18 Ko F 21 %

AR 5 5155 5 H AR I A5 44 iR 40 22 7T

= e
CEHK P2 K 220y 22 B, 200090)

¥l o
(HERIMTE KLY R, L 200062

B LA IR T 1) 520 90 5 — YR O 284, 330 47 H AR JHAR IO A5 4845 S 5286, FARTLIE BETE 38,39, 40
141 °C, F 7750 210 ~ 230 2054 g, ACFE 1~ 2 2064 AT 3RS DU AR R AR, 40 ‘CALFE 1. 5 2054, DU {21k IRHR % S
ik 36. 8%, 38 F1 39 ‘CALHE 2 73 B I 3RS R ik & PR IR R EU o T DU % IR BA B, T #VEK 70 I8 RE 40 “Cr, DU 1%
R BEHTHRAELE, 41 CoENHTALY R PBURMIET & 5, 3% 5 AL B 17 G 55
iR e =R N =

K] H AR AF, TUf5AA, #k s

AT R B R AT m Rt SRR 4 R B E. 45 9326906.

PG 6 K KR B

KRERAEMZFET FEERIE K. FEARZ B3 AED, 18 72 #2748 i 3 5%
B T 2 MEHRAES RG . RV 2R S0/ AKE O, PRI i5f SR8,
RIRIP T NFAAT BTl TR K= 3 W e E i AR = TR .

P EE KPR [, vRK FRAE P R AR AL, 8 R K A2 1 2 TR iR
IKFREE R ) Bk Ak, T AR s R, [R) AR S a B ) R 1R R SR K
CL U6 B BATTR FREER . K= K 228 B R 8085 g 25 10 [V 7K 2R R ot %
TEAVR YN — 45, st % 2 REvE e 7k SR A B2, 35 18 VR 7K A28 B8 U (A0 o 8 0 R L A
P AR AT T IR, S FRE AR U AR . &P HE FEE AN TRER KRS
S R B URIE AR 22 S DR AP AR B I& 12 S 4 i, BRI SSE FVEA A, B R T IEE
ML 5 M 140 RSE WA S5 SCik. o] HK = A MR ST RN L AT BUE B
NI RES

€ ik K e 2l 5 SR PR AR B0 — 15, | b B RO AR 1996 4 AR, 451 186
7, EM 21.20 JC.




521 %51 W KoE 2 R Vol 21, No. 1
1997 4£ 3 A JOURNAL OF FISHERIES OF CHINA March, 1997

A PRELIMINARY STUDY ON INDUCTION OF
TETRAPLOIDY IN THE FRESHWATER PRAWN
MACROBRACHIUM NIPPONENSE BY HEAT SHOCK
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(Fisheries College, Shanghai Fisheries University, ~ 200090)

DU Nan-Shan, LAT Wei
(Department of Biology, East China Normal University, Shanghai 200062)

ABSTRACT Heat shocks were used in this experiment for inducing tetraploids through inhibition
of the first cdeavage division in the freshwater prawn Macrobrachium nipponense. Teiraploidy prawn
embryos had been produced by treating eggs at either 38.39.40 or 41 C for 1 ~2 minute duration from
210 ~ 230 minutes shortly after spawning. At 40 C, shock lasting 1. 5 minutes yield 36. 8% tetraploidy
embryos. The percentage of mosaics were significantly higher than that of tetraploids at shock of either 39
C for 2 minutes. With shock 41 ‘C, the mortality of embryos was high due to abonormal karyokinesis at
mitosis. O ptional treatment time is needed for further investigating in order to yield high percentages of
te traploids.
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1 INTRODUCTION

Chromosomal engineering was suggested as a genetic method of improving aquatic cultured
species. Polyploidy was as useful in aquaculture industry as in plant breeding. Triploids were
reported to display a faster growth rate and a larger body size due to their sterility [ Cassani et al.
1984, Purdom 1972], but it was difficult for them to be applied in large-scale commercial
production because of methodological problems. Tetraploids, which were expected to be fertility,
would produce sterile triploids offspring by crossing with normal diploids, so the benefits of
triploids would be made more practical | Bidwell et al. 1985]. To date, a variety of tetraploid
fishes had been successfully induced [ Bidwell 1985, Hong 1990, Refstie 1981, Thorgaard et al.
1981, Valenti 1975] . However, in decapod, the only artificial tetraploidy shrimp were those
reported by Xiang et al. [ 1992] in Penaeus chinensis. In the case of freshwater prawn
Macrobrachium nipponense, Qiu et al. [ 1994] had previously studied the chromosome and
karyotypes. In this paper; we present the results of experiment on the induction of tetraploidy in

this species.

2 MATERIALS AND METHODS

2.1 MATERIALS

Sexually mature prawn used in this experiment were purchased from local markets in April
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1993for our laboratory experiments. They were kept in well aerated water at 25 C and were fed
daily with earthworms. When females finished copulating, the gravid females with
spermatophores were isolated in different aquariums and induced to spawn by raising the water
temperature to 28 C. The females would begin to spawn within 4 ~ 18 hour.

2.2 HEAT SHOCK TREATMENT

2.2.1 DETERMINATION OF INITIAL TIME OF HEAT TREATMENT

The most important parameter to produce tetraploids was the initial heat shock time for
suppression of the first cleavage division. The optimum treatment time was determined by the
following experiments in which the events of early development were investigated. Fertilized eggs
were collected in 120 ~ 250 minutes immediately after ovulation, fixed in Bouin’ s fixing solution,
then dehydrated in a graded series of ethanol and embedded in paraffin. Continuous sections were
stained with Delafield’ s hematoxylin and eosin, and examined under an Olym pus microscope. The
first mitotic karyokinesis of the fertilized eggs was often observed in 210 ~240 minutes soon after
spaw ning at 28 C.

2.2.2 HEAT SHOCKS

The fertilized eggs which attached to the pleopods of the maternal were subjected to heat
shock at either 38.39.40 or 41 Cfor 1, 1.5 or 2 minute duration from 220 ~230 minutes post
spawning. Following the treatment, the maternal with treated eggs were separately put back to
aquarium with temperature of 25 ‘C for hatch. If eggs came off the pleopods or maternal died in
the treatments, the eggs were transferred into a 1 000 mL glass beaker for incubation. The dead

eggs were removed at regular intervals. The controls received no treatment of heat shock.
2.2.3 CHROMOSOME EXAMINATION

Chromosome preparations were made at blastula stage and gastrula stage. Aliquots embryos
from experimental and control groups were placed in a 0. 05% colchicine solution for 3 or 4 hours,
hypotonized in 0. 1 M KCI solution for 30 minutes, and then fixed in two changes of fresh
Carnoy’ s fixative (3 {1 methanol to acetic acid) at 4 'C for 1 hour or longer. Fixed embryos were
placed on a clear slide, macerated with one or two drops of 60 % glacial acetic acid for duration of
1 ~ 3 minutes, and minced gently with fine forceps. The preparations were kept at toom
temperature for air dried, then stained in 10% Giemsa solution (made in pH 7.2 phosphate

buffer) for 30 minutes. Chromosomes were counted to determine ploidy level.

3 RESULTS

3.1 CHROMOSOME EXAMINATION

Tetraploid embryos were successfully induced by blocking the first cleavage division with heat
shock in this experiment. The chromosome numbers of tetraploid embryos in tested groups were
about 208 (Plate-2), while in the control embryos only diploids were found with 104
chromosomes (Plate-1). The chromosomal behavior was almost not the same in a tetraploidy cell
at mitosis. There were about 104 rod-shaped chromosomes and 104 spot-shaped chromosomes
present simultaneously in a tetraploidy cell (Plate-3). Abnormal karyokinesis occurred when the

shock, temperature raised to 41 C. A large number of nuncountable chromosomes was observed in
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chromosome preparations (Plate-4, Table 1).
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Plate R
1. Metaphase from diploid embryos of M. nipponense with about 104 chromosomes (2n= 104); 2.
M etaphase from tetraploid embryos induced by heat shock in M. nipponense (4n=208); 3. Two types of
chromosomes in shape present simultaneously in a tetraploidy cell; 4. A large number of chromosomes

occurred when shock temperature increased to 41 'C

3.2 INDUCING RATE OF TETRAPLOIDY

The frequency of tetraploid embryos induced by heat shock are given in Table 1. Tetraploids
were detected in all experimental groups. The temperature shock of 40 C for duration of 1.5
mimutes resulted in the highest percentage of tetraploid embryos (36.8%). There were only a
little variation of the percentage of tetraploid when the duration time of treatments increased from
1.5 to 2 minutes in Group 3.

When the temperature of shock rose from 40 C to 41 °C, the embryos would display a high
rate of mortality if the length of shock time was longer than 1 minute. Mosaics were also
produced in test groups. The frequency of mosaics was significantly greater than that of

tetraploids both in Group 1 shocks for 2 minutes and in Group 2 shocks for 1 minute (Table 1).
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Neither mosaics nor tetraploids were observed in control groups.
Table 1 Frequency of tetraploid embryos induced by heat shock in Macrobrachium nipponense

Treatment Ploidy (%)
Group P - Cell Counts -
Temp. (C) Dura. (min) 2N 4N Mosaic

1 38 1 30 100 0 0
2 42 81 7.1 11.9
2 39 1 11 73.7 8.1 18.2

3 1 43 79.1 20.9 0
40 1.5 19 57.9 36. 8 5.3

2 28 69.2 30. 8 0

4 41 1 6 83.3 16.7 0

2 *
Contmwol 35 100 0 0

* chromosome number w as uncountable

4 DISCUSSION

Polyploidy had been induced in a wide variety of fish and bivalve molluses [ Lincolin et al.
1974, Stanley et al. 1981, Swarup 1956] . In decapod, similar research work made a slow
progress because of technological difficulties [ Qiu 1996] . Until recently, only two cultured species
polyploidy had been produced [ Dai et al. 1993, Lu et al. 1993, Xiang et al. 1992]. In this
study, we had successfully induced tetraploidy embryos of another commercially important species,
M. nipponense, using heat shock treatment.

The freshwater prawn M. nipponense, like most of decapod crustaceas, the females
incubated their embryos on pleopods on the abdomen until hatching. If the fertilized eggs did not
attach themselves to pleopodal setae, they would deteriorate soon. In order to overcome this
difficulty in manipulation of chromosome, we developed a method in this study as below: In the
treatments, only the abdomen of the maternals with eggs were immersed in water at different
temperature. After heat shocked, the matemals incubated their eggs on pleopods as before. The
results indicated that the technique employed in this experiment was feasible for the freshwater
prawn in chromosome manipulation. Afterwards, Chen et al. (1997) applied this technique to
induce successfully triploidy and tetraploidy embryos in Chinese mitten-handed crab Eriocheir
sinensis (private communication ). The long interval between fertilization and the first mitotic
karyokinesis of eggs might make it more convenient to induce tetraploidy in freshwater prawn and
crab than in fish and molluscs.

The first cleavage division of fertilized eggsin M. nipponense was confined to karyokinesis,
s0 heat shock blocking the first cleavage division essentially prevented karyokinesis. In some
chromosome preparations two types of chromosomes in shape were detected in a tetraploidy cell
at mitotic activity (Plate-3). With shock 41 ‘C for longer time than 1 minute, the eggs were
damaged and displayed high mortality. Abonormal karyokinesis occurred in some tetraploidy cells
(Plate-4). The same result was those reported by Dai et al.[ 1993] in the induction of triploid in
shrimp Penaeus orientalis. The different behavior and abonormal divide of chromosomes might

result in high mortality of embryos. In addition, heat shock treatment induced tetraploidy was also

(1)Chen L Q, et al Studies on the polypbid induction in the Chinese mittemhanded crab, Eriocheir sinensis. 1. induction of

triploidy and tetraploidy embryos in Eriocheir sinensis by cytochalasin B.
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accom panied by mosaic in the present experiment as in earlier work[ Bidwell et al. 1985, Xiang et
al. 1992] . The percentage of mosaics were significantly higher than that of tetraploids with shock
of either 38 C for 2 minutes or 39°C for 1 minute, but significantly lower percentage or no
mosacis were found with shock of 40 °C for 1 ~2 minutes (Table 1).

The cause for the low induction rate of tetraploidy was that the development of fertilized eggs
was not synchronic. Some of the eggs would have finished the first mitotic karyokinesis before the
heat treatment was applied. It is necessary to establish the technique of artificial fertilization in
vitro to solve this problem. Another reason for the low induction rate was that the duration time
of treatment was too short (1 ~2 minutes). Further experiment will be needed to be carried out

for determination of optional time of the treatment.
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