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The Application of Ornamental Fish for the Study of Fish Breeding

Masamichi NAKAJIMA

Graduate School of Agricultural Science, Tohoku University

Abstract

From the early 1900s, fishes have been used as experimental animal for the genetics, physiology and behavior etc.
Especially, medaka, guppy, zebra fish and gold fish have been used frequently. The reasons why the fishes were used
as experimental animal are the ease of maintenance and culture which were constructed by commercial system. From
these reasons, many strains and varieties have been produced as ornamental strains, since recent 150~100 years.
These strains which have conspicuous morphological and genetic characters were useful for the experiment of fish ge-
netics and breeding. These strain differences were used for the examination of genetic influence to the certain char-
acter, such as growth, tolerance to environmental stress and behavior.

In the case of the guppy, the number of genes which affecting to the strain differences of the body size in adults was
estimated. And the possibilities of the selection breeding used breeding value in fishes were suggested from the model
experiment.

Thus, the ornamental fish occupies the status important not only as a hobby and/or appreciation, but also as an ex-
perimental fish. And even if this importance will increase, it will not decrease.

(accepted January 15, 2013)
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Fig.1 Wild type of the guppy.
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Fig. 2 Closed colonies maintained in our laboratory.
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Fig.3 Comparison of average heterozygosity among old strains, new strains and feral populations.
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Fig.5 Growth curve of 8 strains maintained in our laboratory. Clear differences of final

body size are observed among strains.
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Fig. 6 Change of heritabilities from maternal (@) and paternal(O) half in female and male offspring.
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Endocrine Control and Sexual Plasticity of Behavior in Goldfish

Makito KOBAYASHI, Seiji SAOSHIRO and Youichi HAYAKAWA

Department of Life Science, International Christian University

Abstract

In mammals, sex-typical patterns of reproductive behavior are considered to conform to the sex of the brain, which
is determined during neonatal development. Our recent studies in goldfish, Carassius auratus, suggest that unlike
mammals, teleost species retain a bipotential brain sex. The goldfish is a gonochoristic (non-sex changing) teleost and
exhibits sex-typical behavior during spawning. Female sex behavior (egg release) is elicited by prostaglandin pro-
duced in the ovary, and the ovarian estrogen is not essential for female sex behavior. In contrast, male sex behavior
(chasing and ejaculation) is triggered by sex pheromones from ovulatory females, and androgen is a requirement for
male sex behavior. Sexual behaviors of the opposite sex do not normally occur in the goldfish but can be induced in
adult fish by hormone treatment. Prostaglandin injection induces female-type sex behavior in males, and androgen im-
plantation induces male-type sex behavior in females in response to female sex pheromones without changing the go-
nadal sex. Interestingly, these hormone treatments do not affect the sexual behavior of the original sex. Such sexual
plasticity is also observed in hermaphroditic (sex changing) teleosts which exhibit reproductive functions of both sex-
es during their life time. Existence of naturally occurring hermaphroditism and the results of our studies in goldfish
suggest that teleosts, regardless of their reproductive strategy (hermaphroditism and gonochorism), may commonly
possess a sexually bipotential brain.

(accepted December 18, 2012)
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Difference Between Ornamental Fish Breeding and
Economical Fish Breeding in Aquaculture

Akiyuki OZAKI
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Abstract

One hundred years have passed since the re-discovery of Mendel’s laws. The genetics of Mendelians essentially is a
principle of reductionism. In other words, starting from analysis of the most basic unit gene of genetic traits, individual
genes that are responsible for complicated characters are solved one by one. The essential conditions for DNA
marker-assisted selection “MAS” is development of useful resource families to evaluate phenotypes and information
about genetic linkages and a large number of polymorphic genetic markers. Some of the cases have already reached
a practical stage, and have been used as genetic improvement productions. The methodology of MAS is based on
“linkage and recombination”. And target species needs highly polymorphism using by molecular markers. In the case
of Cyprinid fish species as ornamental, these fish are low polymorphism about molecular markers, because of inbreed
crossing in their history. But some case is possible to improve about phenotypes. I would like to introduce the case
of improvement about gold fish, which are selective breeding of “Edonishiki and Sakuranishiki” by the principle of
“linkage and recombination”.
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Breeding Strategy and Broodstock Management in Ornamental Koi Carp

Nobuhiko TANIGUCHI
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Abstract
In order to prevent inbreeding depression in the ornamental koi carp breeding, the minimal-kinship selective
breeding (MKSB) was simulated using the allelic data of microsatellite DNA markers. The allelic number and hetero-

zygosity in the 10" generation of MKSB lines was observed to be relatively higher than that of the 10" generation of

non-selective breeding lines. It was suggested that the MKSB is significantly effective in the brood stock management

in the ornamental koi carp breedings.
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Breeding in Nishikigoi, Cyprinus carpio of Niigata prefecture

Shoh SATO

Niigata prefectural Inland Water Fisheries Experiment Station, Uonuma Branch

Abstract

Nishikigoi (ornamental carp, Cyprinus carpio) which have its origins in common carp have been bred by farmers in
Niigata over 200 years. Chromosome set manipulation studies were carried out in Nishikigoi breeding after 1980’s. Black
color of common carp and metallic colors of Nishikigoi are used as genetic markers because their colors are dominant to
almost colors of Nishikigoi. So a parent was used common carp or metallic color Nishikigoi in gynogenesis and
androgenesis. Usually normal mating of Kohaku (red patterns on white) shows 60-70% in the incidence of Kohaku.
Higher incidence of Kohaku than normal Kohaku were observed in meiotic gynogenesis of Kohaku. On the other hand,
almost progeny in mitotic gynogenesis of Kohaku were Akamuji (whole body red) and Shiromuji (whole body white).
The second generation, i.e. “clone” was induced from mitotic gynogenesis. The induction was identified by genetic
markers, not only color but also microsatellite DNA marker. The androgenesis also were carried out, the second
generations were obtained. The males from androgentic Nishikigoi were “YY, super male”. Crossbreeding between
Nishikigoi and Chinese red common carp from Heilongjiang sheng were tried to improve weakness against ulcer disease
of Nishikigoi. The F1 hybrids were very stronger against the disease than Nishikigoi.
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Abstract
Fish that are tolerant of high temperatures are needed if mortality by increasing water temperatures is to be

avoided. It has been noted that animals exposed to brief preliminary heat stress acquire transient tolerance to

temperatures that are normally lethal. We investigated the validity of this method on fish by experimenting on the

guppy, Poecilia reticulata, as a model fish. In addition, we investigated the relationship between acquired thermal

tolerance and HSP70 accumulation. We confirmed that guppies could acquire thermal tolerance after preliminary heat

treatment and that the acquired thermal tolerance was maintained for 16 days. However, there was no correlation

between acquired thermal tolerance and HSP70 accumulation in this study. Although we obtained no new knowledge

about the mechanisms of thermal tolerance, we found that acquired thermal tolerance could be maintained for a

relatively long period.

(accepted February 17, 2013)

Introduction

Water temperature is one of the most important
limiting factors for growth, reproduction, and survival
in aquatic species. Although various fish are cultured
around the world, many institutions for cultivation
are out of doors and the water temperatures fluctuate
widely. Therefore, mortality of cultured fish by high
water temperatures is not rare, and it will increase as
global warming progresses. Thus, the need to clarify
the genetic mechanisms that influence the thermal
tolerance of fish has been increasing in recent years.

There are two ways to affect thermal tolerance,
genetic factors and acquired factors. In this paper,
we focus on acquired thermal tolerance. Cells or
animals exposed to brief preliminary heat stress

acquire transient tolerance to temperatures that are

normally lethal ¥

. Many researches on induced
thermal tolerance targeting various species have
been performed. For example, mice®®, Drosophila ”
and E. coli ® have been researched. Among aquatic
organisms, several researches on shellfish have been
reported ¥12.

One response to thermal stress is the immediate
induction of heat shock proteins HSP). HSPs are mo-
lecular chaperones; they assist cells in their recovery
from stress and promote cytoprotection. Heat shock
protein expression has been linked to increases in

3)

immunoresponses to bacteria ¥, increased develop-

14)

ment rate *”, neurological diseases 15 reduced meta-

bolic condition'®, reproductive delays, and other

* Corresponding author: Masamichi Nakajima, Graduate School of Agricultural Science, Tohoku University, Sendai, Miyagi
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physiologically important responses ¥, HSPs can
be divided into several families including HSP90, 70,
60, 40 and small HSPs (sHSPs) on the basis of mo-
lecular weight and the homology of amino acid se-
quences . Among HSPs, HSP70 is the major heat-
inducible molecular chaperone, with an unusually
high conservation in protein sequence and functional
features ?”. One of the physiological functions asso-
ciated with the stress-induced accumulation of induc-
ible Hsp70 is acquired thermal tolerance, which is
defined as the ability of a cell or organism to become
tolerant to heat stress after a prior preliminary heat

2D 1t has been reported that the physi-

exposure
ological mechanisms of thermal tolerance induction
and decay show changes parallel to those of HSP70
induction and degradation ?%?.

The guppy, Poecilia reticulata, is a well-known or-
namental fish species that exhibits varying phenotyp-
ic characteristics such as body color, coloration, and
body size. This fish has been studied for about 90
years %Y. This fish has been used as an experimental
model to assay genetic differences in various physi-
ological conditions among individuals or strains,
subsequent to establishment of several experimental
strains with certain quantitative traits such as growth
rate?, thermal tolerance®® and male body-color
variation>”. By prior study, we knew that HSP70
mRNA expression is elevated in response to heat
shock in guppies (unpublished).

We investigated the phenomenon by which organ-
isms acquire thermal tolerance after prior prelimi-
nary heat exposure using guppies as a model fish.
In addition we measured the amount of HSP70 and
examined the correlation between the acquired ther-

mal tolerance and HSP70 accumulation.

Material and Method
1. Fish Specimen

The guppy samples were selected from the Ws
strain maintained in our laboratory as closed colo-
nies. The origin of the W' strain was the guppy popu-
lation living wild in a Singaporean river. It has been
maintained since 2003. The fishes are kept at a tem-
perature of 23+ 2T . We selected mature individuals
for the experiments.

2. High Temperature Treatment

A schematic view of the temperature change is
shown in Fig. 1. The guppy samples were trans-
ferred from the breeding aquarium to a 60 cm X
35 cm X 30 cm constant-temperature bath containing
15 L of water kept at 23C. The water temperature
in the constant-temperature bath was increased to
35C using a thermostat and maintained at 35C for
2 h as the preliminary high water temperature treat-
ment. The time it took for the water temperature to
rise from 23 to 35C was about 1 h. After 2 h at 35C,
the guppies were transferred to 23C breeding water
and reared in the same conditions they had enjoyed
before the 35T treatment for different fixed terms.
After the passing of the term, they were transferred
to a 23C constant-temperature bath, after which the
water temperature was increased to 37C and then
maintained at that temperature. Survival time was
measured from the time when the water temperature
reached 37C until death. The judgment of death was
performed every hour. The normal recovery terms
fixed for every experimental group after the 35C
treatment for 2 h were 10 h, 2 days, 4 days, 6 days,
9 days, 12 days and 16 days. These groups are called
the 10-h group, 2-day group, 16-day group, and so on.
An experimental group which had no 35C exposure
pretreatment was considered the control. We used 8
individuals for every experimental group.

3. Measurement of the Amount of HSP70
3-1. Protein Extraction

The 35T treatment and fixed-term recovery for
experimental groups were performed by the same
method as above. When the term of normal-temper-
ature recovery expired, we immediately dissected

Survival time measurement
 —

2h
35C ‘

. --10h~16days-
23C ‘

1
-l
T » time

HSP70 measurement

Fig. 1. The schematic view of the temperature change
imposed on guppy samples.
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the livers from the guppies. The livers were homog-
enized in hypotonic solution [100mM Tris-HCI buf-
fer containing 0.1% SDS, pH7.5]. The solutions were
centrifuged at 15,000 rpm for 10 min, and the super-
natant fluids were collected. The protein concentra-
tions were measured by monitoring absorbance at
260 nm and equalized by dilution. We used 6 indi-
viduals for every experimental group.

3-2. SDS-PAGE and Western Blotting

Protein solutions were placed on 7.5% polyacryl-
amide gels (ATTO). After electrophoresis, proteins
were electroblotted to a PVDF membrane (GE
Healthcare). The membrane was blocked by 1-h
incubation in blocking buffer [3% non-fat powdered
milk in Tris buffered saline containing 0.1% Tween
20 (TBS-T)]. The blocked membrane was incubated
for 1 h at room temperature with anti-HSP70 anti-
body (Stressgen) diluted 1:2000 in blocking buffer.
The membrane was washed 3 times, 5 min each in
TBS-T, and then incubated with AP-conjugated anti-
mouse IgG secondary antibody (Promega) diluted

Table 1. The average survival time (h) and significant
difference versus control group. *and **
expressed p < 0.05 and p < 0.01, respectively

Mean = SD p (vs control)
control 3.13+0.83
10h 6.13+3.04 0.0208 *
2 days 7.75=2.71 0.0080 **
4 days 813+1.73 0.0007 **
6 days 7.00*=2.56 0.0012 **
9 days 6.63=1.19 0.0007 **
12 days 7.38=3.11 0.0019 **
16 days 5.75%2.05 0.0042 **

—
el
J

Average survival time (h)
($)]
1

o
|

control 10h  2days 4days

1:7500 in blocking buffer for 1 h at room tempera-
ture. The membrane was washed 3 times with TBS-T
and then developed by BCIP/NBT (TAKARA BIO).
The protein levels that correspond to HSP70 were
quantified using the image analysis software ‘Image J’
(rsbweb.nih.gov/ij/).

4. Statistic Analysis

Differences between experimental groups were
compared by Kruskal-Wallis analysis. The dates were
denoted as mean £SE (Standard Error of Mean).
The symbols * and ** expressed significant differ-
ences at levels of p < 0.05 and p < 0.01, respectively.

Result
1. Survival Time at 37C

The average survival times of each experimental
group are shown in Table 1 and Fig. 2. The average
survival time of the control group was 3.13 h and that
of the 10-h group was 6.13 h. A significant difference
in average survival time was observed between the
10-h group and control group. We could confirm that
guppies had acquired thermal tolerance by the 35C
treatment. The highest average survival time, 8.13 h,
was shown in the 4-day group. After 4 days, the aver-
age survival time decreased gradually, except for
the 12-day group. In the 16-day group, the average
survival time was 5.75 h, significantly lower than the
4-day group, but significantly higher than the control
group. In all experimental groups, the value of the
average survival time was significantly higher than
that of the control group.

Histograms expressing the distribution of individ-
ual survival times are shown in Fig. 3. The longest

6days 9days 12days 16days

Fig. 2. The average survival time at 37C. Error bars represent the standard error around the means.
Different letters denote significant difference (p>0.05).
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Fig. 3. The histograms which express individual survival time.

survival time of all individuals was 12 h. Such indi-
viduals were found in both the 6-day group and the
12-day group. Individuals surviving for 11 h were
found in the 10-h group, 2-day group, and 12-day
group. However, in the 10-h group and 2-day groups,
there were other individuals that couldn’t survive
over 4 h.

2. The Amount of HSP70

The amounts of HSP70 of each experimental
group are shown in Table 2 and Fig. 4. The quanti-
fied HSP70 by western blotting and its image analy-
sis were compared among each group. In the 10-h
group, the amount of HSP70 was 3 times larger than
that in the control group. But in the 2-day group, the
value was equivalent to that of the control group.
After that, the amount of HSP70 decreased and in
the 6-day group became significantly lower than that
in the control group. In the 12-day and 16-day groups

Table 2. The amount of HSP70 and significant difference
versus control group. *and ** expressed p < 0.05
and p < 0.01, respectively

Mean +=SD p (vs control)
control 1.23+£0.67
10h 3.73+1.54 0.0039  **

2 days 1.24+1.10 0.7488

4 days 0.88+0.97 0.3367

6 days 0.30+0.39 0.0240 *
9 days 0.39=0.31 0.1087

12 days 0.94 = 0.49 0.2002

16 days 1.21+0.26 0.6310

the levels returned to a statistical equivalence with
that of the control group.

Discussion

This study showed that guppies exposed to brief
preliminary heat stress acquired tolerance to tem-
peratures that are normally lethal. Because we had
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Amount of HSP70

control 10h  2days 4days

6days 9days 12days 16days

Fig. 4. The amount of HSP70. Error bars represent the standard error around the means. Different

letters denote significant difference (p>0.05).

known that guppies of the Ws strain can survive
at 35C for over 24 h, 35C was considered a pre-
liminary temperature for guppy. We carried out a
long-term experiment spanning 16 days, in which
the average survival times of all experimental groups
significantly increased compared to the control
group. Thus, we found that 35C treatment for 2 h
gives thermal tolerance to guppies for the long term
(Table 1). However, since the average survival time
decreased gradually after 4 days, more prolonged
experiments are required to understand how long
acquired thermal tolerance could be maintained
(Fig. 2). It has been shown that greater initial heat
stress induces greater magnitude and duration of

2D and that the duration of ac-

thermal tolerance
quired thermal tolerance is within 3—5 days .

There were individuals that couldn’t survive over
5 hours in the 10-h group. It seems that they had not
acquired thermal tolerance because their survival
times were equivalent to those of individuals in the
control group. But in the 4-day group, there were
no individuals that couldn’t survive over the 5-hour
point. So it seems that a certain amount of recov-
ery time is required for guppies to acquire thermal
tolerance after preliminary temperature treatment.
In fact, the survival time did not increase when indi-
viduals had no time for recovery at 23C between the
35T and 37C treatments (data not shown).

In terms of HSP70 levels, the only experimental
group that had a significantly higher value than the
control group was the 10-h group. The HSP70 level
after preliminary treatment was elevated for only
a short time relative to the survival time, which
was maintained at elevated even 16 days after the

preliminary treatment. In addition, in the 6-day
group, the HSP70 level was significantly lower than
that of the control group (Fig.3). So in this study
there was no correlation between the accumulation
of HSP70 and the thermal tolerance in guppies.
While acquisition of thermal tolerance is not fully
understood at the molecular level, a transient rela-
tionship between HSP production and acquired ther-
mal tolerance has been reported . Many papers
have reported that induced HSP70 correlated with
thermal tolerance ?2?2%303D It has been also been
shown that HSP70 accumulation is directly linked
to thermal tolerance. For example, transfection of a
plasmid containing the Drosophila HSP70 gene into a
monkey fibroblast cell line produced large increases
in HSP70 accumulation in these cells and improved
their resistance to heat shock®?. Conversely, mi-
croinjections of monoclonal antibodies specific for
HSP70 inhibited the synthesis of these proteins, re-
sulting in a reduction in thermal tolerance *®. In fish,
it has been reported that HSP70 induction is closely
linked to the temperature most preferred by fish .
Other HSPs besides HSP70 also play important
roles for thermal tolerance. In rainbow trout, for
example, HSP27 and HSP90 are related to thermal
tolerance in addition to HSP70%?. In this study, a
degradation in the HSP70 level was observed in the
6-day group. This may mean that HSP70 was not re-
quired for their cytoprotection at that time. Proteins
in the HSP70 family are involved in preventing
protein denaturation and/or processing denatured
proteins and protein fragments that are produced by
stressors such as heat shock. It is possible that the
reason for the degradation of HSP70 is that other
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proteins having functions for cytoprotection, such
as other HSPs, were induced by the preliminary-
temperature treatment.

Since Hsp70 mRNA was detected and the mRNAs
of other Hsps were not detected when we performed
Suppression Subtractive Hybridization to determine
which genes showed increased expression levels in-
crease at high temperature in guppies (unpublished),
we only sought to measure HSP70 levels in this
study. However, in the above-mentioned experiment,
we used a strain of guppy other than the Ws strain.
Divergences of gene expressions in different guppy
strains were found in another previous study (unpub-
lished). Thus, it is possible that other HSPs show el-
evated expression at high temperatures in Ws strain
guppies. The proteins responsible for thermal toler-
ance may include other major HSPs such as HSP40,
HSP60, HSP90 and HSP110%*%9. Furthermore,
expression levels of every organ may need to be ex-
amined. For example, the small intestine is capable
of generating thermal tolerance and is reported to be
the tissue most sensitive to heat damage in mice **".
It has been also reported that the gut and liver are
the first organs to accumulate HSP70 following
whole-body hyperthermia®®. In this study, we used
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