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15 1. Technical Field
The invention relates to methods and materials involved in the determination of

the function of a nucleic acid based on its sequence.

2. Background Information
20 The ability of the various genome projects to acquire gene sequence data has far
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 Danio
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.



facilitated by the devel opnent of a rapid, targeted, knockdown technol ogy
inthis nodel vertebrate. 5 Recently, a nunber of strategi es have been
devel opedv® 02/0%5e4 ecti vel y repressing the expression of sperikiigiigianes.
These net hods are based on i nducing degradation of cognate nRNAs by

i ntroduction of double-stranded RNA into cells or addition of single
stranded anti sense RNAs that trigger nRNA degradation by RNase H. Al though
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sel ect ed nPEEEMC B U 'n the embryo. The enbryo is of a tel eost species

t hat undergoes nerobl astic cl eavage. The enbryo can be, for exanple, a

zebrafish enbryo, a puffer fish enbryo, a nedaka enbryo, or a stickl eback
enbryo. 30 The pol ynucl eoti de anal o R¥e used to reduce expression

froma sel ect edpy, hucl ei i.d th LS __an . «The, anal.ogue .can. be
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entire AUG start codon of the nRNA, (3) the coding region of the nRNA, or
(4) var i oudaterials for determining the function of, or a phenotype associated with, a selected

nucleic acid of known sequence by specifically reducing expression from the selected
nucleic acid in a teleost. The invention provides sequence specific polynucleotide
analogues that can be used to specifically reduce expression from selected nucleic acids

20 as well as methods of using sequence-specific polynucleotide analogues to reduce
expression from selected nucleic acids. The function of, or phenotype associated with, a
selected nucleic acid can be determined by examining morphological or other phenotypic
alferations associated with the presence of a sequence-specific polynucleotide analogue in
an organism.

25 The invention provides a teleost embryo containing a polynucleotide analogue in
an amount effective to reduce expression from a selected nucleic acid in the embryo. The
embryo is of a teleost species that undergoes meroblastic cleavage. The embryo can be,
for example, a zebrafish embryo, a puffer fish embryo, a medaka embryo, or a stickleback
embryo.

30 The polynucleotide analogue can be used to reduce expression from a selected

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



conmbi nations of the above. The length of the anal ogue can be, for exanple,
9 to 90 bases in length, 15 to 50 bases in length, or 20 to 30 bases in
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TR T L e e
nucleic acid. Both analogues are present in amounts effective to reduce expression from
the selected nucleic acid.

20 The invention also provides for an embryo that has at least one additional
polynucleotide analogue that is complementary to at least one other nucleic acid that is
different from the first. All analogues are present in amounts effective to reduce
expression from eacﬁ of the different nucleic acids.

In another embodiment, the invention provides a method for producing a teleost

25 embryo containing a polynucleotide analogue. The embryo can be a teleost embryo that
undergoes meroblastic cleavage. The analogue is present in an amount effective to
reduce expression from a selected nucleic acid in the embryo. The method involves
contacting the embryo, or an egg giving rise to the embryo, with the polynucleotide
analogue. For example, the embryo or egg giving rise to the embryo can be injected with

30  the analogue or the analogue can be added to the surface of the embryo or egg giving rise

to the embryo. The embryo or egg giving rise to the embryo can be a zebrafish embryo or



puffer fish enbryo, a nedaka enbryo or egg giving rise to the nedaka
enbryo, or a stickleback enbryo or egg giving rise to the stickl eback
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amount ef fdetvage Tlee methiod énvolvedCoNALPSNS tdRESEt &IBDIrkb 4t 48d giving rise to the
embryo with a morpholino-modified polynucleotide analogue that targets the selected
20 nucleic acid and then detecting an altered phenotype in the teleost embryo or egg, or
embryo developing from said egg. The altered phenotype is one that is associated with
reduced expression or altered function of said selected nucleic acid. The selected nucleic
acid can be a maternal or zygotic nucleic acid and the altered phenotype can be observed
from fertilization, through organogenesis, to the completion of embryogenesis.
25 The invention also provides a method for determining a phenotype associated with
a selected nucleic acid in a teleost embryo or egg giving rise to the embryo. The embryo
or egg is that of teleost species that undergoes meroblastic cleavage. The method
involves contacting the teleost embryo or egg giving rise to the embryo with a
morpholino-modified polynucleotide and a rescue mRNA and then detecting an altered

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



expression fromthe nucleic acid. The rescue nRNA encodes a pol ypepti de
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tel eost enbryo or egg, or a teleost erbryo  developing fromt
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third enbryd Eoriglypeptiddsi&re g&ﬂ:tlc fiktomtione Hemahod Molvas botitsbiial agfignot ypes
observed in the first and second 5
teleost embryo or teleost egg with a first polynucleotide analogue that targets a nucleic
20  acid encoding a first polypeptide, and assessing the phenotype of the resulting teleost
embryo or egg, or a teleost embryo developing from the egg. The method also involves
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
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anal ogues is used. In another enbodi nent, the invention provides a kit
conprising a collection of 5 different norpholino-nodified

pol ynucl eoti des. The different norpholino-nodified polynucleotides are
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di sease condi'tion. The nethod involves generating a teleost norphant
havi nglta nenllshtaont ofphenpbolmpemotdied polymsslpotidts effectzveph aerbicy pepressaomaftemar i sti ¢
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associated with the disease condition. 25 In another enbodi ment, the
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drug. Bhe apimbnatafigment defie nor phant can be unal tered subsequent to contact
with the drug or replaced by a |ess severe phenotype subsequent to contact
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example, porphyria or cyclopia.
In another embodiment, the invention provides a method of identifying a nucleic

20  acid associated with a disease condition. The method involves generating a teleost
morphant having a morphant phenotype that corresponds to a phenotype characteristic of
the disease condition, and identifying the nucleic acid target of the morpholino-modified
polynucleotide in the teleost morphant. The nucleic acid target of the morpholino-
modified polynucleotide is a nucleic acid associated with the disease condition.

25 In another embodiment, the invention provides a method for assessing the effect
of a drug on a morphant. The method involves contacting the morphant with the drug and
assessing the phenotype of the morphant subsequent to contact with the drug. The
phenotype of the morphant can be unaltered subsequent to contact with the drug or
replaced by a less severe phenotype subsequent to contact with the drug. The phenotype

30  of the morphant, subsequent to contact with said drug, can be correlated with a change in

the activity of a biomarker.
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i nventi on mgyhiriedtdesNl t hough methods and nmaterials simlar or equivalent to

t hose described herein can be used in the practice or_testing of the
present i nvent ilarnodgr embedimentpthedaensing Pravidasidompesision semprigag ablersw, Al |
publi cati e .Jcati , n nti oned
herein ar g%ndég%g{rq%l? %3184%1107%&1 g%?ﬁ’é’@% Ituﬁ %ﬁ%?Sra?lg%tp?l%gﬁéqeﬁﬁ%\aﬁgggéeﬁag
conflimt, dafgerpMisendrpigloihodifitd polynudiedtidds bgh @edet thetsamsSelevted hueleiot r ol .
In addition, 20 the materials, nmethods, and exanples are il]ustrative only
and not i ricéhdislrapbesemplepantasy to ney-psrlapping pegignseidhe srlegiediysleiotcid he

i nvention 4 b I . i i ey l.ption, and
fromthe CT%A%&IS@%@%%S%@IBE%W&@ %hl@?eg%rg}éqldolsgmgl%%sﬂ uorescence
i nhi bi ti on grapiinldsmihatvisktdefiged el techhabmeldcidntific agrechsdeskhaepdadethic

i nhibition of GFP.expression. Fjgure i S raph deppnstrating. that two
chor di n- MS2Pien _ ,9%@&@6%99%&&%&%@@% SLh G e i Wgw_éé Fng
doses ff GRoGHoR pMhind] R&hGEEh BEbdEmd thitedaldSmilk PO ARIGATS AL NG that

t he chordi n- MO phenotype was 30 partially rescued by Xenopus chordi n mRNA

i nj ecti on,des¢rérediherdin Carsbe esed mythspeasitice of teyting of thépredént idi@ntion, geitibie) .

methods and materials are described below. All publications, patent applications, patents,

and other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In addition,
20  the materials, methods, and examples are illustrative only and not intended to be limiting.
Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.

DESCRIPTION OF DRAWINGS
25 Figure 1 is a GFP fluorescence inhibition graph demonstrating sequence-specific
and dose-dependent inhibition of GFP expression.
Figure 2 is a graph demonstrating that two chordin-MO phenotypes, weak and
strong, were achieved with increasing doses of chordin-MO injected.
Figure 3 is a bar graph demonstrating that the chordin-MO phenotype was
30 partially rescued by Xenopus chordin mRNA injection, thereby illustrating specificity of
chordin-MO targeting.



7 WD 02/09509 PCT/US01/41481 Figure 4 is a bar graph denonstrating
dose-dependent reduction in the frequency of the oep phenotype in response
to oep nAo0Y/egsecti ons. Figure 5 is a bar graph conpari ngp€h®séwvaagienci es
of ntl, oep, and ntl and oep phenotypes observed in enbryos injected with
ntl-MO, oep-MO, or both Ms. 5 Figure 6 is a bar graph conparing the
frequencies of cyclopia, u-somtes, and reduced fins in enbryos injected
with a control - : - Wotelnl ; z ; t - and
shh-MOs. Figures 7A grll%wg% %%h &l;ear gfrgﬁgs&%%ﬁgﬁ%%dr%g‘{}f’%ﬁg&?gE%?‘Syfﬁ gg%%en t wo
shh-MOs. Wi theraep$hemotppdiarrespoaghtodepurRNAdnjeatiprsy ner gy bet ween t wo

VEGF-MOs. 10 Fi N b h. d trat.i bet t
Jro s, i gur S b4 &bt i lob ol HERHES Ohiil Sgmag POaRT o8 f eot s of
zt sgl - and pheayss bb M QNnngR s igje@!&d VAUPRLM O bep DEDAbLERh BESCR! PTI ON 15

The invention provides nethods and materials for determning the function
of a néicl ei c adiighred ikmbawerapuesmmpeing Kag Beangadies olceyiclopia, visemitayendi on

provi des nethad nd terials for, determnin h cti or.a
honot y e TEUGEP SRLR oS! inftek i ACH o BRI MO Ao 8 2 1,
speci fi cal lsyh-MOUSH bagh 8xd- ass ElnMOsom t he sel ected nucleic acid in a

tel eost. The invention provides sequence specific polynucl eotide_ 20
anal ogues that &agprese’ A gedi 7B e aranhs demgnstadns syrsgy b wreniwo SirdBsect ed

nucl ei ¢ aci ds % wekl: 0 f - H e ynucl eoti de
anal ogues to re? e hé&%?%@%@nﬁ?ogﬁrg@%%f’ g@?#ﬁgf%@&gﬁ{ﬂgﬁl\@% exanpl e,
the inuention piFogire@ss absaqdrapl dwenomstrakifg Sdepg/bgtweheab ize®MGand net hods of

usi ng nor phol i ng- nodi fi ed pol ynucl eotides for reducing expression of
sel ect ed nucl ei 18HEF 44 %‘%@g@@cﬂ%weé%a%gé{mWlstmgéf?eﬁogﬁtsgh- g

expr essi O”chérdf -M@Sﬁﬁ%oﬁ@s&%ﬁ?ﬂgﬁﬂ% of specific RNA or polypeptide
o

produced as we as In norp gi cal or other phenotypic changes. The
function of, or phenotype associated wth, a selected nucleic acid can be

determ ned by exam ni ng nor pho i cal notypic alterations
associ ated with the presence obﬁé@&ﬁbﬁ@%@m pol ynucl eot i de
anal ogye in an qnLgaeaibn pRvides RRANONE 6he RlatdRI SO dRSnYRMG IROfuhSforPHB] Ogues

nucleic acid of known sequence. More specifically, the invention provides methods and

materials for determining the function of, or a phenotype associated with, a selected
nucleic acid of known sequence by specifically reducing expression from the selected
nucleic acid in a teleost. The invention provides sequence specific polynucleotide

20 analogues that can be used to specifically reduce expression from selected nucleic acids
as well as methods of using sequence-specific polynucleotide analogues to reduce
expression from selected nucleic acids. For example, the invention provides morpholino-
modified polynucleotides and methods of using morpholino-modified polynucleotides for
reducing expression of selected nucleic acids whose sequences are known. Reduction in

25  expression is reflected in the level of specific RNA or polypeptide produced as well as in
morphological or other phenotypic changes. The function of, or phenotype associated
with, a selected nucleic acid can be determined by examining morphological or other
phenotypic alterations associated with the presence of a sequence-specific polynucleotide
analogue in an organism.

30

1. Polynucleotide and polynucleotide analogues



8 WD 02/ 09509 PCT/ US01/41481 Pol ynucl eotides are |inear polyners

consi sting of nononeric subunits called nucleotides. A nucleotide has three
conmponentv0 0093 sphat e group, an organi ¢ base, and a fiPervaobamsisugar
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 5 of one nucleotide forns an ester bond wth the

phosphat e of - anpegiRitedute HBEdrHEmctD Consistitl bt hidlombesuniaseliRies o m

t he backbone of a” pol ynucl eoti de, Ile the organic bases determ ne the

sequence ofucldetidesol A mudbetidei ie thaecicahpanentsor phosphata gtaupnandnghnia baseg echd

pol ynucl eot j.de. en th uence, of .t he baseg . of one polynucleotide is
Coml ement Py FHbORS b b 0SB Dhfeht guoPand SeliieSRs yiEarastie, —t he
two 10 pol yBugitLettd sigpneriotiadaRAnkt@bf PhéphddrtyR} Bondisl«d tHeoBRt Hebo¥gar
hydr ogen bonds and hydrophobic interactions. Two poI%nucleotldes are said

to havé cowpinemipleetide fosgareetedont withethp ahesphata of areagiateph nedledsided elter e

able to paj . i i th.the. b i he second

pol ynuol arrdEt SRR B REEY B e o done L UG BRE SR L BGERT e
(see DNA itusdddeatiing thegtdueBteodfaby polpaiidedtideand allow fd 38R} acheh @ithid i ¢ 15
Aneri can Books, 2d Edition es 68-74). The strength of the interaction

pa ) e i
bet ween t hcondpplysiclaetide-o Siticndle sequense of therhagesf onp polyapsleetidsfis
conpl ement ar | ﬁ?qg f 4 I en two
polynucleég%gg%nPg gga es@&ﬁfé?ﬁ%w§%§§Qgégﬁgﬁgéghﬁpgg&ngt ﬁﬁﬁﬁplenentary.
Dupl exms fmlymdldotitivscen ahneal pofoymucdupbdx bbb togethlar By Bgdréecihbohls altd 25 % or
nore than 25 % ni smat ch bas are successively less strong and will 20
separat e atYERRIBEINIGEAYIONH\EHO P@%B‘éfﬁ%‘tt{‘j’@%éf.e A4 10 BatP SERRFHETE e, ¢ er m

" pol ynucl eqhigfes iffied BdsSs H®nd ﬁ%ﬁ&%o@({& Jg@'ﬁ%lg?é %%[F, [ﬂ;ﬂ&ﬁ -d?%lrg%enl Rt hr ee

nucl eoti des.” Pol ynucl eot1 de a ues ar
pol ynucl eowithige. baggsgin dlzd degond puiymrirotide beadeding tl loguesWatsenfCrickegpdiyase

oot ynucl corites e st PP Mpliular EED ERRRR0 1SR or P IEAIRGafiiEs e, '

base pai i AgeMbdnBGolae LB REod) paL &I 8- AP drﬂesst%foﬁﬂéqﬁfera%ﬁoﬂﬁ%eeﬁﬂﬁi n,
the term "selected nucleic acid™ refers to a or an RNA having a region

that is cdmlpebanckeotidestip detaumiped Yy thsl degtaedé camplegoierityrhéoresginpls, &k t he
oo ot b A5 e SOTRUFTRTONES s RARSE L SpEh i e oo
pol ynucl eot(ock conple@sntar. DUBREEs foded Bét@eastw&@@ammkmmtﬁatO/z),ctBO/@mal ogue
can anneal and forma stable duplex with the sel ected nucleic
%, 25 %, or more than 25 % mismatch bases are successively less strong and will
20  separate at successively lower temperatures. As used herein, the term “polynucleotide”
refers to a DNA or an RNA polymer having at least three nucleotides.

Polynucleotide analogues are chemically modified polynucleotides. Typically,
polynucleotide analogues are formed by replacing all or portions of the five-carbon sugar-
phosphate backbone of a polynucleotide with alternative functional groups in such a way

25  that base pairing with a selected nucleic acid is maintained. As used herein, the term
“selected nucleic acid” refers to a DNA or an RNA having a region that is complementary
to the polynucleotide analogue. The region of the selected nucleic acid that is

- complementary to the polynucleotide analogue can be 100 % complementary or less than
100 % complementary to the entire polynucleotide analogue sequence, as long as the

30  polynucleotide analogue can anneal and form a stable duplex with the selected nucleic

acid under physiological conditions. For example, a polynucleotide sequence of 25



aci d under physiol ogical conditions. For exanple, a polynucleotide sequence
of 25 9 WD 02/09509 PCT/ USQOLl/ 41481 nucl eotides can have as nmany as three
non- conplveorenowdy bases di stributed throughout the pol ynecT/@sevddesiand
still anneal with the selected nucleic acid. Sone exanpl es of

pol ynucl eoti de anal ogues include: anal ogues in which the bases are |inked
by a pol yvi nyl backbone (Pitha et al. (1970) Bi ochem Bi ophys Acta 5 204: 39
and Pi tha gicl@tided éf@ﬂlpa)veﬁk RRAY YEBRS fn-RemBaRH Hi@esrﬂiﬁhﬁht@d #fbélshoulPNAS)
in which the bases are |inked by am de bonds formed by pseudopeptide 2-

am noet hyl ﬂlegIOIBmudeofgi@J}dﬂlllamm%g\u‘é@hc Sﬁlvﬁubwdi&l@amdcl eosi de subunits

i.e. base and ar.e i hked hos nat r oup | 1 er et
<(31I (1979) Bi och %ﬁm@i% Py} C?PYI gg‘g @g‘)% eﬁ?e‘ﬁk“%%‘ 6959) :
anal ogues bayeyhieGikédBy @b@@m@u Badkb@héi(l’@@la let @lk(lfﬂigO)leoBh@)z BﬂghB)A&ubum ts

are repl aced by phosphoroam date groups (Froehler et al. Nucl ei c

Aci ds Res 3%s63 a;rgig,ﬂl}ha a1 S PIVEY ianodaness O TRER;, peptide petlels a@dh{]ﬁﬂlﬁﬁhg sugar

noi eties t V. sense
Medi ci nal Q@]g?n&s as@s MQ]IEFEM%L%&{c@E%ﬁd%hem s%) gggé%%d dgéuglﬁlenotl &i

Spri nger, glwina(gfdupsmhgueﬁh wWidh theamdleaﬁd@hwunhgfuwmsé lagd swiag) ggues,
anal ogues j.n which the bases are |i

ot itk hsimstHphsnraanase ssRb G er o € (O30 uBiochess 18:514Mbler che
5,185, 444) g198 ¥ $ivels ;Qt%sseﬁs@%aﬁlﬁfégﬁes%ﬁ%ﬁ&l &Q@ﬁb{}%@t&%ﬁ‘l%%ﬂ'

produced u conmerci a e nononer | units, or syﬁt hesi zed
usi ng kmommoimshhdaburﬁﬁeme Bphaasd:hy pingkphéonmydafe?8101y)s (Cheshiester yl. a1HE8BI ol ogy,

1-7. f I i I th t hat can form
o) exes wiosclcubliis ot LE Mg pErE 10 6s aPRogusaquiattte St 11
manner, ( 2hofpeMdtpRlvexesoihahylahsu r(@lyéﬁ {(199RYCHATATR 31 AfideRsel MBAiCinal

concent ration or relatively reS| st nt to ceI I uI ar strand- separating
nechani srrBCh@BﬁstrInm/h Medivins : ] i mghaMWI Yﬁwkcmgesl ar

toxicity a eci f| ff ef ul ucle e

Lyp cal |y ara0Chaefpiptofing L ol RS R 855 Rl e oged by
cell's ¢f a@n@m@nh§iﬂlo§ph%r6mmﬁma@%bkuoae (0. MRRMt 0bs. 8l 1420a1 land BA8S 448). €
efficient at reduci ng expression fromdifferent nucleic acids and have

little or B@Iynmhe@lﬁé@mlpgueéfca@b@ thamdtch@nml@lly,m@up@tWE;mmgmaI@e is

pol ynool oty necis S EiskE ST 80, cPhaGHnle R Behttn, B Prroech #dng ns

such as 8 COreWI(mlgh?&llmlsh%rdha&ﬁsloggh,ﬂageglh) Pol ynucl eoti de anal ogues can be
12

Useful polynucleotide analogues are those that (1) can form duplexes with
20  selected cellular nucleic acids in a sequence specific manner, (2) form duplexes that are
relatively insensitive to ionic concentration or relatively resistant to cellular strand-
separating mechanisms, (3) have low nuclease sensitivity, and (4) have low cellular
toxicity and non-specific effects. Useful polynucleotide analogues typically are specific,
can distribute uniformly throughout most or all cells of an organism, are functional in
25  many or all cell types, are efficient at reducing eXpression from different nucleic acids
and have little or no non-specific effects. Furthermore, the technique for use is
straightforward to perform and reproducible.
Typically, useful polynucleotide analogues are single stranded, and can be various
lengths such as 8 to more than 112 bases in length. Polynucleotide analogues can be 12
30  to 72 bases in length. For example, polynucleotide analogues can be 15 to 45 bases in
length. Ideally, polynucleotide analogues are 18-30 bases in length.

10



30 to 72 bases in length. For exanple, polynucleotide anal ogues can be 15
to 45 bases in length. ldeally, polynucleotide anal ogues are 18-30 bases
in | engt WO aD0dA® 02/ 09509 PCT/ US01/ 41481 A useful pol ynucPenuUsaetiasial ogue
can be conplenentary to a sense or an antisense nucleic acid. Wen
conplenentary to a sense nucleic acid, the pol ynucl eoti de anal ogue is said
to be antisense. Wien conplenentary to an anti sense nucleic acid, the
anal ogue is salAdstfl p@lyﬁwlécmdeﬁhao@wé&% odfiplteniciiarh @ RBéhsé 6r gh atisBAige- MRNA
or an mMRNA) or, DNA. 5 For exanpl e, useful pol ynucl eoti de, anal ogue can be
anti sense Buslgic peid- e C@mpé%nerﬁmﬁo Asense arelsic asish the nobynugleotidganaingeul e
from whi ch: I I can be
conpl ement S 0 Aisentd CR e BpcAcAR i B LETH: GE R RAUE R
region, fogaidtodrgense. Che heleic dcid cm%wmlslw(e@rm pfe-AMRNA aﬂacmetA)cmaJ)NAt ar t
oi nt or regi on. downst mof a tr scrlptlonal end-point in a DNA 10
hol ecul®. aﬁ@fﬁéﬁﬂl@%ﬁﬁae%@ wclaodde aalomie o e grigsensroraraigN A en
translathpgbl wge- MRNA or
an nmRNA no fhﬁqéﬁuﬁgﬁg&ﬁe g{t%g%‘g?%(ﬁ és)%o%lgﬁnﬁﬁe e | n'?sr%%fsc sequences
within a pre- nPAIAlséﬁlépolﬁmkcéeotﬂe ahaiogma@m&b)np@mmﬁary tBthe8®n2BYing region
Furt her nore sef ul Bolﬁnucleotlde nalo e can be .co Ienenﬂgry to the

codi ng reg?%’hn cigagjfle CqtnEiEg18: r?ﬁlaéE%IP’é Yreamsohthe regi on
cor r espondiriificdiSidniLst&@ Bbig of SEgRH mﬁsﬂeara'ai? h%ﬂs%ﬁ FO¥A1 %ha %GN%I 1r1°§D!P@€d

herein, the term "codi ng sequence" refers to the re I on of RNA t hat
encodet) anmokMendl aan¢aling reglqmlwaptbne@eeglan mp@realm@thmtramslattmmltstm A

ful I I d h _codi
and. non’ oG oF Bor e Bt e EpRErd SR by OO AR AT RO E A b E E ot eE

anal ogue t &ling 1R o8 HNoRIAR Bk Wid/intronid Qb Auca Ok Wwighia B hrél IR NA (s‘eed;k!ker &egi ons of
a selected nucleic acid, for exanple, is one that is conplenentary to a

regi on t hakarsor(200BsGengsisri0i $90Df Furthermoremtusafis palyserleaiisieanaloguritandeup t o

For 1 o ng TR0 apey e AR An A s RRTR I G ERE Bl v

that i cmﬁpk@m&masp@mlmmhee@ulﬁgr@gm Me@ﬂ@henge DNegstma als uged el ect ed
nucleic acjd also includes one that is corrpl enentary an i ntron/exon 25

junction ofergingip e Foging-spaueacerietss fodhe seiomrpiddNAQTIRINA dhat epeswles aenesi s
30: 89- 93)%N% mbegUE bk Qﬁn%r@@rﬁgﬂgoﬁteﬁaﬁf’ RHGh eR s Ok AhAgMsiacan be

used to reduce expressi ma
analogue also can be complementary to both coding and non-coding regions of a selected

nucleic acid. A polynucleotide analogue that is complementary to both coding and non-

20  coding regions of a selected nucleic acid, for example, is one that is complementary to a
region that includes a portion of the 5’ untranslated region leading up to the start codon,
the start codon, and coding sequences immediately following the start codon of a selected
mRNA. A polynucleotide analogue that is complementary to both coding and non-coding
regions of a selected nucleic acid also includes one that is complementary an intron/exon

25  junction of a selected pre-mRNA molecule (see Ekker & Larson (2001) Genesis 30:89-
93).

2. Reduction of expression
A polynucleotide analogue can be used to reduce expression from a selected
30  nucleic acid of known sequence. As used herein, “reduction” or “reduce” with respect to

expression from a nucleic acid refers to a decrease in expression, or to decrease

11



30 nucleic acid of known sequence. As used herein, "reduction" or "reduce"
Wth respect to expression froma nucleic acid refers to a decrease in
expressi w0 0mo9std decrease 11 WO 02/ 09509 PCT/ USO1l/ 41481 PERpREsLUgIN, in an
anount that can be detected by assessing changes in RNA |evel, protein

| evel , and phenotype. For exanple, reduction can refer to a 5 % 10 % 25
% 50 % 75 9% or nore than 75 % decrease in expression. A reduction in

expr essi onexgkésioh g lanG@founthaptaite detddichiblyi aesessihg elxdpzesti RINA e Rbi¢in
greater than 95 % reduction of expression 5 froma_ nucleic acid is

achi eved. la¥elyandphsaelype Ferrxampleyredagtinneesdirgligt to a 4 10&apecte, 2@ %expr essi on
of a gene @r r } . L agi ] f a
Funct T onal JRRIA SRt £ Al apn S8 Sk Bh T P GellhORRRCL 2

f unct i onal congllytp éyitibitien bf expressiomRNAcreby bmatel than BS 6 esdkiction 6f exprassioal ect ed
nucl ei c. acid can f)e exam ned using standard 10 net hods known in the art.
For exanp| EOMBNACIER NS ISASHICK det er mi ned by Northern hybridization and in

situ hybridi zat) t i ’ i i i fH i
o obes, whi | o pal e s A e A LR SRR B, | ane
west ern  haxiprassiion ditonoa nuddei ebidpraders toprodugimnsof aduddtionaRIN Atredetils fumsy  and

ot her cell r structure th are affected, by reduct.ion in: ressi on of
el ect ed HSAemalegyf o8 wellas e e Sutel e el Ajvbsis sothan MBS For
exanpl e, viaseshiat Ekﬁreé}]ﬁéh Bemvd s_%'ib%'tédzrﬁﬁlew atc:fu Ea{n""t%é%‘ﬁﬁﬁﬁe@rhsid &@hIdoNns;

cartilage can be visualized using Al cian Blue staining; and nuscles can be

vi sual 10z edmeibpdgkrovaningbe amt Fohexample RNA teaklsicag be A¢termmined by dlogthemhe

expressi o f. tissue-.specific.genes can,be used to assess .devel opnent of
or gans,  di PPEAAARLTILT LA BRI us R EpntEpas FpPR AL PRI For
exanpl e, expb&s&he poifypeptideystss Gneri detetmifRIbyeintiBoGstARindenRagstkrican be
used to assess thynmus devel opnent; and expression o;mgancreas-spem fic

mar ker s s usthridizatian oRgyaopmentiof pegans, diffgreniatekiisquesoantsetberscelalae plaupsures
devel , ' . trich M
Vesterfie ﬁ?}?t agggfficﬂ W%@‘rﬁ“@%‘%&%@%ﬂ SfssleRed nyf%a}g%{/a%| dah g ?ggf%%d Zebr af i 'sh

Bi ol ogys, AsateviroubPnrdmds. SEor dlaggply), vEscnlaass canbd viewalaeduithdICCarikgacan be

reduced by, int,erferi,i%% with (1) ang process _25 necessary for RNA
transcri ptiusstionsysarfiage spybe ¥ishaliyed usng pipian Bissianingandgauscloggan fgic| ear

(o ane, SiAREY PR EaRcan P IMERIRLE Wil
reduced byspecific genes can be used to assess development of organs, differentiated tissues, and
particular cellular structures. For example, expression of a thymus specific marker such
20  as Rag-1 can be used to assess thymus development; and expression of pancreas-specific
markers such as Fspondin and islet-1 can be used to assess pancreas development. (For
standard methodologies, see H. W. Detrich III, M. Westerfield, and L. I. Zon, Methods in
Cell Biology Vol. 59: The Zebrafish Biology, Academic Press. San Diego)
Expression from a nucleic acid can be reduced by interfering with (1) any process
25 necessary for RNA transcription, (2) RNA processing, (3) RNA transport across the
nuclear membrane, (4) any process necessary for RNA translation, or (5) RNA
degradation.
Expression from a nucleic acid such as a DNA molecule can be reduced by
interfering with processes necessary for formation of a functional RNA molecule or
30  transport of the RNA into the cytoplasm. Processes necessary for formation of a

functional RNA molecule include, for example, RNA polymerase binding to promoter

12



interfering with processes necessary for formation of a functional RNA

nol ecul e or 30 transport of the RNA into the cytoplasm Processes
necessar Woo0r0456¢ mati on of a functional RNA nol ecul e i ncl pdERUSIBH4EXaNp| e,
RNA pol ynmerase binding to pronoter 12 WO 02/09509 PCT/ US01/41481 regions,
bi nding of transcriptional activator to its recognition sequence, and
transcription. A polynucl eotide anal ogue that anneals to DNA and

i nt er f er esrepiohk) WML 55@MmsBEFEIAPANIvalopto itPfet@niish Ruéhckladti-8aiptidhiA
nol ecul e generally, thou?h not necessarllx has a sequence that is

conpl enentApphngclepiédeanalopap that prygalstte ARG MGHETTesw] CRESCSNYCEABCr | bed.
Such pol y”fdf ko%ﬂ%ahgﬁof‘?%%%ﬁﬁ £ o‘féc‘ﬁfe a%ﬂﬁhgyﬁt@?gﬂﬁdt%&ss | agyhes.

Expression troma nuclerc aci suc e can reduced by

i nt erferi ngquérich tleanys wnqﬂa&mtmqesmlmsémemmmﬂﬂomfw}acﬁmfsnal RNA
nol ecul e or proper translation of an nRNA nol ecul e _into a funct| onal

pol ypept deanseribsde Such Rolyprgiotids app\]gg%@é%{ﬂ?%redft@,% esaiigsne’ melspules r educed

by inter f ering E&ﬂr&s%cﬁﬁ%%%l%lc”&hd éugh bl Q‘PRN)SFWQ!&%%%Q rédaged by

ri bosome- bi ndi ng 'si't I nt ering wth initiation o
transl ati cmterfenhgmﬁ@ranryg;rmesmdcbﬂatyrﬁmﬁdmmhmmoﬁa fimetienal RINA nfodechierarng wi t h

T LA el B P ELCLbi R ©
3:224) . A PORMARURbRALIE IS 80ANEEn b alduBt S PInterfefing %v1ﬂPENQrbr9<§esﬁﬁ%

nmol ecul e and interferes with translation has a seqlience that 1s
conpl elfentrdpogome birtding toghe vhossinethiedinRisite abnBNA s inderdering wig mn‘m@ﬁntotﬁ as an

anti sense ntise uI es, for exa an b|

Srertcar yriRiaremSiephn RiRaFe FRnithmioosy pr S GHRE i Bri Enbfition
Anti sense ¢atR6ki6s(s8b Ew&%dm%ﬁ@mpmmz@m :80193 land Wek&\Geib @ gkt ul ar
nucl ease system that degrades cognhate NMRNAs. t he RNaseH dependent

mechani sm (206 @GIJQP@” &t MahHectaperping éﬂ%)se%ﬁ@lymeqtmtanﬂ@gﬂ@ihﬂ’e@mﬁﬁs )
degr aded a)/regh% nﬁ?qucﬁlblgg\flg ];mcF e e.?% With {r sﬂt%nﬁ%gu e8ceut§| qic acid

t1
can be achie u5|ng ohe ynuc €0 ana ogue ? gxpre55|on

from aissel @piflemaitalyadb ¢ha@@¢gcﬂorad>ﬁﬁe SRNA bevlaaild @466 refeir@tot 44@n @htisBREES
pol ynucl eoti de anal ggues that_ are conpl enent ary to different regions of
the same s@pieyl %dAﬁHﬁ@P godeeuites, fpnernntRle cap bindrand stsrigall inbdhi| sganmng of

anal ogues gt gﬂtﬁ Kby ﬁ’e ﬁ@sq&%oﬁgpsru%ﬁﬁ't Oﬂnﬁsre‘BE@ ﬁolt%%hl% Ligd célP e & fds@ont €

pol ynucl eot | |'ogues can be conplenentary to non-over appn reglons
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non-over| a(f)e%ler?cgent B1 l¥arr]1L1]s%|1 %ﬁé élc?u%leasr’gr%glggc{'l mﬁch@antlsense RNA that is formed is
20 degraded by RNaseH.

Reduction of expression from a selected nucleic acid can be achieved using one
polynucleotide analogue. Reduction of expression from a selected nucleic acid also can
be achieved using two or more polynucleotide analogues that are complementary to
different regions of the same selected nucleic acid. When two or more polynucleotide

25  analogues are used to reduce expression from a selected nucleic acid, the polynucleotide
analogues can be complementary to non-overlapping regions or to overlapping regions of
the selected nucleic acid. When non-overlapping, polynucleotide analogues can be
complementary to regions of the selected nucleic acid that are 0, 1, 2, 5, 10, 25, 50, 100,
500, 1000, or more than 1000 nucleotides apart.

30 When two or more polynucleotide analogues are used to reduce expression from a

selected nucleic acid, the two or more polynucleotide analogues can have an additive or
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conplenmentary to regions of the selected nucleic acid that are 0, 1, 2, 5,
10, 25, 50, 100, 500, 1000, or nore than 1000 nucl eotides apart. 30 Wen
two or noveopwisynucl eoti de anal ogues are used to reduce eRET/ES&/4OM8If rom a
sel ected nucleic acid, the two or nore pol ynucl eoti de anal ogues can have an
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dose, Is e&%?évetagogggt‘gmﬁb‘@eaﬁentcggf%@é‘&%ﬁ@@% frB%@ééﬁHﬁfe%sl}@Hosg'er e' Vi dual

anal ogues at 1X For “exa two anal ogues are consi to have an
addi ti ve edrfaboguej 4 daseeegponsetquavecie gbncrafae fiarieash anmadoguk)of fiesstt drora thxdaese of

anal ogue-1, (2) 20 20 % for a 1X dose of anal ogue-2, and (3) 30 %for a IX
e of - ariapisgie rvay 2npknl ofsSengioau theb Ganl S ihe Ggies Tebutndes |

contrast, HaRs5098hROWAR nBhBnl A3 dBERddDeNAYE as e IXEISE! ThoGnlobR&tartf the
penetrance frequency, obtai ned when both anal ogues are used, each at 1X

dose, is geawaideredithanave dncadditivecticttid theareattrance drefnegyeoisaiosd when bathvi dual
anal ogues at . 1X doses. ., For | e,. two,anal ogue re considered to ve a
o orier  Eaugdtef PR TReq. bl A 1Kot in ke AP Bls SEMCTH 1B BB RR T Epd s T
dose of analbgdied dnaléges 801 Xadode@r Far é;ééngﬂé;ﬁw@fanﬂﬂg‘xhéa%@c&mid@féﬂ 6 Bdvedh % for

a 1X dose of anal ogue-1 and a 1X dose o
additive effect if the penetrance frequencies are (1) 10 % for a 1X dose of analogue-1, (2)

20 20 % for a 1X dose of analogue-2, and (3) 30 % for a 1X dose of analogue-1 and a 1X

dose of analogue-2 when used together. In contrast, two analogues are considered to have

a synergistic effect if the penetrance frequency, obtained when both analogues are used,

each at 1X dose, is greater than the sum of the penetrance frequencies of individual

analogues at 1X doses. For example, two analogues are considered to have a synergistic
25  effect if the penetrance frequencies are (1) 10 % for a 1X dose of analogue-1, (2) 20 %

for a 1X dose of analogue-2, and (3) 90 % for a 1X dose of analogue-1 and a 1X dose of

analogue-2 when used together.

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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anal ogue- 2 when used together. The effect of two or nore anal ogues al so can
be described as, without |imtation, additive or synergistic based on the
severity v 02bssophenot ype nedi at ed by the anal ogues 30 cha@pasadisgr "t he
sum of the individual phenotypes” nedi ated by each of the anal ogue used. A
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froman 14 WO 02/09509 PCT/USO01/41481 additive effect of each anal ogue.
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i nstances, be neasure the extent of reduction in expression fromthe

nucl ei ¢ aceffeet (gt WVanf thrercamisng gergactedryith anaagie- bixhititiu &4 Yaouedudtion in
th d
X330 L 55 L, T B 90,58, R L 7

syner gisst i 20 &f eéedtioann bI@du@ESebemﬁtuﬁx aﬁ@ (53>)l 100.% Af bigahidhs ve@scte@with t he

syner gy of two anal ogues is the. sy factor. As used herein, the term
'synergy faelague-lian (i’élﬁ]ioﬁé%t2§§hﬂbﬁé3& é?@%?ﬁ@’élfﬂ?léa‘@lé%? Oﬁﬁatloﬁe severity of
t he phenot ype, ]%ﬁH ted
additive 25 penet rgﬁ%@q?\te?%%%ér%gu%o égtﬁﬁ%? egfsn f% teogg (R%Eeigﬁ

respect i veihyexpehsos fioar g nucleic acid targeted by the analogues. The a.mount of reduction
in expression can be quantitated by standard methodologies and then compared to
20  determine whether two or more analogues have an additive or synergistic effect on
reduction of expression.

A useful measure of the synergy of two analogues is the synergy factor. As used
herein, the term “synergy factor” is defined as the penetrance frequency, or the severity of
the phenotype, observed for two or more analogues divided by the expected additive

25  penetrance frequency or “sum of the individual phenotypes,” respectively. The synergy
factor can be determined by comparing the actual penetrance frequency obtained when
both analogues are used (each at 1X dose) with the penetrance frequency expected of an
additive effect. For example, the synergy factor is 3 (90 %/30 %) if the 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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factor can be determ ned by conparing the actual penetrance frequency
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to reduce Q¥RiHSIINN. S NIIWS, 1), 20Rr8nord T J0f & SyHersetaBel 661 RippdsBhtS aRCI dS
in an organism For exanple, nultiple polynucleotide™ anal ogues, i.e. at
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nucl ei c acids can result in phenotypes of two 20 cl asses. e first class
i s repr eseHiaRguOD 165 atleagbtveq, ARG Rg somlensegicomalsamengsne ompliple selegtedinaelsts by

each of the. | . St e
ohenot ypeo i iands 1Sy HiEoe Wbicthibl BpRRe W S ARSORINE  Smdl phI BP0 . 1
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of each anal ogue. The, addi ti,veef%f ect of mul tiCE)I e pol ynuc| eoti de anal ogues

is as descGidetrdpeHomin SXpISsEoR yarieusiugleic acids can result in phenotypes of two

20 classes. The first class is representative of “the sum of the individual phenotypes”
mediated by each of the analogues used, while the second class consists of those
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.”

16



25 anal ogues that target one selected nucleic acid. An organismthat has
been contacted with two or nore anal ogues also is described as having a
phenot ypaveo hze9sps "t he sum of individual phenotypes" if pé&EUSOIdilvgldua
phenot ype nedi ated by each anal ogue is distinct and present in that
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expression 10 A phenotype nedi ated by a pol ynucl eoti de anal ogue is said to
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as the phenotype nediated by the first pol ynucl eoti de anal ogue_ i ndji cates
that the pREASSGHEIRDE Hageompensaientor thegledpitiondp expiessiniEem dhgselested

sequence-sgﬁakﬁgﬁkhﬁh%gaﬁgiiver, a control pol ynucl eoti de anal ogue al so
can be used to confirmthat a

To show that a phenotype mediated by a first polynucleotide analogue is
sequence-specific, a second polynucleotide analogue that also targets the same selected
20  nucleic acid is introduced into a model organism. A phenotype mediated by the second
polynucleotide analogue that is the same as the phenotype mediated by the first
polynucleotide analogue indicates that the phenotype mediated by either polynucleotide
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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25 phenotype nedi ated by a first pol ynucl eoti de anal ogue is
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pol ynucl eoti de anal ogue, however, has a nunber of bases that are
dissimlar to the first polynucl eoti de anal ogue such that the control
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4. Applications of polynucleotide analogues

20 Polynucleotide analogues can be used to determine the function of a coding
sequence of, or a phenotype associated with, a selected nucleic acid of known sequence.
Nucleic acids can be maternal or zygotic nucleic acids and can be involved in any
biological process, for example embryogenesis and development, gene expression,
regulation of gene expression, formation of particular differentiated tissues, cell signaling,

25  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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phenot ypespolameleokideramdoguels g&m‘dam m&ﬁﬁmrgimsm,f affectsi of ied p(ﬂynmbilmdw th

pol ynucl eoti de anal ogues are tH whi.ch .a pol ynucl eati de analogue is
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nucl ei ¢ acidclinmell s that express the selected nucleic acid. O ganisns can
be a fertilized or unfertilized egg, a cell in culture, an enbryo, or a
juvenile or an Qumhismsarmefuwhfor fMDtmnalrsHJd,lesth podynnqﬁl@tldeanalbglea afd thbge ia

or gani o S o oRuPERuR! BBl Rl Ty o B RRRT G Py Bl Dt

cl eavage CREmSelteRE nubleid 46 inl déﬂ@tha?E&Hés@ﬁhé"ée‘lé%td@lq{dﬁﬂﬁé&@t OftanAths can
anal ogues. Cleavage refers to a series of mtotic divisions that occur in

rapi d succ&%fe@ﬂlzederanfeemhzedlegeoa @@gnpsltmmnsﬁlﬁnmrlanummleman adwt | ul ar
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undergo meroblastic cleavage can be used for functional studies with polynucleotide

_.U

20  analogues. Cleavage refers to a series of mitotic divisions that occur in rapid succession
as a fertilized egg is transformed into a multicellular embryo. The multicellular embryo
consists of smaller nucleated cells referred to as blastomeres. In meroblastic cleavage,
only a part of the egg is subdivided into blastomeres, in contrast to organisms that
undergo holoblastic cleavage in which the entire egg is subdivided into blastomeres. The

25  blastomeres generated from meroblastic cleavage are continuous with the remaining
uncleaved cytoplasm of the egg (see Balinsky et al. (1981) Cleavage in An Introduction
to Embryology, 5™ Edt. CBS College Publishing, pages 135-152). Examples of

vertebrate organisms that undergo 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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undergo hol obl astic cleavage in which the entire egg is subdivided into

bl astoneres. The 25 bl astoneres generated from nerobl astic cl eavage are
cont i nuoYs0OW2/04304 he remai ni ng uncl eaved cytopl asm of thePenygs¢izaesiBal i nsky
et al. (1981) Ceavage in An Introduction to Enbryol ogy, 5th Edt. CBS
Col | ege Publishing, pages 135-152). Exanples of vertebrate organi sns that
undergo nerobl astic cl eavage, and therefore are useful nodel organisns for
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30 eggs and enbryos of a zebrafish, a medaka, a pufferfish, and a )
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or t N0l 09UCPls PALA AHEmolAYredrierk IGSEA! HbAoldiBed Rt o ALERLEM s used:
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sequence conparjson. Honol.ogues al so can haye simlar activities.
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par al ogues a&RfiRss, CHHMPERIS SiGSo Wokldl dEued BaCdr8 BohSd¥fehat sﬂ&?ié@, Whigd i nct

expression patterns and therefore di'stinct biological roles. Fromthe
known $&qupreloguds rafer hohoholggess withih ohe gigenisorthgtdvaae digtingt expygsdigmuc| eot i de

| t t he.. honol. t.hol | ' ted.
The pol ynubiiighs 18 iR HBURd bitesthy okh ot Bk sBthR sEHitRet Sle. or ¢
par al ogue hemblkhe) HEERHgualR phﬁ%gﬁ@,%olﬁ[@%&i&@hﬁﬂ%\kh&g&ﬁn%@ani smis

assessed for a phenot yg}z associ ated with reduction of expression of the
honol ogue, hpraplebegy watholgue ror petatgue is ganerfadh dhsthetipgiseti fogag targeimg

function of, t no| p I . I rp,ned, and
i turn, ¢ e HORARBR O GO TG 5 BB LA R EME n Gl Fh
i nvol vesrenbrganist ipasdebset lfed a plepetpe afsotiardiitl egictivh ofekpresyigastithen can be

i nferred. 20 Pol ynucl eoti de anal ogues al so can be used to_determ ne whet her
two nucl ei Bommelogde, paratosusy orgithedngue g Erpse the nheniypgelseed Ale functionatf ben, the

o Sen bl f UL S UL 0k eI RRBI R T |
process"” r aéwelysiidcov@ed hiclaicakidsetits infolvahalb il a parficdaesspes of the biology of
the organism can be inferred.

20 Polynucleotide analogues also can be used to determine whether two nucleic acids
are, or encode, genetic interactors. As used herein, the term “genetic interactors” refers to
nucleic acids or polypeptides that function in a common metabolic process. As used
herein, the term “metabolic process” refers to particular sets of metabolic processes
involved in (1) embryogenesis and development, (2) gene expression and its regulation,

25  (3) formation of differentiated tissues, (4) cell signaling, and (5) any other cellular and
physiological processes. Genetic interactors, for example, can be nucleic acids such as
DNA or RNA, or the polypeptides encoded by nucleic acids. Genetic interactors can
interact directly or indirectly.

To determine if two different nucleic acids are, or encode, genetic interactors,

30 polynucleotide analogues that target the two nucleic acids can be used to reduce

expression from the nucleic acids. A sequence-specific phenotype mediated by both
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involved in (1) enbryogenesis and devel opnent, (2) gene expression and its
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"t he

in a morphant organism that exhibits the disease condition. Morphants exhibiting a

20  disease condition can be used to screen for compounds that are useful for treating the
disease condition or alleviating the severity of the disease condition. To screen for
compounds that are useful for treating a disease condition or alleviating the severity of the
disease condition, morphants exhibiting the disease condition can be contacted with
candidate compounds and then assessed to determine whether the disease condition is

25  lessened. Y

Polynucleotide analogues also can be used to identify nucleic acids not known to

be associated with a disease condition. To identify nucleic acids not known to be
associated with a disease condition, 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
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di sease condition, norphants exhibiting the disease condition can be
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anal ogues can be used. 20 5. The norphol i ng-nodified polynucl eotide
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of known sequence 1s the norp 0
since lower amounts of analogues can be used.

20 5. The morpholino-modified polynucleotide analogue/zebrafish system
An example of a system that is useful for determining function or phenotype
associated with a selected nucleic acid of known sequence is the morpholino-modified
polynucleotide analogue/zebrafish system.
Morpholinos (morpholino-modified polynucleotide analogues) are not subjected
25  to any known endogenous enzymatic degradation activity. Morpholinos have been shown
to bind to and block translation of mRNA both ir vitro and in tissue culture (Summerton
(1990) Biochim Biophys Acta 1489:141-158; Summerton and Weller (1997) Antisense
Nucleic Acid Drug Dev 7:187-195). This approach makes morpholino targeting highly
predictable for polynucleotide design and significantly reduces non-specific effects. In
30  contrast, traditional antisense polynucleotide approaches utilize RNAse-H-based

degradation of mRNA as a mechanism of action. RNAse-H mediated strategies,
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pol ynucl eoti de anal ogue/ zebrafi sh system Morpholinos (norpholino-nodified
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Vet hods. offeBgti I L eEEals tgedish o doote i SR IS S B BEBSRRESAEME i nto o
nodel ©r ganbsafishyis BRirdAES poRerfisiadhd SabdthtioRns fiktien Sdrisangad, MRNA into

t he nodel organi sm See“iatt and Ekker (1999) Methods in Cel’l biology

59: 117- 126onsExethfigvetopaientb progessys-net hods i nclude (1) microinjection and
(2) sinply exposing the nodel organismto the pol ynucl eotide

6. Methods of administration
Polynucleotide analogues can be introduced into a model organism by methods
20  used to introduce single stranded mRNA into the model organism. (See Hyatt and Ekker
(1999) Methods in Cell biology 59:117-126). Examples of delivery methods include (1)
microinjection and (2) simply exposing the model organism to the polynucleotide
analogue. Polynucleotide analogues can be delivered in water or a suitable buffer. A
suitable buffer is one in which the polynucleotide analogue can be dissolved and that is
25  non-toxic to the model organism to which the polynucleotide analogue is to be delivered.
A non-toxic buffer can be one that is isotonic to, or one that has a pH similar to the
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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anal ogue. Pol ynucl eoti de anal ogues can be delivered in water or a suitable
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be di ssowedessa that is 25 non-toxic to the nodel organP€mUs@/4adich t he
pol ynucl eoti de anal ogue is to be delivered. A non-toxic buffer can be one
that is isotonic to, or one that has a pH simlar to the physiological pH
of, an organismto which the polynucl eotide analogue is to be delivered. A
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7.4 .8, .8, 8.6,
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m xture. Alternatively, different polynucl eotide anal ogues can be
introduced 5 sequentially by nultiple exposures or injections. 7.
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sugar o s BRE AR, St aPLLRRhE R b LaRELYE dotiimeole 201 2 ng
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adm nistratjon by_injection, a solution capn be prepared .using a suitable
non- toxi ¢© lpfl%rl,ixqrf? ©S SO HEOYSLALHEHS maﬂldpﬂwmut'@ﬁaéle@,d%mle@r bot h

simlar i nypid 3R dIsR8RNIFeol, VeBei@bis @8 B nREERB 088khnic esters. Preservatives,
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20 For administration by injection, a solution can be prepared using a suitable non-
toxic buffer, i.e. one that is similar in pH, is isotonic, or both similar in pH and isotonic,
to a selected organism.

For oral administration, tablets or capsules can be prepared by conventional means
with pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinized

25  maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g.,
lactose, microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g.
magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch
glycolate); or wetting agents (e.g., sodium lauryl sulfate). Tablets can be coated by
methods known in the art. Preparations for oral administration also can be formulated to

30  give controlled release of a polynucleotide analogue. Biocompatible, biodegradable

lactide polymer, lactide/glycolide copolymer, or polyoxethylene-polyoxypropylene
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| i quid solutions Or suspensions in aqueous 10 physiolo IC§| buf fer

sol ut i ¥ns phasiolsgiqat bperedludionsiean besptepaedhes dasiedinging stendrod methoder mul at i ons

may contaid_co n excipients as well .a I chal at r.hbucca

i ot r derGRRRR; FAF oBm S EnPlorFeipifte & YR GLR TRl GRESERhy 1 ene- vi nyl
acetate  G@athisi®ionp Buitable@arenfesalleliterp 89R6ms intRIdARHUBMR- iRl asétalR Syst ens,

and |iposones. The invention also provides kits conprising a collection of

di f f er ent cPBOlyBley neitickest aseotia pampgUEplantahle ifenign Bstemss prblinosemendi fi ed
pol ynucl eot | deslzhegnx?entﬁﬁla}s%%%*ﬁ@esﬁjits%?%ﬁgﬂg%%toilg&io%%?ldﬁ%%g can be
anal ogues directe 0O nuclherc acids 0O e ~entire genone Ol an organli sm

The colisl egiolyamclebtifohnae ks dbi danpls hagplesinglaodiGad pdgnudedties.ethd o nucl ei c
aci ds involﬁed,in a compn bi ol ogi cal process such as, for exanple, a
di sease cdRdestionRt pobgurlsetidirnglogyersan; ke analoguesdirestedito Ruclgic agids ehihsn

0L TR LR TR UL R T B AT Bl
directed to nucleic acids involved in a common biological process such as, for example, a
disease condition, regulation of nucleic acid expression, or a common metabolic,
20  developmental, or signaling pathway.
The invention also provides a collection of morphants that can be generated using
the collection of different polynucleotide analogues. Morphants can be models of human
diseases such as prophyria or cyclopia. Morphants also can be defective in a
differentiated tissue, for example, vasculature, blood, an organ, or a specialized cell type
25  such as fibroblasts, neurons, and epithelial cells.
The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.
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the collection of different polynucl eotide anal ogues. Morphants can be
nodel s of human di seases such as prophyria or cyclopia. Mrphants al so can
be def ectWw@e2i9soa differentiated tissue, for exanple, vaBCDUStw#1¢81 bl 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
exanpl es, which do not I|limt the scope of the invention described in the
clainms. 25 WO 02/ 09509 PCT/ US01/ 414G ATWPANR-ES Exanple 1 - Zebra fish care
and egg col l ection Standard zebraflsh care protocols are described in
Westerfield (1995) The ) Enafish guréai aa'*avk e Labor atory Use of

Zebr afi sh (Brac 3rd, 5 Editiaon erS|t on Press.
Zebratioh wor o REBE ﬁe%a@s*b%m BitioeBls 4 Jesp el aVSisinal ROy A T or o)

pl astic t andgafishtBodk: A GAid6 £5r tHal hisstatorNKsdofBEdeha b (Bi-ahydith Perdd) 382l | on
tank housed 70 fish. Tank water was constantly changed wt
carbon-5f|IE@FI%%Hewgfgfqun?é@Stap water (system water) at a rate of 15
to 40 ni/ mn. t

si phoni ng up dé% r‘gé%gk(ﬁ%tlgott a‘i‘fi’%ﬁﬁ? ﬁ%ﬁ)an‘g.ba%glgonmgﬁgl}%@}yge cégré(ay or
more in amt zeﬁe:np(ﬁéegtaﬁdﬂ tan&idused X5efishame actol gaﬂbﬂmkmaseﬂdmﬁm Ganlybr e

consi stent conditions, . however, were obtai ned addi ng comrerci al sea
salts to d@@t%wg%@nggangy §194qu@&’1%€}0“(@€?1er&% *steiized taporaen{sysiemt per

liter of : Ztg]lag for the
Labor at or%t&g r: % g%g)rﬂagb?g rio %eﬂ)\, Fac():ﬁdé%nl Y % ity 15
of Orelyon dﬁnl&mx)gupﬁdeﬂa@stfmn theba:roktommf theftahlouTap vglet, a(ged/adyycbmmmmam nt ai ned

in zebraflsh Fi.sh e. fed brine s To nmake
shrinp, R bnks 0gﬂ?@%ﬁfogasswmdsq%ﬁgiiforn%cwstenbwrg& WSyat er (400
m. of In @W’velo\?&@é‘obtﬁﬁte& bﬁ%ﬂdﬂg c&nﬁferdi‘ﬁts@& Qalts@ﬁ%ﬁﬁfz@& Slddlgﬁl%r\%{él] %0
After 2 days at 28 C, the shrinp were | tered through fine net
washed w tmgsiélnﬁmnw@teen S%ﬂmphtuﬂeﬂvwater,ss;zs%stm\ﬁ¢lél(19%bﬂhé Edbiafishi Beok:
Al ternatively Tetra' b ?’mg{‘q@é #@Eglt;ood

n o]

Zebr af i sh - B hydanio.nierio

col | ecs tdi@@g&ﬁl?re@s) taaimﬁoma&paﬁcpmh&mpght dBYSRMYORaeRtdGyest erfiel d
(1995) The Zebrafish Book: A CGuide for the Laboratory Use of Zebrafish

( Br achydarfcbrafish fasjlitsy d Edi ti on,
Fish were fed brine shrimp twice a day. To make shrimp, 100 mL of brine shrimp

eggs were added to 18 L of salt water (400 mL of ‘Instant Ocean’ salt per 18 L of water)
and aerated vigorously. After 2 days at 28 °C, the shrimp were filtered through a fine net,
20  washed with system water, suspended in system water, and fed to fish. Alternatively, fish
could also be fed with ‘Tetra’ brand dry flake food.
Zebrafish spawning was induced every morning shortly after sunrise. To collect
the eggs, a ‘false bottom container’ system was used (Westerfield (1995) The Zebrafish
Book: A Guide for the Laboratory Use of Zebrafish (Brachydanio rerio) 3™ Edition,

25 University of Oregon Press). The system consisted of two containers of approximately
1.5 L, one slightly smaller than the other. The bottom of the smaller container was
replaced with a stainless steel mesh with holes bigger than the diameter of zebrafish eggs.
The smaller container was then placed into the bigger container, and the setup was filled
with system water. Up to eight zebrafish were placed 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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25 University of Oregon Press). The system consisted of two containers of
approximately 1.5 L, one slightly smaller than the other. The bottom of

t he smal Ive® owansbai ner was replaced with a stainl ess st eePCHPSHL/4M81h hol es
bi gger than the dianeter of zebrafish eggs. The snaller container was then
pl aced into the bigger container, and the setup was filled wth system
water. Up to eight zebrafish were placed inside the smaller container. Wen
30 the fish,SRaN afibPRnRAIENd Bk %m%ﬁér@éﬁﬁlﬁek‘%ﬂﬂﬁ&ﬁ@ﬁé}{‘ﬁ@s HRRfRIAR0
container, and 1n this way, the eggs cannot be reac by the fish and

eat en. Aboanotmer biggericontpimsr. \Aﬂneee%’s W@@bll‘egﬁed by dilteing 009 6 desPEThUBOL/ 41481
spawni ng, ai ner th t sh S
transferre ﬁeﬁf%m%ﬁﬂﬁtbwﬁ% Er° qg(gfs ng’rS WU é’gc?/\%wgel&%quogﬁg% by
filtering embhg prod®stionWi th the holes smaller than the diameter of the
eggs. Fish were 'used once a week for optimal enbryo production. 5 Exanple
2 - Zeb¥a fish andXenopus strains The zebrafish E-line transgenic |ine

cont ai ned a single copy of e - oson at the E-line

| ocus (Nasevicius and Ekke@ﬁgg%ggfggg%gﬁéggggggé%%ﬁgg 16- 220).

Het er ozygous E- IThe gettihidlyR3ind@iafsgeRicdind @Entaineiadthe®iddpy QT she Yy T-BPIRAYERUS E
10 line adults and can be obtained S. C. Ekker, University of M nnesota

Medi cal Schddtanspagon abtigdi-lisg lowng @B@Wéa@ Eklees (30008 Netire Gisneties 26§ 6s

Mor phol i no osphor odi a tes .antisens nucl eot i des hal.ipos or
T5 Nom) | we? 20D IR R e am I SRR e O S PRl B SR BBl o e
were desi gneddilrsad cambpabraiei Sl €. Elale@nmmel@ﬂy bi?Miﬂ%s@t@M@danl Shh¥olnere 21
to 25-bases  in length, had no predicted internal hairpins, and consi st ed
of appr oxi MireeapoH MNG C and 50 % A/ T resi dues. Sequences having four
consecutive G nucleotides were avoided. Al M3 were designed to bind to
5" untransl ated regi ons (UTRS g 20 and incl udi ng
sequence encoding the initi & =F4%el ed 14- mer peptide

(g DLVACLEOlIOe
nucl ei ¢ aci ds (RMgholmr o@;ﬂ{oa@dmﬁldfafe@mlmmd aigon&le&kﬁeb holinos or
Rhodam ne- | abel ed 25 rrerlﬂlPNAs were a Ekﬂ:t fro D. Cogfgf/fp University of

Texas $dut Migtvers puizhased fiomn Gengilingls @(GWé\illﬁe‘aR) r MR seqbeRneR et DNA
Technol 091 §8sigl dA%asdd AP PRRH B ABE SRR 1 RhALAHShny" MIOENARY 1510 25 Wses

in length, had no predicted internal hairpins, and consisted of approximately 50 % G/C

and 50 % A/T residues. Sequences having four consecutive G nucleotides were avoided.
All MOs were designed to bind to 5° untranslated regions (UTRs), or regions flanking
20 and including sequence encoding the initiating methionine.
FITC-labeled 14- mer peptide nucleic acids (PNAs) were obtained from Applied
Biosystems. Rhodamine-labeled 25-mer PNAs were a gift from Dr. D. Corey, University
of Texas Southwestern. 2°-O methyl RNAs were obtained from Integrated DNA
Technologies, Inc. Phosphoramidates were obtained from Annovis, Inc.
25 Solutions of polynucleotide analogues were prepared and injected as described in
Example 4.
Sequences of the polynucleotide analogues used were as follows. Residues

complementary to the predicted start codon are underlined in all cases.

30  FITC-labeled MO, FITC-labeled 3’-5° phosphoroamidate, and FITC-labeled 2’-O methyl
RNA: 5’ - ATC CAC AGC AGC CCCTCC ATC ATC C-3’ (SEQIDNO: 1)
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25 Sol utions of pol ynucl eoti de anal ogues were prepared and injected as
described in Exanple 4. Sequences of the pol ynucl eoti de anal ogues used
were as ™09 Resi dues conpl enentary to the predict edPeT/@se1/41d8lon ar e
underlined in all cases. 30 FITC | abeled MO, FITC | abeled 3' -5

phosphoroam date, and FITC- | abeled 2'-O nmethyl RNA: 5 - ATC CAC AGC ACGC
CCC TCC ATC ATC G 3" (SEQ ID NO 1) 27 WO 02/09509 PCT/ US01/ 41481

FI TC- | abel 5] géQZ 2) FITC- | abel ed
PNA-2: 5' ﬁi&ﬂé}ﬁe CP%An\IJ“E]ﬁJA%"%'I; ?gﬁréﬂ'Aﬁ3 Q%@Ibg@gl(??e control - MO
sequence [EIﬂTCallab«tleleNA-EISI’CICﬁEé]C% -enXIHETBIT-8h (REQ IB'NO: 3)

O AT e STABR, oSy I SN T el o0 o

ATCCACAGCAGCCCGI. @@ﬁ@ﬂ&@c@cA@E@xCRAN@T@Aa%%&Q_@ NO: 4)
- TCTTCTCCTTTACTCATTTTCTACC- 3" (SEQ ID NO 6

- TCTéCT@@mde@Aleabeke@asthe(SSE@mamdmtmrdm -PN@& [@bcpdawmle-labeled]

- GACTTEAGIACAA AR AHGARSC A IEeA B AT Co) i R0; )

- CAGCACTCTCGTCAAAAGCCGCATT- 3! (SEQ ID NO 10) shh- MO #2:
- TGTCTAGCAGGGT TTCTCGITGICG: 3' | D NO 113' 15 twhh- MO
-TTCCAT@I&RB?V#&@AF&KE@?@@THAQ THCEACE) (SFAEHANMDGInd nacr e- PNA

spar sc. 108 ML EHERE R A G SRS (B M Do v
5' - GAADGAAACTGTCCTTATCCATCA- 3" (SEQ | D NO 15) 20 VEG--A-1

5' - GTATCAAATAMCAACCAAGTTCAT- 3° _( SE VEGE- A- 1D4 [four base
mi smat ch] ;08" MErAzCAL FAMAEAKTEA AéCT 37 BSKQ IDLIND: 8YEGF- A- 3:

2 ARG BBty Bk
shh-MO #1: 5°>~CAGCACTCTCGTCAAAAGCCGCATT-3" (SEQ ID NO: 10)
shh-MO #2 : 5'-TGTCTAGCAGGGTTTCTCGTTGTCG-3"' (SEQ ID NO: 11)

15 twhh-MO: 5>-TTCCATGACGTTTGAATTATCTCTT-3’ (SEQ ID NO: 12)
nacre-MO and nacre-PNA [rhodamine-labeled]:
5’-CATGTTCAACTATGTGTTAGCTTCA-3’ (SEQ ID NO: 13)

sparse-MO: 5’-TATAAGTCCATCTATCTCATGTGTG-3’ (SEQ ID NO: 14)
urod-MO: 5’-GAATGAAACTGTCCTTATCCATCA-3’ (SEQ ID NO: 15)

aao e

20
VEGF-A-1: 5’-GTATCAAATAAACAACCAAGTTCAT-3* (SEQ ID NO: 16)
VEGF-A-1D4 [four base mismatch]:
5’-GTAaCAAtTAAACAACCALGTTgAT-3* (SEQIDNO: 17)
VEGF-A-3: 5’-TAAGAAAGCGAAGCTGCTGGGTATG-3* (SEQ ID NO: 18)
25  ztsgl-MO: 5'-CTGATGATGATGATGAAGACCCCAT-3' (SEQ ID NO: 19)

zfz2MO-ATG: 5'-CACACACACTTCCACTCGCCTGCAT-3' (SEQ ID NO: 20)
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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zfz2MO- ATG 5' - CACACACACTTCCACTCGCCTGCAT-3" (SEQ ID NO 20) zfzMOUTR 5'-
CCTGCATTGICTCGAAAAGTTCCGC-3' (SEQ ID NO 21) Fli-1-UTR MO

5' - CAATTWEAANSEAGCCCCGACAATA- 3" (SEQ I D NGO 22) 30 Fli - 1- MIGUMD/41481

5' - TAATAGTTCCGTCCATTTTCCGCAA-3" (SEQ ID NGO 23) Fli-1.3 MO

5' - TCCGTCCATTTTCCCCAATTTTCAG 3' (SEQ I D NGO 24) 28 WO 02/ 09509

PCT/ US01/ 41481 Exanple 4 - Injections of polynucleotide anal ogues The

anal ogues Mds, 2'O-nmethyl RNA, and, 3' -5' phosphoroanidate were
solubilized in water at_a concentratl on of 8 mvl (apprOX| matel y 65 nmg/m).
The resulting 5 stock BEHkS B el k_I@gsieédncent rati ons of

0.09 to 3.0 ny/ E ‘ Iut .7 mM 1 C,
0.4 mM MgSA4, Tﬂgaﬁﬁ gé%%b él W€§83 5]’01%50@5% g%gue so uti ons

wer e i nj ecbiibilizet dn tvater ywod EorsntekeRarofi§anVi (ﬂpplﬁkiﬂﬁtel?ﬁS&hg/n‘(l)lQHﬁ)re@]lﬂlmg Bi ol
5:944-955. Anal pgue injections re reforrred in a mefhoed simlar to
that uSed StRsK sgukian;was dalgfedrie Wogﬁp%fzwenti%tmnap %} 1B Blafes 0F &K 10
and transf egar Ipqu 1995) The
Zebr afi sh Ml@% Seﬂ&%ﬁl%g%@gwat@%?ﬁa o?%aét:io?)g/r IflUse g%;@?\eég?gﬂ?hﬁ(\]g)réc ydani o
rerio) 3rdnBEdHEPBS pH 16). vanaogue sofutioneyere iRjeeted intdithd polbhgadesabaliat es f or

MRNA i nj e 0 e nbryo. devel o I ates for
anal ogue. HHEEchdirid S ey oo o Xoai s Riekitemy b pesmsieldetiial ogue
inj ection h&thed Gelifhr &IHRAY@Sd W BRNAURG S, TEHERS Sebkafidhdpus P\)%Fe' dollecgd f ect s
and nortality of the injected enbryos. Needles used for anal o%ue i njections

were tlhe sa@déraas;fetrgd omanonp plateis @S\éescmbyhnltwaﬁdrf@@@ﬁ% ods in
Cel | Biolqgy.k. - ] J k fl||ed\NI I;ua]f\d ette and
cal i br at ed® 5y L Y3 eted HEr ﬁ
capillary [.UMb@'Slt}T bﬁomg@ﬁmmgctvmﬂevagbtw@ Iawatfmhmm 1rijéb$16n§%téﬂ<ef3@éold~tc5 to
15 nL. 20 The injection volunme depended on the required dose, usually 1.5
to 18 ng @ﬂowﬁ@bagutevemglenh fheqletgs fonanaleguednisstions wers presyasmediect ed

t hrough t f

enbryos we Qﬁglcot&?&a%\tg erred {ﬂ@g al){a?&é% gﬁje%%@b%gon Og(i}l]ﬁl W% %r? P-%d 't@n%x%%?e

al | oned t modlespedifip effectz 8nd: molrtﬁ]ﬂg&ifttmajeﬁfedb:ufﬁrﬁdsed Danl eau- I\/D sol uti ons
resulted in |lower norta ilty rates, jn, 25 injected errbryos conpared to
i nj ections of WRSEISHEPSHF apalage tioNs TUE SifcemernsdaMRPEh B HABR of t he

observed RP@QR by® Eﬁkerr{%\@ﬁ Wetn¥%Sn %9@19@%@? 778 Q?f YAR deBiRSHER: back-
filled with a pipette and calibrated by injecting the loaded morpholino solution into a

glass capillary tube. The picoinjector volume control was then setup for 1.5 to 15 nL.
20  The injection volume depended on the required dose, usually 1.5 to 18 ng of analogue
was injected. Analogue solutions were injected through the chorion into the yolk of
zebrafish embryos. The injected embryos were transferred to petri dishes containing
system water and allowed to develop at 28 °C.
Injections of buffered Danieau-MO solutions resulted in lower mortality rates in
25  injected embryos compared to injections of water-MO solutions. No difference in the
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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wi th buffered Danieau or water solution. The injection volune was 1.5 nL to
15 nL for all anal ogues depending on the required injected dose. For wld
type or heoeresygous E- |line enbryos of 1 to 16 cell stageeT/Usoiailggues were
injected into the yol k. 30 Enbryos that received two different Ms were
injected twice, one injection for each MO 1In experinents involving
injection of two different MOs, enbryos injected 29 WO 02/09509

PCT/ USOL/ 43448 dnlyw ﬁﬁ%]l@ MO mresmmeed bR vehsarad Vit 28tbraidnjeeep ai@dwei t h
enbryos injected with two different MOs. Effective doses were determ ned
Separ at el iffgreneM)5. anal ogue. For exanple, at the effective dose of 4.5 ng

and lower for t t 5 and

_>90% of the Gﬁﬁ@?ﬁ%@&i‘égﬁ%r ggg%gvee'lﬁlg%ogeﬁa?%@? eagggésa)}g% abm ng
st andar d nthe pffecttngldaad: oft4 Sﬁlgrahdlovirdlrg'dm%e GFPeSIN reduttoibPGNDpr@sidlvwagd i n a
Iarger av e reduction of GFP (Erot ein, but al so caused sone detectabl e

det ri ment efdeé’? >906 of hrePERMPinjeqtrd s@bpiog Hevelerpsawrpallsasassaysdr sued
further f Oﬁsn{ i m #)H)h%id Sfiteria. ﬁ%ﬂ@r dd<as of@é%ﬁs Bé%{lltéacﬂﬁfaﬁﬁﬂgér

resulted in ryos o asses aying a 10 speci
phenot ype averaghoshctibabd! GEP @mrtemn’aﬂt awo&aumdsseﬁmemteumbreglelmmdl effcic@n
criteria

abnor mal | fe/gﬁlz?g?%lnhe'@%é Im(,ggFr lg'f%‘%d?@}thgrcf%? dlelé(ra?‘luoqgget rance

nunber f 0rsha“&pﬁ%'dbb&u%@f%alﬁg%ﬁ%a%H érﬁ&«ywéf@&ﬁ%s%@? tﬁaée Gl mgﬁ!yﬂ; ng

nor phol ogy of injected enbryos. A mninmum Sanple size of
PNAs (®horspeeifig mhelmpaeorzbomhatmylommﬂ whei hssessdd mmngmwphalogwal cr1ter1a
concent ratA

The resul tTRg2 %aﬁ??rbﬂge 8S &g'ﬁgéib;“ gc{)a‘{évalg %?"{ ’ﬁ‘ﬂhﬁh o nahmﬁf’%{ced on

ice. The Pd%asgelfwdvﬂﬂg n¥iBfofhjédtioRC PesbttaltOnuthb& 904 Ypeeffic2dr Al sh enbryo as
descri bed for norphol ino phosphorodi am date (M), 2'O nethyl RNA and

ot her i nj eXnFgREtion fwag epmepsed by esamining mprpholgy of prpetedierapiyay A n2dimwsai
distri but| Ig)'lgsf&é]&ef!it&gm#s%aer than the 4-cell stage. Furthernore,

precipitatio signifircant fraction of the injected PNA at the site of

i nj ectison was oms &5 (/cgﬂrdlﬁ ahdhﬁacrd: -2 PO\ ) welNfiliabd Howaer 1fa chnbenb@tiper
enbryo or her. Exanpl e - MRNA | nghectl ons 25 Synthetic mRNA was
i nj ect ed, %f %ﬁe@s@mdé%ultﬁlglzk Réplugien Hith febpH = Dy rtegpyitingsobrigny yste | nt 0

the yol k qfcfaladdh 5SSt P MARudR 8y bf’a‘déd ¥n 1l GHE BN AR RGwdrE fHJ & etV
the yolk of zebrafish embryo as described for morpholino phosphorodiamidate (MO),
2'0-methyl RNA, and other injections. In contrast to work with MOs, PNAs display a
20  mosaic distribution if injected later than the 4-cell stage. Furthermore, precipitation of a
significant fraction of the injected PNA at the site of injection was observed in the

injection of PNA at doses of 1.5 ng per embryo or higher.

Example 5 - mRNA injections
25 Synthetic mRNA was injected, as described in Ekker et al. (1995) Curr Biol

5:944-955, into the yolk of zebrafish embryos previously 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 et al. (1991) Cell 67:111-120).
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Siblings fromthe sane pool of MOinjected enbryos served as internal
controls for these experinents. For Xenopus, nRNA m croinjections were
per f or reav@an2/045e 4-cel |l stage using 0.3 30 X MVR, 3.5 % PCT/OR01/41481

Dorsal -ventral polarity of early cleavage stage enbryos was determ ned
using pignentation differences (Cho et al. (1991) Cell 67:111-120). 30 WD
02/ 09509 PCT/ US01/ 41481 Synthetic nRNAs were designed such that any
over|ap betweensydugeiR¥HRNAL v@er@ﬁ%l\éfgré&%éﬂ”'&aﬂ\&y‘m%fl% baweastt kyghapt for MO

[
targeting. The dep nRNA used did not contain"any overlap wth the oep- M.
The twhh nRRNAansbthe b0 avoubdiboimisyifigiest for BAQ dargeting: | TEhe agp iR Avisedutid npt

degree of ogverla reviously sho tQ be,insufficient for 5 targeting in
it o and Sonn B BeEitp Mifte BGMR Tha b PRIA 508 aiPbL iR b s Act a
1489: 141- 1(5/%1‘1%% dithUVRBIMIONa Bégrad of dvERY breMtus NS 6m b Bé RisGffdfentfdoO Dev
7:187-195). ordin nmRNA from Xenopus was used in order to avoid any

sequende Hergstivgyiy vifreland ithidsspe palitre sidieh Oyummentan (1209 BeeimsBiopsvicous

studies s nd raf di . [ t
peci ¢ oot S OR Tl HDors AR il VGRER SRE DDAV 66
Dev Bi ol 20HordrBRNA fsandrephs washistCidepder @ravoil] @gtse@iace horBslogy with
sectioning, and visualization M croangi ography was performed as descri bed
in Viei nst éhfzelratigh chondjudfOngnd hosapse previons sfudigs SQBW@E&’@W“S and zebrafish

2000, 000 LRI TRher PP LR ARRL BB AEK IR B BE PRSI ol s
The det r aBertadio 2okl 9987 &dv Bivl 21X 7DBt).eau sol uti on at 2 ng/ ni

concentration. Approximately 10 | of the prepared solution was injected
into sinus venosa / cardinal vein of anesthetized 48-hour enbryos. Enbryos

injected with Flefty0ex L pRreet 8 di itReHOMCHiRLE M orionTREAREHsldht Rion?0 Paraffin

usi ng standard procedures, and sectioned. H stologi cal haemat oxyl i n-eosin
st ai ni ng of t heMswoarigigsaphysvasesfequerhad desaribvediie W anstein et alg (190anNar ded

t | s. h., FL.TC- dext .l njected enb d 4 dti
Cect tons. (1 TE37. Rupisan <ORiePBReY Rre 61 Lo rowt TR RG o R g os kop
2 m cr@scaFe, (0l dn0aDalfnd (SIAA Féatsiof DEI009S wadtscfeRbR studidd dihkal

phot ogr aph )
cizaxtran was solubilized in 1 X Danieau solution at 2 mg/ml concentration.

Approximately 10 pl of the prepared solution was injected into sinus venosa / cardinal
vein of anesthetized 48-hour embryos.
Embryos injected with FITC-dextran were fixed overnight, embedded into
20  paraffin using standard procedures, and sectioned. Histological haematoxylin-eosin
staining of the sections was subsequently carried out using standard protocols.
Both FITC-dextran injected embryos and unprocessed tissue sections (i.e.
unstained sections) were visualized using a ZEISS Axioskop 2 microscope with a
standard FITC filter set.
25

Example 7 — Digital photography

Bright field and in situ photography were performed on a ZEISS Axioplan 2
microscope using Nikon CoolPix 990 (bright field) or Kodak DCS 420 (in situ) digital
cameras. For fluorescent photography, a ZEISS AxioCam or a Nikon CoolPix 990 digital

30 camera was used.
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Bright field and in situ photography were perfornmed on a ZEI SS Axi oplan 2
m croscope using N kon Cool Pix 990 (bright field) or Kodak DCS 420 (in
situ) di gv@ar/o9seaneras. For fluorescent photography, a ZEPSBUSxi/4@GHM or a
Ni kon Cool Pi x 990 digital 30 canera was used. 31 WD 02/ 09509

PCT/ USO01/ 41481 Exanple 8 - Fluorescence anal ysis Enbryos injected with

FI TC-| abel ed anti sense pol ynucl eoti de anal ogues were anal yzed using FITC
filters on a Zei ss Axiopl an2 gl uon8sComNGRsMoEE B559RE. | mges were obtai ned
usi ng a Kodak DCS420 Di gital Canera. b Fluorescence pictures of groups of
enbryos were t akmbryosimerted Mth:ﬁﬁmledm&nsgppbmgdbotidwtaaghoguasnger@arrer a

and captured anal a vi deo. capt ure, board
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(Promega | aboratories For detection of NA, Northern bl ot
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pair fragnment froma Pst | digest that

Example 9 — Western, northern, and in situ hybridization analyses

For detection of GFP or NTL protein, standard western analysis was performed
20  using GFP antibody (Clontech) or NTL antibody (gift of S. Schulte-Merker). Proteins
isolated from pools of injected embryos were used. The amount of protein analyzed per
sample was equivalent to the amount of protein obtained from five embryos.
For antibody staining, rabbit anti-phospho Mad antibody, a gift from P. ten Dijke,
was used at 1/2000 dilution. Staining was visualized using an alkaline phosphatase-
25  coupled secondary antibody (Promega laboratories).
For detection of GFP mRNA, Northern blot hybridization was performed
according to standard procedures. A 700 base pair fragment from a Pst I digest that
corresponded to the GFP coding region was used as probe. Each sample analyzed

consisted of 5 g total RNA isolated from a pool of 30 embryos. Two independent

30  analyses were performed.
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corresponded to the GFP coding region was used as probe. Each sanple

anal yzed consisted of 5 g total RNA isolated froma pool of 30 enbryos.
Two i ndepeddzonso9 30 anal yses were performed. 32 WO 02/ 095POT/BSN/408011/ 41481
For whol e-nmount in situ hybridization, nethods described by Mason et al.
(1994) Genes and Devel opnment 8:1489-1501 and Jowett (1999) Methods in Cell
Biol 59:63-85 were used. Hybridization was perforned at 65 aC. T7

pol ymer ase was PWh&l@fméd&%&z%brﬁﬂahbﬁ%&hod@d%@&ﬂfé@%? Ni&¥onfek bz {19905l
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anal ogues were conpl etely trans| ocaebedfishenirzes omer es as earl y as the

e ndd o 1 or 1o el RY piiRERY oRpbiFeiPalRlhEMe RloLR T B ol o

at the m duﬁh@FIm-@ab‘éleﬂ%alogﬂes| rFI’@CSIQBélétﬁmdtlﬁieEllpblyhuﬂeotﬁe%dm}.ogﬂéb Wereof
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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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of the injected enbryos survived at 48 hours of devel opnent (usual survival
rate for non- 30 toxic injections). O der enbryos were not anal yzed. The
fl uor escev@@2/e64sghal was detected in all tissues at conparR€TVSEA¥&l s. The
di stribution was uniformas determned 33 WO 02/09509 PCT/US01/ 41481 by
fl uorescence m croscopy. Isolated points of high signal concentration,
however, were observed (< 10 per enbryo, at approximately 1 cell
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experiment. The lack of visible GFP fluorescence indicated that a nearly complete loss of
GFP protein expression was achieved. Furthermore, GFP-MO inhibition of GFP
20  expression was dose-dependent. Figure 1 is a GFP fluorescence inhibition graph
demonstrating sequence-specific and dose-dependent inhibition of GFP expression. GFP
activity in embryos injected with the control-MO and in embryos injected with the GFP-
MO was compared. Fifteen embryos were assayed for each data point shown.
Fluorescence activity data were confirmed by western blotting. These data demonstrate
25 that specific inhibition of gene expression in all cells of the 28-hour zebrafish embryo was

achieved using MOs.

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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30 highly specific series of phenotypes dependent upon dose was observed in
28-hour enbryos and 3-day ol d enbryos. Enbryos injected with various
anmounts o¥0enesed n- MO 34 WD 02/ 09509 PCT/ USO1/ 41481 wer ePCDUR@ErAdIW t h
wild type enbryos. The nunbers of enbryos injected with particular amunts
of chordin-MO were as follows: 169 enbryos were injected with 0.09 ng MJ
97 enbryos were injected with 0.9 ng MO, 399 enbryos were injected with 1.5
ng MO, 423yeshbmpsrcderith wWili edlc@ehbifdsh The DumBevIaf caideyodddjcedBibs wer e
injected with 5 9 ng MO_Figure 2 is a graph denonstrating that two
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strines; 10995t £RULAOURIENAL hakR LH kot eSO Syl it

di f f erent oseslysxphhdedBiosdistanddDabMimlabtaildlng] andrediced hbadsl iAtiontsd Boff or
chordin nR s, performed, 25 Conparisan, of injected and uninjected
enbryos def®RRPPLCEPyPRgubestsde A sHrNaxbridization fofepe? shaweddeducting o per,

inhibitio : ' ' i ' ; t he
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hme%. theriorly, 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 i sifu hybridization for chordin mRINA 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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synt heti c Xenopus chordin nRNA to determine if effects of chordin-MO can be
reversed. 30 When 423 enbryos were injected with 4.5 ng of chordin-MJ, 76 %
showed t 0920960y chordi n phenotype. In contrast, when 3BCEURIyag8IWer €
injected with 4.5 ng of chordin- 35 WO 02/09509 PCT/US01/41481 MO and 300
pg of Xenopus chordin nRNA, 10 % exhi bited the strong chordin phenotype.
Figure 3 is a graph denonstrating that the chordi n- MO phenotype was
partially mmmmyg@ﬂmugmrwnmmm%embmm& besbyhordihust rat i ng

specificity of chordin-MO targetl ng. 5 Exa ngﬁe 13 - Inhibition of chordin
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situ hybridization to confirm  norphol ogl cal results. These anal yses
i ndi cat ed P#ae-PORIPsmbIKRs wergimreted wiithdspag nacre-PNA.

A weak ventralization, equivalent to the weak phenotype observed in chd-MO

injection, was observed in 13 % of the embryos injected with 0.25 ng of chd-PNA. Non-
specific effects were noted in 6 % of the injected embryos, while mortality rate was 22 %.

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. In 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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enbryos had expanded gata-2 expression, a hallmark of nesoderm
ventralization. In situ hybridization for otx-2 showed that 50 % of
zebrafi siwenteysors injected with 0.5 ng chd 30 PNA and 70 peDUS@elusaf i sh
enbryos injected with 1 ng and 1.5 ng chd-PNA had reduced 36 WD 02/09509
PCT/ USO1/ 41481 ot x-2 expression. Reduction of otx-2 expression is

i ndi cative of enbryo ventralization by the chd-PNA. Nacre-PNA injections
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Tai | bud st age eﬁ%?f%g'e lgnié’ﬁ‘gj%f}? gotfp? }}aﬂgg??fu& Pg%}gﬁ{)ﬂéﬁs pax- 2

and axiigl . séle@edey @at formaRae @bﬁe%iﬁ@%%ﬁﬂliwyﬁ& B BI0] BntbeydfiObeptanétiingst ed
enbryos when conpared to wild type enbryos; 24 enbryos were anal yzed. The

oep- MO phedse {gplothanaterael and ay gafic gepeliq ¢amtribitions Sphaisakistinguishablg bashd ovp

MRNA. Fort y- ee. ] =29 hSPI heno es when
i njected \%\f e%"tr‘ﬁ%&htgﬁ% @‘%ﬂ‘%}a% \ﬁ/ﬁ‘lw})gbg%)né&g%%# %%aq %%)D eﬁr%grgl 8528%‘%?2 “§ %neg di spl ayed
oep phenot Y@esion are defective in signaling through the nodal pathway. Embryos were injected

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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when injected wwth 9 ng oep-MO and 50 pg oep nMRNA. Figure 4 is a graph 30
denonstrati ng dose-dependent reduction in the frequency of the oep
phenot ypavo n2/0879 WO 02/ 09509 PCT/ US01/ 41481 response to PEPURRINA4SL
injections. This result denonstrates that the observed oep phenotype was
due to the specific inhibition of oep gene function. Injections with higher
concentrations of oep-MOresulted in a phenocopy of the 1loss of both
zygoti ¢ andssBaseid iy MRRAL MiMetibRy SEhidPeulRlEmbibustes BRR RleSrRirvEpELL 1 N9 S
mat er nal ge%@funct ipon, aqu)%i%tl at reduc%d | evel secorrpareeé)gtrg zygﬁti C gene

t ar get i ng.pheBstypphas dbe to ths spasificiphibitizini afesp gend fwctionf.y genetic interactors
An MO targeted to t.he n ail (ntl ene [ Sc te-Nerker et al. 94)
Devel opent . 1200 sHER O e el ooy GaErE SeRePaRY 780! el
Enbryos  10106d\cHt boliB Yy 2t @nd HaRehR SepitidttiOnd) MO afd thudElpableBharpfinght per cent
of the injected enbrﬁigs_ wer e indistinguishable fromthose caused by a null
mut at i én (Ratepal genstfungtions aldeiv 3t duced Bivsls copipatsigo rygitiogenn taagefidgsed usi ng
nol ecul ar and phenotypic criteria. Normal head, abnormal somtes, and

extrenely reduced tail were promnent. Wien ntl-MO was injected into ntl

nutant enbryos (n=7Ehmphol 2ddisé bonalphdBhBQb iNeEiANEIelc inferblirsnt | mut ant 15
enbryos due to the injection of ntl-MO rotein was specifically and

MO, NTL
quantitatively ApSEQEactd tahe gorgbarB gsrs, Sshule-Metkea coelt HOA) - NO

Activation .4 b LI es d np bot h
oep and n??‘jeé 6\7/;%6 'Zg@h@r%yg{aga .dt?%gé%cy %’3@?%@%@%"5’%%%‘1@@ When
enbr yos wehel18)owdrajirgedtediwith Omgbfmg-Mi0. iinetykightpefengofthe pgptddembriyghl y
reduced head, .reduced taii |, 0 and extrenely reduced som'tffs and not ochord

wer e obserVe§.m uishablo fioghihoge a it Butation Selalparny e of. h1547) Pev
hybri di zat pgp ?’PI SATYAY v %9§dr1ﬁglgg§§ie%ﬂnmﬁdfnh@g%&§% icfiéarig.e otH A"

di spl ayed an altered But robust exp ryos reduced
of bot h f wabobimal somitps,asd exlreyay réducediail veert prontiabits WhenrnteMahphe, 92 % of

ntl- MO injected enmbryo (n=25) exhipited axi.al .mesoder m r educti on and
post er 1 or " BGHeCAnGpbl e BT 79k 3 SRS RELE Lo Bk o8 oHzs)
exhi bi {sed HOHYES RS totHSInPRtiBh of MEME AR AbrofES RS SpfeiflcBlIy hd @Qnﬁ&ﬁvél?p- MO
co-injected efbryos (n=24), 52 % exhibited no adaxial nesoderm and

extrenel y redaneddnl vildriypd embryepigaciad witlohé-MOunt in situ hybridi zati on of

shh in 10-12 sopte.stage enbryvos enonstrated that .80.% nt| - i nj ected
embryos (n=25) g(th\fa&oP 8%5\7%&81?1t CXIBgsﬁ) F%aq Gyarker myod requires mput %roml\g‘gth oép
and ntl pathways (Schier et al. (1997) Development 124:327-342). When embryos were

co-injected with 9 ng of ntl-MO and 9 ng of oep-MO, highly reduced head, reduced tail,
20  and extremely reduced somites and notochord were observed. When 10-12 somite
embryos were subjected to in situ hybridization for myod, embryos reduced in either 7zl
or oep function displayed an altered but robust expression of myod, while embryos
reduced of both functions expressed myod in only a few cells. For example, 92 % of ntl-
MO injected embryo (n=25) exhibited adaxial mesoderm reduction and posterior somite
25  fusion, and 41 % of oep-MO injected embryos (n=22) exhibited posterior fusion of the
adaxial mesoderm. In ntl-MO and oep-MO co-injected embryos (n=24), 52 % exhibited
no adaxial mesoderm and extremely reduced somitic mesoderm.
Whole-mount in situ hybridization of sh% in 10-12 somite stage embryos
demonstrated that 80 % ntl-MO injected embryos (n=25) exhibited weak expansion of
30  shh expression, while 50 % of eop-MO injected embryos (n=22) exhibited strong

expansion of the shh expression. Fifty-two percent of embryos co-injected with ntl- and
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30 shh expression, while 50 % of eop-MO injected enbryos (n=22) exhibited
strong expansi on of the shh expression. Fifty-two percent of enbryos

co-i nj ectved oxpasho nt |1 - and 38 WO 02/ 09509 PCT/ US01/ 41481 porpsMA1481=31)
exhi bited severe reduction of shh expression. Figure 5 is a graph
conparing the frequencies of ntl, oep, and ntl and oep phenotypes observed
in embryos injected with ntl-MO, oep-MO, or both M. M are thus
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first 50 hours of devel opnment, a phenotype indistinguishable fromthat
observed in the nacre mut ant (L| ster et al. (1999) Devel oprrent

126: 3757- 3767)
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Devel opnent of norpholino-based nodel systens for human di seases
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b h f h d
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pages B103436R9Whei b8-haaniaddeRi-adyi 618 zobrafish anb@ymremmammﬁdy%% éxihl}lﬁfeﬁs cent

and phot osensitive red blood cells. One hundred and _ eithteen enbryos were
i nj ect ed viefwped ngabRIS,of pigmentechceds Smelaeryies) nhomal INElaReRYIRS WHR | t er  set .

Cont rol - M REEAUG FeRITRE ¥OBe WRinforF QPRI o M BRRM MR {Rb ik ShsemPr yos.
completely penetrant throughout the first two days, and potentially the first 10 days, of

development. Furthermore, MO-based gene targeting was completely penetrant
20  throughout the critical vertebrate processes of somatogenesis and organogenesis in the

zebrafish embryo.

Example 17 — Development of morpholino-based model systems for human diseases

Hepatoerythropoietic porphyria (HEP) is caused by a defect in haem biosynthesis
25 through loss of the uroporphyrinogen decarboxylase (urod) enzyme (Kappas et al. (1995)
The Metabolic Basis of Inherited Diseases, pages 2103-2159). The manifestation of this

syndrome includes fluorescent and photosensitive red blood cells. One hundred and
eithteen embryos were injected with urod-MO, and then examined using a rhodamine
filter set. Control-MO injected embryos were compared with urod-MO injected embryos.

30  All of the injected embryos displayed both fluorescent and photosensitive red blood cells
as had been noted in a hypomorphic urod mutation (Wang et al. (1998) Nature Genet
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30 All of the injected enbryos displayed both fluorescent and

phot osensitive red blood cells as had been noted in a hyponorphic urod
mut at i on WoNanigpsee al . (1998) Nature Genet 39 WO 02/ 09509 PCITUBB0OMAS11481
20:239-243). Intense auto-fluorescence in the injected enbryos indicated
accurul ati on of photosensitive porphyrins in the circulating blood cells.
Phot osensitivity of blood cells in urod-MDinjected enbryos was evi dent

when enbr yzs239:243) e xiese Gt fthdrgience @ﬂ@@% dtednbiry @dHindicaed lab@ghilition
depletion of all red blood cells in uraod injected 5 enbryos. The

conpl et e mfé}b@toyﬁisﬁlmhyam@lﬁw cizplaiipg bload é@liSed’hmsanayw _qfblood cells ]
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conserved vertebrate devel opnental process. Both h and twhh genes were
t ar get ¥d Ll&iﬂBh@ el rade irethe developmentroddrie diseasd in bmdawe(iB@bomzee bt §19%h as a
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(3) co-i nj ghtnedatidns hhetdvelMeeamndn nataniewﬁhm&@nelsegnﬁhﬁgd@fa&@(scqaaue(n%)et lni ect ed
wi th shh- MO and_twhh- MO ( 13, 5ng each), and 100 MRNA. Enbryos at

3 day ol d @99&)@%&@%@%@&@9@%@9@@@ Shkpgg®1@gueae)ip§esaecgméb¢ua@mar| ng

t he freque f r

i njected V\nrgftfflﬁg t?gg%%%%@%%{ehﬁg?% © et n@?&ﬁ% 35IS t %@ %)Iu?%ot h
t whh- Bnd eplridBis ladbofpieyibHpe i hfghgdcomsérbecsbéﬁdyat@aéuemﬁn%ﬁtamm&ypes
characteri stgc of a shh nutation (Schauerte et al. (1998) Devel opnent

125: 2983- Rt yhh anbiydhgenes were t%nggfﬁﬁ syiaa MQs tostesffatredupdangy and @cd@@alop he
hori zont al B%a? ggyggneﬁgqng&gfgrgﬁ@ed pect or al fins. Enbryos injected with
It | st

t whh- MO exﬁﬁ enotypes in i ngui shable from
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 er 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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controls. These enbyros had normal heads, "v' shaped somtes, and nornal
myosept um 30 when conpared to wi |l dtype enbryos. Injection of both twhh-MO
and shh- M3 ohiawsever, resulted in enbryos with synergi stiBCO®R@&¢L1881i n
somtic patterning in the trunk, a new 40 WD 02/ 09509 PCT/ US01/ 41481
phenotype in the forebrain, partial cyclopia, absence of myoseptum and

| oss of transcription of the hedgehog target gene patched (ptc) (Concordet
et al. (1998dnotyRMS HePREdYraih2Fardad 29c1dBABbseMRIT ndyodgptih indiosy\6¢s | nj ect ed
into shh deficient enbryos (n=52), 100 %5 penetrance of partial cycl opia
was achi ev&énscriptienaf thgdredge: marmgemp@téhétﬂ&p&‘a\lﬁ@@n@r@et etglc(188Ph in sibling
enbryos (0,9 = )1~76 S.0Bl m and A. Chandrasekhar, in press). This
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ort hol ogues of Wi Magrivih-MO shhirgensa] intd shasiefitiear enilalyes(m=52R00@04 or

m dline patterning. Enbryos at the 10 somite stage were exam ned by
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3. Enbryos were analyzed at 3 days of devel opnent for phenotyiﬂgﬁ1 changes
htly

resul ting pdanalinessederm. sbirp teduetiieewagrerensed inskpdesehmgsaderm atas 1998)
Devel opnent _125: ,2983- 2993).. Endbr. t di spl ayed effects in somtes as
strong as Fﬁ%ﬁng%d%égﬂ%%oné%flzgfrgﬁ?@%& r‘é"scor ed as denonstrating a

posi tive phenot These EsdisrdembnsteAeihat 2sbrithif if sreefieftive afodef foe MPEyds t hat

di spl ayed a_phenotype associated with sonic hedgehog | oss-af-function when
i nj ect ed wedditigndhese expryimeids demonstiatethe il ehmogehiakinos for both single and

multiple gene knockdowns for the understanding of vertebrate embryonic development

and disease.

Example 18 — Sonic hedgehog MO synergy

20 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

25  weakest allele tq252 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

30  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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obtained fromthree i ndependent experinents. Twenty or nore enbryos were
scored for each data point. As shown in Figure 7A, the nunber of enbryos
havi ng awont/eshedgehog 30 | oss-of -functi on phenot ype resBCTURG/4148IM

nor pholino injection was greater when enbryos were injected with two
shh-MOs than when enbryos were injected with a single 41 WO 02/ 09509

PCT/ US01/ 41481 shh-MO. A conparison of the nunbers of enbryos having the
soni ¢ hed I ' [ -of one
g o R R
i.e., injdunétmn pknendrtype/\msslhhg[ﬁ@mm;aadtlm eﬁlmrmrtgltwb|shhM®ed¢morwtratehé1amﬂwber of
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second MO, for a conbi ned expected success rate 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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% for genes screened using two targeted M3s. Should the | eader sequence in
a specific locus be especially prone to 30 pol ynorphism the sel ected gene
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(see Exanple 17). Mul'ti - rgeting strategies a us practical using
current nonfhologues ecichoifich for d0 imhtrhamsn Qs dxaatpdis thensomimbesige/oedsecusat e of

0. 82 0.82)= p7.% F bl e.t hi t . __or phol i no il
f)e ext?ené%{fz"gf’gé@/'i 98%9‘%‘%%@%&%@”&@8?%&%@8% rsge ?llé%wev\ﬁﬁt h Iredﬁn\él\llant
functigns demotkitite ofXalRigicatbr oMUBOR bPQ}i&éﬁlsi(ﬁfI{/aﬁ@nlgﬁ 6 thedeGenéy. lindeed,

mor pholino injectionat 36 hours 25 Signaling b nbers of the Vascul ar
Endot hel i aio t@&oowihelaues bave(iendcyl eyprassion gattdrys inzebrabish (Gateslerial. ({1ARY)

for the or SR tar S B Aout A ra ot b eely e RRE Yo rehif e P 3bo5) -
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 in 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 ez al. (1996)
Nature 380:435-9; Carmeliet ef al. (1997) Am J Physiol 273:H2091-104; and Ferrara
(1999) J Mol Med 77:527-43). Pioneering work in mice with VEGF-A 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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Nat ure 380:435-9; Carneliet et al. (1997) Am JPhysiol 273:H2091-104; and
Ferrara (1999) JMol Med 77:527-43). Pioneering work in mce with VEG--A
denonst r w@e2/09389 30 extrene dose responsiveness of the noREERUSOIIYSL t O
VEGF- A signaling during developnent. Loss of a single copy of the VEG--A
gene induces haploinsufficient 43 WO 02/09509 PCT/USOL/ 41481 lethality by
day 9.5 pc (Ferrara et al. (1996) Nature 380:439-42); Carneliet et al.
(1996)  NaletHatity3$PdA3D5 Pk (Fé%&eztuz.odtwg@cmumgdﬁ:@t@); OeneResif (1996)
investigation of VEG--A requirenents during |ater devel opnent has reéesulted
in a seri eNaipre 380583 5-Mk dihis higlogigal kusdlgite theresneticiavestigation ol @i es ( Ger ber
et al. (1999). ] . -H9: i et 5H.al .. (2000) Devel opnent
127: 1445- 5%%1“5‘%&%%18'2@#] lta%ee% ég‘{e?“\;)’le}g%n? gl?se‘}_e?i‘glge(ﬁdﬁ rabsg’frlgse‘ff e%P?mP%lE%%mg

Devel opnentontiZnalidtbckt. stritepies €Gerdecerial aPPID dTveloprRACrESH 401505 Halghd em
used intravenous _injection of antisense oligonucleotides in pregnant mce
to reveal oG08} Devaieramansh27:d4dn-p Drrsiflognipgnt ueggtiva pretpias (Gerberatiohd 1 MMi ne
enbr yogenep j . ) ( j ; = 7) a0

Zebr afi sh %!r?%rl(; osénég\ﬁ/%?%%@g??f érrgllgll%%cegﬁ%prﬁg%qgH?&eféﬁsﬁ%?%ﬁ?%emnt s for
a functi omimgenous tjécionroyf astysehenlibonudiegptiies in/prdgnai apceotrevdablosesinpl e,
enbryos with no circul ati red hloqd cgells dye to, porphyria |ive through
the first RPN qyLegents aﬂ%@ﬁ%ﬁ&wﬂm@ww%ﬁmbwgmwL@mr(fﬁﬂént
123:311- 9)%1999)0@5,@[9%&%]liy_rlqby_e}y.s all of segnentation and organogenesis
in the fish enbryo. Miultiple nutations in cardi ovascul ar 15 devel opnent

wer e i ¥ol at ed i Achirhfash embryed dévalopexsradlly anddraie ably dinitgengsiementy foeas

St ai ni t al. (199 Devel t 123:,285-92; t al. 1996).
boval onmerinctiosing Gacion NS RREN: By 1Pl RS EMPLIPS Wi no
Toget her, ¢ifgiARBrad bobd bass dkto Pg@h?ﬂa i }dﬁ@ug‘hatﬁé gly 1Gesgss ofhe bi ol ogi cal

rol e of ancge;Yol%Em c factors requi or this ‘essential vertebrate process.
20 Zebr af i dtvelgpaeni(Ransem sf ek §X96) Deveatepnearts 1 9§ &hddiaperind thee inwhitdes pld of

nervous s m...ln soderm fl.anking t he, pro tjve heart. fields nd in
Som 1o moouenkibl afe AR S NGERah B RG° MGkl R A e g op)
Bi ochi m Bi duvelopmbdOwerkdsadftid itMB8 initigllerg8 208k @h&@dicaldaifagéne¥isGreénd 0 anal yze
the requirenment of this gene during enbryonic devel opnent. M3s had been

shown to HStreeetqlvid 93¢ @@ﬁ@%ﬁt?ﬁ%&ﬁ%& Cheniehal. {1996) Devaloppmentwo days of

zebraf i sh N%%V@f-’ﬂﬁa Rirei I?[ﬁg e%éﬁ@&%) #0 Meglﬂjlrlﬁ?-s])% {)getilélj, &%tz%iraﬁﬂ{ Irllas%hen g of

VEGF- A- 1- he résu
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 antetior 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-4 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-4
morphant embryos developed with no overt abnormal phenotype during the first day of
development. At two days of embryogenesis, the VEGF-4 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
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nor phant enbryos devel oped with no overt abnormal phenotype during the
first day of developnent. At two days of enbryogenesis, the VEG--A

nor phant whenetsype consi sted of an enl arged peri cardi um PaDUSIVAaY81at | ng
red blood cells, a slight reduction in neural 30 tube and overall body
size, and little or no functioning vasculature. In a subset of enbryos,
red bl ood cell accumul ati on was observed in the ventral tail. Table 1 44 WO
02/ 09509 Psuirhiairks #ABdquete BB dnti§od HRIBIRLLHN6T RSclhtuR)BENQSIigddeRial | Ng

| oss of vascul ature, pericardial edema, blood accunulation_in the anterior
aorta, andblBPdacsuaedaiteniinthesmtdrior powa,aad blopd @acumilaiéensia thevailvhendnjeefdd c at ed
anount s of g ri re perforned at each MO dose. Average
frequenci egpﬂgghegﬁ#lcatgégglggﬁ%m(é@perforrred at each MO dose are shown. The
standard error FeurteRperireans otre gehfortled fiesach MG dbed WeesfadeTrcqasei &g all
frequency and .the frequenci es of individyal experinents. Table 1.

M cr oargi ogPERmyntspaTiganed sreachMiQ deseiars sorwd Merstandpderier isthpymean a8 10

hours. I nj < i C es

(f requency@g%%ﬁﬁ%béﬁigmeﬁgga Qgrﬁ yg?' vgls?%agélyuc?% ogﬁxfc{/l%§¥£2 3 121 4
38 13 39 experiMdentaxi al or intersegnental vasculature 7 4 2 125 3 27 13
29 9 No/reduced intersegnental vasculature 67 5 78 13 51 2 36 20 30
6 Normal vasculature 23 10 17 16 3 1 0 02 3 Pericardial edema 15 2
35 10 49 TgphlReq, Micﬁianéi%gra%h%ﬂal?ﬁgHf%alfybgﬂljec&da%@w@mypmgw 0 01
15 3183 s 2J Bl ood accumulation infail™1 12 216 8 19 0 19 7

Tot al enmbryo mumber—110—126—105 10610 Exanpigstaeid %m—gmy
) ) > ) ed VEGF-AM movghblin ,
vi sual i zatji on of vascul ature 9ef ects|in VEGFbj%«-f nor phant s B
separ at e fiPRseVeEPheRtresdieayesciél e used to assess V@scul ar® functon. Bp the
first assay —ftroorescentiy-rapered—RBCS Were geerated ougtr—TT1ract] vati on
of the unoporphyrinogen decarboxyl ase gene (urod; Wang et al. (1998
Nat ur e Genfdaart 2 volsvagculgugynly si ng 9 ng of 3w2od- M3 11 n BE&%hould +:dabry b4
injected Widdkiabr RBrs8§mentand Miature 7+4 21  25%3 2713 299
No/reduced intersegmental vasculature 675 78+13 512 36120 306
Normal vasculature 2310 1716 31 00 2x3
Pericardial edema 152 35x10 492 56+0 572
Blood accumulation in anterior hypochord 00 1%1 5+3 3x0 8%2
Blood accumulation in tail 1+1 22 16+8 19+0 197
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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fluorescing RBCs highlighted the axial vascul ature, head vascul ature, yolk
sac, and heart. 45 WD 02/09509 PCT/US01/41481 1In enbryos injected with 9
ng of VE®FOA9MD, RBCs were |localized only to anterior BROTA&01/41481t he
second assay, the vasculature was directly analyzed by injection with FITC
dextran. Injection of FITC-dextran into the sinus venosa / cardinal vein of
an 5 anesthetized 48-hour old enbryo results in |labeling of the entire

vascul at uri edbrideinjeedrvatt $ g 6MVEGE-ALINMOIRBUs Whe 1¥&lised asly thaaelior head,
axial, and intersegnental blood vessels (Winstein et al. (1995 Nat Med

1: 1143-7) .291%§ ecti on with VEGF- A-1- MO showed that these structures were

difierentially 1 SEOSILLY SO MEGRCARIORAL D0y FHELDE by LIRS, ARGV ©

cl asses were obServe varl ous anoun

i nj ected. dextrahelnj@sion®E FET €-dpkiganinygothe siblugsenosh él eardinalxge{ihh ghardose )
injections of VEG--A-1-M)J _the only vascul ature detectable was_in the
heart and §nspiketiagd4d-hoxy; pld embiyiel rosplteindlabslivgiod fheymbisrivasealareolibe e not
visible. T : i I i rm: at ] i no
uncti oni rbradAS AL Wchudihg R olietah SitatPheol S o tnchlephRBLELINES,

bet ween t hesselpO¥sinktein df iné 19053 ok dfpddal 148A8] yses 15 were perfornmed on the

t I fected. S. it her rsal aorta nor axjal vein could
AT TG AL L LT T M M TR
class of efLWOStAVBOFIRSRIES! %ﬁher?ﬁﬁ@@pheﬁ%%%ﬁaﬁb‘é@af@eré%bﬁr@& W bit a

noderate VEG--A-1-MOinjection effect. In these ryos, the injected
FI TC- dbXt reamons ginbingh € ¥ B{di-K- s MO weesinjectedn dn theadosh sowt: pesstyps dsonl .

No axial or intersegnental va tur observed. The | east severe
phenot ypi o ALGHRRa Fon & THO Aerd B Incuny sHErInghs Setsbae v i e

i nt er segeiyasland FSIKU I Fdad! SxialDiid MRTBIneiRBblood ¥8dsKls Wite@fot vidisleatha! bl ood
vessel s. Enbryos exhibiting no or few intersegnental blood vessels, but

nor mal yol Yesedaturegither failed enformes ell loncenteinedinel luctioning congctiansde the wer e

said to exhihi: - Ax 1- ff ... The. penetrance . of these
phenot ypi cﬁ%ﬁ élté g%gwmlggryggﬁ%@ésnp%@ rs1h ﬁ%g'gelt g%%e Hoés’ﬁll%gﬂf)s Els{c%gl%al iagalg%eﬁsi st ent
with tive swéreperfonsst sieme ntensserly MEGederibined. | NeitHeR oIS Rrta REDANES
(Ferrara et al .qéé1996) Nature 380:439-42; Carneliet et al. (1996) Nature

380: 435- 9) veigquld Be segids theguisstedrmbryvsnut ant s showed a reduced dorsal aorta
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 et 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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30 detected by histol ogical analysis. Fewer intersegnental blood vessels
were detected by a tissue-specific |acZ expression. Lack of dorsal aorta
was i ndi o0 ez2i04599 hi st ol ogi cal 46 WD 02/ 09509 PCT/ USO1/ 414BAT/U&¢AMIY&I S i n
honbzygous nouse VEGF-A nutants (Carneliet et al. (1996) Nature

380: 435-9), suggesting that the nost severe zebrafish VEG- A norphant cl ass
represents a nearly conplete | oss of function phenotype. Al though nouse
VEGF- A ”Utﬁﬁly%lselhﬁemoﬁ!y%lls AyRde W@F’-A%ﬁt&ty(@ﬁheﬁé’tve? LoREsH e»gwmp past
(Ferrara et al 19 ture 380:439-42; et al'. (2000) Devel opnent
127: 1445- 5380; 43tSh%) mstmgﬁhztébq: mbstsﬁﬁ:VME@brAﬁﬂD gﬁﬁwﬁ morplaat dsssanpriesdnity a

due to nt grerragommec s B iPRhos iR S B e G L R R hD

speci fici t&sﬁlgyeﬁmaﬂﬁ%lﬁqdymevmdh@yebw EFeBRELQ L 1990 VA4 3801439MF | ap
with VEGF- A-1- MO and one containin our base m smatch, were used fo

conf i rrh spdeighietek QZOQQ) Develounemd2T(: gé@ - the heprt irerhralsBGEEGE F4mpphants
i njecti on t wer e
perfornmed a peggégﬁg g&os al aﬁﬁ%ﬁy&g@&@@ﬂg%@%d%ﬁl@%&eb Itevé]lgenm es
observed |pbsallbly(ﬁieaehlgmﬂéa&diaepfsssﬁe.d at each MO dose. The 15 standard
error is the nean of the differences between the average frequency and the
frequenci es of individual experinents. Injection of enbryos with VEG-- A-D4,

t he m smat ched- MO, de%gﬁfg&k rm&%mpﬂ%fsjpg zﬁ@zb}"e of the noted

effects of the VEG-- A (See 1@ rndependentry test for

speci fioci ty of Twao YEHGIAA-MDg bre hmdnmesmmsndé&ﬁtd@dge‘rmrerlap !mthdeGBOX-l-
VEG-- A- MO Co IeteI .1 ndependent , sequence (V GF A- 3 used, This very
pot ent . D MQEBKTerenialine ot desnisTale s DREASE Phe

VEGF- A- 1- Meyoetih @ fdetd %BE ?O@QWEGP%MMG ﬁﬁ'é&bh%?é?fmm% t¥o YHAELAON,

peri cardi al edema and accunul ation in the (see Table 2). The
di fferent |%:M@ﬁmmtmwxpmgmntbwechwrfommdd af eack MO desx olabde ¥ sehmadtasitbs of

the MOs or_the targeted inRNA regjons.. Alternatively, .t ffe 25 m ght
bo. caused BYFERHHIGH GRadrL PG SR PRES PRI 1 RO drse dbe a5 5
GO ponpadRerd &rc)f&ﬁre%é‘an(o%@he/m@e&ceSM@th@avd?ﬁ@"!?écﬁﬁ@ﬁ@ ARSI at ed
with injection of VEG--A-1-MO resulted from MO based specific inhibition

of transl at¢qymnees offativalual expesimentst s. A nunber of genes whose nutation
results in car dl'n?ecagﬁ: H{‘ mer‘?/%s w1tt}1$\]]}51§1\*<e Bgleﬁie 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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30 observed in chem cal nutagenesis screens with zebrafish (Stainier et al.
(1996) Devel opnent 123:285-92; Chen et al. (1996) Devel opnent

123: 293- 30@)2/095b¢ hough none 47 WD 02/ 09509 PCT/ USOL/ 41481PCDUSeIMa 481

phenot ypes associated with these nutations strongly resenble the VEG--A
nor phant phenotype, the nutant enbryos had overl appi ng phenotypes.
Mutations in multiple loci result in enbryos with cardi ac edema, and a
simlar a ' ; ¥ ] (1 due to

G sor gan; sad e RaaeRBes Lo PR il Aok sk B S e et a1
(1996) Devmbpbamthed@3pe 33 BORNt erforyes had onerlappiog pheriotypey. Mwaidnein al t er ed

circulation we not e Stainier.et al. (1996) Devel opnent 123:285-92);
Chen et anultpkSB ety aremren vish sardys 4D, dhd ReYRIATERERURGoH Horloptby

gridlock, i tBeRatlahall fiPRePaised au@ddldrkdlgéﬁﬁz%u@na&ﬁau 2dhO8oychitape @ES)er 1 al
devel opment (Weinstein et al. (1995) t Med 1:1143-7; Stainier et al.

(1996) SDevsitiapoe (fthenxd up {5990 Devainpmentdi23 293-302D 08 vetad nBsitions givagTrised0- 4) .

The rol e of, these nes _in_ VE si gnal i its,mol e netic
Char not or | Dt eERERERR S dnRTS B2t A B EDS e S s I ReR At i
of enbryosyi (1} QG)BQJeMﬂn&'&nVEﬁ:.Z%-gEanH%eééﬁﬁﬁtatiénﬁnﬁl@d@d g4dlobigdieend thagct ed

dose, ng VEG--A-D4 norpholino 3 12 18 Heart and ﬁgﬁk vascul ature only
1 1 0 0 2 ecadey aPHLH psotginirgquirnd anky B seeial sexelopmentyMeingten of alo(1§95D 0 0

Nor el vadl A ERITE: ShBlaguELt Sl YERAb R 15505028 ZinPer @ GO00) 165 °
116 118 76Scidice VEGH820-3). "Dhigofodd dfithedd. donds ib 13 (HE sighal Bigthvytids knolemitat| at ur e

only 0 0 13 .13 27 11 No_axial or intersegnental vasculature O 0 24 24

40 " 13  No¥enstipehegpdisrizetion ghbsremaipngdosiat ure 18.8 37 11 24 14 Nor nal
vascul ature 81.2 26 26 10 10 Total enbryo number 32 71 69 15 48

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 3+0 3x0
No axial or intersegmental vasculature 00 00 0x0 00 0x0
No/reduced intersegmental vasculature 70 63 5x2 22 +1 143
Normal vasculature 92+1 94x3 93%3 7512 8413
Total embryo number 163 116 119 76 73
VEGF-A-3 morpholino 0.5 1.5 3
Heart and yolk vasculature only 0x0 13+13 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 1010
Total embryo number 32 71 69

15
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WO 02/ 09509 PCT/ US01/ 41481 Exanple 23 - Conparative expression of fli-1
and flk-1in 26 hour-wild type and VEGF A-1 norpholino injected zebra fish
enbryos Bx@orvewsions of two endodernal vascul ar nmarkers, fPCFUS@ndisik-1, in
VEGF- A norphant enbryos were anal yzed. The transcription factorfli-1is a
very early marker of 5 vascular cell fate specification (Thonpson et al
(1998) Dev Biol 197:248-69; Brown et al. (2000) Mech Dev 92:237-52). In

Wi | d-type ZBampkr23enObyparalivé exoriRPpnfHi-¢ HE Akl Min 261 1ul-Hill ¥ &l BlediFaor t a
and axial vein and in the intersegnmental vasculature in overlying somtes.
In enbryos that failed to4cofBeaingige Nl eEeR | only a subset of

the vascul ar i  ns.of i : I r . . bl e

i nt er segnent al %r%ﬁdﬁgﬁ%éﬁﬁ?ﬁaﬁfgﬁﬂsﬁ}o seerr%l '.% @%&%6‘?% with the
exqui si t e motphastegitendaveréanalyral. Terchpsaiptioadnsont Aivi is)&ﬁe@yéé&lﬁ-‘mf | snggﬂw ing
(Table 1). The cells either were not proper] specified or failed to

m grat & dufds a‘f‘i?ﬂlr%EeiSB?Flg?aqoﬁéTh‘HfBﬁ%ééﬁé g%%ag; f_@g @@f@?@ﬁéﬁé&@ Eiqm@f
responsi vepe B55] i h I y )

i nter segrredg'tgl%o%j}s%e g@?%ﬁ\@%&?@& @."Sind;ﬁ?’ﬁg glté’mnﬂé?‘l?gg?s’ a aué‘iprr%%dgnf or
VEGF duri nhe fdhingdasilaortd aud bxiphesin andHnrtb¢ intévis@hcAtal sascabphire @dofenlyingr oper

axi al vessel formatipn byt pot for initial axial .vessel patternin Second,
VEGE A T ety Shemmor Hies Plleq iktrapleteyBicali Gualviagucely estrshonhe
mgrati 0”1va@&ﬂaﬁ@%&%ﬁE)Xﬁte&%fﬁﬂpx?vﬁﬂ&l?éﬂéd.Vﬁ§ﬁ%é’tﬁblte%tﬁﬁé Ehtal eRpREskiBh

results were obtained upon analysis of expression of the %@r oSl ng ki nase
VEGF r ¥cepigh-fwas dhsembiedt Thiswoinsited iWithkhd exquasitedniepregmentel vesewlassi mi | ar to

that of fli-1.,in 20.the,t and..t ai f .l d-type.enbryos. I n VEG-A
nor phant e%?ﬁi/%gl s&@ﬂ&?’ﬁ%’ Eod{’%% signelpg k’t)arl??‘?/\pt h§ cﬁﬁgq}f?@&w TGOtPRRSF S egrrent al
but not axdpatified b fsiel eNmi@steEH FornAtiod bthe finteABImERMUGREiH I n fl k-1 gene
expression was noted in nouse enbryos with no VEG--A activity (Carneliet

et al. (199®)disinctraspasivengs-ofthe exprassion ok theengotheligl nestrkeryZial inexpr essi ng

i . i r l. | i ith th
co s 11 L INREAFRISILY (EeaSh gL bRl PRRTLISS pmapiggol 1 i e
127: 1445- m3jularkiReRbinsht. € YIAEGF1] i€ ed@iteMdrprdiser Agiab{esVE Ernfation Max

di spl ayed the sane, specific | oss of expression only in the intersegnmental
regi ons f diotbtipitil pxial vessel pptterning TRecondgbkGEt4 i reqijtadriehirarsesentat

G-
si gnal i ng 5 fm@é ' LS. C j i [ tions
of paracr i‘i\eggerlrg%}g%ﬁeg @gllsllB ra‘?(fnh %#@%@&%@%@éﬁﬁgr a, S%@@é?ﬁﬁ#ﬁog'
expressi on of tSimiMEGBuiteweptobtaifiddaupbnianalytioofesgressidn@ tlsketymsiterkinader i ng
VEGF receptor flk-1. Distribution of flk-1 transcripts was very similar to that of f7i-] in

20  the trunk and tail of wild-type embryos. In VEGF-4 morphant embryos generated by
injection with 9 ng VEGF-A-1, intersegmental but not axial expression was absent. A
significant reduction in fIk-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-4 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-] and fIk-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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49 WO 02/ 09509 PCT/ US01/41481 intersegnental vascularization. This latter
observati on suggests a possi ble autoregulatory |oop, functioning during
vascul ogeves2/69509 t he intersegnental vessels. The strong PCODUS@r41agl on of
VEGF function fromfish to mammals inplicates this as a fundanental
vertebrate biol ogical pathway. 5 These experinments denonstrate a
fundanental distinction between VEG--A requirenents for axial and

i nt er segneinteddegt@EGIACUREFAH MiSIRR& obs&Riticibugitea psRidid dutGefhidtoryVEGH- A
i S not reglw red for the initial establishnment of axial vascul ature

pat t er ni ngoonfBrepsing uringwesarngsnesiod! theinsersesmanial apsselis dlie stronge i s
vaseul ot ur sVt PR Rl sPRCHANR G0 iBliohe 8 LA EARHRN " | o

beyond estwdblebsib Higlolgicallpathway.l i -1 expression in bl ood vessel formation.
Exanple 24 - VEGF-MO s ny ergy Enbryos were injected, as described in
Exanpl € 4, withl %ewq%‘?eHwSW@quWaéﬁﬁtlwmbﬁi‘@@wfg@@?ﬂjences for
the VEGF AclulhadroVEihr did ifdoofiefiaPhidedrdch sl aich, FS oS at 2
days of devel opnment were analyze usi ng m croangl ography, as described in
Exanpl e 21speéifibaliyg §FAdraH isihetpeqyied fdethe dtitiali astablistineers efjaxial wsculatareul at ur e

Chat o spl et Pieress A JHRPIF e oF LAl AR BRAIS SRPSDREEER at or e wor o
scored as ﬁE@Fwﬂgm&{ﬁ@F%{@ aBé’b}?B@%%B&al aﬁﬁ%ﬁéﬂségméiﬁﬂ' \%E@iﬂ'athfé i VEHEIR A

denonstrate that tThe nunmber o ryos having a weak or strong VEG--

phenot \pe moxphamttenmiyydsiodicates flabVEAD-Atas e rolo heywsl egtablisténg fhé mné iy os
were injected with %V\D VECﬁf-l\/[Bt.than when enbryos were injected with a

si ngl e VEGPREF oA Blogd vPEEHOMB#I e nunber s of enbryos having the weak or
strong VEGF- MO phenotype resulting 25 frominjection of one or two VEG- Ms
denonstrates that the increase was nore than additive, i.e., injection
with two M3s had a synergi st iZxasifedt — HEGHMChiwergys of enbryos exhi biting

weak or strong - hen pes le 2 fi inzzl ed-2 tam ng
anal yses 30 Enbér{gggo%\@e 3 ll%hei%é%it %Sdc,leS(éEr)é%ggg ??(lmglgl& %ﬁ?@@gpﬁ‘%&%ﬁ th two
zf z2- M3s: VEGE=-ANMOT4adVHGEE £-2-MO. [Sddueriees| &k VEGR-AZI-RAD M WEGFand

zfz2-MO-UTR are 50 . .
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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WO 02/ 09509 PCT/ US01/ 41481 provided in Exanple 3. Figure 9 is a bar graph
showi ng the percentages of enbryos affected by injection with either one
of the twoOat/@BeMIs or both zfz2-M3s. The zfz2- associ at eBCUEs@/apsrent al
def ects are undul ati ng notochords and w der than nornal '
posterior-concentrated somtes during enbryosgenesis. Enbryos injected with
either a 5 single zfz2-MO or two zfz2-M>s were exam ned for these

mor phol ogi gakidgd Wi Ekdihgle 3defi@gt 9.is BoidpraplzshoMibs e perdeaRall o eafbrds ci ting
sim | ar undul ated notochord and somte defects when ig%ected i ndi vi dual l'y

into an endfagied briaiechon witbfeitheroongfof thayme aed-MOs of hath elg2iMPs Thezizane
enbryo, de Sk ] [ t jstic. 10
' add 1 onoact RPN de i OB AR RIRR A A L NIERLE
pancreas- p@etioliconsaatriked somitehdaingrenionoiiganasind Habgbs ihjedisipwitdeitheand
islet-1 are expressed by a_ subset of ce|lls _in the zebrafjsh papcreas, and
t he absencB@f ZéépM@s%"i B9 7552-MGropere ﬁX@mﬂeaé@réb@Sf o8 @88’@%113{'1'1]&5’? ancr eas
devel opmenf.f A/ t i z i

excar nod. Tt BSOS oD oD b1 rbul RSB
i n nor phol defests wheringettehindivodallFxeoph embPGro. When bith aif ¢heTagl-MOscwerons t o
augnment Chordin.inhjbitor ctiyity . To exanine the function of tsg in
Vort ebr at e PR BB BB Tbr S St i e FC Sl e SpiiaaS i s ed
using a ztégh@ﬁgk.The ztsgl gene is the appropriate counterpart 20 to the
early enbryonic Drosophila tsg since ztsgl is expressed ubiquitously in
early 10zebr af i sin addisioppdeveldpiment of thg zehrafigrpancrenp mes sxamiacd hangpansteages .

M>s were used..to reduce.the. fungtion. of .t endogeno ztsgl. To,visualize
the vaccu itttk nd e it bR iR e ERR ARC R Booresi iy €

hybri di zat duds& ofesls inlks Zpk4RH phAdredd) nd BllaB¥¥NBE MBS RN Ffndinet cat ed
devel opnment al st ages: oD (8 25 somte stage), Krox20 (8 somte), GATA2

(22 somi t elpletrhdndisaesthafzpanerens developrent is defricire.i Bfheofsnandianskislgt-2t sgl

nmor phol i no - r l. i %.0f: 1 he_inj e ryos. giying rise
Lo bebraf | STTGRER Bra SRS el Abioh OF s LBl Ta SRSl Wi T g

( Hammerss c hfsufld iretogpholifnd-296gtedDamblyop 123: 95-102; Ml er-Bertoglio et al.
(1999) Dev Biol 214:72-86). Enbryos devel oped expansion of the ventral fin
region that 30 corresponded to ectopic blood islands, a tissue derived from

ventral me_sodemmélgbggt@gi,e?%pw@ngpﬁ (& BN ThoF R MRS}y Bl FDTAZ Bt
the 22 somte T

To examine the function of zsg in vertebrates, the function of the z£sg/ gene in

zebrafish was analyzed using a ztsg1-MO. The z£sgl gene is the appropriate counterpart
20  to the early embryonic Drosophila tsg since ztsg! is expressed ubiquitously in early
zebrafish embryos, while ztsg?2 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: MyoD (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 et al. (1996) Develop 123:95-102; Miller-Bertoglio et al.
(1999) Dev Biol 214:72-86). Embryos developed expansion of the ventral fin region that

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

embryos also showed an expansion of GATA?2 at the 22 somite stage of development (48
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WO 02/ 09509 PCT/US01/41481 % n = 21), loss of paraxial nesoderm
(visualized with the marker MyoD) at the 8 somte stage (38 % n = 33),
and a m IWopmoksee i on of anterior ectodermal tissues (deteRCRUSWy41481t ai ni ng
for Krox-20) at the 8 somte stage (49 % n =39). Caudal expression of BMP4
al so was expanded in these enbryos at the 3 somte stage (48 % n= 25),
while the 5 anterior ectodermal marker otx-2 was reduced. Treated enbryos

al so exhi bjd ae A1), losxgrajasdxddl malodqRantvixublézedalitisthe emirke AoD)taD eheydddmite
extension simlar to dino and nercedes mutants (Hamerschnidt et al.

(1996) DevEPgsd38 3810533 and rmildgedegtiog|of avtfgmctmaldﬁsuefidetq%o&bn 1) .
Overal I, t
Oeral ! HSERIRRRLHOR bl Rd 94 ol O URBTEL SRSV 1t

(1999) Devald®whs etpaddett 1ﬁ2hﬁ6)enﬂ>n3cbsrmdmr3a$ommgéi (48 Pg 3&251) \i/mm:ti1e on
nmutants, and represent ed phepot pe ( evjcius et al.
(2000) ﬁuataf’é%fﬁ’rféog "‘i?&?‘r Hﬁéﬁ"@éﬁ UG?A reatgd em TIYQ Bg?a}&?dpm

123: 95-10 I i c of
oducod bRt iRl LS eI InE SN ckRfliR SAIERY WRE R kBRGRL T

et al. (1 Qlﬁﬁbanﬁe(ﬁhhmp:r%nﬁmr 4AR19%H ,DelE)zlqk 123:9a4102( B@m)et e (I®9@pDevelop

127: 343- 54 jecti 0 ) of zts n 56, % of the
survi ving 4'#311'%1@?(674& é’&@%m@’@%ls ‘?QW@}%H%? r?é'of“é’ﬁfﬂ‘f,eé"ﬂs

l ength wi t@Jeﬂngﬁérs@ﬁmuﬁémam996)rDevIJyp81238)5a1 RheNA&aRNtHlioldr 8] GH9o4 pebass of
dorsalized nutant enbryos observed with the snail house (BMP-7 honol ogue)

and pi YoytBiol 214172-86) ansmodduite icherdét loas-of-fubotien) mbeantst, epd EpR:s@1Ls @810dBktck et

expansi on SRURDEH REACWRE NGt e B ¥ G57ob 2N 25 B e e ¢ o
stage. Fur4/h@ooey Beveldie1 Tpessa0d)zi ng ef fect of ztsgl nRNA partially

reversed the ventralizing effect of the ztsgl-MO (9 ng tsgl-MD caused 47 2
% ventralized JissHowef 7ig EnBIGY resglterdglnpbg@qtym@ q@agngstmpfggd@@é SMBPrRNA

| ted I f
togl was bl OsfikERkl oS BeSTRh (205103 IR0 P EROT BB ' PO U
enbryos wi 124:4457666; Daék aradl (ph@})dpewpbp 12Mi348- 54¢cn@¢vuonox ps pg ot afg OMRN /S9!

led to a dorsal.i.z ryoni ¢ ,phenot Enhancenent o the zts
lg | oss- ofreFlﬂWétlpgg /gﬁ tSVWéVlﬁ%a%lH}?Y 1 Hu%?c{, 1P%§§Ve>@f<hltbﬁwgeﬁ@+caiin gene

nhi bi 1 or e e e ek, ORISR RS ! horkled 1
i f the sanmmpuiast ¢mbryos oseb2d with the snailhouse (BMP-7 homologue) and nggytazl
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 AMyoD (50 %, n = 8) and Krox20
(70 %, n = 10) at the 8 somite stage. Furthermore, the dorsalizing effect of ztsg/ mRNA

partially reversed the ventralizing effect of the ztsg/-MO (9 ng tsgI-MO caused 47 + 2 %

ventralized embryos (n = 376); 9 ng ztsg/-MO plus 30 pg ztsg! mRNA resulted in 19 + 8
% ventralized embryos (n = 270)) indicating that loss of z£sg! was responsible for the
25  phenotype. Therefore, loss of ztsgl led to embryos with a ventralized phenotype, while

ectopic expression of z£sg/ 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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WO 02/ 09509 PCT/ US01/ 41481 vertebrates, sub-inhibitory |evels of

chordi n-MO and ztsgl-MO were injected into wld type enbryos and the

ef fect oweorveshde bl ood island devel opnment was scored. EnBEDOS01/41881e
injected with either a | ow dose of ztsgl-MO chordin-MO, or both ztsgl-MO
and chordin-MO, and the resulting enbryos were exam ned for blood island
expansion. 5 Results, depicted in Figure 10, denonstrate that ztsgl-MO and
chordi n- '\/Qreréﬁﬁf‘ersgéxfotlhﬁ%ﬁtbb& 1%%1@8?&{3)&}1@@@ dnd|Z834-MORARE !irﬁébtecf:fﬂtd Ml@ﬁ ion
of sub-inhibitory levels of M directed against both Tsg and Chordi

syner gi st i tya¢ eybrohand e offvet qresvsapiabloed @ﬁﬁandtdwelopmmtamszedreéh@nmrmﬁe

fnding + Rare g AEt G har e Bar SRR L AL B, Rt N PV PR 80 10
confirmed dhordig Ot sndohe BdsQBMGEIR 050X &6 bk ABMES fRSISN iBRAd b)gpaﬁﬁlgﬁor)hl la as

well as in_ Xenopus (See Ross et a (2001) Nature 410:479 OTHER
EMBODI NENTResubs, (depictedtia Figre HYislestongiente that ztagh IVI@awieChqw@rMOon has been

descri bed | dde

For egoi ng ‘JagERREHCd B ecd b SR SRIRHORT CERDREHB! ST BPRERRS Ipk et e o
t he i nventMo3, direbied Agaisstdett TithndyCHOMdinS9RRgiIsttally@hanpeidgdnetacesf O her
aspects, advantage and nodifications are within the scope of the

fol | owi ng 8F PR %Zs%pwowﬁo%e@ foegsTrotiseenepradicts epoparaties unhpm@@ BMP 1. A
tel eost e 0 anal WARP tbryo is
of a teIegglﬁmngcﬁgéﬁ?ﬁﬂgﬂ%uggééggghﬁg?g%ﬁgst|882 eggage 9“S#ﬁﬁfj}-hgreln said
anal ogle |®nfirmsehy rasnltsaef Hochenticat Bx@rinients peoformdd eDmsppleksisovelf asam a

sel ected ucl ei in.s The enbryo of claim1, wherein
sai d enbryg”¥§“% es?&&aﬂﬁﬂdﬁbngagv%ﬁﬂo ﬁgggklng of a zebrafish enmbryo, a
puffer fish enbryo, a nedaka enbryo, and a stickleback enbryo. 3. The
enbryo of claim2, wherein said enbryo is a zebrafish enbryo. 4. The enbryo

of claim1, wherein said selected nucleic acid is an nRNA. 5. The enbryo of
claim 4, wherein said anal ogue AEHEBEMBRRIMENES; a region of said mRNA

that cpnprises 1 6o e ulBLAR08 ik SRl B iBPeion$3Y HediA¥ebribed 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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6. The enbryo of claim4, wherein said anal ogue is conplenentary to a
region of said nmRNA that conprises part of or the entire AUG start codon
of said MRA/095ST9 The enmbryo of claim4, wherein said anaPOTU801/4H481
conplenmentary to a region of said nRNA that conprises the coding region of
said nRNA. 8. The enbryo of claim11l, wherein said analogue is 9 to 90 bases
inlength. 9. The enbryo of claim1, wherein said analogue is 15 to 50

bases i n |I'eIpAT.IS CIOAIMIED EStbryo of claim 1, wherein said analogue is 20 to
30 bases in |Length. 11. The enbryo of claim1l, wherein said anal ogue is a
mor phol i no- mbdi & telgost gebie romgBtsiigea polynucinetide pplogeowherel spidiembpyg s n

sai d anal ogue i oy ! ety aiml,
wherein said an‘gﬁ%ﬁ%g“?g“g%@g{‘?@g%%@%&g lagt’é?al-elﬁ‘a?fa, éﬁge\)éfgeﬁ%%fgﬂdof claim1l,
wherei n sai d anahbgueis Eesenpin anramdumo tifettive onteducs exprassioniflums e selocted y t hat
has a 2' O0-net hl{}{g ?roug‘ 15, The enbryo of claim1l, wherein at |least 15 %
of the nucl eot i k1S aeid i gpidpy Y8ue are not conplenentary to the

correspondi ng Nyl &0 &9%§|cfaﬁn§%ﬂer%ﬁﬂ s%ﬁf&ﬁbrywé Rletedatd thég@o%g I&gqsﬁgipgyo of

claim1l1, wherein sald analogue Is conplenentary to a nucleitT sai d
enbryo, said nuiflagicbrafich émbayxd, aguifechsh engbrseumedakatchirydasd a shddebasljue or
ort hol ogue in angt her species. 54 WO 02/ 09509 PCT/ US01/41481 17. The
enbryo of clai i’ ®herein reduction in expression fromsaid nucleic acid

persists to Barpgenryd 98 tnabCRhOginShrRsb9b ideX M AnRRAbryd 8. The enbryo
of claim1, wherein said enbryo further conprises an exogeneous rescue

mRNA t hat endodBe embywd ppelpin dewheroiesaishastestedinvaleiosacidispoaoRNA. sai d

pol ynucl eot i de .anal otgge, V\{nerﬁi n,saidr scre MRNA iﬁ%‘srq’segt i_n_.an _anount
sufficient for expre ?8E°8FnsaYVBer8‘6‘159’§§"6‘F°&‘é°§t°°§‘ﬂ BALORBATHBY 8" t 0 t hat
in enbryos freRidhRIA thaBdRhpies thelP unfrhdslQedbicgnadf seldahRNA. further
conprising at |east one additional polynucleotide analogue, wherein said

enbryo i s of 6a The eeyyo epeleined, wherein paifeanglogye iegoprilementary te paegioy el

wherein said pgéa}sfdmgiaﬁgmﬁgﬁégggﬁgf&f tﬁa%%'ﬁﬁ@@{a?{ écg)dtoﬂo L1ih GH8Qh.

regi ons of sai nucl-ei Cl an rein sal d anal ogues are
present in 7. Theembryo 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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anounts effective to reduce expression fromsaid sel ected nucleic acid. 20.
The enbryo of claim1, further conprising at |east one additional

pol ynucl o0 bzesoanal ogue, wherein said enbryo is of a tel POBUSEpPEdsles t hat
under goes neroblastic cleavage, wherein said polynucl eoti de anal ogues are
conplenmentary to different nucleic acids, and wherein said anal ogues are
present in amounts effective to reduce expression fromsaid different

nucl ei ¢ aci dg7. Pde enfbriyelofioldirh af wheérethiuedngioa il expeesioneidin ¥oideableld Kidg a
pol ynucl eoti de anal ogue, wherein said telepst enbryo is of a species that
under goes mer ob?EE$t & Rred onpest-hatchimewngeepideyglogmeatl ogue is present in an

anount effectikv r i : . I Ld in said
mor yo, 5ol 4 BeTRod Sauay LR, SRBllld HE SRR St BBt g
rise to said enbsome mRNAhhastaindodeslaypolygleptids Whoscampteagioe is B@uced ibg sait hod of
claim 21, mhereiq sak%, tep . of contactin conprisgf i njecting said

anal ogue into SRIYUE F@%a’éﬁ’k’%&gv"g‘ﬁﬂqﬁl reseuer BRI Ay 19 PEssHtyiB 2 gMoYRdi ng sai d
anal ogue to th : i i MJ j id enbryo.
23 The. met hod el iios Sprogien IR AepRRt A1 Garbatll b B BT o' L
enbryo is sel emlgyos fremof dasl gratogueconsi sting of a zebrafish enbryo or egg

giving rise aid . zebrafis ryo, a.puffer fish r r _egg..qi ving
rise to sai dtlgu Cembryg ﬁf%%?yﬁ%ymﬁ%geﬂ%?{)oﬁadgg&%Fli’ﬁq_ ng%glget 0
sai d nmedaka enbiMpgudnthdeinShidmiBPa ElorafBEyR spdci®dBatdindéi3ded hé@blasti¢ai d
stickl eback enbryo. 55 WO 02/ 09509 PCT/ US01/ 41481 24. A conpositi on

conpri si ng a nodesvess,rwheneinistid @alypuotlpetids! amelogdes arp domplsufentary toediffegn pH
simlar to the pHwthin a.tel gost .e or .enbrvo, Mmherein said .

ot phol  no- o PR Borh it St REei 80 SRR RIS se WS e SR s e o
acid. 25. The gasmestffdctRe &f re@h@ dRprdsioientian sdéstedmicids adig. | sotonic to
said tel eost _egg or enbryo. 26. The conposition of claim 24, wherein said

buf fer i s DarPebie ambryeof chim 1TRethenegransising lesst enexdditional peusiastidai d
Lo o595t 290 o BN, ViEh AIRRGLER o koY UREANES BEARLARLBheavo0e

28. The conposi clai erern sai S
sel ected from dléuswage,sulereinossidpolyngclebtide ahalogats 88 cepgleatentiptoydiffe@npuf f er

fish egg or enbr{u%?éic gcids, and wherein said analogues are present in amounts effective to
reduce expression from said different nucleic acids.

21. A method for producing a teleost embryo comprising a polynucleotide analogue,
wherein said teleost embryo is of a species that undergoes meroblastic cleavage,
and wherein said analogue is present in an amount effective to reduce expression
from a selected nucleic acid in said embryo, said method comprising contacting
said embryo, or an egg giving rise to said embryo, with said polynucleotide
analogue.

22. The method of claim 21, wherein said step of contacting comprises injecting said
analogue into said embryo or egg giving rise to said embryo, or adding said
analogue to the surface of said embryo or egg giving rise to said embryo.

23. The method of claim 21, wherein said embryo or egg giving rise to said embryo is
selected from the group consisting of a zebrafish embryo or egg giving rise to said
zebrafish embryo, a puffer fish embryo or egg giving rise to said puffer fish
embryo, a medaka embryo or egg giving rise to said medaka embryo, and a

stickleback embryo or egg giving rise to said stickleback embryo.
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nmedaka egg or enbryo, and a stickl eback egg or enbryo. 29. The conposition
of claim24, wherein said teleost egg or enbryo is a zebrafish egg or
enbryo. 300 oFbssoczonposition of claim 24, further conprisiPQT/@SoIeEd81e NMRNA,
wherein said rescue NMRNA encodes a pol ypepti de whose expression is reduced
by said norpholino-nodified anal ogue. 31. The conposition of claim 24,
further conprising at | east one additional polynucleotide anal ogue,

wherei n sai d pplassspRaidn@ngiRlgeuaspRoEno-SREIHaPRRIAEMotid Mdfd riffnt
regions of said selected nucleic acid. 32. A nmethod for determ ning a
phenot ype assochaviag agt simalag o the pHavighis péeleoshegglor embryos whesgigsaidnbr yo or

egg giving rise jd i ] r e ] . | eost
cpecies that undstpialAEBEEE pol IR EL S FERGHNG GElel riliicheld |
contacti ng satsl Thelcompbsitod b elaind 240thepdin sdid buffeeistivtcme th @ibicleostdgior a

nmor phol i no- nodi fi ed pol ynucl eoti de anal ogue that targets said sel ected
nucl ei ¢ aci d; aﬁﬁﬁ¥ﬁ% detecting an altered phenotype in said tel eost enbryo

or €gg, or eg@dwﬁ;ﬂﬁ cgfri’légéiﬁl?ﬁ B8c1LinOM %@He?eiﬁgagfi bﬂﬁ@fdﬁifﬂl}#%h%uﬁ‘e} ered phenotype

is associ ate duced expression or altere ction of said selected
nucl ei ¢ aci d.2B3he thmpostitwo df dhinc24iwheBin sail éslensh egporckmslalye it afch spacikei ¢
acid is a maternal or zygotigc nucleic acid. 34. The nethod of claim 32,
wherein said al {4t gadgRes g’fl?ﬁgla?tg’ Je88%ed from 56 WO 02/ 09509

PCT/ US01/ 414833 Ti@lchinpb&#ibh 8fclainhd P Ueirdh 940 29E5E §%%®r Sfbory b & CRIERUSIdPN Of
enbryogenesis. 35. The nmethod of cl'aim 32, said nethod fufther conprising

cont acti ng sai d thengroyp consisting 9f gizetirabshr dggeortembsyn, d pafifer fish edggtdr embresaue
nMRNA, wherei n sai escue NA enco a pol ypeptjde whose expression is
reduced by sai dn}f(ﬁjiﬁfi%ﬁﬁge?re yo,mﬁﬁgﬁﬁﬁg%cgegég{;g@wﬁm is present in an
anount suf fi c2eMhekBmpBAR6LEHEIMM BE, wikadifl sfakiePbsEs dhbrgo iV RoraRAPar abl e
to that of a teleost enbryo, or egg giving rise to said enbryo, that is

free of said an&k®guembn®. A nmethod for deternmining if a phenotype nediated

by 3 POl ynucl e gt ARALAGH S clkih 2 ERIbmBHARD LIS BN SIRSERRSH 1 ©
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 polynucleotide 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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a) contacting a first teleost enbryo or teleost egg with said

pol ynucl eoti de anal ogue; b) assessing the phenotype of said first tel eost
enbryo owe@gyeser a tel eost enbryo devel oping from sai d rgoUsSedisgsaquent to
step (a); c) contacting a second teleost enbryo or teleost egg with (i)
said polynucleotide anal ogue and (ii) a rescue nRNA nol ecul e; d) assessing
t he phenotype of said second tel eost enbryo or egg, or a teleost enbryo

devel opi ng fr omfgaiightREthrighoREHABRénekiB, BHEPcdipletiGist &b g§ik.ng the
results of (b) and (d), wherein a.%henoty e det%cted in 6g?ﬁﬂthat i S not
detected in (3 Thamethaded clava32s sdid ey coBtpsisingdonigcling saidembryo

sequence- speci fi 37 - f t 1 0J | L r .SEeCcOo
pol ypepti des ar 8?8%51%% érgﬁﬁ‘}’;?ag%g%rbgﬁ ‘s@lg}dgésr@r%t %‘g%\}%o‘ﬁﬁperf%{s}g%@:%&&?g
contacting a fi pfRINAeheaks agobpyptidy whak efplese@fisweduted bl k4idanalogue, and

pol ynucl eoti de anal ogue that targets a nucleic acid_encoding said first

pol ypept i de, and®bereingdd resgue HBNShispsesgplengn asougt sufieisaifopepressionofegy, or
a teleost enbryq.,; i f i : i .1 el eost
arbryo or ogg orRosPraReda ERTHARLA0% Ll o PRIBEIE R FREP AL,

anal ogue that t asgetsidembybgthat ia€ied ofsedddnalggieai d second pol ypepti de, and

assessing the enoty of said tel eqst enbryq, or. egg, or_ a teleqgst enbryo
devel opi ng fr%@og% SyiERg Q&R%?aotap? picr i iaddyepelyrisofide 61923%@{5 _
giving rise 1o $h g1 &IPEMiWsequdn R Q&h@,%’é%@ﬂﬂ@&%ﬁﬁﬁ 81 said first
and second pol ynucl eti de "anal ogues, and assessi ng the phenotype of said

t el eost enbryo or @aggontacting a feisetekpstemibryo odieleebtogrignytf saddpagnutlectigg; and

d) conparing the resul tls of (a), (b), and (c), wherein said two
pol ypepti des are genétt@8Ynteractors if the phenotype observed in (c) is

di fferent fromtheog §b§3§§iﬁgﬂ1@§h& ypél dald fRBEBRbMRADrAPSEIEE: d Rldod) and
(b). 38. The nethod of claim 37, erein said phenotype observed in (c) is

nmore or |less extensemériodaveloning fommsaid egheubsedienitdesiep fenot ypes obser ved

in (a) and (b). ¢) contacting a second teleost embryo or teleost egg with (i) 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;

¢) contacting a third teleost embryo or egg giving rise to said embryo with

57



39. A kit conprising a collection of different norpholino-nodified

pol ynucl eoti des, wherein said different norpholino-nodified polynucl eotides
are ef fesw®vm04509 reduce expression fromdifferent nucl ei BCRUSEMI48ENd
wherein said different nucleic acids are involved in a common netabolic
process. 40. A collection of norphants, wherein each norphant is generated
by a different norpholino-nodified polynucleotide selected froma

col I ect ion of mor phobiiastandisédond poighuelued il dbass ahd eatisity thophatuse
expression fromdifferent nucleic acids, and wherein said different

nucl ei ¢ aci ds are i nebsajdeplqost embiymen Aegner arlpest cmbbiocdsyeloping from &3idost

nor phant defective igg%%gl opnent of a differentiated tissue. 42. The

nor phant of claim41, erein said differentiated tissue is pancreas. 43.
The nor phant of cldi codparinghe edsolisef @),dbY, bad e whdreitl shidstsuoeolypepadssul at ur e
tissue. 44. The norphant of claim4]l erein igid if&ere, iated tissue

i s blood. 45. The noffstEEREIGIEcPTmithe paﬁ@ﬁmerp aved B (o) rditferent Eemihs sye

is an eye. 46. The ”F\EIH 0l ' Ehq S hfferentiated tissue
is the central neura Eég%gﬁgwggélgkéaﬁg§%ﬁ§nt g?§§§§?%p%1, wherein said
di ff erenti at €18. The swthddofalamsST], wherthh saichphamotyph abseredd inl(a) imntbte omless ei n

said differentiated.tissue.i.s the backbone 49, The nor pghant of claim 41,
wherein sai d di FRERHG PRF St SPRLR 5 Ak RheROtpes CHEh phant B cl i m

41, wherein s d i édRpfdd @E&gecﬁbﬁ §fl<ﬁf1?e§en@1ﬂoh§ﬁéliné-1mdﬁ=?€d mfadtided, claim

41, wherein said differentiated tissue is a pignent cel 52. Atel éost
mor phant, wher eherciresaibdisfeeant npimphmlingprodified polpinuadéatidss angwiipetive to

corresponds to a phenotype ar eri.stic.of.a disease condi.ti on. 58.W0O
021 05509 PeT/ st Agpreessos 1 ARG ik BicCieidh P RS S R RE i e
condition is sehg@s a@ ihvaedine cotlBdPme@BsliGhiobgsof por phyria and cycl opi a.
54. A nethod of identifying a nucleic acid associated wth a disease

condi tion, sa#lA eptlepiinn lonprphanthgrhesgin gahenatnhpef ia gensrated by adiffwenit havi ng
e
mor phol i no- nodi tiodified polynucleotides effective to reduce expression from different nucleic
acids, and wherein said different nucleic acids are involved in a common
metabolic process.
41. A teleost morphant defective in development of a differentiated tissue.
42. The morphant of claim 41, wherein said differentiated tissue is pancreas.
43. The morphant of claim 41, wherein said differentiated tissue is vasculature tissue.
44, The morphant of claim 41, wherein said differentiated tissue is blood.
45. The morphant of claim 41, wherein said differentiated tissue is an eye.
46. The morphant of claim 41, wherein said differentiated tissue is the central neural
system.
47. The morphant of claim 41, wherein said differentiated tissue is a muscle.
48. The morphant of claim 41, wherein said differentiated tissue is the backbone.
49. The morphant of claim 41, wherein said differentiated tissue is the head.
50. The morphant of claim 41, wherein said differentiated tissue is a limb.
51. The morphant of claim 41, wherein said differentiated tissue is a pigment cell.

52. A teleost morphant, wherein the morphant phenotype of said teleost morphant

corresponds to a phenotype characteristic of a disease condition.
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pol ynucl eotide in said tel eost norphant, wherein said nucleic acid target
of said norpholino-nodified polynucleotide is the nucleic acid associ ated
wi th sai avaoyemse condition. 55. A nethod for assessing theT/@béeassiof a
drug on a norphant, said nethod conprising: a) contacting said norphant
with said drug, and b) assessing the phenotype of said norphant subsequent
to contact with said drug. 56. The nethod of claim55, wherein said

phenot ype of 53alle modmbh@if cldmtol wakietr @il disedos esiditidn i gelectad &om et h sai d
drug. 57. The nethod of claimb55, wherein said phenotype of said norphant
is replaced by graup edsisting of BorphE#b A claMsequent to contact with said

dr ug. 58. The, et o ol AL Airfha 3 ntRR! 14 0l PR ARS:OLordRlh, UREPhaNt
rﬁ{fgi]g rug, @at e% tFI a Cﬁ

subsequent to ‘contact 'w I's corre W ange in the
activity of a hnethed kenprisib®. A net hod of reducing expression froma
selected nucleic acid in_.an animal, said nethod %gﬁ risin% ontacting said
animal with at |e& tgwﬂa%ﬁﬁ%ﬁtm t Bayine RO RRERIAPEPE B8l ement ary to
di fferent regi ons Ofco%%'sﬁbrﬁl@'t@%@ﬂhéﬂé%l 'cﬁara_é‘t%ﬁé’c_ic &%Qidvﬂifefaﬁ‘é &mﬁﬁio‘ﬂ, &ld | east
two pol ynucl eoti de anal ogues are nhore ‘eéffective in reducing expression
from sai d sel ect etl) ndedtdyingdbs auddianciditiargetrof diie maiphohno-measiedt wo

pol ynucl eoti de anal ogues al ane. 60, The nethod of claim59. .wherein said at
Feast  two_pol ynach gt abindg e tleps: My RBRG: Shorci il I Greet of
expression from sai dagEh8in8HEnsufddeidd REyihclebiide KR ARINOEciAhs@LALdN 60,
wherein said at | east two pol ynucl eotide anal ogues reduce expression from

sai d sel ected nucl eiwithhgadid dispasg copdiieny factor of 3. 59 WO 02/ 09509

PCT/ USO01/ 414 62.. T t hod of i 0. wherein said.at ] east two
S ool oot 1 g8 ARk 16: TBERAE BF oo e $OERBLAL eSO L0 i
by a synergy fahgrisitfe: 5. 63. The nethod of claim60, wherein said at

| east two pol ynucl eoti de anal ogues reduce expression from said sel ected
nucl ei ¢ aci d by aakyieafagiing said grorphany yithgaid dree aét hod of clai m 59, wherein

sai d at |east twoypol ynuGl 6ol iR RRR LA HHE hoRSHEnt SRLANehI B20MREH ik tia

pol ynucl eot i des.
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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65. A conposition conprising at |east two different norpholino-nodified

pol ynucl eoti des and a pharmaceutically acceptable carrier, wherein said at

| east t woOnwoyshol i no- nodi fi ed pol ynucl eoti des target thePemwsozgh&ct ed
nucleic acid. 66. The conposition of claim®65, wherein said at | east two

di fferent norpholino- nodified polynucleotides are conplenentary to
non-over |l appi ng regions of said selected nucleic acid. 67. The conposition

of clai m 66, 62tReahsths@bilclaim 60 weidrélpRAil Gt le@gitwd poBmacieeRds ahRguedy nore
than 1 000 nucl eotides. 60 o
reduce expression from said selected nucleic acid by a synergy factor of 5.

63. The method of claim 60, wherein said at least two polynucleotide analogues
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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