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25 heterol ogous gene pronoters or viral gene pronoters: e.g. viral
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e wild type emits green fluorescence at a wavelength of 508 nm upon stimulation
with ultraviolet light (395 nm). The primary structure of GFP has been elucidated by
cloning of its cDNA and genomic DNA (Prasher et al., 1992). A modified GFP, also called
EGFP (Enhanced Green Fluorescent Protein) has been generated artificially and it contains

35 mutations that allow the protein to emit a stronger green light and its coding sequence has
also been optimized for higher expression in mammalian cells based on preferable human



Four zebrafish gene pronoters of different characteristics were isolated
and four chineric gene constructs containing a zebrafish gié; prom)zt r and
EGFP DNA were made: pCK- EGFP, pMCK- EGFP, pM.C2f EGFP and p

first chinmeric gene construct, pCK-EGFP, contains a 2.2 kbp polynucl eotl de
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E), ARP (Figs. 1 F-1 G and MC2f (Figs. 1 H1 1) nRNAs in zebrafish
enbryos as reveal ed by whole nmount in situ hybridization (detailed
descripti f found in Thisse et al., 1993). (Fig.
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const r uct embrynt kybmidingd- \ZﬂlllanbM((IQ -dubiygnse 18®Prdbp, (Eig7IEp [ rossp$8tigyp of -thg - by

and - 3- by, rﬁtf)rybhﬁFs%fo(FPg qgkezs e ﬁ'lbgﬁﬂ%nﬁltd%d Efthli ARP %ﬁﬁéeﬁéwlbdﬁ%&t' on

usmgthe doubl e randed ste etion Kit fromParnﬁ ial
) Cross-section of the embryo in Fig. 1F. Arrows indicate the planes for cross-

35  sections and the box in panel A indicates the enlarged region shown in panel B. (Fig. 1H)
Side view of a 22-hpf embryo hybridized with the MLC2f probe. (Fig. 1I) Transverse



18t h August 2003 _7_ based on the manufacturer's instructional manual Each
construct was injected into approximtely 100 enbryos and gﬁ’ I’eSSI on
was nonitored in the first 72 hours of enbryonic devel opne SYZPS  of
G-P expression was cl assified based on the exanples shown in Fi gs 12A-12C.
Potenti al E-boxes and MEF2 bi ndi ng 5|t%s whi ch are inportant for

muscl e-specific transcription (Schwarz-et al., 1993; Ason et al., 1995),

are indi galipd t%u&l@ﬁle't?lgﬂ(:lo'fg@tzﬁﬁya%rB{ﬁ'temb%T‘g‘bL@nQ%%ll\P-ﬁb%% THE

| NVENTI ON Gene Constructs To devel op successfu transgenl c fishwth a

predictable p .transg ene eSS| p ke a
gene construc 1%§|A(§ digitizy a§ﬁ§ ?ﬂfll{e@& g@%ﬁ {0

gener al | ydalo tipsues.cRotalREAs patd pepared &ogemhecmdmamterssuea as indicdted &lthgepe and
transcri pii erm I i 8B te e

wher e, vﬁ\’tgn%glg &a&e émr g&%g?éa g%%l%%ns E[LE ZR{I qrg#e%lé:\ég&%sgn ﬁornnégh{c%n The
struchur groqgdwre caorheafonnd i Gloag ret ebdlI43)- pHm:¢ mtlcaiézdot@leweefr made frane ther ot ei n
to be synhiegéifRreAsdaddWbridied Witk tROCKRAMERRRE ARP prl; fio iveal gene

m ght also contain intron sequences whi ¢ch can affect stability or

whi ch mght c tr tion re ulat cription
termination s%&?@‘sédﬁgli @?A g‘Fag{E\ﬁB"‘ﬁ g@é‘“‘“@’rﬁ’&l‘\?%&&@ﬂ‘a adt}ﬁé’ls ‘%ﬁ
transcri (atadfaNAS evere pepared fongsaéctat adult tisseesps|iydidaay halmic@dsp of @mhllaneBot h

are. PO A hal O 67 SERLE OREARARY PlckAR: Lo RoIEF e BN KR 1T @

portions rono Oor Ssuccess

tr ansl@enlfgulgt indyongaaial.i 199% Treidentigsl bIOtSoW@rQ aznade tieorrbthe gams sat of RivAnaider
(honol Ogglgfsﬂaaea hgithodle NIEODF {RoGNSHGE aa%h!lhﬁ&f‘sl}gdélﬁlré%%éd V@tdc%' g fokhe

transgen ost. A pronoter drives expression "predom nantl tissue
if expr edesnsptively-at | east 2fol d, preferably at |east 5-fol d hi gher in that
t| ssue corrpared to a reference tissue. A pronoter drives expression

"speci fical | y'FigI8.4s & sctetatit teprédentagtored s thé steatagye@tsprommes chhidgeReétri&iotD

fold, preferabl at .l ea ol d r r t .l east 50fo|d
hi gher i T Chat di(geggedegeflﬁ |Br1?{A e ']{g%{éﬁ wuhrrg SEOR econ@ ﬁ*{% CEB\I‘A nébsns ructs
Recortbi nddligcidoNand Otigo rZuNpste«bB@Brmmtuogs v tbm mffoem@ﬂ thh@rmw@rP(GmAsed

sequences; fie Eﬂécﬁﬁ:dg Eﬁ gerférg @aﬁ& hﬁfa?é GM&Q@P{] mﬁ@meﬂ@ﬁo@re
al so include ope of | s 1 nvention reconbi nant DNA
const ruct%RBb@aF qﬁ@r\l}@d Hees, \mﬂéhp grsonbrousd dimkey weﬁlalcmrﬁn@rL?em%t in

a formthahe ci?eéiﬁaqinmcm WherB &b £ CRR, MCER, MR 86 3G B tirkGRctivdy iR ther
materials, th do nat occur in nature. The DNA and/or RNA sequences

descri becfleé 95RPAEPLYr i n vectors above are "operably |inked” with
ot her 18t" August 2003 _g_ DNA and/or RNA sequences. DNA regions are
oper & y | i nkedgwhana sttematic andpuefcthe ohiaidrg gene aonstiucty pE&chGEPhEhe 2R0kb

exanpl e, r I b to
A e R L

particip %nthhfﬁé thee QR apnd Bp é‘tﬁcﬂsylﬁé*ﬁt"ie@}eln alepqee}%%rc jnaerispdNAY | y
l'i nked t cconste@dd] thg ESHFPUIME §s uiridet Eorfirol 6Nthe QkbrafisleCKIpoxab6ter. M ls6 Bhdvin Ishike
codi ng sequence; a ribosone binding site is operably linked to a codlng
sequence kanamycinfegmyrinirengance gens (Kan'/dephiie therhaplhone iof the aziginal aF GFP-1

oper a3l y MhkAITRERB 161 bAHOHRomBInahtpI&dnAd POR-PGFFI;S ¥ 4Uk®) and, in the
case of secretory |eaders, contiguous and in reading phase. The sequences

of sone of the and the corr ndl rot eins e 0.t
Ohi oo o LeorTiE o i 4 ARCmalC P of BERBNau{dh fh %nﬁfﬁgfﬁg‘tﬁﬁ%qﬂ@mce
Li sting. ZcdbeafcbripiNAt feagnydnt kemptising (M CKDponsseruepoe is snsstiedvinto pESED-1 D

NO 1, de
bi ndi ng S ‘é@et%?‘“h‘*g%?%ﬂfé%@% RN RaBUONE e ing nberts DI o 4

and CK2 emétrigidthe ¢ amigels émtlfrrapont!@ll eidghe a@gaﬁshtMg&p@mtm Almowarls

gener f a I r|ct| IS t yr

prime %‘S E@ Pﬁ%ﬁﬂpoﬁ ?a den q%ﬁﬁ(gﬁgeglolf f Onﬁkt%XAA

i's indi capEGFPﬁ LﬁmllkiDTh@Oﬂal leﬁgth Qfdhq)tee@mbmamml@nnd QMGI{Q@GERH&S«J kWVCK) cDNA
sequence is shown in SEQ ID NO:3, and its deduced anmino acid sequence is

shown in SEQ I B NG i¢a sdidnaic @dertﬁf thé EifieRt gblteeddSiEt SPARP IHCFIR THERY 5 ki OF
pronoter anplification, MCKL d. MCK2, _are I ndi cat ed.
zebrafish DNA fragment compnsmg the ARP promoter/1st intron region is inserted into

pEGFP-1 (Clonetech) at the EcoRI and BamHI site as indicated. In the resulting chimeric




20 The extra nucl eotides introduced into MCKL and MCK2 for generation of
restriction sites are shown as a msc feature in the priner _seqguenc SEQ

I D NCS: 12 and 13, respectively. A potential polyadenylatioﬁssi qupt AAA,
is indicated in SEQ ID NO:3. The conplete fast skeletal nuscle isoform of
nmyosin light chain 2 (M.C2f cDNA sequenge is shown in SEQ ID NO:20, and its
deduced am no acid sequence is shown in 25 SEQ ID NO:21. The binding sites

of the JeDRASRESsICE thé IBUFTS gl isPliIPcfitrai g the i £Blakio ARY bréifsteMNPAls@r €
i ndi cated. Two potential pol yadenyl ation signals, AATAAA, are shown as a

m sc_ feathema isnthsH@npmysig/neomyqineresistaptcegacadiagt/Meph) i stberdrcighone eifrtheo
(ARP) - c DNy s Ral iasrep-i la%HchYWTHefio@ﬁQlétPoM%?rec(ﬁand&t?la@&@dlﬁRRPBEGmi%lt d
sequence j s shown in SEQ ID NO:6. The binding 30 sites of the gene specific
primers fof pronoter anplification, ARP 1 and ARP2, are indicated. The
extra nucl eotides introduced into ARP2 for generation of a restriction site
are siown as aFig. 3ds haalhanatici mag dfethp chimsaricgeqe eacstruSEEMITNEGES. Ths 2.0
potenti al i Lan T S~ di d_in SEQ .| A SEQ
D No: 7 SKEEBERE Y BRgRbE Rmpr bl 8 MISCIOBLRAG by Enk Bty U0
18" " AugupEGPEBO3Clonemxhhatibs HindIHapdrBanatilositetas iglicated e thei igstingieimenal t o

the 5 CKDEANGREIENEESTP Sheid uider RoMirSiCoff B LEUr8fishTRE.AVHbMBtes | ARo Of
t he second gene specific priner, CK2, is shown. The introduced BanH site

i s indi cashevmss thenkanemiyeinfngomyrin tebistaped gene Fegl/dleob ishfe backiong lof te SEQ

| D NOj Smmant%mg@lmd.ww Ten?th btRe MSmBiRRP 1%mfd%9%l£@%5§(}gg\i§t Ive

TATA box 1 s sho the 3' nucl eotl1 des 1denti cal o the

seqguence 82&kbshown as a nisc feature in SEQ I D NO: 8. The binding site of
t he second gene specific prinmer, MCK2, is shown. The introduced BanH site

D ND: 25 Share. Ehe Coel o e o e roate B e T
outati ve PR B SR BTRo HREUERE Tt ohie PoE R e B a0 T he s
M.C2f cDNA sequence are shown as a msc feature. The binding site of the
second gene- spE&i. Piiga photapraph hPa tyipscat ranegeniPaetsrfishedty Gudos eld path IVIEK-

Ci s- ef eMepGEp @ht?gi%l_ﬁt CerMrfczesebRd it AR mACRs Bh&R aHIWghe The proxi mal

1-kb region of t pronoter was recently published (Xu 15 et al .,

1999). SEQ ID NO: 9 shows the c et e .sequence. of th P pr onot region
ol uii g he Pl 10" P ROIOETRE O § SEPIE HOREERL SehSRt B c g 510) Wil
nucl eot i dpARPIRGFP L ahidhoerhite gieen ARSresEide amderen bbuealightsfiramm asisty f cell
features. . No tvpical.TAE x 1s..fa T i.nding site of .1the.se gene
speci 11 DEneeh sy Ghelf picbie QS ensy BB B olited s L UBERERRR 7o
as a mi sccélsaandryelk eellshe priner sequence SEQ ID NO 15. Specifically
Exenplified Pol ypeptides/DNA The present invention contenpl ates use of DNA
that codes for pyali Qusipe! WheRl4eS dhd 8ipRar tPa‘ﬁB%‘e?li@fze%sE OfoRh&R kKt he
gene constwégé #2@ present 1 nyentjon.” DNA :?EF .coa‘ﬁ%:{:&r ét rhuctural
prot ei ns, PMIHPERCFY (hgesbahtndansk sfalle trapseghic piisesing B)pppth pigluggsrp,
YFP, EYFPwetFBikekQiridenan ubtnawetesliglau@hbs asn). uthé graacflucdtS&cgmdeacinobd Hatser,

chl or anpheni col ., acet r [ et C.. r s (such as growth

hor none et"E?e)r‘,’eda‘%néi%fJ%é@‘lﬁ?&?Jn fﬁ?g?@%@ﬁ%@e&@gﬁl’?ﬁgﬂ%{‘)re particularly, the

DNA may code for pol ype%tai des conprising the sequences exenplified in SEQ
| D NCS: 2, 4, 6Figsd 12A-12Ge Ezawpleptofi highnmasierase god clom expressias ofseFBfin
par ti cul akrintREAMRPERE embifos W72 bpf. BoiE! BLAONieh (xSRUIG CHP exihéBioASy
pr onot er srequengy,gs S ownei ntI%Q ltll? RI£9E7, @ 15 @EgﬁZ or.. po?ﬁonls thaesr eof
ef f ect i ve datscist oioesspritally; HI" of the emisieles Bhers; ify ttf‘&i%' aFigo 1283t MRferatces
the use ofexpehion, GRH exphisivacus deRsted Ghe sevetabBahdie& skl fiters usually in the
descri bed i.g the refer Bceszca'tﬁd her ei n f&% vari ous purposes. .. 18t"
August 200% :tT.B'E( reglon.e( 1g. "12C) Low expression, GFP" expression”occurred “in dispersed
muscle fibers and the number of GFP positive fibers is usually less than 20 per embryo.

Fig. 13. Deletion analysis of the MLC2f promoter in transient transgenic zebrafish
embryos. A series of 5° deletions of MLC2{-EGFP constructs containing —2011-bp (2-kb),
—~1338-bp, —873-bp, —283-bp, —77-bp and —3-bp of the MLC2f promoter were generated by
unidirectional deletion using the double-stranded Nested Deletion Kit from Pharmacia



Chineric Genes The present invention al so enconpasses chineric genes
conprising a pronoter described herein operatively |inked %hgwhegqﬁﬁhogous
gene. Thus, a chineric gene can conprise a pronoter of a zebr 230
operatively linked to a zebrafish structural gene other 5 than that
normal Iy found linked to the pronoter i,n the genone. Alternatively, the
pronoter can be operatively linked to a gene that is exogenous to a

zebr af i shyysS ot XREPIbiUBuiRY st i6n(FonaN thafld1® RGP NBAStARE GV GBbd¥d into
exenplified herein. Further m)(ryf’QF?’ chineric gene can, conprlse fn exogenous

np
pronot er 2PPRKIERAtely LOQenabrygy p QEPEESHIgR Wrsrmemifared 1 [edtisth 7¢ habrsplonot er
in the gendmond devclopgent Sfhe kelVaf i GRP sexpfesSiprcwis chkiifiedtasal iohi a@

pol ypept (iauries s i BRE1AG2EEPHERAR £ bplet g MRS B Bl SReh ar™
vari ant s iinpettad domimustle-spacalid tianssripiran (Sshwerzpdalli HYP3pElsquestal 4d895) em ot her
or gani sy, ;a4 b[g{,ﬂea_rzbyl_gglagﬁst&egam sns of the sanme species, genus or

famly. e variants may have substantially the same characteristics as 15
the natural polypeptides. The variant polypeptide will possess the primry

property of r o ' r..exampl e, the polypeptide wll
possess &%Tgfﬂﬁﬁr@%&h#?ﬁaﬁ éﬁmkﬁ&@ﬁ&@\gl cal (e.g., solubility)

and/ or biological (e.g., enzymatic activity, physiologic activity or

f | uor escaam Cositbvets on or em ssi on spectrun) properties of the reference
pol ypeptide. DNA of the structural genes of the present invention will
encode a 20 pref Qbfelbh 3Gl $G8seenik! HY SAHECHpr {ic&ﬂ@%&ﬁéﬁ WESE&aibetd 9ht
under conditiaons appropriate to tie particular po yPept e In one Or nore
tissues cKpeestipwihe fireistan Sdotmake rogeneongiiyst suidabisntoa teansganit sthdise| e eye
and bgne.gembl o stlubt %aﬂﬁallymﬁism@%nwseageﬁ@pﬁmmw lséh&m\aagg:@&ﬁi of

t he above specifica {T%( exerrgl i fi eﬂ)gpol gpe tides, the 25, o‘il‘%gep #Lélg rdr;gy
have addifamsrtiopslfeihiaation sgmaly, Theigsae sromgirmyould idgtesmiigamies Wikeided

i nto the yndeywhkatdofditions theatruttdeil gerelie tutndd @ dhe stradturahgend-coftairisirbteind/ or
C-term nal_,ends t.hereof | on S I t 0sse S e desired
physi cal CéEHHbgoE o%ﬁogﬁ 0 %tc(gﬁ?ergﬁ%e(gé%t g}rolrt]eg? ﬁgs_l.yeogfrﬁféé\%m?zgg,angpﬁn@g&P ¢ %%lgglr%afr’]o
aci ds or fanétivn. ddiedtrueyrad gersmighy alse comhiativiorf sequenchewhishycpe pfftatanBNAl ong

as thy pPakRgRt bdShRDS AESRCSOMAIR RS RYILGR ARILY IRePirAGhapiGA!
characteristiCs. Amno aci.d substitutions @%{Y@{j&gﬁbe made 1 n the sequences

so | ong dermRiRatiN, Figpals CoRwstHRfs Wi Bats: taneoly gaploand 3 JEpDSTItioRg; cal
char act ertefingtion 5ialCaftb ne polyaddhgBtion aldnaNtBotk are hgpditad td Gerpligpatie gene
constructts of .t he ﬁﬁ sené i nvent | (age 18’ ".OAugue?et .2003511 Sequence

| dent i ty SAPSCRRLIORARY JCogonsn AFBaM i o threg PRBIODRLE EET fis @6?1‘?%‘%5#%?89
her ei n shimpodapto§xesscessfd tranagenic Suwgoanhde is ¢esfeiable (ososeti hemologbey r ed

to assho bESRIb Ynd RYsE 2% AdGRtd E@%' i fHe! re
thanslSS%nl?h@%%/el}f%(g@ﬁ@vg&n nor e prseggetbggflsb%S nor e t%aﬁaQ %1iogenth| ttgagtg%enﬁe
nat ur al | th§E:curri ng and/or specifically exenplified sequences or fragnments
t hereof described herein. To determ ne this honol ogy, two sequences are

al i gned so as Agré&hber drivesERyics8ion Trédomibi&ityy iga pssudifiexphssiohss at 16240 2-
sequences

e said to be "i ti.cal " i f the seqguence of residues is the
Saro whentol REHEOL At s SRR s s SNEREE 1T BB s Hhe A o m
10 " conpl proswtex dyiveseypressont “‘spavifedally T inaxctisbus éthe lyekofaxgrassion seat least 8i n t o
mean 4jat fo{i&]&r&@ﬁﬂ@% FeaktS1 -@WL@H&“B@F&’ rEf%ra%ITl}L atQbasPSPSHH hi¥hePin MBaf RGE ENCE
pol ynucl eot ’de sequence. I mal” af | gnn%n of” sequences conparison can
be conducthedibdnyaiber|tisee honol ogy al gori thm of Smith and Waterman (1981),
by the honol ogy alignnment nethod of Needl eman and Winsch ( 1970), by the

sear ch f oRe&imbinant DNAEbAgu@é Pearson and 15 Li ppman ( 1988), or the
i ke. Computer inplenentations of the above al gorithnms are known as part of

the Genetics ut.er W sconsin Genetics Sof t.wa ack GAP,
BESTFI T, BLAS%?P%‘T%%%@T%%’GF}:W LRPIENE RS BT, Oiit\/éhﬁ ?ﬁ%f ‘W.ﬁgﬁ%gse
progr anms  saqeenpee flescabéd/herein and ian gdditomal DNA ahdiesRNr segiidncp arecate isckided
JPer CEnt aggnal (RCQUBRCE i Hieon.| Pl LIt IINGOBBRIAON dalRIPHabEm! | ¥
20 alTgned sequences over a conpari son w ndow, wherein the portion of the
sequence FaqUERRSs yoMEiada BRIrPCRIAdWIHAYT B¥iRiasiermm dkat dognrotgccanaai BT (| |
teh ! ?apS" ):xi@ﬁnca@maga&isd with dthér nﬁﬁ&%{lrﬁﬂﬁﬁd§ ﬁ&lt{%B&anngfurét? [thi rD_NA&hF@B lmt dO];D

e two sequences, bei.ng conpar ed. e _percentage igden .is galcul ated by
ot or m i RYUERGS ASATRIE 45 BRarEHAS Mo S cRoTRare rampbaliniedl Wik oBiet o

in both sequences to yield the nunber of matched positions,




25 dividing the nunber of matched positions by the total nunber of
positions in the window and nultiplying the result by 100 5 myiel%}%éﬁa

per cent age of sequence identity. Total identity is then de r AVeY he
average identity over all of the wi ndows that cover the conplete query
sequence. Fragnents of Pol ypeptide 30 _genes whi ch code for fragnents of the
full l'ength pol ypeptides such as protedlytic cleavage fragnments which

contain FNA easbor Rm SR @n&'é qﬁmAaJaan@ue,opelfabryhﬁlka@%%n kheyt 6 ﬁﬂl&ﬁﬁhﬂ@'
and/ or bi Io i cal Ege |es are mo enconpassed C% geél sent in entl on.
181" AugiRiedipgach o dOF #PEERtqUSRECET ﬁ‘ﬁ?&’é% Iycodes
for any dinkedfo DNA hbmpebqbeptﬁa ib&ds piryyeepis pbe&ﬂmbptdteﬁlgwhbﬁhtpaﬁmlpdttsm t ed
to, thos f t| des,
vari ant s?an glléheﬁﬁsa tﬂgﬁ%& ‘?ﬁ%mg%t%ﬂgnéérah cer?%1 cgahgg?@%%’(arl
usefup ¢ mmsole\ﬁh@ rapseciptien 4| typ@pdmae@qmt@e,shmmbme $m§mg) siegs Dpe@bl}B and
ggnt ;hﬁl 2{11!%@&@6 a DYERY 's@cflieﬂéé@f it ped tﬁﬁanéﬂé‘@\ %Stov‘ﬁéﬂmta§a&ﬁﬁﬁm Q}e%l%lly,

g o risin e requi si nucl eot i sequences as_wel
corr espor?BF’i"‘}élyR‘N;l(%Qr{Bea& PP%%@@SZ éﬁ%&@rown&aiéa) #0a e Pﬁée“é‘?,teﬁ’e of
t he i nvengades, &hﬁ@ublibc‘drﬁdﬁseaaldgqihag‘e variants of the 10 specific sequences
presented in the attached Sequence Li sti ng. An " aI lelic variant” is a
sequence that ks a var fro l eot i d
sequence,  bat 1EgRaldbeOt sk 0t IAINRL Il SRRAORNER oGS ki by
addi tl0on theDNdg swhwtmc hsefublurthebylvmtrqmaalre spé fath i th%lattaahqrd)&equnn@ Ipisteg.at i on
and perhaps fixed in the popul ati on by standard breedi ng nethods, allelic

TP LrTeS onn e RORHAECrBA0RCKT IoRA! ReRicH WE?&S“FE&“W%“;*?%%E
i ncl udi ngia duqediA5ine Grid seapencs. ls wa&%&ﬂ%ﬁf@ JF%C giﬂéH@rSl%wgﬁ e ggne

expr essedpedfisigrididrs atgi fp:r?anll)t&r Qﬂ@h}ﬁbﬂlond(fﬁsld rat @Kﬁeﬁie de@catﬂdeﬁﬂieﬁaﬁrd)f t he
or gani sm ress ts in.a detect e change i.n the

ononot ypd6HoftB ERRRedt i TakF Tt ignortich BF fCFRRUGR I URCEE M dTGnchce

" encddes me_fatutein thoptimer pequgpepSEQdD NO:11. di petental ipedyadendatmresighan of

t he pol yp&gfhgg} éﬁfcﬁéqlﬁ?EQTﬂE?N@“'Pl eic acid can be DNA or RNA Unless

ot herw se speci a nuclei'c acid sequence that encodes a pol ypeptide
i ncludes the transcribed strand,, the hnR he sp Ilced RNA. or._t he DNA
represent at i vel tsrcopmplet WCI%*iea“aﬁH‘@é‘h@\E'A Kﬁﬁ%ﬁ*@r BeaiERag 1 Shose it RER T

co {rpl errFrN©By ah® tltaldhdwéd Rafito adid %eqﬂeh&ﬂﬂ sh?@ﬁ gs SBQAD MO: meHH%\h‘iddmg ritkaidi lt Rg

untransi a orti on ene C cor Wi

ooy oyl Bl spefiBo pRe For rf e ERER A F R FR MO R BRERa Dot

of t1® bdbe swmuexketidds iatrgdmed yto MCKhand MOK2 dér gensmtion bhostrictimusitag t he
' | t

am no aci aa% g@gﬂ?&ﬁ@%&ﬁﬁr@ﬁ the thﬂ?eqﬁér&@é@ﬁé 1b"Qaks 1 eaneqaeretsg c'ﬁ‘%%lg.se

changed. ag esent 1 nventilon ma%Q have ‘any
sequence 4 patenfidgobadendafigigienabAADA L i indigated in $HQAPNPFance wit h
degeneracy of genetic code. DNA |Vbd| fication The DNA is readily nodified by

substitution, Tiel @Tnlx;ﬂﬂe Fast skeletal inostlofsofoun| of aiyodddight bledie DY MIES2H) LDNGA | N
novel DNACSSEMENE BRSSO 18 MR defcel arkih3 o defRblct 82 shovt o
25 SEQ ID NO:21. The binding sites of the gene-specific primers for promoter amplification,
M1 and M2, are indicated. Two potential polyadenylation signals, AATAAA, are shown as

amisc_feature in SEQ ID NO:20.

The complete acidic ribosomal protein PO (ARP) cDNA sequence is shown in SEQ

ID NO:5, and its deduced amino acid sequence is shown in SEQ ID NO:6. The binding

30 sites of the gene specific primers for promoter amplification, ARP1 and ARP2, are

indicated. The extra nucleotides introduced into ARP2 for generation of a restriction site

are shown as a misc feature in the primer sequence SEQ ID NO:15. A potential
polyadenylation signal, AATAAA, is indicated in SEQ ID NO:5.

SEQ ID NO:7 shows the complete sequence of the CK promoter region. A putative



These nodi fied sequences are used to produce nutant pol ypepti de and to
directly express the pol ypeptide. Methods for saturating a articul
sequence with random nutations and al so for maki ng speci fid ﬁ“@“ﬁlf@& ed
mut ati ons are known in the art; see e.g. Sanbrook et al. (1989). 5

Hybri di zabl e Variants The DNA nol ecul es,useful in accordance with the
present invention can conprise a nucl eo“%l de sequence selected fromthe

group conphghi figk &f sh%ﬁ@ Ia.ﬁd %@3' &ucl(%tldés 1d%nt¥&l‘¥'(ih@? eg %Nﬁ%ﬁﬁ@t{@rdrée a

nucl eoti de sequence t br| i zes e conpri si

nucl eot | d@os\eq%ﬁé@%ﬁeaeee | heﬁmglsxtesof thepteconsl gengetpesi 1Ctpraner, (&2, is

t enper at UstRwaO MHE ihteiiced Bum#l Rgte 3¢ indNAGIACHS BinidcEREturé@ s thePRindé sef@dince

equi val en%]ﬁé(i 5&(@?0 and 42C and that codes on expression for a pol ypeptide
t hat has B’ e or all of the above-described physical and/or

bi ol ogi cal properties. The present invention also includes polypeptides
coded For by tBeQelDhWpi8dshoas| the venmplete ssequenee rof | the iMﬁthmnwtestegﬁmge‘hcy to

O Lo 7 opuatya PATuAREx 58 Mlbih 0% 03O hEEatRR0REA fo ?e%gy@x{ar Zation

can be fo apters 11 and r 0o he pr esent

i nvent i onsedMensecaie éhepas apd maﬁcftf@teﬁam %%%Bt?&@sf? viftechindipg sitaiof dhe secgpd) | D

NGS: 7, 8, e‘hefg e&iﬁc ats)rl tM@Kngs(;@H&iiﬁrle@%tﬁﬂﬁédd Bamsll msmge@wdees af the
i nvention_wi r a ridi ence sequences under nore

stri ngentmé%ﬂtﬁag'lr %PT‘ u?‘??@%ﬁ%@ ﬁ m smat ch represented by the
degrees of sequence identity enunerated above. The present invention 20

al so Hhconpass8EQfnNQ:Zh shows themompiate béqukrge of thg MULCLEptonteer rsgionf okt h i n

SEQ 1D N%V%&%Q@@? bes lzéhaxn}l] Ha9e PhBREEISATBICA RO i) 990 TOIUDRERS,

sequences idize wmt ese sequences under ove-descri bed
condi ti ongeququ@am (e fpathesy dhe bindingtsite of t@eeemdrﬂmemqﬁacennmer

pr ef er abl yfl o showalUPbERIAl mclemgéaﬁ@a@fewn@éﬁksy Ellﬁrxgg)armmtﬁnﬂﬁﬁg site3, Mect ors
The |nvent| on is fuyrther dH ted &Frﬁg&ééabl e vector c |n& ﬁ
that code8lS? sROWhd SR mBt 1 4B T o pf PIABIOLET oS dsaale ﬁ%‘gshe £Xu
pol ypept i eical., THE9)present invention is also directed to a vector conprising
a replicable vector and a DNA sequence corresponding to the above described

gene inserted LpbGISROY Xk?o% he chﬁﬁle?éose&&&ch bf {I%YAI?F de?%étEEt z%g{oﬁtlhﬁﬂdﬁgl

non-integrating Vector depe
pl asmid. thealirst wwedTh;erﬁlr% lrnﬁ@n iSnshemnb &nd ther 3 Henclqotﬂ,d@t idsntics! 0 theah ARP med

cell or anNﬁAOﬁeqaaioergm&yrﬂgcq@&tﬁre@rNa Y€ ATA TR bEX lswaﬁe T&rblhlm
pol ypepti de Oé fra nt or arlant tégg)reof and at, (I)ffl th st. 2
14 is capbPkthsrseelt g, ﬁi’@c RPNy i eshopp The dnty U‘§ en‘j
Ver t eDb at indiekddaslanmhee dedtuteds tHegeimgrseqient)SE@ DD ASe ceI | s, and
propagation of vertebrate cells in culture (tissue culture) has becone a

routine p ﬁmgﬂ{ e host cell 5 lines useful in the
present |§ ﬂ ﬁr pre raeglsl;/a?%%hq{(% 1\ﬂﬁ‘ls fromany of the fish described
herei n. Expression vect ors for such cells ordinarily include (if necessary)
an origin of rdpePeaentdpventionpeHerrRiates (‘J‘é‘a?féaNép}b%trC@é?ﬁ for yaRQUsPolPsBtides be

expr essedandb@egtypes 6 aNrA fbop‘{@ﬁ@e Imdwgbne Gomstiubts RN Sresdn€ evehiiéh. ONA that

ont 1 i ze_ Sl MfiEHRt By el dioMonutiorty ndPs bcRing hBL FAT b
trans@fi pEBMP, t €FPi EXHPo nCERqEEFPe andEohkfphesS (Such fIlhciferasg, Exgabquitesidaae,e
provided by %%pq%fucbi &éégil{rﬁ{sife%so&k étzﬁx'aq}o%Bn&%smyasgmMrﬂotrﬂ&tohg Btc. TE&%SG of

skill will reco ers |ch can
be changedsﬁtfﬂl nndxefpreﬂmt inventom Mg@emrtlaﬂm!zy gheriDNA mzesmdesfor olypepiigdse | :

| sol ati on gfnakihp-HPatkfdnees BXSHEHIFAPRESEQE IBNAORY, a4 6 aal ¥1 ety §asiest
invention also contemplates use of particular DNA sequences, including regulatory

30  sequences, such as promoter sequences shown in SEQ ID NOS: 7, 8, 9 and 22 or portions
thereof effective as promoters. Finally, the present invention also contemplates the use of

additional DNA sequences, described generally herein or described in the references cited

herein, for various purposes.



zebrafish cDNA clones. cDNA clones were isolated and sequenced as descri bed
by Gong et al. ( 1997). Basically, random cDNA cl ones were g el ected from
zebrafish enbryonic and adult cDNA libraries and each cl ond?® gb%{‘r%qoéal |y
sequenced by a single sequencing reaction. The 20 partial sequences were
then used to identify the sequenced cl pyes for potential function and

ti ssue specificity. O the distinct clones identified by this approach,

four of themwere selected: for skin specificity (clone A39 encoding

cyt oker atgHimefit Qenef Or nuscl e specificity (clone E 146 encodi ng muscle
creatine kinase, MCK), for skeletal nuscle specificity (clone Al113 encoding
the fast skel f;?-[thal nuscle 1 sofo t he osin light chain .2, MC2fJ] and 25
for b qui t oud PBrEEG Iinict S SeolBaiy ShtsLEPar COPPRSLS APrBIUFol 1
PO, ARP) desceibpé dereireloperativedy flimked ¢dilthetdrologsusnesne. sEapuse nobdneran dertehednr

conpl et e i SE
| D”pNOS 1 csgyﬁ%éswg&eﬁog% tsz%ggﬁt?%&ggatm Rrélﬁeg Otg éx:z%gféﬁsg gﬁu&ﬁ lgéﬁé"\&héﬁ Q

cyt okér atthan that normally Jewnd Tinkerh o dhe romaiealls the sepeBRer Altermagvdy. (B5- 68%

am no aCIp%m&@fltohﬁyBe oEe#a&Gelyaqﬂﬂ&df@r até'&lezﬂabf & IeibgeM@ifs abch izkBrafith, g aci d
sequence shar eé €7A)|€}Fg manmal |aﬁ1 1@“& 3 enc de the fast
skel et al <ft@EIHEeq B st bEn r?éh%‘é‘?snsﬂe?‘&ﬁ? YCFEmP it AUERTWR o aci d
sequence chimdriti gergecsm tampriighiry ehogenbag priendter hibktedr tovanyt etbucniral gest not

skel et al e 0 ust 2003 -15 am no acid
i denti ty) W@ﬁll&r&eﬁé ta@li glt g%&%éégl\ée %eflggiééﬁrfggfggﬁmﬁ deduced fromthe A 150
clone is 87-89%identical to those of mammalian ARPs. To denonstrate their
expr d8si ofariants ef Precifjgadly Exepmlified Polyneptidobr i di zati on (Thisse et al., 1993
) was perfornmed for devel opi ng enbryos and Northern bl ot anal yses (Gong et

5 al., 1992) A thay doded ferUiariants (ff&h@@;ﬁ@iflo'aﬂﬁ |eke1hpl$ﬁdde§ol§15&i)uﬁ@§ ?(ﬁeami opi ng
tokera

nmbr As t d
TRNA s BRUBPREE b, XS Gaiopn ECsibl ieeiocne Rl o U RS
and cr ossosesgonding golyipeptsdes tfrdmybﬂmdoxgenismmaymmlambrdthermghrﬁdmtoﬂth@same

YL okr at e TRy or Aty ThFRahalfs by Vv sutii it BARE oot A5 and i

i s |ilkel ythe matural mplypeahé@r |T;hf~‘| aniant p@lbreemgdﬁo\kélr a@ssessgbﬁeorsmw tpgopearty of

m d- bl astddhéerh rf@ﬁtﬁb poBPepiRN FbPEx NSO the pgﬁﬂéﬁiﬁe'vﬁll Eég‘éfglgéj?rnﬁﬁré & 4l tu

hybri di zat J a clea eratln
{1 at t enedlclE] BB nb%%*ﬁ)eéf& c b 'ﬁlsx)e?n% 3}05%&% [ end e'ﬂzﬁ'é‘aé‘ﬁp?cg’é’étb'on
remai ned physiologics agtivityi i Aboresyeace ‘ﬂmlﬁlhoﬁ\tﬁﬁirm&hdny speru@h) pRopértieD of khen

hel | ud h I . K
o edon ndstryeeplarus, A e srtiiatihgt bERE SeorGihiereiol ol A
ti ssds |mcﬂeumhaafg>rpmeeyéluogpsc¢nt or nhtmsldummesmnlt Irgle¢ onder couditiows apiproprtaée | i ver

and ovar y, (tﬁb an%)ui T GE int Erfkid] SFRNAshS Pradiosy ekt Yor | f

not speci |ca ar#%el gg igr}ns té‘?m MCK nmRNA was ’FII‘S'[ Qetect(e)rd in
the fi rstexpﬁﬁﬁl%ﬁ@r*ﬁ’r’“ﬁ@ﬁlﬂ%@aﬂﬁ 9(9@ somi te stage enbryos (14 hpf) and at
| ater stages the expression is specifically in skeletal nmuscle (Fig. 20 1

D) and i redigtinitidndpAdditoins aidWeletiodden the stained enbryos are
cross-sectioned, the MCK nRNA signal was found exclusively in the trunk

kel et al | Fi : | L
skeletal ruscl g ieblite Liknud B3l bk ST R SRR s
expr éds ecpdlypeptide may dlawe additionsd Inedwﬁu@leamho pridg oy aspiref a%seémbrm@snserted
(Fi gs. | Hiplg thegglg?é fHens thd Midd1e Mefedtianli/ol Rtk Wte%lrm—g?tf/orr@%mﬁﬂteﬁhs 25

RNAs were pre ron1severa adult tissues Inclu I ng near eyes,
gills, i ntlhé@f’ @, long sy theg peiye@md%nﬂgwées & sueglkphym%hoﬂﬂ@@gtblg? ogigekot
MRNA was ¢hati¢tetistian Ladwide, bdife 6Ribk @bniho ﬁﬂi&sﬁéﬁnﬁﬁo b&idts&greﬁce%nadwﬁd deletedni | e

(err)-act tected ub| |tousl in the sane, set R

Cont 11 m rOPHEC PalYRRpRTE S 16k, 2 pbT Bt apbete s AT AR Bh b Budioy

ubi qu3Q oukibghearical ichaiastepistees uARbhy aadrsabﬁrtutainsnﬁnswalsnﬂbs incle in thd sqpemmsent in
the ovary : L O oSt idization
exper meroongEs ol e AP YR f*%ﬂ&sﬁé%hrﬁ&g%%*’%s%‘%fﬁ?‘n%%ﬁ*%ﬁ%%ues.
An exanpl BNg¥ ceding Her dhese yadiamss ywan de o® 2BdHpf PreRare tasif copsticl, off the, prepent

adul ts, ARRestRNA was abundantly expressed in all tissues exam ned except
for the brain where a rel atively weak signal was detected (Fig. 2A). These
observations confirnmed that the ARP nRNA is 35 expressed ubi quitously.



18' " August 2003 -16 Exanple Il: Isolation of zebrafish gene pronoters Four
zebrafish gene pronoters were isolated by a |inker-nediated PCR nmethod as
described by Liao et al., ( 1997) and as exenplified by thé3diA¥F%OG%,
Fig. 3. The whol e procedure includes the follow ng steps: 1) designing of
gene specific priners; 2) isolation 5 of zebrafish genom c DNA, 3)

di gestion of genomc DNA by a restriction enzyne; 4) ligation of a short

| inker DNA to the digested genomic DNA; 5) PCR anplification of the

pronot er Se@eét Ideitty®) DNA sequencing to confirmthe cloned DNA fragment.
The followng is the detail ed description of these steps. 1. Designing of

gene specific priners 10 Gene s I fic PCR pgriners re . designed has on
the 5 end of tife F3HIs C‘BNRQ‘éfBﬁFﬁgdﬁée%‘ Bﬂlé'mc“ﬁ%"t} &yi ¢ ﬁeW§%83 flgefelaegfoé’ﬁéjng

t he pri maressess exoshithan 75k SN @Bty (sonBtimss saferrito afhentolmgyd,yprefeeablst i n
gene SPeGhbleCnB 839 RcAif: nfdkt pleRiEI) OOl 039 iidick SERn! ol Rdtbrabiy Wher e
the first six nucleotides are fTor creation of an ECORI" site to tacilitate
cloni Ry, meee thas AB%cidengiiedpi the ratiedly gesvering, apfior cspgrifigalbs exemplifiek1
(SEQ I D NRgdetkes \Whefr@prhdifts fthdrsdf Hes¢Eibol Hefdi.i WeSdedrthihe 1this I @sHhl6Py, Ofwan
EcoRl site to facilj.tate cI?nl r}g 20 MCK2 SEE [.D NO: 13),,. where the first
three nucicaBTcHLde aligngdge as jabiig g 'B?x‘%mE%‘B USHIE EWFEARII Pt at e ¢l oni ng.
The two fast skeletal nuscle isoformof nyosin Iight chain 2 gene specific
prinmers are: Nwé SEqenEesNie 23 toPbe SHEAtICE"NO H43eqRncEhd residueacis dhe same

ri bosomal ot gy O gen Lfi ' ar g: 1.14) | 8t n
August Zo%fgén- %”/é}‘ﬁang FSE@CF}E&:QO W&kﬁéﬁ% t he @?é?éds:zgélﬁﬁc :\g(i)l’% i des are
for chleat icomplsmentarec appliesite qwelsicr agid Ispqueneescandnisritged hereins &) mepm thasfthe

zebr af i shsegORBICcIMMAerBRNTI16 alPdfa PBRidnTTadbREENEE PETyRuCKONEE Sequafide/i dual
fish by aegt andérd nmet hodﬁ)I?ASar?brOS\I?@S1 gt gl - f98€(§1}, Gener al Idy, an adul t

fish was quickly.frozen in liquid nitrogen and ground into er. . Th
ground tissue éé m@h%%%%g%ﬂ%eﬁc?%%%nm&ﬂaﬁﬁf%%Blfppé?a‘l(o({)% th‘f\/llgﬁ’afs, pH
8, 0.1 M mdidlpgy @igprithimrbf Biditheand WattriGarb@h98D5 by ahel homalopgtabignaént3detiod or 1

hgg[ : P%Qé%g@%rﬁ]ﬁ% t@ﬁ% VREER (19708, by B sGPICRR I AiARY Mitndd Bt Pesll 2ART
J YS Lippman (1988), or the like. Computer implementations of the above algorithms are

known as part of the Genetics Computer Group (GCG) Wisconsin Genetics Software
Package (GAP, BESTFIT, BLASTA, FASTA and TFASTA), 575 Science Drive, Madison,
WI. These programs are preferably run using default values for all parameters.

"Percentage of sequence identity" is determined by comparing two optimally

20  aligned sequences over a comparison window, wherein the portion of the sequence in the
comparison window may comprise additions or deletions (i.e. "gaps") as compared to the
reference sequence for optimal alignment of the two sequences being compared. The
percentage identity is calculated by determining the number of positions at which the
identical residue occurs in both sequences to yield the number of matched positions,

25  dividing the number of matched positions by the total number of positions in the window
and multiplying the result by 100 to yield the percentage of sequence identity. Total
identity is then determined as the average identity over all of the windows that cover the

complete query sequence.
Fragments of Polypeptide

30 Genes which code for fragments of the full length polypeptides such as proteolytic
cleavage fragments which contain at least one, and preferably all, of the above-listed
physical and/or biological properties are also encompassed by the present invention.



m xt ure appeared viscous, followed by incubation at SOCoC for 3 hours with
periodical 10 swirling. The genom c DNA was gently extractjg t hree t| s by
phenol equilibrated with Tris-HC (pH 8), precipitated by a'ﬁﬂj’”@ ?Lo | une
of 3 M NaOAc and 2.5 volunes of ethanol, and collected by swirling on a
glass rod, then rinsed in 70% ethanol.,3. Digestion of genom c DNA by a
restriction enzynme Genom ¢ DNA was digesied with the selected restriction
enzymes. Cenerally, 500 15 units of restriction enzyne were used to digest
50 p, g ofpNgAAdiEENNA overnight at the optinmal enzyme reaction tenperature
(usually at 370C). 4. Libation of a short |inker DNA to the di gested

~enonmc DNA T [.inker DNA was as led b neal i n al s of the
Coo T keon o g it ion, cpeambassey DN (6 @ohes KB ek ond, il T ahgvendeseiosd O

NO: 17) . ﬁoly{peptiﬂeﬂlaﬁclﬁdlnghmp’(mrlyﬁlmded khyosd 4hgon anIlSEQsﬁDINKBS &L naéemﬁrl lor to
anneal i n r, T+ &k tri med
with T4 %K‘i&‘ﬁﬂﬁé ﬂlﬁ& g’glﬁgﬁl Ydr%cgélgagl?; %%Eﬂ%m“g tél?%lé ﬁ-,eg I nker W

Li gat Pon paas:ubelet@c%dDNAshwllwbgnm ecncémédeSg@ﬁ@hdﬂm DNBEQNID DIOS: L, Iy Sof

i nker Difabp '?h@greﬁ)edt iRAGSA BB FRINARS BDRG $0wital §erﬂﬁm&b%ohﬂaﬂ?x§§mat 40C

over ni ght. fication of pronot er region

Wit h Adv&ﬁmgémxﬁlw IPGW%P%@WWW@%%&‘B‘ asmeremonémgr@%enéﬁmemswas
per f or meqedqiwints. @ | i nker specific primer L 1 (SEQ ID NO:18) and a gene
specific primer GL (CK1l, MCKI, ML or ARPl). Each reaction (50 pl) cont ai ns

5 pl f 10x Tt t b ff X= vl KOA T

> B ol of a5 ShoR ARG e el r e v RS e g e NgkiSaes R )

pl ofl0GL speéxific sedyshyes, pre@ngd inle attachpdsteqpen® Lisng . An ShlldHzovarant! i zpl (50
ng) of "se&%cé ﬂa@tseadva%%ﬁl BV orehe e)lexﬂplif}e‘afqlé%tlag &8539.{ rarggr Bt o5 of

(d ontecg%Ee The cyc I ng conditions were as
94C/ 30 sdbe samere duemesoma loghsdn the engpgismg by addition toAhese, whigh omqrrbé{rrgpmahnd of

PCR was %ﬁ&icﬁ%@ﬂtloﬁ ea @mdane&ﬁarwe;s@hayslm&a Gn #RGopalation O etaptiardfbrebding
PCR pr oduct

used. a Iate for the second round o te PCR
with a sées‘:}h%dsl». ) Al VR P ?)PF‘?fjé‘Fe‘{QY (SSEEYG EPRpLeTas ‘B?FB %C&%a )
specilbi c ghlelicredridad 1s(ﬁé2hatM€Kﬁmdl‘vﬁ amatuéﬂBrZ«)qcuamgdngms@edclﬁdmgtahequauorsar y

PCR but v GtAHféH?: QJah ?Qrgi'r é@%ﬁt 108 re%gq AL tsﬂgn@ ’allgl% 19 36?115 eﬁgatojoeg i 30

sec and secon
PCR pr odudfest therpbexmﬁmwfzfethe @rgaalswof*ag@ﬁp@@éedg@lele @@ul@ mmt%dmngg llt o

confirm tthepkdroRPd PR tditgpRntEABY e dstdst s were purified fromthe agarose
gel follow ng eI ect rophore3| s and cloned into a TA vect or, pT7BlueTM

(Novogen) . penci. erfornmed hy di degxynucl eot

(Novoger) | Ch SSpEnch A9, M. PELLNIEC, Bt L SRS U SOLACE IR0, e

Conpl2ét e a;pr,pssmn of tlof paligpaidp refawed to. rkhgi mekionsrid cabbaDNAl do\RMNAL Undess ¢ 15

sequenci o] I a on

o (Por MBS AW elie JELITSORERL, AF cBoctd 4 ﬁé‘%@% e de
transcnbed strand, the hnRNA and the spliced RNA or the DNA representatlve of the
mRNA. An "antisense" nucleic acid is one that is complementary to all or part of a strand

representative of mRNA, including untranslated portions thereof.
25  Degenerate Sequences

In accordance with degeneracy of genetic code, it is possible to substitute at least
one base of the base sequence of a gene by another kind of base without causing the amino
acid sequence of the polypeptide produced from the gene to be changed. Hence, the DNA
of the present invention may also have any base sequence that has been changed by

30  substitution in accordance with degeneracy of genetic code.

DNA Modification

The DNA is readily modified by substitution, deletion or insertion of nucleotides,

thereby resulting in novel DNA sequences encoding the polypeptide or its derivatives.



The isol ated cytokeratin DNA fragnment conprising the gene pronoter is 2.2
kb. In the 3' proximl region immediately upstream of a porg* n |de tlcal
to the 3' part of the CK cDNA sequence, there is a putativé T

perfectly matching to a consensus TATA 20 box sequence. The 164 by of the
3" region is identical to the 5 UTR (untranslated region) of the
cytokeratin cDNA. Thus, the isolated fragnent was indeed derived fromthe

sanme genghée ﬁl&ﬁﬁﬁd’ﬁ&i&%ﬁ&%'a?e G0 Gratie trrEat By ¥Bptide: and tmdlﬁedlycx&esls 5 kb
5" flanking regiqn etgq)i%éoat ed fromthe rrugﬂﬁe< creatl ne ase gen a

putative the Py RSERO F Alvatinga ppigicglar ﬁ%ﬁn%@ﬂbwn o1a e fatiops

regi on i and ddyet feramakingt fyecic pitd-tirctedo nutdtnd/Cite ARNVN2 I chone; (sSEQ.4.D

NO: 8) . §m C%eta 12) Fp regi on was isolated fromthe fast skel etal muscle

i sof orm of rrf/oa n ﬁ chain 2 gene and sequenced conpletely. The pronoter
sequence for M.C2f |s shown in SEQ I D NO: 22. The sequence inmmediately

upst r 2amtbbridizabdeNariaptsci fic prinmer M2 is identical to the f UTR of the
M_C2f cDNA clone; thus, the anplified DNA fragnents are i ndeed derived from

tﬂe lVLC2f genghe Bbﬂfﬁﬁc?@dule}ﬁ?éfum&ﬁ@dmg vilaurﬁg prdleritifdentbh Gﬂﬁﬁdﬁﬁﬁﬁs&%am of
e transcriptjon start si ch was defj.ne e
exper i mefte lﬁ‘gtéd&oseﬂ‘rﬁengﬁﬁ‘mg CEﬁBEn "i&F BrQUPcoRgsting ﬁfﬁgquq{gge[?gq § 92&&5’2’1 si ng

t he proma2ed, osican Eedmypxise 4 GANNDGe asequaick that alybmdilzeslVEF& N nglesulees
[C/T) TACTLALATAL ALD ted | D NO: 2 oth of
t hese ci §° %’%’gsm t cIAélglé%{slg%rsgg&gc%lﬁqa@l?@fiﬂ'q\]ég fe3sge0| % undgrnéal% %

t rand@ri pempanatuScionditione praafiding smnzm atdeasbas bighas. thatmgﬁr)alenmozm SBE
fragment ;wag,& Bhd fHaBeoded rontetaﬁr éﬁ% #7050 Iﬁfptéd%ﬁltéat haé%%& ng&Q%r all bPthe

alignment of its sequence W t I ntron was
found i nabeve-described Rhysical 3ndigs: bg)loglﬁ@ IH"P“éE‘Eﬂ ] etprréemsleveanuea alsrpnelpdesot er

i's W thi poBpEptiiek reaged fir l@bﬂideke QyBridiabli® Rgrianks alfl‘i@| 1@lakibhshifGen efrivige iy ©f
nt tr,ans enl ters

fl . sh
Ser o™ s BObagER M AdRa Bicioh? dhoihleods3 Y B8s PRI dRRoR RAT PRSI B2,
st rudfur ah ChepterswHoanl Iﬂndﬁ)&anhavle ebée(ri%ﬁ)t The prederdauentiomglsp @npomepassesb| e
huran Coason NG REORRKAL h{SAGIPR SEPTS NOSS! 429 49 BRCFR: Ludle ! he

EcoRI |ng reconbi naht S were naned

pCK- EGFP dessriped sondisiomk- HaNp. pmlecules) of dhy up/mmrEGuﬁ pneées@i@mhxb@rigze(m g.

6). The lEfeRnSMERIenédsa@HRP mdre st n%&%ﬁu&%nﬂld&ﬁﬁg'ﬂ?@ %E: 1%6l dfNthBuddeg H nd
1l and Bam Hlé%f E%éof the plasm QEGFP- and thﬁ?f chi rrerlc DNA
const r uctPrHTRP pegiees g seuehfsdden{ity-egumerated; ahaue. | cPr AHVENNAs at
a cofofentatsat exsompagsedMngriogalripriffeey op QekESoRgamdqokiides EHRyrthaind SBI IP. g/ m
(for pM ) )/ h |

[ ect oa ot Foa sl it il b B Sl SR

hi gh nor thabridige mthet eq@mnuﬂa@smw&s thergbeve-desceibe cqrmmmclihfcnrnmratqswly( 50
pg/ ). HEach aqgﬁgtmfn@cw MiRGeodidls, HeFeRablyOl 5-PhucEbGdds NindFd ﬁx‘éf&ﬂh Ngs3ner e
reared in o&?aved Holtfreter's solution (0.3 5% NaCl, 0.01 %KJ “and
0.01 % Cd®f ppl enented with 1 pg/m of nethylene blue. Expression of
GFP was observed and phot ographed under a 20 ZEI SS Axi overt 25 fluorescence
m cr @§copectotben zebrafi sh enbryos recei ved pCK- EG-P, GFP expression
started about 4 hours after injection, which corresponds to the stage of

~30% epi boly. mqm/en% %K’lé)furfhgledllr%te%cttoeadre 'bYeO\§ecﬁ))fQ¥3§t§ il {ﬁ&Aathattdeé

stage. The ear al® er of
m m cki nfoethgdy ntsdee@uértb%ss eapable of n@re}slrzgeth@p@lypm@er ved by 25 in si tu
hybridi zation. At |later stages, in all GFP-expressing fish, GFP was found

predom nant|y THe d;&lsseﬁt BRédtiyalis glso Birboted oad vaetdfchi Bsmgaﬁél?wabﬁ veEdE ahd sh
IS snown |I.n | er

fry at 4 d U no, G-

xor et GhDAE SeaenshBirenondiheh e iyb eiiibtd 2o betieddBio eid Beispo  he

di f f &0entveatogthayBye aintepfating bondn-iritégratingswector depapdagunyicsin@fdekpweemdas  G-P
strongly and these GFP-positive embryos remain G-Ppositive
after haté r;l'ﬁv%%i&ﬁlP'he&gill'—‘{?"%expreSS| on was always found in nany bundles of
muscle fibers, mainly in the md-trunk regi on and no expressi on was ever
found in 'Bfiﬁ@forﬂyﬁﬂ&elbf cells. A typical pMK-EGFP transgenic zebrafish fry
(3 days old) is shown in Fig. 9. Expression of pARP-EG-P was first observed

4 hours after ThY afleh@dh AlrtHeP @cl@@Y0oto al@ansfodh@d dell 280@icroorganism containing
cDNA or a vector which codes for the polypeptide or a fragment or variant thereof and that




-20 epiboly stage. The tim ng of expression is simlar to that of

pCK- EGFP-i nj ected enbryos. However, unlike the pCK-EG-P tr gs%emtzéa ryos,
the GFP expression under the ARP pronoter occurred not only®i A" o
superficial |ayer of cells but also in deep layers of cells. In sone

bat ches of injected enbryos, al nost logpbof the injected enbryos expressed
5initially. At later stages when sone enbryonic cells becone overtly

d|fferenkngbggeofgmﬂaﬁnkquggb?Qﬁmdghe GFP expression occurred essentially
in all different types of cells such as skin epithelia, nuscle cells, |ens,

neur al sues. rc bl ood cells and yolk cells (Fig

10) . UndE%PFﬁgoﬂEgﬁgmﬁﬂgﬂBgSF"BEEQ (3%%0@60f the enbryos expressed GFP. The
10 earliest GFP expression started in trunk skeletal nuscles about 19 hours
after inj ect inerestiimsclieco @reagpordsbrate ¢dhls, stdapmpagat®d-ofovertebratd atlbsrin t he

GFP expr ‘3&1%9@% ?%uﬂ&:‘érﬁsegec'o e@?cﬁmﬁg%}r&g&ﬁre”ié%h es bf‘%r‘t%‘regg h§¥t ell

nmuscl es, Jaw I'TUSC es etc nsgeni c ounder e

cont a¥ ni Hgepwetgin E@We@ﬁt invgntiany raferablie inglude el eSemrany of gha ﬁfitwtréerllepdbi ue
or ultr aueleiretE)tpr@a'bn(deca)rs ¥3r Qich M8 oriinGrilyr aeﬁﬁeqtﬂné&mg@rait 345%1 |
al SO

crossed with wld rans nic offs rin re obt

i oo ayetrritating % bl Bomet CBRRERT grop® i B oo ReGared, lcggiih o
expr essi uboscnne;mnkimgimuenRNhesmmasnsfg@fumroh@umzlemm gencdrmé DA isngged loaif agr een
L or SSCafis: BRedibafD R ohE B EIRY bR AT P RRRAIGTITHR g 1

skel &@ al tragsoniption tesmingépeséquaneenal ysi s of t he 2 kb DNA fragnment conpri sing
the pronoter was perforned. Several deletion constructs, which contain 5
del etions of the M.C2f pronoter upstream of the EG-P gene, were injected

i nto theppebvafipdh enbryos and the transient expression of GFP in early
enbryos ( 19-72 hpf) mas conpared. To facilitate the quantitative analysis
of GFP expres t he j.on as

ToA 120 - st v e TlFing Seashitel i nuchifea b wib REERRLARL Y fad SUERT | *°
100% nus dinstatiobeTose oftshidl willirdedilyvbetoguive aespeiyse rameritiaP peseproéss wiichnas

det ect ed Lﬁ‘béa}g&g@& oPHBEIERS G@ef%%?én%aﬁ BRfifr rddGH@! 1y Tn the md-trunk

regi on. Xpressi on: express on occurred in dispersed nuscle

fi bers and the punher of G:P positive fibers |s usual ly |l ess than 20
enbryo. Axampledsy | Jeglation of skinrspecifig, sppssle-specifis anéslmguitwsm SXPEegs e GFP
expression in skel gebtafidtiTDINSS clofesl00% of the expressing enbryos; however,
the |l evel of GFP expression frontthese del etion constructs varies greatly.

S f 0 2 3% 0@6f
> kb (- %EieiﬁP B SHORE S okt amg SRR oy deschibes, &5 6 & 8L ‘BBAYT e s
(- 2011 byBagiealll IrmnprNaér elonespatreselstteddiom a¢buafish antheyoriigland adult cBNA
expr essi Qﬁrﬁ%@ énﬁeedlhgéi&% wag ﬁbﬁﬁﬁtﬁyoég ecPlBBrad 9 gieOEle'q)Ae?{&ﬂé‘ fréabﬁo@ Jﬂfib

pronpter cating I nport ance pfonpter region 0 338 b
-201%0by pegial wwwthﬁe uﬁﬁdgtﬁé@qntlﬁv }bﬁéﬁ%teé?edafd@te@.f@rypotqrﬁel fupstian n of

GFP usi ngtsm%lfﬁﬁﬁp()f&héﬂdfsﬁnw &abeds idBairiddhigg tlﬁbtagpm@h Lfamnaf tHegn W EG-P

trans: ontlraAchE ke Ded st Bicts 1% SE0d e hiin. 9, br e SR oL
i njected (UlIOhdﬂ Epfendoding rengiegsaheGitse AVTOK], ﬁohekeéemlrmasﬂm@eeuﬂbrty(xﬂpnmo

Strong expfy %Seﬁic%‘in%%é/"?aﬁt %fﬂl%ﬁ&cleaﬁgfoﬁﬂ "tﬁkfmgggﬁﬁgﬂpﬁlgmﬁ@dﬁf TR Eﬁ&’ weak

expression, ‘respec n comnpari son enbré ect ed
wi t h28M_dor uE(gupoe& pxersm @Flpnerﬂl 593encoding, agidic4nbesemahentoteiny ﬂgA derate
and weak B3RE@AR.ON, respectively. Exanple |V: Potential applications of
fluorescent transgenic fish The fluorescent transgenic fish have use as
ornamental fi rket Stab 15 tr enic I|n an be devel oped
oy bread: ng o tierout SRNCHOESS Witk Sabarnebd B egorep ot SN A e Rithor
t r ansgenidedticedramiBy atid Gb@ichoss apd shmrrﬁnm HY NOS: i 8, idi2otegpestivapch3as
eyespeci f f t | or

én?o?% §'p§ H?Basfté (c\ytgf(é;réilb %$§ ﬁ% cio%esq h%mol(?%ﬁn al:? |sac rdk%?eltmt 8

breeding © ransgen nore vari escen
t r ansleni €548k afinth aelénldbetltp} Jelidéeendeprfon rleusqbyaﬁSheMﬁH@ and disorming acid

i sol at '( CG’gheQﬁex@E%haIQQQgg";ﬂdb &Rlbh%ﬁﬁrﬁﬁhaﬁx%l@ 9301613 Q?HEEsQﬂ@tﬁsttsﬁel%&l known
genes n a iSO cl.ones code for pro sina
vari ety oSl st ghe e oL oL e 04 28R A SeAUCRLR, gDy

met al s, o Highlyrboe®icpoah taasthes verahens fasBykdlahlnguidie MIETifgatowins I?&R:r 80%
anplification usi ng gene-specific priners designed fromthe nucl eotide

sequences of these cDNAs, and the |inker-specific prinmers described herein,
the pronoters of the genes represented by the cDNAs of Gong et al. can



25 be used in the present invention. Thus, other tissue-specific pronDters,
hor none- i nduci bl e pronoters, heavy-netal |ndUC|bIe pronDte nd t@g

from zebrafish can be isolated and used to make fl uorescent z f§

ot her fish species) that express a GFP or variant thereof, in response to
the rel evant conpound. Miltiple color ﬁguorescent fish may be generated by
t he same techni que as blue 30 fluorescent protein (BFP) gene, yellow

f1 uoresceming %&H%éht&%'zp)rhg %ﬂﬁ‘n@Md seq%enéel HOEBARSNARP RUBEL kéhidle AESEE are

avail abl e from t sgenic fish with GFP under an
eye- specﬁ‘l?‘@‘ﬁﬁgr?gt/eﬁdemﬁgb afg“paé‘ikrp %@P?I c pronoter, and YFP under a
nmuscl e-specific pronmoter will show the follow ng multiple fluorescent

col ors: green Byédanonstrate théir expresdionglatterns,miwd mouByinrsée hybiidizatipndiThises ent

tissue spggif ' tles
of transgeg?\éll t1§93§§v£fp%gg’ftl§er ent&vufgﬂ)'g i 868 %@l‘&g%ﬁ%%ﬁl&g G\éﬁé

patt ePns aki, 199D evase eatied outtyr solgstassasdu Brﬁlsﬁﬁes engfasdevigdpping ﬁﬁllbéf(ént

fluorescent proteins in the sane tissue, an internedi ate col or nay be

creat ted For eAarmhleate@@ ARIO Indtint At 511Gk I?dﬁgatﬁﬁp dysiREati &h:thmsml II f
pr onot er, ar k- green [ olor ma ea usi ng a heavy. netal -
Cuch. as’ BRGHICHIN SHoard o B PN orlts (ES Tar 13 AHbAESS POIER et S

est rogen, h;&mﬂrz&g&mmyowtdm‘mﬂ ehanithe kopremsivy) wandnly il skiprepitdliar (Fig 1C).

bi osensor §¥§g BB Fg cgt%)égljﬁﬁ{??ﬁ%&ﬂ ﬂ%‘éﬂeﬁ Yekdpd 4eﬁé’dr§ YoLE hﬁ za&?llr t(lltiﬁfzon

and for eva l@? consu i on*an a uac
uses.l0 n anddhisdi )otlf@h@grtragwpénm of the cymémr@gergme stmgsqatmdrblgqtldwnmmlhora

green fl U\%&?&%% ot§<9 enBHI38E aGRlafid. ﬂ?ﬁfi‘@ﬁ& H?orﬂc@zé%ntﬁ'@leﬁxl HASIRIARNMRNY( Ot ei n
gene used). when | ut ant estrogdens (or t heir

uc
deri vat i végyal r%aéc t%ﬁ%%ﬁ%ﬁlmaet&ﬁae% ﬁF':{SaPFE 8K wee%?fl%d@éﬁr. 1p blastila sndethe |
Such a bi egeasion rsmsfhecmthe sﬁiﬁbw‘ﬁﬂbl'o‘l@ﬁ& whi€h e\ténaaay datelepedl istlol sk ep‘(ﬁkh@ds

b f id f

compoundsgiepine e Ipi S Higien @ s NG vt APty PRRRERES an

i s pokx abthe skin laa@alsonweakhymmtsemmmthenmsum:rebmg tlﬂaﬁeydugllhl mgasns@mnéyst em
al so provydege Ebdtex?&t 1hnfh9rlF%¥'aBH SArP! éﬁl 2CTB&e k@ka‘?ﬂe R%ﬂ@%e and

regenerative. "Environnent nonitorin evera ces can

acconpl i shredomipapily.fibpotspecafically, @iﬁéﬁsﬁqdalﬁs’f Kirfeds £ sh haV| ng genes encodi ng
different colored fluorescent proteins driven by pronoters responsive to
each subst anceMCR@RN A d3airki dutdobdd mh@ﬁﬁst o0 bitefi@dsontites 20 10is6Mitt Btagd

t t f f
Cr anst or nBULURE AL PR S eIRs Sleett B2 triion & PRORCULCInA BRI SRR Figr o
popul 20 i 0hDj end rim hieard (daty nen sterw)r OWirem theastainedh emboiasrae expe-essmiedytheach
fish oosefiad miadfithal Wallfouhd ExdihetfllP A R rubk GG Gsdb i IRY 1 Bl O be

val uabl e I n e mar scientific resear ecause they can
used for @wwéﬁ%r@m&w%ww cexclupiyelyip theetkpletmb musele e And cel |

mgration. Cells fromtransgenic fish expressing GFP can al so be used as
cel lul i’ir and gRIIECIfCmRBIAK &8 spéblﬁéﬁrl]lly &ippessql BNt bledletalnghubal€ lig developing
transpl ant exper i nent chineri.c ene CONSLTUuC

Succenst ureaih GafvaT R i Dnto frandan e BSuru SRR i SCRLRIRA
appl i 2abl BNAs werkerefareshfrapaeveed aduilt hissuss melixdh@, hegn| bifains byesc gitls, i@@stine,

i ncl udi ng I f ﬁﬁ'ﬁﬁ S{ eel ,
tetra, 908581 Skél%f: &us&g{{l{@%ﬁ‘ﬁ@%aﬁ?& E@ J\i %él& al &qg%a?&k%{étefc Fgg hﬁu@gl
fish, pan@@éﬁ’t&lsmu&l@: by hsmo Y5155 vﬂ@@@ﬁ-aﬁwmﬁé%waw&m@é ubiquitoysly apt | y

in these fHesnBRECHEINAN bRAAHN u@wmﬁﬂef!ﬁema?mgsmpne pronoters from
other fish species can be |sola ed by the nethod described in this

i nvention. For t he |so d and char.acteri zed ebrafl sh, ¢
Loens ona 5 5 ARSI it S THOL i Pish Ry BufeBi
nmol ecBf ar sipeoliess tpoessmr @eithef ovarpomspiveljcassimpembmyosrat one otlhetagei &h ispéei es

by ol eCUIhaEI;[lcliﬁ‘ { I deltxé grrﬂs A rla nf %bbﬁt&gr%gn mgilﬂag 'dn\%% d@@@ 24 1[?%10’64 ,&Sgﬁélahhvel Y

one can fi?gtorso Re" 26 ers
sequences epaeplerof @dlybndlsEQ‘:mbIYN@S28_ hpBis sBowr in Big. OF. Imdah%i ABP RN iwag dat a

from ot her,,SRANRPe8prefd GPMSisHles ek ARBED BYcFPR RS bin wiligr%7a reRYivEIGRvéaR

d
then use the ebralshg nts, to obtain hono m ot her
fish specisb‘%‘1211 H% &nd% %&hegﬂ%?%ﬁgﬁfa%@% coppy ?fild ﬁ g\jﬁ?t“? 8‘
muscl 85spegplebsed mbiywtbedly.such as MLC2f is valuable to direct



a gene to be expressed in nuscle tissues for generation of other beneficial
transgenic fish. For exanple, transgenic expression of a growh hornone
gene under the nuscl e-specific pronoter may stinulate sonaﬂgc‘oﬂ%%tzﬁ)ogf
transgenic fish. Such DNA can be introduced 10 either by m croinjection,
el ectroporation, or spermcarrier to ggqgerate germline transgenic fish, or
by direct injection of naked DNA into skeletal nuscles (Xu et al., 1999) or

i nt o ot heExdmpRUES lea@ﬁuiﬁha&aﬁ% gbite promdtbisst i ¢ met hod (gene bonbar dnent
or gene gun) (Gonmez-Chiarri et al., 1996). 18t" August 2003 <110> GONG,

2y, L 50090 BEDRUEIR M O o o BB ol 2

FL UORESCHd¢EcritRaANSEENb @ @RNAVENTALd # Sdmplifiod by 184 diageaR inkig>3. Jhtiwheld 60>

24 < 70> . 10> < . 2 . L O i
230> 2o ObERe Moles E%(ﬁzfﬁ’gss éﬁpskgzéoéﬁ‘g<%ﬁzk§1% : ?ﬁ%% ﬁ‘é’@’;ﬁz ?2&%’%8? k! I( 85)
<223> Sck2okzehpatishogenomis DA B) digestiopoef gampmic DI94)by<o agstriction emyie; 4221 >

pol YA si gRgdtiori &2 43hor4th&r DNAMRIthe dbeSted deridngit DNAL §) PORGGRAGRAtIGCSLRACT ca

ctcctctctc agagagcact ctcgt tc 60 cttctcagca actcpaa caggcatc.atg tca
fco agg (RPRERE TEen; 400 1 Divey seauendipg focftiadh e SRAET YR RERGus 1850 oot
ggc tcc afotlonviny iadge degiletlaesaptongfthessgstépsa gcc tat 161 Ser Ser Ay Ay Ser
Ile Arg Arg Gy Tyr Thr Ser An Ser Ala Tyr 10 15 20 gca gta cct gcc ggc

tct acc agg at ink 6o He%ndG feftC agg 209 Aia Val Pro Ala Ay Ser Thr
Arg Met Sgr SeMMS 30 35 40 aga tct ggt gtg ggt gcc agc
ccagcgﬁi:/ttc ggt. gcc ggt c agc tac 257 Arg Ser. G4 Ala Ser_ Pro Ay

Val Gy
Phe Al a G Gerg gpesdic KGR prisness) weee designe tbaﬁfélc‘)‘hé‘@ aGed g dhe fopurgiNAga
ggc tat ggRuedtes 8d thelrbgifad usdd ForShssighli the prilers abe Ehovaf in\EQ EDNGKY1,.3,y Tyr
Gy Ser G‘SYm&'%’ Gy 60 65 70

The two cytokeratin gene specific primers are:

CK1 (SEQ ID NO:10)

15 CK2 (SEQ ID NO:11), where the first six nucleotides are for creation of an EcoRlI site to
facilitate cloning.

The two muscle creatine kinase gene specific primers are:

MCK1 (SEQ ID NO:12), where the first five nucleotides are for creation of an EcoRI site
to facilitate cloning.

20 MCK2 (SEQ ID NO:13), where the first three nucleotides are for creation of an EcoRlI site
to facilitate cloning.
The two fast skeletal muscle isoform of myosin light chain 2 gene specific primers are:
M1 (SEQ ID NO:23)

M2 (SEQ ID NO:24)

25  The two acidic ribosomal protein PO gene specific primers are:

ARPI (SEQ ID NO:14)



18t" August 2003 - 25 gga ggt ctc ggt ggg ggc atg ggc ttt cgt tgc ggg ctt
cct atc aca 353 Gy Ay Leu Gy Ay Ay Met Ay Phe Arg Cy? tﬁéé Lel.%ﬁro I1e
Thr 75 80 85 get gta act gtc aac cag aac ctg ttg gcc ccc t ) gugt aa
atc 401 Ala Val Thr Val Asn G n Asn Leu Leu Ala Pro Leu Asn Leu Qu Ile 90
95 100 gac ccc aca att caa get gtc cgc ?ct tca gag aaa gag cag att aag 449
Asp Pro Thr Ile @n Ala Val Arg Thr S'e} Qu Lys AQu dn lle Lys 105 110 115
120 acc e AREQRAS NS 5| lhelihe i bl fuckicfid@idfie aerinCGnlEERE S 407 THT
Phe Asn Asn Arg Phe Ala Phe Leu Ile Asp Lys Val Arg Phe Leu 125 130 135 gaa
cag cag &lEEFIONREctt gag acc aaa tgg agt ctt ctc caa gaa 545 Gu G@n Gn
Asn Lys Met Leu Qu Thr Lys Trp Ser Leu Leu G n G u 140 145 150 cag aca acc
aca cgt tcc aac atc gat gcc atg ttt gag gca tac atc 593 A n Thr Thr Thr Arg
Ser Asn 2l e Admlatiom dfzebiahish fEnomd BNB/r |l e 155 160 165 tct aac ctg cgc aga
cag ctc gat gga ctg gga aat gag aag atg aag 691 Ser Asn Leu Arg Arg G n Leu
Asp Ay Leu Ay Asn Qu Lys Met Lys 170 175 180 ctg gag gga gag ctg aag aac
atg cag : nP t dn
Gy Loy GapofODSIA Wi Rofitat A ARRICRSTA FolibPabialita sfin iy Sefiifod 220
aag cit ¢éalt ]c9§9bt(§““§¥i’blya§¥ aW$wwW§omlnéquld@50@vr%| %O%ﬁm@ys Ar g
Al a Ser ‘Yakdel ThégrouddUisdibwaslier? irandférredfoGnCdxeradtioh vuliEr FROMBATTiPH gat gca
gcc tac e(lltjg aac aag gtt 785 Phe Val Leu Leu Lys Lys ng(i) Val Asp Ala Ala Tyr
L

Met Asn M/EHDDPA) 20 15/mB R Npse A and dadog2ldShagl incubyed apd7°Ctior daowat gag
atc aac tprgtefilaSe B3RasAddel @y a@ial Bbibehirftionddt RIOLMR ah@YefdymDeR (il thd © Asn
Phe Leu 235 240 245 agg gca gtc tac gag get gaa ctc cgg1 gag ctc cag tct cag
atc aag 8S8ixtute gppéazedvaiscaus; fallawed] by Graybatean Af §0°G dor & hogrsnwibrpedodicpl e Lys
250 385 20RIHICTRE Perddilic BNAYds dihfly GRRacH OB AR A HenB0En AMralch iRl 81
929 Asp Thr Ser Vval Val Val du 1 Asg Asn Ser_ Arg Asn Leu_ Asp Met 265 270
27S 280 ga-Hek @R 8).grgcigiated by agding Gt vghimecefy3 MNaQAC apd2atvolymes ahc 977
Asp Ser |ditein¥Bland\télicetdd byawiting ofladplé&dsRod YhenGliinsed\D70% @thdhel. Asn 285 290 295
cgc agc cgt gcc gag gca gag agc tgg tac aaa cag aag ttt gag gag 1025 Arg

Ser Arg Ala Au Ala GQu Ser Trp Tyr Lys An Lys Phe Au G u 300 305 310 atg
cag agc C 04 o e Te s t, gac et c tca aca aag 1073 Met dn

Ser Thr Ala Gq%‘g% ‘.’““C.Oey%.%e‘ggq{y“c%’*%gﬁ %“Ctgé“ge'%g‘?‘eThr Lys 315 320 325 get gag

att get gaa ctc aac cq\? atg atc gcc cgc ctg cag aac gag 112l 18t" August
2003 - 26 Genomic DNA was digested with the selected restriction enzymes. Generally, 500

15  units of restriction enzyme were used to digest 50 pg of genomic DNA overnight at the

optimal enzyme reaction temperature (usually at 370C).

4. Ligation of a short linker DNA to the digested genomic DNA

The linker DNA was assembled by annealing equal moles of the two linker
oligonucleotides, Oligol (SEQ ID NO:16) and Oligo 2 (SEQ ID NO:17). Oligo 2 was

20  phosphorylated by T4 polynucleotide kinase prior to annealing. Restriction enzyme
digested genomic DNA was filled-in or trimmed with T4 DNA polymerase, if necessary,

and ligated with the linker DNA. Ligation was performed with 1 pg of digested genomic

DNA and 0.5 pg of linker DNA in a 20 pl reaction containing 10 units of T4 DNA ligase

at 49C overnight.

25 5. PCR amplification of promoter region

PCR was performed with Advantage Tth Polymerase Mix (Clontech). The first

round of PCR was performed using a linker specific primer L1 (SEQ ID NO:18) and a

gene specific primer G1 (CK1, MCK1, M1 or ARP1). Each reaction (50 ul) contains 5 pl

of 10x Tth PCR reaction buffer (1X= 15 mM KOAc, 40 mM Tris, pH 9.3), 2.2 ul of 25

30 mM Mg(OAc)p, 5 pl of 2 mM dNTP, 1 ul of L1 (0.2 pg/ul), 1 ul of G1 (0.2 pg/pul) , 33.8



Ala Qu lle Ala Qu Leu Asn Arg Met Ile Ala Arg Leu A n Asn G u 330 335 340
atc gat get gtc aag gca cag cgt gcc aac ttg gag get cag at t 1
| e 95hodd 70955 %360

Asp Ala Val Lys Ala A n Arg Ala Asn Leu u Ala @n lle A

gag get gaa gag cgt gga gag ctg gca gtg aag gat gcc aag ctc cgc 1217 Qu
Ala Gu u Arg Gy GQu Leu Al a Val LyggAsp Al a Lys Leu Arg 365 370 375 atc
agg gag ctg gag gaa get ctt cag agg gcc aag caa gac g gcc 1265 Ile Arg

du Leu @1UfGHYON AdLeYl 5 )gof‘“hﬁkérmgﬁd‘ gé\wmwewt %@&053535 fROTRPC cag

gtc cgc gag tac cag gag c atlg aac gtc aaa ttg get ctg 131

Arg @ n Val

Arg G u peptymdraseGuix l(éilbn”t&h) Afme \¢adlirlgy sorldétiond\ werk eds fﬂ)%WéOGM@S b Mt gag

atc gcc acc, ta aa ct gaag agc e d
Ala Thr lewéwf"gg’ﬁétf apsecTh @9 ing o078 iy ﬁ‘%&‘{ thezema@a ered PEc age
%gt %Iga GEIRG.’&@ cggiplacd; thd brd&l&btsgztzdre dﬂgtectdQO dold. OHhO Yl Af glzlb%’d E&ER phstuc y

y ALa tce tt
Con 16t gt Wit o dfmplsfe RySingSeedidralll of HOR Crestil BARD v’y ippdYined O
Ser Ay TFpecifit pridey L3gSEQ ID 5€):19) andRhsecGhd) geigSpodiic @Eiﬁletéiﬂ @32, a4CKgge ttc
agc agt 0. Ser
Sor Gy O QRERE HlRidltt EPbrgaR PER. GRCayDihe Motk dhdinliRy Rl
ggg tat gzgpcggmuggb ¢)mhesaif(9496£30ma aad 6896 3nia], yndPhirallgl 68°6ES nfthyB&@hanthdd y

YT Gy Gop Gl v Seleolh, $85 h¥audDeA75,880 482 190l g dcc ace gtc age agt

aaa cgc ta a ggagaa cC g ccaaaccc er Va f Val Ser Ser
Arg Tyr 490 495 ccagccgaca cagtttccaa ccttccttac ctgcaactag atcccttctg
aaccttctta 1666 cgactcaaac cat ct at ggt gct at atttt agccagacag ctgtcccctg
tt aatlfagdn BN A ; Jongd ) agMeRGagttttag attgttctgt
gtgttgatgg 1786 tagttacccg tatcat gcat ctcct gtctg gtggtgtcac tgccatttta
aat cat caac 184& R a@toas:mrd paieD fivm theapgasgael folpvdai eletrogittesid aad
tagtcttatf 1906 tct act agag aaa cacat.agaaa cc a
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its 3' proximal region and the 3' region is identical to the 5' portion of the MCK cDNA

25  clone (SEQ ID NO:8). For MLC2f, a 2 kb region was isolated from the fast skeletal muscle
isoform of myosin light chain 2 gene and sequenced completely. The promoter sequence

for ML.C2f is shown in SEQ ID NO:22. The sequence immediately upstream of the gene
specific primer M2 is identical to the 5' UTR of the MLC2f cDNA clone; thus, the
amplified DNA fragments are indeed derived from the MLC2f gene. A perfect TATA box

30  was found 30 nucleotides upstream of the transcription start site, which was defined by a
primer extension experiment based on Sambrook et al. (1989). In the 2-kb region
comprising the promoter, six E-boxes (CANNTG) and six potential MEF2 binding sites
[C/TYTA(T/AYATA(A/G)] were found and are indicated in SEQ ID NO:22. Both of these
cis-element classes are important for muscle specific gene transcription (Schwarz ef al.,

35 1993; Olson et al., 1995). A 2.2 kb fragment was amplified for the ARP gene. By
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UTR (SEQ ID NO:9). As a result, the isolated ARP promoter is within a DNA fragment
about 0.8 kb long.

Example III: Generation of green fluorescent transgenic fish

The isolated zebrafish gene promoters were inserted into the plasmid pEGFP-1
(Clonetech), which contains an EGFP structural gene whose codons have been optimized
according to preferable human codons. Three promoter fragments were inserted into
pEGFP-1 at the EcoRI and BamHI site and the resulting recombinant plasmids were named
pCK-EGFP (Fig. 4), pMCK-EGFP (Fig. 5), and pARP-EGFP, respectively (Fig. 6). The
promoter fragment for the MLC2f gene was inserted into the Hind III and Bam HI sites of
the plasmid pEGFP-1 and the resulting chimeric DNA construct, pMLC2f-EGFP, is
diagramed in Fig. 7.

Linearized plasmid DNAs at a concentrations of 500 pg/ml (for pCK-EGFP and
pMCK-EGFP) and 100 pg/ml (for pMLC2f-EGFP) in 0.1 M Tris-HCl (pH 7.6)/0.25%
phenol red were injected into the cytoplasm of 1- or 2-cell stage embryos. Because of a
high mortality rate, pARP-EGFP was injected at a lower concentration (50 pg/ml). Each
embryo received 300-500 pl of DNA. The injected embryos were reared in autoclaved
Holtfreter’s solution (0.35% NaCl, 0.01% KCI and 0.01% CaClp) supplemented with 1

pg/ml of methylene blue. Expression of GFP was observed and photographed under a
ZEISS Axiovert 25 fluorescence microscope.

When zebrafish embryos received pCK-EGFP, GFP expression started about 4
hours after injection, which corresponds to the stage of ~30% epiboly. About 55% of the
injected embryos expressed GFP at this stage. The early expression was always in the
superficial layer of cells, mimicking endogenous expression of the CK gene as observed by
in situ hybridization. At later stages, in all GFP-expressing fish, GFP was found
predominantly in skin epithelia. A typical pCK-EGFP transgenic zebrafish fry at 4 days old
is shown in Fig. 8.

Under the MCK promoter, no GFP expression was observed in early embryos
before muscle cells become differentiated. By 24 hpf, about 12% of surviving embryos
expressed GFP strongly in muscle cells and these GFP-positive embryos remain GFP-
positive after hatching. The GFP expression was always found in many bundles of muscle
fibers, mainly in the mid-trunk region and no expression was ever found in other types of
cells. A typical pMCK-EGFP transgenic zebrafish fry (3 days old) is shown in Fig. 9.

Expression of pARP-EGFP was first observed 4 hours after injection at the 30%
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initially. At later stages when some embryonic cells become overtly differentiated, it was
found that the GFP expression occurred essentially in all different types of cells such as
skin epithelia, muscle cells, lens, neural tissues, notochord, circulating blood cells and yolk
cells (Fig. 10).

Under the MLC2f promoter, nearly 60% of the embryos expressed GFP. The
earliest GFP expression started in trunk skeletal muscles about 19 hours after injection,
which corresponds to the stage of 20-somite. Later, the GFP expression also occurred in
head skeletal muscles including eye muscles, jaw muscles, gill muscles etc.

Transgenic founder zebrafish containing pMLC2f-EGFP emit a strong green
fluorescent light under a blue or ultraviolet light (Fig. 11A). When the transgenic founders
were crossed with wild-type fish, transgenic offspring were obtained that also displayed
strong green fluorescence (Fig. 11B). The level of GFP expression is so high in the

transgenic founders and offspring that green fluorescence can be observed when the fish
are exposed to sunlight.

To identify the DNA elements conferring the strong promoter activity in skeletal
muscles, deletion analysis of the 2-kb DNA fragment comprising the promoter was
performed. Several deletion constructs, which contain 5’ deletions of the MLC2f promoter
upstream of the EGFP gene, were injected into the zebrafish embryos and the transient
expression of GFP in early embryos (19-72 hpf) was compared. To facilitate the
quantitative analysis of GFP expression, we define the level of expression as follows (Figs.
12A-12C):

Strong expression: GFP expression was detected in essentially 100% muscle fibers
in the trunk.

Moderate expression: GFP expression was detected in several bundles of muscle
fibers, usually in the mid-trunk region.

Weak expression: GFP expression occurred in dispersed muscle fibers and the

number of GFP positive fibers is usually less than 20 per embryo.

As summarized in Fig. 13, deletion up to —283 bp maintained the GFP expression
in skeletal muscles in 100% of the expressing embryos; however, the level of GFP
expression from these deletion constructs varies greatly. Strong expression drops from

g dn
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Ser Leu Agg c@a\‘lo@el"trmgemc fish. By isolation of more zebrafish gene promoters, such as eye-
specific, bone-specific, tail-specific etc., and/or by classical breeding of these transgenic
zebrafish, more varieties of fluorescent transgenic zebrafish can be produced. Previously,
we have reported isolation of over 200 distinct zebrafish cDNA clones homologous to
20 known genes (Gong et al., 1997). These isolated clones code for proteins in a variety of
tissues and some of them are inducible by heat-shock, heavy metals, or hormones such as
estrogens. By using the method of PCR amplification using gene-specific primers
designed from the nucleotide sequences of these cDNAs, and the linker-specific primers
described herein, the promoters of the genes represented by the cDNAs of Gong et al. can
25  be used in the present invention. Thus, other tissue-specific promoters, hormone-inducible
promoters, heavy-metal inducible promoters and the like from zebrafish can be isolated
and used to make fluorescent zebrafish (or other fish species) that express a GFP or variant
thereof, in response to the relevant compound.

Multiple color fluorescent fish may be generated by the same technique as blue

30 fluorescent protein (BFP) gene, yellow fluorescent protein (YFP) gene and cyan
fluorescent protein (CFP) gene are available from Clonetech. For example, a transgenic

fish with GFP under an eye-specific promoter, BFP under a skin-specific promoter, and

YFP under a muscle-specific promoter will show the following muitiple fluorescent colors:

green eyes, blue skin and yellow muscle. By recombining different tissue specific

35 promoters and fluorescent protein genes, more varieties of transgenic fish of different
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In addition, the fluorescent transgenic fish should also be valuable in the market for

scientific research tools because they can be used for embryonic studies such as tracing cell

25  lineage and cell migration. Cells from transgenic fish expressing GFP can also be used as
cellular and genetic markers in cell transplantation and nuclear transplantation

experiments.

The chimeric gene constructs demonstrated successfully in zebrafish in the present

invention should also be applicable to other fish species such as medaka, goldfish, carp

30 including koi, loach, tilapia, glassfish, catfish, angel fish, discus, eel, tetra, goby, gourami,
guppy, Xiphophorus (swordtail), hatchet fish, Molly fish, pangasius, etc. The promoters
described herein can be used directly in these fish species. Alternatively, the homologous

gene promoters from other fish species can be isolated by the method described in this
invention. For example, the isolated and characterized zebrafish ¢cDNA clones and

35 promoters described in this invention can be used as molecular probes to screen for

homologous promoters in other fish species by molecular hybridization or by PCR.
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other tissues or cavities, or by a blOllSth met od (gene bom ardment or gene gun)
(Gomez-Chiarri et al., 1996).
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accgaat atwpat gtctgtttaa catcaataaalO74LeuPheAsp320 acatctggaa acaaaaaaaa
aaaaaaaaa@l1fim@ @ng <211> 319 <212> PRT <213> Danio rerio <400> 6 Met
Pro Arg A232Asi§°Argl8Ala Thr Trp Lys Ser Asn Tyr Phe Leu Lys 1 5 10 15 lle
lle A n L¥3°1e6?Asp Asp Phe Pro Lys Cys Phe Ile Val Gy Ala 20 25 30 -~
g~h Augusi;»3903 -34 Asp Asn Val Ay Ser Lys Gn Met A n Thr Ile Arg Leu Ser
Leu Arg 35249 pi5mé&t wibhys Ala Val Val Leu Met Ay Lys Asn Thr Met Met Arg
Lys Ala 53285 @0)11€d2Arg Ay H s Leu u Asn Asn Pro Ala Leu Qu Arg Leu
Leu Pro 65270 %% 80 His Ile Arg Ay Asn Val Ay Phe Val Phe Thr Lys G u Asp
Leu Thr 85,80 95 Gu Val Arg Asp Leu Leu Leu Ala Asn Lys Val Pro Ala Al a
Ala Arg 100131301300%ignal

<222> (2446)..(2451)

<400> 1
ctctectttg tgagcaacct cctccactca ctcecctcectctce agagagcact ctcegtaccte 60
cttctcagca actcaaagac acaggcatc atg tca acc agg tct atc tct tac 113
Met Ser Thr Arg Ser Ile Ser Tyr
1 5

tce age ggt ggc tecc atc agg agg gge tac acc age cag tca gcc tat 161
Ser Ser Gly Gly Ser Ile Arg Arg Gly Tyr Thr Ser Gln Ser Ala Tyr
10 15 20

gca gta cct gcc ggc tct acc agg atg age tca gtg acc agt gtc agg 209
Ala Val Pro Ala Gly Ser Thr Arg Met Ser Ser Val Thr Ser Val Arg
25 30 35 40

aga tct ggt gtg ggt gcc agc cca ggcec ttc ggt gecec ggt ggce agce tac 257
Arg Ser Gly Val Gly Ala Ser Pro Gly Phe Gly Ala Gly Gly Ser Tyr
45 50 55

agc ttt agc agc agce agc atg ggt gga ggc tat gga agt ggt ctt ggt 305
Ser Phe Ser Ser Ser Ser Met Gly Gly Gly Tyr Gly Ser Gly Leu Gly
60 65 70



Al a
Ay
Thr
150
165
180
195
210
23S
255
270
285
300
305

Gy Alalle Ala Pro Cys GQu Val Thr Val Pro Ala @ n Asn Thr 120
Leu Ay Pro Gu Lys Thr Ser Phe Phe G n Ala Leu Ay Ilg Thr 135

125
140

Lys Ile Ser Arg Ay Thr Ile Gu Ile Leu Ser Asp Val a h81 Ayeux=zoPgo

Ile Lys Pro Gy Asp Lys Val Ay AIa Ser Qu Ala Thr Leu Leu Asn
Met LeuAsnIVEt LeuAsnIIeSer Phe Ser Tyr Ay Leu lle lle
An n Val Tyr Asp Asn Ay Ser Va Tyr Ser Pro Gu Val Leu Asp
Ile ThE JFruchASBoA Rgledt HiS Jo¥St A 89PN Lys & Yar¥ahcAr g3é$n
e A? & rLéiaE%QgngéLt g g‘f@em@ ﬁgrés% Tér skeuAl anser 11 e
240 Pro H|s7lf‘hr Ile IIe Asn @0y Tyr Lys Arg \&d Leu Ala VaI Thr
245 t gka p Iy aac cacGt S 4 %/I’
260 foh oonf ot ot el aon s b oot i ol
275 Ju don Lys Ser Ala Ly® uAIa Pro Lys
290 Asp Ser u Qu Ser Asp G u Asp Met Gly Phe Gy Leu Phe Asp
<210397<ZrE>2 2 &P I DA< I3 *PDgndes tex i99223>922 LaTATA aag 449

170
185
200
215
225
Val

Leu
Thr
Au
310

bi nd

si gnal <2 § |E2208)x T(2108) 212 Y8t ArAuffifsfeRdiy Lyssckpfon E?Z%kss pri ner
<222> (2281) . (2241) <2233*%x2 <220> <2215 'fi sc_feature <22%%

(2142).. (33231:5:)0 s223ac | dpnticake tiact be: Brc GLcCOMAGE4QQe T Lot ccabic
tacttttgabrgihechtrn Paa Fagehd gl gchhat gandge agratyst Ygaget B gatt act cat
ct caaacacc cat acaaagg ¥at gatt gcc gt accab@at ctcacacctt ¥320 tcacacctgg
tttatactat gca grtata ttg t aat %ggtt agal ggt cat 180gacggtgggggc
t gt gacaces, an t@f?; Sk %st tLgt dagiy 4Gacd agnastgada @hcaattgtctga
ctatgcaggg tgtctatgeg tgggaacatt tatemagtggt cattaaatlao 300 tatagtttac
agttagacca aagtgtgctg tatttttgtg ttagcttagc tgcagttttt 360 gtgtgtgaag
t aacaaat §a9capRataetdca Fcte Far?‘tat ﬂata tgt\%‘ttt geea§a wroahatt glaatt
t act aagt “t?’r‘a? 2adry gt det L bk &?t “aiaéy %t £ %o tagt gcagt g
ttggtacttt tatttcactt ccttccttca acctgcagtc actactttat 540 ttattcttgt
ct at gt ggakttagaceqale a0t 664 Ghrgagdtt 664 gt cRjaatfnaad t-gg HQPaagat agaagg
t aaat cac@ercairadtgdag AacEin dagarwatygdecailyvt bat §at tige W80 Lagcaaact gt
ttgccagcat t]a7a’aagaaga tgtcaaa'Lagt atttacacgc att%acccag 720 agactgctta

gat gcat gt ¢ act % Logtgga, L E&g% el &agg @%aat%&t“
Raacgeacstsadiian %@9 tiGAAdiak %é_t,t@?lg g@ﬁ% 1gf accccaac
gcagt ggggmcgttgcattt t gt tb@agaaa tgaaaattag:psgttgacgtca 900 2gaact caacg
t caggt cgat gtcaatgttc aacat ccaat ctaaaat cat atatcaat gt - 960 ct aat at gt

t acagctt % 4¢ ‘a‘"’ttg @gécaaccaﬁ Fc‘iCt ag a3 gat7 At ggt
t gccat ac 5&?%? g‘ft Et249d §gﬁla ECLLE %% g%gttcgacat
tggattttgg tcgctttcca acacaaccta aatccaccaa atattaactt 1140 cct at gacat
cgttattggatcgicaagalta acpabateet gitagat gebgg-cCtagactdag d20@taat teaggt c
accacaacdthreafat Leadee bemf-at theacVadt étr dtlgatlagTygiigt W@ 4260at gct gggcaa
taact aaat g cactacagdd tgttacgttt acdtacatgt aaattacat§ | 320 taaatgcatc
agcttttcag agaalaatpe | tackia, &t aet oL t9hartiLtaa 438Q aaaggst act
tttcactc?fi%uaﬁéd Egaﬁa ﬂﬁ%&l%@%ﬁ gaﬁm%?fa : ageath dddQeacatttttag
gcatgtattg atatiBstac tatgatttttz2aagtactctt tcca@mactg 1500 cagccctccc

cat acat aat cgt at ttta cacat at ggt ggagtttaga gccat aatct 1560 acattagctt

| 15
130
145
175
190
205
220
230
250
265
280
295
315

tgttagccg;(?gt%p’;c@ g}‘g;g%?%tzt gg{%tgﬁ@ afad (£t o ﬁo‘? gad 18€% " August

2003 -36 ‘at fac agaaggaa

cct GEgtTQt aaatctcaac aatgcaactg

1680 ttcagctcag ggggaaaaat gccct gccag at ccaaacgg ctggcaaaag tgaatggaaa 1740

aaagcctt tarcattaatrgtga asylotgoiagcagr geccepacegcagataaaaatd gageagagdreZ800
t aacat gctItSPt Eradgyctyd t’%é[géc@&c“%ta@at’ a“@Pg%rgéécad‘a’aa%eal é%é@gct gg 1860
cagat ggtg?:f gagct acact gtc Ptcca gagtttct at’ 5tggaat gcct gtc@ts aagt 1920
ctcaagcctg, L gLl ty i\xﬁittg gLCI Gt J1RC AL GLYAAGC R 12 RLE G ald LIAGLIT GB71980
caacattt pCts&]acma 41 hed Gict@liaaes agt adiaacyAgot 2890t hod gisgagag 2040
tgcgtatgtg tgcaagtgcg £8% gt gt gt g agagcafoca gctccaccct eetaagagtg 2100
t gt at aaaat tggtcagcca ctgctgaga gacacgcaga g acttt a ctctcctttg 2160
tgagcaaccigccg'?%c;a % g‘]} 28y ga ég t%€c SDE&?c@a‘@ag 22220
actcaaagac acaggatgcg(g) g 18 21yf> Lﬁ’fz

atg cag agc acc gct ggt cag tat ggt gat gac ctc cgc tca aca aag 1073
Met Gln Ser Thr Ala Gly Gln Tyr Gly Asp Asp Leu Arg Ser Thr Lys
315 320 325

gct gag att gct gaa ctc aac cgce atg atc gcc cgc ctg cag aac gag 1121



<213> Danio rerio <220> <221> TATA_si gnal <222> (1389)..(1394) <220> <221>
priner bind <222> (1433) .(1456) <223> MCK2 <220> <221> mi g wfeat L{r%03222>
(1428) ..(1453) <223> Identical to the 5 NCK cDNA <400> 8 3 af Ve

gt cagagt aa t aaaat gaaa ccaaaaaaca tttttaaata tacttgtctc 60 tgt ggcttaa
tcttggctga tgtgtgtgtg tgtgtgtgtg tacttgacag ctgctagtga 120 gcatgtgcac

cat gacaggc ctgttattca cacttggtgc catgttggag actgttcggc 180 cagct at agt

tttcttcacaagagt ccé ggg ¢tuacel aahgaicC acDaggad agaancat ghh 240 cacat gtt aaa
atgtgacatt cadattgtag tgcatt &Gft aacgaaacgc aBt@cacaag 300 ttacagctta

aaagattg% akcagaaaa acca gttttccca t aat atcca 360 tgagactcta
ogsgeonodi:cly dacaly (18 2ot odbadéar Lol SE0c? B35t oacishan
accagagatggsgaaat acctt BEgaatt dcat aatt ggsst t aaaagaag 03@§acaacagg

gat agttcac ccaaaaaaca gaccattctt tttttctgtt gaacaaaaat 540 taagatattt

t gaagaat ga@gm@cegaaaa ot veT gt ot g 4ot woavttagagtapg 600 caagt daat gg

gt ctt ccagdvatta B CHa B SletTactt g tce adayddadae Arg1g'" August
2003 -37 acatctcaaa taggtttgag gttgaat aaa catttttcat tttggggtgg actatcccta
720 att atdib0agy a6 taagadd Jhatpat saatagalght at agy ashtdkt 66F ekt ahbagac 780
at ggt t gaatiet Az GlLt datn giv Gat Rlat Lggglis girgchlat L.i4 tcgaaed gat tahecct g 840
tcaaatgttt ttgtgt at?gjf@ tt ggcgcaca at d8act gaa ctggcect at®¥® acacagactt 900
tcataacaag tccagttgat cegct:tccac cctecagtgta taaatat Lctgacatgq, 60
agcagat t gg a@fﬂzg a;étgg teacaasht chae o dhaaoa Eﬁ%@@g&m gt gcdc 1020
ccagaat cat gt ggbgaacg aagcCt accas@gagattttt gaaaggeatc ggcctgacac 1080
gcgcacttct gatatctgtg gtatgtttgg caaaagtgct gctcagcctt tttagcatgg 1140
cagat cct ci®cagltli gegattc aercet' (ot f9Tgaecrtat Hw ger gge agagcuat gtiael 1200
ggggcggodPyf g&éétb‘@ Stat'§5gade> hadydglgttal % witEacy Gt é&Eacct 1260
catctaggat gcctggggcc taaattgaag cctttcttac actaaacagg gcat aagaga 1320
ccagcgccagaceoptedtair b€ agh gRgCcidLiganartggtgesagteaaly g8¢tag6agagod 380

gct agaggtarat adatsat car bt GapakdiacGln els gt Ylegflgaetcelin atd tthggett 1490

ggt gaacagif®at ccgg 1956 <2288 9 <211> 2205 «¥12> DNA <213> DBdfio rerio <220>

<221> pri I’T’El‘ggl ndg %%252 %1%%}@1 .raztz 3> ARP Lfeature

£220> <221> m
<222> (2@ %cbqtyh 'gg cﬁ%A g L intron
<222> (792). (215 ) <220 <221> msc ezfstoure <2 2> (775)55 (791) <223>
Identical to the 5 ARP cDNA <400> 9 atctgtatta agaaacactt aaaatatata

t gcgt t acgerCaftaRghafIt SBacae gFtcIB0 948t ragda tté@t tt¥gtapae dcet t déabt
ttgtaagt at¥'t 8t t¥faf g GBadal att Gﬁ’?g Bgdat vat s é(a?;}rt GtY¥ Sacagtattc
ttagttattg caataaacga attttatata | 80 gaaagagaaa gagt ‘tatt at aagat gtt
caattt aaapyaaat ggeagaa aai agaaprat2dQqt gajat gdC aac gatgadjaaaa ghcagisttag
acaaaaaaa@lyaage aa%ﬁar tatSeaadiat TOGlagtvadlagar gtlga%stxt Ly$¢ Thgggcggacc
aaatttccct attadt/ggtc aattcattaa?®60 48

agt gtc acc acc gtc agc agt aaa cgc tat taa
Ser Val Thr Thr Val Ser Ser Lys Arg Tyr

ggagaagccc gcccaaaccce 1606

490
ccagccgaca
cgactcaaac
gatgtggacyg
tagttacccg
ccaactacac
tctgcactga
ctatggtttc
tttgtgctgt
gctatggctg
taactgatga

ctgttacagc

cagtttccaa
catctatggt
atgattttta
tatcatgcat
taaaacgata
tatgtacagg
actggatcag
tacaagctcc
tcagagttgg
caattgcttg

daaaaacagg

495
ccttccttac
gctatatttt
aagtacaaaa
ctecctgtetg
ccaggaagaa
gaaagtgaga
gggtgtgcta
ctgctgtagt
tttacctatt
tgggctacta

cacaatggga

ctgcaactag
agccagacag
taagttttag
gtggtgtcac
tcgtgctceca
cacatagaaa
tacaagttcc
tttgctgact
ttctataaaa
atgtccagtt

tttatgtgga

atcccttetg
ctgtcccecetyg
attgttctgt
tgccatttta
agccactgaa
ccactgtaac
tgaatgtctt
aatctgactt
tgtatatggc
acctcacatt

ccatcecectcec

aaccttctta
ttaatgagga
gtgttgatgg
aatcatcaac
tagtcttatt
ctacgtagta
gtttgaatgt
ttgtcatttt
agtcagccaa
caagggagat

ttaaccttgt

1666

1726

1786

1846

1906

1966

2026

2086

2146

2206

2266



18t" August 2003 -38 aatacattca ttaaaataaa ggtattgcga tgaatttaga tgcacagtga
ttttggttct 420 gtgcagattt ttggctgttg ttagaaggga tacatct grg” gogua868t

aacgggaact 480 atttacattc tttgctatta aattatccat tatttgtatt ttattacccc

aaccgt aaac 590 tcaaccctca cagtaatgta aaaatattat ttattgtttt atagcgtcac

agaatgatgc 600 tatattgacc gcagct gt a;,/qctttct aag tgcgactgta caaatacgca

ctgaccgtga 660 cagacacgtg cattgaccad’'tcagcgcaca gatacgcatt ttccgcgcga

ttctgattgg 720 atgatcgact gatactaata ttgtgccgct tcctttcgcgtgcﬁ
ttcacgcgtc 7BO0 cct accgt,Tgagg AJoYCLkgcaages gettecaryt ggeiatt Pt taaaat g
t gt t aateerd tBAY fauegredt & agéaggtcacg agaaggt ct a cgt gf gt LLa At atwageggy
cggt tat ti?ttccgg%g t.at 9GgkL¢ ataageitytayraadigat 11 Pt W agt aaaag ttagcact ag
cctgttdgea 8 caggcct cgt gcgccat gtg. Lt JCOaCHt §dabt aatsagtact ettt tt g
atttt gatge. ka2 asetyartetyratwW@haltd Tatttat gcg t aaaat gt gt g%?ggt ctg
ctagtggaca 1080 ttacat qct &, 9t aclkoige tagtcggtcg atccacattg agatgttgeg
ctattt geeartrtdd PLEPFEaace agttactctc attttagtga aatattctta agccactaag
ttaaaatttg 1200 tcaatcacat ataattgtgt ttatgtttta tttgagtcat cataccaggt
aatagttt4,3,1260 tttatattag tatgtacaat ttggcataaa ctgccttcgg ttttgattga
catctacttiti>1880 gtaaagttaa tcttaaaggg gtaaaggctc acccaaaaga caattcaccg
t caagt gt12>1B80 tcagatctta tgagtttctt aatgaacatg gtatgttttg gagaaaactg
gaaaccaa%1t3>12%°a’éecralt°aat ac aaatacagga aaaat atact atagaagtcg atggttacag
gttttctgca 1500 ttcaaaatat ctacacaagt gtttaatgga aggaactcaa gtgatttgaa
aagt t aaggen-1960 tgcataaatc agttttcatt tgggtgagct gtctctaaac atttgattta

gacacct cag- 1620 gcagtggtc ca t Lot stechgasigggecdagt ct9 acagatttta
gct ccaaset Sk80 &éﬂt% aége gglé?%gaaca agctaatcaa ggtcttacta ggtatgtttg

aaacat ccag 1740 gcaggt gt gt tgatgcaaga tag%g)céféal%lgc&trg@gggggacaat ggccc
aacaggatetlg %%Oghgtggcgm:sgr @dbcwgé%\lta&a adat gc at tzt ggt at t aagaaat gt
gcaggttca 60 ttatggacag gct gttgc?;\ tgcttgttcg tcgttcccac tgcacaaatg
aacatgattc 1920 cttctatcee tatchal Gtg Gat et canydlet MgegHFacget ggt ct ¢
agacacgtndt $e8GeatRjcalt 43" at caaad aca atagtgctct ‘Gattatcttt aaatatttga
aagctt at aa 2090 ° aggcaacca aattacctgg aaacagtlta;Gagacagtaattcatatttt
gtcatttagﬂy 210Q:13aged geaca yc& deagyr @eaﬁﬁagt&t tgcttgtgtt tgtaatcctc
agattttaca 2360 accttgtctt tadaccggct gttcaccgat ccttgg&ag atcc 2205
<210> 10 <211> 24 18 " August 30031y 89y <2h 23 yDhW €24 3¥TAPTY fi ci al
SequenceGg%ZI}S T8 D&&ciiption of ArtifidPal Sequence: Cytokeratin gene
specific i mer <400> 10 cgctggagta agagat C 2103 1du<211> 26 <212>
DNA <2133, Artiif bgi @ilySeﬂuermeIlQZQG%kaZf%% T%gggarll %tg‘?(;;ril ofosArti fi ci al
Sequence: &/toker atin dgéne specific prinfmer <220> <221> m sc feature <222>
(1). (6) <223> Introduced forcrestd nGhirep it eleZ20>2122935 Hifsc_feature
<222> (3)Lew BYa 393 CURAPHI"Site <90@®511 ccggatcctg )(](ft ctttgag ttgctg <210>
12 <211> 24 <212> <213> Artificial !}S{’%qggrp%gnﬁo%éazg»hlaescri ption of
Artifici aJrhIS%QHQn@eLdelas@I@ncﬂéﬂaﬂz’@érhﬁi Sse°gene smecific prinmer <220>
<221> m sc_featuré <222> (3). (8)1 <223> BanHl site <400> 12 ’

e Leu Glu Gln Gln Asn Lys Met Leu Glu

gtttet

Leu Ile Asp Lys val Arg Ph

140
130 135

Thr YS | E) Ser L.eu Leu GlIl Glu Gln Thr Thr ThI Arg SeI Asn Ile
h L r

S}) a ]Ve| Pl e (;l\! Ala Iy] [ Le Se] AS[). Le\l A]g Arg Gl“. Leu ASP
A A

Met Lys Leu Glu Gly Glu Leu Lys Asn Met

Gly Leu Gly Asn Glu Lys Ly

180 185

Asp Glu Ile Asn

Lys Tyr Glu
Gln Gly Leu val Glu Asp Phe Lys Asn Ly oop

195 200

Lys Asp val
Phe Val Leu Leu LyS

ger Val Glu Asn Glu

bYe %Eg Ale 215 220

n Lys Val Glu Leu Glu Ala Lys Val ASp Ala

Asp Ala Ala Tyr Met AS o "

225 230



ccggatcc

Seggencet t_gggatcagat cotg ;t2_10> 1? <211> 24 <212> DNA <213> Artificial

ki nase gen . . ion of Artificial Se . la
e e spe 1€ bl <080 s s enl e o 0 )" el
August 2003 - L€ 26 24 <220> <221> m ' 23>
st 5600 0 20 (9. 10 i e 0015 eomalety
<220> <223> Descrj pt ] 11> 25 <212> DNA <213> Artifici

gene speeiqlincAﬁ?ird Hl%%%f AL tidi £iqlk Seguence STACd uﬁ'gd{a)\'bg' al | Sequence

56 <212> DNA ,4<400> 14 tagttggaet tccacgt 55 omal protein PO

ArtifiqhglGﬁpqgennﬁ;s¢@pgp§ingggé%gﬁgﬁig%O5af%%§huﬁﬁéﬁrthi0n of

<221> m sc featurd0<222> (1)..(7) rotein PO gewe specific primer

Asp Asn Ser Arg Asn Leu Asp Met Asp ser Ile Val Ala Glu val Arg
275 280 285

<220>

Ala Gln Tyr Glu Asp Ile Ala Asn Arg Ser Arg Ala Glu Ala Glu Ser
290 295 300

Trp Tyr LySs Gln Lys Phe Glu Glu Met Gln Ser Thr Ala Gly Gln Tyr
305 310 315 320

Gly Asp Asp Leu Arg Sexr Thr Lys Ala Glu Ile Ala Glu Leu Asn Arg
325 330 335

Met Ile Ala Arg Leu Gln Asn Glu Ile Asp Ala val Lys Ala Gln Arg
340 345 350

Ala Asn Leu Glu Ala Gln Ile Ala Glu Ala Glu Glu Arg Gly Glu Leu
355 360 365

Ala Val Lys Asp Ala Lys Leu Arg Ile Arg Glu Leu Glu Glu Ala Leu
370 375 380

Gln Arg Ala Lys Gln Bsp Met Ala Arg Gln Val Arg Glu Tyr Gln Glu
385 390 395 400

Leu Met Asn Val Lys Leu ala Leu Asp Ile Glu Ile Ala Thr Tyr Arg
405 410 415

Lys Leu Leu Glu Gly Glu Glu Ser Arg Leu Ser Ser Gly Gly Ala Gln
420 425 430

Ala Thr Ile His val Gln Gln Thr Ser Gly Gly Val Ser Ser Gly Tyx
435 440 445

Gly Gly Ser Gly Ser Gly Phe Gly Tyr Ser Ser Gly Phe Ser Ser Gly
450 455 460

Gly Ser Gly Tyr Gly Ser Gly Ser Gly Phe Gly Ser Gly Ser Gly Tyr
465 470 475 480

Gly Gly Gly Ser Ile Ser Lys Thr Ser Val Thr Thr Val Ser Ser Lys
485 490 495

Arg Tyr

<210> 3

<211> 1589

<212> DNA

<213> Danio rerio

<220>
<221> CDS
<222> {86)..(1231)

<220>

<221> primer_bind
222> (6)..(26)
<223> MCK2

<220>



<223> Introduced for restriction site <220> <221> m sc_feature <222> (1).
(6) <223> BanH site <900> 15 ggatcccttc caaggatcgg tgaaca 26 <210> 16
<211> 51 <212> DNA <213> Artificial Sequence <220> <223> D&8cAUSH$tAPL
Artificial Sequence: digonucleotide for |inker used in |inker-nediated PCR
<400> 16 gttcatcttt acaagctagc gctgaac%gg gctgt ggaca agcttgaatt c 51 <210>
17 <21 1> 10 <212> DNA <213> Artificial “Sequence <220> <223> Descri ption of
ArtificiabrSequensesi i gonucl eotide for |Iinker used in |inker-nediated PCR
18" " Augugb2:20@8) - &bs) <220> <223> n is a dideoxycytidi ne <400> 17

gaatt caagi@210 MR10> 18 <211> 21 <212> DNA <213> Artificial Sequence c220>

<223> De§ Eiption of Artificial Sequence: linker specific prinmer <400> 18
gttcatctggz%§§%g§§qg8nQL21 <210> 19 <211> 20 <212> DNA

<222> (1534)..(1539)

<400> 3
cctatttcgg cttggtgaac aggatctgat cccaaggact gttaccactt ttgttgtett 60

ttgtgcagtg ttagaaaccg caatc atg cct ttc gga aac acc cac aac aac 112
Met Pro Phe Gly Asn Thr His Asn Asn
1 5

ttc aag ctg aac tac tca gtt gat gag gag tat cca gac ctt agc aag 160
Phe Lys Leu Asn Tyr Ser Val Asp Glu Glu Tyr Pro Asp Leu Ser Lys
10 15 20 25

cac aac aac cac atg gcc aag gtg ctg act aag gaa atg tat ggc aag 208
His Asn Asn His Met Ala Lys Val Leu Thr Lys Glu Met Tyr Gly Lys
30 35 40

ctt agg gac aag cag acc cca cct gga ttc act gtg gat gat gtc atc 256
Leu Arg Asp Lys Gln Thr Pro Pro Gly Phe Thr Val Asp Asp Val Ile
45 50 55

cag act ggt gtt gac aat cca ggc cac ccc ttc atc atg acc gtc ggc 304
Gln Thr Gly Val Asp Asn Pro Gly His Pro Phe Ile Met Thr Val Gly
60 65 70

tgt gtt gct ggt gat gag gag tcc tac gat gtt ttc aag gac ctg ttc 352
Cys Val Ala Gly Asp Glu Glu Ser Tyr Asp Val Phe Lys Asp Leu Phe
75 80 85

gac ccc gtc att tcec gac cgt cac ggt gga tac aag gca act gac aag 400
Asp Pro Val Ile Ser Asp Arg His Gly Gly Tyr Lys Ala Thr Asp Lys
90 95 100 105

cac aag acc gac ctc aac ttt gag aac ctg aag ggt ggt gat gac ctg 448
His Lys Thr Asp Leu Asn Phe Glu Asn Leu Lys Gly Gly Asp Asp Leu
110 115 120

gac ccc aac tac ttc ctg agc agc cgt gtg cgt acc gga cgc agce atc 496
Asp Pro Asn Tyr Phe Leu Ser Ser Arg Val Arg Thr Gly Arg Ser Ile
125 130 135

aag gga tac ccc ctg ccc ccc cac aac age cgt gga gag cgc aga gct 544
Lys Gly Tyr Pro Leu Pro Pro His Asn Ser Arg Gly Glu Arg Arg Ala
140 145 150

gtg gag aag ctg tct gtt gaa gct ctg agt agc ttg gat gga gag ttc 592
Val Glu Lys Leu Ser Val Glu Ala Leu Ser Ser Leu Asp Gly Glu Phe
155 160 165

aag ggc aag tac tac ccc ctg aag tcc atg act gat gac gag cag gag 640
Lys Gly Lys Tyr Tyr Pro Leu Lys Ser Met Thr Asp Asp Glu Gln Glu
170 175 180 185

cag ctg atc gct gac cac ttc ctc ttt gac aaa ccc gtec tcc cce ctg 688
Gln Leu Ile Ala Asp His Phe Leu Phe Asp Lys Pro Val Ser Pro Leu
130 195 200

ctg ctg gct gect ggt atg gcc cgt gac tgg ccc gat gecc aga gge att 736
Leu Leu Ala Ala Gly Met Ala Arg Asp Trp Pro Asp Ala Arg Gly Ile



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

| i nker specific priner <400> 19 tcctgaacaa tgctgtggac 20 <%§:Q> 20 <@§;

| 392 <212> DNA <213> Dani o rerio <220> <221> CDS <222> (42)°. (484§t >
<221> prinmer bind <222> (6)..(28) <223> M2 <220> <221> priner bind <222>
(23)..(45) <223> ML <220> <221> pol yA g gnal <222> (797) .(802) <220> <221>
pol yA signal <222> (1351)..(1357) <400> 20 ctcttcttga tcttcttaga cttcacacat
accgtctcga ¢ atg geasccc aag aag 56219 18 " August 2QQ3 -42 Met Ala Pro Lys
Lys 1 5

gccaagagdag a aggagatggte ddccelanoht dobcytec 10 AlealyesApgAr gA8aAl ad yd y
d ud ySe S%%n‘%@a gﬁ‘é Plhylasgé%ttp t%ﬁ’aéjéhg’”&@c\?&g%@ @é@gﬁt Ataaagagget tt caca
at c1S2Met Phed u@ nSer d nl | ed nA UTyr Lysd uAl aPheThr | | e253035at t gaccagaacaga
gacggt at Gat CagCaaagas gaectiagegand0ld adenid-nfenAegAsp@aul bed | epes LysAspAsp
LeuAr gAs pi404z50nt g tvhy gidet saatigygieayet gantQygaagaeat Jagoeigecvgygag248Val LeuAl a
Ser Met A yd M3BuAsnVal LysAsn@24@ uLeud u556065¢tcat gat caaggaagccagcggcccaat ¢

aacttcacegtttt cgtcc%%&%l aMet | Igegycscg géAI %Sera(f-‘ltyPa[ol Iae%% Pt eThrValgg’gl Leu707580
85accat gtpagggégabé%gﬁtﬁga%gﬂbégtmcgﬁpaﬁégﬁgggﬁﬁﬁﬁ g ﬁE&e yG uLysLeul
ysd yAl aAspProd uAspVal Tl e9095100gt gt ct gCcidocaaggt gct ggaccesgagggcact ggat cc
at caag392Val Ser Al aPheLysVal LeuAspProd ud yThrd ySer| | eLys105110115aaggaattc
ctt gaggagest $acgaee et cIugt ?‘E‘ga‘éag‘g}gt et g4 01 s uPhe Ll ea@ G-t euP@yThr Thr A n
CysAspAr ggﬁeﬂl*ﬁr 2o 1281809 EG dGhal&t @%@ﬁt%ﬁg%ﬁbﬁ&%&é‘&@ &Btcagat gt gget 488
Al a@ ud uMet LysAsnLeuTr pAl aAl aPhePr oPr oAspVal Al a135140145ggcaat gtt gact acaag
aacat ct gclcacgicC at€ acacandgodage S ChyAsnyadgAs oty bhy shsntdegys Tysval | | eThr Hi
sd yd ul30i5&6kE604i6 Fegaipnaber ¢ag Uagtindeadaaceiy Gyy datll chiagdah acgaagagaa
gaacat gcat 591 d uzﬁgs Au du 170 é¥ cacagct taatcti®ag tctgttgtct
ggcot t ot ShoPREl LLL AL L 66l LagtB50.cqahihel L, GLYLatacen.beot hgh ac

t ccaagcagh, ot aRAGLS e cElacka 1312496t dgt 45 Gidiong aaaat ¢ QGbag

ggt ggagagg aacaggaccCa cagtgtctgtizcd/l cgagt gggga cabgggattg ttttcaataa
aatgaacatc atttctgtat ctctcacatt 831 ctctctttct ctctgtttct cactcattac
ccacaaccc@at et eet cae

¢39%c agd CAAPBWIICT TG QP §g¢ t teettéPget g
cagt cttad\jgab?? g52deY @dyd %t‘;‘(ggaGIQ’SE[mE §d?t%§g§§ @‘g@;g‘gcggc SBEt ct agat ¢
aat gt ggaag agtgctcact ctgaggggga 1011 aagaagcacg at ggagtgat ctcactctat
aat agaggagtceagygatgra titcheatdrt cecl0ddc got ScNcMugustgg200x +c43 1ckect ct ggt
ggt t gact dalagagayandad uadamtidagsggben tde gosrt egtidagilty 3d3Feragcctccta
aaagcgat cgagct cat c acadagggag t gagagggati®agaccatcct | 19P4aggaagagag
gagagcagqg, act,03aagag aacalaaget oGl LEAGLE CECol LG ea! ﬁ%t ctgyfet ct
atttot ot ghiictat ehi the 41t blf@%&tgﬁ 35 tcfiég)t Sodit tedacd 182 ot ddoteto
ctttgctctg ccaaacctct Butgtaacca at aaaaagac acaaactgtg 18v1

gag atg gag aag aag ctg gga gaa ggc cag tcc atc gac age atg atc 1216
Glu Met Glu Lys Lys Leu Gly Glu Gly Gln Ser Ile Asp Ser Met Ile
365 370 375

cct gcc cag aag taa agcgggaggc ccttccattt ttttcttegt ctttgtctgt 1271
Pro Ala Gln Lys

380
ttttttacag tccaacagca acgsagagga aaactgctgc tcaaaaagac agtctcacct 1331
ttgcacctgt cttctttcect ttttttcect tettctctaa tttccatgte atttegecat 1391
ctttttttcec actttgtttc ctattaagtc ggtaacatct tgggatcaga tacccggsge 1451
aggagtgagt gcttgttget gaggcttcac ctcaatttca geccttggttg taaaaagtga 1511
atcaatcaaa gttgtatttc aaaataaaaa tccccaataa aaaaaaaaaa aaaaaaaaaa 1571
aaaaaaaaaa aaaaaaaa 1589
<210> 4
<211> 381
<212> PRT
<213> Danio rerio

<400> 4

Met Pro Phe Gly Asn Thr His Asn Asn Phe Lys

Leu Asn Tyr Ser Val



13§é aat aé
aaaaa aaaaaaaaaa a <210> 21 <211> 169 <212> PRT <213> Dani
niorerio

<400> 21 Met Ala Pro L
Lys Ala L
5 10 15 Ser Asn Val Pho Set ys Arg Arg Ala Ala G y168
e 1 gilst 2
25 30 Au Ala Phe Thr > ku G0% Ser 1

Met Phe Gu A n Ser G
lle Ile As nlledndu Tyr L

Asn Gu GQu Le Sgr_Met Gy GAn Leu

Phe Thr Val Phe Leu Thi Mot Phe Gy Ghy Lys Lou Lys @ o Tle Asn 75 80 65 70

pro du Asp Val Ile Val Phe Ay Gy Lys Leu Lys A% Ala As 065 70

Thr Gy Ser. Il Ser Ala Phe Lys Val Leu Asp P Gp 85 90 95

0 Sl i b o ds sl B a1 120 16 138
u

Pro Pro Asp Val Ala Ay Asn Val. MegSLys Asn Leu Trp Ala Ala Phe 13S 148 i%g

150 1| evalihreHiTdr Gyp &g Mef YE él Aiﬁs-reru LY nASNykl @Cysr Byp Vi

i al 155 160 195
<213> Danio rerp y 4@ du 165 <2105 22 <211
enhancer < 0 <220> <221> TATA signal <222> (1 > 2054 <212> DNA

D00 o g e ) vel M) e ) <2 vl s B ok, eannta
enhancer <2335 (1095) (1108%3)..(457) <223>"E-box, canntg <2’20>a22t2%>
<222> (&278)is. Pkp8By 2o MEL EXIB V%%B(?lfC?Q)V,alCﬂ%ntgy #2903 u<@ > enh
&322)..@5_367) <223> E- boX. ;:ag)r(li gc<ggog q§§0> <221> enhanter <2222C6r
S) . .{1390) ,223 ’ > <221> enhgncef <
S A T dEeDOYs A6 P aNCef 222>
13P9) n % S AMRgPRe220p Rep2is éhﬁaﬁéer2%22%> (523)..(532)

His Gly Gly Tyr Lys Ala Thr BAsp Lys His Lys Thr Asp Leu Asn Phe
100 105 110

Glu Asn Leu Lys Gly Gly Asp Asp Leu Asp pro Asn Tyr Phe Leu Ser
115 120 125

ser Arg Val Arg Thr Gly Arg Ser Tle Lys Gly Tyr Pro Leu Pro Pro
130 135 140

His Asn Ser Arg Gly Glu Arg Arg Ala Val Glu Lys Leu Ser Val Glu
145 150 155 160

Ala Leu Ser Ser Leu asp Gly Glu Phe Lys Gly Lys Tyr Tyr Pro Leu
165 170 175

Lys Ser Met Thr Asp Asp Glu Gln Glu Gln Leu Tle Ala Asp His Phe
180 185 190

Leu Phe Asp Lys Pro val Ser Pro Leu Leu Leu Ala Ala Gly Met Ala
195 200 205

Arg Asp Trp Pro Asp Ala Arg Gly Ile Trp His Asn Glu Asn Lys Rla
210 215 220

Phe Leu Val Trp val Lys Gln Glu Asp His Leu Arg Val Ile Ser Met
225 230 235 240

Gln Lys Gly Gly Asn Met Lys Glu val Phe Lys Arg Phe Cys Val Gly
245 250 255

Leu Gln Arg Ile Glu Glu Ile Phe Lys Lys His Asn His Gly Phe Met
260 265 270

Trp Asn Glu His Leu Gly Phe val Leu Thr Cys Pro Ser Asn Leu Gly
275 280 285

Thr Gly Leu Arg Gly Gly Val His Val Lys Leu Prxo Lys Leu S3er Thr
290 295 300

His Ala Lys Phe Glu Glu Ile Leu Thr Arg Leu Arg Leu Gln Lys Arxg
305 310 315 320

Gly Thr Gly Gly Val Asp Thr Ala Ser Val Gly Gly val Phe Asp lle
325 330 335

Ser Asn Ala Asp Arg Tle Gly Ser Ser Glu Val Glu Gln val Gln Cys
340 345 350



<223> Potenti al

MEF2 binding site,

yta(w) 4tar <220> <221> enhancer <222>

(606)..(615) <223> Potential MEF2 binding site, yta(m04tar1g2%p> ﬁ%é#f
enhancer <222> (697)..(706) <223> Potenti al e,L§P3( ar

<220> <221> enhancer <222> (1490)..(1499) <223> Potenti al
yta(w) 4t ar <220> <221> enhancer_
<220> <2

site,

MEF2 bi nding site, yta(w)4tar

> enhancer

VEF2 bi ndi ng si

VEF2 bi ndi ng

22> (1640)..(1649) <223> Potenti al
<222> (1956)..(1965)

<223> Powgntiaal addEl2y bindifg Lok e yiaew) MRl 62205 13823 Eranscription

start site at
<223> M 18t" August 2003 - 45
gcaggt ccac tctagaggac tactagtcat
t gaatt caabid:cgccacaga ggaat gagcc
cggat gccxalixCCagt t gca accctacact
atatttttéﬁlgag BAagcta tgttatattt
ct cagaaat'a* %.g %6@El%agctgtcac
ttgtacttaa,@gggtccata ttgatacctc
agagaaacae2ii tcbgt actt tttaggtact
ctttaaggt@2zadabt t1(t&34)cattt ggaa
ttatttctga _gagtgaagct aaatctggag
t ccaaaaac zgitgg%ggggnéatttatatg
aacaggggaézﬁaﬁégagqg@)agcaaaacaa
tgtaattttde2bt glrRbgcaat atttagcttt
actaaaatat tattttaata aatatagctg
aaaat acat¥2ftct atatt ¢ act gagagat
gt act caat¥s CGEAAGGe, t gt aat t at
aat ct t aaag,3atdrbi ggaa caagcaggag
aaatt agt ct aaagaaagaa gggaat gcac
gat gaatt g%;aa aaaaa gagagcaagg
accacagct 14 gn ccttccce
tcttca?gzgzéﬁtggg gg{lgéaccactca

ct gggaaaaapggagt aatta cgtgcttgtc

rex due 2012 <220866221> priner bi nds <222> (2032)..(2054)

<220> <221> m sc_difference <222>
(2027) .. 2058y &by Srﬁﬂén%ﬂtésgﬂ@ttﬁga@IOME€2ngBN% <400> 22 tgcatgcctg

atgcgattct
accaact cat
gggaaacacc
gt gcat at ac
t gcggt ggt a
aaaagt at at
aat at at acc
aggt accacc
cttatttaac
ttattgaaaa
t ggaaaaaaa
atttaaattg
tttaat aaat
ggagaaaaat
ctgtttttct
caaaacaagc
aacaaact ca
agcgct caag
aaaaaaaaac
gagggct gt a
cacagggcag

gaacaat gct
ccagtgtatt
caaatctgtc
attagattag
ccttttcaaa
att agt gcct
cttgaggttt
ccagt gacag
aaaat aact t
at att aaat a
ttagttcaaa
ttttatcttt
ctgttttgtt
attcattttc
aggt actgt a
cgacagact c
aggggggcaa
attgtttagc
t gt ctt aagc
gt gt gct gac
cttcccacaa

60 gtggacagct
120 ttttatgcag
180 ttttaaatta
240 tcagtacact
300 aggt acat at
360 aaaaatttta
420 tattatggac
980 ctcacgccct
540 at gat aacgg
600 caaatttata
660 atttgtaggt
720 caattttgtg
780 taaatgcacc
840 aaaat gggct
900 aaat aat gct
960 acaggatatc
1020 aacagt gact
1080 tattttggtc
1140 ctcaaatttc
1200 catct aaaaa
1260 at ggcacctc

acagt cactgcaagicgacegyqfigagoiaatcaggicgat s4rgjeagagagag cd@icagagagagag
agagagagag aq%%ctgaat at gggcat gg ccat gt ggac gggtgtggtg 1380 ggggcacttg
aaccgaaat®PEHTAGeE At &f%@ﬂaggwga%g\@atig%gﬁ% g Faa@att cgaPt agg
gctgatttga aataagggtt asgatadédg’aacdl CePct ® atat'dbcag 1800 °8cagggegt g
aacaaat at g aacaacataa tcattggctc aaaaatctct ggattgaaat 1560 ccatcaggat

ct at cact gatasocetgcer atceaacmagctnatgchgcaagat argcony LH2@ gt atibgat ct

gct gct aatyrt BecLew dgg QbagggéﬁptLafgﬁ@éﬁet%ﬂxayadﬁed@ﬁ $68Fhggct acagcet
cattcatttc aaattdagtt atgtgattgt @t gaagctca aacagtfécct 1740 tacgtcccca
tgtccttatd..a & cal agag.gceactagead cagtagcag 1800, 184 August
2003 -46 ﬁ&ﬁgg{%gggﬁgtgggaga§%lcg%g@athg @ﬁ%&gg&ggamﬁigiaaégtg at agt acatc
1860 ccagccggd@ tccctccatc act¥tccececc tacctcatag tttttectet ttctcectctecg 1920
gtctgctatt tcccaaacct cacttaaggt tgggtctata attagcaagg-ggccttcgtc 19B0

g g
g, g t ﬁ? C 4
oo ot P LR 8 %@%ﬁ%ﬁ?{i@gg e AR e K P

cttagacttggacac i Tehci al Sequence
<220> <223> Description of Artificial Sequence: M.C2F gene specific priner
ML atg agg aag gcc att cgt ggc cac ctg gaa aac aac cca gct ctg gag 302

Met Arg Lys Ala Ile Arg Gly His Leu Glu Asn Asn Pro Ala Leu Glu

65 70 75
agg ctg ctt ccc cac atc cgc ggg aac gtg ggc ttc gtc ttc acc aag 350
Arg Leu Leu Pro His Ile Arg Gly Asn Val Gly Phe Val Phe Thr Lys
80 85 90
gag gat ctg act gag gtc cga gac ctg ctg ctg gca aac aaa gtg ccc 398
Glu Asp Leu Thr Glu Val Arg Asp Leu Leu Leu Ala Asn Lys Val Pro
95 100 105
gct get gece cgt get ggt gec atc gecc cec tgt gag gtg act gtg ccg 446
Ala Ala Ala Arg Ala Gly Ala Ile Ala Pro Cys Glu Val Thr Val Pro
110 115 120
gcc cag aac acc ggg ctc ggt cct gag aag acc tct tte ttc cag gcect 494



<400> 23 ccatgtcgag acggtatgtg tga 23 <210> 24 <211> 23 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Seguence C2F
gene specific primer M2 <400> 24 gtgtgaagtc taagaagatc aag §3AU%ﬁH3°%%gust
2003 -47 REFERENCES The followi ng references, referred to in this
application, are hereby incorporated R%3[eference intheir entirety. 1.
Ansterdam A., Lin. S., and Hopki ns, (1995). The Aequorea victoria green
5 fluoresgeniinphod @l ©RNLOE cii§ad-as1.a Ly ePRkt &4 ibhe ldnuesizeRraf i sh enbryos.
Dev. Bioli2zs171, 123129. 213Ansterdam A., 13n. S., Mss, Li&, and Hopkins,
N. (1995%6gReqU|%$nents for aiggn fI;ggggc%%t Ufoggln detect%nna%g
transgenisc9z r? \ 0 e

Canpos- Ortegg(:?ﬁl iﬁ gﬁggySIﬁrQ%g %n Gl a|n|nngac§ E %%rexpressed in
prinmary sensory neurons in zebrafish. Developnent 115, 87 91. 4. Brem G,
Breni g, Bac dior sagentSetmask ccanghalanaelertg gge lgec (ah88@)g 9&enesvo ansf er in
tilapi a FePetir 681 d-eni st Leudyo Gﬂc:fué%mlLvElr‘@-‘—G(SlY 209 SEIQGlUSAlfChaI fie, M,

Tu, Y., Euskirchen,'®& , wvard, Ww, '%hd Prasher, D.G'° (1994). G een
fluorescent; grptel %a@sa@g 42 ‘S%E aft‘%r cOENGC SXRr €85 1-00 . ££3CE &NEE: 2633 802- 805.
15 6. Chemr teaYieu ESai MetHLbu AsCh®ROLeCAYn, 11MABGE Pdo LeheShaNTyS. C. and Wi,
J.L. (1998). IsaFation and chara®feri zati on of tilBapia (Oreochroms
nossanbi cus) |nsuI|n i ke ronﬂh facgogscgene qnd ngxlnal pronDter reglon
oA Col| o, 17, SgeEael Blscnicile Sl S it ger

(1988). viral re5|sh@gc ransggngﬁ)nlce expre55|ng the hunan
beta 1 |nterferon .J Yirol 62: 3883 7 20 8. Chourrout, D., CGuyonard, R,
Houdebi negaglgtd cégl®86:)tc BiEglyaefJaccbencyogemeady ansftﬁlc ¢ty prag NbGYA t r out

(Sal mo gaﬁlludn@r Lpu PPt & cghmséeﬂ%?nl\imtlﬁu EYa &pP R Leygditul ture. 51,
143-150. 4> cormack, B.P. *Raldivia, R H ,%and Fal kow, S. ¢1%96).

FACS- opt iJgcZ alcSaf gthaqar&enehi ue e&@eaﬁc et&QicncdLER) . Gepe 173,
33-38. 2 wogfi@zwgmsn&lagda wggt%%inbés] LBE ¢1h9 959 %{f}h@rgwnafl on of
transgeni c pigs as potéﬁilal organ donéﬁ@ for hunans hEQMre N@dlClne

1: 964- 966. al dson

11.
e G LECIREC R o i G T e Rt A gl s
dranmat i caITer I ncreas@d growth opp@Nce heries Agqua. Sci. 52,
1376-1384. 30 12. Delvin, R H. Yesakl, T.Y. , Blagl, C A, Donaldson, E M
Swanson, 4t afe aChaatc gaa aca gac tac aca ttc ccc ttg gct gag aag gtg 878
Ala Val Thr Val Glu Thr Asp Tyr Thr Phe Pro Leu Ala Glu Lys Val
255 260 265

aag gcc tac ctg gct gat ccc acc get ttc gect gtt gca gece cct gtt 926
Lys Ala Tyr Leu Ala Asp Pro Thr Ala Phe Ala Val Ala Ala Pro Val
270 275 280

gcg gca gct aca gag cag aaa tcc gct gect cct geg get aaa gag gag 974
Ala Ala Ala Thr Glu Gln Lys Ser Ala Ala Pro Ala Ala Lys Glu Glu
285 290 295 300

gca ccc aag gag gat tct gag gag tct gat gaa gac atg ggc ttc ggc 1022
Ala Pro Lys Glu Asp Ser Glu Glu Ser Asp Glu Asp Met Gly Phe Gly

305 310 315
ctg ttt gat taa accagacacc gaatatccat gtctgtttaa catcaataaa 1074
Leu Phe Asp
320

acatctggaa acaaaaaaaa aaaaaaaaaa 1104
<210> 6
<211> 319
<212> PRT
<213> Danio rerio
<400> 6
Met Pro Arg Glu Asp Arg Ala Thr Trp Lys Ser Asn Tyr Phe Leu Lys

1 5 10 15

Ile Ile Gln Leu Leu Asp Asp Phe Pro Lys Cys Phe Ile Val Gly Ala
20 25 30



18t" August 2003 -48 WK. (1994). Extraordinary salnon growth. Nature 371,
209-210. 13. Du, S.J., Gong, Z., Fletcher, G L., Shears,19 Auguski2dg3 M J.,
Idler, DR, and Hew, C. L. (1992). G owmh enhancenent in transgenic
Atl antic sal non by use of fish antifreeze/growh hornone chineric gene
constructs. Biol Technol ogy 10:176- 1%]4 5 14. Gonez-Chiarri, M, Livingston,
S.K, Miro-Cacho, C., Sanders, S., and Levine, R P. (1996) Introduction of
foreign genes into the tissue of live fish by direct injection and particle
bonbardnent . Dis.. Aquat; Ogg, w¢ chir 18 116.2Gohg 52,9 Btther, G, and
Hew, CAsp 1%%’95?}%. fissue distridoution of fish ahtifreeze protein MRNAS.
Can. J. Zool. , 810-814. 10 16. Gon o udi@et g LyA@lal., Lee, S E.,
He, J.,cigngdydlems Gllva)( 2907Me Rap e i iénltzjlrf '&ation and isol ation of
zebrafish cBNA cl ones. Gene 501, 87-98. 17. Gorpgon%ﬁuJLev;\‘l%,changos, G A,
Plotkin, D.J., Barho o uMsnaBsh Ruddile, Léu Flu (AEY8E)" nekgi c
t ransf of f*F%r?léf?ﬁlr?DEg% ell(lrbryos by microihjection of purified DNA. Proc.
Nat|. Acad. Sci. USA. 77:7380-7384, 15 18, @ 90SSu Mg LeuSthnei der, J.F.,
Mova, Ngjs MaavargBely AlspatadzGlickhe Wslt %‘gﬁ $ W, Liu, z9 Hallerman, E M,
Hackett, P. B., Quisef°K. S., , Faras, A J., and Ka[l)usﬁii nski, A R (1992).
Mol ecul ar anal &fSi sarl%ug%gml@u eval At Lon Vel BYOr H?elz'l‘l@i 8 %Egsox | uci us)
ni cr oi njSéet'\Ed ?%O%rowt hor none y¥nes. Aquacul ature 103, 253-273. 19.
Hi gashijim, S.-L, Okanoto, H., Ueno, Tl}l.r waOb R a1y Glnadeh Byuchi, G (1997).
H gh20 fhigquBneya garerlst Pon GOF } Oa}ﬁ%]genl c zebrafibsh which reliably express
GFP in whol e misel es or the whol'e body by using pronot %{_ST f zebrafish
origin. Dev. Bigl. 19§1u 289-R99se26he Koo lrHRlANLSY AR, M1% “H, Lim H.B.,
and W)ngG,lM._;gz.G ¥1992Y." Spermscel | s as vector& for introducing forei gn DNA
into zebrafish. Aquacul ture 107, 1-19._.21. lathenspRraiantn Mekl ins, J.J.
(1993). Iﬁﬁﬂ,@gexrﬂecswilﬁml%éya'%hrnﬁh%IGiquIolr% Ezman 25 di sease-¥¥€port of an EC
study group. Transg. Res.}%d: 286-299. 22. Lj ao, J., Cha ,euggj., and Gong, Z.
(1997). An al te%rnoa%kyisbimgevalmdyamds Gywrerase e haY %7geacti on et hod
usi ng a dir8ddRyhucl eotigde to reduce anplq fication background. Anal .
Bi ochem 253, 137-139. 23. Lin, S.,_Ya S randiHopkimne, IN  (1994). LacZ
expr essi @Rti mewgesiriMenebeyy éﬁsééﬁisc?rsbggzgg% asf irshﬁcan heddetected in living
enbryos. Dev. Biol _1_8%1, 77-83. 18t" August 20%3 Aéa‘agﬂb Liu, Z., Mav,
B., Faras, A Jri Vaglllg'iel\s[;(ﬂ% GLkapuIsvangie, SeA. RS 5 @d’ _ £ p.B. ( 1990).
Devel opnehit® Bt g%pressi on vector&%or transgenic“tish. Biotechnol ogy 8,
12681272. 25. Long, Q, Meng, A NG, ol e €9y VhiRATg Parrel |, M J.,
and Lin, Se h932) AH @@?Aylggxfﬂs\e/\gégo%epa?terzm can be recapitulated in
living trans@éhi c zebrafish using GFP reporter geLne. Be\égLolgrgent 124,
4105-4111. 2 1 I\/éedganalE.C@s ndcih Dle Mlyr By grg_é"é )-eul\fammry goand expr essi on
a . . . .
of transgé?@ and the potexsoi al for alteri 81 the properties of mlk.
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the structural gene and introduced into fish enbryos. 2. A zebrafish muscle
creati ne ddtnaswagemeagpprirrdt @r which is capable of S directing aZttuctural
gene to be specifically expressed in nuscles when it is inserted in front
of the styjjgtugal gene and introduced into fish enbryos. 3. A zebrafish
fast skelehiab masscl e i sof orm of nmyosin |ight chain 2 gene pronoter which is
capabl e of2idbrm@t i ng a structural gene to be predom nantly expressed in
skel et al ?ﬁ}%l@@iﬂh@fipt is inserted in front of the structural gene and
i ntroduce Joato fish 10 enbryos. 4. A zebrafish acidic ribosomal protein PO
gene pro zqg mAch({n%lcapabl e of directing a structural gene to be
expressedeashbquidsous] ®3bay all tissues when it is inserted in front of the
structural gene and introduced into fish enbryos. 5. A reconbi nant DNA
nol ecul e rising a structural gene and the 15 pronoter of claiml1, 2, 3
or 4 arra ? A )sald structural gene. 6. A chineric gene
conpri si ngds eMcggzonDter of claiml1, 2, 3 or 4, operatively linked to DNA
encoding a protein sel ected fromthe gr oup consi sting of GFP, nodified G-P,
EG-P, BFPs2ZBBFP, YFP EYFP, CFP, ECFP, luciferase, 13-gal actosidase,
chl oranph 160‘Fl nsferase and growt h hornone. 20 7. A transgenic
fish corrp |néd§;% E t%eg?“%cﬁ é‘@ﬁl sing the pronoter of claim1, 2, 3 or
4. 8. The transgeni c clarm whi ch contains said pronoter in germ
cells <400> 8

gaattgcaaa gtcagagtaa taaaatgaaa ccaaaaaaca tttttaaata tacttgtctc 60

tgtggcttaa tcttggctga tgtgtgtgtg tgtgtgtgtg tacttgacag ctgctagtga 120
gcatgtgcac catgacaggc ctgttattca cacttggtgc catgttggag actgttcggec 180
cagctatagt tttcttcaca gagtcctggg tcacctaatg tcacaaggaa gaaacatgtt 240
acatgttaaa atgtgacatt caaattgtag tgcattactt aacgaaacgc attacacaag 300
ttacagctta aaagattgct agacagaaaa accagggagg ggttttccca taatatccag 360
tgagactcta ggagcgggaa cactaacagg cctccctgag tgagaacatt gcatgtgcege 420
gtgacagaaa accagagatg gaaatacctt cttttgaatt gcataattgc ttaaaagaag 480
acacaacagg gatagttcac ccaaaaaaca gaccattctt tttttctgtt gaacaaaaat 540
taagatattt tgaagaatgc ttaccgaata acttccatat ttggaaacta attacagtga 600

aagtcaatgg gtcttccagc attttttcaa tataccttac tttgagttca aaagaaaaac 660
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or 22, opefmdtier ywatpHKEHItB2A9% T PE ctAFraAYtIFEnEtEAETHt NGt aFhtasr édtent or
chem | um IZa]\ea%cccecr'étcc parc%tcecicgtc1a5c'cc&ccc,%‘:lc;[a%gﬁ.astftgrgc"afz%c | taha ghq:a¥eg§t0329(§ claim
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water sams i e A R e e R R R BT B et or
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nmet hod for sensing heavy netals, such as zinc, copper, cadmum necury 25
etc., ina@iyater sanple conprising: (a) contacting a fish expressing a

fl uor escenttimr22obem | um nescent protein under control of a heavy

met al - i nd#éebl@®Apronoter with a sanple of water; and
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<220>
<221> misc_feature
<222> (1)..(6)
<223> Introduced for restriction site

...... INAVERS

<220>

<221> misc_feature
<222> (3)..(8)
<223> BamHI site

<400> 11
ccggatcctg tgtctttgag ttgetg 26

<210> 12

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Muscle
creatine kinase gene specific primer

<220>

<221> misc_feature
<222> (3)..(8)
<223> BamHI site

<400> 12
ccggatcecett gggatcagat cctg 24

<210> 13

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Muscle
creatine kinase gene specific primer

<220>

<221> misc_feature

<222> {1)..(3)

<223> Introduced for restriction site

<220>
<221> misc_ feature
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<220>
<223> Description of Artificial Sequence: Acidic
ribosomal protein PO gene specific primer

<400> 14
tagttggact tccacgtgcce ctgtc 25

<210> 15

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Acidic
ribosomal protein PO gene specific primer

<220>

<221> misc feature

<222> (1)..(7)

<223> Introduced for restriction site

<220>

<221> misc_feature
<222> (1)..(6)
<223> BamHI site

<400> 15
ggatcccttc caaggatcgg tgaaca 26

<210> 16

<211> 51

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide for linker used in linker-mediated
PCR

<400> 16
gttcatcttt acaagctagc gctgaacaat gctgtggaca agcttgaatt c 51

<210> 17
<211> 10

<212> DNA
<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide for linker used in linker-mediated
PCR
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<223> Description of Artificial Sequence: linker
specific primer

<400> 18
gttcatcttt acaagctagc g 21

<210> 19

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: linker
specific primer

<400> 19
tcctgaacaa tgctgtggac 20

<210> 20

<211> 1392

<212> DNA

<213> Danio rerio

<220>
<221> CDS
<222> (42)..(551)

<220>

<221> primer bind
<222> (6)..(28)
<223> M2

<220>
<221> primer bind
<222> (23)..(45)

<223> M1

<220>

<221> polyA signal
<222> (797)..(802)
<220>

<221> polyA signal
<222> (1351)..(1357)

<400> 20
ctcttcttga tcttcttaga cttcacacat accgtctcga ¢ atg gca ccec aag aag 56
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3p El

gtg ttg gcc

Val Leu Ala

55

atc
Ile

gcc
Ala
70

atg
Met

ttc
Phe

acc
Thr

atg
Met

gtg tect gcc

Val Ser Ala

ttc
Phe
120

aag
Lys

gaa
Glu

gca
Ala

gag
Glu
135

gag
Glu

aat
Asn

gtt
Val

ggc
Gly
150

gag
Glu

aag
Lys

gag
Glu

“ddc Lf‘ﬁ%@

tca atg gg

Ser Met Gl

aag
Lys

gaa
Glu

gc
Al
7

aa
Ly

gga
Gly

gag
Glu
90
ttc aag gt
Phe
105

Lys Va

ctt
Leu

gag
Glu

ga
Gl

atg
Met

aa
As

aag
Lys

tac
Tyr

aa

Ly
15

gac
Asp

gag taa
Glu

170

cctcacagct taatctccag

ccctttettg
agacttgtct
cgagtgggga
ctctctttcet
cttgcatgta

tagtttgggg

aagaagcacg

ctttctacca
cgctgggact
catgggattg
ctctgtttet
agtcgetgcet
ctgaaacatc

atggagtgat

BﬂtlQ)ii 108&el) ys

c cag ctg

Gln
60

y Leu

c
a
5

agc
Ser

ggc
Gly

ttg
Leu

g9
5

aaqg
Lys

ctg

g gac

1l Leu Asp

ctt
Leu

ttg
Leu
125

g
u

t
n

ctg
Leu
140

tgg
Trp

atc
Ile

aac
Asn

g9
s

5

tctgttgtcet
tcgttgttac
gaattgggag
ttttcaataa
cactcattac
tcttctgcetg
tctctagatc

ctcactctat

aat gtg
Asn

cca
Pro

ggt
Gly
cct

Pro
110

acc

Thr

gcc
Ala

tgc
Cys

aag

Val Lys

atc
Ile

aac
Asn
80

gct
Ala
95

gac
Asp

gag ggc

Glu Gly

act
Thr

cag
Gln

ttc
Phe

gcc
Ala

tac
Tyr

gtc
Val
160

ggccttcetct
tccaagcact
ggtggagagg
aatgaacatc
ccacaacccc
cagtcttagg
aatgtggaag

aatagaggaa
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gEbC

Joct 109485¢9 2t20 LBSABKC 10
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Asp Asp Leu

50

aat gag gag

Asn Glu Glu

65

ttc
Phe

acc
Thr

gtt
Val

cce
Pro

gaa
Glu

gac
Asp

act tcc

gga

Thr Gly Ser

115

tge
Cys

gac
Asp
130

agg
Arg

ccc
Pro
145

cca
Pro

gat
Asp

atc
Ile

aca
Thr

cac
His

aacttttgtt
tacactctcc
aacacgacca
atttctgtat
tctetttcat
agttgaaacg
agtgctcact

ccagtcatca

Arg Asp

ctg gag

Leu Glu

ttc
Phe

ctc
Leu
85

atc
Ile

gtc
Val
100

atc aag

Ile Lys

ttc
Phe

acc
Thr

gct
Ala

gtg
Val

gga
Gly

gag
Glu
165

acaaccttgg aatcaagaaa acgaagagaa gaacatgcat

tttecettect
atcttaccaa
cagtgtctgt
ctctcacatt
ttcagtcaag
aaggcatcta

ctgaggggga

ttctcatttc

248

296

344

392

440

488

-536

591

651

711

771

831

891

951

1011

1071
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aataaaaaaa aaaaaaaaaa a

<210> 21

<211> 169

<212> PRT

<213> Dbanio rerio

<400> 21
Met Ala Pro Lys Lys Ala Lys Arg Arg Ala Ala Gly Gly Glu Gly Ser
1 5 10 15

Ser Asn Val Phe Ser Met Phe Glu Gln Ser Gln Ile Gln Glu Tyr Lys
20 25 30

Glu Ala Phe Thr Ile Ile Asp Gln Asn Arg Asp Gly Ile Ile Ser Lys
35 40 45

Asp Asp Leu Arg asp vVal Leu Ala Ser Met Gly Gln Leu Asn Val Lys
50 55 60

Asn Glu Glu Leu Glu Ala Met Ile Lys Glu Ala Ser Gly Pro Ile Asn
65 70 5 80

phe Thr val Phe Leu Thr Met Phe Gly Glu Lys Leu Lys Gly Ala Asp
85 90 95

pro Glu Asp Val Ile Val Ser Ala Phe Lys Val Leu asp Pro Glu Gly
100 105 110

Thr Gly Ser Ile Lys Lys Glu Phe Leu Glu Glu Leu Leu Thr Thr Gln
115 120 125

Cys Asp Arg Phe Thr Ala Glu Glu Met Lys Asn Leu Trp Ala Ala Phe
130 135 140

Pro Pro Asp val Ala Gly Asn val Asp Tyr Lys Asn Ile Cys Tyr val
145 150 155 160

Tle Thr His Gly Glu Glu Lys Glu Glu
165

<210> 22

<211> 2054

<212> DNA

<213> Danio rerio

<220>
<221> TATA_signal
<222> (1983)..(1989)

<220>
<221> enhancer
<222> (142)..(148)
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<220>
<221> enhancer

<222> (1278)..(1283)
<223> E-box, canntg

<220>

<221> enhancer
<222> (1362)..(1367)
<223> E-box, canntg

<220>

<221> enhancex
<222> (1385)..(1390)
<223> E-box, canntg

<220>

<221> enhancer

<222> (523)..(532)

<223> Potential MEF2 binding site, yta(w)d4tar

<220>

<221> enhancer

<222> (606)..(615)

<223> Potential MEF2 binding site, yta(w)d4tar

<220>

<221> enhancer

<222> (697)..(706)

<223> Potential MEF2 binding site, yta(w)d4tar

<220>

<221> enhancer

<222> (1490)..(1499)

<223> Potential MEF2 binding site, yta(w)dtar

<220>

<221> enhancer

<222> (1640)..(1649)

<223> Potential MEF2 binding site, yta(w)d4tar

<220>

<221> enhancer

<222> (1956)..(1965)

<223> Potential MEF2 binding site, yta(w)d4tar

<220>
<223> Transcription start site at residue 2012

<220>

<221> primer_bind
<222> (2032)..(2054)
<223> M2
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>g\-_ ttttatgcag cggatgccca tccagttgca accctacact 180

ttttaaatta
tcagtacact
aggtacatat
aaaaatttta
tattatggac
ctcacgccct
atgataacgg
caaatttata
atttgtaggt
caattttgtg
taaatgcacc
aaaatgggct
aaataatgct
acaggatatc
aacagtgact
tattttggtc
ctcaaatttc
catctaaaaa
atggcacctc
agagagagag
ggggcacttg
ttcgattagg
ccagggcgtg
ccatcaggat
gtattgatct
ggctacagct

tacgtcccca

atatttttaa
ctcagaaata
ttgtacttaa
agagaaacac
ctttaaggta
ttatttctga
tccaaaaact
aacaggggaa
tgtaattttt
actaaaatat
aaaatacatt
gtactcaatt
aatcttaaac
aaattagtct
gatgaattag
accacagctg
tcttcatgag
ctgggaaaaa
acagtcactg
agagagagag
aaccgaaatc
gctgatttga
aacaaatatg
ctatcactgc
gctgctaatc
cattcatttc

tgteccttatt

taggaagcta
aatggtccgce
agggtccata
ttttgtactt
caaattttta
gagtgaagct
actacaccca
aatcaagaga
ttgttgcaat
tattttaata
gcctatattc
actctaagca
aattttggaa
aaagaaagaa
acaagaaaaa
ttcettatge
ggtccaacat
ggggtaatta
aagtgaccgg
agtgctgaat
ttacagcatc
aataagggtt
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agacaacgcg
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tcatttggaa
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actgagagat
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gtgaggtcat
atgggcatgg
actatactag
aagacaccag
tcattggcte
atccaacaag
ggagggagtt
atgtgattgt

agacatgcag

gggaaacacc
gtgcatatac
tgcggtggta
aaaagtatat
aatatatacc
aggtaccacc
cttatttaac
ttattgaaaa
tggaaaaaaa
atttaaattg
tttaataaat
ggagaaaaat
ctgtttttet
caaaacaagc
aacaaactca
agcgctcaag
aaaaaaaaac
gagggctgta
cacagggcag
aggtcgatcg
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gccgetgeca

caaatctgtc
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ccttttcaaa
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aggtactgta
cgacagactc

aggggggcaa

attgtttagc

tgtcttaagce
gtgtgctgac
cttcccacaa
gcagagagag
gggtgtggtg
aaaacctatt
tatatatcag
ggattgaaat
agataagcca
tagactcagt
aacagtccct

tcagtatcag

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800
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| MYZf } * >gittcdtccca ttccaagact ccaatagcta tttctgagcea ctgtaagatg atagtacatc 1860

I

111114109 ] & 4109 ] & ()-1410 14109 410 & ()-14109 ] & f
gkl mopx\éﬁl@cc(g)ftg fcﬂﬁflﬁ_(ﬁl]g%: Eiqj]tf%%y% }%cG?atGé ttt )cctct t@:(ltct((?%cg 1920 4] 0)-

3K"410%é3k&t<§&ta%@0c@ck§aa(c)ctp&a{c%@2 gk t %;th%th/ g(c@lc 31986 & () - (
MBy310% & () - ( WBy310%IU& () $/310 &1 10957 8j[:2= 1 10
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| Sy3109@4 & ()-( 0Sy3109%!|& ()-(# o Z|[:2= 1 rosa

<210> 23

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MLC2F gene
specific primer Ml

<400> 23
ccatgtcgag acggtatgtg tga 23

<210> 24

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MLCZF gene
specific primexr M2

<400> 24
gtgtgaagtc taagaagatc aag 23
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skin epithelia, (2) to be specifically expressed in muscles, (3) to be predominantly
expressed in skeletal muscles, or (4) to be expressed ubiquitously in all tissues.

11.  The transgenic fish of claim 8, wherein said fluorescent protein is expressed
a level sufficient that said fish fluoresces upon exposure to sunlight or daylight.

12.  The transgenic fish of claim 11, wherein said high expression is induced by
exposure of said fish to a steroid compound or to a heavy metal.

13.  The transgenic fish of claim 10, wherein said promoter is a promoter which
naturally occurs in the genome of a fish of the same species as the transgenic fish.

14. A recombinant DNA vector comprising a promoter DNA that hybridizes
under stringent conditions to a polynucleotide of any one of SEQ ID NOS:7, 8, 9, or 22,

operatively linked to a structural gene encoding a fluorescent or chemiluminescent protein.
15. A cell transformed with the vector of claim 14.

16. A transgenic fish comprising a chimeric gene in turn comprising a promoter
DNA that hybridizes under stringent conditions to a polynucleotide of any one of SEQ ID
NOS:7, 8, 9, or 22, operatively linked to a structural gene encoding a fluorescent or a
chemiluminescent protein.

17. A method for sensing a steroid hormone or a steroid hormone derivative in a
water sample comprising:
(a) contacting a fish expressing a fluorescent or chemiluminescent
protein under control of an estrogen- or other steroid hormone-inducible promoter with a
sample of water; and

(b) measuring the amount of fluorescent or chemiluminescent light from
said fish.

18. A method for sensing heavy metals, such as zinc, copper, cadmium, mecury
etc., in a water sample comprising;:
(a) contacting a fish expressing a fluorescent or chemiluminescent
protein under control of a heavy metal-inducible promoter with a sample of water; and

(b)  measuring the amount of fluorescent or chemiluminescent light from
said fish.



