LEXA-BASED CHEMICAL-INDUCII3LE GENE EXPRESSION SYSTEM FOR USE IN TRANSGENIC
ANIMALS CROSS-REFERENCE TO RELATED APPLICATION [0001]The present invention claims
priority to U.S. provisional patent application Serial No. 60/948,250, filed 6 July 2007, incorporated
herein by refavermesBRGKGROUND OF THE INVENTION [0002]The presersazenticnrelates
generally to chemical-inducible system and to methods of use in transgenic animals More specifically,
the present invention relates to a chimeric transcription factor that binds to a ligand and functions in
ligand-dependent manner to induce expression of genes of interest under the control of a synthetic
operator-promoter sequence. The expression of genes of interest can be tightly controlled by adding or
removing ths; licaRdrIOPEENTespuRlisatiensaaerather materials used herein to illuminate the
backgroungkef sz ioMestiorE MO YR iNulRA KasEsiia prowita additional details respecting the
rrractice, are incorporated by reference, and for convenience are reference(' in the following text by
author and date and are listed alphabetically by author in the appended bibliography_ [0004]
Transgeni@%ﬁéﬁm?ﬁfﬂ@%&é?ﬁ?ﬁ% e Vhbus iransgenes are commonly generated for
biological [@®earchranprisimtectumtbagyaitbowiener tit 15 DftervistoblamatictoligeveddaabNstudy the
transgeniGgeaanisma Mhatea¥and SxRieRs reHain ransgenes. For example, i) expression of a
transgene which causes lethality or infertility makes it is impossible to create transgenic animals
carrying a given transgene; ii) the developmental or other effects caused by expression of a given
transgenebh SRR AP ST EHNMHRYS it is impossible or problematic to unambiguously study the
effects thabeegur laiempiasdavelemos iél AR Hk-GnN i uaus AXpessIR spidaaitan sganaiafter a certain
time point fay be pndesirable,,[P00RIAISQ, manwdexeiopmentalv.isgyialed genes atg se-deployed at

different times QPdeaiI/neSI%pment In different cell typés. Therefore, in order to dissect their unique
functions FPRSERIHRSIEIRY Prekite phisanken s iy Trendis erarlt JrEp &tidtEriporal control of
acne expresgsissicaref gsssntiahidgsingdesim pletipiorhotentetdy netdegetogete expmssibr is the most
commonly.yised;strateaneindiaradanicdistand.othen desiehigle sResiRsn RWRYRY, the number of
well-characterized ﬂ%ssueb-?gmflcmoe{omoters{ IS E}l/erg/egrglte.d.,(FLﬁtherngotrltgzé ga%gstltutévef %gd ubiquitous
expression 1 Jten AOPAUSH AT 8T A dUa e e Bs FoT L BIa A hah G et e prasiion at earlier
stages of #evefopnfeatiearisisiseverssetferisyidridibpae iealic TRoRsYiBE th PREEReR |ater stages or
when expressiprefithe misgenacaisantartiity a: prematet enlethalitywhindering generation and

maintenange of IransgeRic ANl éiJgg%JaQﬁ&%@et%ggg@%gmﬂoblems, is by generating two

independeat transgenic lines, the "effecgor (target)" liné, carrying a transcrigtionall siII%nt gene of
interest, aH e > BYHTRETY g Hranstri fgﬁpé%sﬁvﬁ%ru\?vﬁ%ﬁggﬁen MaieE8Xpression of the
gene of inssrestién o blolediralrserardt dnddnetetfivepsiidlomeanimatsite odrplrinSsyitem (Davison et
al., 2007; Sceti®t @b, 20080 Thamisaogesaraati eRRARCREREAD HEReRING EaNrIWhe generation
of a large number.of driver lines vw'ﬁh lyag%g?lg g g}qgfg,gfq?r&gkgg fra g&'ﬁ)tliog)%p [yator (Kotani et
al., 2006, ae)rirtr)%rgs\?ltcantI gf?gr%s%%cotfcet%l., Zooé%ﬁowever,]i iS not Tﬁéém ?e {0 cover t:%ﬁ/erequired
spatiotemPePsE A EIRElS YRV IAG &rgX B AR BT ali B fRYSSrTsBRS O BB RETS S MBRE/BY techniques
that permitswitsioingf gehveraxpigssion tha aritoitwhemagouikedit weonigh alldwonpord experimental
flexibility agd.ReiteL-canioLahexRressian. HA0QLAHaakshe deRiepURr S-h@ve) basa Hiilized in fish to
induce Ublg(lf)ge%ls'&gngc)efr%}?e%)égggeggl girtler a cerfain time point may be undesirable.

[0005]  Also, many developmentally regulated genes are re-deployed at different tirnes of

~ development in different cell types. Therefore, in order to dissect their unique functions in each

context in a precise manner, methods for manipulation and spatiotemporal control of gene

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



at specific time points by exposure to heat (Bajoghli et al., 2004). For example, heat-inducible
expression of the dominant-negative fowl of the FGF receptor driven by a zebrafish hsp70 was used to
study the roles of Fgf signaling during regeneration (Lee et al., 2005; Lepilina et al., 2006). However,
heat shock p%%zt?{] @O%%’JW relatively low inducibility and lack spatial contrBFB/fSﬁ;gt?@ff@ 7expression.
Also, using lasers to induce cell-specific gene expression (Halloran et al., 2000) is technically difficult
and applicable only on a small scale. [0008] Non-inducible gene expression systems utilizing the LexA
DNA binding domain have been previously used in invertebrates and in vertebrate cell cultures
(Hoshino et al., 2004; Lai and Lee, 2006; NettelBeck et al., 1998; Szuts and Bienz, 2000). 100091
Chemicalindyciblg teehoigups-lowclemporal Copltal:Qf JeRs CXRIES SIoN SOmPINGHaih the spatial

control ofotissu_e-speci ic promoters. Furthermore, binary inducible expression systems allow a

combinatSH SR STRTBIHE? iR PaMGR P OF R e screening (Nicholson et al-, 2008).
Chemicali®ftilciblerexpre ssidirsystesngrhblembisdry presritiuglyapplieenttstuaysgehdifiasctions at

various stagesiohgleuslonmant; Eensxampitcriteniyndusible SypigmatasHsed 4g;dissect multiple
roles of ggnes durin)fg chicken.somito enesi%i(\f/ﬁhich_wdould not b_eﬁpgfs ible using a conventional

promoter BECAGAE the PRERORIPES calaad By hEBaAT & STRSHER St L5rag8hBLTThlluded studying
the effectdol tHeraaspisthyesl (WegHpiiisorerama o) Gatdphis wimtsinforilste expre2¥idn of FGF-3
during postaatakiiexmmpreRtuang sntheracill #ssHesWasHBe¢10 Arsess thecaampley temporal roles
of the FOG Agnaiaonotaan.deyaiopmant adull,physigiony and. umar deyeionmignl il ransgenic
mice, because 3 manipulation of FGF S|gna7ﬁ)ng ate rﬁer stages cau ed abnowa %\a/%llopment and
neonatal fefhafRPPnBRESt &) 26894 A6 et 20001) HerarmtikisaeidmpidledasetsieaBxpression of
dominantapdraiivetioysaiciaDpanene seadplaraaslisatindeiernisaiharievlopmesiad periods within
which InvaighBRUeRS ARITIR ARl AsRRcls A eRPRHSMATRNRRENSRI5 a8 ARd Brown, 2004).

. . Pt : ©
Inducible expression used in this example also helped to circumvent the severe eve?opmental

abnormafiBE e by aadslice el Qb FrBfeiiE Hominant negative receptor using conventional
promoter§000D 1 Ot etbshock erremponbive ramstiiptibndishotivators Wiayétheapnisedrpsmriously in ligind-

inducible stiatagiesqie s aleiaraetae e LPNBRICY. A S @AMl A NRIIC; faRsactivator
consisting of 2. MutaIed RIRdRSICIonS IEeR e g Biading comal fuseCda e iox. VP18
transactivation domain and the. yeast ¢ “binding domam (BB RESBER’ NN to
transactivifé OASL Ot sMet thFgécisanEs GHnpmraserpraiseriecoftiniteiiPsidrmpling-488.(Wang et al,,
1994). A sindjarkhiaveribdsassactivatorets kpéb ruuhichcont ainsihiataativ atiprdemainwef the human p65
protein (Igpieagaladphlidiashechusat [y induahleepieron etiaraglgenes. imammalian cells

(Burcin et al,, 1999). Mifepristone-inducible GAIATUAS-based techniques have been successfully
used in NSRRIt FRTER TR gk pdearicrs sl spall s9t02; Pierson et al., 2000: Wang at al.,
1997a; ZHWe%t alN@opdycinotemopusstiassasiehB muilinin2 684 ean diiDrasmglida{ichelson at at,
ﬁ_C)%Sl)- Al?aaugi&mas@%éd%éﬂat%sm Qﬁg&%@é)&&!ﬁﬁ%ﬁﬂ&@@@@l s fet%ﬁ’.[f(hﬁd%&%ts Sulggzegct)éhat
igh level o xpression ca )XIC an uses elopmental defects (Habets et al., ;
Kramer aar:?éI !%%\?(Q%%Xﬁfggge é%ﬁrﬂ e?%%%&&%f’ﬁggieﬁ’ r(?g\salternative to GAIAAJAS-based systems is
to use théOBARA-birksms dordambiederbmepaelierarramrel sottobrAzcot procbwith thelipdcific operator
DNA fragritartis sfinglesthestsnatwe gbtisxArRRiRAoaanetrese mhlethoseint exiaryatic transcription
factors (Qggelfuhlaet ehahd999).fisdERliebio Hiodp e pisclements of endogenous
promoters. It was previously utilized in estradiol-inducible %ene expression sygtems, O veloped for use
in transg MBS Emll%iarfbamioe dntisdin srrEedo SEFROAHEResY Bar@sl 2ppbd3; Zuo et al.,
2000). This sexyresstofusystentceuas snazapphRntitpsicty iFdranagerRicCpants.HRIREAIthough
several chemieqindueipleisvelsmh ac dRvppediniLSe manmals.ARd pammalian cells

there has been onlé{)ne recent publication in zebrafi n this report, y

! ufenozide-inducible system
was testédinHANEIRIT KEG g (SLUREIat AToue feretmiePherpieTicassA SStiforidsictor containing

GAL4 DNAptsivsidin §latehdigvess zationded siaipiag \(R: Hi@ctivationatonagasafitheesysang receptor (EcR)
ligand-binding domeaiisofHQNEYR! ABisabeTieakindugible syatem haginglbeen dgeg yet for

generati%gugg glégegrans eqéﬁtgr;inéals or for enetrating driver/effector lines, so the efficacy of this
system i€ not clear, fﬁ%ﬁ%] (2555 d0S SHMPATH SR PR g2 B S AR it e make it
possible t6efrerrielystitrohraiege redxiwessicirtiosmitthing ftaoseerofimitenteeguired and to drive
the expression only in the desired tissues or cells. SUMMARY OF THE INVENTION [0014]The
present invention generally provides a chemical-inducible system and to methods of use in transgenic
animals or in animal cells. More specifically, the present invention provides a chimeric transcription
factor that binds to a ligand and functions in ligand-dependent manner to induce expression of genes
of interest under the control of a synthetic operator-promoter sequence. The expression of genes of
interest can be tightly controlled by adding or removing the ligand.




100151 Thus, in a first aspect, the present invention provides a chimeric transcription factor (also
referred to herein as a transactivator) that comprises a DNA binding domain of the bacterial LexA
repressor protein, a ligand binding domain of the human progesterone receptor and an activation
domain. In on® @AMBYYIFRENt, the ligand binding domain is a truncated ligardd BIREREEA8EIN of the
human progesterone receptor. Truncated ligand binding domain corresponds to amino acids 640-914
of the native hPR protein. "Truncated" refers to C-terminal deletion of the 19 amino acid of the
hPR-LBD (Wang et al., 1997b). In one embodimgnt the activation domain is the activation domain of
the p65 subunit of human NF-KB (Burcin at al., 1999). In another embodiment, the activation domain is
the transastivititidosidGsifalS Wt \dnitier prageinMRE Grethen erapieshactiatian domains that
may be u rovel but ar lymited. tq, achivati ins of adenpviras EIA, Epstein-Barr virus
EI3NA 2, ?/ge%%%%gg%nm%fﬁﬁ%% @é?%c%%%ﬂ btgﬁgﬁﬁgﬁf@ fj'lle‘hltgr:%(c:e}%:1|L[’r?1}3e?lx ﬁ%sﬁtglcf’%tion factor
binds to a YRR ARRFHIRCEEAY HPEPRBRFRIcAIp SHa SRt Fiariss bty dapmeadarétda gene of
interest pladdth oriddr theosbhtrolont aeymitk etiectpermtots proNmtens egusineertkit Tashers LexA binding
sites. In ongoaMbodiMantuthedigand.isdhe-aRtRetic oo N pISIOREARLAGR) (4RQ161In a second

aspect, thg(3 erosenttlé]v(?ntion { éOVidS%’ atransadcgivation consfruct containing the chimeric transcription

factor opeTatvan ke 1o bromBter eHts aélss?pl|8’ee}éD58§b%P§§ﬁLﬂé’ﬂE’é?ﬂﬁf’fﬁ?8V§ﬁ?ﬁﬁﬁ%ent, the

tcansactivéfetresiestiaed eomaliring the chimeric transcription factor is operatively linked to a

promoter. iy m)e envaasinRaloABRPHemENSH iSO Re WL 8S-BXREESHRNQEING HiaRsactivator and is

an enhance({u'%lf% Qég{p%gégrg) Irn one_ ?arerr%bodiment the ei:nhancer trap promoter is zebmfish keratin8
taf., 200

promoter (Parinov 1n another embadirient; ﬁ%ee’éaﬁ%%cg B 5 OB Kany other
eukaryo?ié%?ﬁ’&éﬁf mﬁPﬁ‘%G%Wﬁﬁdw@rmﬁmc@WWMrWBWdfﬁmr is capable of
respondlngatmeﬁma'memx(aaimﬁmmwﬁztjstva@umg)ﬁmmaﬂﬁx@ @ﬂﬁﬁ&h%@@&;@@ﬁb&?s@l&@g &S enhancer.
trap prom%ga@m@_%%%m%g%w&@% e ALID e iR BUL A ROMAIRRAEp, and the like

(Balciunas ea%al. 2004; Scott et a).,, . In one embodiment, the promoter is an qrg§n specific pi
othoter, of & "S?lfé)sSesé?ﬁ%abf%}’ﬁ%rt@f‘%%@’ﬁtgbgﬁﬁﬁép‘i"&?ﬂbfé?t(’éﬁ‘@. pRpatefdpmain 0Bag2, and the
like). In orfecd@rmirsdith enticthdiptom ofcY 3 @, devedopmeniallpdedhltated gsomatereditissedn accordance
with the preSeRINANEOR BAYRIAMOLEI0s) bersednd e Lhnics AL MIERIRLARERdS.on the

experimental goal. in another embodiment, the tra tivation construct containing the chimeric

transcript?()):aﬁ]?acetegr S‘l%c%eﬁ%raﬁvléi%glliﬁkg%t]%gg%ﬁcnélcaec%%% %nrdg%laﬁte%e%gggﬁié@aé‘cﬁteﬂm?%o@équences are

well knowRitEeKi el APHSaensoD 2 I &7 thifiaasp elot 2600 sreXermirn@t endfBovide2expression

constructsdoriuSeciihiiprassindsge aes neies) sgenia AN alsIMUASelaH] anipals Jagere embodiment,

the constryiglcemerises,a Suphelic.oRRARLRIoMPEr oRerably, inked 19,8 gene (also Sometimes

referred to as a odfn sequence). In one embodiment, the operatgr IS a synthetic LeXA operator
DT

onerativel§ Tiked 1o o G13REh Sbirh e, FRerey itk fite s M8 aetistaalsolEl operator.

In anothe”&Mbodiment, the LexA operator is a ColEl operator that is modified or changed to a different
sequencejesiaining: kRXARRANGAIET AR Basl@dBtFAGY ORE AIOHIOAYRRCE I QLEQRIENSUS)- In one

embodiment, synthetic LexA operator contains one or more, preferably two or more LexA binding
sites, In a%%tﬁgeér'% gr%ggp i?%sgﬂ?fqt e ﬁ%ur%é’r“gﬁr?[éeosﬁgcr% or %eéatﬁléﬁé\z‘g gia%?éﬂsoiﬁ’&ﬁ?gﬂﬁtes can be
changed fGFmEd e Jdporfaanaet Tesembleinsodifmalnrwies pramoiwiois Aaminitdatgromoter. The
minimal pEonibtéreisaUsead1y minimizalkite haskrourdaxpEession e Absepematih g transactivator,
However, the yse ofaligfaative promotersin.the expression construct is cont lated. In one
embodiment, #\Q %en% is a mellrke?g%(r)ltlellc%ug{%p Her gene. | nsgég%sér%ﬁ%gﬁg%nﬂﬁﬁlé geneis a
gene of irffETREHIF Blants osince plpntaek fradreassexpreasproneSerdchmaRal Zwaehe.embodiment,
the trans@@Aft- ahismapisssiancpskumanddansgeniaaniingy.iir-angthersampodiment, the transgenic
animal is péiansognigdish stenesmbodimant.ihe auimalcolls,ae nonhuman animal cells. In

another embodi eQit, the a%]jmal (fell are human cells. In another er_nbc_)d? ent, this sf/l'lstem can
potentiall}’ B Appiat iR HBH Ahiial ST BRAGIR SRS o eekkpioniaseuafish 1bokis)in a fourth
aspect, therpregeptifmeridomprabldesstemystertsed expressingsgan@sednpiransgenicyanimals or in cells
of animalgiindane embodimeniatpecsy siemt %m%@s&E@%N@%%ﬁg?%ﬁ”&iﬁk%‘ﬂ@” effector (also

reflied to here{'IrllSaWré;etg .constrléct. The LexA driver construct comprises the transactivation

¢ et TheL WA GFVEPoREtRIEt dRSNhdBrIdPR8 ofsRaihd this construct

na; 11V,

construct. in andther emibodimen
is also referred to herein as a LercA driver-reporter construct. The LexA driver-reporter construct
comprises the transactivation construct and expression construct in which the gene is a marker gene
or a reporter gene. In one embodiment, the 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. 100191In a fifth aspect, the present
invention provides a method of expressing genes in transgenie animals or in cells of animals. In one

embodiment, the method comprises preparing transgenic animals that contain the LexA driver
conctriict and the effector conetriiet In one embodiment a fiicel trancnenic animal ic nrenared to



f0020JFigures IA and 113 show a schematic representation of the mifepristone-inducible LexA-bascd
gene expression system. The LexPR driver-reporter binary cassette contains two transcription units:
the gene encoding a chimeric LexPR transactivator (Lex}3D-PRLEDA-p65A3% under the control of an
enhancer-trab”Br%%Wé‘f%’fs@ET) and the EGFP reporter gene under the contrG T A Promoter
(ininiFass) fused to a synthetic LexA operator. The effector cassette harbor's a gene of interest under
the control of the minimal 355 promoter fused to the synthetic LexA operator. To activate transcription
of the gene of interest the LexPR Iransactivator has to be produced from a separate driver cassette.
The LexPR transactivator binds to the LexA opérator sequence to activate the transcription of the

downstream.gangs eibhid ik RS NEESRREE! MIfGRISIQASIRY 488).dRS Fasseligsale flanked by
cis-required ;ggyrg)nces of. Ds tran%%Pson (black ge]\rrowheads) to facilitate generation of transgenie

lines. Fig': B GESF ES B ETGH S St ERT bt ST G5 A B AR R R Sk Hor cassettes. In double
transgeni®Vi&h cdiinddots silbsenesd, oxprassinetiofsiyene timiofinidreskisinptisditeddn trans by the
LexPR tignsaddly ateraregisad kamdhiendivenlgriver seprrenanstive g B ORe cassette

system. The LexPR transa tivaéotr ene anﬁi a gene of interest are cloned into the same Ds transposon
vector (d‘?f\rl)ree?-sé??e% 3?)9%&?21;%3&5 H |§So(|’ﬁgerysbassette lacks a reporter gene, it can be introduced
directly into the transgenie fish homozygous for a separate reporter cassette. It is preferable to use a
differentsravspasomeystenniesnTiod2, indicated by white arrowheads) for the reporter cassette to
avoid th an ctivation by Ac transposase. 100211Figure.2 shows a LexA-hased
miIeprist?(;)gg%?lndﬁ%%ﬁggﬁém&npr?s ?aﬁr%%éor%%fgx%ﬁl}]dprﬁéggﬁé fé Sg?frér?%%)%ﬁ’s%ﬁ%é%he DNA
construct B Eaaneaie ArfRAti A atertorkn MearersrisHbe finpnssratipyendioraseridery the fusion of a
DNA bingisbérdcotainséripiivthiadoaaterialidercA hsaieimdafinsicaied ligaoddiading demain from the

human proggstergae.(ecerioLAnd m&%y@mrqgm@cmy%@@ﬁ&@ﬁ%&@éﬁ1§%%t8f°tei“ under
short zebrafish keratin8 promoter; 31740 earlg> polg%g%?fllatlon sequences; nopg ine synthase

terminatSISTRth LI EER Gh 8T RS AL EEEDPEh HirFenre e RN G5 ATkt 353 promoter,
cloned ifhpBaedcript SK(+) vector containing terminal cis-required elements of the Ds tran.sposon

from majgg:finietyrnay st 2008) ddekerating.prapeisiandthe SGERcoging seguence are

flanked by unique restrictian sites to allow single-step replacement with a promoter of choice and a
gene of lﬁ] eres elﬁggp%clﬁ?/rgﬁ. a[b@Z_ETfi‘?aﬁnr‘éat " ﬁ%a\}vscoag] E%x?&-ﬁf%% P B HRPRrGeonstruct). A
DNA corvétieiéd! derespresEorpeie idigrddrmiiacdrman of the Fubra fiskeSrpstatiiceteta B promoter
followedaby thecB@tibpalyadeniiaion sagdenes, thopairesaih dsmier Binaipk-aUNIRRIC LexA operator
and mChgriy ORE, undsy &E”H&ﬁ&?%%é@%ﬁ%@&h’_““ﬁ%@%ﬁ MY gailPoladeniaton

sequence, cloned into pBluescript SK(+) vectar containing termina C|§-reqU|re§ sequences of the Ds
trarisposSH HOTH P& FRRE RS AtV a4 eI6Ek M {oHRiER SRS CHig i rker for
transgertiskikogofUubeelfeatind helesplesERn I Bhugeishotivitncdd oy mifegiistaneiin transgenie

lines carpyingithiscrpstL et alanamt canhenuseddn.doubielings sarng the adgitional driver
construcé T?e mCht%%y %gén sechtience can be replaced with a sequence of interest using flanking
R IR

unique r Sietids o R ECH R T e aprietion Saedat e f43Y independent
LexPR diinet-prefsarétIineStaposimeptfiffef esthvetitradoer iutbhat wernytbe Bxpr éside bitzéGFP reporter was
induced nif fiaRsOeNIGaeR Ve DY addiba R BRI Hane dBihe SagMIRrAt d AMJfinal concentration

at 24 ho%%%ﬁgﬁg{izgg%n ag(rilvg)ac{glsél;m%gqﬁc%/v%% £ tured at 96 hgurs %ost gg‘aréilizaﬁon. No EGFP

fluorescence was detected in the control pOpUTALions of TSh thATWaPS Rot HeaFE tvith mifepristone (not
shown). Iﬁ@"{d4ﬂid§ﬂ‘(§ﬁ@nékﬁrae§§ﬂ5‘ﬁ‘ﬁ?&ﬁé?% ITiRnreT it ivindsonoTesEen earfposSsiblpsensory
patchesplatthedifabtaontoellbiregiehéabbpattinpiscretaanis ofmidbrain (headprersal view). Fig. 43:
Strong ession | i nalon. cerebellum lens in discrete cells of the teetum
(1) and %hfdrggbﬁﬁ%ﬁ)ﬁ?@é&g@gg@%@é@%ﬁﬁc | e)fﬁlregéfl%%]%{ﬁgﬂ!o%fé% ry bulbs (head, ventral
view). FIJ"HD: SPBediffeRRPrag%En feaEab iriRaac iiRs it thansarieion sevdivslew above yolk
extensiomntdOpg 41 igimerts strosesiptientéisting bt deXRRAransChplivconti®kugiig RT-PCR. RT-

PCR wag psrieungsen RN easedfiomdr Ic. 2em§‘rx¥ rrying.the driver-reporter
construct ﬁéss%]ﬂ%?t?% [c)airs of primers to detect gﬁ%ﬁ%%gﬁ@ arggol%gm%%%rhaen%s)érgﬁ?/gltor (bottom

X

panel) RNEBRGH S ERBRYEE 8 gdiRirirasted WergmbairasrstBnertaoenineras (48hpt.). After
that, thevdtnb oy erpresniondodritietramshetiatomndaigen tatkscaithaptppifepsstdacssix MRNA -
samples were prepared and tested: 1) before induction (36 hpf); 2) after I-hour induction; 3) after
12-hours induction; 4) 1 day after mifepristone withdrawal; 5) 5 days after mifepristone withdrawal; 6
wild type - negative control. The PCR-conditions (number of cycles) were optimized for detection of
low quantities of RNA target, not for quantitative comparison between samples. Thus, there is in no
visible product downregulation at the lane 5 (5 days post withdrawal). 100251Figures 6A-60 show the
rate of mifepristone-induced activation of transcription. In situ hybridization to detect LexPR RNA (Fig.
6A) and EGFP RNA (Figs. 63-60). Fig. 6A: Expression pattern of the LexPR transactivator RNA at 48

hpf. The strongest expression is found in the cell layer at the bottom of the otic capsule (possibly
caoncnryv naterhec) and at the nlfactaryy hiilb reainn The diffiiced eavnreccinn in the daorceal hrain anneaarc




[0026]Figure 7 shows that control of maternal expression in the transgenie fish that harbor an
enhancer trap insertion of krt8:LexPR/LexOP:EGFP construct drives maternal expression of WO
20091008837PCT/SG20081000237 9 LexPR transactivator. A transgenic F2 female and a WT male
were placed i th& #1843 tank containing 1 tilvl mifepristone approximatel§ 78G80$48%&tdre the
fertilization. All the F3 embryos showed maternal EGFP expression (left panel). In contrast, the
offspring of the transgenic females untreated with mffepristone did not express EGFP at the early
stages (right panel). The embryos are shown at_1,4 and 8-cell stages. 19027.1Figures 8A-8C show the
uniformity and consistency of expression in dou?ole transgenic fish that harbor a driver-reporter

promotersh@¥ RR A XERBARP 1Rt AmeHe ol bl exRRPGIEFHCALE Gafn6P REHU G ffector

construct contains peimanent selection marker crystallin:ECil-P which produces cyan expression in the
lens (thirg[n a%%%ié%&gg‘?ﬁ%&g “the E_'SSf?f%r £8 Oaffrﬁétafﬁ?é’lﬁ}éﬁﬁ t"f?ecaﬁ?( eI &%, For these
figures, tAFEI e s R/BRESRD rBralieadly ity thksapiie pispaistels warebleroS sexiamtiketsame effector
line. The gferpd-exRRi.exQRiEGTRBIdmRiepprial caastsucthanhoradhad exPR trapsactivator

sequenc [C f lial fibrillar), acidi in).promoter that resu Ln expression of
the EGFSf%‘é*gﬁte?%%%é%éﬂ%%%%ﬁ%%@mﬁ%? R B R el view
shows set8rEtEs eh%rBim2AR o feptifgebs #H87h e AR PR meTs e aramaten e effeetar line 41 male.

Fig. 813 sseaipragenytaf the iixslepgadéntrbrives| srea#blcspsstdpaithotaesanmerEffetor line #1. There is

strong expxessionipthaferetkein asruheadhrnddn herde ingbyain (large
arrows).GL0028 Fi%%?es 9A a%@j% s%of#ethe same drjvggr Iinte ggs%r?g %%@gg%ﬁg&%%g@ed to two

independait effectoriteE ThE VAP P tE LRSS AN CBr Faffrisshtrsh Tpe choice
1218:Lexd RICEKOPIESRP wolbstupetineentadsgitd. inlepodssientoiiihen GiPuepotietin the forebrain

(arrowheagand ib-bialio cpsule  HaSAR SIS BA,SHOVR RS AITSIe! £2.sp randomly
taken frogn agngeﬁ%pggrcgagg th the Driver Lineﬁ# 6 ferrgalg??rgid the Effector line #2 male, Fig. 9B:
progeny ofthe same DAvAT fihe #58 Croesad with ThE difteTe it Effector line 41. 100291 Figures
10A-10DI%HGN mBsaitideprst: dRpreissiah ity théos| GrrEghetiareDivablenstawsy émiosisin that harbor a
driver IcregirexR deexQPsmision antham effectond edaRue Chasiy/ehssdaiR:canstidetinsertions are
Snonn. IEENSE sanattuchaanialne.B Bremaalr shibedse ARt ARNe Datdyes expression of

LexPR transactivator in the single layer of epithélial skin c€lls of the same type. Shown are four F2 fish

from the S5PHESISBFING - ARKBE SR IAGHBhithe AT RN S AGTRILLIH ST AeRSTREPE CRFEIYTY visible variation
of intensiigiisétiweerreels. There arbodisopatchesibésellsthapexpress Vel ivpeakievet of both
reporters.flarge asenhethahimox refipstpesitionslafigaisat the driyesinsestionsitg gf silencing of the

LexPR g the differengﬁq‘gnlgrrlg ermeability among the cells of the same type or other WO

2009/00&??‘;3l ‘f‘?%uéI%OSIOUQZ?,gL%B&g#fX&%n & e(sat\(;\%. 'nl%ﬁ%séecellgpf’éﬂgf SHEE & F at the time of

inductiorfRIERSEOA I s FRREFIRTAJRe st EfesigHoteAfiepestordentsinb pistite ot sevierailpverlapped

exposureso 10aa] FegureisdbAiand i kBoshe enbdirpicifacianilansast aiiem: lyeidependent driver

lines with, differeptl:exRiRransaciyalaesnissaion Ralers (shown, on Figures 44, 4D) were crossed
Y9

with two independent transgenic effector lines, which carrie mCherr ene un ee%onetrol of the
LexOP. TR&IIBrd E3BIHArETHIsT wete HEUB rankematst inaiivee dheherkemsrtassettes were
treated veitbrasvintife phistonef ftertr@dabipfaomyvErdevEighd dst o SHienoEvdessinn is thcthe cell layer at
the bottogpedsthe Qﬁﬁs@éﬁ%myﬁ@ﬁ}ﬁﬁ@ﬁpmlaﬁ@mﬁﬂggﬁﬁl@%'@’epé"!i@ EQSJQ{Qe?EQnQ“o\{%“OUS neurons
(head, dgrs% gieggg. Iﬂgﬁngﬁllel?r) Eé%gessioglis detected in the specific subtype of muscle cells (lateral
view). Boftom p%nel IS 2 combINed Ima

_ HE&EERNiFG BEIR YepsHErd ECEP ARt hEHery green indicates
excess dP EQEPs{ilGrésesnte spigal ekrens ohmdmenty e bresseiceiyel ove-nsirtitaratevels of

mCherrywangfGRRHiloesennes dNaligethatibesassolarasia.nat censtitie tue molar ratios between
the repor . Although,.mast positive cells express bath teporters, there are cells that yield brighter
mCherrye%IglE’?riénggghté{eg ?ﬁ‘é’ﬁ%ﬁ%ﬂﬁﬁ?ﬂ%ﬁ%‘i‘&&%ﬁgﬁ %ﬁ’c%ear?g)/%ﬁﬁoefg QUmEBL SR HElected in the
effector IFAESED RISy AR ERFe ctdin ety sorameemnratmniislly indfepristbilendvo background
EGFP/m@hexiryetiz oré scanteuis dategtesdn tipscontrol populations of double transgenic fish that
were no ed wi feprsian W .yvere captured at 96 hours post fertilization.
100311 g(%gr}es 1%?i@gﬁ%ﬁ&fhﬁéﬁgﬁﬁéﬂﬁﬁﬁ%ﬁ%ﬁ Eé"i%g’&%sf’/’ilﬁﬁsﬁl?ﬁaﬁ%“g%ﬁ?c zebrafish.
Transgeﬁf’g’%ﬁfaﬁéwﬂﬁgfﬁa&?&}ﬁ 19§ HERHfonT PR HASHRNBF EBTigH fomprises a LexA
Ds(krt8.LPR-LOP:EGFP-Krasvi2) containing EGFP-Krasvi2 under control of the LexOP, F2 (Fig.
12a-12e, Fig. 129). Fig. 12a: 24 hpf, no induction. Fig. 12b-12c: 24 hpf; 1 pM mifepristone treatment
from 10 hpf onwards. GFP fluorescence can be observed in the skin epithelia, the notochord sheath
(lateral view, Fig. 12b), in the forebrain (ventral view, Fig. 12c), all of these organs are abnormal. Fig.
12d: 4 dpf, 1 p.M mifepristone treatment 10 hpf onward, lateral view. Notochord, brain and cranial
skeleton are severally affected by the EGFP-ICrasvi2 expression. Skin epithelial cells lost epithelial
cell shape, became globular, formed clusters. Fig. 12e: Transformation of the sheath cells surrounding
the notochord. The top and the middle panel shows the notochord of 4 dpf fish treated with 1 itM

mifanrictone from 10 hnf onwarde Rottom nanel chowe notochord of the 1intreated contral Eia 12F



induction there is much less developmental abnormalities, but the phenotype of the epithelial skin cells
is pronounced. [0032]Figures 13a-13g show side effects caused by strong early expression of
Gal4/UAS- based expression systems. Fig. 13a: Strong expression of non-inducible Gal4/UAS
system in trué¥PA184EM® fish at early developmental stages (less than 24 B/ eGHYER Y ous
abnormalities that became evident later in development. Figs. 13d-131: Ivlifepristone-induced
Gal4/UAS expression caused less pronounced developmental abnormalities compared to the
non-inducible system when induced before 24hpf. In some transgenic fish the phenotypes were subtle
(Fig. 13g) and some survived to maturity. Induction after 24hpf did not cause serious effects although

somet'm&%@ﬁ@&t&@t@%ﬁl%@h@%ﬂﬁt&h@t&% HHRAMNAR: %ﬁt@@&%@%@%@él‘“tﬂs based

systems severity of the phenotypes strongly correlated with he intensity of reporter. expression. Fig.

13a: DeVERSBRTE SR Ho M aftRsaciy R sGaTiee farethryi g e dassmiBsisBtichi vt the
non-indusitieuERiS VRIS eagsette fikobte camnduer asgrp 26043 whicheinelud&ds258i- Xenopus
EF-la-premaisr shiving: Gadd 1\¥RA GRRE AR EON QRBHRdRi St ahpfuthatids BEEALIAS

Gal4- blﬂd%] sites fused CEe ﬂsg{q’t?%l promoter F| The cassette was clonedé'lhto the Tol2
transposable dlement (Rawakami e t6 énfiance THE tFarsgEesisET ranshie F1 offspring
from 8 p@@hﬂfbmeﬁnaersfhammnmeﬁfem@ﬁt%wmeemmma@prwahé@aqmeémalyzed, all
showing geybsirene GRaxmassian and dexaopmnentahabnanmadtieserhesextientof the
abnormalities carrelated.with the intens EGEP ressi the weakest ing line the
abnormalfti estgecgme we(l%ltﬂ]e}onﬁly at gndax f%owﬂeﬂ\?gﬁ?ﬁgn?é% t?texrflA Hngﬁfvff\eesé?‘t' % ﬁ%ood Figs.

13b-13f: SFiRsinseraRitae %H@ﬁ‘?ﬁ@ﬁt‘%’f@ﬁé‘?ﬁ wRiegMswth water 10 hpf onwards. Fig 13b: Control wild
type fish{d6ip] 13¢a hransgepiet e prbyymnshankion pepiikd exkihddriveemapagr gassatte described in

this manuseBlSigsslon OLheransecivaleriser ok Aieel ambain ARve pamen and
morphology of the EGFP-positive cells )é%s 13d-13g: Transgenie F2 fish(line D- Og4) carrying the

Ga14/CIK§&§§§8&’Fﬂ7Fei)W§fo‘f?8fﬁat}E?o s‘tEP?‘?ro‘é@EmfedJ’SyﬂEBGfﬁ‘iﬁoetchS‘T%Q)mﬂ‘?é cassette
harboredabgémesfibrachish trcsgransonptio i factore insisting F Gatd BN hindimgedarhain, a truncated

ligand biggding demaindramminesHpatd sasig eRedacrpia-Antanastivation @t@mj@ of the human
NF-r.B protelr% nder control fth§0 .5 lert8 romote{ugéjentlcal 1o the romoter LexPIt system

described M 1 AUSCT ECGFF 5t e inder controror 6x0aY %°6§ r%“é act ating sequences

IS manuscrpl
fused to H?é%%ﬂ?’ié%‘&éﬁ@@ﬁ@@ Fff?‘fif’éﬁ%ﬁé’r‘lw He epdesttebvdinsatketmingenihendertiansposon vector

to inducereffect ve:t rRREGeNBS ScA Girildf cJAu2009/00883ARGC IS 2008/00033 4id Ziliypical
PhenotyRe.ieife ARSCINHARARG A (W BBl o) A inhe AAMRIIOR Lol PM

rnifemistone at 10 hpf onwards. Pi g; Transgenic 172 fish (SW ine), A was induced early

but show&tswE Lihatypaar bR %ﬁlé’ﬁ?ﬁ ‘f‘?&?ﬁ%ﬁﬁ@déﬁlﬁﬁﬁ@fﬁﬁgﬁﬂ‘%l ekashducible system
exhibitedviibvelopwrehtdliphmetipe Storiyropenn nd tetigme sudgastingethatmndaicibleibal 4-based

transactiyates é&%&ﬂ%mﬁﬁwﬁm@&wj@ﬂ&ﬁﬁﬂ@%ﬁﬂﬁ ﬁtfg&tém%ﬂé EDRF2GRIBH ION OF THE
INVENTQN 100 ?.bél'slgvet&re‘sent iny tlorM ateseglene Xtto cgemlc -inducible system and to
methods Of 01S6 - transgenic anima als of in anfmal cans.aviore speC|f|caIIy the present invention relates
to a chimeric transcription factor that binds to a ligand and functions in ligand-dependent manner to
induce eRRIESIHIOR PANEN OfF MIEEISWRIES the control of a synthetic operator-promoter sequence.
The expr[%%?n 01;1%?( % es of interest.can.b el eg?% cor%g%llliel d by a |n§1,9r 1rrle{novm?%th ligand [00341

hi the descaftlon h follows, the aspects invention may reterence to
zebrafist éﬁﬁ?f’eﬁﬁ%ﬁEépffﬁﬂimlFﬁ%ﬁde@%ﬂ‘?ﬁa@%ﬁéﬁ?&ﬁ%ﬁﬁwsﬁﬁﬁmm used in place

of zebrafishsd@36]vaith abg bt Abddiasedxpiesbianrsyatemsvhiay €L et -Hrseithad ) the art, we
have tes&g@e%gogﬁpgf%pm@p Y5 ol {BNSUGRIGZeRIAPSh ARG fgéﬁé%(?? %ese systems

suffer from several side effects. S eC|f|ca we have tested a non-induciblé from Koster and

Fraser, 28815 éﬁt?ﬁﬁ@&hpé% W§emsﬁh§£d¥eﬁﬁEﬁlh%mtﬁho &F¢6/7 Burcin et al.,
1999) G AiseetrabatioexpressiofisyswEmudetransgenit dabeafisimil/astlentificd Sevdral side effects using

these sysfamsidnelydingdavelopmentahaRnermalilies, ITe gl aLSXPresaiRRIe RS Apgackground
expression. In wewgéf;dlosae sid eff(;{e(f‘rts it was desired to develop Tﬁav |ndUC|bIe system that did not
cts

suffer from seh s DERLIRL IR GrisRagsie O tReATEtENt BBRIRERR inducible
system f@ﬂéﬁ@rﬁteW&@dWQm@h@é@Bmmegeﬁté@adﬂmats?@n igenelisgf animals,
including, but not limited to fish such as zebrafish. The key element of this system is a hybrid
transcription factor (transactivator) that represents a protein fusion of a DNA binding domain titan the
bacterial LexA protein, a fig,and binding domain from the human progesterone receptor and an
activation domain. In the presence of a 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 expression of the target gene can be tightly controlled by adding or removing
WO 2009/008837PCT/SG2008/000237 13 the ligand. In one embodiment, the ligand binding domain

is a truncated ligand binding domain of the human progesterone receptor. In another embodiment, the
linand ic mifanrictone (RlI1 A2QRAY A nroneactarnne antannnicet Thie hvhrid trancerintinn factar (1| evyP R




promoter. Any activation domain, which permits activation of gene transcription through protein-protein
interactions with the components of the RNA polymerase Il transcription complex or with the other
proteins involved in initiation and stimulation of transcription, can be used in the present invention. In
one embodim®Mt 2t 48R 7ation domain is from the human p65 protein, a cBﬁ?ﬁB&@H%‘?‘W@ NF-x.13,
also retell ed to herein as the NF-KB/p65 protein. In a second embodiment, the activation domain is
the transactivation domain of the NSV virion protein VP16. Other examples of activation domains that
may be used include, but are not limited to, activation domains of adenovims EIA, Epstein-Barr virus
EDNA 2, yeast 0al4, mammalian Spl, Oetl and Oct2, and the like. 100381In a second aspect, the
present inveninRRLe WdasAiiBRS At RPN BRNSIUGE Contalning the.chimers tapsgrption factor

operativeolg/jgnIt<r<£auclzlstosajnp@<a 1 ter orhto ??gstp ige, acceptor sequence. As defined herein, a nucleotide
sequence is "oparably ImkeeTE AREIHer hifasR 888G HEh o8 TesriIdipiscddani4 fénctional
relationsHIff Wt ESEH e HacRMiderrtnansaiivor adafipler faasetdink Sethle reasgsioperably linked to
a promotﬁhsgﬂmgeelshtmgsg@@gg@}yﬁﬁmh mggnm;;ﬁg;gg@ggémag{f]a@rgg;g ggﬂtggg%@pn of the codir(ljg
sequenc inke ans.that the DNA sequences being linked are typically contiguous and,
where ni%%%gﬁgt?gﬁrf’v%%%{g%m stt:}gd?%lnﬁ' FediBng e Ont@rzlélﬁlslsg?fc’?in%kégadi Q%e?ncé‘?%‘iﬁce enhancers
may funé@iﬁ%ﬂéﬁ kepar et ariraten € proré e e sevisteleril etradesedridtinthrersasegiences may he of

variable tengtssnseme (iblecifteseduanceshmay hia-epesachs inked Rfnet aatigugus. [0039] In one
embodimgn e UaRasivATR.SoRSIR! sanialning the ghimetic franscription fector s operatively
linked to a promoter. In one embodiment, the promoter Is one which arives expressiol of the
transacti%%ragﬁao 1258 A EHRSA A RS B S OEF: an Bile etimptdiprathitene erivad &g promoter is
zebrafishckettatiri8spito meterd farimoantti akti 2004 byld-arnmthesasd/O 2009/008837PCT/SG2008/000237
14 embogignt, the.RNhanesr{rapRIOMALES is.a0ARAMARIC Aomater that produces desirable
trapping.(f;r fically an eukagyoticéﬁr&moter $ cag)able of responding to enhancers with varying
efficiency &nd therefore c: FE GRS 4y dAREACEFIPAR ST STHER P EREREF 6 b ers include, but
arc not liffifetrtamripEop feerstepressplinerthietfei ik ef (B2 trindirat dim 20 04mScditetrad, 2007). In
another eshgsiRRNE MReCRKAMGIRS ndhe eARISRREGINE LRI AtarlissHeREe GficRromoter or a cell
specific r.(e. Ik-1 TA-1, Rag2. and the like), uhiqujtous, constitutive or
developr?"lggr{{[ctgg ly ?é%gl%t%e%ﬁp%gr%%?gnr. ?% {32%5%3%%%% \%ﬁﬁt ﬁ)?’tém[%‘sgls}éeﬁfﬁzﬁ%’ RBH%ny promoter can
be used SYAR @i S8 dsPERtistecauper s BRlnresEX bRt iramiargs avafietis Festlitpselacted by a skilled
artisan. 280RCHN wrethénienisadiifient; MesitansactivatiomeoastivcicapRiningshsrghjmeric

transcripfion.fagieris oRarai e inked 9. SRICRRCAE AL SRONSRER RIS REGRNSS S, 50 called gene
trap syst mgog%tgan rd et al., 2001; Ska eﬁx?%z%‘lf 1992). Splice acceptor sequénces are well known
|

to the skilled artisan, e LT ITRRIE il ECEN s AL Ea B ESE BY dE@itiance with the
present fSYEFHRBYFitcE doaom Fiaskivtemrsplacerins with sampimiemiohqivovidesexpréssios: constructs for
use in exgessiar.genes in transgenic animals or in cells of animals. In one embodiment, the construct
compris ynthetic ap, r-pyamotet. operably linked to a gene (als etimes referred to as a
coding s@ﬁzjncg}%nngo%ﬂ%‘ﬁ%gdfrr%%ﬁﬁceoépcg?g%ﬁsﬁg §§'/tnﬁ%ﬁ%ﬁ%xéo?&uﬁ?rﬁ%%ﬂveIy linked to
a promof&iThisHEEmBBGiart i erayptrEthe rdvalidperarsiis keic BB vmper ibrwhd wnother
embodinierRGiedlmdenipenaterisnacaifdiap eyales thamismmadiiet @ changadeadifferent sequence
containiach e biRelingales(futhn |24fifG: RBIGIOT SEALENGOS A coRsetatp) lnone
embodlm%nt, thy sg/nthetlc LeT Oé;erator contains One or more, 'p‘e?era ﬁy two or mc?’re LexA binding
sites. In ARGt SIThSGHTSS: SRS hIMBENSFH SPErLYsriceeMAas Brugsdxipmamgisites can be
changedtrastinas el pernesmariten @042 (Fnibleexpre séi0z00e)N SCHRtsthaquiametes may be any
promoter:ihaibsaie: Usedd gacshlnailaryith he.oBsiaIp s optaliad,pieggion of the gene.
a

In one e;&?eogisgggnltﬁ gla% rom tgg Is a minim gromoter. Any minimal promoter from any source cart
be used in ACCOrdance With the preésent mvantion HAEME R AR PArsH staukis HAruses, bacteria,
yeast, fUigyisihsarstiiaaap e, qmsimesl gromélersyaredinglbdquenvn ¢mthe raptaantvigveral are
describeeqindd:%¢ paient:application publicatignginghars 2007/0009487 and 2006/0242717. Examples
of minin]% om }é{rssthﬁ_ npe ﬁvgpir&?ccordance with the present jnvention include, but are not
limited to EIB minimal promoter. CMV minital proRiotsr S\t Mttt drioter i&p70 minimal
promoteFPATTERFSIRaNIE FHEEh sthgs i avartor Shmrtssiomol TEFRY@orter was induced
2009/008837PCUSG2008/000237 15 like. The minimal promoter is used to minimize the background
expression in the absence of the transactivator. However, the use of alternative promoters in the
expression construct is contemplated and its choice is within the skill in the art.



[0043] The gene in the expression construct may be any gene that is desired to be expressed in the
transgenic animal or in a cell of an animal. In one embodiment, the gene is a marker gene or a
reporter gene. As used herein, a reporter protein is any protein that can be specifically detected when
expressed. MYR2PEHEE} Toroteins are known and have been used for simF&rTErpYSE8% bther
organisms. These include enzymes, such as fi-galactosidase, luciferase, and alkaline phosphates; that
can produce specific detectable products, and proteins that can be directly detected. Virtually any
protein can be directly detected by using, for example, specific antibodies to the protein. [0044]The
use of reporter proteins that are directly detectable without requiring the addition of exogenous factors
are preferred for detecting or assessing.gene expression durin 2}%5 ish embryonic development. A
transgenﬁ%%%ﬁ%%?fg'gzgﬁ %g,ggﬁgé%&a% SRRRGCP SCEHRG'E r‘%eé r eaéﬁ??o?%ﬂ%egﬁalgnﬁésue-specific
expressiéh keeupeit detidizipronterds.rapiazre Al deneningd ot Apshersfopsiaiizadpspaiial and temporal
epreSSiQGmﬁH@éfﬁ&ﬁ&eM@%w&m@M@bﬁ&t@%@ﬁ[ﬁ%nmg"éﬂ m@t%;@&{&%%mgﬁwent)the
reporter e.is a fluorescent protejn gene (e.q., EGFP, GFP, REP, BET, YFP, ar dSRED?2) or a
Iuciferasg%n%?é%l?%é%e.Sﬁﬁ\glr}h%ﬁé%ﬁir%%?gég(gﬁ%geg wﬁé’ﬁt, céenmge{/rfehrt fsg%%%é)r%g%%ergaern fluorescent
protein (EGEDPY (SHegiy BAeiesn 908 EERTISplefered beaiysy divethrsHssermsighiaipof the reporter
protein. Thedptesantiswetigmis Sirtes\wayrdisnites e Wenpssfasedandkersarsepertiess. Many
additionalieRPHRLBIOGHTS & BNAWRANS AN 8BRS 965 TRLATUALR URGRESpLhage Include
enzymes, such as_pgalactosidase, luciferase, chloramphenicol acyltransferaSe, fll-glucuronldase and
alkaline Eﬁ%@bﬂ’fﬁié% ﬁ&%ﬁ?ﬂb‘?&@’ﬁ@é@ﬂ)é@lﬁ@ﬁﬁ?@’éta%% Produrtdicsrarpidtainetfietan be directly
detectedofMintseddlyetinin grotemitcafiadpeatliiesthp detedteckoysissing, for example, specific antibodies to the
protein. Agy4ePorghWhighFembe.Laaiy Aetecipf MAYRGHIRRMIRPAGE AR CRE. Additional

markers rigagd assocjated antibiotics) that are suitable for either positive or negative selection of
eukaryotic Sele A& R LR & MR A TS B EBIE AR PRI PSR OISR Bioning, 3rd Ed.,
Cold Spriagteat bisinzaiyor arary Rredset did Sprn §EHaEriop, o) York LadtRAussbeivetal. (1992),

Current Ryatacais-a)MelgcHaRBiolembJohn §iley wers eRseinGiuding Patiegiciurogtes. Any of the

disclosed markers,.as well as others known in the ayt be used to practice the present invention.
WO 2008 R e eI e e TOBAE T Aty bt B 8 R ot
interest, &GN e WhitRNS deeply trexpireasrraitrarit dnibeiansiidrcagss G0 ds)-ahly gene can be
chosen dépehding iofuexpe dindntdlgoats mddcitweal withinfthengkifirdadhevarhd=onesample, in cancer
researchy,QOCAYeRGESSHEDRSRAG ALY G apdiheslike cande selecied rhbegens . afilpterest” is not

limited to the natural genes or codin gequences. It can be any nucleic acid sequence coding or
noncodirtg AT s"a§§??e%ief8 SR BPRE Kt SRS R AT AT BB P BRI tHERNR tShscribed from
the "genavatiitiére sompaniscagaatece sprelksiontu eyt merisbitrodytt dmtisepdatisuppression, RNA
interferepcad RNAI i eieRM&L#iltNAS) (Hannon and Rossi 1, 2004; Ruvlean, 2001). [0047)
A'thoug%&QsﬁxprﬁﬁS‘%’é‘ﬁ%ﬁ&tﬁéﬂ%ﬁﬁn 0e g&a}?n
tr t

u Spf any nu%Iei%a%id S qruences, for.use in the
. oné-iniduced achvafion o anscrgmon. In .
disclosed transgenic animals it Is preferre at the expression constructs combine expression

sequenc&¥ dpRrdiFRERRKB It Sede ReE dhtb difty B Bi5TeBaionBiesd 6Bt6Fhe ExrpPassion construct
also prefekakhgiimchaties ofhibe Certponentetihataihexpression, Sabilityngesntepration of the construct
into the ggname! atannal A el IR OB Ao EXRIPRAIAR.FNplipgL referred fo as

being operably Iinll d or operatively linked refer to components being’so connected as to allow them to
function POGEHRErTST TRER in?gﬁa‘gg%ﬁ‘?ﬁ&??%} BRI LR AR TSRt Bgion are
operablyltisicd ditfithizpromrotereathiftimetio theceresaiidn iy anselipticakoithecodifg region. 100421In
one aspeidwaATRXPIeSFDE PRASIHGE GOPARINING HGIHRE.IS R RS Ia:pclHeg 8XpEgSSion sequences.
The expressritonh_seq ueQﬁi‘\.arg sg (0] %dli.‘{;g ex?%?ség.n %%i\/n Expgepssion product encoded by the
construct A8 Used herein’ expressi nl%(re%) ehede e e S Mt elidop R SPBriidter described
herein, upSucsiamvatbrhefts mélapragioes SREABO e Gy eleanentsrds.ishvdfeirsaitiihEGT® expression

sequencesmysiWadleseicel osab RORTHHEISRG BRI ORISR BSSIAR SEOYARGESF s used herein, in
referenc%at% components or[e%gresséo nstructs u§ed in a trags enic animal, homologous indicates
y

TIVer-1600 Tised Tor thig experiment 1s shown on Bigture 4A. . .
that the component is native to Or derived TTom the species ort of animal involved. Conversely,

heterolod¥d8lindfigss tiheWidtebripBrleritmeiamith erisive 1o heiraresad fidrihthbagpecies or type of
animal inuciies o0 649)nbstionad hesdinFRDEROFBTER quaneesdarediidedlisigrisamain classes,
promoters 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 WO
2009/008837PCT/SG2008/000237 17 orientation. Enhancers function to increase transcription from
nearby promoters. Enhancers also often contain response elements that mediate the regulation of

transcription. Promoters can also contain response elements that mediate the regulation of
trancerintion TOOGBNIThe dierclneced avnreaccinn conctriicte nrefarabhlhv inchiide other ceadriencec which



improve expression from, or stability of, the construct.For example, including a polyadenylation signal
on the constructs encoding a protein ensures that transcripts from the transgene is processed and
transported as mMRNA. The identification and use of polyadenylation signals in expression constructs is
well establish®8.204¥Wp83erred that homologous polyadenylation signals b&¢EeE2#HENERhsgene
constructs. However, heterologous polyadeulation signals or terminators, including polyadenylation
signals and terminators from plants, can be used in making the expression constructs for use in
animals. [0051) The disclosed constructs and methods can be used with any type of animal or animal
cell. In one embodiment, the transgenic animal $ a non-human transgenic animal. In another
embodinf%ﬁhg transgenic animal is a transgenic fish. In one embodiment, the animal cells are
non-hum&R aniTar A& fh AreeraBdanAR ARtAd FritAs CarPlrsHathareses keused herein,
fish refersegaamiyemembaribbtistontaggesootiebtive hrefebaor¢olas Risiasiol is gfefermd that fish
belongingAe:specips-anchuarietiesnb fish-afcanersalior seiehificinterasthaisgdysuch fish
include, Qr% are ‘Q%&li@!teu% égétgg@%n, tgout,ttung, dhalii‘but, catgi’h ze F#aﬁSh’ xnedaka, carp, tilapia,
goldfish, and leach. Furthermore, Most Slamants of (hea8 cona 1 §\f§r}§’e%?‘ﬁff’ré‘i‘ﬁhhsly applied in
very dist@EHbRe Haronare BRRpNAYRE e HEAsaIn and operator were utilized in plants,
invertebrgtes7andripuwrertelrate apthculurasiatielheckakalendP8; SausRA0iBIERNLZ000; Zuo at al.,
2000); th ipdi in.0f human progesterone. recepia PR:LBD).was explored in
yeast (V(ﬁgag%%gg% 1519%%;}%@%3 gge%léé’c?ﬁ‘\% |6%%§%ﬁﬁfé?ﬁn&v(/§sm§ %Oév(r%% ac ivaéltetf%tr(l)gcription in yeast
(Moore e{“%ﬁpf%%)?‘??i/éﬁ’étﬂgmlﬁgﬁgﬁo%ﬁ@éfé’ﬁ?@ﬁ% BB ReEnERstpejsidissrkagi and animal
kingdoms-fEmisyaby ehish pREO6) 35H CabdMéiplaint firUsnminimalpng meise aredupgrgbacterium Nos
terminatqspergdisechin piaals. (a1, eLa 20 M-FEFROmElety and ECRRperfarmed well in all

n S -
tested organisms, zebrafish krt8 promoter was active in human and mouse cell cultures. These results

implicate the (156 BT thESs R ARbHs i sThactitferbantieser Hister(#8m afishibians to
mammalg/aaier s iR FRR: fdetsraneor thy rgigimd: prahis) 110 052PRhieamasivpieferasdish for use with

the disclasaet @&mlug@%@kwﬁmge%ﬁ%sg@@wwﬁ%r ggp@;,ﬁg ﬁrgxglrgg@&(%@sing!y popullar
experim imal since the ve many of the advantages ot popular jnvertebrate experimenta
organisrﬁg,gaéér%f?r?g Oéteertﬁje a%)(éﬁﬂ%%%ewgs 56%76108%%7%%31?%@% liﬁﬁ‘bf’s% 18 (gavﬁ]ntage that they
are verteBf3tb¥oKR StHer dRtirhfradraribie P disinshirsthas, fkE e aut Bxoditcothey are largely
transparéint (Kimnbe!, Fi989) .iGe parahzelirafishiepssiandmaintes ance Areidesckikedhy Strcisinger
(1984) angiesigifield @000) 1003IZelAlSh eMPROSAle Basily ageessible and pearly ransparent
Given these characteristics, a transgenic zebrafish embryo, carrying a construg% encoding a reporter
protein ana e %‘@(‘,’i’ﬁ I%’% §§igf?§'é)quences, can provide a rapid real time in vivo system for
analyzindC8p&itial BevreeAdp erd| Bk prewsion spatiémsofimeascio Figertally-teyuiated gemes. In addition,

embryonisadpasiapnageiiafl hezebrafishdsextigmedyfanid -0 24hours an ephnyg,deyelops rudiments

of all the ' '%in a functional heart and circulating bl cells (Kimmel, 1989). Other
ISILLPE Qﬁ?ll c%xﬁggc éa{] Tesulls in expres )%n %e %ﬁggﬁergp([ ﬁsﬁ]lﬂl%d dition to fish,

. . i Si0on O
fish with some or all of the same irable characteristics arc also pr

the discIETEFED MR R dia the aEcamle (et wmTdtHe Sirhvs deiveadfrios Fats, pigs, goats,
livestockfiindsdaniphisiafienanddffgents ol ehiniquasfonORpaing adasg enicanimals are well known
in the art.asllustraieq-ersiar KNSRI epgRert nJmor Aeall eteln-dhie prasent invention is

directed i‘?g?é’ ystem for chemically regulated transcription. In one embo iment, this System consists of

two basi entEE AR PARE FRBEH TROIST SHBressrs-dr dhey S raibrlrorhetblesequence
containiritpisigring Sites fort thisdpanseriptisrefactes (FigrREsAARMBAHB) aAhe fransgsiation factor

(LexPR ratopsitvaionds:adupio.abibeabihinding domain of dhePasietial L ua prtein (residues
87) (Horii et a]c. %?é{l' Mcizltgngt |'8)1981 , the truncated ligand binding domain of the human
p

progesterons ok S (12 SO NS (R R RO PR R RO R SRS (residues
283-551)pRupéitvigtcdnl skoooylE efxiprEaneliREBERWpGE Dty ik Fanththerkxarmples herein). The
operatorﬁpﬂmn@ieﬁ@e(@pmel (L?K?L&}ggéayfsjw Rb&HEMD Tﬁg}élclé?gﬁbgp%@g@‘gfn(gqqé@g%% four '\C/lloIE_l
operator, tal sed to a minima omoter from Cauliflower Mosaic
Virus (ZS%gg%%agl?%ggoo %%%%eﬁss ?’&,3%%) %%Jacglgs %?Lﬁzfgrﬁséx‘iﬁﬁ Wg&%ﬁhﬁf&pg’i ABT5the operator and
induces $Eetr aReK SR BY trEsGEpesigpnaterEstpth Secdnnedneserotitf kesi@Rigny tieon binding of
the progesterogenantagiiffistnoaiieptisiopedemyoniyntawnas BUnd8ehdethe.pyrgesterone receptor
LBD. The actual sequence of events leading to transcription activation is unclear. 10056]Two
strategies for using this system are outlined on Figures IA and 1)3. The most versatile scheme
involves generation of two separate transgenic lines: a driver 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 WO
2009/008837PCT/SG2008/000237 19 transgenic offspring capable of expressing the gene of interest
in specific tis3V@39pEEImulation by mifepristone. This strategy allows cdtbihaE#§Ae3GTeriments:
the same driver line can be used to express various genes into the same cells and conversely, the
same effector Hue can be crossed to various drivers to express gene of interest in different cell or
tissue types. Furthermore, large number of driver lines with various expression patterns can be easily
generated using enhancer- or gene-trap strategies (Parinov et al., 2004; Scott et al., 2007). The.
effector cassette (LexOP:ge,ne of interest) can also be pl%\(;ge tqgetf?r Wi&%—“leslgx%)é eg{ transactivator
gene intGiffrershewesadiess Al (eEerigEreeRY FRIERNS toRvard generation of Ft
transgenif.fisbreapeine aflindertibié expitdssin o genepfdrtensstah just one generation. This

strategy (s, AR lICRI ALY ARAIIRIIAS Wienaskine with & siglaarnervliniesesidandseysuitable promoter.

It is also easier to manipulate and maintain the fish carrying the tran en%i a si ocus. [0057]As
describelP WikEETEtAt FEfR M SHEEY SRESPie a%%ﬁ’slgémwn 303006 DS A

_ expre_ssmﬁus{?/stem, a "driver-reporter"
constructpBa{|ats: bRRuERO4) irassgerie rifedio TiescorRithu srEsAEIRBITHVE Ko i98hents: the

LexPR transactivalor casinomseaysnee, unseydhel. 5b karmmtindpiemorer aadianuEaEP reporter gene

under the control of the LexOP sequence (Figure 1A xamp géh TQ% 02-kh kerafina, promoter drives
expressifeRPERATETLIS BE f‘?e{:%lu?en yrré%g rel?g% 55 \?é?iou?%n hgvncesf-tfaé(b expresgé%on patterns

dependingponsitreisin fourditry gehbaietsnyrbharenpsbioretw pa0eR) 2rhfCHITHE 9vdeeming for
enhancegfipR fbivaldinesedressing hexPR-uarssotiviton iBdifferentaelisistndetissties. The
pDs(tirt8.LPR-LOP:G4) also contains the Ds cis; [ litgie:qengration of
transgentRRHES R FSAF0RS fn%g({a%l{?)asrtlersag?’éée%'n%é%%gmgg?e r%‘%%\;é 2?%?%%%%%5%&1%% ‘?g@s, in
accordaneroviath BRED red sRChTURn BT RSl eiehPI6TR 0 re S d B RER HEnsganie ahimals or in cells
of animalsdseprorigedcéncanelembaitiitentytreos ysthereendFFSER Aubregsendri@péesidttuct and an
effector (also referred o herainas fa19al coRSEMGlchhR 3tV eAnanE st pBpRseS the

transactivation construct. In another embodiment, the LexA driver construct also inclydes a reporter
and this E8HsFRERReg RErFe B hEFeT 15?&@%%&%?%‘ tor alRerey MorGectied gt e

er-reporfgf construct. The LexA
driver-repareraconstroetscomprisesitvectranssde bt ericd s thcispdigsressiaiiies Astfuct in which the
gene is ayalkel HeRLEA 8RO RAERAC WhoREr@Mkadimens, tielefteatbBaEIPitIGhtrepmprises the
expressign construct in which the gene is a gene.of inter ' XA driver
construct ARg e’éceef%aéto?%%tﬁ%ttﬁjE%ea?%n}%o?s p%]r%ttlgnﬁuggggi}ggﬁ%%%%ﬁg?fgﬁﬁ%\ﬁimbodiment,
the LexAfbaive i matirerone @k SrsRtoluss iree ArETRiHe S HRE REUSTE&4¥ holecule. WO
2009/0088834# C Ti5&200840032 36206l Go8kibs: farthesiaspe RGP FrasEnt invensgaiprovides a
method of expressing,genas inFarRsoenic anishals aniasslisel animalsy lanre embadiment, the

method comprises preparing transgethe anima oRgain the LexA driver consipuct and the effector
construct BRI HSSRER e s t?%ﬂ?ﬁ@r%?é FIER TS e Ofv%ect%'}{%S A driver

animal is prepared to contain the Le
construct(Bigd Rsé2antigraimyenfiearitnalts b purdeftstiosntaliethb2biéttiachifsttubM Crossing the

first and sgeonddransgeRia:AAIMals RFitbel-RIQISHY SieRIRadN e RNGger anithakidantaining both
the LexA driver construct and the effector construct, In.another i Nhe@ ¥aNSY nic animal is
prepared THEFEHBSAYS grﬁe%a%rﬁ@%{ﬂ?gﬁ%‘%f&%-ﬁéaﬁtﬁ%%?f%’g%‘ﬁ%lﬁﬁg%% ui‘,g}%ﬁ%]nu%ieic acid
moleculedhaf thesransats 6th donsnalciield 2k Gk LY saifristorR & 7ABAS d LBh pTEEL preparing cells
of animalgthatentain ke atrivereonstiasand theefitistaffeonsbibe FEERForddAce with this

aspect of Jhe yventian, e cupression oluha genein s dransarninaninat ghanimabeel s controlled
by the addition of a |gan‘c31p?ort e human progesterone receptor. Exprﬁﬁsmn og %eﬂg&qe can be

switched Bi&- 4Rel Sremoamriing Urihe ReRTHEF IR S IRTRETRS Brsdvey SRSSRRMERE TS fruid is

mifepristane:[aRee]Transgeania fish aseftepared wisingiNenddsivwotsiasdpbetionereds. Inone

embodiment.a meloididesdaedicedha audlelc prhdensapsisinausela; described herein,
S

into a fertilized fish egg (i.e., including a fish embryo) or an unfertilized fi gg nuclejc acid. When a
fertilized fepetiets @%’é“ﬂjr?ﬁ%rﬁefﬁbi%ﬁ%@am%bﬂ)g Lﬁge ?%rﬁaé%nﬁr}%??rﬁo‘%nﬁauﬁ]éa%nic fish. When

the nuclei@seit 48 inticoiPe 2ihtpia InpM-feifiiredreguathenhiithiog mdiviaes feewinar e egg and
developing the fish.eAbiYe Bigairansagnpicdisha.Jdgpuieieecidmpy ha inirocigesvito the egg by a
variety of methods known to the art, including mechanical methods, chemical methods, lipophilic
methods, retroviral infection methods, and electroporation. Exemplary mechanical methods include, for
example; microinjection. Exemplary chemical methods include, for example, use of calcium phosphate
or DEAR-Dextran. Exemplary lipophilic methods include use of liposomes and other cationic agents for
lipid-mediated transfection. Such methods are generally well known to the art and many of such
methods are described in, for example, Gene Transfer Methods: Introducing DNA into Living Cells and
Organisms, (P. A. Norton and L. F. Steel, eds., 13iotechniques Press, 2000); and Current Protocols in

Molecular Biology (Ausubel et al., eds., John Wiley & Sons). Microinjection techniques involving fish
are fiirthar more fiillvy deceribed in for evamnle Chen and Poweaere (1000) and Elatecher and Davice



Techniques for introducing DNA into fish eggs or embryos by infection with retroviral vectors, such as
pantropic retroviral vectors, are further described in, for example, Burns et al. (1993). 100611 The
vector or other nucleic acid comprising the transgene may be introduced into an unfertilized egg or a
fertilized egg WOZHR4IWEH Stage of development. Multiple vectors, each en®&6di§Hiféi 3 transgenes
as described herein may be used. When using a fertilized egg, or embryo, it is preferred to introduce
the nucleic acid into the embryo (i.e., at the one-cell stage of development). However, the nucleic acid
may also be administered at later stages of development, including the two-cell stage, four-cell stage,
etc. Therefore, the nucleic acid may be introddéed into the morula, blastula, etc. At least one isolated
nucleic acid molecule incorporating thea@%ov -described transgenic construet is i uced into the
zygote. REGHBRANY whith {Iz*)ré‘ Audkdid ’f&%ﬁféé&%%%%%“&%%%%&?’%ﬁérg%‘agg’gstf 2E()?fg‘development, at
least onedsolatethar Geimacidssisietumnebaboranirijieherabbvcrmebms et tha sBHHR construct is
introducgg, intR.at {ﬁagugg@.cell of the, for example, momla, blastula, etc. [0062] Fish eggs may be
obtained from the appropriate fish by standard methods. Many_of the fi chased
commerl%R} frofietest égﬁﬁ?ﬁléhoﬁvef){ gfeo?é}gc_% e&“rltslﬁézr;D gtr s %Xg? t%éch)eg%at%ﬁrggygggr/r?e}et{%ods known to the
art. For exahplesessidesiradnsuriilser & SNorepriatesst ﬂ%ﬁ?éi?&%ea‘g%%étstﬁﬁg%‘%nabout twelve

month old, figh,ith-3:desicad,rafieisidenalaste ealesdudipasabaltRol) shagrbgidaced in an

appropriately ized contaigt suchar alank oS mayskevalssieddaleiexampigs placing the fish
in a nupti&f SR&MBeTin the tank for an appropriate time after mating, uch as about 10 to 60 minutes.
Such metrrisier e esdIaIoR RFS LS @‘%ﬁﬁ%‘iﬁgﬂmf??igﬁreefi?ltgtfv%@?rﬁagéjl 6ggs may be
artificiallyfesilizaehhysneihetsdntpn th thenskiledaitidh. (Bréakiliedsiv treserissFegmiliar with other
methods, of Oa?lg"sigi”egs&%ﬂéé ertlizedfish.eoas, (PRBE3AHER Riresucing shecrualaitagid construct into

the fish egg or embr 0, the fish egg or embryo is proyided with an.envirgnme t.cgndblilcive to
developrifEHtined %Hﬁlt‘ﬂéﬁ?‘%acﬁegn%?f?%%%%nt\ﬂrﬁ%% ?rl\%élﬂl . é]?cé@gma% e growth at 28.5 C. in E3

egg waterden 16 daysi follome ddyyrintraidbe tibrtossirturainguydassh wWikdboireayt 65 (westerfield,
2000). [QQ64]Fish,harboring.a fsanpeens.srpdadseniifindby any-guilalite fieansyiThe use of reporter

proteins that, like flugrescent proteins u%p_ —ON), GEP RER, B XEP i dsiRiP2), are directly
detectab?@’\ﬂmffo’ﬁ‘f?@aﬁi? taet %ngagfﬁé%o e%ﬁ%us%gc?grs g% refe?red for (ﬁetect' g or assessing
s%é%

gene expressir SibinderataREH EmpRHIETRREIEHMENE A4 hidg N CRBPIERE bryo, carrying a
construchemeodinga seprteGpraiRidieasitar duickta tapichreaati premateikl by Stenedisetinalyzing spatial

and tem%@a‘cﬁ)ﬁ%e?n%%?%%n&ﬁ&&%&@\é@éﬁ@ﬁvq&%&s& uatad gepwstAlieiaatively, the genome
of potential transgenic fish can_be ﬁ%gbed %%r the preser}%gn%f canstruct se uences. To, identify

transgeniERETEE  atB85PiS Sin g HFE tEa Sic

am 8 éaotshtlve ers 21; onn%( i ?
ehe, the presence of an expression product can be

assayed iSevenal techpigbssdomsuehelseadiifidhtidnvans KirswiiERg BT ror st ie i animals and
most can;pe apRligd a.iaRsaenic figh -Reabirgnefpaieniialorantiatdrattsgeniatisinfof nucleic acid
ot o e é%%%“ésggoérggm é %C%“Stté% of & ransqene ConSHUCt {3 AreicraBly Agcaragjished by

5 preterred’is detection using polymerase chain reaction (P CR) or

other seduersee-Siaeifid il S awiiEeA pificsalhredcHitgud P 18665 PHIEH altehd Mhay be included
in a vectex;forAeliéaryihd yesibrvas:usesbheneindandasiRhoGminlthadiyprefets taea lacleic acid
construct that includes genetic jal i to;direct formationdiendhapragess whereby
genetic r;ﬂé?léyrfgflgf anh i%%%%ua}?%%e%ﬁ@a%%fe%%r%%g&;zg%%of expgen uleNA énggdits genome) of
a targeteBEBNOPYe dEPTRIESFCShER MBS yERR (e "?QEIé‘r%‘ear‘fi‘géiCt o1t &Oal v and sequentially oriented,
i.e., operabhyplisikgy ofithcOBEPRestissamsior disirdddeldamdnmssenls rafithdliva O in a cassette
can be trapscribed angdsif desired {rapsiated-dnthadsisiainiesiaskaingiemes éerilizeshpmbryo. (00661
Recombinant expression vectors may be constructeﬁd b%/ ipocor no.r;qf;gitliln f%ﬂi%ﬁyﬁ "51%8' 4 nucleotide
sequenceLHBTRY WBPé?daacé%fﬂb%Bnﬂﬁ’éfh%aﬁgcﬂ% PRAGIVA 10 the illed artisan and &s described, for

example, dontsiferenoesatitetighnt dimdiugyithenviariBemothedetmes e KEtsIORASCAEY Es&in the invention.
S)Uitab'e %@E&gﬁ%ﬂ%&&lgﬁ HasigMe steLes WAbYasQSIRENSITE: IR T QWSS oresto (Hidaicy] sotlee Miller Iet
a).., 1993), adenovirus vectors (e,g., see Erzurum et al., 1993: Za t 4- Ravidson et al.,
1993) ad ?18’-%§§%?§?reassglrﬁls%\‘/ge%%rs tee.nﬁ.,dzgsecéj‘gg o}[{lsc Ikéifq' zﬁ?“fé%@%ﬁ?&?u?%eﬁ@% (e.g., see
Andersoreetiall of S934ameitrantistiiiatirecasiusestyussd o theainod 65 OB LR ARRIMG: the pattern of
expressioniibedisalosed-l ansgens fishspaodheaccomplishet-tiyveteasymagsoFigléafifying
expression of the transgene in different tissues (tissue-specific expression), at different times during
development (developmentally regulated expression or developmental stage-specific expression), in
different cell lineages (cell lineage-specific expression). These assessments can also be combined by,
for example, measuring expression (and observing changes, if any) in a cell lineage during
development. The nature of the expression product to be detected can have an effect on the suitability
of some of these analyses. On one level, different tissues of a 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
far 272 accpcceinAn ticcria-chacific eavnreccinn Evnreccinn fcan he determined hinchemicallvy



24 treatment with the ligand, e.g., mifepristone. Inducible expression of the chimeric trartsactivator
causes no side effects in transgenic animals, e.g., zebrafish, even when the ligand, e.g., mifepristone,
is added at early developmental stages. Only small amounts of the ligand, e.g., mifepristone, is
required for iNBAIBH®PAIE system allows generating driver lines capable of rEHRSALHMIRY the
expression of the effector/target carrying a gene of interest (00711 Modifications can be made to the
system in accordance with the present invention. For example, transgenic animals with various
patterns of expression of the chimeric transcription factor ("driver" lines) can be generated using
various promoters, and promoter-, gene- and efhancer-trap strategies, and the like (Parinov et at,

2004; Stanfor at..2001). For example, in case o -frap strateqy a splice acceptor sequence
instead ;%n)églﬁgé%ﬁglt}gwg lﬂilg)‘éeg) S‘Frlz\a/%éagﬁ% fgrﬁééﬁ%ﬂ%ﬂﬁgﬁ%é’%gf%ﬁ%ﬁ%ﬁb’ifiélﬁ“ﬁi:f‘ﬁfh(Stanford et at,
2001). In‘adMitefrtisiouseueies omtidshybed tadserstsn FadsbrE3Prefilinhewhiddified in order to
improve théuefticiengybar ﬁhbﬁﬁ@&i&la]au;sp@ﬁ)eﬁaeFon@@geﬁI@:@gtin&ﬁb@ﬂr_@omgmmmg human NF-x13

can be replaces )i, AR damalns 6.0, e JAnsaFalien domaip of the 1S\ yiton protein VP |

6). Also, the CaMV 35S basic promoter that is used in the’Exa Ses can b Thodied Br changed to a
different SHEFROTE Het ndebs e thbesed aedtivrie orevispmilrsistrng Wedinece earbEdnodified or
changedaeatdifferent sequence containing LexA binding sites (e.g. IexA, recA operator sequences or
consensus). The number of the operator sequences or LexA binding sites can also be changed in
order to qptimi erformance. Finally. different promoters can be used instead of keratine
promote%@%@tﬁsﬁe&g{%ﬁ@%}ig}ﬁ Wﬁ‘m’é@é\i?{}é{l& and for enhancer trapping. 10072] As described
herein, tH8083&seAbirmmesabd it edaes eeretidl v ys amibdivhrbl ugechiamcontroditkansgene
expressign Y sWiiakind dbemas affivhenJegui et sl RIS SeRt IRVERIANRIRYifES @ controlled

reversibl(?qeg(% erggril%ntr%}‘l genes. Moreo er,bth ptresent wgverglon provides a genetic system that can be
used to drive the expression oRly M e desied T3 iEe s BSIEPHI R prasamii@htion can be
used to PPERRfESIrAALtFefiereiifmars ertsstighinjerashireiredhanebitrdli cib ke soxirdssiperasfrgenes which
can be tipsiteoter eelispediiic cAlessithe presanitimesticachn adseshioisdusadhgexpression of
genes in {rapsgenic anitals or in specific tissues or cells of transgenic animals or cells of animals. In
addition, the present inyention can be used to generate transgenic driver lines for inducible expression
of genes,mlﬁ?éﬁldirﬂ tetracphen vish dftowsdhe srsrts iff it syemienammnarsderpdearidyenic animals
preparedéfrrsueore aticeliwitfotitenpeaisent imlxentidn indvettheé tonstiaciidestribed-haigin stably
incorporaigdiniedhepgereres.mk [00731The practice of the present invention employs, unless
otherwise indicated, conventional techniques of chemistry, molecular biology, microbiology,
recombir?f’;’#?j%gé)NE,‘(il %SH i?&qfﬁnﬂr’ﬁﬂeﬁo%gwsé%rh %féngsr;]?aggllf’%?ﬂtﬁ%c’%‘?ﬁi ﬂhﬂ?g@ﬁi&'%?&iﬁgy, which are
within théegkill Sflfebased Serrewsion WRipmst dratgeroszbMble cothfGivnthy (BstdsSpring Harbor
Laboratosytferdssn GoldaSptingidasb arpdvealions; mambneok abaindkoB8 Melesuatsioning, 2nd Ed.

(Cold Spgipg. 1% 1885: A, =R5No Harbor New York), Sambrook Russell, 2001,
MolecuIggggoaﬁg?é%ﬁ%ﬁzggdﬁg%ﬁs S LH) Sl gs}l;;%g g é?&nép%?g%af%g% New York);

rlr%g Harbor Laboratory Press, Co
Ausubel 3PEEHE85) 2 din t%jo‘ff%é VS RATE BTGRP g 2R R, Bshdenitfitdding periodic
updates)eBialetidd 385D Nfg | treieg {HR&P ress;ddx fdrtyidRussell, 4084ndMaigciagdniology of plants:

a laboratgmteaiursRRIRBMAbAGRIeRRUREHEARON L SRR BIAN P IesS Rld %Ri;ﬁégﬂ!zi%ggr N.Y.); Anand,
rk,

Techniq%e§e¥gr th%&n% esqisst%InCt:ﬁ)rpﬁ%Idex tGeﬁomes, (Academic Press, New Yo ; Guthrie and
Fink, GUide (0T Yeast Cenctice ana MOREIRIBIIB Y tatisgsmic Press, New York, 1990; Harlow and

Lane, 19883@ntiddtes (b Shifrmptasat drkatiormondde regsd @il Sprimgiddaibatcaiew York);
D Herogh S - lncine o 1aB4) Ctte Of Al Gl A oo,
. Hero [ eds. - Culture imal Cells.(R. 1, Freshney, Alan R. Liss, Inc.,
1987); Ir%%%%glﬁieﬁg'h g‘%ﬁ%ﬁgﬁ%ﬁ%ﬁ%& PRL® ?8&%?%%ﬁ%ﬁfé@%ﬁ%ﬁ%ﬁ%@&&? &tifie To Molecular
Cloning (T&Rsas YRR, E5fiSerrimet GorraeR iyaTors gy R dakiedine Pewmein fives, fe\badiaiidthods In
Enzymolog Motsin] 54 santibhifinf\ioneialadsy hinmuneshendisabdMathags i LellAnd Molecular
Biology r ; ic Press. London, 1987); Handbook Of Experimental
Immuno%%%o%%ﬁ%%\ﬁl%ggﬁﬁgﬁ 3&% %O%?S%%)ﬁrcﬁg\?\%?ﬁ %155., gés?tﬁi%ﬁfvﬁgss tial
ImmunofSgy BHoE Siitre B Rk erselish it PuBietit sk BRI g8 haHesgene LakA Manipulating
the Moubindirsisiee, TBotdrBipsing Hdrbord-aperatary RUgss; GloIRAYGdaberdholind 986);
Westerfield, M., The zebra/ls/i. book. A guide for the laboratory use of zebrafish (Dania rerio), (4th Ed.,
Univ. of Oregon Press, Eugene, 2000). EXAMPLES [00741The present invention is described by
reference to the following Examples, which are offered by way of illustration 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. 26 EXAMPLE 1 Materials and Methods [0075]Fish:
Zebrafish were maintained according to established protocols (Westerfield, 1995). [0076]Generating
transgenic fish using Ac/Ds transposon system: Transgenic fish carrying



insertions of the driver and effector constructs containing Ds cis-required sequences (as described
herein) were generated as previously described (Ernelyanov et al., 2006). 5-10 pg of plasmid DNA
was co-injected into zebrafish embryos (yolk center) with 25-50 pg of in vitro synthesized transposase
mRNA at the YO20908883/e. The injected fish were raised and out-crossed 6 ¥S&XEWAIE7 and the
resulting embryos were screened for the mifepristone-induced EGFP expression (driver-reporter lines)
or for stable BOIT expression in the lens (effector lines). For screening of the driver lines, mifepristone
was added to the growth water at 1 JAM final concentration at 24 hpf, and GFP expressing F1
embryos were selected and raised. Only the tirses that segregated as a single locus (produced 1:1
ratio when outcrossed to nontransgenic fish) were selected. Similaé\l}y, the effectar lines which showed
1:1 segtbgtition.olcryeEaFHEimpmik e (5ah BireaBa AT WEE se%éf’gcgow&ndid not ascertain
copy Nugpley lautenlyodseddhertingthat segiegateeh disensitigiditond és Fifesesimediiay contain
several closelylinked onica, gl iesansie b iaNRUE it does. nataamalisato finesmalntenance or
expression’an 1 |s.r[odl(_)%%] J%T-_PCR: RNA was igo ated with R{\IAEGacsL Kléegglrjr;aal% n),cDNA was
synthesi2edwéiio SemidprIEHsorNA 0 BHIBT AR GO M a?(dﬂ%‘iel%otlde an% 20u SuperScripirm
Reversanfitensaiptasen(bfviteogem)sinpROed lup BN faenirmiels 4H AcHEIEEr APPHER3PES%in and diluted 5
times W@Qq{{‘é%&%;?& girgglq}geg;mﬁ@ﬁiﬁgédj fanRER Withsnes il ctatimessitiledoxk Burignsactivator
aaatcattgccagghttcg (SEQ ID NO:42) and agcecttccaaaggaattgt (S | A3): GFP reporter
acgtaaagﬁﬁ %@ﬁ%%%ﬁé’?lﬂfﬁl@'? %Sgg)ﬁlég g%%ﬁ?&%%%égﬁ%?gfgﬁé %waéﬂggé%g R was
performed-witn Fagidelymeradied Gutadienin. 20ish Thanp ¢R SYRHHEPEShHENEDSS T cles (94C for 30
sec; 55 GfRLIR. $66af &r & /QRILOF 8863ind@0781 RNA in situ hybridization: Whole mount in situ

hybridization using antisense RNA.probes for full lengsh | axPR fransactivator andzeFP labeled with
digoxigeWﬁ?’(hoc £ ff§x\.n\?\fa§ %nallarlrl(_etlzlg osﬁte%dp%é)\/lgouslyed_escribed Oxtob fta,nd owett, 1993). After in
situ hybriizstion staineetptipr Sempier HEUREERTR BERTCY EEan FUIRIURIPD i Riikon SMZ1600

stereomiGASegRQ«MagesvateviakenanitnbikensDil/ ke 2RYA digivaiecam &t swvishrigiieNikon ACT-1

software an pr %?%ﬁ%%%%@%@%?&%@&%ﬁ%ﬁ A SATwAERH AT EXAMPLEn ckewA-Based
Mifepristonep- nducible Gene xpression System ( exPR-Drivacr) and .I;&ggrgrﬁgrhConst%ct) 10079]A DNA

construckEig ke PEARTE R o R SRBMg PR R BT S atiicial transcription factor representing the
fusion ofsecliNAehindingetioniahe EmEheldoarsteried tekaproreiic AfraRéete diahd Bifding domain
from the human NOSESIErANE FECHRIPaaRM:A M a6H Aliei Clammal idrad thiethu HEW Mok B/p65 protein

under short zebrafish keratin8 promoter:. SY40 early pqlyadenilatign. sequences; nepaline synthase
terminat8FPShthetie LXK Sﬁaégg%’r Cgtn%ffélﬁ% c(Sorrlﬂ er minimal Caulifiower Mosaic Virys 358 promoter,

was prepaniselby.cisHHaliin JleReiRl eth aHROBRS gL enBRTBRSTTY BB CRYIAGMERTS i pralueseript SK()
vector Coniairingtssnioatietel egelited tdikents of the Ds transposon from maize (Emelyanov et al.,

2006). Tgﬁgg{ratiﬂg promater.and the EGER codingiseqsenes awe dankes dyinisiedtestriction sites to
allow single-step replacement with a promoter of ch.oiqe ﬁ&g 2agene of iqteres{or%sp%%gvely. The

sequencEaiRaine £re SHBACIFFABIRIE. THECH TR NEuehces are BRown in Table 2. The
pDs(Icrt@tephORg@d)kIl Sedefarnd disietfontieniSEeErteds 4er Rt ke nip GREATE of LexA-Driver
and Rep%&&‘&@ﬁ%@ﬁéﬂ ugleRtides Sauice SERMRMND rd66R 1B haBcripthEKfhuatidr DNA
(X52325.S]é§1:!c_1:156€§01360r éxa?tgp -e??f8 a coding sequence is operably linked to a promoter sequence, this
generally means that the promoter may promote transcription of the coding sequence. Operably
linked means that the DNA sequences being linked are typically contiguous and, where
necessary join two protein coding regions, contiguous and in reading frame. Since enhancers
may function when separated from the promoter by several kilobases and intron sequences may
be of variable lengths, some mucleotide sequences may be operably linked but not contignous.
[0039] In one embodiment, the transactivation construct containing the chimeric franscription
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 kerating promoter (Parinov et al.,, 2004). In another



Ds 5'-end etc-required sequence. 2 899-922 Synthetic polylinker sequence. 3 923-1487 PCR fragment
Dania rerio Keratin 8 promoter region with partial 5' UTR. Derived from zebrafish genomic DNA. .
PCR-amplified fragment cloned using Nho/Pme and primers Krt8ETFIXiao and KRTS8ET-RPme.
1488-1587 s%%?é?ﬂﬁ/?ﬂfé?bNA sequence. 5 1508-1804 1-87 aa LexA repré$sor BRIEBiRding domain -
sequence containing 8V40 nuclear localization sequence (SEQ ID NO:7). The sequence is ampllfl_ed
using pER10 plasmid as template and the primers nisLEDFAsc and LexDBDRKpn, and clt_)n_ed using
Ascl/Kpnl. 6 1805-1828 Synthetic filler DNA sequence. 8 1829-3469 P CR fragment containing
truncated human progesterone 14

embodiment, the enhancer trap promoter is any other eukaryotic promoter that produces
desirable trapping. Practically any eukaryotic promoter is capable of responding to enhancers
with varying efficiency and therefore can be used as enhancer trap promoter. Examples of
promoters include, but are not limited to, EFla promoter, hsp, and the like (Balciunas et al.,
2004; Scott et al., 2007). In another embodiment, the promoter is an organ specific promoter, or
a tissue specific promoter or a cell specific promoter (e.g. GFAP, Flk-1, GATA-1, Rag2, and the
like), ubiquitous, constitutive or developmentally regulated promoter. Thus, in accordance with
the present invention amy promoter can be used. The choice of promoter depends on the
experimental goal and is readily selected by a skilled artisan.

[0040] In another embodiment, the tramsactivation construct containing the chimeric
transcription factor is operatively linked to a splice acceptor sequence. This produces so called
gene trap systems (Stanford et al., 2001; Skarnes et al., 1992). Splice acceptor sequences are
well known to the skilled artisan; and any suitable splice acceptor sequence can be used in
accordance with the present invention.

[0041] In a third aspect, the present invention provides expression constructs for use in
expressing genes in transgenic animals or in cells of animals. In one embodiment, the construct
comprises a synthetic operator-promoter operably linked to a gene (also sometimes referred to as
a coding sequence). In one embodiment, the operator is a synthetic LexA operator operatively
linked to a promoter. In one embodiment, the synthetic LexA operator is a ColE] operator. In
another embodiment, the LexA operator is a ColE] operator that is modified or changed to a
different sequence containing LexA binding sites (e.g., lexd, recd operator sequences or
consensus). In one embodiment, the synthetic LexA operator contains one or more, preferably
two or more LexA bihding sites. In another embodiment, the number of the operator sequences
or LexA binding sites can be changed to optimize the performance.

[0042]  In the expression construct, the promoter may be any promoter that can be used in
combination with the operator to drive controlled expression of the gene. In one embodiment,
the promoter is a minimal promoter. Any minimal promoter from any source can be used in
accordance with the present invention, including minimal promoters from viruses, bacteria,
yeast, fungi, animals and plants. Minimal promoters are well known in the art and several are
described in U.S. patent application publication numbers 2007/0009487 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, mman alkaline phosphatases minimal promoter and the



receptor binding dorriain fused with activation domain of p65 9 WO 2009/008837PCT/8G2008/000237
28 subunit of human NF-kB derived from pSwitch plasmid (Invitrogen) using primers PRLBDFKpn and
PRADRNot. 3470-3716 plasmid fragment containing SV40 early polyadenylation signal (SEQ ID
NO:11) derivé!&"f?&?ﬁ’?ﬂ%é?rpm (Clonteeh). 10 3717-3746 Synthetic filler D%E’%‘é%ﬂ?%ﬂ&%@iz

3747-4364 PCR fragment that includes nopaline synthase terminator from Agrobacterium turnefaciens
(NOS terminator; SEQ ID NO:14), synthetic Lex A operator (SEQ ID NO:15) derived from ColE1

operator (Ebina et al., 1983)) containing LexA binding sites, and Cauliflower Mosaic Vims 358 minimal
promoter (SEQ 11) NO:16) derived from pER13. The sequence is amplified from pER10 plasmid using

the primers LexOPFSwa and LexOPREcq, and ¢loned using SwancoRI. 13 4365-5376 Plasmid
fragment¥BnTaf R EREERSHH &5 Ltj‘éﬁ’g@nﬁgﬁ%c I%%I%ofé% %ﬁ?ﬁ?ﬂdne%a?lé’speg Icfa{)g gr?weylation signal
(SEQ D tN@atdyatterivEdheom, pEG RN (@lentdrh promoters in the expression construct is

contemplated and its choice is within the skill in the art.

[0043]  The gene in the expression construct may be any gene that is desired to be expressed
in the transgenic animal or in  cell of an animal. In one embodiment, the geneis a marker gene
or a reporter gene. As used herein, a reporter protein is any protein that can be specifically
detected when expressed. Many reporter proteins are known and have been used for similar
purposes in other organisms. These include enzymes, such as B-galactosidase, luciferase, and
alkaline phosphatase, that can produce specific detectable products, and proteins that can be
directly detected. Virtually any protein can be directly detected by using, for example, specific
antibodies to the protein.

[0044] The use of reporter proteins that are directly detectable without requiring the addition
of exogenous factors are preferred for detecting or assessing gene expression during zebrafish
embryonic development. A transgenic zebrafish embryo, carrying a construct encoding a
reporter protein and a tissue-specific expression sequences, can provide a rapid real time in vivo
system for analyzing spatial and temporal expression patterns of developmentally regulated
genes.

[0045] In a preferred embodiment, the reporter gene is a fluorescent protein gene (e.g.,
EGFP, GFP, RFP, BFP, YFP, or dsRED2) or a luciferase protein gene. In a most preferred
embodiment, the marker is enhanced green fluorescent protein (EGFP) (Zhang et al., 1996).
EGFP is preferred because of the high sensitivity of the reporter protein. The present invention
is in no way limited to the preferred markers or reporters. Many additional reporter proteins are
known and have been used for similar purposes. These include enzymes, such as f-
galactosidase, luciferase, chloramphenicol acyltransferase, P-ghucuronidase and alkaline
phosphatase, that can produce specific detectable products, and proteins that can be directly
detected. Virtually any protein can be directly detected by using, for example, specific
antibodies to the protein. Any reporter which can be readily detected may be used in place of
the EGFP. Additional markers (and associated antibiotics) that are suitable for either positive or
negative selection of eukaryotic cells are disclosed, infer alia, in Sambrook and Russell (2001),
Molecular Cloning, 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.



17 5377-5750 Ds 3'-end cis-required sequence 19 5751-7960 pBluescript SEW-) vector DNA
(X52325.1 G1:58067) 20 TABLE 2 Primers Primer Name Forward (F) or Reverse (R) SEQ ID NO:
Krt8ETF 1 xho F 21 Krit8ET-RPme R
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[0046] In another embodiment, the gene is a “gene of interest,” i.e., a gene which is desired
o express in a iransgenic amimal. Absolutely any gene can be chosen depending on
experimental goals and is well within the skill in the art. For example, in cancer research,
oncogenes such as Ras, Myc and the like can be selected. The “gene of interest” is not limited to
the natural genes or coding sequences. It can be any nucleic acid sequence coding or noncoding
which is desired to express in transgenic animal. For example, the RNA transcribed from the
“gene of interest” can regulate expression of the target genes through antisense snppression,
RNA interference (RNAi) or microRNAs (miRNAs) (Hannon and Rossi J, 2004; Ruvkun,
2001).

[0047]  Although an expression construct can be made up of any nucleic acid sequences, for
use in the disclosed transgenic amimals it is preferred that the expression constructs combine
expression sequences operably linked to a sequence encoding an expression product. The
expression construct also preferably includes other components that aid expression, stability or
integration of the construct into the genome of an animal. As used herein, components of an
expression construct referred to as being operably linked or operatively linked refer to
components being so connected as to allow them to function together for their intended purpose.
For example, a promoter and a coding region are operably linked if the promoter can function to
result in transcription of the coding region.

[0048] In one aspect, an expression comstruct containing the gene is prepared to include
expression sequences. The expression sequences are used to mediate expression of an
expression product encoded by the construct. As used herein, expression sequences include the
synthetic operator-promoter described herein, upstream elements, enhancers, and response
elements. It is preferred that the expression sequences used in the disclosed constructs be
homologous expression sequences. As used herein, in reference to components of expression
constructs used in a transgenic animal, homologous indicates that the component is native to or
derived from the species or type of animal involved. Conversely, heterologous indicates that the
component is neither native to nor derived from the species or type of animal involved.

[0049]  As used herein, expression sequences are divided into two main classes, promoters
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



22 nLsLBDFAsc F 23 LexDBDRKpn R 24 PRLISDFKpn F 25 PRADRNot R 26 LexOPFSwa F 27
LexOPREco R 28
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orientation. Enhancers function to increase transcription from nearby promoters. Enhancers
also often contain response elements that mediate the regulation of transcription. Promoters can
also contain response elements that mediate the regulation of transcription.

[0050] The disclosed expression constructs preferably inclunde other sequences which
improve expression from, or stability of, the construct. For example, including a
polyadenylation signal on the comstructs encoding a protein ensures that transcripts from the
transgene is processed and transported as mRNA. The identification and use of polyadenylation
signals in expression constructs is well established. It is preferred that homologous
polyadenylation signals be used in the transgene constructs. However, heterologous
polyadenylation signals or terminators, including polyadenylation signals and terminators from
plants, can be used in making the expression constructs for use in animals.

[0051] The disclosed constructs and methods can be used with any type of animal or animal
cell. In one embodiment, the transgenic animal is a non-human transgenic animal. In another
embodiment, the transgenic animal is a transgenic fish. In one embodiment, the animal cells are
pon-human animal cells. In another embodiment, the animal cells are human cells. As used
herein, fish refers to any member of the classes collectively referred to as Pisces. It is preferred
that fish belonging to species and varieties of fish of commercial or scientific interest be used.
Such fish include, but are not limited to, salmon, trout, tuna, halibut, catfish, zebrafish, medaka,
carp, tilapia, goldfish, and loach. Furthermore, most elements of these comstructs have been
previously applied in very distant hosts: bacterial LexA DNA binding domain and operator were
utilized in plants, invertebrates and in vertebrate cell cultures (Nettelbeck et al., 1998; Szuts and
Bienz, 2000; Zuo et al., 2000); the hormone binding domain of human progesterone receptor
(hPR-LBD) was explored in yeast (Vegeto et al., 1992); NF-«B/p65 activation domain was
shown to activate transcription in yeast (Moore et al. 1993); maize Ac/Ds transposable elements
performed well in plants, fungi and animal kingdoms (Emelyanov et al., 2006); 358 CaMV plant
virus minimal promoter and Agrobacterium Nos terminator were used in plants (Zuo et al,
2000); EGFP, mCherry and ECFP performed well in all tested organisms; zebrafish krt8
promoter was active in human and mouse cell cultures. These results implicate the use of these
systems and constructs in a wider range of hosts (from amphibians to mammals, and possibly in
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



CbBFA P 29 CbBR R 30 29 EXAMPLE 3 LexA-Effector Construct (Target Construct) [0080] A DNA
construct (Figure 3) carrying the ECFP gene under the control of the zehrafish Ctystallin beta B
promoter followed by the BGI-I polyadenilation sequence, nopaline synthase terminator, synthetic
LexA operato"Arid¥e8%ty ORF under minimal Cauliflower Mosaic Virus $58/8t3418&028%/40 early
p_olyadenilation sequence, was prepared by eloping into pBluescript SK(+) vector containing terminal
cis-required sequences of the Ds transposon from maize (Emelyanov et al., 2006). ECFP is a
_noninducible selection marker for transgenesis ("blue eyes"). The expression of mCherry is not
induced by mifepristone in transgenic lines cai®/ing this construct alone but can be induced in double

lines carrying the additional driver construct, The niCherry codin e c replaced with a
sequenééé?‘ﬁ&‘é%t@%?nﬁ?lﬁ?ffﬁw&tﬁniq’i‘l‘éoﬁéﬁtﬁ’gﬁgicﬁa%]i egfzf‘ﬁ% %‘%ﬁ%r%ée ?F;%aiﬁxsa%?g%hown in Table 3.
The printesseaibaiise shayexsh brgelin Teabterant TRépDh(SRFL-L OFei) Rmahgtirssitience is set forth

in SEQ l‘l;l)ailhjtgl:éle M@&ﬁﬁe@%%ﬁﬁ@@ @bseumbvirdtesteaCrumslyuct Nucleotides Source SEQ ID NO:
1-662 pBluescript SKgSrg vector DNA X5€325.1 I'1§80%7 |

[0053] Zebra embryos are easily accesst and’ hearly transparent. Given these
characteristics, a transgenic zebrafish embryo, carrying a construct encoding a reporter protein
and tissne-specific expression sequences, can provide a rapid real time in vivo system for
analyzing spatial and temporal expression patterns of developmentally regulated genes. In
addition, embryonic development of the zebrafish is extremely rapid. In 24 hours an embryo
develops mdiﬁmts of all the major organs, including a functional heart and circulating blood
cells (Kimmel, 1989). Other fish with some or all of the same desirable characteristics are also
preferred.

[0054] In addition to fish, the disclosed constructs and methods can be used with other
animals such as mice, rats, pigs, goats, livestock, birds, amphibians and insects. Techniques for
preparing transgenic animals are well known in the art as Hliustrated herein.

[0055]  As described in more detail herein, the present invention is directed to a system for’
chemically regulated transcription. In ome embodiment, this system consists of two basic
elements: a chimeric transcription factor and a cis-acting operator-promoter sequence containing
binding sites for this transcription factor (Figurés 1A and 1B). The transcription factor (LexPR
transactivator) is a fusion of the DNA binding domain of the bacterial LexA protein (residues 1-
87) (Horii et al., 1981; Miki et al., 1981), the truncated ligand binding domain of the human
progesterone receptor (residues 640-914) and the activation domain of the human p65 (residues
283-551) (Burcin et al., 1999) (Lex™PP-PR**A-p65*7; Figure 2 and the Examples herein). The
operator-promoter sequence (LexOP) consists of a synthetic LexA operator (containing four
ColE] operator sequences (Ebina et al., 1983)) fused to a minimal 35S promoter from
Cauliflower Mosaic Virus (Zuo et al., 2000) (Figures 1A, 1B, 2 and 3). The LexPR
transactivator binds to the operator and induces the transcription of the gene of interest placed
mder control of LexOP only upon binding of the progesterone antagonisf, mifepristone
(commonly known as RU-486), to the progesterone receptor LBD. The actual sequence of
events leading to transcription activation is unclear.

[0056] Two strategies for using this system are outlined on Figures 1A and 1B. The most
versatile scheme involves generation of two separate transgenic lines: a driver 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



663-898 Ds 5'-end cis-required sequence 2 899-916 Synthetic filler DNA sequence. 31 917-1551
ZebrafishCrystallinbeta Bpromoter.FOR-amplified fragment cloned using Xho/Pme and primers
CbBFA and 32 CbBR. 1 552-1 605 SyntheticsequencecontainingLox2272siteforCre recombinase. 33
1606-1748 Fraghteht¥8ftaining synthetic intron R758 derived from pGenePE3/EG3M0$109~73gen).
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transgenic offspring capable of expressing the gene of inferest in specific tissues upon
stimulation by mifepristone. This strategy allows combinational experiments: the same driver
line can be used to express various genes into the same cells and con\}erse]y; the same effector
Iine can be crossed to various drivers to express gene of interest in different cell or tissue types.
Furthermore, large number of driver lines with various expression patterns can be easily
generated using enhancer- or gene-irap strategies (Parinov et al., 2004; Scott et al., 2007). The
effector cassette (LexOP:gene of interest) can also be placed together with the LexPR
transactivator gene into the same vector construct (Figure 1B). This allows straightforward
generation of Fy transgenic fish capable of inducible expression of a gene of interest in just one
generation. This strategy is particularly appropriate when working with a single gene of interest
and a suitable promoter. It is also easier to manipulate and maintain the fish carrying the
transgene in a single locus.

[0057]  As described in further detail herein, in order to test the LexPR expression system, a
"driver-reporter” construct pDs(kit8:LPR-LOP:G4) was generated. This construct contained
two components: the LexPR transactivator coding sequence under the 0.5-kb keratin8 promoter
and an EGFP reporter gene under the control of the LexOP sequence (Figure 1A, Example 2).
The 0.5kb keratin® promoter drives expression in skin epithelia but it frequently generates
various enhancer-trap expression patierns depending on the surrounding genomic environment
(Parinov et al., 2004). This allows screening for enhancer-trap driver lines expressing LexPR
fransactivator in different cells and tissues. The pDs(krt8:LPR-LOP:G4) also contains the Ds
cis-required sequences to facilitate generation of transgenic lines and random insertion
screenings (Emelyanov et al., 2006).

[0058] Thus, in accordance with the present invention, a system for expressing genes in
transgenic animals or in cells of animals is provided. In one embodiment, the system comprises
2 LexA driver construct and an effector (also referred to herein as target) construct. The LexA
driver construct comprises the transactivation construct. In another embodiment, the LexA
driver construct also includes a reporter and this construct is also referred to herein as a LexA
driver-reporter construct. The LexA driver-reporter construct comprises the trausactivation
construct and expression construct in which the gene is a marker gene or a reporter gene. In one
embodiment, the 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.



34 1749-2475 Fragment containig ECEP sequence derived from pECFP1 (Clontech). 35 2476-2490 |
Synthetic Miff DNA sequence. 36 2491-2756 FragmentcontainingBCH.(bovinegrowthhormone)
pobunienylationsequencederivedfrompGene/V5-HisA (Invitrogen). 37 2757-2795 Synthetic filler DNA
sequence. 3SVPZPHBUIB PCR fragment containing nopaline synthase teFAr2E3PIF@R237
Arobacteriurntumetaciens(NOSterminator;SEQID -
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[0059] In a further aspect, the present invention provides a method of expressing genes in
transgenic animals or in cells of animals. In one embodiment, the method comprises preparing
transgenic animals that contain the LexA driver construct and the effector construct. In one
embodiment, a first transgenic animal is prepared to contain the LexA driver construct and a
second transgenic animal is prepared to contain the effector construct. Crossing the first and
second transgenic animals or their progeny create a third transgenic animal containing both the
LexA driver construct and the effector construct. In another embodiment, a transgenic animal is
prepared that contains the LexA driver construct and the effector construct using a nucleic acid
molecule that contains both constructs. In another embodiment, the method comprises preparing
cells of animals that contain the LexA driver construct and the effector construct. In accordance
with this aspect of the invention, the expression of the gene in the transgenic animal or animal
cell is controlled by the addition of a ligand for the human progesterons receptor. Expréssion of
the gene can be switched on and off by adding or removing the ligand. In a preferred
embodiment, the ligand is mifepristone.

[0060]  Transgenic fish are prepared using the constructs described herein. In one
embodiment, 2 method includes introducing the nucleic acid, i.e., construct or vector deseribed
herein, into a fertilized fish egg (i.¢., including a fish embryo) or an unfertilized fish egg nucleic
acid. When a fertilized fish egg is used, the method includes developing the fish embryo into a
transgenic fish. When the nucleic acid is iniroduced into a non-fertilized egg, the method
includes fertilizing the egg and developing the fish embryo into a transgenic fish. The nucleic
acid may be introduced into the egg by a variety of methods known to the art, including
mechanical methods, chemical methods, lipophilic methods, retroviral infection methods, and
electroporation.  Exemplary mechanical methods include, for example, microinjection.
Exemplary chemical methods include, for example, use of calcium phosphate or DEAE-Dextran.
Exemplary lipophilic methods include use of liposomes and other cationic agents for Hpid-
mediated transfection. Such methods are generally well known to the art and many of such
methods are described in, for example, Gene Transfer Methods: Introducing DNA into Living
Cells and Organisms, (P. A. Norton and L. F. Steel, eds., Biotechniques Press, 2000); and
Current Prolocols in Molecular Biology (Ausubel et al., eds., John Wiley & Sons).
Microinjection techniques involving fish are further more fully described in, for example, Chen
and Powers (1990) and Fletcher and Davis (1991). Electroporation techniques involving fish are
further more fully described in, for example, Powers et al. (1992) and Lu et al. (1992).
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(SEQ ID NO:15), and Cauliflower Mosaic Virus 358 minimal promoter (SEQ ID NO:16) derived from
pPERIO. The sequence is amplified from pERIO plasmid using the primers LexOPFSwa and
LexOPREco, 31u 88 sing Swal/EcoR|. 3414-3444 Synthetic tiller DNASEGGRNEL ¥63445-4177
Fragment containing mCherry fluorescence protein sequence derived from pCS24-mOherry (gift from
Dr. S. Jesuthasan). 40 41784410 Plasmid fragment containing SV40 early polyadenylation signal
derived from pEGFPNL1 (Clontech). 41 4111-4784 Ds 3'-end cis-required sequence 19
21

Techniques for introducing DNA into fish eggs or embryos by infection with retrovital vectors,

such as pantropic retroviral vectors, are further described in, for example, Burns et al. (1993).

[0061]  The vector or other nucleic acid comprising the transgene may be introduced into an

unfertilized egg or a fertilized egg at a desired stage of development. Multiple vectors, each

encoding different transgenes as described herein may be used. When using a fertitized egg, or

embryo, it is preferred to introduce the nucleic acid into the embryo (i.e., at the one-cell stage of

development). However, the nucleic acid may also be administered at later stages of

development, including the two-cell stage, four-cell stage, etc. Therefore, the nucleic acid may

‘be introduced into the morula, blastula, etc. At least one isolated nucleic acid molecule

incorporating the above-described transgemic construct is introduced into the zygote.

Additionally, when the nucleic acid is introduced iio an egg at later stages of development, at

least one isolated nucleic acid molecule incorporating the above-described transgenic construct

is introduced into at least one cell of the, for example, morula, blastula, etc.

[0062]  Fish eggs may be obtained from the appropriate fish by standard methods. Many of

the fish may be purchased commercially from, for example, pet stores. Fertilized eggs may be

obtained by methods known to the art. For example, a desired number of appropriately aged

fish, such as about three to about twelve month old fish, with a desired ratio of females to males

(such as about 2:1) may be placed in an appropriately sized container, such as a tank. Eggs may

be collected by, for example, placing the fish in a nuptial chamber in the tank for an appropriate

time after mating, such as about 10 to 60 minutes. Such methods are described in, for example,

Culp et al. (1991). Alternatively, fish eggs may be artificially fertilized by methods known to the

skilled artisan. One skilled in the art is familiar with other methods of obtaining such fertilized

fish eggs.

[0063]  After introducing the nucleic acid construct into the fish egg or embryo, the fish egg

or embryo is provided with an environment conducive to development into an adult fish. Such

an environment may include, for example, growth at 28.5° C, in E3 egg water for 15 days

followed by introduction into circulating system water by day 16 (Westerfield, 2000).

[0064]  Fish harboring a transgene can be identified by any suitable means. The use of

reporter proteins that, like fluorescent proteins (such as BGFP, GFP, RFP, BFP, YFP, or

dsRED?), are directly detectable without requiring the addition of exogenous factors are

preferred for detecting or assessing gene expression during zebrafish embryonic development.

A transgenic zebrafish embryo, carrying a construct encoding a reporter protein can provide a

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



4785-6994 pPluescript SK(4-) vector DNA (X52325.1 01:58067) 20 EXAMPLE 4 Generating
Transgente Fish [0081]Transgenic fish carrying insertions of the driver and effector constructs
(described in Examples 2 and 3) were generated as previously described (Emelyanov et al., 2006; WO
2006/124001)&%5@?:’8%}8,35-10 pg of plasmid DNA with 25-50 pg of in vitro Wé@é@%&ﬁsposase
N)RNA was co-injected into zebrafish embryos (yolk center) at the 1-2-cell stage. T he injected fish
were raised and out-crossed to wild type. F or screening purposes mifepristone was added to the
growth water at | p..tM final concentration at 24 hpf and OFF fluorescent F1 embryos were selected
and raised. EXAMPLE 5 Reporter Expression iB2Transgenic Driver Lines Is Induced and

Tightly Controlled by Mifepristone [0082]Tra_n§agenic driver lines that carried LexPR driver-reporter
cassette ST gemlaicd srare JuffErtsdati prodtRetro it RS R 588 on patterns

activatedrintpicbe rieepofsanife pfistostadFigneesed AT DieEG FRrfigrrie sk ncaainsxpbsenged in the

transgenig fish aRREoXiMaiabn s JMaHsAltehadding e RESIQRR 40 g romth-wateat 1 p.M and
100nM final concentration. S ror‘l%nEG %x%ression could also b indl%ced %t 1 Olnl\g {';1fter 24 hours of
incubatio A& Th At TR B et SR8 GEn SPATEd SYnimeanTTy weRRY Teporter ‘
expressidrnsgaporfantjrihitsebimsericbooenifb prrsesnic frbifher ElgE et jeredseneeser EGIT

transcripiygréeieaied i1 ranagescambey A tbigr alaapikhbdgyreotBeans tatmaat shown).
blotting. Also preferred is detection using polymerase chain reaction (PCR) or other sequence-
specific nucleic acid amplification technigues.
[0065]  The transgene may be included in a vector for delivery. A vector, as used herein and
as known in the art, refers to a nucleic acid construct that includes genetic material designed to
direct transformation (i.e., the process whereby genetic material of an individual cell is altered
by incorporation of exogenous DNA into its genome) of a targeted cell. A vector may contain
multiple genetic elements positionally and sequentially oriented, i.e., operably linked with other
necessary or desired elements such that the nucleic acid in a cassette can be transcribed and, if
desired, translated in the microinjected, single-cell fertilized embryo.
[0066} Recombinant expression veciors may be constructed by incorporating the above-
recited nucleotide sequences within a vector according to methods well known to the skilled
artisan and as described, for example, in references cited herein. A wide variety of vectors are
known that have use in the invention. Suitable vectors incinde plasmid vectors, viral vectors,
inchuding retrovirus vectors (e.g., see Miller et al., 1993), adenovirus vectors {e.g., see Erzurum
et al., 1993; Zabner et al., 1994; Davidson et al., 1993) adeno-associated virus vectors (e.g., see
Flotte et al., 1993), herpesvirus vectors (e.g., see Anderson et al,, 1993), and lentivirus vectors
(e.g., see Lever, 2000).
[00671 Identifying ‘the pattern of expression in the disclosed transgenic fish can be
accomplished by measuring or identifying expression of the transgene in different tissues
(tissue-specific expression), at different times during development (developmentally regulated
expression or developmental stage-specific expression), in different cell lineages (cell lineage-
specific expression). These assessments can also be combined by, for example, measuring
expression (and observing changes, if any) in a cell lineage during development. The nature of
the expression product to be detected can have an effect on the suitability of some of these
analyses. On one level, different tissues of a 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



WO 2009/0118837PCUSG2008/000237 31 Therefore, this expression system allows tight
transcriptional control of the transgene with no detectable background. [0083]Althouah, krt8 promoter
does not turn on until 4 5 hpf (Gong et a)., 2002), we generated transgenic fish with maternal
expression fréWY €88 bter via enhancer-trapping (Parinov et al., 2004) PAAG 2808@ e ability of this
system to regulate maternal expression of transgenes. Transgenic F2 females harboring the
driver-EGFP construct in their genomes were treated with 1pM mifepristone for 12 hours before
crossing to the wild type males and their offspring was screened for EGFP fluorescence before
midblastula transition. We have isolated femalegfrom two families that produced GFP-positive eggs
following such treatment (Figure 7). Therefore, Lex.PR gene expression system can be usedto
regulate mateingl eéxpregsioficofdspisgiemes. [D@B4Mte dith ndt olisErvenebvibushsidealiffects on
zebrafish deyelopmephusing:thig,systemmeygmgpon induction with high concentration of mifeptistone

(10 1.1M) at 1-cell stage (data not shown). Althoygh in one line induction of strong expression during
early devéqg?)%en’f’%%égggi Pl PREEE e?/aeﬁ??ﬁ:ﬁﬁgeﬁ?a %{geh RSO %usuat%d Jsuﬁgﬁ%}ﬂf%ter recovered

ela§/s|n some embryas,
and did netesthitbiterhugrhotogical kivrorin diitias (E XANPIsR @ Rents efithds Pfatserptivns. Induction
[OOSSJTﬁ AeGdratRly-estimatetheniRleof MULEIENs Ibis-MNQ apRIOPsiaiRde Meast) enlhe g;&script
rather thap the protein pro e e interest contajns sequences. for i,
microRNK& O%TOFES?tn&gﬁgto%#%%%g f s%i?ér%é%@v%%gxeé%mé’at?ﬁi ‘?ﬁgﬁ%{f{é?n %%rg(fgt?%s%?iption response
to rnifepridf8HEIHILSH srtuSihg watene Neo Grit7in SitLars) Bt 24tf6h wrdetien PORYaiieripts (Figures
6B-60). Forothin4ouensegverisseatentrainsgrnie, triverdingisjtbzamenhaneetitap MR expression

pattern Showp I,k i%?%@s@%%ﬁ%ﬁﬂ%@%%ﬁ f(8.|'§|‘. hislinayveredgeated yith [pM myigpristone from 48

hpf onwards and aliquots of 20 embryos were collected at various times after induction. No reporter

transcript @RpragoPriisatisp siRfe FHATIIE TT8 U b rEOPHRLEHB e r AFRRESHtEs R Yetected under
the otic vesitiettarsdblratiopist-ROGBEIoM0aR (dsobepieldnEr8asaeny tdd uafys @aRNepfir8td hours of

induction-(LQQSG@‘&QE@E@&%H@JM&%@%@ry&%mmm.supsgn%hﬁéﬂ@ag’ @oﬁé%&%%ﬁ@n pattem
(Figures 6A-6G), mostly in the areas of ;Ilgn LexPR ex ression. _SZEEXA(\)I(\){ISPLS Trans-actlvatlon of
Effector EW@%@FOW%&%TB dﬁ?ﬁlﬁgﬁ%ﬁly Eigﬁt'ﬁ%\? lr?ﬁtgo R/gr 2ih Bt Edistructs [0087]To
demonstriiésthe féasibiditytofhegirgehekPeitivere nes tonddied bapysyedhearying driver and

effector cassettes. Both constructs contain the Ds cis-required sequences to facilitate generation

of transgenic lines carrying these functional cassettes in their genome. The use of the Ds cis-

required sequences has been described in Emelyanov et al, 2006 and in PCT published

application No. WO 2006/124001. The driver ("driver-reporter") cassette comsists of two

components: the gene for a transactivator under a short keratin8 promoter and an EGFP reporter

gene under control of a minimal promoter fused with synthetic LexA operator (Figures 1A-1B

and 3A-3C). The short keratin8 promoter is an efficient enhancer trap promoter that can

produce various tissue-specific expression patterns depending on the genomic environment

(Parinov et al., 2004). The EGFP reporter is expressed only in the cells that express

transactivator and conveniently marks these cells. The reporter expression can be used to screen

for driver lines with distinct transactivator expression patterns created due to enhancer trap

effect on the keratin8 promoter. The effector constrnct DNA construct harbors an ORF for red

fluorescent protein mCherry under a minimal Cauliflower Mosaic Virus 35 S promoter fused to a

LexA operator. It also harbors ECFP under the control of the zebrafish Crystallin beta B

promoter used as an additional marker to select transgenic lines (Example 3).

[0070] We have experimentally 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



expression in trans (Figures 1A-1B), we generated a LexA-effector construct pDs(cry:CLOP:Ch). This
effector cassette harbors a gene for red fluorescent protein I'lnCherry" under the control of the LexOP
sequence (Example 3). It also contains Ds cis-required sequences to facilitate transposon-mediated
integration int 8 GEREHe and an extra selection marker, ECFP under th&8cHRtr#%8114&32ebrafish
Crystallin beta .B promoter, which generated cyan fluorescence in the lens (Figures 8A-8C, 9A, 9B
and 1(IA-10D). The presence of the additional marker facilitates generation; selection and analysis of
transgenie lines. Five stable transgenic lines carrying the LexA-effector inserts in their gchnome were
generated. No background inCherry fluorescenge was detected in any of the effector lines treated with
p.M mifepristone. The effector lines were crossed with the driver-EGFP lines and the transgenic lines
carrying botresheitutts ligatde i geniindsiwer dndiribinctprive terkg ol G R atRIPICherry
fluorescepggewas deteciadinithe-dapbie thansacnig fishimn oteatmentiwytiyamifersistone. Upon

treatment 0£the double fransgenic emhbryos with 1 tiM mifepristone, both ters (EGFP/driver and
mCherry/lé]f S%?cs)tr()n Were cggfpe%(%araédgsgavlgril %e%tgfn"sltg e%llsm(é¥ggm%h:ﬂ%ma% {ﬁ% ETh g',gt’ne driver lines

can be ugeiksistaemé aetivedonroptietiganddisisteredievs credans thecefisetcredbsette. [0088]
Neverthelessastiephsaewgryaiingationeithe relafive axprasaiost iawais.of both reporters (Figures 11A,
11B, 8A-§a2A, %?o%ﬁga'\%%'%a%% %@é@l%a&l% NIMER é?f}’ Q@&E&%%W%’%%&?Q& %’JJ&%O%‘?‘me type in the

same fish (Figure 11B). Most positive cells expressed both reporters; but the relative level of

expressioiPvrEEg ey SBelteldsnswEY HgRts BGEPniiRsebite HEReitcCherry while in
some othesssthiptimClanty(fludres dendecaraselrightesd Tinge diffeyentredfectonfinesnoressed to the same
driver “”%f&@%@%%@?ﬂ%ﬁjﬁ@{%ﬂs%ﬂe&é‘ﬂﬁé’ 8‘&856%@&(}96&59 Shef &%P! g@@jgnl:@ata not shown);

but the differences between the eftector lines were not more sjgnifig(ant than the_vang ation observed

between SHERSHEHENS 0BT S BHERYIA P HERfPa B ABHO S B EX AN PLRYHERIRE Downregulation
of the Reportethe transcriptioG efibExbras sioncEpflowspMiepiisteh el WilhtralwalddiogdlFo find out if

removal ot mifepristenenaliouesitching Altgens sxpiassi b to delermingthedime needed for
downregu%}%}ion after mifepristone withgrawal we per,forme(g the %3 fotltllmgin% e%@eriment. Transgenie

F2 embryBe CIR) g th® TSP RS Shte r L SRaRIC (ara FoiBa A 38 AT our diffaPent
concentratiorglastnifdpdistoney éolomains & Bobirdrrysartiudon oG feddbie visigprerodion. After | or 12
hours of mifegyisione Heatmentsihs.s0prRpsVeER [nsediand ransiesseddntodatgmiatanks of water

without milepIaPre.RGER Tugiescancaamsobraed and eapidsd abAfle ol dmes afer
withdrawal of‘mifepristone. 1n paraﬁle , we also o serv_ea embryos that were continuously treated with
the drug. B5BE8eHer hiREeR i & TEHTA RS BRBAR Ao ok A indina fiisri 528 1R Fal5é5. The data in
Table 4 inpdigrestactordmgdastme)a e mifeigr sfoheopdtitdrawatntieatcberdspiodids svedifferent

developmeptalsigung:(BRi{Qriee s MRHMOR HRFSRA RN AR] dRRAHRARAIA tRajments started at
36 hpf). To 2‘;/_0|d C fr‘)lgl%smr], the corresgondln develo%ment | times. are |ndé%ated. A Nikon SMZ1609
%arcﬁ r

fluoresceMt% CLEBRERIARCR AR FEY PO SRIMRED A SFREEER PR SPESHMRCE. Relative
brightnestdsetvgeen the experiment and the control embryos continuously treated with] uM
mifepristoerig arrangae tediaciie e prsindicaiesh prhallmdele ehgenad BaBPduorescence in
the embryos cf)o%% da ggg}ler%'fe risto }-,fré%eltc aterfollowirlo%fl%grtl)l%rs Jfreatmentwith 1 UM mifepristone
(Table 4).%(%!3 transCript was also detecte %)g/ E'IQIIB(%IR ays aft rWl’[hifr"awal%fml}epristone from
the waterpErgHPe Boviive Sy HSHERT He EBtEmeitisacto YorNariicaes@h e length of
exposurepgerii#s toginbitaysthe switcin oF dethy danchie: shpreedilablés desing S)sdasibthe maximum
expfeSS'O&ﬁ@.vefmg%;gew%mﬁ@ﬁ ipdusLioR.6Andifions: IS QUi T ARk 4ne teimining the Time
e

Required to Switch Off c%orter Expression Claus& * Reporter (txme 12h24h expréssion after
111348648PgHet B FYEIDIh SRS R Rl P Oh e e BT A pell-specific. - Also, the

present invention can be used to induce the expression of genes in transgenic animals or in

specific tissues or cells of transgenic animals or cells 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.
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[0073] The practice of the present inveation employs, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA,
genetics, immunology, cell biology, cell culture and transgenic biology, which are within the
skill of the art. See, e.g., Maniatis et al., 1982, Molecular Cloning (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York); Sambrook et al., 1989, Molecular Cloning,
2nd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Sambrook and
Russell, 2001, Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring

‘ Harbor, New York); Ausubel et al., 1992), Current Protocols in Molecular Biology (John Wiley
& Sons, including periodic updates); Glover, 1985, DN Cloning (IRL Press, Oxford); Russell,
1984, Molecular biology of plants: a laboratory course manual (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y.); Anand, Techniques for the Analysis of Complex Genomes,
(Academic Press, New York, 1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular
Biology (Academic Press, New York, 1991); Harlow and Lane, 1988, Antibodies, (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York); Nucleic deid Hybridization (B. D.
Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins
eds. 1984); Culture Of Animal Cells (R. 1. Freshney, Alan R. Liss, Inc., 1987); Immobilized
Cells And Enzymes (IRL Press, 1986); B. Perbal, 4 Practical Guide To Molecular Cloning
(1984); the twreatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Methods In
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Jmmunochemical Methods In Cell And
Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987); Handbook Of
Experimental Immunology, Volames I-IV (D. M. Weir and C. C. Blackwell, eds., 1986); Riott,
Essential Immunology, 6th Edition, Blackwell Scientific Publications, Oxford, 1988; Hogan et
al., Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1986); Westerfield, M., The zebrafish book. A guide for the laboratory use of
zebrafish (Danio rerio), (4th Ed., Univ. of Oregon Press, Eugene, 2000).

EXAMPLES
[0074]  The present invention is described by reference to the following Examples, which are
offered by way of illustration 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.
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EXAMPLE 1

Materials and Methods
[06075]  Fish: Zebrafish were maintained ,éccording to established protocols (Westerfieid,
1995).
[0076]  Generating transgenic fish using A¢/Ds transposon system: Transgenic fish carrying
insertions of the driver and effector constructs containing Ds cis-required sequences (as
described herein) were generated as previously described (Emelyanov et al., 2006). 5-10 pg of
plasmid DNA was co-injected into zebrafish embryos (yolk center) with 25-50 pg of in vitro
synthesized transposase mRNA at the 1-2-cell stage. The injected fish were raised and out-
crossed to the wild type, and the resulting embryos were screened for the mifepristone-induced
EGFP expression (driver-reporter lines) or for stable ECFP expression in the lens (effector
lines). For screening of the driver lines, mifepristone was added to the growth water at 1 pM
final concentration at 24 hpf, and GFP expressing F; embryos were selected and raised. Only
the lines that segregated as a single locus (produced 1:1 ratio when outerossed to nontransgenic
fish) were selected. Similarly, the effector lines which showed 1:1 segregation of cry:ECFP
marker (cyan expression in the lens) were selected. We did not ascertain copy number but only
used the lines that segregated as a single locus. These lines may contain several closely Hnked
copies of the comstructs, however, it does not complicate line maintenance or expression
analysis.
[6077] RT-PCR: RNA was isolated with RNAEasy Kit (Quiagen). cDNA was synthesized
from 0.5 pg DNA free RNA with 0.5 pg/pl random hexanucleotide and 20u SuperScriptTM
Reverse Transcriptase (Invitrogen) in 20 ul. ¢cDNA mix was inactivated at 70° C for 15 min and
diluted 5 times with water. 2 pl of the mix was used for PCR with specific primers: for LoxPR
transactivator aaatcattgccaggtitteg (SEQ 1D NO:42) and ageccticcaaaggaattgt (SEQ ID NO:43);
for EGFP reporter acgtaaacggecacaagttc (SEQ ID NO:44) and gicetecttgaagicgatge (SEQ ID
NO:45). PCR was performed with Taq polymerase (Quiagen) in 20 pl. The PCR cycling
conditions: 35 cycles (94° C for 30 sec; 55° C for 10 sec; 72 ° C for 10 seq).
IBQ78} RNA in situ hybridization: Whole mount in situ hybridization using antisense RNA
probes for full length LexPR transactivator and EGFP labeled with digoxigenin (Roche, USA)
was carried out as previously described (Oxtoby and Jowett, 1993). After in situ hybridization
stained embryos were mounted in PBS-glycerol and viewed using Nikon SMZ1600
stereomicroscope. Images were taken with Nikon DXM1200F aigital camera with the Nikon
ACT-1 software and processed using Adobe Photoshop 7.0.1 sofiware.
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EXAMPLE 2

LexA-Based Mifepristone-Inducible Gene
Expression System (LexPR-Driver and Reporter Construct)

[0079] A DNA construct (Figure 2) camrying an open reading frame for an artificial
transcription factor representing the fusion of a DNA binding domain from the bacterial LexA
protein, a truncated ligand binding domain from the human progesterone receptor and an
activation domain from the human NF-«B/p65 protein under short zebrafish keratin8 promoter;
SV40 early polyadenilation sequences; nopaline synthase terminator; synthetic LexA operator
and EGFP under minimal Cauliflower Mosaic Virus 35S promoter, was prepared by combining
the elements by sequential cloning of PCR fragments in pBluescript SK(+) vector containing
terminal cis-required elements of the Ds transposon from maize (Emelyanov et al., 2006). The
keratin8 promoter and the EGFP coding sequence are flanked by unique restriction sites to allow
single-step replacement with a promoter of choice and a gene of interest respectively. The
sequence details are shown in Table 1. The primer sequences are shown in Table 2. The
pDs(krt8:Lpr-LOP:G4) full sequence is set forth in SEQ ID NO:46.

- TABLE]
Components of LexA-Driver and Reporter Construct
Nucleotides Source SEQ ID NO:
1-662 pBluescript SK(+) vector DNA (X52325.1 GIL:58067). 1
663-898 Ds 5°-end cis-required sequence. 2
899-922 Synthetic polylinker sequence. 3
923-1487 PCR fragment Darnio rerio Keratin 8 promoter region with 4
partial 5° UTR. Derived from zebrafish genomic DNA.
PCR-amplified fragment cloned using Xho/Pme and primers
Krt8ETF1Xho and KRTSET-RPme,
1488-1507 Synthetic filler DNA sequence. 5
| 1508-1804 1-87 aa LexA repressor DNA binding domain - sequence 6
contaiming SV40 nuclear localization sequence (SEQ ID
NO:7). The sequence is amplified using pER10 plasmid as
template and the primers nlsLBDFAsc and LexDBDRKpn,
and cloned using 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
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subunit of human NF-kB derived from pSwitch plasmid
(Invitrogen) using primers PRLBDFKpn and PRADRNot.

3470-3716

plasmid fragment containing SV40 early polyadenylation
signal (SEQ ID NO:11) derived from pEGFPN1 (Clontech).

10

3717-3746

Synthetic filler DNA sequence.

12

3747-4364

PCR fragment that includes nopaline synthase terminator
from Agrobacterium tumefaciens (NOS terminator; SEQ ID
NO:14), synthetic Lex A operator (SEQ ID NO:15) derived

from ColE] operator (Ebina et al., 1983)) containing LexA |

binding sites, and Cauliflower Mosaic Virus 358 minimal
promoter (SEQ ID NO:16) derived from pER10. The
sequence is amplified from pER10 plasmid using the primers
LexOPFSwa and LexOPREco, and cloned using Swal/EcoR1

13

4365-5376

Plasmid fragment containig EGFP coding sequence (SEQ ID
NO:18) and SV40 early polyadenylation signal (SEQ ID
NO:11) derived from pEGFPN! (Clontech).

17

5377-5750

Ds 3°-end cis-required sequence

19

5751-7960

pBluescript SK(+) vecior DNA (X52325.1 GL:58067)

20

TABLE 2

Primers

Primer Name Forward (F) or SEQ ID NO:

Reverse (R)

Krt8ETF1Xho F 21

Kri8ET-RPme

22

nlsLBDFAsc

23

LexDBDRXpn

24

PRLBDFKpn

25

PRADRNot

26

LexOPFSwa

27

LexOPREco

28

CbBFA

29

CbBR.

Wom| m| o W o) o) R

30
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EXAMPLE 3
LexA-Effector Construct (Target Construct)

[0080] A DNA constroct (Figure 3) carrying the ECFP gene under the control of the
zebrafisk Crystallin beta B promoter followed by the BGH polyadenilation sequence, nopaline
synthase terminator, synthetic LexA operator and mCherry ORF under minimal Cauliflower
Mosaic Virus 358 promoter, SV40 early polyadenilation sequence, was prepared by cloning into
pBluescript SK{+) vector containing terminal cis-required sequences of the Ds transposon from
maize (Emelyanov et al., 2006). ECFP is a noninducible selection marker for transgenesis (“blue
eyes”). The expression of mCherry is not induced by mifepristone in iransgenic lines carrving
this construct alone but can be induced in double lines carrying the additional driver construct.
The mCherry coding sequence can be replaced with a sequence of interest using flanking unique
restriction sites.The sequence details are shown in Table 3. The primer sequences are shown in
Table 2. The pDs(ery:C-LOP:Ch) full length sequence is set forth in SEQ ID NO:47.

TABLE 3
Components of LexA-Effector Construct
Nucleotides Source SEQID NO:
1-662 pBluescript SK(+) vector DNA (X52325.1 GI:58067) 1
663-898 Ds 57-end cis-required sequence 2
899-916 Synthetic filler DNA sequence. 31
917-1551 Zebrafish Crystallin beta B promoter.  PCR-amplified 32
fragment cloned wsing Xho/Pme and primers CbBFA and
CbBR.
1552-1605 Synthetic sequence containing Lox2272 site for Cre 33
recombinase.
1606-1748 Fragment containing synthetic intron JVS8 derived from 34
pGene/V5-HisA (Invitrogen).
1749-2475 Fragment containig ECFP sequence derived from pECFP1 35
(Clomntech).
2476-2490 Synthetic filler DNA sequence. 36
2451-2756 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




T Fluorescence signal is similar to the control. Fluorescence signal is obviously
weaker that in control. No Bap fluorescence (except autofluorescence)observed using the fluorescent
stereomicroseope.
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NO:14), synthetic Lex operator (4 LexA binding sites) (SEQ
ID NO:15), and Cauliflower Mosaic Virns 35S minimal
promoter (SEQ ID NO:16) derived from pER10. The
sequence is amplified from pER10 plasmid using the primers
LexOPFSwa and LexOPREco, and cloned using Swal/EcoRI.

3414-3444 Synthetic filler DNA seguence. 39
3445-4177 Fragment containing mCherry fluorescence protein sequence 40
derived from pCS2+mCherry (gift from Dr. S. Jesuthasan).

4178-4410 Plasmid fragment containing SV40 early polyadenylation 41

signal derived from pEGFPN1 (Clontech).
4411-4784 Ds 3’-end cis-required sequence 19
4785-6994 pBluescript SK{+) vector DNA (X52325.1 GI:58067) 20
EXAMPLE 4

Generating Transgenic Fish
[0081]  Transgenic fish carrying insertions of the driver and effector constructs (described in
Examples 2 and 3) were generated as previocusly described (Emelyvanov et al., 2006; WO
2006/124001). Basically, 5-10 pg of plasmid DNA with 25-50 pg of in vitro synthesized
transposase mRNA was co-injected into zebrafish embryos (yolk center) at the 1-2-cell stage. T
he injected fish were raised and out—croésed to wild type. F or screening purposes mifepristone
was added to the growth water at 1 uM final concentration at 24 hpf and GFP fluorescent F,

embryos were selected and raised.

EXAMPLE 5

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 pM and 100aM 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).



TABLE 5 Minimal Time After /vlifepristone Withdrawal Required to Switch Off Reporter Expression
CRUA486 Minimal time after to turn off the reporter RU486 withdrawal expression 12 hours induction 1

hour |nduct|on 1 M5 da?/s 6 days 100 nM 2 days 3 days 0 uM
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Therefore, this expression system allows tight transcriptional control of the transgene with no
detectable background.

[0083]  Although, Ar¢8 promoter does not turn on wntil 4.5 hpf (Gong et al,, 2002), we
generated transgenic fish with maternal expression from this promoter via enhancer-trapping
(Parinov et al., 2004), and tested the ability of this system to regulate maternal expression of
trapsgenes, Transgenic F; females harboring the driver-EGFP construct in their genomes were
treated with 1pM mifepristone for 12 hours before crossing to the wild type males and their
offspring was screened for EGFP fluorescence before midblastula transition. We have isolated
females from two families that produced GFP-positive eggs following such treatment (Figure 7).
Therefore, LexPR gene expression system can be used to regulate maternal expression of
transgenes. ~

[0084] We did not observe obvious side effects on zebrafish development using this system
even upon induoction with high concentration of mifepristone (10 uM) at 1-cell stage (data not
shown). Although in one line induction of strong expression during early development
occasionally caused developmental delay in some embryos, they later recovered and did not

exhibit morphological abnormalities.

EXAMPLE 6

Rate of the Transcription Induction
[0085] To accurately estimate the rate of induction, it is more appropriate to measure the
franscript rather than the protein product, especially if the gene of interest contains sequences for
RNAi, microRNA or other non-coding RNAs. Hence, we examined the spatiotemporal
transcription response to mifepristone induction using whole mount in situ hybn’dizaﬁon to
detect EGFP transcripts (Figures 6B~6G). For this purpose, we used a transgenic driver line
with an enhancer trap EGFP expression pattern shown in Figure 4A. The F; ernbryos from this
line were treated with 1 pM mifepristone from 48 hpf onwards and aliguots of 20 embryos were
collected at various times after 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
(Figares 6A-6G), mostly in the areas of strong LexPR expression.



1 day 2 days 1 ithi 1 day EXAMPLE 9 Inducible Expression of Activated K-rasvi2 in Transgenic
Zebrafish Using a Single Driver-reporter Vector [0090] To demonstrate practical application of the
LexPR gene expression system we used it for generating transgenic zebrafish lines carrying the
cell-toxic K-ra¥%2HéW8E e to test if it is possible to manipulate its expresSi6R/ g W& opment.
[0091] We had previously attempted to generate enhancer trap lines that t,xpress a fusion protein of
EGFP and activated K-ras2B(V12) (EGFP-Krasvn hereafter) using Ds(la-t8:EGFPKrasv12) transgene
(unpublished data). However, expression of EGFP-Krasvn drastically reduced gerraline penerrance
and, despite the reported efficiency of this prormwter for enhancer trapping (Parinov et al., 2004), we
obtained very few lines that expressed EGFP-kr asVI2 exclusively in skin epithelia. The epithelial cells
in these lines were severely abnormal, buE#8MMét Affect development or viability. [0092] To
overcome the toxicity of the EGhR-lssasiba trrsgenaxwesdteriad it into a driver-reporter cassette
(instead of the EGFPDisuEixarapig-a} istl HabdriinmelreserangEcbrsir Gobfdsfiert8: LPR-LOP:EGFP-Krasvn)
(SBQ ID;he»i48: & CREIasYneomptses Nueleaidas 44l ddl Gnthesaatencmarpaprising
nucleotides 4396-5710, which contains EGF13-Kratsc\{12LhZ£_b§eg 350#re\gé)u§)lgl de_égribed in PCT
publisheEFESHERTBIEE, WESO07 103 TS) BB dte- B SHERE ORISR BRGTt pulse of
exposuré o Giife pristofiecid0@ssitik irfeqristerne for redibiarpeeether dgih iR Shage 'tenderen F1 embryos.

This wasgene te seswesswyvalefEansgers flighaioQskinesi dusstit-wasdasiesation of germline
penetrance of the trans%ene' we ?ave btained 7 out of 8 creeryredf uEders S%é@nsgenesis rate),

which pr%ﬁﬁ‘égaWéfﬁosoﬁgﬁ%asir%aeﬁfle%ﬁ Vaifterent CEPRSrescence patterns whi

‘ erns whén induced with
inifepristomisr Hhisontm sfdnaskafishe Gy shfitabas hemasgehicsigcrstawidre DaRrisEEGFP) transgene

(Bmelyappw,etials, @06 suogssinonah®sisHdmP RehORktde Rrikitasadditioagsatigetid not affect
germline penetrance. In one of these lines, e ion of {he fransgeng;cquld he induced in the
deveIopiﬁ%%f%#eeﬁr%ﬁ%e,rﬁ%%cﬁ%lgr oéh%enzfltﬁ%eﬁg(gﬁe Iggré In th?a epithelial skin cééélfl?é attributed to the

basic krterprerachsr LastvrtPeiorifeds 12 4heB P e SBEEE: K PR YIFEAML LB this line, we
treated Ak embsyaswiitlictepdd] imfiristdine difetOhipfes memed syitthis iddusdidpsigeciic Bffect on the

shape of gells fhatexrress EQRRTK IS iR ellsof the skingpithalizandmotashardsheath were
enlarged, did not form a continuous layer but stgag(, we ?%%Q/eddclu&els Oéu%%ls%én-zge affected skin
epitheliaF e s BRIt TRe gﬁ%ﬂ?g aﬂa SVERIETY shed T the 6ttdide environment. Embryos
had shortesdedtexid, imbraividt brarscaraiibpsivnsttresnitanidhiaifentsiescattion selee( Figures
12a-129),f husa8mbryssevelcpment was seuarely-pieciedibi exprassigparbikerasd. [00941]This
model demonstiaies egase ang easity olengiatng and naninyafingansegyie animals that

harbor toXIc tra sgenes. This strategy should be useful to study effects of not only Ras activity, but

also othdineh ey i irasipctvaier Ve [5p srart Jrvisrea serghint dmrfieege @i ebrafish and in

cancer rgeegsch. Nevertheless, we observed variegation in the relative expression levels of both
reporters (Figures 114, 11B, 8A-8C, 9A, 9B and 10A-10D). Variegation was evident even
among cells of the same type in the same fish (Figure 11B). Most positive cells expressed both
reporters, but the relative level of expression varied significantly: some cells showed brighter
EGFP fluorescence than mCherry while in some others the mCherry fluorescence was brighter.
Three different effector lines crossed to the same driver line produced slightly different general
levels of reporter (mCherry) expression (data not shown), but the differences between the
effector lines were not more significant than the variegation observed between different fish

within each offspring (Figures 9A and 9B).

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



[0095] Non-inducible gene expression systems utilizing the LexA DNA binding domain have been
previously used only in invertebrates and in mammalian cell cultures (Hoshino et al., 2004; Lai and
Lee, 2006; Nettelbeck et al., 1998; Szuts and Bienz, 2000). Here, we have demonstrated that a
LexA-based %%%%??&?Bﬁéctivation system can be used for inducible geneP 8%&8%%%“3%%/0 in true
transgenic vertebrates and for generating transgenic driver lines. [0096] The LexArbased
milepristone-inducible system 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 detettable as early as one hour after induction with 1 nM
mifepristone and achieve maximum level after approximately nine hours of induction. 36
100971 TRANEERS ERKHRSES o CAFEHEi fal FORTEE A5 a6 p P ARG e B Tt hout the adult
life. Moreewer, avesmefevithlévio difttuae expeassions of miterisminprivd icts Iih libleseiggridycexposing females
to mifepflﬁé%ﬁ’?{%ﬁ&%&ﬂ%&ﬁm Thisisessentiobmbesstudkingtheeictsnhasthansgene on early
development before activation of the zygotic genome at midblastula_t ition (Pelegri, 2003). It would
also alloPiié THTFSFGTEkHHESEIsH bR i A o R iR S Shaic }ﬁéﬁpe% AWHeR the transgene
expressiobsivtiesé celisiéd defififventttines @088)Tthéagd rfsuifaresirnals braigitctsedsoff, but at a
rlnzu;:]h S|%%;J@&%ﬁ&ﬁ%@ﬁ@;\ﬂ@i@ﬂﬁu%@pu@mme gays @ﬁ@f&ﬂt@agﬂ@e@&%méqrwglc(;olllowing
ours induction wit mifepristone reparier transcript can be detected. - Ctis
possible Wa%&ﬁigﬁﬁ?gt%ﬁg‘%z é:élgn%gaﬁr%g%lh ?ﬁléa ﬁ%‘%‘d@g grffg a‘thlﬁ%%%sﬁ"c?Sﬁ‘ﬁ {ay accumulate
in the yoliehasitonitéehsietrop Moy 20Me praeteradiel diespi Sty orpmel BepRr @b ©rP
transcriptsieateias e FeoNGeRtralions hursieptisteamansd sharder intl usfonmimesare more
appropriate for switch-off experiments, Bublished data fiam:mevsae and Lrasepiula,show that both the

R0486- ang l(gﬂt’e racyc ihe-maucible ystems require long time to turn off (Chikama et al., 2005;
Roman efapoROmEone e w6 Srarush sHiptiR oelr SFEEITRoRseHeniRErr fHEYE®Re expression,
may needdede QP ket dibhiaoswitehinfoe xpeitnesiyst:Fadl evBhproVdeearierghisguide for

optimization, aling ARCSONATAN AatkinguctapUme. 4Q08RL aneipon SamR L OP is activated
only ina suaﬁ? et of cells expressing the LexPR tl’aI‘ISCI’{I;)tI,Oh fi%ct%r) é%FI ures 6A-6%),1 stly in the cells
ecell

with relatfRy AgftrcSnteht i SHIGHHHE e & RSO URVErgo SAPERbretdettow levels of
LexPR trangautivatdl griodiicEFRighehevans wisBlIF teweind byl T SUidh & sarrfieata@eduatidn is not simply

dose depgngengiant-max ke subiegtiorcegulation by whenfaaiormabuasdaraviouslyaported that

transactivator concentration.could be animpoytant parameter.inthe activation of targget genes for
TetR-VPfag(ff%%nl% Srclzl éhb?%%x °§‘§f§te‘fﬁ$t?so§é{“‘r° and Gruss 19%?g}§tror?ger,promEoters and enhancer
proddt

trap everft€ist thew e Wﬁ?ﬂmﬁl"é‘?ﬁ?éiﬂ?&ﬁva%ﬁféﬁ?ﬁ%%@ B STAEIBR BB of a target
gene. Other possibilities that may explain this include cell-specific factors involved in p65AD
transcriptional activation, or cell-specific drag jgpgrmeability. This must be taken into account when
making an inducible driver line usirJBg a well-defined Prgg&tgr ora %@ns enic line with uniform

i CRRERY 5, 8HE Xt SRGSH BPIRE Wrget gene in the smaller

domain compare
may allow agt'

n.cnacificcp nﬂmﬁaﬁﬁrrm]%‘ﬂlﬂl@w*ﬂq N1 lan-thao oo
+S cifig uiﬁﬁ vt:‘!gy:urc yi”T|L\96h-LU[J-‘jdd7ll,H LI}XI&C s where EGFP

expressic -muciTinore BGEP tham LexPR-transcript; tharshows that the
LexPPJL H’?ﬁﬂ&gg& = cgy??gnq.-q.mqqr}%%ae. amm‘nmngc1 "l».,ﬁ"l?fjl"“'l*ransgenic
LexPR | BRG0P 1 8 A S SR AT SN DY 0 the same
line sho ‘ ] A TOA-D) Furtherare; two

independ cior)|also prpduce matching patterns of
expressid vertheless, we observed variegation of

reporter 3 and 10A-D),
and mos md visually
similar to zactivation of
reporter nd effector
CONStructg . ) =t ke 118). Not only
the relativg thesste e 3t [ession-to each LexOP

varied in : e St ,
around thigigz & et 5 sEpesaieism,
suggesting that position effect variegation does not play a major role in the variegation. This is fiirther
supported by the facts that position effect variegation was rarely observed in the conventional
enhancer trap lines carrying EGFP gene directly controlled by the kr18 promoter (Choo et al., 2006;
Parinov et al., 2004) but most of the LexPR driver lines showed certain degrees of mosaicism.
Published reports suggest that epigenetic silencing through DNA methylation and chromatin
acetylation play important roles in activator-dependent transgene expression:(f:lager and Grass, 1999;

Kues et al., 2006). The mosaic induction of gene expression may also reflect a stochastic mechanism
Nnf traacaantiviator-denandent trancerintion activiationn (Roaear and (haoce 1000 \Waltare at al 100RK)




10103)The concentration of mifepristone required for effective transcription induction (0.01- 1 uM in
the growth water) is significantly lower (20 to 2000-fold lower) than the antiprogestin dosage used to
induce abortion (10mg/kg, --20 uNf). This offers safety for the researchers and the environment. Since
the deletion MR2AIVIBE human progesterone receptor LBD does not bind¢3/pr3gektatdtie, this may
also be potentially useful for human gene therapy (Wang et al., 1994). [0104]Although mifepristone is
cheap and safe, in some cases prolonged exposure to the drug may be undesirable. Furthermore, due
to strong transcript amplification, it might be difficult to control the level of the target gene expression
by titration of mifepristone concentration. Combination of the inducible system with Ere/lox
recombination system can 39 provide a platform for improvemen 10 € ndeed,
inducibld Ak '

recombi tion features all
elements: of interest or
for perfo 1 Bl >4nes to drive

; e A B 5e
controllable expresssoamal genes ahittekest cbhectriver and the effector DNA cassettes are equipped
with the .Ds cisFregerisettssguibisciyitodaoiieite treinsgeredis. T he constructs contain convenient
restriction enzyNee FSE8gfiuersssrss thecamo i &EipracstslrPaprsesmeanioss the EEPIsEHl mCherry
coding sequenSEEMHAI L LBGuence of interest (Examples 2 and 3). The 0.5-kb krt8 promoter driving
the transaetivator expression can be used for enhancer trapping (Parinov et al., 2004), or can also be
easily replaced with different promoters (Exampiez3). [01061Most elements of these constructs have
been previously tested and used i'ﬂ/ﬁ’erY elggal LexA DNA binding domain and

SRR ROAMS
operator were utilized in W@aMYQ%Q{@ esandipHatihraieselcyliures (Nettelbeck et al., 1998;

Szuts and Bienz, 2000;_Zuo et al., 2000); the hormone binding domain-of human progesterone

receptor (hPR-LBD) was explored|in yé@&ﬁ%@rﬁpﬁﬁﬁW&B/p%S activation domain was
3

shown to activate tran scripti(&q2 ipﬁy VOIS %naﬁfef%ﬁf;fs{%gégé‘%pa transposable elements

performed well in plants; d anmmgEIgdoms -, 4006); 35S CalvlY plant virus
minimal promoter and AgrofRGIRFITM NOS tgkinator Were Useghil plants (Zuo S al., 2000); EGFP,
mCheliy and ECFP perform ygaln all testedagrganisms and theéagebrafishikrt8 promoter is active in
human and mouse cel| culturesi#Parinov and Ernelyanov, unpudished data). Thus, this system and
our constructs can be used in a wide range of hosts from amphibians to mammals, and possibly in
invertebrates, fungi and plants. [01071The use of the terms "a" and "an" and "the" and similar referents
in the context of describing the invention ( | }'%51 the context of the following claims) are to he
construed to cover both the singular and the plural., unless othgrwise indicated herein or clearly
contradicted by context. The t@ﬁﬂgb‘é@rﬁﬁﬁﬁ}ﬂ@?fﬁ?ﬁﬁﬁﬁﬁélud‘w," and "containing" are to be
construed as open-endel BIRESAEL BT “REEGIRG Bt RSt Timiad to,”) unless otherwise noted.
Recitatioriogp9hngés divaisiat: meadicebaeriveiehofifheddedRegw semnsswsPGterare e dhod of referring
individualky to-gaskhseRaiale vasadalingswithimthed sagexuwiess Gthacyies wdiesiediberein, and

each separat% value is ilgcor. orated inta the %%%ﬂ,ﬁ?g‘é,i:{%n as if it were 40 individually recited herein. All

0ssible to mamipulate 1ts TESS1 nrin . . i~ .
methods BEECHDEd Rerein can be per ormed in any suitable order unless otherwise indicated herein or

otherwisel(88rly Fonirediserirmiy coiTraRed TR EREALT S SRR dRshimb e Bre defiifary language
(e.g., "suchoas:)speuideshiersingds iotasmiathmeetrobetiét Hivmingtesthg inertideFand does not
pose a linyigtion @n. e, CARS. B 'YEfIoRIRes difjetuise plalpdk Nolanguaag n e

specification should be construed as indiCating any non-claimed element as essential to the practice of

the invenfigiicahayBine FBsmRTE AR Stemitei RS SrrB b AETGIsaRY BRI SrEme & GMEPERE best mode

known  trapping (Parinov 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 overcoms the toxicity of the BEGFP-Kras' ' transgene, we cloned it into a driver-
reporter cassette (instead of the EGFP in Example 2) and used the resulting construct
Ds(krt8:1 PR-LOP:EGFP-Kras"™%) (SEQ ID NO:48; EGFP-Kras""
5710; the sequence comprising nucleotides 4396-5710, which contains EGFP-Kras"'?, h§s been

comprises nucleotides 4415-



to the inventors for carrying out the invention. Variations of those embodiments may become apparent
to those of ordinary skill in the art upon reading the foregoing description. The inventors expect skilled
artisans to employ such variations as appropriate, and the inventors intend for the invention to be
practiced oth&REYA%E3Es specifically described herein. Accordingly, thishhVestsiFititdtides all
modifications and equivalents of the subject matter recited in the claims appended hereto as pLimitted
by applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or otherwise
clearly contradicted by context. BIBLIOGRAPHY [0109]Andersen J.K. et al. (1993).
"Herpesvirus-mediated gene delivery into the rat brain: speuﬁm%and efficiency of the neuron-specific

enolase provivst docdietie PRErroERP somiyaion Hoj1Q P8 4RS Gie (heBeate Bt Enhancer
trapping igebraiisi wsingihe Sleqping BeaitytransivsonyBiiE-Gensriics bd), $210111]Bajoghli,
o et al. GRPaA AT gpéfﬁmg&@ffﬂ@%&syﬁaﬁgméﬁrm&i%ﬁy sexpression during fish

embryogene 0112]Boger, H. and Grass, P 99 Func onal determinants
for the te{PQEy]cllnghedgﬁéﬁ?ﬁ%’ﬁt"f?ﬁﬁ%ﬁ%’iﬁ?&fhﬁ ﬁqﬁ%ﬁg’&gﬁﬂf '?n‘guge SRRBSS. Vl\ﬁacﬁeDev 83, 141-53.
[0113]BushginkC7 etualof| 8083k cloicuders s(ﬁﬁﬁﬁaﬂmmamw@a@/cablmm%e@ drerpgradt retroviral

vectors: goncentiation:tvanspiohiitesand.cfisient gene fansterinto mapmalian angd nomnaminalian

cells." Proc Nail Acad Sci USA 90, 8033-803
Sc)ransge:nesxs rate 18 smu?ar to the8n*ansg§n35173 rate of the Ds(krt8:EGFP) transgene (Emelyanov

et al., 2006), suggesting that Ds(krtS:LPR—LOP.EGFP-KrasVH) cassette did not affect germline
‘penetrance. In one of these lines, expression of the transgene could be induced in the developing
farebrain,v notochord sheath cells, as well as in the epithelial skin cells atiributed to the basic 18
promoter activity (Figures 12a-12g). To induce EGFP-Kras¥'? expression in this line, we
treated F, embryos with 1M mifepristone at 10 hpf onwards. This caused specific effect on the
shape of cells that express EGFP-Kras''% cells of the skin epithelia and notochord sheath were
enlarged, did not form a continuous layer but instead, we observed clusters of cells. The
affected skin epithelial cells lost contacts with the embryo and eventually shed to the outside
environment. Embryos had shortened axis, abnormal brain, cranial structures, branchial arches
and muscles (Figures 12a-12g). Thus, embryo development was severely affected by expression
of Kras' 2.

[0094] This model demonstrates the ease and feasibility of generating and manipulating
transgenic animals that harbor toxic transgenes. This strategy should be useful to study effects
of not only Ras activity, but also other oncogenes/factors in the development of various organs

and tissues in zebrafish and in cancer research.

j0095] Non-inducible gene expression systems utilizing the LexA DNA binding domain have
been previousty used only in invertebrates and in mammalian cell cultures (Hoshino et al., 2004;
Lai and Lee, 2006; Netielbeck et al., 1998; Szuts and Bienz, 2000). Here, we have demonstrated
fthat a LexA-based transcription activation system can be used for inducible gene expression in
vivo in true transgenic vertebrates and for generating transgenic driver lines. ,
[0096] The LexA-based mifepristone-inducible system provides siringent 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 franscript become
detectable as early as one hour after induction with 1 pM mifepristone and achieve maximum

level after approximately nine hours of induction,



[0114]Burcin, M.M. et al (1999). Adenovirus-mediated regulable target gene expression in vivo. Proc
Nail Acad Sal USA 96, 355-360. [0115]Chen, T.T. and Powers, D.A. (1990). "Trensgenic fish." Trends
Biotechnol 8, 209- 215. [0116]Chikama, T. et al. (2005). Characterization of tetracycline-inducible
bitransgenic K¥{I2aPA08%E-O-LaeZ mice. invest Ophthahnol Pis Sal 46, 1986LA22[088FBhoc, B.G. et
al. (2006). Zebrafish transgenic Enhancer TRAP line database (ZETRAP). BMC Dev Rio! 6, 5. 41
101181Culp, P. et al. (1991). "High-frequency germ-line transmission of plasmid DNA sequences
injected into fertilized zebrafish eggs.” Proc Natl Acad Sci USA 88, 7953-7957. [0119] Das, B. and
Brown, D.D. (2004). Controlling transgcne expegssion to study Xenopus laevis metamorphosis. Proc
Nat? Aced 3d USA 101, 4839-4842. [0120]Davidson, B L et al. (1993). "A model system for in vivo
gene transerlintcrthegen traresivos dysténcadsingafeaclerowvital sresstorid NewugboBdiretics 3,219-223.
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of a transgene on early development before activation of the zygotic genome at midblastula
transition (Pelegri, 2003). ¥ would also allow the contro] of expression in germ cells of true
transgenic fish even when the transgene expression in these cells is detrimental.

[0098] The expression can also be switched off, but at a much slower rate as compared to
induction. Even at five days after mifepristone withdrawal (following 12 hours induction with 1
uM mifepristone) the reporter transcript can be detected by RT-PCR. It is possible that
nﬁfépristone is stable and remains in the tissues long after washout or it may accumulate in the
yolk due to its hydrophobicity. Other factors include stability of the LexPR and GFP
transcripts/proteins. Lower concentrations of mifepristone and shorter induction time are more
appropriate for switch-off expetiments. Published data from mouse and Drosophila show that
both the RU486- and the tetracycline-inducible systems require long time to tum off (Chikama
et al., 2005; Roman et al., 2001). Thus, our system although very effective in switching on
transgene expression, may need to be optimized further for switch-off experiments. Table 5
provides a rough guide for optimization of the concentration and induction time.

[0099] Tramscription from the LexOP is activated only in a subset of cells expressing the
LexPR transcription factor (Figures 6A-6G), mostly in the cells with relatively high
concentration of the LexPR. However, some cells that expressed low levels of LexPR
transactivator produced high levels of EGFP transcript, suggesting that activation 1s not simply
dose dependent and may be subject to regulation by other factors. It was previously reported
that transactivator concentration could be an important parameter in the activation of target
genes for TetR-VP16/tetO inducible binary system (Boger and Gruss, 1999). Stronger
promoters and enhancer trap events or the use of multiple insertion driver lines may produce
broader expression of a target gene. Other possibilities that may explain this include cell-
specific factors involved in p65*P  transcriptional activation, or cell-specific drug
impermeability. This must be taken into account when making an inducible driver line using a
well-defined promoter or a transgenic line with 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.



[01231Emelyanov, A. et a]. (2006). Trans-kingdom transposition of the maize dissociation element.
Genetics 174, 1095-1104. 101241Esengil, E. et al. (2007). Small-molecule regulation of zebrafish
gene expression. Nat Chem Riot 3, 154-5. [0125]Erzurum, S.C. et al. (1993). "Protection of human
endothelial celYS O G%dAnt injury by adenovirus-mediated transfer of theHfthi&R%C&423E cDNA."
Nucleic Acids lies 21, 1607-1612. 101261Fletcher, G.L., and Davis, P.L. (1991). "Transgenic fish for
aquaculture."” In Genetic Engineering, Setlow, J.K., ed., Plenum Press. 101271Furth, P.A. et al. (1994).
Temporal control of gene expression in transgenic mice by a tetracycline-responsive promoter Prot
Natl. Acad Sci USA 91, 9302-6. 101281Gimengz, E. et al. (2004). A transgenic mouse model with’
inducible Tyrosinase gene expression using the tetracycline (Tot-on) system allows regulated rescue
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also produce matching patterns of expression (Figores 11A, 11B, 8A-8C, 9A, 9B and 10A-D).
Nevertheless, we observed variegation of reporter expression among the embryos from the same
offspring (Figures 8A-8C, 94, 9B and 10A-D), and mosaic activation of the reporters among the
cells of the same type, which appeared visnally similar to position-effect variegation (Figures
11B, 8A-8C, 94, 9B and 10A-D). Mosaic activation of reporter expression was more apparent
in double transgenic lines that harbored driver and effector constructs that allowed comparison
of one reporter expression against another (Figure 11B). Not only the relative brightness ratio of
the different reporters but also individual expression from each LexOP varied independently
among the cells of same type, suggestive of some variations in chromatin status around the same
insertion site. Different effector lines produced similar degrees of mosaicism, suggesting that
position effect variegation does not play a major role in the variegation. This is further
supported by the facts that position effect variegation was rarely observed in the conventional
enhancer trap lines carrying EGFP gene directly controlled by the 4r28 promoter (Choo et al.,
2006; Parinov et al, 2004} but most of the LexPR driver lines showed certain degrees of
mosaicisin. Published reports snggest that epigenetic silencing through DNA methylation and
chromatin acetylation play important roles in activator-dependent transgene expression.(Boger
and Gruss, 1999; Kues et al., 2006). The mosaic induction of gene expression may also reflect a
stochastic mechanism of transactivator-dependent transcription activation (Boger and Gruss,
1999; Walters et al., 1995). Variability and mosaicism of transgene expression is a common
problem of binary inducible systems and it has been observed with the tetracycline dependent
activation systems in transgenic mice (Boger and Gruss, 1999; Furth et al., 1994; Gimenez et al.,
2004; Kues et al., 2006; Yamamoto et al,, 2001). Furthermore, similar variegation of reporter
expression levels has been noticed in the non-inducible Gal4-VP16/UAS transgenic zebrafish
lines (Davison et al., 2007; Scott et al., 2007)(data not shown), mifepristone-inducible Gal4-
P65/UAS transgenic zebrafish lines (data not shown) and in the non-inducible GAL4/UAS
Drosophila lines (Goentoro et al., 2006). Therefore, this problem may be inherent to all binary

gene expression systems. Because of the mosaicism, concentration of the reporter gene



[01331Halloran, M.C. et al. (2000). Laser-induced gene expression in specific cells of transgenic
zebrafish. Development 127, 1953-60. [0134] Hannon, G. and Rossi, J. (2004). Unlocking the potential
of the human genome with RNA interference. Nature 431, 371-378. [0135]Horii, T. et al. (1981).
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of the gene of interest in specific cells can be confirmed post experimentally by in situ
hybridization.
[0102] We have previously tested the non-inducible (Koster and Fraser, 2001) and the
chemical-inducible (Burcin et al., 1999) gene expression systems that utilized the DNA binding
domain of the yeast GAL4 protein in germline-transgenic zebrafish (Figures 13a-13g and data
not shown). These systems could drive expression (constitutive and inducible respectively) of
the UAS-regulated transgenes, but caused non-specific developmental defects at a high
frequency when expressed at early developmental stages (Figures 13a-13g). The mifepristone-
inducible GAL4-system (Burcin et al., 1999) often produced irregular expression and the lines
with background expression even without induction (data not shown). Contrary to the GAL4-
based systems, the LexA-based system aescﬁbed here did not cause obvious adverse effects on
zebrafish development even when mifepristone was added at early developmental stages, it
generated more uniform expression and non of the LexPR driver and effector lines showed
background expression. This may be not entirely attributable to the different properties of the
GAL4 and LexA DNA binding domains and their basic recognition DNA sequences, but to the
design of GAl4-based transactivators, number of UAS elements, promoters and to other
important regulatory elements of the system. Nevertheless, several zebrafish laboratories began
generating GAL4-based driver lines (Davison et al., 2007; Scott et al., 2007). Since LexA- and
GAI 4-based systems do not cross-react, it would be possible to use and control them together in
the same animal independently, allowing more sophisticated experimental setups.
[0103] The concentration of mifepristone required for effective transcription induction (0.01-
1 uM in the growth water) is significantly lower (20 to 2000-fold lower) than the antiprogestin
dosage used to induce abortion (10mg/kg, ~20 pM). This offers safety for the researchers and
the environment. Since the deletion mutant of the human progesterone receptor LBD does not
bind to progesterone, this may also be potentially useful for human gene therapy (Wang et al.,
1994).
[0104]  Although mifepristone is cheép and safe, in some cases prolonged exposure to the
drug may be undesirable. Furthermore, due to strong transcript amplification, it might be
difficult to control the level of the target geme expression by fitration of mifepristone

concentration. Combination of the inducible system with Cre/lox recombination system can
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101431Kues, WA. eta]. (2006). Epigenetic silencing and tissue independent expression of a novel
tetracycline inNOGHIYE5&82m in double- -transgenie pigs. FASEB J20, 1200 2CT/8%2008(0892% . and Lee,
T. (2006). Genetic mosaic with dual binary transcriptional systems in Drosophila. Nat Neurosci 9,
703-709. [0145]Lee, Y. et al. (2005). Fgf signaling instructs position-dependent growth rate during
zebrafish fm regeneration. Development 132, 5173-83. [0146]Lepilina, A. et al. (2006). A dynamic
epicardial injury response supports progenitor ggll activity during zebrafish heart regeneration. Cell
127, 607-19. [0147] Lever, A.M. (2000). "Lentiviral vectors: progress and potential." Curr Opin Mol
Ther 2, 48814862 path8ih dor Jukprevainddtd 92)0 "HntbgPafitn, Bxprd ssibwibindgerssidine ttansmission of

foreign gﬁ%&hﬂmme@emﬁe megakatOfvziasdlatinas) hAdrrks Mas-RintRiptgshnol 1, 366-375.
[0149] MI{% EE % 8# ?rgamzaﬂon of the lexA gene of Escherichia tali and nucleotide sequence
uc

of the regulatory reglon eic Acids Res 9, 529-43. [0150]Miller, A.D. et al., (1993). "Use of
retroviral Waefbrs fBiegerienelibtarene bxproesisriredethdeseotsitn: praohoegpard for§8¢:599.

[0151)M%&%rdﬁoﬁ-o@tr&hsé&xﬁ&ﬁ};e%ﬁfg/ﬁﬂogeﬁg &mmépmbmﬂgnﬁgmm%ﬁhe NT-kappa B
p50 and %gg sctgg)unlts in Smal X lllcsgglndo cegg%r#m ces csegewsk?% h/égljrc:ell Blat 13, 1666-74.
[0152] Nettelbec B etal, ff@ )pR f'rategy or en ancmg the ?ranscrl tioRal Activi ity of weak cell
type- specﬁﬁ?b%ﬁ?&@% G”éfﬁgxq*}ﬁéﬁng hesHaRE4ONA cassettes are equipped w1th the Ds cis-

required sequences to facilitate transgenesis. T he constructs contain convenient restriction
enzyme recognition sites that allow single-step replacement of the EGFP and mCherry coding
sequences with a sequence of interest (Examples 2 and 3). The 0.5-kb 4r¢8 promoter driving the
transactivator expression can be used for enhancer trapping (Parinov et al.,, 2004), or can also be
easily replaced with different promoters (Example 2).
[0106] Most elements of these constructs have been previously tested and used in very
distant hosts: bacterial LexA DNA binding domain and operator were utilized in plants,
invertebrates and in vertebrate cell cultures (Nettelbeck et al., 1998; Szuts and Bienz, 2000; Zuo
et al., 2000); the hormone binding domain of human progesterone receptor (hPR-LBD) was
explored in yeast (Vegeto et al., 1992); NF-kB/p65 activation domain was shown to activate
transcription in yeast (Moore et al., 1993); maize Ac/Ds transposable elements performed well in
plants, fungal and animal kingdoms (Emelyanov et al., 2006); 355 CaMV plant virus minimal
promoter and Agrobactertum Nos terminator were used in plants (Zuo et al., 2000); EGFP,
- mCherry and ECFP perform well in all tested organisms and the zebrafish k8 promoter is
active in human and mouse cell cultures (Parinov and Emelyanov, unpublished data). Thus, this
system and our constructs can be used in a wide range of hosts from amphibians to mammals,

and possibly in invertebrates, fungi and plants,

[0107]  The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted

L

by context. The terms “comprising,” “having,” “including,” and “containing™ are to be
construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely intended to serve as a shorthand method
of referring individually to each separate value falling within the range, unless otherwise

indicated herein, and each separate value is incorporated into the specification as if it were
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trap to identify developmentally regulated zebrafish genes in vivo. Dev Dyn 231, 449-459.
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[0108] Embodiments of this invention are described herein, including the best mode known

to the inventors for carrying out the invention. Variations of those embodiments may become

apparent to those of ordinary skill in the art upon reading the foregoing description. The

inventors expect skilled artisans to employ such variations as appropriate, and the inventors

intend for the invention to be practiced otherwise than as specifically described herein.

Accordingly, this invention includes all modifications and equivalents of the subject matter

recited in the claims appended hereto as permitted by applicable law. Moreover, any

combination of the above-described elements in all possible variations thereof is encompassed

by the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
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45 CLAIMS: 1.A nucleic acid molecule comprising a DNA construct encoding a chimeric transcription
factor and baying the following elements: (i) a DNA encoding a DNA binding domain of a bacterial
LexA protein, (i) a DNA encoding a truncated ligand binding domain of a human progesterone
receptor and éfé éofmﬁgsélﬂcoding an activation domain of the p65 subunit SFFTMO %ﬂ%ﬁ’& The
nucleic acid molecule of claim 1, wherein a promoter is operatively linked to the DNA construct
encoding the chimeric transcription factor, wherein the promoter is preferably a eukaryotic promoter,
wherein the eukaryotic promoter is preferably a tissue-specific or a cell specific promoter or an
enhancer trap promoter. 3. The nucleic acid mol@8ule of claim 1, wherein a splice acceptor sequence
is operativ g%k d&toﬁtre DNA construct encoding the chimeric transcription factor. 4. The nucleic
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a gene thapesgodes,anreieln of HiereshandH.a aenedhat is rranscribed into a nancoding RNA. 9. A
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MCSLLP 46 10.A method for controlling expression of a gene in the transgenic animal of claim 8 or 9
which comprises introducing a ligand for the progesterone receptor to the animal, wherein the ligand is
preferably mifepristone. 11.A method for controlled reversible expression of a gene in the transgenic
animal of claiff @8PYPKIEh comprises introducing a ligand for the progest&feHeGEeeBI8IXo the animal
for turning on expression of the gene and removing the ligand for turning off expression of the gene,
wherein the ligand is preferably inifepristone. 12.A method of making the non-human transgenic
animal of claim 7 which comprises introducing the nucleic acid molecule of any one of claims 1-3 into
the gennline of an animal. 13.A method of makingfithe transgenic animal of claim 9 which comprises

introducing fhe nucleic acid molecule of claim 4 into the germline of an animal. 14.A method of making
the transg%%‘gmﬂiigf ?%%@ﬁw&brﬁﬁi%@saﬁﬁi iAg ifdacikin Sgessrnisrtvimbbiriaim 7 with a
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to 3' direction: (i) an operator comprising LexA binding sites, (ii) a promoter and (iii) a gene,

wherein the gene is preferably a gene selected from the group consisting of (i) a gene that is Wﬁﬁfg
or reporter gene, (ii) a gene that encodes a protein of interest and (iii) a gene that is transcrib
noncoding RNA. 16.The system of claim 15, wherein a promoter is operatively linked to the first DNA
construct encoding the chimeric transcription factor, Werein the promoter is preferably a eukaryotic
promoter. wherein the eukary-otic promoter is preferably a tissue-specific or a cell specific
promoter or afrentihter trap promoter. MCSLLP 47 17. The system of claim 15, wherein a splice
acceptor sequence is operatively linked to the first DNA construct encoding the chimeric transcription
factor. 18. The systefh dF&IfiFoREbIERIffY A samPiifidgeh R Airse DA orrsedEtaiid thidsscond
DNA construct are caRiRsRERPofetALERdcht e dallo o eTelerasais i brdA) drnsr dngnis 15-17,
wherein the first DNAPCOAsHREL1E iipsife@lirtaiiEeHcIbRF Acibrteiec(il andPive BcofiprA
construct is contained {2 €8 dashh Minsdadamirectia, }Q@alfhérg%ﬁé‘?ﬁ)&; deGERion grd GivRerein
each of the nucleic aBifnetsediag firdstvsbapiraaia pidbpepqubatiéglremsedlictBe and a Ds

3'-end cis-required sequence. 21. The system of claim 15, wherein the promoter of the second
construct is a %‘Ilnlmaﬂb‘?dﬁﬁ‘a?éﬁ’ acid molecule of claim 1, wherein a promoter is operatively linked

to the DNA construct encoding the chlmerlc transcription factor,

wherein the promoter is preferably a eukaryotic promoter,

wherein; the eukaryotic promoter is preferably a tissue-specific or a cell
specific promoter or an enhancer trap promoter.

3. The nucleic acid molecule of claim 1, wherein a splice acceptor sequence is
operatively linked to the DNA construct encoding the chimeric transcription
factor.

4. The nucleic acid molecule of any one of claims 1-3 which further comprises a

second DNA construct having the following elements in the 5' to 3' direction: (i)
an operator comprising LexA binding sites, (ii) a promoter and (iii) a gene,

wherein the gene is preferably a gene selected from the group consisting
of (i) a gene that is a marker or reporter gene, (ii) a gene that encodes a protein
of interest and (iii) a gene that is transcribed into a noncoding RNA.

5. The nucleic acid molecule of any one of claims 1-4, wherein the nucleic acid
molecule further comprises a Ds 5’-end cis-required sequence and a Ds 3’-end
cis-required sequence.

6. The nucleic acid molecule of claim 4, wherein the promoter of the second DNA
construct is minimal promoter.

7. A non-human transgenic animal comprising the nucleic acid molecule of any
one of claims 1-3.

8. The non-human transgenic animal of claim 7 which further comprises a second
DNA construct having the following elements in the 5' to 3' direction: (i) an
operator comprising LexA binding sites,

(ii) a promoter and (iii) a gene,

wherein the gene is preferably a gene selected from the group consisting
of (i)a gene that is a marker or reporter gene, (ii) a gene that encodes a protein of
interest and (iii) a gene that is transcribed into a noncoding RNA.

9. A non-human transgenic animal comprising the nucleic acid molecule of claim 4.
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A method for controlling expression of a gene in the transgenic animal of claim
8 or 9 which comprises introducing a ligand for the progesterone receptor to the
animal,

wherein the ligand is preferably mifepristone.

A method for controlled reversible expression of a gene in the transgenic animal
of claim 8 or 9 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,

wherein the ligand is preferably mifepristone.

A method of making the non-human transgenic animal of claim 7 which
comprises introducing the nucleic acid molecule of any one of claims 1-3 into
the germline of an animal.

A method of making the transgenic animal of claim 9 which comprises
introducing the nucleic acid molecule of claim 4 into the germline of an animal.

A method of making the transgenic animal of claim 8 which comprises breeding
the transgenic animal of claim 7 with a second transgenic animal comprising in
its genome a nucleic acid molecule comprising a DNA construct having the
following elements in the 5' to 3' direction: (i) an operator comprising LexA
binding sites, (ii) a promoter and (iii) a gene and recovering the progeny,

wherein the gene is preferably a gene selected from the group consisting
of (i) a gene that is a marker or reporter gene, (ii) a gene that encodes a protein
of interest and (iii) a gene that is transcribed into a noncoding RNA.

A system useful for preparing a non-human transgenic animal which comprises:

(a) a first DNA construct encoding a chimeric transcription factor
and having the following elements: (i) a DNA encoding a DNA binding domain
of a bacterial LexA protein, (ii) a DNA encoding a truncated ligand binding
domain of a human progesterone receptor and (iii) a DNA encoding an
activation domain of the p65 subunit of human NF-¢B and

(b) a second DNA construct having the following elements in the 5’
to 3’ direction: (i) an operator comprising LexA binding sites, (ii) a promoter
and (iii) a gene,

wherein the gene is preferably a gene selected from the group consisting
of (i) a gene that is a marker or reporter gene, (ii) a gene that encodes a protein
of interest and (iii) a gene that is transcribed into a noncoding RNA.

The system of claim 15, wherein a promoter is operatively linked to the first
DNA construct encoding the chimeric transcription factor,

wherein the promoter is preferably a eukaryotic promoter.

wherein the eukaryotic promoter is preferably a tissue-specific or a cell
specific promoter or an enhancer trap promoter.
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The system of claim 15, wherein a splice acceptor sequence is operatively linked
to the first DNA construct encoding the chimeric transcription factor.

The system of any one of claims 15-17, wherein the first DNA construct and the
second DNA construct are contained in one nucleic acid molecule.

The system of any one of claims 15-17, wherein the first DNA construct is
contained in a first nucleic acid molecule and the second DNA construct is
contained in a second nucleic acid molecule.

The system of claim 18 or 19, wherein each of the nucleic acid molecules further
comprises a Ds 5’-end cis-required sequence and a Ds 3’-end cis-required
sequence.

The system of claim 15, wherein the promoter of the second construct is a
minimal promoter.



