; e3e%\<6r T' 14 May 2004 DESCRI PTI ON SEE- THROUGH MEDAKA Fi el d of the

I nvention The present invention relates to the devel opnent of a novel

see-t hrough nedaka, a see-through nedaka whose sex can be identified, and a
see-t hrough nedaka in which specific organs produce | um nescence.
Background of the Invention Fifteen species bel onging to genuss ay200%
(Medaka) are known and are distributed in the Asian area fromliIndia to
Japan. A species having its habitatPFR-BREPN s Oryzi.as |atipes, which is
al so distributed in parts of China and Korea. Wth the exception of the
Hokkai do area, it is distributed throughout Japan, and propagates during
May to August in the natural wordgk.rTgRBrER Midikiredaka has a dark body
color and this is due to four types of pignment cells in the skin of nedaka:
i ri dophore, nel anophore, xanthophore and | eucophore. The iridophore is a
silver pigpent cell containing guanine granules. The iridophoTe is

di st ri but Bte 17 RAI6t EPVERTHPer cul a) eyebal I's, bodywal | and epidermis. In
fish, it isdistgib i in the ventral. The | anophor e cont ai ns

nel ani n gr anul ellgﬂea%’geélggg?ngllé?(%’jle Th & 8ar Eobgg?/ %%T%‘rw@?nﬁ'ea kg oPKE!
xant hophog &= as-oly8 MRz ka!, a0 WRS theBh @l MeRd ks AN LNOLLS 2aNF. RifJqiFRgs, and
is involved in yell ow sh orange body col or of nedaka. The | eucophore

cont ai ns aWd & segr ahubesh nedwkec t eovhiichsgucdrt B e e s icduael thnidee cefice .
involved in white body col or of nedaka. Apart fromthe wild type which has
a dark body color, there are known various nutants in relation to body

eol oT an rphogenesi s, . Anong.them "hinedaka" which has a yell ow sh

or ange bgsd%'i mu%g y%oﬁvcegl%éroni s produced on a large scale as an

aquari um fish @agcbapdrdh ckabgfoRflal UM Lhah sy Yedakhadgall deLibgsd as
a sinple and useful experinental aninal due to a small ogy ize o]f - 4
cm a shemd teendfsoridexed| inrater asian agfear pemtiimiat be fath .t Ratpsuad o
their wide distribution, the wild type popul ation and closely-rel ated

speci es AP¥iagditEyhaditardgpiabants Bacaiasel 4 tipafendiieh & 41 % Ghet sibnetaf
mamal s, .an ef.ermnation is nd Y chronosqgnes as_ i n, humans . The
enbryo of %rrgzc‘ilzsi%'; Q:}s&élslbaec?in S ?/r?f‘s‘e%f:ﬁ()tq’sei REESPELIS °%i Ut PokrkahepATER with
an easi | ¥ +ofs @t ¥ob 18 delal X RRAIGHSLE URLIARE - az i -,{my JadJiGe the
epiderm s and the peri toneumgare cover édaﬁ%ﬁé%éib;&ntegr%té%eﬁ S, oﬁFyALfdnJe;%
backbone icanhpenswpral mogdgh t he body and the observation of the internal

structure of the body,fromthe outside becones difficult. Attenpts have
made recently SP™ASHALY madeka BAs pndank BodYianies wed rhiitagis duehre ifener nal

tructur i_nt i.n ci.fic,gene in, Xeno hi bi an Louie, A
Vet o Bt o DRSO P1 SRECAG B8R0 ROIRlORES sl RS . e Rncbeore
resonancgah i a u I hn : - o6 N i
( Servi ce, R%@chﬁﬁeirfl?g%g@f i %%%madéégﬁ?%a %%Ssélgg%g)ealgf%g& %gi 2263
(1999)) . camte iriag ngrinet erayulasr. aiect riofopnbire igeass t Midult elPrevaagaetic

resonance imagi ng) , CT scanner (conputed tonography scanner) or PET

(posi ti oh™ERFESTTh DEPEGEpMPFY vRédsadpmideymieann fhohe sk s dsityipnogd de

i nsufficj i mag i.n ite 1.0 of _their requiripg |l arge and expensive

equi prreniflsﬂ}} T tlﬁlergl?e tvﬁénr%%a%av‘ltehenggﬁaﬁ?ﬁ’]@ﬁﬁ gc’ﬁf’a’t’gfé rﬁeilg%f%rﬁd:aﬁ“ééPn@n%f t he
dynani cs; 9fin681{&d i A | 1 Nes by
means of B Slah Rty QA OOmpARSE FEPRAR ML LTBIRRREE 7],
obser vatgranuwias ©ohyale mmdarrat efo Hdx i AN eRE BE AL 0 mad et AneblZedMn
[Yang) M et al., whol e-body optical inmaging of green fluorescent

pr ot el n-¥SdhEEShngrangfoPeddnePiast atmedaka . PRINS)10Z0pho06-ckRtaif20a0) de 2

14 Nay ZOIQa%uI_EBéprceossi on gf _%fl uorescence in transgeni.c nedaka by

i ntroduction of & &P §erte FURETF Wit Tf‘dauﬁé‘azi‘ﬁ&dgeﬁﬁié{ bf dRBPeYed Apgihite
fertiliaachedgSorist 5RAWRA . [AFURIR oK 1)l w8h 4. ropJeRh UL NESS L0k, LG, IRdaka 1
-actin pronoter investigated using a nutant %FHPr eporter gene 1n traﬁ’sgenl c
nmedaka (orlezi.asheté pee) kibkn MariibekimicaBitet 6 re1b.t183~I8¥HoES983] od AHRKA)

M noru and Kinoshita) Masato, and Nagahama) Yoshitaka produced a transgenic
medaka VRAHPEgEeens it ubrerg shee. ("hinedakafevim aehés age1d owésliloiraafe body

i ntroduci ng vasa-GFP gene into fertilized eggs of hinmedaka [in The 22nd
Annual Meeting of the Mol ecul ar Biol ogy Society of Japan, Program
Abstract, pp. 458 (1999) . Tanaka, M noru, Rinoshita) Masato and Nagahanma,
Yoshitaka, "Inbred nedaka transgenics expressing GFP in germcells"].
However, even in this transgeni e nedaka, fluorescence can only be observed
up to the terminmmedi ately after hatching, and thereafter the body is
covered with pignent cells and the observati on becones inpossible. For the
- above reasons; it is desirable that there be devel oped an experi nental
animal in which Iife-1ong observation of the internal structure of the body
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Fig. 1 : Photographs of body col or nutant nedaka, wherein a. is iridophore
deficient nmutant strain gu; b. is albino nutant strain i-3; and c. is

| eucophore deficient mutant strain |f. Fig. 2: Photographs of the

see- Lhrough nedaka of the present invention (STII strain), wherein a. shows
organs seen through the body; b. shows dorsal view and ventr dl Maye2004Fi g.
3: A pattern of electrophoresis showing a result of PCR anal ysis of DNA

mar ker SLlcolln8Tid -plodstedi on Filgprgd acaResad tanofhgeae] ectiigphenésf sedrfdANA of
STII-Yl see-through nedaka, fermale. Lane 1 and 12 indicate size markers of
DNA: | ané&*get 3T £dt5¥e8n i ndi vi dual female of the other strain
(FLFW X e ') : | apes - 11l _Jdndic our.i;ndi vi dual_femal es.(A). B, C
tnd D) of s it By lded YR OURLIH Ll Bin SRR (i, oo
STI1-Yl age-th s@h 1NBslaka: z8®e2 Langn,1aagdrde bAflircat fosiad On Bl e Sn0f
DNA; lanes 2 to 10 indicate an individual male of another strain

(FLFW Yt b£' )noraiad . | ahesfdkd tthat3duadic atheitrthwbde i didinriitualotrpl s wildald
May 2004 (C, D and E) of STII-Yl strain, This specification includes part
or all ofYPH@oPBAREMR 28 ehaalysEqlrted seespetidtecassbly ahsrbrakiadidgs of

Japanese |ication No. 2000/172375, which is.a,priorit ocunent of the
present 15%% 1 %&'ﬁenﬁg‘secf'fglt/isogg?)fsltzﬁeotr%%"g}a}éd'Eﬁ)‘%&l‘eﬁe%%e?f)nafm?n%e
through Medgkaa ol v REESRES ok NVEIH00R .| h LORM A SF meldhch Bstdi@lecibi iy
deficient in iridophores, nelanophores, xanthophores and | eucophores.

" See- t hrosmhl]l ,usiadt el it i HRi PhiPEs enin Gesehitpli thrameia v Jedervabiedakarngl only
in the enbryonic stage but also in the post-hatching stage. internal body
st ruct ur BsF St eas Atgirn hasshiny . cbpdever oodinessehe, egidérmiseaand theer,

ki dneys)_spl.een, intestine ?ri d_air, bl adder,_  can

e opserv
macr 0s ¢ opT TR *Fr She (Y FGEsT e PASEFP i BRT LS meRY fﬁﬁtebﬁcﬁ‘g’r?é‘ﬁaﬁﬁ? R%e
above foule.f ¥Resugh QUHTRAL £R4!Shd ibkdephois& JrekaRopRolSa1*dRthoples e and
| eucophore) are conpletely absent or, if present, are present in very small
nunber s,cOrthef bbdg aboverieldwrsdde peesesd dirFiicatracel | ul ar pignment is
present or only trace pignent is present, and the contribution of these
pi gment cel | s #t6eTRES BeYE v resen g akay tarrlige then gifs ér Wégo changes
macr oscopi cal.ly. . aka_of the present invention can be praduced, for
exanpl e,oo_cﬁlrrlgée%rlfvg%esé?‘é% !‘-’{}le S%ﬁ??ﬁﬁr%fbybbﬁ‘f/r %Ifcd?gnﬁtséxg htedaR3 %ith each
other, v hudl Gn@ehibeheNtibl;0Ne Of. BRIA DI gRALS wighlg i 0k L8 o James of
pi gnent cells (iridophore) nelanophore) xant hophore and | eueophoré€), but
t he produgtresnioh usheg pegeenic ireeentdonimsgimf. NatiteHi b edHrcd oppt h@g.
"Sel ective mati rﬁ% means sel ecting the individuals of desired phenotype or
genot ype 2 AP o’ WA er akd g 0 (Bervired Rt hBr e Fapneas ci¢iy at Féx extlab
gener ati_Qn, 14 Ma 4 S, 0 dy col or .mut ant nedaka used for
Phe sal GRS niEt AL Tna La T Hh A o P N R A RSt & Rt Fent
mut ant edaka dSHehah B fhd el i@lrdsbndndt [ Abing) AP0 JBY Al ARdAka
(such as i-3 strain) or |eucophore deficient nutant nmedaka (such as if
strain) tomdhesghyecakaerdtompis (pr<l vidnhrimrdissedn itBpbiezgiiy)S heReamdchBler
Nagoya Univ. and can be furnished therefrom Concretely, the see-through
medaka GRRt REVBFeSerRlY pretitdecinsadd 1 pbept bramasditbsp ifeist lofi regsmdrédg
sel ecti \r% mat | ng wWith iri doghore deficient nutant nedaka strain gu, albino
nut ant  mEdaRa8Y r&iRT IS Y Safd BT phore deficient mutant nedaka strain if

(the see-thropghe@dakge Af 1ol b b RRYE)emp tEW L REE 113 5665 104HE J?@?Ka

produced by additional selective nating between one or nore types o
st rai ns dvhani dek £t o rddad heasm sl B ppatefing chesé pekbHfded:iith 1die neee=hbeough
nmedaka of the present invention- Concretely, a see-through nedaka is
pr oduceBYBpare IS Jush wdiss|agethaiagnariogmed wh thmousesuphr 6dghueredaka
in the %i') above and iridophore deficient nuiant ;gdaka strain i]l-1 (the
see- { hr SHGHOTECARA LGP TH Pivi PRV PhBRCUEM FRBGHHEIRRRS SoBFE { 76
present i gyent] a obt;aknes i,Shi o i ' nter,
Nagoya CH b e By e LR ot koo SR ERi o " e
see-t hr pughe itpdaipaesbitd€upt £5 QAN netveBhs DY, bBaglebh chienk-imi nboephor es,
mel anophores and xant hophores, and the sex thereof can be identified by the
presence or absence of |eucophores and/or a DNA marker. "Sex identification
by the presence or absence of |eucophores” refers to identification as to
whet her a subject is male or female by m croscopi c observation of the
presence or absence of | eucophores in the period after the two-day-old
enbryo stage of the above see-through 7 14 May 2004 nedaka. "DNA marker"
used in the present specification means DNA narkers that are specific to
~genetic sex. "Sex identification by DNA markers" neans that identification
of whether a subject is male or female is perforned by detecting DNA
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| evel obtained by selective mating between one or nore strains is also
included in the see-through nedaka of the present invention for which sex
identification is possible. Concretely) it can be produced by neans of
further selective mating between the see-through nedaka of Lhe (iii) above
and the see-throughnmedaka of the (v) above ( the see- through4riwaleRG4(vi)
above). Agart from by the above nethod of production, the see-through
medaka f oE*RaeEH Feefi GEMt§ficatsicence sipogwinisgenicamedekaobyai nedoduomdrhe
Hi osci ence Céer&%g,r% Na%o a._Univ., where said nedaka is maintained. (3)
Further, the SEe-FHiDUbRefethit2ofedale gFRE RAOMATFENE R fes téhar ad tasidszed
by the pr LAN urgd n nce i speci.fic organ thereof b
i ntroduci ﬁgﬁ%h’gbr@ mg%%fe 'eﬁg?a' ?Jﬁ'salgggn% s 8%%%‘8?%3‘30%3 "FgRP RIS
expr essesimrganigapedi tse) |y rndnithereode perta9iRR 0k ot PE2PENS, :RNGANERY @
fluorescent protein, into the see-through nedaka of the present invention
of any on&Pwfzigispattdreg) ) MaboMerikxRipl eBiofecdpeci fit3 -asgans swit D ranaka,
| um nescence i ncI[\L;ldSKi&%ut .are not limted to gonadal tissues (germcells),
e

brain, ndPVEEY |3 GPrblcl BeFatmd 2%th Froaumect opshépahdi pgoducedea

pur pose (] I : r ter of a.gene that expresses

or gan- _spg{:ﬁﬁ‘ iSIg g??g?{eg%ggﬁlgﬁwfﬁ%r&cgpﬁg 5§ eengtlgldo pehdf ﬁ@giﬁl 2PHe*5FYhh

Whi ch i s dfo it HeieE gtk FeSRRNGBne MOt L ¥BPP Bio i Y558 c&eﬂ@mf’&wtﬁﬁ The
specific to goaadal tissues (germcells) can be used. Exanples of

f | uor esc@FndpBiuEilMertiacar & thetMdlienul ed Hiolapd Sticdeci @if LawdiD| Bro@raen

fl uoresc;g)t gr otein ghgrei naft er desibgjsr}gtged sinmply 9 14 May 2004 as GFPM)
gene of ABGUEFEH PPctdf itd? %) utataksor i FHOGeE A2 ( BEFY tgemdNagrhara | ow

fluoresc in fl uorescent protein_genes are avail able

from G on R P e e B R o8 S R S e 8 I e Tcog T

see-t hr oughetetlakverdin tHEs PF SSQUN 1lcMeBRKE OB 1 GHAL HCI R czcs‘i-ldor@&I ﬂé%&é%e%n of
y

| um nescence in a specific organ, can be produced, for exanple,

prepar i n§Pt Farrdgerdom fenak a3 te¢ky whikeh hadhihyodimednharbybrdd rgensodeiiRg a
fusion of a ﬁrgrm,t r qf gene speci f icall)é expressing in the organ that is
to have FEKFNE c'é‘rfgbp&ﬁﬂ‘ PheCtbbt APY &dicoRPEFTYREIGH hecobeenimprsstidile . gene;

and repeating [ ' sal d_trans i C daka with one _or nore
body col or rruti% %%d% %‘m;?reglgﬁlg;’ %qur%%sénrr%% Sn B3 (RETRYBT i P VGIREe

pr oducedabyexpesti fgn t41E 2aBONE 1 GHDERT i3k - 8o08N8 3RS LI LAl Y &XRLESSLAg i N
an organ and the above coding region of a fluorescent proteirn gene, and the
pr oduct i BFFWFrunigeof r dves dedvcf nedahe, ctusivd ds phesiiaied hybsvér gereshcs -
introducg}g can he gerfor med by any nmethod known to a person skilled in the
art, for exaHHE TSRt RS S FEAVRNAE het eS@ifplids vertehea present

i nvention. An exanple of the above transgenic nedaka is the vasa-G-P strain
produced by introducing a hybrid gene, which is produced by fusing the

pr onot erswimardye ofasAe JEe=MTiagzh specifically expresses in germcells (i.e.
specific to gonadal tissue) with the coding region of G-P gene (Tanaka)
Mnoru et al Ar offreR2Adthemrssesbelinvapuibnt he dbbeoul ds BesebogyrSepi ety
of Japan dE(rlﬂggram Abstract, aforenentioned), but the above transgenic
medaka i"SHREE | PGP BRE HindesRamppAY ExanpHeTe Sheaepddian: deopbsrrtad

nmedaka sti@i 0 i h qve transgeni c. nedaka i_nclude) but are
not |ini tgg|| ?gfe aogggga;i:g% ré’allplr?/t klﬁlosﬁl oer%rﬁfgf} onSsX9 1B 1T SCneTarte the

see- t hr quogh - AR dekenEd farid ﬁotﬁ@&‘o@ﬁ@c@fzf the ptes bt in@é%&‘é nﬁ%&&%‘(}dét rain
produced by crossing-over of sex chronosones in the production of the

see-t hr Gughe itroughdmpgk20Ghoredsdea cain) bé di{denkigbeye.a EaReREt @l ecihe
see-t hrm%gh medaka of the present invention emtting |um nescence in a
speci fi &loF AP EIRmbetPrEadter dl Dor eFtide]a st e dhirvesimateidagawi ith whiehnedaka

of vasaGER: i the see-through nmedaka of (ii) above and the
see-t hros%hl?r%égia of %\ffgﬁﬁgv “If?‘bersciﬂ’ﬁcc‘?h sex identification is

possi bl e) (t hersgentdH1Q4ahARAAKa 105 eﬁkéﬂsﬁm\&egcsﬁ%et&%rabeo)érae?{—logiegg t he
I'ng

pref erabl e see-through nmedaka of the present i nvention produ

| uni neseaAdmvienswurcspeeiifdc aargan taye s b Nec ek mé RUSRAERaKant medaka,
("STII-YlIl-vasa-G-P" in the exanpl es) produced by repeated selective mating
between the fenmal e see-through nmedakagof (ix) above and the |eucophore
deficient (I1f) male see-through nedaka ("STII-Yl-vasa-G-P(If) in the

exanpl es) generated by the crossing-over of sex chronosones in the

see-t hroughnmedaka of (i x) above; the see-through nedaka
("STIl1-Yl-vasa-G-P" in the exanples) produced by repeated sel ective mating
bet ween the see-through nmedaka of (iii) above and the see-through nmedaka of
. (ix) above; and the see-through nmedaka ("STIII-YIl-vasa-GFP" in the

- exanpl es) produced by repeated selective mating between the fenale
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and as a result) the skin is white. Since it has no nelanin in its retina,
its eyes appear red. No nelanin is observed in the peritoneum This nutant
was found anong nedaka col | ected by Tomita, H deo in Tottori-city in 1976.

| f: Leucophore deficient nmutant (Fig. 1c7 The | eucophore is a white cell
and is involved in changes of body Col or together w th nel anaghaae200Bhi s
strain has no | eucophore. It was collected by Tomta, H deo in

Toyokawa- Gieffy cimnt %Al on®abt enclre tPpeemfalpigheat nsefler amahd Mhe four types

St raSpeci fi cGenot ypeQri gi nPl ace .

of Fur ni shiof it s eSBPOSPR fifith e gindu RaY2E B e daeH b erefeeydsPedehdi t a

tion. Me+Pr r nj i.n11978Na a_Uriiv. peritoneumskin and
eyesi 3Al bﬁrgloﬁ%%?ggo%r%%g{%% %§%S{E%3%]§Ff%%§ffﬁeﬁrg%n?btf%r&mds§r°m the
' % Y1Toy ekaued Eirfey Db 19 Rt tRL al4eRRBRLE. s thYelnbBing d Bg AROKESE DL LEning
strains, selective matings were repeated in order to obtaln nmedaka favi ng

all of thetspecitherginoperbilesedf tieaqgrexdenithdnpanendml strain as shown in

Tabl e 2 below. 13 14 May 2004 Table 2, Mating data MatingGeneration
of Descendéh{ The present” invention relates to a see-through medaka wherein

Generatio Par sp.~CeneGenot ypePhenot yper ati onlqui - 3Fl gu/ +, i-3/+~9,
+ (i - 3) ( gﬁggﬂ% zr%u au‘,?eegl-%;ﬁn%ség, e 1L e oY m%% PrEEaptFachophgres, o
+--3, +~. Xnd X ducbphorledlaFj Fagu/gu) i-3/i-3,9u) i-3) 1fX~t/Y~t( o'i )il/69
of F' all c¢3")5F3FAFsgu/gu, i-3/i-3,qu, i.-3) ifX1f/X -(Y) i.(1/8 of

Fs) 6FSFSF$lly guEurith@ki -thegpyederd, intef fiol( 221ddsaldo kRdisdedualsiqh ReSUkhS)

In the Fs fqenerati on, a medaka having all specific properties of the
parental 2% (&l ABOVe weerel muridkee dddE i rrnduqedihy nespisorfasp aasledreilotése

t hoph . | h t ype: fgu, i-3/i-3) XIf/X(Y)If
Bhenot ypera Gy PeATETT | ORI &) AR ST aTAERK PHEEAI FBELT b oRSPIE? . .
sec T Oual el « 206 o BDEVE o SONRORUENL o LGEAL, B 5983, 41

as viscera and brain can be observed fromthe outsi

Her ei naf t¥f. t hi s see-through nmedaka strain is designated as "STI|I
(See-through nmedaka I1)”. (2) Production of STIII strain In ordez to obtain
a furtherlidded- FNFEHHR. A¢aRE=S#Tth iavhhghen Delateparencyed cvgioughameddie STI |
strain meg aka.gbtajcped above th% ST%\/I{H strain apd the body col or nutant
strain i 179 (3pecttd SPropett PESUBFERHICAPE ShdWTCBeY RF &FHIVR Makiag 3)
vere nmat 98w deN thbSudwhboM Mo 14e (114 all\.@¥e%§8{{r{§gb§oz4 dLP'éP&t
mating, two series of mating including the mating directions ?a- Y4 Snd

| b-' 2b weneaptogeésiszdstraipanal-bel . F~, fenal e) having quadruple nutation
was obtained fromthe mating in direction la--~2a. Further, a simlar Fz)
mal e, was'19Bt afRBPTISHRL ABVAREI 3y TeA28es ckuTtdier] bo' RIsecThbrdesh retiaka

see-thro daka_ F~was. qbt ai ne .mating wi his mal e_and fenal e
(mating \I@Qg%n ?’é’b%c??c}agcaprl&péfﬁtf?\ééeﬁ? f%elﬁ‘%ﬂ e&T| PelapPhares; iiGugh
nmedaka OfkahRBoPh&SANt 2h AUSUAIR. ritd sbx’ o+ €3S al HAAGRN [ rface
and oper CS| a.olt was (E:Lol | ect eed i?\ Yasmnacg%t a-Gty) 1In %%é%ené%ggag%gés{?% din
t he Bi oschenpeefiemtergr Nageyaevof Vieudaldherds Rasest al mdar akiRgetbor mating
Strai nSpecific featuresGenotypeOigi nPlace of depositFurnis

hi ngSTI | $¥&- t hFotFFgsLat, IwEgsyash cudirens cie shedseanghirough medaka of (iv)
andi -3/1i - . Cent er eunXl / X oyaUniv.il-1Lessil1l/il-1Ya

agb\lrJin erein. g Jg%ri toga SY%I %%()&QONag i
magat a- H0S 6T eNCAYaRi 71 FIEAER | HoRryduss FEBRS Rfd ¥ °B67 F o I8AGGFa%Rd
oper cul alBt ¥ng Yetween iridophore deficient mutant medaka strain gu, albino

mutant medaka strain i-3, leucophore deficient mutant medaka strain

1f 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
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14 May 2004 Table 4, Mating data Mat Generati onDescendant Gener ati oni ngof

Par ent sNo. T~GeneCGenot ypePhenotyp arationlaSTIIil-1F:-agu/+, i-3/+,
il-1/~~9, + " + -i,  Xf/IX(Y) -..2aFl-aFl-aFa-a~; qu/gu, i-3/i-3)gu,
i-3, i11.il-11il-1) X'/ Xxfif(1/256 of FZ, only ,-)Ibil-1STIIFI-bgu/+,
i-3/+, il-1/+)+9", ~' 3, + -),mnRbF, -bFl-bF2-b~, gu/gu, i-34imMs; 2004 i-3)

il-1)il-1/11-1, X1=/yifif(1/256 of F', only d')3Fa-aFZ-bF, gu/gu,
i-3/i-3)gby}iaBevel -1)il-1/i1-1) Xt/ X(Y)1~if(all individuals) (Results) In
the F~ generation, a see-through medaka havi ng specific properties of ST-1I
strain and¥iil 1FETETn feRBeSEE: 1HFRECH T8Y3teF) to [the/sde-thryesh X(edzka and
phenot ype. d-3. il-1) |f .. obt aiined. This nedaka has_|ess .

iri dophoraé%’g%%délr?gt 8 &Y %mgt(}rfa;l}ﬁ? g%dgvﬁésag YYREST SR ghEP Pl ARS %A § S

|l evel of fheeedYoWstdaudRen it onedinand : el i_S_not
much refl ection ofv?ritghtd@f rﬁgﬁrh t he B%%ybgﬁ%?ﬁcég%sﬁgﬁg%f?y?e%%ieﬁ\?gt Fon
of internalsismyafisacarodicernde aDFen wvtdthyexpiosmianakhper; fiddisyedakaid
strain is designated as "STIII (See-through nedaka I11)" Furthernore) the
four strATHRToM1EBdY ©6iBF FREiam of géy,gene3enkeding 21 Y lusreksdantt beoeranypl e,
wer e founﬂvianggpol Lect gg in different areas _in .|lapan several decades ago)
as nenti oned *dBEVEITENFREIRES PhetPVITHEy CRAFS 2NEE Webhe FEGRERT I HNTFRR®ER i n
the worl GiecAeE9hEi 9! Poi 5 i e r
(gu, i 3P aRRe, B s T Eb 00 AR SR R0 s Ry i s bbe bR e
real m of matuere) itheredor eridodiiagi acapadn ef aforRisedHEi pgotéim Nedaka strains
(STI'l and STII1) of the invention by essentially biological process.

Exanpl e Zipp odEEEFRer cheskrasamtoirtentddakeeIares\hd diresese i themighi meddlon can
be easi | rtormed | n.experinents involving in reprodyction (faqor exanple,
an exper%ﬁgﬁf d%ﬁ?ﬁe{w? e‘% Bt Enyoers WS fﬂ)’t‘{ ﬂggacfhéﬁiac%ﬂré‘?)‘%ali?rqaé‘-
necessary 10 i dgafakebRes 3 Abna: PXAE! LB AlePALIR Y Bat4 SAT | Y
stages of ontogeny and wi thout error. Sexing of nmedaka is convéntional'ly
performed with reference to norphology of anal fin and dorsal fin) a

papi | | ar\é process on the anal fin of male) ovipositional behavior and body
col or (d2FRestPasepirtivasefnBravizasthave probl enms with the nunber of days
after hai_,ghi ng hatt i S }rleggibrsd bef ore sexi n% ES possi bl e: in the case of
obser vi ng*fror phol 6§y = 8F ~F h °8 yﬁé’gf’ﬂ”&’r’:ﬁnﬁr"ﬁ g&a8. whergiya- is iridophore
ternmof . §a2; SO natﬁ@@ﬂrraeﬂ;gwbt.hﬁgaﬁ%%ng@a%tggpgirpqhav!gg 2 383
nonths are required; and in the case of observing tbo y color ‘in ?he a°rR
strain, ReucSphwsksiedieirafqumietht \Mrraawei1produced, according to the nethod
descri bed bel ow, a see-through nedaka) for which rapid sex identification

i s posei Bt@e: 2¢15hpogagehpif §he SPel tYrosylk ardrkSTT| tist paenept daveediby t he
process i&ff(%rggl el al d_a, strain, FLF, lig)roduced by mat.i n% Wth | eucophore
mut ant i > &rd W ety BREREINEY oS A h PEIRF S SS6B0ENTHER TR PRRBpdt-t FRSVES e
shown begoysand,idy Zah! fepirIENA dsed as mating parents) and these were
mated as shown in Table 6 below. (Specific properties of strains) STTT: The
see-t hr obigh. Bedakatokrthet pnesenspiorwaiki SifowidgFa JdHus tWas HROEHS s DY

mat i ng between | eucophore nmutant if herei nabove and the wild type at Nagoya
Univ. i PDbBbraskeesl] fn§@Re-YEskoein efid. Ya: Resulhyf 200 egrobhodesis
chronosone .1 thi in, _the fenmal e |l acks | eucophores. Since the if gene
| ocus of 't ﬁéﬂYogh%%érgnﬁé?'st%qu(?g??ﬁ%?kat'h *fate He2e LrhASr tRALCFRF ¢ her
nmedaka ofiAdhgreiFdb : - BANCE {TRY, ) is a
base sequence§posi ti gnﬁe}?'cﬁgég%yzsggqt ﬁlgﬁﬁn%% (sagﬁd(ie{%rdﬁg%aﬁ%&e 5?{;‘3% on
the Y chrionexsomaian@LEw . v 8 hatgbinddhat 1i1ti5:d1080Le9RES nEEY] Akl Sed0Gat ed on
the X chronosone. In this marker, a polynorphismis known. Since in the FLF
strain, 4 BsCoHut PerfdFRTheIs wiwionodiches bhateson ttdfeaX ed ke Onerstonmss s i5W0

bands (L erived fromyY chronosome and X chronpbsone, respectively,
in the r%\ gﬁgr?g%Tg]i gl B g PP RRfEGe ot 3% Arigibibrigdi R E R izenal e

are det aahed:ino PO, Olad b 04087 o Nl call 401, 300V, STLL St rpln SLL has

no difference bet ween t ( chronpsone an CNT ONTDSOME, a
singl e kardihs(etweet™ey; iand0bRes8%e8s 19BELafEMLS eNBLE)i naiv PR HageSL!I has
e.

also no difference fromthat of the X chrompbsone in FLF strain [i (H
7 . As shown in Table 6 hereinbel ow, nmeans of selective mating, the Y
chronmosone of FLF strain was introduced into the F1 generation to introduce
SLi (L) [On details of SLI, refer to Matsuda, M et al. , Isolation of a sex

chronosone-speci fic DNA sequence in the nmedaka, Oryzias |atipes. Genes
CGenet. Syst. 72, 263-268 (1997)] . No errors were known for sex
identification by this marker up to now (i.e. error = D). 18 14 May 2004
Table 5, Parental strains for mating Stra inSpecific

f eat uresGenot ypeOri gi nPl ace of Deposit Furni
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Mat Gener at i onDescendant Generati oniri gof

Par ent sNo. ~a' GeneCGenot ypePhenot yper ati onl- STI RFLFFI ~: gu/ +,

i -3/*. ~+".+-1,1f) HX f.x/Xl. A~*gu.+1~7'+1fa'~ gu/*, i-3/* HLxli, x/

Y., z2STIIF1F, ~;gu/gu, i-3/i-3,:qu.i-3,If, HL, x 1, x X /X d: qgu, i-3,if *
,cT:gu/gu, i-3/i-3,HLXIt, x/ Y, n(1/4 of Fa)3F~F~Fl ~; gu/ gu, 14 May 2004
i13/13,~qgu,i-3)If, HXIf. x/X1l:, xd;gu.i-3.,If~qgu/gu, i-3/i3, HL . XIf, N Y,
L(all i ndi{¢i doadrs) E}Resubtrs)y-¥n sdtwmail~ generation, a see-through nedaka
havi ng specific properties of both of STIl strain and FLF strain
(phenotype: female: gu, i-3, If, Hand male; gu, i-3, *-f) HL) was
obt ai ned. The ttansparenc evel s, slightly _inferior in the | e . due .to
presence of Ieu‘fch&ﬁhs(%reéé,@l%@horiﬁu %/defcﬁ?%t%bc taj\&aosfe’f}heec%rétr%‘tisast closed
transpar ey digvekpof; Sddeiior T ena ei: t thi aka.. st:rain .S
designated as " STI?-YI ". Cenetic s):ac?(r o?%{ah:lga%regiﬁka%gn?ggnt%@é tgo%lhe
presence Nd.J0@0¢ophdTRSwhich be aipwi-cddyvalctuesht va. cHeUitdiht (49N49kle 188X Was
confirmed by using a DNA narker (SLI). FLFWY""= strain [The strain has
three identification nmarkers of genetic sexuality. One is the presence or
absence | eucophore rese in_o"/absent in ~) ; the second is body

col or (ygefscf'\ﬁlgﬁlﬁ)aﬂgeélﬁ%rp?geﬁﬂ?fit E"Lg?)gl%‘i‘,‘t%nd the third is SLI marker

| o": two Nds kg & bl : . cont.rol .pazt of
the tail Fin of ar adnrrr ot et o R R L aRE AP E A B s O
convent i amathaetihors Bepct Bécr afi ik i@sbhaeks OhedgRBEhSaRA R HpMYeR sPAK £
Chem cal s)]. PCR was conducted using 2 primezs for SL1 detection [forward
primer pHEScopBores(5' - CCTGCAATGGGAAATTATTCTGCTCG-3': SEQ ID NO 1), reverse
primer pHOS5. 5-RY %5' - CTTTTGTGICTTTGGTTATGAAACGATG- 3' . SEQ I D NQ 2)4 under
the conditions ERBWFINTFatiEALIRE FEHT P BIGIOWR - IRBIGRES TRt in medaka
el ectrop esi f usi ~.a : / ar : in Fig 3
hot shiy ob EEEDLAGYELS Vst 1uA0RLos QgL Jik AL A00UN (T

a (female) and mal €). Sanpl es used I n eac ane are shown in

hef ei nbeliawerda s argaye sekudturdistsich gk gesdimf sbasserénphapgesbe 138I3ag:
(Takara) and 100bp DNA | adder (Takara) used as DNA markers are DNA size
mar ker s Foétlcobddrhativar ofkidrevieh boheeq.13ntebying andBatiP b)addel.1.cankb
band (1500 by of 100 % DNA I_adﬂ}er) respectively. 20 14 May 2004 Table
7. ConpoPt PEREBISY B G-eRCPPORE M % ({72 Ch8) SHFPHEE nal

Concent r at i onH96s 4 ~ far i , P
mxture (2.5 mV) O.lécg%gl%nii%ﬁn%etﬁ pl—%%lmgla%k?y% Sm){ 53%%%3‘3??%%% 5- RV
(10 pnol ¥8129. 2irtafsmies ONA {nkphor20 n@nithbpAcdd Azfaq 1eRcbhbhérd) are
Takara) 0. 050. 25 U/ 10u L) Total 10.0 Table B, PCR conditions Tenperature
(~) Ti me FAYRLYTEAT abeent wrat L6NOSSEntcyefesidsaent in very small numbers,
denat urati ??395 . 5Anneal i.ng631. 5El ongati on721. 5El ongati on725St or age4 Ther mal
cycler: @ K%rﬁ 3ERE ST Eﬁ(ﬁf-eﬁegﬁeﬂa AREFIEHI U 2T PigmeRsyiDEFASTRBl € 9,
Sanpl es L %& %&% i i a i E@lgg |.eFi a_(femal e)
Strain aﬁ%ﬁégﬁpl e i I g.é gs Elr%?rg%é) a%tgr%léroi an %%ggrrﬁﬁeétﬁl&%ie P f“ﬁ’“{:
Di.gest i oselkakar)e bodgFcR ok &F gRELk&tanTAKALR) oHLdW 2 c o stiobakR11y .
128FLFW Y" "1 strain 1543129155413015651311 57613215871331598STI[-Yl strain
R1609B16110C16%=EERSTPf - tHie inegient CiMedGibp DA Heagaderu¢ddk dfioa) exBaByd 4100
by DNA Igdder %T kara%' X ~.-Bstp | di?g?(;osti on (Takara): DNA size marker
whi ch i sXiF §BET Bt PRt ErivE g ee RA e samie Ty By Red kst v th qagdap iyer z: 100
by DNA |adder a f et 4\, S| L. t C i.ng ,t he result
of el ectrophora(er:sgi !é@fs own 1 n Flbég %\%8 g%?s |sn%)§ﬁ§o& %’I%e';rrgﬁ%?(‘eé %tﬁd one
band i n mikdinein ces®l B MedalapNeY s Aol @fopitte, £2)rr¥oduetd N 10heShdrail
strain Since a male of STIIYl nedaka Strain obtained in (1) above has

but the production of the present invention isnot limited to this method.

*Selective mating” means selecting the individuals of desired
bhenotype or genotype from ocne generation to be mated thereby producing

the next generation.



| eucophores, its transparency level is lower than that of a female. To

i nprove this point, a see-through strain w thout |eucophores in both nmale
and femal e were produced. A female of STII strain and a nale of the

| eucophore deficient (If) (STII-YlI (If)) strain (specific properties of
each Strain are described bel ow and shown in Table 10), whi ch4wasy 2e04er at ed
by the crossing-over of the X chronbsone and the Y chronbsone in the above
STI I -Yl strainExaepéessédosy mroemtena@trr%ﬂqi@ Pord frax ithg sadeshovmmaging

14 May 2004 .the fall owi ng Tahl e Speci fic erties of sty ns) STII
The see. CEANAR TREGRFATEE 18 8PcebAt- PTRASHS RE LA Wi caAtolt b fon Buoh

defi ci entao( L )scrmhﬁ &emerﬁts%qa%l)cra%%eqn&\s% RlaL *aw&?ggnfnhsflegﬁ!m

chromosone in STII-Yl strain [e 10) Parental strains

St r ai nSpexi { ¢wcdeireraaGenehy padang rﬁkFaaa@.E[ﬂfc}‘D@pQ$| §FAHIR) . These medaka
shi ngSTI | See-t hrough~. : gu/ gu, NagoyaHi osci enceYesf enal ebody wal |
andi - 3/ i S3TEARY. TEnPetR pReinaOABuhE Biogtkefice Center, Nagoya Univ. and can

i(fZDggy;‘g a?glrglss;lllé t\g_lesreee rtohnrougho ~: gu/ qu, NagoyaBi osci enceYesnual e of

andi 3/i -3, Uni v 8‘?9}@{9@6”Eﬂé‘ts%@p@f&%\?%?&h%éﬂ °>iJ h{TH L%%%QI'}%‘%E )%gosm bl e

forUniv. crossi ng- odescri'm nati exon geneti ccnronbso

Tabl e 11lpeMatrbageetsy MdardshgEenapaticen QElE@tElQ@ HRSeENIAPL iridophore
Gener ati onNo. ~~GeneCGenot ypePhenot yperati onlSTI I STTI F1~: gu/gu, 1-3/13,~:

gu, i-3, dpf;cmtxmfztaw Xiefiakp| sEraigugu.d a3bihé mUlthhs megakgustdad/m i 33 H/nIdXI f,
el Yit, g%all i ndi vi dual s % (Resul ts) In the F1 generation, the see- through
medaka h Pﬁ‘if FfF LS PP AREARE Bfdaky Fripgk 4F) (the %qeréhﬁeu%mpe
femal e: 4JVE,H and male: gu, i-3, If, HL) was obtained.

Transpar ency evel of male and fenal e was the sane as that of STII.

Her ei naf ter thierumaaka sdd-ahRolgh desiagaappsknaed SFldadihiona?3elet4 ;MY
2004 Sex identification of these nmedaka was perfornmed by detecting SL1 band

of DNA narking ye PERuasnEen o8Timory| tybed 1of aboving diat @mier shoumcreaba)
Production of STIII-Yl strain W have further studied in order to produce a

strain, WhTTTPATERY- ni Jrbrciyssts far ERey SRV yeh: e %"&)‘i‘jfﬂ/\éﬁe PE&ERRBNeum

d Tl t d t
rrarn ] A, bl Aerdll b Yle S BIALL: O BePatel BCheBRearhon i
(1) abovmﬁmbél&ﬂlﬂpﬂiﬁir@w&fzﬂ 15R0¥Ee larirolahl Medbil £S5 cBROYY ) AxLHE

follow ng Table 23. Table 12) Parental strains for mating StrainSpecific
Feat ur es@hdirpgechrpe rfdfdce eof 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 Bioscience Center, Nagoya Univ. except whereas
produced by the abqve 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 cbservation of the presence or absence of leucophores in

the period after the two-day-old embryo stage of the above see-through
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DepositFurn ' ishi ngSTlII See-through~: gu/gu, NagoyaBi osci enceYesf enmal ebody
wall,i-3/i-3)Univ.Center, peritoneum | -1/i11. 2000NagoyaUni v. andoper eul ag=F.
"/gjt. "STIIl-YI See-through~; qu/gu, NagoyaHi osci enceYesnal ebody

wal I'i.3/i-3)Univ.Center,andgit. NY. _
z2000NagoyaUni v. peri t oneum wi t hgeneti csexual mar ker 24 14 NMay M&0ZogHabl e
13, Mating data Mat Generati onDescendant Gener ati oni ngof

Par ent sNonedaBeneCGenot ypePhenot yperati on1STI I STII-F, ?: g,1/gu) i-3/i-3)-.:
gu, i-3,Ylil-1/) Xif, HXf. Hril-y If, Hd: gu/gu, i-3/i-3,0": gu,
i-3,i1-1/+ X f."Hp mgrier” pied) in Qe PIFISETERG PHEAGT 1G0/RARD S| DY pagkergy)

i-3)il-1/jL- | o = HLXLE" 0] - e. /; bz3[i-.3, d; "

i -3l - 1/%%%???5"%#%'% __qu?e_kﬁ %{( 17%6%3353Et'éng“a‘ﬁ&?"g%f"‘gH?rkers
i-3/i-3, niea@¢, thaB,identitlcdrichfor ehlkhet!a loudsfek tHik Grai O Fema®d: is
gu/gu) i-3/i-3)il-1) +Hfil-2/il1-1,Xif"'HY' H/LL(ja21 i ndi vi dual s) (Results)

I n the Fregdpeamadilin degessirny PiAuglrriredakas kaviesglsperi FIRC opr Opar bf eshof
STII1 and STTI-YI _strains (phenotype: female: gu) i-3) il-1, If, H and

mal e: gu,*341¥idpplmedaRa. 1y |) was obtai ned. The genetic sex of this medaka
was identified e pr o f. 1 eucophorea in the tw-day-old. enbryo as
with the STII- \?Fxs%grkditﬁl.r %Egﬁtxﬁ%%kagé}r#etg IB% RS Rds llé‘éﬁ?ﬂor?e%\éﬁyw%lﬁ\lﬁ rker
(SL1) usiiR@nbhNiésaloat ed ddumdiReci@ide birBafe@by@dubl diatael NrdbiSieq
strain) the transparency |level was slightly reduced due to the priesence of
| eucophoreserhitdpanidebe tutert tite sasetircadpardarea)s fl €vebr @serSTiddeEion
obtained _in the femal e. Hereinafter this strain is designated as

"STI | | - YPescptbed 3n (@Y 2Poys ) 2 PEEALRt LB whérh SEX difflerenre disrpSiarmtt he

mal e of [11-Yl  strai tained in t 3 bove has, | eucophores) its
transpar g;rgc%/eﬁpg\?éloﬁr gn?%\%%g ?’hlfgtetn ﬁﬁtchfgf'gltl%"é“afi‘oé’ﬁal %‘?fflc’ﬁ’ "i‘)rs&gf‘lflg’ﬁ)arﬁﬁl@ve
this poiatpnA sifiadd) Wukhedt s| epcaphorgs ignnal@elfmi@em%frfe%gﬁ' e was

produced. STIII strain (aforementioned) example T (2)), female) was used as
the parental sTraistraiandih hils ohasersdoit asiehbet he dreiacepbois Hafecitentr (1)
male (STII1-YlL (If) ) generated by crossing-over of the X chronosone and Y

chr onosoffRly Fhehexdieps el LrueprRezes napd pde) st rain bperines Rifemelben in
Tabl e 14 28% sl&g% Ji[_ennTas | e.lS hereinbel ow. Table 14. Parental strains for
mating SETai NSpeci 1¢ eafﬁ?‘@%(%ﬂo:?vpéﬂ’?gﬁtﬁﬁllﬁ(:embfexﬁé’ﬁ & PR fitTain.

ski i ngSTih | \aaent BeRUs t f@tedte NeO QYREIFQSECT BNCRYESE €T 8Ry the existenc
bodyi -3/i-3,Univ.Center)wall,il-1/11-12000Nagoyaperitoneu [Univ. m andx=.

H X1T. xopetandcamBFres Yl See-idr example/ giyidagegdBi oBCi encalYes Skekai Dghed
bodyi-3/-3,Univ.Center,male ofwal |l il-1/i1-1, 2000Nagoyal f, peri toneuXif,

x/ YU, zUMRETGERBCEIEdRDe 280yl (ing, ne9edai Hitphi(Omotass latipes) . Zool.

of genet i gsexsex chr.o matker e 14 May 2004 Table 15, Mating_ data
Vet | ngCEnsr 11 5GP RAP SNt S BRLERa Ty Firne (RS 120nbaBt "ol Tnredralde
Cener at | prdNeidERBE CardvPerien VPErAsd QRISH:lhelk! b Y Elsi

i-3/i-3)T: gu, i-3, (1F)il-1/il-1,i1-1) Tf) FXI T, ) e H%l't%%%’ﬁ?]‘

i -3/i-3,%Texguple o3 wHerd/ thede bkethel$amé birain Yl Lz i dgalel 1 bagbptishual S)
(Results) In the .Fl1 generation, a see-through nedaka having specific
properti Of S5T#IN. SREY She pave gPwahck \has leuaephoreguand a3DNA| markdr | H,
and mal e;..qu, L ; il=1, If,. H s, obt ai ned. The transparency, | evel was
al nost thseﬂséﬁ%tg%dasTFr I e+ nd]t'he&%%ﬁ'f’@naﬁ 1% CRETRY ‘&Pt B ain
| s desi gnahRdcdsin Sld hbadkd ' oPp¥i4d80tifdLaklon. aknLhe ka, ingL
perfornmed by det encti ng hands (%? 3 DNA rr%r{(er l?Ssl_l)n%)g' %gﬁgggaw%t%?t%ﬁes
STI-Yl &uosai ] owh{d) can be obtained by furnishing fromthe Bioscience Center,

Nagoya Univ. These are, however, are not limited to these examnples.
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
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above(data not shown). Exanple 3 Production of a see-through nedaka
characterized by the production of |um nescence in the gonadal tissue (germ
cells) we have produced a strain, in which vasa- GFPfl uoresceneei n gonadal
tissues (germcells) can be observed not only in the early stages of the

i ndi vidual but also throughout its lifetinme) by introducing ashydyasbigene,
whi ch was prepared by fusing a pronoter region of a vasa gene which

speci ficals poexppesses the bes GRS e dionW 4 BrbBec &0l NG P8t Qfe ke
(green fluorescent protein: protein of Aequorea victoria and emtting green
f 1 uor escefe AFyPEEYeRll bk Rpebbeohdlymefalgerd, thattaeshat 2nventdoiyt 2004
see-throu hcvmedaga of a:bhe preaent invention. At first) medaka ovaries were
frozen with 15 §UPd AT (FREIETEFMP HudhEdSEBe Hontideéns 28 EhiFrehnasca KRNRE was
purified)and RN\ was further purified) then cDNA was synthesized using
this as a tenplate. This was inserted into a vector and packaged into a
phage to preparerafedyVakyeCNodgdhtaldka3tinoR] yialy AlorelalakadanM00L iy
Kobayashi ) Tohru and Hamaguchi) Tetsu, "ldentification and mgration route
of pri norldival eftahned| by sefl embitak mans hadeaxprassiconraforea s arid i 609 gene
as an indicatqr, " Proceedings of the 32nd Annual Meeting of the Japan

Soci ety &PC%B%‘? opERE dAesBithrayrR medafaget she posEpnt inkeukien dox WDNA was

i sol at ed .t.t.0 i:%q L The.fact that vasa protein has DEAD Box, which
= an RS AT BI A Yy pRIRAEEET Bk YRR RLEaRke RroRGCan R enS
known. TRESEurthlelk BRI1ScEOFERALE QO BB i I | pringn-1:
5' - ATGGCNTE T/ C) GCNCA( A/ § ACNG%' g%g%f F}E)'Qﬁtce)lg g?fﬁ%c]’p I?%‘\%%é\@égfneaﬁq%)

5' - (A G ARNCEEAT Lhe EpECLHY )IRMAGATEIR ofl 1SEQ (D) Bibbvd X thaveee- desdugnathaaRGR was
perforrrec? ugi n%b\/\egol e cDNA library of medaka as a tenplate (94°i for 10
mn., 94:Vfor339"%ec., SS~for 1 mn., 72~for 1 min. for one cycle) total 39

cycles) . Anplif] V. ort fr nt. was rified by agarose gel

for cloning. A %Aelﬁdgéﬁﬁﬁ?%qr}i% t%rt%g Fr%%tnegogspﬁ%d aﬁ%&c’\?as&hﬁmmew tide

sequenci ngdgled o MatdHOBex SKILRAENGa 0f o heNpoadE 1DNA L infr ﬁwﬁﬁ% ES—%&OL”‘EC’
C , I'c

again using the fragment as probe. As a result) full Iengt

wer e t hotightBicgcéentaiiCentbe. dlagioye Emino abéde cadingedog 08)mairainsgl at ed
for cloni g The nedaka, vasa cDNA was confirmed by determ nation of

nucl eot i 8£ sedUEidthg ERFoBeeUfHTRRosf meReka2pE M it eSwsdt iinyentitheigapan

Soci ety I i i rementi oned) .. Next, the medaka
vasa- G:P%%%\%arggggn t lrtﬁgtpce)xlcf%fﬁég%’/acga-g gene Thas F Ayt gensTIFH

whi ch t hengyefoberid@iaeri9f dBAYaqvesse qperiggzg_fus%nlvgﬁ Qggém&%ﬁéé was

fused with the coding region of GFP gene. 3' region of the nedaka vasa gene
(ol vas) ava@sngnphdt esdresser o2gpnismra fi€2)10 anBAAHACCATRGARIATACEES e SEQ
D NO: 5, and VI-8; 5'-AGGAGGTGCCGICATGGCTGGAG 3': SEQ ID NO 6) with a

t enpl at &5 EPGREHDNA IERPEESCent DIpteinf Hiktaklevase Yurashonedahd .ofThe

t hus obt.3] f.r cl eaved with restriction enzynmes Pstl/EcoTl, and
the ter rﬁn{%%gfgﬁgrﬁﬁ?ﬂé%gd O\E/fvi Fﬁyﬁnﬁ\%{ p@’yﬁ'@r Ry gr&h‘%/‘éefragrrent was
cloned to therRempléLsler k5L 0N Sbtgad wIkR VEfiAsLREGHR: - 1GONTECH lnc. .
1020 East Meadow Circle, Palo Alto) CA USA) and the resulting xragment was
desi gnatred asmpE@E-PoItndaalt hissues Fgernd dehlgEnmdadnf rogieiat, CoRdRisnang t he
vasa gene (ol vas pronoter region was anplified using prinmers (VP1M

) :
5' CCT BT CEREAREART GSEETERT - Asrendiny op M@ PYrresrico/R® experiment.
5' - AGAGGATCCALL GACTAATGGTTCTCTATITC-3' - SEQ 1D NO_ 8) _with phage DNA
[V5; cont ai ni ngph%?tl Saré%o arr%?i%%h? s%xpgre%gef(??ﬁ%?ﬁ'sfeﬁéfhcﬁ%l 2P¥. The
thus obipabRetef rag®R! suBScdearvgdnitid Mehs BEun! - gndged; with -%dglém‘
pol ynerase, and further cleaved with Kpnl. This Tragnent was clone fo
Kpnl / bl dnmiesscafceNc 6br sexanmife, pEGHES\feneC boombd 1P seRAL £1 @ B Gbaaak VEGFPA)
for gene . transfer. Since the GFP gene was comercially avail able) this was
pur chas &dSPBPS usFETCICENTELHE#RcPe UEFE0 East Meadow Circle, Palo Alto, CA)

USA). Fertil if:?a qgs ﬁff r&i nedaka were coll ected afjte[ 30 m nutes of
EGUPFFERE B kTS PERDAEE TR AP trTEPLRATRES above

d

ovi positiori andmgttd%

vector YEGRRAmWAS idYeeqt | I nescel |l -stage enbryo
by nicroinject?%n. ﬁ%ﬁiﬁﬁﬁgFégegggﬁﬁﬁégg Q%%FQE?E§§195§HQ%§%¥£§§§%%Yof GFP
fluorescence was observed by fluorescence stereoscopi c m croscope. The
enbryo and fry expressi ng GFPfl uorescence were separated and raised to
adul t hood. Sexually mature individuals were paired with normal individuals
(wi thout gene injection) and nmated to obtain enbryos 29 14 May 2004 of
the next generation (Fl). These were searched for G-P fluorescence and G-P
gene by PCR Hy this operation, parent individuals (Fo) who transmtted the
G-P gene to their progeny were identified. The progeny (F,) fromthese
parent individuals were mated to produce vasa- GFP transgeni c nedaka (in

I o - Y v a1 - o o Y e | o '



14May 2004 Table 17. Mating data Mati Generati on~ Descendant Cener ati onagof
parent sNo. ~~Ceri er ati Genot ypePhenot ypeor. 1STl | vases- Filgu/ ~. 1-3/y. 9,

~", GFPvases- GFP/ -, vases-GFP) tl', HXi, x/ X (Y)', x(1/2 of

FI')2F1STI I F, gu/gu) i3/i3,q9u, i3,vasaG-P/-)vases-G-P, |f, HXlL. N X (Y) If.
N(1/16 of F~)3FzSTIIF3~;, gu/gu. i-3/i-3,~ gu, i-3,Yl vasaG-P/t4 vagase{FP,
1f, Hf. N1f, NX /X c¢': gu. i.3,~ gu/gu, i3/i3)vases-GP,vases-G-P/-,")
H LXS. H as, “GEP1) Zeole ba) AePbodeavigubgil, ipIe £3pcreguent protein (BFF)

i -3, vases- GFP/ vases-GFP, |f) Hvases-GFP,d~: gu) i-3,XIf, N X f.

HvasaGFP, dereggfgelipy L pares seny nipi@d RGRPR) 8568 GhpsRIfluoxpsyent pYq¥eR1D:

F3) 5FdF, FS~_: qu/gu /. vases- GEP/vases- GFP, .| f

Hvases- Gzlgenésgare 3%11}5%1%_'?1)—&? CL%@/asée%}?H—‘ﬁ ~‘:sl°§§/%%s?t ﬁg?%‘f (fircle, Palo

H Lvases- Qfl%ya@g,s -d&h, X1:. x/ Y. L(all individuals) (Results) In the Fs
generation, a nedaka which had all the specific properties of the three
parental strai nBhe waseshEbiyh Fdakandf Sdid pesephenotamaon§ et &strizdd 3,
vases-G-P, If, H and male: gu, i-3) vases-G-P, +If, HL) was obtained.
Genetic sbx deqq}éﬁpl @febqusméxarrpmea gp(eg}fby CP@ﬁ@opI%nebe avich daa oA

mar ker (S arenQ | evel of the nale was sllghtly |nfer|or due

to exi st ek%?é %ﬁ‘mfp SCO ’éespaérrﬁ 9t FEEPH VT PREAER e W Ndsh 19 4INREPHE64 t he
sane as t I Nafitarn

TSI V1 vasyoipRthlnetBE 8 IR LS or SbPotl LA e Y. SR8 IR L Rprisatintor
of germ C!Bh|tS:epbﬁ§lit£lthgtfibeﬁ‘BﬁﬁeﬂQ&m@ﬂﬂs&&n@&ﬂd\m thapupheut oh NF the
lifetime of the individual not only in the enbryonic stage but also in the
process oflypiraciensf peptadn cAene: temédn#mmg (Bl eptodacrrbimef of said

STl -Yllvasa- G-P, Stra aﬂ%?gl nce a male rred fTI | -Yl-vasa- GFP strain
obt ai ned FHFSBEPAF0E WFEHC%‘bEh&reg‘“? r ﬁﬂ BrETEP T BEEE] $EFBMAT - when

conpared W th that ,pf ENBf Ep el B [ ' ain
wi t hout Ieucophoreg |1?1at1%%emnan§% ar?d #ée&%gﬂfﬁ&% Egeﬂ. fis?g%gzltee %?é‘%léle
above STlgroficveasas GFGegtr ﬁjaébﬁiﬁaalﬂ‘aéﬁpﬁsshlﬂ@ ieunppRers Aaf ittleedbotd )
[STII-YlI-vasa-G-P (1f)] strain generated by crossing-over of the X

chr onosoneHAY re@ior ehroddsonestsnt heowby gesd] |any| tya paoOEPL 53 @ifnthe

(specific opertles each strain_.are sho Tabl e, 18)) were nated as
shown in =ge Técb‘B‘F‘gﬂ? 38° YRS 6842 T)\ggTreldllenﬁ’a%%rﬂ“é:Im@Fﬁiins‘:?"br

Mail ngSWEAASREERLL &y 83k EHRNRLYAE Y '%ggoya i1 PEROM IRV REL eor

shi ngSTI I YI - See-t hrough dygu/ gu, Bi 0SCI eaceYasvasa
a_zdvasa-dd=hpllal, va Gernhet  daymalieparid ane R amasGhP, t2Q0PNaan Ak ik Res&aeNnt
ingle, x/xic. kUniv.gonadal tissues(germcells).possible

fordi scrim nat iA@n@:argénth cHexaRiviet Sy gevipi naedsdg/ @%l)the Vasa GFP strain
i-3/i-3.Na a ci.enceYesvasa- Pv sa- GFP/ Uni v. Cent er.

of vasa OB IU0BRAToy AT TS0 T boes AVEE SRS terieh éF&FW&FSs‘é‘i fysberhe

of sexchr gymseres Jahhe +9sa Iﬁ%‘enghp‘?ﬁ g M@Efl@%lgﬁ};no tLon. Of lfs%?’é‘%ﬁﬁl-l\?l E -

Par ent sDéscendant Gener at | onNo. ~~Gener Genot yp ypeanon

. gu/ gu. (i~%/.i sBedi fju, tb-PInabalvasasEHPwaea- ﬁP/c\ba&ﬁgCﬁ%iole of GFP gene
Hvaeal | f)vasa- GFP, d~: gu) i3,-G-PXit, x/Xit, x vasa-G-P,d~ : gu/gu,
i -3/i-3, | 4Tanpkpy ¥ aoFRLvalaa- TFP220E Ponyg Yigetifa e f Yhedialidudbs)BiRegl t s)

In the F._ generatjon) a nedaka havin ecific properties of the two types
of parent53 lgf?’a?%sj)a)pg?ﬂ?rﬁg%af‘éﬁg‘% §'FI°FQ$? g‘ég’a?d%z ’(‘Ff'ﬁhei/\é?""eyp
obtai ned . -Gaagkh e ShaS isURLT {1AELaY MRnIRY kRIndl.l) as in example 2

(1). Transparéncy l'evel s e and male were the 34 14 May 2004
sane as those gkamdids oldeﬁ Q:ld@rf EB8lof MuTabtl M daAS 85k HABEthASed with

~~STI I -YI|-vasa- GFP. _
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 productioen of the see-through
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Since this nmedaka has a see-through body wall and peritoneum and a gonadal
tissues (germcells) producing |um nescence, the behavior of germcells can
be observed throughout the lifetinme of the individuals not only in the
enbryoni c stage but also in the process of gromh after hatching to

adul t hood. (3) Production of STIII-Yl-vasaG-P strain W have f4paipenos
studied in order to produce a strain) which has a higher transparency | evel
of the bodyazwal I(i)pesi twiewbBxard opercul a than the STII-Yl-vasa- GFP strain.
A female of STIIIl strain (aforenentioned) exanple 1 (2)) was used as a
parent strain iCAnpreeelof OH |sest-tiFpuskhinfeddlis afasthselrrssiens| yngagtion
repeatedly mated with a nmale of STIIYl-vasa-G-P strain qgbtained in (

A 1
above(sp _lftitc‘,n%rldﬁéf’faf’gﬁnﬁ? SR P RET AR AFVLLRBRT REPEBFES ) r§§e§ﬁ%ﬂm in
the foll %@lggt}-agln%tallg JM Q:h%omegﬁ %tfat’ag%rﬁ%%tggéﬁmﬂen%ee- through

Strai nspecific FeaturesSCGenotypeO 1 ginPlace o 0Si tni

shi ngSTI leSaga tdy ouphabbge, MNOYABees EhehehYasher@lbebody above (for which
wal 1)i-3/i3,UnlV.Center, peritoneumandil-1/i1-1, 2000Nagoya
Uni v. opesed| doti fagxfion is possible) (the see-through medaka of (ix) above) .

r STI1-YI See-{ hroughgu/ gug NagayaBi osci enceYesvasa- G-Pbody
wal 1) i -3FE-“§P%i%¥%&gﬁF S PRI £ £ GTRE n S R NG PF OB g SY8 Present

Uni v. opet = U NES j 1, Y, )k |.tissue

(ger ncel F'gyj,elg%s& %%ﬁ%é&;ﬁg scr ?1%1@%5{}?%(%% %geenceltfi%%%g%gtey%sge 1R 2004
Tabl e 21medlkd Nng- siiize vivht (Ror@td 0N rPDagGeNdamp168Nep 2L UANAY repeated

Par ent sNo. ~~GeneCGenot ypePhenot yperati onlSTI STII Fl ~: gu/gu) i-3/i-3,~ qgu)

i -3, +~|seléctvd matieg Jagare@REPh¢ ffembl assrasa@eRth ré=RE ofH(ix) HbXveX d~:
gu, i-3, +1.1d": gu/qgu) i-3/i-3,vasa-G-P, +f,il-1/+ H Lvasa-G-P/-, Xl f, x/
~ . L2F¥#4Fathe gu?ﬁﬁffolfhog/e, - Hedicyenti - é;l.f) male see-through medaka

il-1,01-1Lkded,Masa-CF , +CFP/ vasa- GFP. o' ' - i3, il-1)1 Xle,_ x/X
L X vaeh GHE 98 cre (1)) B SR8 Gy B bnlre e Sy it tade Ber .
Y. L(1/1 6t obx EmySicdomied1in (Y {Hb)- thrdbdn Reaikd8 (ix)3above; the see-through
il-1,il-1/111,vasa-GFP, | f, Hvasa- GFP/ vasa- GFP, due: gu, 1-3) il-1,Xli. HXf.
xvasa- GRPe@aKagu(“SIIIL1YI Jvadd - GRPEI inl/he- dxumshe OF R asac@-By Xkpebitedv.
L(all indiyviduals) (Results) In the F3 generation, mnmedaka having specific
proper t i 83! - WRSR ET PREeHt thayee ChFoush gedaka of| ({ikngbove and the

STIHI-YI- X i ned. eti ex identified in the_s way
as in ex%%%ﬁg‘?éﬁ f?ﬁﬁece)%?:{%phggesggﬁd %g rr\x‘?gll?’l EergfesLFfefgnlﬂoeu thr aﬂ‘g‘g%’?%ncy

| evel of (tdver 1TBleT WassaSIdrgit 1y thef &fdn edd i@ e e ResePfed gUEAPROFES and
that of the femal e was 36 14 May 2004 the sane as that of STIII.

Her ei nafaaringhbetwtemakhe icemadess emdthadugl MeShkhR| ofYlthe a3REIGFR'T - viha scrRedaka
has a h% transparency | eve| of body wall, peritoneum and opercul a) and

the gondthdi2ifi SFedBeydaNCOBPPES APBHRAGRY uthifle SR fic Seecthsidienfedadka he
behavi or I : r\. t (fetine.of the

i vi dualTag TLoR e Rl 18 (B e UL WIHBHL L ATBy ke BEOTR 180 %,

growt h afft efexhahebhdgorh€s ddildhkRogde - (ol O MEGEKANS O sa3ld |dtrklik- vasa- GFP
strain Since STIII-Ylvasa-G-P strain nedaka, nale,obtained in (1) abcve has
| eucophor es, {The seeanbper@nvydiioyvetods iavweminieenegonpamesban itf ctdratanof t he
female. In order to inprove this point, a strain Wthout |eucophores in the

mal e and¥efdft MasTpivart &Y. JArreheind IofuE Rt sdy Bhsmhoveyhyhakd agoe
strain and .a.qal gEQ]‘ tﬁ%@_{ hegﬂ(é(agggr% df:jL)i ci e(QrEI)(laLng STII1-Yl-vasa-G-P (I1f)]
e X°¢C

strain generated by crossing-over o0 onosone and the Y chronosone
in the above Bipkdt Yhe¥e®a-iGoR St £ BybSREGEAL CaRbRRRIF-CRe @by GRfdhodlkl @i N
are shown in Table 22), were nmated sefectlvely and repeatedly as shown in
Tabl e 23nbehowa [BErsonkkilhyc 2004 Rabl €022 xafpl eatathsd ¢ Ainhsrdinr; amtibng
Strai nSpeci fi c FeaturesGenotypeOrigi nPlace o: DepositFurn ishi

ngSTI | | P¥ 2SE&R A BRIFhBAEy G g8 L AR aHilés eneneeYessirss GPPREP!}

peritoneum -3/i-3, Uniy. Center, fenal d . . .

opercul a, il - 1#15‘.?-sfeéééﬁﬁﬁg}(’)ymaeld&%an%§%§ﬁtp??‘?%sé’-l&—‘ﬁlﬁﬁ‘i Yy oh&Facuces

ti ssuesqggrimee&ddS) 1y asdsd bRl & 9L Ebraindd] ES&H LAL gat hgRof
geneti csexual i tySTI TI a?(&leb v%FF?%gghﬁgﬁn@%é%%}ﬁ%&él ée%acﬁ&%gg‘ggﬂ%%%&hg?? 3, Uni
v. Center) mal e of

If,il-1/il-1, 200DNagoyagener at edvasa- &P/ Uni v. bycr ossi ng- ovasa- GFP, ver of
sexXit, x/Yit, tchronosones Table 23, Mating data



Mat i ngCGeneration of ParentsDescendant

CGener ati onNo. ~aGeneGenot ypePhenot yperati ~onlSTI || -YSTI ZI - YI F1~: gu/ gu,
i-3/i-3,~ gu, i3, il-1,1vasa.vasa-G-il1l/il1,vasa-G-P, |f.GPP
(1f)vasaGFP/vasaGFHP) Rli, n/glt. xd': gu/gu, i-3/i-3)d" : gu) i-3,
il-1,i11/i11,vasa-GP, |f)vasaG-P/ H Lvasa-G-P, xit. H 1, 1t, cl4afiy 2004

i ndividuals) (Results) In the F1 generation, a nedaka having specific
properti esestrihed mhgveypiwmthedigstciknse raxntey . S ddvaYbnvasa-wheReandid
STINI-Yl-vaga: G-P_(1f) was aobtai ned. Genetic sex was discrimnated by DNA
mar ker ( SAFfaka is e 13664 as the same way as in exanple 2 (1).
Transparency |l evels of the female and male were the sane as those of STIII.
Hereinafter this strain was designated as "STIII-YlIl-vases-G-P" This nedaka
has a hi ghxtmgnsparency | evel of the body wall, peritoneum and opercul a,
and the gonadal tissues (germcells) produce | um nescence. Consequently,

t he behavi or of Thperressid snecamtive obkkebeedplht sedjhaute taie By § B bserLofi dohe

i ndi vidual s not only in the enbryonic stage but also in the process of
growth af t&f? ﬁzﬁ‘recﬁ?%(j"‘tlélgaﬁﬁ?’fﬂﬂc?o“’d. byt ih@ss efanries| avemnilon Noeorad tiyet o

t he prese inyention _a see-ihroug daka useful as a ) )
resear chrgﬁs%u%ee Sthito Saé?gn%%i Jblét?"n:scrgﬁ‘gn@égpﬁn‘ﬂ#i e RFEEieBhcBVeREIgn-
experi ment2dmpud nal for testing toxic chemicals, as a teaching material for
sci ence education in primary school) junior school and senior high school,
and as arPexfiertlem BEshhe cowe ehppngh dedakdegence Listing Free Text SEQ ID
NO.1 : Forward prinmer pHO5.5-F. SEQ ID NO.2 : Reverse prinmer pHO5.5-RV. SEQ
TD No. 3 : eofirsiusédornet $HAMEETR18ni mal s. The sequence is used herein as
a forward primgg tgeea_rgilif t he ihoré fragrrent of vases cDNA. SEQ ID No. 4 :

Common sequence found A CAnrial B oThs SERERtEh dVERH HorFaF Prrdlsededyr se

priner tasamg ichyed haghakt of rsguEnio10k yasas CINA j9eng s SEQ | :
Primer T7 used to anplify tﬁe 3' region of vases gené. SEQ | %QNSQGMt%r’? mer
VI - B usedrarenampl isfeyethed 3'tregi Aroof mviasss SHQilNE NdbosistRagmeyr VikdMussed
to anpli %?5. 1 kb genom c fragnment 39 14 May 2004 conprising the pronotor
regi on of°RPRSADHRE MUSERS-F FNGegted iy Aenivp3 Hided timcenphe fepr3yl1 %0 ‘s
genom ¢ frag L Sin he propot regjion of vasa gene. All )

publ i cat ,%ﬁsg@%?ﬁﬁﬁg %%%P’%é’t éﬁfgﬁbg%pi ?&t‘*ﬁ&n&h’éﬁ SR ALPRI T arfe T ALeF pidt at ed
herei n byneebenaiee riped N pigRELE &lh1540 MY 9004 cgn@ !

see-t hrough nedaka wherein E;Igd medakasi sm?:l% iCi en{'%lgnsi ri gp 8%%%',%0613’

mel anophepéer cdamehbpimiads . afweddiicophopesticd. oThaageeriNiDUGR Beaka s
according to claiml wherein said nedaka i s produced by neans of repeated
sel ectiv °F'rﬁPT’ﬁga’Ef%t‘\ﬁeé“ﬁ1ﬁlFi dophore deficient nutant medaka strain gu,

al bi no mykgaL; PRIGKAAALD L. 20¢ Jgugophore deficient mitant medaka

gu: Iridophore deficient mutant (Fig. la)

The iridophore isasilvercolored pigment cell, whichis 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. 1b)

This mutant is deficient in melanotic melanin pigment, has the

pooraccumulationof yellowpigment and has a large number of leucophores,
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3. A see-through nedaka wherein said nedaka i s produced by neans of further
sel ective mating between the see-through nedaka according to claim2 and

i ri dophore deficient nmutant medaka strain il-1. 4. A see-through nedaka
wherein said nedaka is deficient in iridophores, nelanophores and

xant hophores) and wherein the sex of said medaka can be i denti4fMag2@34 t he
p, esence oz absence of |eucophozes and/or a DNA marker. 5. The see-through
medaka aceBfdisnyresuet arhe shihcrevhi tai dinedakadssnpmetemiod ibyi uvenersiof,

r epeat ed §géective mating_between iridophore deficient mutant nedaka strain
gu, al bi no-TuTETt MBGARa" €1 r AJoh TR 3018 el SPFSFEedet? cienPertit et wie JdKs
strain ify E j i i I,Gl i n,.l.eucophores in the

f emal e. 6.éﬂﬁﬁgtgﬁrggggﬁm%ggfga&ﬁg%gilﬁgggﬁ?%&?e%gkg ‘irhsldﬁro oldﬁgcé%moli} TedRs of
further skhersgia/e mati ng between the see-through nmedaka according to claim
3 and the see-through nedaka according to claim5. 7. The see-through
nedaka ackhr digugaphogkafiaficivrer eiutantsg®cyfi terrgan is all owed to produce
| um nescence by _introducing a hybrid gene being a fusion of a pronoter of a
gene whi ch expre¥stSISHRACIE taR YPite o H 28Agkh intp tedhivcliangeseef badpf a
gene encqd i 41, ..14 May 2004 8. The see-through
nedaka ag:gclr i%ééﬂfg?%p%'e\%géﬁ%% é%é?:i%r@l\ér%aasnn?geé’IcIOBRBHet(;tp?’ﬁguce
| um nescesma dayt einby Otleei 119, arilader iid 98PEKLRL NG & fiwskhgp,0f a pronoter of a
gene which expresses specifically in sard organ, with a coding region of a
gene encoding a fluorescent protein. 9. The see-through nedaka according to
claim4 wherein a specific organ is allowed to produce |um nescence by

i ntroducing a hybrid gef®lBetngfar$ristorFtdRiRSpEoRUIREIRE a gene whi ch
expressesssperi fispadidficl N Saedonf@an, Woklgim COAl NGI1EETICEN DFuFhi@eh
encodi nglarfl jor Esegentesprotein. _10. | The see-t hrqughpapeeiaka accaidi ng to
claim6 wWherej¥rsa_speci fi c| ov/gan i s|akfohiat-cbo Jrrodscientaim heseance| by
i ntroduc| ng al WFBiRiF2g®e being a flisi¥ie-8fefa prickster of al gene wh|ch
expressep speki i.%‘éf‘%:{ itPisaid orgapt®Wth a codi*agexeelhon pf a geng

encodi ng| a fl @triétsﬁ%en Lordtein. 21.|The see-thrqugh medaka pccording to

nraot .ol
C T

claim?7 5 nerengogng—Hhe—tereseeni—proeteA~4-s A-gene
encodi ngt a grieen quoresceE%BE?Steiwfii Fl¥%gybee?Fﬁfough ned%ﬂﬁ'aocording
to clai m aeegidtal d Gane A 0UT TR JNE - oy §SEENL Proter s a-gene
encodi ng| a_grleencédndpe escgnt protein, 1533 The see-through qeddka acjcor di ng
to claim9 wherein sald gene encoding the flTuUorescent proterm s a gene
encodi ng a green fluorescent protein. 14. The see-through nedaka according
to claim10 whesigighcsai dh8rNeness Qdl h | JLQI: . proteln J ne
encodi ng a green f?uorescent protgﬁﬁggﬁgfQ?%gkgég§ﬁﬁ?%h A %%%gﬁgigggggding
to cl ai My oxdereimobbaih oedaka itsvangariddal thegsteciddc prbd¥ay 2 e16n The
see-t hrough nmedaka according to claim8 wherein said organ is a gonadal
organ. 1%9° e REEEPLRLoBERE HR Bk £P8¥80r8i RgPi® ZIkEle™9 wherein sai d organ
is a gonadal organ. 1& The see-through nedaka according to claim 10
wherein said organ is a gonadal organ. 19. The see-through nmedaka accordi ng
to claim 1l 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-t hrough nedaka according to claim13 wherein said organ is a gonadal
organ. 22. The see-through nedaka according to claim 14 wherein said organ
is a gonadal organ. ~i 3 14 May 2004 SEQUENCE LI STI NG <110Y Yuko,
Wakamat su and Kenjiro, Ozato <120> See- Through Medaka <130> PH- 1134 <140>
<141> <150> JP 2000/172375 <151> 2000-06-08 <160> 8 <170> Patentln Ver. 2.0
&10> 1 <211> 25 <212> DNA

13



<213> Oryzias | atipes <220> <223> Ot her information: Forward primer

pHO5. 5-F. <400> 1 14 May 2004 cctgcaatgg gaaattattc tgctc 25 <zlo> z
<211> 28 <212> DNA <213> Oryzias |atipes <22D> <223> other information:
Reverse priner pHO5.5-RV. <4D0> 2 cttttgtgtc tttggttatg aaacgatg 28 <210> 3
<211> 19 <212> DNA <213> Unknown t 220> <223> ot her i nfornmati og mepaooh
sequence found in aninmals. The sequence is used herein as a forward priner
to anplify 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>
Ot her information: Conmon sequed@®lfoand”?HBhid#des. The sequence is used

herein as ﬂmmémeriﬁeﬁékﬁﬁicﬂsﬁﬂ to anpl 1 b¥sEBgaSN0Tdedc-adiBAl Of verga
CDNA. <400wo4 raamcccakfreheyaacpt <210> 5 <211> 20 <212> DNA <2| 3> Ofyzi as
| ati pes <22D> 18 22 G hen tjon. ' 7 usgd—t mpt iyt he
3're8ion of versa geﬁz. <40§l 5 g;gfacgactgggggg?%ggg 30 < f@éEgb8211> 23
on
1 gu i-3 Fy qu/+, i-3/+ +84 0 ga3
(i-3) (gqu)
2 F, ¥y Fy gu/gu, i-3/i-3 gu, i-3
(1/16 of r;)’
3 F, 1f Fia |gu/+, i-3/+, #80aEaat
X/X (V)
4 Fy F e gu/gu, i-3/i-3, gu, i-3, 1f
le/Yl.! {071)
(1/64 of F,, all &)
g F; F, Fs gu/gu, i-3/1i-3, gu, 1-3, 1f
XH/x(y)
(1/8 of Fs)
] Fg Py Fg gu/gu, i-3/1i-3, gu, i-3, 1f
XM/ vy
(all individuals)

(Resultsi

In the F¢ generation, a medaka having all specifi¢ properties of
the parental strains, i.e. a medaka deficient in iridophores,
melanophores, xanthophores and leucophores (genotype: gu/gu, i-3/i-3,
X*/X(¥)!f, phenotype: gu. i-3, 1f) was obtained.

This medaka has no bedy color {(i.e. see-through body wall and
peritoneum), consequently, internal organs such as viscera and brain
can be observed from the cutside (Fig. 2). Hereinafter this see- through
medaka strain is designated as "STII (See-through medaka II)”.

{2} Production of STIII strain

In order to obtain a further see-through medaka with a higher
transparency level than the STII strain medaka obtained above, the STITI
strain and the body ceclor mutant strain il-1 {specific properties of

which are shown below and in Table 3) were mated as shown in the following
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<212> DNA 3/5
i nformati on:

14 May 2004 <213> Oryzias |atipes <220> <223> O her
Primer VI-8 used to anplify the 3~region of vasa gene.
aggaggtgcc gtcatggctg gag 23 <210> 7 <211> 30 <212> DNA <213> Oyzi as

<400> 6

| at i pes <224> <223> OQther information: Priner VP1IMused to anplify 5.1 kb
genom ¢ fragment conprising the pronotor region of vasa gene.1&420>2004
cctcccagtc gtccatatga atcgtctgat <210> B.<211> 37 <2l 2> DNA <213> O yzi as

| ati pes <22D2e30. 415 theldndB¥g?0@4o <22BPe X e rmd tifrQr MREL QB ndr B mM¢FihgiSed
to anplify 5.1 kb genom c fragnent conprising the pronotor region of vasa

gene.
/ Nnt$/ NR
/Nl G@ N

/| NGB N@
/[ 0Y[ytoje

NR$/ Nrr$ / N6%lg\l

Nc
—\é]2ca] ca

[958 NG
4 N, [

IGPNCED /

aj ca] caVv] @ﬂié‘ét\ﬂdh%]tpa]zﬁa]rﬁ@ﬁleﬁﬁ]:&@k&é] &]?roug me ak
(JKAgh} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca c

ca] ca] ca] ¢hjlt djida] oaleaknd] feald chdacapgaNbnog) | }CGS"' I
ca] cal] ca] cal ca] ca] ca] ca] cal ca] caJ ca] ca] ca
ddiec L ERRRRLLEEEEEEE&EQ

3% %a ga]fgg]ég%fga ca]]%a])ga] ca] ca] cal ca] ca

ytoje [V]

] ca] ca] ca "t‘laﬁcc’af]

] ca] ca] caﬁ f? I]rhca ca]Cécll]af L!ilc

5666$888_8 -Qh8cHsBn81 &s53%09= M Mme body surface and opercul
o<=">AxB} BBBB{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

a caJ ca] ca] ca

aPcaPeartas

S

34ty Eﬁfc’aa]‘c"a]%&]“ca] c
]aC<'§1:’]b BT X

"J"h" #] $&T&Y&e&&&&&&

ﬁfB{ffé

(MR))*

<400i(r8cagaggatcta andghatgagwésatgobtressed aird pard¥181 5 7, NGRHNR@,NR~
M@ NG@ NR] / NC$/ N/ N$/ N~$/ NS/ N6$/ N$ / Nz/ Nnss/ N@ N@
NI A FRRB @M @G NSEA Ns@Tion

b5 oty bt

Hcafcalta

It was col
caV]ca] ca ca ca] caj

ca] ca] calicafzeadacal- catrajoapda) eaiickpeal cad ¢alttha! BBRBBBREI EENer, Nagoya

Univ.
Table 3, Parental strains for mating
Strai Specific Genctype Origin Place of Furnis
n features deposit hing
ETII | See-through gu/gu, Nagova Bioscience Yes
body wall and|(i-3/i-3, Univ, Center,
peritoneum X x(yy it 2000 Nagoya
Univ.
il-1 | Less i1-1/1i1-1 Yamagata- Bioscience Yes
iridephore in City, 1872 | Center,
body surface Ragoya
and opercula Univ.

15

mg] ca]




JJ

J: J>J?2JLLMM NOANUN_NkNt NNNaOdOOO~xsmhb] W gb] X] U] ca] caU] ca] caU] ca] cal] ca] cal]
ca] caU] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
OCP( Q QROARORISSS: Ud UUWWWNNNNCXXXXYHY?} YYY, Z5Z[ ~yt oi d*YI gb] X] U] ] caU] ca] caU] ca
] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c”a] ca] ca] caltedfawpRo® cal ca
JcaUcalcalca [[[A[[[[[u\z\]]"2_7_, BaHaTaa

bf bbb4c~ccccHeNeZe{vqgl gb] Xl gb] X] U] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] caV] ca] ca] caU] ca] cal] ca] ca] ca] ca] cal] caU] cal] ca] caU] ca Zeoereeeffff
f&f.f/fffffSgWggggghhhi Riiii:jTaR¥thcrYHegbpec@dea] cal ca] caj cal cal ca]ca] cau

] ca] ca] c” ffigaU] cedfalGabeayl cal cal O alsAdGaLeR  call c
a :jj kVk\ kbkd pR2pd a1k 36RRE* W, wwwwwyyyyyyz8z=zozzz{{yt ni ZU] ] ca] ca] ca

a] cal] ca] rayJ Ca']TaU] al Cad] Ehajcat caj c@é‘ﬁggyp@v’] Tarca babh a}l \.,aj € ] cal ca
] ca] ca] ca] ca] cja] cal { N
{R]V{{U]{{{ | ! | o | | : }@L}}] ~~lg>E] §’\cp}xsn| d ZU] ] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]
caj cal] cqj L,ol] L,c] % c] alcad cau cef u] € 55 T T
a] cal] ca] ca ca] ca ccl p 'lllb} £ J ij’;{nlﬁ‘l F1- 1(7 :lf’ e
hLzupkf a\ i LU] teetegl€al M] caf&al caf-caf-eal-cat-cal ca]—ca-]-c.a_.U]i-ca].ca,]_ca] caUl c
a] caU] ca] cdca U] ca] ca@] &llc '(?"a]\%a]%a@]‘-’oa]lcé/i\/\?‘ gd, 1-3, 11-1.

2: C 1 xabSzuojle’ [ Vi d[ZU] ]] ¢a] ca] ¢a] calicdUféaleaf/ x** | 1L
a] caU] ca]|cal cd]l caU] ca] caU ¢a] caU] dayeas] eqmaUbaaycd]lca] ca)(&) caU] ga]ca]ca
]ca] ca 1k il-2 STIT | F;-b jgu/+, 1-3/+, il-1/+, A
#MYFAr QMyagyt ni e Xi d|ZU] 1] U] ca] ca¥i tajmalV] ca] cal] ca] ca]ﬁaU] ca] caU] Cc] caj ca]
ca] ca] cajicabca] dal sa] crl-ea) cal-Ba| gal Galcal cal s \/]§:a] ca qu, i-3. i1-1.
-7r9_Bl sXx~ytnijd_zid_zU ]] U] ]ca] ca] cal;ga ca]ga a]fca] cal] ca] ca] ca] ca]
cal ca] calica] ca] ca] ca] cal] cal ca] ca](ca.d]gg &
; 8v" RYZdeuvpgt-=tdetypkia-it HHep] v <4 ﬂ'ﬂf"w 4] ca\nﬂ
ca] ca] ca]lcd] c ]ca] ca] cd] Ca] calca %Er]c? cLa] c(a]'ﬁa ca]‘caU]Q(‘:‘alL%)’f iExi-
&*} xr ngb\ V\{vaf a\W]]]caU ka]cayt caU] clé] caU ca] ca
cal callc caf-cathealcald-calcal w, ca} '

d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] cal] ca] cal] ca] cay] ca] ca] ca] caj
cal ca] ca] ca] ca]tca] ca] caU] ca] cal] ca! YZ[ ) w}

g wgl fa[ caU] ca] cal] ca] caU] cal] cay] ca] caU] ca] ca] ca] ca] cal] ca] cal] ca]

cajc”ajcalcalc &al cal ca

AN]&* >H}3| w!ql g]b] 3% g‘}‘ca]ﬁéa?% ?%: Laau] ca{ cﬁ]lcgﬁf%]a‘]‘ NS ot cﬁ?ﬁ%’aﬁlﬁatﬂ ca
] cal] ca] gadbeat catlegagraty @@Laaﬁﬂacna] cal) Qs%]rﬁ@]ac &lerde

Ot z=BHTz+3z=>{ upj e_ZTi d] V] ca] cal] ca] cal] ca] cal] ca] ca]rgaU] ca]guaU] ca] caU] cajc
ay] ca] caUflca) eht) c & ] (@a] tahdapaiacaidlc afealical cal ca] aF) was obtained.
>?Dks % V[ xM3Yzupkf " [ Ui d] VU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
a] caU] ca] ca] caE]?%:a] megefkearenecs] eatiRioe e egt sec8TER Sspin, and has

i]( g;&%ﬁ%;%d}f %’é}c%ﬂ%“] “ﬁ}’ C%JU‘ %!a 85]%%‘]%5‘]33&] CB?J]Jc'a‘]rtea“(’B] é8fcay c

a) ca opercula. In additicn, there is not much reflection o ro
<. 9?@y{vpke ZUi d] V] caV] ca] caU] ca] caU] ca] cal] ca] ca] ca] ca '] ca caU] calc

al] ca] cabpsa]asa]fea]aca:]oca]aqaéi]da] Cabbealodptalfahearnal organs can be made

Y| SyeRi 8xLRX$0~yt oj e [ W] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caj ca] ca]“E’af(Fd]eéa]lE decsieafcat) CALsansdadecatfai] éa\VigdladRted as “STIII

BHT[ oef P- Y a] c,aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca

] ca] ca] ca}{c c’gﬁ%\}] ]3% fcgf%a] ctalU] ca] ca] ca] ca] ca! } 8@ow, 2~ytoje [W]]ca]c

a] ca] ca] ca Ca]ﬁ?d&é]rﬁ@léa]t@l@] ealcat salwabealagl calsahaalcaligal cay cag cal cau

] ca] ca] cal] ca] ca] cal] cal

%gmu( OMM upk fuaedNn tha|commpakcajaaa] cabld ahe ajcaakeat g dncal £pdealtcal&ad cal ca

] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca!l *~'/ BX*ah! % OM‘{ upkfa\ W] ] ]

ca] ca] caj R dPEAPcaR A e fcaf]%ﬁa]aea] cxf @aPeddnsd ehpea] Jaod] edhenftbehcean] cal ¢

ajJcal ca cal.cal ca+B D 1096& 100\ & ()- "10% & d
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| {R$[ &10% ) & () - #"10%& ()-! n| #10%& ()-,,,,r..//gEC
10- 1 =1 #10%&' () - | #10%& () -! DY10%&' ()-\!t %t10%& ()-\6$$10%& ()- 10

10/ ?11123337?4C 10 |

109n109%&' () - ! f (" 109%& ()-m("109%& () - n{" 10%& ()-! R#F10%& ()- @10%& ()- @333, 4
56: €CC 10 10! nbeLO%: () -1 61 &10% & ()-!61&10% | & () - 14 May 2004

-6l &109%& ()-$@O0% ()- 10 10:<:> ?: @A M, <o<~ = 10 10! =l #109%&' ()- |

#109& () ISEOYREYST CKGuT0inOvhd GHELE) of YResO9Girtier pEor="5t @hALBzXbabte 10

DM@ " 0 err@ " /R, | 0 R | Y&10Y&' 71" 109k 109&
I() @(B;g{c/% %% 1 / égakal_r;}tr/eg‘%gs/&(s I7agg}sf.‘%n) og)the 1nventg.c)3n%)

'1([)){/1#1000/%/% ES)‘)E JE FI—?/ %f%ggg\%g f%gajge/%%\ %.63;@0% & ()- 10 10

10\ v-: e1@%eRpfip-2Y0"10%\ & ()-! YR\ &LO%& ()-!t\.&LOY%& ()-! Ol #109%& ()-[J

J: JOCPQY Y7MB7 10
|| KRl #10%¢s@t¢yicn YR #409(ough! mRial) %R r( ¥R it RIshk0vBeA)iflication can be

RI #109%n& () - 18] 109& () - QQQQQORORR A 10 !! Km@*10% & () -
fn@#lO‘V&eE%;]r!“p#b‘[i%ﬁxﬁ%nﬁd W6$$10% & ()- 10 10 10-:el0% ()- R$SdSU UdUUa?" A 10

| KYGLON (1 IERIOMER () A@RI0N &0 dGBLON &, () DIGELONE () meH10
10\ [: elo%ﬁefﬂmén¥+%0%ﬁ&efféct+#§é)@ndocrlne disrupting chemicals), it is

necessary to identify the sex of an experimental znimal within the early

stages of ontogeny and without error. Sexing of medaka is conventional 1y
rerformed with reference to morphology of anal fin and dersal 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
termof1.5-2.5monthsisrequired; inthecaseofovipositionalbehavior,
2 - 3 months are required; and in the case of observing body color in
the d-rR strain, 2 - 3 weeks are reguired.

We have produced. according to the method described below, a
see-through medaka, for which rapid sex identification is possible.
(1) Production of STII-YI strain

STII strain produced Ey the process in example 1 and a strain,
FLF, produced by mating with leucophore mutant 1f 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)

STII: The see-through medaka of the present invention.
FLF: This was produced by mating between leucophore mutant 1f hereinabove

and the wild type at Nagoya Univ. in 2000. Since 1f gene is located
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& ()- +#10%N & ()- WACXXXXYdB] _@ 10 !'IKITK #10%&f()- #109%&' () - RLOY&@&' () -
#1096 () - #10%@&' ()--"10%@& ()- YHY} YYYYYdE] @10 !'!K!I'! S 10%G& ()7
SI10%@&' ()- S'10%&& () - Ilo%@&f()-Ilo%@&f()-"10%@&f()-YYYYYYYSY:]T@@lo
F1SH10%a& ()- @ 10%a& ()- /K XAP! SI10%@&' () - S!'10%@& ()- S!10%a& () -
YYYYYYY|G _@10 !'!'SH10%a& ()- /K XAP!I SI10%@& () - S! 10%& () - ‘BIMGQ/@DZ()-
SI10%&' () - YYY ZZZZe5j_@@l0 [ K XAP!' S 10%@&' ()- S'10%& () - S!lO@@R.ﬁ)-
Sl 10%@8’ ( P» Siel §oixonpsony jipx A6A-Zozaitt. Ehe ol XARICEIs1 Dog@RrhoreS!. 19D0@% () -
' - Sl 4R, - Sl OHoR, - gl Ogﬁ' -
Slloq@&'(%he§f%%£§§bg%so?tﬁgég%r%%osggégé,1 &%ype.themalehasleucophores.
Further, medaka of this strain has a sex-specific DNA (PCR) marker (SL1) .
SL] 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 band (H) derived
from X chromosome in the female are detected in PCR. On the other hand,
in the above STII strain, SL1 has no difference between the X chromosome
and the ¥ chromosome, therefore a single band is detected in both sexes,
male and female, in PCR. The SL1 has also no difference from that of
the X chromosome in FLF strain [i.e. (H)]. s shown in Table 6 hereinbelow,
bymeansofsélectivemating,theYchromoscmeofFLFstrainwasintroduced
into the F: generation to introduce SL1(L) [On details of SL1, referx
toMatsuda, M. etal., Isolationof 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 = 0),

18



PZ@AZOZPZUZCZ} 2] @10 | KS! 10%@ ()- S! 10%@ ()- S!10%@ ()- S!10%@& ()-
S 1@5%@5()- /K}XAJP!_chZer Zr zsZt zuZ| bH. @' 10%@ () - S! 10%& ()- S! 10%@& ()-
S 10%@& ()- S!10%@% ()- /K XAP! S 10%@&' ()- uZvZwZxZZZZZ| bH. @! 10%@& () -

S 109%@& ()- S 10%@& ()- S'10%@& ()- S 10%@& ()- /K XAP! S! 10%@&' () -
7777777viX9. @! 10S! 10%@ () - S! 10%@ () - S! 10%@ ()- (S! 10%@ 14)May 2004

XAP! S! 10%@ () - ZZzzzZZx"D. @! 10S! 10%@ () - S! 10%@& ()- S! 10%& ()- /K
XAP! AS! 10%@& ()- S! 10%@& ()- Z77zZ77}"?. @} 10S! 10%@& ()- S! 10%@ ()- /K
XAP! SI 10%@&' ()- S!10%@& ()- S!'10%@' ()- ZzZZZZZT:.@! 10S! 109%@ ()- /K

XAP! S! 10%@&' () - S! 10%@ETEyle SH.10H@RNERL SLEOUER 9= mating

Stra Specific Genotype Oorigin Place of Furni
in features Deposit shing
STII | See-through gu/gu, Nagoya |Bioscience Yes
body wall and}|i-3/i-3, Univ. Center,
peritoneum X Bxy)te % L ango Nagoya
Univ.

FLF | Female: . xf #/xlf. ¥ Nagoya |Bioscience Yes
deficient in} . X By b | Univ. Center,
leucophore, 2000 Nagova
single sL1 Univ.
male:
with
leuvcophore,
double sSL1

Table 6, Mating data

Mat Generation Descendant Generation
ing of Parents
Neo. 2 Id Gene Genotype Phenotype
rati
on
1 STIT FLF Fy Q: qu/+, i-3/+, R4, W33 9g g
xlf.H/x.‘.f. b4 CF‘: _'_g'u' +i-3' +1!,
G ogu/+, i-3/+, H/L
xlt, H/ Y*. L
2 5TII Fy Fa 2: gu/gu. i-3/i-3, £: gu, i-3. 1f, ®
xlf. H/xlf. e 7 gu, i +1£'
& gu/gu, i-3/i-3, E/L
Xu:. H/ Y'. L
(1/4 of Fu)
3 Fa F2 Fa ?: gu/gu, i-3/i-3, 2. gu, i-3, 1f, B
xlf. H/xlf. H CP: gu, i-3. +1f'
&: gufgu, i-3/i-3, H/L
xlr, H’, Y" L
{all ipdividuals)

(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, 1f, Handmale: gu, i-3, +f, H/L) was obtained. The transparency

level was slightly inferior in the male due to presence of leucophores,
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Z[[[ [[[[tD+@D 10%@& ()- /K XAP!' S 10%@& ()- S'10%@& ()- S! 10%& () -
SI10%@& ()- S'10%@& ()- [O[III[[[]|obU4S' 1 6$$10% & ()-10#10#10# .
@d10%#& () - ' 109%#& () - % 10%#& () - $10%#& ()-[[[\\\\\cGH4;, {1109 & () -
{110% & ()-; {!'10% & ()- {1"10% & ()-; {!'10%& ()-; {'10% & ()-
109% & ()-\\#\ +\,\-\.\tX<+4; {110% ; {!'10%& ()-"; {!210% &14M£62004
{1"10% & ()-; {!'10%W& ()-; {'10% & ()-/KS<wy! . \/\O\1\2\6\;\|\<+4; {!10%;
{110% & (But;wad tHO84®e é3 the t{r!ail@%ﬁél@y leveﬁl ADSTEI (in-fatEdwy \BEerefind@e s () - ;
\DNO P QR sW+4; {110% {!10% & % {110% & ()-; _
{110% & ( 1FK§9\%§1°S straimosgdepignated (g & YOLIRYE X\ Y\ 2\ [\\\wf2+4; {110%
{110% & ()- llO‘V §I10'vv;;$7
{110% & ()-\\]\ %9(%‘?&%)’\\« Ms{ﬁ%ﬁ}‘a vy 185‘“&? ‘12§é’ © PEPIEUFR S -
{110% & (QrucophdddA i d two- ddle:%Qi&n@ry@\ rﬂ‘\lk\:ﬂé:{,\ gyénéﬁl':ﬂ:( ESQWS conf irmed
by using a DNA marker (SL1).
FLFW.Y"™ strain [The strain has three identification markers of
genetic sexuality. One is the presence or absence of leucophores {present
in ¢/absent in %); the second is body color (vellowish orange for &
/white for ?); and the third is SL1 marker (J: two bands/%: single
band) . Unpublished] was used as control. A part of the tail fin of an
adult fish was cut, and DNA was extracted using a cenventional method
[mucleic acid extraction agent SepaGene (Sanko Pure Chemicals)]. PCR
was conducted using 2 primers for SL1 detection [forward primer pPEOS.5-F
(5'-CCTGCRATGGGAAATTATTCTGCTC-3°: SEQ ID NO: 1), reverse primer
PHOS.5-RV (5' -CTTTTGTGTCYTTGGTTATGARACGATG-3 " : SEQ ID NO: 2)1 under
the conditions shown in Table 7 and Table 8 below.
Resultsof electrophoresiscf PCRproductsusing 1% agarose gel/TBE
are shown in Fig. 3 a (female) and b (male). Samples used in each lane
are shown in Table 9 hereinbelow. A sample of A -BstP I digest of
bacteriophageAc1857Sam7 (Takara) and 100bp DNA ladder (Takara) used
as DNA markers are DNA size markers for confirmation of 1.3 kb band

(1371 bp of A-BstP I) and 1.5 kb band (1500 bp of 100 bp DNA ladder),

respectively,
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{110% & ()-; {!'10% & ()- {1"10% & ()-; {!'10% & ()-;
{1109 & ()-\\\\\\\| P+4/KS<wy!; {110% & ()-{; {'10%& ()-; {!'10% & ()-
{110% & () - {110% & () - {110% & ()-\\\\\\\pPO+4/; {110 & ()-;
{110% & () - {110% & () - {[10@8&f()-; {110% & () -/ KS<wy!\\\\\\\w ?+4/;
{1, {'10% & ()-; {!'10%& ()-; {'10%& ()- {110% & () -/ KbMay 2004
{11096 & ()-\\\\\\\sS3+4/; {!'10% & ()-; {!'10%& ()- {1109% & () -/ KS<wy!;
{110% & () -v; {!1098&f()-\\\\\\\OS7+4/; {!1098&f()-;
{110% & ()-/KS<wy!<;  {!110% & () - {110% & () - {110% & ()-\\\]]1]\<+4/;
{110% & () -/ KS<wy! Tab{lbl@% 801(11)951t1{dnl@%' &hé) :gact{i@ﬂ%l&‘t@):e
{'10%’&' )-—]]11"1.]/] IT'-HI\Q Wy 1 U"\//(')'m 'J.)/OGL i 163/0'&'()-
{110 & |) -; {'10‘V&'() /]0]1]2]3],](,]p|3'-!f-&7%.(§%\;y% {Cjn Q:
{110% & k) (11004 &'l \ (- L1004 o ° ibn
: 30 0% HHe%- & 6.15

10Xbuffer solution 1.0

MgCl, (25 mM) 0.6 1.5 mM

ANT? mixture (2.5 mM) 0.8 0.2 mM

Primer pH05.5-F (10 pmol) 0.2 0.2uM

Primer pB05.5-RV (10 pinol) 0.2 0.2.uM

Sample DNA (10 - 20 ng/uL) 1.0

LA Taqg (5 U/u4L, Takara) 0.05 0.25 U/10 L)

Total 10.0

Table 8, PCR conditions

Temperature {TC) Time (min.)
Heat denaturation 95 5

27 cycles
Heat denaturation 95 1.5
Annealing 63 1.5
Elongation 72 1.5
Elongation 72 5
Storage 4

Thermal cycler: Gene Amp

PCR system 2400-R (Perkin Elmer)
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{110% & () - {110% & ()-C] DEJFIGH]1]| @4/ KS<wy!; {!10% & ()-
{110% & ()- ; {'10% & ()- {110% & () -;
{110% & () - /KS<myl]]A] ]a]d]g]J]tT4+4/ {110% & ()-; {!'10% & ()-
{110% & ()-; {'109% & ()-/KS<wy!;, {1109 & ()-jl1z]]]11]1]1SW +4/;
{110% & ()-; {'10% & ()-; {!1098&f()-/KS<my!S; {110% & () - 14 May 2004
{110% & () - ]]]]]]]x\@&4/; {110% & ()-; {!10% & ()-/KS<wy!; {!10@6&T()-
{110% & ()-; {'10% & ()-1111111\<+4/; ]{!1096&}(£/L§S<myl' {$338?£Fi§)
110% & X 1109 & 0% & () - + <wy! 0 &

E! 109 & 8 : }' 1694 & %) *““{1“‘%"."0@)6"3&&i %@M‘H Potee ) 1911113 FreaKs<wy! ;
{110% & ()[-Phne {!' 10% & () - {|10°/($&nﬁ>).e{; {1'10% & () - {TI0OW & () +; _
{1109 & (¥-11110T11 @"i‘H-KSQHy!(Eem{aiép%' & ()-; 1Fighw ﬁ)(male){ rIow& ()-;
{11098 & ()-; {1109 écdidr [a3<Wihble Ko,  WVo+4de ilin LOW &afd1d No
6!"10% & () -X(7 A-BstPIDigestion (Takara) ™ | A-BstP IDigestion (Takara)

2 FLFW.Y"™ strain 128 FLFW.Y"™ strain 154

3 128 155

4 130 156

5 131 157

& i32 158

7 133 159

8 STII-YI strain A 160

9 B 161

10 C 162

11 D STII-YI strain C

12 100 bp DNA ladder (Takara)’ D

13 I E

14 - o | 100 bp DNA ladder (Takara) -

": A-BstP I digestion (Takara): DNA size marker which is digested
bacteriophageAcl857Sam7 by enzyme BstPI (Takara).

"2: 100 bp DNA ladder (Takara): DNA size marker.

(Results)

According to the result of electropheresis shown in Fig. 3, two
bands in all of malemedaka andocnebandinall female medaka were detected.
(2) Production of STII-YII strain

Since a male of STII-YI 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 bath
male and female were produced.

A female of STII strain and a male of the leucophore deficient
(Lf) [STII-YI (1f)] strain (speciic 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
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6!"10%Vv& ()-\; {1'10% & ()- °, BaEaFaGaHaTaavW4/
-1 9%6109% " " & () -
6! "10%& ()-\a bfbbbdc~c|[:vU4/
[ $#10%6"" & ()-1 -#10%""& ()- -6#10%""& ()-w-ccccccd}]=vU4/

vV, #10%6 """ & ()-J Vv, #10%""& ()-J Vv, #10%W ""& ()-J --10%""& (N4IMH004" & () -
"109% " " & ()-d ddd&d. d5d_?vU4/ Vv, #109% " " & ()-J v, #10%""& ()-J

Vv, #10% " " &He £b1M o108 TR  )11). v, #10% """ & ()-J v, #10%"" & ()-J 5d: d;
d@lLdestSBvU4/v #1096 ""& ()-J v, #10%""& ()-J v, #10%""& ()-J

v, #1098 " "géS(:)acﬁAmrcﬁ@/emm% ofgstra3ngledi dj dkdyddsS3vU4/ v, #1096 " " & () - J

{110% & ()-/KS<wy! ;
R$$10% " " & ()-10"610"10" :10% & ()- “6!"10% & ()-\
R'10%""& ()- 10%""& ()- [$#10%"& ()-|

#1006 " " #1096 "" & 09" " %" & ()-J
daddddds /‘vTﬁfoﬁﬁe" “(‘-’?Jh meﬁl%% of; '{f 5%2 )#v"éigf}/g " g ()()
(0% ) v o "&e@eﬂcqqquqotwm Veh1084 84 8(droksing-over of

| KZ4" #v, #10% " " & ( 10967 "& ()-J v, #109% ™ & () - J v, #1098 " " &' () -J
dddddddp@}iWh\toﬁﬁbKZﬁe #%md#h@%ﬁ'r'b&o(sbmd fy, SIO0YT &tfpid. v, #10% "" & ()-J
v, #10% """ & ()-J v, #1098 "" & ()-J ddddddd_?vU4/ vv, #10% "" & ()-J
v, #10% " " & ()-J v, #1098 ""& ()-J v, #10%""& ()-J v, #10% ""&'() J
v, #10%6 """ & () -J dddeeeexX8vU4/v 1098""§T§Q-J.v,# 0% "" & S)

arenta rains for matin

Table 10,
Strain Specific Genotype Origin | Place ¢f | Furni
Features Deposit | shing
STII See-through $: gu/gu. Nagova Bioscience Yes
female body wall and i-3/3i-3, Univ. Center,
peritoneum yif Byyif 2000 Nagoya
Univ.
STII-YI See-threugh & gufgu, Nagova Bioscience Yes
male of 1f, | body wall and i-3/i-3, Uniwv. Center,
generated | peritoneum, R R e L 2000 Nagoya
by possible for Univ.
crossing-o | descriminati
ver of sex|on genetic
chromosome | sexuality
s .
Table 11, Mating data
Mat Generation Descendant CGeneration
ing of Parents
No. 2 ks Gene Genotype Phenotype
rati
on
1 {STII STII- £ £: gu/gu, i-3/i-3, £: gu, i-3, 1f, H
¥I g Hyxgiee & J: gu, i-3, 1f,
(1£) g gufgu, i-3/i-3. H/L
xlf. H/ Y&f. L
{all individuals)
{Results}

In the F, generation; the see-through medaka having specific

properties of STII and STII-YI strains (phenotype: female: gu, i-3,

1f, H and male: gu, i-3, 1f, H/L) was obtained. Transparency level of

male and female was the same as that of 8TII. Hereinafter this medaka

strain is desigmated as “STII-YII".
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v, #1098 " " & ()-J v, #1098 ""& ()-J v, #1098 ""& ()-J

% KZ4' #eeee$eYelex\ @ U4/ v, #10% " " & ()-J v, #1098 ""& ()-J v, #10% " " & ()-J

v, #10% " " & ()-J | KZ4' #v, #10% " " & ()-J &e-e. el eOe=e>ewW vU4/ v, #10% """ & ()-J

(v, #1096 " & ()-J v, #10%""& ()-J /KZ4' # v, #109%6""& ()-J v, #10%""& ()-J

>e?eEeFeGeHeKelex] </ 4106# [-: el0%#& ()-v, #10%"" & ()-J 14 May 2004

| KZ4" #v, #109% " " & ()-J v, #109% " " & ()-J v, #10% "" & ()-J

LeMeNeZeoes e~eeutiit 106w 1 £ R arrhi 06U E&EHSse BedrhaoaRPEF L opned 1o0gdegecyrine d
10% #&' ()-- 6$$10% #& () - 106#106#eeececewWTHATOR m 1094 #

m 109 #& YL PARE OF iTAENARREIR R BT 5. 1Bt 1 0% %gﬁ ]bé’ ﬁ%%)ga#‘éf’ )‘hc’wn}

eeeeeee 1 ) J 10% #& () ;B m 10% #&

m 10% #&% qﬁ"‘ﬁ %gt{j’g&"‘é STIggfeggegt?ﬁ%K Ojn;B n 10% #& ()- ()

m 10% #& () - ; Bwd 115)% i‘f&r@aei B otidi QU 8 o(rﬁet&cﬁﬂpiﬂ%#&'a( )s{ree:eeeéamﬁl—mk @)

im B m 10% #& () -

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 are shown in Table 12) as shown in the

following Takle 13.

Table 12, Parental strains for mating

Strain Specific Genotype Origin Place of Furn
Features Deposit ishi
_ ng
STIII See-through | 2: gu/gu, Nagoya | Bioscience Yes
female. |body wall, i-3/1-3, Univ. |[Center,
peritoneum il-1/il-1, | 2000 NagoyaUniv.
andopercula X Hyyxit B
STII-YI | See-through | o': gu/gu, Nagoya | Bioscience Yes
male body wall i-3/4-3, Univ. Center,
and x& Hyyee L 2000 NagoyaUniv.
peritoneun,
with
genetic
sexual
marker
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m 10% #& ()-;B mM 10% #& ()-;B m 10% #& ()-;B m 10% #& () -;
OjmB mM10% #& ()-;B mM 10% #& ()-;B m 10% #& ()-; B

m 10% #& ()-;/K O jm eeceeeeet T4H4/ B m 10% #& ()-; B

m 10% #& ()-;B mM 10% #& ()-;/K O jm B m 10% #& () -;

m 1
m

m 10% #& () - ;
eeeeeee| \ @4/
m 10% #& () -;
m 10% #& () - ;

ef fffffoSrHa/ ;

m 10% #& () -; 109% #& ()-;ff f,fOf 1f 4f X<H4/ B m 10% #& ()-;/K O jm B

m 10% #& ()-; B mM 10% #& ()-;B mM 10% #& ()-;B m 10% #& () -;

Af 9f >f CfViefff /HA/K O jni B m10%#&'$)-;B_rrilO%#&'()-;B m 10% #& ()-; B
m 10% #& ()-:B m 10% #& () - ; f f GPREFF 1 ~r¥PPRH €303 ni B ml 10% #& ()-: B

nB
K
B
B
B m 10% #& ()-;;B m 10% #& ()-;/K O jm B m 10% #&4\ay, B04
B

Mat Generation Descendant Generation
ing cf Parents
No. £ o Gene Genotype Phenotype
rati
on
1 | STIII|STII-| F. | &: gu/gu. i-3/i-3. 2: gu, i-3,
YI il-l/"', xlf. H/Xl.‘:'. H +il-1‘ 1f, H
: gu/gu, i-3/i-3, g: gu, i-3,
$1-1/+, XMo¥y yro o Ll
H/L
2 STIIX F, F2 2. gufgu, i-3/i-3, 2. gu, i-3.
il-1/4i1-1, xX**¥/xts il-1, 1f,
2 H
d: gu/gu, i-3/i-3, &: gu, i-3,
i1-1/741-1,%> %/ ¥ i1-1, %,
L H/L
(1/2 of F3)
3 Fay Fy F, $: gu/gu, i-3/i-3, f: gu, i-3,
il-1/i1-1, x* B sxie il-1, 1f. H
" d: gu, 1.3,
d: gu/gu, i-3/i-3, i1-1, <+,
. il-1/il-1, XM 87y H/L
(a1l individuals)

(Results)

In the F; generation, a see-through medaka having specific
properties of STIII and STII-YI strains {phencotype: female: gu, i-3,
il-1, 1f, H and male: gu, i-3, il-1, +*, H/L) was obtained. The genetic
sex of this medaka was identified by the presence of leucophores in
the two-day-old embryo as with the STII-YTI strain. Further, genetic
sex was confirmed by a DNA marker (SL1l) 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 STITII was obtained in the female.

Hereinafter this strain is designated as "STIII-YI”.
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In crder to improve this point,
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B m 10% #& () -
OjmffffffftT4HA/ B m 10% #& () -
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male and female was produced.

as the parental strain,

and ¥ chromosome in the above STIII-YI strain {(specific properties are

STIII strain (aforementioned, example 1 (2)),

(1f) male [STIII-YI(1f)] generated by crossing-over of the X chromosome

B .m_10% #8

strain obta

' B m 10% #& () -

B m 10% #& () -

/K OjmB m 10% #& ()-

;1B M 10% #8& ()-

shown in Table 14) as shown in Table 15 hereinbelow.

. | K4 Blaiyr20B4
;B m 10% #& () -
fffggggCBH4/ B m 109 #& () -

1(n)e_d; anrg O{é? }:Qve’ has

leucophores, its transparency level is lower than that of the female.

a strain without leucecphores in the

female, was used

and this was mated with the leucophore deficient

Table 14, Parental strains for mating
Strain Specific Genotype Origin Place of Furni
Features Deposit shing
STIII See-throu| £: gu/gu, Nagoya Bioscience Yes
female gh body i-3/i-3, Univ. Center,
wall, il-1/i1-1 | 2000 Nagoya
peritoneu | , Univ.
m and X-f H/xl!.' X
cpercula
STIII-YI |See-tkrou|d': gu/gu, Nagoya |Bioscience Yes
strain gh body i-3/4i-3, Uniwv. Center,
male of [wall, i1-1/i1-1, | 2000 Nagoya
1£, peritoneu 1 Hyylio L Univ.
generated |m, and
by opercula,
crossing- |with
over of | genetic
sex sexual
chromosom | marker
es
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m 10% #&

()-;BmM10%#& ()-;B M 10% #& ()-;B m 10% #& ()-; B m 10% #& () -;

495969798gQgPgpTH4/B M /K O jm B m 10% #& ()-;B m 10% #& ()-; B

m 10% #&'
PgQySgXg]
m 109 #&
m 10% #&'

()-:B mM10% #& ()-:B m 10% #& ()-; B m 10% #& () -;
g gpgpPOH4/ B m 10% #& ()-;B m 10% #& ()-;B m 10% #& ()-; B
()-;B m10% #& ()-;/K O jm pgggggggw ?H4/ B m 1B m 1024#&2004 ; B
()-;BmM10%#& ()-;B M 10% #& ()-;;/K O jm B m 10% #& ()-;

0999999sW H4/ B m 10% #& ()-;B m 10% #& ()-;B M 10% #& ()-;/K O jnm B

m 10% #& ()-;B m 10% #& () -; 99 x] <H4/ 1.d10% & ()-B m 10% #& ()-;/K O
jm B m10% #& ()-:B m 10% #& (?g’?%gnﬂsroé/f#&“?) E{Ezlg(%hi Riiil|[:H4/ -"100
+"10% & ( Ma:t*" 10%c&neratKen 1094 & () - $#DE6eeBA{)t deneration
m 10% & (|)tdd :|j ] K\eYRZkeht=4107 v:el0%W & ()-- 7"10%W & ()- 66"10% & () -
2"10% & (Pno. QTITEL &T() - LA 109 &ehig - FK[ k\ kakbkgbba@ 10" bk Me&& |() - [
$H10UKEE' |() - [ |$#109&| () - [ $HLOV&ES () -
$SL0UKEE' (() - 10" 10" | op2pl qglr| [ { @10" | R+" 109K&&' ()- RH"10%&' () -
1 STITI SETIII-YI F, Q; gu_/gu_J i-3/1i-3, -?—: gqu, i-3,
(1£) i1-1/11-1, il-1, £, H
le, H/xlf. R
&: gqu/gu, i-3/1-3. | ¢ cu, i-3.
i1-1/i1-1, il-1, 1%,
le, !I/ Yli, L H/L
(all individuals)
(Results)
In the F; generation, a see-through medaka having specific

properties of STIII and STIII-YI (phenotype: female: gu, i-3, il-1,
1f, H, and male: gu, i-3, il-1, 1f, 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-¥II”.

Sex identification of these medaka was performed by detecting
bands of a DNA marker (SL1) by PCR as with the STII-YI strain of (1)
above{data not shown).

Example 3

Producticn of a see-through medaka characterized by the production of
luminescence in the gonadal tissue (germ cells)
Wehaveproducedastrain, inwhichvasa-GFPflucrescenceingonadal
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 Aeguorea victoria and
emitting green fluorescence by irradiating blue light) gene, into the
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fR+"109K&& ()- V 6) @0% K& & ()- )1 $#H10%K&&' () -

| $#1094&&' () - 1r 5r 6r 7r 8r Dr wwmw UH; "~ 10" " 10" @d10% & ()- VH#10% & ()-!
R$$10% & () - 10K&LOK&LOK& 91 109K&S&' () - wmmmwx XqQLUH; | g! 10947" 7&' () -} 1
g! 109" 7& ()-}1 g! 109" 7& ()-}1 g! 10%"7& ()-} -10%"7& ()--

#1099" 7& () - 10" xxx&. x4x:X_?1UH; 1 g!'1l g!10%"7& ()-}1 g! 109@"M&§ 2004} |
9! 10997" 7& ()-}1 gl 109" 7& ()-}1 g! 109" 7& ()-}I. g! 109%" 7& ()-}: X;

X @ Lx Sx Zxeesdt -Thridgh  gedag ok (e PregenroFm vt (den| g1 1009" 7& () -}

9! 109" 7& ()-1}1. 9'109%" 7& () -} %8 KYEd! exi ] 01 gl Q97" 78 (s
0 Tovgver ) ndit0on. adekal phaniR S FIYSINATA hbhs ' VotH Ghal

9! 10907" 7& () SOV L U |y n L OREA' Bavh Jvaks | p i EQ U, @ was further
g! 10%"7% ('% ‘“}eﬁxK%?(Eél | gl 10%"7& ()-}dl g! 1009 7& ()-}xxxgg(%(”sw 1UH; |

9! 109" 7&(Dithiledg! HQHT LA (as) éyOtEdEl zgB WOOFHET Eh{§ sl 2 Her@I@TF& THis) pas
g! 10977" 7& () - } xxxxxxx\ <1UH;, | g! 10%" 7& E(f%{'}/ KYEd! | g!10%" 7& ()-}I

g! 109" 7&qSeritedgingy@" YECLYT 1andyPRobRI TR T} 3 BBa8EX tPlPJFFW@Y‘(E)d!a%“ overy

O ety v  Wandfa ) ol P RE0HE0)} honra ana
Hazmaquchi, Tetsu, *Identification and migration route of primordial
germ cells of medaka using expression of vasa homelogous gene as an
indicator, " Proceedings of the 32nd Annual Meeting of the Japan Society
ofDevelopmentalBiologists,page56,1999}.MedakavasacDNAwasisolated
from this library.

The fact that vaca protein has DEAD Box, which is an RNA binding
domain,andthisregionisccnservedamonganimalsisknown.Thus,primers
Ccommon to gnimals in this region [forward primer-1:
5+ . ATGGCNTG (T/C)GCNCA (A/G)ACNG-3* (SEQ ID NO: 3) and reverse primer-2:
5'. (A/G)AANCCCAT (A/G) TC(T/C)AACAT-3' (SEQ ID NO: 4)] were designed.
PCR was performed using whole cDNA library of medaka as a template (94C
for 10 min., 94C for 30 sec., ssCTfor 1 min., 72Tfor 1 min. for one
cycle,total39cyc1es).AmplifiedvasacDNAshortfragmentwaspurified
by agarose gel for cloning. After confirming the fragment as medaka
vasacDNAbynucleotidesequencingdetermination,screeningofthemedaka
cDNA libraxy was performed again using the fragment as probe.

As a result, full length cDNAs, which were thought to contain
the entire aminc 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,thenedakavasa—GFPgenewasccnstructed.Thevasa-GFPgene

was a hybrid gene, in which the promoter region of medaka vasa gene
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This fragment was cloned to the Stul restriction site of GFP vector
(pEGFP: CLONTECH Inc., 1020 East Meadow Circle, Palo Alto, Ca, USA)
and the resulting fragment was designated as pEGFP-3V.

Further, a5.1kbgenomic fragment containing the vasa gene (oclvas)
promoter region was amplified using primers (VP1M;
5’ - CCTCCCAGTCGTCCATATGAATCGTCTGAT -3 1 ; SEQ ID NO: 7. and VP3;
5’ - AGAGGATCCAATAGAATGAGTAATGGTTCTCTATTTC-3": SEQ ID NO: 8) with phage
DRE [V5: containing mest 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 Kpnl. This fragment was cloned
to KpnI/blunt end of Ncol site of pEGFP-3V vector to prepare a vector
(VEGFPA) forgene transfer. Since the GFPgenewas commerciallyavailable,
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
ovipositionand attached filaments were removed using forceps. The above
vector VEGFPA was injected into the cytoplasm of the one-cell-stage
embryo by mic¢roinjection. The injected eggs were kept at 25C and
expressiocnof GFP fluorescencewas observed by fluorescence stereoscopic
microscope. The embryo and fryexpressing GFP fluorescernce were separated

and raised to adulthood. Sexually mature individuals were paired with

normal individuals (without gene injection) and mated to obtain embryos
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YI10%8 & ()-' X! *./0Ji K+V Y 1098 & ()-' X1V Y 104 & ()-V Y! 1098 & ()-V
YI10% & ()-' X'V Y 10% & ()-JO Adijkel + XV Y 10% & ()-V Y 10% & ()-V

YI1I0% & ()-" X -V Y'10% & ()-V Y'10% & ()-klhJ.[0110% & () - B
8.1[0M10W & ()-[0110% & ()-[0'10%W & ()- -610% & ()-V Y!10% &14 May 008
8.1OM10% & ()-[0110% & ()-)[0'10% & ()-'B
8.1 ([O110% & ()-[0'10% & ()-eE/"'B 8. 1[0 10% & ()-[0!'10% & () -
8.1-[01109% & ()-[0! 10% & ()-[ 0! 098 {) ueGtL0bIQ%% & () - B
8.1[0/10% & ()-10r10% & ()-TOL1004& ()-—B 8 1TQl100& ()1 "#ol+' B
g 1 [0| 100/614&1:3( _ie@piwﬁo& [)-[0! 10% & ?ezcgndan: Generation
8.1-[0! 109 & (I BRI S-O—#80a N*n'L —B—8 {3094
$@0% & (321010 " 10" $d| FTETER | ) - v#f(fﬂ}”%?"(*) [or 1dos & TjerFyRe
110% & ()= Pi] ég"?* S dz y WW@S—&'—(—)—R}
110% & ()-R FEE)f 1688 & (] !llooix&sé)csﬁ]/ 110% & () - RvakdQ9&& - B (]
110% & ()- R 10% & () - G’\StVZI'bE']”/kﬂ.ﬂ%&'() R '10%8 & ()-R _!]
110% & ()-R] 10% & () - T10B & ()-R1tVz~eCGH) 1 10%9& ()-R 1]
2 Fi STII Fa gu/gu, i-3/i-3, gqu, 1-3,
vasa-GF®/-, vasa-GFP, 1f, H
x).f, u/x (Y)lf' H
{1/16 of F.)
3 Fy STII- F3 2. gu/gu, i-3/i-3, 2. gu, i-3,
YI vasa-GFP/-, vasa-GFp, 1f, H
x3E. Hygle W I gqu, i-3,
g gufgu, i-3/i-3, vasa-GFP,
vasa-GFP/-, + n/L
XMW oyt b
{1/2 of Fi}
4 Fy Fa F. ?: gu/gu. i-3/i-32. 2: gu, i-3,
vasa-GFP/ vasa-GFP, 1f, H
vasa-GFP, & gu, i-3,
xe Hyxree ¥ vasa-GFP,
g gu/gu, i-3/4i.3, S usL
vagsa-GFP/
vasa-GFP,
fo. H/ Y‘. L
(1/4 of F;}
5 Py Fa Fs 2: gu/gu, i-3/i-3, £: gu, i-3,
: vasa-GFp/ vasa-GFp, 1£, H
vasa-GFP, a: gu, i-3,
X B yE vasa-GFP,
&: gu/gu, i-3/i-3, + ws
vaga-GFP/
vasa-GFP,
P IR
{all individuals)

(Resulcts)

Inthe Fsgeneration, amedakawhichhadall thespecificproperties
of the three parental strains, vasa-GFP, STII and STII-YI (phenotype:
female: gu, i-3, vasa-GFP, 1f, H, andmale: gu, i-3, vasa-GFP, +!¥, H/L),
was ocbtained. Genetic sexwas identifiedas inexample 2 (1) by leucophores
and z DNA marker (SL1). The transparency level of the male was slightly

inferior due to existence of leucophores and that of the female was
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W\ <yX7] cels=l@¥db¢ing rilub@essbige cah0bi BHserivefel¥d@nore FRid AW tine
of the individual not only in the embryonic stage but 2lso in the process
of growth after hatching to adulthood.

(2} Production of STII-YII-vasa-GFP strain

Since a male medaka of STII-YI-vasa-GFP strain obtained in (1)
above has leucophores, the transparency level is lower when cempared
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 STII-YI-vasa-GFP strain and a male of the
leucophore deficient (1f) [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 1% below.
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rnt10% & ()- rnt10%W & ()- /K(<k!'rn!10% & ()- i musS3yX7rn! 10% & () -

rnt 1096 & ()- rn!10% & ()- /K(<k!rn!10%6 & ()- rn! 10% & ()-
SWyX7rnl 10% & ()- rnl10% & ()- /K(<k!'rnl10% & ()- rn!10% & (94 May 2004
rnt10% & ()- S7yX7rn!10% & ()- /K(<k!'rn!'10% & ()- rnt10% & ()- rn! 10% & () -
rnt10% & ()- p@X7rn!/K(<k!'rn!10% & () - lrn'lO@b&f() rn|1096&f()

BE()- ) A g 1 10% &
rnt109 & ()- rnt 109 & (hzpi 2y gﬁéggékeé% %éf? 7rn }ﬁﬁ F? rnlloég&f()

rn! 1096(&'()- rnli (V'&'(\- rn!
rnl 109 & (|) STFHR1Q% SR9SLEFAI 1006 & §9RtRK( <K BFIOP] [t Fhyse oAl J0O68E () -
rn! 109 & (/ reatures Deposit shing
STII-YI- | See-throughbody | gu/gu, i-3/i-3, | Nagoya Bioscience Yes
vasa-GFP | wall and | vasa-GFr/ Univ. Center,
female peritoneum, vasa-GFP, 2000 Nagoya
luminescent ip |y H4y2% K Univ.
gonadal tissues
(germ cells),
possible for
digerimination
of genetic
sexuality
STII.-YI- |Ditto gu/gu, i-3/1-3, | Nagoya Bioscience Yes
vasa-GFP vasa-GFP/ Univ. Center,
male of vasa-GFP, 2000 Nagoya
iz, xiE Mgyt L Univ.
genarate
d by
crossing
-over of
gex
chromosc
mes
Table 1%, Mating data
Mati Generation Descendant Generation
ng of Parents
No. 2 ek Gener Genotype Phenatype
ation
1 STIXI | STII-YI- Fi 2. gu/gu, i-3/i-3, (% gu, i-3,
-YI- [vasa-GFP vasa-GFP/ vasa-GFP, 1f, H
vasa | (1f) vasa-GFP, F: gu, i-3,
-GFP XM Mgl E vasa-GFD,
&: gufgu, i-3/i-3, 1f, H/L
vasa-GFP/
vasa-Grp, x ¥/
yit. L
(2ll 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-GFF
(1£) was obtained. Genetic sex was identified by DNA marker (SL1) as

in example 2 (1) . Transparency levels of the female and male were the
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] #! 10% &'a( jonadal tissues (germ cells) producing luminescence, the behavior

rn! 10% & () -
rn!10% & () -
rnt 10% & () -

of germ cells can be observed throughout the lifetime of the individuals

net only in the embryonic stage but also in the process of growth after

hatching to adulthood.
(3} Production of STIII-YI-vasa-GFP 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 femgle of STIII straino

(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 STII-YI-vasa-GFP strain obtained in (1) above(specific

properties of each strain are shown in Table 20) as shown in the fellowing

rn! 10% & () -

Table 21.
Table 20, Parental straine for mating
Strain Specific Genotype Origin Place of |Furni
Features Deposit shing

STIII See-through gu/gu, Nagoya Bioscience Yes
female body wall, [i.3/1.3, Univ. Center,

peritoneum and il1-1/7i1-1, 2000 Nagoya Uniwv.

opercula X3 xleoH
STII-YI- | See-through gu/gu, Nagoya |Bioscience Yes
vasa-GFP | body wall, | 1-3/4i-3, Univ. Center,
male peritoneum and vasa-GFD/ 2000 Nagova Univ.

opercula

. . vasa-GFP,

luminescent in LE, Mo+, L

gonadal X /Y

tissues (germ

cells;,

possible for

discrimination

of genetic

geXuality
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UWKYZ[ | DyX7] ] #! 1098 & ()- ]# 1098 & ()- ]# 10% & ()- /K '!]# 10% & () -
1 #1109 & ()- [~ achwWyX7]# 10% & ()- 1# 10% & ()- /K '1]1# 10% & ()-
1#1109% & ()- (1% 109% & ()- hnqOByX7] #! 109 & ()- /K: '1]# 10% & Ky 2004
1#1109% & ()- 1# 10% & ()- 1# 10% & ()- | LyX7]# 109% & ()] # 10% & () -
[#110% & ()- 1# 10% & ()- ]# 10% & ()- 1# 10% & ()- [# 10%& ()-

X\ <yX7]#! [ #10% & ()- [#!'10% & &%- )l#! 10%‘ %%%- % L10% & ()- (#1109 & () -
B VW[ 2yXT]# ] #1 10% & () - | #TA8 1) MaNAF1886% (- 1#110% & ()- (/K
Mat | Generation Descendant Generation
ing | of Parents
No. 2 g Gene Genotype Phenotype
rati
on
1 |8TI |sTII F; 2: gu/gu, i-3/i-3, | %: gu, i-3, +%°3,
Iz -¥I- il-1/+, vasa-GFP, 1f, H
vasa vasa-GFP/-,
-GFP xlf. H/le.. R . gu, i-3, +11.1‘
od: gufgu, i-3/1i-3. vasa-GFP, =+,
il-1/+, H/L
vasa-GFP/-,
xlf, H/ Y-, L

2 Fy F Fa 2: gu/gu, i-3/1i-3, 2: gu, i-3, il1-1,
il-1/i1-1, vasa-GFP, 1£, H
vasa-GFP/vasa-GF

P, d: gu, i-3, il-1,
gt H/le. H vasa-GFP,
d: gu/gu, i-3/i-3, + H/L
ir-1/i1-1,
vasa-GFP/vasa-GF
P,
xlf, H/ Y*. L
(1/16 of Fj)

3 Fa F2 Fj 2. gu/gu, i-3/i-3, 2: gu, i-3, ii-1,
il-1/3i1-1, vasa-GFP, 1f, H
vasa-GFP/vasa-GF

P, o': gu, i-3, ii-1,
) Gl vasa-GFP,

d: gu/gu, i-3/i-3, +1%, H/L
il-1/4i1-1,

vasa-GFp/vasa-GF
P, le. H/ Y‘. L
{21l individuals}

{Results)

In the Fy generation, medaka having specific properties of the
two types of parental strains, STIIT and STII-YI-vasa-GFP was obtained.
Geneticsexwasidentifiedinthesamewayasinexample?2 {1) by leucopheores
and a DNA marker (SL1). The transparency level of the male was slightly

inferior due to existence of leucophcres and that of the female was
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b | 110%edge ()-k T103gg808 () -Jg JehQUeedas (s Red Qlaadge O - knopal L. 4

! ge&g -

Oorigin | Place of

‘Strain Specific Genotype Furn
Features Deposit ishi
ng
STIII-YI- |See-throughbody | gu/gu, Nagoya Bioscience Yes
vasa-GFp |wall, peritoneum| j._3/3.3, Univ. Center,
female and  operculd, | i7.3/41-1, |2000 Nagoya
luminescent in Univ.
gonadal tissues vasa-GFP/
{germ cells), | Va@sa-GFP,
1z H it H
possible for | X /X
discrimination
of genetic
sexuality
STIII-Y¥I-v {Ditto gu/gu, Nagoya |Bioscience | Yes
asa-GFP i-3/i-3, Univ. Center,
male of 1f, il-1/i1-1, 2000 Nagoya
]g;nerated vasa-GFE/ Univ,
crossing-o vlafsa;i-GiP.L
ver of sex b S
chromosome
s
Table 23, Mating data
Mat Generation Descendant Generation
ing of Parents
No. 2 ok Gene Genotype Phenotype
rati
on
1 [ STITI-Y]STIII-YI Fy f: gu/gu, 1-3/i-3, | %: gu, i-3, i1-1,
I-vasa- | -vasa-GF il-1/i1-1, vasa-GFP, 1lf,
GFP ‘P {1£f) vasa-GFP/vasa.GF H
P, xlf. H/xlf. X
d: gufgu, 1-3/i-3, d: gu, i-3, il-1,
il-1/i1.1, vasa-GFP, 1E,
vasa-GFR/ H/L
vasa-GFP,
xlf, ﬁ/ Ylf, L
{all individuals)
(Results)

In the F; generation, a medaka having specific properties of the
two types of parental strains, STIIZI-YI-vasa-GFP and STIII-YI-vasa-GFP

(1f) was obtained. Genetic sex was discriminated by DNA marker (SL1)

w
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110%ge&g& () -k !'10%ge&g& ()-k(/K b ! 110%ge&g& ()-ksW,4 !10%ge&g& ()-k

1 10%e&g& () -k !10%ge&g& ()-k/KI b I 110%e&g& ()-k !10%ge&g&4(Makpots 4
1'10%ge&g& () -k '10%ge&g& ()-k/KI b ! 110%e&g& ()-k ! 10%ge&g& ( %}?

| 10%ge&g&!’ T% HERSHNS YRYRdR fﬁa’w% 253 TB%%&W ke‘f’i@/@é& (f)emﬁ1e

$ 10998898’ (g bah EAVBRSYE (dade b End 0% SHWCEAE {2k A HOEEAE L)y Kas

designated as *“STIII-YII-vasa-GFP~.

This medaka has a high transparency level of the body wall,
peritoneum and opercula, and the gonadal tissues (germ ceils) produce
luminescenc¢e. 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 ﬁhe Invention

Acceording to the present invention, & see-through medaka useful
asaresearchresource forbioclogy, medical sciencesand fisherysciences,
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 previded.

Segence Listing Free Text

SEQ ID NC.1 : Forward primer pHOS.S5-F,

SEQ ID NO.2 : Reverse primer pHOS5.5-RV.

SEQ ID NC.3 : Common seqguence found in animals. The seguence is
used herein as a forward primer to amplify the short fragment of wvasa
cDNA. _

SEQ ID NO.4 : Common segquence found in animzls. The sequence is
used herein as a reverse primer to amplify the short fragment of wvasa
CDNA.

SEQ ID NO.5 : Primer T7 used to amplify the 3'region of vasa gene.

SEQ ID NO.6 : Primer VI-8 used to amplify the 3'region of vasa
gene.

SEQ ID NO.7 : Primer VPIM used to amplify 5.1 kb gencmic fragment
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1 10%ge&g& () -k( !'10%ge&g& ()-k(/K b ! 110%ge&g& () - KLMRSTUx\ @ 4
1'10%ge&g& ()-k !10%ge&g& ()-k !'10%e&g& ()-k/ Kl b ! 110%e&g&4Maykz2004
1'10%ge&g& () - kUvbcdfi xX8,4 !10%ge&g& ()-k !10%ge&g& ()-k/ K b !

| 10%ge&g&ofmpxks i 10%elgd oiietier! 10FgeRUIE (Vasd 196868, 4 | 10%ge&g& ()-k/ Kl b !

I 10%ge&g&' -k 110% ' -k ! 0 () - 0 : -
dovaetos 17k 1omesas (1) 1008 (110000808 okl fcbd ot

comprising the promotor region of vasa gene.

All publications, patents and patent applications ¢ited herein

are incorporated herein by reference in their entirety.
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Kl
| 10%ge&g& () -k CLAIMS

1. A see-through medaka wherein sazid medaka is deficient in
iridophores, melanophores, xanthophores and leucophores.

2. The see-through medaka according to c¢laim 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 ang
leucophore deficient mutant medaka strain 1f.

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 strainm il-1.

4. A see-through medaka wherein said medaka is deficient in
iridophores. melanopheres and xanthophores, and wherein the sex of said
medaka can be identified by the presence or absence of leucophores 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,
ieucophore deficient mutant medaka strain 1f 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 intreducing a2 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.
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The see-through medaka according to claim 9 wherein said organ

o]

is a gonadal organ.

i8.

is

18.

is

20.

is

2%.

is

22.

is

The see-through medaka according to claim 10 wherein said organ

gonadal organ.

The see-through medaka according to claim 11 wherein said srgan

gonadal organ.

The see-through medaka according to claim 12 wherein said oxgan

gonadal organ. .

The see-through medaka according t¢ claim 13 wherein said organ

gonadal organ.

The see-through medaka according to claim 14 wherein said organ .

gonadal organ.
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<120> See-Through Medaka
<130> PH-1134
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<1415

<150> JPp 2000/172375

<151> 2000-06-08

<160> B

170> PatentIn Ver. 2.0
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