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FISHERIES SCIENCE 2004; 70: 247-255 

Induction of triploidy by heat shock in the Japanese e~l 
Anguilla japonica 

KAZUHARU NOMURA,I* JUN-ICHIRO NAKAJIMA,2 HIRaMI OHTA,3 HIROHIKO KAGAWA,4 
HIDEKI TANAKA, 1 TATSUYA UNUMA,1 KOHEI YAMAUCHI2 AND KATSUTOSHI ARAI2 

1 National Research Institute of Aquaculture, Nansei, Mie 516-0193, 2Graduate School of Fisheries 
Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611 , 3 Faculty of Agriculture, Kinki 
University, Naka machi, Nara 631-8505 and 4Faculty of Agriculture, Miyazaki University, Miyazaki 
889-2192, Japan 

ABSTRACT: Artificial reproduction and subsequent improved culture of the Japanese eel Anguilla 
japonica have not yet been achieved, but are expected in the near future. To allow the development 
of aquaculture activities, chromosome manipulation techniques are necessary for the genetic 
improvement of the eel. In the present paper suitable conditions were determined for heat shock 
treatment for the induction of triploidy. This was done using fertilized eggs obtained from gametes of 
culture91 eels that were induced to mature QY repeated injections of salmon pituitary extract, followed 
by an'injection of 17a,20~-dihydroxy-4-pregnen-3-one to induce ovulation in the female eels and by 
repeated injections of human chorionic gonadotropin in the male eels. Three variables (Le. timing 
after fertilization, temperature, and duration of the shock) were varied to maximize the yield of triploid 
larvae by examining hatching and triploid rates of treated groups. Ploidy was determined by DNA 
content flow cytometry and/or chromosome counting. The triploid yield was the highest (70%), when 
a 3JOC heat shock was applied for 3 min, 10 min after fertilization. Under such conditions the rate of 
triploidy reached 70-100% and the rate of hatching was 5.2-24.6% when the control hatching rate 
was 28.5% on average. 

KEY WORDS: Anguilla japonica, chromosome, flow cytometry, Japanese eel, triploid, heat 
shock. 

. ' 

INTRODUCTION 

The Japanese eel Anguilla japonica is an important 
aquaculture species because of its high economic 
value, but artificial reproduction has not yet 
succeeded despite continuous efforts over three 
decades. ! Thus, at present the .aquaCUlture of eels 
depends on catching wild elvers running to coastal 
estuaries. However, recently we have been able to 
obtain artificially matured eggs! and spermatozoa2 

using hormonal treatment, and viable leptocephali 
have been obtained due to the advancement of 
rearing techniques.3 If the perfect aquaCUlture 
cycle is determined, the program for genetic 
improvement will be one of the important subjects 
in the aquaculture practice of eels. 

Chromosome set manipulation techniques have 
been developed and applied to the genetic 
impro,-;,ement of various fish species over the past 
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few decades.4
.
5 Triploid female individuals are 

expected to have better growth, survival and meat 
quality than diploids during the period of final 
maturation, although such advantages of induced 
triploids have not yet been determined in marine 
species, mainly in freshwater fishes. 5Meiotic gyno
genesis can be induced by using a combination of 
UV-irradiated spermatozoa and the same physical 
treatment as ·the triploidization (Le. inhibition of 
the second polar body release), whereas mitotic 
gynogenesis producing completely homozygous 
gametes can be induced by inhibiting the first 
cleavage. These techniques may allow further 
development in the future improved aquaculture 
practices for eels. However, the treatment condi
tions leading to the duplication of the maternal 
genome in the Japanese eel have not yet been 
determined. Recently, chromosome manipulation 
techniques have been regarded as traditional ones, 
but they should not be viewed as obsolete methods 
because further advancement and improvement 
are predicted, particularly when they are inte- ~ 

grated with other modern biotechnologies such as 
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DNA marker mapping and micro manipulations of 
embryos.s 

In the present study we optimized the treating 
conditions of heat shock (timing after fertilization, 
temperature, and duration) in order to inhibit .the 
second polar body release of fertilized eggs for the 
induction of triploidy. The ploidies of the offspring 
from the heat shock were determined by measur

. ing the relative DNA content and/or counting the 
chromosome number. This is the first report of 
artificial triploids in the Japanese eel and may pro
vide basic infrastructure to promote genetic and 
genomic studies using modern biotechnologies. 

MATERIALS AND METHODS 

Artificial fertilization 

Artificially fertilized eggs were obtained from 
.' . gametes of cultured eels induced to maturity by 

repeated injections of salmon pituitary extract, fol
lowed by an injection of 17a,20~-dihydroxy-4-
pregnen-3-one (DHP) to induce ovulation in the 
female eels and by repeated injections of human 
chorionic gonadotropin (hCG) in the male eels.2

•
6 

Approximately 20 g of eggs (3000-4000 eggs/g) 
were fertilized with 10 mL of sperm solution 
diluted 100-fold with artificial seminal plasma 
(149.3 mM NaCl, 15.2 mM KC!, l.3 mM CaC12 , 

l.6 mM MgClz, 20 mM NaHC03 buffered with 
20 mM N-tris (hydroxymethyl) methyl-3-aminepro
panesulphonic acid (TAPS)-NaOH at pH 8.1; Ohta 
et a[.2). The semen was activated by adding 50 mL 
of seawater that had been sterilized by filtration. 
Immediately, fertilized eggs were divided into 
experimental groups and then each group was 
placed in a glass vial containing 100 mL of seawater 
until heat shock. The water temperature during 
fertilization and before heat shock was maintained 
at 23°C ± l.0°e. 

Experimental design 

After fertilization the eggs were gently transferred 
to a scoop net in the seawater by decantation. For 
the induction of triploidy, the scoop net keeping 
fertilized eggs was immersed in the preheated sea
water to administer heat shock at the appropriate 
temperature, which was measured with a mercury 
'thermometer (precision ±O.l°C) during the heat 
shock treatment. The temperature during the test 
period fluctuated at a range of ±0.5°C. 

Three treatment variables for induction of tri
ploidy were optimized: (i) time after fertilization 
(a.f) when the heat shock was initiated; (ii) temper-

ature of the shock; and (iii) duration of the shock. 
Two experiments were carried oy,t. Experiment 1 
evaluated the suitable treatment timing after fertil 
ization and, temperature using eggs obtained from 
two female eels. Heat shock was applied for a dura
tion of 3 min at temperatures of 30°C or 40°C at 
1 min, 5 min, and 10 min a.f. The control group 
consisted of intact fertilized eggs from gametes of , • the same parental fishes. The control was trans-
ferred to the incubator at the same time as the 
treated groups. 

Experiment 2 investigated the effect of temper
ature and duration of the heat shock using eggs 
obtained from three female eels. Bas'ed on the 
results of experiment 1, shocks were initiated 
10 min a.f. The fertilized eggs were heat-shocked 
at 37°C or 39°C for a duration of 1 min or 3 min. 
The control was maintained at the preshock 
temperature (23°C ± l.O°C) and transferred to 
the incubator at 15 min a.f. After this, the water 
temperature was maintained at 23°C ± l.0°e. 
Under this condition, hatching took place 
approximately 34-38 h a.f. 

Estimation of fertilization and hatching rate 

In experiments 1 and 2, approximately 100- 200 fer
tilized eggs per group were transferred to 90 mm 
diameter plastic Petri dishes filled with 50 mL of 
seawater (23°C). The seawater was then sterilized 
by filtration, after which streptomycin (final con
centration 0.1 gil, Meiji Seika, Japan) and penicillin 
G (final concentration 1 x lOs units/L, Banyu Phar
maceutical, Japan) were added, and then the Petri 
dishes containing the fertilized eggs were trans
ferred to the incubator at 15 min a.f. Fertilization 
and hatching rates of these eggs were observed. 
The number of eggs in each dish was counted 
under a binocular microscope three times, and the 
mean value of the total number was calculated. 
The fertilization rate was calculated by counting 
the number of cleaved eggs at 4-6 h a.f., and unfer
tilized eggs were removed. Similarly, the hatching 
rate was calculated by counting the number of 
hatched larvae and non-hatched eggs at 40-42 h 
a.f. 

Flow cytometry 

In experiments 1 and 2 the larvae were sampled 
from each treatment group at 1 day after hatching 
(d.p.h) and fixed with 70% ethanol and stored at 
- 20°C until analysis. Red blood cells from parental 
eels and sperm from male eels were fixed in the 
same manner. 
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For measurement of the relative DNA content, 
flow cytometry (FCM) was conducted using a PA 
type flow cytometer (Partec, Germany). The 
method of FCM analysis followed the manufac
turer's protocol with some modifications. Briefly, 
10-20 ilL of cell suspensions prepared from fixed 
blood and sperm samples were re-suspended in 
2.00 ilL of extraction buffer and were incubated for 
15 min at room temperature. Subsequently, five 
volumes of 4',6-diamidino-2-phenylindole (DAPI) 
staining solution was added. The extraction buffer 
and the staining solution contained in the'CyStain 
DNA 2 step high resolution DNA staining kit 
(Partec) were used. Larva was individually minced 
in 200 ilL of extraction buffer by using the tip of a 
pipette and incubated for 15 min at room temper
ature. The samples were then filtered through a 
30 Ilm mesh filter (Partec Cell Trics disposable filter 
units; Partec) and five volumes of staining solution 
were added. Ploidy was determined by the relative 
DNA cont.ent of somatic cells when erythrocytes of 
parental fishes were used as a standard of normal 
diploidy (2C). 

Chromosome preparation 

In experiment 2 the larvae were sampled from each 
treatment group at 1 d.p.h. They were moved into 
a plastic Petri dish (diameter: 90 mm) filled with 
0.002% colchicine (Wako Pure Chemical Industries, 
Japan) dissolved in sterilized seawater and incu
bated for 4 h at 23°C. Subsequently, larvae were 
transfered into a 1.5 mL tube individually, centri
fuged at 200 x g for 10 min and the supernatant 
removed. Disodium citrate (0.8%) was added for 
hypotonic treatment and samples were incubated 
for 30 min at 23°C, and then larvae were fixed 
in two changes of fresh Carnoy's fixative 
(methanol: acetic acid, 3: 1) and kept at -20°C until 
use. Carnoy's solution was freshly made immedi
ately before the preparation, then the fixed larva 
was minced and pipetted in 100 ilL offresh Carnoy's 
solution. 20 ilL of the cell suspension was dropped 
onto a clean glass slide. After air drying the slides 
were stained with 4% Giemsa in phosphate buffer 
(pH 6.8) for 10 min. Chromosomes were counted 
and photographed for all well-spread metaphase 
cells. Because the chromosome number of diploid 
eel is reported as 2n = 38/-9 we determined that 
larvae thathave 57 chromosomes are triploid, con
sisting of three sets of homologous chromosomes. 

Statistics 

Hatching and ploidy data were transformed to per
centages. One-way analysis of variance (AN OVA) 

and Kruskal-Wallis ANOVA on r~nks with Dunn's 
mUltiple comparison test were used to compare 
the treatment effects on hatching and triploid rate 
among groups, using' computer software (InStat 2, 
GrtiphPad, USA). Differences were accepted as 
significant when P< 0.05. 

RESULTS 

In experiment 1 all heat-shock groups were treated 
for 3 min duration (Table 1). There were no signif
icant differences in the hatching rate between 
groups treated at the same time after fertilization' 
but those at different temperatures had significant 
differences (P > 0.05, ANOVA). Although groups 
treated at 30°C produced significantly higher 
hatching rates than those treated at 40°C, there was 
no clear correlation between treatment timing and 
hatching rate (Table 1). Groups treated at 40°C had 
a nearly 0% hatching rate regardless of the timing. 
The FCM analysis determined that only the group 
treated with a 40°C heat shock at 10 min a.f. pro
duced triploid larvae (Table 1; Fig. 1). The triploid 
rate was 80% (4/5). Triploidywas induced when the 
40°C heat shock was applied for 3 min duration at 
10min a.f., but such a treatment gave an extremely 
low survival rate. Although 10 min a.f. was chosen 
as the QPtimal timing of the heat shock, the tem
perature and duration were further optimized in 
the next experiment. 

Hatching rates in experiment 2 are shown in 
Table 2. There were no significant differences of the 
hatching rate among all treated groups, although 
hatching rates tended to decrease with the increase 
of temperature (39°C). There was a significant dif
ference in the rate of induced triploids between the 
1 min and 3 min durations. Heat shocks at 37°C 
and 39°C for 3 min duration resulted in higher 
rates of triploids compared with those obtained by 
the 1 min treatments. Among treated groups, the 
37°C heat shock for 3 min duration beginning at 
10 min a.f. gave the best hatching rate (mean: 
16.2%, range: 5.2-24.6%) as well as t~e best triploid 
rate (mean: 83.9%, range: 70.4-100%; Table 2). 
Diploid.:..triploid mosaics (Fig. 1) and a triploid
tetraploid mosaic occurred more frequently in 
groups treated at 39°C than those treated at 37°C 
(Table 2). There were no significant differences in 
the fertilization rates among all groups including 
controls in experiments 1 and 2 (Tables 1,2). 

Chromosome counting confirmed the occur
rence of triploidy determined by FCM analysis 
(Table 3). Diploid eels in the control group had 
38 chromosomes, consisting of 12 metacentric 
(m), eight submetacentric (sm) and 18 acrocen
tric (a) chromosomes (Fig. 2a,b). Such a karyo-
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Table 1 Hatching and triploid rates of heat shock groups from two females of the Japanese eel Anguilla japonica in experiment 1 

Female 1 

Timing No. Fertilization Hatch No. 
Temp (0C) (min aJ.) eggst (%) (%) larvae! 

Control 512 66.8 55.7 33 

30 1 238 66.4 54.6 15 
5 167 87.7 46.9 16 

10 318 74.9 60.1 16 

40 1 215 43.1 0.0 
5 203 64.7 0.0 ' 

10 304 52.6 0.0 

All treatments were applied for 3 min. a.f., after fertilization. 
t Hatching rate was estimated by total no. eggs. 

Ploidy 
(%)§ 

No. 
2n 3n eggst 

100.0 0.0 288 

100.0 0.0 143 
100.0 0.0 262 
100.0 0.0 161 

213 
163 
249 

I Total number of larvae (1 day after hatching) ploidies analysed by flow cytometry. 
§ Based on the relative DNA content measured by flow cytometry. 
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Fig.2 Metaphases and karyotypes of the Japanese eel Anguilla japonica. (A) Diploid metaphase spread with 38 
chromosomes; (B) diploid karyogram consisting of 12 metacentric (m), eight submetacentric (sm) and 18 acrocentric 
(a) chromosomes; (e) triploid metaphase spread with 57 chromosomes; (d) triploid karyogram consisting of 18 m, 
12 sm and 27 a. Bar = 10 11m. 

type indicates diploidy with two sets of 
homologous chromosomes, In contrast, triploid 
eel induced by the heat shock had 57 chromo
somes, consisting of 18 m, 12 sm and 27 a chro
mosomes (Fig. 2c,d) , Such a karyotype indicates 
triploidy with three sets of homologous chromo
somes. Diploid- triploid mosaic individuals were 
also observed in the treatment at 39°C for 3 min 
duration by ' the chromosome counting tech
nique (Table 3), 

Means of hatching rate of each heat-shock 
variable were compared to determine the ap
propriate range of temperature and duration of 
the heat shock, Table 4 shows the effect of each 
heat-shock variable on the hatching rate in 
experiments 1 and 2, The temperature of the 
shock was the most critical factor affecting hatch
ability among the three main variables in these 
experiments. 

DISCUSSION 

Although no studies have been done on the 
triploidization of any species of anguilliforms, 
Yamamoto and Yamauchi reported that the periv
itelline space is formed at 20 min after fertiliza
tion at 23°C in the Japanese eeL 10 Therefore, we 
predicted that the extrusion of the second polar 
body would occur before 20 min aJ, In the gilth
ead sea bream Sparus aurata, which also spawns 
pelagic eggs, triploid individuals were success
fully induced when the heat shock was applied 
within 5 min aJ. ll Similarly, in several marine fish 
species examined, optimum timing for the reten
tion of the second polar body release has been 
reported to be in the period between 0 and 
15 min a.U2 

In experiment 1, we optimized the timing of to 

the heat shock (30°C or 40°C, 3 min duration) 
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Table 2 Hatching and triploid rates of heat shock groups from three female specimens of the Japanese eel Anguilla 
japonica in experiment 2 

Temp Duration . No. Fertilization Hatch No. 
Ploidy (%)* 

Female (OC) (min) eggst (%) (%) larvae* 2n 3n Mosaic 

3 Control 92 60.4 37.0 32 100.0 0.0 0.0 
37 1 143 59.3 4.9 27 63.0 37.0 0.0 

3 78 72.4 5.2 27 25.9 70.4 3.7" 
39 1 52 72.4 5.8 19 26.3 57.9 15.8b i 

3 85 57.5 0.0 26 7.7 69.2 23. 1c 

4 Control 125 65.9 35.2 26 100.0 0.0 0.0 
37 1 149 71 .5 13.5 21 100.0 0.0 · 0.0 

3 130 61.2 24.6 16 6.3 81.3 12.5d 

39 1 96 44.1 0.0 10 70.0 20.p 10.0· 
3 90 50.9 8.9 12 0.0 66.7 33.3 f 

5 Control 67 " 65.5 13.4 10 100.0 0.0 0.0 
37 1 90 53.0 12.2 10 100.0 0.0 0.0 

3 95 49.8 18.9 10 0.0 100.0 0.0 
39 1 67 53.7 11.9 10 40.0 50.0 10.08 

3 78 23.2 1.3 10 10.0 60.0 30.0h 

.' Mean Control 95 63.9 28.5 23 100.0 0.0 0.0 
37 1 127 61.3 10.2 19 87.7 12.3 0.0 

3 101 61.1 16.2 18 10.7 83.9 5.4 
39 1 72 56.7 5.9 13 45.4 42.6 11.9 

3 84 43.9 3.4 16 5.9 65.3 28.8 

All treatments were applied at 10 min after fertilization .. 
t Hatching rate was estimated by total no. eggs. 
I Total number of larvae (l day after hatching) ploidies analysed by flow cytometry. 
I Based on relative DNA content measured by flow cytometry. 
Observed cell types of mosaic i'ndividuals "2n/3n, 1; b2n/3n, 3; c2n/3n, 5; 3n/4n, 1; d2n/3n, 2; e2n /3n , 1; f2n/3n, 4; g2n/3n, 1; h2n /3n, 3. 

starting at 1 min, 5 min, and 10 min a.f. byexam
ining the hatching and triploid rates, and trip
loidy was successfully induced only in the 
treatment initiated at 10 min a.f. The heat-shock 
groups treated at 30°C produced a high hatching 
rate but failed to induce triploidy. In contrast, 
those treated at 40°C had an 80% triploid rate in 
spite of very poor hatching. Because embryos 
could not survive after the heat shock at 40°C, we 
examined the effect of a slightly lower tempera
ture in experiment 2. Then, we concluded that 
the optimum triploidization condition for Japa
nese eel eggs incubated at 23°C was a heat shock 
at 37°C for 3 min duration, beginning 10 min a.f. 
Such conditions gave the best hatching and trip
loid rates. In the heat shock at 39°C for 3 min 
duration, beginning at the same time, both 
hatching and triploid rates were reduced. Because 
temperature is the most critical variable of heat 
shock on the hatching rate of treated embryos, 
we expected a better hatching rate at a heat shock 
with a temperature lower than 37°C. As men
tioned here, further improvement of conditions 
to induce triploids is possible. However, we could 
not make further systematic optimization 
because there was a technical limitation to col-

lecting a high enough volume of good quality 
gametes for different experiments. Further 
detailed investigation is required to examine the 
effect of lower temperature and longer duration 
of the heat shock in order to realize a 100% trip
loid population. 

Induced triploids were shown to have three 
sets of homologs by DNA content flow cytometry 
as well as karyotyping. Heat-shock groups basi
cally consisted of triploid and misinduced diploid 
individuals. In addition, we found mosaic individ
uals in the heat shock groups not only by chro
mosome counting but also by flow cytometry. The 
occurrence of mosaicisms was more frequent in 
the group treated at 39°C than that treated at 
37°C. If these mosaics are caused by inappropri
ate heat-shock treatment, absence of mosaicisms 
suggests the success of heat shock. Thus, we also 
determined the appropriate conditions for 
induced triploidy from the absence of mosaics in 
the heat-shock group. It has been reported that 
mosaicism occurs at a relatively low frequency 
when inadequate physical treatment is applied 
for duplication of chromosomes.5,13,1,4 Even then, 
the cause of the mosaicism must be eKamined in 
detail, and further investigation of the physical 
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Table 3 Chromosome numbers of larvae from heat shock groups of female 4 of the Japanese eel Anguilla japonica in experiment 2 

Duration Embryo 
No. chromosomes 

Total no. 
Temp °C (min) no. 33 34 35 36' 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 cells counted 

Control 1 1 2 2 10 15 
2 . 1 1 1 3 11 17 
3 2 2 7 11 
4 1 1 3 2 8 15 
5 1 1 2 1 6 12 

37 1 1 1 2 18 21 
2 3 3 44 50 
3 1 1 1 2 15 20 
4 1 2 2 2 52 59 
5 1 1 3 16 21 

3 1 1 2 2 2 1 1 20 29 
2 1 1 17 19 
3 1 1 3 2 1 1 14 23 
4 1 3 12 16 
5 1 2 1 1 2 11 18 

39 3 1 1 1 
2 1 2 1 3 1 1 9 . 18 
3 1 1 9 1 3 15 
4 1 1 1 1 1 6 '" 11 
5 1 1 1 1 1 2 7 
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Table 4 Effect of variables of heat shock on the hatch
ing rate of the Japanese eel calculated as a percentage of 
the control 

Main variable of heat' shock 

Timing (min aJ.) 
1 . 

5 
10 

Temp (0C) 

30 
37 
39 
40 

Duration (min) 
1 
3 

aJ., after fertilization. 

Hatching rate (%) 

42.62a 
45.01" 
44.46" 

91.59a 

61.27" 
23.25ab 

O.SSb 

41.1Sa 

45.27a 

Different superscripts in the same category indicate signifi
cant difference (P< 0.05) . 

,; 

treatment conditions is needed in order to pro
duce a 0% mosaic individual rate in the heat
shock group. 

Chromosome set manipulation techniques are 
useful not only for the improvement of commer
cially important traits for aquaculture, but also 
for the production of reference families for basic 
genetic studies. Using triploids or meiotic dip
loids, map distance between a given locus and 
centromere of a chromosome can be easily esti
mated by the second meiotic division segrega
tion frequency (y). 15 Such an estimation of the 
gene (marker)-centromere recombination rate 
has been studied in several fishes using hyper
variable genetic markers including microsatel
lites. 15

-
18 The map distance in relation to the 

centromere may be applied to calibrate the link
age map distances showing relationships 
between different loci. Integration of gene 
(marker)-centromere map and linkage map will 
satisfy an essential requisite not only for eluci
dating genetic syntenies among different species 
but also for identification of commercially 
important quantitative traits in aquaculture spe
cies. For future marker-assisted selection (MAS) 
aiming at genetic improvement of eel strains for 
aquaculture, genetic mapping using chromo
somally manipulated fishes is important. We 
have developed a technique for triploidization of 
the eel but further studies are necessary for the 
production of gynogenetic or androgenetic dip
loids as well as for the development of DNA 
markers. The induction of triploidy is the first 
step toward such areas of genetic and genomic 
studies of this species. 
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