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Abstract - Tetraploid grass carp (Ctenopharyngodon idella Val) were produced
by heat shock to the eggs before first cleavage. Heat was applied 0-20 min. before
cleavage at 39-42°C for 1-4 min. The highest percentage of tetraploids (42%) was at
40°C for 2 min., 10 min. before first cleavage. The effect of temperature on embryo
survival is described.

Inducing polyploidy through chromosome set manipulation in
fish is of recent origin. Application of polyploidy in aquaculture gen-
erally involves triploids, as they will be used for commercial fish
culture, sex or population control, etc. (Thorgaard 1986; Zhang
1990). However, inducing triploidy is a difficult process.

In rainbow trout, tetraploids crossed with diploids produced
triploids (Chourrout et al. 1986). This method is simple, economical
and holds promise in obtaining triploids. Thus, the major goal is to
develop a method for producing tetraploids. So far tetraploids have
been induced in rainbow trout (Refstie- 1981; Chourrout et al. 1982;
Ma et al. 1987); channel catfish (Bidwell et al. 1985); bighead carp
(Aldridge et al. 1990; Hong 1990); tilapia (Valenti 1975; Don and
Avtalion 1988); a hybrid of Ctenopharyngodon idella x Megalobrama
amblycephala (Zhang et al. 1986); and a hybnd of white crucian
carp x red carp (Chen et al. 1987).

The grass carp (Ctenopharyngodon idella Val) is of value as a
food fish and-a biological control agent for aquatic weeds (Bardach
et al. 1972; Sutton 1977). Production of triploid grass carp has been
reported (Su et al. 1983; Cassani and Caton 1985, 1986). However,
no reports on inducing tetraploidy in grass carp are available. We
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report here the induction of tetraploidy in grass carp through heat
shock.

Healthy grass carp broodstock were taken from the fisheries
experimental station of the Yangtze River Institute of Fisheries,
Chinese Academy of Fisheries Science, and injected with LRH-a +
HCG in two split doses for inducing ovulation. The first injection
was followed 5-6 hours later by the second injection. After injections
the brood fish were placed in a spawning tank with water circula-
tion to stimulate ovulation. Ripe fish were collected immediately and
stripped.

In each experiment, a few eggs were fertilized prior to mass
fertilization, so as to evaluate the times of embryonic development
of different stages. The fertilized eggs were collected in small bas-
kets, then immersed in constant-temperature water tanks for vari-
ous durations and temperatures. After the heat-shock treatment, the
eggs were transferred to normal water for incubation.

The chromosome examinations were performed on embryos,
from segmentation to the eye crystalline lens formation stage. About
100 embryos were chosen and transferred to a 5 ml centrifuge tube.
A pipette whose opening was just bigger than the embryo was used
for removing chorion. Next, the embryos were washed with 0.85%
NaCl solution twice. The embryos were agitated with the pipette, so
that the cells were released. After that, 4.5 ml of 0.85% NaCl solu-
tion and 0.5 ml colchicine at a concentration of 0.05% were added to
each centrifuge tube and the contents allowed to settle for 50-60
min. at room temperature (24-30°C). The cells were collected by
centrifuging and transferred to double distilled water for 6 min. for
hypotonic treatment. After centrifugation and decanting the
hypotonic solution, the cells were fixed in two changes of 3:1 metha-
nol-acetic acid. The cell suspension was dropped onto a chilled slide,
air-dried and stained in 10% Giemsa for 20 min. Usually, more than
100 chromosome metaphase spreads (including 2n and 4n) were
counted in each treatment for determining the percentage of
tetraploidy. Tetraploid grass carp cells should contain 96 chromo-
somes, but counts varied from 85-110 in this study.

The results showed that the heat shock administered at 39-
42°C, for 1-4 min., 0-20 min. prior to first cleavage of eggs could
induce tetraploidy (Table 1). The optimal parameters of this method
were considered to be 40°C for 2 min., 10 min. prior to first cleav-
age. This produced 41.6% tetraploids.
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Table 1. Effect of heat shocks on inducing tetraploidy in C. idella.

Treatment Duration Time prior to No. metaphase  Tetraploids

temp. (°C) (min.)  first cleavage (min.) spreads analyzed (%)
389 1 20 106 38
39 2 20 - * - ¢
39 3 20 .- * - *
39 4 20 200 2356
40 1 10 200 100
40 2 10 149 41.6
40 2 20 94 22.3
40 2 30 - * - *
40 2 40 106 38
40 3 20 - * - *
40 4 10 - -
41 1 -2 158 19.6
41 1 0 113 28.6
41 1 6 88 3819
41 1 15 233 5.1
41 2 16 138 15.8
41 3 16 112 232
41 4 16 102 208
42 1 10 1M 385.6
42 2 10 106 26.7
42 3 10 100 20.0
42 4 10 - = -

*Eggs died due to lack of oxygen. Chromosome checking was not carried out.

Besides tetraploids (4n) and diploids (2n), triploids (3n) and
pentaploids (5n) were also noticed.

The effect of temperature on viability of eggs was also studied.
Average survival rate mostly depended on the treatment tempera-
ture and duration. Survival of embryos and temperature or duration
had a negative correlation. Usually, the embryo survival rate was
above 80% relative to control at 39°C for 1-3 min. duration (Fig. 1).
Temperatures of more than 43°C, for a duration of 3 min. resulted
in almost 100% mortality prior to hatching.

In rainbow trout (Thorgaard et al. 1981) and channel catfish
(Bidwell et al. 1985), precise timing of the postfertilization shock
was not critical. But Hong (1990) found that timing of
postfertilization shock was an important factor for producing high
percentages of bighead carp tetraploids. Our study demonstrated
that shocks given 0-15 min. prior to first egg cleavage induced high
percentages of tetraploidy. We have investigated more than 20 dif-
ferent treatment groups and more than 100 metaphase spreads in
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Fig. 1. Effect of heat shock on survival of embryo.

each treatment. None of the treatments gave percentages of
tetraploids above 50%. This is due to nonsynchronized development
of the eggs (embryos). Though some embryos have a very short sen-
sitive stage for polyploidy, the majority of embryos have a relatively
long sensitive stage, so the timing of postfertilization shocks is usu-
ally not critical.
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