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POLYNUCLEOTI DE ANALOGUES Cross Referencé To Rel ated Applications 5 Thi S o
appl i cat vomombésbas priority from U psisomal  Appl i capcomseesidsd No.-:
60/ 221 722, filed July 31, 2000: UJ@“M%M@NW& Appl i cation Serial No.
60/ 252 864, filed Novenmber 22, 2000; .o. Provisional Application
Serial No. 60/284 974, filed April 19, 2007 10 Statenent as to Federally
Sponsor ed ReseanaiiifoRloFCENIEXPRESUIBN USAdcFoPReERRIfed by
t he federal government, Ich may have certain rights in the invention.
BACKGROUND 15 Technical Field The i ANAIIQGWES:| ates to net hods and
materials involved in the determ nation of the function of a nucleic acid
based on its sequence. 2.Background Information 20 The ability of the

vari ous genone projects to @q&gig&e@%er§ﬁglgﬁa£p'@- Li@mas far outpaced the
ability to ascribe biol ogica unction to ese new genes. This dil emma has
| ed to tshe concephisepplidation tiaonsprieray drone ¥'S. \BrovisionalAipdicaiidr Serthl 2. t he

attenpt to i ol ogj cal f tiQn wth e _sequence a 0 e.
S nee many Srerbis HeEhEEsLH06h S phtvistedl AppheionBabacs By R Bfed
organi sms fQbyaMibeg D2 ! 20009 1 e U, iIPfoifiBha A?;?pli@é’ti’cﬁl QeRINdesHL oo, §asy RpriLised
as nodel systens to Idenfify human genes. For exanple, genes with specific
bi ol ogi cal 1%I288l.are identified first in the nodel organism and then
genone dat abases are used to identify human honol ogues. A useful nodel
system for the study of vertebrate biology is the zebrafish danio rerio

Aspect syof the zebrafish dayehRRBRRbFedhllE ShonsbiARdsender the zebrafish
useful as 30 a nodel systeminclude rapid devel opnent of the organ systens,

transpar ent enbrjexlingtasheogorkiescrihed diersin was pioyeded by thpfaderab gavernment,

avai lability,of a l.arge nunbet of .enbryos. 1 WO 02/ 095U9 PCT/ USUL/: 41. 181
Furtherm)re?(’hltchénasyel}ﬁygﬁ%algflgbﬁén%eglgg%ﬁlgﬁ' genone i s expected to be

conpl eted by the end of 2002. Assignnent of function based on s

informati on would be greatly facilitated [b%}t he devel opnent of mmmﬂmmﬁ““““‘““‘“\
targeted, knockdown technol ogy in thi BACKLGROUNIRRbrate. Recently, a,puaber

of st ra}fgi ?S_Z"elzﬁlyz?aiﬁai% devel oped for selectively repressing the expression
of specitic 'genes. ThéSe net hods are based on i nduci ng degradation of
cognat e MRNAs byTh&investitai relitesad nibvhdals and hiadsridétiniplAed i the defetminatiomofli t i on
of single stranded anti sense @@B@hat trigger nRNA degradation by RNase H.
Al t hough t hid ROd & nHElGK asKEbRSES B It BeqYENGRe| angast er and C. el egans,

t hey have been unsuccessful 1 o in fish due to toxicity, nonspecific
effects, or the inability to achieve uniformdistribution for gene

repr essi on. 2.RiddQYnd heformawémt | on provi des nethods and materials for
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outpaced the ability to ascribe biological functions to these new genes. This dilemma has

led to the concept of “functional genomics” which can be defined as the attempt to match

biological function with gene sequence on a genome scale. Since many biological

processes are well conserved in evolution, model organisms for which rapid genetic tools
25  have been developed can be used as model systems to identify human genes. For

example, genes with specific biological roles are identified first in the model organism,

and then genome databases are used to identify human homologues.

A useful model system for the study of vertebrate biology is the zebrafish Darnio

rerio. Aspects of the zebrafish developmental process that render the zebrafish useful as

30  amodel system include rapid development of the organ systems, transparent embryos,

embryos that develop outside the womb, and availability of a large number of embryos.



materials for determining the function of, or a phenotype associated wth,
a selected nucleic acid of known sequence by specifically reducing
expressi wo b@sve he sel ected nucleic acid in a tel eost. TRETIUSVEAHEION

provi des sequence specific pul ynucl eoti de anal ogues that can be used to
specifically reduce expression from selected nucleic acids 20 as well as
nmet hods of using sequence-specific pol ynucl eoti de anal ogues to reduce
expressi o I j L f: J e
at00 at o0 R B P R e e g

mor phol ogi el of @002t Assigmhematf\fmotioa basadaini seqecnas sfoimadted weulhbe geeaflyesence
of a sequepce-specific | ynucl eoti de anal ogue in an. o nism 25 Th

i nvention %F‘E\'}?tgggy g‘etdép%%’t“e trfﬁrafﬁplgoﬁfgfﬁ%f H@O%QBW%?E}E&@@( frH@lSaWSTi‘ggue in
an anmount gff-8ld. ve to reduce expression froma selected nucleic acid in
the enbryo. The enbryo is of a tel eost species that undergoes nerobl astic
.cl eavage. The eRtnently,camrhlser of sirategiesipdve, bean destsloried Sor ssteshiyely reprpssirfger fi sh
enbryo, a pedaka enbrgo,.ﬁr a sti klebaéﬁdenb%¥od 3Q ghewfﬁ%%qgﬁJeo i de
anal ogue cafi “BRECTRYBHOLBOFIEG FER S ex JFESTFBR $T6MrEE08 10EEE f&en& i d t hat
is an mMRNAoohhR MRS BYEnteTucEEn 6PIRIVEIRRINAEY RINA fitd 881sU? 28litibhdf SingleVO
02/ 09S09 PCT/ USO01/-1181 nRNA that includes ( 1 ) the 5 untranslated region
of the nRNAanded andisensediNAs thah triggar mRNA\degradation bydiidasedi. AkboughNhese( 3) t he
codi ng regjq f,.the nRNA ,.or~ (4), various i natipons, of .t he abave. . The
Cength of eREol i FeRR R B vile Rlrdtind € R B teff pli el 5°,
50 basgs i fishrit o toXiciBOnbikpdElfib affeds, of thecingbility tbhehidp@hmigii disRibitoR

nmor phol i no-nodi fi ed pol ynucl eotide, a 3 -5' phosphoroam date, a peptide
nucl ei ¢ acﬁﬁgmﬁﬂenﬂﬁﬁpynucleotide containing a ribose noiety that has a 2’
O met hyl group. The anal ogue can have at |east 15 % non-conpl enentary

nucl eoti des conpared to the correspondi ng nucl eotides in the sel ected

nucl eic acid. The anal ogue can be cSUMNMARYNrY to a nucleic acid in the
enbryo that has_a honol ogue or orthqlogue in 1 o another species. The

anal ogue can belhgiyention avides methodsandmaterianierdetaimag g fynetien of aci d

t hr ough | )¢ - i v ; i i al so
provi dbs. £ aiotts 6dBEEho I LeleRte, BR Do Bhalg) BB o AR 2%
pol ypept i dmathialsdoedgieresisingnhe fincidaueRdr dyhdrnoeyppabymiatddewith,desebeetddogue.  The

rescue nRNA s present in an ampunt suffjicient, for expression of the 15
pol ypept i d&He mﬁéggvo%ﬁwﬁa‘mv RsRalY Totng FyRE oL EoBHthg #deckithl ogue.
The i nVenth\_iUl‘eié‘heﬁﬁ ixﬁ’ﬁ@é{éd%i%STﬁ@fnv@ﬁicﬁfB}BViﬁeé he&%%p@éiﬁé gé‘l%u&&ﬁicfédd' tional

pol ynucl eoti de anal ogue that is conplementary to a differént region of the
san Ze sel swleamenthet edncbearsed to Serificallntadyoesxmessionrfese nele¢ted amaeinasids

effectjve to reduce,expressi on fromthe.selected nuclejc acid.,20 The
Cnvent fon 51 €6 B BSEAEOT R Sauseyed s ol R cede el SR S F  onal
pol ynucl eogfigssinats deledtbdhudlSic a6idP! TABRInSfidn b oRphdPBe a8RRiaBddWIth,nuc! ei ¢
acid that is different fromthe first. Al anal ogues are present in anounts
ef fective tededesdusleiesgid sasbodetemuinedby pxaptininganeiphelegieal orotldr dbencizpids. | n
anot her enpodi t,...t i N\ention ovd de met ho r i | eost
25 enbryon@%%@%?ﬁFﬁﬁCQE%BP¥§ﬁ?ﬁg%FﬁéﬁﬂgHﬁﬁgéﬁﬁfpgﬁgcéﬁ%?@%gggﬁE@%bgu%é eost
enbryo t hain omndeisgoes nerobl astic cl eavage. The anal ogue is present in an
anount effective to reduce expression froma selected nucleic acid in the
enbryo25 The met hBRINVARHNRISVIdeht kleashembiye cenisinjes a Belyapclegjifegnalogye i se t o
t he enbryo i We[=X r ﬁmﬁ-- r or
egg givingm%%%gmgkh?ﬁ%&gﬁggggg%gﬁ%%gﬁ?ﬁ%@%#%§m§?fwﬁgh %“Q%gﬁ%ﬁ e'gﬁwthe
anal ogue ceamnbtye isdfiettidost 4geeies that andergdes infegold adticydeavages dhheginmbirpg ctin B& t 0

the enbryo, The enbr or .e iving.rise to the enbryo can be a, zebrafish
_enbryo or Hrex eleop7ebulsd Peory e aggifter vk ?Tgﬁyoe@gl%?@ﬁabrrypsw%w@ga&
zebrafish gﬁ@ﬁ%p, a puffer fish enbryo or egg giving rise to the puffer

fish enbryo, a nedaka enbryo or egg giving rise to the nedaka enbryo, or a
, Sti ckl 3back enbilhopadynedeptyicvanalggne cam hieausethto wtlickdxphessien dvior ¥ selected

nucleic acid that is an mRNA. The analogue can be complementary to a region of the



I n anot her enbodi nent, the invention also provides a conposition conprising
a nor phol i no-nodi fi ed pol ynucl eotide that is conplenentary to a sel ected
nucl ei ¢ =0 o/@seb a buffer having a pH simlar to the physpoTaghzaispH
within a teleost egg or enbryo. The buffer can be isotonic to the tel eost
egg or enbryo. The buffer can be Danieau buffer. The tel eost egg or enbryo
can be that of a species that undergoes nerobl astic cl eavage. The tel eost
egg or enbnRNACHAL Rhdes DR 5'siht@adated r&gibi ¥0the MmINAS €1) phitolif of 8 eBfire
enbryo, 1 o a nedaka egg or enbryo, or a stickleback egg or enmbryo. In

addi ti on, AHE satpedindidhe mwﬂéhtmmdmigrreaon eﬁthgelﬂmg«o‘: Hatvadedodes a

nal ogue. FRRSREEEP IRIROR L GRENER e shelobSe BRLRE St SGHIE D 3P bases

-

pol ynucl eoinilelgyianal 10 G0datdsdh ldngtl;; 0F RO BN basey i lengthf Theandlop@gdaans 0f t he
sel ected nuclei¢ acid, 15 I n another enmbodi nent, the invention provides

met hod 5 ormerhaling-modificd pehenslephde. Ak ot iphpgdogamidae. peptide Buelgisiagide aci d

et hod  orine slogpee. #sko i
that of ¢ arcoRp kol Sptainl ibdsk 300 htBaClD Olpe BB X T Rod

i nvol ves cantcput caghiveeat lekesY makiontplanesiag myicleotides donepateal thliee enbr yo
wi th a norpholino-nodified pol ynucl eoti de .anal ogue that targets the

h 3 b
sel ect ed 2TissRaning nicleotigasiinthe selertedpicleigagd. dine apdlagysraideype in the
tel eost e 1 . I i ed
phenot ype n&;ﬁlgﬁlgé?tﬁ%%o iagfugf;?g%%@%ngtﬁé' %"W"?‘g‘éﬂ@g? l%)@ 6) r %@gig% 5 -Ir-tg?logﬁ g{ ed
function odnosigr dpcoddse dthe dnaloghecan teaisdd tolfeducadxpedseidn from theGelecied noelsicbe a
nmat ernal or ééﬁOtiC nucl ei c gcid and the_ altered phenotype can be observed

from fertitidBrough larval ¢ppast-BigHIRG ggeseldevelgPgRl conpl et i on of

ebr yogenesi s. B Hienddhte B iced R oR R AP oufeifF A L Qine B LN NG 2

phenot ype associated with a sel ected nuclelc aci eost enbryo or
egg gi vi ngmRiNg%ethtat endodesarpolypeptitih evhend exmressiondg gedused biatheglolymakleotide speci es

t hat under goes nerobl astic avage. The net hod j.nvo] ves cont act | t he
Lol eost  entiRREr TBE BN RAA FURCREBt i SRy S IRt S RPN Shodi 11 ed
pol ynugd e%dlﬁfépﬁﬂé’ afa Ie‘é@i‘-‘db%aﬂéfﬂﬂfe t%"cﬁatﬁﬁ%ﬁxb@f&s‘i?ée'df%@éha@dgb@f ed 30 phenotype

in the teleost enbryo or egg, or enbryo devel oping fromsaid egg. The

nor phol i no- nodi Thedvegiopalsd rroviddefar engnbsenthai hnsah leastoustadditionalt | ve to
reduce 4 02/ 09509 .PCT/J S01 /~ 1 (Bl expression fro he nuclei.c, acid.
The. 1 escucP TR ANEe AoRE bR pppistrais B YRR TS heRbe e ne
anal ogue amnldisa¢iaeBetlt aralogubs aepdrentSit faticuhBiffcb@ve ©X4Ph R DkPRsAbn frbM

pol ypeptide at a |l evel conparable to that of a tel eost enmbryo, or egg

gi ving ri séeseledtad gudpisagid; that is free of the analogue. In another

enbodi gent, thep é‘l‘ﬁ%&ﬁio%{hlgf e&-‘ébﬂﬁéfo? aH%HB?ﬁE Ihﬁ{ hflGt Ral dHeMditbnd PhENOtype
nmedi atéd by a polynucleotl anal’ogue in a teleost organismis

sequences pgalyhucteotiflb anategiroitiat is v ohpRmearny acitiléigt end dthainvickiceasd tlaphyr yo or
tel eost eg i th the pql ynucl eoti de anal ogue and assessi ng the phenotype of
the first %@g@agfm@rﬁbﬁ%toﬁ”e@’@!og&}?s gfe PEqsepidh ameppts stgetive 9 ppdser r om t he
€gg. subseggﬁg&-quﬁgg&%q%q ditfeldnt hiiQeil aQideo! ynucl eoti de anal ogue. A
second t el eost g&bryo or teﬁ%d@f eggm?g gdhtacted with (i) the

pol ynucl eot i de larmlotguembndinient, theainverstmeproRies amethod|fer produdinga pheosot ype

of the_seco tel eost enbryo qr egqg, or a | eost enbryo, devel opi ngq, from
the gt | ShapSagaaing § ol Sudeif tonBens, HiRSTiven FROLA WS TERBEOMY ( ne
phenotype @fdetddes Bie?@dlas%%‘léé@aé& 'ﬁﬁgmhfbgh@?s ﬂ?EB%HPﬁ)YdﬁearﬁﬁunE Bgegreond enbryo
or egg. The anal ogue is sequence 15 specCific if the phenotype of the first

enbryo or wduce expressiondioma isele¢tbdnedeioadiddnihreyemyo.edhe methodrinvdliess
enbodi nment

he i ti i des . t f determni if first d
Second pol SELBTPEAE GG MeticaBE s Bt e SR, SioR PRI Bont act i ng

a first teirbspueeFor e,lthd €ABityoRM Sgotvingride tb The @Rbiy0¢ah 8O tjeReRRhogue
that targets a nucleic 20 acid encodin I rst pol ypeptide, and assessing

a f
. t he ph¥hot isanypgyg ¥ the analeguesan de éééng torthe susfase obthg endry@ ox edgeRivingaiser yo

devel opi ng, f : 0 | ' I cont.ac
t el eost e%sgrtf;}%é%lp%ggq%ie\l}} Ny ??‘gs% éi gﬁgﬁfée (lg%r%f iél%\?\x 1 g&a&sée%éci}gaﬁ hse‘ﬁﬁ)?%ior

pol ynucl eoti de anal ogue that targets a nucleic acid encoding the second

pol ypepti de, and assessing the phenotype of the resulting tel eost enbryo or
egg, or a teleost enbryo 25 devel oping fromthe egg. The nethod al so

i nvol ves contacting a third tel eost enbr%o or egg giving rise to the enbryo
with the first and second pol ynucl eti de anal ogues, and assessing the
phenotype of the resulting tel eost enbryo or egg, or a tel eost enbryo

devel oping fromthe egg. The phenotypes of the resulting first, second, and
third tel eost enbryos or eggs, or tel eost enbryos devel oping from such

o o o o - . e - I



one of the two anal ogues is used. In another enbodi nent, the invention
provides a kit conprising a collection of different norpholino-nodified
pol ynucl s dxl@se9 The di fferent norpholino-nodified pol ynueCeesidagsiar e
effective to reduce expression fromdifferent nucleic acids that are
involved in a conmon netabolic process. In another enbodi nent, the

i nvention provides a collection of norphants, each n zorphant generated by
a differ e@gg@i Hakd ROhEDEhfi @l ¥ GRS tHsH bRy FGl Y diviapyide cthe

col l ection 6f nofpholino-nodified polyhucl eotides effective to reduce

expr essi orpuffeo fisl pibeioe amadakd embryasir dgg giving tisedo ithpmedaka embryo. ©fnon

met abol i c prpcess. l.n another. enhodi nent .. £.he i nvention provides a tel eost
., mor phant o"glf’gjgﬁ?%eeniﬂ?{yﬁ85%%%‘%”5’8#@6&’?]#8 ST eqr%%l ti ssue. The

di fferenti at ed Thiaasther &@BoditheRA MG iBatioM ake Pradidésn donssos@iondoantisingye, the
central neural system _nuscle, the backbone, the head, 15 a linb, or a

.pi gnents canprphelinemediiad roktwelcatide that lseomplesantasy top seleied nucleippeidend

nmor phant t ha; . C .er Sk : i (1t The
i soase coraitfe SavgR BLEhRE <D RBrASbLSH i M £MERPE a U S td
enbodi mentbuffeh ear Hy/RBtonit toRhowlcdeisegy orehlbeyb. Ofhd sigfek chry baDagieawblffdrc 20
acid associated wwth a di sease condition. ' The nmethod involyves generating a
tel eost noFhsislepstieasion gmbryasanrbethaton e spegiesdhatindergops werblastic Flsayage.

Dol o £ ac WAPBEERET ofibio cdihel REATE SRS Chp, £ RRlchL b BApC
t el eosto N pbddkia.cgd loe embeygibea atickleiaak ggd orodmbre. broadaltiddn, ticnaatgosiitn

pol ynucl eotide is a, nucleic | d associated with the disease, candition. 25
' anot herdeHHBAOREH & TREE MRDh {13 AIGSRen 4 BRIEPPUTE IO PERTCHIONHS EMECY he
effect of & WetoribifoIOBERN hnal JAR. "TiRBEhpLAYGh ¥RS cfid Biriaihafakitihe 0! Phant
with the drug and assessing the phenotype oOf the norphant subsequent to
cont act widdditicmel pblymuclethiee phalngeythat is tomplenentaph tndifferent tegioms af ther ed
subsequenteio gont ct with the drug or replaced by a | ess severe phenotype
subsequent Se{EGeEdREELG 2 ith the drug. The phenotype 30 of the norphant,
subsequent to cRhdfHer WnbbdiiRh tiH MlentfoAbrORI&IHEROE TG Uctdrinihifg £hange in
the activity of a biomarker. 6~ WO 02/U9509 PCT/ USOL/ ~1~81 In’ anot her
enbodi mentphenbitypé asseniatedrwith avdleded vuakeic heid imh taleastiennhryocrsee ghiingrisetom a

sel ected nycl eic acid i nan ani mall.1 tT?f rreghod. i m/agl ves adm ni tetrci ng at

| east two BOFPREG His WeOR AT SR dhat of Fleostsncries thatpudergogs mallastc,

conpl enent@évap® Thé metlRAtinv@@is@dataefing fhe t&edse emeﬁyorm@ggig@viag: tig tokhe

pol ynucl eoti de anal ogues can act synergistically to reduce expression from

t he sel ecteabrasvit amamhelingmadidsdpavaiclotide Angdesuedhatdangetsyhaselsetesh gy
fact or,of 3 i l. n
nor pho%oi nolﬁlr‘rzll) i ?ﬂgé 8@%’1@%&#@@?‘3@%&&? hﬁe&g@@%gﬁﬁ%ﬁ@g@sﬁﬁg N r),’ ° ¥5#& RAventi on
provi des acngpdsvdloping fompsdid gy Hie dieaal pHenotygeé {sfobieahdt is associated with

nmor phol i no- nodi fi ed pol ynucl eot1 des and, a pharmaceutical |y acceptable 1 o
carrier. TREUGHeBREPTAR ORrBikared Bachon ghiad @&qﬂé@c@éﬁﬁq@r Eé% sel¢rdedsappleic

sel ected npgl 8&&1%@&51%%@ of gﬂgo?ﬁ QR a%ﬁ%]*datﬁé( aﬁ&e&'@ﬁ%&‘@éﬁﬁ% RYsdrfdli ONs
of the selected nuclelc acid. e non-overl apping reglo can be separated
by nore t hfiomfedidi@ationg tleougldagandgehess totheepmipltiodef embdjogadesit echni cal and
scientific ter used herein have the_s ani.ng as.connmonly under st ood
by oneof or di nLBSAERRAR 4l3p PREISY 8 MEAdHPEAetPEnES RhsGRRPe ok k.

Al t hough npihogst ardeisBeignh akdedst BbAbo &regggwny%aﬁsmb th@ethBRBe THE ShTbiREd
herein can be used in the practice or testing of the present invention,

sui t abl e netdggdsthandf teteostrspaties thatundiesgoes e tlestiowleandge. plllisimethed ons,
pat ent applications, paten and, ot her references nentioned.herein are

Poer bor oGRS s BRE feop I A e By Flef e S L o O RithAe: © e

present sp@eighoRAd-ndifiddisdIidicndtide hhdh tdsOSmRNA hnd@eh delectidgarpleéidd on,

30 phenotype in the teleost embryo or egg, or embryo developing from said egg. The

morpholino-modified polynucleotide is present in an amount effective to reduce



20 the materials, nethods, and exanples are illustrative only and not
intended to be limting. Qther features and advantages of the invention
will be appar/essvs fromthe followi ng detail ed description, PERWSHY/6HSL he
claims. DESCRI PTION OF DRAWNGS 25 Figure 1 is a GFP fluorescence

i nlubition graph denonstrating sequence-specific and dose-dependent
inhibition of GFP expression. Figure 2 is a graph denonstrating that two
chor di n- : S i i ! i ng doses
o chor di e e A AP BB e

chor di n- M2xphesioh ypr=dues] Bothpandlogdd andriepesed ibyn athowtsofficsent for di N NRNA
injection, thereby .illustrating specificity of chordin-MDtargeting. 7 WO
.02/ 09, 09 PEPrser L themplynsphds &t ey camﬁaw%&rtaﬁpﬁteéﬁﬁﬁgw amﬁwg» or egg

dose- depengeils 18 94'6did Qhbkvd. e id resRChatfcuthe oep phenotype in response
to oep nRR% %h%jresc??jons. Flbg)tire l5S Is a bar agrggph conparing the frequencies
-of ntl,5 oep, ankh anbthendmbeginment st ppewionlpsevidecdh innthedferydetermmieg ifed wi t h

t1- M, - VO, th, MDs. Fi . 6 b h ing th
1t cauenc deletypS mediich DR polmidicic spfio B Bas P Ab- R TBRE PE et ea
with a Cor@ﬁgci@ilc: NRe a0dhdMAoIVEY cohtdcPRg %Qiﬁst“(?e@d?@nﬁ%é@ele%t epPthitabh- and

shh-MOs. Figures 7A and 7B ar a bar graphs denonstrating synergy between
two shh- Maalyicipetide 8nalogue dndrasspssipg thtgrhenstypaof thg fisst teleep) epbtynewreggyw

VEGF-MOs. | 0, Fi 9 j b h d trati v, bet t
e vOs P GRS dsvoing it B Gabrubreauriige PR ROR €8l oot t cers of
zt sgl - ;@ndp ARV ehABg k. 00 dedofill #1EbsEXRBABDI R ReledEdSY soniabeCRIiRIE) e 15

The invention provi-des nethods and material's for determ ning the function

of a nucl epdyrusieptide arslogie anddiidatescuaRdlA pdicplecarithe Phanetypapétic on
provi des n?e%&?cfi fe(lft%gtgﬂn\r}’@&ﬁ ok géé é)}fr gg?lgoceﬁ Elhi!;{yo.”de(}&o#@% Of;'dng 'rt]h%\tlégg r'isof , or-a

phenot ype @assoc nucl’ei ¢ ac sequence by

speci fi cal dubséREHly Ageesdr TES inethollithen inhelvesdddgiagitig Thecpleinotype bltherfirst
tel eost. The invention provides sequence specific polgnucleotLde 20
anal ogues ¢RBYOEEASHEO s phenatypaptdhe secand gmpryg s 628X Phe duglegyery sndueseact ed

nucl ei ¢. acj_ds: I f I : - Bl I tide
anal ogiies TSTIEICHE phelRuBELNRE T et SR WREFBR EE g e G 67
the inventé¢ggn provides norpholinonodified polynucleotides and nethods of

usi ng nor phol i no-nodi fi ed pol ynucl eoti des far, reduci ng _expressi on of
sel ected nucl ei 1 3othes cpbedismesb dhpinvertion Rrovifeihmetiod of deigrmiptngs first

expr essi ONyj et id a@ﬁ%@é})}riig?sp%@ G Shiofr R CPhd BRIV ARLMBERY st

produced as we ol"ogi cal or other phenotypi c changes.
functi on ofeleostrenpirgoot yadepstegeowitiat dist\polynpclaotids anatogde that laegats avieleican be

O e B B B g LS RSP SRl ARb 1 o
in an or gainib§¥lor3Pg,lor ABle¥SUEIRR dSR10pTadtaa ke degpl CIRILAAS] ABRM RBHRS
contacting a second teleost embryo or egg giving rise to the embryo with a second
polynucleotide analogue that targets a nucleic acid encoding the second polypeptide, and
assessing the phenotype of the resulting teleost embryo or egg, or a teleost embryo
25  developing from the egg. The method also involves contacting a third teleost embryo or
egg giving rise to the embryo with the first and second polynucletide analogues, and
assessing the phenotype of the resulting teleost embryo or egg, or a teleost embryo
developing from the egg. The phenotypes of the resulting first, second, and third teleost
embryos or eggs, or teleost embryos developing from such eggs, are compared. The two
30 polypeptides are genetic interactors if the phenotype observed in the third embryo or egg

is different from the sum of the individual phenotypes observed in the first and second



WO 02/ 09S09 PCT/USO 1 /:1 1-181 Pol ynucl eotides are |inear polyners

consi sting of nononeric subunits called nucleotides. A nucleotide has three
conmponenigo opo9etwsphat e group, an organi ¢ base, and a fi veetasbpn4isugar
that |inks the phosphate group and the organi c base. The nucl eotide
subunits of a polynucl eotide are |inked by phophodi ester bonds, i.e. the
five-carbon sugar of one nucleotide foi~ns an ester bond with the phosphate
of an adj ageiyoddese! THE phelldfype@Bbrved When Beth polyABPlRaH@SadaRigied 418 ubarkbone
of a pol ynucl eoti dé, while theé orgazuc bases detérm ne the sequence of the
pol ynucl ectande maord oaldseextensive thae thectinoof the indiddead pbembtypdsyobsesvebwhete. When
t he sequence qf. the bases of onge pol ynucleotide is conplenentary to the
_sequence oo gu?@é‘é%‘ﬁd pol ynucl eotide, the two 1 o

pol ynucl eot i desm%aﬂéfleﬁﬁbdihfen{r&ﬁgmelﬁiéalp?efvibﬁl £kit eGBpieAg B¥ollitdbREBEN bonds

and hydrophobic interactions. pol ynucl eotides are said to have
. conpl erfentdiffyrestupomhobinoinfodifies prdgmsldotides el padiffengot morhebineneodifide t o

pai r, through hydr.qgen b in i th the bases in.the second.polynucl eotide
becor di ng RORRHATRe AR b ctptE ol Pp reroR SRR AR -

Mol ecul ar ig@blvedirPd Sormofaigidolic ptocats. (1990) Scientific 15 Anerican Books.
2"d Edition, pages 68-74). The strength of the interaction between the two
pol ynucl eot i deslhjagothst emhpdisygnh jhe ineeriiogpseviees aeniisrieref mpipbpnts,mgeh

exanpl e, t rengt h. of, int. ' een. | [ '
greatest i 1? S@t‘émbgra}gél agegiqb ean‘?:lgfrgf%gl? g%%ﬁ%&%ﬁ%@n%ﬁ%}{c@@?ﬂg 3%%%%@ ﬁJP %r tred
bet weery t welleetioiofahephbiesmodiffedpotpnulledlidebifdrtivibto%ed sk expressibmaom2S %
m smat ch bases are successively less strong and wil] 20 separate at
successi vedifferegiycleie apids that prednvolved ig aForEnRe) metapplic POLeSSt pol ynucl eot i de”
refers to a havi h&est ks

Pol ynucl eot i (EI)I:AI g@%ﬂ%@g{% en%lgg%{r}tf&gr%%\lﬂb Ied bég%rﬁg@pgﬁm@g@&%

Typi cal | y, dgvelopnicat efd difiercatialed giser. dihe differemibtéd/tissepbacbaparmichs,or porti ons

of the five-carbon, sugar phosphate backbone of a polynuc|eotide w th

al ternat | VESFUAGES wgﬁ&?% B¥S, ithe eeairpl neual gy siemy wafc%éﬁ%%fi%% theficets a

sel ect%d n&'gﬁlﬁi&?ﬁgﬁeh&éﬁai ntai ned. As used herein, the terns "sel ected
e t

nucl ei ¢ aci i ef 0 a DNA or an RNA having a region that is
conpl enent ary t In dnothep empodioieat tthaiaventmnggoddesihielaosgnorpheiit thitchasel ect ed

nucl eic aci,d that js conpl enentary to .the | ynucl eoti,de anal oque can be
100 56 ConpPERENPS R BACT RS iSRS RSB e (BiEss SPrBrop i GRaDE o

pol ynucl eodydpia K8 o8 B ge, as long as the 3o pol ynucl eoti de anal ogue
can anneal gﬁ% f%r%%lnﬂlg stabfdg&gupl ex wth the selected nucleic acid under

physi ol ogi cal chraiotlieo asbodigrent tlamipivention provides @ metiod ¥ idestifiing @ nugleirs 9

) [~17 | et i .
non- cofbl eftteary Rt fister Biadfid i AR TS aPOR R e e ana e 11
anneal W thotghansighvapt Leofphahiepienstybe thabedteespaisnb aphehotpse dhdwacker Rtit 0

anal ogues include: anal ogues in which the bases ar a |inked by a polyvinyl
backbone (thedisgasetcoaditiop, antadyntiying thecpuslas agid yaregafshomerpholienadifisdy et

al. (1970)_Bj > : : i Ll ¢ ac] i \hi ch t he
bases ar o PORRIATECTT ak e BOR oAt B AUGHE bGPt R pt Bt
am noet hyl gbyificd @ofmaciestideis alnaglersacidassbiiated tith theldisesssicdaditivhuni ts (i . e.

base and sugar)_are |inked by nmethyl phposphongte g~. ~ s (M|ler et al. (
1979) #i ocl Zenalmanothes embodipjent, dhe yention Rfﬁ@%@%ﬂ%@ﬁ%@%ﬁ@ﬁﬁm@%

anal ogues | i t S -' rfﬂé?t HePm la?o,g iits
are repl acglga %gg)ﬂc?s}pﬁ%@%gm g?%t%ﬁlbgg%fﬁdoe Ilggtet g]iﬁl 1 %%?ICNUC élidc

Aci ds Res 4sséssing8Bd pherpiygemifdheanbiphattetbdsiient tanaitacivath thernagd. rifheg sugar
noi eties that have_.2' O nethyl grougs (Cook (1998) CHAPTER. .2:.Antisense
Nedi ci nal | BHSABBP RS Tioambatiéan BF R EROS gD Cei PR S GRS
Springer, PNewcdPb¥a I&QQ%resﬁhe%Q@y})é_sﬁ‘m%ﬁE?ﬁ B widhé bR, ANMRIREMIFpe

anal ogues in which the bases aré’linked by 15 a ' _

. moi phoB@ noofthe sphphast)isabseduers th aoitans wath(satd GugRamdstconoktedswithi 2 chatige amd
5,185, 444) , Pql.y.nucl eoti deg anal ogues can be obtai ned commercially, produced
usi ng com@@?ﬁ%mogﬁegppﬁ%e& nononeric subunits, or synthesized using known
net hods. (See Braasch and Corey (2001) Chem stry and Bi ol ogy, pages 1-7.)
Usef ul pol ynucl eoti de anal ogues are those that (1) can fornz dupl exes with

20 selected cellular nucleic acids in a sequence specific manner, (2) foi~n
dupl exes that are P




relatively insensitive to ionic concentration or relatively resistant to

cel lul ar strandseparating nechani sns, (3) have | ow nucl ease sensitivity,

acid (4) wawaodsow cel lular toxicity and non-specific effe®CI/uSOyerial

pol ynucl eoti de anal ogues typically are specific, can distribute uniformy

t hroughout nost or all cells of an organism are functional in 25 many or

all cell types, are efficient at reducing expression fromdifferent nucleic

aci ds and have i I £ : : .

Fechni que for - uipliRy SbBBaRALYRPRELICR FoyRS Smelti of KidTbh g expSsion

Typi cal | y, fromefselectedInywleid aid inde aniablodilesnahed sivobjles adhivdsietag, at deadt van be

various | engths_such asl 8 to re,tflaqﬂI 112 bases in | ength. Pol ynucl eoti de
n

.anal ogues RAAHsieotide spalpgres so heanimaly, The qgelaguss gre egmpismentapioditieriot i de
anal ogues [ I.gher

anal ogues Igggm? gf%% S%Iaéglgg n?ﬁl%ﬁéaﬁ 5‘? h’hﬁ:;t%tlx}hu\?%@ﬁoig% %%aé%%ﬁé%%}y%é%é{%%é?nx
-usef ul 3pol tpredice @xpobesiam fibogthe sclectedrudemptidmSuthexypresian casaediucedby a

anti sense nucl ei ¢ aci Whep ¢ | enentary to.a sense, nucleic. acid,.the
01 ynuct e RUPERAb % 8 L e B Hascleniie s Bedhan o SR BRTR it an
anti senm%&h&ﬁa@_d, the anal ogue is said to be sense. The nucleic acid
can be (e.g. a pre-nRNA or an nmRNA) or DNA. Fox exanple, a useful

pol ynucl eot i de brpnotign embadinizat, de ingentma provides canpditionororeprisin@ig least

nol ecul eor_se to th nol.ecul e fromwmhich, an MRNA i.s transcribed. A
Useful pol YT BT, SRR OO Er SPb e b AREGa R

regi oneof  garfsiC I ieGn@dhélinc’mdaitied PdiyntclesSded Ran tREet NS HM Fseldetd MiBle M €91 ON
upstream of a transcriptional start point or a region downstream of a
transcri ptacihand eanchepimmlerhentarybinaon-ogenlapping tegionpofihe-selselied gueleigiaoid. al so

can be a region upsireamof. the transl ati,eonal rt on..or. .downst r eam of
the stop C@]?eoﬁor‘-%&eéfanmé_r o bgr‘?eﬁﬁ{z%&d%lnéoggﬁ%n 1A orh‘%%eé’.“ﬂ%- region al so

can be the intrUOfiegs satwRC@sTinet] 41l fckigl andFiént{fieernkhsee herkid Rdveahe ( 2001)
Genesi s 30:89-93). Furthernore, a useful polynucleotide anal ogue can be

conpl enent $#@me meAnipRacenmmenly sgferstosd by ope ef padiarysiill dn the ast togvhiphis

nol ecul £, t gi i i I t he

ant i se{nsge %&&nﬁ:ﬁ%ﬁﬁmﬁf&ggg‘i ﬁ%ﬁlg)?%g{w&g{eﬁ 3%5%1%@% |rrr% ufé/g%rjfe)tﬁé@&er efers to
the regi ondstribddhedein RhiAbE hadd ia nlostacticeror RYfingof dripreseat ingepivhy peablede
having a cel |l ul ar function. A useful polynucleotide anal ogue al so can be
conpl ement Bethogpanbmaterialgiargdesarbeidrel @%d AHPUbBERtERS, RAtend aRRIcaHERS PHGRISei ¢
acid. A polyu j i g&@pﬁa : i and
non 20 codi ng g%ﬁ?%#lgﬁggﬂgh{gﬁégclﬁe@ #Sé?el a%gg{%?%e?e&g%%% ,e ?%t%glg t hat
i s conpl enease af gortfhictatheguesent dpeeificativg, istbslizg defitifiars, will ¢dmrob’ Inuadkitaoms | at ed

region_leading up.to the start col on, e start . col pn, .and di ng _sequences
| redi 2 of (et Rupthars, aitberrRiRge BRSRbE Y B RuAPhocia g Sl | e
anal ogue that i e haERMPINahQeRUhERILRDART BOpaREt #8mtRYI ons of a
selected nucleic acid also includes one that is conplénentary an

i nt r on/ exofollewing Wessiledrdesériptionetmstirend the damNA ol ecul e (see El cker &
Larson (2001) Cenesis 30:8993). 2. Reduction of expression A polynucleotide
anal ogue can be used to reduce expression froma selected 30 nucleic acid
of known sequence. As used h@yESCRIPTIONCF DRAWINGSduce” wth respect to
expression froma nucleic_acid refers to a decrease in expression, or to
decrea%e 11  Wieuppl bosGBP fopresssmes inhibitign geeph desopgating sequenearenestiic hat

can be det 1 Si ggl- NGBS o EM% | evel, protein |level, and
phenotype.%ﬁfcf?&g% g}ﬁ%,ﬁ?re ucl:(fhl on ca%*ﬂr}% er'toab % 10 % 25 % 50 % 75
% or nore thanFigordd thecgrepls deonstaiinigtdnt tvo chdrdiaeMOt pienotypese xjesleaisd on al so
i ncl udes conpl ete inhjbition of expression, erehy greater than 95 %
reduction ?ffonéxWP@s%cfﬂt?Neé W@ﬁ\lﬁCI'ﬁ%%‘f%e%%§ﬁ‘°¥gn%9i 1&?@'&3 As used herein,

the term "expre %]g& Y M ol ' f pression
froma nucleic g : }Se%,\%&rr?%pglsd&?rg) lsjtté%}n nH{l)tf%ﬁéa&l u%@t@n@@ﬁ%ﬁé %ﬁecul e from
. a DNA 3wl epartiellypresoveld byak¥erppadeinrdiomiRIN Adinfeatiarn, ithereby ihloktygimgtspeldfifitsoofi an

m t NA nol e%@. 1\I;{)or ession froma sel ected nucleic acid can be exam ned

usi ng stan n- targeting.




1 o methods known in the art. For exanple, RNA |evels can be determ ned by
Nort hern hybridi zation and i~z situ hybridization using the appropriate
nucl ei ¢ &00 o2/bvptr | di zati on probes, while pol ypepti de | evePE€TARN/biIS1
deternline by antibody staining and western hybridi zati on. Devel opnent of
organs, differentiated tissues, and other cellular structures that are

af fected by reduction in expression of selected nucleic acids can be
assessed 1 s usti s d : h

Vi sual i zed wi th IR e o B K SRR i ng
Al ci an Bl uef titeaiepiphgnotgpelinmagmhestocrn NN isjeationsed usi ng

fl uorescent - phal ] oi di_n st ai ni . Alternatively,. th XPr essi o f
.ti ssuespeci ch _é%lrggsé%l?‘l{’%regr %R‘T‘Wr‘z?ggﬁ‘%t‘ei}@éﬁﬁeﬁﬁﬁgﬁtd%&M@r’ﬁpaa}’l@,oep
di fferenti ahethtyA3DbSivePREnRFySd MjdeR wigh D, SdplME), UF BSth NTO5. exanpl e,

expression-of & thymus specifit marker such 20 as Rag-1 can be used to
.assess fhynus déigirepieabar geplicenparimgshofieqfenpias of excdopsp eesoniitesymndker s

such as Fspopdin.and islet-1.c be use SSess reas .d 0 nt.
(For ot anadrerL AR By il Wi RpSHeBrmA RS Bt 0GBy |
. Zon, MeGhRUSOI! & Ho'd twidl-@h@shh-Mhs. 59: The Zebrafi sh Bi ol ogy, Academ c
Press. San Di eglc’)‘_} Expression froma nucleic acid can be reduced by

interfering w t Kigurgs JAang 7Brase bargramsrienonsitatipgisyrergrbetvean ko BigtMOs. (2)
RNA processing, 3 NA transport across the nuclear .ne 1-L4) an

pr ocgss necesga%g";%gl%kaﬁgr ge&{l?rgh?ﬁ%ggy(ngggy W%F&&W&B@?.égﬁ\do ?)r es)s/i on
fromajpucl ei c Fhfe 9@§Bb§15gr§?lm&n6ﬂ%hﬁﬁﬂ% Syrerdy Betweattwoedz-pyos.nt er feri ng

w th processes necessary for Tormation of a functjonal RNA nol ecule or 30
transport of thd&igualf i ebarrgsaphdemingtatingthe spaseistipeffectsefrgsgloand or nat i on

of a functi . ' for exanpl e, RNA pol ynerase binding
to pronot ercg{i@m %0@}‘%3%@“4:%%%%&/ .11~81 regi ons, binding of
transcriptional activator to its recognition sequence, and transcription. A

pol ynucl eoti de anal ogue that anneals to DNA and interferes with processes
necessary for formation of a f SHERAHAED DRSCREPEEONe general ly, though not

necessakily, ha . : | I I
St and Pr om uhi SCATR P ot W BB defprba L (ORREE oER o o
referred taomagic'sid ofiamemn seqhace) dore bpgeifixaliy othe invemien proeides metiwidd asdich as

an RNA nol ecul e can be reduced by interfering with any prqcess necessary
for for mat MBHCIAIS forigieaminne e RUstioplo IaePhGPOtpiP%b%PClﬁ'FgH‘éﬁlaﬁ SPECE an nRNA

nol ecul e i .bgnﬂ'ﬁl . ' %Ca'& R ul e,

for exanpl glt,h glg%ngcgﬂe]sﬁle uceﬁag%/ﬂélg%? teSP efri?gr?gg\%\n t %%Kfrfosrgfggeef@m ng,smt%(k)ﬁrgi bosone
bi ndi ng t o nubleicradimomeldosin dihegneintion pfovidiNAsquenne specific pedymicteltidai t i at i on
of translation, interferin ith the.transl ation .process r..interfering

i th prdpernbREeatican barskd tedrdiraly flk B BRaPh B RieeBhupleitadis
Genesi s 30:38¥elhs M MBSOVl USquienEe-KRicifl?iinucldstie Giloguek tdiiduce
Therapeutics 3:224). A pol ynuc| eoti de analogue that anneals to a reg?.l on of
an mRNA nolespigssion figm selestddaneleionaids. thoagsampleoibe irvention prpyides morphalinps 15

ot T sence. ditaifigy bOhyFRldRT R mbBBeT BRSPS R Rnf Bodded EIARCERGHE BF "
sterical |y rbdidd éxpsesaionioigeledted hecleiRMGdb whbhesedQences hed@onh, Redutidn in

Anti sense nol ecul es al so can_ reduce expression by inducing the cellular

nucl eadd s\EXPEERTIOR HreHegedinde leygheftspediRRNA prpelypentids pedugedesnwelhas in
mechani sm LS j ' o]
degr aded bylﬁgﬁlg@ggﬁ L@%%%%&%ﬁgoot?ﬁg@ﬁ)r g’i gﬂéﬁnc%%g}t gfcl:et?lgg%%% giazedgci d
can be achiwiied sekeiied nocleicreid/candeaiztearniinedriyl exgndniniRanbmaialagicabbr ethpr essi on
froma sel e%éed n,u%hei c. acid al sg c@n be achi eyed usi ng t\/\ﬁ. or m)rﬁ )
- pol ynucl eotANGROMAS 2YGEENS #apcialpe wWibipe BifaTRCcs o) a seAusPedancatiic nobgiuglieatids t ne
sanme sel ECta‘iQIogg@irP&Pm ghidy Wren two or nore pol ynucl eotide 25 anal ogues
are used to r uce expression froma selected nucleic acid, the

. pol ynuchbeot i de anal ogues can be conpl enentary to non-overl appi ng regi ons or
to overl appj regjons of ,the sel ected .nucleic acid. Wien non-overl appi ng,
pol ynucl eotji' g%lygﬁgl‘%tﬁife%” ”'B’éfeeﬂ fHHeHeSry to regions of the sel ected
nucleic acid that are 0, 1, 2, 5, 10, 25, 50, 100, 500, 1000, or nore thasi
1000 nucl eotides apart. 30 Wien two or nore pol ynucl eoti de anal ogues are
used to reduce expression froma selected nucleic acid, the two or nore

pol ynucl eoti de anal ogues can have an addi8ti ve or




13 W O 02/ U9509 PCT/ USOL/ ~1~81 synergistic effect on the phenotype of the
organi sm A phenotype that results fromintroduction of polynucleotide

anal ogueswo pd/@wsaw sel ected organismis herein referred to geTAsPhHEISLt ype

nmedi at ed by the pol ynucl eoti de anal ogues. The effect of two or nore

anal ogues can be descri bed as additive or synergistic based, for exanple,
on the penetrance frequency of a phenotype nedi ated by the anal ogues. The
penetrance fre . ! 1 e f . r nore
anal ogues is ag‘ﬁﬁ?‘?‘@&g‘?&s@rﬁéﬁgﬁ{%’g&%%@Q@Pé’!&%& %géleﬁg%%%t%%h%or alX
dose of eaafldotilyug heclttit an drogo@mpardts: Aphokphste pesupl, n ofpanietbasd)agd
frequency is the percent of organjsns exhibiting a particul ar phenotype
_when cont acieicarbemsugaptiat linky tﬁ@ Phorphetg grouprand thsangpie base: Hhgoucksotiggyani sns
are contac AN L bit. n the
penetranc estu? glg\égu%%c@d@su%%g Bgfél al%\q@i%d) 82 Eh«%éh%gges%}r‘] g{ngdﬁ Uléé? (?%%ﬁ%%@%%é}i %Jr%ﬁ nt

.needed st 0 cfohke aveleatideciahs amegerf boadwaticthe phodphste of haadjaceimudieotitkl €The ne a
1X dose for 6{0 anal ogue, . a dgse response curve i s _generated for each
anal ogue JESYHRGFuger-Phasphptes g bagkbepe Ak relynudeotiga, Whils g orgamican
anal ogue thats dgshlihSthk Be eH@@@Eth@ES@n&él@&&%gﬁM ah@%‘oﬂﬁteﬁ- nWarg and with
m nimal toxic effects can be used as“the 1X dose. Two anal ogues axe
consi der ecsetandpnlpnuteotideli Whee thd Segaencefof theebasenaftona polynficleotienisy, obt ai ned

when bot h anal.ogues are used, ea H’gabt 1X dose, js }%&u I ,éo t he sum of the
penet r anc eSO et Seﬂ%ﬂ%?ﬁ I aé??aﬂfﬁgsﬁ%@dd%"l °@’8§_%.thq:‘8‘f° exanpl e,
two angy 0Pt RIeBri Aﬁﬁfg ¢ Rnﬁaa/&qg& 244 ;&g'eIh%f 6§ ﬁﬁﬁ%géﬂ; b(ngag Sﬂgnet rance

frequenci es are ( 10 % for a 1 X'dose of "anal ogue-1; (2 0 %for a
1X dose ofhysdnathobican@ractions. (Byo polyimélestides ¢ sdkste hate corpplegertady and a 1X

d f I - dt t vyl t 1,1 I
Conei der echeaenEy & B Wraingmepplrufeaide fte S0 pahbionsh BV ot eondne
obt ai ned WHRR RWBalesANMMOBEET FOIGnittSfide BOAIRL I&Pél&eﬁwatéoﬁ-m&@&gé bidean the

sum of the penetrance frequencies of individual anal ogues at 1X doses. For

exanpl e, tReirizgallesg(see DANAe icMiokictlar €¢ll iiolegw.dDamel) erar! (i1 890)S cmtidicf ect i f

the penetr,ance fi u i are 10-% f or X dose of .apal ogue- 1,
(2) 200 or AR RSy P R o rles Sl uihaf e RS pRfe-R e
anal ogue- Itvansblynutlcotl @& déteRNRAEQ BY Ehe’deph@bISRPldnRaABETIE Forldxanpld, @t  of
two or nore anal ogues al so can be described as, w thout |imtation,

addi tive oiiresgthaf gnterapiorbbeiwgeniva prlyeulestides/isgreatesbif theobase yppienessiasg ed by

the anal o a y i nd Vi .. not Vibes's

rodi at od oy oA ERRALES, HRplAe G BioicRl kORI BL SRR YRR b, g5

i ndi vi dual %phefQioy pReé thaf 26196 niifrahtch Badek e Juteuasiaely lebs striify 4l WAH09
PCT/USQ1/~1~81 additive effect of each anal ogue. Two or npre anal ggues are
consi & ecFeP%taWé\Iéu%e%S}Y?iY Ve femparataes. S USPEheIpianbe fere rROlIACQiSs t he
anal ogues ﬂe&rmeﬁ%V&rﬁ RRaApolf @rl?aé*fﬂﬁ%%éa@ﬂh&é%%ﬂegﬁ@és. phenotypes. ™ For
exanpl e, two anal ogues are considered to have a synergistic effect if ( 1)
100 % of the orReymsimtideabdogued avd ¢Henacelyogedifidd podfandmil¢otimled OTymckllyt i on in

bl ood vessel fornmation, (2) 100 % t he or i sns, cont.acted with anal ogue2
exhibit a Wfé}écieé&d%ﬁ?%?éq%a{ﬂ e b sdfackigtitber H?I‘it}onér?_cﬁ%_( vergRsbap Bigar- g_
or gani sns GepIRe %lc%ﬁ%@]ﬁi%ﬁ?iﬁfé‘oﬁd@Qﬁ'thfa!l‘t@hﬁﬁb‘@ﬁ%cﬁéﬁl‘l BidupSiPQickeaieduct i on

in blood vessel formation. i's exanple, the percent "of "reduction’in
bl ood 3pesstbit Hage naiting withs selestedameleid acidis mietaptedn disyied herdinathedetny t he

| | et | » Lo contrast. t | i dered t
have an aqdrersd MBrpRAERD s RS Bedl o st KVATA PR SRR 1B B PR pe
medi at ed by thdBolpMRIIQEHE Sndls RO THEe Biof OF EHetelebRA nitleR aitMhefist he

i ndi vi dual phenotypes." For exanple, two analoaues are considered to have a
_syner gi st i @uatlementasyto thepolymuteotise fnaleguesian bad 08 s caraplementary aii legs thaml o

gue-1 exhi o % reduct | i.n. bl V. I [ ion 10Q, % of the
or gani sns @(g)tn@gcgfn gclf Wit hY g%%%&hﬁ%"@%#@?‘? égnaiéﬁfgg%e%g%&gﬁ%asi ° bl ood

. vessel 30f orpaymeizotide anlSguel A aftheal and faini S31Eble Qnlac vitt thé §dlecasdalepie- 1 and
anal ogue-2 exhibit_ a 30 % reduction_in blood vessel fornlation. Phenotype
severity caﬂﬁ( under phygiolpgisel peaditions, oFopoxamples a pylynneeetidessguence pEZct i on i n
expression fromthe nucleic acid targeted by the anal ogues. The anount of
reduction in expression can be quantitated by standard net hodol ogi es and
then conpared to 20 determ ne whether two or nore anal ogues have an
additive or synergistic effect on reduction of expression. A useful neasure
of the synergy of two anal ogues is the fynergy factor. As used herein, the
term "synergy factor"” is defined as the penetrance frequency, or the
severity of the phenotype, observed for two or nore anal ogues divided by

t he expected additive 25 penetrance frequency or "sum of the individual
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30 anal ogue-2, and (3) 90 % for a 1X dose of anal ogue-1 and a 1X dose of
anal ogue- 2 when used together. The synergy factor also can be determ ned by
conmpari ngvo bsoseverity of 15 WO 02/ (1909 PCT/ US01/ - 41. 18€Tiusel/phgnot ype
observed with "~ "the sum of the individual phenotypes” when two or nore

anal ogues are used. For exanple, the synergy factor also is 3 (90 %30 %
if (1) 10 reduction in blood vessel foi~nation is observed in 100 % of the
or gani sns gont & i a = 2 9 i ks el
formation |slooglg%§€ag altvﬁ il Bdhf/?%‘?‘n%eh%&%%oéﬁ[ﬁ?rsﬁ%t ont%%sgc?setk B\I}mﬁ?%ggg ogue- 2,
and (3) 90thepobductotide dnd skillmodeal edthethe fadeated mandeic acidbserved in 100 % of

organi snms contagcted with anal ogue-1 .and anal ogue-2 toget her. ner gy
.factor can be deBf FFHBRICY %fpcﬁ)?wc@puagp@?%]%%&gqcébmag@gﬁg} 8@\?@?}6 For
exanpl e, apRUNRERKELEY QEngf%gl DBadtBbiE (Pith ey Izp(llstm?gi&ché&n%@pr{ﬁzﬁ Ag;zzre than

t hree anal ogues. A syner tor can be any value greater than 0. For
.exanpl & a2@G\3amghPifltect of. (EI0) Béodolyr@erg 9: 9659; pdptide niclbic agids{PNAs) &, 10, 15,

20, or nore than 20. A synergistic effect is.indicated. when the synergy
factor forwhichie By ae TARGLEY Bhidk sapus el by BB GRidSAE Anta oty & o,
exanpl e, lgideind goupd: dhaloguds inSwhidiPthedRicleBsideBIRnitE @ik, Bise adSYHAY 8¢ fact or
of 1 represénts an additive effect. Synergy factors between 0 and 1

i ndi cat e ahnkedtbyrnhethgpbespbbhase groups (Mrller keoh (Id9hRachends: 2134pMiler dsel.used

to reduce essi fr t r re 15 di.fferent sel ect.ed nugleic acids
o o e o OB BigP Capy s 8 arhieBe B it e il Ble e Bl Il ¢ 2%,
| east {00, nitAd0siie sEBEHIRNESFepRREPbE BROFpRbNainddaiIfioupd Frocilacd efl (1eB3)ei C
acids can be used to reduce expression fromthe selected nucleic acids.

When two oNuglgiceloids| Ras &b et lgephasphiosethivated N A8 canaloguessenpéainiag sEgassi on

huctei o achgRRSHaHEas, & Oihélf EMSICORR (PTLRIAPHICS: Rhijiche VRN |
i s represeQhéhisu§ iMThe MudicniChbmidts dffGligondelabtideesyinges Newr¥dtlapagesby

each of the anal ogues used, while the second class consists of those
phenot ypes> t-A81); aesl metpholinp-madified anslqgues anglpgues in whinhdhe bosss aralinked$y" t he

£ i v . P o t
of "cach anat soutBlind ARG E e B AAR IR I FAENGE L A A IS B s
i s as descPolgaabléqide ruhlopmdsecan bt yhtabled @binteerdiallpaddgeé asinpadmhmrdsily one

sel ected nuclejc acid. An organismthat has been contacted with two or nore
anal ogues 2y&lgblednonegiericsuhuns, Wévilﬂﬁsléeﬂgﬁ%%k%@ pRieds.s(See fixags

i ndi vi dual cg €Send; BBy L 1phenot ype nedi ated by each

anal ogue is %?g?(?%gt grrll " rgehgenltg:gX’ l?Af#gt I(zi{rb‘g;ani sm Alternatively, organisns
that have been Useftbpdlpahiokéatide anadogues moe thosethbiod ) ean foan dupleixks withhenot ypes

t hat i.dered "t he. f individual 3 t T
o gan, Srs S <ol RlelplodCidt i Seaeni PSSR ralel (AN R Bexs it p
di stinct | yrefitiveRr iBSnsfiveTd i@i@é&@&iﬁﬂ@i@nb??élaﬁ%lg&'lfe?ﬁtaﬁﬂt@ @flulapstratigdual

phenotypes.” 16~ WO 02/01S09 PCT/U S01 LL 1 Q81 Typically, phenotypes that
are not "t $apasting ofechardims, d3)shavp hesm onglpess sensifpyitss end (D yaee lpveedlmlayr

interferenge.effects of | tipl.e @nal.oqgues. . Ta.be considered additive,
syner ot st 1 CxigeRs papaReabe bifed aRBci eSS AR, REFT ArEleuitt
phenot ypescan @iktribie vnlf@imiysthfbughhl @hidsy ofldlf E@s@Tan fogghmsih, pberatiaRl ihat is
the "sum of individual phenotypes," a phenotype nediated by a_ .

pol ynudl eotagk onphradbivecsats efealenic uednecinesprprgssipn from differanb auglpiegsidipe nust
result fro -speclt fic i i.0 ' . | ect ed

ol ei o aci e HEEOSRAL pRelE TR hufthe SRS SRR B8

expf ~essi ohirdightforphenotpepformedd sdpestueybla pol ynucl eoti de anal ogue is said to
be "sequence specific" if_th henotype .is primarily or, exclusivyely
‘associ ated wit hf?YP}Palfséy_a@ilﬁpﬁ)/Mméé ABAIPBIFS §re Angr SEandst, W&ﬁé?/a‘_é‘%‘l‘sect ed
nuct ei ¢ acidleunl Qudesaf {8 fbreliharl PNERA! AEIE dbal AELIANIAR RALYICLEBE 19e

anal ogue i s Sequence-specific, a second pdl ynucteoti de anal ogue o

~unrel ated wetflbasexintlbagtht Bogetampld) pobaneeotin: amatbgaed einderl Shte 4G3asks ifh5

Al ternativel contral | ynucl eoti de apal ggue that does not target the
sanme nucl eﬁegﬁ‘cﬁﬁe ’B&V’é'gcgﬂél ogwgtarecgfﬁ-ﬁﬁﬁg%ggﬁep “the reduction in

expression fromthe selected nucleic acid can be used. To show that a
phenot ype nmedi ated by a fir st pol ynucl eoti de anal ogue is
sequence-specific, a second pol ynucl eoti de anal ogue that also targets the
same sel ected 20 nucleic acid is introduced into a nodel organism A
phenot ype nedi ated by the second 10

U




pol ynucl eoti de anal ogue that is the sane as the phenotype nedi ated by the
first pol ynucl eoti de anal ogue indicates that the phenotype nedi ated by
ei t her pwWgmeisenti de anal ogue is sequence-specific. Al tePABUSIBINSI a
control pol ynucl eoti de anal ogue al so can be used to confirmthat a 25
phenot ype nedi ated by a first pol ynucl eotide anal ogue i s sequence-specific.
A control polynucl eotide anal ogue is sonmewhat simlar in sequence to the

first polynucl egtusel w?h@@e&ideﬁhaogwmc&e dopldélt a9 ted  Gerdd dk @B Hftisense
however, has a nunber of bases that are dissinmlar to the first

pol ynucl eotuctpic agidl Sdhen complernérdaryiio e sensamueleicpsid thepadpuctpetide anadegns i s

nuct ot 35 aRd¥ PERTRRERE R BRI Rnt n AR BRRE Btk b6 R BT,
no phenot yfaad @t Rhad The ricladidi® tardid RINAC(eq0h iptem®RINA 0gae RN APSEDMad. A

phenot ype nedi ated by the first 17 VWO 02/ 09509 PCT/ USOL/.11~81
-pol ynud edfrgxampke ayseful prlynycieotide anpegia el brigahsanpetoipferBRNA or an

pol ynucl e 13 cBF:IHFsénﬁe gqsﬁg IeRIERAL &S hQ&twﬁbﬁaxﬁﬁéﬂ@z}%{Pgaﬂgﬁﬁh%&f ed by

the first polynucleotide anal ogue IS sequence-specl enot ype

medi at ed by t heAawéeful pblypadlsotidel aalbpaecartal @miterhantalyse theatbn-dddag depon
phenot ype diated by the first po|ynuycl eotide anal ogue cannot be concl uded
to be sequiifcit "eé‘?lgi A nquncosding reRion, oae#@&ek@em&m OB dPHEcamn et a

pol ypept i i b Sagh eohide l: an be
R A e e A R S R S L LR T

S eﬂ_ug_nm_e- smeﬁbﬁlbc A ﬁ@cd(ﬁﬁg;t@idﬂ;% ¢ah Hﬁergi'rrbua@stlréam of the &anglgtioniabsturt
exhibiting the enot ype late y fhe po cleoti ge anaj ogue. to
Rest or at i diPdgP OEHWP%EXGF% tgﬁéw_stcg)@& Wlﬁ'me%ﬂgfortaﬁénglﬂéﬁfﬁ pEentdidfred by
the pol ynuglpliodRnIal e thé‘ﬂhx%ﬁfcesé%ﬁéﬁf;‘%si Jgnﬁﬁagﬁ@.%mg (IRAbalpd by the

pol ynucl eot | ogue 1S sequence-specl ) enotype nedi ated by a
mor phol i nokarsati 200t) Getesinidl 593 ) & uatheinogyec vdehitl phhnutleetrdecaonaidguezadbe o be

sequence-speci.fic by a rescue nRNA targeting with a se rphol i no of
ot oot R b rahd e S Ean 8  pra A S o2 SRADK RO
her ei nys t N@e k&ion cddspORRhg td Bk %Bé‘m% 9%;;3&; & BRMHnG Bn8x PN bird}d. s used

sequence-specific phenotype nediate mor phol i no- nodi fi ed

pol ynucl echereis, tha &royireding seppmice treférs ixheatgion gEPNA erdRiNAdhairencodpsan 20

Pol ynucl eog{.de apal,ogues can be used to . determ.ne the fiu~ction of a coding
cequence. of ApORRYREERoFBoRdE RGeS B g, ofeli reBhbfEells § o
known sequgiatsiue bis6lcah be a6inflentatirPt Beth ebdiak afd ndeQtih€ rdpisils@ifa saletidd and
can be involved in any biological process, for_ exanple enbryogenesis and
devel oprenuclde pddedppadweichotide agalpgud hat 16 togplementapy toshntlp poding prdimeron of
parti cy ar, o i ' | Lanali '

P ocestbe. S EERRL pEh Selsoibd RAG: a0, for halfle Hne e ORI Go o

expr essi orregivfl thatincledss| sgortion of B 5 anttaislavsl egiodiléddargant toahestatticedotgs, and

(4) cell sjgnaling. Nucleic acids of interest also are those assocj ated
Wiih a di SeBsETORanEgroding deaveares imnesiatelzfolaning i Godam ol sslegiedeas e

condi tion gaRde ' ' ' ' ﬁﬁﬁh &%@% dl sease
condition or éAP I ‘3312’ g}t’dggle\a&ﬂggt’sﬁ%%s g%amlé"'ﬁdé‘%l‘éﬁ%ﬁ [ seg;s?’éﬂ 30 C %’lrgil {t?olngén&i?gﬁw
resul t fromgmny of haclgeed hurleieaaidpl® iacludexoredba iDcomplementary, an introhexbmrevel

of a bjomarker such as ol tide, .a nu ic acid, iip.d, a

Cht ract | oo tass iR R SR milgu 68 Ebert R 0 it de or
conpound, d the phophoryl ated and unphosphorylated fornis of a cellular
nol ecul e. A’'di sease condition can result from for exanple, excessive
expression of a nucleic acid or expression of a nutated formof a nucleic
acid there%y‘%pgﬁgrgi.a raduct with aberrant activity. To deternline the
fiuiction srReRgany iq%f%§gﬁﬁence of, or phenotype associated with, a

sel ect ed nucl ei g pagjhicRbtidO Ao SR GEE BE BsedtoREd s eepreidiiBodNARAHA | S
synthesi zed having a sequence conplenentary to the sequence of the selected
.nuclei ¥ ac‘ﬂ‘@lel?\a?}g of Kn@wmql@@cea% wigd dieredny | “gadaetiond’ gravesluge’swijhegspectihat i s

rarget apresatiin S RIHPRAEiCHerdl R BB SRS R oBrRB el ogue 1 <

introduced into an organism effects of the pol ynucl eoti de

Al

b}
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anal ogue on expression fromthe selected nucleic acid as well as associ ated
phenotypes are exam ned. Organisns useful for functional studies with

pol ynucl epo bgievsanal ogues are those in which a pol ynucl eot pde/imnakague is
able to distribute uniformy and inhibit expression 15 froma sel ected
nucleic acid in cells that express the selected nucleic acid. O gaiusnms can
be a fertilized or unfertilized egg, a cell in culture, an enbryo, or a

juvenil e ofpARsidflintan3idit that WhnHY dBRdcted 1 asSesSIB cBanged th RE AdlelélShrotein f 1 00,
a nouse, a guinea pig, a sheep, a chinpanzee, or a human. Vertebrate

or gani sns lsudhamskpheadtapet Fergyrempied resvptigoean éer taimdde.gd Ye2d i, 2906.075

cl eavage cgn be used fw ctional studies w pol ynucl. eofl
.anal ogues.%Efrelﬁ\%?gtgaI} Zgrg? gectr%?sgl%gzrplr @80t n%e\fé‘%?ttibg IBi%PrS ﬁ%ﬁ%ﬁlk (ﬂg}&@g%ur in
rapi d successplen isfibifioh ®f Ekpredesh, digreb§ ghdaddd Shad 5% rediction offukpress®inl ul ar

enbryo. The nulticellul ar enbryo consists of snaller nucleated cells
.referred tioms mickeie ameisashieved.ner obl astic cl eavage, only a part of the egg

i s subdivided intQ blast. S, . at rask t ' . go

ol oblast i ol eBy A8 IO rTE Rt ReieT ok B etk OR Mg ot a 40

bl ast onmer egprek§ion Znbh AGEIONRERS rdfeRes poddctidnosh hetiinbBRNG. gbRevledonas e
continuous With the remai ni ng uncl eaved cytoplasm of the egg (see Balinsky

et al. ( 1DBA molkprelgnsgwelliasproduction phayfimciional pelypapfidpdramagn mRNAEGt . CBS

Col | ege PUB'O%?QI'C”%Xp&?QS& frbRPa Qé‘%)t?%ﬁ?&i’e?@é&& M v &ﬁpé%ﬁg&&%ﬁ ms that

undergo neroblastic*cleavage, an erefore are use organi sms f ox
nucl ei m acmethbidskndvwinathe attu Foeexangile) R4 lgveisodaa deiddernained dbyMNsthenc| ude t he
30 eggs and enbryos of a zebrafjsh, a nedaka, a,guffe%fi sh a[gd,a_

sti ckl ebaclybrilizationand ipsignhybridizapenrsinghe Apareptaed sy Kliztan ogues
can be use ' 3 ' : : i w th, any
nucl ei c adgr 85%1’ q&?}lgml y?g%tﬁj%ﬁlggé{g%ﬂ %eﬁ%%ﬁ’e][b négtﬁﬂ)ggygﬁﬁgl%%g ‘Zi&%&éci d can
be one t hahybrilizaties.eDeyelopmenterfiongens, differehtigted igssats, and othee cethdie|stroctgeesi sm
To determi ne the_function of, or phenotype asspciated with, any nucleic
acid of kn@aharsééfa@ﬁfiéy BEAICHO MOAHTTIAB OF S7iccte @%&a@ﬂﬁwe o5t ogue, -

or t hol Pgueusiﬁg v nRURIst 18 edatnflE, 828R athie dafl Be TRUSlZANVEANFEM-Iskusned.-
Honol ogues refer to nuclelc acids encodi ng pol ypeptides having simlar

domai ns or ingctiong; garidagetvan be arsubkzaddsingi Alcied Blye stainingo andimuselessgainbs aci d

sequence conpari son. nol ogque l.so can haye simlar. activities..

& thol oguetiopared Hine FBRGraatetal G sitingr SfivdrFraldn SptiadT tmiTe 10
par al oguesseifRIgeh&s BRI REd R asiéss dbvel Sifer? b aftiaf i diffabnttAvEtiguss kit
expression patterns and therefore distinct biological roles. Fromthe known

sequence oparicianeiloBasusthoF oguampby cpptes gy tampoyesifel maketigch
The. pottnuft B ith b iR eS Fur B BBl RSP Epp s S B

par al ogue ingrkeft sueh 4§ Bshondirparidrislenrdal boun@dnd ssve@hntiRes dévelpgant. S(Fot S
assessed for a phenot ygé associated with reduction of expression of the

horol ogue, St Bigthedolegicsy so8 &1 oY uletrich otk Mn &V esteslirleyand Lol séon, dethedsdn
function o e : : c term ned, and
nturn, R ERRR Sar 3 TRERNALAG B0l ALABLOOHE S DR Pl ¢

i nvol verrent i n Bxprasdiorcfrbmra mepec tcid tad beredicdddyyinteifeting wathg@pargnproeass be
inferred. 20 Pol ypu oti de anal ogu al so can d to determ.ne whether
two nuél ei E‘?c’éﬁﬁaﬂéﬂ’éi}é\&é‘i"‘nﬁ’@gﬁ& (gbgﬁ]é’t Pré‘c‘_?sﬁlﬁ’gréggﬁ f‘raﬁg’ogsaéﬁf’_sﬁg‘reei n, the
term "genehyed %&ﬁﬁ‘%ﬁ%@;@gﬁ{rﬁ&% heSHAR o RNGE LS fionD 8 QSRWAO'GS that

f~uiction In a conmon C process.” As used herein, e term
"met abol i cdggradation’ refers to particular sets of netabolic processes

involved in (1)_enbryogenesis and devel.o , ene expressi,on and its
regul ation, 25 ESReREEPTA SIS B rdoNA hibafEsan bafEBR 551 gnal | ng,
and (5) anm@fdRig witl prokdisePitdeRBKSfoP FRMatioh oP4 ARRASSS RN BRldcle or
interactors, for exanple, can be nucleic acids such as DNA or RNA, or the

_pol ypeptt i deenspatofdhe B Arini tbe eytaplasm. Peaassses peqessasy futformsatioamfiant er act

directly opg_indir .. JTo;determne jf Afferent nucl.ei i ar e,
or encode, hﬁlgﬁ(g]?all ?ﬁ‘%ﬁeog%c&eo C]El,de;ér Wﬁ%@%é’ p@gwé?ﬁg ﬁ’élbddlg% FQ[ ;ﬁ“ép%fear get
the two nucleic acids can be used to reduce expression fromthe nucleic
aci ds. A sequence-specific phenotype nedi ated by both 20 WO U2/ 09509
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PCT/ USOL/ ~1~81 pol ynucl eoti de anal ogues is conpared to sequence-specific
phenot ypes nedi ated by each of the pol ynucl eoti de anal ogues. If the two

di f f erenwmomdosdc aci ds are genetic interactors, the phenecypsomadsat ed by
bot h anal ogues is expected to be different than the "sum of the individual
phenot ypes" nedi ated by each of the anal ogues. That is, if the targeted
nucl ei ¢ aci ds encode two pol ypeptides that are genetic interactors,
reduction Jj ' : it am bhidtignesul t
o her BB B S
nucl ei ¢ acA gslyonclaotpdeeamatogpe thah atneals tolDNA aod inferdéres with prodessesmedessatsum of

tuo polypebt RrBooRat 4 Bretingy RyUR Bt achP Ry SRS oS o0

¢

expr essi onsedudhct HRARINQIntb1SMEtBiyGo A hbis€Hs¥ DNA SRatPiremPASOR IRIEA ihat is
"the sum of ‘the individual phenotypes." Simlarly, polynucl|eotide anal ogues

al so can Pensegéwdt Sugkpelyandeotisitainalogugsriire rafertest totascartigeny” mplegilsaases.

Di sease conditi,gns _associ ated with.loss or ction, of fiunction, of a
particul ar_ nucllg’fpdesglﬂ R aé’“ﬁk&f?@ WB&W@ B?‘Qﬁgwl%%‘_leaéaﬁt}#e{ﬁ uccsabﬁe

gener at ed jnRrRrid® wihdely pRb@aihsdisdi fof fanmaaby 0F s fartibad revAhaderild ér t he
nodel organi sm has a honol ogous or ort hol gou$ nucl ei ¢ acid. For exanple, a

pol ynucl eawppks teanslhtbom ef arhmRN/A mydacyletipie aglipolypersideh dixprgason fromhe

nodel organi i.s generated and introd I N Ol OF. i
Reduct | on THESRgReBEHET B FURie, dofbh BliEeshy it TRERNARRBESHE
mor phamt  ofilgaBing Middigd toakB kibbédind-biadie Sha s LmPRNWs, tinterferiddwith aditisti@xdtl bi ti ng

a 20 disease condition can be used to screen for conmpounds that are useful
for treatitmpsioHendntesissing sathdhe translationrocsss, or iHerferme Wikl arqpes tegninatien
di sease condj.t.i frQr. Dak.eqr : ing a
di sease co‘grﬂlf #@ﬁ%@% e@?@tdil“%soﬁ 32@33%?’ F"{Zgggfggtgﬁ’e&lgﬁideég‘géﬁg gzn%?lt?%lon,
mor phant s @R01)aisr Wpik el Feaapeziondli2Ri A palynbelectide amicpe Wiat hnrealsdo dat e

conpounds and, t hen assessed to deterni ne whether t{he disease cqgndjtion is

25 | essenctregivgoffnanRYa meleguls pad e ferpswith fanglationshas assavassihat I nucl ei ¢
aci ds not 2] W L bl e ify
nucl ei f(} ac%oégﬁ%@%ﬁt%ﬁ%ﬁ?gg%gﬁgﬂgm at %?%béﬁ@ﬁﬁggggga gﬁsdaﬁoﬁﬂélgéﬁ%ari ous
pol ynucl eombkeulan Aintigerss nevleculas) foo dxangple) candind amfl dtgrpally igfebit scmpnimgod !

nor phant s exhi hiting, a rticul ar di sease condition,are chosen 30 for
Fur Chor - arfdf RN titug At Bbrsomapdelty AGBraist Piicculedfsg san Fos Crsmsne,
can be usegy ﬁl@p&ﬁ?ﬂ{eaéeﬁuﬁr BR¢1ERE kiR Hat H@%rﬁ&éb atd RISIRARD e RiNasb at
exhibit a particular disease 21 WO 02/09509 PCT/US111/~1-481 condition
ca.n be usdypendent thenbarfiym dhedontde sfendedmRAdAfantisenso R tiabis formnes is
treatnents. for tL;u)e i.sease condition. A potential drug target, for exanple,
is ide ifﬁle&ladgg Y Te YUt ei ¢ aci d whose reduction in expression led to the

di sease condi t i RéduchoRof BiaBdsidnRdm 8 %lebted sudeiacid caulbarachies@bggngcandi ti on
can be used to screen for novel treatnents for the particular disease
condi ti on palyrusieetide apalagys. i Reduction ofrxptassign fiom & pdected mucleip acid alspcassi ve

Civity | _ gt A _ .
ot r odubed’ SehisvE B IEESE pk ARk LI U, A RGO i o
whose di sedisfereat Rigtonisof tigssaradlcbied hbelejeaicidi Uwhen tweler mosd mdymckioddé ur t her

exam ned to identify nucleic acids whgse expressi ons have been reduced.
These 2 o AAQEEPEatsiserd logiedure RERTORFIPR OB Sestas nyelgie a¢d, the polypaclcotide

devel opnen | f i j tide
anal ogucs. SeLiBE U bd EREHERR G ok 0SMAkeidihs OF RRARRapii: kgL e
condi t i onstheBelected angikie,acal. pWhymue-eriappingnadl pogwéeotide abdogiesda be t r eat

o

B TR e i R

pol ynucl eotleoem ) 25646 thanf 1000 BuABRIRs apdtet target the sanme culprit nucleic
acid and have synergistic effects in alleviating the di sease phenotype can

“be usetul for cWhentwermnt mege payhunleoyida snaleguasare wiedfio redueacxmressionsiomaone

anal ogue, sin | oyer a nts of anal oque n be used. 20 5. The.

omphol | USSR e PR e R e rHles R Fun Sy dpaiiive Sk anp! o
of a systemthat is useful for determ ning function or phenotype associ at ed
with a selected nucleic acid of known sequence is the norpholino-nodified
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pol ynucl eoti de anal ogue/ zebrafi sh system Morpholinos (norpholino-nodified
pol ynucl eoti de anal ogues) are not subjected 25 to any known endogenous
enzynmat i volegevdosat i on activity. Mrpholinos have been showrgoTtUsoBimsh t o and
bl ock translation of mRNA both i~a vit~~0 and in tissue culture (Sununerton
(1990) Bioclzina Biophys Acta 1489: 141-158; Summerton and Weller (1997)
Antisense Nucleic Acid D~ ug Dev 7:187-195). This approach makes norpholino

tar geti ng BLOMNAEEY 6 AR bRl peF HENELAAL depfentan BAdeaORoh cant |y

reduces no ecIfic I sense
pol ynucl eqhtrd&ucamaro@@ﬁb@ﬁcluéﬁdel abaloghidssiatoh sehasted @lgama;dai hesinatferieito as a
mechani sm of acti on. -H nedi ated strategi es WO 02/ 09S09

. PCT/ UsSU1/ Jgphﬁelsztmmﬂ&ted hm}@ nobawcleptideianglogies, nTlg)e %@fé@f Wdegré? ( Bar abi no
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The effect of two or more analogues also can be described as, without limitation,
additive or synergistic based on the severity of the phenotype mediated by the analogues
30 compared to “the sum of the individual phenotypes” mediated by each of the analogue

used. A phenotype that is “the sum of individual phenotypes” is one that results from an
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sequentially by multiple exposures or injections. 7. Conpositions aszd kits
The i nvention provides conpositions of individual polynucleotide anal ogues
in a sui yadboodaws fer. The invention also provides for conposiushpnaspf at
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P ac(fc? tive effect. For example ahe synergy factor 15% (98 %2/% %) 1gthe penetrance
frequencies are (1) 10 % for a 1X dose of analogue-1, (2) 20 % for a 1X dose of
30 analogue-2, and (3) 90 % for a 1X dose of analogue-1 and a 1X dose of analogue-2 when

used together. The synergy factor also can be determined by comparing the severity of
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the collection of different polynucl eotide anal ogues. Morphants can be
nodel s of hunman di seases such as prophyria or cyclopia. Mrphants al so can
be def ectwoezivzon differentiated tissue, fox exanple, vasedrasuredsbl ood,
an organ, or a specialized cell type 25 such as fibroblasts, neurons, and
epithelial cells. The invention will be further described in the follow ng
exanples which do not limt the scope of the invention described in the
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PCT/ USO1L11. 181
phenotypes that do not fall into the first class. A phenotype that is “the sum of individual

phenotypes” is one that results from an additive effect of each analogue. The additive
effect of multiple polynucleotide analogues is as described for multiple polynucleotide

25  analogues that target one selected nucleic acid. An organism that has been contacted with
two or more analogues also is described as having a phenotype that is “the sum of
individual phenotypes” if the individual phenotype mediated by each analogue is distinct
and present in that organism. Alternatively, organisms that have been contacted with two
or more analogues can exhibit phenotypes that are not considered “the sum of individual

30  phenotypes.” These organisms exhibit phenotypes that are more or less extensive than, or

distinctly different from, a phenotype that is “the sum of individual phenotypes.”
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spawni ng, after which tinme the smaller container with the fish was
transfers ed into another bigger container. The eggs were collected by
filteringvois/owgom mesh with the holes smaller than the di agetusni/efst he
eggs. Fish were used once a week for optimal enbryo production. Exanple 2 -
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School, M nneap
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unt r ansl at egpresorofiom (aldERejed rmbletcﬁwldms flanking 20 and i ncI udi ng sequence
encoding the initiating nethionine. FITC | abeled 14- ner peptide nucleic
acids (PNAs) were obtained from Applied Bi osystens. Rhodam ne-| abel ed
25-nmer P ty of Texas
Sout hwesl\@? n)ﬁ[fﬁm aﬂb;fz P/{an%@ Ar:?]gco [{ug%é?\neémfxp ’%Sl }r71t egrated DNA
Tecl ui abogi es, LénphenB‘t}q»s pdrelizaed bipd pelynmleotatetamalmgde fsrsaith thibe dvéquendenc.  2s
Sol uti ons of poI nucl eoti de ana) ogues Were prepared and i njected, as
descri bed |SPF°|§§<%n‘BFh@ piven@aéawrp@é%arﬁy of grelusibyslnpspaated d@t}’aﬁ‘é¥eé‘glu9e@°‘ﬂsed ver e
as foll ows Eﬂ%ﬁ? r c
underl i nedr?dr?%{;?qyﬁ%g gésé%g %l% S}é{f%%fiegelﬁ%ra%% T%fﬁetﬁﬁlﬁhé 1%%@}10@{) &
phosphor oamedltte] bmpoll?hﬂ'd]]edtaleealnekdgﬁé }s@eqmnhg'-lspdélﬁk: aStcond AdGnGAleodaC AGC
CCC TCC ATC TC C S &%D NO. WD 02/ 09509 ,PCT/ US01/ - 41- 481
FI TC- | abel 88%°PR af uhis 1S gpcumnge treithugets e Senme nyclgieAtith CRPC B5°9E| TC. | abel ed
PNA-2: 19" -Alifehfali QI > Dedhidol Mﬁcle@tlde(a%ﬁfaghptlﬂ@doé)s)no't\%éét'tP{éasaMJcRJw M
sequence [unl abel ed or FITC I'abel ed at the 3' end
5' - CCTCTTACCE CAGTIABNY TR Tempensa8EQr the Nduction i expmssiomfwm thesaiestedibel ed
at the 3' end]. and, ch rd| n PNA [ rhodam ne-| abel ed] 5’
ATCCACAGCA (SEQ ID NGO 5) GFP-MO
3" - TCTTCTCCT TTA@‘B@MMT&E Eﬁ%n& éﬁ%@akda fifi p BE?Aed’tﬁe analogue is

' - TCTaCTCgTTTACTCATTaTCTt CC- 3 yp( SEQ m 7) (t@g oep- MO &

- GCCAAT AARUEaSAspEAiisATToEnd :sml séqptndp m@loggy thet plspargets the same selected

é G A AR AT I a?@gg dibaih. %@1&'{{ fr¥brieliiated by the second
[

- TGT CTAGp8GatdIEdideGHEhlogh Cthad is thSE@lé & N©Ophdiotypelfiedisvet bivithe first
- TTCCATGACGT TTGAATTATCTCTT- 3' ?the lll\é(got 1%)me acre- M) and I %ﬁ glgotIIDdNeA
r hodani ne Polpaslgefide analogue mdlcates that the p ype mediated by either poly
analogue is sequence-specific.
Alternatively, a control polynucleotide analogue also can be used to confirm that a
25  phenotype mediated by a first polynucleotide analogue is sequence-specific. A control

polynucleotide analogue is somewhat similar in sequence to the first polynucleotide
analogue. The control polynucleotide analogue, however, has a number of bases that are
dissimilar to the first polynucleotide analogue such that the control polynucleotide
analogue is not sufficiently complementary and so will not anneal to the selected nucleic

30  acid targeted by the first polynucleotide analogue. Therefore, no phenotype mediated by

a control polynucleotide analogue is observed. A phenotype mediated by the first
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5' - CATGTTCAACTATGIGITAGCTTCA-3' (SEQ I D NGO 13) sparse- MO

5' - TATAAGTCCATCTATCTCATGIGTIG 3' (SEQ ID NO 14) urod- MO

5' - GAATGAWA\OIESFECTTATCCATCA-3' (SEQ I D NO 15) 20 VEGF- A- BCT/US01/41481
5' - GTATCAAATAAACAACCAAGTITCAT-3" (SEQ ID NO 16) VEG- A-1D4 [four base

m smatch]: 5' - GTAACAAt TAAACAACCAL GTTgAT-3' (SEQ I D NO 17) VEGF- A- 3:
5'-TAAGAAAGCGAAGCTGCTGGGTATGS (SEQ ID NO 18) 2s ztsgl -
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CCTGCAT TGTGE¢trligETiRgUBCpInopype@edintpdby fi)firs{ polynugiertifeoanalogue is

5' - CAATTTTCAGTGGA A3 (SE 22). 30 Flj-d- -y

_5' - TAATAGTFAEEFEERTH n%typ% @é%al‘% WNXghe ﬁ%étr‘glp"@fl“?%ﬂ)@%“%gue 18

S' Tm%ﬁ@ﬁ@@@%@ﬁﬁ@%%@meﬂﬂé@ﬂy%&ﬁst§ l%mﬂ@eoﬂdé@n RGO 0t be
PCTI USO /- ~1~81 Exarraple 4 - Infections o~ yrzucl eoti de anal ogues The

.anal ogues ¢umeluded tglrrﬁetenwncpemaemﬁﬁd ~3' -5 phosphoroam date were solubilized

in water at a ra 0 resul ting
stock sol uti oncl\%ra}"‘(sél U%&gn'tlo&\%ﬁ%g %t@éh%&tﬁdﬁ%@g%éﬁg&f@ O mg/m
in water ofeddced b@aﬂbcﬂﬁmcwtldé afdlogieicanideNaéd to show tirdd d§sHenotypd niettabdglSH4, 0. 6
nmvi Ca (NO3)2, 5 mM HEPES pH 7.6). Anal ogue solutions were, inj ected into
the yol k athe@elyanclpelifleapa Neis seuece-spashs) T@J%CWBRNé @4@%@6 m¥l ogue
i njecti onsy %

St et T R R R S

nn

ections. Brie
agar osg pl Réestsration dfswilld hgst plenydpe ﬁmlhﬁ of the ﬂ:Reﬁﬁ:)ythﬁedZﬁbd builiessh Book: A

Gui de for the L boratory Use of Zebrafi (Bracl io rerio) 3rd Edition,
Uni ver si t yPaynusteatidp anslague m@‘WP‘ieé"%g di"én‘ﬂfb’ﬁq %ééffﬁ p?lﬁi}“é‘é?‘? s were
kept cold 0 Ay FhOMRI ections
wer e prevva%r%é to a péﬁoé)% g‘%qgkyp‘%ﬁhmy??%cegl anal o%ﬁlgqur?j gCtl oﬁﬁfunto cold
enmbryos wepdyfwlzotide andloguecthsehat bearocordpmeil o be siquendesspacific byrtrasquey of the

i o o RSVt e e i et PoluRO oL RRe RalRg3eE =
59: 117y 5126%%;}1% a;gﬁg@ﬂryrg h@ecpl?é%&nf fhkh&th %&ﬂi}hmmdq&rstt@a@efigaﬁﬁhi brated by

i njecting 'ino solution into a glass capillary tube. The
pi coi nj ect crrhﬂmtlhgl emecpmncer-specvfhspheheﬂyps stedjptdddyy amdrpholing-nudifieb The

i njection V@ %ﬁg ed on the required dose, usually 1.5 to 18 ng of
anal ogue WB%Y "r?Feé’ G288 ogue sol utions were injected through the chorion
into the yol k of zebr af i sh enbryos. The injected enbryos were transferred
to petri dishes containing systemwater and allowed to develop at 28 C. In]
ecti ons of 4blifispiéanspipphaugleanesialaguehs resulted in lower nortality rates
in 25 jected r ] S

di ffer%(pnce int é@fﬁ%ﬁé @g%glogﬁestcﬁgbgggééfve erﬁlfg}] é%@%%ﬁégglﬁgms seen
bet weeen esdyuyas dfrkmeﬁ}i}ﬁﬂowbé lAsdouiatedrweith, Iaaeleead nacleivaicet offolowni sequentéie i nj
ection vol une was 5nL to 15 nL for aII anal ogues g)epe cﬂl ng on the
required |NP@6&°@G14§G§’ébeF€ﬁteWIQ§Zb’9%W %%?‘éﬁi YISO De MY HEERMYos of 1 to

16 cel | u i ]DE‘%Q os that
recei ved t %ﬁ%@f@f&gﬁ% %&3%@5 %bﬁ(g% Qﬁvfnp%éev@ﬁ)g#e%?r%eg%%% 1on for each
M. | n expesguldoh sf gmecdxprasgon;’djoﬁnamcnqufartﬁom«ﬂnﬂfémmmd i4Sa¢s, ectbsigoding,

|njected 29

and metabolic processes necessary for (1) embryogenesis and development, (2) gene
expression and its regulation, (3) formation of differentiated tissues, and (4) cell
signaling. Nucleic acids of interest also are those associated with a disease condition. A
nucleic acid that is associated with a disease condition can be one in which reduction in
expression leads to a disease condition or alleviates a disease condition. A disease

30  condition can result from any change, for example an increase or decrease, in the level of

a biomarker such as a polypeptide, a nucleic acid, a lipid, any intracellular or exocellular
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WO 02/ 09S09 PCT/ USOL/.11~81 wth only a single MO were anal yzed and
conpared with enbryos injected with two different Mds. Effective doses were
det er m naxb sBpavat el y for each anal ogue. For exanple, at po®ushf/€asi ve dose
of 4.5 ng and |ower for the GFP-M), reduction of G-P protein was 5
detected, and >90% of the GFP-MO>-inj ected enbryos devel oped normal |y as
assayed using standard norphol ogical criteria. Hi gher doses of the GFP- MO
resulted i # j [ j d sone
et ect abl ¢ g B O R N o e H PR RSt for, 36 EAIEL Pt
pursued f unbleenlef drdibduss cofditidmeaml tesuticf@s, Hhexample Jexceabe axpredsiboof anal ysi s

resulted in enbrygs of twp classes, .those_di spl.ayi a to.specific
phenot ype BIIGHASE OF RRTCTRINS RdPHAlec Fdh o5& BT 4oy E BRE BBfodust
criteria. g9Bddant h@RLHON Of enbryos (typically <_ 5 % devel oped

abnormal |y due to mechani cal damage follow ng mcroinj ection. Penetrance
.nunber ¥or a spEedétemninDtlEnfinctooncefithe eadingsagmencasdcaphdndty peaszotiated g

nmor phol ogy i nj ted. enbr.yos. A m ninum sanpl e.size of 25 was used., 15
e (chos Witk dsttecR R SERT BPrgne] aheR. SPRYRERSRE alplofts 1§ ntiasirea
concent r at hRihgd sddueéiveBhiplenhdritayltd tirGedqibnde SPIhsbRRtedntitlefciacm. AH = 5) .
The resulting solutions were incubated at 55C for 5 minutes and placed on
i ce. The Prodyruslaotide asaloguecdasigned tookpvie atsequeanee that is complemenddry étthenbryo as

descri bed far norphaolino.phaspharodi am date (, 2O net.hyl . and ot her
i ect 1 ons < nsg ghselshSq BUAERRRIY e Yoack ok pefrie) ARISE opifl Aynéf e

di strifut i gdlymicldofilie ahf8gledit eitrdduodt infLarforg@hikmSéfAaes offthé kﬂ?ﬁﬁ@é&ide .

preci pitation of a significant fraction of the injected PNA'at the site of
i nj ecti on ¥atogypeBcYREssion fipm the peleqtedruclgic peid 2awell s @ssosfaterl. henefypesr
enbryo or i}ie%gg{lmegxarrpl e5- n.RNAiInec) tIOtS 25 Synthetic nMRNA was

i njected, as described in Ekker et al. (1995) Curj~ Biol 5 : 944-95 S, into
the yol k of zebDgfankmsawbiuy €8 fuctionhlsnsdies with pelghacleotidelanhloguésridé tviseth MO,

Siblin fromthe sa ol of MD>injected. enbryo erved as i nternal
control's fBhichagebaRlseRiGpague _rt-b%tbljy B AT lﬁﬁllg@@%%w%r c
perforped gt NeletedHule Qo@c?iq"c%'ll@?na@e e tﬁe Qé]@:terﬁnlﬁzleoi/& 5&i8°0rganisms ¢

Dorsal -ventral polarity of early cleavage stage enbryos was deferm ne

usi ng pi gnisna friiiliwed dir fuh frlimed £ g Gheelkih calture( arl @Akryp, @ed fuvemileldrankadak. 30
WO 02/ U9509 ,PCT/ US01/ ~1~81 Synt hetic¢ ni wer e designed such that any
overl ap bettideh 4manmahfaeexamnigngan §ﬁa fishe? FpR-\AdUP e eWIRSPIL; 2 PheEP> & or MO

targeting. e i i r i p- MO.
SR e A O SR B R R L L
degree of wwergoapeblsiiodshyags lcambe tsedifer funstiéifal studies withrpolf@uckotide i ng irz
vitro din,tissue culturg studies u rt.on. {1999) Bi ochi m Bi oph~~s Acta
Tagor A 1eBIEES Llehdhes dh ot o oS oTE S Rics T00 bRt P R A GEB g Dov

7:187- 195) as {Jearflidl eg% Db sTorMet KA6 QRkiHtivEaRI 2 28ibryd) THARQUItcAANOdBo3hY

sequence honol ogy with the zebrafish chordi n-MO, and because pr evi ous

st udi es shesmsistsxdsmsller rusdeajednells refeiredhioragiblastageatess lamesdblastiscpleavagent

ifi in X . | ler. 1 | i t .al. (1998
bov B ol 200 374 s g B BRI Bl ool PGty oy (2%
sect i oni ngundegdacholobibgic a@ﬁgm%mm&mwnaw ey swmtivided ints BRStoaRrede ThE | bed
in Winstein et al. (1995) t Med 1:1143-7. Fluorescein

i sot hi ¥ty ablattemges eeggiated from mesablashy cleavags qracontingeys vith fheirgmaining of
2,000, 000 , or. .
The dext r AR ESEE choblaiior e AledSe s RIOR, (1981 HERM g WiARodIcMEh o

concentr at iodEmbﬂgh_xgng‘hﬂ;lE I0BS10oldge Plublishdng) papar188- Q). uEkampleasf | nj ect ed
Into sl nusvevrtee ?a%éa Ollgal(l:i%{ng Itlg]a(%lundergo meroblastic cleavage, and therefore are useful model
organisms for nucleic acid functional studies using polynucleotide analogues include the

30  eggs and embryos of a zebrafish, a medaka, a pufferfish, and a stickleback.
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vein of anesthetized 48-hour enbryos. Enbryos injected with FI TC dextran
were fixed overnight, enbedded into 20 paraffin using standard procedures,
and sect vomezioosbd st ol ogi cal haemat oxyl i n-eosi n stai ni ng oPCTRSOBHEE81 ons was
subsequently carried out using standard pr otocols. Both FITC dextran

i njected enbryos and unprocessed tissue sections (i.e. unstained sections)
were visualized using a ZEI' SS Axi oskop 2 m croscope with a standard FITC
filter set. 25 ByRARtICotideldnalozhiésidanibe Ased-PhiétdBmirithe firktion af)@r phénosyeu

phot ography were performed on a ZEI SS Axioplan 2 m croscope using N kon
Cool Pi x 998@ssptipted ith;, any uycleie apid o knpws sgpgnedq it sinkegwryfugction. Ehgwucliaic For

fluorescent .photogra .a ZEl S i 1 i : fgital 30
canra vas i 6 BSRRP s Brtpne B ISk H el S el bigaith, TPl 20 D0
anal sis Eghex@ise tHd o6& o, bfpgl%ha t agetiertdanith, agyascleioayidut kaowh de

anal ogues were anal yzed using FITC filters on a Zeiss Axioplan2

_f | uor est enecsuanesrys vokrown faagtien, dke equencaioha domelagye.oribelngue eparadogyeyi t al
Canera. Fl es ce. Ni r . o] ing a

VI CRO1 e s 3 i o ng i R HoRHERGaRE 1l 6 BRI "3 3,
anal ogue t enddidirigt fllypapdees laviiguinilodombitFomrsnaciuessSyattcanby identiffekbyrum
resolution (640, x 480) settings. Signhal, intensities were set to,
sub- sat ur aPtdeptide\ns eRIiRg acidhgaqueRee GamRsrisemt Homologhes alse C@:}B%%lf‘lmllﬁri on | evel
of signal | S ] ' , nf st i s. to
Fidelity o?aﬁgg uﬁ%ﬂ§g§9%%%$?$%% 9%9&%?%5 ??ﬁéﬁﬁiﬁgﬁﬁﬁgé na%gg?%ganalogue
and di got aparalogees iitts hofbbgueswithinrge iongegesm thet haveidigtinct @ghréssipn Adobe
Phot oshop 5.0 for antitative analysjs, The background for each i mage,

est abl | sheaa%rgnwldtqqg@re'f%%&élflp%&es%afrmleai grﬂmf OfEsseggneg 8? fhe sane
setting in ' " PRV "ohl i rithmwas
dsed to mobdnoRTEEolckIE, or Rl g R A R v
renoved t ohomologheerthoiogspewri faratohedk geremted. Ricipalpmrcksotide aealogiertatgetingl t o
t he val ues ,ohlt ai ned fromuni nfected E-li.ne (100.% .,.and wil d type % data
boi nt 5. Bxdifiengoueypdialppie oE Bafopts 5 S nld HRIRedY pftebiBtatdine

anal ysgs FefoadRhfitas@Rsedl fofFr Ph&otyblasiicRit@i With SaBEGH 6f MPedssibn ol Ysi s was

performed 20 using GFP anti bOdéI( ont echgﬁ)or NTL anti body (gift of S.
Schul t e- Mehwelogurmaralpgis, psolthaleghe Fapmpbophenetypp npseémde&heé%mtwsofm e

d. Th t of t el Lyzed .equi "
amount of BPBP e dBraP R o PERIFE oo e SRR BT b B Spler bR oL R,
ant i - phosphewlyadls@rbiddativleicadid bi it m0sIvEmedtan algajticalar wasectisBible BioldgyZF00

dilution. Staining was visualized using an al kal i ne phosphatase 25 coupl ed
secondary #eorBatigmicen dainfarredibor at ori es). For detection of GFP mRNA,

Nort her,p bl ot h . di y i : res.
N 700 Blse pai r EPDEILERALhaATRPRS PATTELBE PN MInt GrshBreR SioRiORGRY 2
codi ng r egiafy) onaxscods aitnatic imtarborsEAchussdihgtin, theadyr Ggtneinsitaicorsdieféstg
total RNA isolated froma ptg%s TWO i endent 30 anal yses

: of 30 .enbryos. dep
wer e per f ofelgic agils orpelypopiisies dapt Sesetion gt% qomman _rrleg%oﬁl@rpr%%q. AR T n
situ hybri gj i : i.B > a~ad
Devel opment 6t SO BRk:s” et MR Maf e b b i B85535 vier
a used. Hymsolvezdini( brenabryoganesis and dewdopbient,(2) Fehepapieasiomsal iprsgulstion,f or

ri boprobe nt hesis. Ri. robes .for fl'i-1.and flk wer e nthesi zed usi ng
bl aoh g8 2 R ioRSRtai o RPN G ES Hotips OB Sl sitiiine. 2 b5 BB TR A4S0 8o
di gest ed Wpll\llﬁ?sigl%gﬁai praBéksSITBGdnetit RRBAEHTsY BirexaksRITHnSelkhcteid i dsOsudh as

di stributioN of I'nfected nodified pol ynucl eoti de ahal o. ~ues in early

zebr a~f t s7DNAlr R4, ar the meizpentides enopded by nudleie peids. Greugticiinigrastars eanc| eot i de
anal ogues S d&[l.er niiyned CﬁSiﬂ FI TC-| abel ed anal ogues. FI TC- | abel ed

.modi fi ed p\ﬁ%ﬁ‘ﬁﬁ IS 9% e gues were injected into embryos at the

1-2-cel | stage. Tddhitdrneife Faivy At reinugRiCdbalsQee 8 chdvdk, yeetc infdracibad
included MOs, peptide nucleic acids (PNA), 2' -O nethyl RNA, and 3'-5'

_ phosphdpoarroliaueleotsisanalogyes that wreat edwoameleicacists opn b vawt fogedugtal ogues was

exanm ned

expression from the nucleic acids. A sequence-specific phenotype mediated by both
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is by fluorescence m croscopy as described in Exanples 7 and 8. Injected
enbryos were conpared with uninfected control enbyros. Results denonstrate
t hat pol ywmot/@309 de anal ogues were conpl etely transl ocat e#BCTa/Shi/a8980DMEr €S
as early as the 8-cell stage (less than 1 hour after injection).

Pol ynucl eoti de anal ogues remained uniformy distributed anong bl ast oneres
as evident fromsanples at the m d-blastula stage. 20 In a second

di stri but iRnstleide HAldhe®is donparddab séfncLsetBlc-pieh&typds mhédihte 8l @ech

chordi n- were injected into wild type zebrafish enbryos from1l to 16 cell
st ages of oddheapdpmstaotidenndloguesdifthe i diffsrens nuelpiracidsises sanetipinteraetors,

achi eved e and.28. hour . 0j [ feed § Dz of
00 po.r esas BPPRPEARASE PptbabBgRies b ClpsbletieP e tade Bl L RE

i bution stipdlyidufll ﬂﬁnb@Fed”eﬁed?@ﬂé\d By e4etinst tH@1abipieSy Thans Jif thesarpeted Audlgiect ed
into yol ks of 1-16 cell zebrafish enbrygs, Injection volwnes were 6 to 15
.nl; appPr oxcidseasgdesyo polynsptidasshat greganatic intrrastars, Fadyptiansinexpresyian{fomy st ens
or 0.5 X ' ouf. - - NP RVE gt h either

buf or. gl SETGORGHE b AT AR b S, DRk S SENS e "

devel opnerphefatgpmediatedibyahe naividdad hucleie adidls tod¥iphendtyscthatind)stinédyder

enbryos were not anal yzed. The fl uorescence signal was detected in all
tissues atdifferaplrom the yugyef the indijadygl phenokynes onlngentrash thetareeied gueleicni ned
33 WO = : I € .

poi nts of %@3%923%%0@% g%ﬁsgﬁt%e, ﬁ%ﬁé@%ﬁ‘%&%}‘éﬁ g{)rgglgc\?/% S td<&%‘%%)§ﬁ
enbryap atframppoibxiucklicicidslgicetibe i aphehetype tHax arfitheesunh of thp émditidaalan! zi bi ti on
of GFP tr~ansgerre”expressi on in all cells o~fazebrafish enb~yo by GFP-11TO
A non- essdBERAYPENT qui t ous GFP transgene was used to test the applicability
of antisense Mg 9 j ' :
Grp-tar got od N TR P RicRorr RRIANRE EHG U B LRIPYoh e AR bimiths

Fl uor escerfoethanthdyes diseasebl Diseaesanditines essosiettd tvathehosnonred@EPn of fnstjeme
expression.. GEP. fluorescence. of .(1) to uninfected E-1ine.enbryos,.(2)

E-Ii ne erﬁa}fweﬂr%}aé@%l R Ry OGS PYS S o OF ERETERG 1 5

i nj ect;gd whédel frganiith &Bilaﬁﬁolmcl@dime_(aﬁlog@é ¥ the/MBd& Beghn WaSa conpar ed by
FITC illum nation. GFP fluoréscence in uninfected E-1Tne enbryos was

ubi qui t oushon®legaus et grthalpgovsinyeletsasid cloriexaimple, apolymbelpetide amaloguethahi th 4. 5
ng of a cqntrol- or, a four .base m smatch. GEP- MO ( GEPD4- S neax wld
Cype. - BerR i ribtaBye S rpRidadd BEh AL Plarm iR M ERHTRRE b MRRANER o)
of the zelpfthémobel drpgmismb R\é@pdti_amﬁteﬁdeyyfiddbﬂhéh&go@fgu&ﬁPoMa_logi@&emci fic
| oss of GFEP signal in enbré]gs |hg‘jqiecte _with GEP MO was noted in nine

separ at e drpanqrphant oreanism thasexnjtsdhe disease genditian.sMpsphants exhithitinger i nent .
The | agk of; .\l Sl : fil indica , te |l oss
of  Grpr Qs Rt cin HeREFRRERER Sy hERLAR: bite SogtEOH e ERIENE O o
GFP 20 explisasd amdithm dadlevidipethd geverity-ofjihe diskasescoaditioR. Toworees €@nce

i nhi bition graph, denonstrating seguenge-specific and dose-dependent

| nhi bi {1 orfOBIPORRYS tﬁ%tmr%ggqafalﬁgr eeminga diggapsy conditinnpryalleviaHng tesaveRity RY thee
control - MQ;: ' r [0 - W : 1 fteen
cbr yos. wey Sk AR, MRS Rt b s Eoilbh UEnE ATREAENR, 1) “Gat o
wer e conf icandidat yompetedsrankd it dseepsedioaleteruiateaviktnarihd diatase 26nditiad isspeci f ¢
inlubitio of]%nglene expression in all cells of the 28-hour zebrafish enbryo
was achi evEHHy ng MOs. Example 12 - Inlzibition of C zondin Expression by

Chor di n- MO A C|1&9Yrﬂic[boﬁﬂé hfRoERs Mb CaNBE dicd-thideniBPnidiie atiad nbtkndwsalr af i sh

enbryos and a 30 lughly specitic series of phenotypes dependent upon dose
was obser \hsdissasigtgl wih e disepseconditiod. FToddsntidy dudaisrapisls .DOEQ!m‘WD@ tienj ect ed

W th vari QdSoc BRI IR aodfise%peocro%'dﬁfo'r\ﬁ:)various polynucleotide analogues are introduced into
wild type organisms and morphants exhibiting any particular disease condition are chosen
30  for further analysis. A collection of polynucleotide analogues, for example, can be used

to generate a collection of morphants. Those morphants that exhibit a particular disease

21



34 WD 02/09509 PCT/USITI/~1 QB1 were conpared with wild type enbryos. The
nunbers of enbryos inj ected wth particular amunts of chordin-MO were as
fol |l ows: W@92/69%h9 yos were injected with 0.09 ng MO 97 enpCyasowerigl
injected with 0.9 ng MO 399 enbryos were injected with 1.5 ng MO 423
enbryos were injected wwth 4.5 ng MO, and 224 enbryos were injected with 9
ng MO, Figure 2 is a graph denonstrating that two chordi n- MO phenot ypes,

weak and sggmditghn IR wedicedestifpidnil fafgteasiélDasioRFelop n6 1 tdhitdikd for
injected. At | ow doses, a weak chordi n- MO phenotype, the equivalent of a

reduced chiedissaserpndiiont yhpeteutial grsferaepdor eramnphe isidentifiest asghe muclgit ayi ng
th k - h ial . d bl ood i L
it ohaped <Al MsdRaRRERO CRe1dh RAD N difcaR RN A BETRARABR Setivitsy e

doses, chos gamicla} dRk£H6 cealiasDEMe wslitbidresh Rr PHRN aeoYene fof thepdititul! |

mut ant enbryos (Fisher et al. (1997) Devel opnent 124:1301-1311,
.Hai i une scHisase cerdition ag desoghedmaplistopr nent 123: 95-102), i.e. the strong

chor di n- MO phen . I Sa:StLe or.di.n: at high
frequency 1h hi oh sy RheieHEbAnROBRL NI RRD Dlpfh L3P BRSO
and consi spagnudectide anatepuas-sshimpeducdrinfoas gariSmexthikifing yheak frandamditionod

i sl ands, a,g ornial ,tail_ fing, and reduced heads. About 80 % of the epiboly
enbryos su F‘és@toé%ﬁnﬂ%nﬁ wheseidiseasattata is,1gesened by theqokymiclentideenalegyadia on of

ot x- 2 consj A . QRids A4 9 i y

subj ect ed ?%&?ﬂégﬁlg%{&gra%@gy ?lgir?%? IcgirS gat ét? @gﬁ%&ﬁ%ﬁ%@ﬁ%& g-ﬁ%se

expr es#l onnublerancidsas ideiHted s asdfalrtgadtsaiod thel def ¢lepgmant afmiooell tyeatméeitds foat i ng
ventralization of tge nesoderm (CGata-2 was expanded 20 in 100 % of the
injected eMEPPBENIARIEE9SC. Conpari son of injected enbryos with uninfected

enbryos denonst pg ﬁ’cl&ﬁﬁfe%ﬁﬁguésﬁgolo&nq;e 6.%@& ﬂfe%p?é?{aﬁ?%is BatdtehishGs. These

results denmonstrate that the equival ent an a Ic’series for the |oss
of the chodigéase gembitionss Foclekaupld, Dyolymelentide ahaldgdd emdrtused tetsead Histdre

hor di n- MO, | e- in.situ hybridizatign f hor dj .
bert or med. CORRE SRR B Phqteat RS A ArECH SR GBI R AIRRSFigt e
that cfyor dbfa cRpHE hR¥sd Scide Mulgp18pbBhucldbedeeinaldRued, Bt é&hhipltw gmag%e%ﬂ{ in

function by chordin-MO was not nediated by the conventional medi at ed
ant i sense- faeeipd welpiaerid pahbafe syhergistic effagsin alityiaiogitlie/dis¢ase plamotyipeci t y

of gene ta i ch in- enhryos re injected w.th synthetic

~. e~aopus&%h(Sarlglgfr‘fg)f r%{'l%l \axét?@rtm(ﬁgy%sogge&%h B?Eﬁ@ﬁﬁ?lﬁﬁ"ﬁg— PaPePe
reversed. gficdlbesr 4@duetsbr ¥RgoghRs Eard bY @lied wWith 4.5 ng of chordin-MO, 76 %
showed the strong claordin phenotype. In contrast, when 30 enbryos were

injected with 4.5 ng of chordin 35 WD 02/09509 PCT/USO Lt1-t81 MO and 300
pg of ~a 3i $, ]{ﬁgl}lﬁ 9 j b cho~~din
phenot%%e.'?%lﬁée’ijggllf@ ;é’g‘gl ap 0lé(é%@ﬁég@wﬁ%gﬁt}sﬁﬁgyg{%&di n- MO phenot ype
was partial ly rAsesadpleyolésyspmshatioustful foRieinpmgtfiastiontdihelvtype
illustrating specgifijcit f. chordi n- targeting. .Exaf ~aple, 6 13 -

hzhi bi ti o~¥g‘8ﬁ1 t&&&fl@i @%?Yf'é%&m@ G ¥id B seqipIgeNpthe aerpholinoymodified

chordi n- P'\ifolhﬁwéo'ﬁ'ﬁé)anﬁ@gué?é’e@oﬁisﬁ are inj ected into zebrafish enbryos
as described i n Exanpl e I'nj ected enbryos were conpared to wild type

enbryos. The r eMsplrpliqhigophﬁm@hyl[hes1mdﬁ'mdmvbdtidmarﬁl&}gme@rm@h@t sahjectgds. 1 o
The nupbers of .enbryos inj ected with rticul.ar unts, of chaordin PNA
were as fofl %@WB egﬁogeaﬂpg;%gnwgc pﬂ?‘%&?‘g’ﬂ‘ W‘YW'SI%F};}WEI“%B@@ o0 Y
enbryos wefohindioRsdloM frahsfition B mRNIA B in%trg ngiﬁ@%ﬁ%ﬁu&%ﬁﬁhﬁ%ﬂ th 1

ng chd-PNA;, 77 enbryos were inj ected with 1. The nunbers of
embryo s i GP9ScBieahin BiaphesrAdte 1438 1 Almbi8itSinunertumcamd- Wallen(@9% ) alsirikarist ons: 3

8 enbryos i N i nacre-P 71 15 .enbryo r
oot v g A DD TaRRAoSE Dl PRGREIEPGkes B e tng iy
nacr e- PNA; prédiceibly oo polvatcledtijeriehigt avdl bignilficanth@radasdsaronNpecific WEeds. In
ventralization, equivalent to the weak phenotype observed in chd-MOinj

. ect i om0 waHBstetrgditions] antisensgpolypucleotide popropelies atitisRNAse-Hbawdng of
chd- PNA. i i .in % 0f, the Jinjected enbryos,
Wi o mor ¢ eraeh bERIRA 55 SuetBh et B RO SN RO H OB BaE G50 g
chd-PNA, 31 % nortality rate was observed. About
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3 8 %of the inj ected enbryos exhibited a weak vents alization phenotype,
while 2 exhibited a strong vents alization phenotype simlar to a null
chordi n mu azie9sphenot ype. Non-specific effects were obser veu/usn/43s886 of the
injected enbryos. Injection with 1 ng and 1.5 ng of chd-PNA resulted in 74
%and 76 % nortality rates, respectively. The 25 injection phenotypes were
not anal yzed. Epi boly stage enbryos were subjected to i~z situ

hybri di zaty i : i sl cat ed
Chat 26 o0 R R D R Pl P I Je) Teai on,
hal | mar k of3: is br Fustheriraat,iin fish.amglhsgtraided polybudlehtiias tamd t6 be taxicker2 showed

that 50 % of zebrafjsh enbryos injected.with 0.5 ng chd PNA and 70 % of
ebraf i sh DS B8 AL Fotp HAvE HO R CRHIPAIOB oigae Al BT e ORaBGBed 36 WO
02/ 09509 PCT/ USQkhe follb%né%el’étignse,?ﬁfér&%p%%-deﬁﬁfﬁ ﬂx@ﬂs@éfﬁb@&éﬁiﬁd@ﬂﬁes?“' on is

indicative of enbryo venttalization by the chd-PNA Nacre- i njections
.resul t éd iazebtadish showntltbse avmpomnds 46 bt (1) sequesce $pepidictand 2) oftreteBspatept i0. 5 ng,

1 ng, and 5.ng of .nacre- resul t i.,n nortality rates of,6 12 % 24 %
3600 and 381 S s RGeS SRR A Ry Br BB PR B Eubea R bledithm 5 o
for inj ectienBsktick@owr Hp@nRNAhE peridd it theAbiAtikIPEmbRIoRR! deRBlopnedt iRclldesOf
nacre-PNA. No ventralization phenotype was observed in enbryos injected

wi t h nacr éhpfmdamgniaheentabraie pensassps pissegmentatioy and organegeaesis hTisboo) offersshowed
that inj ection wth nacrePNA had ng .effect. on th acre.gene activity. hz
situ hybr i SRCPERAAPYSTE SaueRe: DBrills B¢ uhtbrhR SRS EIRERGe AL

i nj ectioon sfilgbdrvusHihetorbabing afd eiensize T3 peRstiaR en&i@l@ﬁilﬁwbﬁ)ﬁoﬁﬁ&i cate
that the ventralization phenotype i's specific to chordin-PNA Exafnple 14 -
| nhi bi t i orthu® offgs a high thequghput igbrgicorssaysysepL fopvariebrate funcipadl pi ~z| zead
gene (oep) . . (1998) Cell 92:241-251) was 15 selected to test
for naterr%eﬁ%glg%ga@%ﬁm\?flf‘y inhibition by MO Enbryonic oep function is due
to both mat er naTheuwsd ofgsbhalindetpstd gereagtiiltiepfaents hatwaos! ifltlatdengtid shabl e
based on specific criteria (Gitsrnan et al. ,g1999) Cell 97:121-132).
Enbryos deepeteirg ofj vertglngte kiplogistsrangy eonalined with he excellen smbryplogy il t he
nodal t r re ..o 1 f - A henot ypes
consi s%n%yatfﬁﬁr%s%&g?@fgﬁeﬂgl glg%ggl &ﬁ%{aﬁgﬁop rng %&ggﬁ Sl@g{lgpi a and
ventral curonatrweddevwebopnadntadfpraogsmesi ¢ oep nutants were observed in 30 + 5 %
of enbryos (n=291). In 13 + 5% of enmbryos (n=291), severe cyclopia, somte
absence in the trunk, m sshapen tail sornites, and reduced notochord

typi cal of s aumbey YA AN boPeP mutant were observed. Tailbud stage
enbryos were subjected to 1~z situ hybridization for pax-2 and axi al .
Prechor dal mesoldymaiendide tananguasas be mtiodudd iood madeli angausne by exddiiodss when

d t ild. t . 24 . I d,.T -
phenotgpe et ' il S5t KPice R B Iy lode st ars el e
Forty-t hr eq 9pgy 0RiNod®in @abﬁmmsgly(sg?ﬂalﬁz L Eﬁélﬁgleﬁop@dﬁv@f}@ﬂ@%@@ﬁcme )
injected with 9 ng oep-MJ, whilTe none of the 33 enbryos anal %ze.d di spl ayed

oep phenotRjsaeinigebon prf €0 simaplyiexprsingrile swdeMpgarism 30 thegpobape Figure 4

is a graph n ik - de ent. cli i . fir 'ency of
the oep. prEAREEe P PvRLOtNG B ENEERE R kBT HE Yo REy PuliiSb 8D T
i nj ect i onssuithblebuffes 18l dne de Mbidi thapelynhdiedtideRalopeetandst disphriandthapss was
due to the specific inhibition of oep %ene function. Injections w th higher

concent at M¥h9xiytogepmpdelseanieép Which thmpalpeusisptige apalagyeisdo by delisterpd.
zygotic and JIRLEERYurRER B RASs isMoRicAb Cod M A FRER bE ShilkAbIRE | NI

physiological pH of, an organism to which the polynucleotide analogue is to be delivered.

A buffer that is isotonic with an organism is one that has the same osmolarity as the

organism. Danieau solution, for example, is isotonic with the model organism zebrafish.
30 A pH similar to the physiological pH of the organism can be 2.5 pH units below or above

the pH of the organism. A polynucleotide solution prepared for delivery into zebrafish,
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mat ernal gene function, albeit at reduced | evels conpared to zygotic gene
targeting. Exanple 15 - Use of npbz pJzolinos to identi~ge~Zetic intenactons
An MO t amReo2e95¢%0 the no tail (ntl) gene (Schulte-Merker BCTAIISI/{IHOL)
Devel opnent 120: 1009- 1015) was used to identify genetic interactors of ntl.
Enbryos 10 (n=118) were injected with 9 ng of ntl-MO N nety-eight percent
of the injected enbryos were indistinguishable fromthose caused by a null
mut ati on (fhledxagiple, @hn Bhve 4 FIAUE i9B\5.Bi501, 61872, 8.647,1774))7.8)18¢ 8.6a85a5S@MheUSi NY
nol ecul ar .and phenotypic criteria. Normal head, abnormal somtes, and

ext renel y in befikeeathes®| were prominent. Wen ntl-MO was injected into ntl

nmut ant enbr yos «.R= { fal . i qut.ant 15
.enbryos due to ]élﬁfggelg]%]}) Oelgﬁlll%%q%)d% aﬁ?lf% E%@aﬁ%& 11pr ougig&nﬁl\?\?atshgsnrb&g%} %%%ﬁﬁ yagand
quant i t at iavelxyure e Alicaditivelyydiffdreny pelysuddeotids ahalpgudsetin bk idtrodubedVO.
Activation of th om tic mesodermal ,marker nyod requires input from both
.oep and ntSFqlt?&flﬁli)é&é P E¥PQspreg Or 1YecHgRs. pDevel opnzent | 24: 327-342). Wen
enbryos were co-injected with 9 ng of ntl-MO and 9 ng of oep-MD highly
reduced head, reduced tail, 20 and extrenely reduced sonmtes and notochord
wer e obserk €dmpoigondzdidissom t e enbryos were subjected to in situ

hybri di zation fQr nzyod, enmhryos reduced j.n . either zzt|l or oep function

di spl ayed an 2 theBEEnaR PFOBdEScompgsitiony nwl%ﬁmlyw#q%ldewﬂg%@ges “8uced
of both fiMigid W eRTclol : I anple, 92 % of
nt| MO i nj gg{tgﬁdlé g%?f%ﬂ{(eﬁﬁg%ﬁogﬁi@g (tgbég&afggi?lg %rteﬁg{osggﬁtr%%%é‘geéti on and

post erlicor peiymutleottde dnadigumes inemphatthadéutitaltyegeckidablajcerteed enbryos (n=22)

L O o s B T e A
COo-1njectea e - , 0 n | S n
extrenel y sgausists, o9 BnulForl¥RRASHEAR o ¥her6utBRY Bdminktetibyl C¥RbbsHiéd daan of

slalz in 10-12 sonmte stage enbryos denonstrated that 80 % ntl-MO injected
enbryos ( reepBin sl phamepogntidellpapeaptablmcanfiers or exdipientsr €oinan, whil e 50 % of
eop- MO i nj %ct ed etr.rb%os er(pn:bﬁZE exhi bi t ed. s%r ong ex‘gansi on of the shla

expr essi oP PEREEPUTAN FEPIANT “BHER M FYYRIEE- PR P AATRURLT HOHETO%hd 38 wo
112/ U9509 Rakbbdtficrs Indlde, aaoMishiiaivh) watehi idhel selpwensd hegkied i on of
slzlz expression. Figure 5 is a graph conparing the frequencies of ntl,
oep, and rseiutiogsdExrepplphefranygmsousteasiicrs includeewbhgwdinitgtion: mapyiere nt | - M,
oep- MO, or f f.ecte. SR el L 1.0g.. of
genetic i rﬁlgc(r%tzligzto%(??\hsy I%\%gl%o@’o\}egﬁggrozl% fleddllgjeit)el'girﬂz%“[: %%%@E g’,%gérog%‘%é’ a
~r ~essi or AlavbAngy wedazguhd sthigt hdditveseacls avdmtighiorobialy) agiudddnts, thdlatingact i ng

genes were used to determ ne_the perdurance of norpholino effects. One
hundr ed arf@eRiRanGé gasesrapddholikealsomaybedrstetth 9 ng of nacre- MO

Ni net ysei ght p L iRkerd . r : Lbi + iS5t 1L.c. and
near | yz-oconpl et ? ggsn o%tr%%ﬁlgﬁgﬁgwﬁgﬁte glgllggﬁh?hér @%Bﬁretﬁ ﬂghg%%@é@%hﬁ%ur s of
devel oprertbxicduffhe not gnechatrisl bintilan gLpH hia idotorfie, @mbbthadimidrsiarpkeahd isotbhie, nacr e
mut ant (Lister et al. {1999) Devel oprzzent 126:3757-3767). At later tine
points, pi G ASHEsEr 6Fe tnied at a variable rate. One hundred and
fifty-nine enmbrymsNebsitibtrdtioBCaBRtbridapSlidital be PPebaddt B LonkelitiohGt inehsOf
spar se-MO duplicated a known zebrafish pigment nutation sparse (Parichy et
al . (1999)vitlkepkirmpemsically a@eptailzextipicatcairh ayhindingHghuts (e.anpreg@adsiyed| d

zebrafj sh enbryos, wer.e .exam n 95 .%.exhi bi ted reduced nupbers of

o greried UM SAEhuRYBYREEass ot ey b Peb T R EO IR B
reduced i nadthes ﬁli@rablrymﬁine&nmai@é@aldmllhga@ge@Pﬂ@s hatey ibritand@egconpl etel y
penetrant throughout the first two days, and po engjl ally the first 10 days,

of devel ophegnesium tesigte itplceor shiva) sisefegrants (e.4+- getaiongargh ot saskipn stasghy
trant 2 t i Li cal: b .
Bnd or gandalalatb LU RRln IS 0 b, it S APLBE) PTAGER IR CLoARIRY 205N ©

mor phol i r znethedselchormrialthsyst Breparafions fou 62 admihisediss alsbiepabe forubitaiioi et i ¢
por phyri a {HEP) H ga sed hy a defect_ in haem biosynthesis 25 through | oss
_of t he3Our op%T ptiictlR g%ﬁasa@ applyryslgatideanalogns. Bipsompatibledpedeeeadable. ~{ 1995)

lactide polymer, lactide/glycolide copolymer, or polyoxethylene-polyoxypropylene
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The Metabolic Basis of Inherited D seases pages 2103-2159). The

mani festation of this syndrone includes fluorescent and photosensitive red
bl ood ceW@02/@3%e9 hundred and eithteen enbryos were inject @TisSph4480d- MO,
and then exam ned using a rhodamne filter set. Control-MO injected enbryos
were conpared with urod-MO injected enbryos. 30 All of the injected enbryos
di spl ayed both fluorescent and photosensitive red blood cells as had been
noted in &opylvaiey fbilckatiplesof ERtiFEAS for(COARGIIRE R relcaddPOR) pdiadustevtidenet 39
WO 02/ 09S09 PCT/ USO1/-t1.181 20:239-243). Intense auto-fluorescence in the
i nj ected em@k@ee0fﬂ@u@ﬁm§anatwqulatlon of photosensitive porphyrins in the

circul ating bl I

.injected enbrygﬁs)oqv\égalg\aﬁndf %?gt(vz\’ﬁeél}%g r&%ssca%bfzﬁg-l)%%ﬁakghqﬁld%hﬁﬁogposure
to |ight rgeswraekly proddep|IahalaoroforfbiatioRomby bedqwets solitionsroogtalvihg, fhect ed
enbryos. The conpl ete phenotypi c penetrance of enbryos injected wth

.urod- M3 des¥amPles aelé@xyqtlexleep %mraaywhot?&j@d Goxyehelgte.dnd % was

05r550) *arip AP SRS R & 146Te) ORCHEE, 1ol Elad 6% Rkl BH BHBMGHD LY O
68: 126- 138an ihcludexdarders ot exsapients e adjnspdi ypitor tonicity.| Npsa drdfdeagbae soni c

hedgehog (shl.z) is thought to |0 play a critical role in the devel opnent of
this di sea%d@lpﬁemﬂfﬁﬁge? of oily sgtutigns. ( 1996) Nature Geraet 14: 353- 356;

Roessl er et al. ?gpe@ﬁ g mutations,
however, result & no ant eﬁlfgf@&&ﬁ llﬁeldgggl}llgﬁ?%\rgs ec s%}%@%guerte et al.
(1998)10De\4ﬂtyemft@n¢al baffe20B8i0A988) be Prepared asl dediied asing standard methodsssed in the
anterior dline, -~~ nkl e | aedgel Z t E t al 1995) Cuir
B o 5. 04 A GEBTIORS T CqRRUAHER Eres gt Reles RGO T ISEl! hiy.
conserved yetihRRAGIE @lﬁté%ie%@ﬁérﬁl' de‘?i'if&‘ifes?&enﬁ%&ucfé &B eI E)/}’\ib@ta%e”es wer e

targeted using M to test for redundancy and to deve op zebrafish as a
geneti ¢ noaeblyimer phﬁElesEmmqtimspwm]selmnlantabip edhsdnwst&mﬂ.@ndgpommslvo and 9

f trol 2 cte th 18 hh- f trol - MO,
?g) ococlozl (regt edl\ﬁﬁ ‘%‘ngg}ﬂ?]aﬁ?@ IRy %klfwwﬁ' Smgl aep C‘ﬁ%}" %fa‘ﬁﬁ- OBT’ C?Z) r |Onj ect ed
with sfzh- Mg dﬁ 1o amd dued FoP BENGE, hhorpﬁ%d-%dﬂﬁd%lﬁnwzghummEnbr yos

at 3-day ol 10 somte stage were anal yzed. Figure 6 is a graph

C(r)mrrparl ng quulecuqneftﬁmh:cnueboede anatogieh gan be anmhagues diregies toemmpmdw ttrllcn
ND,
both twnh- TG Eoe R SEMiE THOAKbI G HihctediR b oaiaRIL AR B 1O of

phenot ypesdifdeaidas hﬁélbﬁ:tacﬁlsﬁﬁvcﬂvéihh aBoinBhoroBioloRedaRPRICES sath ad, for(ck88Ble, a
Devel opnent, 125: 2983- 2993 These errbryos di spl ayed " u' - shaped som tes,

| acked t hedipRase siition, (rnuelaly AGHPRPESHOBOTRCONIPen Iretadslic.Enbr y os

i njectgd not ypes i ndi sti ngui shable from controls.
These %m%eggloh%ﬂﬁggﬁgﬁﬂhmﬁﬂh‘gy shaped somtes, and nornmal nyoseptum 30
when corrpar ed tDhaninlvetitiomenlwngroyidss a toljeetibn oﬁnmfp}ﬂantshhat\daﬂnbé@mmimﬂtétﬂg MO,

however, sulted in er tlc cts in somtic atternlng
i'n the {rulifco e%ewﬁg'}?er%pe%e@s@ﬁ%% Srphgas o b, Sroyps of R

forebrain, d1§’é’a%é§ Sch 8Y Eio%ﬁyft‘a o@é}% MB:ﬁHéﬁﬁ%lPsfo% b8 AfebBPSinef
transcription of the gghog target gene patched (ptc) (Concordet et al.

(1996) Dev@ffeml’eaﬂed tigse 3:@81&116; vaslgture binpd; eindrghD axassperiplizededllitypieo sl zh
defi CI 100 e of partial cyclopia was achieved.
In con ras(“tuc %ﬁﬁ%?aﬁ?@&% b’@ﬁﬁlrct U8y cl opi a in SI bling embryos (0 %
n=120) (S. Bi nghpg ﬁa%htﬁm@bﬁl%ﬁﬁﬁ&*&‘smﬂeﬂ 1H'ﬂ%sf%)low1 E%eﬁhﬁhtdb%t
zebrafish enbryos contain two functionally re undant ort ol ogues of the
marmmal i an khh thesrepawof thednvantian dessribed inthelagns.or i dl i ne patterl ung.
Enbryos at the 10 sonmite stage were exam ned by whole-nmount in situ |0
.hybridization for nZyod. Results denonstrated that shh-MO injected enbryos
exhi bited a weak reduction of adaxial and somatic nesoder m when conpared to
w | dtype enbryos. Enbryos co-injected with shh-MO and twhh- MO exhi bited an
.extrenme reduction of adaxial mesoderm This reduction was reversed and

adaxi al nmesoderni was lightly expanded by injection of zebrafish twhla
MRNA.
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15 These results denonstrate that zebrafish is an effective nodel for HPE.
In addition, these experinents denonstrate the utility of norpholinos for
bot h si ng¥@ozensonul ti pl e gene knockdowns for the under st aR@rAFoG#1481
vertebrate enbryoni c devel opnent and di sease. Exanaple 18 - Sonzc hed~eho~
MO synerg~ 20 Enbryos were injected, as described in Exanple 4, with two
non-overl apping sl h Mds: shh-MO #1 and shh- MO #2. Sequences of shh- MO #1
and shh-MO # 2 are provided in ExamgxARrpiig®r yos were anal yzed at 3 days
of devel opnent for phenotypic changes resulting from | oss of sonic hedgehog
function (Schauerte et alkxappfOB) Zekrafitiogarentd e@%colRe887 2993). Enbryos t hat

Scored a5 demor e AEan s oL Bled dgisaeEpglE TRl AoFLls no > "

fiequenci ezeRifiirByokod Ghidk feli the L ab@diory DR BOLMREfhSIREIAHBS0 Wertid) ?bni c
hedgehog | oss-of function wnen I njected wth one or two shh-MXs. Results

.shown \er Edtioni Uiversitn af Oragen Presdependent experiments. Twenty or nore

enbryos were s h .d nunber
of enbryos. havi rpandheS M3 Sely s ulSgRM R cello A bl Dsald Bl g
from nor phahirg, lmbgcgalleﬂta\m&loﬂﬁé%ﬁlﬂeﬁshlﬁiﬂrh E@lwﬁiarﬂﬁ{cﬁséd\]’@ﬁﬂ?@a\ﬁdkt h two

shh- M3s t han when enbryos were injected with single 41 W O 02/ U9509

PCT/ U SO 1watp11was3qon§t=ﬂnﬂw®angeé_cynﬁmarlmnﬁlécfred el Hingleuilizegftapwafiey ystamvi ng
the soni c Qﬁgﬂ%até8§ $5 9({ 46 1‘ﬂ/1%§ 9{& 'L%U &y&ﬁl\ bRy s lgce PN §§IS}% on of

one or two enons trease Wwas han a ive,
i.e., ionj edphiomingd diebtrm(frcsﬂnﬂxel\lﬁtohmfthe saylnerrgp Saket, @‘eﬂ@@ay@ﬁnimaner of
enbryos exhi bi fing soni c hedg eh | oss-of function phenoty

pe
Fur t her mor@en;( “f"’é?ﬁ) itk tgrre Saﬁ"? OTH’GS%(%@ %WCSMPIWSF%C%Wlmse potent at

k k
(o0 i gur s, S I6RGel 10 6 Sorlitlaleh tite BEr Pod B MBI L AF, o
Mor phol i nmgwéflaslg&ﬂ*(écaheshlqmllmtof hvmm”lsegéfﬂieﬁerﬁeldc(w%)rﬂiheiebmfﬁhtﬂdmkt e of

| 0 success r._ chordin, 4no.tail, one-eyed
AFHQEeriog ] 'd@dltiora rsity y

t ransg 7 and wnt | |
(see E ker (206331)}65?5?( IfiLg 5%"2‘1%%@‘\‘/?@% h%lgldggg}e%??%%ﬁ%%%ggd? 1, all
genes tar g@ﬂ)mﬂshéwlm’ed in clear specific gene inactivation with the first
MO tried, i. % 0f kn at ed
successful | y. 11”5‘5%”353 ég émSFEré'ﬁ'Bégk@ ayge[ﬁ zﬁﬁéﬁﬁﬂ?&“@ﬂﬁt‘)ﬁ’% Shefgc ed
by MO m stgpog efekd1gidet 101 B ofman walke ¢i60 ML Bistant Ob&dn’ eXepH 18, LaﬂwM@f)can
inhibit a second ene resul ti n% in errbr 0s With a conbi ned phenot

extreme exanpleratedvigerpuslye difeat 2oiays hﬁﬂo&@lzetﬂhrmmwm fN@red thrauigh r@ n%cond
ef f ect

henotYpe TRERUE SelelVatel sRES AP Hrn st En B3E i RSl oo

20 secondagoyld #180bs fdowith €T edfaP BFdnd di-wAblkd fobdd. | oss of enbryonic structures
or premature death of the enbryo, then the function of the gene under study

will not be scofehsriish spRwningdvastingyserl gveranoraing shertly afice sumise. Nooghems
tivat
oottt o o RRFSR; flseoubBfchBler 05y 0L RURYARI A4 Fos) The ZRbAGHEITE

rate of 82ZB8&6K: J.AAGWTE forths ilabofatarafiise of Zebriafish (Hratheaeio m:a;:éﬁlEdgﬁnes can be

25 recover use nd MO of  u at ed sequence. Assu a
simlat su @eé(s ity QIQﬁonﬁ%s%x gxstgm sel%tec{ﬂfj PRCOR B TR PIRITS y'

m ssed’ geBes ond i AMY shiaMRAthak thelfthére "1?1% bg?t&? R thAERATR do¥inkHgas econd MO,

for a combined expectéd success rate of genes screened using two
t ar get ed I\néqalacﬁhwuh(a stdmieskmzbemeehawmnmksmng@r !:haad:hé diametec of zdbeafeshpeggs.al | y

prone to rphi sm th ec em ht not i nacti vat in all
.enbryos d&ghef %iﬁo C&ﬁ@‘ﬁ%ﬁ@% "1‘9‘5 1%3‘5(5 ?‘?tﬁ‘@ei’ ﬁn&l\ﬁeﬁ‘?ﬁ’e&%ﬁgﬁdeyed
pi ~zl 7ead @k Ypstérd V@t&@‘lﬁﬂ&)'@éb&éﬁﬁﬂ&lﬁw@ﬁe flaced inside the smaller container. When
30  the fish spawn, the eggs fall through the mesh into the bigger container, and in this way,

the eggs cannot be reached by the fish and eaten. About 10-15 minutes were allowed for
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WO 02/ 09S(19 PCT/ Cl S01/-4181 this phenonmenon (see Exanple 14); in one

w ld-type strain, only ~50% of enbryos responded to this MO, in another,
none. O lweop2/0s38s direct strain differences also coul d redutasohes81
effectiveness of Mxs. For exanple, variations in genetic backgrounds could
alter the penetrance of a given MO effect due to genetic factors in a
second, nodul ator | ocus. The characterization and inclusion of conmon
“wild-type' and ot - i I ' ' . nci ng
oroj ect | s RaHE g pAREIACREN-AHLARMMAWEFHE Bl at BahckngBUEDE 19
Wi th many geétaéd Higgscopater.Mhe edgdavere eolldctadttediltyying wsitigiaanesh widtthedancy,
an i ssue especi al%y rel evant to vertebrates. Mreover, the zfebrafi h genone
_cont ai ns aholes smaler thanthsdianestersrt theeaasp Fesheveds grgdcance & wesk ToPrtesdl et ed 3
0% of gene j mral s (Postlethwait et al. (1999) Metlzods Cell Biol
60: 149- 163;%mfb%?{£(§@f al. (1999) Dev Dim 215:352-370). This parti al
.genone sluplication occasionally results in two orthol ogues in zebrafish for
one in humans. One exanple_is the sgnic,lae | zog | ocus (Exanple 17).
Conpar ati ve expression pro € % owever, 15
denonstrate onl Lucati : Sit i I\ f { hese
genes. | ndeed, %r(l)l@tz\%’?)ig gygﬁg}nggﬁaggg%@g@ e%a?lliegai e@%?e@gﬁ)ﬂgﬁé Bgt]?gra ngFiPn
zebrafish @p@atraspesonal the(H-H88)Joche (Gasevicis afd BRY¥er32000) MrareGanetits DR 6-
however, is highly anenable to rapid tests %)(L redundancy thr ough th

si mul t aneod30} AYBOPHEPUSTE-HanembPs Mereapbiznet fam oudes ahhamorseos E-

Mul ti-ggne tar i i K . 4 i phi no
technol gy B S B R T M B "5
% For genddinaeapotiblMNLo this strategy, norpholinos will be extrenely
effective at identifying and testing nolecules with redundant functions in
vivo. Exanple 20 - Morphol ogic eff VEGF A-1 nZO-pholino injection
at 36 hours 25 Signaling by “&Hiyetd gleplideanaloguetndot hel i al Growt h

Factor (TIEGF) l 6 i pm 1 -' ] ture
during enbr yoge%géﬁéﬁ@u#}%{oﬁgﬁ%%lﬁ%ﬁﬁ%&sgﬁggérglﬁg?ﬁg&gqrn%&fﬁg Hof

t unor - itnduddOsveere puethases frdiaGefatToels, B1L.CqCoatallis, OF)6 MOatqueacs8erd 35- 9;
Carneliet et ,al. {1997} Am JPhysiol 273: H2091-104; a Ferra 99) J
Vol | Ned 7 AesgRssed pf BRI r%werlaeﬁse@eﬁpma%Q%a@w%?r@}é#gf%)é the
30 extrene g Ragf g&@ﬁgggewgﬁééﬁt&ﬁalpaaﬁpiﬁ@,%a c@{?ﬁ?ﬂ¥@&%@p¥%a@lﬁ5@%’@g

during devel op : a single copy of ) - A gene ‘i nduces
hapl oi nsuf fand 58 % A4B residi@s0 3£Q 850G Hagingisdidonsecutite Gatuekeotidss Were@ugided.5 pc

(Ferrar a e} 1996) L. ur~e.,3 80: -42); njeliet et;al. ( 1996)
Nat ur e 380:&5@%‘?’“‘? eélgﬁ?%%}a?iaﬂ > r&pﬂgi[a@r @séﬁﬁ@;},grf%cggtt}a ¥on of
VEGF Apedahd enehitlisg %éfubﬂ@: dnebd@ing dpviglthBAE Ricthiasing.esul ted in a series of
experinments using conditional knockout strat e?g es (Cerber et al. (1999)

Devel opni er zt 13T€4labeled14-merpeptide aucleic a0deiPbdg)avesp ablsined Siom Apslieh) or
dom nant n i.ve PrAtai ) .
126: 11409- 53@85&&%"% ﬁ°§?gﬁ%e(1§§%$%%%‘ﬁ{e€ %@fé‘%%gg gﬂﬁ?’\séﬁ{plrggg? ‘génﬁgi’%éjdmvemty

i nt r avenousfimekacSdutiiwesterani-oemety DRNgG Wit ebthindé Sroninpsgegedh DINAT ce to

reveal |oss of function requjrenments of VEG- A function during marine

enbr yogenesdheshpaipgios AnG Phgsphqramidpfesnggre pbigtned frompAnpers, ipg- 7). 1 o

Zebr afi,gh enbry I I N g SOk BBERNLS for
a funct2|§oni ng cicsr%(l:l&ﬁ)étggr? o@é&@éﬁf&&a}ﬁ?ﬁgg?w gp%\%do%%ﬁgae({:or eS>E<arrpI ;el,
enbryos w tHxanpled.r cul ating red bl ood cells due to porphyria live through

the first three days of vel opnent . (Ransom et al . (1996) Deyel.qprr 7er Zt
123:311-9), a peﬁgﬂﬁﬁ‘f?ﬁa &ﬁeﬁpaa%‘&%‘%a%foggswsﬁwﬁ %ﬁ]t%gﬂ S0 %ﬁ'%ijenesi s in
the fish erafeﬁ%b@emé}%ylt@t& prediglel 9% dofloss Aledin@¥@Red Pdll dmedevel opnent vere

isolated in the initial |arge-scale chem cal nutagenesis screens (Stainier
et al. (1996) Devel opnaerrt 123:285-92; Chen et al. (1996) Devel opnaent

123: 293- 302; i NSt ej |, (;1995), Nat Med 1..1143-7)  Toget her . th

. zebr af i°%h ﬁ’&?&ﬁ@éﬁcﬁ@@ﬁlﬁ"ﬁl}&?igré| %&B@é%‘“&dﬁé’ Hd3 I35 RllFled's -0 mpthyl
angi ogeni ¢ {NqAt GF S ATRTICACAGEAGACECEECE NTAATCC PRSRQEIIPNOEEFS. 20
Zebrafish VEG-F A is expressed during enbryogenesis in the anterior nervous
system in nesoderm flanking the prospective heart fields, and in somtic
mesodermthat flanks the devel opi ng endoderm (Liang et al. (1998) Biochinz
Bi opl zys 1397:14-20). M3s were generated against VEG- A to anal yze the
requi renent of this gene during enbryonic devel opnent. M3 had been shown
to be effective at gene inactivation durhg the first 25 two days of
zebrafi sh devel opnent (see Exanple 16). Enbryos were injected with 9 ng of
VEGF- A-1- MO, The resulting Tl EG- A norphant enbryos devel oped with no overt
abnormal phenotype during the first day of devel opnent. At two days of

o o N e e N o o o,




WO 02/ 09S09 PCT/ USO1/~1.t81 sunmari zes the frequencies of enbryos

exhi biting | oss of vascul ature, pericardial edema, blood accunmulation in
t he ant ew@b2/00304 @, and bl ood accunul ation in the tail whegrispesiued Wi th
the indicated anobunts of MO. Four experinments were perfornmed at each MO
dose. Average frequencies of all 5 experinents performed at each MO dose
are shown. The standard error is the nean of the differences between the

f t ' ', [ ts. Table 1.
M cr oangi darSaRseBRu TS ShRE BN ER T cbot S RIBRE I No e a8 © o
hours. OllmfcwaslewdlpmtypﬁSTCﬁU@m@thMJ'BHnBeqsm IME@ & 1 norpholino
dose, ng 6 9 12 18Heart and yol k vascul ature only t 121t 438 t 1339

't 1No axi dVegstve pandrol-ddRsaquedncey Bdabeledor FFT¢- laﬂzelqd 31213}33 adl t 1329 t

oNor el _vascul o oredsl tAabTs ACHLBCHATARS S CRAMANODT Caemas ¢ 235 -

1049 t 5255hordiD RO [EH@MCMQﬂﬂi&Bakh@r’andmhaﬁﬁ@PNﬂ [thygetinelaeled]01 t 15 t
33t 08t 2Blood accupulation intaill t 12t 216t _819 t 019 t /Total

enbryo nunber 1 RAIEETHEHLNAG @QW(MCAM%a%Q@MyS)W sual i zati o~a of

vascul ature de ects in VEGF A-1 npojphants 15 Two separate fl uorescent
assays were used to assess vascul ar function. In the first assay,
f | uor escerGFB-MQALEY RCIT RBOSCHET A GRCWT BT EATAKIGBg(BEQHDIN:a8)i on of t he

Genet - 20: SHBRF IS RECh U IR G ERE R e R dosud B bt ea wi th o

ng of t~od MO, fluorescing RBCs highlighted the axial vasculature, head
vascul ature, yolk sac, and heart. 45 WO 02/ (1b09 PCT/USOL/ ~1~81 In
enbr yos i mjepd¥lOd 5WGACAATY AACTECAANRACNACTREGA-31e(SEQ HeNO:Ad only to

by inj ccttonO R AR AR AT R T EERATRA D Ve ai hos.

venosa / GRRAU0A]: YEAGEABTCaTTShRAAZRICAECRENT-30l GO MO, 1@5Ul ts in

| abeling of the entire vasculature of the zebrafish errbryo i ncl udi ng the
yol k sac shbavlO #2ned GTXTAGCAGQGI AT ETEEHREGTEG-1 | (SEQ T2 dEE(13) (Wi nst ei n

Chocs 15, FIRRNUD! 45 SRR a8, VSRR By e ¢

Furt her, tliaﬂfeemmmy@PNACﬂrmﬁﬁnéﬁﬁb@le@pSer ved when various amounts of
VEGF- A—l MO wer e !ected In the nost severe phenoté c class, i.e., at

hi gh dose i nj ec5tr GgfrOéE@TATﬁTI@TAGGTEf%%@@&JI ‘d3det ectabl e was in

t he heart Ke» C'ﬂ?l‘ al bgl(ﬁj | s were not
vi si bl e. %gvasdgu ?ﬁ‘re el T ai %ﬁ{:g-lﬁoirﬂmT ﬁa? a§% cgﬁtg ned no
f uncti oni ngo@-mwmma@mmmﬁa@ﬂmmm@éamsmm Ro:disyt i ngui sh

bet ween these possibilities histol ogical analyses 15 were perforned on the
nost s@verely af fected enbryos. Neither dorsal aorta nor axial vein could

be seen i } eC WEM%A ﬁc p otypic

cl ass of (ravn}%dr}goAsqa Eﬁg‘s observe Ikéhese enTg{éAfgmg%Q\s{[gﬁot ?)gj;xhl bit a
noder at e VEGEFA-1DMfourjbascmisomated]f ect. | n these enbryos, the injected

FI TC-dextran hi .gh I e , essels 20 only.
No axial or .ntﬁ%@%ﬁéﬁgﬁfg@m%@@%ﬁé&gﬁ &ﬁgﬁgmﬁﬁeast severe y
phenot ypi cveGasgizt 5 Q?AA@AM@G@R@C@M&“PGC@@WPGU n@E@HD' a&sl 18

i ntersegnental vascul ature, but nornial heart, yolk and aX| al bl ood
vessel®. EpbglyO ei’hC”BGﬁT@A'ﬁGAd'GAWAﬂ&@@§§MnB a(SEQ H@dNQ‘e@éel s, but

norni al yol k sac, heart, head vascul ature, and axial blood vessels were
said to exlubit a weak VEGF A-1-MO 25 effect. The penetrance of these

phenot ypi GfedMESKTGMESCAERRTUEATTATCIRSECGEETGRRTTS' ¥SEQ IHW®: bg) consi st ent
wi th the strong dose-dependence of VEG- A function in nouse
zfzMO-UTR: 5'- CCTGCATTGTCTCGAAAAGTTCCGC-3' (SEQ ID NO: 21)
Fli-1-UTR MO: 5'-CAATTTTCAGTGGAGCCCGACAATA-3' (SEQ ID NO: 22)
30 Fli-1-ATG MO: 5'-TAATAGTTCCGTCCATTTTCCGCAA-3' (SEQ ID NO: 23)

Fli-1.3 MO: 5-TCCGTCCATTTTCCGCAATTTTCAG-3' (SEQ ID NO: 24)
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enbryos (Ferrara et al. (1996) Nature 380:439-42; Carneliet et al. (1996)
Nat uf ~e 380: 435-9). Heterozygous nouse VEGF A nmutants showed a reduced
dorsal aovba2@moget ected by histol ogical analysis. Fewer ipatrarssegnmsnt a

bl ood vessels were detected by a tissue-specific |acZ expression. Lack of
dorsal aorta was indicated by histological 46 WO 02/ 09S( 19

PCT/ USUL/ . 11~81 anal ysis in honbzygous nouse VEGF A nutants (Carneliet et
al . (1996) Natut-e 380:435-9), suggesting that the nbst severe zebrafish
VEGF A norphant class represents a nearly conplete |oss of function
phenot ype. Al t hough nouteEeHF—Anject alvauclentids| aglogubeart with

under - devel ope obl ast r a “ ' 1 96) <Nature 380.439-42: Hai gh et
(2000 Dovel FPIaEREs Y Dy oy art pﬁosgﬁglj,o e vee A

nor phant s dantbiksdan twabdrlay a son@hiEiorrdiIBeAMpBrofitAtedy 63 inghhl)y TREte3ukiag
atriumand ventricle, possibly due to higher cardi ac pressure. Exanple 22 -

.Cor a~f i5r nad@akoselusfonywasrlilntadaosynaking coneeptradorpd O\MSEP-310 meén! isrveaterarilng a
et di | . o f
base: m sl aliedt iR GYSNAGCh b7 e Kernk M ISR G I A NI 3006 5

Four VEG--AWVDHEPESIpH 26).1 ARalexmedoluttins sverdthjdctel MicGhe ASKMS desgridet iron
experiments were perfornied at each MO dose. Table 2 summari zes the average
frequenci 82kksbgierlyd§IP hCwr 1Biak$@t4-feht Anglegucinipstions wagarelirmefbasng ahe 15
standard LS. f { [ er. . \, guency
and the 1 raeed siule %o TR gt BR0GA LhERRREPRb HRER A SRR BIMEA R
EGF- A-14, dndaransfenmet ohtoagsfose aasrasidesaribed inn Weesteefigld (1053 fhe Zebafiglat ur e of

the noted effects of the VEGF-A-1-MD (see Table 2). To in,degqggg,ently t est
for speci {2 A GIde oLle il agokalory Li§C Qh4graly IR TEIERL- ®i98ond 20
VEGE- A- MO 0fiv6Rf1P b Ot don PIEGP SRS  Sgat @sef“ﬁﬁ]\ niddtioMRSwealSRht cOlUt8 Very
potent MO cal‘fslg t he s%)rlrle phenotyp%gc e gegtsoon evélop%nt as %)hg

VEGF- A- 1- Mywiembrymliewglapmbns,chelplates deranalogue oy ¢adions fveregmewhamedftanct i on,
pericardi al edemm, .and,hl ood accunul ati.on.in the tail (see Table 2). The

G 1 o ent | PTORPREEESD s GTACCEB GERE TUFenR i enll eolERenissis ovRledusibiseof ¢ he
M35 or 4 heydiRgelR G e Ang SSdrRifey oftht BEAL MAbiyos.t he effect 25 m ght Dbe
caused by the higher predicted rfelting tenperafure of VEG--A-3 (48 % G C)

conpared to VEGReallds yse8 fonagalogue Fjestiohowere thésame gpfos miN Adhjactaanswi t h

i njection VEGE-A; 1- e ted, f b speci fic inhibition.of

t rlansl ati o@{Y&F‘ %@kﬁ{ 4\(93@&??4’78?%{" %9%%&’ aS%ﬁq(Zé%?g &h%gﬁe(ﬁﬁjt‘%ﬁria gﬂdﬁ’ esul ts
in cardi ovigsdith a?)ﬁfe@t@taﬁd RaNated 89 igEctRsRE Rded MmogiRNhE 8blufith AFEAESI S
screens with zebrafish (Stainier et al. 1996)l Devel opi eJ~t 123: 285-92;

Chen et al glagsigpidlaripabel dbe pisini¢cya: vebanaemyirol ajas thenghtupdael 210 15 9b

02/ 095].19 . f i i
mit at i ans. D BTy valkdebtadl dife PAGROLMARS, BRADT AR 0E M {Rab0ERE
enbryos hagainisctedp pinBiggpnsolatipnpasere Mitadd thinsughnhathdrionligtol theyolk@gul t i n

enbryos with cardiac edega, and_a simlar accynmul ation of blood,i,n the
ventral taabrafish epbsyosot iy inigeted smaryas Myam irarsersstiomsti dighespontaniag ot ch

tape (sco) b hhRP at CHERy toadevelgﬁgtgfq%‘)evel oprment 123:293-302). Several
e rcu

mutations giving rise to altered c ation were noted (Stainier et al.
(1996) Devel opulmgsttiofn?df Afffer€PPani€ne M@ tolations(ré 90} ibDiowedr ayortedityt rates in

it AR W T T T

(1995) penetrance of the observed phenotypes, however, was seen betweeen embryos injected

with buffered Danieau or water solution. The injection volume was 1.5 nL to 15 nL for
all analogues depending on the required injected dose. For wild type or heterozygous E-
line embryos of 1 to 16 cell stages, analogues were injected into the yolk.

30 Embryos that received two different MOs were injected twice, one injection for

each MO. In experiments involving injection of two different MOs, embryos injected
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Nat Med 1:1143-7; Stainier et al. (1996) Devel opnent 123:28S-92); Zhong et
al. (2000) to Science 287:1820-4). The role of these genes in VEG-

si gnal i ngv@wao9se9 ol ecul ar genetic characterization of thecrasai/siisg | oci .
Tabl e 2. M croangi ography anal ysis of enbryos injected with VEG--A-D4 and
VEGF A-3-MO at 48 hours VEG- A-D4 norpholino 3 6lnjected dose, ng 9 12
18Heart and yol k vasculature onlyl t 10t 02t 33t 0 3 ONo axial or

i nt er segnepitiRbnyasghdle MO Sferd afdyzed ARd borlfarkd Qi entiNpéd iBfbeeadvith two
intersegnmental vasculature7 t 06 t 35t 222 t 1 14 t 3Nornmal vascul ature92
t 194 t 39differegyMiQs.2 84 t 3Total enbryo nunber 16311611976 73VEGF- A- 3

nor phol i no0. 51. art, and vascul at ur 13 f 327 t .11No axi al
or int ersegnenté&l_‘%ﬁ'gé]ﬂf%ﬁ Slétenﬁlﬂﬁ&ls? gly%@%g ag oﬁf}éarlg%l riint al
vascul at uripd 8ff8dwetldobd 8£4.5 nkAha1eWér fYPthe @fﬁ*—M@&édlﬁ:ﬁ@nbf @P%rbteﬁmﬁ al

enbryo nunber 327169 15 48 WO 02/ 09509 PCT/ U SO1 /~ 1.181 Exampl e 23 -
.Cor r r pdr atdejestay pn@ggﬂ%mfébe GFP-MOdnjegtef! lerabryasrdevelepesbuarmally @s esppredand VEGF

A-1 rr~or pfy i ~nal
Vascul ar TRy SORSARM Byiefl. PRI AlseR R ERSIHER0 Bau DR
anal yzed. aimeaagb Ii‘@dlﬁ:ﬂbn pf G(Fiﬂ pratein butfdlso- chubel @meecteyemd &etﬂmekter effdctsv@scul ar

cell fate peC|f| cation (Thonpson et al. (1998) Dey Biol 197:248-69; Brown
et al. (2080plopgeat. DEResy giisvd<§2§ welremqspwau%cywhzref%@uﬁ N&blry@bcawq i-1 was
expressed hgef I tf

It er sogmebar et LR APEaR Kb ARt of i, BBl hlheidBlaving § oq ¢

conpl etee vmcuﬂilcq:heldﬂypé optiveset thatomdry namsal bﬂ&h a@esiﬁmsh@sﬁomhﬁlogkalr@ﬁaﬁmn
patterns \(/)é 'i-1 was _altered. No detsm;t ﬁ}? nt er seg nt al expre55| on to
of fli-1 vAsTeHdectien of empyos Gypicalled Syl cd abrargially dustamesdgnicat al

vascul ar e@agilp%?r [ 35';@;[ e cells
either were n f?)?rl%%g ngi/llds/dpl) ¥ct¥o‘i’i or %zlg Pﬁ%b?;gfo%-gﬁécﬁi& |-rllag; formation of
t he i nt er segeenitation wess setessed Hyexdingting sorpledggynsiinjected smbfydshe\ IBXPMEssi on
of the endot heli.al ker fl.i-1in intersegnental vessels to VEGF A

si gnal i ng ?1%‘?‘?8{2%""35 B%4t role for VEGF during 15 vascul ar devel opnent .
First,sVEGE A i BNASQHI@H ah@%aRtt 28SherPN L) W&S aﬁhte& W iyaiet B Qdﬂceﬂ%uohor
ii>itial axial vessel patterni n? Second, 'TIEG-F Ais required for

i nt er segmedfii2S mgduk(resding inpso WWuatltbﬁmaimHﬁ §). Bhe rosyltingeblpticns weab| y, for

of oxpr oot s MoK rifies iR it daAT K pPRGn e BRled i o1

fl1k 1 trangekblddt 20Bfi¥E eMbBios!dascribed fdahopholitd pﬂospﬁbla@lahﬂ"@té (vok, and
tail of wld-type enbryos. I'n VEG--A norphant e ryoség(snerated by

i nj ecti on APrmethy NG apd ather injestiens dgreentrast towerknwith MO PNAgodisnday an was
absent,, a X nouse
crbr yo2 v R HfERhigh SEHELAcA ekt e PR R B Rt B B B g .5 o)
A | ess extsigmificaradtactidn bf the Injectpd BN atghecsdtel of injoctidrewasdisesed it al

vascul aturge, al,so was ,observed in nouse with the 25 partial and conditi onal
VEGF A knowigstien (’fﬁ Ngratgiosesiof Iugypar oty ofpgastyt 127: 144553) . Zebrafi sh
enbryos injected with 18 ng of VEG- A-1- MO di splayed the sanme specific | oss
of expression only in the intersegnental regions for both fli-1 and flk-1.
The | ack of a requirenment for \EEﬁﬁplei.i}rmRNHma)fecmiorfsl k-1 expression is

consistent with eviou 0 observations of pa ri ne f VE
si gnal %Sng (revi %ﬁﬁﬂiﬂf%ﬂ : (= s dePﬁréb'\’éﬁBﬁgg‘i &4l gygqesﬁ&Q“VEéﬁ?r:ecept or
flk 1 is, howewss inddREE yIRRIZERASsIHMHBNGs fRviously injected with the indicated MO.

Siblings from the same pool of MO-injected embryos served as internal controls for these

-,

experiments.
For Xenopus, mRNA microinjections were performed at the 4-cell stage using 0.3
30 X MMR, 3.5 % ficoll. Dorsal-ventral polarity of early cleavage stage embryos was
determined using pigmentation differences (Cho ef al. (1991) Cell 67:111-120).
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WO 112/09,119 PCT/USOL/.11.181 intersegnental vascularization. This latter
observati on suggests a possi ble autoregulatory | oop, functioning during
vascul ogamest/evsod the intersegnmental vessels. The strong ecmasnvamspn of
VEGF function fromfish to mammals inplicates this as a fundanental
vertebrate biol ogical pathway. These experinents denonstrate a fundanenta
di stinction between VEGF A requirenents for axial and intersegnental

vascul ar - st r uct gy eh $RGRRNIAG 3Her® Hesi@ﬂéﬁ%u@rpfﬁﬁ{ 5ri}ﬁ‘<|§Velep bé_t:w%@ft}é syithBd

required for the initial establislnnent of axi'al vasculature patterning,
wher eas almRUE adthedMO vofuld e nssBgienh{aIMOdargating. uTlke ¢ep iBNAnbeddidmot| f EGF

A si [ i .. Th b .of i i t al | at in VEG-- A
o o pharERb Roav g i e cemMO e M KR A R sonEheh kT beni ng
i1 and Elekind WEHARERNIONa Bzl BPSCRRSRLviG R B0 LESAES Sert for MT FCF

11MD swnenm Enbryos were injected, as déescribed in Exanple 4, with two
. VEGF- M3s: tafgeliEgi Wrrb-anDimtissuy E@Fura s (SSemeson E990b Biachizn Rieghyssdda MO and

VEG-- A 3- i i ] t, 2 f d I t
o o o R B S B Ky RS 1l A PR SRR, o
that di spl ayadi@RBA froh\XddpRs WegnRatRbraépiralond shyeseqiénte WoMmBlopg Wil as
di spl ayi ng_a weak VEGF-MO phenotype, whereas enbryos that displayed defects
i n both i nhe zetrghisinehardiaddOasadabecruse\pievdonsattudies shomed Senomts and zebrafistong
VEGF- MO ph ) R t i o =i +<that th

PO e SR Ceap NaRleS boeirl el G R A RBBLISE ORI 16 ¢ om

nunber of €

mor pholg noBértjgdiotdr @l (V698) Dee Bisdr2 IMT28@bryos were injected with two

VEG-- M3s t han when enbryos were injected with a single VEG--MJ. A

conmpari son of the nunbers of enbryos having the weak or strong VEG--MO
phenotype resul ting, 75 LGOI DLEGH 00:idhs, H6ieSecridiBhel BT My daRpNSt r at es
that the increa 1. e, M3 had
a synergistic eMi@oingidertypte wasefosmed acadzcybal i@xXWeinstelnng ahgB395) Nas Meand
VEGF- MO phen es, Exanple 25 - Zebyr-afish frizzled2 tat~, ~etin;~ anal yses
30 Enbryos! w@iﬁ Huegssgein ispthigeyamptersisytram, fFEIQn%ﬂX@'am hayingp mylscylas weight;

zfz2 AT = e - Z2- UTR are
2077 VB 027 Fa 0 ARG BHERE ST Mp0S) e My AU Edied 2 T bar
gr aph showdaxgrah wes pelubdized irek XdDamedwr spbgioafat 8cugthl bgndenfraoin. on wit h ei t her
one of the , tw zfz2- or. both zfz2-M3s. The. zf z2associ at ed devel opnent al
Gor oot s ar ADBIREERAET U HIOF JE PRI S a RS ‘isslraqaip s Jenosa  Gardinal

post eri or - GoR LM d:HeBs FAThEESnflidsNg embryosgenesis. Enbryos injected with
either a single zfz2-MO or two zfZz2-MOs were exam ned for these

mor phol ogi cal | yEmbsgydslisieded sithdITCedeitran waraMDeedmsemightperbbesded indd i ci ti ng

simlar, undul &t ed. not achoyd and som t e def ect en {nj. ected individually
Tnto a enbry B aERRl e PSRl st tal Bleaiorf ey e
enbryo, defigiaing dfhdQcHEMOWES uBsequenty eardey ehtapRiRtmdulpratosdlfer gistic. 1 o

I n addition, devel opment of the zebrafish pancreas was exam ned using
pancreas speci f Bethdf Kedextren intiecied ssbynsiprd wrifogessag;tissue eeheonsdi-a and

the- absenc i Brietaraf e FUBREL frinf £ruies AdRod SRUERAR AR 0, 207

devel oprengtandard B BC filteeset. When Fspondin and islet-1 expressions were

exam ned, reduced expression or a conplete | ack of expression was 15 found
i n morphol i no-injected embryos. Exan~le 76 - Vertebrate Tsg~' nectior~s to
auQrzent Chordi~a inhibitor yE;&%iBlXi7t—ny,E‘?taP13‘F?cJ??)é9‘Epfz1he function of tsg in
vertebrates, the function of The ztsgh gene 1n zebrafish was anal yzed using
a ztsgl - MO TheBughtficld endin stuthetogpphy praraperfamedtoarapdf iSS24xioglan Be ear | y

Ty o DN Lt Rkt ASSPA A SR STk S G Sl L
used to regiead. rleor]‘:ﬂ{fa?és%_&ﬂ Nsﬁ{;\’géﬁ?hﬁ%@?&ﬁoéﬁﬁ@r a N-i‘i'&o% ;C%lsa‘l?’é)hg% diBRal

vascul ature, 9 ng of Uo nj'ected i nto enbyros.
. hybri dd®at ¢ammera was ased.
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perfornmed for the followi ng markers at the indicated devel opnental

stages: 111yoD (8 25 somte stage), Krox20 (8 somte}, GATA2 {22 somte) and
BWP- 4 (3won/0eost age). Inj ection of 1 ? ng of a ztsgl mBCPABDI/FId81
(ztsg-MD) resulted in 50 %of the inj ected enbryos giving rise to
zebrafish with phenotypes characteristic of expanded BWP signaling (Hamrer
schmdt et al. ( 1996) Develop 123 :95-102; MIler-Bertoglio et al. ( 1999)

Dev Biol 214:72-86). Enbr yo%xgﬁ,%gléop@ﬂo%wghgglgﬂg the ventral fin region
that 30 corresponded to ectoprc 00d Tsrands, a tissue derived from
ventral nesoderkmbiyop eyected with FYHE-labedal aitisewsd palyneslpatids analoghesGAdA2 at t he
22 sonmite stage,of, d ment (48 51 . WO Q2/09S09 PCT/USU11.11~81 % n =
o1 - Toss rbs ind PTG EEEmn s Ariopli? dipiseanes RE0R) UEfES The s
som te st agfaihdBusthg A KodBDCSANY Digifl lCdnegduct i on of anterior ectoder mal

tissues (detected by staining for Krox-20) at the 8 somite stage (49 % n
.=39). Gaudal exPnerssienne pictuBsdf grdups ofgmbeygsarcte thkien using 9o MERVIMAGHE the 3

' 8 % .n=.25). while th i | ker .of x- 2
Feduced: ARy Liat udirhing Camfmsnt s adiner b o0 ArupRrs diabla "o
ventral toyil&iecaplirk bextigPHnAtle SiytbsY at nfaxithi @Mut’ft?rﬁﬁ@@ﬂeﬂom&t%{gs.s

1S

(Hamrerscl unidt et al. (1996) Devel op 123:95-102; Fisher et al. (1997)
Devel op 12%ignagutensities wrresel tb sul-Raturagine teyelsfer mgxineal ynformaticarcaptyre. Sab- of

| mut . i dt | ., (1996). De 123: 95-102;
T e Bor sttt P SATTRIRSRT A atmfhed, (e Shinied Kafne @B Oror ai « 2
| oss- ofo f uFidElit9Rf Batartwas cdRtrh&PhEsaitiltanédbulRdasing&ott aiailcég?é a?cﬂlﬁil‘g@thy pe

e al .

(Nasevicius et al. (2000) Nat Gezz 26:216-220; Hanmerschm (1996)
Devel op 12@demsshpty)The rgsudting isppgss weresigiporrnte dsigbe BRotoshgphe® fary pes

125%51" o5, AR AR R GREg ALY dngl Mies®y ojsho s BF el
(2000) Povebio AgRi(AGEd et b feonsamio 78l huageh, TheWicafNhlusati od |0 56

nippls (164 injected, 108 a iting reduced
axi al | engtrHSREH |§g@gﬁm Wasrsed o mpasurerihe greeg cgalgw ﬂse%lpﬁw@rher ghannglscy

cl ass qf i ant - . i | -7
ool ogue) T aRa i iRl f TN AR RRRERnt W 0% 337, holRiiERed BYe

123: 81- 93; vdbnaslobérinesl frorh 20509 ctdddv-¢ine 01 (02%) BdBwHAA ti#)(0 Wpdaaz poiats. anal ysi s
revealed a simlar expansion of MyoD (50 % n = 8) and Krox20 (70 % n =
10) at the 8 somte stage. Furthernore, the dorsalizing effect of ztsgl
MRNA partial |y revetsmte ONepy@nt abiitd R %kl ih 884 nbriditRiohle@lyseMO (9 ng tsgl
-MO caused 47 t 2 ventralized enbryos (n = ; ng ztsgl - pl us 30 pg
zt sgl nRNA r esuFarglgtaction of GFB oy &Ly prloteim chtasdtwdywestern analpsi®was perforowedi ng

hat | f | i bl the 25 s T | f
stogl Toa RrEhEP oatBim EI8R0D Bt S Hnbrfe R PES St REl PO Es  cosi on
of ztsgl |igelated fontlpoSIabT BhEttRAENNOS WeRRBED! YTREamENRBPbotdd analldigieenzent

ofthe zts~l |oss-ofl ~unction plzenotype by ssz-anhibitorg | oss of the
C zor di n~effEridywes eq;wémut%ﬂ@a@@rem@hgé@gtem phiningd ropbiiee enbryeg is to

Gin o det er mi 18 AFbbhESaipe MEb ot B b tad Gnont A EIPrER Rudfe T o,
vert ebr at ewas gs¢tat MROOO iduition. Stgihingaiasclisalizet Wihgodtalkilig phoddBaweL | nj

ected into w type enbryos and the effect on ectopic blood island

devel oprento sgeandagy. dy deomeglabogatasictld with either a | ow dose of
ztsg 1- MO, chorgi etk ﬁ)q)fg@pqlgFN T ome:Ti TelTey Yool IVPE resul ting
enbryos were exarﬁ r?ed 1190r bl oo |§91a\%g expans}?gna%ggu t%?&goé%{égt ed in

Fi gur e 10, acderdmstorstendatdpoceiiisgl AMDrade phio fidgmenPray ndisyl digestahdty
enhanced bl ood island.e sign. Cp-inj ection of sub-inhibitory |evels of
s di et STRBIRARES BE HreRs E RO oL oGP s B OIS ¢ he
penet r ancechiistdaor $an toail Wisgm%%?oxhgfﬁf aﬁepyopﬁaogﬁd@emeaﬂuct s
cooperatively inhibited BMP signaling. The finding"that Tsg and Chordin
_cooper ¥ e amalysahivbtietpeBioRmed.si gnal | i ng was 10 confu~ned by results of

bi ochem cal experinents perfornmed in Drosophila as well as in Xenopus (See
Ross et al. (?00l) Natu~~e 410:479-83.) OIHER EMBODI MENTS 15 It is to be
understood that while the invention has been described in conjunction with

the detail ed description thereof, the foregoing description is intended to
illustrate and
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not limt the scope of the invention, wuch is defined by the scope of the
appended clains. Ot her aspects, advantages, and nodifications are within

t he scopavob2idzes foll owing clains. 53 WD 02/0909 WHAT | 8cClwabMEIs] S:

PCT/ USOL/ -41. 181 1. A teleost enbryo conprising a polynucl eoti de anal ogue,
wherein said enbryo is of a tel eost species that undergoes nerobl astic

cl eavage, acid wherein said anal ogue is present in an anount effective to
reduce expressi 1 |, ol =Y hddd dbesal &nﬁry&. rad. (1

enbryo of clai m??r’ %m@grﬁ?%ﬁéﬁgwrﬁgﬁ%ﬁbg’ Igle ect ed l{1‘?{?‘:'((§lm the greoup'( 5@4)

consi st i ngGehesearidebeaiopmiene 811A$9-1501 pnd Jewvett (1990)evfarhyds, indCatieBiak 50:6B8d85y 0,

and a stickl eback enbryo. ;3. The enbryo .claim?2, wherein sa.d enbryo is
‘a zebr af i sWeEedo Hybridipgton s W?@negp&g%] é %Mefyaﬁﬁaswaa @@F@’EF’S’BP’E%EI eic
acid is an s R &L YR IR sy Sld sy flasiiial 2948 dnd

conpl enent S}Fy tos' }Pg%ki%gn o?ﬁgé%d%%hg corlrpri ssggﬂtj%e 5" untransl at ed
.regi on of gHlkdl ([Tlidifpsoh er dh €1998pDyo Bid! 107 248369) dighstedvithdwoR land|Spgule i s
conpl ementary to regi on of said MRNA that conprises part of or the entire
AUG start ESBEHVEY-said nRNA. 7. The enbryo of claim4, wherein said

anal ogue is conplenmentary to a region of said nRNA that conprises the
codi ng regizgp,, oW disfibulih of MRS Abdifib@bblyhucid¥fl Shnblos Al Cin @AY 09ue
Is 9 to 907 Dpa ’ n. Y. [ne enbryo of clrarm I, wherern sald anal ogue
is 15 to 50 bases in length. 10. Thebreyibh ywbobsclaiml|, wherein said

anal ogue is 20 30,.bases. i.n | engt h. . . The emhryo.of claim 1, wherein
sai d gﬁ%\l ogue | grg’é dﬁBYeﬁﬁﬁfﬁ%cﬁﬁg%fq%é@ldplﬂﬂlmlﬁoga? glaeé?gufwafr %te’érﬂlﬁlfe‘go of
claim i1, ""ﬂﬁ&g“ﬁf’ré%&légﬂia Es.! PrTe-Rbeled nﬁiag%éagﬁgﬁgjiaéaa&@analgguel%r@”br yo

of claiml1, erein sald anal ogue is a pepti c acid. I4. The enbryo
of cl ai m 1jnjediet mimemmhiyos anthiedglreell stage. pdbyified pelyniicdeotidereanalaguesythat wedsose

noi ety that .has,a 2 thyl .group.. 15, enqbryo of .claim 1 _.wherein at
| east 15 W&%?Ct?%’é‘cﬁmﬁg}y@%_diégtl‘%rf“kcg‘?lﬁaﬂﬂ%mBgfr(é n??afyl 3&% aé‘r]qén'f ary to the
cor r es pondipgR&sphbfdaffiddié eDidtiibERnb T e ahRded ity Ricteotids Bnaldfues Wag cRinke Of
claim1l, eréin said anal ogue is conplenentary to a nucleic acid of said

enbr yo,15 saibsl flugresesnse micwgsenpyi asglescribed imExanplgehead 8hMjedied embryesvetqyue or

ort hol ogue in _another species. .5 VWO U 0 ~ The

orbryo o cpRpRREWRTuPREReE Sl cmbtfer BTl thd phyhidiedlae TOC, |
analogues were completely translocated to blastomeres as early as the 8-cell stage (less

than 1 hour after injection). Polynucleotide analogues remained uniformly distributed
among blastomeres as evident from samples at the mid-blastula stage.

20 In a second distribution study, 90 pg of FITC-labeled control-MO or FITC-labeled
chordin-MO were injected into wild type zebrafish embryos from 1 to 16 cell stages of
development. Uniform distribution of FITC-labeled-MOs was achieved at sphere and 28
hour stages. Injection of a chordin-MO dose of 90 pg resulted in embryos that developed
normally.

25 In a third distribution study, FITC-labeled PNA-2 (Gene Therapy Systems) was
microinjected into yolks of 1-16 cell zebrafish embryos. Injection volumes were 6 to 15
nl; approximately 50-200 ng was injected. Buffer from Gene Therapy Systems or 0.5 X
Danieau buffer was used. Toxicity was not observed with either buffer. From 85-90 %
of the injected embryos survived at 48 hours of development (usual survival rate for non-

30  toxic injections). Older embryos were not analyzed. The fluorescence signal was

detected in all tissues at comparative levels. The distribution was uniform as determined
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persists to larval or post-hatching stages of devel opnent. 18. The enbryo
of claim1, wherein said enbryo fiu-ther conprises an exogeneous rescue
nMRNA t hatweogedes a pol ypepti de whose expression i s reducedrhsosaissh

pol ynucl eoti de anal ogue, wherein said rescue nRNA is present in an anount
sufficient for expression of said pol ypeptide at a | evel conparable to that
in enbryos flee of said analogue. 19. The enbryo of claim1, further

conpri si nghpfubRaGhcORRcrastdbYy| WoRledRliNi ¢ hadiddal anrbasHRn NARLRE e d
embryo is of a teleost species that undergoés meroblastic cleavagé, erein
sai d pol ynobseesdi(dd 0Open bmhyes abappraxomplebnkeelbdigmetsr)di f f er ent regi ons of
sai d sel ected nucleic acid, and wherein said anal ogues are present in
~anounts effective to reduce expression fromsaid selected nucleic acid. 20.

The enbryo Bfampiail N-ISpekiAe ikI0bitioR BPGFP Mhsdbnel 8p5ksifh §: AUl F03bbrafish

pol ynucl eoti de anal ogue,” wherein said enbryo is of a teleost species that
.under go®s nerobl astic cl eavage, vwimﬁﬂl’_ﬂnblsﬁ%_ﬂﬁ@ ynucl eoti de anal ogues are
conplenentary tq different nuclei jds, and whereip said gnal ogues are
present in anouf nsoneffsls%l‘i’?} glgqyléoqsceqlﬂ%géxggﬁqee\ggg HRd ?‘? %Fﬁ tg‘éf‘ﬂﬁtﬁa%ﬁgf‘_é’it

hucl ei ¢ achitienséMOA abeigBRetal @he RhOEkdoAGtratel P IIEAbrafRAD A OFPRAREE MO 2
pol ynucl eot i de_anal ogue, wherein said tel eost enbryo is of a species that

under goes (REFRMQ@kwatinggctadintpezebeatigh khlitesgrbryas. Fluergsesgorandwesteradiat i n an
amount eff IV, J I nucleic (d in said
cbryo, - sar dTer R SE AR REES Bailheht SR, RATHASEAQRT o \i'ng
rise too saimingotedyblineréhbryss; (d) Bding rutrpstinjdetcd mathopsieg o dontddreoe3) @ of
claim 21, ﬁ/nere'grr;, sai.d step, of contacti n(g conprises injecting said anal ogue
into sai d BROFPBYES Migfieyvith A ng SOF MG anddAbilg tyrsyemlryos wasegrapasehl ogue
to the sur hei & V15 i I . The
nmet hod of (B:fglﬁn? g&lﬁﬁ%l\ﬁ%r ei nylgg%reg(%%?g%l WS@S‘?gilan%negﬂ?r?%sg‘g?%%g%‘f‘é g‘nbr yo

i s sel ect efinfitasly, GFE fyropespereris Eslinengninfosinjeetudabitls .S aiglutacoatroleID 6f &1 Ng
rise to sapd zebrafish endr uffer fish embryo or_egg giving rise to
said puffe oufi%’%%? "éﬁﬁm,éﬁp'ﬁgéagggﬁﬂ\d%“ﬁﬁn@@”g}“ﬁ‘)’?ﬁgm?%’@aﬁo(}éi d nedaka
enbryojs an j ; 87 L Q;-Sal i € ack
enbr yo. 55 RgE SETGIRR I T AR U ScRuth Bt b LB
mor phol i nowithdi ¥ hgdf GEPyIOc ITdetspetifiahnds af GHP fsienahia\eimtyyes injdcted witheGFP-o t he

H wi t hi | eost . eqg. nh wher ei . sai hol i no- modj f i
pol ynucl ol QEeF Boa e MoRsriny this- s alies ] sEares wep gesoys imeg

conposi t i ogxpefintehe The?ldck ¥hekBIdGBRIRoRYEBE indfeatcdh A featl) gélg{b ]gée @Eiﬁgﬁt

egg or errbr\F/o. 26, The conposition of claim 24, wherein sai uf
Dani eau buftBprotpin exprassion wss grhipmd. dturthemnore, XAFP-M@ idiibitioniol GFEl eost egg

or enbgyo | . egci under goes | astic cl.eavage. 28. The
conpos?% o‘l‘rbl)a)é‘?;s@%a‘? %@2&3\%‘%@%&% é%ﬂrg?tlsé? g%g’ﬁ{)ugbegscg}ceé%%l(ggigéap el ect ed
fromthe gdangnstetisd Sdqua@edipedifiz ahd dbiesdepeadn®inhesiliéy 6F GEP Rijrk&iod, | GFp €99

or enbryo, a nedaka egg. or enbryo, and a_stick|eback egg or enbryo. 29. The

/ g.0 . !
conposi t i oty dn emkiy?4 injggied Bith thareniiobMIQ gnd gmbiyorinigojest with the elR-af i sh
egg or enb c L i r . Sing a rescue
. whor oig vas Pomp g CRRR L bRlbs Sord iBa e ol BB BT ecion 1 s
reduced byFlaredcamoe pétotityrdaiarweiefdoafirmedbpogusterndlottinge Thexepiati denns@dte cl ai m
24, flu ther co i.si.ng. at | east one, addi ti onal  pol ynucl eoti de anal ogue,
wher ei f* sai’gt $R5F ’ﬁd’élpgg’lof’d’é SERR P PyRrEen AR éﬁ Eﬂllﬁﬂféﬁ%#ﬁ?’v egrafiish prbeie; Was
regi ons ofaéﬁg‘gd%ghggq@g nucleic acid. 32. A nethod for determning a
phenot ype associated with a selected nucleic acid in a teleost enbryo or
egg giving rise to said enbryo, wherein said enbryo or egg is of

Example 12 — Inhibition of Chordin Expression by Chordin-MO

A chordin antisense MO (chordin-MO) was injected into zebrafish embryos and a

30  highly specific series of phenotypes dependent upon dose was observed in 28-hour

embryos and 3-day old embryos. Embryos injected with various amounts of chordin-MO
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a tel eost species that undergoes neroblastic cleavage, said nethod
conprising: (a) contacting said teleost enbryo or egg giving rise to said
enbryo wiwaé ozo9sos phol i no- nodi fi ed pol ynucl eoti de anal oguepchiaisoi/ar4get s sai d
sel ected nucleic acid; and (b) detecting an altered phenotype in said

tel eost enbryo or egg, or enbryo devel oping fromsaid egg, wherein said

al tered phenotype is associated with reduced expression or altered function

of said selgelcghp Qx‘éﬁ'vﬁﬂ?wﬁ& e e%ﬁar Jd ernRBhuR e of e?ﬂb’i‘y& 1ﬁfecte\d’f%ﬁﬁ?' n said

sel ected nucl eic aC| I's a mater na or zygotic nucleic acid. 34. The nethod
of cl ai m 3Articviaramountsaofcthatdie M wln@atscﬁ)upws i W9Endeyexwereinjeetdd with\iH9

021 09509 PCT 481 fert.ili or ano enes.i s, ,to.th

,conpl eti on"& %F\?ﬁ’é&?ﬁe@?fg injggle %%?%W;gg creduye ﬁem‘ﬁ&f
further comgpmisi4ng eﬁ%}@s%re thjsabdwalaryk: 010,888 294 \éhfbgydslv%?e iffectad WitgNbryo
with a rescue nRNA, wherein said rescue ‘encodes pol ypepti de whose

,expr essi ord ngMQdbigsee bis sgeph demeusirating @nﬂtwm@medm-l‘é@i nheneiypese wesihnd s

Pever comiPh BFAeuRtyd bt St U B pb AP IR s AR ARE 6° ol

enbryo, t haéak chofdieOfpheabtsip@ fied QEiselen86f a fediBdd Hdrimnogieifginstiohng i f a
phenot ype nedi ated by a pol ynucl eoti de anal Oﬁue In a teleost organismis

sequence- spEePHPe, Wasgloiedrdihbiyos displeying tlep wegk cherdiaddPridenotype bad t el eos':1
o o KRR L B O B s SRR

devel opi ngfoldsomtsididr dggs, dicbbchﬁmleﬁhjebted smeﬁyo(sakhlbﬁéd & phéraebpynef éiwﬁ&?zond
t el eost errbr]ér(’)‘1 or teleost_eg ég%psal d cI eot i de_anal ogue and

(ii) a resed Hme@rﬁbqyeetﬁléheraa ala(slé’ ﬁ\glqzmenb ib1Qpd3 196 P@amergc@eraﬁu

t el t

subsequent (s L Welchinely {23 BARIN IR En AP0 BRGONRRS, RS
wherein a :m'mg(ahwim-m phéredypenwdsigbstreed ati mgmﬁmmbgm kigh idose(idjectioghi cat es

t hat id t gted.in equen ecif 37.. A et hod of
det er i ni n@??}) g gtngif@ lg@e%f'rmn( 5%%%1&3(&0 sisted o2 8@@@5 w-shaned saites.s, sai d
met hod,sco tﬂeﬁiepg% i d&P8b fslal?ﬁs %bﬁbﬁ?afl tAEAROd ARSI heRls t&l'xﬁﬂ§b %QE Wi th

a first polynuc e anal ogue that targets & nucleic acid encoding said
first pol ythe ppnbdb' enalmglonsdgxsidrig it e infreidotayipe le‘fOtJS-élSHOW&l mdsd:tumndfro]:oZor

N AT, R T AT DT RIS
pol ynucl eoﬁ)"ﬁi‘i@lz%ﬂaﬁ QG URd-D3howed B8l the 3nAULEGrEssiml ddnfiie e BRadWbtlarged
and shifted anteriorly, indicating ventralization of the mesoderm. (Gata-2 was expanded

20 in 100 % of the injected embryos; n=30). Comparison of injected embryos with
uninjected embryos demonstrated posterior fusion of gata-2 expression stripes. These
results demonstrate that the equivalent of an allelic series for the loss of the chordin gene
was achieved by the use of different doses of the chordin-MO.

Whole-mount i1 situ hybridization for chordin mRNA was performed.

25  Comparison of injected and uninjected embryos demonstrated that chordin mRNA levels
were similar. Therefore, inhibition of chordin function by chordin-MO was not mediated
by the conventional RNAseH mediated antisense-targeted degradation of chordin mRNA;
To verify the specificity of gene targeting by chordin-MO, embryos were injected with
synthetic Xenopus chordin mRNA to determine if effects of chordin-MO can be reversed.

30  When 423 embryos were injected with 4.5 ng of chordin-MO, 76 % showed the strong

chordin phenotype. In contrast, when 30 embryos were injected with 4.5 ng of chordin-
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second pol ypepti de, and assessing the phenotype of said tel eost enbryo or
egg, or a teleost enbryo developing fromsaid egg; c) contacting a third
tel eost woy®s@® egg giving rise to said enbryo with 57 pCTDS¢)y-A489a09
PCT/ USOL/ - 4181 said first and second pol ynucl eti de anal ogues, and assessi ng
t he phenotype of said tel eost enbryo or egg, or a teleost enbryo devel opi ng
fTOm said egg; and d) conparing the results of (a), (b), and (c), wherein
sai d two polyyARIPII0ASS0 Y S0 RN Fin RINAAED 9f xHibitdd e BREMOEARGnODSEr ved in
(c) is different fromthe sumof the individual phenotypes observed in (a)
and (b). 3shendtypeniguoai3 ifa giaph dedonstrating diahthsahgrd; phpeotyeseasied in (c)

isS nore or

observed | P ERenRy Ceogparenor pitih bl CRE s PR SPR A o

-

nor phol i noglpdihiNiedanetidnuc! eotides, wherein said different

nmor phol i no- nodi fi ed pol yhucl eoti des are effective to reduce expression from
di ffereﬁwt. nucl eic acids, and wherein said different nucleic acids are
e o R 51 Bl 53 10t ol G885 BA glp P AN <

pol ynucl eoti de $akeEtfRed-base ehadirPNaqthdPNX) afid nabel PMAvRde idj@ted into

pol ynucl eoti des effective to _reduce expressjion fromdifferent nucleic

aci ds, andzehmfishiembsyespsdiesqrited e Exgrapleide laterted emtuyosiyere vamppisd o #ddnmon

met abol i c 4 1 i nt of a
di fforenti 3PS gg’t%?%"éué‘.he ﬁ?t“ﬁlﬁ%gﬁ’n%%%w%f’gg{rgﬁmhﬁ }l‘%@?&eligﬂr}g‘?g?d
di fferentiated Thesuabérs of ambrydasnjedtéd withgartizukinaniounts of chordin/PINAwreee as n

said differentiated tissue is vasculature ti as(lﬁa 44. The norphant of claim
41, wher ei Pllodisgt embos Meraingsstad with,@ 25 agiohgddNAL0 el ya WBIRARECEE ¢l ai m
41, whereip.sa RER ni i y : . e claim
4, whor of WA $pgid ENATDR TRy ds Ak hul e i he A PAC TRRBORR R 0
The nor phaitfjectdd witlail 15 rglchdwPie Ae iThe iaimberti dffearbeydsi iajeetdd twittspeeticidareanmustd e.

48. The nor phant_of claimA4], rein said differenti dtiss is,the
backbone. — GURACRBN AN BR A EoE B RO VAT MUPTIeG R O AR Bed 1 ssue
is the hea R f j : ' b ¢hisildd Signtieat ed

ti ssuelgiqs %Fﬁ%%wg%m@kég%n@& B%anrﬁcﬂ a%#e@élﬁéa %%%%Wmdkglevfégf ﬁljgdéi d@gi ffegr enti at ed
tissue i s paque-BhENt7Scmitiryos®ercAnjected vsth Indnghasere-PNvker ei n t he nor phant
phenot ype of said tel eost..nmoi phant correspond 0 henot ype
characteristic 0fVeki® ﬁﬁg@ lggn?ﬂ“f‘fa_i%t {QS%‘Q W%&WMGW@}MMQL 181

53. The noiPORAGhH, Was Shseivit 2213 vh8f Bk BmbAlod islesed s8thanBlhs bPehd BNAE st ed
fromthe group consisting of porphyria and cyclopia. 54. A method of

i dent i fyi nepesifinaffestsowereindteddn 60 ot the injected amiprgasawbile medialitygate wasi2d %.

20  Inthe embryos injected with 0.5 ng chd-PNA, 31 % mortality rate was observed. About

38 % of the injected embryos exhibited a weak ventralization phenotype, while 2 %
exhibited a strong ventralization phenotype similar to a null chordin mutant phenotype.
Non-specific effects were observed in 43 % of the injected embryos. Injection with 1 ng
and 1.5 ng of chd-PNA resulted in 74 % and 76 % mortality rates, respectively. The

25  injection phenotypes were not analyzed.

Epiboly stage embryos were subjected to in situ hybridization to confirm
morphological results. These analyses indicated that 28 % of the chd-PNA injected
embryos had expanded gata-2 expression, a hallmark of mesoderm ventralization. Iz situ
hybridization for otx-2 showed that 50 % of zebrafish embryos injected with 0.5 ng chd-

30  PNA and 70 % of zebrafish embryos injected with 1 ng and 1.5 ng chd-PNA had reduced
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.contact with saPMgce-ByA igiectionsaespbief syloy

-

met hod conprising: a) generating a tel eost norphant having a norphant
phenotype that corresponds to said phenotype characteristic of said disease
condi ti oy agddod) identifying the nucleic acid target of pCinaso1/41481

nmor phol i no- nodi fied pol ynucl eotide in said tel eost norphant, wherein said
nucl eic acid target of said norpholino-nodified polynucleotide is the

nucl eic acid associated with said di sease condition. 55. A met hod for
assessi ng e )
ont act | ngPle? SnESng RAhHPal (RERNERLs peRav B i SRR EAIE B
sai d nor pha{&c}ﬁunﬁgquent to contact W|th said drug. 56. The rret hod of cI aim

55, wherein said phenotype of said m)rphant i q#tgtgna red S g?&qﬁgé)
0 ot ype

of said mb%@% q! %%qmggrﬁﬁlrﬁmg%fhﬁae %sﬁlt@ﬁﬂﬂ&%fﬂﬁ&? ?&t@é&qmt 24 9,

contact with e met cI al m 55 eln sad phenotype
of sai d5snoBptaand 35 &hsespﬂemml)t dNamspezific a]armi'maletydatds mgged Bomdr Yodbnt ed with

h th it f bi 59.. A t h
expr 655 on MPGHARA 05 Boa et ARG Oc i FHECLiRh g e O138PH PN OO
conpri singy Eﬁﬁl%ﬁblﬁgﬁgﬁe%@s%geﬂ& dﬁf@g?rg@ﬁ%}ecﬁé@vlﬂ%%?&?mm i de

anal ogues that are c nt ar nt regions of said selected
nucl ei ¢ aciFdrthentbrejemalyisis of iddy-ald eraafishtentbrped showel dhutt injectonatidguasse-ar e

nore effectjve. i educi ng, expressi on.fromsai el.ect ed ny clei.c .acid than
ei ther of Fs"&ﬁ/ h%‘{] 8&%“6 ope p%r%m*&aﬁwryd ” Hﬁ%éfgﬂé’éa%ﬂ% YSE®T Bifdetet hod
of clahg 5%mb\“ﬁ%rsﬁbﬂ'e§ ﬁia@né’&e-h’?@?h]éc%n AR Norankegdti dor dBab eemessidt tThese

synergistically to r educe expression fromsaid sSel ected nucleic acid. 61.

The met hod results ingicatethat tieeetralizationipkenotypass speaibicgo chordut-BYA de anal ogues
reduce expression fromsaid selected nucleic acid by a synergy factor of 3.
59 WO 02/ U909 PCT/ USO1/.11~81 62. The nethod of claim 60, wherein said at

| east two pol ynucl egtdsasle Qﬂ&|m%§@;zr%¢m@'n§%%ﬁn@%ﬁbr‘ék’sz&ﬁ bRl sel ect ed
nucleic acid by a synerg actor o e net hod of clalm 60, wherein
said at | east t\%GWPW p@b@ddﬁenaﬁ@ﬁlﬁ@%b@greédbé@%)ﬁe@%r%ﬂ -2 dmesai d

sel ect ner 4, th

50, whar o1 §osged s toluRri RNy b Bion B G Fadlp e 088 furliof ™! ™

nor phol i no-die &b béth dnarernyndel zggbmag@eu@sontﬁb@mmattawmmmhaﬂe ibgsedtonl east
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with 9 ng of oep-MO, and phenotypes consistent with loss of zygotic oep function were

20  seen. Cyclopia and ventral curvature typical of zygotic oep mutants were observed in 30
+ 5 % of embryos (n=291). In 13 + 5% of embryos (n=291), severe cyclopia, somite
absence in the trunk, misshapen tail somites, and reduced notochord typical of a maternal-
zygotic oep mutant were observed. Tailbud stage embryos were subjected to in situ
hybridization for pax-2 and axial. Prechordal mesoderm reduction was seen in 45 % of

25  injected embryos when compared to wild type embryos; 24 embryos were analyzed.

The oep-MO phenotype was rescued by injection with synthetic zebrafish oep
mRNA. Forty-three percent of embryos (n=291) displayed oep phenotypes when injected
with 9 ng oep-MO, while none of the 33 embryos analyzed displayed oep phenotypes
when injected with 9 ng oep-MO and 50 pg oep mRNA. Figure 4 is a graph

30  demonstrating dose-dependent reduction in the frequency of the oep phenotype in
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ybo/éo ((yq)& \(N?G)Jtreé&é%% P@li(o]tgp(}g %}'0103161 %@ﬁgﬁ @‘zzc hedgehog (shh) is thought to

=t 10%&1( ) - plEyaD otithd ¥l (1) tHe/deLEloBRiekt) of KhiE dis@setin BURany (BéllohDEML.((1996)
Nature Genet 14:353-356; Roessler et al. (1996) Nature Genet 14:357-360). Zebrafish

shh mutations, however, result in no anterior midline signaling defects (Schauerte ez al.
(1998) Development 125:2983-2993). A second shh orthologue expressed in the anterior
midline, tiggy-winkle hedgehog (twhh) (Ekker et al. (1995) Curr Biol 5:944-955), could

15 explain this lack of phenotype in a highly conserved vertebrate developmental process.
Both sih and twhh genes were targeted using MOs to test for redundancy and to develop
zebrafish as a genetic model for HPE.

Embryos were (1) injected with 18 ng twhh-MO and 9 ng of control-MO; (2)
injected with 18 ng shh-MO and 9 ng of control-MO; (3) co-injected with shh-MO and

20  twhh-MO, 13.5 ng each; or (4) injected with shh-MO and twhh-MO (13.5ng each), and
100 pg of twhh mRNA. Embryos at 3-day old or 10 somite stage were analyzed. Figure
6 is a graph comparing the frequencies of cyclopia, u-somites, and reduced fins in
embryos injected with a control-MO and twhh-MO, a control-MO and shh-MO, or both
twhh- and shh-MOs.

25 Embyros injected with shh-MO exhibited phenotypes characteristic of a shh
mutation (Schauerte et al. (1998) Development 125:2983-2993). These embryos
displayed ‘u’-shaped somites, lacked the horizontal myoseptum, and had reduced pectoral
fins. Embryos injected with twhh-MO exhibited phenotypes indistinguishable from
controls. These embyros had normal heads, ‘v’ shaped somites, and normal myoseptum

30  when compared to wildtype embryos. Injection of both twhh-MO and shh-MO, however,

resulted in embryos with synergistic defects in somitic patterning in the trunk, a new
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Embryos at the 10 somite stage were examined by whole-mount i situ
hybridization for myod. Results demonstrated that shh-MO injected embryos exhibited a
weak reduction of adaxial and somatic mesoderm when compared to wildtype embryos.
Embryos co-injected with shh-MO and twhh-MO exhibited an extreme reduction of
adaxial mesoderm. This reduction was reversed and adaxial mesoderm was lightly
expanded by injection of zebrafish twhi mRNA.

These results demonstrate that zebrafish is an effective model for HPE. In
addition, these experiments demonstrate the utility of morpholinos for both single and
multiple gene knockdowns for the understanding of vertebrate embryonic development
and disease.

Example 18 — Sonic hedgehog MO synergy

Embryos were injected, as described in Example 4, with two non-overlapping shh-
MOs: shh-MO #1 and shh-MO #2. Sequences of shh-MO #1 and shh-MO # 2 are
provided in Example 3. Embryos were analyzed at 3 days of development for phenotypic
changes resulting from loss of sonic hedgehog function (Schauerte et al. (1998)
Development 125: 2983-2993). Embryos that displayed effects in somites as strong as the
weakest allele 1q252 were scored as demonstrating a positive phenotype. Figure 7
compares the frequencies of embryos that displayed a phenotype associated with sonic
hedgehog loss-of-function when injected with one or two shh-MOs. Results shown were
obtained from three independent experiments. Twenty or more embryos were scored for
each data point. As shown in Figure 7A, the number of embryos having a sonic hedgehog
loss-of-function phenotype resulting from morpholino injection was greater when

embryos were injected with two shh-MOs than when embryos were injected with a single
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. 5  Furthermore, injection of a half dose of two shh-MOs is much more potent at knocking

down shh gene expression than a full dose of either MO alone (see Figure 7B).

Example 19 - Efficiency of gene inactivation by morpholinos

Morpholinos were generated against known genes to determine an estimate of

10 success rate. Genes targeted included shh, chordin, no tail, one-eyed-pinhead (oep),
sparse, nacre, urod, bozozok/dharma, an EF1a-GFP transgene, pax 2.1, bmpl, bmp2b,
bmp7, alk8, smads, wnt5, and wntll (see Ekker (2000) Yeast 17:302-306). With the
exception of pax 2.1, all genes targeted resulted in clear specific gene inactivation with
the first MO tried, i.e., 16/17 or > 94 % of known genes were inactivated successfully.

15  This rate of successful gene inactivation can be reduced by MO mistargeting or other
non-specific effects. For example, an MO can inhibit a second gene resulting in embryos
with a combined phenotype. An extreme example is represented by the bozozok/dharma
MO, in which a second effect (CNS degeneration) is superimposed on the bozozok loss of
function phenotype (Nasevicius et al. (2000) Nature Genetics 26:216-220). If these

20  secondary, non-specific effects result in loss of embryonic structures or premature death
of the embryo, then the function of the gene under study will not be scorable. The
reduction in the rate of successful MO gene inactivation (16/17) by the rate of gene
mistargeting (2/17) is a lower estimate of MO screening efficiency, and yields an initial
MO screening rate of 82 % (14/17). A significant fraction of these ‘missed’ genes can be

25  recovered by the use of a second MO of unrelated sequence. Assuming a similar success
rate of approximately 80 % for the remaining 18 % of ‘missed’ genes, an additional 14 %
of genes can be targeted by the second MO, for a combined expected success rate of > 95
% for genes screened using two targeted MOs.

Should the leader sequence in a specific locus be especially prone to
30  polymorphism, the selected gene might not be inactivated in all embryos due to the high -

specificity of MO targeting in vivo. The one-eyed-pinhead locus is a potential example of
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technology in zebrafish.
As with many genetic screens, MOs also are limited by functional redundancy, an
issue especially relevant to vertebrates. Moreover, the zebrafish genome contains an

10  additional set of incomplete duplicates for an estimated 30% of genes found in mammals
(Postlethwait et al. (1999) Methods Cell Biol 60:149-163; and Oates ef al. (1999) Dev
Dyn 215:352-370). This partial genome duplication occasionally results in two
orthologues in zebrafish for one in humans. One example is the sonic hedgehog locus
(Example 17). Comparative expression profiles of likely orthologues, however,

15  demonstrate only a duplication of a subset of expression patterns for these genes. Indeed,
no two orthologues have identical expression patterns in zebrafish (Gates et al. (1999)
Genome Res 9:334-347). The use of MOs, however, is highly amenable to rapid tests of
redundancy through the simultaneous targeting of genes of related sequence (see Example
17). Multi-gene targeting strategies are thus practical using current morphino technology,

20  with an estimated minimum success rate of (0.82 x 0.82)= 67 %. For genes amenable to
this strategy, morpholinos will be extremely effective at identifying and testing molecules

with redundant functions irn vivo.

Example 20 — Morphological effects of VEGF-A-1 morpholino injection at 36 hours

25 Signaling by members of the Vascular Endothelial Growth Factor (VEGF) gene
family is implicated in the formation of vasculature during embryogenesis, during wound
healing, and for the growth of tumor-induced vasculature (See Carmeliet ef al. (1996)
Nature 380:435-9; Carmeliet et al. (1997) Am J Physiol 273:H2091-104; and Ferrara
(1999) J Mol Med 77:527-43). Pioneering work in mice with VEGF-4 demonstrates the

30  extreme dose responsiveness of the mouse embryo to VEGF-A signaling during

development. Loss of a single copy of the VEGF-A4 gene induces haploinsufficient
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Development 126:1149-59). A more recent approach to address this problem used
intravenous injection of antisense oligonucleotides in pregnant mice to reveal loss of
function requirements of VEGF-A function during murine embryogenesis (Driver et al.
(1999) Nat Biotechnol 17:1184-7).

10 Zebrafish embryos develop externally and have only limited requirements for a
functioning circulatory system during early development. For example, embryos with no
circulating red blood cells due to porphyria live through the first three days of
development (Ransom et al. (1996) Development 123:311-9), a period that includes all of
segmentation and organogenesis in the fish embryo. Multiple mutations in cardiovascular

15 development were isolated in the initial large-scale chemical mutagenesis screens
(Stainier et al. (1996) Development 123:285-92; Chen et al. (1996) Development
123:293-302; Weinstein et al. (1995) Nat Med 1:1143-7). Together, the zebrafish has the
potential to rapidly assess the biological role of angiogenic factors required for this
essential vertebrate process.

20 Zebrafish VEGF-A is expressed during embryogenesis in the anterior nervous
system, in mesoderm flanking the prospective heart fields, and in somitic mesoderm that
flanks the developing endoderm (Liang et al. (1998) Biochim Biophys 1397:14-20). MOs
were generated against VEGF-A to analyze the requirement of this gene during embryonic
development. MOs had been shown to be effective at gene inactivation during the first

25  two days of zebrafish development (see Example 16).

Embryos were injected with 9 ng of VEGF-A-1-MO. The resulting VEGF-A
morphant embryos developed with no overt abnormal phenotype during the first day of
development. Attwo days of embryogenesis, the VEGF-A morphant phenotype consisted
of an enlarged pericardium, no circulating red blood cells, a slight reduction in neural

30  tube and overall body size, and little or no functioning vasculature. In a subset of

embryos, red blood cell accumulation was observed in the ventral tail. Table 1

44



f dEbC
10f > 6&$109&' ()-/! 109%&' ()- SF. 9$109&' ()-'! 10%& ()- S&9! 109& ()-!109%& ()-f.bC
10: 10% &WO 62/09%074 & ()-10% & ()- 10 10 1093=109%& ()- 7" 1098LT/S01/414$1dEDC
10f @ 10% & ()-!10% & ()-S10% & ()-110% & ()- Y 10% & ()-:10% & () -+ dEbC
10%@#10% & ()- *$ 10% & ()- " 10% & ()-& " 10% & ()- @
10% & () - &$10% & ()-9X _dEbC 10/!10% & ()-. #10% & () -
y, 310% & (qmrdAR% & Req@ndidOfeitryos @i ﬁ‘né %S&op@séiﬂatﬁﬂ@%léa}dlgméﬁﬁa()
10t 10t 10ts=1094 & ()- 710% & () - 96#10% & () -
109%&' () -1 ,U_loa@ac(c)mmﬂzu;mmn {he-anferibd a@tq, and quoﬂ@rmu(lylauon mtmaql)when ingetgd
10S% 1094 ss1a 91510 )- 0% ()-S 10% ()- |f 10%& ()-e"dE:/ 10
10L =109%& ‘%ﬁfh*%efa QK%E‘&)‘I‘E"B 3/@@) /1109&' ()-S .3"109%& ()-' "109&' ()-cXxY:/
10SF" 10%& () - | Eduk@¥erfrherts w ofthed &t éa&ﬁ%’o bsé: &w%%e(ﬁeq%&%& dDall
10! t*dE: / 10SI I'10%& () - S$109%& ()-11 10%& ()-F F109%& FQLO%& ()- |
- 109 ()5- E@peyimgnisperionnal gt ache®iO dose ag shown. Thwgstgndardperror doike myean of

108 ) CuHAGIR, b EPHE RERD H 6 e AR St O 10 10

experiments.

Table 1. Microangiography analysis of embryos injected with VEGF-A-1-MO at 48

10  hours.
Injected VEGF-A-1 morpholino dose, ng
Observed phenotypes (frequency, %) 3 6 9 12 18
Heart and yolk vasculature only 3x2 3+1 21+4 38+£13 39+1
No axial or intersegmental vasculature 74 2%1 2513 27%+13 2919
No/reduced intersegmental vasculature 67t5 7813 51x2 36+20 306
Normal vasculature 23+10 1716 3x1 0x0 2%3
Pericardial edema 15+2 35x10 49+ 2 56+0 6712
Blood accumulation in anterior hypochord 00 1%1 5+3 3x0 8zx2
Blood accumulation in tail 1£1 2+2 16+8 1910 1917
Total embryo number 110 120 105 106 101

Example 21 — Microangiography visualization of vasculature defects in VEGF-A-1

morphants
15 Two separate fluorescent assays were used to assess vascular function. In the first

assay, fluorescently-labeled RBCs were generated through inactivation of the
uroporphyrinogen decarboxylase gene (urod, Wang et al. (1998) Nature Genet 20:239-
243) using 9 ng of urod-MO. In 36-hour embryos injected with 9 ng of urod MO,
fluorescing RBCs highlighted the axial vasculature, head vasculature, yolk sac, and heart.
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10@. L$10(V§éx€r)m.FInj ection of FITC-dextran into the sinus venosa / cardinal vein of an
5  anesthetized 48-hour old embryo results in labeling of the entire vasculature of the
zebrafish embryo, including the yolk sac, heart, head, axial, and intersegmental blood
vessels (Weinstein et al. (1995) Nat Med 1:1143-7).

Injection with VEGF-A-1-MO showed that these structures were differentially

sensitive to VEGF-A signaling. Further, three phenotypic classes were observed when

10  various amounts of VEGF-A-1-MO were injected. In the most severe phenotypic class,
i.e., at high dose injections of VEGF-A-1-MO, the only vasculature detectable was in the
heart and yolk. Head, axial, and intersegmental blood vessels were not visible. The
vasculature either failed to form at all or contained no functioning connections to the
heart in these embryos. To distinguish between these possibilities histological analyses

15 were performed on the most severely affected embryos. Neither dorsal aorta nor axial
vein could be seen in the injected embryos.

A frequent but less severe phenotypic class of embryos also was observed. These
embryos were said to exhibit a moderate VEGF-A-1-MO injection effect. In these
embryos, the injected FITC-dextran highlighted yolk sac, heart, and head blood vessels

20 only. No axial or intersegmental vasculature was observed.
| The least severe phenotypic classification included embryos exhibiting reduced
intersegmental vasculature, but normal heart, yolk, head, and axial blood vessels.
Embryos exhibiting no or few intersegmental blood vessels, but normal yolk sac, heart,
head vasculature, and axial blood vessels were said to exhibit a weak VEGF-A-1-MO
25  effect.

The penetrance of these phenotypic classes was dependent on dose (see Table 1).
This is consistent with the strong dose-dependence of VEGF-A function in mouse
embryos (Ferrara et al. (1996) Nature 380:439-42; Carmeliet ef al. (1996) Nature
380:435-9). Heterozygous mouse VEGF-4 mutants showed a reduced dorsal aorta

30  detected by histological analysis. Fewer intersegmental blood vessels were detected by a

tissue-specific lacZ expression. Lack of dorsal aorta was indicated by histological
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had essentially a normal appearance with a slightly enlarged atrium and ventricle,

possibly due to higher cardiac pressure.

Example 22 — Confirmation of VEGF-A MO specificity
10 Two VEGF-A-MOs, one having a sequence that did not overlap with VEGF-A-1-

MO and one containing a four base mismatch, were used to confirm specificity of
targeting (see Table 2). Four VEGF-A-D4-MO injection experiments and two VEGF-A-
3-MO injection experiments were performed at each MO dose. Table 2 summarizes the
average frequencies observed in all experiments performed at each MO dose. The

15  standard error is the mean of the differences between the average frequency and the
frequencies of individual experiments.

Injection of embryos with VEGF-A-D4, the mismatched-MO, demonstrated the
sequence-specific nature of the noted effects of the VEGF-A-1-MO (see Table 2). To
independently test for specificity of targeting to the endogenous VEGF-4 gene, a second

20 VEGF-A-MO of completely independent sequence (VEGF-A-3) was used. This very
potent MO caused the same phenotypic effects on development as the VEGF-A-1-MO,
including a dose-dependent reduction of vascular function, pericardial edema, and blood
accumulation in the tail (see Table 2). The differential efficacy might be due to different
secondary structures of the MOs or the targeted mRNA regions. Alternatively, the effect

25  might be caused by the higher predicted melting temperature of VEGF-A-3 (48 % G/C)
compared to VEGF-A-1 (28 % G/C). Therefore, phenotypes associated with injection of
VEGF-A-1-MO resulted from MO-based specific inhibition of translation of VEGF-4
transcripts.

A number of genes whose mutation results in cardiovascular defects have been

30  observed in chemical mutagenesis screens with zebrafish (Stainier et al. (1996)

Development 123:285-92; Chen et al. (1996) Development 123:293-302). Although none
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5  mutation (Chen et al. (1996) Development 123:293-302). Several mutations giving rise to

altered circulation were noted (Stainier et al. (1996) Development 123:285-92); Chen et

al. (1996) Development 123:293-302). These mutations included gridlock, a gene that -

encodes a bHLH protein required only for arterial development (Weinstein et al. (1995)

Nat Med 1:1143-7,; Stainier ef al. (1996) Development 123:285-92); Zhong et al. (2000)
10 Science 287:1820-4). The role of these genes in VEGF signaling awaits molecular

genetic characterization of the remaining loci.

Table 2. Microangiography analysis of embryos injected with VEGF-A-D4 and VEGF-
A-3-MO at 48 hours

Injected dose, ng
VEGF-A-D4 morpholino 3 6 9 12 18
Heart and yolk vasculature only 11 00 2+3 31x0 30
No axial or intersegmental vasculature 00 00 00 00 0x0
No/reduced intersegmental vasculature 70 63 5+2 22+1 143
Normal vasculature 92 +1 943 93+3 752 84+3
Total embryo number 163 116 119 76 73
VEGF-A-3 morpholino 0.5 1.5 3
Heart and yolk vasculature only 0+0 1313 27 £ 11
No axial or intersegmental vasculature 00 24 +24 40+13
No/reduced intersegmental vasculature 18.8 37+ 11 24 + 14
Normal vasculature 81.2 26+ 26 10110
Total embryo number 32 71 69

15
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al. (2000) Mech Dev 92:237-52). In wild-type 26-hour embryos, fli-1 was expressed in

the forming dorsal aorta and axial vein and in the intersegmental vasculature in overlying
somites. In embryos that failed to complete vascular development, only a subset of the
vascular expression patterns of fli-1 was altered. No detectable intersegmental expression
10 of fli-1 was observed. This coincided with the exquisite intersegmental vascular
endoderm sensitivity to VEGF signaling (Table 1). The cells either were not properly
specified or failed to migrate during formation of the intersegmental vessels.
The distinct responsiveness of the expression of the endothelial marker f1i-/ in
intersegmental vessels to VEGF-A signaling demonstrates a dual role for VEGF during
15 vascular development. First, VEGF-A is required for proper axial vessel formation but
not for initial axial vessel patterning. Second, VEGF-A is required for intersegmental
vessel cell specification or migration, and presumably, for subsequent vascular formation.

Similar results were obtained upon analysis of expression of the tyrosine kinase
VEGF receptor flk-1. Distribution of f7k-1 transcripts was very similar to that of fli-/ in

20  the trunk and tail of wild-type embryos. In VEGF-A morphant embryos generated by
injection with 9 ng VEGF-A-1, intersegmental but not axial expression was absent. A
significant reduction in fI&-1 gene expression was noted in mouse embryos with no
VEGF-A activity (Carmeliet et al. (1996) Nature 380:435-9). A less extreme lack of flk-1
expressing cells in the intersegmental vasculature also was observed in mouse with the

25  partial and conditional VEGF-A knockout (Haigh et al. (2000) Development 127:1445-
53).

Zebrafish embryos injected with 18 ng of VEGF-A-1-MO displayed the same
specific loss of expression only in the intersegmental regions for both fli-1 and flk-1. The
lack of a requirement for VEGF signaling for flk-1 expression is consistent with previous

30  observations of paracrine modes of VEGF signaling (reviewed in Ferrara, 1999). The

expression of the VEGF receptor flk-1 is, however, VEGF-dependent during
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specifically, VEGF-A is not required for the initial establishment of axial vasculature
patterning, whereas all development of intersegmental vasculature is dependent on
VEGF-A signaling. The absence of axial and intersegmental vasculature in VEGF-A
10  morphant embryos indicates that VEGF-A has a role beyond establishing fIk-1 and fli-1

expression in blood vessel formation.

Example 24 — VEGF-MO synergy
Embryos were injected, as described in Example 4, with two VEGF-MOs:
15 VEGF-A-1-MO and VEGF-A-3-MO. Sequences for the VEGF-A-1-MO and VEGF-A-

3-MO are provided in Example 3. Embryos at 2 days of development were analyzed

using microangiography, as described in Example 21. Embryos that displayed defects in
intersegmental vasculature only were scored as displaying a weak VEGF-MO
phenotype, whereas embryos that displayed defects in both intersegmental and axial

20  vasculature were scored as a strong VEGF-MO phenotype. Results, depicted in Figure 8,
demonstrate that the number of embryos having a weak or strong VEGF-MO phenotype
resulting from morpholino injection was greater when embryos were injected with two
VEGF-MOs than when embryos were injected with a single VEGF-MO. A comparison
of the numbers of embryos having the weak or strong VEGF-MO phenotype resulting

25  from injection of one or two VEGF-MOs demonstrates that the increase was more than
additive, i.e., injection with two MOs had a synergistic effect on the numbers of embryos

exhibiting weak or strong VEGF-MO phenotypes.

Example 25 - Zebrafish frizzled-2 targeting analyses
30 Embryos were injected, as described in Example 4, with two zfz2-MOs: zfz2-

MO-ATG and zfz2-MO-UTR. Sequences for zfz2-MO-ATG and zfz2-MO-UTR are
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defects when injected individually into an embryo. When both of the zfz2-MOs were

injected into the same embryo, defects in notochord and somite developments were
synergistic.

10 In addition, development of the zebrafish pancreas was examined using pancreas-
specific markers such as Fspondin and islet-1. Fspondin and islet-1 are expressed by a
subset of cells in the zebrafish pancreas, and the absence of expression of Fspondin or
islet-1 indicates that pancreas development is defective. When Fspondin and islet-1
expressions were examined, reduced expression or a complete lack of expression was

15  found in morpholino-injected embryos.

Example 26 — Vertebrate Tsg functions to augment Chordin inhibitory activity

To examine the function of zsg in vertebrates, the function of the ztsg/ gene in

zebrafish was analyzed using a ztsg1-MO. The ztsgl gene is the appropriate counterpart
20  to the early embryonic Drosophila tsg since ztsgl is expressed ubiquitously in early
zebrafish embryos, while z£sg2 is only expressed at later stages.

MOs were used to reduce the function of the endogenous ztsgl. To visualize the
vasculature, 9 ng of UroD-MO was injected into embyros. In situ hybridizations were
performed for the following markers at the indicated developmental stages: AMyoD (8

25  somite stage), Krox20 (8 somite), GATA2 (22 somite) and BMP-4 (3 somite stage).
Injection of 12 ng of a ztsg morpholino (ztsg-MO) resulted in 50 % of the injected
embryos giving rise to zebrafish with phenotypes characteristic of expanded BMP
signaling (Hammerschmidt ez al. (1996) Develop 123:95-102; Miller-Bertoglio et al.
(1999) Dev Biol 214:72-86). Embryos developed expansion of the ventra] fin region that

30  corresponded to ectopic blood islands, a tissue derived from ventral mesoderm. Injected

embryos also showed an expansion of GATA2 at the 22 somite stage of development (48
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SO IS Overal. s phenotype fs very siil
phenotype is very similar to that of ogon/mercedes mutants

(Hammerschmidt ef al. (1996) Develop 123:95-102; Miller-Bertoglio et al. (1999) Dev

10 Biol 214:72-86) and moderate chordin loss-of-function mutants, and represents a modest
ventralized phenotype (Nasevicius et al. (2000) Nat Gen 26:216-220; Hammerschmidt ez
al. (1996) Develop 123:95-102).

Injection of ztsg/ mRNA resulted in phenotypes diagnostic of reduced BMP

signaling (Mullins et al. (1996) Develop 123:81-93; Kishimoto et al. (1997) Develop

15 124:4457-66; Dick et al. (2000) Develop 127:343-54). Injection of 75 pg of ztsg mRNA
resulted in 56 % of the surviving animals (164 injected, 108 alive) exhibiting reduced
axial length with loss of ventral fin. This is a phenocopy of the C3-C4 class of dorsalized
mutant embryos observed with the snailhouse (BMP-7 homologue) and piggytail
mutations (Mullins et al. (1996) Develop 123:81-93; Dick et al. (2000) Develop 127:343-

20  54). Molecular analysis revealed a similar expansion of MyoD (50 %, n = §) and Krox20
(70 %, n = 10) at the 8 somite stage. Furthermore, the dorsalizing effect of zzsg/ mRNA
partially reversed the ventralizing effect of the z£sg/-MO (9 ng #sg/-MO caused 47 £ 2 %
ventralized embryos (n = 376); 9 ng ztsgl-MO plus 30 pg z£sg] mRNA resulted in 19 £ 8
% ventralized embryos (n = 270)) indicating that loss of ztsg] was responsible for the

25  phenotype. Therefore, loss of ztsgl led to embryos with a ventralized phenotype, while

ectopic expression of ztsg/ led to a dorsalized embryonic phenotype.

Example 27 - Enhancement of the ztsgl loss-of~function phenotype by sub-inhibitory loss

of the Chordin gene

30 Drosophila data suggest that one role of Tsg is to potentiate the inhibition of BMP

signaling in conjunction with Sog/Chordin. To determine if the same is true for
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the ventralized phenotype. Therefore, both gene products cooperatively inhibited BMP

signaling. The finding that Tsg and Chordin cooperate to inhibit BMP-2 signalling was

10  confirmed by results of biochemical experiments performed in Drosophila as well as in

Xenopus (See Ross et al. (2001) Nature 410:479-83.)

OTHER EMBODIMENTS
15 It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the scope of the appended claims.
Other aspects, advantages, and modifications are within the scope of the following

claims.
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of a zebrafish embryo, a puffer fish embryo, a medaka embryo, and a stickleback
embryo.

3. The embryo of claim 2, wherein said embryo is a zebrafish embryo.

4. The embryo of claim 1, wherein said selected nucleic acid is an mRNA.

5. The embryo of claim 4, wherein said analogue is complementary to a region of
said mRNA that comprises the 5’ untranslated region of said mRNA.

6. The embryo of claim 4, wherein said analogue is complementary to a region of
said mRNA that comprises part of or the entire AUG start codon of said mRNA.

7. The embryo of claim 4, wherein said analogue is complementary to a region of
said mRNA that comprises the coding region of said mRNA.

8. The embryo of claim 1, wherein said analogue is 9 to 90 bases in length. |

9. The embryo of claim 1, wherein said analogue is 15 to 50 bases in length.

10. The embryo of claim 1, wherein said analogue is 20 to 30 bases in length.

11. The embryo of claim 1, wherein said analogue is a morpholino-modified
polynucleotide.

12. The embryo of claim 1, wherein said analogue is a 3’-5° phosphoroamidate.

13. The embryo of claim 1, wherein said analogue is a peptide nucleic acid.

14, The embryo of claim 1, wherein said analogue is a polynucleotide containing a
ribose moiety that has a 2> O-methyl group.

15. The embryo of claim 1, wherein at least 15 % of the nucleotides in said analogue
are not complementary to the corresponding nucleotides in said selected nucleic
acid.

16. The embryo of claim 1, wherein said analogue is complementary to a nucleic acid
of said embryo, said nucleic acid having a coding sequence that has a homologue

or orthologue in another species.
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28. The composition of claim 24, wherein said teleost egg or embryo is selected from

the group consisting of a zebrafish egg or embryo, a puffer fish egg or embryo, a
medaka egg or embryo, and a stickleback egg or embryo.
29. The composition of claim 24, wherein said teleost egg or embryo is a zebrafish
egg or embryo.
30. The composition of claim 24, further comprising a rescue mRNA, wherein said
rescue mRNA encodes a polypeptide whose expression is reduced by said
morpholino-modified analogue.
31. The composition of claim 24, further comprising at least one additional
polynucleotide analogue, wherein said polynucleotide analogues are
complementary to different regions of said selected nucleic acid.
32. A method for determining a phenotype associated with a selected nucleic acid in a
teleost embryo or egg giving rise to said embryo, wherein said embryo or egg is of
a teleost species that undergoes meroblastic cleavage, said method comprising:
(a) contacting said teleost embryo or egg giving rise to said embryo with a
morpholino-modified polynucieotide analogue that targets said selected
nucleic acid; and

(b) detecting an altered phenotype in said teleost embryo or egg, or embryo
developing from said egg, wherein said altered phenotype is associated with
reduced expression or altered function of said selected nucleic acid.

33. The method of claim 32, wherein said selected nucleic acid is a maternal or
zygotic nucleic acid.

34. The method of claim 32, wherein said altered phenotype is observed from
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- wherein said rescue mRNA is present in an amount sufficient for expression of
said polypeptide at a level comparable to that of a teleost embryo, or egg giving
rise to said embryo, that is free of said analogue.
36. A method for determining if a phenotype mediated by a polynucleotide analogue
in a teleost organism is sequence-specific, said method comprising:

a) contacting a first teleost embryo or teleost egg with said polynucleotide
analogue;

b) assessing the phenotype of said first teleost embryo or egg, or a teleost
embryo developing from said egg, subsequent to step (a);

¢) contacting a second teleost embryo or teleost egg with (1) said
polynucleotide analogue and (ii) a rescue mRNA molecule;

d) assessing the phenotype of said second teleost embryo or egg, or a teleost
embryo developing from said egg, subsequent to step (c); and

e) comparing the results of (b) and (d), wherein a phenotype detected in (b)
that is not detected in (d) indicates that said phenotype detected in (b) is
sequence-specific.

37. A method of determining if first and second polypeptides are genetic interactors,
said method comprising:

a) contacting a first teleost embryo or teleost egg with a first polynucleotide
analogue that targets a nucleic acid encoding said first polypeptide, and
assessing the phenotype of said teleost embryo or egg, or a teleost embryo
developing from said egg;

b) contacting a second teleost embryo or egg giving rise to said embryo with
a second polynucleotide analogue that targets a nucleic acid encoding said
second polypeptide, and assessing the phenotype of said teleost embryo or
egg, or a teleost embryo developing from said egg;

c) contacting a third teleost embryo or egg giving rise to said embryo with
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38.

39.

40.

41,
42,
43,
44,
45,
46,

47.
48.
49,
50.
5t
52.

d) comparing the results of (a), (b), and (c), wherein said two polypeptides

are genetic interactors if the phenotype observed in (c) is different from the

sum of the individual phenotypes observed in (a) and (b).
The method of claim 37, wherein said phenotype observed in (c) is more or less
extensive than said sum of the individual phenotypes observed in (a) and (b).
A kit comprising a collection of different morpholino-modified polynucleotides,
wherein said different morpholino-modified polynucleotides are effective to
reduce expression from different nucleic acids, and wherein said different nucleic
acids are involved in a common metabolic process.
A collection of morphants, wherein each morphant is generated by a different
morpholino-modified polynucleotide selected from a collection of morpholino-
modified polynucleotides effective to reduce expression from different nucleic
acids, and wherein said different nucleic acids are involved in a common
metabolic process.
A teleost morphant defective in development of a differentiated tissue.
The morphant of claim 41, wherein said differentiated tissue is pancreas.
The morphant of claim 41, wherein said differentiated tissue is vasculature tissue.
The morphant of claim 41, wherein said differentiated tissue is blood.
The morphant of claim 41, wherein said differentiated tissue is an eye.
The morphant of claim 41, wherein said differentiated tissue is the central neural
system.
The morphant of claim 41, wherein said differentiated tissue is a muscle.
The morphant of claim 41, wherein said differentiated tissue is the backbone.
The morphant of claim 41, wherein said differentiated tissue is the head.
The morphant of claim 41, wherein said differentiated tissue is a limb.
The morphant of claim 41, wherein said differentiated tissue is a pigment cell.
A teleost morphant, wherein the morphant phenotype of said teleost morphant

corresponds to a phenotype characteristic of a disease condition.
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55. A method for assessing the effect of a drug on a morphant, said method

comprising:
a) contacting said morphant with said drug, and
b) assessing the phenotype of said morphant subsequent to contact with said
drug.

56. The method of claim 55, wherein said phenotype of said morphant is not altered
subsequent to contact with said drug.

57. The method of claim 55, wherein said phenotype of said morphant is replaced by
a less severe phenotype subsequent to contact with said drug.

58. The method of claim 55, wherein said phenotype of said morphant, subsequent to
contact with said drug, is correlated with a change in the activity of a biomarker.

59. A method of reducing expression from a selected nucleic acid in an animal, said
method comprising contacting said animal with at least two polynucleotide
analogues that are complementary to different regions of said selected nucleic
acid, and wherein said at least two polynucleotide analogues are more effective in
reducing expression from said selected nucleic acid than either of said at least two
polynucleotide analogues alone.

60. The method of claim 59, wherein said at least two polynucleotide analogues act
synergistically to reduce expression from said selected nucleic acid.

61. The method of claim 60, wherein said at least two polynucleotide analogues

reduce expression from said selected nucleic acid by a synergy factor of 3.
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reduce expression from said selected nucleic acid by a synergy factor of 10.

64. The method of claim 59, wherein said at least two polynucleotide analogues are
morpholino-modified polynucleotides.

65. A composition comprising at least two different morpholino-modified
polynucleotides and a pharmaceutically acceptable carrier, wherein said at least
two morpholino-modified polynucleotides target the same selected nucleic acid.

66. The composition of claim 65, wherein said at least two different morpholino-
modified polynucleotides are complementary to non-overlapping regions of said
selected nucleic acid.

67. The composition of claim 66, wherein said non-overlapping regions are separated

by more than 1 000 nucleotides.
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