of gametes gave the best results. The tetraploidy induction by cold shocks or hydrostatic
pressure shocks resulted either in negligible (1.54%), or in zero yields, respectively. The applicability
of particular types of ploidy manipulation and the standardization of shock initiation were discussed.

Keywords : Carp, triploidy and tetraploidy induction, cold shocks, hydrostatic pressure shocks.

Triploidie induite chez la carpe commune (Cyprinus carpio L.): comparaison de deux méthodes.

Des chocs thermiques froids ct des choes de pression hydrostatique sont appliqués respectivement
afin d’obtenir des carpes triploides et tétraploides. Des chocs donnant les meilleurs résultats sont: les
chocs thermiques de 0-2°C, d’une durée de 40 minutes et commengant 2 4 5 minutes aprés 'activation
des gamétes; des chocs de pression hydrostatique, d’une durée de 1, 3 et 5 minutes de 49,03 a
56,88 MPa (équivalents a 7116 et 8225 psi) débutant 5 minutes aprés D'activation des gamétes.
L’induction de la tétraploidie au moyen de chocs thermique froids est négligeable (1,54 %) ou nulle
au moyen de chocs dc pression hydrostatique. Les conditions d’application de manipulations en vue
d’obtenir des types particuliers de polyploidic sont discutées ainsi que la standardisation de I'initiation
des chocs.

Mots-clés : Carpe, triploidic, tétraploidie, induction génétique, chocs thermiques, pression hydro-
statique.

INTRODUCTION

chromosome disjunction before the 1st and/or 2nd
mitosis. Thorgaard (1983, 1986), Chourrout (1987),

Two physical methods, viz. temperature shocks and Donaldson and Benfcy (1987), Benfey (1989) and

hydrostatic pressure shocks, have been successfully others r evie“{eq the respecti\(c C)fperiments and diS.CUS'
applied by various authors for the retention of the 2nd sed the possibilities of application of these manipul-
polar body during meiosis and for the suppression of ations in fish culture. It was previously believed, that
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heat shocks are more efficient for induction of poly-
ploidy in cold-water fishes than cold shocks and vice
versa. However, the experiments of Streisinger er al.
(1981), Chourrout and Itskovich (1983), Bidwell er al.
(1985) and Hollebeeq et ¢f. (1988) have shown, that
heat shocks can be cflicient in warm-water fishes also.

The optimization of ploidy manipulation para-
meters (7. e. temperature or hydrostatic pressure used,
duration of the shock and the timing of the initiation
of the shock after gamete activation) in both types of
physical shock is the key point of the whole procedure
because the egg sensitivity changes rapidly during
carly embryonic development {Cherfas et al., 1990).
In various experiments with ploidy manipulations the
fertilized cggs were kept at various temperatures prior
to shock which itself has been applied in different
time intervals after fertilization. In order to optimize
the shock initiation, Gomelsky ef al. (1989) and
Cherfas ¢t al. (1990) have tested a dimensionless unit
of embryonic age t, [the duration of one mitotic cycle
during synchronous cell division (Detlaff and Detlaft,
1961; Ignatyeva, 1974)] related to the water temperat-
urc only. Artificial triploidy in common carp or koi
carp has been successfully induced in experiments of
Ojima and Makino (1978), Gervai et al. (1980), Ueno
(1984), Taniguchi et al. (1986), Wu et al. (19806), Hol-
lebecq et al. (1988), Linhart et al. (1989) and Cherfas
et al. (1990). Most of these authors used cold shocks,
except Hollebeeq er al. (1988) and Rekoubratsky
et al. (1989), who used the heat shock. Artificial tetra-
ploidy was successfully induced by Rekoubratsky
et al. (1989) by heat shock only. To the best of our
knowledge, the application of hydrostatic pressure
shock has not been used for ploidy manipulation of
common carp or other closcly related species except
by Cassani and Caton (1986) for grass carp.

We report in this paper the results of our experi-
ments with artificial induction of triploidy and tetra-
ploidy in common carp by both cold shocks and
hydrostatic pressure shocks.

MATERIAL AND METHODS

All experiments were carried out at the Experimen-
tal Station of Research Institute of Fish Culture and
Hydrobiology, (RIFCH) at Vodiany in 1987 and
1989. Brood carps, originating from strains kept in
RIFCH at Vodfiany, were held in warmed water prior
to artificial stripping. The duration of this period
varied according to the degree of ripeness of the
oocytes in females used in single experiments. Fish
were stripped by the conventional dry method. Game-
tes were checked macro- and microscopically in order
to exclude sperm with poor motility, sperm contami-
nated with urine or lacces or overriped oocytes. Het-
erosperm, after mixing from individual males, was
maintained in glass tubes in refrigerator at 4-5°C prior
to the cxperiments. Qocytes mixed from individual
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fcmales were maintained in plastic bowls covered with
a wet cloth in order to prevent drying. Gametes
were also collected for estimation of the amount of
spermatozoa in 1 ml of sperm and the number of
oocytes in 1 g,

Generally, the schedule of all experiments was as
follows: oocyte batches (5-10 g) were weighed in glass
dishes, sperm was added, mixed and activated with
20 ml of degumming solution consisting of milk:
water (1:40). After 2 minutes a more concentrated
(1:30) milk solution was added. The batches of cggs
were incubated in Kannengieter incubation jars (21
volume) in non-recycled warmed water at an average
temperature of 20°C. Each jar was placed in one
aquarium, into which the larvac were transfered after
hatching. Just before starting exogenous feeding, the
total number of larvae was checked and a representa-
tive sample was taken to determine ploidy level by
quantification of Ag-stained nucleoli in intcrphase
cells and/or Ag-stained nucleolar organizer regions
(NORs) in the metaphasc chromosomes. For this
determination, the mcthod of Phillips et al. (1986)
has been utilized but modificd according to Flajs-
hans et al. (in press a). Briefly, the whole larvac were
smeared on ethanol-cleaned microscopic slides in onc
drop of 60% acetic acid, fixed with methanol, dried
and Ag-stained according to Howell and Black (1980),
modified by Gold (1984) and Rab and Roth (1988).
Chromosome preparations were made as described
by Baksi and Means (1988).

Cold shocks

The experimental batches were treated with crushed
ice dispersed in milk solution (1:20) with the temper-
ature 0-2°C. The shocks were initiated from 0 to
65 minutes, respectively, after gamete activation (see
tables 1 and 2), the exposure lasted for 40 minutes,
(Linhart et al., 1987). The average temperature prior
to the exposure was 24°C.

Hydrostatic pressure shocks

A hydrostatic pressure device developped for
RIFCH at Vodilany by Moravian Chemical Enter-
prisc at Ostrava (courtesy Dr. Theobald Olschak;
device under patent control) has been used. In this
device pressurized nitrogen is used to provide the
hydrostatic pressure, so that the required pressure
level can be reached in less than two seconds.

The temperature of water and the milk solution in
the pressure chamber ranged from 19 to 21°C. Egg
batches were treated in the pressure chamber in bags
made from plastic mesh. The eggs were incubated
aflter shocking at an average temperature of 20°C.
Three experimental serics were realized, in each series
one shock parameter (starting time of shock after
activation, pressure level, exposure time, respectively)
was tested, while the remaining two were kept con-
stant in order to optimize the parameters at the tem-
perature used.
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As incxact shocks can significantly affect the sur-
vival of incubated eggs, the results reported in this
paper were calculated from the number of living cggs
at morula stage in each experimental batch as follows.

Living eggs at morula stage:
number of eggs in cxperimental batch x average

percentage of living cggs at morula stage from 5
analyzed random samples.

Percentage of hatched viable fry:
number of hatched viable fry/number of living eggs
at morula stage.
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Figrre 1. — Cold shocks: percentage of viable fry for two replicated
groups (I and 1T series).

Tezbl2 1, — Cold shocks.
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Percentage of hatched viable polyploid fry:
percentage of hatched viable fry x pereentage of
polyploids from the analyzed samples.

RESULTS

Cold shocks

The results of cxperiments for the induction of
triploidy arc given in table 1 and in figures 1 and 2.
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Figure 2. — Cold shocks: percentage of viable triploid fry (3») for
two replicated groups (I and I serics).

Initiation of the shock after gamete activation (min)

€0 65

0 2 5 15 20 25 30 35 ] 45 50 55 C

Living eggs I. 940 880 81.0 820 610 71.0 §0.0 550 1.0 20 50 550 160 6.0 -
at morula stage (%) H. - 860 860 8.0 850 830 820 660 1.0 40 280 170 80 - 93.0
Viable fry (%) * 1. 9356 93.56 9342 1898 7.68 3332 344 032 242 864 3.00 1.79 038 1.85 -

I — 9768 9495 645 18.67 034 1.5 029 1212 7.8 222 145 343 - 95.5
Viable 3n fry (%) * I. 1526 7387 7474 2.11

. - 6169 7597 1.38 0.05
Viable 3n fry (%) ** I 1579 78.95 £0.00 11.11

. - 6316 £0.00 2143 5.00
Viable 4n fry (%) * I. 0.13

1L 022 1.54
Viable 4n fry (%) *x* I 7.14

1. 15.60 45.00

Numbers I, II are numbers of experimental series.
C is the abbreviation of control group (untrecated group).

* percentage was calculated from the percentage of living eggs at morula stage.
** percentage was calculated from the absolute number of viable fry.
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The best results were obtained after shocks 2 and 5
minutes after activation of gametes i.e. 93.56 and
97.68% of hatched viable fry with 73.87 and 61.69%
of hatched viable triploid [ry, respectively for two
replicated groups shocked after 2 minutes; and 93.42
and 94.96% of hatched viable fry with 74.74 and
75.97% of hatched viable triploid fry, respectively, for
the shock after 5 minutes (table 1, fig. 2). If expressed
in t, unit, it cquals 0.1 and 0.26 at the incubation
water temperature of 24°C for 2 and 5 minutes
shocks, respectively.

The percentage success for the induction of tetra-
ploidy proved to be negligible (e.g. 1.54, 0.22 and
0.13% of hatched viable tetraploid fry from cold
shocks after 55,60 and 65 minutes of incubation,
respectively) and they were reached in one experiment
only with no successfull replication (table 1, fig. 3).
However, these tetraploids were safely produced by
cold shock, according to the fact, that nothing but
diploids were found in the respective control groups.

Hydrostatic pressure shocks

The results of experiments for the induction of
triploidy are given in table 2, in figures 4 and 5. The
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Fizure 3. — Cold shocks: percentage of viable tetraploid fry (4n).
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best results (63.49% and 52.29% of hatched viable
triploid fry) were obtained using the shortest exposure

Tatle 2. Hydrostatic pressure shocks, 5 min after gametc activation,
Experiment Pressure Exposure Living eggs at Viable Viable 3n Viable 3n
No. (MPa) {min) morula stage (%) fry (%) * fry (%) * fry (%) %%
1 50.99 0.03 22.0 82.35 20.59 25.0
2 10.79 1 10.5 19.52 0 0
3 20.10 1 7.5 20.22 0 0
4 30.89 1 8.0 18.75 0 0
5 39.23 1 13.5 56.60 11.79 20.83
6 49.03 | 5.5 1.09 0 0
7 51.98% | 6.5 18.46 7.69 41.67
8 52.96 1 24.0 76.74 19.19 25.0
9 56.88 1 29.0 61.01 52.29 85.7
10 49.03 2 19.5 76.28 30.51 40.0
11 49.03 3 13.5 80.19 63.49 79.17
12 48.25 4 13.5 49.38 39.50 §0.0
13 47.37 S 15.5 50.65 42.21 83.33
14 45.60 6 9.5 28.16 23.26 82.0
15 44.13 7 5.0 17.17 13.44 78.26
16 43.15 8 6.0 54.03 36.02 66.67
17 55.90 10 0 0 1] 0
I8 9.81 20 4.5 0 0 0
19 20.59 20 8.0 8218 60.07 73.10
20 30.40 20 3.5 14.97 0 0
21 39.72 20 2.5 0 0 0
22 50.99 20 0 0 0 0
23 51.98 20 0 0 0 0
24 53.94 20 0 0 0 0
25 53.94 30 0 0 0 0
26 55.90 40 0 0 0 0
Cl - 39.0 76.3 - -
2 - - - -

(" is the abbreviation of control group (untreated group, 2 replications).

24.6

* percentage was calculated from the percentage of living cggs at morula stage.
** percentage was calculated from the absolute number of viable fry.
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Figure 4. — Hydrostatic pressure shocks related to exposure time:

percentage of viable fry.

'i Hydrostatic pressure [MPa)
i
|

.

#

4 1 ; 4
0 / ' ;3’3{?

h

——_r

40

1
n ooy

Exposure time [min]

Figure 5. — Hydrostatic pressure shocks: percentage of viable
triploid fry (3 »).

times (1-3-5 minutes) for the highest hydrostatic pres-
sure levels (49.03-56.88 MPa, i.e. 7116-8255 psi-
pounds per square inch) after 5 minutes incubation,
i.e.in 0.17 7, unit at an incubation water temperature
of 20°C. Shocks starting after 2, 10, 15, 20, 25 and
30 minutes incubation did not result in any viable fry
at all. Shocks with long exposure times at lower
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pressure levels did not result in significant numbers
of hatched viable fry or in triploids at all, except for
60.07% triploids from the shock at 20.59 MPa for 20
minutes exposure and for 14.97% viable fry after 20
minutes exposure to a shock of 30.40 MPa. However,
these data were not repcatable.

Hydrostatic pressure shocks of 49.03 MPa, starting
at 40, 45 and 50 minutes after gamete activation, /. e.
at 1.43; 1.61 and 1.79 1, and lasting 1 minute were
not successful for the induction of tetraploidy in any
of our cxperiments.

DISCUSSION

The fertilization rates in each expcriment were
theoretically at the same level as in control groups
and they were reduced to the observed level by the
shock treatments (tables 1 and 2). We tried to
transform the results of the experiments to a mode,
which would reflect the correlation between the ferti-
lization rate and the influence of the shock treatment
itself i.e. the survival, expressed in the percentage of
hatched viable fry and the “yield”, expressed as the
percentage of hatched viable polyploid fry. Therefore,
the percentage of hatched viable polyploid fry was
calculated from the number of living eggs at the
morula stage and not directly from the number of
hatched viable fry; the latter mode of calculation was
taken only as a subsidiary item (zables 1 and 2).

Cold shocks

If the results of previously published cold shock
experiments are transformed to T, parameter, the data
for the retention of the second polar body range from
0.03 (Cherfas er al., 1990) to 0.45 (Taniguchi e¢f ol.,
1986), with the peak in 0.03-0.32 interval (Gervai
et al., 1980; Ueno, 1984; Taniguchi et «l., 1986; Lin-

“hart er al., 1989; Cherfas er al., 1990). The data of

our experiments (0.1 and 0.26 1, for shocks at 2 and
5 minutes, respectively) thus correspond with them.

The best data for suppression of the first mitosis
were reported by Rekoubratsky er al. (1989) at 1.7
T,. In our experiments hatched viable tetraploid fry
were produced at a very low percentage (up to 1.54%)
and without successfull replication, if expressed in 1,
unit, it ranged from 2.89 to 3.42. We suppose, that
this could be a result of suppression of the second
mitosis, while shocks applied before the first mitosis
did not induce tetraploidy at all.

Hydrostatic pressure shocks

As no data on the application of hydrostatic pre-
ssure shocks for induction of polyploidy in carp are
available, we have arranged our cxperiments accord-
ing to Cassani and Caton (1986). It is evident from
Jfigures 4 and 5, that triploidy inducing shocks with
the shortest exposurc times for the highest pressure
levels applied shortly after the gamete activation are
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more efficient than longer shocks with lower pressure.
The observation of 60.07% hatched viable triploids
after 20 minutes shock of 20.59 MPa may be a result
of a mistake in a process of fish handling (e.g.
replacement of aquaria, etc.).

Hydrostatic pressure shocks were not successful for
the induction of tetraploidy in carp in any of our
experiments. In contrast, very similar experiments on
tench (Tinca tinca L., Cyprinidae) resulted in signifi-
cant numbers of tetraploids (up to 50%) by the supres-
sion of the first mitosis (Flaj$hans et al., in press b).

Hydrostatic pressure shocks do not scem to be the
most efficient way for induction of triploidy in carp,
not only due to lower yiclds reached, but also due to
difficulties with handling during the treatment pro-
cess. In previous experiments, where the pressure

Q. Linhart ¢t al.

chamber was filled with water, all eggs of cach treated
batch were stuck together and it was not casy to
release them, therefore we filled the chamber with
degumming milk: water (1:20) solution to reduce the
stickness of the eggs, which is the strongest in the
first minutes after gamete activation, when contem-
porarily the triploidy-inducing treatments start. This
arrangement proved to be partially successful.

We believe that temperature shocks are more effec-
tive than hydrostatic pressure shocks in  carp,
especially the heat shocks, with shock exposures caus-
ing lower mortality (Hollebecq ¢t «l., 1988; Gomel-
sky, pers. comm.). For the standardization and the
comparison of data on shock initiation, the applica-
tion of the 1, unit (Detlaff and Detlaff, 1961; Igna-
tyeva, 1974; Gomelsky et al., 1989 Cherfas ef al.,
1990) seems to be essential.
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