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Studies on the evaluation of the effect of endocrine disrupting
chemicals using transgenic see-through medaka (Oryzias latipes),
olvas-GFP/STII-YI strain™'

Takeshi HANO™”

Abstract : In the past few years, general concerns about the release of endocrine disrupting
chemicals (EDCs) into the environment have increased because of their potential to cause ad-
verse physiological effects in wildlife. In particular, estrogenic potential of certain chemicals
have been shown to interfere with the sexual development and reproduction of fish. Evalua-
tion of chemicals using intact fish is an important and available approach for monitoring and
assessing the risks of chemical exposure, however. it requires labor-intensive, expensive, and
time-consuming work. To solve this problem. an approach using transgenic fish has been
proposed as a facilitated screening test model to evaluate the effect of EDCs because it may
have the potential to provide 2z vivo biomonitoring and on-time and on-site evaluation of the
effects of EDCs. This study was performed to evaluate the effects of estrogenic chemicals
using transgenic see-through medaka (Oryzias latipes), olvas-GFP/STII-YI strain, which con-
tains the green fluorescent protein (GFP) gene fused to the regulatory region of the medaka
vasa gene. and germ cell-specific expression of GFP can be visualized in living individuals.
We exposed transgenic medaka to known doses of estrogen-mimicking chemicals and exam-
ined whether the effects on sexual differentiation including germ cell proliferation and ma-
tured gonad could be detected using GFP fluorescence.

Prior to the chemical exposure. we had observed that the number of GFP-fluorescent
germ cells and area of GFP fluorescence in normal XX females was about 10 times that in
normal XY males at 10 days posthatch (dph). These results showed that sexual dimorphism
could be detected on approximately the day of hatching using GFP fluorescence, and further
indicated that alterations in sexual differentiation by EDCs could be determined by just with
a single slice of image of gonads as early as 10days.

In the first chemical exposure. we examined the effect of 17 a-ethinyletradiol (EE,). a rep-
resentative estrogen-mimicking chemical. on sexual differentiation after in ovo and water-
borne exposures. Iz ovo exposure was performed using a nanoinjection method in which
chemicals were directly injected into the embryo. Embryos (within 8 h after fertilization)
were nanoinjected with 0.1. 0.5, 2.5, or 5.0 ng of EE, and results indicated that some 10-dph,
XY males from embryos injected with 0.5 ng EE, showed a larger fluorescent area and
more germ cells than those of control. At 100 dph, complete male to female sex reversal oc-
curred in > 0.5 ng treatments. In waterborne exposure experiment, from 0 dph onwards. ju-
veniles were exposed to graded concentrations of EE, (25.2. 45.1. 80.1. 158. 447. 880. or 1710
ng/L) for 35 days. The gonadal size of 10 dph males that had been exposed to 158 ng/L of
EE, significantly increased up to twice the size of control males. At 35dph. male to female
sex reversal occurred at EE, exposure >45.1 ng/L. These results suggest that enhanced
germ cell proliferation in males indicated the occurrence of abnormal sexual differentiation
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toward females and that observation of proliferative activity of germ cells by GFP {luores-
cence can be applied to facilitated screening fish model to detect adverse effects on sexual
differentiation as early as 10 dph juveniles.

To assess further potential of the olvas-GFP/STII-YI strainmature medaka at 60 dph
were exposed to EE, (47.8, 94.8. 216, or 522 ng/L) for 4 weeks. The gonads showed a sig-
nificant reduction of the GFP-fluorescent area in males exposed to EE, at >216 ng/L and
histologically. high connective tissue prevalence were observed at > 216 ng/L. Nex(, mature
male medaka were exposed to EE, 43.7 85.8. 215. or 473 ng/L) for 3 weeks and allowed to
depurate for 6 weeks, to investigate persistent effects of EE,. Continuous gonad observation
showed that GFP began to decline 3 weeks after initial exposure to > 215 ng/L. After depu-
ration. the gonad s fluorescent areas gradually recovered, with no statistical difference at
the end of the depuration period; normal spermatogenesis was present in these individuals.
These results showed that the condition of the gonad can clearly be described by GEFP fluo-
rescence and that abnormal changes of the gonad can be detected by just with a single slice
of images of the gonad even in 60dph adult medaka..

Overall, the present study clearly showed that the transgenic line test model can provide
a more practical choice of the evaluation for the effect of EDCs and could be a promising
noninvasive approach to identify the effects of chemicals on the gonad. Although we in-
vestigated a few chemicals only, further studies to investigate a variety of chemicals will
elucidate the usefulness of olvas-GFP/STII-YI strain as a facilitated screening f{ish model to
detect EDC-induced abnormalities.

Key words : transgenic medaka, endocrine disrupting chemicals, germ cell. Green fluores-
cent protein, sexual differentiation
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Chapter 1. General Introduction

For decades. human beings have been generating
abundant svnthetic chemicals. These chemicals have
been discharged into the environment. reaching
water bodies and becoming concentrated in the
tissues of aquatic organisms. including fish. The
lethal. sublethal. and other physiological effects
of these compounds endanger the survival of
these organisms. Although the use and disposal
of chemicals has been reguiated. concern over the
potential impact of natural steroid hormones and
endocrine disrupting chemicals (EDCs) on aquatic
organisms has been heightened after finding that
these compounds can adversely affect sexual
development and reproduction in wildlife (Colborn
et al., 1993; Stone, 1994). The evaluation of chemicals
using fish is an important and available approach
for monitoring and assessing the risks of chemical
exposure (Guillette et al., 1994: Jobling et «l., 1998).

Field studies have examined estrogenic and
androgenic response in aquatic organisms. altered
hormone levels in fish. and induction of imposex
in gastropods. Estrogen-related responses in
male fish include altered serum steroid levels
and delayed gonadal maturation in lake whitefish
(Coregonus clupeaformis) living near pulp mills
(Munkittrick et «l., 1992); abnormally elevated
vitellogenin (Vtg: a precursor of egg yolk protein)
concentrations and reduced serum testosterone in
male carp (Cyprinus carpio) captured near sewage
treatment plants (Folmar et «f., 1996). and a high
prevalences of intersex gonads in roach (Rutilus
rutilus) and gudgeon (Gobio gobio) collected near
sewage treatment plants (Jobling et «l., 1998: Van
Aerle et al., 2001) and male flounder (Pleuronectes
yokohamuae) from contaminated estuaries (Hashimoto
et al., 2000). These abnormalities in wild fish might
be caused by natural (17 f-estradiol and estrone)
and synthetic estrogens (17 a-ethinlyestradiol (EE,).
nonylphenol (NP). and bisphenol-A (Desbrow et «l.,
1998: Korner et al., 2000: Thomas et al., 2001).

Masculinization has also been reported in some

fish species exposed to effluents from pulp and paper
mills (Howell et «l., 1980; Hegrenes. 1999). Another
endocrine disruption in wildlife is the induction
of imposex in gastropods. which is defined as an
irreversible syndrome imposing male-type genital
organs upon females. collected from tributyltin and
triphenyltin poiluted sites (Horiguchi et «l., 1997).
Reduced serum concentrations of thyroxine were
reported in fish sampled from sites contaminated
with polychlorinated biphenyl (PCB) congeners in
the San Francisco Bay (Brar ef «al., 2010).

EDCs have been studied extensively in the
{aboratory for their estrogenic potencies in standard
test fish including medaka (Oryvzias latipes). fathead
minnow (Pimephales promelus), and sheepshead
minnow (Cyprinodon variegatus Lacépéde). For
example, deleterious effects of EE, and NP include
skewed sex ratio toward females (Lange el al.,
2001: Scholz and Gutzeit, 2000; Yokota e/ «l., 2001:
Zillioux et al., 2001). induction of intersex gonad
and Vtg (Harries et al., 2000; Seki et «l., 2002: Kang
et al., 2003). reproductive impairment (Seki el «l.,
2002: Kang et «l., 2003). and decreased hatchability
and failed swim-up of hatched larvae (Yokota el
al; 2001). In addition to estrogen-related chemicals.
other compounds are known to show binding
affinity to the androgen receptor and act as both
androgen agonist (e.g.. methyltestosterone: Seki et
al., 2004; Kang el «l., 2008) and antagonists (e.g..
DDT metabolite p,p-DDE (Kelce et «l., 1995). the
fungicide vinclozolin (Gray et «l., 1994). and the
anticancer agent flutamide (Jensen et «l., 2004)).
TBT was also reported to cause masculinization in
Japanese flounder, (Paralichthys olivaceus; Shimasaki
et al., 2003) and abnormal development in medaka
embryos (Hano et al., 2007).

A variety of in vitro and in vivo tests have been
developed for evaluating the effects of EDCs. Most
of the in vitro methods are cell-based. including
receptor binding assays (Folmar et «l., 2002). cell
proliferation assays (Jones et «/l., 1998: Metcalfe et
al., 2001). and reporter gene assays (Kojima et «l.,
2004). They are relatively simple, high-throughput.
sensitive. and quantifiable (Zeng et al., 2005).
However. the effects of metabolic conversion,
which occurs with NP (Gigar et «l., 1984). and/or
bioconcentration are not considered: therefore,
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these tests may fail to correlate i vitro effects to
effects on whole organisms. Another problem is the
differential affinity of certain estrogen receptors for
the compounds of interest. Furthermore. in vitro
assays could potentially result in false-negative
evaluations of chemicals (Folmar ef «f., 2002). In
contrast. commonly used 1z vivo assays expose lest
organisms to known doses of chemicals to evaluate
their effects at target physiological endpoints.
such as reproduction. sexual differentiation. and
abnormal induction or suppression of sex-specific
proteins (e.g.. Vtg) or endogenous hormones. /n
vivo assays are, however, generally low-throughput
hecause they require labor-intensive. expensive,
and time-consuming work (Zeng et «l., 2005). Thus.
novel fish test models that combine the advantages
of both in vitro and i vive assays are desirable.
Transgenic fish models have the potential to answer
these demands because they can provide iz vivo
biomonitoring and on-time and on-site evaluation of
the effects of EDCs using reporter genes such as
areen fluorescent protein (GFP) under the inducible
promoters of targeted. tissue-specific genes. GFP is a
photoprotein of the bioluminescent jellyfish Aequorea
victoria. which emits green fluorescence when
excited by blue light.
Transgenic organisms are used in biological
research. drug production, agriculture. and aqua
farming. In the mid 1970s. transgenic animals
were [irst generated by adding foreign genes to
the genome of an animal (Jaenisch el «l., 1974). In
mammals. transgenic mice were first developed
to study tissue-specific responses to disease, —
for example. limb deformity (Woychik er al., 1985).
embryonic lethal mutation (Harbers ef al., 1984).
inactivation of the X chromosome (Krumlauf el «l.,
1986). and carcinogenesis (Adams et al., 1985) —at
an individual and molecular biological level. In {fish.
medaka has been first proven to be a useful model
for studies of transgenic fish since the transgenic
medaka expressing the chicken ¢ -crystallin gene
was produced in 1986 (Ozato ef al., 1986).
Molecular and bhiological approaches using
transgenic organisms are also applied to elucidate
the mechanisms of sexual differentiation. As a result
of studies in transgenic mice. the SRY/Srv gene

was identified as a sex-determining gene (Sinclair

el al., 1990; Koopman et «l., 1991). and various
factors including DAXI (Swain el al., 1998). M33
(Katoh-TFukui et «l., 1998), ARX (Kitamura et al.,
2002). and SOX9 (Vidal et «l., 2001) were found
to be involved in sexual differentiation. As for
nonmammalian vertebrates. Matsuda et al. (2002)
cloned DMY (Doublesex and Mab-3 domain gene
on the Y chromosome) from the sex-determining
region on the Y chromosome of medaka and
further established a transgenic medaka line
overexpressing DMY ¢DNA under the control of
the cytomegalovirus promoter and demonstrated
that DMY is sufficient for male development in
medaka and is an additional sex-determining gene in
vertebrates (Matsuda et al., 2007).

Several GI'P transgenic lines have been generated
using tissue-specific promoters. The fluorescence
is stable, and virtually no photobleaching occurs.
Because GFP requires no exogenous substrates or
cofactors for fluorescence emission. it provides an
excellent means for monitoring gene expression
and protein localization in living organisms. Since
the cloning of GFP ¢DNA by Prasher ef al. (1992),
the usefulness of GFFP as a reporter gene has been
proved in transgenic animals such as Caenorhabditis
elegans (Chalfie et al., 1994). Drosophila melanogaster
(Wang and Hazelriggs. 1994), mice (Ikawa el al.,
1995), zebrafish (Zebra danio: Amsterdam et al.,
1995). and medaka (Hamada et «/l., 1998: Kinoshita e/
al., 2000).

Medaka is one of most popular {ish species in
Japan and one of the most extensively studied
because it matures and reproduces quickly
(approximately 3 months). is highly fecund (20-30
eggs/day). exists in a variety of strains. has a small
genome size. and requires only a small facility to
maintain. These properties render medaka useful
in many fields of study. including biology. genetics.
radiology. and pathology. Medaka is also known
to be a differentiated gonochorist (Aida. 1921) and
is therefore not expected to show spontaneous
intersexuality. Sexual dimorphism first appears soon
after hatching. when male and female phenotvpes
can easily be distinguished by the proliferative
activity of germ cells (Satoh and Egami. 1972).
Germ cells in the female gonads enter meiosis on

approximately the day of hatching. whereas germ
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cells in the male gonad undergo meiotic arrest
(Satoh and Egami, 1972; Kobayashi et «l., 2004).
This distinction facilitates sex determination in
very young {ry as well as the detection of abnormal
sexual differentiation caused by EDCs. Owing
to these advantageous physiological and sexual
traits, medaka is an attractive model organism for
toxicological testing of acute or chronic toxicity
(Weber et al., 2004). reproduction (Kang ef «al., 2002.
2003. 2006, 2008: Seki et al., 2002). life cycle (Yokota
el al., 2001: Seki el al., 2004). behavior (Oshima et «l.,
2002). early life (Yokota et «l., 2000: Seki et «l., 2003).
and nanoinjection (Edmunds er «f., 2000; Papoulias
et al., 2000a. 2000b). Hence. medaka is a proposed
standard test fish in the Organization for Economic
Cooperation and Development (OECD) guidelines
(1999).

Transgenic fish models for the monitoring
environmental pollution have been developed using
zehrafish and medaka because of their excellent
performance in fish toxicological studies and their
rich genome information. In zebrafish. Mattingly
et al. (2001) reported a GFP transgenic line using
the human CYPIL4I promoter that is capable of
responding to TCDD (2. 3. 7. 8tetra-chlorodibenzo-
p-dioxin) and thus may be used as a biomonitoring
system [or detecting xenobiotic toxicants in
the environment. Blechinger et «l. (2002) used a
heat-shock-inducible hsp70: GFP transgenic zebralish
line to study cadmium toxicity and demonstrated
cadmium-inducible GFP expression that can be
used in biomonitoring systems. Kurauchi et «l.
(2005) produced a transgenic medaka line harboring
the GFP gene driven by a regulatory region of
the choriogenin H gene. one of the precursors to
egg envelope proteins (Murata ef al., 1997). They
observed GFP expression in the liver of male
medaka in response to estrogens and indicated that
the transgenic line was sufficient for application as
an alternative model in monitoring environmental
water samples. Other transgenic lines for this use
have been established using choriogenin L (Ueno e/
al., 2004) and medaka Vtg-1 (Zeng et «l., 2005).

In 2001, Tanaka ef «l. established a transgenic
medaka line by microinjecting an olvas-GFP
construct containing the coding region of the GFP

gene fused to the regulatory regions of the medaka

homolog of the Drosophila vasa gene (olvas. from
Orvzias latipes vasa) (Fig. 1-1). and demonstrated
GFP expression exclusively in the germ cells of
medaka (Shinomiva el al., 2000). This line is the first
model to visualize germ cells using GFP fluorescence
and offer a useful model for analyzing gonadal
development in a living vertebrate. A drawback of
this model. however, is that direct observation with
the naked eye is possible only during juvenile stages
because the peritoneum is covercd with pigments
such as iridophore and melanophore (Wakamatsu
et al., 2001) during the later stages of life. To solve
the problem. Wakamatsu et «/. (2001) generated
a see-through (STII) medaka that is transparent
throughout its life (Fig. 1-2). by genetically removing
most of the pigments from the entire body of the
organism using a combination of recessive alleles at
4 loci (melanophores. iridophores. leucophores. and
xanthophores).

The olvas-GFP/STII-YT strain used in this
study was produced by introducing olvas-GFP
into the genome of STII medaka. In this strain.
germ-cell-specific expression was confirmed by the
observation of GFP through the transparent body
wall of the living fish throughout life. Furthermore.
matured testes and ovaries are easily distinguishable
with the naked eye under fluorescence microscopy
(Fig. 1-3). The apparent sexual dimorphism of
the gonads indicated by GFP fluorescence can
also provide a useful indicator of the effect of
environmental substances on gonadal development.

This strain carries 2 genotypic sex markers:
leucophore (/f; Wakamatsu et «/., 2003) and sex-linked
1 (SLI; Matsuda et al., 1997). The leucophore marker
appears in the skin of 2-day-old males but not in
that of females (Fig. 1-4). The SL1 DNA marker.
which exists on sex chromosomes, is detected as
1 band in females and as 2 bands in males. using
agarose electrophoresis after polymerase chain
reaction (PCR) (Fig. 1-5). Thercfore, we can use
these markers to discriminate genotypic males (XY)
from genotypic females (XX). which facilitates the
detection of abnormal sexual differentiation caused
by EDCs.

In this study, EE, and NP were selected as test
chemicals (Fig. 1-6) due to their estrogenic potency

(Folmar et «l., 2002). Because they have been



6

Takeshi HANQ

medaka vasa

Y. I S S 1.2 %
i HH—
5,1kb 0.64kh edaka

M

b egol

I
/ : ,
LEGIP '
nanoinjection
vector ¢
olvas-GFP

(olvas-GFP/STII-Y1 strain)

Fig. 1-1. Establishment of the olvas-GFP/STII-YI strain. GFP. green fluorescent
protein; STIL see-through II(Tanaka ef af., 2001; Wakamatsu et al., 2001)

Fig. 1-2. The left (A) and right (B) sides of a female see-through
medaka. The dark color of the gut comes from ingested food.
a, air bladder:; b, brain; bv, blood vessels: f. fat tissue; g. gill; gu,
gut: h, heart: k. kidney: li. liver:; 0. ovary: s. spleen: sc, spinal cord.
Reprinted from Wakamatsu et «/. (2001).
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Fig. 1-3. Right lateral sides of gonads demonstrating green fluorescent
protein (GFP) in olvas-GFP/STII-YI adults. (A) testis. and (B) ovary;
arrow: leucophore, a male-specific pigment. STIL see-through II.

detected In aquatic environment, they are suspected
causes of estrogenic effects observed in wild [ish
(Holthaus et al., 2002).

EE, is used in contraceptive formulations (Folmar
el al., 2002) and has been detected in surface
waters and sewage treatment plant effluents. The
concentrations ol EL, in river surface waters were
relatively low —a few nanograms per liter (Belfoid
el al., 1999). Adverse effects of EE, demonstrated
in laboratory experiments include sex-reversal
followed by a skewed sex ratio toward females,
Vtg induction. and intersex gonads in male fish
at extremely low concentrations. Skewing of the
sex ratio toward females was observed in medaka
exposed to 100 ng/L for 2 months (Scholz and
Gutzeit. 2000). in fathead minnow exposed to >
4.0 ng/L for 56 days (Lange et «l., 2001). and in
sheepshead minnow exposed to >200 ng/L for 73
days (Zillioux et «l., 2001). Purdom et «l. (1994) found
that a 10-day immersion exposure of male rainbow
trout (Oncorhyichus mykiss) to EE, induced the
dose-dependent Vtg response. ranging from 0.1 to
10 ng/L. Metcalfe et «l. (2001) reported that the
lowest observable effective concentration (LOEC) for
testis-ova induction in male medaka during 100 days
of exposure was 0.1 ng/L. which was well within the
concentrations detected in many sewage treatment

plant effluents. EE, also impaired reproduction in

adult medaka at concentrations of 488 ng/L for 21
days and induced a high prevalences of connective
tissue in male testes (Seki ef al., 2002).

Nonylphenol cthoxylates (NPEOs) are widely
used as cleaning agents and nonionic surfactants
in a variety of industrial and agricultural processes
(Tolls et al., 1994). They are relatively hydrophilic
and nontoxic (Giger el «l., 1984), but their bacterial
degradation product. nonylphenols, are toxic
and hydrophobic compounds produced mainly
during sewage treatment. Nonylphenols have
been detected at microgram-per-liter levels in the
aquatic environment (Rudel et «l., 1998; Blackburn
et al., 1999; Tsuda el «l., 2000). Several in vivo
studies have confirmed that NP has physiological
and developmental effects related to its estrogenic
potency. Reproductive failure and testis-ova
induction as well as elevated Vtg have bheen
observed in NP-exposed medaka (Kang et «l., 2003)
and fathead minnow (Harries et «l., 2000). Exposure
of medaka to NP for 60 days beginning at 0 days
post-fertilization resulted in a significant decrease
in hatchability and successful swim-up of hatched
larvae at concentrations of 183 u g/ (Yokota et «l.,
2001) and skewed the sex ratio toward females at
235 ug/L (Seki et al., 2003). In a full life cycle test
using medaka, Yokota e/ «l. (2001) showed that NP

induced testis-ova in both parental medaka () at
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Fig. 1-4. One day posthatch (A) genotypic male and (B) genotypic female juveniles of
olvas-GFP/STI-YT strain. Magnified image of (C) genotypic male and (D) genotypic female,
arrow: leucophore. a male-specific pigment. GI'P. green fluorescent protein: STIL see-through
I1.
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Fig. 1-5. Identification of genotypic sex by detecting a sex-linked 1 (SLI) marker sequence
in the olvas-GFP/STI-Y]I strain.
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1 7a-cthinylestradiol (EE,)

Fig. 1-6. Structural formula of test

>17.7 ug/L and their progeny (/) at >8 2 ug/L.
Given these findings, EE, and NP could be major
contributors to the estrogenic response observed in
fish exposed to sewage treatment plant effluents.

In this study. we aimed to evaluate the application
of olvas-GFP/STII-YT strain to models for detecting
the effect of EDCs. The transgenic medaka were
exposed to known doses of contaminants, and we
examined whether effects on sexual differentiation
including germ cell proliferation and matured
gonad could be detected using GFP fluorescence.
To assess the potential of the olvas-GFP/STII-YT
strain, we used a four-part experiment: first, we
established a method to monitor sexual dimorphism
on approximately the day of hatching using GFP
fluorescence. Second. we examined the eflect of EE,
on sexual differentiation after 71z ovo and waterborne
exposures. 17 ovo exposure was performed using
a nanoinjection method in which chemicals were
directly injected into the embryo. Third, we
examined the effect of NP on sexual differentiation
and embryonic development after via in ovo
exposure. Finally, we examined the effects of EE,
on the gonads of mature. living medaka and the
recovery of the fluorescent area in the testis after

the transfer of exposed males to clean water.

Chapter 2. Detection of sexual dimorphism as
estimated by proliferative activity of germ
cells in the olvas-GFP/STII-YI strain

2.1. Introduction

In medaka (Orvzias latipes). male and female
phenotypes can first be distinguished by the
proliferative activity of germ cells on approximately

the day of hatching (Satoh and Egami. 1972). Germ

HO CH,~ (CH,),~CH,

nonylphenol (NP)

chemicals used in this study.

cells in female fry enter meiotic cell division within
24 h after hatching. whereas in males, germ cells
proliferate much later —15 days posthatch (dph)—
which facilitates sexing very young [ry. However,
detection of the sexual dimorphism in the normal
fish has the demand for preparaing the serial
sections to count the germ cell numbers, which
is generally labor-intensive and time-consuming
work. IHere, we established a facilitated method
to detect sexual dimorphism by both calculating
GFP-fluorescent germ cells and measuring the area
of green fluorescent protein (GFP) fluorescence in
the olvas-GFP/STII-YT strain.

2.2. Materials and Methods

2.2.1. Test organism

The olvas-GFP/STII-YT strain was provided by Y.
Wakamatsu, Bioscience Center. Nagoya University,
Japan and was bred in our laboratory. Each pair was
placed in a 2-L glass chamber (20 X 10 X 15 c¢m)
filled with static water at 25-27C. The fish were
kept under a constant 16:8-h light:dark photoperiod
and were fed with Artemia naupli (< 24 h after
hatching) twice a day. Half the water was replaced

once a day with dechlorinated tap water.

2.2.2. Determination of genotypic sex

As mentioned in Chapter 1. this strain carries 2
genotypic sex markers: leucophore ({f; Wakamatsu
et al., 2003) and sex-linked 1 (SLI,; Matsuda et
al., 1997). However, the recombination frequency
between the [f locus. which determines leucophore
expression in the skin. and sex-determinant (SD)
locus is about 1.4% in FLF stock and 4.2% in FLFII

stock (Wakamatsu el «f., 2003). that is. an error of






