LEXA- BASED CHEM CAL- | NDUCI BLE GENE EXPRESSI ON SYSTEM
FOR USE I N TRANSGENI C ANl MALS CRCSS- REFERENCE TO
WORBMADER3APPLI CATI ON [ 0001] The present i nvent POTYSG2008/000237

clainms priority to U S. previsional patent application
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expression are essential. Using a simple promoter to drive target gene expression is the most
commonly used strategy in transgenic fish and other vertebrate species. However, the number of
well-characterized tissue-specific promoters is very limited. Furthermore, constitutive and
ubiquitous expression is often not adequate or disadvantageous, for example, when gene

expression at earlier stages of development causes severe effects, which obscure the roles of this



ubi qui tous expression is often not adequate or
di sadvant ageous, for exanple, when gene expression at

we@arbioass3st ages of devel opnent causes severe ePEBSGH08/000237

whi ch obscure the roles of thisgene at | ater stages or
when expression of the transgene cause infertility or
premature lethality, hindering generation and

mai nt enance of transgenic,animals. [0006] One way to
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adult tissues was used to assess the complex temporal roles of the FGF signaling in organ

development, adult physiology and tumor development in transgenic mice, because



not be possible using a conventional pronoter because
t he phenotypes caused by the early expression of sone
w@emwemogssecl uded studying the effects at the | BABEG2008/000237
stages (Watanabe et al., 2007). M fepristone-inducible
expression of FGF-3 during postnatal devel opnent, and
in the adult tissues was used to assess the conpl ex
tenporal roles of the FGFssignaling in organ
devel opnent, adult physiology and tunor devel opment in
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transactgvatione dbmoait raadh Q&Cyeiasxa‘FAiM DNAShlﬁdmg’lgorﬁHin @DBD) Aisclken shown to

89584 18 f SRSl SRS DL B HTEh B
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t ech ni ques have beén success used in transgeni c
utlhzedrﬁr%Véouelp(efqn@w sgggeg that higigigvel i G Ldtexpressiongn Qe toxic and

causes BbRlop@Ental delcts, (HABGD et W%O@I Kadner aﬂ@gt%%leyzﬁgﬁ &eotlet al.,
2001), in Xenopus (Das and Brown, 2004 ) and

2007). Drosophila (N chol son et al., 2008) Although the
[0011] Gabdd A.%ﬁaﬁwb EnIASAbBER waysetﬁ{sys #otukd thg @@hApﬁlﬁ&ihQH&hé{n from

the backR AT BEERE Loxh BToYHE i ePeed cOEoHe P freRenl. Sinc e

structurdl @f dek & D?B‘labieéﬁnc&tre@lnble BOE36f kDB c @aﬁﬂc ripkioY SAcR¥s (Oertel-
0011 ernative to

tt .e 2007 t
B“Chheéig%/’ dﬁ bAdBiFSs mdtorthe 6788 e{nﬁ%ts Bﬁﬂ‘ dgeHgPgfomoters. It
was previxnely mt:tme;almnt dsead@aahwc% gaffne chﬁ‘ééisﬂ)}h SyErédis, C&U&J}&d £ L3 in
ecl 1l a ra nt/s. I nce
wansuci PR e bon g CHRSeTRe gt BB G i aberlgh: Zuo et
2000). 'Eu&ap;eedlorrsytstem mmedl pd h@areﬁaexxatﬁn taRptint plaﬁy.c hhei t et
ooz} al ‘thoégl?%%\"er che g@ug{ﬂg gr}glvg cLle de'tl]e?oped for use in

mammals and mammalian cells there has been only one recent publication in zebrafish. In this

report, a tebufenozide-inducible system was tested in transient assay (Esengil et al., 2007). It
utilized a chimeric transcription factor containing GAL4 DNA-binding and dimerization

domains, VP16 activation domain and ecdysone receptor (EcR) ligand-binding domaiﬁ.



was previously utilized in estradiol-inducible gene
expressi on systens, devel oped for use in transgenic

w@bk@oness3si nce plants | ack endogenous estr ogenPODRETNE800237

(Quo et al., 2003; Zuo et al., 2000). This expression
system caused no apparent toxicity in transgenic

pl ants. [0012] Al though several chem cal -inducible
systens have been devel oped for use in mammal s and
manmal i an cells, there has been only one recent

| 0N rafish..ln this report, .a .
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effectivelydytend trensgenceppressiqpiiyRyvitchiggin da br offlivhen wouieddrandoydzive the

.1hi g, . ' = system has not been used yet
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. t n,.a |.J omal e_ nunan .
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st it R B o S ol B B g e e
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[0016] 1In a second aspect, the present invention provides, a transactivation construct

containing the chimeric transcription factor operatively linked to a promoter or to a splice
acceptor sequence. In one embodiment, the transactivation construct containing the chimeric
transcription factor is operatively linked to a promoter. In one embodiment, the promoter is one

which drives expression of the transactivator and is an enhancer trap promoter. In one



not limted to, activation donmai ns of adenovirus El A

Epstein-Barr virus EBNA 2, yeast Gal 4, mammal i an Spl
w@xdaob/oe83d7 Oct 2, and the |ike. The chineric PCT/SG2008/000237

transcription factor binds to a Iigand, and functions

in a |ligand-dependent manner to induce expression of a

gene of interest placed under the control of a

synt heti c operator-pronoter sequence that harbors LexA

bi nding sites. In one enbodinent, the ligand is the

embodinShR iREdnh fncSt 1R4pOhrImbief ﬁ%ﬂ)ﬁﬁs‘ﬁ%m@zﬁypﬁ%er ({’29‘91156]& LN 2804).

second_aspect, the present invention provid
In anothey SMBMFNalhF CRDESHS il BOMOGHRtiRiaRY 98T Waarﬁﬁmrmoter that

produced AR trﬁipingn BraGialy SpehRise! ﬁfoﬁbtgkﬁctaﬁémeaofg{e%gp&lﬁg to
or to a Sp lice acc tor sequence In one enbo
enthancess glthougl é"é’@t Yarging cﬁﬁg‘é@ﬁ@t fherefare £pmibR guseth @s canhapesri teap

promotet. r@ﬁﬁ?fe‘s B 1) on{e?scﬁxélﬁdé SUOPERR IINRH Yo, IBFDK 9fj)n¥ogerahsp, and ﬂ'h
n one enbod |nent t he pronDter IS Oone

like (Ba]éPr“P‘%Fe"é alp 9P Es3908 7t 8 2000 Ik 8RS szequva%rthan@mogeraw organ

specific ﬁﬁhﬂfb@@)’r altlsfi} PEGHDERMolt oPRBANRRAENBRImotd 16 c CEPANGRE.1,
er 1s zebrafish keratin pronoter % Par i nov

GATA-leRa%ﬁ ndige i5e). frhongiFRORGMeRnthe BTROHY 1S & frvelapmemalliregulaing

promoteﬂ rIQﬂDErE&ccd)raar@B Wﬂﬁ&ﬂ'é%fres%tkﬂeﬂﬁﬂxﬂ 2y ProRidR 84n BALd. The choice
uces desirable trap g Practically a
B

of prom{ig PRI e GrpTiEenial ge@ép 2g0l5er FraRgdupt, %e firgnsactivation
construct BRRAGRY The(AlhdRUSRsMpkibn YRt 110 8p&hifves BOCY)a SMek acceptor

therefore can be used as enhancer trap pronoter.

sequencez, SRl ASEPIF SEIPERFSt Uf ¥ell keavirte skillef 2rtisaBs-not 1inited to,
[0017] EH aamm apeitethe ficRnt ANEhtbRGrdvides e&ﬁa&smnummts B} use in

.2004; ott et al 2007 e enbodi nment, the
expressif, sy e A A B TG o B gt e egesirct
comprisespapithdtic opdraitmprémotar operabl inksd@ai gehc(aR6 efdtRries (erfhd to as

s coding GeBlegel e RO R PTECh BB o opeatvly
hMmduxe@umamednpnmﬂmbmmnmmhhs%m&mnabenkdﬁnmﬁxmatbﬁﬂh@mmm:In
e e NN
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two or m&leae;ﬁdxmdsngoﬁteh c@@n@th@r mé*bﬂnﬂ@ntmhn nnmbqqu Itﬂeemeratot pegenses

or LexA[@lqug] siteflcdh ﬂehé}faﬁigeﬁstg %%&mmta I&?e &?ﬁﬁ%&e i ﬂlvg‘&t ei:n%?)mmentg the

provi des expression co struct or use 1 n eXDFESSIn
promoteryis gaBinjrpal Prompsye nihe miRineh PEmefer inused [t minjmizgrtherbdckerotnd

expressiéH 8 tREBQRAEI BT Mo 11’4119&‘:1%?&3 oM her CRERLe! o GRer Rt Y Pfth%{e&scm the
oper at or - pronot er operably |inked to a gene

xpressI@LIBET R FRRBIEIaA. | B o emkogimeny the gersnie &) marker game or a
reporter Qéfﬁ@oﬂxl 0B BEr et B@nRPE R e it § géhe%Yﬁﬁeﬁ%% i€, &E%Avgﬁ:ﬁ eSifed

operatively linked to a pronoter. In one enb

to expregsria a EFRtERET PRIMabx R ensesmodiment the tespgmicapEral io -
transgeni@RAEDE T e 0} E@EHdum&ﬁ %&%&ﬁg&@@&%ﬁlrls la S, Cg;ﬂit: Bsh. In one

operator that is nodif ied or changed to a fferent
embOdlmﬁéTq theseiat g5l grenmangromen Animah eillsg hsaltog@r erabegtimertchgranimal

cells are Thﬁﬁaéﬂ efer M ehoth? AHBHGRRNtO fhiCHARRANEH %J))tenﬂiﬂy%eapphed in non-

i ment, the synthetic LexA operator contaihs one
animal el S grgamsgisc fog Puggipye plant cels

[0018] In a fourth aspect, the present invention provides a system for expressing genes in

transgenic animals or in cells of animals. In one embodiment, the system comprises a LexA



two or nore LexA binding sites. In another enbodi nent,
the nunber of the operator sequences or LexA binding

W@ 210e®0s8an be changed to optim ze the perfor maPCESGHI08/000237

one enbodi nent, the pronoter is a mninmal pronoter.
The m nimal pronoter is used to mnimze the
background expression in the absence of the
transactivator. However, .the use of alternative
pronoters in the expressron construct is contenpl ated.
neor
aver ool B ORRBP Moo SRS oS oD “Sh BB SR 1B v
constructgmnses fhattensstivation eonstractg dneanmﬂrﬁrchnbcsludee,r trhecLem dnver
construc Y H8ads ) 1BbekLARRAURO obnsll Thiso fofbrB0E, SRR HPBLA olifiE.
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reporter egpsirdrdr Taerbothh dever-repotier @nﬁm@mmsesnhmansa@wahon construct
S I el
ond explelBRORRRIEL h Shicn Bp U0y ROP AR B bR SBRR eele? P e
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e 0 |
gene of IBJQTE%S S ﬁ dhodihdi lek @ dln¥erl&§ s%BB‘ i ‘I}xece?ﬁ ﬁgﬁ&)ﬁ%%@%ﬁ:em

organi sis, for exanp | ant
separate ipclgic faetdrmﬁe@%paedv anqther gurbedisent, rt’rereWAr drivep consirte sing the
effector USHRMAE B hEXRISATLRAEERFRuEN [ ransgeni ¢ ani mal s or
In cel ani ma one enbodi nent, the system
[0019] cbhprﬁf@ea:sp%r:t,ubmmsw drvegbmsprovides amtthed offdorsine geaks iy
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sometimes, BE s idig é‘f hcgﬁr borrﬁl%gp%y nsé%"? i lgoﬁri& 2*8 -]%du@@%glga nducible
Gal4/UAGFHawdr systans sevedty DIl plieBotyRR-srorel FCPpelted 3vitly|thy mtensﬁy of
cont ai ni n rQl L
reporter f:pmr@sswllzgggl;g: Ill_e}g’eﬁ%rrlrgntéi gﬁgmﬁﬂﬁés Q tré?lg%eﬁlﬁeﬁ ﬁs’fiq:axrylﬁg a
genomiciimsetiioh iof the nlén-g;duq_"ﬁlg BF2GVPAU5 hqﬁette 1K|q£m:rrﬁnﬁ @ F5Ts @Qj)rl,)z which
mcludedgl %g-gé %’g;gyg ud B2 - dﬁﬁﬂ%@g@ VET6 Rndl HéH@PCERE trdePddnRE

I'n the skir el1a, the notochord sheath
of the 14- IImr@rfélASdeﬁvbmﬂrn@ sitge @yed tp g ik Yaspl rpmagier §1Penthe gpssette

was cloix__édei%to Ii_ﬁeg Tol%&?a)nspc@éﬂle Qlendehte BEavRkEANSt al. 6‘2@051 Q6 Mhance the
1 MM mfepristone treat mentdgj H?ntle

transgen@ﬁrﬁrvaif@nsgeﬁﬁéida!ffswl@/\fmm B%*HHFJW%‘F@HW‘ e S T |

insertions K&§h€ bRIAuAM Carie Ul el Y 2l f shewingdvddy $theg E]@FP I@xpneésﬁbﬁ and

expresSsi on. Skin eorthel cel ost. e eLia
s Shonlie oot et SRRy et L

EGFP eﬁfr?ﬁ% %glﬁat\ﬂrlf_éﬁﬁesﬁéxp?égﬁg h&&h@a‘tﬁlgatrrheﬁuusshebmmﬁmh]g oﬁllyet 3 dpf,
not ochor e top.and t e ws .t
howeverngensc Ao iy G é“‘HB'rgd ftP s‘?‘\i“{h?"é’g][ g. 1?]? [P%l n”ﬁf g p‘r‘"%étloHM
mlfepns{cﬁr']r@m e gl‘tﬂrﬁh wamndapf tBﬂstatdamHi)leﬂi Gohoviswilbtype figr. dFigf 13c:
t.he_unt e contr 12 Transge
Transgepig r ¥o %ﬂﬂ% o‘rg‘? |Iee(§ij %r RS PRIE © %rs Q%g 0 nés d;mn this
manuscrﬁﬁ)s (KX}i’&SlbIPRf U@A@énsﬁmmtan Aoas gncECﬁEctg emberyo r@mlopment and
m f (o)
morpholp L4t EOREPITRG THono S a oy Erer e SR 09
carryingl tHe Gblﬂﬂm-hlasapnﬁfb}ﬁistcmem&'ﬂw)ls kyswnntﬁstrﬁ)eﬂ &y €Buugmiat al., 1999).
The casialt kpored s 5501 cHpneio b Qb pERY Sl £ (i DROMnding
domain, om\t:aﬁcdted Dépand (blddatgedomaird tiotn tha Hulven eprogesigrend rbcestgr and an
actlvatmérrﬂog):qlgllpq ntbgllmaﬁ %3" etgr 1%1 ( er c:%lflrctroltog%‘heﬂj1 £ ﬂ% %(181%0@5 (ﬂenﬁcal

onounc
to the promoter used in LexPR system descnbed in this manuscript); and EGFP gene under

control of 6xGal4 upstream activating sequences fused to the minimal adenovirus E1b promoter.

The cassette was packed into the Ds transposon vector to induce effective transgenesis. Fig. 13f:



[0032] Figures 13a-13g show side effects caused by

strong early expression of GaWJASbased expressi on
wGeymbemss37 Fi g. 13a: Strong expression of non-iPdUsGHiog000237

Gal 4/ UAS systemin true transgenic fish at early

devel opnental stages (less than 24 hpf) caused serious

abnormalities that becane evident |later in

devel opment. Figs. 13d-13f: M fepristone-induced

Gal 4/ UAS expression caus¥d | ess pronounced

. t al nor
Typica HERSH RGP B0Y 16 BRI ooy LD PEr b3S findeen it
1 uM mifemBtohe AMOPRNbBydsS IFig. hﬁg mmgwqolez&ism$wnsmhh@ Wik was

. 13 and, sone_survive turi uction
induced 2501 RESHSTRE v, Sheripr 0, T faa%gﬁrast%shaﬁﬁm OBt e
mifepris‘a;hé édh@ile | sysiexni dﬂﬁbxtedeﬂévelmpmahﬂl pkproty el ob]@t Bpon induction,
nd |nduc UAS-.hased systens .
suggestms% fiad m?uccbé? btaﬁ-%a eﬁl o nagﬁ/% tor Sff%fﬁ d?@pegpr}eglrlg%é% tq,Faupp side
effects. t he intensity of reporter expression. Fig. 13a:
Devel opnental abnormalities in transgenic F fish
carrying a genomc insertion of the non-inducible
DETAILER DRFCRIGTIAS OFTHE INGENHEONand Fr aser, 2001) whi ch

s L0 3008 OBy By S 8 oo

of use imtemsgrhicldahaliadrdn bnindl cejs.s MoesspEtifienly; the plegent insntioa saltes
to a enifHAURRELN h0C aBPBRAL IS o RRnE LOD Bholi Gl G iipd Alpendent

ranspos femen
manner mwhémeexrvt@ssmrr afhsegxen e§ m@eresTmadrs gl&n pantibl obh#h fsgythétiegopkramm

promoteis?]egge%icé i’f‘fx@ e&gg{égﬁr Z §C 5 Qg Endéggst c d&p{; qg Qf)nt;r cfllejd bH addnég or

ertions was pro ana
removing the iggpdEGFP expr essi on and developnenta

[0034] 2BDNAE WBdcHbARSwhido1E%S, B asPdcts J?%eaig%ﬁ&?}n'agl 'bgﬁescnbﬁd with

correlated with the |ntenS|t§ P expressi on
referency foezefpaishelor cavprienssoply- |1f iam %%O(alﬁhﬁmﬂﬁr ifigh ewrl ¢yherzamignals

can be udtli $i Hh@ @Rn¥art. 3 dpf, however none of the fish
survi ved to adu] t hood. FlgWé 13b-13f: Treatnment with 1

[0035]  ulthovel 34let-baved Prpreshien gysimsrhayimbese deerriipd inothpartdwe bhave

tested GEILg-bl&b exﬁ@iﬁdhoslysféﬂn& 6h tRGerfid Stbratfsh Gnd }md (H4ANSH $i&ns
boring. the LexPR driver-reporter cassette

suffer Sogn SRV e T SPeditaiDe Fiegiave SR8 agepamdgblel @diied from
Koster ahd arasapieow AGAL4dnes axpiessaérf S6temesii ray@xeﬁxﬁﬁﬁinemﬁﬁat(médﬂﬁed

05|t|ve cells. Figs. 13d-13

srom Buff LR B0 180 L4 Pt oty Seerys iy e We identied
several G 4ffeikSukiag etiest dystpms Shdhmitig deweldphentaly SbrRmmalRRs, irkedar
£l al 1999) .. The cassette rbored a gene
expressihoteqy nguthe o Pl csnt P dn FRETbRBOIE: Lerng! o deia o

develop @I\iﬁdlmbﬂmhystgmdmra:dmot suffer fuore adchdfftdtgand bi ndin g d omai n
f e esterane re an a ation
s A0 RSy B OSSR R0, LESERL o aif S0 st val Loy
regulated)exprdesioi8 Oﬁ)g@m‘)hﬁﬂ‘aréged&mmﬁi o th delle op xtinials Sinchigiag Huﬂ not

S [ I

tmited S B 531 et ST P T BT gt
(transactlyetqm)e‘.hﬂtesvrésgmed frateinhfesion of adiNAad@dinyg idonginErém the bacterial
LexA pr&éiﬂ,r?ﬁg%fxd binding domain from the human progesterone receptor and an activation
domain. In the presence of 2 ligand for the progesterone receptor, the transactivator activates the
transcription of target genes controlled by a synthetic operator-promoter that contains LexA

binding sites. The expressioh of the target gene can be tightly controlled by adding or removing



The cassette was packed into the D transposon vector
to induce effective transgenesis. Fig. 13f: Typica
w@b@noosspe devel oped in transgenic F2 fish ( SVEETHEG2008/000237
line) followi ng the induction with 1 nM m fepristone
at 10 hpf onwards. Fig. 13g: Transgenic F2 fish
(SWD- A line), which was induced early but showed weak
phenot ype. Transgenic fish harboring Gal 4/ UAS- based
m f epri st one-i nduci bl e $¥st em exhi bited devel opnent al
phepot ypes only upon induction, suggestjn
e igand Ty hsdicainn isclseu Yip PSSR St e Doding domaain
of the hu! gﬁ SLOREreBILRAT M abhdhds RUBBdifIeAte t}%flfg@ﬁd &. miRpRAbAERU
TI ON OF "THE | NVENTI ON [0033 ThetFreseQ% binds t
486), apnom.%@mnﬁeﬁagf)élsaﬂé‘%s Tybrd rapseptiog Toghe (SR HARAGE Tk Pinds to

the synthS¥S {&Hlad Pr@febl@stdﬁet(ﬁgd%épfanw mohanst iﬁlamﬁgamdepaammasn@ Ito
I'n ani mal s. More specifical ¥ resent ‘

induce cxmigsinn {06119 B1AELE10E Wndeh fivesoPEok ‘hwﬂ?@B‘P OB APLRFPtE

sequencettlt\‘h@flarpérg fscd lﬂn&lné §@antamipehd dtpfetsicns sttictly controlled and can be
I gand- dependent manner to jnduce _ex reSS|o of ,genes

induced asfany siegeraf dhe lifpeche ol gvupigIration of us, the present
mvenuonoﬂ}g\ﬁ@ets QIRERINBE RYerSBIREN GitcH BEaroBl) e55éseion Of taggenesestf a
I'nterest can be tlghtly control |l ed by addi ng or
transgenie apimel aidn ¢ of8 of PRyl [ 0034] I n the description which
0037] f ‘?ﬁé QvatidnN BorRSRES tstle@tbd kb QcinNEMd @instiytioh efrate she mbgm
reference to zebrafish for coniﬁnle ce on ﬁh

Pﬂﬂmﬁﬂ%sAGﬁd€?§P@bdeﬂﬁt“@Fhéfm??%ﬁﬁgﬂﬁmo? B C AR EPS can e

protein-pest&H ihiraBlioRe Switf ﬂée&fn@fohahs of ARSI AAlpb]‘ymeg!he GAtrdnshggied
expr essi gn SySt ens

complex |95 wgh f}@%apr@gtn& nyg vg% me];? Q%“s?ngr?{‘% ble{ilon & tanscnﬁtgogm caff%e
used in thd FERAEMNGtiEE 1 aid Gliboditknt, memdtwdnam dd;dms & fs)yrsithe freman p65

ff f I d el S
i, 3o R R e b P S e
second dibdgidient, 2600d}ivdbdh Aohamed mpmewvmmMWQM BSv vmon
protein @]@ égxl 3 Iacr;]ign;f(l) elsl% & 4vgt?cgn Ii Igaqnsf tﬁl%%{)g h&dthléde but]agggat

F&sET0R System i n sgeni ¢ zebrafi sh
limited 10¢ adtitetivini ddneths S\adermivirey Eé&eﬁﬁ%@@@@lmg EBAWs . ¥spstt @il
abnornalities, irregular
Inmmmﬂ§M%P€SS|%ﬁS$¥%%i ang@%ackground expression, In view
[0038] oﬂn tahesends |a$1:ectefd|ieemesent iipveptien eayidepda t FrngRstEtiop cqpstruct

contaml}é% E\lécdthm&[cﬁ% Q@Jcto@ogeﬁmel}s uhife@riofd pimdtee for to a splice

In one asp ect, t he i‘)r esent
acceptori 9gusnes. oS gqrfm éi@@mah npeleriide EF‘éle%%?slﬁ EPReFBIY Hksin ©npiper

nucleotlﬁ &g{nﬁtcg QX B ﬁsﬁh&ﬁ iRfa gﬁx@t?o?lal PeldifoAShE0 Gt Candiié Rl cleofide
ani nmal s, 1 ncludin but not Iimted to
sequenC¢ i Foh ewm}ﬁ afsa sedingageaagmee ﬁw@q@gb’ Torkedrbh ® PETOOGHG; seausyRey iR

generall%' shefhs AR fle Srdnt RS Sy pRArh 6 trhuREriHon Of thaR6ARE thjﬁﬁneé ) Opebidly

epresents a protein fusion of a DNA |nd|n mf
where

linked mqsa@mﬂwﬁ éhq;&é‘{ﬁe SPEIENges oring Brked rfre AyRiq Mﬂ’

necessax‘}qﬁﬁ't\wo bfn tdendepBRs, RbRRPAGHsENA IE rdai g [Hatik. &id:e @fthancers
activation
may function when separated from the promoter by several kilobases and intron sequences may

be of variable lengths, some nucleotide sequences may be operably linked but not contiguous.

[0039] In one embodiment, the transactivation construct containing the chimeric transcription
factor is operatively linked to a promoter. In one embodiment, the promoter is one which drives
expression of the transactivator and is an enhancer trap promoter. In one embodiment, the

enhancer trap promoter is zebrafish keratin8 promoter (Parinov et al., 2004). In another



domain. In the presence of a ligand for the
progesterone receptor, the transactivator activates

wo b@owossascri pti on of target genes control |l ed byT/8G2008/000237

synt heti c operator-pronoter that contains LexA binding
sites. The expression of the target gene can be
tightly controlled by adding or renovingthe |igand. In
one enbodi nent, the ligand binding domain is a
truncated |igand bi ndi ngldomai n of the hunman
progesterone receptor. In another enbodi nent, the
embodithgrgyathe gnbanep:f E‘m Peotes 1§ Rdy 4880, elﬁtarpotmg esimbtem nigat produces

desnabl@ﬂBp}ﬂ%g'tlf}%%l{:o X]%E’)"ot(tjigtp%ﬁﬁelﬁegyn eh) a%%t%(%gmgl'to X ncers
with vapyinggeqifiiencyreed (t}RUfarS &y bamekdf a,srmﬂlmnstrampmmoter Examples of
Promotel's 194&1?&5 %ﬁtlpﬁ'g g@tnﬁml N8 ef%Flt 2%&??%0% e)gglé gl'g/slelig]: Polfglunas et al.,

gene aced un er t
2004; sz@ﬁ@t at, 6907;){ brrovtber egdgdismtetht pemota itor@ganeydkithi prathaey, or

issue spetific pro; S c d
i S ATSSEOT SAILSTEM 401 L AT NPl
like), ubmmw @pﬁtavtilvs@r é¢vehpmelmuys‘pmad Ibmster. t Fims,in esentance with
the presbrﬁvlﬁ%h&p aky g:‘éing%f cfh 5OMLLO! rRd ]gﬂoqc\!eegfs P}%m%te} depends on the

switch on an expression o
expenm?ﬂ*ﬁéﬁ@@ém@re&ﬁlﬂmiecmbmslgﬂqé@msa@f an ani ma| [0037]

T
[0040) The A6tk nboind@MRd tafsaS®)aBGt %gnsth%cta%&kﬁgﬁmg %xe htlm%jn

transcription fromthe target pronoter
transeripgepacier is gppativebicinked to awplire 2pcenber sofuegen éﬂmamt:s otchlbad

gene trap Bis%ftsﬂﬁf&@étm Pf(@tl eSl&rﬂtheteﬁaqbb n Y}Q:et ch%@ sequences are
onent s of l\m\ po yner ase ranSC
well kn%{% by sk eﬂ/\Plleimt prsd vhwitale eplice rﬂscelptw @tqlﬂem:el qan be used in

mmmdthWHh&k@ﬁ@mﬁﬁQm§bhnU|atlon of transcription, can be
n.the present invention. In one enbodi nent, the
[0041] \;_h

4 oot HEFY RYEHR EVlSAERPTEB B ottBicts, foryuse in

expressuig)gméﬂ’iﬁ hﬁans@@m& #Em A olB cel®y o‘f@mhﬁfse Ith 6k én%ohﬁ{e’ﬁ{ Ehe@Sndd&
rotein H1af nd enbodi ment, th

compriseg ats?ﬂg{é i°Q Hggwlﬁoﬁerso P13 REeRAHESD FP’%RS‘W&F Fefcgred faps
a codingldSyfende).i bmonp reﬁﬂoedlmex\iPﬂ:G op&tbﬁi’s ey e carsex Af opdiGor YAdrAHRELy

. 0 t d i pclu but are not limted

finked todaﬂgllg tt%jl' vllfl}t | og%yo e"ﬁ ?yng’ﬁté‘h’g?ﬁ‘% QReTagaT S a éﬁ}%‘?{ OPFepa B
another girodneaBNie quAy@mtorcaah @olEﬂammltdraHat Fphodi@ed br éafzed to a
dlfferentcg%élgencéaqglt!hﬁn% Ill,ekg bx% ges Q %. r %ﬁg,gge?A 303)%%%{5 se(t]uherezces or

ent rnven

consensve)o nNigtong embadimerd,i the ngt}tehe Ledi omtriter doh@ais ohid &tm@a fraeiaBiy
i i rrmte or to

two or mgféq{eﬁk b\{xféxr}e/g slltEJ] klggnokﬁs)er 8m,? cﬁmanth anﬂber 8? Fﬁlﬁ 8}3%?}?1" $§@uences

accept or sequence
or Lex A Bingigg pites chsbe chpzeditol oytlhmmkleadibrﬁ)maacmt her nucl eoti de

[0042] SBOHUERESAMIE Qoﬂstruétsthg tional

rel ati onship wth another nuc eotlg TLEY g can fpg psed in
combinatigp i te operater f@(ﬁdi"ﬁ gentolederrpessiion oftbe ghiley Ih bmaﬂbﬁM@t

the promBfeP T RiniRAPGERRE: Aﬁy xﬁmgrﬁﬁﬁ{ @r%n&tXr Cl)';? r&{%’%go%ée dEAg %e used in

rormt er nmay pr onote “transc 1 oNn e CO
accordaﬂ%f‘ezy% Pregyyb inyoitipn) mkwémgnemnsal tyinerhoters e?rdi)l\l/kxmq Uenees

yeast, fuld® Afndid M%n@r %ﬁlﬂi’eﬂ g)?cln!lc){erg %g%e%qmu\%n "ilnngxé a}lé'garnl{i seduralugre

necessary joiln eln Cco regl ons,
described; iy UiSy pnaf@atdamgcama nmbhcamm BurshH awr®09487 and 2006/0242717.

Examples of minimal promoters that can be used in accordance with the present invention

include, but are not limited to E1b minimal promoter, CMV minimal promoter, SV40 minimal

promoter, Hsp70 minimal promoter, human alkaline phosphatases minimal promoter and the



may function when separated fromthe pronoter by
several kil obases and intron sequences may be of
waQ a000aisa7 | engt hs, some nucl eoti de sequences nBgT/BE2008/000237
operably linked but not contiguous. [0039] In one
enbodi nent, the transactivation construct containing
the chinmeric transcription factor is operatively
linked to a pronoter. In one enbodi nent, the pronoter
i's one which drives expﬂéSS|on of the transactivator
and is an enhancer trap pronoter. In one enhodj
like. The nizires! meamatsr 1 ysablogriBAcdhe Rk oumd SFPEwoRdy ez of the
transactiVHAMO BB hedeP o NQY &t alRinative?f@dhbterd fr BRObAREEION adhdtmet is
the enhancer trap ronDter | s any other eukaryotic
contemplated npd it chpispis Vﬁ?’éﬁ‘g #h59pl e trapping. Practically
[0043] aﬂ'ﬁ e SHKA ¥O Lk fredioR @Eﬁs@{ict |n§1y baRapbde Hat {safpfAdb by e;tp@essed
ancers with varying efficiency .and therefore C
in the tragagspic asmaheyima &vll ¢frag gnipyeh 1B PRt emiedmant. fhe gepe 15 N F%“‘"

or a repbﬁﬁi:lg%‘ﬁae’ ADYled HoRid) Qtreported $rotdird B, anfripkotéin p}liaﬂmfﬁﬁ Bd? spehifipally

the like (Bal ciunas et al 2004: . Sc e
et SRR RO P B8 B TR AR Bed oLl

purposessﬁ%'xeﬁ- lofgafkROTRse iRTudé efidymiSy euﬂﬂmﬁ galmqsfdewp heiferase, and
cell specific pronDt

e St B S e et OB o o e

directly HQYEI0 PARRHIG ahy prof@iidad be dirgutl§ eleeted byl tisg, forrexample, specific
accordance wt t he pr esent i nventi on any pronoter can

antibodigselo the@ipteithe choi ce of pronoter depends on the

[0044] ©XIE L BFRéRtterdREbind ihelt drs diFcethyl Hityctabid ﬁﬁltoedreb\ymag thieiafidigeh

of exog%%éq'qégtgﬁ %{,)rﬂ%w% gfﬁ o{%fg]legr% g%?%?nl%:g%ne f: resglﬂn dunng zebrafish

embryorti€ @BSldpiieht. O frampeiic zébrafipk reatbryoe Icyrrjlmgl I@e@bnstmca eg(p))ﬁ;ngea
r@oﬂer§%e1€M% %lﬁﬁ%gccl ¢ e TlxjeSTSiorp geg'gegl%%sgﬁl rSAdd aegpﬁ GO tﬂn@ §rp1):zvo

rnes et al.
system 5l dnalgzing s@itloamdsienpenlc egreasien peticnskefodgvelppmeniaily regulated
skilled artisan, and any suitable splice acceptor
B8 sequence can be used in accordance with the present
[0045] i riwentrefsrred [e@Dadifentn the repririen serepisct fluerareens rREaigit sene (e.g-
EGFP, bﬁ{ eﬂﬁ %%Ppﬁz?}“ greésR%iSEf &52 i&ﬁeﬁ&%&t@ﬂ%eﬁe fefa lﬁ§d§t bl@ferred

Séln gen es 1 n transgenlc ani mal or in cel
emboduamtn@ab snarken woerélamé menéhpresqewepre@mﬁqfé’a (g et §1esl 986)

EGFP ISS%IQFBH'Q& bdeaRP 6F AL Bloh RERAMRIE b 0P ?éb@l@ér rcl’dnﬁ kege in@seﬂt ﬂ%ﬁhﬁon
sonetines referred to as codin quence In
is in no cyvaes Lt i thepreferredvaarkpre PEICBITIFSs l\éalwﬂii e*e ESPE%?{ [roteins are

known GREMRIOhHe@P At foY &lifildri fkided O Bhcft) BRRIGE enzyriesPREch as B-
enbodi nent, the synthetic LexA operator is a Col

galactosidees, afusiferasen chietrhrbenigthh é?}’lltf?élﬁfﬁras% h E-efueRRnidpisy é{‘gr alkeline

5 caRREIREO EpkiiRlaclesRIP Ghdabid Ll EhaRg et ta Be directly
ﬂmqmékgb&re%tggequeﬁgé coﬁfa?nlgg LexA bfﬁdln sites :

detected. e \GrivallyesgX, pre@mAcEbe diretlys cs ugRE.C seéﬁgﬂ%’) spefific
an’nbodf%g?o ﬁ%{%@élrpeﬂﬁy e%)&@ermt@ﬁ b€ rda@XPIQRBIATHAT beLABA Bl Plce of

or “nore, erab two or nore LexA .binding
the EGIR. t Adglitionp) W&h@pd @ﬁmq:drp@ﬁlpmnqs}]@atrﬂgﬁ%fpbls iforteﬁléer positive or

negahv@%g cﬁBrPSf &ﬁﬁ%{&%@ﬁs Rt d:88Aa BhRALAY 1SS drfiFodkodhd Bssell (2001),
anged optim ze the performance.
Molecular Clonzng, 3 Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New

York, and Ausubel et al. (1992), Current Protocols in Molecular Biology, John Wiley & Sons,

including periodic updates. Any of the disclosed markers, as well as others known in the art,

may be used to practice the present invention.



[0042] In the expression construct, the pronoter may
be any pronoter that can be used in conbination with

W b@oopsssat or to drive controll ed expressi on oPCT/R€2008/000237

gene. In one enbodi ment, the pronoter is a mnina
pronoter. Any mninmal pronoter from any source can be
used in accordance with the present invention,

i ncl udi ng m ni mal pronn&grs fromviruses, bacteria,
yeast, fungi, aninmals a plants. M nimal pronoters

[0046] Jnano %{eﬁ?&ﬁ%ﬁ} E‘l&%?f?eeolggtggﬁe o s al; e%ger%evﬁﬁéﬂ Paikd

to expreééoﬁﬂbol%%b&z andal2 006kARER7 ity ghcanpl s dpseni driprading on

experimep D Bul et Tt G B S 8 RECRE ARGl dnld Sesret,
onco genemsﬁtihrmlRmp Myeaidethe lﬂCéMdn e selevted. ﬁh@‘r‘gw@vpf intgregt0 ISrﬁOhlnmiﬁd to

ot COQin
S T g
which is ﬂé@ﬂ&ﬁt@éxgt@s ustﬂaiisgemrc]:mnnmam Feor ¢shmplsathk RO\ Fansexsd diogl Ba
* i LIS ou e s
gene ofldfltegls é:?rh gigfln\?te SPISHP & %Q%ﬁg«# é\éﬁgs%r gp%*éé{s hpfesHSE

ers in expr essi on construct
RNA mtbﬁeré:@ﬁt(ﬁmah)ableducmRNAst iRy éHmslow anfhiRpstibe 20R4;| Ruvien,
2001). the art. [0043] The gene in the expression construct
may be any gene that is desired to be expressed in the
[0047] t Alhsigknh exmessing bonstrudt karebacmhde uwpf ofany awdleiakcid peguenges, for

use in ﬂlergljsc%segtrans%egﬂeangﬁﬁselt i$ plrdiRA oGk ﬂ&e& reiorPcdnSiPiist @fmbine

rein, a reporter pro einis any
expressiqu seiyesnnest ¢Iatabkyahnklgé te petelfgnes |ep(3pd@étagcq)c@(fsm pfoduct. The

express1% S RL&RRE so picicrat 1%@?@1%&3? bhBY QoAb KD OWRsABE sRBIVS or

een use purposes I n other organi sms.
integratiohefibe constrestinte Fhzyaseeme of ahanamalh AfA1seE PeEipdeg@onenis of an

expresmén %Js?ﬁ@sngen@(p 4o %Js Kigtird g SpRkifty Qﬁﬁ&@%ﬁ opbrfifel i€ ARkdar Q4k4CI0
etectabl e products, and protei t hat. can be
componmsrt@mlsy cqtmeasas b aligwr e e fnetiop ipaebeet {on thgig g purpos.

For exa.ﬂ%hé %%Hnyotg%@g Ecﬁgagq}églb!@hx@ OperhB}Y ligRed ihEproBIPRE bﬁll fenction to
bodies to the protein. [0044] The use of reporter
result in fARFERRTIPR of fhapodiededPt-ect | y det ect abl e wi t hout

[0048] T €Slehd bdpect! Aee bibh @Bnsthcteoca@RnQUSe faad b epre to include
preferred for tectln or assess ?n uféf@gﬁﬁnQsz
expressigRy SPHERosB br 1o SRTENDT ?ﬂeacea Krel's ?)‘frg(h A% FEnsSgeni ¢
express1&€§l’6é\fct aho@amwm coﬁﬁﬁi‘cyl Amgusad herﬂml mp@smmquahnn@ naplude the
syn’the'uc‘S & %éttﬁgrgg [)tg:g e da%eltg ?JS p&%'xgnl%s:,: (aua ng‘ %sén%nresponse
element$ Y &t ie Préfaredathat| mz Iequesimatsle@ien&ls dlsede i the alisclogest ewstirusts be

i 5B G R S, e PG
construcksl wset BaCtEANEgepit @higiah hgﬁnbg@e 1gi1qatd§@7a@the@ﬁporﬁﬁﬂs n@FP3o or

. F ds I t.el :
derived EBIE e%%%ﬁaeé F%g eﬁ—%m%}l 1ﬁ'lv%ive§.tr ﬁé&ﬁgrlg I?eltc%?oslgéoﬁﬁ gﬁlé:gtasaﬂ]at the
compongft ﬁemﬂﬁdr nﬂrvemﬂerpmd fiomthé §EFPY or(tFitsad gnimal inyolved1 996) .
[0049] t usedS hgr Iel Bre%qonbsee%%u%gs ar];: d%nc?edhhtg %5% I:I'aéélag ¥>rogfoters

e repor resent 1 nvent
and enhancers. A promoter is generally a sequence or sequences of DNA that function when in

a relatively fixed location in regard to the transcription start site. A promoter contains core
elements required for basic interaction of RNA polymerase and transcription factors, and may
contain upstream elements and response elements. Enhancer generally refers to a sequence of

DNA. that functions at no fixed distance from the transcription start site and can be in either



iISsinnowy limted to the preferred markers or
reporters. Many additional reporter proteins are known
wa@r@okesse7 been used for simlar purposes. TheskCT/RGL008/@00237
enzymes, such as b- gal act osi dase, | uciferase,
chl or anpheni col acyl transferase, b-glucuroni dase and
al kal i ne phosphat ase, that can produce specific
det ect abl e products, and proteins that can be directly
detected. Virtually any broteln can be dlrectly
) _detected by using, for exa ﬁ”ﬁeCIé an%%?o%ﬁﬁac

orientatioph) Enbpneers; fAnctipp, {0 F’sﬁasaet%arls ThITERPeHRY PEAR Ty

also ofterP@hBiT £6hoARYIRRNY BREmediatd Hﬁ&eglﬂxﬁloh bﬂrdﬁ@?ﬁlﬂoﬂdﬂpmm@nahn
mar kers (and associ ated an |b|o |csé8%hat are suitable

also contgipFespqnetdemebdpat mpdiats e agiTonet SEPEE  Bn of
[0050} eﬁkeaméabéea &@Hs§o@rcensd+u&slﬁ%ﬁblyl Bicide adfien, seiuences which

nbr ook and Russe] | 0Q Mol ecul ar C oni.ng
improve RAPIESER d10Gr P APEPD i LB SPRTERy  Ph s SR g relig
polyadeniiafiO& gnalNeW th%oéo‘ﬁstnﬂﬂdané‘é&igbﬁ brofdin ahsuref 19O Zpmsciipts fromt the
otocols i.n Mol ecul ar

transgeng 1ﬁ ETOG%FFWQWB &rnsgeried 8y o’l"h %ﬁ?méfm{)ﬁ gnci HE Ies\é Q f‘ %c§%a eriylation

signals Iﬁa"e EsSion AorM@icks @s vadilh eﬁts;lismw\m iin pieferrad t thatmhymdlegous

to practlce the, present inventjon
POIYadené{HB‘l’% STEoRlH BRI Eh (D PReTHEHES | LPEEen e{'I ‘?Lblgx]ﬁt

ponaden'y}aﬁen s@la@ﬁh‘&erﬂdiﬂaﬁii’s In&lﬁﬁglp’ol;dd&r@laﬁmpmm and t«ammators from
ftransgeni c. ani.mal . Absol u Y20y ;aene can b e chosen
plants, capdgy lﬁﬁmﬁﬁgQQﬁgfﬁﬁgﬂngﬁﬁ% PSR ARTE L within the
[0051]) sirhé isdidbed baast@dcts. anFarettedacapl e nsédwitlamyayper o swiarat pr, animal
ogenes s as Ras c an e
cell. In gxéq @%%ogza'lentrﬁrg&aaﬁglc g*nm n%searneo\g’lfhtllmlgg Itfln O? lﬁ@ %111\?131 R In anot er
embodinitat, tHealan@eiie snimel i€ o tamgersefhe e e enibodigwnt, the@maﬁi/cells are
non—hum%%%nel ﬁ @gl gg( ue? %I% OC? mgrlt n@xe %III{MJ @&ﬂdd;l'é’] MI c%ﬁs I §.S used

LS ransgeni ¢ ani mal . For exanpl e,
herein, fisheefERNA dny aresbe dfelmb diaseamcoliretivaieretertsfl o apRascess t1¢ is@rgferred

that fish b%lt%H%%‘%% $EHLERT Q0] o i‘Rﬁ]E% JrbLRErHe 9@&1&1ﬁﬁ@hbﬂ§?€st be used.

se suppression, interference %ﬁw
Such fishincludfRRiAEar¢ notRAEsY to; BEimAB AroHk ammdr@&butaca’fﬁz brapghy RHAke:

carp tﬂaﬁ;g é))ldﬁghogé 71028t PQHRA.RR P CRSShO B GRS bnHiElctsCaRe be@l
’ nucl ei ¢ aci d %qences for use in th .
previoustj @931@519 dery ﬁ&f@é@;@ﬁiScbaﬁWP#&i%A A bingipg demie god wpgeior H"Sr e

utilized ﬁx £ ﬁl'v%bfé%@ $hd MGleSctz AT BINRIE%P (mﬁtslbedk &b 610 UO9K; 83uts and
erably l'inked to a sequence_encod an expression

Bienz, 219 & dvetet Fhe208Qp theshorpepechipding despain, S B BFABIOPS receptor
(hPR-LBIB}C%Hsd%k@éJ‘ﬁ)r v NIVeERs 6 all, N@b2)RINF Iﬂﬂﬂiﬁﬁcﬁﬂvﬂﬁm domain was

stabilify or integration of t constr into.th
shown 1qyaqysfte traftscription i ¥Rapt (Magra st @dﬁ?‘%? &Rre %Czlﬁsp Pie gy
performEXPEER PlAR, BAASHI Mbhall@igdbne Eridyatsy hal JRYOOPRIHCIMY plant

| i nked or operatlvely Il inked refer to co ent bei n
virus g GHARR oA PRI B B P UHE (L B t% 28 o

2000); BGeP, rmCHé@nd@ngﬂr Qﬁﬁ’&meEOWelE)ﬁﬁﬁnltestedaoqgmm elebraﬁsiﬂ Ia18

codi’n lon are o Lin ter
promotef YAL#S apd powsg c% gﬁ E'F?ss ies s 1{1‘11{ nﬁée §de of Mise
systems raﬁ(gbcﬁ@tructs in a wider range of hosts (from amph1b1ans to mammals, and posmbly in

i\eQerologqus

invertebrates, fungi and plants).
[0052] The most preferred fish for use with the disclosed constructs and methods is zebrafish,
Danio rerio. Zebrafish are an increasingly popular experimental animal since they have many

of the advantages of popular invertebrate experimental organisms, and include the additional



[0048] In one aspect, an expression construct
containing the gene is prepared to include expression

WG e@umnsses. The expressi on sequences are used POT/SG2008/000237

nmedi at e expressi on of an expression product encoded by
the construct. As used herein, expression sequences

i ncl ude the synthetic operator-pronoter described
herei n, upstream el enents, enhancers, and response
elenents. It is preferr8 that the expression

sequences used in the dIS sed st ruct . -
advantageh GO THEY BLFsVERPRES s A3 %fe%@%ﬁ Cof Rl il i oy i
Caenox:haﬁfﬁﬁﬁ MEHL Gret IQrg’él? NRRRREINS (F!fmrﬁéip 1851 OBereeah szbbruﬁ:dhscams ea

I'n a transgeni ¢.ani ngl %g& %ggﬁjkﬁﬁ%cates that the
maintenagcg gysoisesrbed by Jieisinger ({4 st f t he species or
[0053] |t égﬁiﬁgﬁ Rbiry¥B| aré méﬁiyve&assﬁqm\a@a sehyy ﬁ‘:lﬁstpﬁfeﬂi ogﬁnusn these

I cates that the onent i s neither ative
characterigiags; @gansg?wepﬁgqé §ar0r¥1ng mggns bict Shcodine 4 reportel g)?éin

and tlSSllE: Q}Qe%gic Apreusad seﬂﬁéneésﬁ care PfovRIs Sd ﬁifblds &!al,l émees mmesystem for
ded into two mai.n cl sses

analyzmge Pﬂ?&ﬁlc g)(dstemp\orﬁ]r BHLEEpR Ip g%)\ie opmen re%g.lated genes. In

addition, %%%ﬂi@%%v&fpn@h@oﬂtﬁ@iebfdﬂﬁl@ fis @d&emblgnapldl #n 24ehars gebrybryo
i xed location in ard to th Lranseri

develops @S bHG PO ST PV et ot SR EhE Boos

cells (KuQﬁ&%] ¢odont efhechdhorithsomBNAalp of maemksmawb thamptsdsticp e @ho
factors, and may contain upstream el enents and

mﬁkﬂﬂhesponse el ements. Enhancer generally refers to a

[0054] SRAsRIGE ©ffishNAe tmmsédumtmm%mﬂ metbodsi oap chedised Al cother

fromthe transcription st b p
i GOS8 SHBCLLRL L5 Bk, kBBl BB Ftniuc or
preparing ﬁaaiagsﬁrcl apinialyrd wehkmowaribihe pit enifiugrated bEwhancer s al so

aln [ Q% or
oss1 5Pl A g FERORIEREE IRAGE Bl PRI 4 B o
chem1cal¢§0 Fdgaiated rtempmpscm ele ven embedimentn Bl aystemy pensissRf] B fgic

elementsoa il B0 EL &{ph?@fact%{)gég] cis &ﬁngb}%gt&sﬁgn&&%@ﬁzﬁée%ntalmng

construc eraply i ncl ude ot her sequences
binding $itep fap Wes ’eamq:r@ggm aatof (TagrrosgA and 1)) |Tp9 ’creqscng‘qqg factor (LexPR

transachse{t)&z s al'fﬁ§10n ﬁ% I?ﬁﬁ'm'ldﬁlg doﬂﬁjnl-@'tﬂ%a@teﬂéﬂ L R4l grtydidtrésttes 1-

constructs encod Ing a prote n ens
87) (Hommeatal t tmsMﬂpm 8l {198 hh tsroprastsisnd bngng, E’é@s@gl[‘eaﬁ‘ﬂmn
progeste“h? %g;ﬂ&t i8S ARYAM) ahlend MBWibA d64ih Nthe lhdmth@SSCIf'emdues

[ ati on na ressjo o str
283- 551}/\@W°Ué§tt b199§h@6’%d B?tPR:L%A@Péf e%‘rg&? 4 g E}EFSU“

operator&?&xﬂﬁ&e{é){ﬁeﬁgé ARxOP 0 Eakists E au@ﬁﬂle’hm Lbybﬂe ob¢ratns g;entelmng four

construct's. However, _het 0 ad ation
ColE1 agieggies] TWPos ERIMA R ofl's, 5EHE) WG po ‘%’é%"g%ﬁﬁmm‘“"r from
Cauhﬂ(ﬁvag NRsSic ﬁﬂﬂlst @bl dadl9 rmod))r (frimésa nAS,1B¢an atoe 3us eThe: hexPR
maki ng_t he expressi on const ructs, e in S
ansact BOEAIToTR HERI-B SR LTS T DR BHG Motk T S ah o Ploced
under cHﬁt‘?dIi O L& OPNYn1Y Vipen Winddil 08 Ithed progastdrore mﬁhgomsi nmidepeistone

nmbodi ment, the tr eni c_ani nmal
(commoflb’alﬁ’é’ﬁ’érﬁs AT rate. BF FIOSHUERR BB 0 aﬁ&ﬁasequeme of
events léaﬁﬁgscgﬁﬁlb&upa&h i&lvatioﬁ uanicreansgenl ¢ fish. In one

nbodi nent, the a cel | re. no
R e e R e

versatild 4tHBHe GObIVE. geAGatithedt two separate transgenic lines: a dnver line expressing

the LexPR transactivator and an “effector” or “target” line carrying a gene of interest under the

control of the LexOP (Figure 1A). Crossing a driver with an effector line generates double



herein, fish refers to any nenber of the cl asses
collectively referred to as Pisces. It is preferred

wo b@v/06883h bel ongi ng to species and varieti es PET/SGHI08/000237

of commercial or scientific interest be used. Such
fish include, but are not |limted to, salnon, trout,
tuna, halibut, catfish, zebrafish, rnedaka, carp,
tilapia, gol df | sh, and | oach. Furthernore, nost
el ements of these constrficts have been previ ously
apph'ed in very distant hosts: gacterlal LexA

transgenij ofePTRE Genehienoh FEPressEs dbo e PE THEFH PeiPoP ptfséﬁ'ﬁs hpont

sumulatlbzpﬁfﬁﬁi% sBnES TRRGtrkBey Al RbAbRateoRbl expetirhdatsethe same driver
(Nettelbeck et al., 1998; Szuts an Bi enz

0
ine can bR gt 1o SFORDY2HBHETFORIFCHE SR NPT o R AT
line can 95 é}gs%éﬁ BVaAGsABCEP todExplebitnt BOhteydssin difftrent érﬂil dr mss}ue apks.
aﬁt o et_al 995%NF kB/ p65 acti.vat |a én s
Fuﬂhen@rﬁe 8¢ GuERer fafv &ith p‘f‘%“BPP FRPISEaL P % W g Ay
generated 85%’@ ¢nhBfed @r é&fe%ptsfraégs@qmﬁioe eBhle e Sccmaet fab,rzﬁsm) The

well in plants, fun and ani n
et o, (BbRaa ob et o e LR B S e
transacti®diét RHE GRS GHleClaiiéMeMOE cérBinibt rqnfrgoxre MR ertmsamwS I’strpllghtfdr‘Sard
(Zug et al., 2000%)‘1 Ef cﬁ\ gh %{ &d etn med
N e S R R R D S
generatioM SThACkrhi¥ 8y i Eiaxlﬁﬁﬂﬁl}/ @Bﬂ)pﬁﬁbl SzﬁerCﬁbﬂkm@ whihlarsingle g'Eh@sfenterest

results inpljcate the use hes
nd o SRS TRIEAE | P B R T 5 BC PO SRDISTEY 4

transgent & J8aPEMEAbE&ss. and possi ny in |nvertebrat es, fungi and

oo, e s s L S .

"driver-fOpuifesy Eostnct iibk(kas LBh—La)Peranwasngﬁnsa@d ngihys mmcapontamed
two comga%gﬁt gie ggﬁl& =) sac vatgr &)ﬁ% ts?cg%?&%\[ﬁer Y5 ng kJr & promoter

ate experi nent
and an EERParRpETeE ger&nnhden’thé cmhso]t d»fehabkaH mwﬁnaﬂ@meab% Example 2).

The ©. Stklg g%laré‘a? g ﬁro?réott%h({rgfeg ?X}:Eégi%hl? lSkin! Rﬁefhh %ﬂpk @q&%ﬁgl %gﬁerﬁés

enot d| tis, they are
various b:axagc@t-yan expresgion paiterns Keparding 0!&9]859911“0% gepopis FERFqnEnt

r bhed *aﬁ opllingd SpR@QAHe LexPR
o PO YIRSt B S Syt Lo

0053
transact:erntm ipodifferent s pad,tiyeese kg BIP% HPHERPIGH talsaﬁgﬁalﬁ%me Ds

czs—requ&(y %Ehu‘éﬁb% &o Cﬁéﬁﬁ@&t SLietdibit Sof RarlsheAtS YBG End edndarhi Hbertion
nbryo, carr 8 a construct encoding a reporter
Screemnﬁ?@ﬁfeeibﬁn@’rf‘d =|2§ ®e- speci fi c expression sequences, can

[0058] PI1@¥E 48 Rcdi@Rts withahe bieh®it hr[izeﬁ{tidﬁoai‘sy&érﬁ et éxg:reamg yehied ¢h
spati ‘al and tenporal _expr. eSSI on attg

transgeniearEPEn AR cells| of amg@.lﬂl%lpr@&t aier}gg %@ﬁystem comprises

a LexA QRS oGt GRY & SRR (a1 refehed Zibrad bsstargety conétriice) nE‘h@/LexA
rapid. In 24 hours an enbryo deVﬁ| oa]gs rudi.ment s El?f f

driver qoa%mﬁamwnéﬁsgtaﬁ dransecfvetien ARPStEety AR EPYRE pPediment,

driver c%s&ﬁéﬁ'a&bhﬁ&ld@i @Q@oﬁ@ dn8 HiKboB¥Rhot islA@Opferred toetierdin 8ha LexA

d bl h t ti
IR R NG X NE TS AT

construdl kST e Eedorcansiuctia twhidiibe gent todsarka pelrcorusqarted dehe. In one
embodir?ignt,e&e effector construct comprises the expression construct in which the gene is a
gene of interest. In one embodiment, the LexA driver construct and the effector construct are in
separate nucleic acid molecules. In another embodiment, the LexA driver construct and the

effector construct are in the same nucleic acid molecule.



animals such as mce, rats, pigs, goats, livestock,
bi rds, anphi bi ans and insects. Techni ques for

w@e@panssay transgeni c animals are well known i PCT/R€2088/000237
as illustrated herein. [0055] As described in nore
detail herein, the present invention is directed to a
systemfor chemcally regulated transcription. In one
enmbodi ment, this system cgpnsists of two basic
elenents: a chimeric transcription factor and a

[0059]0 Z 9n AGhkHE 29RE B PresBt HRLEIn REAURNCHENbAE @keggng enes in
binding sites faor this transcription factor Flgurg
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secondOlrdneldeid LBRINprEpardd S BHERMMOERIRS ELRRE. 'GESR Qﬁe ﬁrst and
(residues 640-914) and the activation domain o

S“"“%Eﬁ%ﬁ?mﬁ 65mefseg |ﬂéfﬂfe1§°¥838 cmsaiq v thigd fraspgenistanigal corxtmgg both the

LexA drveXcdrbrucPad;thddrbiocoastAird th Rtk BB el &l @énggemc-ragﬁnal is
ronot er, sequence (LexOP consi sts of

at or
prepor ) R T8, LA S O OGO B o GO CRESS  rucleic acid
moleculpbiabMthinS B eRBRstd, R brivtheLémitdimend, W3Ihothddt8hbriteR pRparing

cts o B e S o 1 o et ipceondnce
with tHiseasp¥ist bf the apveiition athe expaésEiels of Be LOR iR BRY tehOfen@Nginkd) GG HSal

nscription. o ene of interest placed under
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est ne receptor LBD. The actual sequence
mmm%ﬁa%v %ﬂ Hﬁ cPS transcription activation is

[0060]un &‘k@gemc[ 0856 Gie Preparsd rnainggihe ScdneifuctsS dégribddi Bersist ﬁm one
ver sat,l

crmbodfieiy, 8 hquloB3H O OISR ARG ot L& Gt oy S tipbed
herein, |iptp @ gertiliged fislyegg (1 ¢-riechedipy €84 angprdher ehem&mlhzed fish egg nucleic
acid. WheNSR&HiLyPER 2 R0sal) the%Jﬂ?oﬁtxrgcgudeg ?enfelto {n% t?sk: Igfﬂ%{}'ﬁ dnto a

carryin né of 1 nterest un
ﬁansgegtsx@% ‘g!?lgu 81@ fugleic QCb§smﬁ@iuaeddmwe mowfetrhhmd egf,f the tmethod
includds fE81ARNEE @%{%d%{f@ﬂ)ﬁg 138 ﬁ%g}htﬁ’y@ fo® D Erbfd geﬁéﬁﬁbl ﬁ)e%fucleic

expr essi ng ene INnterest™ I n Specl
acid mab&ﬁ atrqdpend sintootie 19ge by fac pariett ofhmeth®ds knostor tat tég)artaidctorvlmg
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sed to express various genes | nt e sane ce an
elecm’%ﬁ?@r s di*yplapye meshasicak mesthode inplade, cfon dxempleo S@G@Hﬂ@non

Exempl4fyf dhetifealGhdtNRE Sactule, S5k ISNGF Ak X
B ﬂi{y E@]te rgﬁ%!ll Sr“ ?I ssugﬁﬁae ypes. cFulrutHHe}:]? O}PEAE Dextran.
et n%fé‘)ﬁ’ il fngiyds se wf ﬂIHOS%lP? é‘&fkofé%p‘?aég@i: @gents for lipid-

mediatdiarinefeton C Buck ere@d8d hi¥ @ﬂaﬁrya&ﬁﬂkﬁwnntgztg@o %@Q%@fntan}p bf such
, CO

enestr strate Pari nov et al
methodg it deses ey i, it Sdrracter Teasiee Medofy: dniopiugise D164 into Living
Cells amtazgm@s am. aNaonbadl. ac ek, 0A8! Bfeckhibibs (H&s) '—@663”{ and
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Curen RS BRI
i ’B) L LKiqlss (Asrbs gt Hor Sis ool nWilay i S nSws).
Microirféctiba aclmg@m mvlviap ﬁ@l@&a%rﬂleﬂfnoﬂerfgﬂb‘:&éa&ﬁ)e@ﬁp rfc%%ﬁ!nﬁ;ﬁe Hhen

t Ires
and PowergagﬁO) tc er an Dav1s 4199]) Electroporatmn techniques involving fish are
further more fully described in, for example, Powers et al. (1992) and Lu et al. (1992).



generation. This strategy is particularly appropriate
when working with a single gene of interest and a

W@ ivahsse7 pronoter. It is also easier to nmani pPCEEE2088/000237
mai ntain the fish carrying the transgene in a single
| ocus. [0057] As described in further detail herein,
in order to test the LexPR expression system a
“driver-reporter” construct pDs(krt8:LPR-LOP: G4) was
generated. This construcXl contai ned two conponents:

the LexPR transactivator codi ng sequence under the
Techniq@s Horlitiradesiag PNApntorfish egesn gmbryorEby piechpmith Fetigud vectors,

such as pég&%pﬁ e o8 u’oﬁl ar® fﬁgﬁ'@lﬁdé&?ﬁ@]nsﬁﬂ BeRee, Bingur£ (143).

eratind pronoter drives
[0061] eThe eetsir onother rs:klew agidi commptiving B trapseerer Bl ipfrgduced into an

unferhhz%ﬁ %g% glt g ?erﬁ’l?zreh % aftd) Héﬂ‘@@ bragd SHPARNIRSS! RMultBA VRIRAS each

I Ng on surroun I Ng genom'c_envi ronnpent
encoding ﬁﬁfmentomnmenqglas deszobrd)heremwgv Bet wseths When e higriiiged cee, or

embryo, %qpﬁrg 8Lq Lk aded t‘ﬁ@ﬁuélé@fc?d BhESahrHE (e ¥R ke one—cell stage of
sactivator in ferent cells and tissues.

developp@s) k rH@ eV PR ﬂmm@ny %}ds g2y oH§oa Ph st 2 li’tgq a‘ia$eéd°f

developrﬁg'g,l'iﬁa&ﬁlﬁ 0 b AL dideBt BdRN @fad, |eQ:n ’I‘h@refdi’@fﬂ]%ﬁﬁ]eﬁ dcldnesy
random i nsertion screenings Errela¥Fdnov et

be introggé)into[ Yo FerulFhhlslen Sl é1eh ebe Wl t PRSI é%‘é rfpolecule

1ncorporht§h\ée rt]lfe' QBoveHeSHBEE rdnenRX RERESH NG GRRAScell Ninkd ABS IBHGHIS.
animals or in cells of animals is provided.

AdditiorgRp gidieriirtucieifencidyis st Seept (5 Ao Qjpvelopent,a

least on@ﬁ@ﬁtre& Wedlei®RGd aidieahit %&Eﬂ%raﬁﬁé 0 abSfetletilled Rarigin®) ddndfuct
tar et) construct, he LexA driver CO{]St ruct COITprI Ses

is introdpeed Htt‘P atrleasicque gelt ‘i’fcﬁ‘F &8 FETRlE forylyy blasiandf- enbodi nent
[0062] t &sh Leggsﬁnaf bé/ Giftalﬁ&ﬂﬁrérh g apptopflatt Mich byl etandard ﬁpthﬁdseMaﬁyldf
this con IS %ixfgreEerredtothgqx gel%ﬁze% Sma be
the fish WV\?@P‘”F ?‘E’i‘m?fﬁl B0 Tor FHARPl% R ST EF P A SEEEPY
obtained B Silkethbdt krﬁa@rﬁms itifeest. tHoe exandles aodesm@tnumb_en:ofrqupnatela raged
s, su RSP CRRE GHRE ok £, LAE o985 Lo PR ot
(such as&afbf)t& at 1() lmag oA slacadoh at epypontsEly diivé centpin@swiclm As a:tmlstﬁg&tmay

ne i.s en
be Couegﬁ%]&yd f%ﬁ?m P % CE‘@)EI}E ialr gllﬁ’/ergupglons mtrnﬁ%:rs # g’ﬁ {ne efa1p proprate
time aﬁa:onsmg,mth @raboutri 0ge paromweesnSish enathode ard dasstibesinelor ejample,

Culpeta ab&s Al‘%erna?%j lgﬁi%b’e sl'ﬁ?a >gﬁlﬁ(yah mlfzg?ﬁ}? ﬁl@@ltvdsg&gwﬁ Rehe

or cons nuc acl
skilled amdaec(@:ieeSk{lEd) §0the fari lsafaﬁuilmr mwath oftspmethods dfebjpiningayych fertilized
g%nvention provi des a nmet hod of expressing genes in
ransgenic animals or in cells of animals. In one

[0063] et inteodecing the nyaleit aeid convpvdt e therfish s89 ergemibryth Sipdlivh c28
or emer?'# g}?&ﬁdéd%m 08 Bbfindnb BorlaBeifh Qrdevaspnqeaﬂﬁﬁd mdua igh. teh

tor const r uct. I n one enbodi ment, a fi
an envitonmaigady ckuds. fen exagpls gsledt £95C6nitaEh egh &a@éi% 15 days
fonoweﬂ'f)ﬂ/ M&Bd&ﬁ&%{o%‘cul@tﬂ% stéﬁ%fégb§ AANSYRRIEHeRl 20ab). 1 S

ared to contain the effector ‘construct. Crossi ng
[0064] ¢ hliash‘ harkaqring redtranse@s cFan NS EAPE b iP¥arifeblsy meagsi (The use of

reportexﬁ%r?%ﬁxtgﬁt}é&,r 888 Buredcbit! Slotelr@NSHE NsCEGEY, 'GP, CIRIH, 38HP, NP, or
dsRED2), are directly detectable without requiring the addition of exogenmous factors are
preferred for detecting or assessing gene expression during zebrafish embryonic development.
A transgenic zebrafish embryo, carrying a construct encoding 2 reporter protein can provide a

rapid real time in vivo system for analyzing spatial and temporal expression patterns of



LexA driver construct and the effector construct. In
anot her enbodi nent, a transgenic animal is prepared

WO bab/0essst ai ns t he LexA driver construct and tPET/SG2008/000237

ef fector construct using a nucleic acid nol ecul e that
contai ns both constructs. In another enbodi nent, the
nmet hod conprises preparing cells of aninals that
contain the LexA driver construct and the effector
construct. In accordance2iith this aspect of the
i nvention, the expression of the gene in the
developmenailygesilgedednas atimelyethe geapine pEpaeniel enpgegicfiph caebe
probed BHFE !re%hc@fof Bonsin @R MdudREs. tﬂ%d%@ﬂaﬁg&m%ﬁﬁﬁﬁl expressmg
rece Expression of the gene can be swi tched on
the transgaee, éhef Plb‘fn%i?d@f Perpresyienprofiueg canhle aspgyahd Seyeral dechniques for
such 1de{ﬂ¥1ﬁ£a@i@£ Gk RARACLIENed 5 RarlsbBRNShithals Thd SR %ﬁqoﬂbeapphed to

Transgenic fish are prepared using t

transgengcofiebit &’m,be@ destentidhavactsl Ensgenicrish fer nupipis @rifseAuencss present
in or chiFEkORE: bIF kMg e hlshad %r@@raﬁl@%cd&ﬁfﬁhﬁie@ b3S bitherh ofNorthern

construct or vector describ ereln Into a
blottingf djsojpreforerd if fefprtieygsing pcéymera%%éhw Faagrion (PR horenths yeapense-

spec1ﬁc ﬁﬁkléi@gc%&h Hf?c@tﬁjonftéc'ﬁﬂl q&&9 nucleic acid. Wen a
fertilize gwils used, the method includes

[0065] ¢ SRhe [apsiiy mwé)erm ed b Jestar RerGleivery- ah §gwen o yspdherein and

as knowig ﬂletaﬂere@é:lﬁoea' &mﬁﬁ:' éilld' Ondthbl R UEBiet PrnSi@material desi gned to
non-fertilized , the nethod includes fertilizi

direct trans@rggipndh el @é@éqcﬁsﬁl"fli’ﬁfe?h geretie Ty f g ik Bug! cell 1 ditered
by: mcozﬁaﬁﬁﬂégmxﬁgefnbﬁﬂbNKh&o nﬂd%‘:xﬁinfe) 3£4 fhrddrtM chig A%Et@ﬂ:ﬂ@}eébntam
into. the e a_var of nethﬁ$s kno to.the.
multiple %E?tﬁcﬁlﬁ?&n%é’eﬂé?ﬂa% Fn#éﬂ%aély THRFRT d5p OFfEt o’&&e wih otter
necessatyl o@tapémieh lelemdBt kB dBat tHeatucieiti abidlin i RbRatd AN beeblotised aafdf

o

[0066] MEHadbinir (prlldﬁ;onf ﬂi‘cto&)(ﬂiajﬂbe coumcﬂaa by aheirpumatigoie hbdve-

tran. s inglu
recited ﬁ?&e@g‘f\ Teqb%‘%n%‘é}“’éﬁ &In‘gtt)h %ééoréig@qg fiet o%a {ltkn?wn to &16 sl%%ed
artisan dnid ras deneﬂbezdt fodl exanaies irecfiranes Bed herpipt Rowsle andestyefivectats are
known zéts}éaye Bsoewn t%‘l]e 1, %%nr%oré am?ﬁ%ge \rr]é%g}(s i udse rﬁs‘i’%mq@ ’(\,%9%53 J?r!ﬂevectors
including métroyttucvagpr g, , isert Mﬂls:r oti ahg! 208), Iaéenawdas @egem (sgrssee ERurum
. 15 DRRE0 b i 5 99 LIS 5 e
Flotte e{ #4295 hemnesvitus vedors (¢.2.J%h p{\nerqgryet al. S§H3) and 1ent1v1rus vectors
ction techniques |nvoIV|ng fish are further
(eg. x%&&&@%@%ﬁy descri bed in, for exam Chen and Powers
[0067] ( Ideifyinm dheripetten el expespayiis e QBSP}osedatre@igp@p o#shit fagnbe
accompfxs%@clﬂ By O ESuridpY 8 Ydeﬂﬁyﬁxgsapﬁgs?onf bf H&eﬁ‘anggéh ufl l&!lflféfent é:lssLues

described in, for exanple, Powers et al

(tissue-sppcifiy exprepsion) atrdshnigimes qugpe denclopegei (ﬁ?ye eilthlboregmlstnd

expressiol 97 d@xfelo‘f:fﬁtéﬁtﬂlos'iag@épécfﬁce&iﬂe%nw ih Riiffednk e ﬁxﬁ:lage‘é ?Seﬁl%n%age—
such pantroplc retroviral vectors, are further

Spemﬁcd%ﬁl@ﬁﬁ?l@éfd These rspssrmsinpinealsahe embipedaby, for gggple, proewIps

expressﬂ? @mu%&e%n@éhaﬁgéa eiTaﬁW% @bén @fehst RBAPHERIoPMedtN &he nature of
transgene nm e Introduced into an unferiilized ﬁ%ﬁh
cse

the exprgpsiop Preiiw It g@ gdetedie ean havelasieffeqy ontthy) eniighiliyericionys
analysedVLd éfRli&vel, @ffeRinBiss@RGRa fish can be dissected and expression can be assayed

in the separate tissue samples. Such an assessment can be performed when using almost any

expression product. This technique is commonly used in transgenic animals and is useful for



encodi ng di fferent transgenes as described herein may
be used. Wien using a fertilized egg, or enbryo, it is

w@e@boossetd to i ntroduce the nucleic acid into PEESG2008/000237

enbryo (i.e., at the one-cell stage of devel opnent).
However, the nucleic acid nay al so be adm nistered at
| ater stages of devel opnent, including the two-cell
stage, four-cell stage, etc. Therefore, the nucleic
acid may be introduced ipdo the norula, blastula, etc.
At | east one isolated nucleic acid nolecule
assessingnﬁ%aﬁjﬁe@iﬂcn gxpﬂagioabov Expesin el be anageaiied GvRAdnIitAly,
.S in into t gote. Additionally, when the
muymmﬁﬁHY §”FHFP%§%§%E into an egg at |ater stages

[0068] OfAldﬁ\i@i ﬂﬁrﬁi‘éﬂa:ratlaﬁ off eafdgerdd) eniBl lak dde iluktedtal B iransgenic
cul e |nc orat.in e above-descr.i bed n
e S R e e
These ifciide, 40P 6t hrﬂigsrd]lc.tb aminil @1 3 patenteNd. 7,[.’?_)&5&]&%&: Bﬁm,mdﬁg%we
may he obt ai r a ri at i sh..by standar
US. oiigt s ARH R o AP, SRE S Bep i cmaliancy sbmat o

2007/01¢ 89TBE Iratk ALLSy pafeﬁuWo f §)576ctarmpdl @1.S peitens faﬁﬂﬁ&mnﬁmbhd:ahbd 0.

soronf, 8% 0% SRRALYEE P 754 193 DI 2058 el

publicat®nCRo. aSO(thG$34Uh ridestbek abSu patereNa €7 msmsn) dbidlls f (Ush, patent

sy oty NG A0 ItiRien’ B ST B ApayEL, O, peen

applicatiba rtublidaton NSUEQOW:‘{B 0@7ﬂhm&osoﬂygs([h&ypatmt Nol 6 éﬁ,@d) hxyi, flies

f.or I '
. o SERTRRE PR TS POSPLNAAE 3, DU ST

transgeradotrhald B atso dﬁelosﬂdmmvé‘s patSt epplinaion (pd‘@lcam@l Nre 8006/ PR,

w2 S S SP Bl 158 ol S8t

effectortc@ssethae Bkuhlcbmuets téngzmthe Oy eisskivited @qupmcvswe Tapilitatp generation
of trans%é?ﬁ@ 1'1 e@r Qﬂl@gehﬁﬁchgngl Q%géteg En @bt %Eﬂ’bhfég HGhe of the Ds cis-

ert | | ze After 7i ntroducin

requiredy sRAVEICES Hes aeeeo%w étmuﬁw%yapﬁwé ef jakh2@ggansr meﬁﬁif yRyblished

applicattdAENS. §1D 2065/ D40SITOINE driveP ANV RS oMEIN cALLHE VSN B Mo
conduci ve to devel opnent into an adult fish, Such an

componghfithegene fr 2 apsaptiaion grder p shortdieratf Bromptes gpdan g GERgreporter
gene unider doﬂtrcﬁ%f Qgﬂnﬂ’!ﬁﬂ ﬁfon‘fo&ﬁ" flliséc% Gay Syxftlﬁﬁtut: Al topéf‘ator (Figures 1A-1B
Clrcul a in SYS wat er
and 3A(36é %Lh@rt?!‘e G)rom‘ftefo@zﬁn SR RPHSES HepP B w&%g@éﬁén
produc&ﬂa[hob@ tlbéﬂ@-@}ﬁdcfﬂce&pfbﬁméiﬂ )S?t&klzﬂst c?b?krﬂlﬂge&ﬂ the gdhemibs énv@bnment
e t el at I, Ke uoy escent S
(Parinoy { bt 200 ‘ﬁeﬁjﬁs %@ES Tpgeper Bﬁpﬁxpr oply H’sﬁED?} ' Gitoexpress
transactdzwroeaﬁdl dpnetpleatty mbike thakd d&nutﬂfeeépmw dstgrehsﬁtm aafl8é hided® b feen
for dete

. e s .f referred
for oL BRSSP st VPP SRPraeT g SBn PRPPC R ot oo
effect ofl ﬂmddemarr& ptomotbrt ﬂ‘hmsimfolr coraett DN A bonstriek obors a ORE rfer rad
struc enco I ca rovide. a
sores G ey (e Ry SO ine? BlsSt Vip Sy S o
LexA o@erdtot e lipasa harbore rECERP m{depﬂiet(ﬁﬁm(ﬂ dftﬂeudirai‘pnah@ﬁhmzy beta B
I at ed atlvel of

promoter ?e B a?dd I ansgaéﬁélri traéx%}{lﬁ émes?Egampq n?)

[0070] We have expenmentally demonstrated several important capabilities of this system.
Using this system gene expression can be switched on and off by adding and removing the
ligand, e.g., adding or removing mifepristone in the growth water for transgenic zebrafish. The

system allows stringent control of expression: no reprier gene expression was detected without



probed for the presence of construct sequences. To
identify transgenic fish actually expressing the
WO e@aS0ESBE, the presence of an expressi on prodeCT/SGzN8/000237

be assayed. Several techniques for such identification
are known and used for transgenic ani mals and nost can
be applied to transgenic fish. Probing of potential or
actual transgenic fish for nucleic acid seqguences
present in or characterigdic of a transgene construct
is preferably acconplished by Southern or Northern

treatmerd Ivamtﬂlem@anﬂ e mf@ﬁﬂbﬁee dndusibiekpedsionnf tis ichiglquo lrgusectevgter

ctlon or .ot her ncespec fi,c uclelc
Cmmagg%lﬁp ﬁ% P %ﬁlt@€R§|qu%gZB ﬁ%ﬁB F'he %rghs G o
mifepridiaaig, 1 a@dddne Ieht%edie'vlehpmentﬂcstagﬁ f@iﬂy dmh]i mﬁm;n.ts #f the d:gmd, e.g.
ed he efe
mitepe ey B B ErPOCT e Hloif Gelrdinn 0P & et Sl of
transactiveidd ggheekptessiah ¢fald effectatitafgor cmying a gérie. oé inter¢she process

[ . net| r| f an_in IVId
I T e e
For exgepie;rm)nsgémca m@etmﬂx oetidus ﬂhttvmstafr expagssionnefaithe chimeric

transcn}gﬁ%)ntfla& %ﬁﬁ hne eiﬁ&%”éeﬁga’é’é g%ﬂggagijlo%y Ftl%ﬁ%éeas, \?\Iln(% Rromoter—,

uen nte
gene- aigk dmhmcmew§gatwgles; andiibs like@awlosreait 80k Stanfokdhet al.1i2901). For

exampI LG 3Ll Fafe SR LSRR DAL G Dot s
drive thf emtsctiptioe df drethybid trfr30&Eipn Remo fﬁtmﬁaﬁ et dx BP@9s ippddition, the
sequenrlc\éecftﬂ?er Eyb%y%ﬁlgcl?%ﬁ{é% %{c (ftc%j b? ¥uﬁhgrcﬁx Hl(ﬁe@tlﬂ ggielt H)el I’prove the

abover eci t e e sequences W thin a vecto
dﬁmm@mmdmamngdnmqwsﬁhQUs@ma@k 4ctigation domeih drogktht hedaraNF-kBann

be ICPI%%?\%]?}: alg:%%ﬁ\gé Eo%ganns (Qr tﬁé( ?%Lc%’vaﬂog d(n%fdﬁro? %eﬁs ﬂ rotem

ectors are known t
VP16). usigo,ithe €REVi 3r$\°aémslp cprpm@mﬂaaahsl used/ mctho Exanimies| aad é?e mcﬁdiﬂi @r

changecy t%%ttﬂﬁ'écnt éfokf}lterv BalRhSore . 9 g'&jeln&gofr (?otlﬁpéﬁefa% P G Qe can

) Ter et al. adenovirus vectors
be mod(ﬁ@d §r Cha!?é@ tErazdaff%rmtéﬁqwce comg@slg Lzsf foénding; sitgg (e;8. daydarecd

operatop@c\iﬁaéémr @é;nsa{sus) 129 mne 65@e a@&-‘ sasaaﬂwv of UScAVBIR&RS Stes
see otte et al., 1993 gFSVIFUS vectors

can alsc(@e giangeée@oﬂﬁa@r%ﬁn@tﬂwmfon&me) Fingliyel ditierant promgters can be

used inM&RIR S afifS BromoRE R EPNIssuc2ROssion 0P BarfshetlvaRPbhd ¥k Bfhancer
the pattern of expression in the disclosed transgenic

trapping-j sh can be acconplished by neasuring or identifying
[0072] EXR¢ @5&ited hekin] he pi'd’séhﬁ SR ipfovillet 4 8érRid systemStH@%an be used

i ssue-specific _ex SIQn) ifferent tines
to. conty, PpoT PTG TUGVEE Jh R ] PIPL G o the presen
inventiEXPEEES b @bnttilledl fég&:cs?m'@pﬁeﬁﬁon&ﬁ’ g@eRs.SpRfdotdrCthe present invention
expressi o in er
providef | RERBR R P = 1 PRUST e et O G B pesirdipsues or
cells. Th®O ﬂ{eepresmbinnemoh y(;an freruseX aomploduce rmsyhicn@nﬁaw ﬁn&ﬂisﬁghﬂy
nd, ohser.vi ng chan [ in a cel
controlfyf i, SORTY LRREINE o2 St i op Tt B eeBRAR Al the
present [iivedtitdt cah behedl & Bt@dthe aRprBiod oflgertth fif Glns@nit Afimals or in
speciﬁcstlijslsﬁe%bdrlcleﬁsy 01p g_ranss(g)g%c (a)trf)imtaﬂeosfecells of animals. In addition, the present

invention can be used to generate transgenic driver lines for inducible expression of genes,
including tissue- or cell-specific expression, in transgenic animals. The transgenic animals
prepared in accordance with the present invention have the constructs described herein stably

incorporated into their genome.



anal yses. On one level, different tissues of a fish
can be dissected and expression can be assayed in the
WG eqatesse7 t i ssue sanpl es. Such an assessnent cROT/B62008/000237
per formed when using al nost any expression product.
This technique is commonly used in transgenic ani nmals
and is useful forassessing tissue-specific expression.
Expressi on can be determ ned bi ochem cally,
en2ymatically, phenotypiéallly or in a nodel fish.
[ 0068] Although the preparation of transgenic ani mal s
has been illustrated by transgenic zebrafish.

[0073] t e’f'}@”' AR ee ad’feth\éeéles%;pqxqﬁeélh& tJﬁ%k@g L%; Ls Rt 1'sé rhgchca’ced

t ransgeni ¢ ani nal r spe ese I nc
conventiorie! tackniquss df i chérnistely, traolequhir hidlegy( @iGobiplagy n?comb@ant DNA,

o g BB o b B O e o

skill ofptip|ate abeors- @W@WWZGMQQ%)MOZW as Cloping (peld etpringydlarbor
Laboragx(rfl; %34416gﬁn¢h§borpﬁte\%ﬂ}oﬂ@p@4nab9@&kl a91 p@'@b Iﬁ@zuu@d;l c%hmg,

2nd Ede(C@BigSpmaHaWa Lﬁbsratqmi’@ﬁﬁ, Calé&pnwﬂarb% b‘e\@ |Y0é1§t $m¥rwk and
Russellz%gl Jo¢ @gﬁc?'r?d'loml'zé \3?@ ) (‘(&olﬁ Lé’p§n ﬁ%@ﬂlab’bﬂtory Pljegsg C%ﬁl:@pnng

pl |cat|on publi cation No

*Harbor 07 ¥ Ok Sedheh el SO SwroEdhyiocolipMabicui Pl ok Biley
& Sons‘(aHl@ ulifné%é 100&835&%3@109& M%S BRY Hl%%%%g)’resi @fx%&?ﬁhgsél

and flies aten
1984, Mghswia eioan ofleis CHERSHoMG ST %armg AhoR &Rbgratory

Press, @@& @Pﬁiﬁ; ﬁ%orpwsmrﬁgd tfeamg%n o BORBYsEs bfSCHIB Genomes,
t ent a%p i catjon_publication Na.

<A°ademﬁa§o§i‘9 éfzrk [16?%9?“%6 i Caide ¢ Reasp gty and Molecular
Bzolog)} @\é@d&m&pﬁessmemﬁ&k geony H&:ﬁﬂv &RNshé, UOLS MBbIdds@old Spring

rsor B e BB by oS PP BBianth b b

Hames @f S0 BI}sE€ BdsC 1984Y) @Sarzvigtivh A8d Theasdeidn(BCD] 04aads & S. J. Higgins

cts. 19805 L, g His R RaleesBin AR it ERG A

Cells Al E?Jzymeszmﬁ Padss] 19B6)PET Pibhll idsPrehicp (Gluidealo bialebdar Woning
(1984)2% 4021%@{1%\-66]812 Vﬁgn%g Al Vermc orglr%c a)N G35 oZs In
Enzymdlaﬁgn%m ilGhtand 136 cK@Vu at shas. ), klarnatmcherpmim@odsahd Calh And
ot RS R U8, RISl o O, BB T
Experirggetd Qumurdiegy s Molnmek Bt (D18V1pW91!re1l1<b€ CsBlacrkWeﬂ,f d4dsi E¥B6); Riott,
Essentzspmgfo I @E&Wﬁa%fcw&lh 3Liede@l Pﬂﬁlﬂg{g&ﬁ 3%{ fndg ll'%SnS Hﬁ%an et

ti'ssue-spécific expreSS|on patterns epen

al., Magimbsting tenonssnbmebivo.( (@old Bpnngetadhpr, Latpeatary  Prayse CpiR$pring
Harbor! RBE 148%); I WesttRE SHC A% ¥4 Jz‘sﬂ JobE Apguzlz’ec‘ o DRl lagfsafo?yc‘éﬁ of

iransactlvator and éonveni ese ce
zebrafishdpgriv eeriaafhddls Univ. ob@regen hs%dEQ%n% 20n for driver
lines with distinct transactivator expression patterns
created due to enhancer trap effect on the keratin
pronoter. The effect oEXf9tE uct DNA construct harbors
[0074) anTﬁREreJeﬁ{ mﬁéﬁgox{ 1S URLBBEEN refefeRL b Ind TG ihY Eﬂﬁﬁjﬂiés ® ch are

m ni nal | ower Mosai'c Virus 35S pronDter fuse
offered by way of 111ustrat10n and are not intended to limit the invention in any manner

Standard techniques well known in the art or the techniques specifically described below were

utilized.



LexA operator. It also harbors ECFP under the control

of the zebrafish Crystallin beta B pronoter used as an
wa@oaapoisssal nmarker to sel ect transgenic |ines PERSGMI08000237

3). [0070] We have experinentally denonstrated several

I mportant capabilities of this system Using this

system gene expression can be switched on and of f by

addi ng and renoving the ligand, e.g., adding or

renmoving mifepristone in2€he growth water for

transgeni c zebrafish._The system allows stringent

control of expressi onEXHYPE é Prter gene expression was

detected w t hout t r RRteABE bnddibthodshe || gand e.g.,
m fepristaone. Inducible expression of the chiner

[0075] ¢ ( Ejfls ofesPrafish Sferec Bginianed peeqreiae de resieblished, profogpls gQ?Yﬁserﬁeld
1995). ani mal's, e.g., zebrafish, even when the ligand, e.g.

m f epri st one, "i.s_added at early devel oprrent al éﬁs s.,
[0076] OnPgpemsting Fransaeinfish WmerdDY TgapRIon YS! TRmsepiq Y GARYing

insertiohsS of @k iaFRE dn@r effod@H ChhsBridets EBht%unﬁ%SDE NBisdel@Wa sequences (as
ener ati ng driver |ines Capa transactivatin

describeldcreid Sy negrrater @s Brergetbiostheg fpmelyaneyichy- ao%énéqemg of

plasm1d| DRAMes&tco-i JOQddl intdVikic @;hbxﬁﬁbs(yﬁﬁcrbeﬂﬁr)mdﬁﬁ-@() f)@ 8f in vitro
synthesg;étem in accordance with t resent invention. For

rptseosase hS geti e i eiesey the PRI pREs Ersd apf out-
crossed @ He&aHl 195, @itd thé Qesﬁlﬁhgf&ﬁlbrfj‘ost Wb Sctédnpd 2 hef dpBiktone-induced

"driver” lines an be usi ng.variou
EGFP (5ot S sRerrF G G £ GO0 ECHR BiatcRr 0f Jgp (efecto
lines). Fbr /tRfihg o1 tha@civériimes, In’tiﬁ:pl(lsl?@felvl’ztﬁ\bd&éd talthe grd@dyater at 1 uM

St apf.ord . 1). E I ' f .
MR CIROC IET DI TEAR: E

the Imeﬁ)fha’asegﬂ‘egaﬂm Bra sirglellsad (produted Ve rithaewlianansaecrsisthtb asntafisgenic

b on. fac rd et .al

fish) W?ﬁ dﬁ})e ec{ §i1 ?}( Sf% 1??0 of llgeesqﬁ%xol& 86 e%n]hf) sm%gnodx of cry:ECFP
marker (qyame@mspbn mrthcf o) meramlectbte Wiardideat asvedaif capy numbertaesnly

' r.f.or =Qr
wsed th Guce G S8 o SHESEIUEY S s R s SUERT R fifl
copies pg pdieaecelstrWSt howitven rih alogsy motdesmplipaie (lime gnaigtprance or expression
Stransact i vation domain of the HSV virion protein VPl
6). Al so, the CaMW 35S basic pronoter that is used in
[0077] ¢ HRT-BXRiBNaswesairlped mrish RNASesoKitdRuisgeg £BNA Wstsyrthesined

from 0@ r,smmr freeFﬂmherﬂsr@rsepgxmhen&ﬁg HERGE Ik A ED 0L B RH™

hat we used can be fied or changed to a different

Reverses’érawemteeéwggm ﬁgZ(Uéx?DIM X Hgs @P@tegte@ at 1 Cifelg win and

diluted & ¥6s ARE LT 2 FEAURNERSw Brus&OBSEOR Yith-speitf FHMERE For QoxPR
t he operator sequences or LexA binding S|tes can al so

transaCWémé HWE%FC?%%?%@EQIQ Nt hnd egeqsicqaeasesHEHRER ID NO:43);
for EGFP Repbitet, acgthdabgdc8ithaght 39@@ gbhSNOal) ke gtaegcuggb%tcgﬁgc &EQ I

ker(ﬁ%l n8 pronoter to drive tissue expressi on

NO:4S) rEfS 328 Podirsicd avilh Faordvmarie dRuiepapgr 7. ulloﬂvﬂ%gychng
condmdille%rcy&l&@m Bk BO sdch85° PrESENkec; i7DY €NYbi WkePl OVi des a
8 é %% that can be used to_control transgene
[0078} o 18@ dg;s 2gine Ay el Peveh i B kybridigption ysiag @P‘i‘sé’&ﬁe RNA
probes for &ul] lehdie LBJEI&G ﬁﬂisadhﬂM&nzldd(EGHH Javdisiewitid digeikdn@l (Rehe, USA)
er.si bl e. e res i Qqn_of genes. Myreover, the present,
was ca.rp (i;(élﬁtais Blﬁzvmu desen ed (Ox\‘.o“b}gl and Jowett, 1993). After in situ hybridization

stained embryos were mounted in PBS-glycerol and viewed using Nikon SMZ1600

analysi

stereomicroscope. Images were taken with Nikon DXM1200F digital camera with the Nikon
ACT-1 software and processed using Adobe Photoshop 7.0.1 sofiware.



provi des a genetic systemthat can be used to drive
the expression only in the desired tissues or cells.
w(ahawwse/0088BE present invention can be used to prpde€2008/000237
transgenic animals with tightly controlled and
i nduci bl e expressi on of genes which can be tissue- or
cell-specific. Also, the present invention can be used
to i nduce the expression of genes in transgenic
animals or in specific tR&sues or cells of transgenic
animals or cells of animals. In addition, the present
invention can be used to generate transgenic driver
l'ines for inducible e¢g&g§§t§n of genes, including
tissue- or cell-specific expression, in transgenic
ani mal s. TheL@%hBQQéh@ﬁm@ﬁmm@wtwﬁkébaﬁed i n accordance
Wi th t Heppsegesustamilexiti-DrivarandR elogerconsituctict s

de e Y t :
o1 SSSSSRERUERF (hgihed Voo e Sl fuddol i s
transcnmma If@ys remﬂem the ﬁéww0§ e DNfdbigding dom@e dkpenihe bpdgrial LexA
protein, tz? Maﬁﬂq chf b aln ﬁgfﬁl fak lﬂuﬁ'{an %r@ée?tgr)ﬂne rece tor and an

m cr obi ol o , recomnl nant DNA, enet1 ¢S, | mruno

activatiquedomaisy fimp g human Mc@/r@rréotan@n ah@g@hraésibk%w@@;mmoter
SV40 em Sy RER1aMb @qﬁeﬁc@se 51%»%114 sydfhatd@rfhdtor; §ﬁﬁhe’n@ I.QXA _operator

Manl atis et al [ ecular doning (Co Spring

and EGFR, pnsisr mL@B@ir‘?ﬂ‘]bﬂW@ﬁ‘é@é}c Vg & SprematsT: MR B@Paremvcomblmng
the elengéélfs@()" seé?eﬂgél%l%_la GR }38RentsMp| itk Spt Sk \régtor &dfhining

. Ed. rin rbor Laboratory Press Sgrlngllh
tenmnah-qa&mmre@q&mev@ Fhie Baassroseo %W%é@lnplya%@&al 2006). The

keratznél\ﬁ?!)rﬁ&h’fl A ﬂQEﬁFPn&dmé rsg]ugﬁte ai(e@ahlged%p hah#dfle E‘%@ﬁﬁ’n sites to allow

Laboratory Press, ring Harbor, 'New YorKk);
single-sigp geplaepmeRt vgith a ngmter pish fncbr e of BUFeRt NBPeskvar The
sequencBl delag Yre(shown iVVTbBY 1& BRNSrimdrNehuedicd Grdd SHom@Gin Clable 2. The

over, 1985 (I RL Press,
PDS(I“”‘%?P%&S‘?234)?%9%‘1‘16”31@%"&%“@%&2%‘} ol ogy of pI ants: a
| aboratory course manual (Cold Spring Harbor
Laboratory Press, Cold é?gtng Har bor, N.Y.); Anand,

Techni quesf or t he Analy Y Cbnplex Genornes,
( Ac ad em cCchnmmts biElvex Xelbriver d:ﬁ%))orte@abimtnuet and Fi nk,

: l U ICGDL \xIICLI |9 a'lu |VU| UL,UI al UI UI UU\.Y
NMd“%ﬁg eni ¢ Press, hbM/Yé? 1991) . Harl ow and Lang® NO:

1-662 1988 pElméchhptcﬂKe{s) ve(cﬁ@DNAS@ESZI@S H&fIb?@%?[).abor atory 1

Dy ac & Col d..Cne it 2l VAW Niael artin Aot A

Gy oy | Y SaTTo BB RATEs & S 9. M qaino eds.  184):

899-922Tr an*;Synﬂmtb@mmeR@naicatl on (B D. Harres &S J.3

923-14%?'5'. 1%@ Cﬁa %zﬁ rgigo KFrﬁ@n\gl i HWWWI I rlzedl 'ée| | s
And «d fipmo Practi cal

Gui d %ﬁéﬁ %@Mpm"t?’?e F?’%e&‘iuse,

thh)%?gF en1c Press, Inc.,! NY.):

UBSlﬂﬁth)ﬂsﬁhmcﬁﬂaﬂNNAGgymnwmls 154 and 155 (Wi et alb. :
T Tena T HGS T L muhoche I And %%Leeukg&——-—

T, (TR e U YR ageh A e
ol et a’m g% ok FaTlE

Lp" aspiid L
Ygggﬂemﬁ!’ gn e pnmers nlsL Asc an Lexl) ?)Km pfriﬁ, . eds.,
and cloned lising Ascl/Kpnl.

1805-1828 Synthetic filler DNA sequence. 8

1829-3469 | PCR fragment containing truncated human progesterone 9
receptor binding domain fused with activation domain of p65




Essential | nmunol ogy, 6th Edition, Blackwell
Scientific Publications, Oxford, 1988; Hogan et al.,

wO/RMWPOE83T i Ng t he Mouse Enbryo, (Cold Spring Haeh862008/000237
Laboratory Press, Cold Spring Harbor, N.Y., 1986);
Westerfield, M, The zebrafish book A guide for the
| aboratory use of zebrafish (Danio rerio), (4th Ed.,
Univ. of Oregon Press, Eugene, 2000). EXAMPLES [0074]
The present invention is2sdescribed by reference to the
fol | owi ng Exanples, which are offered by way of

batil 0ff hamen avekB aderivedt GonlepSwitchl plasidtihe

[ nvermmﬁxmgeﬁb m;gpﬁmaﬂs@RLBBFﬁp:dardd’w@mmques wel |

|| Clll Of l.ll;ﬁ C TTI clly
Iflﬁs i 'WE?E g&‘f‘# &MT& taﬁnerl al $%nd

Vet hioG&™ J Y O S R BT S EAL ded
3717-37a6:cor$i5mﬂ@t1¢ﬁIl@ﬂN}‘lolsaqsehEd pr ot ocol s (V\ésterfl el d, 12

1005

- “fraprment tha 1 ldes) nopatthe $¥athds tbﬁﬂi ah‘c?r' Ny AGRES
i 43??:“‘15&0 0 }i‘%%zgterzu Jy ucﬁ' ng ?j{ﬁzl ; n ' nsertl ons
of t g\/ lf:f chBr

S i %&%ﬁ%@%ﬁf i

(O]

2006 tad into

J €
zebr aﬁo&% ]!On 1;S}cg of in
vitroLgsé{: é g ‘ﬁ i-|2-cell
st age ne | n| ec LS Were ral S autlcraossed tao
4365-537he WPlhenifl fipemend ednteihig E@Pdoding efémﬂe)@EQ\AEr e scr¥ened

for tNe:1% faapriieomel| MW@@IQE@ Piggh K42 18N
(dri yNP:Idppesived FompREEYNb(Clenechyt abl e ECFP gxpr essi on

5377—57‘56 t 7_953’3&1% cis%&xﬁ;%&@équéﬂc@es) For- screening [of thy

driver ines mfepristone was added to the lgrowth
5751-7988t ef p%lyesgnmlﬁfh\&m{:’aﬂéeﬁ@?% oRLAROI) hpf | and &P
EXpressing Fi_enbryos were selected and raised. Only
the lines that segregated as a single |ocus (produced
1:1 ratio when outcrossed to nontransgenic fish) were
selected. Simlarly, yéﬁﬁééector i nes which showed
1:1 segregation of cry mar ker (cyan expression in
the lens) were selected%mw& did not ascertain copy

npbet—but—onl-y—used—t-he—1i Res—t sggregatet—as a
s| ngl Brmgame Thed e | fopaad cont ai REQIENS ¢l dsel y
| | nked copi es of th ST T however, it doed not
CONpSETRIKRo!l | ne mai nt enarice or expr essi 02l anal ysis.
[ B9+H _”Tfngm: R vvas—ﬂ—?%d—wﬁ—RNﬁ@sy—rﬁ—t—
(ﬁ%%lﬂeg?. cDNA was synt hesi zed flrom 0.5 ng DNA firee
RNésMBIIAS. 5 ng/ m| randonF hexanugl eot i de2&and 20u
Clnorceori nt [+ A
“ILexDBDREpn' =~ '/ R 24

PRILBDFKpn F 25

PRADRNot R 26

LexOPFSwa F 27

LexOPREco R 28

CbBFA F 29

CbBR R 30




Reverse Transcriptase (Invitrogen) in 20 m . cDNA m x

was inactivated at 70 Cfor 15 mn and diluted 5 tines
waowdob/oosser. 2 m of the m x was used for PCR BT1/R8G2008/000237

specific prinmers: for LoxPR transactivator

aaatcattgccaggttttcg (SEQ I D NG 42) and

agcccttccaaaggaattgt (SEQ ID NO 43); for EGFP reporter

acgt aaacggccacaagttc (SEQ I D NG 44) and

gt cct cct t gaagt cgat gc (SEEP 1 D NO 45). PCR was per f or nmed

with Taq pol ynerase (&é en) in 20 m. The PCR

cycling conditions: Vg (94 Cfor 30 sec; 55 C

for 10 sec; 1&2A Eﬁfe&@fc&@trw@arge&@@is&hctﬁm in situ
hybr i di zati on; mount in %&% hybri di Z%tl on usin
t

[0080] oyt 1R A S EPnpRgL ﬁﬁ%%s?)f%mme gng a3ppg the control of the
zebraﬁshrcamaﬁ;t bé’taqui’rorﬁdS’téi' B&Rd Bbat BQH/\pdlithrhIiﬁé{ﬂ Qs@fﬂdnﬁe nopahne

Roche 131 carried oyt as previou ffl
Synﬂ’asf GS%’PH’BVra%XB %\-’\/’832?’%“ OPFER) and AR | ARE |“P§ﬁ |Cz'“é1f i
Mosa:cS.'tn%’s BESIpBikbleYy SV 405 pﬁ@ﬁd&ﬁﬁxdn@edﬁ%&e%é‘sqﬁéﬂa}ed &5 dioning into

{j usi ng Ni kon SMZI 600 stereom croiQ pe. | mages

PBlueS%@? RS *‘APZE%"T\}&P’FHHNS keETinBhaf-TeaBERe SaEFREeI0 gﬁr%r%?nmom from

maize (Eiﬁﬁyﬂoﬁ@MA@G? X ). m?ﬁmmgg%g E@@o‘zﬁ&fﬁﬁrAku%foﬂ@ar@@Bad B (“blue
. ot oshop softwar e e ase

eyes”). hﬁ?é‘*ﬁ%@ 108198 MR 159106 1eRsed b%(’b‘%’@ PR SpRISEHE lines carrying

this corfstngoX Blond bt \eef bantudee ROdduble 1o sdrfyiiptthe {1&1%9;1 dtivENBnstruct,

t t F' 2 di f .
The B btseduen el o e o ep S o P BB Bl P gmiave

restrictibi gitef. Whd muemfse detdiblAreshowh Tttt | Thefpmm tdy@eroascadreshiosvh in

rone 2R G D S BT R S, T,

dorral n fromthe human NF- tcB/ p65 prote| n under short
zebrafish keratin pronp {\E SV4O early pol yadenil ati on
sequences; nopaline synthasé term nator; synthetic
LexA oper at orCoamdneE@%I?Lam@éffemrqunmuoCaul i fl over

Nudl “gsal cVirus—35S plUllU Was— Pt epared—by L,gugE
uee Hl‘%l 2| enents by sequenti a‘i cloni ng of PCR frag g?ﬁs i n

1-662_pBI ¢ 9BluesstipSK(+) vepior DB CEWE23. hiGIg80&h i nal

663 89 LT ST &53%1 E’n'al_.f I%H lIIC ["l—cllpr'UbUI[ I I OITI IIHI L
( EnellVanov ectl aiiu E%twgéce The heratinS pronotier a?d

899-91¢ he Ewm@lﬁ@%qm are flanked by uni que 31

917—15%?;’;]' %Balgiﬁgﬂ %’ ‘Fa?l ‘ﬁﬂ'k"’vg% 'd%i-c g ggﬂn lkijngﬁ:;f'%z

respé@i3 K quence s are shovvn in Table
1. Thhe priner sgouences are sh wn In Table 2. The

=N

1552- 1@9®s(l\lb ( Symhatigr -spayPRas4 ) cofiainings deprdide Sits det €rort h i A3 SEQ
DrAgnbimsBl E 1 Conponents of LexA-Driver and

1606-1738P 01 FREMERN8driditihe Ahietie THHOAE TSNV fom 34
pGene/V5-HisA (Invitrogen).

1749-2475 Fragment containig ECFP sequence derived from pECFP1 35
(Clontech).
2476-2490 Synthetic filler DNA sequence. 36
24912756 Fragment containing BGH (bovine growth hormone) 37
pobyadenylation sequence derived from pGene/V5-HisA
(Invitrogen).
2757-2795 Synthetic filler DNA sequence. 38
|
2796-3413 PCR fragment containing nopaline synthase terminator from 13

Agrobacterium _tumefaciens (NOS _terminator; SEQ ID




LexA-Ef fector Construct (Target Construct) {0080] A
DNA construct (Figure 3) carrying the ECFP gene under

wao b@owoaesssT ol of the zebrafish Crystallin beta BCT/SG2008/000237
pronoter followed by the BGH pol yadenil ati on sequence,
nopal i ne synthase termnator, synthetic LexA operator
and nCherry ORF under mnimal Cauliflower Mosaic Virus
35S pronoter, SV40 early pol yadenil ati on sequence, was
prepared by cloning into3@Bluescript SK(+) vector
containing termnal cis-required sequences of the Ds

tr ans}ggsb‘ﬁ, fynthetiarheszepeaRred Fand pindingaites) (88QG) . ECFP
i s a|d3nNRddbi #de CS@Q\?W Adospigr Nisps 39P mimdmalgenesi s
(" bl |@rompies" §SEQTHE Blishta sésriged dfomnaHE10y iBenot

i ndug é@ﬂug%ﬁ ified domepBRA Otnlasmidypevnathe primerscar r yi ng
this TiSyeandLondRige. ashrlotnd vsing §eeliEdoRldqubl e

3414-34441N€3 S?ﬂﬁé’ﬁélﬂﬁgrﬁﬂg sapgiromalr driver constTutt.  THg
nChe

enry coding sequehce can be replaced withia

3445-4157é7queﬁ€9€m©1ﬁt jonteisingsm Chginfjudrésaemks mpteinisegyencedst ri 4@ on
si t es daied Sepppeie tmgbaryy (B frpmeDs Bodgsuthasaiabl ¢ 3. The

I g U e I 80 e on
L T T S LR S0 BT o T 1

SEQ KD NO-47 TABLE 3 Conponents of lLexA-Effeaector

4411-48n s f St EDdIemived GeERst i ng Transgeni ¢ Fi sfj [008Y]

4785- 6555'213”‘ ?Bﬁ'e&nf)t' SK+HFRCloY DRG, (0598531 @1%8@67)t ne dniver@nd

fec constructs (deqrrl hed in anrm es 2land ’2)

were generated as previously described (Enel yanov et
al ., 2006; WO 2006/ 124001). Basically, 5-10 pg of
plasmid DNA with 25-50 p in vitro synthesized
transposase rnRNA vvasE%é&Pﬁ écted into zebrafish

enbryos (yol k certteaer)amagtnmgerﬁcﬁs}pell stage. T he
ect ed flsh were rai sed and out-crossed to w |
[0081]tyJBr@n

sgpruey fishscapry g iinsgrigny e diver puhstfeston Frasiels %‘“cfﬁ‘é-’d’d in
Example® 2t Hd 3wk peditar aebreiuoﬁm fdegtiibed @rﬁ@ijﬁnbﬁtet an A6 2Wo

ores r re | ected d
20051 PR OE PR B R g DA MIR 20 TSP aegamReed
transpoiés& mENALw&se:aﬂilJSctédndtd)&e‘ﬁkaMCbm'ﬁr@h tyolk Gﬂtﬁr)’alltﬁeel@ b@ﬂ stage. T
ri stone ver l.ines
he injedlid e e b kot IO HRE e L b Restin Bp b rifespingne
was addpdriolthe gvewid w:gaeerelt atpdd fiadccopeeptlativacht 2ahpHargl GEpHudréstent F;

erns activated in presence of
mbryogé'%re%ag‘l’t?{;aﬁg a(l gur es 4A-4D). EGFP fluorescence was

observed in the transgenic fish approximately 6-9
hours after adding mfep{jpsEane to the growth water at

1 mMand 100nM fi nal
Reporter Expression in Transgenic Driver Lines

Is Induced and Tightly Controlled by Mifepristone
[0082] Transgenic driver lines that carried LexPR driver-reporter cassette inserts in the
genome were generated aﬁd produced various reporter expression patterns activated in presence
of mifepristone (Figures 4A-4D). EGFP fluorescence was observed in the transgenic fish
approximately 6-9 hours after adding mifepristone to the growth water at 1 uM and 100nM final
concentration. Strong EGFP expression could also be induced at 10nM after 24 hours of
incubation. The lowest inducible 1 nM concentration generated significantly weaker reporter
expression. Importantly, in the absence of mifepristone, neither EGFP fluorescence nor EGFP

transcript were detected in transgenic embryos (Figure 5/lane 1; Figure 6B and data not shown).



concentration. Strong EGFP expression could al so be
i nduced at 10OnM after 24 hours of incubation. The

wo ewes08s3Tiduci bl e 1 nM concentrati on gener at edPCT/SG2008/000237

significantly weaker reporter expression. Inportantly,
in the absence of mfepristone, neither EGFP
fluorescence nor EGFP transcript were detected in
transgeni c enbryos (Figure 5/1lane 1; Figure 6B and
data not shown). Therefor®, this expression system
allows tight transcriptional control of the transgene
Thereforg; this e¥preseqeysian| @omxg&hj gusTEPtiquabeirolapt; the frgtseeng i no

detect Shadoes not turn on until 4 5 hpf (Gong et al.,
eecabger% enerated transgenic fish with materpal

[0083] exdtheughi éﬁgfnf@m’t%ﬂ%es FebEt ep vpbh 4entRfnGope i pptig:> we

generatédpt@aﬁlkéé&\é #=h vﬂh-l matgtggl‘@x;;re@s?(gl k&atied prdiotabiih iehhon &-trbfbi
Sy stemto regul ate mat ernal expressi on of t r@gp,s)g)ressmn of

(ParinovTiahs &M, andt tesieAdhe©UER ob BYS WP TaiaR Fate

transgere® nﬂaﬁéé@ﬁm [y fehﬁl%'s haS QR TRS MWRF-BGFP @8hshdctvih tieir gefidvhes were
m fepristone for 12 hours_before crgtgsggﬁtot e w.ld,
treated wifp dHMarideprisivee {dPrhoBrsirg Mesgsiodhy FUH WP BR eir

offsprinf W49 b 8&RE ol EDED qmsremeﬂ&lbaﬁwhaibta&tams:ramlﬁﬁh Wié hhvisolated
|solatedferralesfromtvvofamll t hat

females dyom. tiyg dapifigrdhat prrdueed GES MO Ve eReh llowig g?&‘é’g@ég“ﬁ”

Therefold) §e@10gtne LE¥REL SRLne ¥RT BS Hh@NtoSHEhiR lﬁaﬁmmeexpseegoxt of
regul ate mat érnal expression of transgenes. [0084] W

transgengs-d not observe obvi ous side effects on zebrafish

[0084] dewe lafapdwe BEseH/%loBﬁoﬁd'Hu& éﬂ?&&é eRzerAth dpadopniedtisinigahis wystem
concentration of mfepristone (1
oven urgh O COREE Tidh CSREANOD SR RBGRS (0gNe it et Bt g
shown) OfAlth‘&fgﬁn@ euep RS dmdunticiu bf sgorgaepyession edunijppestly development
casional ly cau develo t al .
occasiog r%?‘ésg‘? %ﬂ%\}meﬁ?le?da eCoV orélr%e Bt na %e}él Mn%tre%)igrg% ppd did not
exhibit fifphblogicd eemtmalitieor mal i ti es. EXAMPLE 6 Rate of the
Transcription Induction [0085] To accurately estinmate
the rate of induction, it is nore appropriate to
measure the transcri pEXAMPREG t han the protein
product, espec &Pﬁdﬁ’ ohnterest contains
sequences for E%&o}‘thefrr&% or ot er non-codi ng RNAs.
[0085] Hehe eccum@lbemmat?eﬂje réte of pdedtion.cifromale aPPERSRLE ith fiegsire the

k s fi
sl SRR PSP LR I g s b

RNAi, (opiprgRiNAs o6 BheGRon-paskng. RN&sp Hersse Wengaired e spatiotemporal

transcnbﬁcﬁlnx%%ﬁéectodxﬁiféﬁfstohé RrohMusBB Wiie Rfoht 1 R I56HEzation to
ression pattern shown in Figure 4A. The F enbryos

dotect FGGrumy (PRI ReABo0R). oHardlis BPIRSET Waniord Pé‘ﬁ?‘igg% ftver tine

with anfe%’e[ﬁhél@rab BGFe RS fn dRkrAkHodMah Bigafe 20 ’ﬂﬁ@ﬁéﬂﬁx})&ﬁﬁ@m this
|l ected at various tinmes after |nd

line weredpsaiPt BAEh§ AMHSRFRBIone FEPGS EPEIERS W SUPBLp! 20 cmbryos were

collected at various times afier induction. No reporter transcript expression was observed
without induction. The reporter transcript was first detected under the otic vesicle/ears 1 hour
post-induction and its level increased gradually during first 9 hours of induction.

[0086] EGFP transcript was observed within a subset of .the LexPR expression pattemn
(Figures 6A-6G), mostly in the areas of strong LexPR expression.



wi t hout induction. The reporter transcript was first
detected under the otic vesicle/ears 1 hour

w@oempoissaduct i on and its | evel increased graduaPCySG2008/000237
during first 9 hours of induction. [0086] EG-P
transcri pt was observed within a subset of the LexPR
expression pattern (Figures 6A-6G, nostly in the
areas of strong LexPR expression. EXAMPLE 7
Thros-activation of Effé&etor Expression in Double
Transgeni ¢ Fish Harboring Driver and Effector
Constructs [0087] ToE¥aMIMEtTate the feasibility of

usi ng LexPRJQ&&%&Rmh&JHF%ﬂE&m@E %gmgﬁgpsgene expr essi on
| UhaR fEl iRl it megéaegfm Candkée ef T ect or
construct fector cassette

[0087] hde Wlsmensiraigethe ﬂe@wbﬂllf@dOff PW e tdrierotingsnto” f¥fe Fanpgene

expressm?ﬁn gze[raﬁsh %'0%19 at LQ'lB?f wh NRndrB¥ PR BEAUERCHRT (BXMTRY FDry:C-

i ns czs-required sequences to
LOP:Ch) sl qﬁe@to@asaemwﬁm sensdoraedHugreseey Peotain ot hary” pedsr the

control o‘ﬁﬂn‘? F@T(ﬂﬁ%qatﬂlc@ YL ShpRESECitl 443 &?I {Iﬁﬁ s BCRR uﬁ'é@idﬁﬁuéma% to

e Ze raflsh Crysta bet a pronnter
facilitatevghansphsogerrdiaiaddntegrytion intofbr gesermn end 4nrexiTh sclpoing merker BCER

under thegégaﬁcg’of gf‘zeb?ﬁisﬁ @;iys% A} proflder W}ﬁ&%ﬁﬁ'a‘c@(ﬁ c}aﬂ Sluorescence

tional marker facilitates generation, se€lection

in the lean (Figimed §48S, B, PP and JBATIED).i &8 prospape of tthg,pdditional marker

facilitatel [ERFGER | SiektoReRdCRAME BY trmgenlme Khes e FiRCEtHle 'txﬁ%@érﬁes liheld
t fel r genome. wer e ggner at ed backgr ound

cmwngﬁhqjle?xésif@ﬁ*e‘é“m ig dsgcepame ﬁvewne;ﬁte hé%elraﬁlé%?w m@wgg

fluorescdnb& FhE detitddin ln§ ¥ M ERJcioS tiaBCwealddByiet 1 QDA Aifeblifd@®. The
were crossed with the driver-EG-P.lines an

effetor Y esgerpeed PHB % ey ERGY e e e FAFerae Fhes Fgyips both
constmcﬁeﬂ RS MBRR Wt abtaiael. No baagk@ho BoEP BGl thetedy ﬁﬁ&efcéx)be
| uorescence was detected in the double .tran
was detetied 1 i (gD e PR PR REORIP RTINSO G BT one yon eatment
of the dBﬁtﬂi@frﬁfEQénld)&nﬁrg& bl @Atrﬁ&@&geﬁeﬁ': (g?ﬁrﬂaﬁc)tﬁzﬁs ®AHp/diver\dnd
Li Stone ot orter iV
mCherny R8P YRt PP e S el ok 4B S g e
lines can(HElugadrfe:StraM-ﬂctamibn]df Be. geﬂ'dslmﬁmtdrdfsfs ctimed/mito the pifstor eassdiie

[0088] u%]% r%a t ok serv%# e%ﬁﬁ' for 1n re%??%%g@{ess&oﬂt febde 'i)? both

clShag it &t h casse
reporterd\GimrdsHé ke $ 8B, fe-8Ch84Ar 9B dnd amxdgm i Yariggatiothavas evidant ¢een

among cglkocg%% S%:%Q t}é)g{ne%hg %Ef&?ﬁi‘. égsg(n% glgg%tl(pg%lgtga cé%ﬁse %resge& %oth
reporters bairthe palatiye dxykll f expresshan waige sngylﬁeanﬂm tome esHsrshofried frighter
EGFP i Es@&fe@ﬂéﬁ Bonehh P Bdoblo\ohefiht HCRHEY BREeOWhs briehter

rters, atlve Xpression varied
Three dlﬁﬁslgnﬂ eﬁe@taﬁlmey crogsofirto thelsinse drivoniint ypdugit dighibgiifferent general

e of BRERIGEy ARG AEY ), BRI e o

effector érmemr@ mof inprsssignifirgnicilan &et\ﬁee@am obpervg petwieprp different fish
within eRhQEERE (Bki:8¥A YoabiEhf erent general |evels of reporter

(rrCherry) expressi on (data not shown), but the
di fferences between the

EXAMPLE 8

Delayed Downregulation of the Reporter
Gene Expression Following Mifepristone Withdrawal

[0089] To find out if removal of mifepristone allows switching off gene expression, and to

determine the time needed for downregulation after mifepristone withdrawal, we performed the



effector Iines were not nore significant than the
vari egati on observed between different fish within
weawh/oefsspri ng (Figures 9A and 9B). EXAVPLE 8rCrb&3008/000237
Downr egul ati on of the Reporter Gene Expression
Followi ng M fepristone Wthdrawal [0089] To find out
if renmoval of mfepristone allows switching off gene
expression, and to determne the time needed for
downregul ation after m f3pristone withdrawal, we
perfornmed thefoll ow ng experinent. Transgenic F2
following l’d&pe}‘iﬁn&‘nt: arliryisggict Ke edbiyoe rcamepd thee driveoreporter ceongipmice were
a t [
neted a 36 R glou Gl bl R oIt 16 32 o O Buce
the EGFP e@ortereev;pzessmne gftep ih or I hasrs of nuifepfistoteggatmept, the embryos were

tre . r j
s ff, ) BRI Uy SUOEES M A0
observedﬂrﬁ&pﬂ‘olr&ﬁi@hélffeﬁﬁ:@nésl afier witlplsawa ofimsfeprivtame v duipaaitel, we also

observec{n rﬁgsetg %eréj Eqn(ﬁ[o%gg trtelit ga:“%tﬁ‘ftﬁeedrué/m ’Eﬁ@d{em be B e§penment

erved e 0S
are shomhaﬂ’abbm@ndomnmmdsﬂ Valﬂq: éaﬂb@l dam trhTabliﬂe4 tiraligned piaeording to

time aﬂeg gﬁcifémtx&on% 1&%9&3@% ?S{ J:o'i[i% ondY 18 d%?éw dé\%logﬁ%tﬁ tﬂmﬁ;nélﬁg é’or

Ari zed e data In ﬁa] .
the embeywe treated fort lohavr red A2 thewrs Hbp@rdatmestsestagiet 148 pa haD, Tonapid

confusw?i %é ? ngmg gexgi ﬁ)@ﬁtﬁgﬁ?eg gx\é%d?&rt@n taalirbd QMﬁgédOrleHescent
eate hour and 12 hours 9both

stereomicros@perAs Bsed fax rrtn@a egtimatign nﬁﬁl)‘: EGF8 fhpespesneco ivelasive brighinges

between%@e{(gxﬁér%g hﬂzﬂhg &%ﬁbp&% bntinh PR Plafed WA 16 §fifepristone is

| uorescent stereom cr OSC}EPG Wwas used
arranged oy ﬂar@ulgwl%gs mﬁlwieénn ofablee B pbyer g raiTe flagrescence in the

embryoﬁ%rag '&é s B iR RgsR-Ret Waeh SiRRieX @Qrﬁoﬁ%nﬁreaﬁﬂéhtt\bi@:& 1pM
control ~enbryos contlnuousky?tre at ed

mifeprisieng EfablesD o HETF dranscrBips i eterPelRy B&?&Ré 9%‘/5 aﬁ%ﬁ veddeyal
of mlfeﬁﬂ's‘to;[@ﬁlnﬁ tHo wil (PRERISY %e Eﬁﬁ% fowd e L6 efenttafiod €10 nM and

for 5 days prist.o e
decreasipip e JRBHRGY PIOORE B8 hRHEHES SIAEH OF 9P s RegPisp g ales
4 and 5)( it Hle@naimunelprstibm1Rsel prqducedandea kisse dédoaod ethdingndT RER
5 days after withdrawal of mifepristone fromthe water
(Figure 5, lane 5). By lowering the concentration to
10 nM and decreasi ng thﬂBLEngth of exposure l ength to

b NOWrt e B ER RO AR Q¥ By RELAAOLLANGE, ( Tab! es

exp essi produced
N d uct [ o mepmed etprarign afer RS withiiBlaE 4

f E‘ﬁﬂélllgﬁﬁwﬂkﬂrﬁaﬂ) Report er
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Mnimal Tinme After Mfepristone Wthdrawal Required to

Swtch Of Reporter Expression EXAMPLE 9 I nduci bl e
waxppeessson of Activated K-rasV12 in Transgeni BCT/SG2008/000237

Zebrafish Using a Single Driver-reporter Vector [0090]

To denonstrate practical application of the LexPR gene
expression systemwe used it for generating transgenic
zebrafish lines carrying the cell-toxic K-rasV12
oncogene to test if it i® possible to manipulate its
expressi on during

& MV o i ‘
+  Fluaeseage g@eniss ‘&le and desplte the reported

* Fé‘POF‘?SE‘?néi\"I;? ¥ Oi[?%?a@ g ancer _tra

- P @Frfo fesegpce (% aut uogﬁfeéllc evg S]lné\N%F Eﬁgrescent
PRI sed EGFP- Kr asVl 2 excl usi vel y in skin
epithelia. The epithelial cells in these lines were
severely abnormal, but é}léd not affect devel opnent
or viability. [0092] Tt overcone the toxicity of the
EGFP- Kr asV12 t MinisgeTiee Afer Mifspesdoniet i nto a
dri ver r a&picidtasial Rapﬁedmesmmm@ffd@onﬁrﬂm@ss&@:P in’

Exanpl-e—2)y—andrused: thg fesi-tyag-construct
n wﬁﬁ:ﬂr 3 uI
Ds(kr}8: LPR- LOP: EGFPY] & %%ﬁﬂ:g%@m%m 48 EGFP- Kr as
V12 corrpriées Teeot 4u-mu,. e-_sefuence
\wavany ug:ﬁ '§'|'\JJU J17 10U, \ Idalyl L,UII!.
EGFP- krasV33 ™M has bf‘f‘d. F-evi-ogsty d%sa?. +bed—n PCT
publ i &h L DAL RPN BT B 342yt generate
J‘ﬁml we b8ayy o o, |\2Lda)(§ RPN |
t ransgeni-€ ..Hn. Ve—bSed—short—put-Seor—expopure to
m f epH-stere—t100—nM-m-fepristene—for—t—hotur) at the
24-hpf stage to screen Fi enbryos. This was done to

ensure survival of transgenic fish. [0093] The first
result was restorati m i ne penetrance of the
transgene: we have o%@%’?g (7) out of 8 screened
f ounders ( SRGsdhaRsyeses bBActvee) K-whi ch produced
tr ansgéharrsgqmrqﬂﬁraﬁslwxﬂ&ﬂqg dBinfle Diver-@pick Vaderescence
[0090] pafot c?en‘ﬂ)nstr Qaclnpﬁ ‘A@Qaﬂéq@ tﬂyL&pﬁ :%ﬁ O ressIcJ?;' tem we uged it
t ransg enesi s thie transgenesis rate
for genmtmgrm@ns@sr(lk rebSITEIGHRYs camns@wemell—(oméﬁy@n wneoEeng|to fest if it is
]Pﬁ.];dg LPR- LOP: EGFP- Kr aSV12)
pOSSlbleZtgglg)n{p{l gtgg‘fﬁrésggnﬁl td%c&éﬁet

I ne penetrance. In one of
[0091] t H¥s dadl ipresipnshe Rignented t@ngeéﬁfa‘le trahancemisapelines dhst logpress a fusion

protem of‘ ? g qul.l gctltvgt%d i@é@]ﬂp'} ME@?Q@%@l%a&@Eﬁ %EEQ% @)Sé&h@@h@P-

m S, as Inthe epithelial skin cells,,
)aﬂmsgm @mmbéisheﬁeda@asu Howeves postien of RQHPyyay ~ drastically

We%{xéﬂ%ﬁce]a%g)desp-l;@ O RYGEAFET RSy 38 W26 DL S bidincer

V12

e s
-

reduced( rc]ﬂr

trappmg (Pannov et al., 2004) we obtained very few lines that expressed EGFP-Kras
exclusively in skin epithelia. The epithelial cells in these lines were severely abnormal, but it
did not affect development or viability.

[0092] To overcome the toxicity of the EGFP-Kras'
reporter cassette (instead of the EGFP in Example 2) and used the resulting construct
Ds(krt8:LPR-LOP:EGFP-Kras"'2) (SEQ ID NO:48; EGFP-Kras"" comprises mucleotides 4415-

5710; the sequence comprising nucleotides 4396-5710, which contains EGFP-Kras''?, has been

transgene, we cloned it into a driver-



treated F2 enbryos with InM m fepristone at 10 hpf
onwards. This caused specific effect on the shape of
w@edvmogsBat express EGFP- KrasV12: cells of thePGRBG2008/000237

epithelia and notochord sheath were enlarged, did not

forma continuous |ayer but instead, we observed

clusters of cells. The affected skin epithelial cells

| ost contacts with the enbryo and eventually shed to

t he outside environnent.35Enbryos had shortened axi s,

abnormal brain, cranial structures, branchial arches
previoushyndbseribetindS T( b lied sprligaiion Ng) WOTHF/ 01184 B) ) generate transgenic

fish. W%?%e%l F%ggﬂﬁ Q‘_?@§po§§r\é 6?&%&%@@(}%%@&%&&%@%&&)@%%

hi's np enmonstrates the ease and
24-hpf sfagaivishrietni KiypmbfyogeHeis wey doge torrasurasiryival af rageswicifBgeni c

[0093] ar’f‘hgf}ié& r&éﬂﬁtw%g%ﬁ&%n&noﬁ genglfn%qﬁ&%@ﬁée oﬂl&esﬁfsgea& e@éf have

be use to study effects of not on&£
obtaineda touy pf §, sctsened sfounslerst (§8¥ waneesgesie Bt atbich 919 C%dh%ansgemc

progenygﬁgﬁld%%f] led ﬂM&Eéc&i&% &&&ﬁ@ heR Gndukb &S WaE hifepi@lhal IR

id in cancer research.” [0095] Non-induci bl e gene
transgenesipratess ity JhecRSEANPSS rzxterpé thees (B BCTINArapigsen (Hgelyanov

et al., 26&8’%{1%6%%1&*9 %&t@i@w&%ﬁﬁmﬁ%wmayseﬁ@dlﬂ'?M?z[ﬁ’e%g e%hﬁ&

. I'tan cell cultures (Hoshino et a
penetraricaj Innelof these lipgyomkprengien &ithsdearsasne gpuld be futyged lsihft%veéﬁ?a’g

forebra@I n%%%or@&@% colldedsGyelWE i BY EpifEIiP A Ltk 8fkilubAtio Bhe basic k18

ased transcriptign actlvatlogzsysten1can be_ used
promoter oetivin et d28dRe- eXpredies SFFPH v oPrsTp & this line, we

treated reﬁﬂﬁﬂ?ﬂitﬁ 1 Mﬁrlﬁl?%ﬁﬁhﬁsat 20 Hpff RS MBIk dubtd sbécRMSFRE o the

river |ines 96]., The LexA-base
shape ohfefle SPBRREPHIBERH ol ikt Sobelissng {PicRyEhheath were
enlarged QG h& folth ag&iiiﬁm&%l@ n8&s bﬁtrhnh"ebddh wéCbb@&tf&lCﬂasbére obasial The

expr essi on the re orter e in_.the
afecidi i PGy P UEDTDS 1o VL B SGPOEr B SEPTRET G g e ouside
environf€it 2 Eib8loy hiPgibrt&ied Gkis,t dbGortrabaia ¢rfitial b&ﬁcﬂﬂﬁs, einedil abdhes

BNECR AR YT (P T —

ome§ﬁﬁproxinately nine hours of induction.[0097] Transgene

b d t
ose SRS IR LT o Y SLOBARL g
transgetioanimals (et exipr ¢std tmsgdnenalles sietegp shygidChesuseful tOI’@dE? gfects
of not o?;éfrlt?e{é Iel i t?gouft Mﬁﬁgr &Qtoégngs%&bé bPRE d@seeicg nt of vanous organs

ion 'S 1S sentral when ying t
and tissefsfiezsbmfigf and in eanessgespaclon early devel opnent bef or e
activation of the zygotic genone at m dbl astul a
transition (Pelegri, 2003). It wuld also allow the
[0095] c oNen-infiuciifle gerp prpsestion systemg atifingthe Lo DNAendingosgiriave

been prédlaglg%ye%nmﬁ Ehv‘ég&rétésaaﬁﬁ SEASENRL S SIP Lirds I@H&éﬂﬁ% &t g ehdog;

trimental 98] The expression_can al so
Lai andd . 200 etlpeck B lﬁ98aSWﬁcﬁﬁd BiegteP0P) o Heregwe b@ﬁﬁ&rﬁ@éﬁw

that a Leﬂg lBQsteH QQnscx@ﬁ%ﬂ abdvatiby sﬂiﬁ)y&n 3t Lk 57 herihis Eé&‘l@ %xpressxon in
drawal (follow ng I2 hours induction with uM

vivo miwert@mge@t: aﬁ@m_ﬁﬁ &nd Ppsrerting rapreiq P eCRS be det ect ed
[0096] DYTHRTT &24Fbasddt mifSprR@nsiikusiblNgbtem provides stringent control of gene

expression with no detectable basal expression of the reporter-gene in the absence of
mifepristone. The induction of transcription is relatively fast since the transcript become
detectable as early as one hour after induction with 1 uM mifepristone and achieve maximum

level after approximately nine hours of induction.



mfepristone is stable and remains in the tissues |ong
after washout or it may accunulate in the yolk due to
WO e@olysssophobi city. Ot her factors include stabtCT/B630080H00237
the LexPR and GFP transcripts/proteins. Lower
concentrations of mfepristone and shorter induction
time are nore appropriate for swtch-off experinents.
Publ i shed data from nouse and Drosophila show t hat
both the RU486- and the I6etracycline-inducible systens
require long tinme to turn off (Chikama et al., 2005;
[0097) Rcrmageae explressior2 @@ bp indfibedsat amudevelpgpenial atag%@ag @rv@hwt the
e FG5@IcRNn HPYee b
sdut i AFHHD e HE W B plRRIOR o BHRY EcRn UG oy
exp031n§fepek$ tmmnrtfesmsta’mmf@resfepﬂuw@egha iy m@halg’zhea etuflyjrg the offects
Lo 2 o LG AN ot
of a sty Gk Ml LAREIERAE bE BeaBal JEShL Al gidele
transition IﬁPﬂegﬂub@@D Gfwanbl dlsp dlqmr @SSFDH‘RPI lOﬁ expm@mmm germ cells of true
r. detPRst in the
transgengc ?F eh(ra{él'lnl;a?s%vlgﬁ exgﬁk&#l lgglr?g%r?’tﬁ%t Fon of the LexPR
[0098] Hdme\mmssmwm ded bs swnlmtd effphe ek e chucly wowen zatesas SPmpRPR
1nduct10{n r @U&laa? h{/e}/ c@a&? £ﬂep {:n #&%‘?{g]e Wlﬂﬁralvﬁl\/(ﬁhﬁwgfg 15@%&’3 mductxonlwnh 1

cript, hat activation I's not si
uM nnﬁmnd)eﬁlerrdm'ler mcnﬁycabebes despoiadt b BTrRER o itD ﬁosﬁgble that

nnfepns?otng & stJ ?ecing lSnaidstin \ﬁ%SUSQJeg Yd gléﬁlsrmd'sﬁm bf £ anagl r.']l@rgumulate in the

ransacti vat or concentrati on coul | nport
yolk dugaioaiteehipdrophabicitie thery factomningfude staikity Qé ks LeghR ad Gre

transcn;és?g&el\ﬂgl ﬁé\;vi c&éeﬂ@é&ﬁh@&ﬁnﬁé&%ﬂe ¥shEer (BRe%I tﬁﬂéjare more

. Stronger_ pronoters and enhancer tra
approprigieefat switsh-offhexperireenist PrRlishednaia frpm arquse A Prayerhilp .sm that

both thd Y48l QUEE t&ﬁ%ﬂmﬁf&%@%ﬂe&@ ré&&n@loh@ kigRtio B8R 6t (Chikaka

possibilities that may lain this include

et al, 2@%‘1 |Ropesict ple 208Dt o'Fl%‘Srl de@a althpugls 39D PSSP ST

transgelﬁcéxbfé@s‘idno rihay Qe R be SRRGE ﬁrtﬂd’rtfgr EWHRBFOTE aitpletiitrts. Tabless
must C;a en |nto account when i ng .an i nduci bl e

providey opet S VEFHE s CREFIAEE 1 BRELSP 8P
[0099] t rBAGEGHH0E f}ohﬂfhe Wiek QP W bdtiotted ub]nyqnuatsﬁxuget eX pells xpregsing the

Lo SERGRIRS S0 Pk n GBEHEIS, & BRI R ol i

concentlafitg @f thX [LetPRsi diovetoemisomef celld ehat reapnsaed ilywatlevelsc ah LR

d ' ' |
e QoR AR 85 S5 T P B 5 KRB RS0
dose deyélg:lgeta’rn]‘xgﬁﬁ{ éi pmrggfcf 'tmin:ialatmtm bydmha:dactdm eftevasgsevimuel reported
that h'altsactgﬁf)i Shon cduld B ah R R?rFanJc grar?ig?r\/\ﬁl {hF %‘ée:ﬁ\;ag& of target

sys eme ? icie
genes fox meﬂsYPlﬁﬂtetﬂ indueibleabigerdty g/s‘wms (BC[%ﬂ(am} Gmrssndgehi c Stronger
promot%? a%@n!hé&?xstr%r 81@111{9 %r ﬁa%qﬁé %% ?—ﬂ}t é)fexlﬂge?éﬁl' Clt fn?e@nﬁ@ roduce

nt ani nal s be Ing to the sane
broader sixpressginngf] @ targek genes sPther pessibities (Rl g3y e3pIgiA- BT, m@mde oii-

spec1ﬁcar}gctc;r9%ngzlved: Ut %ggmrﬁm&ﬁﬁe#a?dgmt ob-CXiRedfid Nidls

same ani ma river ector) also produce
1mpennnmhth|'lﬁngs Tovast b@tahgl info asgpmb wheromakimg gruindecitlg Arivarline using a

well-de%d%%mc%é‘ or%%aﬂgéqml%e %m uniform ubiquitous expression. Depending on

the task, specific expression of the target gene in the smaller domain compared to the larger

expression domain of the transactivator can be an advantage, since it may allow activating

expression in specific cells vs a whole organ.



Nevert hel ess, we observed variegation of reporter
expressi on anong the enbryos fromthe sane of fspring
W@ Biogoss37 8A- 8C, 9A, 9B and 10A-D), and nosai CPCT/SG2008/000237
activation of the reporters anong the cells of the
sanme type, which appeared visually simlar to
position-effect variegation (Figures HB, 8A-8C, 9A 9B
and 10A-D). Mbsaic activation of reporter expression
was nore apparent in dou¥l e transgenic |ines that
harbored driver and effector constructs that allowed
[0100] cdmpmrdcBowhaé EGHR exmpisioneyas doduress dermwasgandhsnorg #GFR dhan
Fi i 7 i0-
LexPR bl St Bl el TE/A BOn, Sl il GPAAS d Bblion
of the tagpepgesesi on from each LexOP varied i ndependent |y anong

[0101] thﬁmﬁgér&c L &P T ORE c&ug@ﬁga ApY&sit ﬁ%&n&e@e&bﬁl alﬁeént

S ar o_unc arre insertion sit
animals Bl gineetn thesthie Breshotisivelar prroefeice tattsimiFlzres §afiCe 84, Qﬁ and

10A-D). ”%ﬁﬁae%&@ T&%Q&%é&de&%e&@?& wRBA! thé O ffiRAl(aNRE 5&9&%&@

es not or role in the variegation. This is

also profilanetrwéqhnmmﬁmq @T'CPXBVS%We(Ff@EﬁF 3 1Ah BB, $858G: 19%m 9B fapd dQA-D).
Neverth&@srs' FOR b WRSeAiBh 6 ¥p RS BlpY&Hoh BnddpShEQMHFRIEAIBL same

enhancer trap |ines carrying EG-P gene directly
offspring (igures| 38,194, P andc1A28D) radrmpwic qetinbign ef thg reporterpgaong the

cells of ﬁ?eﬂaﬂxg\fﬂfet nglc I%thé)wsgélfy M 9hodifish-deRX \Eﬂn@%a'u&? (Flgures

nes s tain degrees of mnosaicism Published
11B, 8A-8pd¥s SB g a;@%i))t Wisaie prtiyatinstf EeROTtETeRTRICREPDL WS GRAGH AHDRISNt

in doubﬁ%taﬂééleﬁE 108 (B oS Hic® AR drin@ 68LYdr 3bhBctd B alioWe® térAgtkison
roles 1 n activator-dependent trans

of one repepFTEERICHHPN@ERRE Pl (rae §1B)1 Jgnortytieselive brighmosgygiy of

the diffdrBR rERSEsbut AEY Gldividuab Expg@Ken %ﬁxf &8B 1RXOPR¥ricll iS@pendently
refl ect a stochasti cdjrépechanl sm

among the calls QE4amg A¥PEr SUBRSSLYR AR FPME Y"’é‘ﬁ%‘&’is ﬂfpf%ﬂaﬂgéﬁﬁv Atoppdthe same

msertlol{ BegenifeRe: dHeasslinet PAHncddbdititir Slegieesadt. mosdioin) suggestmg that
I abili icismof tran iene. expr es

t) 0 ng
positong GG ISR CHED PO P A A U BT S JEIoGRE b o= AL
supportditgNthe BRertie @o%dﬂleffebﬁvehﬁgatﬁﬁ wak Irzﬁeiy d)émbdemthe conventlonal

extancel gk $k 3y BERP el AT SRR 11 B KBRS0 @ o e 1,

2006; P&tms/ &t al.a|2004) Zﬂf)ﬁiostYaffmlmﬂe@PEtdmbr Iine3Bdwed certain degrees of
. Fur I [ ari e of r

mosa1c1sen)1(.p§>12b§1ssl on Oé't\%/en%g % it begl nrge nl% | ce t}{rgl?%% ISI\GTA methylation and

chromativo aeetytetiong plal em@artant MR& Gt WASator-depsyeni tansgdne gkpression.(Brgst

and Gmgﬁ"i“yéfls ﬁﬂesee% %18 flzPOs gﬁgg Ilncﬁsgftq cl%ﬂcg HCQJI g?}e %g%%%j‘&%ﬁz}yaaléa%ﬂect a
stochastiar mn@gmsm cof zeabsagtfivair-dependent (tdntcriptinot actibiaion)(Bagsd dné Grhes,

1999; W@%S 828'8’619% Ther e? {lalr e, %?%Q%?oéﬁ#ng%gi ebpq& {"12{ gﬁ‘tﬁﬁ?%n
problemadd bitwry axdycible Astemernd dislhas reepyahserved witle Spusteacyfling Hependent
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is operatively linked to the DNA encoding the chimeric transcription factor.
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DNA. construct having the following elements in the 5° to 3’ direction: (i) a operator
comprising LexA binding sites, (ii) a promoter and (iii) a gene.

The nucleic acid molecule of claim 8, wherein the gene is a marker or reporter gene.

The nucleic acid of claim 8, wherein the gene encodes a protein of interest.
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encodi ng the chineric transcription factor. 5. The
nucl eic acid nolecule of claim4, wherein the pronoter
is a eukaryotic pronoter. 6. The nucleic acid nolecul e
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introducing a ligand for the progesterone receptor to

t he anj pmal
A method for controlling expression of a gene in the transgenic animal of any one of

claims 13-17 which comprises introducing a ligand for the progesterone receptor to the

animal,

The method of claim 18, wherein the ligand is mifepristone.

A method for controlled reversible expression of a gene in the transgenic animal of any
one of claims 13-17 which comprises introducing a ligand for the progesterone receptor
to the animal for turning on expression of the gene and removing the ligand for turning

off expression of the gene.

The method of claim 20, wherein the ligand is mifepristone.
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19. The nmethod of claim 18, wherein the ligand is
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one of clains 13-17 which conprises introducing a
ligand for the progesterone receptor to the animl for
turning on expression of the gene and renoving the
ligand for turning off eéﬁression of the gene. 2 1.
The nmet hod of cl ai m 20, erein the ligand is

m fepristone.22. A nmethod of naking the transgenic
animal of claim 12 which conprises introducing the
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The method of claim 24, wherein the gene is a marker or reporter gene.

The method of claim 24, wherein the gene encodes a protein of interest.

The method of claim 24, wherein the gene is transcribed into a noncoding RNA.



