FI SH CANCERMODEL BACKGROUND OF THE | NVENTI ON [ 0002]
The present invention is directed to fish containing
wa@proosncogeni ¢ nucl eic acid, to fish tunorgenespPeT/SG2006/000202

nodel s, to immortal tunor cell lines and to screening

for anti-cancer agents. [0003] The publications and
FISpChsicrratiopDEl s used herein to illumnate the

background of the invention, and in particular, cases

to provide additional details respecting the practice,
BACRIGROURD PR TaRasrviNTieher ence, and for conveni ence are

referenced in the follow ng text by author and.date .
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1nconpynnﬁ1d1}’5refeﬁ)lce esndnfpt eqnvembkuetarﬂmfaieﬁcedfm fimerfdllo®ing text by author

erch t rat, nodel s of e
and RPSERO SR FRbARA by Rl o8 Blemponied iblingsety model o
[0004)f c/ammer maﬁkﬂs hﬁﬂi&ta@é stafedl Qla aﬁqmFWEﬁeﬁpi&nﬁﬂy{dgahe underlying
ani mal nodel s for

th Addi t I
ook ST SO KT AL Lonal T ot el o s

eradivaé tiRtdisede SRAKIRBe 1dsii5l ilyRP 1o EForCRlupRNAbBP §ddels of familial
VWor ki ng wi.th such | arge ani mal s poses severa

hype&hg\ﬁﬁgrelggna rah madaknpl ron-ingip-dependsat dinhates| mellitisdmpyse models of
canc&tUml haRGe! S0ddie fcfr%bﬁ{tén\égﬁé/ athi & Hn ﬁ)%glts SR @losm. VRadh nally, ammal
take up a large ambunt of research space, are costly
modely, for gepptigritiseatel énav@ grsepabortatienusiy dve veligywof emcmaumcﬁudmg mice,
n
cats SR, WAL A EIPRIA S d YR (AR BB ot bptc, many
of the grimels us¢dioEsh mpdnh&sge mlailvmyslhrg rvertdmtesewhic;z tdkeiupg large amount

of rc?é’a}%{l\ {Egge L u‘%ﬁ?:tg ge o or ﬁer\rzrv?s%emal tal 21, \Méggﬁl\é?/;rlreet %‘l(glﬁfe cycles,

produqqcrblam'e:ly éflve offtprinigsih ons umla asl mbbtaéffesfive(lja&ﬁnm: fledésired disease
State%:”edaka (Oryzias |atipes), mumm chog {Fundul us

Gleteroclitus), killifish (Genus Fundul us), catfish
[0005] Gentanshatialfish Us) cusetly Bing bannal toCadvbiophdis€add Bhodels. A wide

Vaﬁeé’%% I‘(%P Eé r&g%ﬂﬁ hq gérpgq%um;ED{]eggqa%g ﬁsgggcluc{eotléleost fish, such as
zebrafele gpdhymwm;s )medaeab(r@{fmmabﬁégﬁ nhﬁﬁﬁ{asﬁo%a{)wamphét%@ﬁms) killifish

8, for investigatl ? facets devel opnent

(Genif ety paidi (GPREASEIEOOBEN Zebrue] sHfish @ar (Genis Cyprinus),
such’ B@E&inﬁbﬁ &drhYarRANAD B@Qxﬁﬁ&? %ebée Catns S&lﬂ@h’mgr §alﬁzga:!uld’ Oncoz hynchus).

devel op ex utero, and short generation’ t

Zebrafish haye bpcomrecars esiﬂdwh@amod@ foniimveatigating many ﬂaaamsa Dﬁﬂ@sre}opment
h gg L, and are highly fecund; a single female is

pb@l & ﬁﬂﬁgﬁégeneratlng hundreds of offspring per week.

[00064{ Zebua;i@ ok paxgzguledxc hdxfanstgeous bacahseemeﬁ wiersmiatigddveRgicn @rero, and

have oe[ gﬁ(gﬁ &gn%rgtrgjn %t aer S iegﬁagoﬁq ish are eézgﬁxc?mlg%r %n S Sfuée}ggl the, laboratory
env1rq§mmnt aas aréI'ﬂI@hZ}e lfecahdish sRiEly Yemadeve bgﬁsleeast géﬁw%dng BAdreds of

off I.S transgakg al omnngmglrect vi sual i.zation o
SPLRY PSP dagS gEaRF? Shrisrt &re pripeuiagfedmg orgaajsm complete
with PiRCeEethd Brovh Wstefnb @PRya &J ot sudk 3§ Iﬁzﬁﬁl Brain, blood and
enetic and smal |l nol ecule drag screens. In the past

Pancr%@v erkde %Fé’éatf’éh niEToulsvelon iexistiabinsindaisetranspayente cillowing  direct
visualiZa#08 @€ RbMul
S8 e Ao LRARL PRRREER ol FHEREFH vivo, therehy
patterns (Gong et al., 2001; Kennedy et al., 2001;
Long et al., 1997; Moss et al., 1996; Mdtoi ke et al.
2000; Park et al., 2000). To date, studies using
fluorescent transgenic zebrafish have focused mainly
on imaging cells and tissues as they devel op. Such
transgeni c zebrafish lines, in addition to pronoting
developnental |nvest|gat|ons of tlssue nDrphogeneS|s
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[0007] Many of the underlying nmechanisns that lead to
cancer have yet to be folly understood. Identifying
WO b@7gerses nutated in these di seases wi il | eadPCDSGBENG6/000202
insights into cancer as a whole. Additionally, using a
vertebrate nodel systemin which genetic or chem ca
suppressors can be identified that inhibit or delay
di sease progression, or sensitivity to chenotherapy or
facilitutih @ tlarge-séald gertstic pefrﬁgilﬂm‘rﬁﬁldéﬂld drdgadcheensM Inl thB&past several years

neces dent new dra ets for the
nm%%l%’g%ﬁ‘{’ Dpave4r raEW@H‘Btgfﬁé 3‘&%? SEPreseng Rsesniorescent protein
(GEPD@eteliStypd fé@ﬂn'c&dréﬁ @@bn e (@&%SetﬁPtZGmQKbﬁxﬁzd9Bt #1., 2001; Long
etaErlorl now ed t he s ecific target.

Tar

| B aMosdet Ha 9% M&teléfﬁﬁ #ls HE0; aﬁafléﬁt %lhéo%ﬁd m%dﬁt%gtudws using

Aludr@Eaf LirAE Qi OLbAIRAhalvS fgﬁﬁ&pﬂaﬁ %Qﬂ ﬁﬁsfgﬁlga&qls and tissyes as they
effective, which, thus, saves time and expense I n

develpp §\dq;7gtr@pwb§ﬂﬁph b@qgsxg ad[img@g] pramfoting desjelopmental investigations
of ffﬂgg@ v ﬁ@ls‘)ffactllﬁgt %Jnlstlﬁl ahq H%ﬂwblﬁgﬁh%r&%‘ 51' gllowmg high-

eature vati ous di sease 8t t es such as cance
wmﬂ@@m@mmgMQOﬁ¢pndppﬂbmamkmpmal nmodel woul d be

val X unders g, 0f can S

[OOQ\’Q M%R{ St tél?]eagx 56?% eve LI &1{3@1 (iiefaﬁ rrtDor gangei g%Ye; éfgt to be fully
undeh‘sangd. {dentifyirgahe papeomupeaia ﬂtesm@smoaﬂl 1eaﬁh6 nB\lv @ssiihits into cancer

s+ RIBATI RITO0U5} VT b ECues I Mulh Y R 18 WP et chemical

suppilesddrsC 04 dee NidBEifRd HAC APEBIt Gr M&dye dize@el ﬂogﬁe%lcfﬂ sdr sen31t1v1ty to
model s, .to 1 mor tunor cell |ines and

enes
chepgieEpLan T ?@atfoarm%ﬁi P&%ﬁ%@flﬁ%@%f@ b [ 11t5] nepfigary tprideptify new

druf kdrgdts BYRREdeveloBRieRt S8Rbtel BNGRIthRRHiBY. OMdrd&Emple, a model system is
construct that conprises an oncogenic nucleic acid,

neegigc By hieBIoFT e} TeBI G POHSTRIIROHE 6 Biespecdfie fagast.y Target elucidation
may HBKREohisBed faﬁ&DHﬁf moc-flhﬁlr%oa%ef Wl BF %@Jt agl éénfoﬂgtl'alﬂ%r safe and
conprises a marker. The construct nmay a be part
effegtives ghhish, thiy, svep hpthyimepad sxparen iarthg drugdisopvganproesss.
[00&8] Ssuyg f&rﬁ%ﬁ 'ﬁh&stgﬁcﬁf@ 9% ri:heof‘:elﬁlllagI aﬂh 'Iﬁ&e&ﬁﬁr‘%e%@{ic fé%‘ﬁlres of various
~known in the art, an oncogene
diseasgsteiss sush ag @Andee ddndededal Ae raamrppnat@ fammaé modelt wailld b¢ invaluable to
exte(iﬁ tﬂ&kﬂ%ersgikg In# lme %a%%%r as ‘g ell asgo ter\li;ag)}eotielg eveﬁolpgnp]ego gfe‘%%?% effec‘s;we drugs
for trwtmg iot preeehting cérver. rilhel peebsentaﬁvednmomkﬂrmmstthesel as«glsi bed
herein. The oncogenes may be of viral or cellular
origin. Oncogenes of cellular origin include
SUE%@Q@ENNMSHBWNU@BH@SN Suchoncogenes when expressed,

0 ne l.asti.c or hy rpl.astic transformation of a
oopsi " Trpi S dBYralien Felrebed %%M@t%n%%a@ﬁé@%fm‘tl%wd to fish

tun@fgéﬁ&ﬂﬂﬁodew &f ignRdiaY taibr 0O PS8 Ah&1of Rfehik f3r¥8ti-cancer agents.
oncoqgne or it may be a fragnent of the oncogene that

00K nt éluuwntah’férsmﬁééﬁe?bpd)rwwelmqnapn @fOVl“h?é aoipEslgEsh Ehat comprises an

onc[)égpﬂclllucléib &igd, eﬁé?)nx@fe?x%ﬁ Qﬁ herefn aﬂr \éﬁﬂ%’ filked to a promoter.
provi des transgenl Cc partl C ansgeni c

Thwm?tmct @hfetabésnﬁldhueqonmnsqmnnakm ng ph@tlattaw adgristpadatf a vector.

res ncogene onI n

Prefe bil}g ﬁm?{a‘%{i&ﬂ&%}; 1%312 d%lj ue— ec1 )Ppr ecs)’tse{ 51 mxrlt%ai i)Jromoter. As

knOIWm im thtehart; an amqogexte ish Igenepr/l&&e Bipreslsmamhn trad po alweirddidg ofithe control of

' and.a net hod, of uci,n

Tor t he .
ool BFRiatitir Sk pRRISH A BB OO HLRED, [ Vid! Sarity of

oncbgHmBS’ inajf bt utiited G ktle ducRE dcfl EMOAUELAEsBYbe@ MRS STMDorchenes may
be Qc0gENE |n fish to produce a tunor, isolating cells
e ¢IvaRT Prsllplarestetn fénce ﬂ@ﬂ?f Segulenerigia dnckds FniQasRPuS QEppaenes. Such
to produce an inmortal tunmor cell line. [0013] In a
fourth aspect, the present invention provides a nethod
for screening conpounds to identify drugs useful for
treating cancer associated with the oncogenes. BRI EF
DESCRI PTI ON OF THE FlI GURES [ 0014] Figure |IA shows
al i gnment of human (SEQ I D NO 1) and zebrafish (SEQ ID
hE)Z) K—ras proteln sequences. Hunan c- K-ras2b:
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ver si on NP_001003744.1; d:5 1230608 encoded by
zgc: 85725 nRNA (cDNA cl one MSC. 85725 MACGE: 6968999)
w@mwganid1accessi on BC078646; G.50925043 ( St r auBGEBG2086/000202
al., 2002). The " i" represent conserved am no acid
residues and the "*" represent conservative amno acid
changes. [0015] Figure IB skows alignnment of Ras
oncogenic protein famly nenbers. The 164 Nt ermni nal
oncogeﬁemavmﬂ epreatedaldad Rasepplatieion hiypérplatticgfinsfmatar ved cell. The
remalg % 25 Ct rmnal resid % are hi %lx}/
oncoa?n‘?etp?;ye % acsﬂgpﬁ ARChGe Q &gn%c%ene,ljgﬁ efpblyppn gncogenic form of the
oncod@e; &Gy b&e HEgMkntE GeSHcOftndRad R0 oi«{&fgéﬁl@ Potential of the
NP_00 1003744 1, G.51230608 (SEQ ID NGO 2). Kirsten
ONCORYIG ne sarcoma Vi rus proto-oncogene protein RNA:
[001ﬁen3ﬁn£< s@&ﬁlﬁsﬁpgﬁ 443 bR4ent iRy &HiBA &gﬁdéé%aﬂsgelgegi%hg%%mcularly
(SEQ I D 3). "Human c-K-ras2 protein isoformb
trans af&b ¢Bawio g inPeaBans thedhoge swsmrnctoom;mn«zne or expressing
ﬁ%{b rotein
the ﬂ”&l‘g{m%&éﬁ%% é@%ss 58%{;%% versi on
[001NP Jp35third JaspeeR. the pre8aie 3nyet@ poviies 41 imgrtaintumor cell line and a

e 5, 1, B 40 4 S, GBI RSB o

line isipnaiucdd ansdposssing thepmod gene id\EdRats prddanda nlmor, 1solatmg cells from the

LT o o Lo T A
[0013ic clasi fourANPAESDE ,prés&ﬁtﬁnmtlﬁﬁﬁ-@%a inetl@ﬁ i/ 9B&¥ahg compounds

o it mgR Bt i spericienee Firo St S ?rﬁﬁ F2d i th the

EGFP- Ras construct and effects of various drugs.
ure 2a shows a control fish injected with

=
BRH?FI IS%@RE’@@W?M?%S B(V12) construct that has a
[0012{1AA ﬁg&@ 18086%s Bﬁ?x!&% bf‘ﬁuﬁdﬁ%ﬂésmﬁﬁoolf) ala %@&%s\%m ID NO:2)

hr's contr ol he EGFP-positive cell's have nor
K-raﬁrrmr%@l SeficRIsar adienans (o iE-rasdh: [ioeBugk RoRmsieR pNBsQQ"r@?ﬁ, version
NP &149*7‘6 2SGERsARYGRC SHRY DES I%gé:é%*] F@&% Q@céﬁﬁgxyg\ﬁd 08Y003744;
ur es

P-K-rasB(V12) expression
versxemeBL@mﬂWzmﬂz @Fﬁg@%@%ﬂ mqgldtﬂe)byarzac mowm @(&DNA clone

o2 Bl AR LM et NP DI RO TR o ..
2002).adBet‘arpgsad. coﬁsmjmdeamﬁé\(aﬁﬁ) resi@@e(s3DY, th F{3 Egprasant conservative
ammi G&él—l)lashow exanpl es of tunors in four different FO

P 6%t he correspondi ng G-P i mages. Fi gures

[001§AéI IByure 3B(shiys atighnddng 3HRa§ h[mﬁfgémf brohmxv ﬁmw megb&al The 164 N-

ody tunors. i res 3 show fish tha ..

g et S <0G B P, S MEMAeOPE U QDb eRaining 25 C-

termMbl Bsits alidlﬁgl?@ﬁféﬁgeﬁm&ﬁ&%rﬁﬁle dOKafd) SPasBvele zgc 85725 GenBank
extensi ve henorrhages_at th Oé E aces of tunor

scco e N, OSEOGHA v NELABIOOGT-Bvk 10142290980 ID NOD).  Kairsten

t Si
murllﬁ’:(?S %%?Jggﬁ gxgruw Bﬁrbto Jn@%ﬂg ']ﬁot@?ﬁp%F% 2 @ghrBélxg earcr%%élﬁ f%BC}SZ version

723 lﬁﬁé ol §$19%2H ($E@ lIDé‘é,O@ -( BEnan ¢-Karag?2 poteithisofogmfbe GenBank accession
NP 60%% Seers &x( NfPI 56119'7@2 'fgﬂ%agpé% [861\581 peﬁlm%l/a!msé % ras2 protein

—condi’ti on (extensi ve
1sofopﬁoa];8(]}er£Baglq ragsesdios NERS2085 2% ochsim ml_zmauys G 16f71&768nXSEQ D

tion in_ F adult f.ish.t re injected wt .
Nor4y?| TRt R ie ot eyt dtas te, GpERhE il b1112: version
PO1182,CGIL: (A1S6IWSEQ SDANOSY  Wiuinhn heneib@dyd protdOBiRas: BegB4RSaccession

4A and 4B show fishl (Figures 3G 3H): netastatic
cancer spread of unknown origin into various tissues.
Figure 4C shows fish2 (Figures 3F, 3E): netastatic

fi brosarcoma spread into various tissues. Figute 4D
shows healthy fish, control. V - vertebra; M- nuscle;
K - kidney; T-tunor. [0019] Figure 5 shows Fi
generation of fish carrying stable P-krt8-EG-P~zK-rasB
transgene. P-krt8-EGFP control show ng norma
nDrphoIogy of the P-99S-EGFP-p03|t|ve ceIIs (Fig. 5A).

T .



[0020] Figure 6 shows origin and characteristics of an

exanple of a tunor cell line obtained froma
wWE@RIWWBIBE-P- K-rasB (M 2J-induced eye tunor. FPQI/S62006/000202
shows the fish used to produce this tunor cell Iine

prior tunor isolation. An enbryo was injected with
Ph~t 8- EGFP- KrasB( V12) constquct at 1l-cell stage and
by the age of 2 nonths it devel oped the | arge tunor of

POlIlh@ vejston FOE[ IUMKHIHBW (SH® EOSNOLG)E . Dlihiosréribnpll \Miﬁis oncogene

| at ed. and eIIs |ncut
cSHioR 2 versing SaedSd: obl780st S mibang
[001@] h F%Mreafltsﬁbwﬁ hﬁoﬁl@éﬂ@%ﬁ@ﬁ%mhﬁdnuﬁ c@lsl ROzEMH injected with the
eration %1 6C shows | oss of cont act

roli
EGHR TRepionset prd 91#‘@ S varipysyisugsodiigue v pleovgy bagntiop fish injected with
WE@FPWS%‘[S}LK |rasz?ﬁ12) WBSRtriy ﬁﬁpthaQS d?XAafsE r CBHB% preventing

passag oci fofmation shown in this ex

expréssmnmftl%RmB(g’HtZ) Eorbisfdonielethe d8d@-pophiyve calls mrvedmaeadlmorphology
r t
charfblo (b0 £ s 200D SRERHGE MBke! 30 LA by AL phenorype
mdquxigby EGFBFKM@B(M respressidnl SHiguirey 2E2eshomi dﬂagteffects for PP2 (Figs. 2d
I ( S post injection). GFP-positive
and ?%} awi)ﬁg?&rrsgtd:@nszlfgaflga vident in the nuscles. Fig. 6E
[001FhowBightesY shloag itadr fametiys irsFaidult tisothaf weahjeaed wihh PheS-EGFP-

IR P SR B SR B3 s ofwmor

four mmmbr@s?o fish with Uh@d¢orrebfohdink P PREREER] R b QE(SEgBF(:aE) and 3G(3H)

NTI ON.[ 0021 e present invention descri
sho ik T gntawalo%g@moas nkrgriss S Chtshopotish Gt domonsiates severe

braith WERSHRNES SssHRREH Switl thel FIRELA! eﬁﬂt‘é@i’bnceAlll hbﬂ" QSvedi extensive
to screening for anti-cancer _agents. [0022] In one

hemeriprgss A e, Plagse of tememgromiy e iguem3F sheivs &t demerostgwih is closely
asso&gfé@vﬁﬂlcttraﬁsgéﬁte € &@E%’iéns e?he?ﬁshoiﬂqq%.gég §A(3T'32| ﬁ?(@g?cdnq '3G(3H) are 2

al so referred herein as an on ene

monghsrlé d The figh pr E@teé EE HEN @@n@pntbcqld @rékeﬁcmbley Th@rﬁShen Figures
T rt of

3G B R fion (oS o U EBRNE RO 7'

{0018} onBigeres 4zhows Qu@cbqwcal fandySps ofmtrer fcumaaomlmF ormilult ﬁsh that were

nje R R ATk Ty PSR R i TR BT gned wit
hemetomdm/ebem FifurecaA @ndMBpshWtﬁsHl’ (F@ﬁehBIGqBJH)S nadtastate lchneer spread

of u%}%%‘()\?ng}g{‘ ’%3@33’%55@50 i de 1| ‘E%hzg:g é}}m v‘ps| 1‘5}@2 C{%r om):{g %g)'atnetastatic

ﬁbrcganemw@mm BKPVLHa ﬁﬁue@mlgaadptshoah hedlal/ifRn, cbﬁltrblhev vertebra;
contr cellular proliferation or to the prevention

M —grusgle % TtefimWeat h. A wide variety of oncogenes
[0019RY P@ufétﬂ dHo%8 &, btheldien BY ﬁglﬁéa?ryﬁfg' s%b@ﬁ%t@%@—z]@t -asB transgene.

descri bed herein. The oncogenes be viral
P-’(Té?eEGEP&Pmmlﬁb@wng@ﬁe@ ampasholfey o |thxqj4’-&rt8<ﬁGFg1~ppsmvglchF1g 5A).
K-89U99LRaNR4 ch oncogenes, when expressed,

i Igetg'g to neogpastl C o? perplastic transformati on of a
[0028k| | Fighieed shows geigm amdynhmcta'ismiosrpf m @campbpnfm:mnmf cdlhiéne obtained
nco n
fon RSk D 1o o A s g produce
this rmnmt edlhéing Ipeioo mongeolati@ot em Ieﬂmlbr}@f whi énjedred MePkm? EGFP-K-

e GRS SRS 0 St S M e o
the %Lﬂlﬁ@hmotw GFEMFEiivECTRs tMEENwadMaMated@ali4he Eilsl were grown in
ivated EGFR, mutated genes, such,as FLT3-1TD,

Cult%t %ﬂgeé%aﬂl?wé@l“l arels Yehe Pb‘ﬁge%ﬁelfﬁpgéhe pARDd 6PARY after the new

BCR/ ABL, HER2/ NEU, FLT3R, FLT3-1TD, SRC, RAS, ABL,

TAN, PTC, B-RAF, PM.-RAR al pha., E2A-PBX1, and

NPM ALK, as well as fusion of nmenbers of the PAX and

FKHR gene fam lies.[0024] O her exenplary oncogenes

are well known in the art and several such exanpl es

are described in, for exanple, The CGenetic Basis of

Human Cancer (Vogel stel n, B. and Ki nzler K W eds.

A A 7~ \ 7 A NN\ o o I T



correspondi ng sequences of such oncogenes, including
t he human honol ogues of the oncogenes, are known and
worey7loedinund, for exanple, in the GenBank datBES€2006/000202
[ 0025] The oncogene is sel ected based on the form of
cancer it is desired that the transgenic fish wll
devel op. For exanple, nutated or activated genes of
the RAS famly (K-, H or NRAS) nmay be used for
passhg’bdllﬁsttt'alt‘.iﬁg edpidpiolitteationl IFeE. |)6(D§hoﬁvy DS of Eortasd @rﬂﬁlﬁtlorshi&he cell line.
rena ancreatic col on cancer an a
Cells igefe FRY 2 Geelhenes M it gy egen FAgeR dj&}fta%S’h theegegine heThe foci
formaf¥E Bhdvain &1sr@{tardpld’fb}&ﬁﬂtstl§?1gﬁp§@!l3‘f’l&o%@&ﬂ@nQ‘he cultured cells emit
uences. For exanple, altered fornms of the oncogene
wealg Li“g‘TPeélvP@écegfef‘qJ@ﬁd% hgidep {h @bseavrc iy ditemenelrwst Suggunding the much

brigBA BRI C §5¢ 4AS5 GhHRE &S &h rﬁshtlﬁﬁEte& REAE AR CouPrdde&HIE Q?f days post -
the transformation potenti al t he oncogene are al'so

injecsion). si GRR-#0si{ico 2@hor fpr@ﬁ@or@w@@dﬁmﬁ ipf thehmusalesentfipndE shows
hxstélﬁﬁca? 0609 Q%f%x‘n%)f £éithalith i e RMFEHJ Wi PR %’R’S Blraffin embedded
to en| ras pol ypepti de sequence. e 164 N term nal
sectiand swnabwdls h@ﬁatakyllnmgnpw otegichs,; ar- omisgles;y - tonsrer ved
(Figure IB). Only the remaining 25 C-term nal residues
are highly divergent between K-, H and N Ras.
IHHGHDE@GHE&CREHE@NGN@THEHBHGEUMONH&inIy in codons 12, 13

0023, B i R B B e ba R LB HobiSe aeid. o i
tumdrgEHRSid dlels 06 Sinbrdodthl tMBioB EdN@les aldio s6Rbhin® fod lahfi- @5kl HBnts.
Activating mutations in ras genes have been inplicated

[0022h aPprmsathecEnsptdBoptsren iTHEROQRein SPeed {acyRpisfrict that comprises an

oncd2BFi0 IRkl doff Ako ngeﬂrb(i tehe8h Ra8 RESBL, TheRbs lfugdéﬁ'@o b Bromoter.
ifferent t es of human cancers. For exanpl €, K-Ra

The ﬁﬂﬁfmﬁlﬁef y@gﬁ%ﬁomﬁnf?g @anaskar] dhe sefsEuctapay also be part of a vector.
Prefélgﬁg}Qﬁéﬁl%h{b@é?Q§ afh BRSin-sp8% pro%'térea ﬁ?sﬁ@fs;gécﬁg:' 1§romoter or a minimal
nanci es harbor” predom nately nuations in
proneqﬁm j By Guingpal prqrgg@y" it[ipopat hlerﬁnaﬂv@t therpr@n@@dmmmes the minimal
t [ n C
o BCOURRRLY bt i PYEIALR SRS i o et
ident fyixedinreme] pronetan (Bgee 2000 | Zebindwn irththeparg senincogene is a gene

whoké“ég(%%é gzﬂq( %ﬁ%sﬁoaalﬁf%lr afl onc I'?ef ?ceglﬁjgr a)rgilfertatlon or to the

prevahtemoasfcplggmmmﬁdl tellzédghth. n At hzedel vat&m bHondogyned augy Bé utilized in the

| east, about erabl y, at | east about 70%. nor
muclgE 3R, SRty drsbid hable Budensseidats i af arbbpy ular origin
Oncbgensd ofadetivlhr S99 likiitel enilodeBotisNicHabe O cH ®ns@BHEN GBerDéxpressed,
t he oncogeni c ras nucl eqti de sequence or the other

lead g g RdRREC 0 dveePlagiie Sansiramaben of 8 6eiks dbe Rasagere g fe a complete
sequeidel STHtHSYOrﬁbgegfée?re(fé‘i’aﬁly RAPHBRE @S YE RObAGDBene, or it may be a
insertions or deletions). In another enbodinent, the

fraggpri o Gsrineogeas thsomaéains the encepeninpotentiat efithe pneagens. on

[Oozégcgggg“ﬁ“g‘g’ d}‘%ﬁ?&ﬁpfwﬂé’\g’?é‘? BY east 55@/@ % ar’i %@é,'m’i\ﬁ MYB, RAS,
ABI, B(df2% HALI M, BIOX A&t TALGSRL, AdD1,thNO2 oFGER, MYERN, MDBA2, CDKA4,

GLIF,LI?F? az%;g&}ﬁg(lg %ﬁ? %%gzﬂt%é %%el?sle ?eug t @%?9 Ofcgggx?ﬁé&%%%}g a&{va{%a versions

of TPARMAX3,)PAXT, BERAASHS HWNEULTFL@BRI E’LTR,QI‘IQI SREPRASAKBL, TANI,

% ijdentity), oS|n1Iar t.

1, BAEREr R AR Fibiae 20858t KA G5 i et gwpmbes of

the FAXbhdFKHR dept &fngiliad)l y at | east a 90% identity), or at
| east a 95% simlarity (preferably a 95% identity) to
the pol ypeptide of SEQID NGO 8. As known in the art
"simlarity" between two pol ypeptides is determn ned by
conparing the am no acid sequence and its conserved
am no acid substitutions of one pol ypeptide to the
sequence of a second pol ypeptide. [0028] Identity
neans the degree of sequence rel at edness between two
pol ypepti des or two pol ynucl eoti des sequences as
detern1ned by the |dent|ty of t he natch betmeen tmo

o o I L



Uni versity Press, New York, 1988; Bi oconputi ng:

I nformati cs and Genone Projects, Smth, D. W, ed.,
wa@\e@dema3e2 Press, New York, 1993; Conputer Anal yBCES61006/000202

Sequence Data, Part I, Giffin, A M, and Giffin, H

G, eds., Humana Press, New Jersey, 1994; Sequence

Anal ysis in Ml ecul ar Biology, von Heinje, G

Academ c Press, 1987; and Sequence Anal ysis Prinmer,
[002@ | bOtbew gxeplan dnédpemsseix well knovertlin the MtSind Gk¥edal sBelee&mples are

tho co nl | oyed . .
s mioh T ey BT DG el aIEee B . inaler K.
W. edls.eMboGiawl-HiTi, Nesy Yorki NNS 199@C|Mﬁﬁogdbs Gffistleh g@le;HUzﬁﬁalso be used.

uters rt Bi shop, ed., Academ c Press,
Mmﬁli@%ﬁ howé%uesaﬂ% el ST et ATelAeY B sfinghshed fiom
end ik ©fkhVBées. 4 Burtief 3preB8®)are Rfuﬁfaﬁrﬁcﬁ‘gol elgo&tssﬁcﬁ genes. The
eterm ne |dent|ty are desi gned ive t | ar gest
corrgHpdin e AYRREs afl§uch apsosBE éfﬁ%*lé%n& g ayan lsrmiom RBis oncogenes,
are A6®n GEInbY ssifduﬁd Cfo'@éAh{iﬂe B R0 GRABankdafbler €d computer

rogram nethods to detérfmne identity between two
(0023 quBcesogane lisigidectdd hasedt en thotforhi of capcertitis ded@d that the transgenic
S
fish (NﬁFHQJe'lo% Dlig\%ggr%%gfe ?u?alf&t xj\%ﬁbﬁi %g(e% okt]ﬁ)e esrélély 0({1( H- or N-
RAS)]_@ajg 83 uieﬂg@ﬂkl)iuctﬁh%'ﬁﬁyldB&Aﬁ:Tpr HHST (aAbdrs chell asatenal) pancreatxc

oo Bl P O el B TP AL .

inven'ltﬁmnisntoy lm{lﬁﬂze]sp&ﬁﬁtabnd:dglemtsbe’qaérldaﬂ Oy e@ample, altered forms of the

oncolrégxg:y xeuc?efogg : Iégdgegﬁtﬁhq%vérn% ao or]q%géq%glt | d%o che %%Pl%}ecgql? %%:ggedaﬁerein, that
incroastCdraietreshe tSEHnefbeatitin fotentiflt cﬂ’l't\l(ﬂsﬁ(dlcb Sk atdWsouelspRbi de
he poI nucl eotide is identical to the

ence of
10026 eapie QH@%%W@%& thaduggiophe onaqgensgiinerindbt inyention encodes an

oncoig&ﬁél SRCELIYRYASdqueRe U pfﬁeol 4l NQerBRhdl tanfiht 8dilOBB alP Ras proteins ar
each 100 nucl eoti'des of the reference nucl eotide

highlyeconesived. (Figyreot e rOnliy tapstemaigingn n Cricmnipa irgsidues atst higdy divergent
betwlB@Y KOOHARURLRAL | @ﬁcog@ﬁﬂa‘ CRRRIAL thf %%Eurgrﬁzfﬁl%dﬁ%()'ﬁ@ 12,93 or 61

a reference nucl eot i sequence,

affech, thel eatpdytivesite ol (G h}éﬁ@lmﬁc ghg eq'mtg@nnayf Bes rpolait 6dPdound and
0

SIS ) SO UELEAL AR PRUIRSH: B v

mmﬂmgkéneﬂmGHQBQEbﬁ%%’wﬂymbecmmsﬁr&ﬁdwwnmomk@nmcé&ﬁﬁ@ﬁdﬁ&mmtRu

q Ih tatio he ref ence eq ce .
prote%% zﬁg 2[‘(6‘:181}(1 é gl‘t?ﬁeée tg)res Qﬁ'éu}r jan ncgfxceﬁ% si f SREMRF F(gas muations are
comnnetﬁ eine rlraecrm.ttcl, eadlom eargie Cﬁdleﬁrmercﬁfonﬁaﬁy(w e19s9wagile hematologic

t hose te i.t1ons, sed eith
malif s KT TG O R SR PAAPNG o 8 e e
[002%fe qURr¥GEtheN erhBbddRent Othe BBESEAOMlZH M reTh MRS WhdoBidan oncogenic
t he reference sequence Simlar considerations apply

K‘r%‘élﬁped’gfl%r I 1 3l¢itional sokadimenys the pogesera wiizpdin the pfeis%té invention

enco8QUURREARH oh QAL AAdin beRpLdide ($H6 BN AN yﬁ*ther embodiment,
i ncl ude nucl eoti de sequences haV|n subst ant

the ogicpgeng Mltl%ﬁdtlé the inyeeisgeniy ha@satri@r@t elorut $68%s ecpignldg at dgast about

0 RORNE K £ I CFERTFy iy P Bgelatly o

nuclgotide quum(SEQt@IN@g@uc oS nutieotmiehsequencmmghm ethnu oﬂlcmgénedmdeotxde

Y T
deletﬁmspu ehx::moﬂ&r Qtnfbf)dlmeﬁﬂ tthey osdolidndd rds Cpo@ypé@tﬁd%& @Gk present invention

RS HEER 8D e ) o LA A il Bt e

determining simlarity is well known in the art to

whi ch the invention pertains. Briefly, noderately
stringent conditions are defined in Sanbrook et al.
{Mol ecul ar O oning: A Laboratory Manual, 2nd Ed., Vol.
1, pp. 101-104, Cold Spring Harbor Laboratory Press
(1989)) as including the use of a prewashi ng sol ution
of 5 X SSC (a sodlun1ch|or|de/sod|un1C|trate

~ r~nzs o - N VA= Va5 A ~ R A




cancerous cells) into cancerous cells (i.e., tunors).
[ 0031] The oncogene, al so considered herein as the

wo c@nsgsne, the gene which is introduced into PEESG2006/000202
genone descri bed herein, nay be either synthesized in
vitro or isolated froma biological source. Such
met hods of synthesis and isolation are well known to
the skilled artisan. As used herein, the terns

sxmllgﬁ@{'(?lg?e@ﬁ)ly X leastt fa3554) ‘E’déﬁum% Gkt 70% smtn'im %ﬁ@fe&bly at least a

cons or trans eni c Se(q unece' are
70% adeatiyhamgg ddsisty 72 dlmlédnéy (nrefembbuail ledst ast5%l ldmtlt%mreat least 80%
t .|
s SBLRARPIPLLT ) sl M 497 ROt o
85% l@n‘utymmtae tmstt%)% sintiladtygpefictatdy lat least 200% ddentity®, drhse least a 95%

._expresskon, of n roduce
simus TP Bht 874 oD R B SRt SEEDI NERE  BkS o in the a
"singil @it riesy de twe polypeptidesnig dEtbﬁmﬁ&!cDbﬁ&ﬁh;ﬁﬁngmﬂ @ino acid sequence and
st abi | of the associate e ces) such as
its SRS AR 161 SARIOCRS o Fa R PLos Jnab EREnayt @ second
pol@lepidecont ai n ot her DNA sequences mhlch function to
ronpt e |ntegrat|on of operably |inked DNA sequences

lOO&ﬂt o l{etityeayirehe fledsenl Sé?ﬂ%?ﬁlc%ﬁ?!atéwssaé%é‘?“a‘t“éﬁpwwldes or two

polﬁlu@fé@ﬁﬁé sEQRhEs R HelcPnMBY bHURd ﬁieﬁu@QJthé Yt @MBdiRedd: two strings of
Sucgéasm expr essi on vectors used f t he pr Opagat [ on,

@%'émeenlder#ﬁﬁ icpy batgadRy aalanlaied. Wéilﬂg flleare g¥ist @ sBmMberefrmethods to
| t " 1"
med3He 19%16 tf‘%tqreér? HWE P&lﬁiﬁa e[ot%ﬁg o P&&ﬁaﬂaﬁa@ gg%u%g&:% {nd Ct% T 1dent1ty is

are t genetic ma tro Into
well §npvotusdlled ertisansgCloinpubiigl We@técedl?da@@m hedkheé\. tNy; mi Oxford
- n e g.an organisma d t . Q .
Umg %%%y g%g% ?\]%‘évn‘ﬁgﬁrﬁ [%8 gwco A i ‘hﬁ% "éc u‘? ”%ﬁ% eﬁ%’ssmlth’ D.
W..lzde i cademiié Pmsa Ney Yok wa ;:édnpzmro/htah)ezsay’ Jaqiesra DamagPart 1, Griffin,

' dy, of t.e t
A FFLAEE o b R, Pmer et R i o il et o o
Mokrulex Baeono ot Adije,UGH, Aa%kiérhmuglassa msanagieﬂ@;u@msﬂﬁalﬁs Primer,

G FOprG: SRS 5Euh 1+ Ak SbAIEKPD Sfreh 2568 LaRe 89 e Bl commonly

emplBgedt th adekgaiR idaniy bbkletn ¢RTRE(MRnAY ﬂﬁ(ﬂ&&d Bt SROME ﬂﬁlﬁ&d to those
%g rably linked to a sequence encodi ng an expressi
dis s§

ti iRy uide toeygedrpseputare Muhay- rI%}EItOPa?%oA‘iﬁdé‘Pé?rPéBﬁfsysan Diego, 1994,

and CHHIMORS 208 DEImHO WO QIEN 54D, fﬁll@ﬁ M BIUBIIOSY). Preferred methods to
stablilty or integration of the construct info the

det@‘@ﬁ@n@e@ft}’ &g fl@spgned\go guedhe darassh magdnprivesn hedvogsequences tested.
Suchrlﬂgtﬁ&?sngre GRaH:AUG! olfrﬁ)fu%F e %Tglﬁ aﬁef%ﬁle@ ol ﬁ{egt&é/ am methods to
. l'inked or operatlv(i refer to COITp nen g[r)
detegrmingoidnritly deptweent twoa‘sdquwceh émolude, bunetei wot limget m;rG€6r (Genetics
LSl ex r t
CO%@S{?{] %ﬂopﬁég\?%ﬁgogf&g 5 6)2 gc{%q@m kaﬁ%@%’ev%eu%(h o 3 :Tg,n]ngclezc gcz%s Research
12: 387n(:11984))m BDASERUBLABTING Fasmr(mmsmm epfil. l(i’ﬁQO@;oAltsmgul et al. (1997)).

oyl P s e AT AR P R ot & oLt By

[00@] anseatPiliassdtion, \r © folghuctioead ﬁﬁni@ga&lhae&msaeq\k&be hA\8ng at least,
used herein ressi on sequences I ncl ude pronpters

for G0iRle Jrvee R &0 2 g Speleotifis FeqaueBgopide Pl Hiak the nucteotide
seqhdncé SofPERS oRARGkIEIHAE & NRIAXAI 48 SIRN 1 FSIMRNEaReMRCexdeBt that the
the di scl osed constructs be honpl ogous expression
polywgleatidessgquense mawdnchisteaiprio five peiat mpatiers ned cedinidrmaplestides of the
[
o B AR B RS, ST Er 8 5 bR LbRhRRBde having o moleotide
seqeanIp @tnie@t 95% identicslgo aeigrendenicletidé sametdecurs etk ed tigrnucleotides
type of fish involved. Conversely, heterol ogous
i ndicates that the conponent is neither native to nor
derived fromthe species or type offish invol ved.
[ 0034] As used herein, expression sequences are
divided into two main cl asses, pronoters and
enhancers. A pronoter is generally a sequence or
sequences of DNA that functlon mhen |n a relatlvely

. M o o,



DNA that functions at no fixed distance fromthe
transcription start site and can be in either

w@ediogoi st on. Enhancers function to increase PCT/SG2006/000202
transcription fromnearby pronoters. Enhancers al so
often contain response elenents that nediate the
regul ation of transcription.g Pronoters can al so
contain response elenents that nedi ate the regul ation

in theefltARSEH R ARy BQQ&@!]Ed Ef‘mgﬁtﬁfeﬁ Wi b B LnidMtide, or 2 number of
expression of genes. This effect has been observed and

nuclegtidey uiele 3% oéthsé@tm wleéﬁﬁ%‘en@ dhe refesgaca pRapeRss mapHRe ipserted into the
I .

referk&% ﬂﬂ%ﬁéej Oﬂ]kgg Jntﬂtgﬁgz{kﬁf éﬁn{%{efg?é?lﬁé Qégil%% éigag(rjo%g%qt Ble ﬁ@r@etermmal

posﬂtldme ocf mlmstefmrmce inusleotide jequence loe anjovtere befveem thesmm@al positions,

1nteréﬂgrsK§‘ %glé% 1n<%lro eﬂ%r?a%éc{ng’%}ucﬁ ti(géé‘? Itl}g arref’legegxge (se%a(&%@r&f i€ Bne or more
contiz08#4) groups swithin ctisessfertine eoquemssi dfimdlhr tdoesidamsins ugdply when
s_requl.at acc n ot attern of the newly
ddm?§@8§%§ﬂ%ﬁggh‘%%?%W %?gﬁgﬁgh SelC8HE&t ruct s having only
[0036] M AddiAbnally, theSbfokerR MADtiAEluda Audléotids eﬁquemcwl ﬁavmg substantial
gﬁsclosed trans%$ni fi,sh to drive ex ress
SImiBRIG SREIFIFCHIC tiflp SO Y FRficlede sequence

or a SEVIATA BhcdgeRiB ZRBLIP HAt ¥ddsshd Patipdphie SR IMRICATHEQ HENO:8, or the
can be used in order to induce tunprs in different

other prcogens nuriepiide seguensey digcugsedrhsrrity e By Csyhsigntialtsimiarity”, it is meant

herefn BRI ONIERI 5B b S bu i GRS ST to @fb?cr&c%lnqcl@@ﬁﬁliq%ence that
or animal Iineswth histologically different types of

it will hybridize fleo3ath wder mpgraisly ingsnt eondivged Paipmictod of determining

B LEBSURNE RIS it S 8 RAYIERY i

conditfons hage @fm@@l guSanpoels si dn(lwl@ddm GlonBerh Iebopaemy démanle2™ Ed.,
gener a) t r i

VoL 935 Sh-10d UG bl i, SRR LA SO0 g g o

prewashmg1 eolumms bf 6cX $80 \Qeemdmﬂneclﬂdraiesodmmt ¢citratei soiution), i00¥Ye sodium

Si te nsl t| |n| iation s h
doatyf FplfY giBab% it eliend) dorihefiedle sl JBDTHT oH"80) ana
hybiiddasibii bal wahinReconditione df f5l50r0 } BeX BS@ntA aushertreghirement of the
region normally associated with the pronoter_ used i .
nuclpqiidle AR AL, %Fh%m%gel}ﬁ’ntsr Hﬁ%llhtCB%PdFe@PéﬁteWoP?fﬁW ;PCH neoplastic
tran ESHRGLR BTitYM tThat RS tBE GHREARE heNC ORI MMty NE @KPEE KSR (i.e., non-
product,. the 5 unt r ansl at ed region of a gene
cancgopgpellsbigta Gneqiensselinb ee fs)sequence encodi ng t he
[003¢KPT $RSHRBeRHOAYE LonsRfercd ﬂ%i/é‘i)ﬁ héjthgftrahgkgﬁ@ the gene which is introduced
unt ransl at ed r%glons Preferably, 51unt Fansl at ed
into rthe)iggreries dptsribed Geigsn, tax e ditheh SYrrﬁhQ&Zﬂ#ute hirpeor isolated from a
biol ch? LG Sﬁ ﬁl&h@& df@gﬁtﬁgs&%iﬁq 1so|fz{t§)]:1%H \991 Enown to the skilled artisan.
trans ate regions are those norna assocl at ed
As weed theteine the tmps transgent” ¢rO0GT gele anmyadé Qroh@n:fggnmsconstruct" or

weo for.u in_th e, d sclosed trans nco .

s Bt T Bt B oo bERRRRRTH b ol T ATRER peid motecut

typi@Xpre@spiiesd) of, Aﬁlt use dinkid eto) regdlak@p creglenis (H.g)tlﬁbmotes a@idhenhancer
protein that can be SBSCIfI R detectF en .

sequEngsPle b 4T RRIBRSIEHE (o jRidi sl gibriiseo Fepiaieo fiogewesstih @f 2 gene

prod@t(Hu a’ﬂiahﬁ g%hic NEbEHEILE HSdyORlsd [cOMfaiRX REYE SheP Rnub@Aly enfRtible DNA
For exanP operatively Ilnklng,nucleotlde sequence
8

elemepis dofi 59 f&h%ﬁ’@ﬁﬁé‘fﬁswﬂé@ﬁ stabilify qfjthespsocigiedgamp groduct(s), such as
poly@d%%&ﬁﬁ% Qghﬁﬁ&genﬁﬁﬁs%%hﬂcoy&stﬁﬁ% iy GEEdHdiY Ml AYNA sequences
| i neage devel opnent n such studiés, the reporter
whighr fgnetion te ngge ndeszationrof eperploly lidserd DUA ggguences into the genome of a
devel opnent al processes, such as cell mgration. Many
reporter proteins are known and have been used for
simlar purposes in other organi snms. These include
enzynes, such as b-gal act osi dase, |uciferase, and
al kal i ne phosphat ase, that can produce specific
det ect abl eproducts, and proteins that can be directly
det ect ed. V'rtually any proteln can be dlrectly

I T 1 o o L ) - a



system for anal yzing spatial and tenporal expression

patterns of devel opnentally regul ated genes. [0039]
wab@76iset osed transgene constructs preferabl yP¢TsG€000202

ot her sequences which i nprove expression from or

stability of, the construct. For exanple, including a

pol yadenyl ati on signal on thg constructs encoding a

protein ensures that transcripts fromthe transgene is

[ 0 RNA i

zeb%rf]igg gxzdz &f a%&)% A dgﬁ R] Jl%r:ﬁ%rﬁsaéoln e Srn Ilﬁ?rél;l(c‘iié;lg é%lﬁ %ﬁ&h QQ g. plasmid
expoassion rmtom)r rssedvefor thstmbpagathmx;i selectiong lpmafmiamm abdiyat transfer of

hanol adenyl ation signals be used in the
mm?ﬁﬁﬂ%ﬁﬂﬁ’“&%ﬁ%%?ﬁ%?es [0040] In accordance with the
[OOMJOV sl dohgfuctstdie therpendie igatérinl dmersabﬂrqdubemin&ﬂﬁﬂmtoqaroduce a

e{ Preferably the ronntex n_or

tra gegréc‘u s (I'ﬁf: eegrle {Y}glt?m) %ig&nfsl Eefeﬁe gchm ammgpd the progeny of

such faf foRgantahy that E@ltzﬁﬁ@ﬂw mdleculRehiead bedir ﬁmﬁkfallﬂ)introduced into the
pr.onoter which is specrfrc for epithelial cells %&’
orgagistay The paper of pyirofgtion) 4nd. efire, E‘FS%%‘F of & trém%arar ftiiget, render

suck Uh%n@éﬁ’é%@t&uc@ Eﬁ‘é}k(&@f{mﬁ costkruet. 200hgtOd trahs Eérfé'oﬁﬁétmct can be made

pronoter than can be used as an enhancer trap.. O he
up efamypiuelsicorcidrieanences $orjuse inude diseloprs: teansgepic fishdt is preferred that the
\Alekdi6h G&fé4 hlil&h%“fbgd%ﬁ@ di
trat %%%Rgﬁ%{%ﬁnﬁ\%? ‘ eenco S aeT CQD . slpec:| e eneoding an
GXpmssron erdpttoThe yramgemie chnstraeialso ipgdferabll anpdwdes ethehmmnents that aid
£ 1 i
ey 7 PRI Skl bR honome o ity Ay ged v
conapoanih ef a zlehngaﬂe shnsRABreffdeboens beingalperabyIdkedod operatively linked

refer%g é%fgéo%gg%@%gl J ?;(S)’%eeftg& a%g)uz}ll'grvztg éﬁ’ %\mgtméy r"E rtger f8r their intended

purpddat Tok exaﬁipléﬂa proﬁ%ﬂ)nd PEirlg mgldn laresafletablyf m:[keﬂaﬁthb @asmoter can
Huang@ { Pronoters having at | east about

fungigap tp HtP%VMBEHM°88§#wéB 1YY i dentity, and further

[0033] | ERxGestibA Weqalesi BiRMidel Yint tBe tdiR103&T @fgefle constructs to mediate
se uences of the tissue-specjfic pronoters, desc Fbed
exH’i"é“F’@Pr? AeCRRFSHORMIBP AR Py huenstiht 4 élff% WPt gxpression

seqhéRBS Gichife] ﬁ@m@ferst N seR&P 9RARNE O eah&es, th8YredfdRise clements. It is
operably |inked. &ince nost nannalran pronDters are

prefegigh dhafother exmpessienvisrenices fpashin thee diselReedgednsiets be homologous

exﬂ]'g gll‘c#r @éc@l‘éﬂc@ eau %@&ﬁ%t&ﬁ 1§1 rr‘@fel%ﬁ@' t@fcbﬁ’x 0nefn’tégalf tﬁ'fls é%h@ Ednstructs used
cles often nust be specr I cCa y cl oned

m the étsrlemd]tramgemc rfishamancdesens indisaies thiet thh sompetientis native to or derived

BB bS18°h HLSATE ORGSRV B o e

corﬂmmdm:fls netheheties m, na datradddomm the speips entype bEfistopesladl. y

th |l eotid
003D 1 SRR CPisTIrD Fabitn Ao ik Sl it Stasses, promoters
endihtats opRAGNRNS gencltly seuqERlcr scfucok e I SNAEEHem when in

a r&l \%ﬁ) e?’r?esil %@%@kgﬂgtga%g ﬁg Qﬁ%g@%ﬁ%ﬁjen Emj%epromoter contains core
elefnb @9 $&ulrBd 'f&rbaQiE 1ﬁt€ﬁc&9ﬂbﬁ‘ﬂNﬁW&e aﬁ@@ﬁaﬁ@ﬁ)ﬂtlbﬁ Fdéﬁﬁ's and may

neans that the DNA sequences being |inked are
contyipupdreay ANty SUISSRYREE clmente Relasa geyerpldy pefergéo a sequence of
DN?’[ Blf Eﬂrcﬁ@rg' ﬂgxorf?ﬁ:'docﬁsqtanc%% %%&{Bﬁoh Reabedi g can be in either
frane. Since enhancers may function en separ at ed
ori¢ntasipnt H’éﬁrgn@rﬁ)ﬁeptmyt%ememl trdus¢riphan éiynan@hrw prqmpters Enhancers
e OIF%.. [
a1s§ gﬂ%ﬁe(g)glgagn %% ngeeer%eﬁ’ré‘g}a? e&ar'k %?fgrtbgtflatlo 0 Con ﬁglt Sﬂ%moters can
alsf @cﬁrﬂ:ﬁﬂl rebpanse elrsienty dtat fmdnah:ehe e @ htgmaly] Itxynammmsn ses a
mar ker or a reporter gene. In a preferred enbodi nent,
the oncogene is preceded by a reporter gene, such as a
fluorescent protein gene (e.g., EGP, GFP, RFP, BFP
YFP, or dsRED2) or a luciferase protein gene. In a
nost preferred enbodi nent, the nmarker is enhanced
green fluorescent protein (EG-P) (Zhang et al., 1996).
EGFP 'S preferred because of the hrgh sensrtrvrty of

T . Y



fusion protein and the oncogene product conprises the

C-termnus of the fusion protein. In this preferred
weedodisent , the construct conprises a chi nmeriBCT/SG2006/000202

transgene gene conprising pronotermnarker- oncogene.

[0043] Although, the use of specific markers has been

di scl osed and di scussed heregpn, the present invention

isinnowy limted to the specifically disclosed

[0035Rr KEihSnceld popuietd tiel OipadssioR PIT deQés. PITOICEMEt Hal HEBOWBserved and
and have _been used for sinjlar purpgses. These include

utilizgfl 2y Fawvalied Ephageer HragaARRES4 VelisEe Itiogsiiopr gfsa construct confaining a

repofidt LRGSR GRled A6 ¥ bFANRESS 8§Ressft Gl %E@me%ﬁﬁru@ﬁgserts into the
al kal i ne phoighatase t hat can produce specifi

domga pfen emtaaces (9diase st alad&%r@le@.qﬁgl A1988; Ié@thaxbreet ar 1988 Gossler et

al, BROLPLERY X1l Y8bd)Y RWch'Q4cS! e G3Pre ox{:l bf @ %&ﬁ truct is regulated
detect ed by u5|ng, for exanple, sp CI V'c anti bodl es 't

according tprthﬁ pdtigrn mye n@@grasmcwwm ea;ham;am "Prenggenidicbystructs havmg only a

[

w51 86 T RN, o 80 ol AR G041 815 o

oncogcne'imiotvlaéousgmsudsr Tbe actvanegabﬂ the er_ﬂfahmtnap metifodology is that the same

B o L A —

popultion, Gahddorbdi tdndlandion takendal ahy yRI€SHhimse! & SEmbNGines with

bi rbgr,,f w York, and Ausubel et al. (1992), Current

IStograélft“ % BiTerqnh tyRet (WRSE: Bi ol ogy, John W ley & Sons,

[0036NC| B X@reRgbn @ ichicdied Hepdes AFYprOfeikh 8 tFHinSEdne S(‘,@rﬂstruct also needs.
markers, as wel | as others known in the art, may be

sequenceg thap wheit trapsstibedeinge £t mpdigle rifqusiation @@414? epgoded expression
prod @8 SEUM GbquERYesRe é@r@ﬁl]?YmHﬁ'ﬂi‘ Ghel 50 ﬁn@i{@ﬂ%ﬁ%g}% P& iHsE& bed RNA.
upstreanrof the coding region of the gene he genom c

This segior parFespegs do desregion ohjthe consirem dgtvings themsefiptiondnitiation site
and ﬂ@rtxlﬁﬁglatlJnQB LI% (?'?t: B, theQnfieBod & cfoﬁf:)/’fﬁéﬂg Wha¥Sated region of a
- expression o of escent marker in a

ConStru@ seebe é@meﬂrﬂpm ﬁsrﬁ' oniratskeied gegley ndropiiE atsociated wifh the promoter
usedgg %Hrg ecégsﬁrél%fagfe iﬁgﬁjﬁlgﬁﬁag % ﬁ ngﬁxqu% gsesgélateg ﬁi%et}lea sequence encoding
the cpcrpmsedm rpe@dunaythb &' luhfrdmskamd fegroncoﬁrstgene tuncedated totiie promoter or

ool S0 R SOV o AL ATRAELS e
Prefegatdy) ths S tunassstatdreeidn fiy hxrmdlh@ug @8 fRhGo ihachl 116 Oﬁisﬁ@ct is to be

T N L TN AT £ N—

usedlyel oi d system [0045] In a preferred enbodi nent, the
construct of the present i nvention conprises the

[003Z]ebr7érﬁi‘5§ﬁn‘?<‘rqn8mtﬁ‘ pgrin teegiyslosed frpnseerie Kl engede afeporter protein

(for Q&BER ARd %ﬁ&tl@ﬁ of Kxr&Sion) N&s 6&RMRLIS A KpdiBr gﬁﬁéﬂ? €dny protein
IS advanta eously used because it drives expression

that egnebe Sipafr‘dﬁ@@g‘r}’edeteicteé Wheer%m@eqqé Rieportek iproteips aeaisefal for detectmg or

quanh{ Eﬁ% rres?freg gt z %(@%sg?ﬁ, noc\es %‘&Se#gﬁp%o%ﬁ&lv ff}lmkmg nucleotide

Sequc.hcﬁ feacmimg pmrepvpee protan d ialtismedspetific expreedi@r seederdchatllows one to

ronmoter, al so e its . a hancer tr effect.
caretﬂf}? Qu@y Pﬁeaﬁ% ceierweiolpgg { ?nl,?g h %‘ﬁ%ﬁﬂeﬁe@&{){}ﬁogﬁ}éﬁe%ﬁaﬁ aénarker for
monit@inigi deudalapsm@fcalmﬁdcﬁﬁs,es anctesh@l @eibratiod PV kot tBBYroRInS Are known
he construct. In this aspec

art of t.he
and ‘kiaaﬁ E’F?Ihﬁedf OF TIREAT RYRYS &b ethgnorgaHsipe eﬁ“fsdeChé%?néWPes such as
B-gala@B§ddss) R@ifSrabd, NndBARATRBRphAlseMBAL cezqura(hlc)é o8 detectable
to a given DNA binding proteln (e g. GGWVP 16 ?usron
and a reporter gene product under regul ation of
correspondi ng activating sequences (e.g. UAS, upstream
activating sequences specific for Gal4) such that the
transgeni c construct can be randomy inserted and/or
transposed in the genone of fish using an "enhancer
trap" strategy that facilitates random expression
patterns that are dependent on properties of
regulatory reglons (e. g. enhancers and/or repressors)
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i ncorporated herein by reference) and fish that

denonstrate expression patterns of interest can be
weeepagsted and utilized identically to other PCT/SG2006/000202

transgenic fish. [0046] The transgene may be i ncl uded

in a vector for delivery. A vector, as used herein and

as known in the art, refers tj0o a nucleic acid

construct that includes genetic material designed to

prodilbts e8id protns Mairedd 08 c(u*ectgl defebted. pryaaesisy WHEHRIWIn can be directly
genetic material_ of an individual cell is altered by

deteptﬁ%bn‘ pRG i ampleespseibs gndbodies io e @9tei8- genome) of a
[oosfs'f\r IehE kel rbportr YOFRY thifiYe &E&H? IdBtebblt w{h%uﬁ%aﬁhhg:the addition
ements positionally and sequentially oriented,
of exppepeus| foctprs ke grofirted for ﬁ@tpctwgdéﬁ@ﬁs)mg)ge@mreéﬂon durmg zebrafish
t u
e PR Bl 12l Sy P i o
repostiecproich) mdtaetéssutsi;mgif@@zptebswremuetncm dareprgmylg a[raﬁd 7dal time in vivo
t on tr

o 0 s 8he, PBAE ML 5 S BB P bty o
gmmmtin n a vector accordlng to nethods wel | knomn to the

d,arti an and as descri ex le, in ey
005pf o P00l Hs ERan efEoy Rl SRR verplsPe whiph mprove
expriéSHOMFrdnh,adr shibidﬁy d§&hd onistieet) Wﬁébtalnqﬂb iR di@bh polvaieh@aton signal
ont$n0|Ude:§§18n1d vect.ors, vectors, includin

SIomgCt RcoLRg g protein e@sufessté%t tgpsqrighs fEqm the ﬁmigfggjs processed and

trangRREP¥s MIBNXECTRY ﬁeﬁﬁﬁ@&twn%ﬁ sk 20T joa8bnyddtion stERR in expr
%gbner et al ., 1994; Davidson et alm 9}%{ 8R4 in cxpression

consiiyels és welbeiablislad. Yils prefepied thst dorpalogous p@é}@dmymoé sigpals be used in

.me@%mgﬂéggg%ndgerpeSV|rus vectors (e.g., see Anderson et
1993), and lentivirus vectors (e , see Lever,

[004;96)00}11 aggordases voln theapbayet praivipes dhe Op%ﬂl@lsm rpperbly| linked to a
pror%cgt?rf’ n%lj\j %g;?)%é el pr%B Er grgor%ﬂow i O%—Z(Tmcglgg%g tgteQ)Ospemﬁc promoter.

Mosh ppiféreldyi tn pggmpta]t 1sNbe kealia81(fA ) proorote@rehith is specific for epithelial
cell{rﬁg)%glf‘éf lalg ?Z)ﬁ%);l lsrg%fa%-r ?t(emarélsngser ?g[ %812%(%9% ler}é)?rﬁglg{e? ?1§a%nov et al,,
20048s e e tmidimilhgropioes e¢hdn cay datused as sant érdhanse top. Other examples of

r vec S duce.t r.ansgeni {sh. A
profGRs s Rrsn e PR Bt tcPp PR SR LR BHRF G Gl fretndife RAG and
RA(EQ,ogegny “michaeﬁdgadfs aa mba?mmcﬁh am-\j\mgqgﬁm OliSsif0 Rivhdet) CI%M enhancer
as be introduced. A fis ng. o ich a construct S
elenjgaisy aPﬁit(F ucet Fah AT 5‘3’% dietc HosHas rifisre Fgpesgion have been

1denfuﬁednf&re%m9w @eb@ﬁishmm @e¥dah ehall, 1999 QNG LEB#Eish FRSGH BREen et al.,
i nt roduced, her ei n, an exogenous construct

I S
2008 foq ém?l@l%&weﬁt, wafi Iplst-bfor pqueglapeyiiG penresgionddloteike ghgl., 2000),
PDR | Ghnaldiy BF %hﬁar&d@ aHu¥ngd B 41094680, Pfoﬁ{o@eréﬁaaﬁg TBleast about 70%

The termartificial introduction Ts intended
idengifog lat thasti abpwioffije ideptityo fand farthes et leest abhwtdifigh ldmt'lt’yﬁb the nucleotide

seqllfeﬁ‘?e:s %glfﬁé ﬁ%ﬁe— ecgﬁ: g;gx%}n%te% ?és%ﬁft?‘ed he!?g}}x a'relSaIS(; hlfr‘w&r)ft\e%grﬁr%wded that
ﬂleyoﬁromotermiinskxyptmmodsthb rceledgdng to swhictt dreglenie operbidy linked. Since most

uded. Howev r,od y.transfer,. thr h
mar P Bt Pt R BHD Terheinet PRSP goquences
of thmmtaﬁd%tfugm af othasfis $p§biraﬁbﬁyn miubti Yol speeitiballyl diéred digetesdin, within,
roma fi contai ni n construct are consi to
and GG s ngiotsgt . 0F TS hieh mey B a6 e %ﬁgﬂwrocedures
rout@e t& Sk duil<d iMkeGlx. t he exogenous construct has been
i ntroduced. As used herein, progeny of a fish are any
fish which are descended fromthe fish by sexua
reproduction or cloning, and from which genetic
material has been inherited. In this context, cloning
refers to production of a genetically identical fish
fromDNA a cell, or cells of the fish. The fish from
whi ch another fish is descended is referred to as a
progeni tor or founder fish. As used herein,
developnent of a fISh fron1a ceII or cells (enbryonlc

o o o o o Y 4 o - s



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

woe@Tmeirezit hat fish bel onging to species and vECT/BG2086/000202
of fish of commercial or scientific interest be used.
Such fish include, but are not Iimted to, sal non,
trout, tuna, halibut, catfishp zebrafish, nedaka,
carp, tilapia, goldfish, and | oach. [0050] The nost

[oopr)ef exd @stinell HBreira MERorlld Foqubifedé SepeRBBAILRAS td Mdifer nucleotide
and net hods is zebraflsh Danio rerio. Zebrafish are

sequgpor Neier dsisiipapd o guitastionalyelofiprshiparith anether wicketidq srgyence. For
exat YL i PO seidhca & pd-ABL Bntdd P %gﬂé)r%tell &gﬁ&k@ bcﬁﬁtg%nerally means
experimental organisnms, and I nclude the additional
thatyho drregjer mAAPraRely tapsstipden ebibatceding Apmyenger  Operably linked means
Vi f
STl R0 AN SdiBold s, Wbl ein v
promgédmwg@nal cozxegtroaﬁ iagdh 1rx:a=acﬁngrﬁdmna|8|mce realmgeers gnay function when

Westerfield .
Sep%g%go%ongb?)éfﬂ grbl?}éfs | seﬁal (kﬁ‘g?as)es a5 éntg)zlsslsaehuénggsc ey ;g of variable
lenghsj smanhqled:tida REpanes tnay@e%ﬁdsramp eaﬁleeddimaﬁaccbﬁﬁgmtm cs, a

o0 RO e e SRRt Blne. 1o profia
emmdpﬁaﬁ Sthe pns&Lue mscp@ced@a byRS RPoiEe gand, ap¢tad £ fhodebd¥Bt prdtein gene

T ol 2 B RS She B SRR e i most rtrd

em@RINASH, theaalkts RNenh&iHed M%@%éé@én@ @E@&h Eleing) @Zhang et al., 1996).
zebrafish is extrenely rapid. In ours an enbryo

EGHE ve peierdubironpio of be fagh S@rﬁéwﬁm% rth‘%) Feparer profein.udp rie preferred
BodiHAG! 4 y

em( it A %@Hn (;;ietﬁ%l tmaglglg alﬁg ﬁﬁéj\ﬂ)rﬁbgg% &gb%? ?%h&h?tha%the fused gene is

undf;amtr@é of ﬂ)&mr@n@fﬁar Hds prefested dhat dheematkeocqmpatses the dN-terminus of the
r . . .

fusiog %gc{?c%lﬁ gl%lg Z‘gé&gg glscﬂlu@t c%n{f)[j? : q%eﬁg—t&%rrbﬁ%iotrfreﬁ%t f:us1gn protein. In this

Prefveteﬁ eubodinientd 8w donstruoticonmiyes dehimad¢ Fircgeei gine congprising promoter-

]nm% §§ ggt or vector descrlbed herein, into a

PSS i sh egg (i.e., including a fish enbryo) or
[00461 unildtdugh [ the tisé bbbpeelfiy merkbmsilas dednddisdlbed aad discussed herein, the

i.zed f clu
preceBl, g oh 2O e it Dl b ey ARl et g Many additional
repdiiee ipréthias BreChdinvg Mdildvé Bednnised Bt GRflldr Phfposes. These include enzymes,
non-fertilized egg, the nethod includes fertilizing

such s dgeplagireidaesy eﬁ’é’é?fﬁif t fhdorpmphenishbragyiransicse  B-glucuronidase and

alk&lfn@rb?lg?ﬂﬂa%sé 'tﬁ?{ caﬂrﬁo&églsﬁé&ﬁ@ﬁétgct Q%uc':tgtz{n‘adgﬁggils that can be
into th yavarlety of neth 0 novvn e art
dirgcy |dgg¢tg@ gfgy@gm jany protein hadbe d1gd¢éyrﬂgta¢ted1’ey haig for example specific

antigkcggft:agiﬁ% rgﬁ‘i’% P%@/Ei%orrn%% glgych éa %];% ;’ c!le?e% eﬁ%qa e%!Sfe@ n é)lace of the
EGFBr Asiditmphlemarkiesr @hd pssotiazed anﬁ)uemsb dray axefmnnhia ifor either positive or

LB} M ob L AR 0 9 SUMBOSRIGLS oo

Motesﬂa;otldm@osé’nm aold SirhQrHaBs Divofatary @aéss, Cold Sprmg Harbor New
ction, Such nethods are general

gWP tedltr§£§
£ 3L Curapd Lrgirgoloin Materuiarbickss, Joha Wildy & Sons,
mch'i@ﬁlg peh8@c updatbTARXSNRE QisclobiemdkaRSiewelMa BRES known in the art,
Introducing DNA into Living Cells and Organi snms, (P
maypbe w5 fopraghig the presening@tioneds. |, Bi ot echni ques Press,
00) 4 can&u t
[00( USUAB gl A Qéﬁlﬁf BE éll?:fdg b?,clg x%v\t!}lg g%/&llcﬁéérl'geggen@sodpggé[am of the coding
region of diergiers tlihe wenamnin praguer seqnentasiangfifsi dénedgstfaant ¢féhe marker, for
nore fully described in, for exanple, Chenand Powers
(1990) and Fletcher and Davis (1991). El ectroporation
techni ques involving fish are further nore fully
described in, for exanple, Powers et al. (1992) and Lu
et al. (1992). Techniques for introducing DNA into
fish eggs or enbryos by infection with retrovira
vectors, such as pantroplc retrOV|raI vectors, are

T o o o o,

ot
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devel opment). However, the nucleic acid may al so be
adm ni stered at |ater stages of devel opnent, i ncluding
wo b@7owsizel | stage, four-cell stage, etc. TheP€f/86H06/000202

the nucleic acid nmay be introduced into the norul a,

bl astul a, etc. At |east one isolated nucleic acid

nol ecul e incorporating the above-descri bed transgenic
construct is introduced into the zygote. Additionally,

examplecBGEFIN do seedlls dieg carc difive expressisoithadluondseen madl@g irbd tissue-specific

fashiil)]lbélllrg}gc eg%?ém%1 zg@\éf léo? %gé%%at s}s&lge%%%%?g usi,ea% 31t'i$edthe expression
of K-aizame oflR8 6fidogerks! Siaisfpdtaluts mﬁgmaﬁmk&i foR t:m&uam of other, e.g.,
| east one cell of the or exanpl e,

{ t
sebragy iy or g s prpg i PrpRRlES OHED sy BB Hide pf i in th art
such %15 ehede Rﬂ&ﬁﬁ | 818 tﬁé §5he§ Yendd %}E&ld@eﬁm&@laswy tf d&pQﬁlnanerglc

urchased conmercially fr for exanp

nervayB BYRTBIAY O vt i el Sen MMED AL Adhops dortgem.
[00453”0"141 4 Br&&%daéﬁbofﬂénteﬁﬁmﬁguu& SAEhL tp‘?&eﬁ'tumgﬂtmgf compnses the

ropriately age such as about three to abo
Zebr @ preseater, BIGKPf dsshe matkeh aud aesicogeher atchams k- faerrﬂhegebraﬁsh

fre8 %Pon'f@éreﬁ gMﬁ&él ze@b&%h @ec;\)se n?ydrRE %k&%?s?on l(()f Q% transgene ie.,

ppropr i at el cont ai'ner, such as‘a
oncogeang, ineskuobméehad disknes, dndrto emaons| ather pisack dge tden émlmhcar frap effect

. R I i N the ank for an a te tinme
(Pang?vtn ele{ raﬁ h%%042 9] ?{Tbglgﬁ:reélg prgglé)ueir 1s_th11t28d RF('JI% %sélats%'&l?“l promoter also
exhibiBtah efisnasrarapesecti Uesh edhanded tra iaitP hesmaliylapsoeiatedl with a particular

991).. Alternativel may be artif.icial
Pf°m§> F’tafllef’]}aé‘ﬁer Prigtt ﬁra&iayk%aeﬁ P Of HE BRI o it ppag, the construct
furthéN@n§iskd &l ehlfhn&é}etra@réysieﬁl écﬂlﬁﬁdslr@ra M1ﬁlﬁ1ap§8ﬂﬁr§otéleél&ﬁéiﬁ operably
f obtaining such fertilized fish 055] After
linkefl 9 v A bading erateip (&&i HaldoR i lor})rﬂné % feRoHtgr ggne product

undef 38 4tioRNBY YQurelgdBdink S KotR8EhO rse(ﬁigﬁcfe\é O DRAQYI \%geé% t &tlvatmg
an environnent conduci ve to devel opnent into an ad

sequgnogtspeaifie forapaldhch dhitrihet travegenicrronsiist candye r@x@nmlb/enserted and/or
trans%(;s@mtnrﬂ B o&ftmre 6f fis ugl%?ecgnlg"e\{’ﬁﬁrﬁér (rgé" divat a{) ?Ac(}ﬁwg@ random

ylntroductlonlnto Cl uatlng syst em wa
exprepgol pettorns thitergideppadyy on px@g@@ﬁ:s ¢ rggulqttglrybgglpmg(eg enhancers and/or

repre%JJSC)gs@ gk?f? 0& £ @k 4&@ olfgrft‘ Jit Jne q*"o Yns%ﬂ% é§%&%§$ tFanE%E §an el é}?eated m

reporter protéins tha I Fec
zebraffigh ebinab‘drzmsmsahlg wlemedui(inbindinghbutaddi Liinged of, Sheegen @asuty, the

oA P SLERASE  DuSLSEH 90, SFRES A0 W v

Ac/Dg r(mslgén povisiinhpitat a«ppmayion Seﬁﬂrlyda NED/68 1¢AaTSfiledi oh 17 May 2005,

enco rter rOV|de a.rapid re
incorpoia pryir g e B s FRARIIS TP Sion oS yBlegst can be
prop#4fRt @66 udlivcP adch8EANS t@&th&&v@kgaamal Iy regul ated

%enes Al ternatively, the genone of potentia
100441, 5 idgdrnezens Ry b ﬂfwl%leé ibdEerterdpr delwenyr ok gprter, af used herein and

as knoRN$h fHéCrt, SEEY Q@Q%ﬁcle@%cfd%%tfufcb’ thhf APRIE Yehefid Sterial demgned to
actual 'y éx )ressing the transgene, the presence o ?

direckigsEosmpiinn (eo dircproesn “&herehz senctid maBriad ph bn inglctidiad g uéb is altered
0

by mtE ! %Iég%?{: g@%&ﬂoﬁlk ?'1\2% nD ?eﬁé&ﬁe%f QQQE%{EC? gel{ A vector may contain

multipleggesgjmrilandnitspositionaly nigl sofuaptislgndrieatedot.e. pgierslly linked with other

eni i sh.for ei ¢ Cld uenc

necergh AR S80I s1orlii o TE M RGeS BT TAE o 5% Waslibed and, if

desirgt, efuedladl iy themnghjesibd dindle-GUUEHErd @ibrior t her n
blotting. Also preferred is detection using pol ynerase
chain reaction (PCR) or other sequence-specific
nucleic acid anplification techniques. Preferred
techni ques for identifying transgenic zebrafish are
described in the exanples. [0057] Identifying the
pattern of expression in the disclosed transgenic fish
can be acconplished by neasuring or identifying
expression of the transgene in different tissues
(tlssue speC|f|c expreSS|on) at dlfferent tlnes

o o o o . o,



the expression product to be detected can have an

effect on the suitability of sone of these anal yses.
woroosneshievel , different tissues of a fish canP@ESG2006/000202

di ssected and expression can be assayed in the

separate tissue sanples. Such an assessnent can be

per f or med when usi ng al nost jany expression product.

This technique is commonly used in transgenic ani nmals

[0040Nd RéohhS Rt efﬁéssi@ﬁ%@k@&a&'b%sé&lsmé‘d bl Gneorporating the above-
expression. Expression can be determ ned

recitpg B‘éﬂlf’é’ﬁfl% gsequences ywilhirm i veelpt gocopigtor gtheds Well kgpwn do ghe skilled
artisAPHR as (b Bibed, 3008bmpll 5 ffEHAEIYRAGRER! ?&%Q@ vH& of Qectors are
assess expression during the course of devel opnent by
knovers that/havg upo in thisdneppiens s Shitablqyestine inchinde glasad eeptors, viral vectors,
mcl\gi é%t?%@ tJ@(lto &ég.,e&'e I\Wil%f & 3?65@{32{ a‘?i?n&flrug Ig}gctor ée see Erzurum
ression product’requires fixin the sa F Bt
et aloﬂ?ﬂét; Zapreatianil894; midd@setrabylfl%) Rddnlo- asmmhelv\em mecngs (e g., see
y |sh nmul ti ry nust d. Thi
FlottgnJFyl gr92§ t P rgi:s’v g, veotqr tf %g %Xsbr eAénZdlfargﬂn Sta #e l:éaf) and [enfivika® vectors
(e.g didefIavan 20e0Ybr Yasors sae xpee tregkpb@nb QDﬁ\hésoﬁml 92003 Fadool et al.,

19985 :Kg]wl i Ie& rif, igh(? ! hfex%vce gf aﬁ?ﬁg ng%é ggqr;xgl( [galgﬁng appshcatlon Serial No.

60/6BK M7 B3 15081 nhsgARIcRald ﬁfe@ r(TBEm&R ot @1‘ BREP S itgeabd e efficiency of
pattern of expression of a transgene duri ng

transgeRF&Fopnent is to use an expressi on product that can
[004BE dEURGL Hsplett Jrithe H6seRITAL RSN A e B8 EFRloRstricBQ? Yhctbi® to produce
zebrafish, the nervous system and ot her organ
transeerif Frilht AS wisp Bereinwfrenseeni fsthistrrstodishs erpgany &€ p Ssb, into which an
exogPhdl Gohdhicl R akn tu{tﬂs'aﬁt%r eR5sRSRLAAEH 2 BRLNE: HRURS Riroduced

outside its nother igin and mgration o

inclydesh sty @/hwhdgéﬁ ideosiopsd| fram @m%r}@elcnmﬂs tintp ewthiply tieoddnsimich dpas been
es f X p o s

mtroﬁﬁ&g d ditg quéﬁc? eﬁe'ﬂ'? £ 81?‘%69%‘% & gtg&ctst’ 1%23i %P%Qg ga%gi (l?haft %gmﬁcmlly
introdueedi ed was ormsalyf a@ﬁcxa{l@&ﬁ@q,dxﬁeﬂ,tmm aaszpmmﬂs &‘het feem artificial
AR BRSO E O TP Bl B o
geneﬁb shsﬂdehdtm thenmigiral nitmﬂimtloﬂ efh gbna’tﬁﬁraﬂﬂntp fadhe ©€ ekraih 6f animal
by S 0T el Ta b e hdeq L MR S8k prddodd® through
Y EPS REaReH] Tavieddeivhg e 53 gene: fib praied pgefife throug
nornéal brestihg, dfl xbidi@us edrlstudt (At isNe cbhsratt BatwAUbridiial Gutificially

t.he |solategﬂéunnr ceIIs to produce an_innortal {unor

introgief) o2 He CHIBENEL 6 rFOBFchniEr CaSetiibfo Capin pinegogenous

constrb@M Shéh dADie GRbgehy | STONA @fto f KRB thE dkbSdholid! ¥BfistrubiShas been
performed using conventiaonal techniques well known to

mtmﬂé«ieéo A§ ugsd herae trpgepk ef a fish argany g which errdegeradedafrem the fish by
[ r

sequI:%?lg)'d?ggfgﬁné}qu&@e&gﬁé‘ 4nd otfr(gﬁ‘n’lrlg&i ggﬁ:r ¢ d ar%é:x‘il W{%}v&‘ %lserp nihgréted In this

contq:}ﬁ,cclomm@wfemtol@rod_l@ga) of ﬂgq:ngbal]@eﬂctntl@tjl fishrfeom ]QNA a cell, or cells of

a ch” .F J.. . Mast er. xford
the Igﬁ 3&1% gQ{ frég%lgga’ pn&(ﬂ%eg ;ﬁ%l? 1356%5?5621 nl% ekn d) tP a&glprogemtor or founder
fish.CAb tisedéhefedhn, dévdRginhemt df afish frolula dAl| deeblls (uteyvaidyetls Sor example),

Tot owa w Jerse A, 90 I n one enbodi nent, .
or agiaie Y o4 o b e Fhotiemdo g CaRVERT Juipersyby which
fertifided Rgd bl ovemiBrybic eéllsqdn&\thteﬁ Rigeh-deb R, aaBaMiedontiate to form

ruct at 1 cell-stage. ﬁe isolated cells are
a“aégﬁg%ie of long-term mai ntenance in the culture and
[0048] € THOBESIed HRirueN AR Both R ak Bklustd VELHMGIGRSERAIY As used
passed through over 20 sequential passages maintaining
herelng Bherefsrsoloj apg mpmbsh o the elagtes goliestively rafprsdddn appispss It is preferred
~24-36 hours. This tunor cell |ine maintained EGFP
expression in the culture throughout the nultiple

passages and after transplantation into the

sublethally irradi ated host. Transplanted fish

devel oped tunors in various organs confirmng the

mal i gnant nature of the tunmor cell line. Thus, cells

fron1Pkrt8 EGFP K—rasB(V12) |nduced tunDrs are capable

. o o



transfornmed with different constructs or otherw se
nodi fi ed and transplanted into a host and used to
watuwdpiianspl antati on and vari ous i nteracti onBCRGO&N00202
the transplanted cells and the host. In addition, the
host with the transplanted imortal tunor cell line is
useful to screen conpounds figr inhibiting tunor
progression or netastsis. Also, the imortal tunor

that £l belddgRStodpEcidtSBlWaribifes %@Ri‘é’ﬁ Bf ERMaeRsr {¥ntific interest be used.
Suc i nhi_b |t|ng tunmor cell growth. The screeni ng of

¥iies Dutsirnottlivaitod teyrralnionn trew, os thalibut; gpifisht zebrafish, medaka,

Cmpﬁﬂggggﬁgﬁglah@ﬁﬁdgan be carried out using techniques
Known 'to persons skilled in the art, including

[0059]e C hThequ@é pestariedish for ushwith thiakisclostsbebnbiarcss andfngthods is zebrafish,
o)
T RN —

of thbradmmbd@moé qboplﬂnromvmebtamaxpeuaiehtal brgeniems, mmdnmtlmle the additional

vl Py b B A5y BT S RSB i o, i

CaerlorHaBdhes,t they raré Nirgelg M@bdﬁ@iﬁt(&rﬁmﬁﬁt 1989). ofGenerab esbrifish care and

S 55, S AL D) S RIS, o0 o1 .

[0051) arEdbeifi¥Rt éfibyoP lard RadilymasieksHIe dnlen&@RS irhisphibdt. OfGiven these
transgenic cells to treatnments with radiation or

characfraisish  trgpsgenic sebyfish enlryo./Aapsing donemst P%Cé’émga’il) reporter protein
and ﬁ%&—@ﬁéciﬂbge res@foﬁ%e&ﬁeﬁ@ese%m&%eaa LA S 88 Nirfie %B/o System. for
(e.g., an adult transgenic f or a'transgenic f
anal iy W}laldé@l:mrm@aalr@mﬁsmwmﬁe@ pésltevq!«rm@entﬁllya@ewtated genes. In
e h t
oA b ohiy e BB X AR I B R a0 A Y embryo
develope radngnts ofi ki thet wajar preans ielydifgd ﬁdvetl@tairhcﬂrh and dirchlating blood
Bhmar enhances
cellsg haar glh g%rrg d IOgl?:g gitslh gvgtgﬁélglg I%g gl(l) rgf ti%w B%nrle CSlI‘flble characteristics are also
mﬁﬁmwénsfornation or nodul ates the sensitivity of
ransgenic cel.ls to treatments with r tiap or, .
(0053, SRRy Fon e GspERalSrs i LopF R dpocipe topein.  In one
emb@tixaet, ame&lod rmrgu@s igdoting f@tnubeitCcRE, €6., construct or vector described
.onc ge e- eo | astic h plastlc
hereifl 3o }H%F‘? 8% (e oy ish sub bRy o #hueriized fihresg nucleic
acid.t iaBs g&ﬂtlﬁzédeﬂiéhseggﬁls ﬁsfe@,&héfﬁfé&féd Wclles adlieRpir@h®Lish embryo into a
herapy, if the test drug or agent suppresses or

t
tfﬂﬂSéﬂﬁg%é‘és Wﬁ%g@n@cm peifl dgl 1 fedsinfoc a gronHierhlizas eag the method
inclubiésARAfIRIHFRLE @% Md &@Q‘ébﬁ%%ﬁe ﬁﬂleen%ﬁ'g(? irkd ¥ 'ta¥sgRhic fish. The nucleic

transgenlc cel[ls to treatments with radiation or
acid appanst Fdrodpsed intp thengggobied Vel of methedsrbsuwmite dre arhyincluding
C
T SR el BN FORR LR oo metgds, oud
electropopaliost i dEX@mpluyjpempnhamtalc ntetlmdsfmclnm,l fom, exangile)dimdgoinjection.

diate
B e R R SR PO S aRt PP Pl o DEAE Dextran
Exemglaryslg)ephldlc asdthadstiacthde &idmmtxpos\ﬁtnbah aﬁcﬁdthaf c&tfon® agents for lipid-

medLthg % lgﬁy CSq‘CF gﬁetﬁ%fs F5S ggr&ra? %ﬁ oS adme nalrtsgn%rtggny of such

methAdd g& Qlaidn‘ib&{l ¥, EoileRiice (Grhb Yraikﬁﬁ MBS Uﬁ@o@@canENA into Living
dosed in _the water holdlngcthe transgenic fish, wt

Cells g Pragisrak (igAuPogem epdihe &s Staeh adpe Biotediiases Press, 2000) and
Curr@M' PRGBSI §n afoledhil} SBioRY) n(A@Ql%eg Ult. a1l 00831 jéhnV Q’Vﬂ(%t )& Sons).

. of test compounds can be“eval uated in’accdrdance w't
Micreipiechipreiselntquen yvetviemiish are utheminarediby désevbadsin, foh example Chen

compounds to be tested can be derived fromlibraries
(i.e., are nenbers of a library of conmpounds). Wile
the use of libraries of peptides is well established
in the art, new techni ques have been devel oped which
have al |l owed t he production of m xtures of other

conpounds, such as benzodi azepi nes (Bunin and El | man,
1992; EEVVtt et aI , 1993) pept0|ds (Zuckernann

A PN AN o e o o, A NN\



spatially addressable parallel solid phase or solution
phase libraries, synthetic |ibrary nethods requiring
walewovsiut i on, the "one-bead one-conpound | i bPEr/§G2006/000202
nmet hod, and synthetic |ibrary methods using affinity
chr omat ogr aphy sel ection. The biol ogical library
approach is limted to peptilde |ibraries, while the
ot her four approaches are applicable to peptide,
and Ptﬁvbr@@pgi))da?dcmét@&ﬁﬁﬁd mvig(hmbi). I‘EDéc&‘lépldretidﬂ ﬂaﬂaiécixﬁ]g 1rﬁ)f>lv|1qng fish are
conpou Lam 1997). O her exe ar thods for t
ﬁmhgx/ﬁ]tp Sahly oebed o %ﬂr TPl PONoRaet fe (1SMN@ LY Foal (1992).
Techidues fo@ 'intﬁ?él@BiBF ONA i Bisebgadlor efnia%%ﬁ))g ifHeE Rl d/ltl?fetr@{qral vectors,
(1996) and Gl op et al. (1994) 006 Li brari es of
such@g RppRIFT efiayirab Eeqiresenfughern desaibrd in, e(tém@le Buysgygftal- 4H993)-
[005?& alhe veli%?%)r voth%f nfdleibaad %oﬁlbﬁ‘ﬂh%ﬁheq{'ans ehd %3/ beGhRRiced into an
odor et al 1993), bacterlia ( %
unfelslhzzcs egEYY a fgrsbz@seggms depiged stm ofsdezzlsmgng) Mpltlamqﬁbrs each
I AN
encoggg d1ff%tgnt%ansgee§1959%) deg’(gflé)gfg h%grﬁ? églt%teg 1 %% J %t&'fell‘uhzed egg, or
embeyp, laﬁs preibﬁgtl )0 introdigt ithiel nualent deik intertho dnhltynt(l, €. ,tdtehe one-cell stage of

d d d f.
deve O%B’l ?—fod%ézel]? thgprﬁxg egcr gigi glr[;}g% paﬁso S%&Eﬁdgﬁ&gt{é}eﬁ %tDll\:!@er stages of

dévebopheat) éfbhfdi)ﬂig the thivy-ctly sﬂag’ﬁ; lfoigteell bage, @tce Tt&teﬂ)ﬂemhb @dclkio,acid may

v RERBESF St oSSty 3L APIEEPL S OB LIS o

incofpdf¥ting tHee abe&sd dedérit@d Ofra@enit téhstrydi Csa|1hﬂ‘odu6&ﬁt1hﬁcol gkt zygote.
scale, .rohotical]y-driven screen

fl |
Add't“rﬁg ZW&EIE %f% isleisotsids ipgodugedhintor n egecpt &ﬁercﬁtagé@ @ﬁtievelopment at

least! W@ UsMted Budldy 8cill Rfo1Rld b dtpdiati HlaBd+R-described transgenic construct
oncogene- nedi at ed Hsgg@astlc or hyperpl astic

is infrodyged A deastonese | far exapmple, BOREY tiagtula ctef
an r
(0054 O e s 5% o obinkl BSTRE afplihile ST Ll dimothods, Many of
the fightragy @Q:P‘@éll}f/ﬁsﬁb coramprstidly feors fowetNamipho wet dhyres. Mg dized eggs may be
0 t
obtafih by ghdlnddiafiun o ol SRir SCh BIRD il SHER S Bnely aged
fish, Rk asrptipwrthiteh éo @wbg@ﬂweampmbbhh ﬁshpwmbl adtsslred rratRNif fanales to males
‘ (sucl? Lo éb%kéﬁ% gi(glr Z 2! %C?Té; gﬁapgroglgzgts e s1z&§ 8(291‘%t“}l/1e afu[c? as faﬁank Eggs may
be cdslmeted dyLifpr exam;ge placigythe fikh iniat nuptialshiribdrah ehetthik for an appropriate
activi ot | es |n ol ved irectl

tlme aligt Wg@g ﬁucq e}?hagﬂlgrﬁl tg(l:ﬂld Jupptes. ﬁléfnﬁfhélgi fre desc¥1be(§ in, for example,

Culptd’t angfoon mlteﬁ{htlpﬂ? Clahegodhay Pe irffificisferiiliz¢ll by nthods known to the
ansge Is to treatnents with radi ati on or
skiled: e ghns ifiegyin,fhg ey fanitigr with efhergaetgpdsapfenbtaining puch fertilized
ﬁgI@%Sdescrlbed herein and others, may be tested in the
screeni ng nethods of the present invention. [0068] The

[0056k st Aferiigodicingfbp nucleie acigdpensiary ptoailipifish sg@preembryo.dhe fish egg

or erﬁﬂiﬁU '?%Afx%gﬂle WithPart érﬁﬁoxﬂrﬁ&ﬁ B ubivh Yo TR ?rﬁa%t 31% an adult fish. Such
ot her se alter, or enhance oncogene-.nedl a

an epdopinzst owry dnclhgg dop! b}amtpla'; grovathsdt GX8rfit €.om. E’Sl@gg] water for 15 days

ti- et er I
rolo U BY s BOeh B 3 R B PE e Yo LBl o
{0056} e Figlp Ihaﬂiohyg wﬁirﬁgérxedcaw Helndteﬂitﬁieﬂd@t aly H@tabte ﬂ;@ﬁﬁt The use of
desi red .t . 9] | e epbodi nent of th
repoflf, Bl Helseiis, FORPntyel Srle ERSRbla T e the additon of
exog8hRRI RSB RSare Yrefoirbt foM Geclihf F SisseNing @W@)@)‘Eessmn during zebrafish
oncogene- nedi at ed neoplastlc or hyperplastic
embpPRisfYPRRIFYN farabgepe b © B‘i(?"}f?eééwpﬁga eepstruct encoding a
amount and/or size of tunors forned in the fish and/or
nmeasuring the rate of onset of tunor formation. O her
i ndi cators of oncogene-nedi ated, or otherw se induced,
neopl astic or hyperplastic transformation, or
nodul ati on of the sensitivity of transgenic cells to
treatnments with radiation or chenot herapy, nmay al so be
neasured For exanple mhen reporter gene-oncogene

o R o, T o o o o




construct will permt EGFP fluorescence emtted from
the protein specifically expressed in a particul ar

wo e@se3tn be determ ned. Additional visual orPOL/RE€2006/000202
screens for netastatic tunors may al so be used. [0070]
In yet another formof the invention, nethods of
identifying nutations that npdul ate (i.e., enhance,
- suppress, or otherw se alter) oncogene-nedi ated, or

repd@fel BioVdiss Ead REViAe d.rafi@ el Aflel if vAD sHHER Y a’i&%tybﬁlg spatial and temporal
transformation, such as the rate of onset of

eXPIeERN Badiemms of devejonmentally regulaiechgangs AHemaiiicly theegepgma af potential
tranbgéiR ffsh Ah DeRrBEIABE thel prORfice’ & dBhstbuciBdfatet. mi@'léfé?ﬁfy transgenic
use of genetic nodifier screens. Such screens take
fishpgipaly stuesimetthe troeses: dhypiseanice of ap alpressidnegrodict carebe assayed.
¢ I t
ScbSPRESTE £, RERGRAIET o b KEUEAAL s o mos
can bg amdledft@ trausgenip fish. Prebingrofipotentigioe sstoal tgmsml,c ﬁsh for nuclelc acid
r r I Ny Ived in.t e ne stic
o BESSFOER BB BERER M Ll L DR e o
Souglemomi Noﬂh@blbllottmg Mscﬁbmﬁer&dhanh&cmdieu:ﬂ@ @olgtnea8s €hain reaction

nant at..suppress the rate
o) o RlobP R SRR bt i penitieiohcBlien Prciddechniaues
for fexitifgixg ophsgenip F&iéﬁisﬂ&rd’ @Rtibedtn E@rexéﬁﬁlﬁeml i gnant bee
i ncl udi ng proteins that hayve not yet
ofientdetREins i ot BF Skerettiant g i icioont EFERE Al o be
BhddDBY théhsdling oP idtntifAed cRAEEh PRI £AskQR MNOd
_g%%4/011g867§Nﬁ%fnmorIorateﬁﬁhereln b; ref%rencelfferemhssueS
(tisspeygpepificTaygregtian). at dlf%f@pb Hees dpiireg desloginents(develomenindly regulated
exp&ﬁﬁd%ﬁ&ﬂﬂe%kloﬁﬂ@ﬁt%aé&f Ippdlﬁé %r@s@ loh, ﬁQLﬂt‘e\f&t ROl YIE&)%E% SR lineage-
interest or of ' ecul es”"w t
SPeqlffla‘t Exmession éfheseagﬁgmsglp@ts cam tagsg e sqrsbln¢d1hy,bﬁ0t okahplg,nmeasuring
449 r
expxg'(é:s?(lﬁ{/ éntug (r)lg%tﬁh% &aﬂ% i aﬂ‘?} 1?1%e§[1q{n§t%§ dtu?iﬁg H@e?dp\}\xﬁg{ eI’he nature of
the expyessionredvek tobe Idﬂtti@pfl etre havet 4n effiest ourtbe swmbdity af some of these
anal? Sbﬁg)ﬁﬂe %@el‘ 8 ekéﬁ?ﬂss§gs 3%511%%2 *; o(?igsrégt%?l arn ex%%eesmlorlg can be assayed
n thdw:regaatm tmsampdads Siuch@hmsmsmdnanambe padnted Mile @kihg flmost any
nd., use .of anti Les. These . . :
o TR el " s Bt PrPRlGBES ok sk fs Aipws agids useful for
asseStiggh  tisabspegifies dxpgesmml UdeﬁéﬁiUndl daf dkOmermined biochemically,
%kna es def ee- di nensi onal structure of
“E%P%? P “PBWﬁP ¢%§ald first pol ypeptide and
[OOMI d TR C QaBhie) %ﬁ@pztlbdj e A LSdset NBpREsIGE| REhE "Me course of
npounds capabl e of interfering with Fhe |nteract|on

deV@d%RIv@é RY aspying dope prristsidlierradist at didlesntidgysiopmepel seges. Where
deteBRGESE xRS oRbRITLG RS HRA [
e|dent|f|catlsoﬁ gf a gdgﬂgaﬁge%mzﬁgS%%é%LTgaégg%%ggﬁsﬂmi&%ﬁoy
or kgl} thecdexelpping sebrioder bt muitiple emheyos aiyst benusedmeBhisis only practical
h é,l I e . . .
e PRt AR Bl ST Beochiha WU 8 same or similar. This i
the mnmham;uung therdifadosed) Ittansgemp ﬁsh haviag spablei dnd (pfed$dﬂﬂihe aprésion. A
pharnac u 0Si ti or dru
mord BT o RORPRERY 5ol Piltarion o oapené Biringrigepment is
to usecmmxpfksm Iﬁsdua:t t‘lﬁdctdn&i‘e@éte@ﬂ‘ed ROlNREANbIYEs dndnainhd) My
p no tide in_nature. Non-peptide "snal
“’"% ik @5“%8 bythe BVl sysiemapd gther %ﬁg%ﬁﬁlynmﬁs {|Pge within 24 hours of
fertiRPaioNB Sibkel haIne$L SransPreR SibRAlsH, enfbrid H&Ielo%s %tsmerﬂscmother the
. of the substance (particularly if a peptide) may
origheil gHEUPH PL WIraEHRIO8ERITOE 691ls 53R be pooTtarkd Wéolh)@@,mggwprﬁgswn of an
of mnetics to a known pharnaceutically active
conmpound is a known approach to the devel opnent of
phar maceuti cal s based on a "l ead" conmpound. This
approach m ght be desirable where the active conpound
is difficult or expensive to synthesize or where it is
unsui table for a particular nmethod of adm nistration,
e.g., pure peptldes are unSU|tabIe actlve agents for

o " - " o



nunbers of nolecules for a target property. [0075]
Once the pharnmacophore has been found, its structure
wo soomodesied according to its physical propertiBST/S€2006/000202
stereochem stry, bondi ng, size and/or charge, using
data froma range of sources, e.g., spectroscopic
t echni ques, x-ray diffractiqg data and NWVR
Comput ational analysis, simlarity mappi ng (which
I - : Ol Vo
expr 308 o b RE R HARAER 0N T MR, B SRR PP RIS sonc can be
studic@intthésqlieb. can be used in this nodeling process. Such

' gl ;P .
[006@?8%%?8*%8?3(1&6 B{%Q&x‘? lugjtegﬁenrg rgghv% grqggé%%eﬁtt ﬁrﬁﬁor{gﬁ) tumor cell
linessidme che dumomtiadudad ah thé emlmiuc dishupel thhdtammrtal turbédrecell lines so

r mpco an be qgrafte The ate ul e .
prodficad TRCOR aibodifeny 8 Juigh 8 puugp el 1B, B S Ref B Spressing the
oncog@ivia sk b lpyoduet eahinér, mlahhgbendﬂﬁethmtumrlaﬁd @alytirighe isolated

synt hesi ze, is Ilkel to b r,meco i ca
tumoa&@éﬁt’ REcce 2 e ynes ol B% “11?{0‘5)1°8‘ 3} pmegtal tumor cel Tines

fmmrtﬁé airﬁurr&né Relakidok Qg |tli‘eaﬁshatﬁ¥nbi°§| ik eﬁénﬁehelsing&dnventmnal techniques
oun ternatlve?&/ % where t mmetic is
st

well ise(m tcnewae skilled nthe ibles tﬁskmwﬁﬁ ye d%ﬁb@i/@ocww of Animal
Cell€ )q%wgo}é@zmhw@es 5"nﬁéi ?RSL' ]ﬂganEy$ Wigh ﬁfsé ¥ne. W&v York, 2005),

mmetic or mnetics hi s approac can

Animgé Cel fadiutas é@et%h@tAerttChéy Eﬂa‘&b Magterg @ﬁlge%@@b éIﬂWrSItY Press,
Oxfo?('i ZbQO)V\g}ltﬂtArﬁ%Lle@&l g&l{dé gewh pOh L& gnc}]j: M. Wzﬁf&ex Humzana Press, Totowa,

I on can then be catrie
Newt b:raw B\, at99%0he Inrongoenebddimert, mmmetdells afepisolatedy ﬁvm the tumors

devefoHecil I %sh ‘ihe§tvs|/el;] m&%c?e ‘]th Wkrtroa Jolei: o f{d rafIQ(VI{ ) f gorn\é ia‘t?ri’ cell-stage.

VEr se any aspec
The p;bhtudt qene amca@x‘qﬂe @$ Songrtend nfamyergmmemlthe mulume amtﬂamh'trmtbrtal For

dul at e roteln t|v t nd| w t h bi
exanf§ B on, o o ey et Rongl e Sohthudl Piishls maintaining
rapid gibliferdtiohatte dﬂ’\/ledeﬂpﬂﬂﬁh‘bn @’(ferp oe3bildhirsUSEhid tundod @BID $ine maintained

sages of test ent etermined b erivi
EGFY sxpressidpbride cple Eﬁémét Lﬁ%g Pspges wﬁ%ﬁﬁ nsplgntation into
the s%l&thaﬂﬁ%&ﬂateﬁhﬁs@ ﬂ@&ﬁ Fanﬂeﬁl ‘ﬁ@lﬂ&év@ﬁpaﬁﬁnﬁ)ﬁs\&ﬁﬁ/@hws organs conﬁrmmg

advant ages. First, ke exi sti n%@cance

els
the maligaa matur, eithe BWI%I‘PE% il@% Ty, edls dom lr’{fjt%GFP K~msB(V1 2) induced

tumd?§) %fboéébﬁbl%aéf RhaRGRS &H?e"ratfaﬁ%rcu'ltﬁret éo%ﬁﬁi@ﬁ@' Crrffblatadn of the
? devel opnent instead of focusing

a very stage o
cultuggd Cteﬂé gy ﬁ@%ﬁth@lyomma@mﬂ hogonds toonmanirmalinsrasd sprewd. i n
1006H1S, P8 ok b 35 Jink BroBATh ARl FHE e e BAARORE aro useful s
a medehdbir bmiareprogressdimastd cneltasatmsf ofmatingm deftp|linen gars ibapddditionally

etectj.qn e odu i bl e an unanbl us r.esul.t 4
trans%i eg \){'181 dlfferefQ& cO srruc(:)tg or erw1 € (1)1%0 CFU| z%nd tranﬁplaﬁctec? m(ijo a host and
usedctorshetyi mispltaman&p atie nﬂybu@fmﬁsheumﬁtﬂeymeensh@ Itﬁansplanted cells and the

exper.i.ment ni fi cant = ace
host o 1B Gl PETeE nnsr a0e Trpgn GRaT ceil B B to soreen
comlbcﬁmﬂ@ eorefaptinFRithor $riSreSUECOSHEMtsiE N Al thefimmortal tumor cell lines
skji n- Specl fic pr onoter to drive oncogene expr essi on

are Ygefak torRsrech cemppunds ferainhipitingtwaey oyl gitwikn The|sgirenips ef compounds

usinP iR duaLfIAR Oostor iRl taP RIMr @EH Hﬁhs%&n B¢ @Qﬁ@d &It%gﬁg %hﬁlques well
carriers (see, Figure 5). [0079] Although nbr yos

knovay b prsvess akillpd s e, ark dngleding torhiiguen steilasto ﬁ@@e dgmclbqtd herein for

ged for various applications.
screé%ﬂ%doﬁp%ﬁédgﬁ@ﬁ§§#aﬁ%?ﬁﬁo¢ée closely reflect human

tunors. The aggressive nature and asynchronous
formation of tunors in adult fish can be addressed
usi ng i nduci bl e expression systens (e.g., Cre/Lox
descri bed by Langenau et al., 2005) and fish species
that have transparent bodies as adults, e.g., glass
fish. [0080] In addition to the use of fish that carry
a stably integrated transgene, fish injected with the
oncogenlc construct can also be used M cr0|nject|on

e



three nonths of devel opnent (see, Figures 3 and 4).
Sonme of these tunors could be hard to maintain as a
W@ e@bloe13tz ansgene w t hout induci bl e expressi onPCY/SGHEING/000202
due to early lethality of carriers. [0081] The use of
t he enhancer trap nethodol ogy elim nates the necessity
of producing nunerous constfigicts with various tissue-
or organ-specific pronoters (although such constructs
[00652N REnBBAE fish oF R idbhht ilveRiACor 1WOstOWiY rahddfanted immortal tumor
expression of the sane transgene in differenttissues.
cell Img asfimmettphiamen pelhbies) atq enstfud ppsaesstrompowedsriar mepulpting effects on
proteﬁ{%eeﬂc&ﬁﬁ q)g lg@ﬁ& &Mm‘é’?egé f!fl‘fm?%m%dmﬁp Qﬁetth“&f s%%ﬁﬂg §6r drugs or
pat t are usual Ty narrower ¢éonpared
agents a@gie mogelatas pnaogmermbmtﬁdq goronthyrwise aldsup@t i febplastich e thyperplastic
transPofrmgt?c; l ?r th dlh{@ g{etsgx?strthXt o\%grlra]l gf’i%é ﬁgszﬁsggnl I nee%ts Wlfh;radlatlon or ‘
chenmﬂmthpg,eﬁs pmvn.’@dt ha mﬂ‘ad Didfapeiness (d) uansactidg er po‘thaemmb exposing a

nvention enpl t he.ephancer tra proac effect) . .
e Y B A0 61 L LT SOPorSG, OEMEEr Apfpiped hoin with a
test A |iRUReht] HBeR tHt fdndShe JfOthe @MeasiehR, Adeh steblyShidgrated therein
el B LB G B b A e i o

drugK bk Sag@EF dil?ﬁreé&ﬂsbxr Wpharféey eo&@%é?ﬂeﬁﬁéﬂlél&i Cioblstic or hyperplastic
different tunors in various internal organs by three

transfpsmatien, of mogulateyie pengviin of Fensgania seigtor teatments Wit gadiation or

chendoBRpS; &R (SOURLIFAAL ehd RSt R %l&sa{g%nt Ney et el % et that modulates
transgenl c fish carrying sta transgenes wt

oncogi¢ricfrapdéied psqplastie pb hypsanlestic ingfammdsionpeodiaceddulgtay the sensitivity

o chBRAL i Sy 5L o HLORERET il 9 st o o sy

SUPPEEXITS e9rS icohpngés mgweﬁmdiaa:é hmpﬂasansrge hiyeerpliagtic Wwiahdformation or
modt?latésﬁlees%{lsllt){wgr get%l?c‘: %lllé rtcg tg egtme bent %T% %mn SRi® gemotherapy As
mentianegd rhepenmd thBl n@dhlanms nadyd inchidat alppreﬁgng hen'noﬂimmmg hiecreasing, or
enerati ons. Thes lications c ove me us
cnbaf{ i, 51 UREF R e CoSPERiE AR bOtPRIFOE o fheraerlastc
trans@drmation, Zlmmg':lSth\éEhhte asf Obh&fgeﬂeﬂﬂﬂd@mﬁéﬂe rﬁ&;ﬂﬁz&iﬁﬂs ote Ihlyperplastic
slf own to skil grtrsans I n such case pé
tran: gﬁb SF éer}smyétg )Ewgggﬁc roﬁll%tor té‘ﬁ’&f‘?’@? w(l iptign or chemotherapy.

The etkéﬂn'@d)rﬂl)odﬂﬂé aat bt haaRRReRAN g CRthsBi® elisBCheMolifs athe construct.
een@ajgrovvn to maturity and the progeny can be

Altelabtr\sth prefrEabin By eprar @i e S slesehir the Wat hoklingierfransgenic

fish, q‘ﬁtﬁ'tﬁ@ﬁsht%&lﬁgﬁllﬁ)gdﬂsﬁﬁoets RE triLodnRPIRRAS 8 o€ blili€kin and gut.
an-enbryonical 'y through injection or "TRf&ction or %‘y

[0063k 0sAi 'ﬁaglew Pf test tqompgg@gm eanf b revalnpted iingacgedance with the present

: r [ 3. The

mvelgtiiﬂt %g%g{ragls giﬁtﬁoc?ﬁl\glrgtﬁ ttlﬂ?) ﬁoﬁﬁ%.ﬁrgs g@b %ggsrlagt d&fv@&: tﬁloﬁm libraries

(e iangdivembed , of Golhranyt eforaipotmtshniVéhikesthe fuse béhbmnea/of peptldes is well

estabgigllhegltclfli” J arp ol Otg%ﬁ-gr meé: agvl?e:b%lsr? g%(\ig ; %& thlta&/ta@ \gédatrtm production
of mixtaBs gﬁdﬁhér donpoagis, sushias bet&b&raﬁ%piﬂ'&:b rQBﬁflﬂﬁ aﬁdé Elllnaff 199DEDeWitt et
ar 0]

ol ). augis 469%%“%91' B0y @@3@@5@%& loortdalsdPPﬁg and hydantoins

(DeWiar Eloil;, 1593y, YOI ¥pprdadB3ds thoayRhesK of tnoMculaMibeeidl JF small organic
C onin 2nd Ed. (Col d Spring Harbor Labor at org%Pr ess,

molecylie| WiiBr 4 Atyerse 196 rL04N8% archekn desygbed (Supibebale K9da; Carell et al,
1994%ssel |, Molecular Aoning, 3rd Ed. (Cold Spring
rbor Laboratory Press, Cold Spring Harbor, New York,
2001); Ausubel et al., Current Protocols in Ml ecular
Bi ol ogy (John Wley & Sons, updated through 2005);
G over, DNA doning (IRL Press, Oxford, 1985); Anand,
Techni ques or the Anal ysis of Conplex Genones,
(Academ c Press, New York, 1992); Guthrie and Fink,
Gui de to Yeast Cenetics and Ml ecul ar Bi ol ogy
(Academ c Press, New York, 1991); Harlow and Lane,
Ant i bodi es, (CoI d Sprl ng Har bor Laboratory Press, Cold

» A NSNS\ -~ o



In Enzynol ogy (Academ c Press, Inc., NY.); Cene

Transfer Vectors For Manmalian Cells (L H MIller and
wOR0P01BaL 0s eds., 1987, Cold Spring Harbor PCT/SG2006/000202

Laboratory); | nmmunocheni cal Methods In Cell And

Mol ecul ar Bi ol ogy (Mayer and Wl ker, eds., Academ c

Press, London, 1987); Handbggk O Experlnental

| munol ogy, Volunmes I-1V (D. M Wir and C C

[006?t Oj@é@éﬁ!{ﬂé)ﬁﬁ@%ﬁf ﬂ]ti) ggﬁnt Riv@htion GRSRWbkBhed JEHANRY B Y¥he numerous

Scientific Publications]
appr@chex i, cotr®@8oriaHbibeany atethwids knowam inp thezari, erladies: Naialegical libraries;

R0 5 PGPS L ey ot

requitialgrdztbdisiolutionktha ‘guk-berdf @re-dompoinab) ditedry rxyethmb aoﬂ synthetic library

| metngﬁg é%rflé %%B&Daﬂoaag)éga{gﬁ} ﬁﬂ%?)n E%%iﬁsﬂlf nkY atl 61§ cgarc]:h is limited to

peptide GBRFts, While fd dilifer ifGur dpsio ﬁdhbe skelyplicable It@pl@adé mohipeptide oligomer

o s AL, GRATELSE ol 2 ol b bR M OL, et o e

synﬂhemé%mo%ulanhaaﬁemﬁlﬁe &”ounathaﬂféandfotr eLdMii16 HEEH\wehIl (1994), Horwell
known in the art or the techniques specifically

et aldd 29 iapd Faben SW-WE1%d)-uti 1 i zed. EXAMPLE | Materials and
[006 theﬂ&r{eQQtSélmp%%&t ﬁlyﬁép@%témlﬁ@&ww& § ghéa@%{éil 1992), or

ebrafish K-rasB anpl usi ng

on bg}dﬁ ﬁbqnget kg é%ﬂl) chwé@@b&g@@?%) bactena (U S. Pat. No 5 223,409), spores
t Q
fR05s ‘(itt“a 4 &K 15@)'\&90?),?&89 ég&EQ %15 Smith, 1990;

ggaaggaa cacat tgcacatt ‘ttgtttt )
Devlif ¥t dfi, gl@@the@mmlat ¢t dllot199(r, dslici gtaloAdendbnsid] swder gmiodiment, the

loned intag of s ETconst Pari nov et a
comg’ﬁﬁtﬁﬁl% pggylp thgg uﬁeen%()nﬁﬁi er ‘LSIE p krt8 pronoter
[0066P- KEk&Saplir@eBmpaui(ds twdiigh) call-be aaBned Gbri agtlwucinekuﬂé:, desare not limited

to, ngtgc&acaa t Taa C gﬁ%%%ac ?at ak; a%%ﬁ ,ggxtdcnatural product extract

libragig€. Ct Acagct cccacgaccacaagct t at at t cggt cat gcCg

ccgctt Aactt aca re used
[0067] 7 o T fst hdupicalDitasist B i Ahaobptsgly-driven
screGP 8P hodddds Bﬁ&ﬁﬁﬁﬁu&l@s i arnefy %dfu@sortdgeﬁf thORHO ¢ Rive the ability to
form. As a result the nRNA Eroduct transcrihed fro

modglate joaPoBeRT-BrepirtsApReaplastc (e hyrreplaticp Fatsérmaion, FogEpodulate. the
sensﬁﬂ/@ty %‘f'ﬁ%ﬁ%@y it 2%enK bd Bedaibiits I@lﬂl%@a‘c\i/onl&) cHeR8thélap9- BacPSreens are

|l asm d DNA were injected into zebrafish enbryos at
routtnneanﬁ. tirese.aiofl ofepgracenifiganeibedsatre swHkanwn Ay ithose of Sk the art. The

test %%VI \r/% ﬁtlrlg?}%e Ll}b[pgeg%g? ggug (%gt{&‘sj lé[: g%l'gig C %{Iﬁés&g of oncogene RNA

and/Bt OvOn¢egenic @BBeikpueducBioo RXA veproteib p?&lfgﬁSl@atO#QMOgmm @volved in

the #ﬁgﬂ%e%%g:tg?l&#l?%%%%ﬁh%o?ss uQ@ﬁW t%\gtt sq d %{' %g%%r%}reinhibit or
stlmtura,teecthe d agtivittyy @F \wetee ﬁ@ldc&lés ainv8lvedu chreptd))St or indirectly, in the

fert hpf) and the nornmall.y devel opi wer e.
neonGlglyRdRbut b rBOR ReotEss Tunth Gie PR DR aioryBisTic cels to
tread®htsWaitl raﬂ\ﬁﬁﬁl Moﬁ%ﬁgthbﬁbsa Béridelhridly 6f @hsd RTag@teb@chaBdescribed

overl ayed with 5. m drug solution at 10 h ? Enbryos
herejegnd qthssy st@s t‘?SF?dt“h HheggieRning mgthogs oftheptiegsaiinyentiges e
[0063PS ETUE FosP UBIY HOMcHBldrd 17idhRY SadRAfiktcleRl ih Aﬂ Eﬁéﬁrﬁ’ Bnd for a time

(dpf). [0090] I mage Anal ysis [0091] A SMZ15
necesgasy elgs BUPIass, Z6b mtmrwwes@l@pe of Ninjkasivp @'@ﬂ@gm@erae%t@m nepjelastic or
hyp%ﬂa&t&c arng 5}?0%, %ﬂ%ﬁgﬁ aﬁ@gmgm% g %fngiln%@{)y HRIKARA artisan

ori gl nal vvare was

anaIyS|s



EXAMPLE 2 Zebrafish K-rasB Codi ng Sequence [0092]
Zebrafish K-ras was anplified using designed PCR
weeimdisibased on the zgc: 85725 cDNA sequence PCGEREzN0&/000202

accessi on BC078646; d:50925043) (Strausberg et al.
2002) as described in Exanple 1. The cl oned sequence
contained 7 single-nucleotide substitutions conpared
to the published GenBank sequence, none of which |ead

by kv Suitard piodedlied) 9Bfansgbhie faddre typiadilprcontdettd @ntode ARGt drug or
188 am no. acids is 96% i dentical (181/188 aa) and

ageniy) 2de51Ed i gous to human K-ras2 protein isoformb

[ooss(]giogg]roﬁe SnbodiAMPb B S ivestioRNd e Rstin mth@{est@rﬁgaBagéﬁfﬁlppmsses,

C A fusion construct between term nal enhance .
or olYPrEESs Flictro 0B SERINCCD PRACEFNS TREEHY) neapipsts PR piRgsRlpstic transformation
may B0 GRHERA §yVAdsufillz RS Bu¥@R BEL sizd BE i€ 33hRA iW8Fe fish and/or

control |l ed ‘usi ng 480bp zebrafish krt8 pronmoter (Gong
measgring fthe, rap® 0P ongzh raf o forgation. XYbe) indithiors pf omsgere-mediated, or

m tlil i . e j i C . vie .
v T VB HIEBERLAR G5 RS B ooy o
transgendc selisc s gkatieyts usitid ridatioandracieemtierapypinmay 41abe mosasured. For

et al.. 2004). This |latter property is used to target .
ey e s oepiPh sl ifhn PrOBRAL e et Ry Epittssion may
be des@npited @Ring Snetledds fe@litkhotvh by svls€oflskilhi thdart a{d)ds&ieﬁbrifbed herein. For
. . sequence is set forth in Table 2. Tk eque 0 .
instap SR Be i dBri WOUH® GO Rl SBEaN CBked o rk GO BEpgene fusion
constd@t G8U .pefhit BOIH flu@dscemitodnikied BbMathe prsleih Recifically expressed in a

.correspondi ng am nQ aci.d (V12) ~are_underlined. The
Pam%’garfﬁlsglteotﬁ be&gtﬁﬁmﬁl&é- gdivonsl vigead gt plgIsresns f dngtastasig fumors may
also bduskdle active construct and it remained intact in the

control. The construct was microinjected into 1- cel

[007Q); ada yeewofiar Sermeabihy duveniimy pethade pEidentifEinganiieings that modulate

(i.c., hitanEe, B: &r Jihdrise aﬁgfgncb g@d@hﬁ@ﬁe@é&! 1)2))&%%%@&&, neoplastic
acaat gcaact gt t cagct cagggggaadaat gccct gccagat ccaaacggct

or hypgrdastie drendemepianasiehge the rate of onset of neoplastic or hyperplastic growth,

incluﬁfngt xﬁﬁﬁ%@ﬁt‘ 9&&&9%&%&8&9‘1&%@ ‘R CRIRLRRAPARIRDE 9899 genetic
ttdacatgct ct ct adggctgtc .

modifigy sweersc afuthastrgaygeby adentgacd die tigyoad) aeggicgeagalgtities of the

; ctittc ftteta. .
e e SRR M o et eyt ot af ey tumors
may bgfgod.fangaapts dgigg gippressor genes, oncogenes or other genes involved in the
neop?atét?cg%)g gégta‘%&g%cf tg%og:gés ; &)ttltle? tmcltltgttlo%ts %ﬁgtt t%%e(r: t g%ggrg%g gtz%%ﬂl%ft 1%ay also
enhaf@0thg GZE Pf Pngét HIOAYBNERNHIGC t MRS MhCaRgRgE bRl Fdonset of
at t ggt cagccagct gct gaga ) . .
neoplasiic, Bt S¥REIR R K BOP A dididec (a1t Gealse REvERT sq90iad forathe gpalignant

phenbé?b&tiﬁ@lﬂ(ﬁﬁégfcﬁ&w tafh&% not yet been identified. Methods for identifying such
cfcccefctcf Ccagcaact Caaa‘g)?cacaggat Ccacpggt cgccacc

mutagfn@gta@%gkggw c fhgd@gcruplishedc pafent application No. 2004/0117867 Al,

mcorggltzi&gtllgféﬁp &@&g&tepgagct ggacggcgacgt aaacggccacaagtt cag
gt gt ccggcdagggcgagggcg S )
[007Ht gcBr@vrbefgguamtdiugalesigt Faagtotuet stuigurt amdagy gf hadegiatly active

ccet. caccgct cat . . . .
potyBAS B (RURFERE T, HINE grofesle cifh WP b dyRE (s ydeoniss
antagag Gt higeed) tic bideasgfackign drugs which are, for example, more active or stable

formg ?é‘lglg %é%g@%@;@:\g@%%%g%agxﬁ%% %(r: Iar}te(::r etrg %vgtﬁ ?I%g{%ggt?o%co Cpao?ypeptide

C
in vidQ {Se0gANPPERACRTECIQ G Biiond ARl de6an Gichda agdpeal (ABRE dlkensional

aag gacggcaacat cct gg .. o .
strucfuzg g@gw@gg@at '&elga‘é?rama%%ag apdiiss oF guttidantibediesy ghegicauggues are

cagaagaacggcat caaggt gaa

ctt caagat ccgccacaacat cgaggacggcagcgt gcagct cgccgaccact a
ccagcagaacacccccat cggcg

acggccccgt gct gct gcccgacaaccact acct gagcacccagt ccgccct ga
gcaaagaccccaacgagaagcgc

gat cacat ggt cct gct ggagt t cgt gaccgccgccgggat cact ct cggcat g
gacgagct gt acaagt Ta agc g g

T e o Y T I




agaac

sacf cf cf cgt ggaf cgaaf caf cgacccGacf cat agaggact cgf cacagga
waowagufeygf cgaf cf cgacggagaGacg PCT/SG2006/000202

t gt ct act ggacat cct ggacact gcaggt caggaggaG cacagt gccat gag

ggaccagt acat gaggacaggaga gggctt

sctctgtgtctttgcecat caat aacacZaagt cctt Cgagga

satt caccact acagggagcagat aaag s

well g;agWaataggmszef (skmgdigga%gtutc&whg@tlnmdlmfmgg docdladea pgivitiom atomic
coord%a&es %%;a el gitrr%gs?lgrtla sﬁ'uc%éco gdgprogel gr%{){e%ffgglge%aby said first

polypeptidyl aid sad ee@agqupeﬁta@«; aﬁagasigﬁ@eﬁgggétﬁgf &@g@unds capable of
mtertgxg%gggt i {ggeézgg]ﬁgég lé%afg' po ype[g’t‘(lalcia aa%%aacge%gl%’:l 8cﬁy;9 ptu%jl gased on

said AgARabsdaAReCcaaaat gt gcattaatgtga (SEQ |1 D NO 13)
TABLE 2 The, Am no .Aci d Sequence ofthe EG-P-K-

RAS
100721 s iFgHowingt WenfiiptReoE FFasipre (Wgipapdulaigeror affects polypeptide
activin) Hha-SaeGME bel kaither! m@gﬂ_ Ipuyﬁéﬁ%];%evltﬁa}} Je' i RAeketured and/or
RYPD HVKQHDFFKSAMPEGYVQE
used |ITRISPAYRIEGIDTL VMR fapiureGpr @m&m o aqp{mp@rnomsﬂm\ma medicament,

phar BRI L EFRAT e [ L By YRRty T >

[007m/ckégalb|stance| identifiel agla HIRDIKYDRT ol ERBYRKQutiorDGEBT b}t peptide or non-

pep“%W@E@tWP&F SRl el oS TR B P Tl Yo

phanCREQRHNVBSK QAGRIIARSY GI Bﬁmeﬁ:TSAmﬁRﬁ;&}dDDﬁEWchl (bidticularly if a

t g |'}()€§K KKPSé KTKCAI 1 4 ) EXAMPLE 4
PEPUTR AT D5 Y ﬂ’@pl{aﬁ‘@acﬁuﬁ% %S EGFP K— rasB(V12) Transgene
[0074]Jndarhg@1eﬁgmhg ofNedpttRs td siﬁﬁoanﬁ;mhﬁaieumuy [26@&4dompound is a known

of the effects uced b [ransgene
aPPfﬂ?@f i @16@8&?}%&6% f eRAG “Faﬂ gﬁ&%@ aﬁe SaRPBdof i pproach
mighGhFIRRSH1E hereTkd a:tiOP b&l’ﬁﬁidna lis Geldult of 5%%1{74: fo synthesize or where it
expression fraom krtS(Erom)te .. Enbryos injected with a

is ungigiablp dpr L BHETHECT kPt B iPAAE-8¢ BRF-ARPHAES BsMppitable active
agent§ ®H FhINoRPoRtiShOR RQMeR Q)Q;GVWI}E@: 136 vl p‘i(?céaSEéJﬁU th8alimentary

sequences, produced nornal | ooki'ng Skl n epithelia :
canale Mipngtie fpsig, syihesis(aag frgtieg is apneralhoped tompapidandosly sﬁreenmg large
b%gQﬂ:)m 1&(&%@@ ntrol, EGFP-positive cells in
i Y g et L0 e Eorp. K-r asB(V12)
[0075iion ncg c,the p taphert lmgﬁmmrﬁc}undppeame lbynozhileﬂu m:corehmg to its
r
oysig PR R Pkl AL RO e ARAY Bbec, TRAL 435 som a range
of so(iféesyLe.g, Brctromopicgeewiduas, geraysdiffeactiany dmtal andi NMR Computatxonal

s o SRR R S L B
rather éiafithe (ﬂronding ibetwels fatddil) Gné dchef F&dﬂﬁfq&eszéién béf luﬁdduﬁi' ﬂhié modehng

n| ¢ skin cel]s shed b onI
pmce?%t‘%ﬂ”h g5 ipelhdstheseisclpaed ‘Gib%&i’é‘?nf Npeo.0 ?%pl c
[007d]r ans @&ﬁlﬁa@)ﬁﬁm&ﬁﬁé NthbR sé16h&E oﬁfc‘J bvﬁlcﬁ@ﬁellniclﬁﬁ ups that mimic the
trlghered the enhancer trap effect.) Miscle cells,
P

pharmpaggphioge pan ‘?f-‘ogrﬁ%?d yThfe.fr:m@Wemeweo@iﬂw feemienl gervpe gtaﬂed thereon
8 QbhveRe a

cn REGUAISE LSRN SR, Wl A0, g sl o

pharme@p@grcallmmmled agé|dogs geledegsidegint vzyo,l whrgee retammgetue biological
I [ ar

R 51 S L2 a8 A S el repi s, o

stablltWaxaBgJ@na:hmvpd é)SfS@){ohzmg)tha)p@tlﬂa,ndlpresﬁﬁg)ﬁlg&[gmiBP The mimetic or

pressian associ a ear | ransf ormti on
im0 TEHR I 15 TR ) L R et 8 AR i Qe the tares
skin epithelial cells that expressed hardly detectable
| evel s of EGFP could still found at 3-5 dpf. [0095]
High nortality anong the injected fish was observed
during the first 2 weeks. Approximately 15% of the
fish, which survived after injection, devel oped tunors
in various internal organs by 1-3 nonths of age
(Flgure 3) These tunors strongly correlate wth the

o o o o ™\ AR BN P~ -




Tunorogenesis in Fo Fish [0096] Fifteen percent of the
fish injected wiwth the Ras- EGFP construct devel op
WO 00008131 vari ous tissues at 1-3 nont hs age (PCTOSGE06/000202
3). Affected fish can be easily identified by
henorr hages. These tunors are highly malignant show ng
vast nmultiple nmetastases inta various tissues and
organs (Figures 4A, 4B, 4C). Cancers arising in Fo
propbits lorato ewlglh exeeht f1US erhibited. (Fj!irmad oitinhigation &Uﬁoﬂlﬁcatlon can then be
.q;tastaSJs it is harg t.0 |de éﬁthe ogh%in t unor
carrigd i to pigiye ghone o mre hpaf opmefiesfop Zr oL B8t ype
[oow{1 CORGEIpME t6Shletvehiidn, At @Mpbundst whish lté‘JeHéezhx\y dspédk of a given
ese tunors have |ndependent origi ns but rather
phenolspg |oF SHPTEFSHIA HelsTARE e VAP ra@éd"tﬂ‘gbmofhﬂét% PTQYGIR gptivity or binding
thhsﬁlﬁ(ﬁng Egﬁneg: F PSR BB dofisi@rdiPAS cARTRE:s Hof Furitlel He&e‘ﬂ%ment or
tumors. On the other hand, stong GFP expression can
potentisd aiss inchmpns hRosages oftesttdgants iy derrsteppned diyt deriyivg rdgse~r68ponse
Is expressing high | evel of
°m”§§§?géﬂﬁh§§§ﬁégéﬁéhaﬁa%%%thave abnor mal anatony. For
[0078Kk anPhepreegsup ure@aimnhasmeheabachraméxgdﬁl durse Wdtke 8Optinigecdeer models,
the érgsre%a*nvgnmlnseno lg?se ?lggsgc%efxg%tgf?? 8]:?%1% a#%g %hazn ° ﬁlat ageur, 1en transgenic
cellsextpai essi eqrlyobtagd@f Bekd;lb;&n&@ﬁﬁstedd 6B sBLNMDE Jonl thef dyabmizarof tumor

be used to induce tu us histol ogi cal o
form o i SuReRR IO dee BB a e udhes PR 4R St Bictaa (0 ~ 100%
of tRYsRER! 8481 WRlefio0 Ay rsﬁioﬁmﬁh[b‘édnﬁo BERS i@nsfdienioh di@lying simple

expression of P-krt8- EG-PzK- V12) usin varl
deteftfogs{feroglﬁemefape uBRBbSP s et @ﬁh thertisg phgm P%\‘t“é‘@%}js 9fypdult fish
— coRV&idn$ krﬁﬂsp&&hcﬁ@ﬂﬂie'é%ﬂar?@@ﬁ&& Sxpeinfdnfld 1m564aémzﬁ&ﬁ§ﬂess space and

and aggressive nature of these tunors inplies the
drugriseaabfeayiceraerdp it favariaedesicele ssigeing | Brongyesmbodimqg the successful
chmgg 6 ks #el:ﬂﬁ%&ﬂb‘teﬁ fo &live 011%9%5& dexpledtfiMrddes Qoteall & early lethality

Transgeni c Line Carrying

whlqh—aklpws t@@@@ko%&@@@@ppm qfistabld tranpgesicGartme(see, Figure 5).

7" R o9 T 0 L S s o

conditidastc8a EGFBe zxKed?@s BM@)apphwgbnaJ cTur(lcﬁe it edmdshsipongetasely reflect
humf? 36 2 e AR BBRED Y Sl SRS REmAEEH o} Bl sl fsh oan
be addrabped uk‘mg SndoCibR: z)k@rEmﬁ)B(sydta)ls e.an @geﬁ!h@c déseRbquolsy Lanpenau et al.,

Kin_.ce i hes stabl e trans ' sh (Figure 5)
2003 558 6fipinesie® (gt P8 TdioReenf bod o Al o e P Fibcr o
[0080] t hIx dditl>Ans tHelust of fslOMAtardD a stably i6REtated tB@S@NE, B injected with
flat norphol ogy typlcal to the krt8-G-P cells, they
the prepgeni¢ GeslPel Ganstlethe gredmmMisrgimigstion dna SupRIp tecipigh¢jand can be

app A GAN th&itud b Yaréenéiaieo O ébgfga@ﬁ h&s dﬂetaavz{rﬁ?geb @hividual labeled cells,
surface. Unlike in the fish injected with the

e.g.,deisidpal GFR-lheled pells, Hiat hage Ptqbe@ic&emt@ shrpcagiel sgerh yInjpctipn of the
ek I AP USSR gl PR 0L LRI ATE e o
thre@monﬂne olf ddyelepramt zﬁﬁete,eFigEred Syaid. 4)TrSmeygehibesef tuglops could be hard to
malrﬁ?ﬁg ra%fg%k&ge E?F%?%% D 1n @blgn% Isrll%nt Q ﬁsge%nésh@ugctgl elafcly lethality of
cmnpmogeny Therefore, it |s p033|ble to generate enough

081 68 o0 R L s oM B SURIRAFSChE g Otros] Producing

numéRue vasttadte witastibhd fidsie-Ur ok fB-spBElRE pfodiotdls Ydthough such constructs

I scovery, .a mni-screenin per formed usi ng
can g%m&@@é& desiiegd dfh QEIeF o e %mw&ssmcé Rp e transgene in different

Bi oactives Library. The enbryos injected with

EGFP- zK-rasB(V12) construct were treated with various
drugs in 24-well mcrotiter plates. The drugs were
adm nistered into the standard fish water starting at
10 hpf Concentration of drugs was proposed based on
data froma prelimnary screening for




devel opmental toxicity. Effects of the drugs on these

cells inthis prelimnary screen are shown in Table
wQ@200ABLB18 Model Eval uation Using Known Tunor PCT/SG2006/000202

Suppressive Drugs Drug Concentration PD98059 3 ngy/ m

preserves the epithelial characteristics of surface

cells U0126 3 g/m NO* PP2 34nmg/ m Keeps cells flat

and attached but doesn't stop growmh PPl 3 ng/m Keeps

tlssu&elAﬁeiffécﬁ% @ﬂﬁn@éﬂtﬁéﬁ\r}@ﬂr&% nijih%ﬁﬂisﬁ h§§ Q&ngfeﬁ’é’ﬁﬂ%d by Parinov et al.

4002 3 tmannin . ny/ Mauumycin A 3
(2004}g/ Fr‘he N@l{ncmztrasazattws g Hsupiy mwmmmg?dnfo the tagged genes,
ct O
contr@(_()lba %ﬁi to %%gf‘)%ﬁg %ﬂgéef: &/P%%l?ox?{: y sptel%l | C{ldg tiﬁ? lines with

Vlrtumycmlmuteé pamowxam canSenaghilst pmdﬁcedQISMg thesarfio ANA tognstructs.

The (g tnicafof SRR bRy G E bpmp i MR ARcting of

tumokign@ss intoviahotsaissyes Pirkista ntbr BR&nplprdeshicedingiting élm*t—spemﬁc promoter

R CEN I N AT T4 TR —

develpp hibislegcar diffat%dt tibiEs Bhapet @emat ofdaas by aired ﬁﬁdths of age. The

attached to t embr The effect bserved
high yaiafe o SBRRE e DT VRPEa SPBERS tho fa e el transgenic

fish S stable tharfibdHes GRIRE ATt | RPreb@Nl Phitdny@8n be produced. Early
tol erabl e, however, the specific effect on the

lethaltigmopsyshstable tanseanicishecan he srsvenspdvsing astqble syieesd. | t
[0081}16‘5 'ﬁl%eéipﬁs@&bﬁ SF ofledmRARLAkS @aﬂ%@ﬁﬂé 2:%:5161 ?\Jnll’ ca@@0&h 1t fklopmental

reduced netastatic spread o by restoring
lethality d el icasermeikineeidl prablamagil fhe steatis stplet teamsgeniy Bumps prasigcing lines

ff t
o 935 B 6 TRAR, S 9513, OBPAA B I gy v
induqﬂylgtsmtmnd((er@,s@emmr(ubﬁﬁy IREEROS ot 41A|2@@$|asetellads other inducible
systeﬂr?g %ﬁe}l 1&8\9’11 % §1§ﬁ dSl art1$an 9]15\ svo@éﬁge% thg‘:r 8% il%g%ﬁ gxlpﬁessmg a reporter

concentrati on st ron airs
(GFP%:E’&qnqﬂé)tljuV eoicthk IoﬁcogBlye <7a21 Hmlecieﬂ hISa adireers I@jvhefo matunty and the
o g bé églll'ﬁ and remain att 4 yo I

pmg"(”f‘fu 6’& &831%an é’fc"g?ﬂ%e’fp&?ls’é’n&?‘f “%erd ‘F ‘?“s e&’l’ff{q Yofppplying
the Ckeeebmpinesit cithecimeenste ottty anbygtai; eﬂ:@oxﬂ@f ififectidn@\LdroSBing with

Est ab*.ll shin a\ﬂéebraﬂsh Tunor, Cell Line [0102] One of
a transpenig fishcapy SXPIRSSING @ E5RT 1 1BIGPRUEGFP~K- r asB( V12)

construct at 1 cel | stage devel oped a | arge eye tunor
ge .of nonths (Figure 6 4). The tunor was

lOOWsoﬂé\@e@é?ﬁaced. %fséleft eRfesiRt HRERHIeR opaploys, e ppless, ehcqvish indicated,

convﬁitﬂaﬁﬂoiechﬂfﬁﬁged% SRWAIA) rﬁdl&ﬁﬁr'ﬂ?elﬁ%}? My c?obh(?foﬁaqjéco?nbmant DNA,
bal anced salt solution and 1% antibiotic-antinycotic

genetifisy inamunalegy, @plétb@dogm, tchll calfe abd sdesgenisdaqipgy, waych prerwithin the

skll l)Fﬁlance?jes a?? t | on vvf ﬁ%ggwhhm"tlés;&rﬁ_@ ?FB@% Hagmr Laboratory

PressBiCoht Synimeg HarbAf tl“écw dfnﬂg,l E182); Samshoaikatsi dn Mdedlls Glning, 2nd Ed.

(Col ShedHar%ar gal?_o'{%léx(yg%r? @%Efg FI&T%&B gf%s%}? ?9%) r%ambrook and
Russell Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

New York, 2001); Ausubel et al., Current Protocols in Molecular Biology (John Wiley & Sons,
updated through 2005); Glover, DNA Cloning (IRL Press, Oxford, 1985); Anand, Techniques
Jor 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, Antibodies, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,



with 10% FBS and 1% anti bi otic-antinycotic mx were

added, and the m xture was incubated at 280C in
wemoworsif| ask. After 2 days, cells were washePCTEGI06/000202

grom h nmedia to renove dead and not attached cells,

ahd new nedi a was replaced. Cells were grown until

nmonol ayer confl uence, detachkhgd with LFD w t hout FBS,

resuspended in growth nedia and 10d cells seeded in 10

1998)! TakbBsdnd HahR 3979 Wisci&€ lkidl AybeidnasoPas I8 Hnkts QU NT. Miggins eds.
series of assazgfes as follows: After reachin

2-
1984} Proseripiot e HrnyaRonc@ ITb Wines &c3-de fbagiandds. 1984); Culture Of
Anirb @CEHP ?ﬂ&dle @vrésﬂme%,%anmf Iges hnﬁewsa),qmwysﬂz%d eehd §m¥‘@'§z§1mes (IRL

passed I n ‘every 5-6 days (2-4x107 cel

Presg, H@8@e B §er§eﬂe de@gftmall WpfasTyeMOkml@ugth@ ($9%40); thadrsattpesMethods
In EgB/\B/ ol OEAI X e%?cpi’x%s rh(l)J gg%pgtdegg I%‘ﬁ{se]%celeftéfs ﬁérj Mammalzan Cells (J.

ess urs
H. Millsr end iM. EFDMO@%S/ me%mm Spnﬂgl Heanibdr mabomg)ey) a(:fnmnochemzcal

e Gl BB Sl BERRO B, WA G5, Asaapig fros, London,

198Mj s‘funﬁlﬁﬂoMDfAﬁ‘i@leﬁmmthldemlégys Wodﬁmes |ImVad1) anedWwadirt Bnd C. C.

4 ga r _2,.days, bef.o tra | a
iacyple oo AP AL are el vt reRh kgl Scieniic
Publi‘csﬁonsm&f&d, 1988)e Howd e X Hemkipsldba aRE #bisalHmbryo, (Cold Spring
kutl on and rS 1gé"pended in_ | X Hank's bal anced salt
Har‘% aRgryATUTEss: CaldSpeas Hathor, Ny 1838)s Wasterdield, M., The zebmf sh book.

A giifls ﬁﬁ“tﬁ& 18dratdB) e &G zebddfisik @mﬁaltréﬁ&)edﬂpﬁhl (SHRPEN®Qn Press,

(10 cells) werée injected intraperitoneally or
Eugengt Preaers 0P |y into sublethal Iy irradiated wld-type

recipients using 25 m Hamlton syringe. Oher

sublethally irradiated wild-type recipients were

injected with 10 m | X HEXKWMPLEH anced salt sol ution
[008(1§on'fﬁé3%rﬁ%9€\§|y§{t o?xqg %esIHt?ed%:ﬁeﬁpe?k% L Vifie tfolﬁegg({ull Exam;iles which are
offegdtbyaivay af nllu:hetlbm caad ia0n B0t apaldad dal liﬁnat tlier Oettive in any manner.

| Stan%i%.g %%Cbﬁlﬁfér esS\;vtIF knov%glrerit%{e/ \éft or t e g‘fh%‘lfﬂtgllegg%%ﬁ% g% 8‘3%}%% below were

utilifedci were found in dlfferent ti ssues and organs wthin
the sane host. [0105] The use of the terns "a" and
"an" and "the" and simlar referents in the context of
descri bing the inventi onEXaspa@ nlly in the context of
the followng clains) are toﬂ$e construed to cover
both the singular andMeifElsEpd Methodh| ess ot her wi se

[bossﬂdl G&tsﬁdctbﬁﬁcﬁ}«ﬁbr@ﬁye@ilﬁﬁ” y cont radi ctedby context.
rising i ncluding," and

(0086 o it e PO BT HEbE BEPCR WG eHmend ks bognccsaGCGa
CCd@a’c@ccgaQﬁ%@é&@tg CS@S@( IWN@%Q Ry k4301 géa%ﬁ%aﬁ@@d(ﬁ? @th?cattaatgcacatt

unl ess” ot hefw se no citatio anges
tgtithR(SEhIANG: 1b didested mith Memctwrenéorasleasesdmdrddmaqh thto Not/ site of

ETc%FrH&d(thltnrllorveéte;{l rdtoﬁﬁ*) ?x%%xvé %@lPl g ene nd e %ﬁ(ﬁgg%fg epromoter (P-krt§-

ange, URIEse
E GFIH%M&DBHKMIBI nQligoohickatidess eirgaab@dgél‘aagstgge(}gﬁatgacc gaatataagcttgtggtc

orat ication as if it
seepfi iR o BLROED BRI SR ARG ot e et iptiozsteateeCe
ccgchﬁﬁﬁtgthcﬁ@ (SH@ IpNG:02)Rekeiubedfdy sﬁ&dﬁ@tﬂd&nﬁtﬁg’&kmé‘ B &88r to remove
ot her ndi cated herein or otherw se cl ear|

TAA S o G ShgE niak or KTis (LY dOBIOZgHG T, b & result the mRNA

prod8%afRbebed AonLyRAR| ABYprbRoEgLAGR. ﬁﬁloﬂ proteRUHE@S Ind K-RasB-V12
provi ded herein, is intended nerely to better

‘b“@ﬁﬁﬁ¥h5f@ﬂ%H%2)nventlon and does not pose a
[imtation on the scope of the invention unless
ot herwi se clained. No | anguage in the specification
shoul d be construed as indicating any non-cl ai ned
el ement as essential to the practice of the invention.
[0106] It will be appreciated that the nmethods, fish,
imortal tunor cell lines and conpositions of the
|nstant i nvention can be |ncorporated |n the forn1of a

- . Y Y T L - Y




Vari ations of those enbodi nents nmay becone apparent to
those of ordinary skill in the art upon reading the

wo oroggoi3mzyy description. The inventors expect sRCT/B€zD06/000202
artisans to enpl oy such variations as appropriate, and
the inventors intend for the invention to be practiced
ot herwi se than as specifical)gy descri bed herein.
Accordingly, this invention includes all nodifications

[oosard £90ipy A PMsmi@ DNA Srefelibjcbell ifBIERBAKLEhEIP6s itthe N2-cell stage.
ai ms appended hereto as pernitted by applicable |aw

The wﬁwmﬁm&w o5 4 aitar srnpytcatly @dinpfed do genduss i@ embryo survival
rate€l ements in all possible variations thereof is

enconpassed by the invention unless otherw se
lomﬁhdlEaﬁéﬂwﬁereln or otherwi se clearly contradicted by

[008?ﬁ99 5\1 .#xnng ﬁmﬁ@gkﬁr& W’%uéalctwesvl?f)raamca l#'l B used for

druggesie Drigs \hetmilﬁlui&é imbiahdgd Gsiravhicg famcthe S-mighind DRI$I@ dtobly solutions.

The iirgecj_eg]g? | ﬁffggg’%f% ?ﬂﬁg]ag A :gérg I%E)st%eraﬂzaélpn Zlﬁ)t) %r?gtg% 51orma11y developing

were m&am dinfp Reategl fTéh fonfifiddnt dibrpds pdrevarivereaplhed i@b 24-well
togen-activated protein kinase in vitrg and in vivo

mlcrotlt\j:Bpl@,fe a@ﬁ@ﬁp@aﬁ@d svitholyd ol Algue S({llgmgajt 10 bp§ FEnghryoeg v werle mcubated in

the c(ai‘l@ﬁ&k C. Thé‘fb%ﬂ?ﬁﬁer@%b&%@%er&% aAai1is\RyE s [RHIRaRon (dpt)
domai ns i n nouse devel opnent. Néture 3%3 852- 855.

[0090h1 1bpagaiAngbmisl , S.F. et al., (1990). "Basic | ocal

[009%, ' gﬁﬁp&Zl%@%r%eB&gbm ( %é%xybi\/h&ébloguz ﬁ%&i %gp&%@ 1dikh the epi-

fluofegien®l AGThmentnand DENEI2A0F dligial cpneat dNikada tvdthasegisd arofivare was
cleic Acids Res 25 3389-3402. [0112]
1mm§$9§&%9§mﬂgﬁg‘ et al. (1993). "Herpesvirus-nedi ated
gene delivery into the rat brain: specificity and
ef ficiency of the neuron: enol ase pronoter."
Cell Mol Neurobiol 13: 50 §R§®§J%?0113] Bal i ga, SB5N.
(2001) PronDterZﬂﬂﬁﬁﬂﬂi&mbﬁkﬂ&@ﬁkﬂhﬁmn mut agenesi s. '

0030 2R e Tt omiilid st sebizged BOR Shimets Gised 1 %é%zgc 185725

DN setfadie (@BBan @écé&](?nBBGOVBMB elsammﬂ)l (Bfansbdrgdlet &L, 2002) as
descgigfzc} gnl%:?fgx)gglesﬁm enefrzlgn%]? Q%ugrr)l(q%:%dl enteggeé?qgge-nucleoiigg substitutions
comE@rEd waht YeSished GedBBnk caSQGrie HhidiPRAT tol 398 acid changes. The

0116] Burns, J.C. et Vesi cul ar
amp ﬁ%fhvmdﬂlpfs equug @%my%cpra@ldé. i8 %f%wéé@t%b&l&léwo%)r ad 99.5%
hom\ﬂ% LS huﬁ%@ﬁ%éfﬁ%ie%s&fgnﬂﬁr(ﬁégﬁv P titer and

efficient gene transfer into mral i an. and

nonmanmal i an cells.” Proc Natl Acad Sd USA

90: 8033-8037. [0117] Car %(A%ﬁ ot al. (1994a). "A

Novel Procedure for the esis of Libraries

Cont ai ni ng Snall B am[bn%h&ﬁ@ﬂte&BTﬂﬁﬁgeM/ Chem I nt.

' 059- 0118
100558 o fpfpsion RS peer NHE SR ot s dBiorEedns prat (BGFP)
and CstOingihil @ﬁcagfemawnmmpm dgadtr URR aqiesdmraws &@htrolled using 480bp

| es. Int. Ed. En 33: 2061- 2064.
Zeb%ﬁ*f@ﬁ% P@fewer ong 65% PR rgnovsial, %@éb 0F s promgia gemmaly drives
expredsioh. earlylif REBs gf HeeBVN Qhd Elat&f)& sk xr%plt}{eQ;Z(ﬁesﬁQ@ this bromoter was

et al. (1993). "An Unnatural biopolyner." Science.
sucepgsfully3ped icgcﬁshar[cquaqplm(ﬂannm ¢ alei2064). Thipdptpr property is used to
target%&rﬁ@r?%%lhédggssi‘nﬁ{ \ﬁ%@gg F%s‘atg% }%alﬂgr%rlr(il?dlﬁ 966]#1@1&%%5 %ét %r‘a{ {nSPable 1 and
the ]Rgprreg:gmnce iy fortiatn] Tokdea2l The BSPe8Ss 28 BSFG are underlinded and the



1869. [0122] Culp, P. et al. (1991). "H gh-frequency
germline transm ssion of plasm d DNA sequences
wopgogoiBs2 i nto fertilized zebrafish eggs.” ProrCMNM8G2006/000202
Acad. Sci USA 88: 7953-7957. [0123] Cwirla, S.E. et al.
(1990). "Peptides on Phage: A Vast Library of Peptides
for Identifying Ligands." Pppc. Natl. Acad. ScL USA
87:6378-6382. [0124] Davidson, A E. et al. (2003).

sequen't::\t:éc 6&1@%&B QRGo1881. I MR oA GRIBE 196PRES ShPihe! cHrrest)ending amino
zebrafish using the Sl eepi 8 Beauty transposon

acid B/ &) azesgndpgmego Xhe[egpgpp dwe hecrBmutatedt (dgyble padglyed) in the
actlve %bﬂmﬂ lanﬁXFIteﬁm:IeﬁrI%t'a& iy 'tﬁ/e coRfOf dl{ea&%gﬂ %%1Exlaﬁuected into 1-
nervous system using an adenovi Fal
cellsllsmbacteaﬁ%wmbms 3:219-223. [0126] Devl i n, J. L. et al.
{1990). "Random Peptide Libraries: A Source of
Specific Protein Binding Mlecules." Science
249: 404-406. [0127] DeWtTABBEH. et al. (1993).
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FGRE Rt BaeBRx e T b o Fah 7 12) Quggaene
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ctt t(:ig:gg ygtg'a;naggymqgegq:g@cpcpﬁq:pbqg{agqaaa@ﬁga[gﬁ'egaggt taacatgctctetacggetgte
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gtg ?a %ﬁﬁtj C cmg ;a Qﬁ'zgg@?’a%t %gct]g dgtgcgtatgtgtgc

aag gtg [5¥oTp3VAa) ct&t:agyag LRALBEL a@lccagctgctgaga
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atgccagal ‘_ : =t o c accctegt
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catgbfedd aggtga
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cggcd e n"v a il'liﬁ 1oy Lak Al 16 ! -l cwddcy QH&H -_ WEtcatcoco

agaaewteﬁ%ga%a@atﬂﬂ JdG\i aQ%aEX&!&E&éa@Baéb%Q @Jggtga]:walcggaga(;acg
tgtcBa@lggad22e e BEQcadobddFhoddces elzefgcabydgggaangrdBifzgacaggaga
gggcPtictefdtgdyttatchtgrrigeraafaigtrht florommgatical tantecdggbpgcagataaage
gagtep, ?F@P??TE%H ‘@FF I AtEHH IR aagt It ePr B RTPFaRfgEagactee
aalc, adg, gcatcc gaga. aga cagggtgtgga
cgacgmgiatg %tc a aa.ég %i?g%igaaggga:@? ggﬁgng aaagaaaaaga
R0n e S KRI85 S0tk i St At iBLd G obo BhOR) 831 I ANSITEND

conduct ance regul ator with an adeno-associ at ed Vi rus

vector." Proc Natl Acad Sci USA 90:10613-10617. [0135]

Fodor, S. et al. (1993). r'fM;LEizpl exed bi ochem cal

assays W}{e%mn@ Q | Aglpr PP
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MVSK Eﬁ‘ HE T WDG HGEG & LK
HMKOH FEKSAMREQWQER’RJFX‘KI NXK R : NRIELKGIQEKEDGNILGHKLEYNYNSHNVYIM
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mﬂ‘-ﬁGFL&ﬁ‘ﬁﬁﬁEﬂWHﬁmh\ﬁbﬁﬁrﬁbﬁn&%LbﬁmﬂﬁﬂbﬁmsYGIPFI
ETSARTRIGVERIG YT IVRE I RFEBERMSEBERKBRISI skTKeame t (sea 1b180:228- 225.

[0138] Gong, Z. et al. (2002). "G een fluorescent

protein expression in germline transnmtted transgenic

zebrafish under a stratiEXAMPéﬁiAt helial pronmoter from
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Constructs Jf%m%fl% ?/Ei“ %F‘F‘{f P®d Genes."
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Gene 322:57-66. [0141] Guyton, K Z. et al. (1996).

"M togen-activated protein kinase (MAPK) activation by
whedoyloatdezl hydr oxyt ol uene hydroperoxi de: i npl i BEL/BGH®6/000202

for cellular survival and tunor pronotion." CancerRes

36: 3480- 3465. [0142] Horwell, D. et al (1996).

"Targeted 1nol ecul ar diver s'?gy: desi gn and devel opnent

of non-peptide ant agonl sts for chol ecystokinin and
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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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4.  The transgenic fish of claim 1, wherein the oncogene is selected from the group

consisting of RAS, MYC, CYCLIN D1, FOS, JUN, MYB, BCL2, HOX11, HOX11L2,
LYL1, TAL1/SCL, IMO1, LMO2, MYCN, MDM2, CDK4, GLI1, IGF2, activated
RAS, activated EGFR, mutated FLT3-ITD, mutated and activated versions of TP53,
PAX3, PAX7, BCR/ABL, HER2/NEU, FLT3R,NPM-ALK, SRC, ABL, TAN1, PTC, B-
RAF, PML-RAR alpha., and E2A-PBX1.

5. The transgenic fish of claim 4, wherein the oncogene is a Ras oncogene.

6.  The transgenic fish of claim 4, wherein the oncogene is a homologue of the oncogene.

7.  The transgenic fish of claim 6, wherein the homologue is a mammalian homologue.

8. The transgenic fish of claim 1, wherein the oncogene is selected from the group
consisting of (i) zK-rasB, (ii) a homologue of zK-rasB) and (iii) an oncogene

substantially similar to zK-rasB.

9.  The transgenic fish of claim 1, wherein the oncogene is fused to a reporter gene.
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The transgenic fish of claim 1, wherein the nucleic acid comprises a K-ras oncogene

operably linked to a krt8 promoter, wherein the K-ras oncogene is fused to an enhanced

green fluorescent protein gene.

The transgenic fish of claim 12, wherein the K-ras oncogene is zK-rasB(V12) and the
krt8 promoter is zebrafish krtS.

The transgenic fish of claim 1, wherein the oncogene induces oncogene-mediated cancer
progression, and wherein the cancer is selected from the group consisting of non-
Hodgkin's lymphoma, high-grade astrocytoma, rhabdomyosarcoma, neuroblastoma,
neuvorendocrine carcinoma, pancreatic carcinoma, ovarian carcinoma, testicular
carcinoma, stomach cancer, colon cancer, renal cancer, melanoma, acute myeloid

leukemia, chronic myeloid leukemia, and T-cell acute lymphoblastic leukemia.
The transgenic fish of claim 1, wherein the oncogene induces a tumor.

A method for preparing an immortal tumor cell line comprising isolating cells from the
tumor of the transgenic fish of claim 15 and culturing the isolated tumor cells under

conditions suitable to produce an immortal tumor cell line.

An animal model for tumor progression and metastasis comprising a fish transplanted

with the immortal tumor cell line prepared in accordance with claim 16.

A method for screening drugs that inhibit tumor progression or metastasis comprising
contacting or otherwise exposing the animal model of claim 17 to a test drug or agent

and determining whether the test drug or agent inhibits tumor progression or metastasis.
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he method of claim 21, wherein the tissue-specific promoter is keratin-8 (krtS8).

The method of claim 20, wherein the oncogene is selected from the group consisting of
RAS, MYC, CYCLIN D1, FOS, JUN, MYB, BCL2, HOX11, HOX11L2, LYLI1,
TAL1/SCL, LMO1, LMO2, MYCN, MDM2, CDK4, GLI1, IGF2, activated RAS,
activated EGFR, mutated FLT3-ITD, mutated and activated versions of TP53, PAX3,
PAX7, BCR/ABL, HER2/NEU, FLT3R NPM-ALK, SRC, ABL, TANI, PTC, B-RAF,
PMIL-RAR alpha., and E2A-PBX]1. ‘

The method fish of claim 23, wherein the oncogene is a Ras oncogene.
The method of claim 23, wherein the oncogene is a homologue of the oncogene.

The transgenic fish of claim 25, wherein the homologue is a mammalian homologue.
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t giftegudbedof daigt 2, gdieram theagtegsne 68k cad dwnythygaoup consisting of
ct 996t C : . .
TAPaRARl oA RAAEhE rANCARIERS () B NREALE, R BbAA At
t tA&tasBit a gt ccgagaaa 1800 tccggaaaca caaggagaag.

at gagcaagg agggcaaaaa gaaaaagaag aaatccaaaa 1860

caaaatgtgc attaatgtga 1880 <210> 14 <211> 431 <212>
PRIhes2etBod ARcldihi20] whersin 2 onedgene isTe«ige aeefodiet gene.

protein <400> 14 Met Val Ser Lys Gy Gu Gu Leu Phe

Thr Gy Val Val Prolie Leu 1 5 10 15 Val G u Leu Asp

G PheAbdthdBdf hsim 18 yvh%l*efn thy &?Bh& Tg%ﬁé is@lecfe@ o he2Povdonsisting
30 Gu Gy Qu Gly Asp Al y Lys Leu Thr Leu

Ly Pheflnprgscent 4protpn OgeneTh rlucr%rasa yﬁﬁylgcteﬁé%nr ochjerpmphenicol,

P 0L Thr T
Cr B0l ol s Myl oRBgft”, o\ I 1YY
70 75 80 G n H s Asp Phe Phe Lys Ser Ala Met Pro Gu
Thr .| Ph L
ncthertfnedor <R 25, VndiSha the iopisiiap et g8 E° 1 1DV
Lys Phe Gu Gy Asp Thr Leu Val Asn Arg lie Gu Leu
20 125 | Asp Phe L)
ﬁwue%’}h@l 9t ‘il?‘g‘ % &heéﬁi & 5‘161*91? ag OwswwoKﬂé%owsene operably

ASI[hk@& ko bl i$t8AsBmYRE, Witieih itee KBhs HhégfsPisliSedFoNan Mhanced green
Asn 145 150- 155 160 Gy H e Lys Val Asn Phe Lys H e

Arfrorfssenhgrptaip geng y Asp Gy Ser 165 170 175 Val G n
Leu Ala Asp Hs Tyr Gn Gn Asn Thr Pro He Ay Asp

a
%/he method of claim 31, wherein the K-ras oncogene is zK-rasB(V12) and the 4#t8
promoter is zebrafish &rz8.

The method of claim 20, wherein the oncogene induces oncogene-mediated cancer
progression, and wherein the cancer is selected from the group consisting of non-
Hodgkin's lymphoma, high-grade astrocytoma, rhabdomyosarcoma, neuroblastoma,
neuorendocrine carcinoma, pancreatic carcinoma, ovarian carcinoma, testicular
carcinoma, stomach cancer, colon cancer, renal cancer melanoma, acute myeloid

leukemia, chronic myeloid leukemia, and T-cell acute lymphoblastic leukemia.

The method of claim 20, further comprising measuring the rate of onset of tumor

formation resulting from oncogene-mediated neoplastic or hyperplastic transformation.

The method of claim 20, further comprising measuring the amount or size of tumors

resulting from oncogene-mediated neoplastic or hyperplastic transformation.



180 185 190 Pro Val Leu Leu Pro Asp Asn His Tyr Leu
Ser Thr Gn Ser Ala Leu 195 200 205 Ser Lys Asp Pro

WASW7BI1tys Arg Asp His Met Val Leu Leu G u PPeT/2GD06/000202

36.

37.

38.

39,

215 220 Val Thr Ala Ala Gy He Thr Leu Gy Mt Asp
G u Leu Tyr Lys Leu 225 230 235 240 Ser Gy Gy Mt
Thr Qu Tyr Lys Leu Val Val4val Gy Ala Val Gy 245
250 255 Val Gy Lys Ser Ala Leu Thr He Gn Leu He
G TheAsethdi of Plamn 28] wRGOin2#hb t&¥ @rvkser 4gent iFyantidape PINA, antisense

ngNE e G Ser. r Arg Lys G n Val Val 275 280
2 & smfj i '@ r Cys Leu Leu Asp H e Leu Asp
Thr Ala Gy Gn 290 295 300 Gu Gu Tyr Ser Al a Mt

Arg Asp. G n Tyr Met Arg Thr .Gy 305.3 315
s SHreprihadeat ol 2 haptid the taanﬁseaw%ﬁ ISR RAnpRIG egéary.o
Phe Qu Asp He 325 330 335 His His Tyr Arg Gu Gn H
e Lys Arg Val Lys Asp Ser G u Asp. Val 340 345 350 Pro
vethewagthqdenf clgim 2@ yhexgip the feanggegicAish 19 jansgenicesbratishy
Asn Val 355 360 365 Asp Ser Lys G n Ala A n Asp Leu
Ala Arg Ser He Pro Phe 370 375 380 He Gu
ThTheseqethm af g sm $81,r whqrgn@fn trapsgenje fisiasmbreps Al tranpgpaic zebrafish
Yy %505 390 395 . 400 Thr Leu Val Arg Gu He Arg Lys
HlsbL S Gu Lys Met Ser Lys Gu 405 410 415 Gy Lys
Lys Lys Lys Lys Lys Ser. Lys Thr Lys Cys Ala Leu Met
420 425 430



