NEW FLUORESCENT GENETIC FRAGMENTS AND FISH Field of the Invention The invention
relates to novel nuclei acid fragments, novel transgenic medaka and novel transgenic zebrafish. The
invention also relates to a method of generating new ornamental fish from transgenic fluorescence
fish and the new ornamental fish generated therefrom. Description of the Prior Art Transgenic

technology has bec [ %}%ﬁ tﬁ %yggé'%e ellé ion.. There are many ways of
introducing aforeign%iggeé %W#m(é i § ﬁﬁl ject ﬁﬂ\g gﬁpﬁhﬁoﬁ%ﬁerm-medimed gene
transfer, gene rdment por gene gun, liposome-mediated gene transfer and the direct injection of
DNA into m%g*cg%g?ilé@%?&ﬁ%?'él., DNA Cell Biol. 1999. 18,85-95). Transgenic fish has also been

generated for entertainment. For example, transgenic fish expressing green fluorescence by
introduction of alG& hygen®fusdatewiih aofish mphdificidefisepromotasietofartifized eggkkhas been

generated using m akaé?Hama a K, etal.,.MoL Marine Biol, Biotech., 1998. 7, 173-180). Tanaka et
al produceda%%?é%‘isegenﬁrcls éltlfaﬁ%g\ﬁ ﬁ}brlggﬁ L‘fgllrﬁelggean%% fﬁp%fﬁﬁ/taearrrnn %te sg 6){7 %ﬁ%%fa%l%fé (Tanaka, et
al, The 22ndeAnnuahiMeetidgiofihe Maoleguar Biolegyetaciety ofd)dpancProgranenfibdisact, 1999. pp.

458). Trans enréilg1 tf(ia%ﬂhstue(iiries make use of genes that are driven by both heterologous and

homologous sources o?rregoﬁ?étory element, and originate from constitutive or tissue-specific
expression genes. Control elements include genes from antifreeze protein, mouse metallothionein,
chicken d-ciysstallin Cab‘%ﬁ&ﬁﬁ%@ﬁ%‘mon historic H3 and carp a-globin and so on. However, there

are |mportantedcrlél\§\’i 8CKS {0 the Use 0f these DNA elements in transgenic fish, including low

expression efficiency and the mosaic expression of transgene patterns. The microinjection into
medaka eggs Otﬁr%%%éﬁ%%é%ﬁ%ﬁ@gydﬂxg ft:) omee aryle%ggrtant tool for the study of gene
function. There are many ways of introducing a foreign gene into fish, including:
microinjection, electroporation, sperm-mediated gene transfer, gene bombardment or
gene gun, liposome-mediated gene transfer and the direct injection of DNA into

muscle tissue (Xu et al., DNA Cell Biol. 1999. 18,85-95).

Transgenic fish has also been generated for entertainment. For example,
transgenic fish expressing green fluorescence by introduction of a GFP gene fused
with a fish-specific gene promoter into fertilized eggs, has been generated using
medaka (Hamada, K. et al., Mol. Marine Biol. Biotech., 1998. 7, 173-180). Tanaka et
al produced a transgenic medaka with green fluorescence in only germ cells of
himedaka (Tanaka, et al, The 22nd Annual Meeting of the Molecular Biology Society
of Japan, Program, Abstract, 1999. pp: 458).

Transgenic fish studies make use of genes that are driven by both heterologous
and homologous sources of regulatory element, and originate from constitutive or
tissue-specific expression genes. Control elements include genes from antifrecze
protein, mouse metallothionein, chicken d-crystalline, carp f-actin, salmon histone H3
and carp a-globin and so on. However, there are important drawbacks to the use of
these DNA elements in transgenic fish, including low expression efficiency and the

mosaic expression of transgene patterns.

The microinjection into medaka eggs of lacZ reporter gene driven by the medaka

f-actin promoter results in the transient expression of the lacZ gene, even in the Fl



f3-actin promoter results in the transient expression of the 1acZ gene, even in the F1 generation,
though expression is low and highly mosaic. Hamada et al. reported a similar result in medaka
embryos derived from eggs microinjected with green fluorescence protein fused with the medaka
f3-actin promoter (Hamada et al., cited supra). Unfortunately, conventional transgenic technologies
can only produce fran é%‘ géfISh emitting mosaic ogweak fluorescence. The fluorescence of these

transgenic HERESING: SRSt 1 30 gty MSFB&OE@‘%‘EIH F§HH sEERRESS: & specific
wavelength sﬁumOrHaeitmnraﬁm{a&Eyaﬂ&y@mmc&ﬁlCfﬂitﬁs efgsenitiofeeant fighh Spreies were not
well receiviﬂ%tj)oy consumers an not ac ieve ercjal success. Chi-Yyan Chou et al. disclosed
2 DNA conaIRE TR P EEURSH oy 0 TGHOR P A YSPRSES (RIS P& effcont
expression efprapsgenic genes in medaka. A uniform transgene expression was achieved in the FO
and the following two generations (Chi-Yuan Chou et al., Transgenic Research 2001. 10: 303-315).
Although a transgenic green fluorescence medaka has been described, method and condition of

generating otherlﬁrﬁ‘nﬁgaﬂklﬁsimmv&éhthihﬁrtfhmmﬁet&kpr@@&geﬁkesdaupi‘b&ﬁc@tﬂafﬂ!sgéﬁﬁcent protein)
is different Q{; canrﬂot be easily dedgﬁlIg d from the %% r art because he dlfferent strategies of
it

genetic conSHUCTON " Gene aXpreLion, Jone Retitante ARt tnEsH e o iesratsgéhic
technique. Feishidbraddihg huea tlnﬁlabjhetﬂmtespmd memnmpwe;dtﬂshgkarmﬂe&tms;edm;ﬂte

exploitation of etic v, rlato USI nsgenic techniqu nerate ne ornamen ish that
exhibits diffe‘ﬁ%‘%ﬁ ué?les]%ent cq ors ?ensgn%yplc%a err{?g g}%gg tlgﬁegﬁﬁ VeSEse a%%%rently
expensive, kteorentemnsivet arwdl mmeleethhysnng:rime gehdly petaichipregemyiishii thecegsult of the
combination of the genotypes of the male and female gamete, which through fusion resulted in a
zygote, from which ultimately the progeny fish developed. The inventor has discovered that genetic

breeding betwedthirahegeimfiskwith fisitlof¢heasie. oraiffierent fhpdeid sawitioth .ends by
inverted terminal repeats (ITRs) to increase the efficient expression of transgenic
genes in medaka. A uniform fransgene expression was achieved in the FO and the
following two generations (Chi-Yuan Chou et al.,, Transgenic Research 2001. 10:
303-315). Although a transgenmic green fluorescence medaka has been described,
method and condition of generating other transgenic fish with other fluorescent
protein genes (such as red fluorescent protein) is different and cannot be easily
deduced from the prior art because of the different strategies of genetic construction,

gene expression, gene inheritance and uncertainties of the transgenic technique.

Fish breeding has the objective to produce improved fish varieties based on the
exploitation of genetic variation. Using transgenic technique to generate new
ornamental fish that exhibits different fluorescent colors or phenotypic patterns one

by one; however, it is apparently expensive, labor intensive and time exhausting,

The genotype of a progeny fish is the result of the combination of the. genotypes
of the male and female gamete, which through fusion resulted in a zygote, from which
ultimately the progeny fish developed. The inventor has discovered that genetic
breeding between transgenic fish with fish of the same or different species with
different phenotypes or behavior patterns, such as fish with different spot patterns,
stripe colors, or even susceptibility to the environmental changes, could provide a

much greater choices of omamental fish that could never been achieved before the



different phenotypes or behavior patterns, such as fish with different spot patterns, stripe colors, or
even susceptibility to the environmental changes, could provide a much greater choices of ornamental
fish that could never been achieved before the 2 arrival of transgenic fish and these fish can be
‘generated in a much faster and cheaper way than performing transgenic techniques each and every
time. Summarshal dfartnsgstienfcinanahjest afstheatn vertinariade wse rreamiiranh ONA:irghniques to
establish-a stable supply of fluorescence fish with desired transgenes. Another object of the invention
relates to a W&é%%gfgmﬁ?%%ﬁﬁﬁsﬁ {uS3 fASEOENE BiRfoter of medaka; (2) a

fluorescence gene and (3) inverted terminal repeats of adeno-associated virus; provided that the
fluorescence gene is not from the geng coding green fluorescent protein. Another object of the
invention relates to a nucleic acid fragrﬁgﬁ}"éﬁﬂ{&fﬁblﬂ‘)e‘éﬁ"é‘-actin gene promoter of zebrafish; (2) a
green fluorescence gene and (3) inverted terminal repeats of adeno-associated virus. Another object
of the invention rélatedjaaofuiteinvanitbfidag mantcemptisingy HNanacastip genea-promgier of golden

zebrafish; (ZQt%{eduﬂu?r%%%Funce ?ene %ngn é?:ﬁ}ﬁvertg}d terminal repeats of adeno-associated virus.
Another objE&t of theHnvantion rarates to th MR OFER g a novel medaka that carry the
fluorescent transgene and express fluorescent protein. Another object of the invention relates to the

method of generating a novel z?ﬂgg@g@eﬂ%at cat%%{ tbk:g? ;%tﬁgﬁigggﬁggsgeg%%%\%;%%s (ﬂll\Jlorescent

- noiner obije tto 1011 T
protein. Yet another objectof e present mven
ornamental fighacompnisipeosteps of (aydydne(ajindladrensgenigefisheoOtainingt@nemsimore fused

fluorescent gene; (b).breeding the transgenic fish with fish with different phenotype or pattern; and (c)
screening fogreﬁg%st?gr?gglé%"i A p(l}’glé%er{ill é/sn%s, Provi e\ﬁ ttlgag tﬂe uorescence genc 18 no??rom tﬁe

gene coding green fluorescent protein.
Another object of the invention relates to a nucleic acid fragment comprising (1)
an a-actin gene promoter of zebrafish; (2) a green fluorescence gene and (3) inverted

terminal repeats of adeno-associated virus.

Another object of the invention relates to a nucleic acid fragment comprising (1)
an a-actin gene promoter of golden zebrafish; (2) a red fluorescence gene and (3)

inverted terminal repeats of adeno-associated virus.

Another object of the invention relates to the method of generating a novel

medaka that carry the fluorescent transgene and express fluorescent protein.

Another object of the invention relates to the method of generating a novel

zebrafish that carry the fluorescent transgene and express fluorescent protein.

Yet another object of the present invention relates to the method of generating
new ornamental fish, comprising steps of (a) generating a transgenic fish containing
one or more fused fluorescent gene; (b) breeding the transgenic fish with fish with
different phenotype or pattern; and (c) screening for new transgenic progenies

showing different phenotype or pattern from their parents.



showing different phenotype or pattern from their parents. 3 Yet another object of the present invention
relates to the new transgenic fish generated from the method of the present invention. Brief
Description of the Drawing Figure | illustrates the plasmid construct (a) pB-EGFP; (b) pB-EGFP-ITR.
Figure 2 illustrates the construction of plasmid p8-DsRed2-1-ITR from pOBA- 109 and

pDsRed2-1-ITR. Figuiehélusiiate thap st carstiuch -RRsReERwithihe-inserirgd gene
fragment and restriction sites. Fi urg 4 shows the breeding between red TK-i with Oryzias curvinotus,
green TK-1&HAER %%’gncg’ﬁ/fﬁg%ﬁ% PedPF RISSERHB R Hanio sp, red TK-2 with Brachydanio frankei
, and red TK-2 with Brachydanio rerio. Figure 5 shows the picture of (a) red TK-1, (b) Oryzias
curvinotus and (c) red TK-I X Oryzias curvinotus. Figure 6 shows the picture of (a) green TK-I, (b)

Oryzias curvinotus and (c) green TErieKMt¢ripsicu vinawBriigiwe 7 shows the picture of (a) red
TK-2, (b) Brachydanio sp and (c) red TK-2 X Brachydanio sp. Figure 8 shows the picture of (a) red
TK-2, (b) Brachydanio frankei and (c) red TK-2 X Brachydaniofrankei. Figure 9 shows the picture of

(a) red TK-2, (b) Brachydaniq rerio and{ée%)%P rple Zebra Fish. 4 Detailed Description of the Invention
Gene fragment p Il-%lsrﬁé @lﬁﬁtﬁgﬁ%’ 8 64#51&@—589@tdg"gs(}(ﬁ?t’ré?}éa}éﬁ@ﬁ%ﬁ&cent fish in the
prior art, the
Figure 2 illustrates the construction of plasmid p#-DsRed2-1-ITR from pOBA-
109 and pDsRed2-1-ITR.

Figure 3 illustrates the plasmid construct, p-aDsRedITR, with the inserted gene

fragment and restriction sites.

Figure 4 shows the breeding between red TK-1 with Oryzias curvinotus, green
TK-1 with Oryzias curvinotus, red TK-2 with Brachydanio sp, red TK-2 with
Brachydanio frankei , and red TK-2 with Brachydanio rerio.

Figure 5 shows the picture of (a) red TK-1, (b) Oryzias curvinotus and {c) red
TK-1 X Oryzias curvinotus.

Figure 6 shows the picture of (a) green TK-1, (b} Oryzias curvinotus and (c)

green TK-1 X Oryzias curvinotus.

Figure 7 shows the picture of (a) red TK-2, (b) Brachydanio sp and (c) red TK-2
X Brachydanio sp.

Figure 8 shows the picture of (a) red TK-2, (b) Brachydanio frankei and (c) red
TK-2 X Brachydanio frankei.

Figure 9 shows the picture of (a) red TK-2, (b} Brachydanio rerio and (c) Purple
Zebra Fish.



present invention is of thorough and careful design with conceptual breakthrough. The present
invention provides a plasmid construct, pB-DsRed2-1-ITR, generated by introducing the f-actin gene
promoter of medaka into expression vector pDsRed2-1- ITR. The present invention provides a gene
fragment comprising (1) al-actin gene promoter of medaka; (2) a fluorescence gene and (3) inverted
terminal repeats (ITR) of adeno-gsso virys;, provided that the fluorescence gene is not from the
gene coding green fluorescent pﬁﬁ‘@l’ﬁ 3r SSSFARLE 'r{;) fjrﬁerﬁgﬁf‘b‘i’?ﬂe invention is pf3-DsRed2-1-ITR
Notl (8.7kb) kb) (8.7kb) Notl ITR ITR -actin promoter DsRed2 ~UC SV40 poly plc A The present
invention almﬂedvkgeﬁe&pjﬂsmmwmpﬂiﬁng the gene fragment of the invention. Method of

generating new ans enic Medaka The ent inventio also rovides a method of geperating new
transgenic MedaRa® %Ogi‘fp §§?8 ﬁ%ﬂi%??ﬁ%egéﬁ %15% ﬁg ?Qé[%zpf?fﬁﬂfs Rﬁlcroinjected

into the cytqptasnn iaf teitidiz édf s ofghadakapfidrdeihe it c@k&&p‘&;ﬁ bidagge®gds The screened to
find progen X reSS| fluorescence thrqughout their syste, uscle. Progeny with
St 2 Mheh Wsed i Rittire consimelo B %eﬂ e%‘ﬁl\?éﬁtt&fg %/ [

fluorescent ransgene are ure breeding. 5 od o ovides five
improveme nigeauenathbe hethodgentmenityavaflaldéaka into expressmn vector pDsRed2-1-

ITR.

The present invention provides a gene fragment comprising (1) a ff-actin gene
promoter of medaka; (2) a fluorescence gene and (3) inverted terminal repeats (ITR)
of adeno-associated virus; provided that the fluorescence gene is not from the gene

coding green fluorescent protein.

The preferred frapment of the invention is

pR-DsRed2-1-ITR
Notl (8.7kb) kb) (8.7kb) Notl

ITR ITR

B-actin promoter ?SRedZ-

£
LUC SV40 poly pLC
A

The present invention also provides a plasmid comprising the gene fragment of

the invention.

Method of generating new transgenic Medaka

The present invention also provides a method of generating new transgenic
Medaka. The appropriate amount of the said plasmid, pf-DsRed2-1-ITR, is
microinjected into the cytoplasm of fertilized eggs of medaka prior to the first
cleavage. These eggs are screened to find progeny expressing fluorescence throughout
their systemic skeletal muscle. Progeny with ﬂuorescent transgene are then used for

future breeding.



1. The nucleic acid fragment of the invention, such as pDsRed2-1-ITR, is made from commercially
available vector. 2. The nucleic acid fragment of the invention enables the medaka to emit
fluorescence throughout its systemic skeletal muscle. 3. The method of the invention, which comprises
microinjecting the transgene construct into fertilized eggs, ensures the transgenic medaka emits

fluorescence at . ifs systemic letal myscle at a higher ratio with better quality. 4. The heterologous
transgenic fish sﬁ%l{% Sgﬁé]éeg%ﬁ% rglrygé%% ol (fﬁ}eé]%ge?(’fveéelﬁlé)rrgt‘(gﬁl. %ugvﬁétﬁﬁé rb%%%fﬁ% could be
used to maintairettiy tramlsglmic population and reduce the breeding cost. 5. The fluorescence of the

wansgenic medaja, Wiyeh s AAed. Al U7 Susiemic leleial musdes ban fxeasi, sepn by naked
eyes. The fluorescence is further fhtensiied under Ight'sourc of Shorter Wa\’/esfeng ﬁ, providing a
higher entertaimerentevailly tovarioblmencaltfish. Given above, the present invention provides a method

o 2k arRge Rl Mo dAKR SRR 4 (D SpIeSl N SPRIoAIRRAT ol e above
plasmid of the present invention intoTertilized eggs 0 med%ka;? selecting the eggs wi
fluorescence; (8yprassiving thesghectcits eysstacreiatiete] fasciessing the mature fish with wild-type

fish; and (e);selggting r ' temic fluore .. IThe preferred fluorescent gene used in
the method of the %nve%%csfr? i(gl%ggé/ f?é%?@é%’n%%é% rglriﬁgggssel?rené%olpn(]é%ﬁ o ?J@’Rﬁfg?ﬁ he method
of producing tra¢wtymetringel dailifeh e gasentoresttie dppsgpriatercdakaumnitd Niatkdiveacized plasmid

construct injected Intg e, IEA%590R it SHTFPRLI INPHUES §aiRgene into germ cell of medaka.
t of '

The preferred amount o
4. The heterologous transgenic fish stably passes the ftransgene to the next

generation. Thus natural breeding could be used to maintain the transgenic
population and reduce the breedipg cost.

5. The fluorescence of the transgenic medaka, which is emitted at its systemic
skeletal muscle, can be easily seen by naked eyes. The fluorescence is further
intensified under light source of shorter wavelength, providing a higher

entertainment value to ornamentat fish.

Given above, the present invention provides a method of producing transgenic
medaka comprising:
(a) microinjecting the appropriate amount of the above plasmid of the present
mvention into fertilized eggs of medaka;
(b) selecting the eggs with fluorescence;
(c) hatching the selected eggs to mature;
(d) crossing the mature fish with wild-type fish; and

(e) selecting the progeny with systemic fluorescence.

The preferred fluorescent gene used in the method of the invention is red

fluorescent gene from pDsRed2-1 (Clontech, USA).

In the method of producing transgenic medaka of the invention, the appropriate
amount of Notl-linearized plasmid construct injected into the fertilized eggs is
sufficient to introduce transgene into germ cell of medaka. The preferred amount of

linearized plasmid construct injected into the fertilized eggs is 1-10 nl. The most



linearized plasmid construct injected into the fertilized eggs is 1-10 rid. The most 6 preferred amount
of linearized plasmid construct injected into the fertilized eggs is 2- 3 nl. Red fluorescence transgenic
fish The present invention also provides transgenic fish generated from the expression vector
pl3-DsRed2-1-ITR. More particularly the present invention provides the red fluorescence medaka

"red TK-1". Although the method of generating.fluorescent.Medaka expressing EGFP has been
disclosed in® &ﬁ@%ﬂ% ugﬂogt(i) g1 gg glﬁﬁs)%?fiif %%SIEW& B@%&%‘ﬁ)’f’&%gﬁ@cﬁe&"ﬁ‘gﬁﬁ??ﬁﬁﬁi reference to
generate otBetltransgenic Medaka expressing other fluorescent gene for reasons discussed below.
Regarding vector construction, the vector comprising EGFP coding sequence was constructed by
cleaving out B-actin promoter from pOBA-109 using restriction enzyme Sall and Ncol. The retrieved 4

kb DNA fradhedritwezeskgate driantigenic/fish fragment of pPEGFPITR vector digested with the same

enzymes. The vegtor of the, present invention, which comprises coding, sequence, has fewer
restriction sites %?rll% igf,@ﬁg?g dﬂﬁgﬁﬁot% coSrlostIIﬂJrgt‘{lé?Fstc,[ E%neg%e-%lgtir%%gorﬁ%l}gr%ﬁgs %BFI oufthFrom plasmid

pOBA-109 leyprsing coRbiapitt Ndbd THel bRe Marming iSuentistbé hesdigestedtifragroerds: were filled in
and the 4 k%}‘éagtgﬁnt%g\é%rl%ecolé %Leacl‘ g&aﬁ@ip,stReleR was digested with restriction enzyme Sall
and BamHI and the 5" terminals were 3ephosph’orylated. The 4.7 kb digested fragment was collected.
At the end, the B-actin promoter fragment was ligated to the 4.7 kb fragment. Regarding

microinjection of fﬁgilg dt%gqg ngdca illary needle used to rate green flu ent fish had the
diameter of 4-5 ﬁﬁn, gn the inn%r wall 0 g}’/ér{{é}g% ﬁ!ausorgl Fggﬁ%%%&%?gpﬁ SS%I%’A&F O%agslml) was
injected undeen @NosmEigmifidatBnai hbosehalakrzd sopeggs afterthe aapbtideduwad 860-90%. The
capillary neﬁ‘f’éeséiae%f@ence to generate other transgenic Medaka expressing other fluorescent

_..gene for reasons discussed below.

Regarding vector construction, the vector comprising EGFP coding sequence
was constructed by cleaving out B-actin promoter from pOBA-109 using restriction
enzyme Sall and Ncol. The retrieved 4 kb DNA. fragment was ligated to the 4.7 kb
fragment of pEGFPITR vector digested with the same enzymes. The vector of the
present invention, which comprises RFP coding sequence, has fewer restriction sites
and is more difficult to construct. First, the B-actin promoter was cut out from plasmid
pOBA-109 by using FcoRI and Neol. The overhanging 5 ends of the digested
fragments were filled in and the 4 kb fragments were collected. Plasmid pDsRedITR
was digested with restriction enzyme Sa/l and BamHI and the 5° terminals were
dephosphorylated. The 4.7 kb digested fragment was collected. At the end, the B-actin
promoter fragment was ligated to the 4.7 kb fragment.

Regarding microinjection of fertilized eggs, the capillary needle used to generate
green fluorescent fish had the diameter of 4-5 pm, and the inner wall of syringe was
siliconized. 20-30 pl of DNA (10 ng/ml) was 1njected under 100 X magnification. The
survival rate of eggs after the injection was 85%-90%. The capillary needle used in
the present invention has the diameter of 1.6-2.5 pm, the smallest diameter that DNA
solution does not stuck the needle, and the inner wall of the syringe was not
siliconized. 20-30 pl of DNA solution was injected. The survival rate after the

injection was 90-95%, 5% higher than the survival rate of green fluorescent fish.



the present invention has the diameter of 1.6-2.5 pm, the smallest diameter that DNA solution does
not stuck the needle, and the inner wall of the syringe was not siliconized. 20-30 pl of DNA solution
was injected. The survival rate after the injection was 90-95%, 5% higher than the survival rate of
green fluorescent fish. 7 Because RFP expresses more stably than GFP, the GFP in transgenic
medaka looks yellow and oran een ress |n tra sgenic meg a does not
show color devé‘%ﬁ? #g%%sgﬁg’? grlg F\tgv @Ifeg geﬂcéﬂ‘? %ﬂs survived
were heterokygoteslidhezdithcalty @hhseqdieg. @&fﬂ@?wq&eb%@@ah&:mﬁamdd&ﬁc@m&@ fluorescent

medaka is shov%n Talbledl beltow table 1. gge c P\rlson of breg (g K 1 an ed TK-1.
Green TK- ﬁge 5 er%rf}plg 1esrgcz’f’/sé omihan a@ro‘%’% omin gl‘%’?ﬁ% ooQus -

homozygo usnisyhasge-sed|e/8rdedstankzsize (nun) 30 30 30 28 breeding condition Numbers of male
fish 90 90 90 90 Numbers of female fish 90 90 90 90 Total eggs/breeding 500 500 500 60 session
nom. _ . Defected egg numbers/ 95 100 85 42 breedin session IN - Hatched progeny

The difficulty of breeding red fluorescent Medaka compared to green fluorescent

medaka is shown in Table 1 below.

- Table 1. The comparison of breeding green TK-1 and red TK-1.

Green TK-1 Red TK-1
Genotype Heterozyg Dominant Heterozyg Dominant
homozygo homozygo
ous cous S
us us
Large-scale | Broodstock size (mm) 30 30 30 28
breeding : -
condition | umbers of male fish 90 90 90 90
Numbers of female fish 90 90 90 90
Total eggs/breeding 500 500 500 60
session
Defected egg umbers/
_breeding session 95 100 85 42

Hatched pro geny
numbers/ breeding 385 380 390 16
session

Progeny numbers after
a month/ breeding
sessmn

Non-fluorescent Japan
Medaka/ breeding
session




numbers/ breeding 385 380 390 16 session u Progeny numbers after a month! breeding 285 280 315
6 session Non-fluorescent Japan Medaka/breeding 63 2 65 0 session 8 Numbers of Heterozygosity/
143 10 225 0 breedin session Numbers of Homozygosity/ 79 268 25 6 - Numbers Tot36 36 2bod590
580 260 Optimum Eggs weight/total egg 45 41 42 7.8 breeding numbers condition MEN Three- Total

length (mm
fish Ma W™

0190 Maximum adult

28 30 29 22-month-old-progeny-fish-body-weight (mg) 280-320.29
VIS Table | comﬁﬁ’é‘g‘ e Bféedln; condition|of green TK-1 gdisclos ed in Chi-Yuan
eterozygosity/ 143 10 25 6
breeding session
Numbers of
Homozygosity/ 79 268 25 6

Total length/ fish (mm) 36 36 36 28
body weight/fish (mg) 600 590 580 260
Optimum | Foos weight/total cg
breeding | o nm%g)em Bl 45 41 42 7.8
condition : = =
: 1
Three- Total length (mun) 28 30 29 22
month old
progeny fish| body weight (mg) 280 320 290 190
Maximum
adult fish

Table 1 compares the breeding condition of green TK-1 (disclosed in Chi-Yuan
Chou et al,, cited supra) and red TK-2 of the present invention. As shown in Table 1,
the total eggs, the average egg numbers per fish, percentage of defected eggs,
percentage of hatched progenies, survival rate of progenies, number of fish grown to
30 mm, €gg numbers per fish, average egg weight, total length of adult fish and
average body weight of adult fish of the red TK-1 are significantly lower than that of
‘green TK-1. These data indicated that breeding red TK-1 is significantly more
difficult than breeding green TK-1 and thus the method are not identical to the method

disclosed in Chi-Yuan Chou et al, cited supra.

Gene fragment p-aDsRedITR
The present invention provides a plasmid construct, p-aDsRedITR, generated by
introducing the g-actin gene promoter of golden zebrafish into expression vector

pDsRed2-1-ITR.



Chou et al., cited supra) and red TK-2 of the present invention. As shown in Table 1, the total eggs,
the average egg numbers per fish, percentage of defected eggs, percentage of hatched progenies,
survival rate of progenies, number of fish grown to 30 mm, egg numbers per fish, average egg weight,
total length of adult fish and average body weight of adult fish of the red TK-I are significantly lower
than that of green TK-1. These data indicated that breeding red TK-1 is significantly more difficult -
than breeding greh FFRESTEHY SRECHE MEIRHA B8 Pﬂ’é?ﬁfcﬁ?m%é%&daﬂg%%ﬂein Chi-Yuan
Chou et al, gitad Gupsd zEeagsiragne fuprafsedidik 1he EiEsesiidvetigmPrWILI A RIASMId
construct, p-aDsRedITR, .generated by introducing the a-actin gene promoter of golden zebrafish into
expression 9%8%?06?5@%%?81@%. 9 The present invention provides a gene fragment comprising (1)
a a-actin gene promoter of zebrafish; (2) a fluorescence gene and (3) inverted terminal repeats (ITR)
of adeno-associgted virus. Therprese t invenglon alio r.%vides aglasnﬁ%ﬁg&és ruct, p-aEGFPITR,
generated by in %Bﬁﬁﬁﬂlﬁﬁﬁvg-ggﬁﬁ%&?éoﬁ? RAE BHYOIER IR gt BBt Jector
pDsRed2-1H§ Rigoduswignhing-teiE Gk gensowiths thelsRecbgaih ofthexmetoiopsiked2-1-1TR.
R T R KR S5 P S R DR Qe NPl TR avacti
- pDsRed2-1-1TR.

Accordingly, the preferred fragment of the invention is

. p-aDsRedITR {8.0kb)

Notl Notl
ITR ITR
a-actin promoter | PsRed
LUC $V40 poly pUC
: A

p-aEGFPITR {8.1kb)

Notl Notl
ITR IR
a-actin promoter |EGFP

L BsRe
uc SV40 poly pUC
A

The present invention also provides a plziémid comprising the gene fragment of

the invention.

The red fluorescent gene of the present invention can be purchased from BD
Bioscience Clontech. In the embodiment of the invention, pDsRed2-1 is used as the
source of the red fluorescent gene. pDsRed2-1 encodes DsRed2, a DsRed variant
engineered for faster maturation and lower non-specific aggregation. In mammalian
cell cultures when DsRed2? is expressed constitutively, red-emitting cells can be

detected by fluorescence microscopy within 24 hours of transfection.
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p-aEGFPITR (8.1kb) Noll Not[ ITR ITR I a-actin promoter EGFP hue SV4 ppoly p C A The present
invention also provides a plasmid comprising the gene fragment of the invention. The red fluorescent
gene of the present invention can be purchased from BD Bioscience Clontech. In the embodiment of
the invention, pDsRed2-1 is used as the source of the red fluorescent gene. pDsRed2-1 encodes
DsRed2, a 'Rfﬁd variant engineered for faster maturation and lower non-specific aggregation. In
mammalian" cé %ﬁ@&i%%‘ﬁfﬁé%’%’%ﬁ‘é&?f%%&é%&d’ stitutively, red-emitting cells can be detected
by fluorescence Tiicrassapyinvichitv2 410 yis okikaasteshion o T pideibhg afgenenatingmaws transgenic

zebrafish Tfé% r%s%?twinvention also provides a method of producing transgenic zebrafish comprising:
(a) microinjec |npg ﬁ1egappropriate amount of the above plasmid of the present invention into fertilized

- eggs of zebrafisks)(n)islagtictinthehe ggprvjthfie arasaenoé;tHeabatehjngsiiid o¢lesiest€ggs to mature;
(d) crossing the mature fish with wild-type fish; an (?31 electing the progeny with systemic
fluorescence. The plpevf%?bgg { &8%%%%&58 SL“‘J)sédb’r(ia S}(S%’method of the invention is red fluorescent
gene from pDsR&2dlcthiegphefepmsdrddbfhfisbsizselden Zebra Danio (hereinafter called as golden

(c) hatching the selected eggs to mature;
(d) crossing the mature fish with wild-type fish; and

(e) selecting the progeny with systemic fluorescence.

The preferred fluorescent gene used in the method of the invention is red

fluorescent gene from pDsRed2-1.

The preferred zebrafish is Golden Zebra Danio (hereinafter called as golden
zebrafish).

In the method of producing transgenic golden zcbrafish of the invention, the
appropriate amount of Notl-linearized plasmid construct injected into the fertilized
eggs is sufficient to introduce transgene into germ cell of golden zebrafish. The
preferred amount of linearized plasmid construct injected into the fertilized eggs is 1-
10 nl. 'The most preferred amount of linearized plasmid construct injected into the

fertilized eggs is 2-3 nl.

Red fluorescence transgenic fish
The present invention also provides transgenic fish generated from the
expression vector, p-aDsRedITR. More particularly the present invention provides the

red fluorescence golden zebrafish “red TK-27.

Green fluorescence transgenic fish
The present invention also provides transgenic fish generated from the
expression vector, p-aEGFPITR. More particularly the present invention provides the

green fluorescence golden zebrafish “green TK-27.
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zebrafish). In the method of producing transgenic golden zebrafish of the invention, the appropriate
amount of Nod-linearized plasmid construct injected into the fertilized eggs is sufficient to introduce
transgene into germ cell of golden zebrafish. The preferred amount of linearized plasmid construct
injected into the fertilized eggs is 1- 10 nl. The most preferred amount of linearized plasmid construct
injected into the f rtilézed %gbgs is 2-3 nl. Red fluorescence transgenic fish The present invention also

provides tralegBRf HspenerimeEtenoHmEeB@H8kion vector, p-aDsRedITR. More particularly the
present inventiomipqieiesither ditthfl uorpscedet wolde meshsafith ‘datkhling afo (eaandtigrescence

transgenic fish The present invention also provides transgenic fish generated from the expression
vector, p-aE%%’F‘ﬁr&W%Sﬁ%ig %hﬁﬁ%f%}%%é‘ﬂﬁﬁ%ﬁﬁﬁ%gg}&?f&&@%"a?e%frfffRfB &€nce golden
zebrafish "gfeencIdc:2 gehdylathbetafige der atingoaeiy fishartarfish fishihEatasphtinvaniien is provided

with a method for generating an ornamental, fish, comprising steps of (a) generating a transgenic fish
Containing GG nEHe b TBPALE BB AT e RGN EREH AN Aot ciferen

€ or more
phenotype ar patienframdi(@) paresning the new transgenic progenies showing different phenotype or
pattern from their parents. As used herein, ornamental fish refers to transgenic fish, or progeny of a
fish, into which an exogenous construct has been introduced. A fish into which a construct has been
introduced includesfist thatinavendevealap &dlfrorfesnmbiyanigendt Sivkoomhicicthe cfomsisiict has been

introduced. A§ used.herein, an exogen us.con truct.isia nucéei& ?.ng.t ati afltificiall introduced, or
. . I‘ln 0 \{v 1ch fln.ei(t%%:nous onstruct has been introduced. 18h 1n{o which a construct
was originally artificially introduced,

has been introduced includes fish that have developed from embryonic cells into
which the construct has been introduced. As used herein, an exogenous construct is a
nucleic acid that is artificially intreduced, or was originally artificially introduced,
into a fish. The term artificial introduction is intended to exclude introduction of a
construct through normal reproduction or genetic crosses. That is, the original
infroduction of a gene or trait into a line or strain of animal by cross breeding is
intended to be exciuded. However, fish produced by transfer, through normal
breeding, of an exogenous construct (that is, a construct that was originally artificially
mntroduced) from a fish containing the construct are considered to contain an
exogenous construct. Such fish are progeny of fish into which the exogencus
construct has been introduced. As used herein, progeny of a fish are any fish which
are descended from the fish by sexual reproduction or cloning, and from which
genetic material has been inherited. In this context, cloning refers to production of a
genetically-identical fish from DNA, a cell, or cells of the fish. The fish from which
another fish is descended is referred to as a progenitor fish. As used herein,
development of a fish from a cell or cells (embryonic cells, for example), or
development of a cell or cells into a fish, refers to the developmental process by
which fertilized egg cells or embryonic ceﬂs.(and their progeny) grow, divide, and

-differentiate to form an adult fish.

The examples illustrate the manner in which new transgenic fish exhibiting
different phenotype or patterns from its progenitor fish can be made and used. The
transgenic fish described in the examples are particularly useful to increase the

commercial value of ornamental fish.

12



into a fish. The term artificial introduction is intended to exclude introduction of a construct through
nonnal reproduction or genetic crosses. That is, the original introduction of a gene or trait into a line or
strain of animal by cross breeding is intended to be excluded. However, fish produced by transfer,
through normal breeding, of an exogenous construct (that is, a construct that was originally artificially
introduced) Ill:om a f'Shﬁtg”t mqg the construct are considered to contain an exogenous construct.
Such fish are pro ny of 1ish into which the exogenous construct has been introduced. As used
herein, progeny Ftafigénarecasyish avéidic gﬂ&d&smﬁﬁdifmm tikeifishduyabxnal egraguction or

~ cloning, and from Whl(‘ir eneltéclsatsria]?has |nher ldm thls%ﬁetexé %glel%%gfrorsto

‘production e g genetlc fdehacar fish 6 a &e or ce f which
another fishisoescefceddsvader el totbfsaalmsgemtmc trﬁla tAssgsed teraincidevelapmedht of a fish

from a cell or{:glll Fg%@%‘%g%{:v%ﬁ%ﬁoéﬁﬁm Ieg or drgﬁgqu%l:%er}t of a cell or ¢ ells IﬂtOﬁlflSh refers to

the developmenta process egg cel sore ryonlc%eIst AN elr progeny) grow,
divide, and uiifferepticfety fornlemmeadultdisincthdexasapie shid ubtdtedhéermagmac Iﬁsh/hnob new

transgenic ifferen alterns from.its pro enltor fish ade and
used. The tﬁ%@é&#@a ?gﬁh%g;%gnﬁ&%ql%ﬂhﬁiam es are particu arﬁ?use ?n%gr? ‘?[18
commercial tvalugcghonsarsenidinfshn lézﬁfmﬁsgem@msﬁfhcttfmm&n ecnrstmmmﬁlaaésthe genetic

material tha t trapsgenic fish. const uct are arf f|C|aIIy
introduced |h}§fg}g{1€&i§ lef%r?rt{lté%po% 58 %%%lr% érﬁ% ESSI?ﬂésft%q tre of &r aﬁ%%%%éh construct,
renders sucmlaswefﬁsgénéfmmmmtavf exdgbnadus eadstractinilteoyginentsant gerensgastruct can be

made up of AN AHGCIE REIGSRIURN RO LHERINY R SF e L FRIRIGY AR Beter 1o
- components being so connected as to allow them to function together for their

intended purpose.

Fish

The disclosed constructs and methods can be used with any type of fish. As used
herein, fish refers to any member of the classes collectively referred to as pisces. It is
preferred that fish belonging to species and varieties of fish of commercial or
scientific interest be used. These fish include Cichlidae (such as Pseudotropheus,
Cichlasoma, Apistogramma, Pterophyllum or Symohysodon), Fighting fish (such as
Betta or Macropodus), Catfish (such as Corydoras, Ancistrus or Pterygoplichthys),
Characidae (such as Tetras or Carnegiella), Cyprinidae (such as Cyprinus,
Brachydanio(zebrafish) , Danio or Carassiusy and Killifish (such as Medaka,

Rivulines or Livebearing Toothcarps).

The preferred fish for use with the disclosed constructs and methods is medaka
and zebrafish (Brachydanio or Danic). Medaka and zebrafish have significant
advantages to use for omamental fish that they are largely transparent (Kimmel,
Trends Genet 5:283-8 (1989)). General zebrafish care and maintenance is described

- by Streisinger, Natl. Cancer Inst. Monogr. 65:53-58 (1984). The term “medaka“ in
the invention is not limited but to that from Adrianichthyidae (Ricefishes) such as
Oryzias javanicus, Oryzias latipes, Oryzias nigrimas, Oryzias Iuzonensis, Oryzias
profundicola, Oryzias matanensis, Oryzias mekongensis, Oryzias minutillus, Oryzias

melastigma, O.curvinotus, O. celebensis, Xenopecillus oophorus, and Xenopecillus
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preferred that the transgene constructs combine expression sequences operably linked to a sequence
encoding an expression product. The transgenic construct will also preferably include other
components that aid expression, stability or integration of the construct into the genome of a fish. As
used herein, components of a transgene construct referred to as being operably linked or operatively
linked refer to components being so, conpected as 1o allﬁ%them to fﬁ}gction together for their intended

purpose. FidA FHEUi¥8os8l &6 fae LPRO 4TS Bat IS HRL IR By R ﬁ'é?‘g A% used
herein, fish refesmtojarmnieanbryghihklrssesralle clivelyrsfenadita da-piwanss, tdsyptgferred that

fish belongingt species and varieties ofjisgof commercial or_sgientific interest be used. These fish
include CieHIAE G- L el IS s CCTAT SRR B AR BBty ORI
- Symohysodesajastighiin g fisr-(suchsa0 BeilebonssdacDpodusy; patfisredsuchisisaGeryrloras; Ancistrus or

- Pterygopliehthys), Characidae (such as Tetras or Carnegiella), Cyprinidae (such as Cyprinus,
i

Brachydanio(z€brafish) , Dania or Carassiusj and Killifish (such as Medaka, Rivulines or Livebearing

Toothearps). The preferred fish for use with the disclosed constructs and methods is medaka and
zebrafish (Brachiganicl),e%rg)e%lnig)fa e %Ié% ailgd 4 brt%f's gavet ignifi(g:l?nt adv.atntagezt use for
ornamental fish that tﬁey are argeﬁ/ ¥ransparen T immel, rends Genet %95@’13)-’@%13 9)). General
zebrafish carerastdmmajtensgoéigdescribe chddytBtieisingerg Makinoanc el I nsindAdnlgr . /85:53-58
(1984). The jerm medake’ i, e invention s ot imited byt o thal rom Adrjanichiiyidag (Ricefishes)
such as Orygla% Jaiva’nlgugfjgryzms%‘ﬁpes, OrYzms‘?ﬂgri’mas, éyrymas fuzoheriS|s, 8y2|a's
profundicola{e@ryiziadm dtengpngise, OB zidsmhekobggnsisrDrizias menutilbusiDryziaws mélastigma,

: O'Curvmow%&ﬁﬁ&%}?ﬁﬁ%}%&(ﬁﬁ? P 9!:'33%%59& %‘%%?03?99 )r?(e?zg%g‘gg;:%?s,]l% malabaricus, D.

naganensis, D. neilgherriensis, D. nigrofasciatus, D. pathirana, D. regina, ). rerio,

D. roseus, D. salmonata, D. shanensis and D, spinosus. The most preferred is golden

zebrafish.

Medaka and zebrafish embryos are easily accessible and nearly transparent.
Given these characteristics, a transgenic medaka or zebrafish egg or embryo, carrying
a construct encoding a reporter protein and systemic expression sequences, can
provide a rapid real time in vive identification of successful transgenics. Other fish

with some or all of the same desirable characteristics are also preferred.

Fluorescent Gene
in the method of the invention, the fluorescent gene is selected from the-group —

consisting of green fluorescent protein {(GFP), modified green fluorescent protein,
enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP), enhanced
red fluorescent protein (ERFP), blue fluorescent protein (BFP), enhanced blue
fluorescent protein (EBFP), yellow fluorescent protein (YFP), enhanced yellow
fluorescent protein (EYFP), cyan fluorescent protein (CFP), and enhanced cyan
fluorescent protein {(ECFP). The preferred fluorescent gene is selected from the group
consisting of green fluorescent protein (GFP), modified green fluorescent protein,
enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP) and
enhanced red fluorescent protein (ERFP).
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saracinorum. The preferred medaka is not limited but to that from Oryziinae such as Oryzias
javanicus, Oryzias latipes, Oryzias nigrimas, Oryzias luzonensis, Oryzias profundicola, Oryzias
matanensis, Oryzias mekongensis, Oryzias minutillus, Oryzias melastigma, O.curvinotus, O.
celebensis. The most preferred medaka is Oryzias latipes. The preferred Brachydanio is selected
from the gro%gn%?%lstm%% Q,r acrq torﬁnl;gh%é%%%@nnatus, D. malabaricus, D. albolineatus, D.

annandalei, D. apog%ln? ap0|8 ﬁ%, By ase ensis, D. choprae, D. chrysotaeniatus, D. dangila, D.

devario, D. fangfBrgdscsddaimkei g éraskrnrOpwiblved By intesduptug, DraksgdniemensitidD. kyathit, D.
laoensis, D..lepton, D. taengensis, D. malabaricys, D. .naganensis, . neilgherriensis, D.
nigrofasCiatlljlg,QII?.ég%t w%i%ﬁDP%%%%ﬁB.er%rﬁgoﬁg r%i%ﬂsa,r%.%%aa{r:%ﬁa?%%ls égnsén IS %erﬁd D.
spinosus. Thabngst Brbferratdstgolsismez ebnstiistt. Metdiaiard zatratistbeyrohy ashise tasily
accessible and NERIVARNSRAENLBYANNESE FRAIARISHRNCS. f Iirasgenic medaka or zebrafish egg
or embryo, carrying a construct encoging a reﬁorter protein and systemic expressn%n sequences, can
provide a rabiti.rdahticheciivwivelidemtifioationmtd saobepsiit tresibgaricSsiDtherdfishbywignesome or all of
the same deglrahie: haracieliatis s alnR RLERTTRd ElArasesnLGens ndhe medhod gltne
invention, the fluorescent gene Is’selected from the-group consnsl?’ng of gregn Huorescent protein
(GFP), modifieehtfisbnrfimost Ssbrippeatein, enhanced green fluorescent protein (EGFP), red
fluorescent protein (RFP), enhanced red fluorescent protein (ERFP), blue fluorescent protein (BFP),
enhanced blue fluorescent protein (EBFP), yellow fluorescent protein (YFP), enhanced yellow
fluorescent protdihq B¥FiPjedyransiavesersitystotedn (€RRrodncedrintincadyyanc fisbresdent protein

(ECFP). The ielaed fafeseentigr0eag R fIodleaia i saBirsin g PLesgeR, yorescent

protein (GFP), modified green fluoréscent protein,
genetic material have been demonsteated in fish and other animals. These include

microinjection, electroporation, particle gun bombardment, and the use of liposomes.
The preferred method for introduction of transgene constructs into fish embryonic

cells is by microinjection.

Embryos or embryonic cells can generally be obtained by collecting eggs
immediately after they are laid. Depending on the type of fish, it is generally preferred
that the eggs be fertilized prior to or at the time of collection. This is preferably
accomplished by placing a male and female fish together in a tank that allows egg
collection under conditions that stimulate mating. After collecting eggs, it is preferred
that the embryo be exposed for introduction of genetic material by removing the
chorion: This can be done manually or, preferably, by using a protease such as
pronase. A fertilized egg cell prior to the first cell division is considered a one cell

‘embryo, and the fertilized egg cell is thus considered an embryonic cell.

After introduction of the transgene construct the embryo is allowed to develop
into a fish. This generally need involve no more than incubating the embryos under
the same conditions used for incubation of eggs. However, the embryonic cells can
also be incubated briefly in an isotonic buffer. If appropriate, expression of an

introduced transgene construct can be observed during development of the embryo.

Fish harboring a transgene can be identified by any suitable means. For example,

the genome of potential transgenic fish can be probed for the presence of construct
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enhanced green fluorescent protein (EGFP), red fluorescent protein (RFP) and enhanced red
fluorescent protein (ERFP). 14 Generation of the Progenitor Transgenic Fish The disclosed transgenic
fish are produced by introducing a transgene construct into cells of a fish, preferably embryonic cells,
and most preferably in a single cell embryo. Where the transgene construct is introduced into
embryonic cells, the transgenic fish is obtained by allowing the eré]\t;[réonic cell or cells to develop into

a fish. IntrotfAAFORCS EBALERIERS s eshisriishieCeliormanssing LsdEusaent HismIBiRisnt of the fish,

are simplifiegklay thepfashishapempryomasy elapyedisidecefithethaasy fishdicmestfighspsgcies. The
disclosed transgene constructs, can be introduced intg embryonic fish cells using any suitable
technique. m%%m&ﬁ%ﬂiﬂgmﬁm‘aaetm%%w&h&a%baéﬁahe%%féﬂgngﬁa\'feﬁﬁsen
demonstrat@qdbifighy Bpstaifigr anictads thhosaio el eomiceniniecioRealeslapa@tipnimnsiticle gun
‘bombardment, and the usg of liposomes. The preferreﬁd g‘i’i%]c’d for introduction of fransgene
constructs iftB RS RGBSR P RTEHS IS RISHEY ,%%Dﬁﬁpgﬁtﬂﬁftj NiSesthernfgenerally be

obtained byoftaetinglegas. insogstiefatyditeddheyarednig Jappeadirg:pilthedyns ebigh, itis
generally preferred that the e sgbe ferfilized .grior ta or at the time of cqllection. This is preferably
accomplish&d B ?ﬂﬁgﬂﬁlﬁ%‘ﬁfﬁ‘g‘: Ha'f é‘f&ﬁ@ﬂ%‘@@fﬁ‘@ﬂ%@& Wt aliBREBeYS 6 4ion under
conditions thail sibrufale thatng lAfieseolleding 8eas iitdsranefere chdhatifecaniryerbalexposed for

introduction gf genetic. material hy removing the chorion. This can be done manually or, preferably, by
using a prot%(%‘c’s%vggc‘ﬁlglnse)ﬁso{ﬁhgs%reg?éﬁﬂ% d%éﬁ Ejéffflfﬁ]lg?‘to the first cell division is considered a

one cell embryo, and the fertilized egg cell is thus considered an embryonic cell. After introduction of
nstr he embryo is all I
the transgene CONSICHNS. ST RS llogy to develo
.- —— The invention relates to a process for the production of haploid cells and to the

production of the new transgenic fish from these cells.

According to the invention haploid cells are preferably derived from a meiotic
process. The process of meiosis forms the pivotal event in the life cycle of living
organisms at which genetic variation is created. Moreover it marks the fransition
between the diploid and the haploid. The specialized cell in the female reproductive
organ that enters meiosis, which is called oocyte cell, is embedded in the
differentiated ovule inside the ovary. The oocytes go through meiosis and generate

haploid eggs.

Within the male reproductive tissues, a similaf process leads to the formation of

haploid sperms.

Although there are significant differences in the cellular processes leading to the
formation of female and male gametes, the cytological events that occur during
female and male meiosis are very similar suggesting the involvement of common

gene products.

The end product of meiosis is a set of four genetically distinct haploid célls, .
which can undergo mitosis to develop into gametes. The gamete, which upon fusion-
leads to the formation of a zygote, develops into an embryo that can grow out the next

generation.
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into a fish. This generally need involve no more than incubating the embryos under the same
conditions used for incubation of eggs. However, the embryonic cells can also be incubated briefly in
an isotonic buffer. If appropriate, expression of an introduced transgene construct can be observed
during development of the embryo. Fish harboring a transgene can be identified by any suitable
means. For example, the genome of potential transgenic fish can be probed for the presence of
construct 15 sedliSREEs orgapemtiythansye Mg disiny Brpesshioh &harigeng, e presence
of an expressigpREeAHEb AN ARSARE: %@g@ﬁﬂbwﬁmmﬁfﬁ&&%@ Hnegnlpeatimtigsknown and
used for transgenic animals and most can be applied to transgenijc fish. Probing_ of potential or actual
transgenic fiSFFBRFARYBRE %%%ﬂ%%é%ﬁ%%%%%ﬁ%%ﬁ%ﬁ&%ﬂg 8f slosHRANE SRS truct is
prefferably a&ﬁé@fﬁ,ﬂk&ﬂ@' %@fi(e&%ﬂ@ﬁ@ﬁbz@% myhﬁmsp&eéﬁnm\;éi@%pfﬁf@ma%j%tﬁglafe@éi@&,ugm%
polymerase chain reactjon (PCR) or other sequence-specific nucleic acid amplification techniques.
Transgenic SR R b HShe St AL e B R Pt e?fz;%vab'earry can be
directly obsgtuedypithdefesans aundaasehgtintbe-axamplesGhogreiatthanRdiiansgenic fish
The inventiop rejates to a Proc ss for the productign of haploid cells and to the production of the new
transgenic 1ER BRSNS & B RS TRIRL o TR RSeFIEUH RABTERP BRI prediabioMBrived from a
meiotic probess trhhgppraadsscly, peipsisitarasdheipivesalevent in the life cycle of living organisms at
which genetic variation is created. Moreover it marks the transition between the diploid and the
haploid. The specialized cell in the female reproductive organ that enters meiosis, which is called
oocyte cell, is ermheddedrin dhehdiffeicstiaiectal enngidestbaovanyistihg 00gyias gatdaiough meiosis

and generate haploid. eggs. Within the male reproductive tissues, a similar process leads to the
formation of F1P€ batterns ald swimming patierns.

Haploid gametes carrying the transgene from the progenitor fish were fertilized
with haploid gametes from the other progenitor fish with different phenotypes of
patterns. The fertilization can be done using any suitable breeding techniques
available. Specie-specific breeding condition may be required. Example of generating
new transgenic medaka and zebrafish is illustrated in the figures. For example, the
preferred transgenic fish is TK1 red x O.curvinotus, TK1 green x O.curvinotus, TK2
red x Brachydanio frankei, TK2 red x Branchydanio sp, TK2 green x Brachydanio
frankei, TK2 green x Branchydanio sp or Purple Zebra Fish.

The transgenic fish and the fish with different phenotype or pattern may be of the
same or different family, genus or species. In the preferred embodiment; the

transgenic fish and the fish with different phenotype or pattern are genus or species.

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.

Examples

The examples below are non-limiting and are merely representative of various

~aspects and features of the present invention.
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haploid sperms. Although there are significant differences in the cellular processes leading to the
formation of female and male gametes, the cytological events that occur during female and male
meiosis are very similar suggesting the involvement of common gene products. The end product of
meiosis is a set of four genetically distinct haploid cells, which can undergo mitosis to develop into
gametes. Thf x%am?tel &/hlch ltlioon ion of a zygote, develops into an embryo
that can grow ou - 3 e the new transgenic fish, the progenitor
fish carrying the Inmd@uemﬂatedhmgmheiﬂnbmspmgemﬁakﬂs‘rgwﬁh Tiftargnilphisiiofye or patterns.
The phenot fish is selected from the ¢] (8 istin colors,. flyore t 4 rs, body
shapes, boé%) S|zes oély %rhsspaﬁen #fevt m%raln&g% o@s {rléié(}ct’(ﬂ) orge'f s‘Ffaé@@T }nSg es tail
shapes, tail 3i¥k$SeyadcatonseeystchapEspand atjiobgeriaie phenstdpiciiiekangesdiam those of
fluorescent mate. In the efe nt the phenot of the fish cted fro the group
consisting o EISYET ﬂ%&%{sﬁé gk%%?o%yﬁg é?ﬁ@v%ﬁs}/é?@ﬁ & tﬁ@am% é%t 8% The pattern
of the fish ispegiectadifrahe timecgmu BeangisfiageoThainddakensctsiripehatée masasstandmnming
patterns. Ha I0|d g the trans ﬁlh m the ogenltor fish were fertilized with haploid
gametes fro %iﬁnér&béc%e{ tilﬁﬁ B‘gr celof safdrkl. Htifedtion can be
done using @mﬁ&mtabie hreeding tﬁetmm&essmaﬁahlaia‘éﬁ%emcmmmmmnm may be
required. Ex le of generatin transgenic medaka and zebrafish is illustrated in the figures. For
example, thfl nﬁféf’éﬁédv FLHG cp FEQEPEF%BIQS@%WB%% EOEP DAL arViaR S, TK2 red x
Brachydaniaifegnketin ijfenietBaamaivdanivoth cAdshgreavxrBrachydanio

Appropriate amount of p 5 -EGFPITR was restricted by Notl. The molecular
mass for the pS-EGFPITR DNA fragment was 7.6 kb as expected.

Example 2 Generation of the plasmid pS-DsRed2-1-ITR

In order to generate the red fluorescent medaka, “red TK-1”, plasmid pg-
DsRed2-1-ITR was constructed. As illustrated in Figure 2, the medaka fS-actin gene
promoter was obtained by digesting plasmid construct pOBA-109 with restriction
enzymes Ncol and EcoRI. Ncol was used first, ends were filled in, and a subsequent

digestion with EcoRl provided a 4 kb fragment.

As illustrated in Figure 2, the CMV promoter was cut out by digesting the
construct pDsRed2-1-ITR with restriction enzymes BamHI and Sall. Digestion with
BamHI1 and Sall provided a 4.7 kb fragment. Then, the fS-actin gene promoter of
medaka was inserted into the plasmid construct, pDsRed2-1-ITR, at the position
where the CMV promoter was cut out. The resulting plasmid construct had two 145
bp adeno-associated virus inverted terminal repeats (ITR). One ITR was located at the
3’ end of SV40 poly A. The other was located at the 5° end of the f-actin gene

promoter.
As illustrated in Figure 2, the resulting plasmid construct, pS-DsRed2-1-ITR, had

a total length of 8.7 kb. pf-DsRed2-1-ITR contained (1) the medaka fB-actin gene

promoter (for ubiquitous expression of whole body); (2) sea coral red fluorescent
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frankei, TK2 green x Branchydanio sp or Purple Zebra Fish. The transgenic fish and the fish with
different phenotype or pattern may be of the same or different family, genus or species. In the
preferred embodiment the transgenic fish and the fish with different phenotype or pattern are genus or
species. Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation,.many equivalents to the specific embodiments of the inventi Fﬁe cribed herein.
Such equivaT I, b RS e Eh B LRty BT o R S Fe examples
below are nooslimiktnaaizd are merely representative of various aspects-and features of the present
invention. 17 Example 1 Generation of the plasmid a!3-EGFPITR In order to generate the green
fluorescent medaka, "green TK-1", plasmid p/3- EGFPITR was constructed according to Chou CY et

al, Transgenic Rapp2Q@iatOirioudOd-ps-laikdrel grER ante digefigimét pidvei¢3alEtbncontained a
medaka 8 -agti omgoter. fused with hGEP, A, an.intron of small t.antigen, SY40 pplyA, and
polyA from t%%éb?ﬁedg?fﬁﬁapanc |rﬁz§%nr?é. néa#%g Ignfl(-%é}‘[{l%%gl%rsr%% rr(v)\%%ls‘g o‘g?gi%%a y?reéir)rl? OBA-hGFP1
and was digastegevii] Saliteoyddicos. bheedf8 kb agmignildrdtmroduciavgsh ligated7tdihe 4.2 kb
Sall-Ncol frgeg‘mentérom pCMV-EGFPITR. The final result was an 8 kb p,6 -EGFPITR plasmid in

which EGF c]%)eﬁ/i was driven by thefi-actin promoter and flanked at both ends by AAV-fIR.

Appropriate amount of p)3 -EGFPITR"was restricted by Nod. The molecular mass for the

pJ3-EGFPITR DNA f ent was 7.6.kb as ex ample 2 Generation of the plasmid

p/3-DsRed EB e Tethaalior of Blagui Qﬁﬁq‘f-ﬁ medaka, "red TK-1", plasmid pJ3-

DsRed2-1-ITR was @dusttactederailthstrates iflFgeseed, grddredakeniiShadtimogen®k-2”,
plasmid p-aEGFPITR was constructed. '

The medaka [ -actin promoter of p 5 -EGFPITR was cut out by digesting with
restriction enzymes Sa/l and Necol. Then, the a-actin gene promoter of golden
zebrafish was inserted into the plasmid construct at the position where the medaka £ -
actin promoter was cut out. The resulting plasmid construct had two 145 bp adeno-
associated virus inverted terminal repeats (ITR). One I'TR was located at the 3” end of

SV40 poly A. The other was located at the 5 end of the a-actin gene promoter.

As illustrated in Figure 3(a), the resulting plasmid construct, p-aEGFPITR, had a
total length of 8.1 kb. p-¢EGIFPITR contained (1) the golden zebrafish a-actin gene
promoter (for ubiquitous expression of whole body); (2) green fluorescent protein;
(3) adeno-associated virus inverted terminal repeats; and (4) pUC plasmid construct

basis.

Appropriate amount of p-aEGFPITR was digested with proportional amount of
Not 1 restriction enzyme. A small fraction of the digested product was analyzed by
agarose gel electrophoresis to verify its linearity. The fragment length was 8.1 kb as

expected.

Example 4 Generation of plasmid p-aDsRedITR

In order to generate the red fluorescent zebrafish, “red TK-2” , plasmid p-

aDsRed2-1-TTR was constructed. As illustrated in Figure 3(b), the golden zebrafish a-
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promoter was obtained by digesting plasmid construct pOBA-109 with restriction enzymes Ncol and
EcoRI. Ncol was used first, ends were filled in, and a subsequent digestion with EcoRI provided a 4 kb
fragment. As illustrated in Figure 2, the CMV promoter was cut out by digesting the construct
pDsRed2-1-ITR with restriction enzymes BamHI and Sall. Digestion with BamHI and Sall provided a
4.7 kb fragment. Then, the J3-actin gene promater of medaka was inserted into the plasmid construct,
pDsRed2-14{# &FH&EIMEihebip! Edi praingiamid astitor Rl pdtinid construct
had t;j/vof145re§tpialdﬂﬂ@nah§mri]m\dﬂf;sma%m@ﬁava;iﬁagﬂe?eﬁzsﬁ@&e@nﬁziwiwa@m:te?l at the .
3' end of SV40 poly A. The other was located: at the 5! end of the fl-actin gene promoter. As illustrate
in Figure 2, fH%SF@é‘ﬁﬁﬁfB%?ﬁ%ﬂl\é}{bﬁgﬂﬁﬁ?y H@Bgﬁéﬁ?@%ﬁnhad a total length of 8.7 kb.
pJ3-DsRed2-1-ITR contained (1) the medaka J3-actin gene' promoter (for ubiquitous expression.of

whole body); (2) sea coral red. flugrescent. 18 protein; (3) adeno-associated virys inverted terminal
repeats; and (4) ‘5@%%?5(% ! %@Fﬁg%ﬁs%gﬁﬁ%é’ﬁ%%&ﬁt%?;5]’35%%%‘?&‘1& %"Was digested

with proportignsirace pInRefNet wiestrigtioctienzymenbsshadHlagiorsaf i sipesied preduct was
analyzed by _.agarose gel electrophoresis to yerify its linearity. The fr ent length was 8.7 kb as
expected. EXEmM TR g’&ﬁ‘"’egﬁﬁ) '8t plésmitf pH »DAP({] thggr&'éﬁdgginr%@?g?geaﬁéeﬁ%ﬂuorescent
golden zebrafighycigréeed Kh2 ¢ plasnaich 1aba6E DR gubieaordinfie dvakHasaedakacbhactin promoter
of p,6 -EGFPITR was cut out [ ' ith restriction en s Sall and Ncol. Then, the a-actin
gene promo“t%r‘f’sgitl @ﬁﬁf&ﬁﬁ%%&ﬁ@& ﬁH%S‘%H"egﬁﬁﬁfﬁ};?m/biﬁ?ﬂ‘@?&‘i‘ﬂéﬁp‘&’&iﬁaﬁ where the
medaka 6 - The resulting plasmid construct had two 145 bp adeno-associated virus inverted

terminal repeats (ITR). One ITR was located at the 3” end of SV40 poly A. The other

was located at the 5° end of the a-actin gene promoter,

As 1illustrated in Figure 3(b), the resuiting plasmid construct, p-aDsRedITR, had
a total length of 8.0 kb. The resulting construct p-aDsRedITR contained (1) the
golden zebrafish a-actin gene promoter (for systemic gene expression}; (2) sea coral
red fluorescent protein; (3) adeno-associated virus inverted terminal repeats; and (4)

pUC plasmid construct basis.

Appropriate amount of p-aDsRedITR was digested with proportional amount of
Not 1 restriction enzyme. A small fraction of the digested product was analyzed by
agarose gel electrophoresis to verify its linearity. The fragment length was 8 kb as

expected.

Example 5 Pregaraﬁon of Microinjected DNA
All DNA plasmids were prepared via ulh‘a—centriﬁigatioﬁ with cesium chloride

and ethidium bromide gradient (Radloff et al., 1967 Proc Natl Acad Sci USA 57:1514-
1521). All DNA fragments used for microinjection were eluted from agarose gel

following electrophoresis.

Example 6 Cvtoplasmic Microinjection

The procedures followed for cytoplasmic microinjection are described in detail
i Kinoshita and Ozato, 1995 Fish Biol J MEDAKA 7:59-64 and Kinoshita et al. 1996
Aquaculture 143:267-276, |
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actin promoter was cut out. The resulting plasmid construct had two 145 bp adeno- associated virus
inverted terminal repeats (ITR). One ITR was located at the 3' end of 8V40 poly A. The other was
located at the 5' end of the a-actin gene promoter. As illustrated in Figure 3(a), the resulting plasmid
construct, p-aEGFPITR, had a total length of 8.1 kb. p-aEGFPITR contained (1) the golden zebrafish
a-actin gene promoter (for ubiquitous expression of whole body); (2) green fluorescent protein; (3)
adeno-associated virus inverted terminal repeats; and (4) pUC plasmid construct basis. Appropriate

amount of p-aE Gl iRrwasieasiedvits pforestiosadiameust of INpEhtesdictiendanawne. A small
fraction of the t%égested product was analyzed by agarose gel electroihoresis to verify its linearity. The

fragment lerfgtHPiiadns! Mgntned gB A dietef & EsERa a5 Marte In order to
generate thejre:Hugre gaantyeRrafiahwerd chifcdicd RIASBigRaRP PFadgalalibR Rasopnalructed. As

illustrated in Figure 3(b), the galden zebrafish a- 19 actin gene promoter was obtained by digesting
plasmid corBERICEAIEE BRPFIRIGHEh SIS dgYmeisRicseameEanoNishidvactisdd fifbt, ends were
filled in, andigingulRsequent digestion with Sall provided a 3.8 kb fragment. As illustrated in Figure 3(b),
the CMV promoter was cut out by digesting the construct pDsRedITR with restriction enzymes BamHI
and Sall. BamHI was used first, ends were filled in, and a subsequent digestion with Sall provided a

4.2 kb fragmentgghenyépe aodietife@anehpsoptotaioigofanizeisalishavasnsesteiniontee plasmid
construct, pDsRedITR, at the position where the CMV promoter was cut out. The resulting plasmid

construct ha@RREeH45 B Hnesered oottt s mvaHied randifsrrlpeh@ Prry Bhe R was
located at theheneinet @5 W0deohed cdheaibgonvBlacatadptithe & erydmicbecapdatiiy @ene promoter.

zebrafish microinjector (Drummond) wherein the injection needle width of the micro-
capillary was approximately 10 um. As micro-needle enters the cell cytoplasm, the
DNA injected was approximated 2-3 nl. In each microinjection session, 30-40 eggs-
were injected; 250-300 eggs were injected in each experiment. Injected eggs were

incubated at 26°C in distilled water.

Example 7 Hatching and Screening for Transgenic Embrvos

Injected eggs were rinsed with sterilized solution, cultured in incubator wherein
the temperature was 28.5 7 . The fluorescence could be observed in the developing

embryo after 24 hours.

Embryos were observed under a bright ficld with a dissecting stereomicroscope
(MZAPO, Eeica, Germany). Dark field illumination for detecting green fluorescence
was performed with a stereomicroscope equipped with a GFP Plus filter (480 nm).
The distribution and intensity of the red fluorescence is observed under fluorescence
microscope {Leica MZ-12; Fluorescence System: light source Hg 100 W; main
emission wavelength 558 nm, and main absorption wavelength 583 nm, filter set
RFP-Plus; photography system MPS60). Photographs were taken using an MPS60

. camera loaded with ISO 400 film and equipped with a controller for film exposure
time (Leica, Germany). In order to examine the distribution of GFP or RFP
expression in the tissues of transgenic fish, 11 days of post-fertilization larva which
having GFP or RFP expression on appearance were sectioned and observed under

fluorescent microscopy. Larva were fixed for 30min in 4% paraformaldehyde at 4°C,
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As illustrated in Figure 3(b), the resulting plasmid construct, p-aDsRedITR, had a total length of 8.0
kb. The resulting construct p-aDsRedITR contained (1) the golden zebrafish a-actin gene promoter
(for systemic gene expression); (2) sea coral red fluorescent protein; (3) adeno-associated virus
inverted terminal repeats; and (4) pUC plasmid construct basis. Appropriate amount of p-aDsRedITR
was digested with proportional amount of Not | restriction enzyme. A small fraction of the digested
product was® By cigamaEgeinsrdaro Jhofesito ey its limdifity CriesihgasEnisength was 8
kb as expegteqoExammpisorRrERaias0n oisipinacted INAALRNAN A g Watepgpared via
ultra-centrifugation with cesium chioride and ethidium bromide gradient (Radloff et al., 1967 Proc Natl
Acad Sci USes: 98 shidesend okfepid thegihi eridddverensinemimashaiebre eluted from agarose
gel following electrophoresis. Example 6 Cytoplasmic Microinjection The procedures followed for
cytoplasmic microinjection are described in detail in Kinoshita and Ozato, 1995 Fish Biol JIMEDAKA
7:59-64 and KindaKitsd{laporeeosica dish ameraiahBon zxpresshmnpiesianafe sBeddiddd Ridgler artificial
conditions ofs4ri gk AR 1) datngsen atREG AN RIS AN Roslietph FersariEFetra

Germany). Before the incubator entered the dark cycle, fish'were collected and separated by

separation MétESE HERMS A RsOrAlng dRienmdh By asadhberrssemnislgevrsrted Sirted every
15-20 minutesr&aga WerRcplgsieprithin3Renimel fertlizatign anstaltachingfilamenig.gemoved.

The linearized construct was quantified and dissolved in 5X PBS with phenol red at the desired

concentratidfO'B RIEPTHES clestPuB By R4 Basiehy B2 (Figure 7(2)).

Example 8 Generation of new transgenics

e As shown in Figure 4, genetic breeding was performed between red TK-1 (Fig
5(a)) with Oryzias curvinotus (Fig 5(b)), green TK-1 (Fig 6(a)) with Oryzias
curvinotus (Fig 6(b)), red TK-2 (Fig 7(a)) with Brachydanio sp (Fig 7(b)), red TK-2
(Fig 8(a)) with Brachydanio frankei (Fig 8(b)), red TK-2 (Fig 9(a)} with Brachydanio
rerio (Fig 9(b)).

The resulting F1 progeny transgenics, namely red TK-1 X Oryzias
curvinotus(Fig 5(c)) , green TK-1 X Oryzias curvinotus (Fig 6(c)), red TK-2
X Brachydanio sp (Fig 7(c)), red TK-2 X Brachydanio frankei (Fig 8(c)), Purple
Zebra Fish (Fig 9(c)), are products of the genetic varieties of their parents. In these
examples, one of the progenitor fish exhibited green or red fluorescence whereas the
other showed a specific stripe or grain pattern. The new trasngenics generated from
the breeding thus inherited both characteristics and showed phenotypes that are
different from each of the parent fish.

These new transgenics are self-crossed to generate F2 homozygotes and hatched
as described in example 7. All of the progenies of the F2 homozygotes will inherit the

transgene and show the new phenotypes.
While the invention has been described and exemplified in sufficient detail for

those skilled in this art to produce and use it, various alternatives, modifications, and

improvements should be apparent without departing from the spirit and scope of the
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zebrafish microinjector (Drummond) wherein the injection needle width of the micro- capillary was
approximately 10 -gm. As micro-needle enters the cell cytoplasm, the DNA injected was approximated
2-3 nl. In each microinjection session, 30-40 eggs were injected; 250-300 eggs were injected in each
experiment. Injected eggs were incubated at 26C in distilled water. Example 7 Hatching and
Screening for Transgenic Embryos Injected eggs were rinsed with sterilized solution, cultured in
incubator wHE{@H the temperature was 28.5 ? . The fluorescence could be observed in the developing
embryo after 24 hours. Embryos were observed under a bright field with a dissecting

stereomicroscope (MZAPO, Lejca, Germany). Dark field illuminpation for detecting green fluorescence |
was performed ﬂ?ag@?&%' %s%p@%%hip%%‘i?ﬁeﬁ o I ETRET (B! 1f"h‘é"?ﬂStribution

and intensitydabtbe redflupreacerceti absenyebunddidfluedesernedy missoseapaifnei;aaMZ-12;
Fluorescence System: light source Hg 100 W; main emission wavelength 558 rim, and main
aivsorption WAL USROS S8t TR 5SSO B P At WHo BB B dBraphs were
taken usingraaidBPSG0r gamirangadeshwithe| Seprehfiltivancfeprsfipad wathbadiamdiolerdor film
exposure tié?‘%éh ica, G%rmany .Inord réo exifmir}e.the distribution of GEP_ or RFP_expression in

the tissues é%nfg’ sft (Efaf@t%tf 50stfertiiZdtichiala ﬁiéﬁoﬁ%\ﬁrﬁgt}i’fFBl%?’ﬁ expression
on appearaiMediveseisectihaethand othervedunddr oivaraescentsenididiedopy thanta \Waesdixed for

30min in 4% paraformaldehyde at 4C, 21 embedded.in cryamatrix (Shandon, U ?{‘an frozen at
“200C. Cry B BT S BB RE L0 ORI R ELARBAGS I Bt thickness
were mounthersslisiesfaineldigerved the GFP or RFP fluorescence immediately. The red fluorescence
fish generated from expression vector pf3-DsRed2-1-ITR is red TK-I (Figure 5(a)). The green

fluorescence fish generated from expression vector
It will be readily apparent to a person skilled in the art that varying substitutions

and modifications may be made to the mvention disclosed herein without departing

from the scope and spirit of the invention.

All patents and publications mentioned in the specification are indicative of the
levels of those of ordinary skill in the art to which the invention pertains. All patents
and publications are herein incorporated by reference to the same extent as if each
individual publication was specifically and individually indicated to be incorporated

by reference.

The invention illustratively described herein suitably may be practiced in the
absence of any clement or clements, limitation or limitations, which are not -
specifically disclosed herein. The terms and expressions which have been employed
are used as terms of description and not of limitation, and there is no intention that in
the use of such terms and expressions of excluding any equivalents of the features
shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, 1t should
‘be understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the
concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this mvention as

defined by the appended claims.
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pj3-EGFPITR is green TK-1 (Figure 6(a)). The green fluorescence fish generated from expression
vector p-aEGFPITR is green TK-2. The red fluorescence fish generated from expression vector
p-aDsRedITR is red TK-2 (Figure 7(a)). Example 8 Generation of new transgenics As shown in Figure
4, genetic breeding was performed between red TK-1 (Fig 5(a)) with Oryzias curvinotus (Fig 5(b)),
green TK-1 (Fig 6(a)) wi h%?r zias curvinot sg%F' 6(b)), ted TK-2 (Fig 7(a)) with Brachydanio sp (Fig
7(b)), red TK-2 @ﬁbggzﬁ%% }ﬂ}\/e@%ﬁ%ﬁfég?dkﬁ» @F(%@E&WF&C - (Fig 9(a)) with Brachydanio
rerio (Fig 9(b)). The resulting Fl progeny transgenics, namely red TK-1 X Oryzias curvinotus(Fig 5(c)) ,
green TK-1 X Oryzias curvinotus (Fig 6(c)), red TK-2 XBrachydanio sp (Fig 7(c)), red TK-2 X

~ Brachydanio frankei (Fig 8(c)), Purple Zebra Fish (Fig 9(c)), are products of the genetic varieties of
their parents. In these examples, one of the progenitor fish exhibited green or red fluorescence
whereas the other showed a specific stripe or grain pattern. The new trasngenics generated from the
breeding thus inherited both characteristics and showed phenotypes that are different from each of
the parent fish. These new transgenics are self-crossed to generate F2 homozygotes and hatched as
described in example 7. All of the progenies of the F2 homozygotes will inherit the transgene and
show the new phenotypes. While the invention has been described and exemplified in sufficient detail
for those skilled in this art to produce and use it, various alternatives, modifications, and
improvements should be apparent without departing from the spirit and scope of the 22 invention.
One skilled in the art readily appreciates that the present invention is well adapted to carry out the
objects and obtain the ends and advantages mentioned, as
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well as those inherent therein. The cell lines, embryos, animals, and processes and methods for
producing them are representative of preferred embodiments, are exemplary, and are not intended as
limitations on the scope of the invention. Modifications therein and other uses will occur to those
skilled in thé ™ hese modifications are encompassed within the spirit of the invention and are
defined by the scopeief themtaimis: hradliidiecreatlilyrapparenhigeni perstukskilled smtheialtthat varying
substiutions and.medifigalons marhe mads o dhe.pyeniion disclgses herein wilaut departing from
the scope and SpII’IPO the invention. Al patents and puab ications mentioned ITthe spegllflcatlon are
indicative of the Reels &f thest &lirdmaRpisrriTtheair e whiermtielirrsation Peranrisnall patents

and publications ase,hekainiingarparaiecely srfamacs incthr.same extenl-as eachvindividual

publication was s ecif;j%all a(pd individufall}/ irgidi(?ated.tolbe incogggéatfd br}/ reference. The invention
illustratively descibéd herein surasly May Be praciced in e fee OF Sy et BFelements,
limitation or limitatibrrsinid ghoaressan endsihevificatlysdisclosag hbikdininkhe terms and expressions which
have been employed are used as terms of description and not of limitation, and there is no intention
that in the use of such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible within the
scope of the invention claimed. Thus, it should be understood that although the present invention has
been specifigallyﬁlgggg?gglpgf Preferred . embodiments and optional features, modification and
variation of the concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention as defined by the

appended claims. 23 p 5 -DsRed2-14TR (8.7kb)

Notl Nofl
i ITR TR |
_I A -actin promoier! DsRed2- H
E /
puc $V40 poly l puC

A

3. A plasmid for producing a fluorescent transgenic medaka with systemically expressed

red fluorescence suitable for ornamental use comprising the gene fragment of Claim 1.



Other embodiments are set forth within the following claims. 24 Claims 1. A gene fragment for
producing a fluorescent transgenic medaka with systemically expressed red fluorescence suitable for
ornamental use comprising segments from 5' epd to 3' end as follows: first segment of inverted
terminal repéat (I'TRTSFHEBIEL a8 it bt d Ue Es U HAG SIS BTG o‘f”rﬁeﬁé‘i@‘,‘%’ﬂl‘éd
fluorescent genesxgidddpetyfidyrandnse cond iscgnoenirahinvestedterininaddepest iRy ehd
adeno-associategd virys; rein. [ i f cent gen operablely linked. 2. The
fragment of Clair% 1 J%ﬁf?%vﬁﬁﬁ%’g %%%g%@%ﬁﬁ%@%&%‘% Y%N](I;ﬁ[nlNl%ogtf%@?ﬁ I{%ef e-%tocftr%g(bcrlcizi)rfﬁloter oSRed?2
pUC pUC SV 40 pelyannesacinptgaerierioriprof gelfr) afids cerst tfansyemicamedakalvidhy systemically
expressed red flnorggcensesuitalia for famﬁgae{amﬂﬁer%p(ﬁkfJhgdgﬁélggi@%@wﬂéﬁlaim 1. 25
4. A gene fragment for producing a flugrescent transgenic zebrafish wjth systemically expressed red

fluorescence suitabiE ol MARISFHAT L EBCEEHHBHETRG ZEGRIEAREHSRY S  end to 3' end as follows: first
segment of inverted terminal repeat (ITR) of adeno-associated virus, an a-actin gene promoter of
golden zebrgfish,ﬂg%g‘%@ﬁ@g&g%hﬁyéo poly A, and second segment of inverted terminal
repeat (ITR) of adeno-associated virus; wherein the promoter and fluorescent gene are operablely
linked.

p- o DsRediTR (8.0kb)

Not Noftl
ITR ITR
. o -actin promoter | DsRed l__J
F puUC SV40 poly !pUC
A
6. A plasmid for producing a fluorescent transgenic zebrafish with systemically

expressed red fluorescence suitable for ornamental use comprising the gene fragment of

Claim 5.



5. The fragment of Claim 4 which is p-a DsRedITR (8.0kb) Notl Notl LITR ITR a -actin promoter
DSRe pUC SV40 poly | puC A 6. A plasmid for producing a fluorescent transgenic zebrafish with
systemically expressed red fluorescence suitable for ornamental use comprising the gene fragment of
Claim 5. 26 ABSTRACT NEW FLUORESCENT GENETIC FRAGMENTS AND FISH The present
invention relates to novel gene fragments, method of generating transgenic fish from said gene
fragments, new transgenie fish generated th %a?esent invention further relates to a novel

method of generatinguiew PINBrIREISH ST IbRaeriCoRraReDam ST FS WAth Fipfrwvith different
phenotype or behavior pattern. The resulting transgenic fish shows different phenotype and behavior

pattern from each of its parents. The present invention also prowdes the new ornamental fish
generated ity saigenethoen(fols ré})ates to novel gene fragments method of generating

transgenic fish from said gene fragments, new transgemc ﬁsh generated thereof. The
present invention further relates to a novel method of generating new ornamental fish
by breeding transgenic fish with fish with different phenotype or behavior pattemn.
The resulting transgenic fish shows different phenotype and behavior pattern from
each of its parents. The present invention also provides the new ornamental fish

generated from said method.

(FIG. 1)
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