
;e3e%%N<6rT'14 May 2004 DESCRIPTION SEE-THROUGH MEDAKA Field of the
Invention The present invention relates to the development of a novel
see-through medaka, a see-through medaka whose sex can be identified, and a
see-through medaka in which specific organs produce luminescence.
Background of the Invention Fifteen species belonging to genus Oryzias
(Medaka) are known and are distributed in the Asian area from India to
Japan. A species having its habitat in Japan is Oryzi.as latipes, which is
also distributed in parts of China and Korea. With the exception of the
Hokkaido area, it is distributed throughout Japan, and propagates during
May to August in the natural world. Common wild medaka has a dark body
color and this is due to four types of pigment cells in the skin of medaka:
iridophore, melanophore, xanthophore and leucophore. The iridophore is a
silver pigment cell containing guanine granules. The iridophoTe is
distributed prevalently in opercula) eyeballs, bodywall and epidermis. In
fish, it isdistributed mainly in the ventral. The melanophore contains
melanin granules and is involved in the dark body color of medaka. The
xanthophore has pigment granules containing carotenoids and pteridines, and
is involved in yellowish orange body color of medaka. The leucophore
contains white granules compacted with pterine and uric acid, and is
involved in white body color of medaka. Apart from the wild type which has
a dark body color, there are known various mutants in relation to body
eoloT and morphogenesis . Among them, "himedaka" which has a yellowish
orange body 1   14 May 2004 color is produced on a large scale as an
aquarium fish and feed for large aquarium fishes. Medaka is widely used as
a simple and useful experimental animal due to a small body size of 2 - 4
cm, a short term for sexual maturation of 2 months, the fact that due to
their wide distribution, the wild type population and closely-related
species are easily obtainable and because its genome is 1/5 the size of
mammals, and sex determination is by X and Y chromosomes as in humans . The
embryo of medaka is especially useful ) since it is highly transparent with
an easily observable internal structure. After hatching, however) since the
epidermis and the peritoneum are covered with pigment cells, only the
backbone can be seen through the body and the observation of the internal
structure of the body from the outside becomes difficult. Attempts have
made recently at visualization of in vivo changes occuring in the internal
structure by introducing a specific gene in Xenopus (amphibian) (Louie, A.
Y. et al., In vivo visualization of gene expression using magnetic
resonance imaging. Nature Biotechnology, 18) 321-32S (2D00)1; and mice
(Service, R. F.) Scanners get a fix on lab animals. Science, 2B6, 2261-2263
(1999)). and tracing protein) aproduct of this gene, with MRi (magnetic
resonance imaging) , CT scanner (computed tomography scanner) or PET
(position emission topography). These methods can, however, only provide
insufficient images in spite to of their requiring large and expensive
equipment. Further, there have been attempts at the lifelong tracing of the
dynamics of certain organs by providing these organs with luminescence by
means of GFP. Such studies are being performed with mouse tumor tissue, but
observation can only be made at a maximum subcutaneous depth of 2 mm.
[Yang) M. et al., whole-body optical imaging of green fluorescent
protein-expressing tumors and metastasis. PNAS) 97, 1206-1211 (2000)). 2
14 May 2004 Expression of GFP fluorescence in transgenic medaka by
introduction of a GFP gene fused with a medaka gene promoter into
fertilized eggs, is known. [Hamada, K. et al . , Usefulness of the medaka r
-actin promoter investigated using a mutant GFP reporter gene in transgenic
medaka (oryziaslatipes).Mol.MarineHiol.Biotech.,7,173~180(1998)].Tanaka)
Minoru and Kinoshita) Masato, and Nagahama) Yoshitaka produced a transgenic
medaka with green fluorescence in only germ cells as a result of
introducing vasa-GFP gene into fertilized eggs of himedaka [in The 22nd
Annual Meeting of the Molecular Biology Society of Japan, Program,
Abstract, pp. 458 (1999) . Tanaka, Minoru, Rinoshita) Masato and Nagahama,
Yoshitaka, "Inbred medaka transgenics expressing GFP in germ cells"].
However, even in this transgenie medaka, fluorescence can only be observed
up to the term immediately after hatching, and thereafter the body is
covered with pigment cells and the observation becomes impossible. For the
above reasons; it is desirable that there be developed an experimental
animal in which life-long observation of the internal structure of the body
from the outside is possible. However, no such the experimental animal is
known at present in vertebrates. Summary of the Invention An object of the
present invention is to provide a See-through medaka, in which the internal
body structure thereof can be observed from the outside not only in the
embryonic stage but also in the post-hatching stage.Another object of the
present invention is to provide a see-through medaka, whose sex can be
indentified. A further object of the present invention is to provide a
see-through medaka, in which specific organs produce luminescence. The
inventors have studied extensively to solve the above problems, and have
succeeded as a result of selective mating among mutant medaka, 3   14 May
2004 deficient in one or more types of pigment cells among the four types
of pigment cells constituting dark color of medaka, to produce a medaka in
which the internal body structure thereof can be observed from the outside
not only in the embryonic stage but also in the post-hatching stage,
thereby completed the present invention. (i) The present invention relates
to a see-through medaka wherein said medaka is deficient in iridophores,
melanophores, xanthophores and leucophores. (ii) Further, the present
invention relates to the see-through medaka of (i) above wherein said
medaka is producedby means of repeated selective mating between iridophore
deficient mutant medaka strain gu, albino mutant medaka strain i-3 and
leucophore deficient mutant medaka strain lf. (iii) Further) the present
invention relates to a see-through medaka wherein said medaka is produced
by means of further selective mating between the see-throughmedaka in the
(ii) above and iridophore deficient mutant medaka strain il-1. (iv) The
present invention relates further to a see-through medaka wherein said
medaka is deficient in iridophores) melanophores and xanthophores, and
wherein the sex of said medaka can be identified by the presence or absence
of leucophores and/or a ANA marker. (v) The present invention relates to
the see-through medaka of (iv) above wherein said medaka is produced by
means of repeated selective mating between iridophore deficient mutant
medaka strain gu, albino mutant medaka strain i-3, leucophore deficient
mutant medaka strain if and medaka FLF strain which is deficient in
leucophore in the female. (vi) The present invention relates to a
see-through medaka wherein said medaka is produced by means of further
selective mating between the see-through medaka of (iii) above and the
see-through medaka of    14 May 2004 (v) above. (vii) Further) the present
invention relates to the see-through medaka according to any one of (i) to
(vi) above wherein a specific organ is allowed to produce luminescence by
introducing a hybrid gene being a fusion of a promoter of a gene which
expresses specifically in said organ with a coding region of a gene
encoding a fluorescent protein. (viii)Further, the present invention
relates to the see-through medaka according to (vii) above wherein said
gene encoding the fluorescent protein is a gene encoding a green
fluorescent protein. (ix) Further the present invention relates to the
see-through medaka according to (vii) or (viii) above wherein said organ is
a gonadal organ. The present invention will be explained hereinbelow in
detail. Brief Description of Drawings 



Fig. 1 : Photographs of body color mutant medaka, wherein a. is iridophore
deficient mutant strain gu; b. is albino mutant strain i-3; and c. is
leucophore deficient mutant strain lf. Fig. 2: Photographs of the
see-Lhrough medaka of the present invention (STII strain), wherein a. shows
organs seen through the body; b. shows dorsal view and ventral view. Fig.
3: A pattern of electrophoresis showing a result of PCR analysis of DNA
markerSLl inSTII-YI strain. Fig. 3 a: Result of anelectrophoresis on DNA of
STII-YI see-through medaka, female. Lane 1 and 12 indicate size markers of
DNA: lanes 2 to 7 indicate an individual female of the other strain
(FLFW.X'e`') : and lanes 8 - lI indicate fourindividual females (A) B, C
and D) of STII-YI strain. Fig. 3 b: Result of an electrophoresis on DNA of
STII-YI see-through medaka, male. Lane 1 and 14 indicate size markers of
DNA; lanes 2 to 10 indicate an individual male of another strain
(FLFW.Yt'~'=); and lanes 12 to 13 indicate three individual males 5   14
May 2004 (C, D and E) of STII-YI strain. This specification includes part
or all of the contents as disclosed in the specification and/or drawings of
Japanese Application No. 200o/172375, which is a priority document of the
present application. Description of the Preferred Embodiments (1) The See
through medaka of the present invention is characterized in that it is
deficient in iridophores, melanophores, xanthophores and leucophores.
"See-through" used in the present description means that in medaka not only
in the embryonic stage but also in the post-hatching stage. internal body
structures such as brain, spinal cord, blood vessels, gill, heart, liver,
kidneys) spleen, intestine arid air bladder, can be observed
macroscopically from the outside. "Deficient" means that in medaka, the
above four types of pigment cells (iridophore, melanophore, xanthophore and
leucophore) are completely absent or, if present, are present in very small
numbers, or if the above cells are present, no intracellular pigment is
present or only trace pigment is present, and the contribution of these
pigment cells to the body color of medaka can not be observed
macroscopically. Medaka of the present invention can be produced, for
example, by repeated selective mating of body color mutant medaka with each
other, which are deficient in one or more pigments cells of the 4 types of
pigment cells (iridophore) melanophore) xanthophore and leueophore), but
the production of the present invention is not limited to this method.
"Selective mating" means selecting the individuals of desired phenotype or
genotype from one generation to be mated thereby producing the next
generation. 6   14 May 2004 Examples of body color mutant medaka used for
the selective mating include but are not limited to iridophore deficient
mutant medaka (such as gu strain or il-1 strain) , albino mutant medaka
(such as i-3 strain) or leucophore deficient mutant medaka (such as if
strain) . These medaka strains are maintained in the Hioscience Center,
Nagoya Univ. and can be furnished therefrom. Concretely, the see-through
medaka of the present invention can be produced by means of repeated
selective mating with iridophore deficient mutant medaka strain gu, albino
mutant medaka strain i-3 and leucophore deficient mutant medaka strain if
(the see-through medaka of (ii) above) . Further, a see-through medaka
produced by additional selective mating between one or more types of
strains in order to increase transparency, is included in the see-through
medaka of the present invention- Concretely, a see-through medaka is
produced by means of further selective mating with the see-through medaka
in the (ii) above and iridophore deficient mutant medaka strain il-1 (the
see-through medaka of the (iii) above). The see-through medaka of the
present invention can be obtained by furnishing from the Hioscience Center,
Nagoya Univ. except whereas produced by the above method. (2) Further, the
see-through medaka of the present invention is deficient in iridophores,
melanophores and xanthophores, and the sex thereof can be identified by the
presence or absence of leucophores and/or a DNA marker. "Sex identification
by the presence or absence of leucophores" refers to identification as to
whether a subject is male or female by microscopic observation of the
presence or absence of leucophores in the period after the two-day-old
embryo stage of the above see-through 7   14 May 2004 medaka. "DNA marker"
used in the present specification means DNA markers that are specific to
genetic sex. "Sex identification by DNA markers" means that identification
of whether a subject is male or female is performed by detecting DNA
markers as a result of PCR on DNA of the individual medaka. The see-through
medaka of the present invention for which sex identification is possible
can be produced by, for example, repeated selective mating between the
see-throughmedaka of the present invention described in (ii) above and a
strain, in which sex difference is apparent in respect of only the
existence of leucophore, and/or a strain bearing a DNA marker, but this
production is not limited hereto. The strain, in which sex difference is
apparent in respect of only the existence of leucophores, and the strain
bearing a DNA marker can be different strains oz the same strain. An
example of a strain, in which sex difference is apparent in respect of only
the existence of leucophores, is) for example) Qurt [wada, H. et al.,
Sex-linked inheritance of the if locus in the medaka fish (Oryzias Iatipes)
. Zool . Sci.15:123-226(199B), obtainable by furnishing from Dept.of
Integrated Biosciences, Graduate School of FrontierSciences) University of
Tokyo] . An example of where these are the same strain is FLF (female
leucophore free) strain) only the male of which has leucophores and a DNA
marker [5L1 (Matsuda, M. et al., Isolation of a sex chromosome-specific DNA
sequence in the medaka, Oryzias Iatipes. Genes Genet. Syst. 72, 263-268
(1997) ) ] ; which can be obtained by furnishing from the Hioscience
Center, Nagoya Univ. These are, however, are not limited to these eXamples.
Also, a DNA marker per se is not limited to the above SL1, and any DNA
marker known to a person skilled in the art can be used. Concretely) the
see-through medaka, for which sex identification 8   14 May 2004 is
possible, of the present invention is produced by repeated selective mating
between the seethrough medaka of the present invention of (ii) above and
the above medaka of FLF strain (the see-through medaka of (v) above).
Further, a see-through medaka with a highly increased transparency 



level obtained by selective mating between one or more strains is also
included in the see-through medaka of the present invention for which sex
identification is possible. Concretely) it can be produced by means of
further selective mating between the see-through medaka of Lhe (iii) above
and the see-throughmedaka of the (v) above ( the see- through medaka (vi)
above). Apart from by the above method of production, the see-through
medaka for which sex identification is possible, can be obtained from the
Hioscience Center) Nagoya Univ., where said medaka is maintained. (3)
Further, the see-through medaka of the present invention is characterized
by the production of a luminescence in a specific organ thereof by
introducing a hybrid gene being a fusion of a promoter of a gene that
expresses organ-specifically and the coding region of the gene encoding a
fluorescent protein, into the see-through medaka of the present invention
of any one of (i) to (vi) above. Examples of specific organs with
luminescence include, but are not limited to gonadal tissues (germ cells),
brain, nerves, liver and muscles) and can be selected depending on the
purpose of ari experiment. As a promoter of a gene that expresses
organ-specifically, any promoter can be selected depending on the organ
which is to produce luminescence. For example, a vasa gene promoter
specific to goaadal tissues (germ cells) can be used. Examples of
fluorescent protein gene are not limited to and are, for example, green
fluorescent protein (hereinafter designated simply 9   14 May 2004 as GFP^)
gene of Aequorea victoria, blue fluorescent protein (BFP) gene and yellow
fluorescent protein (YFP)gene.Thesefluorescentprotein genes are available
from CLON TECH Inc. (1D20 East Meadow Circle, Palo Alto, CA) USA). The
see-through medaka of the present invention characterized by production of
luminescence in a specific organ, can be produced, for example, by
preparing transgenic medaka) to which is introduced a hybrid gene being a
fusion of a promoter of gene speci f ically expressing in the organ that is
to have luminescence and the coding region of the fluorescent protein gene;
and repeating selective mating of said transgenic medaka with one or more
body color mutant medaka strains. The preparation of the hybrid gene
produced by fusing the above promoter of a gene specifically expressing in
an organ and the above coding region of a fluorescent protein gene, and the
production of the transgenic medaka, to which the said hybrid gene i's
introduced, can be performed by any method known to a person skilled in the
art, for example) a method described in the examples of the present
invention. An example of the above transgenic medaka is the vasa-GFP strain
produced by introducing a hybrid gene, which is produced by fusing the
promoter of the vasa gene which specifically expresses in germ cells (i.e.
specific to gonadal tissue) with the coding region of GFP gene (Tanaka)
Minoru et al . , The 22nd Annual Meeting of the Molecular Biology Society
of Japan, Program. Abstract, aforementioned), but the above transgenic
medaka is not limited to this example. Examples of a body color mutant
medaka strain to be mated with the above transgenic medaka include) but are
not limited to, a medaka strain known to a person skilled in the art, the
see-through medaka strain of any one of (i) to (vi) above, and a new strain
produced by crossing-over of sex chromosomes in the production of the
see-through 1 0   14 May 2004 medaka (i) to (vi) above. Concretely, the
see-through medaka of the present invention emitting luminescence in a
specific organ can be produced by repeated selective mating with the medaka
of vasa-GFP strain, the see-through medaka of (ii) above and the
see-through medaka of (v) above (for which sex identification is
possible)(the see-through medaka of (ix) above). Further examples of the
preferable see-through medaka of the present invention producing
luminescence in a specific organ are the see- through medaka
("STII-YII-vasa-GFP" in the examples) produced by repeated selective mating
between the female see-through medaka of (ix) above and the leucophore
deficient (lf) male see-through medaka ("STII-YI-vasa-GFP(lf) in the
examples) generated by the crossing-over of sex chromosomes in the
see-throughmedaka of (ix) above; the see-through medaka
("STIII-YI-vasa-GFP" in the examples) produced by repeated selective mating
between the see-through medaka of (iii) above and the see-through medaka of
(ix) above; and the see-through medaka ("STIII-YII-vasa-GFP" in the
examples) produced by repeated selective mating between the female
see-through medaka of the STIZI-YI-vasa-GFP strain and the leucophore
deficient (lf) male see-through medaka ("STIII-YI-versa-GFP(lf) in the
examples) generated by the crossing-over of sex chromosomes in the
see-through medaka of said strain. The see-through medaka producing
luminescence in a specific organ can also be produced by direct
introduction of the above hybrid gene into the see-through medaka of (i) -
(vi) above. Direct introduction of the hybrid gene can be performed by
methods known to a person skilled in the art, for example a method of
microinjection of a gene into the cytoplasm of the one-cell-stage embryo.
The see-through medaka of the present invention which produces luminescence
in a specific organ can be obtained, apart from the methods 11   14 May
2004 described above, from the Bioscience Center) Nagoya Univ., where said
medaka is maintained Examples The present invention will be explained in
detail by illustration with the following examples, but these examples are
only illustrative and are not intended to limit the scope of the present
invention. Example 1 Production of the see-through medaka (1) Production of
STII strain The see-through medaka of the present invention was produced by
using three strains of body color mutant (gu) i-3 and lf) as mating
parents, selected from 120 mutant strains consisting of mainly spontaneous
mutants collected by Tomita, Hideo since the early 1960's and stored in
Nagoya University. These three strains are deficiet in one or more types of
pigment cells among four types consituting body color of each medaka.
Specific properties of each strain are shown as follows and in Table 1.
(Specific properties of each strain) gu: Iridophore deficient mutant (Fig.
la) The iridophoxe is a silver colored pigment cell, which is prevalent in
the ventral skin of fish. Ventral white glistening is due to existence of
this cell. In the gu mutant, accumulation of guanine is small in
iridophores. Especially, a small amount of accumulation is observed in the
peritoneum of adult fishes. It was found among medaka collected by Tomita,
Hideo at Nagashima-Cho, Mie-Pref. in 1978. i-3: Albino mutant (Fig. lb)
This mutant is deficient in melanotic melanin pigment, has the poor
accumulation of yel l ow pigment and ha s a large number of leucophores ,
12   14 May 2004 



and as a result) the skin is white. Since it has no melanin in its retina,
its eyes appear red. No melanin is observed in the peritoneum. This mutant
was found among medaka collected by Tomita, Hideo in Tottori-city in 1976.
lf: Leucophore deficient mutant (Fig. 1c7 The leucophore is a white cell
and is involved in changes of body Color together with melanophore. This
strain has no leucophore. It was collected by Tomita, Hideo in
Toyokawa-city in 1971. Table 1. .Parental strains for mating
StraSpecificGenotypeOriginPlace
ofFurnishiinFeaturesDePOSitngguLessgu/guNagaehima-ChoHioscienceYesprecipita
tion. Mie-Pref.Center,of guanine in1978Nagoya Uriiv.peritoneum,skin and
eyesi3Albinoi-3/i-3Tottori-City)DittoDitto19761fDeficient in&
'/%(Y1Toyokawa-CityDittoDittoleucophore, 1971 Using the above three
strains, selective matings were repeated in order to obtain medaka having
all of the specific properties of each of the parental strain as shown in
Table 2 below. 13   14 May 2004 Table 2, Mating data MatingGeneration
ofDescendant
GenerationNo.Parentsp'~GeneGenotypePhenotyperation1gui-3Flgu/+, i-3/+~9,
+"(i-3)(gu)2F1F1Fzgu/gu, i-3/i-3gu, i-3il/lb of F2)f3FZifFaBu/+, i-3/+,+g,
+--3, +~.X-/X ( Y ) =t4FaFjFagu/gu) i-3/i-3,gu) i-3) 1fX~t/Y~t( o'i )i1/69
of F" all c3')5F3FAFsgu/gu, i-3/i-3,gu, i.-3) ifX1f/X -(Y) i.(1/8 of
Fs)6FSFSFsgu/gu, i-3/i-3,gu) i-3, ifX'f/X(Y)lf(a11 individuals) (Results)
In the Fs generation, a medaka having a11 specific properties of the
parental strains, i.e. a medaka deficient in iridophores, melanophores,
xanthophores and leucophores (genotype: gu/gu, i-3/i-3) Xlf/X(Y)lf,
phenotype: gu, i-3, lf) was obtained. This medaka has rio body color (i.e.
see-through body wall and peritoneum), consequently, internal orgaas such
as viscera and brain can be observed from the outside (Fig. 2) .
Hereinafter this see-through medaka strain is designated as "STII
(See-through medaka II)^. (2) Production of STIII strain In ordez to obtain
a further see-through medaka with a higher transparency level than the STII
strain medaka obtained above, the STII strain and the body color mutant
strain il-2 (specific properties of which are shown below and in Table 3)
were mated as shown in the following 14   14 May 2004 Table 4. In the
mating, two series of mating including the mating directions la-'2a and
lb-'2b were progressed in parallel. F~, female) having quadruple mutation
was obtained from the mating in direction 1a--~2a. Further, a similar Fz)
male, was obtained from the mating in direction lb-'2b. The desired
see-throughmedaka F~was obtained by mating with this male and female
(mating No. 3). (Specific properties of the strain) STII: The see-through
medaka of the present invention. il-1 : Less iridophore in the body surface
and opercula. It was collected in Yamagata-City) in 1972, and deposited in
the Bioscience Center, Nagoya vniv. Table 3) Parental strains for mating
Strai nSpecific featuresGenotypeOriginPlace of depositFurnis
hingSTIISee-throughgu/gu,NagoyaBioscienceYesbody wall
andi-3/i-3,Univ.Center,peritoneumXI/X(Y)'f2000NagoyaUniv.il-1Lessil1/il-1Ya
magata-HioscienceYeairidophore inCity, 2972Center,body surfaceNagoyaand
operculaUniv. 1s   



14 May 2004 Table 4, Mating data MatGenerationDescendant Generationingof
ParentsNo.T~GeneGenotypePhenotyp arationlaSTIIil-1F:-agu/+, i-3/+,
il-1/~.~9, +'' +' -i, ,X'f/X (Y) -..2aFl-aF1-aFa-a~; qu/gu, i-3/i-3)gu,
i-3, i11.il-llil-1) X''/ Xxfif(1/256 of FZ, only ,-)lbil-1STIIFl-bgu/+,
i-3/+, il-1/+)+9", ~' 3, +' -),m,m2bF,-bF1-bF2-b~, gu/gu, i-3/i-3,gu, i-3)
il-1)il-1/i1-1, X1=/yifif(1/256 of F', only d')3Fa-aFZ-bF,gu/gu,
i-3/i-3)gu, i-3, il-1)il-1/i1-1) X't/X(Y)1~if(a11 individuals) (Results) In
the F~ generation, a see-through medaka having specific properties of ST-II
strain and il-1 strain (genotype: gu/gu, i-3/i-3) il-1/il-1) X1f/X(Y)1' and
phenotype: gu) i-3, il-1) lf) was. obtained. This medaka has less
iridophores than the STII strain, and has slightly higher transparency
level of the body wall, peritoneum and opercula. In addition, there is not
much reflection of light from the body surface. Consequently, observation
of internal organs can be made more clearly. Hereinafter, this medaka
strain is designated as "STIII (See-through medaka III)" Furthermore) the
four strains of body color mutant (gu, i-3, lf, il-1) used in the example,
were found and collected in different areas in .lapan several decades ago)
as mentioned above, and since then they have not been found in anywhere in
the world. Accordingly, mating between these three (gu, i-3) lf) or four
(gu, i-3, lf, il-I) strains would 16   14 May 2004 hardly ever occur in the
realm of nature) therefore it is incapable of producing the medaka strains
(STII and STIII) of the invention by essentially biological process.
Example 2 Production of see-through medaka for Which sex identification can
be easily performed In experiments involving in reproduction (for example,
an experiment on the effect of endocrine disrupting chemicals), it is
necessary to identify the sex of an experimental animal within the early
stages of ontogeny and without error. Sexing of medaka is conventionally
performed with reference to morphology of anal fin and dorsal fin) a
papillary process on the anal fin of male) ovipositional behavior and body
color (d-rR strain). These methods have problems with the number of days
after hatching that is required before sexing is possible: in the case of
observing morphology of fin or papillary process, a long
termofl.5-2.Smonthsisrequired; in thecaseofovipositionalbehavior, 2 - 3
months are required; and in the case of observing body color in the d-rR
strain, 2 - 3 weeks are required. We have produced, according to the method
described below, a see-through medaka) for which rapid sex identification
is poseible. (1) Production of STII-YI stxairi STTI strain produced by the
process in example 1 and a strain, FLF, produced by mating With leucophore
mutant if and wild type at Nagoya Univ. in 2000 (specific properties are
shown below and in Table 5) were used as mating parents) and these were
mated as shown in Table 6 below. (Specific properties of strains) STTT: The
see-through medaka of the present invention. FLF: This was produced by
mating between leucophore mutant if hereinabove and the wild type at Nagoya
Univ. in 2000. Since if gene is located 1 7   14 May 2004 on the X
chromosome in this strain, the female lacks leucophores. Since the if gene
locus of the Y chromosome is wild type, the male has leucophores . Further,
medaka of this strain has a sex-specific DNA (PCR) marker (SLl) . SL1 is a
base sequence positioned closely to the male sex determination. factor on
the Y chromosome and it is thought that its homologous region is located on
the X chromosome. In this marker, a polymorphism is known. Since in the FLF
strain, it is shorter on the Y chromosome than on the X chromosome, two
bands (L) and (H) derived from Y chromosome and X chromosome, respectively,
in the male and a single hand (H) derived from X chromosome in the female
are detected in PCR. On the other hand, in the above STII strain, SLl has
no difference between the X chromosome and the Y chromosome, therefore a
single band is detected in both sexes, male and female) in PCR. The SLl has
also no difference from that of the X chromosome in FLF strain [i . e. (H)
7 . As shown in Table 6 hereinbelow, by means of selective mating, the Y
chromosome of FLF strain was introduced into the F1 generation to introduce
SLi(L) [On details of SLl, refer to Matsuda, M. et al. , Isolation of a sex
chromosome-specific DNA sequence in the medaka, Oryzias latipes. Genes
Genet. Syst. 72, 263-268 (1997)] . No errors were known for sex
identification by this marker up to now (i.e. error = D). 1 8   14 May 2004
Table 5, Parental strains for mating Stra inSpecific
featuresGenotypeOriginPlace of DepositFurni
shingSTIISee-throughgu/gu,NagoyaSioscienceYesbody wall
andi-3/i-3)Univ.Center,peritoneumXlt, x/gSY)lf, x2p00NagoyaUniv.FLFFemale:~
; X:r, x/Xlt, xNagoya&ioscienceYesdeficient ina: Xlt) x/Y)
zUniv.Center,leucophore,2000Nagoyasingle SL1Univ.male:withleucophore.double
SL1 Table 6, Mating data 



MatGenerationDescendant Generationirigof
ParentsNo.~a'GeneGenotypePhenotyperation1-STIRFLFFl~:gu/+,
i-3/*.~:+~".+'-1,1f) HXlf.x/X1. A~*gu.+1~7'+1fa'~:gu/*, i-3/*,H/Lxli, x/
Y., z2STIIF1F,~;gu/gu, i-3/i-3,:gu.i-3,lf, H1, x 1, x X /X d': gu, i-3,if *
,cT:gu/gu, i-3/i-3,H/LXlt, x/ Y, n(1/4 of Fa)3F~F~Fl~;gu/gu,
i3/i3,~:gu,i-3)lf, HXlf. x/X1:, xd;gu.i-3.,lf~:gu/gu, i-3/i3,H/L.Xlf, N/ Y,
L(a11 individuals) (Results) In the F~ generation, a see-through medaka
having specific properties of both of STII strain and FLF strain
(phenotype: female: gu, i-3, lf, H and male; gu, i-3, *-f) H/L) was
obtained. The transparency level was slightly inferior in the male due to
presence of leucophores, 19   14 May 2004 but was the same as the
transparency level of STII in female. Hereinafter, this medaka strain is
designated as "STII-YI". Genetic sex of this medaka was identified by the
presence of leucophores in the two-day-old embryo. Further, genetic sex was
confirmed by using a DNA marker (SLl). FLFW.Y""= strain [The strain has
three identification markers of genetic sexuality. One is the presence or
absence of leucophores (present in o"/absent in ~) ; the second is body
color (yellowish orange for d~ /white foz $); and the third is SLl marker
lo": two bandsl~: single band). Unpublished] was used as control. A pazt of
the tail fin of ari adult fish was cut, and DNA was extracted using a
conventional method [nucleic acid extraction agent SepaGene (Sanko Pure
Chemicals)]. PCR was conducted using 2 primezs for SL1 detection [forward
primer pH05 . 5 -F (5'-CCTGCAATGGGAAATTATTCTGCTC-3': SEQ ID NO: 1), reverse
primer pH05.5-RV (5'-CTTTTGTGTCTTTGGTTATGAAACGATG-3': SEQ ID NO: 2)] under
the conditions shown in Table 7 and Table 8 below. Results of
electrophoresis of PCRproducts using 1~ agarose gel/TBE are shown in Fig. 3
a (female) and b (male). Samples used in each lane are shown in Table 9
hefeinbelow. A sample of 7~ -BstP I digest of bacteriophage~lc1857Sam~
(Takara) and 100bp DNA ladder (Takara) used as DNA markers are DNA size
markers for confirmation of 1.3 kb band (1371 by of ~-BstP I) and 1.5 kb
band (1500 by of 100 by DNA ladder), respectively. 20   14 May 2004 Table
7, Composition of the reaction mixture :1L/SampleFinal
ConcentrationH~o6.1520X buffer solution1.0MgCl, (25 mM)0.61.5 mMdNTP
mixture (2.5 mM)0.80.2 mMPrimer pH05.5-F (10 pmol)0.20.2!1MPrimer pH05.5-RV
(10 pmol)0.20.2 ~!MSample DNA (10 - 20 ng/!1L)1.0LA Taq (5 U/ a L,
Takara)0.050.25 U/10u L)Total10.0 Table B, PCR conditions Temperature
(~)Time (min.)Heat denaturation95527 cyclesHeat
denaturation951.5Annealing631.5Elongation721.5Elongation725Storage4 Thermal
cycler: Gene Amp PCR system 2400-R (Perkin Elmer) 21   14 May 2004 Table 9,
Samples used in each lane in Fig. 3 a arid b LaneSampleFig. 3 a (female)
Strain arid Sample No.Fig. 3 b (male) Strair_ and Sample No1J~ -HstP I
Digestion (Takara)'1~ gStP I Digestion (Takara)'12FLFW.Y""i strain
128FLFW.Y""I strain 154312915541301565131l57613215871331598STII-YI strain
R1609B16110C16211DSTII-YI strain C12100 by DNA ladder (Takara)'`D13g14100
by DNA ladder (Takara)'` x: ~.-Bstp I digestion (Takara): DNA size marker
which is digested bacteriophage~1c1857Sam7 by enzyme HstPI (Takaray. z: 100
by DNA ladder (Takara): DNA size marker. (Results) According to the result
of electrophoresis shown in Fig. 3, two bands in a11 of male medaka and one
band in a11 f emale medaka were detec ted . (2) Production of STII-YII
strain Since a male of STIIYI medaka Strain obtained in (1) above has 



leucophores, its transparency level is lower than that of a female. To
improve this point, a see-through strain without leucophores in both male
and female were produced. A female of STII strain and a male of the
leucophore deficient (lf) (STII-YI (lf)) strain (specific properties of
each Strain are described below and shown in Table 10), which was generated
by the crossing-over of the X chromosome and the Y chromosome in the above
STII-YI strain, were used as parental strains for mating as shown in 22
14 May 2004 the following Table 11. (Specific properties of strains) STII:
The see-through medaka of the present invention. STII-YI: Leucophore
deficient (lf) male generated by crossing-over of X chromosome and Y
chromosome in STII-YI strain. Table 10) Parental strains for mating
StrainSpecific FeaturesGenotypeOriginPlace of DepositFurni
shingSTIISee-through~.: gu/gu,NagoyaHioscienceYesfemalebody wall
andi-3/i-3,Univ.Center,peritoneumxlf, x/xlf,
x2D00NagoyaUniv.STII-YISee-througho'~: gu/qu,NagoyaBioscienceYesmale of
lf,body wall
andi3/i-3,Univ.Center,generatedperitoneum)xlf.x/Yu,L2000Nagoyabypossible
forUniv.crossing-odescriminativer of sexon geneticchromosomesexualitys
Table 11, Mating data Mat ingGeneration of ParentsDescendant
GenerationNo.~~GeneGenotypePhenotyperation1STIISTTIF1~: gu/gu, i-3/i3,~:
gu, i-3, lf) HYIXlf. N/Xlf, N d': gu, i-3, lf.(lf)~: gu/gu, i3/i-3,H/LXlf,
e/ Yit, c(a11 individuals) (Results) In the F1 generation, the see-through
medaka having specific properties of STII and STII-YI strains (phenotype:
female: gu, i-3) lf, H and male: gu, i-3, lf, H/L) was obtained.
Transparency level of male and female was the same as that of STII.
Hereinafter this medaka strain is designated as "STII-YII". 23   14 May
2004 Sex identification of these medaka was performed by detecting SL1 band
of DNA marker by PCR as in STII-YI of (1 ) above (data not shown) . (3)
Production of STIII-YI strain We have further studied in order to produce a
strain, which has a higher transparency level of the body wall, peritoneum
and opercula than that of STII-YI strain. STIII strain was used as a parent
strain in place of STII strain, and this was mated with STII-YI obtained in
(1) above (specific properties ate shown 1ri Table 12) as shown in the
following Table 23. Table 12) Parental strains for mating StrainSpecific
FeaturesGenotypeOriginPlace of 



DepositFurn ' ishi ngSTIIISee-through~: gu/gu,NagoyaBioscienceYesfemalebody
wall,i-3/i-3)Univ.Center,peritoneumil-1/i11.2000NagoyaUniv.andopereulag=F.
"/gjt. "STII-YISee-through~; qu/gu,NagoyaHioscienceYesmalebody
walli.3/i-3)Univ.Center,andgit. N/Y.
z2000NagoyaUniv.peritoneum,withgeneticsexualmarker 24   14 May 2004 Table
13, Mating data MatGenerationDescendant Generationingof
ParentsNo.~~GeneGenotypePhenotyperation1STIIISTII-F,?: g,1/gu) i-3/i-3)-.:
gu, i-3,YIil-1/) Xlf, H/Xlf. H+il-y lf, Hd: gu/gu, i-3/i-3,o": gu,
i-3,i1-1/+ Xlf. H/ Y. L ,+il-1I +lf ,H/L25TIIIF1FzQ: gu/gu, i-3/i-3,: gu)
i-3)il-1/i1-1, Xl'-H/Xlf'il-1, lf,HHdue: gu/gu, i-3/i-3,d' gu,
i-3,il-1/i1-l,Xlf' H/ Y''il-1, .lf,H/L(1/2 of Fz)3FzFaF~~; gu/gu,
i-3/i-3,~: gu, i-3,il-1/11-1, Xlf, e/Xlr,il-1, lf) HH c~: gu) i-3,oT:
gu/gu) i-3/i-3)i1-1) +lfi1-1/i1-l,Xif'H/Y''H/LL(a21 individuals) (Results)
In the F~ generation, a see-through medaka having specific properties of
STIII and STTI-YI strains (phenotype: female: gu) i-3) il-1, lf, H and
male: gu, i-3, il-1, +lf, H/L) was obtained. The genetic sex of this medaka
was identified by the presence of leucophorea in the two-day-old embryo as
with the STII-YI strain. Further) genetic sex was confirmed by a DNA marker
(SL1) using DNA isolated from the tail fin of an adult fish. In this
strain) the transparency level was slightly reduced due to the presence of
leucophores in the male, but the same transparency level as STIII was
obtained in the female. Hereinafter this strain is designated as
"STIII-YI". 25   14 May 2004 (4) Production of STIII-YII strain Since the
male of STIII-YI strain obtained in the (3) above has leucophores) its
transparency level is lower than that of the female. In order to improve
this point, a strain without leucophores in the male and female was
produced. STIII strain (aforementioned) example I (2)), female) was used as
the parental strait., and this was mated with the leucophore deficient (lf)
male (STIII-YI (lf) ) generated by crossing-over of the X chromosome and Y
chromosome in the above STIII-YI strain (specific properties ate shown in
Table 14) as shown in Table IS hereinbelow. Table 14. Parental strains for
mating StrainSpecific FeaturesGenotypeOriginPlace of DepositFurni
skiingSTIIISee-throu~: gu/gu,NagoyaHioscienceYesfemalegh
bodyi-3/i-3,Univ.Center)wall,il-1/i1-12000Nagoyaperitoneu IUniv.m andX=.
H/X1T. xoperculaSTIIIYISee-throu~: gu/gu)NagoyaBioscienceYesstraingh
bodyi-3/i-3,Univ.Center,male ofwall,il-1/i1-1,2000Nagoyalf,peritoneuXif,
x/Yu, zUniv.generatedm, andbyopercula,crossing-withover
ofgeneticsexsexualchromosommarkeres 26   14 May 2004 Table 15, Mating data
Mat ingGeneration of ParentsDescendant
GenerationNo.dGeneGenotypePhenotyperation1STIIISTIII-YIFl~; gu/gu)
i-3/i-3)T: gu, i-3,(1f)il-1/il-1,il-1) lf) HXlf, a/X=f. Ho'~: gu/gu,
i-3/i-3,cT: gu, i-3,il-1/il-1)il-1, 1f,Xif, n/ Yif, zH/L(a11 individuals)
(Results) In the .F1 generation, a see-through medaka having specific
properties of STIII and STIII-YI (Phenotype: female: gu, i-3, il-1, lf, H,
and male: gu, i-3) il-1, lf, H/L) was obtained. The transparency level was
almost the same as STIII in the female and male. Hereinafter. this strain
is designated as "STIII-YII" Sex identification of these medaka was
performed by detecting hands of a DNA marker (SL1) by PCR as with the
STII-YI strain of (1) 



above(data not shown). Example 3 Production of a see-through medaka
characterized by the production of luminescence in the gonadal tissue (germ
cells) we have produced a strain, in which vasa-GFPfluoresceneein gonadal
tissues (germ cells) can be observed not only in the early stages of the
individual but also throughout its lifetime) by introducing a hybrid gene,
which was prepared by fusing a promoter region of a vasa gene which
specifically expresses in the germ cells with the coding region of GFP
(green fluorescent protein: protein of Aequorea victoria and emitting green
fluorescence by irradiating blue light) gene, into the 2l   14 May 2004
see-through medaka of the present invention. At first) medaka ovaries were
frozen with liquid nitrogen arid crushed to homogenize. Then whole RNA was
purified) and mRNA was further purified) then cDNA was synthesized using
this as a template. This was inserted into a vector and packaged into a
phage to prepare an ovary cDNA library (Shinomiya) Ai, Tanaka, Minoru,
Kobayashi) Tohru and Hamaguchi) Tetsu, "Identification and migration route
of primordial germ cells of medaka using expression of vasa homologous gene
as an indicator, " Proceedings of the 32nd Annual Meeting of the Japan
Society of Developmental Biologists, page 56, 1999) . Medaka vasa cDNA was
isolated from this library. The fact that vasa protein has DEAD Box, which
is an RNA binding domain, and this region is conserved among animals is
known. Thus ) primers common to animals in this region (forward primer-1:
5'-ATGGCNTG(T/C)GCNCA(A/G)ACNG-3' (SEQ ID NO: 3) and reverse pzimer-2:
5'-(A/G)AANCCCAT(A/G)TC(T/C)AACAT-3' ISEQ ID NO: 4)] were designed. PCR was
performed using whole cDNA library of medaka as a template (94`i for 10
min., 94~ for 30 sec., SS~for 1 min., 72~for 1 min. for one cycle) total 39
cycles) . Amplified vasa cDNA short fragment was purified by agarose gel
for cloning. After confirming the fragment as medaka vasa cDNAbynucleotide
sequencing determination, screening of themedaka cDNA libraxy was performed
again using the fragment as probe. As a result) full length cDNAS, which
were thought to contain the entire amino acid coding region) were isolated
for cloning. The medaka vasa cDNA was confirmed by determination of
nucleotide sequencing (Proceedings of the 32nd Annual Meeting of the Japan
Society of Developmental Biologists) aforementioned). Next, the medaka
vasa-GFP gene was constructed. The vasa-GFP gene was a hybrid gene, in
which the promoter region of medaka vasa gene 28   14 May 2004 (olvas) was
fused with the coding region of GFP gene. 3' region of the medaka vasa gene
(olvas) was amplified using 2 primers (T7; 5'-TAATACGACTCACTATAGGG-3': SEQ
ID N0: 5, and VI-8; 5'-AGGAGGTGCCGTCATGGCTGGAG-3': SEQ ID NO: 6) with a
template of cloned DNA [XLE13; 3' site of medaka vasa gene (olvas)]. The
thus obtained fragment was cleaved with restriction enzymes Pstl/EcoTI, and
the termini were blunt-ended with T4 DNA polymerase. This fragment was
cloned to the StuI restriction site of GFP vector (pEGFP: CLONTECH Inc.,
1020 East Meadow Circle, Palo Alto) CA, USA) and the resulting xragment was
designated as pEGFP-3V. Further, a 5 . 1 kb genomic fragment containing the
vasa gene (olvas ) promoter region was amplified using primers (VP1M;
5'CCTCCCAGTCGTCCATATGAATCGTCTGAT-3': SEQ ID NO: 7, and VP3;
5'-AGAGGATCCAATAGAATGAGTAATGGTTCTCTATTTC-3': SEQ ID NO: 8) with phage DNA
[V5; containing most part of medaka vasa gene (olvas) ] as a template. The
thus obtained fragment was cleaved with NdeI; blunt-ended with T4 DNA
polymerase, and further cleaved with KpnI. This fragment was cloned to
KpnI/blunt end of NcoI site of pEGFP-3V vector to prepare a vector (VEGFPA)
for gene transfer. Since the GFP gene was commercially available) this was
purchased for use (CLONTECH Inc., 1020 East Meadow Circle, Palo Alto, CA)
USA). Fertilized eggs of himedaka were collected after 30 minutes of
ovipositiori and attached filaments were removed using forceps. The above
vector VEGFPA was injected into the cytoplasm of the one-cell-stage embryo
by microinjection. The injected eggs were kept at 25~ and expression of GFP
fluorescence was observed by fluorescence stereoscopic microscope. The
embryo and fry expressing GFPfluorescence were separated and raised to
adulthood. Sexually mature individuals were paired with normal individuals
(without gene injection) and mated to obtain embryos 29   14 May 2004 of
the next generation (F1). These were searched for GFP fluorescence and GFP
gene by PCR. Hy this operation, parent individuals (Fo) who transmitted the
GFP gene to their progeny were identified. The progeny (F,) from these
parent individuals were mated to produce vasa-GFP transgenic medaka (in
detailed operation) refer to Keiko Hamada et al. "Usefulness of Che medaka
.('' -actin promoter investigated using a mutant GFP reporter gene in
transgenic medaka (OSyzias latipes)", Mol Marine Hiol Biotech (1998) 7 (3 )
, 173-180 ; Tanaka Minoru et al . , The 22nd Annual Meeting of the
Molecular Biology Soeiety, Program, Abstract, aforementioned). This strain
is designated as "vasa-GFP" (which can
befurnishedfromtheDiv.Biological5ciences,GraduateSchoolof Science) Hokkaido
Univ.). (1) Production of STII-YI-vasa-GFP 5trairi A male of the above
vasa-GFP strain, a male and female of STII strain of the present invention
and a male of STII-YI strain (specific properties of each strain are shown
in Table 16) were used as parental strains for mating and subjected to
repeated selective mating as shown in Table 17 hereinbelow. 30   14 May
2004 Table 16, Parental strains for mating
StrainSpecificGenotypeOriginPlace ofFurniFeaturesDepositshingvasa-GFPgerm
cellsvasa-GFP/-,NationalDiv.Yesmalewith
greenX''H/Y''HInstituteBiologicalfluorescencefor
HasicSciences,HiologyandGraduateKyotol7niv.School
of2000Science,HokkaidoUniv,STIISeethroughgu/gv,NagoyaHioscienceYesfemale
andbody wall andi-3/i-3,Univ.Center)maleperitoneumX'' x/X(Y)1f'
~~2000NagoyaUniv.STII-YISeethroughgu/gu,NagoyaBioscienceYeamalebody wall
andi-3/i-3,Baiv.Center,peritoneum,X1" "/Y'' L2000Nagoyapossible
forUniv.discrimination ofgeneticsexuallity 31   



14May 2004 Table 17. Mating data MatiGeneration~ Descendant Generationagof
parentsNo.~~GerieratiGenotypePhenotypeor.1STIIvases-F1gu/~. 1-3/y.9,
~",GFPvases-GFP/-,vases-GFP) tl', HXi, x/X (Y)', x(1/2 of
Fl)2F1STIIF,gu/gu) i3/i3,gu, i3,vasaGFP/-)vases-GFP, lf, HX1. N/X (Y) lf.
N(1/16 of F~)3FzSTIIF3~; gu/gu. i-3/i-3,~: gu, i-3,YlvasaGFP/-)vases-GFP,
1f, Hlf. N 1f, N X /X c': gu. i.3,~: gu/gu, i3/i3)vases-GFP,vases-GFP/-,')
HILXS. H/ ~,. L(1/2 of Fa)dF3F~F~~; gu/gu) i-3/i-3)~: gu,
i-3,vases-GFP/vases-GFP, lf) Hvases-GFP,d~: gu) i-3,Xlf, N/Xlf.
HvasaGFP,d': gu/gu, i-3/i3,"lf H/Lva&a-GFP/vases-GFP,Xlf, x/ Y'. L(1/4 0:
F3)5FdF,FS~ ; gu/gu) i-3/i-3,~ : gu, i-3,vases-GFP/vases-GFP, lf,
Hvases-GFP,~: qu, i-3,Xi, H/Xlf. Nvases-GFP.~: gu/gu, i3/i3,lf,
H/Lvases-GFP/vases-GFP,X1:. x/ Y. L(a11 individuals) (Results) In the Fs
generation, a medaka which had all the specific properties of the three
parental strains, vases-GFP) STII and STII-YI (phenotype: female: gu, i-3,
vases-GFP, lf, H, and male: gu, i-3) vases-GFP, +lf, H/L) was obtained.
Genetic sex was identified as in example 2 (1} by leucophores and a DNA
marker (SL1) . The transparency level of the male was slightly inferior due
to existence of leucophores and that of the female was 32   14 May 2004 the
same as that of STII. Hereinafter this strain was designated as
"STII-YIvasa-GFP". Since this medaka has a see-through body) the behavior
of germ cells producing fluorescence can be observed throughout the
lifetime of the individual not only in the embryonic stage but also in the
process of growth after hatching to adulthood. (2) Production of
STII-YIIvasa-GFP Strain Since a male medaka of STII-YI-vasa-GFP strain
obtained in (1) above has leucophores, the transparency level is lower when
compared with that of the female. In order to improve this point) a strain
without leucophores in the mate and female was produced. A female of the
above STII-YI-vasa-GFP strain and a male of the leucophore deficient (lf)
[STII-YI-vasa-GFP (1f)] strain generated by crossing-over of the X
chromosome and the Y chromosome in the above STII-YI-vasa-GFP strain
(specific properties of each strain are shown in Table 18)) were mated as
shown in Table 19 below. 3S   14 May 2004 Table 1B, Parental strains for
mating strainspecific FeaturesGenotypeoriginPlace of DepositFurrii
shingSTIIYI-See-through bodygu/gu, i-3/i-3,NagoyaBioscieaceYesvasaGFPwall
a_zdvasa-GFP/Uaiv.Center,femaleperitoneum,vasa-GFP,2000Nagoyaluminescent
ingle, x/xic. kUniv.gonadal tissues(germ cells).possible
fordiscriminationof geneticsexualitySTII-YIDittogu/gu)
i-3/i-3.NagoyaBioscienceYesvasa-GFPvasa-GFP/Univ.Center.male
ofvasa-GFP,2000Nagoyalf,Xif, 4I/Y1L, zUniv.generated bycrossing-over
ofsexchromosomes Table 19. Mating data Mati ngGeneration of
ParentsDescendant GenerationNo.~~GenerGenotypePhenotypeanon1STISSTII-YI-F,~
: gu/gu. i-3/i-3,$ gu, i-3)-YI-vasa-GFPvaea-GFP/vasa-GFP. 1f,
HvaeaIlf)vasa-GFP,d~: gu) i3,-GFPXit, x/Xit, x vasa-GFP,d~ : gu/gu,
i-3/i-3,lf, H/Lvasa-GFP/vaaa-GFP, Xlt, x/YiY, v(a11 individuals) (Results)
In the F: generation) a medaka having specific properties of the two types
of parental strains) STII-YI-vasa-GFP and STII-YI-vasa-GFP (lf) was
obtained. Genetic sex was identified by DNA marker (SL1) as in example 2
(1). Transparency levels of the female and male were the 34   14 May 2004
same as those of STII. Hereinafter this strain was designated as
~~STII-YII-vasa-GFP. 



Since this medaka has a see-through body wall and peritoneum and a gonadal
tissues (germ cells) producing luminescence, the behavior of germ cells can
be observed throughout the lifetime of the individuals not only in the
embryonic stage but also in the process of growth after hatching to
adulthood. (3) Production of STIII-YI-vasaGFP strain We have further
studied in order to produce a strain) which has a higher transparency level
of the body wall, peritoneum and opercula than the STII-YI-vasa-GFP strain.
A female of STIII strain (aforementioned) example 1 (2)) was used as a
parent strain in place of STII strain, and this was selectively and
repeatedly mated with a male of STIIYI-vasa-GFP strain obtained in (1)
above(specific properties of each strain are shown in Table 20) as shown in
the following Table 21. Table 20, Parental strains for mating
Strainspecific FeaturesGenotypeOriginPlace of DepositFurni
shingSTIIISee-throughgU/gu,NagoyaBioscienceYesfemalebody
wall)i-3/i3,UnlV.Center,peritoneum andil-1/i1-1,2000Nagoya
Univ.operculaXlf) n/Xit,
rSTII-YISee-throughgu/gu)NagayaBioscienceYesvasa-GFPbody
wall)i-3/1-3,Univ.Center,maleperitoneiun andyasa-GFP/2000Nagoya
Univ.operculavasa-GFP,luminescent inXtt, n/Y.) zgonadaltissues
(germcells),possible fordiscriminationof geneticsexuality 35   14 May 2004
Table 21, Mating data MatGeneration Descendant Generationingof
ParentsNo.~~GeneGenotypePhenotyperation1STISTIIFl~: gu/gu) i-3/i-3,~: gu)
i-3, +~l-iII-YI-il-1/+,vasa-GFP, lf, HvasavasaGFP/, -GFP1f. H 1. H X /X d~:
gu, i-3, +i1.1d': gu/gu) i-3/i-3,vasa-GFP, +lf,il-1/+,H/Lvasa-GFP/-,Xlf, x/
~,-. L2F1F1Fa~: gu/qu, i-3/i-3)Q: gu, i-3,
il-1,il-1/i1-1,vasa-GFP,If,Hvasa-GFP/vasa-GFP.o''; gu, i3, il-1)1 Xle, x/X
t, x vaea-GFP,c~: gu/gu) i-3/i-3)+lf, H/Lil-1/i1-1,vasaGFP/vasa-GFPXlf, H/
Y. L(1/l6 of F=)3F=FzF3~; gu/gu) i-3/i-3,~: gu) i-3,
il-1,il-1/i11,vasa-GFP,If,Hvasa-GFP/vasa-GFP,due: gu, i-3) il-1,Xli. H/Xlf.
xvasa-GFP,9u/gu, 1-3/1.-3,+lf H/Lil-1/il-1,vasa-GFP/vasa-GFP, X1. H/ lv.
L(all individuals) (Results) In the F3 generation, medaka having specific
properties of the two types of payer-tal strains, STIII and
STII-YI-vasa-GFP was obtained. Genetic sex was identified in the same way
as in example2 (1)byleucophores and a DNA marker (SLl) . The transparency
level of the male was slightly inferior due to existence of leucophores and
that of the female was 36   14 May 2004 the same as that of STIII.
Hereinafter this strain was designated as "STIII-YI-vasa-GFP". This medaka
has a high transparency level of body wall, peritoneum and opercula) and
the gonadal tissues (germ cells) produce luminescence. Consequently) the
behavior of germ cells can be observed throughout the lifetime of the
individuals not only in the embryonic stage but also in the process of
growth after hatching to adulthood. (4) Production of STIII-YII-vasa-GFP
strain Since STIII-YIvasa-GFP strain medaka, male,obtained in (1) abcve has
leucophores, the transparency level is lower when compared with that of the
female. In order to improve this point, a strain Without leucophores in the
male and female was produced. A female of the above STIII-YI-vasa-GFP
strain and a male of the leucophore deficient (lf) [STIII-YI-vasa-GFP (lf)]
strain generated by crossing-over of the X chromosome and the Y chromosome
in the above STSII-YI-vasa-GFP strain (specific properties of each strain
are shown in Table 22), were mated selectively and repeatedly as shown in
Table 23 below. 37   14 May 2004 Table 22, Parental strains for mating
StrainSpecific FeaturesGenotypeOriginPlace o: DepositFurn ishi
ngSTIII-YI-Seethroughbodygu/gu,NdgOyaHioscienceYesVdsa-GFPwall,
peritoneumi-3/i-3,Univ.Center,femaleand
opercula,il-1/1l-1,2000Nagoyaluminescent in vasa-GFP/Univ.gonadai
tissues(germ cells),vasa-GFP)possible forXi_, x/xit, xdiscriminationof
geneticsexualitySTITI-YI-vTjittogujgu,NagoyaBiosciencrYesass-GFPi-3/i-3,Uni
v.Center)male of
lf,il-1/il-1,200DNagoyageneratedvasa-GFP/Univ.bycrossing-ovasa-GFP,ver of
sexXit, x/Yit, tchromosomes Table 23, Mating data 



Mat ingGeneration of ParentsDescendant
GenerationNo.~aGeneGenotypePhenotyperati~on1STIII-YSTIZI-YIF1~: gu/gu,
i-3/i-3,~: gu, i3, il-1,Ivasa.vasa-GFil1/il1,vasa-GFP, lf.GFPP
(1f)vasaGFP/vasaGFHP) Rli, n/glt. xd': gu/gu, i-3/i-3)d': gu) i-3,
il-1,il1/i11,vasa-GFP, lf)vasaGFP/H/Lvasa-GFP,xit. H/ 1,1t, c(a11
individuals) (Results) In the F1 generation, a medaka having specific
properties of the two types of parental strains) STIII-YI-vasa-GFP and
STIII-YI-vasa-GFP (1f) was obtained. Genetic sex was discriminated by DNA
marker (Shl) ~s   14 May 2004 as the same way as in example 2 (1).
Transparency levels of the female and male were the same as those of STIII.
Hereinafter this strain was designated as "STIII-YII-vases-GFP" This medaka
has a high transparency level of the body wall, peritoneum and opercula,
and the gonadal tissues (germ cells) produce luminescence. Consequently,
the behavior of germ cells can be observed throughout the lifetime of the
individuals not only in the embryonic stage but also in the process of
growth after hatching to adulthood. Effects of the Invention According to
the present invention, a see-through medaka useful as a
researchresourceforhiology, medical sciences andfisherysciences, as an
experimental animal for testing toxic chemicals, as a teaching material for
science education in primary school) junior school and senior high school,
and as an aquarium fish, can be provided. Seqence Listing Free Text SEQ ID
N0.1 : Forward primer pH05.5-F. SEQ ID N0.2 : Reverse primer pH05.5-RV. SEQ
TD No.3 : Common sequence found in animals. The sequence is used herein as
a forward primer to amplify the short fragment of vases cDNA. SEQ ID No.4 :
Common sequence found in animals. The sequence is used herein as a reverse
primer to amplify the short fragment of vases cDNA. gene. SEQ ID N0.5 :
Primer T7 used to amplify the 3'region of vases gene. SEQ ID N0.6 : Primer
VI-B used to amplify the 3'region of vases SEQ ID N0.7 : Primer VP1M used
to amplify 5.1 kb genomic fragment 39   14 May 2004 comprising the promotor
region of vasa gene. SEQ ID N0.8 : Primer VP3 used to amplify 5.1 kb
genomic fragment comprising the promotor region of vasa gene. All
publications, patents and patent applications cited herein are incorporated
herein by reference in their entirety. 40   14 May 2004 CLAIMS 1. A
see-through medaka wherein said medaka is deficient in iridophores,
melanophores, xanthophores and leucophores. 2. The see-through medaka
according to claim 1 wherein said medaka is produced by means of repeated
selective mating between iridophore deficient mutant medaka strain gu,
albino mutant medaka strain i-3 and leucophore deficient mutant medaka
strain lf. 



3. A see-through medaka wherein said medaka is produced by means of further
selective mating between the see-through medaka according to claim 2 and
iridophore deficient mutant medaka strain il-1. 4. A see-through medaka
wherein said medaka is deficient in iridophores, melanophores and
xanthophores) and wherein the sex of said medaka can be identified by the
p, esence oz absence of leucophozes and/or a DNA marker. 5. The see-through
medaka according to claim 4 wherein said medaka is produced by means of
repeated selective mating between iridophore deficient mutant medaka strain
gu, albino mutant medaka strain i-3, leucophore deficient mutant medaka
strain if and medaka FLF strain which is deficient in leucophores in the
female. 6. A see-through medaka wherein said medaka is produced by means of
further selective mating between the see-through medaka according to claim
3 and the see-through medaka according to claim 5. 7. The see-through
medaka according to claim 1 wherein a specific crgan is allowed to produce
luminescence by introducing a hybrid gene being a fusion of a promoter of a
gene which expresses specifically in said organ, with a coding region of a
gene encoding a fluorescent protein. 41   14 May 2004 8. The see-through
medaka acccrding to claim 3 wherein a specific organ is allowed to produce
luminescence by introducing a hybrid gene being a fusion of a promoter of a
gene which expresses specifically in said organ, with a coding region of a
gene encoding a fluorescent protein. 9. The see-through medaka according to
claim 4 wherein a specific organ is allowed to produce luminescence by
introducing a hybrid gene being a fusion of a promoter of a gene which
expresses specifically in said organ, with a coding region of a gene
encoding a fluorescent protein. 10. The see-through medaka according to
claim 6 wherein a specific organ is allowed to produce luminescence by
introducing a hybrid gene being a fusion of a promoter of a gene which
expresses specifically in said organ, With a coding region of a gene
encoding a fluorescent protein. 21. The see-through medaka according to
claim 7 wherein said gene encoding the fluorescent protein is a gene
encoding a green fluorescent protein. 12. The see-through medaka according
to claim a wherein said gene encoding the fluorescent protein is a gene
encoding a green fluorescent protein. 13. The see-through medaka according
to claim 9 wherein said gene encoding the fluorescent protein is a gene
encoding a green fluorescent protein. 14. The see-through medaka according
to claim 10 wherein said gene encoding the fluorescent protein is a gene
encoding a green fluorescent protein. 15. The see-through medaka according
to claim 7 wherein said organ is a gonadal organ. 42   14 May 2004 16. The
see-through medaka according to claim 8 wherein said organ is a gonadal
organ. 1?. The see-through medaka according to claim 9 wherein said organ
is a gonadal organ. I&. The see-through medaka according to claim 10
wherein said organ is a gonadal organ. 19. The see-through medaka according
to claim 11 wherein said organ is a gonadal organ. 20. The see-through
medaka according to claim 12 wherein said ozgan is a gonadal organ. 21. The
see-through medaka according to claim 13 wherein said organ is a gonadal
organ. 22. The see-through medaka according to claim 14 wherein said organ
is a gonadal organ. ~i 3   14 May 2004 SEQUENCE LISTING <110Y Yuko,
Wakamatsu and Kenjiro, Ozato <120> See-Through Medaka <130> PH-1134 <140>
<141> <150> JP 2000/172375 <151> 2000-06-08 <160> 8 <170> PatentIn Ver. 2.0
G210> 1 <211> 25 <212> DNA 



<213> Oryzias latipes <220> <223> Other information: Forward primer
pH05.5-F. <400> 1    14 May 2004 cctgcaatgg gaaattattc tgctc 25 <zlo> z
<211> 28 <212> DNA <213> Oryzias latipes <22D> <223> other information:
Reverse primer pH05.5-RV. <4D0> 2 cttttgtgtc tttggttatg aaacgatg 28 <210> 3
<211> 19 <212> DNA <213> Unknown t220> <223> other information: Common
sequence found in animals. The sequence is used herein as a forward primer
to amplify the short fragment of vasa cDNA. <400> 3 atggcntgyg cncaracng
<210> 4 19 2/5   14 May 2004 <21z> is <212> DNA <213> Unknown <220> <223>
Other information: Common sequence found in animals. The sequence is used
herein as ~ reverse primer used to amplify the short fragment of versa
cDNA. <400> 4 raancccatr tcyaacat <210> 5 <211> 20 <212> DNA <2I3> Oryzias
latipes <22D> 18 <223> Other information: Primer T7 used to amplify the
3'region of versa gene. <400> 5 taatacgact cactataggg 20 <210> 6 C211> 23 



<212> DNA 3/5   14 May 2004 <213> Oryzias latipes <220> <223> Other
information: Primer VI-8 used to amplify the 3~region of vasa gene. <400> 6
aggaggtgcc gtcatggctg gag 23 <210> 7 <211> 30 <212> DNA <213> Oryzias
latipes <224> <223> Other information: Primer VP1M used to amplify 5.1 kb
genomic fragment comprising the promotor region of vasa gene. <4D0> 7
cctcccagtc gtccatatga atcgtctgat <210> B <211> 37 <2l2> DNA <213> Oryzias
latipes <220> 30 4/5   14 May 2004 <223> Other information: Primer VP3 used
to amplify 5.1 kb genomic fragment comprising the promotor region of vasa
gene. <400> 8 agaggatcca atagaatgag taatggttct ctatttc 37 5/5 /N@@/NR@/NR~
/Nmc$/NR@/NR$/Nm$ /N6@/Nm@/NG@/NR[/Nc$/N/N$/N~$/N$/N6$/N$ /NZ/Nm$/N@/N@
/NIG@/N@%/N[ /N@%/N$ /N~[%/NG[%/NG@ /N@ /NZ@\/N~$@/N$@/N@ /Nd@%/N~@
/N@@/N@@/N[%/Nc[ /NG@%/N,[@/N$/N@n/N~@/NIG@/N,[$+BKS(-9}|
/0Y[ytoje`[V]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caV]ca]caV]ca]ca]ca]caU]ca]ca]ca]ca!:;
(JKAgh}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!hnoqr|}CGS^!!"J"h"#[$&T&Y&e&&&&&&
ytoje`[V]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!&&&&&&&&&&&&&&&Q'''(V(R)))*,
,,,,r..../}xsnic^Y]c]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!/1333,4
5666$888_8`8b8c8m8n8r8s899<;A;M;
o<=">AxB}BBBB{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BBBBBBBCJEEH 
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