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nucl eic acid constructs encoding therfor, that are
useful for the treatnent and/or prevention of
i nfluenza. I n particular, thel present invention
relates to nucleic acid constructs encodi ng a doubl e
stranded RNA nol ecul e(s) that can be used to produce
transgeni ¢ aniFREAIMENGrAND@RREYER TEH ORBIFE.UENZAh t hat
they are at |east |ess susceptible to an avian

E tion. Also provi ded are nucleic acid

e ooty TSR BRSPUOIE s 18 iy 5 s it RlnesF Rouble-
sseades] egicay |aad: nuplielcusnid gonsiruotsudricoging BAGRERUINBreOBseT#lEor the
&Mgﬁﬁla%’gggl? nt‘i(}{lo(?islgﬁ{l. dAf lIH ?)Q&ﬁu%% rtHé? rftXH@eﬁltlAn relates to

novvn an

wiclig acid cpasimel needing @eioyém%raewekwemom&e itles egn be used
t@%irb&fbe%tﬂagém Xavinlal I F6r exdieHlY 'chﬁ:kergie RQYIEthab they are at least less

SR RRPETE 61t o8 ghiaban ( ArcRot e it T Molcuies

@ngudmged elmdﬁe—pﬁratrtded negioh nidt wande wWBed ias laStheraf)@ﬁicSto reesay and/or
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lbﬁgdl 33?132@0 el lé nfé!n%s éneﬂl ! éé) Bntay %%?ode eleven
ase on a ellc arla ionms 1N |gen| 1 ONS ©
1I’éenes t hat encode surface glycoprotelns nanel y,
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pdPhlafbhd. geni c variants are knovvn ininfluenza A virus.

Avi arf ﬂnfl uenza strains can, al so be
nfluenza A viruses can be classified 1nto subtypes based on allelic variations in

antigenic regions of two genes that encode surface glycoproteins, namely,
hemagglutinin (HA) and neuraminidase (NA) which are required for viral attachment
and cellular release. Other major viral proteins include the nucleoprotein, the
nucleocapsid structural protein, matrix proteins (Ml and M2), polymerases (PA, PBI
and PB2), and non-structural proteins (NS1 and NS2).

At least sixteen subtypes of HA (HI to H16) and nine NA (NI to N9) antigenic
variants are known in influenza A virus. Avian influenza strains can also be
characterized as low pathogenic and highly pathogenic strains. Low pathogenic strains
typically only have two basic amino acids at positions -1 and -3 of the cleavage site of
the HA precursor, while highly pathogenic strains have a multi-basic cleavage site.
Subtypes H5 and H7 can cause highly pathogenic infections in poultry and certain
subtypes have been shown to cross the species barrier to humans. Highly pathogenic



10

15

20

25

30

characterized as | ow pat hogeni c and hi ghly pathogenic
strains. Low pathogenic strains typically only have
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cl eavage site of the HA precursor, while highly

pat hogeni ¢ strains have a multi-basic cleavage site.
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(i) nucleotides with posi tl ons to 2341
SPC"S‘E@"F’D NO 2, (iii) nucleotldes within p03|tions
2087} ﬁuczeo%ﬂes)w dstioN62340 ol 284 1 D SIEEOID Mes1 W t hi n

o it 5 5 S st o 1
or 5dii) oudkebtidevivjthm pustions 208kEtos2Gd @i SEQI B:3,s at
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(v) a nucleotide sequence of any one of SEQ ID NOs:6 to 15 or 52 to 54,

(vi) a nucleotide sequence which is at least 90% identical to any one of (i) to (v),

(vil) a nucleotide sequence which hybridizes to any one of (i) to (v) under
stringent conditions.

In one embodiment, the RNA molecule reduces influenza A virus replication in
an animal cell when compared to an isogenic influenza A virus infected animal cell
lacking the RNA molecule. In another embodiment, the RNA molecule reduces
production of infectious influenza A virus particles in an animal cell when compared to
an isogenic influenza A virus infected animal cell lacking the RNA molecule. In yet
another embodiment, the RNA molecule reduces the expression of an influenza A virus
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(vii) a nucl eotide sequence which hybridizes to any

one of (i) to (v) under stringent conditions. In one
wepdsdsseent , t he RNA nol ecul e reduces i nfl uenzeCHAURM08/800692

replication in an animal cell when conpared to an
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nige than one RNA molecule, for example 2, 3, 4, 5 or more RNA molecules.
Accordingly, the present invention provides a nucleic acid construct which encodes two
or more RNA molecules. The encoded RNA molecules may be different or the same,
or a combination thereof. Furthermore, the encoded RNA molecules may target the
same or different influenza A virus genes, or a combination thereof. In one
embodiment, each RNA molecule comprises a nucleotide sequence corresponding to a
different influenza A virus gene.

The present invention further provides a nucleic acid construct of the invention,
wherein each RNA molecule is encoded by a nucleotide sequence operably linked to a
RNA polymerase II promoter or a RNA polymerase III promoter. In a preferred
embodiment, the promoters are RNA polymerase III promoters.
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In sonme instances it may be desirable that the nucleic
acid construct encodes nore than one RNA nol ecul e, for
wex@anss®72, 3, 4, 5 or nore RNA nol ecul es. AccRCTALI0$/000692

the present invention provides a nucleic acid
construct which encodes two or nore RNA nol ecul es. The
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s&fentdd AP nathrdl Becurring host animal sequences. For example, when a
construct is designed for transfection into a chicken, the nucleic acid construct will
desirably consist of chicken and influenza A virus sequences. Therefore, in one
embodiment the present invention provides a nucleic acid construct of the invention,
wherein the construct consists of chicken and influenza A virus nucleotide sequences.

In a preferred embodiment the nucleic acid construct of the invention encodes
three RNA molecules comprising a double-stranded region, wherein the double-
stranded regions comprise nucleotide sequences selected from:

(1) SEQ ID NO:9, SEQ ID NO:13 and SEQ ID NO:15,

(if) SEQ ID NO: 6, SEQ ID NO:7 and SEQ ID NO:8, and

(iii) SEQ ID NO:7, SEQ ID NO:9 and SEQ ID NO:12.
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In one particul ar enbodi nent, the influenza A virus
pol ypepti de nay be selected fromPBl 5 PB2, PA NP

wW@nwsossokt . Preferably, the polypeptide is an BWIi/AL2008/000692

i nfl uenza pol ypeptide. In one enbodi ment, the avian
influenza is a highly pathogenic strain. Preferably,

the avian influenza is H5NL. 5l n anot her enbodi nent,
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NO 6, SEQ

EECMEMUR P LN ST T
niDecul cbmpﬁm@gheﬂowl_efs&ﬁﬂc%d rpivad Ivsfl%fﬁin thdr@otbiels@tided region
nstruct GONRri.ses uckeoti de sequence
félpgé dSS oI E@ln‘ﬁﬁq@ .Se?%a?cfh‘iml and 6 1 to 63, or a
fr agﬂéWCEhEd@oﬁ,‘chim positisasciidide 23Hlaof $EQ D N@dst 95%

. de&&)ﬁﬂicleﬁ)ﬂd& wﬁh gg&g&% 2R94E958 g@@gﬁp%{)fhzgm SEQ

{ CagRehnugettser salbin msitione ROBL Pd223 06 SERUS NOLLi ng 100

nucl go} heigsotides Waks ;fdsf%h& g8 Hto 1368 bOKES IDEND.Hf the
sequ

he B eleRr s oot ohnne oA NGRS by 67 9

20 n(xd) 2otdlewrleaequieasswhichris atl‘las590%ndémrcal3to aﬁ};\ @nebf (i) to (v),
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e%%ﬂngﬁnl‘?gg% I1I /&Otekgg%%oﬂ tnl?lcﬂzl %etd 'mo ecu%e reduces the
production of infectious 1nﬂuenza A virus particles in an animal cell when compared to
an isogenic influenza A virus infected animal cell lacking the nucleic acid molecule. In
yet another embodiment, the isolated and/or exogenous nucleic acid molecule reduces
the expression of an influenza A virus polypeptide in an influenza A virus infected
animal cell when compared to an isogenic influenza A virus infected animal cell
lacking the nucleic acid molecule.

In another embodiment, the isolated and/or exogenous nucleic acid molecule of
the invention reduces the expression of an influenza A virus polypeptide encoded by
any one of SEQ ID NOs:1 to 5.

Preferably, the double-stranded region of the isolated and/or exogenous nucleic
acid molecule is at least 19 nucleotides in length. In some embodiments, it is preferred
that the double-stranded region is less than 100 nucleotides in length.
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(ii1) nucleotides within positions 2087 to 2233 of SEQ
ID NO 3, (iv) nucleotides within positions 1484 to

wa®8/18§07SEQ | D NO 4, (v) a nucl eoti de sequencRCTDAU2199/000692

one of SEQ ID NGs:6 to 15 or 52 to 54, (vi) a
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molecule, the vector and/or the cell of the invention. The transgenic organism may be
any organism, for example, an animal or a plant.

In one embodiment, the transgenic organism is a non-human animal.

In another embodiment, the transgenic organism is avian. In a preferred
embodiment, the transgenic organism is poultry. In an even more preferred
embodiment, the transgenic organism is a chicken, turkey or duck,

In one embodiment, the transgenic organism of the invention comprises a
nucleotide sequence selected from SEQ ID Nos:16 to 21 and 61 to 63, or a fragment
thereof, or a sequence that is at least 95% identical to a nucleotide sequence selected
from SEQ ID NOs:16 to 21 and 61 to 63, encoding at least one RNA molecule
comprising a double-stranded region. Fragments and/or sequences closely related to
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end of the sequence, nore preferably 50 nucl eotides or
less fromthe 5° and/or 3' end of the sequence, nore

wpe@Bassnt y 20 nucl eotides or |ess fromthe 5 PEnalz008/000692

3" end of the sequence, nore preferably 10 nucl eotides
or less fromthe 5 and/or 3" end of the sequence. In
one enbodi nent of the present7 i nvention, the nucleic
acid construct and/or the isolated and/ or exogenous

nucleic acid nolecule is present in the genone of a
GHD ID Npisd 630 84 end 6l rig €htaresncompessed bp this eabgdimentas Prand/or 3'

rEQ6R bf 'tHbgccSrﬁ?ru&%gf e §t' #h&PB8h qﬁfeg&fteidt i ki gé‘ﬂdn&’é‘ of the

and/or the 1solate exoge el c aci
OFGATEERY| FIH9T PRI rﬁW@HP’ilso ﬁuruq& églﬁ) ﬁé@é‘ﬁt’l qVEY &PANY ogenerations may

resuld 1h&fneﬂfr@vifedﬁﬁm&io@1ﬁé Ié:hff@gﬁves whefl cbhpardab ehe oAgingl construct
sol ate an

OB B et EotaPRe £5F Mot SPRTa FOmE (fOgfEIEotides or
lemfudh miens' afd/driBe endiof tiel seqpertchemosd prefesatdy 50involedtidds or less

B ok 8 ¢ (?f@ﬂla %(F(ﬂ,l Ei%l'é ‘}Ilfcﬁ@ g dﬂggfydi(?ﬁuc@%tf@eg 8} less from

p resent | nven trans

th‘b ﬁ' Fadiear’ endyainihs reausnes, inegra @rqur@bhukq @icéeo@dﬁsjor less from the 5'

aﬁg}@,‘f,gféjﬁtoftﬁé‘l@ qh&Rkat ed and/or exogenous nucleic acid
nol e thevctor and/or the cell of the invention.

The % é‘n%}@ﬁf ¢ P1L g TABSECRICy OFBAGISAY SARPHISES TWo or more
reERigHci] cantracts obdhe diveatiph.ant . 1 n one enbodi nent, the

tran ni a_non- hunan

L ana8ET el AR0RT bty AT ATl hoBRRANRE mcti
agidedosstre of titsoidtiversion, tfﬁheolatpéascyencmgoncgamm}m acid molecule of
tROMVEAYon, e %bt&vﬁnthgqﬁ\‘fenﬂ Ef 54 o?r e gﬁﬁkg‘ru Cr&f?@r the nucleic

transgenic_organismis a c en,
g amelseig P tanelnHéntransgenl c organi smof the

I nveﬂ“hé @0clerRgeid S&ﬁtracﬂ@ URbREY ﬂl@/o? %ﬁﬂ%éh%ﬁs %ﬁ&l@i%éte%ﬂi molecules,
afr a%

1 and
VERBRSH oo S Hefdeichaiy be ated Buet asban et gfuenza A
vitms dnficigdneint d slebjee.q Fen e&ampﬂleﬁth‘e&ﬂofelc)ﬁh@ﬁ@dtﬁoﬁ%oﬂzﬁed and/or

enge%oilr? e ac]'ldtxﬁolg&lleseo&b&s glgctl %st t 68 gsslln % b& uﬂéﬁo protect poultry

e Co

sptugserbut rot élﬁmedrfo,saedu@lWe@lﬂiﬂyos’@uyk ﬁ@h?a&\e@ mﬁgaagal Do addition,
iNegs hRnt Qf Zl@eaﬁé@:ﬁ (ﬁltﬂreil@%@é?’vlé’d ﬁlfﬁl@ﬁ&%aeﬁmla%ntdy birds, it may

g ETE ol B GG, PHFREMEC ARG & et FEgURGRE B, from
ihfoeticar igamiesiort taeitain the avian Mflvehionsbdak.i ng cel |

R A A TR SRR S
poeviegiimg | anc onftenzectA virus infection in a subject, the method comprising
administering the nucleic acid construct of the invention, the isolated and/or exogenous
nucleic acid of the invention, the vector of the invention, and/or the cell of the
invention to the subject.

In one embodiment, the method comprises administering the nucleic acid
construct, the isolated and/or exogenous nucleic acid, the vector, and/or the cell in
drinking water or in an aerosol.

In one particular embodiment, the influenza A virus is avian influenza.

Preferably, the avian influenza is a highly pathogenic strain.

In a most preferred embodiment, the avian influenza is H5NT.

Preferably, the subject is avian, more preferably poultry. In a most preferred
embodiment, the subject is a chicken, turkey or duck.
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Preferably the fragnent conprises the nucl eotide
sequence m ssing 100 nucleotides or less fromthe 5'

wW@rwsss032 end of the sequence, nore preferabl RCBHEAU2008/000692

nucl eotides or less fromthe 5° and/or 3" end of the
sequence, nore preferably 20 nucl eotides or |ess from

the 5 and/or 3' end of the s$quence, nore preferably

10 nucl eotides or less fromthe 5 and/or 3 end of

the sequence. In a further enbodinent, the transgenic

or garfihs presentinvension: fiwtherr prowides Auethed ofeadycingrihe expression of

&k c;rl?&)ré 'iﬁ'fﬁiéhké)ﬁ v1megeﬁése§193[‘éell! ﬁif&ﬁ&ﬂh@& cf)ﬁ'lbhﬁﬁ@ ad%nmstermg to
rovid conp sitlon conprisin C acC
the pdt ﬁhe eqolaé¢d .Wémuaﬁucl?lﬁ@q%s%@ swﬂ %@sﬂ%\fenﬁon
exogqne lpieseﬂtcineelﬁm@;:fueltheioitnﬁa%@ ued of e ankedbéidontth®t of the
| ONn e C ve

HFHED. hdSclRen A R BesronS atifisieofoid pbrali A Hsovaggion, the
weuk eif cthacindertions tand/ot ghe icslh| aft e mmelitom ex dgenmusfacture of a
AL &t Bt %%&@ﬁev&%ﬁg %{fﬁleﬁgk?dA'Wx%E nﬁ@ét[o% of the

I nventi on may
i nf | Jaf z@rewntnlnwtlpnf%@ﬂl% provides @,metb@d of Fislentéfyingppe, animal

dolpriine|tBd fudbic Aokttt be thel iRRMALA %r @[ed{saate%ﬁ%ﬂ @k@genous

nulelcac%t“gofcu orsad host cells may be

St 2o Besericro Slzﬁﬂn{vwwgu MBS inited to, a

chi cldeuermimurg(elye Preseek oi rabmlnaw <|aﬁ1the3hh¢leinzac1dl¢onstruct of the
a laocalised a

1%{9%1%}1 I%n?l/lor 1ggla%\<ﬂ g/gg SE9BENgHS Ibe %1| raa ]iéc‘:,f}g )pf Blée invention

ld@ssﬁmabIOé)tEtﬂaﬁdpﬁr@némammaUs i n surroundi ng ar eas,

sur r eyigeh BebERMER:, tlferrﬁgthb@f:&ﬁ ﬂl%@eh@)hﬁql,ﬁgﬁfeq{u'ﬁleﬁ@amd construct

contaln the avian inf uenza 0
Pre Saspentnihersolon thariselated nglor geegencs tielgicopeid molecule or a
ﬁd‘gﬁ&h{ﬂh@m@ﬂd/ or . preventing an influenza A virus

i nf : bj hod

i 1 SO g e R B BASY et of ¢ he

i nventntectingtah@nipdodlatindd &odl the ared evitisprobe tiat hytadizes under
9? geﬁtef(}rﬂ\i’tfdﬁ%'\%% tﬁeh c‘feﬁs ta?{d fq,r]ls{rgc% drnc}{g n&o a&gd aﬁ‘&}Q{ 8£ogenous

| nve
raflsiscaciEmpleculgdo ﬁ@nh@@pmpimranées adm ni st er| ng the

nucl ﬁét‘érrﬁ‘&lr% tﬁ@gﬁsfséﬂé%tor aBJéﬁcé mhélh&ﬁ RRd/ or exogenous
c aci e .vecto or the cel | ri nkin

nucl in
vt en 15 PFEI AnEarig Jvﬂﬁqrnw@ﬁ@eﬁ, & Methadapf é’FP&gHigrr% rﬁon-human
ttanegenitf dniraalz@sidani wuﬁﬂm@za;\thametmﬂIcumrpﬁamgPr eferably,

= ol PeBhneb Rt Rk St B i Elr Bl ioh-homan
a}ﬂm cell,

(i1) selecting a transgenic non-human cell comprising the nucleic acid construct,

(iii) regenerating a transgenic non-human animal from the transgenic non-
human cell,

(iv) breeding the transgenic non-human animal to produce transgenic progeny,
and

(v) selecting transgenic progeny that are resistant to influenza.

The present invention further provides a method of producing food, the method
comprising

(i) introducing the nucleic acid construct of the invention into an animal cell,

(i1) selecting a transgenic cell comprising the nucleic acid construct,

(iii) regenerating a transgenic animal from the transgenic cell,
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further provides a nethod of reducing the expression
of one or nore influenza A virus genes in a cell, the
nmet hod conprising adm nisterithhg to the cell the

i sol ated and/ or exogenous nucl eic acid nol ecul e of the
invention. The present invention further provides use
of t Ke) huestlizigdhaicimseeninarimat o BPdueraTansgEnt PSS, AR

i sol %)eﬁoaﬁhq{l fooﬁ)fﬂﬂt?ﬂféliﬁanﬁg&ﬁ@p& .d nol ecul e of the
[ nventl on, tb vect.or nt| on %nadgd/ or the

col T Topng Rabpdigens s fops 5 ircled et
nedi CRHEBtEseho inviehéd ﬁrtgleﬁlpcbh@desm enetirvidi ofgmiking wettzsgenic non-

Vi rus fect. T th

lﬂ}%z\lﬂ%llé]gl lgrcﬂétgﬂt fq1 uesaae?ﬁ e{hg}{%nxtn'pggin ulr Cg:rprl sing

t he ri)dheoducary a ficsd rmstllewcetmd)f:ommsmgmémspgm@ inte gecell, wherein
8 %hﬁ'él%dacﬁf%Q&esQﬁ%%ﬂgﬁ%n@é@kﬁ&:nﬁfébﬁerml ecul e of the

i'nvention risjng: determning.the
pr esdht mtroruging a sesend aug ﬁ’é agidqnspding @itpneRasatinothe eell,

the iqygnédiap aafa@légvmaééﬁ dosphidingdhafeht aticlex agnous
uglelc aC| gcule of the invention in a sanple
HraBFROES 1d Pﬁ?‘ﬂ animal . I n one enbodiment, the

met hqii)aegaeiasiag adrpsdehio mog-uineananihel froradhakcetiomst r uct

or 2 naguait, §DEEEGkycBhnlifahSlAed and or

exogen 8us nu fragment thereof.
| n andtenirst andsrtond pcleictasidsempn ge e@mﬂ%&cg@zﬁto the cell on a single

ﬁl%g%@%(: Hloﬁ:cﬁl%”@f ﬁlt%ﬁﬂéﬂf dmby R ihhed@el Thio ﬂ’{etdéllaon separate

i zes under stTringent condjfion

‘F?éelﬁ @eudemelealélpsj Bishaeblycthe ol‘? s H@? PEOPA T el&n%ff%r o ifroduced
%&?ﬂl@@@lﬂ%m@é&kﬁéﬁu@&bdcﬂ&h@leug&stO formzﬁ conpl ex, and
eter,m ni n ence or _abse
e IsrittodTaft BE fmied 25 0572 Binsk Dot e fransposase is
TPoldadhnsgpsasenon- human transgenlc anlnal reS|stant to

| nf 1 UGNz dimef aﬁbaa%aﬁdth%%?n éha%l{lgke {rimbrlal g@mm the
nucl ei ¢ aci d const e lnvention i n

non- hieepresent maentéqn further provides acdranfgenie oY @hppimal resistant

RoRfheymn cel | conprl SI ng the nucleic acid construct,
(iii) regene‘;%f ransgenl c.n n human an

t he t@a?f?g Hansgppic 8@'11’93, W&ﬁaﬁﬁ rtuﬁgelc a018 construct
tcadigean RNdeimemccaﬁpﬂimhg nadombleckicnded aapsageniterein the RNA

PGl educes influenza virus replication in a cell of the animal when compared to

an isogenic influenza virus infected animal cell lacking the RNA molecule.

In another embodiment, the transgenic animal comprises a nucleic acid construct
encoding an RNA molecule comprising a double-stranded region, wherein the RNA
molecule reduces production of infectious influenza virus particles in a cell of the
animal when compared to an isogenic influenza virus infected animal cell lacking the
RNA molecule.

In another embodiment, the transgenic animal comprises a nucleic acid construct
encoding an RNA molecule comprising a double-stranded region, wherein the RNA
molecule reduces the expression of an influenza virus polypeptide in an influenza virus
infected cell of the animal when compared to an isogenic influenza virus infected

animal cell lacking the RNA molecule.
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conprising (i) introducing the nucleic acid construct

of the invention into an animal cell, (ii) selecting a
transgenic cell conprising tH@ nucleic acid construct,
(iii) regenerating a transgenic aninmal fromthe

transgenic cell, (iv) breeding the transgenic animl to

pr odJBeret fﬂam%ﬁeqw d)ﬂ'f’%eﬂ‘;@ trafsgeIis, RorpAvaaR Rl dbd chicken and
ﬂﬁgmmkhgiﬁﬁ@m@ﬁg@pp progeny. In one embodi nent, the

food # &ﬁ%g fromneat .and e The resen

| nve {anfﬁea{ﬂ dqeg- hgmﬁlgt PHgSal ‘ghe nucleic acid
¢qnatmcgeof | the niamntivan tlenisohited: eseségenbud nuélmfcl atid Zwoledulde of the

ﬁ%ﬂg &QWBEtb?'bﬂ%e %r{dehu&{‘ér{cf?&‘{ﬁéf d1 &tﬁ% @e&ﬂéjd el ¢

erein the
nucl ef hf: meseat mvenideasfuathd@mw@es useapiibd nRNAUBInGTnkgsnic animal
d&ff the iveARRAUGhOFars ﬁéﬁ@ %H-hﬁﬂl% %kg%m%?d r BB SRLLAG for breedlng

transposase into {he_ cel (11) sel ecmgatransg

cel | Tsrippaeat myeqtm ﬁurtlhglt PrRvideR Pee efcihg 1oR- gt@négﬁéuc animal

aff tHehﬁavétxﬁidn, of ithd hon-BGRAE ItenkFeGhi@ ob FaARSO i the NAVENABAYOr food
ga fromthe cell, and (iv) breeding the transgenic

I% - urran animal . The first and second nucl eic acids

may b wilt bo dpimeeht] pretertedefeatetes and chamictegbticsmfodnei aspect of the

1%%&!10?{%@ 1@ab19 to ﬁﬁﬁ}%ﬂﬂ@lt ésg)&l[té/ of %Xn‘%ﬁtlblpt roduced

into epdr ate ‘ecul es.

Pr ef &#@stne@tﬁcam dlecc ovrd nirormairise'aco yarations such as

'Icﬁimpﬁ@ﬁsc&ﬂ 'bﬁin@rlﬁlhg" cRil b@ﬁ‘m&&@t@ﬁ@ttﬁ ity L iRGlsthn of a stated
embodi.me he transposon i s Tol 2

T doB3ir ket Reskrant fdistis Mleevis o Sopariupnarbe sxqision of
anyaihes eleardnt ditegsrtor stehorgrbiip d)iSelaPéth ﬁiﬂe@er@bt i al
er mgel r urt S a_ .. ..
?r ansﬁlg nIhven-H%ﬁ 1?1 f%f‘eqﬁ]ettfter r%?& Begnbﬁ ay ?efr t}f n@ﬁamgox}-}*rmltmg
mﬁmefer@rme to t@rﬁ@gﬂnp@}’m Figliresonpri ses a
nucI e| c aC| d construct encodi ng an RNA nol ecul e
BRI Fs¢yREsded regi on, wherein the RNA

1gl|u[§eﬁi; gﬁ][{ﬁgf C@ﬁgl ne%'gl%:ggfzng aa}{sllsr esé rS%Rclerlngt?ct rlegpesé:r{‘]catlon og tke PCR

strategy used to produce shRNA expression vectors. PCR used forward primers paired

with reverse primers comprising all shRNA components. All final PCR products
consisted of a chicken U6 or 7SK promoter, SARNA sense, loop, shRNA antisense,
termination sequence and X#ol site.

Figure 2. Construction of MWH-1 transgene. A, individual transcription units were
produced using a one step PCR approach. The PCR products contain a chicken pol III
promoter and shRNA components (sense, loop, antisense and terminator sequences). B,
the three transcription units were ligated together using the compatible Sa/I and X#ol
sites on the 5° and 3’ ends of the PCR products. C, The final transgene contains 3
transcription units that express the 3 individual shRNAs to target selected Influenza A
virus genes.

Figure 3. Plasmid map of pStuffit (6151 basepairs). The four cloned regions of the
chicken genome are labelled and shaded on the map. Cloning restriction sites as well as
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an isogenic influenza virus infected ani mal cell
| acki ng the RNA nol ecul e. I n another enbodi nent, the

W@ e@Baspemt ¢ ani mal conprises a nucleic acid coPGI/AURM8/000692

encodi ng an RNA nol ecul e conprising a doubl e-stranded

regi on, wherein the RNA nol ecul e reduces production of
infectious influenza virus patticles in a cell of the

ani mal when conpared to an isogenic influenza virus

i nfected aninmal cell |acking the RNA nolecule. In

Al trelevand rihisetlused restridiion tsitas sigainficatasi MW Hcloansgénse grepinserted

1%%@ tuﬁlq%e IE%OR@ El%ﬁ@ g&b‘fﬁorﬁﬂ%@ﬂb&ﬂ MR 130 48! GRMI5€200. The HindIlI

onprisin stra regi on, wherein the

RNA,
T BE G ol lo ?el'i‘ebee&%ﬁﬂégsﬁx&ﬁe dhe snfire NMIWIRL dpmsapnes including

shdferpafti dankifg aBquentd usmz sinyler figgrhdii fof esbefBInl in®d thidehicken
ani mal when conpared to an isogenic influenza virus

8°HY"8E&t ed ani mal cel | | acki ng the RNA nol ecule.ln yet

anot her enbodi nent, the transgenic non-human ani mal is

ﬁE}B ﬁkeﬂlfﬁﬂgz& tffﬁal %J-: Lb?nt{ﬁls &hid Hhicyenz a%p\wmlghgfcﬁér%gl #h mice

e tran eni c nlsmcorg%HJ
HEEsENg Pdl‘b%n§€1’r5’t!ﬁ:tm16¢ eméesslng eshl t Be Redaivgt wigal gene

eszEre@sa@ﬂ NRuE e&?f‘e‘sﬁhg?s}é@ Gagl 614 18ice bxprRgin SWHIIB RN,
the vector of the invention and/or the cell of the

i nvention. The present invention further provides use
f the non-human_transgeni c ani mal of the invention or

Mﬁ%&%&ﬂ%n organi smof the invention for

HERING 1 T@&seﬁs% GiledtEGRL AR, Bﬁh&?ﬁﬂ%e%’)& gHRe

of "t he_non-human transgeni c ani ha |nvent on or

SH(& A SRR onfensensip sudertidesequenre at e lefheenza ol senet or
SE@ D @ d Ut dr@Basuéhudlédtidedeq @ﬁ@@bﬁmb InfPicpl2 A Al gene.

har act e t fre
SRS IO X o ae Pclpre e{séf?w%ﬁ@gﬁr?nﬁi‘v e 0dP g e
SEQ ExN@A - Jdrsensyk oudledthiesegyeace of thafnfbuentzind Mbrgéne.

S]:f(g %H\I&%{ 6’ 5 Va{\lh@%t?d’ésse%ggxgcgg% n%%f@c{ ag’ ?Smol%ules that target

Infiegnza |Ao$ﬁnG$ angd/ex the BURNA eneased ﬂhﬁﬁﬂé’ger or step, or
&E@ up XO: B emeisotidk @E@&%Eé o MRMEEPEnd RiHfeP QL Jeﬁ@es 5" stuffer

F N T ST LA A

(hesleoties t B2354E690); b&d-yshePy145f6 t(hecléqlde®WR6N3-2974); 3" stuffer

nples and with reference to the
(glg(ir:i%& dﬁﬁ?%gh ures. BRI EF DESCRI PTI ON OF THE FI GURES

SEHQ lliD@N@ 17P€I?~hﬂab¢0t1§h Rfueaxp o MWHR and seiffeesequences. 5’ stuffer
(REd1ESTRICS §-1788Y; Q3R PN (ld81ebERs 1774-2125); cU6-1 shPB2-2240
(nucleotides 2126-2513); ¢7SK shPB1-129 (nucleotides 2514-2911); 3’ stuffer
(nucleotides 2936-4696).

SEQ ID NO:18 — Nucleotide sequence of MWH3 and stuffer sequences. 5’ stuffer
(nucleotides 1-1748); cU6-4 shNP-1484 (nucleotides 1774-2129); cU6-1 shPA-2087
(nucleotides 2130-2517); ¢7SK shPB1-2257 (nucleotides 2518-2917); 3’ stuffer
(nucleotides 2947-4702).

SEQ ID NO:19 — Nucleotide sequence of MWHI.

SEQ ID NO:20 — Nucleotide sequence of MWH?2.

SEQ ID NO:21 — Nucleotide sequence of MWH3.

SEQ ID NO:22 — Nucleotide sequence of chicken U6-1 promoter (cU6-1).

SEQ ID NO:23 — Nucleotide sequence of chicken U6-3 promoter (cU6-3).
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strategy used to produce shRNA expression vectors. PCR

used forward priners paired with reverse priners
weopns®ing all shRNA conmponents. Al final PQORCT/AU2008/000692

products consisted of a chicken U6 or 7SK pronoter,

ShRNA sense, |oop, shRNA anti sense, term nation

sequence and Xhol site. FiguRe 2. Construction of

MAH | transgene. A, individual transcription uni ts

wer e produced using a one step PCR approach Thf
SPOADUNOL4coNtaRotide sehuanke af gucken 6-fmapraeter (it hRNA

g@q%%@% > l(lggl@?tﬁde éeﬁ&ﬁme anthisenssapdniceén nat or

uences ree transcrlptlon units were

SEQ}&E@SQ@@@%E@R@M@GQW@ RBEMP&ti bl e Sail and Xhol
?‘h ﬁ? N@FQ:{% S —agek]sbtide rHéQue'mf:esI be nBB cpacidi madleculss, that target
e final transgene tain ragscription units
Infhignzat sea ??gﬂ?’in ‘%F%ﬂ?g?‘f’ ﬁ%g\s to target
Ssel IGBJ:Ne)d sbné baerGligopusleotice emas. Figure 3. Plasnid
tu 1 The four cloned
S &ﬁﬁgoéf N’T‘gfeg{ﬁ& iéuméﬁgﬁ&e@ e | abel | ed and shaded
SEQ IhNOnGih- N@cbntld@sqqg@tw iof M WhI3sandekol 4 &angpofotys ot her
Wﬁ@t@ N RRBEEsdg8etdk 108 M WM 4SirideRol 2 trandpasbrt at ed.

transgenes are inserted into the unique coRl site
positi oned between MEl 200 and GRMb 200. The Hi ndl
enzynE sites of plC20H can be used to excise the
DFTIATEED DPFCRIPHONBEE AINVENIIOM g st uf fer/ buf f er
flanklng sequence as a S|ngle fragment for insertion
<}ﬁ&ﬂﬂEhﬂmﬂhwshmdeauahEeﬁEmgnie 4. Influenza chall enge

of transgenic¢_m ce % wWei
expr é@éqsmp%%ﬁﬁ@llm@ﬁéﬁx% : ﬁqﬁ%ﬁ’é@é.% Sletifp terms used
hB@ll\lngslia\IEbé/ tdk@h tgemee ﬂzepsmmmmng amicomnepy @sdérsigod by one of
S \ mce S T

et o B8 T Bl oo R s %L%%ﬁ%wﬁucfﬁ%% fgmunology,
imefuehischémistre, frofeindenastsy, PBPbigekemisEr) | D NO 2 -
CO”S%H%%% ﬁ%?k%gtlh&ii%at%&qﬂi@ r}ﬁ@leaﬁaﬂ Bﬁ%ldgs}f WHEIER, eelPEihlture and

gene Consensus nucl eOtId sequen

imeuniolsrgiqak Mnmumuggﬁél mSﬂEQ eseRpinventipn are, ﬁtgﬂéard procedures,
WRIE kBRI 88 tReedriNee iRfhd A ISuth lﬂ@lhﬁﬁlués MR dpsnogbedSEQ ¢xplained
tEquggh@g e ﬁ%%%gﬁ%&r%%st I%;% 9%%6 a[(ieo & ég&ge@fu déetﬂzl\‘:’lolecular
©fonitgc Tete Widdyd and|Seaw | (@984 hat Samng@k ¢tna1L,uMq>iQ§ulqr Clonmg A
@%ﬁﬁaﬁ %@uglé Iﬁ%ﬁ%o@ Wang st uﬁ e?gggl Qeg Pi? e 16\ Brown
titér eEssémtwdll‘éahepld@IsBlGlQQY48A} PrastisalsApipeisggotumes “and 2, TRL
FALC kfy@tﬂ,dﬁSMlZﬁgvcgzéﬂ) B.I5.UBaes TE#to2d8 DNA Cloning: A Practical
Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M. Ausubel et al. (editors),
Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-

Interscience (1988, including all updates until present), Ed Harlow and David Lane
(editors) Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988),
and J.E. Coligan et al. (editors) Current Protocols in Immunology, J ohn Wiley & Sons
(including all updates until present), and are incorporated herein by reference.

As used herein the terms "treating", "treat" or "treatment" include administering
a therapeutically effective amount of a nucleic acid construct, vector, cell and/or
nucleic acid molecule of the invention sufficient to reduce or eliminate at least one
symptom of an influenza A virus, especially avian influenza virus, infection.
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(nucl eoti des 2235-2622); cU6-4 shNP-1496 (nucl eotides
2623-2974); 3' stuffer (nucleotides 2985-4745). SEQ ID

WONEN08/138072 Nucl eot i de sequence of MAH2 and st ufPE&r/AU2008/000692

sequences. 5" stuffer (nucleotides 1-1748); cU6-4

shPBI - 2257 (nucl eotides 1774-2125); cU6-1 shPB2-2240
(nucl eoti des 2126-2513); c7SK3 shPBI -129 (nucl eoti des
2514-291 1); 3' stuffer (nucleotides 2936-4696). SEQ

ID NO 18 - Nucl eotide sequence of MAH3 and st uffgr .
sequdhe ém fprevnting erelqh ipeicings SEinqtztgat; 15 ggposgd to influenza
&ﬁﬁfﬁf S deTIg el o8 2 81%%%"] o f‘“eﬁ**‘\ eobidas
I des C - nuc
b rspvery Qi PR PEsTPRdS 26peh FHBpee wBftfignee A
vl}{@s 19 - Nucl eoti de sequence of MMH . SEQ I D NG 20

SRR i A o g

ar mocslyeptdnss af diseasotenpareds> 3 juscgriblg minel | when exposec? to the viral
ﬂ?’ﬂﬂg@%}fb é‘%&? e)ﬁfosgd"ioq{ﬁﬁﬁbn'é@ viufr onot er

- NucI eotl de seguence of

UG- 4 Trljlp dﬁﬁm eﬁVl@l@ Ugs J41§e ggem isfageHie iy Naeqlgsotspﬁ%)emese St race of
STEAHAN & 1 tascbn@rhierclzﬁmm omahears, BEQt lithitdsto 26ichmrgarlisms as

SSRCRPLS! SBRLC5eBE! T RS PR AP g, v

thtiteg éhclidihg wetrich, émgeemdscasamdvaoy tTHne tesRNAnadides dhel various known

Sg%%r %yﬁéﬁg”%glaﬁ cl eo?éage)o 80 e’é%@élbgw‘t‘é Egéﬂdilﬁ’ BFdWE Teghorn,
Bior@i2Roqly cusssei dews Hgmer ge, Oma%dA‘T%]’a@rp QCormsh Minorca,

A%g&érgleglﬁ?}néﬁ@a E%Mﬁ%tgli_’A Lpdurets é_!l?_s:%?]\t\léﬁn g€ sabinWW#4 turkeys,
S
G iRk OFEERR, HieaER aoggve% R ER P ggmercia

dpjrahﬁﬁes speci fi caI |y defi ned ot herwi se, all technical

and Sjtchﬁe[%%f']%o rl%luﬁg' el Qﬁ&%‘gb £ %la)esl@& Jrgif)glgasﬁé’ated ?or meat

have i'ng as conmno er st oo
aragigaaioy exdiple chm:kcrh éurémy, qstricy, gamﬁ hem |squahy |spinea fowl, pheasant,

Hleﬁ%l?gt&%nﬁfdé?ﬁu virol ogy, immnol ogy,

ochem st rotein chemistry, .and .
bi ocHnisedhgyein, UﬁV’é@; inflienza wrgsg TEISER t@a%lgdl’lﬁlthpéa A virus that may
ARl outiar FREAbREWS aviah Gh0Ehza &libesGttlude, ehut arednot limited to, any

one or more of subtypes HI to HI6, and N1 to N9, and include highly pathogenic and

low pathogenic strains. In one embodiment, the avian influenza virus is of the HS
subtype. In another embodiment, the avian influenza virus is of the H7 subtype. In
another embodiment, the avian influenza virus is of the HSN1 subtype.

The term “influenza A virus polypeptide” refers to any protein that is encoded
by an influenza A virus gene, for example, PB1, PB1-F2, PB2, polymerase PA (PA),
haemagglutinin (HA), nucleocapsid protein (NP), neuraminidase (NA), matrix protein
1 (M1), matrix protein 2 (M2), non-structural protein 1 (NS1) and non-structural
protein 2 (NS2).

“Virus replication” as used herein refers to the amplification of the viral genome
in a host cell. -

The term “virus particle” as used herein is to be understood as relating to the
entire virus structure, comprising nucleic acid surrounded by a protein shell or capsid.
Some particles of virus also include a glycoprotein envelope surrounding the protein
shell, in which case the term virus particle also includes the virus envelope. An
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I mmunol ogi cal techniques utilized in the present
i nvention are standard procedures, well known to those

W@RIBI3SH7E n t he art. Such techni ques are descrP@EAU2108/000692

expl ai ned throughout the literature in sources such
as, J. Perbal, A Practical Guide to Ml ecular C oning,
John Wley and Sons (1984), J4 Sanbrook et al,
Mol ecul.ar C oning: A Laboratory Manual, Cold Spring
Har bour Laboratory Press (1989), T.A Br own (editor),
“‘Befsefinus avirugbbartioledris Biaphblgyof Antpmagtandatephp@imgauh a cell of an
o¥edduMEs 1 a?ddZ IR; PressC§1991) DM @ ove{ and
- D. Hanes editors DNA C onjn A Practica
Appr B¥ciedugst thgexpression pfjorfs .r@gmeltb@sxrgﬁwom@’es)a polypgptide or

dendlis ﬁiléﬁﬁtttﬁét 0k t@hslaﬁ&d bf @E)‘é) eﬁﬂdd @Qhelﬁfe%ﬂﬁi?'tfanbdhptmn of a
ar cia n

RieEfds Raneie® i Shes Tiar Saviigeaiined b Biiefn g dofibe of dovm:

rpgwstent pr uﬂfdbﬁ-ianlxmhlr ang Wl ithe batuee @edliquantity of the nucleic acid

&Aﬂ%ﬂa?? i %ﬁclefo‘ %g(g?{o%cﬁgfy%%%{a@%o? P L6kt TR ! g H%ft{?}o Wature, and

an et al.

exnl oé rBtNl’Pmmlm(g) ¢xprsaerlffemoyy | cousimqt \Pig @yle&wf@o ﬂérmmstratlon

e&d nEﬁtUﬂllﬂﬂ @ﬁdenﬂ@%ataﬁﬁ défctabl PIRRERE In ta?é'é@ '%@ﬁeeproteln expression
g agr ted herein reference. As used _ hereln

f SBr iy Ceﬂﬂ%ar bitoriogy or g e deSrete in ek i iral replication,
eadmlagirslﬁlg ral dtgu& éfhiahidpiut greabd ﬂﬁaﬁﬁf)%@BB%‘? 5099 G’B%, 9098 95% or

|l
Y5 o, SRt BOR el Bfoudifie e PBR et SurGaom,ill be
aghievg¢dnat e at | east one synpt om of an infl uenza A

b r | et T
o iR e SSRGS

I'n
Th ong epvedignent th%ﬁ‘l‘b.l%fﬁ 392 }\uman U8 gt Qsmngwen@m, e athect may be
alvi%«’ﬁ?»for @ﬂz&nﬁlﬁ?ﬁhw sath afﬂa bﬁlﬁkéﬁeﬂﬁlaey%r\éﬂ ddféﬁ | Pf eft i on,
e ri S m .0 nf ectj on
o B ARG B el St e ot Egthe micleic acid
chestaicts, nm’helamcrmiuldshmctors, dhdés icslisarftthe inventiot. r'Eie sarnple can be

L@@& 99 QB@ r?(yﬂ m}gc{lz ffo%? lf%% dofbe B0 S, BQ % lgast gh? R ephof (partial)

e ani nal expose
pwﬁaqttw@at ‘Hesgzample gan éﬁ amﬁaeedmsamyeoomsmmtt medinm| whink aloes not

iMeFE- with eth& h&hod@\Wrafe 1ﬁ§eﬂ’é§)ﬁd bighlly, " @E esraﬁlé)tl@ i€3Y aqueous
SPE’%CI es, .subspe ﬁl es or of " or anlsmo

8R &¥ Riolegical tluideas desgn edasn e dgtstl belews ebhg sample can be
dﬁthicéﬂ ﬁbt@&lﬁbf%ﬁﬁmaﬁsu@l‘ﬂ?@kﬁﬁéﬁyswl 1|éﬁyﬂu1ﬂi Liﬁlﬂudﬂl@(!ﬁd&)d it plasma,
i nches crows, and..ra
SR SR BRI ke gl TGRe L0o . Sl e Mol Smucous,
symevMiald effuidhepargonealis fluihwiragsdeainals efud@ms) ughagpidenls exudates,
[ e , L L n
b(é%iryrhg%l%%%vk lef‘%gs X25R as‘\.éﬁéﬁo%ﬁ ?gl%g’ﬁ&ﬁ%l&gf Cmfd g&ﬁa{ cervical
IR R ahor ‘@Gﬂﬁfﬂ sSﬁcreMnﬁo a@alotl and:ihg kil nlmwn@ea;bodlment

thd @iuhﬁl@ iPal6dBE aCRARIMh Clereds WRdtlcaBBerith@ MevoMe, for example,
prepanng plasma from blood, diluting viscous fluids, and the like. Methods of
treatment can involve filtration, distillation, separation, concentration, inactivation of
interfering components, and the addition of reagents. The selection and pretreatment of
biological samples prior to testing is well known in the art and need not be described
further.

As used herein, the term "transposon" refers to a genetic element that can move
(transpose) from one position to another within the genome of an organism by
processes which do not require extensive DNA sequence homology between the
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comonly bred in commercial quantities. The term
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donesticated for neat or eggs, for exanple chicken,

turkey, ostrich, gane hen, squab, guinea fow,

pheasant, guai | , duck, goose,lSand emu. As used herein,
"avian influenza virus" refers to any influenza A

virus that may infect birds. Exanples of avian

frarisposonzeadithe side of insetioa eior g regprabingtion epavimss negd foplassical

?19% ﬁ%&@ssﬁlfg septypes H to H16, and NI to N9, and

I nc e hi pat hoge, and | ow pat hogenij.c. str

|- oS BETNBISORERE ETa PHAITR A Caly [t fie Gpgfpgsed by
é‘é@er&i&hﬁ%@@ﬁwhﬂg@f&hh ON A Modixarmle tHef@namlcalNAnfli; attenst about

Sl Pt B L1 OB, RIS, W

the gEhareivZ2NA ofian imgpul ppespisnder” cellef er s to any protein
t hat Assus%g‘élgféﬁgéfié’ ‘Eg'ﬂ «dj Et%d)d’lﬁﬂfga ag‘lt\iblra’t@ t<9§ 'ﬂﬁ@lelfc%ﬁld construct or

exa nmer ase

W&?é@tﬁ@gldumpwhle(lﬁm beﬁgkqlaegbﬁ}gslprgacﬁsbp@ﬁsw e( p\p)se and include any
Rethod %éﬁltﬁqﬁ tl(xé\mamﬂﬁélﬂ'cbnﬁfd@t 61* fuclei¢ Mifl mdl@duld Belng present in

5 Lol S F%Pq%?l@f) gh @llc [ eci?gtrp%éql}lsr&zg Gl%ﬁcld égolecule
ma;e @e delivesred toef @ﬂlsnstnaketcfﬂBNmnzih iahy suitablErtranifectien vt tradsformation

g nﬁ 'sgcl‘;jl ahso f:or %ahxg%eggiag{t%gg}éﬁ\éhr Lﬁ%lté?l@e[tfv'efyé ethﬁ ARucleic acid
eamsirne ov mucislcacrctmolwée meyrhsrinssirtad i éh%e@O@élaéd/ or be expressed

QE@H{R,@QIMC@H protein shell or capsid. Sone

particles of virus also include a glycoprotein
ARVElRRE&er oundi ng the protein shell, in which case

J.Ul
the termvirus particle alsomcludesthe Vi rus

env el Tpeternds "RNAeinterformice’l, r'BNA& ot I'gdne silewcingipafir gendrally to a
&E’tg% i gvh d, BGR1L-Shdag 5N1A @ncfl&!ulle RluaR tﬁé Qggﬂ‘bs%mn &a nucleic

ces € expressi on red ucl ng ressi on

afid aeoa@ngﬁp‘@ﬁh vebichghe deHdesisandsd RNA malctulsesheres RupsTtighor total
H&nélélg ?! )I—Rﬁ»&gde R éfbfj 8t ﬁ%@féﬁ%ﬁé&ﬂ?ﬂ' EE’entshWﬁthtFRNernf&fe?ence can be
0S

e ongd rOTE e dPude oS rensr Sl oRsr Lor edmple, US
Ecr)]ﬂmobblt?m will vary vvith the nature and quantity of
t he clelc aci.d const.ruc I .
or OVi &y Dreseq én\ﬁigﬁ?n Jag uae &%ﬁ’eﬁ%lﬁ ﬂi%'le%u[ég go%f}gr?sang and/or
bmoodingodouiMAstranted odgiqrs) for R@ifé sstex:felfen@ﬁn The nuelaistacid molecules
ey J&J am lﬁ@%f&‘)é Sdohfris@ NehefliCally-Redifidhl | ducRBtides and non-

evi , as a detectable decrease i n target gene
BF@@‘@M@S expr essi on

The double-stranded regions should be at least 19 contiguous nucleotides, for

example about 19 to 23 nucleotides, or may be longer, for example 30 or 50
nucleotides, or 100 nucleotides or more. The full-length sequence corresponding to the
entire gene transcript may be used. Preferably, they are about 19 to about 23
nucleotides in length.

The degree of identity of a double-stranded region of a nucleic acid molecule to
the targeted transcript should be at least 90% and more preferably 95-100%. The
nucleic acid molecule may of course comprise unrelated sequences which may function
to stabilize the molecule.
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and/or related target or cellular function, or e.g.,
decrease in level of viral replication, etc.;

waele®snadory a degree of inhibition greater thanPdDag2008/000692

33% 50% 75% 90% 95% or 99% as conpared to a cel

not treated according to the present invention will be
achi eved. As used herein, théterm"subject" refers to
an animal, e.g., a bird or nmanmal. In one embodi nent,

t he subject is a human. I n other enbodi nents, the

subj die teray"shert anterpring BNASGiiIRNA L vseq hetrimrefers do a nucleic

Aol GKSBould UkKieN %mﬁm&b' CKboﬁU&Feoh&@ﬁQhﬁablé effe 'ilﬁnﬁlﬁné or down
mat eri al suspect ed cont gl ni ng eic acid

regHaine 83, CAPEESSIORC ?% oy 11} ?ta}gs dinof Se@epge-specific
radnniet) ewheﬁ!&‘lﬁnﬂhb atoubkharmded |p©rt€o&1n15blessJ‘denﬁ 305 notle@ideedn length,

p(ri%irera% %(oug?ﬂ al'%oug%lm;cr %og{ e fe%.n g”gﬁg?fagn gﬁaebs A can be a

rplpk@p.aa@d mpleauly mmrsm&sﬂlf—n@‘dplamemﬂaf)c kerdeemdnartisense regions,

M‘F;%ﬁfsxgﬁ‘é ?nti%ﬁgé IteEﬁ‘)n geso{xuctl&ﬁidE %&Lgéﬁ'xb? 'Ehat Pdrgflgn\éntary to

€ IS _an-aqueous solution or
i legRdx eaBRRseiih A fGEE Tl 1< EIBRUIeTYE mmiam thoes an the sense

ré%bh ‘g@ﬂnﬁ hF)éIb@t[&é s‘é@@dng@ coﬁé&‘ﬁbu&lﬁ o MRSy @ﬂl &ﬂgﬁ@hold sequence or
ui i ncl.u 0 erum asma, saliv
oordfiap e 1 oG B P%?S’&’é?ged e wprgte Alpieotides,
whene dne steemdus thesyemey btedndf dndi tle ofier iig ?ﬂ&l&hsefnlsﬂ ktiland, wherein the
e xudat es
o R, B s Lt oms,
cer elé\rswid berping theiterm i@ js weandite hé equivalent to atfien sdrmsmused to
déﬁcﬁ{b@rrﬁl:leﬁs%'icﬁhio@&ﬁles @ﬁﬂ@'a&; éa? Elle‘b'f ed%ﬁllg sgg.ée{nll:% ﬁneclﬁb RNAj,

one e O I men

for 8?‘@61? ¢ 1BICER ﬁ@%ﬁ* rﬁg’dRN y S]i“?ﬁ/ dairgin RN é Sidfp, short interfering
oﬂ)xlgé@&ﬂ&oﬂ@e phlegteinferformpl Metkic dickdit(kingy)yi ﬁl@ﬂuﬁltérfdﬂinﬁs modified

FibfolcikBih Sambd bk SEORA R sRE bR g silgpeing RNA

(pligaRNAYaaridopthers. | it edditon, g wodphereemt the tennd RINWei is meant to be
eagi%lfehtot@ &Eerrt&ﬁ%elmeé fo J&@nﬁ@ %&%Eﬁ&nslp@aﬂc WAr %&fgﬁ%ﬂée such as

of bi ol ogi cal
Popt frgascaiptiong) dg%eQIIthgaetffH@l%an@emlembe pr omigeneies. For

eh@rhplenmRNﬂ?mbﬁfcﬁles bf BRIRAHEBN che bEhSed! O eBigdBRRAIIF silence genes
ose) fromone p

o5 ROPHEF PRI NOE ST GRS B TGRSRV db sy imiting
ewlriiple, dpigenttia eeglilativne f egeicv eXIENﬁldhe Gyre RN Aofpleodys of the
{Pﬁe‘iﬁ(i’gﬁ" Radt n}(}?ﬁlg@&ﬁpg RRA %{%glattyde 3?1&'?%9 n of} ﬁ]%é@ﬁt%ln sthfture to alter

reco I'On~ enzymnes need
2HBNDINGEEI98. cr ossi ng over. As used herel n, "isogenic"

ref eB? 'tsHRNfAQ%F ‘%‘Eﬁrtf}fal fl RAhRLy @zin@ a?lhﬁf\@cfn%ﬁécﬁl%dwﬁé(re less
eSS ?Mc p%’u ]c):rglfﬁ% egggn@;:t 19 to about 23e )lgﬂcleotldes is base paired
w1th a complementary sequence located on the same RNA molecule, and where said
sequence and complementary sequence are separated by an unpaired region of at least
about 4 to about 15 nucleotides which forms a single-stranded loop above the stem
structure created by the two regions of base complementarity. An Example of a
sequence of a single-stranded loop includes: 5> UUCAAGAGA 3°.

Included shRNAs are dual or bi-finger and multi-finger hairpin dsRNAs, in
which the RNA molecule comprises two or more of such stem-loop structures

separated by single-stranded spacer regions.
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herein, the term"™ introducing” as it relates to a

nucl eic acid construct or nucleic acid nolecule is to

be taken in the broadest possli7bl e sense and i ncl ude

any method resulting in the nucleic acid construct or

nucl ei c acid nol ecul e being present in a cell ar

or gan®sen designed thprprdeiciagis nlepart compiisiab A dpvblestgpded region

Bézi?'B%' %NA éttgd eyl el Reowielihvekeart! dod ek@hpleashy in vitro
naked n?%]gsw t.abl e tr.ansfection or

ffP%%‘EE‘PB?Ihé?‘iO&iP Rt YEHEHC 36205 or exanyl e,
el ect Mofificationsnor Ahslegs afi melepfidesh eam el aitodacsddto improve the

Ppo'[ﬂgltt{ E%Tft nu%ye% Sé(ﬁ n*?o‘i%%légogf%ﬁéj n 81[;[%){1 %%ﬂr&?’e% 15 ertles include

e expresse rans
inceesised nRleBaSIe nlteelsfraecree Ao m@rttaécdmbﬂwo ipsraedte rCéH c@embranes

ARNin thegt%ﬁﬁ% Shﬁc?é'ie 'aE‘iQ mélgtfnﬁé” Qt?cf‘@d(ﬁllbieystltaﬁd&i RNA molecule”

proces [ e-stranded

hiclisioe $YR R T adfigh ParcsoEdRePE! Bel HmiE o riBesigs. Hnthine,
bAnthie, doikihEadehing n@-&»ﬁEﬂBNA Mplopeldlafd SkRE @ikyl- adenines, 5-halo

tial or tgtal ono

B Py orrelnn S EHATORAA Frfra) DT Bfdsudi g £ hiuracil -
aaloi ed/c&nhws&agnmderﬁam 8ohibl exdstinandetliotakydc adamngss delydroxyl

Bﬁ’éqlr?é(gl@loﬁfef ‘é%a%&%%ﬁ%?ﬁ&i STHﬁo %u%flf;ﬁl@% 8- Q?ﬁgi/?)t F%ine 8-thiol

enaves. Sghipelkyl suaninesntrbpdrosy; gmgmp@nd ritar strhsaw@r%e@es other

InCaiiadah adafhdd, FBbLSH AR &ala bidHiRR! B;fnﬁimométhymml and 5-
bﬂﬁl’il se chem cal ['y-nodified nucl eoti des and

RF¥8EPles. The doubl e-stranded regions shoul d be
east, 19 conti guous nucl eoti des, for exanpl e about
ﬁ}g L%@ ggd‘s_]
ucl eoti des, or may be | onger, for exanple 30
or 50139“&5 | (RRic Qid ARPcNe |v§zq{1éé11e§ 1615951% chl@&ﬂe which has

full engt sequence correspon e ent gene

eengrally besn Sﬁﬁ*}faﬁé fypam the w%q%lﬁatspguenﬁffﬁe‘ylﬂwén%ﬁ ds aSEgmated or
‘hﬁkét?ﬁluits ﬂ?ﬂ\l&%&t@@f&”lﬂ@tﬁsﬂs fixé |ngﬁhgé Bt allih ePI@ﬁ%lﬁyE aé 1solated nucleic
nt i of. a anded re
G o1oBIE i 1S G S TS ORI G b 55 TieGnepd more
PN erably ml)rkﬂlsp 9eVeitabl $iofb-ofleH %onijoacnis civeh cwhehdit is naturally
ARERHEC, PR Binofi 16 SO TGS A FoRB 8 T S rchengeably
hQW@“rWlthitheetﬁlfné Mrgllmmﬁd "si RNA" as used herein

refersnd @ '@HGée%bﬁs“eiﬁ'tHe U&lt@)&lﬁf & 31 efd1aG@ PFEIsI6 She nucleic acid
r(fnlglo ﬂiﬁ%' aer?l}clle?g gmg zzzlorz;ls’u!u(ét gft the 1nvegt10n)n\ghen pres%\ﬁ{]ln a cell, or in a cell-
free expression system, in an altered amount compared to its native state. In a
particularly preferred embodiment, the cell is a cell that does not naturally comprise the
nucleic acid or nucleic acid construct.

The terms “nucleic acid molecule” or “polynucleotide” refer to an
oligonucleotide, polynucleotide or any fragment thereof. It may be DNA or RNA of
genomic or synthetic origin, and combined with carbohydrate, lipids, protein, or other
materials to perform a particular activity defined herein.

The % identity of a nucleic acid molecule is determined by GAP (Needleman
and Wunsch, 1970) analysis (GCG program) with a gap creation penalty=5, and a gap
extension penalty=0.3. The query sequence is at least 19 nucleotides in length, and the
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regul ati ng gene expression, for exanple by nediating
RNAI in a sequence-specific manner, wherein the double

W@ Ranske® portion is | ess than 50 nucl eoti des PEI/AU2008/000692

| ength, preferably about 19 to about 23 nucleotides in

| ength. For exanple the si RNA can be a nucleic acid

nmol ecul e conpri sing sel f-conpgenentary sense and

anti sense regi ons, wherein the antisense region

conpri ses nucl eotide sequence that is conplenentary to
@A eulystie abguteceyd nequeneasgener micetgive acatdlens] EX miueleotides.

BlteratBRIY, B8 gﬁfglgrs% er®B s E{]Fea%e@enﬁ éﬂhﬂ@% g}?Yéngﬂ) and the GAP

nuc eotlde S correspon
Aabrisi alignsi ahes éweeﬁwem%aowr 8 mlqmafeét lealshe15§>i magleotides.

Anérnmegs &Eaah@g Jeﬁ@e%ﬁﬁ%"i@ ab GRS t@@(ﬁ‘n@élb&ﬁl&b‘ Eh Q%i%gigld @8d the GAP
ran | S e sense . sir e

PG S FeaRBoruraccumer arreiohtl ShiprLapb v it Es, B terably,

the temskjuences ard dlignedplee nissit artiye leAgthused herein, the

t er m\ﬁt g@sa %@%ﬁﬂgeod 1?{1%159 g& Q{HI 5% 1‘ct hltek; Eg i ated that %

dto enuc €l C aci
ldmiﬁbl 8gutes rrbtghalt i then sthgsenprevisiedciaboe RN enfompass preferred

EXMRhE The, %eﬁﬂ{pﬁ%e i ngﬁttofhtﬂé 1ﬁ1u§w‘% i ?ﬁﬁ?’lﬁ) ures, it is

sh i nt e‘rlferl n onucl eo I, nter
&@rréﬁl ¢hagd %n%%lﬁlwl @ﬁ&ﬁcv ¢} GopBEIseY aﬁ’gc ide segyence whwh is at
lodsit Qmuﬁoﬁ@pﬂewably BERha 31 by, nioed bfdf&dbl | RNAst 92%, more preferably

Rk I Sk PR 8 Fadt Ry afte DR ALY A et 326, more
prefarﬂblyt at loast 9th, vabrerprefecaby hteleaste%%, msedpreferatdy at ildaet 98%,
18 aﬁgéﬁﬁbﬁpﬁ%%s't 99‘3'\%1&? éfe&’ér%l?nat? ?easts ?’&a ?%aﬁlq%) Bleferably at least

criptilona
°ﬂp9ﬁed?ﬁefetﬁbl}é§| lepsh 893 %s mopbpreé@rabim lebleassi 98NAG, more preferably

AURE 9|_‘l>e tST% glliolré @%f?ﬂéﬁ%ﬂl@%& ;99?;’/? %b&%%}efe%bly at least 99.7%, more
SRHERr B Bt 42 Pln G RudEmess Srotobiesd lartot 4pc Hetan to the
relevalt nominaged®FQ IDMNO®) ng exanpl e, epigenetic

regu lAafuﬁc(f{lc %idqsglgcﬁx %i’ @S Sll%rgsrrl]ng Yrﬁﬁm%}@mggts% utlvef'y ﬁybrldlse toa

the inventron can resu
nediveieeddd ghatofenedtiesnan i inflsenzac turdruso pelypeptidgemader stringent

&ﬁﬂ’i’h@ﬁss' Q@ us&y he&ﬁﬁ'ﬂﬁderosrtrm P%ncgﬁ‘bﬂsp gtﬂ%\éA thétsgl BTEﬁ’lBon low

ere | ess an a

R Pah o b e e Bbine Je pesRTIE L 13  Wekidh 0015 M
sodivirecitratel (01 % NLDGAISEERISBPY; @5 @H%Wdﬂrﬁﬁg&ﬂy%ﬁdﬁﬁuéﬂ"@ denaturmg

SRSk 5l S0 BBt i b

seegn albuofinad.1Ve&atollalbdds pblivinydpyuilidbhe NSk et sodésn phosphate
BfReL Bt ﬂI—?% '55&?11"{’11 ?5(?&%@ N%Ff %qﬁlgl go(aﬂf?n @i%%? t455‘(3 S&r%ﬂ employ 50%

structure Ions O

fesnaanidpehx 5Lt 75M%\B@nﬁbp§5 bt SQ§111§Q Gflimﬁ@e5 (bml\é sodium phosphate
(BHE8)20.3%4 HAURH phRPRoIPAGUS @ DenBardtl kMM 8o cated salmon sperm

DNA (50 g/ml), 0.1% SDS and 10% dextran sulfate at 42°C in 0.2 x SSC and 0.1%
SDS.

Nucleic acid molecules of the present invention may possess, when compared to
naturally occurring molecules, regions (for example naturally occurring promoters)
which have one or more mutations which are deletions, insertions, or substitutions of
nucleotide residues. Mutants can be either naturally occutring (that is to say, isolated
from a natural source) or synthetic (for example, by performing site-directed
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I ncluded shRNAs are dual or bi-frger and multi-finger
hai rpin dsRNAs, in which the RNA nol ecul e conpri ses
Wa ws0380mdr e of such stem | oop structures sepaPEl/at200$/000692
si ngl e-stranded spacer regions. Once designed, the
nucl ei ¢ acid nol ecul es conprising a doubl e-stranded
regi on can be generated by al¥% method known in the
art, for exanple, by in vitro transcription,

reconbl nantly, or by synt het| c. means. Modifications
mantageness o ﬂwctné‘d@lpd@@g o desetibed rabaPed 1t dSi ﬁb? oquarent that

pEﬁﬁ udlEGRES Bf A% iRfentiBE canisd Etier ﬁ@th&ll@c@@rﬁh@ or efcotnbinant.

ention. | nproved_ pr rtie: d rease
nuc| Bgaalys é‘éﬂ%Fﬁc@ én‘HJ/%g? r%ﬁgbrg‘ gﬂ?yl }%l? ? CHeSter bonds or
aﬂﬁbg@@ﬁ@e&ew fomiilig emscleokdem renging yin sibe ﬁcmnrm relatlvely short

'nucl ei c_aci e
MRNOBELF epmﬁsnslggg‘lgsfglsjy}ﬂtsﬁ‘é?rﬁ lﬁ'fdﬂgdse%t%mﬁgﬂ%gs es suéAFin alogs of
passphbdiestant llinkbgesd t dycludeosi @osp&mqtmqa@; phosphorodithioate,

pﬁ%(ﬁ)%)é%%ﬂ%h e a‘éhe 3 &Qcﬂg%&?]afeo o SFfoRyEnilothdoddé, Ofhosphaardlidate,

er a nes uracil, 5-hal o cytosine,
pﬁomrwﬂ@iﬁi ne and 6-aza thym ne, pseudo uracil,

4-t hiuracil 8- hal o adeni ne, 8-am noadeni ne, 8-t hi ol

Murtdi¢ Aeid Gonskiugls o kyl adeni nes, 8-hydroxyl adenine and
gbgﬁ?ﬁg s&g %rtﬁ{ : “ﬁu%ijeu?gﬁﬁ 'cggs?tiuﬁ@ lja%ké) oG HURRT adld HBIdeAle that

uani ne guani nes,

eBedred rao‘*(wblﬁgﬁtmd R nastlerete gmé@ﬁnedmeé@ng*'@éﬁnﬁéées the nucleic
RIDRl1R4R @ng ?@? 8‘th@qﬁl'?:le“i@%czldoltntil%uléZ\Qhéhn gre@&ﬂzm a cell as an

guani nes, | uor one uracil .and 5- trif

e@?@@gpm@soqs@d équghe@ asid @gfegg ley and 4 nycleje a |néci>lgc1g% ﬁ}?{ 1s integrated
il tBE gélﬁ)mé/\eTiﬁi‘@dEyathB welkRicCachd Ccdlstl"abtamlllll te duuibbehsttanded DNA or

| |
PR e R S 2 ShinalioR hpRaRe oF fldifred L HRRe acia
ohatiwet (will ty;plcmidy stosyirise rvatsuutaéalemrcand)t)er OPﬁr@bb’r hbk%?l tot the open
reg'cﬂl tﬁ?ag} Yl in% EifupRls }le% REAQL T'h%e}ﬁfcleﬁsco%lﬁrc%%struct may

era Ieast free and pore
cemnprisest ﬁw%nener@aq‘tmg) rirasnh encQsingh anist SInglg o mf oh ?hb‘i double-
dn3nd&f RKal hﬁble@ﬁﬁoﬁzﬁtﬁttﬁéj comiplehRetafp (Reorid) @trbed m:mg encoded by a
“nucj eic aci g noj eculLl? sed i nt er.chang rﬁa 4
PO OREn UEAMRE By b R dbiiEaL Smardanny” fRostnb afide acid
donstiie, qmetrﬁxlelwéclcacm&iueu maﬁbe d lirefefragmenttdne cm;c@lae ingolecule

qnﬁvlg lxéaiyg(%l) Ilflla%gl t g? géjpélﬁ 19at%ﬂn5f}{euﬁ<txllé?f %érFkFl} w111 understand
thxpthes sudeic st eonstrinet aﬁﬂwl trwﬁetmpramun\pe m‘fﬁ&dewtbl@ a suitable

ézéngornaftrén\éfecﬁl)ﬁ%?trax} For?nal%ﬁ bt f’dél IﬁkieYc M&E&{shﬁgt into a recipient cell
|sace nqt, nat.ural |

ismpiihe ecl ieexpirss 81 ENALTISSHIS FAES BTAES UQTRERH Jepsruet

The nucleic acid construct of the invention may express multiple copies of the
same, and/or one or more (e.g. 1, 2, 3, 4, 5, or more) including multiple different, RNA
molecules comprising a double-stranded region, for example a short hairpin RNA.
RNA molecules considered to be the "same" as each other are those that comprise only
the same double-stranded sequence, and RNA molecules considered to be "different”
from each other will comprise different double-stranded sequences, regardless of
whether the sequences to be targeted by each different double-stranded sequence are
within the same, or a different gene, or sequences of two different genes.

The nucleic acid construct also may contain additional genetic elements. The
types of elements that may be included in the construct are not limited in any way and
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synthetic origin, and conbined with carbohydrate,
l'ipids, protein, or other materials to performa
particul ar activity defined Rrein. The %i dentity of
a nucl eic acid nolecule is determ ned by GAP

ndWmc.197 nal ysi .progr . .
% e TR BF Gat otk SRR gt Sl A Rang G nucteic acid
m&httystmBerteﬂhmth aehost el usna dransgeae. | lmasichl@istances it may be

?&%Iaﬁ%ttlo q&ﬁu&é‘“ét&@e‘}t’ I%rag%@gts 19?1%65 r?ﬁﬁéty@li gh @le' @e%%gn%ﬁ‘ %o protect

ences
th@cﬂeqmnp@m@comng éhen RNA/ mo;zculerfgorq itlesr t;a@gq‘g;elﬁg@tlplg pegeess and to

¥e%§é t}kﬁ%m&ﬁé}hm@aﬁmbﬁbﬂo%%w thréich, t Bﬁff‘éﬁﬁagﬁl@hﬁésh also be

%@g he two sequences OV r a r@glon of east
oL Eg i the SOPSATILIRPF G the dipiqaoe bR EretiimolT 40 3 2 coding
bpsice3NQ/on e himdtbrd@enponente Mk Btudfee frapdefiAian doahy singth from 5-

ns the ue S ove a region of I
ADAP R aholE MR SoliRe e leC, Blnd sty Flphepiotween
progmoterheilm tlentase ef tmal‘tgﬂeh stuffen fuagregm, dhd;}ocanHE tdjefsame gr different

grhg' §né ?fef@&@ﬁ enth a‘r’ﬁréldﬁra%g &lﬂgfeﬁ?écglh@%ceg haferS bly, the

ntlty gures er t rovi d ove W
étﬁ hyPaYenqss ém@prﬂ%a sqayeRscrdentical o pathin a cell, or progeny
P, C@{blv@ucﬂ t'heif hevs bédh ih&tedl Mh @Jﬂﬂm%ﬂ &ﬁEBdlltnEnt the nucleic acid

fi it ferred that t enuclel
HoRGEh torisiogs SBEET Sofitien Dot Meo Uit et ting(® ggooding the
Heuatdé sw%dRNAe(spreferabl y at Ieast 91% nor e

f 0 9

P ef ARG Ay R8Tl S8 BiaTRhSRE BES TR Eled PASHEent fo
gmplmrt@nppcme chirhsterized| le/atstmmeb/mvmderepe@ﬁéqmpgs faanking the
'oﬁéﬂhﬂeaa%é? frHRES eﬁ&ﬁiﬁ%ﬂﬁl JouHle s?rﬁtﬁiedgmA gor ExamPIes of suitable

rgr?ngéoarwémé%ﬁif@mle OLtSqDe@gaﬁ%@teé arH?&F @%&éﬁ%m y

at | e@&Igr QQaIﬁfKES ijafv s a&gﬂlgé}ﬁl @bxhe}ﬁcadlerhaﬁ&i/hl% n*fh%l)bdliﬁéladed in the
era 0 a east

BUSIEE, A eoRris? SPejude) eiebp s EorBh Sheh Mdne™ by FEF caspgs for

duotesst matkes %otcan du@m/aerFiboeRﬁP,ef&maaiby yssayedl anagme such as beta-

g ﬁc{glhg@ml SEO Fﬂe%{l&ﬁﬁé@aﬁ% 'Eﬁﬂ;'reﬂﬁ]% c%gcétglalﬂgnsf&ase or

el C aCI ecu present venti on
seareted joprIryorig @Jkaémg ephosphatase)] ohpeqteiss e vileh l@ﬁwaa@s&ays are

adndilp fawmmeasueh\ég hifmdiek ¥P eRbkides. UDERF géﬁdtﬂcrw&ﬁ@nts that may find
condl ti g%(f, d herei.n, under 1sctl j[ gent corﬁ1d| ti hich
S50 eaiingaR o35S piisfEyhTeNion R BIG Mo Sodimaner Rogns whic

cemfperat ssteetivor gioashi advanfage exangllse,suh 045 ddkenosine deaminase,

%%%JWC%QECS yhﬁi?%oltjrans‘?f'ellageat e/dIQl élé {}BBO d%%uc%s SO%C}’I_%{‘&’}IYCIH-B-

JERA agen
bosphniratsferassy ondragpdsistar8eo (voI /vol) for mam de with

0. 1% Ak @he nucleic acid construct is to be transfected into an animal, it is

desirable that the promoter and any additional genetic elements consist of nucleotide
sequences that naturally occur in the animal’s genome. It is further desirable that the
sequences encoding RNA molecules consist of influenza A virus sequences.

Promoters

As used herein “promoter” refers to a nucleic acid sequence which is able to
direct transcription of an operably linked nucleic acid molecule and includes, for
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serum al bumin, 0.1% Ficoll, 0.1% polyvinyl pyrrolidone,
50 mM sodi um phosphate buffer at pH 6.5 with 750 nM

WOON2008/138032 MM sodi um citrate at 420C, or (3) enpCDyUSD8H00692

formam de, 5 x SSC (0.75 M Nad, 0.075 M sodium

citrate), 50 mM sodi um phosphate (pH 6.8), 0.1% sodi um
pyrophosphate, 5 x Denhardt' 2l sol ution, sonicated -

sal nron sperm DNA (50 g/m), 0.1% SDS and 10% dextran
sulfate at 42Cin 0.2 x SSC and 0. 1% SDS. Nucl e|c aci d
eainpley RMEA gblyinheraser & sod RN Aviohtmerasend] pprsaeless | Alspdpcluded in

t%l? TRALRD! fe rfﬁcgslért?elnlk?f jﬁfb‘ﬁh‘lr FeloTRtOTP | RPMIES (e £. e@mlﬁﬁhﬁers) that are

or exanple natura not h
syfecient tﬂtrp@dqmrampt@ﬁée ROEH ” g Feéﬁlp’é%ﬁgr?m@g‘%ﬁ 8n‘i<,‘;Ial type-

gémﬁé' Bigdsind-bibec O o@ferﬁﬁtﬁél%pédzlﬂe nis@8é1g 0e $hat et mdtisibledsy external
e either naturally occurring (that is to say,
328HF QF 88945-om a nat ur al source) or synthetic (for

ex anM&n dvyiuﬁemfanrdmomgtrscttoennbtrlsmgtaemmoa@geﬁ aehsfeeied itfie a host
atnﬁ safesﬂ g t ‘;tgé gfcﬁg%t@p VEie that nhﬁrélf}u&cﬁﬁhoﬁ‘lr @Blanimal’s

ynuct eotl nventlon can-"be either
gmpmlpal Fgr oxanple, whetsrthe deesgginita Animalds A FRickepy fBprprgmoter is

ﬁg&fegarl?gbuﬁ Eﬁﬂcﬁer@ﬁl‘ggr%o@étrgw%lgﬂr%ﬁﬁﬂif k@bénﬁé&ﬁfcﬂﬁ?ﬁglas Ta&ﬁrkb?ﬁtﬂs promoter
i

1§|P2%fe¥%b P aPTOONSY: RO eﬁ%’ﬁ gﬁé rtf%gséfﬂ%f glrll%gi d, % blik, the

Iirmebﬁ:.‘rlsI eﬁe,ealﬁyalducltwptdﬁm of nononeric units. Anal ogs

0 n

o AASRLRN B3 l LT85T, 6k T O R

phosphanddics atiéneat, eDNlﬁ’ﬁommn‘tsamYIpmaH}’,o&t gefers to the functional
I%Eaﬁﬁﬁghgé %@'4 hdRlR uﬁib@%@%ﬁét@f? dRhfnt W6l SifzcAtdd sequence. For
ns er el u

use cleic acid construct
Pemple atRSO@ﬁW auencaatly daked toor eeding sqqugRcee D ASANOpen reading

Haﬁbleﬁc&ﬁﬁ%ad&ﬁb}%%aﬂ@é@ RN 2 nﬂﬂedﬂ@é defiebdnkdreinn ifiicstimulates or
e Nnucl el

l.ud
AEhSEER e L6 00 LRI SGULE 1.2 455k G Gt
Esinotet irapsaridivabl regoberye ebmentsnibhieara| aperadiy Imkeydutpl @itr@nscnbed

%@B%xézg%% eﬁl‘ws 12 %rrt ohﬂoet ¢ fﬁu%q, ibed Qeqw&ﬁegﬁé‘ Ofglﬁﬁ are cis-acting.

COﬂS ruct
HowaMedormWa@scr@@gmlemgulﬂ@m slenraps, syeh as cahdcses: el not be

[cal coﬁﬁé&dﬁgr&qB@ate& BE c[y4E Iped:am@Gi 1 BendtingCiequbndes whose
pically conmprise a suitable pronoter operably |inked

Wﬁsﬁﬂléh%b@ﬁyi?@%%g frame encodi ng the doubl e-stranded
RNA. @ emucbayme@% il pesissterialr "RRSA pohfil poendier ior $polymerase

ﬁﬁgrr(])gbcg :QE ?pcg ﬁﬁgagor%i&g% ﬁgﬁ:@ﬁﬁ Aceliyrlﬁv?rﬁe'bp%&lz SertbbiARd oPhammalian
pmﬂmtfﬁnelgt,a:hgpk(es,elummmh) nstrmanplorb@ﬁngo\em; qufieente \simian, ete. that, in
ﬁg ﬁ?ﬁer é:(éﬁ%;&t {%ﬁa@llngssg& opﬁﬁtéi‘aﬁé H{RRAA poRfnerase III to transcribe

el ¢ aci
1ts operably hnked gene, or any varlant thereof, natural or engineered, that will interact

in a selected host cell with an RNA polymerase III to transcribe an operably linked
nucleic acid sequence. By U6 promoter (e.g., chicken U6, human U6, murine U6), H1
promoter, or 7SK promoter is meant any invertebrate, vertebrate, or mammalian
promoter or polymorphic variant or mutant found in nature to interact with RNA
polymerase III to transcribe its cognate RNA product, i.e., U6 RNA, HI RNA, or 78K
RNA, respectively. Examples of suitable promoters include cU6-1 (SEQ ID NO:22),
cU6-3 (SEQ ID NO:23), cU6-4 (SEQ ID NO:24) and ¢7SK (SEQ ID NO:25).

Preferred in some applications are the Type III RNA pol III promoters including
U6, H1, and 7SK which exist in the 5' flanking region, include TATA boxes, and lack
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understand that the nucleic acid construct of the

i nvention may be included within a suitable vector.
Transfection or transformati o22 of the nucleic acid
construct into a recipient cell allows the cell to

exg}rg}felfs an RNA nol ecul e encoded by the nucleic acid
CURIRT RROPOteFREqURIEs e latexral premefstsrasetr B thapoli IVEHtRISA, tRNA

R A Rpize gaafaughb ms&4nmgi 5 [Hfgehd )Sor?cé‘iﬂlﬁ a g_@é&ﬁ/iﬁt%ﬁé[‘ ﬁoﬂﬁoter and
. (e, g, . ot .nore) includi mul t] ple
& %‘*ﬁ%%“éﬁtq? AR ﬂ%ﬁ@&te@?%sﬁﬂw ST JeEe Y HOB MeRscaipen. Pol 111
peghaers fooutilézatinplirea auslhioracichainspua fENAparidWarBhRuHi&s e.g., to
' t " , a ern.ane those .
Eﬁ%‘?éf%‘n‘%?‘? SRl 00 BELEE S &Y nEHIR RIAS AgiBRCen avien or
H@aRNKuﬁma@gﬁ@W@ﬁa&Q@ﬁélb’d@rse&ctGd foeoptithdlf Wnding 'andl tanscription by
@aC ho@t &glr RNA | pot é&?ll,db];gf,efn%ﬁfdir%og@ilaﬁ' lrﬁf]?)g&ggters in an

seguences {ea | ess of whether the sequences )

PEP SRy rict IPSIENPY &9 LATSCabR 81 Reliin A BaiNea lsBAkAS against an

avien wirohsuch tak eviaa treflueaza wirhi (H58I3 R avd@0Rost 0€11sSequences

of t chi 4 t ... The nucleic acid constr

al sovgrrgy d]:l:%n xgtlnnp (gg%?’?ars%r%)ma{éﬁseﬁ dORADE A gv_vo #&‘& polymerase

PpmRatersf sush ewwetN8. pipmenasy Iber RNA polgthetase tepromoters, including

&t yRRkp LA j . en . )

by ko SHeh oS bBIA |,1%‘1?11H]ts @W@@ﬁe@m@% ﬁ%ﬁ?‘g,g‘s%ﬂ?éms will
¥ dapscaiprign fndifferet Gognatp seanserEpts.nsushaatiosg., ded (hugsn 7SK

protricadts theteumanUs Beddtes bad RShuntan"BY pREn&Es Wikl ﬁretc‘ansidered
he construct which are

j , "stuffer" fragnments j.n.
108 40 U rnk ARIRLLE, A Bl e s e
tmméwui,ut@l ﬁlleufwﬁtsrmf atﬂam{hlsgﬂ [peorhGtsBIsutlo Bs, RIOCBS ShidRéh U family of
: : Xt e SCri n_rea .
R bt S MBS B BB e i
eieRl gromgtersyc Feyse efrdiffaient polpmetnet wammgtem .ig the eonstructs of
Peopletedt ianehtdnC Al NGISQM *t'l?é;g)%ss@&ﬁﬁp o URET NAHRY intermolecular
gnment can b h n% rom

cg(r)%gigetnt . The stuffer fra .be any Ieng

e 8L SR SURR aY egtrargeentsias deletigns. be one or nore

stuf fle rsomeaa}pem,Sthip\IEEdtSpi@sf t@ir’]'ﬂiee"sﬁmeg 'thfﬁep(ﬁﬁﬁgraﬁg II or RNA
ragment.s, they can be the sane_or . .

A P b LT 0 a2 e venion

Ior 891ae ambpdihéritsr thet nedejoemik sondrefsevflihy intdition may contain

Bt Lot QABE HEE SanfkO ¥R enth

L o U B St PO sk GAUED AGE Y fiRerohf potymerase

RIRBY Fa € DOEAT ifPi¥efived o mere Yoiprersptersmbusdi apanebly tirked to 2

segodree Cert0iihgC @NRINAU GholeUTP T dusE Sass U kAR Al egngﬁn lly, in some

é‘ﬂ{lmlﬁla&gsta& open readin {}r am?hg(ieheencoal ng the docibl'e

St anded RRAES PrompEsy ALY DRI ih RAARI0R fcithe two or more

mmcrimmrcrmgteisn ad.gdena o a‘:m@gﬁﬂljgh%raﬁ} Qﬁpn!aﬁnoltér@,r one or more

8% : sQn char erize ermm na . .

| ns‘girat gréeﬁr %%gg)t%&g’e%'e HEIZSO%%| %fﬁ%cfz[’n Sn t fpression construct comprising

multiple polymerase promoters (2, 3, 4, 5, or more) is engineered to express multiple

dsRNA hairpins or shRNAs, in which case 2, 3, 4, 5, or more copies of the same

polymerase promoter may be used, irrespective of whether or not a "different” RNA

polymerase promoter is also included.

In some instances it may also be desirable that the nucleic acid construct
comprise a tissue-specific or cell-specific promoter. The term "tissue specific" as it
applies to a promoter refers to a promoter that is capable of directing selective
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open readi ng franmes encodi ng the doubl e stranded
RNA(s). Exanples of suitable transposons include Tol 2,

WOoresAIRr2 Sl eepi ng Beauty, Mariner and Gal | uhB@EI/AQRI981000692

exanpl es of an additional genetic el ement which may be
included in the nucleic acid construct include a

reporter gene, such as one o3 nobre genes for a

fluorescent marker protein such as G-P or RFP; an

easi |y assayed enzyne such, as betagala osi da

axpreisfien af e nupleetideiedeence oif duisiest oA He %é"llssﬁ% £+ lungs)

ih rtﬁé‘?eflﬁfv%sﬁ)sa{oﬁﬁce&ife@ﬁo&@m@m ﬂldlédtlldﬁ @equence of interest ina -

at as

Cﬁf&f n ?’P%Vgilﬁ%lm(%gs £ séwﬁ}rt}ﬁsﬂ%gpea{ﬁgu ORI eﬁ%’ ?ncﬂg%ﬁ)romoters

sgem@é Ick, Blyegennd, or tydt Tl‘myerin tetllespecifio” a‘dppﬁech’em propfoter refers
resent ji.nvent |

tBr%tIE?rﬂgteﬁhW}g ég rﬁ:lag%q)l% Q)ge P{lg %ﬁcﬁgf ﬁQgrgésgé]n a(l)f 2 (I)‘lrl]lcleotlde

seglidnse sfinteres ima epesifiaiypel eﬁmlhastbe reéaﬁVﬁ absepedaf %Xpresswn of the

ARRSRRRLHAD Eécﬁﬁaﬁccee of 1ﬁte’i’é’s@ 5:9h Qi @18nt" t?ﬂé‘ 6f 88Ewithin the same tissue

hygr omycl n- ot
ez £ Higartibiia: & R0 Do HoRedbiclib (200B6 Sohaing Boi@pPD: and
21, &N, a{EOOH%); The térfn dﬁéﬁ@p@&iﬁ@" whet aﬁ;ﬂﬁd@d& apedrastensldo means

< BiveAo ok ofgr e ST} “pHRORRT i Lol EOOR, ience of
1hteress irf anetgirﬁf withisi ar sid e titduat Alteme@gqlwep@gg)t@ﬁ m%h begponstitutive
cr_:gr oﬁgi?ea%i: gﬁdﬁ%ﬁﬁh@ rpr81fnojpeg§; ong Wdi‘ﬂfeﬁ% ACRUBONsEs- different

r's ter ers to a
specilligities.aci d sequence which is able to direct

transcrlptlon_of an operably Iinked nucleic acid
' CAtE i ids, forexanple, RNA pol ymer ase |

20 Pl DO MRS 835k BEATPRRAS) 1) S U e coic
&b eamadet of @etarget pehynacleetids) usihgta é}pa@r ofifptimeirgner {'set of primers"
50%@1‘3815%?{ Q{{;Q&&[m'dﬁ{aegl R sHELE" Eﬁﬂ(ﬂe $A4 Qrba%?ﬁt bPhb1gRleSzation,

pespecific, tissue-speclf
suhyasr a|DI§ﬁe§@lﬂn@raﬁanm Iymiga lish t themmalyssians pbympsjase enzyme.
lePé’éh%HE‘ r FROE Blekn@vnSh 8R2drs an¥aR tade Ul exdngsle, il "PCR" (Ed. MLI.

T A L e
b qbterfﬁﬁﬁeﬂ ah| gDNACUbtained frére mvbnsel ttasgéniogrenRNdr isolated from

g gg@ag ere the transgenic animal is a chicken, the
PO} Ct S preferably a chicken pronoter; wherein the
t r anstyamingerdniodigh ansoligonuelketde, whrerpitn abekeut 2) nucleotides long,

%tﬁfa%ﬂﬁl!rﬁﬂmaof érU'olﬁﬁl'S Bﬁ@l@@t‘i@e@ thah WPSYIE P hibdising in a sequence

rans enic animal is a k t ronDt
?ﬂeéff@r faphign 4o dbe vaarg@to%%we ané)gfesa%r: endedy ing,the RGR Longer
he &t Bcidehsibsculla, forfeapicantialeid flidiriobseates at leattvi®eor 10@mr more

nucleotides in length may also be used as a primer. Amplicons or PCR products or PCR

o

fragments or amplification products are extension products that comprise the primer
and the newly synthesized copies of the target sequences. Multiplex PCR systems
contain multiple sets of primers that result in simultaneous production of more than one
amplicon. Primers may be perfectly matched to the target sequence or they may contain
internal mismatched bases that can result in the introduction of restriction enzyme or
catalytic nucleic acid recognition/cleavage sites in specific target sequences. Primers
may also contain additional sequences and/or modified or labelled nucleotides to
facilitate capture or detection of amplicons. Repeated cycles of heat denaturation of the
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sequence. For exanple, a pronoter is operably |inked
to a codi ng sequence, such as an open reading frane
encodi ng a doubl e-stranded RNA nol ecul e defi ned
herein, if it stimulates or nodul ates the
transcription of the coding sequence in an appropriate
A, angealEvgap] rimgrsotpothelr qamyemetpi BAEFNCEE Gh sxtspgion of the

@ﬁ&%ﬁﬂt Frith@8twillh §oBRedradl deshlt Nk estpbiential ﬁﬁi@ﬁﬁbamﬁdof the target

§ u ]gqr‘l? g gl‘hae r eeég';h yt?#gégl 45?/@%%%3] gsle u%éﬁ ggro F—%’R?Pj?}g 2 {99 B8%eic acid
bequoses mhichoarabmpified.at ory el enents, such as
enh an&g&ﬁer ﬂﬁ%?e(ilc 284 a%?hﬁ?e}fﬁ):lﬁ@tlthkﬁ/qu% QB0 'tﬁné?shgtlon polymerase

| ocat odi ng_sequen
whais eeactiom (;%TﬁﬁR)o ﬁlrsth eymewmn@ey DRYA (AN AD 3% nede dkpan an RNA

tedpIRECHRAE re%rse %&%asle' dnzPi@ B E thenCPCRPR! perREASE on the

I'T1" propoter" I'l pronbter"” is meant any
resiient 6Bt e, vertebrate or manmal i an pronoter, e.g.

C hi c kﬁﬁoth@twﬁ&hod forfanfiificRdrCisiie gy chein reictiom{' ‘&CR”) disclosed

B8 22055, 1 R, ool JRPUR B e, and in the
preaerseof e tatest sppends, yadhi pﬂnewllbbné to oppaity complearentary strands

gp g{gﬁg{g(e %ﬁ#ﬁﬁtj th aﬁt‘i’tg IIrﬂ i nﬁ%ﬁ,&k a‘giglaée gﬁl% ﬁ@?fobb Dairs will

ost ce
{iply e dpimp e sinsls aewatﬁyytqmm?éwrenwﬁég,ca%m HCRe boupd digated units

Biésdatd TN HRY taffdt Und tIEdh f@NadGardlt BRfchles" TH ligiion of excess

T ta?éﬂ? R B Rb AR PBHET o TGR for binding

pnibymsaﬁpma:tamtsamm@r mutant found in nature to

|t o 36k WehlbaN: BRDXABEAAG el Opdif SRk oy o those

gpd;tn the ertwndandnw egth@rln@mmrdiﬂcetuprr wwthods end trensgription-based
%Ilﬁc&ég%étanﬁézﬁulta%mmgth(@ alnq%mn%@ nuctil® adid (8Euct, or

eférred. in sonme
érﬁgmpea@%ﬁg Ar @ mﬁat emgenmmn%?mamc{ proksshlee 08 @ fragment

iegdafthagbdSesedith the&ﬁ@th@cﬁ%ﬂftm pRs@x ilention.t he 5’

flanki ng region, include TATA boxes, and | acki nternal
Meored #i1d Iseguenses. Internal pronoters occur for the

pol T1l1 5S rRNA, tRNA or VA RNA genes. The 7SK RNA pol

|11 glnemecnstanees ibmuesr desitablenial Ingarohs mugleignasidyconstruct and/or

%ﬁﬂHﬁn&?d ifbléde Bf the @H&L%nﬂgn rg@ ®Nebfor.t Mehed Q&Qor may be, e.g., a

PRI R N e
raéffrtoivfrui aider&paésbclatedomus,ere@ovuﬁs; peXpitesSSr hh:tpctslvﬁfus Such vectors
?ncrh?c{e &romﬂﬁ)ﬁ% : %nﬁ%“ Al a.snld 2 asde 1%(5 %&f)l@NAE f’ He dr?\;bd from

avi an or vant ageousty
f0@¢temitp1¢m11d$3|hadﬁengplmgdS,t}feaﬁsﬂanOpteSoYﬁab'g/Chrh@lommal ederhents, and
PSRVt iBE Asivel! fom Boibinatifs tHEeh sB ANhOR! debibbd from plasmid

pronmoters in an
and bacteriophage genetic elements, cosmids and phagemids. Thus, one exemplary

vector is a double-stranded DNA phage vector. Another exemplary vector is a double-
stranded DNA viral vector.

The vector into which the nucleic acid construct is inserted may also include a
transposable element, for example a transposon characterized by terminal inverted
repeat sequences flanking the open reading frames encoding the double stranded
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plurality of hairpin dsRNAs agai nst an avi an virus

wewh/13®7avi an i nfluenza virus (H5NL) in avi anP@Dav2008/000692

cells. By "different" polynmerase pronoters is mnmeant
any two RNA pol ynerase pronoters, such as RNA

pol ynerase |1 or RNA polynerd@se IIl pronoters,

i ncludi ng variants such as pol ynor phi sns and nutants
thereof which in particul ar species will drive

AfS) c Eixpeplss oS uigghid sresposasgrelide TolRnYniFel2, Sleering Beauty,

Mﬁrmeﬁ* ghd: GhilghdpU TR erdiel tBré) mRiefanspdiBn r}ié{’@{ﬂ ifudes a transposon
prom)ter whi ch are

er
ggé@?’e@%ﬁ\“‘é@“\?@% %nt" pol ynerase pronoters.

DI f%E@&Esenp@h@eﬁﬁbm&ﬁoppl@mefaSh@dtScEHr @termhidtothe nucleic acid
doﬂgﬂrﬁ/clt ﬁ?@ﬁmﬁ%&@?ﬁglﬁg IFZ Elf(l)r t%%/ vgctglggf g}? tsr?ryeienv\ﬁu eﬁ? ?}1}] élas been
lcmduced c Ube hosicegdl & tatsdnu@ﬁm qandeotsed gs,afioe exangle de predluction
sySteff R{reﬂ}Bduo?ﬁ%;’BPte ressirl; ﬁ1eu f\ Hbleb@EE NEorPR! ¥ oﬁﬁ&uctlon,

e constructs he present |1 nventi

‘mi(ormt ers int
pryotie aeliseor prrkapdisicaily ?Wed?fseﬁi ntra- and/ or

i nt eﬂ!ﬁ@ﬁﬁ@dk:ﬁﬁ/oﬂiceﬁm’@blﬂﬁhia beCMBMEES phdh€ ordingal cells. As animal

cgﬁ%ir%gnqgfaren 851.15 eI %@&8 g%g@sﬁlla&ﬁcmC@ | tyleloma baby
poisyerdidieyg (BHK) pHelom toe 'V et@ yeltse amphibimedls such a3ukdrepas oocytes,
cﬂqh%cf:&fl&tsﬁu&tas fo, s 'd}é‘ﬁ{B‘ &e?l@ tCﬁh heSREE @ﬁB%%‘uﬁ&lﬁ(%ng DHFR

ei ¢ ac | dons ru nventi on

geop (I CRiHrar SO dopineay adgo bwseda Fféle ﬁmtyh@nmntroduced into the

HEOERL s% 1ok E{h&%le athe Shichif $RbsphReR! M&?ﬁ&@%ﬁe mﬂ@%@{tran method,
nDt ers._each

oGl o BUEAB, {Bagiitnes” chEBBPEDa TRAoHo| derogoration,

Igpoddetias, ac.ShRNA. Opti onal | y i n sonme enbodi ments

gtr hﬁ:gjrsgﬁlg g&élﬁaéfotfzaé/dl? 01%{1(2? § et%nad ceﬁ%g%}c. oargn% (éolz efor example,
Jb’bl@n@fbﬁgearld féBb@ﬂoDeBeqzllenwazs nore mtochondri al
pr 0 MetRhi m@dlﬁn’x sluPlé QQBWGMEM%%H 3557 %k 21011%\9 'hj&yr lgecﬁsed for

rrprlﬁln mu fase pronoters
a&fm en‘@@‘ihé@ 489 toused thner ithouws sermppplement such

A dbthdalSsefim %F@%SF hei gH wHiheRuR@@enediud is ﬂveféabl? betWREf about 6

o R SR AP ArR e FCASoHEA0 oM Fof ol TRAAGOD b, and the

cpblinemeedis® nmaydmmteplacads acrhted, omtirted ébheckssagone
instances it may al so be desirable that the nucleic

Taensgeio Mtk ioma Anpmals e a ti ssue- speC| fic or

ceII-speC|f|c pr opot er . "tissue specific"

it appliadseqe aorb&gﬁ%@ ani @‘f‘ &S {Qyan apimshatast thame hﬂ&ian that

oeﬁtalﬁisl E’Enlgﬂeld |a61€.Cd0|n§tgl@ ¢HemisierREXRItEBEAD T vawm-type anlmal of the
eot.i de se

S Hec1 S orgbree %&@gﬁh?h%r & %l‘léﬁtd]otggl Efg’g g ¥1%e1 meaning in

th prt @f sbuaicplmblqgm end andudescl goetid eequeqcewhfehdfas |b|aeze pagliced or
aitBred by recombinant DNA or RNA technology and which has been introduced into
an animal, preferably avian, cell. The transgene may include genetic sequences derived
from an animal cell. Typically, the transgene has been introduced into the animal by
human manipulation such as, for example, by transformation but any method can be
used as one of skill in the art recognizes. A transgene includes genetic sequences that
are introduced into a chromosome as well as those that are extrachromosomal.
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to a pronoter refers to a pronoter which is capabl e of
directing sel ective expression of a nucleotide

sequence of interest in a spagific type of cell in the

rel ative absence of expression of the sane nucleotide
sequence of interest in a different type of cel

wi t hi Fechhiguesafs prodeding (epsgenis. gnimaly grgswelbdmaynein tie.art. A

{1280 %eneraP@IMobk oﬁtth1§|sul%é&99?1)oud§9ﬁhal ’rar%%fnﬂspem ?9 gk}eneratlon

The term "ce
W@HS%@%%W%‘{%&‘{&’“B%OWB?L al so means a pronoter
capabee®logon® rDNArtngl&i ﬁﬁidd‘d@edew esdhsle, Bfo Q‘ertlhzed ova. For

g [ XM MR T R T e

@aimgm nhosphate wedinted predipitation, sbdome dmsddi, yetrgimirbifeition or other
fﬁ@é(nsbﬁle'f%hfokﬁgd edl]s aa?c Eﬁ%ngxqt%&ﬁ%%\l t{) bgs &ﬁlsrlya and the embryo then

ecificities ion O
%Pﬁémasaetrémpwwa@a@@h ofir' oxge* methoy, d%Ve@Dﬂ@@mbmsmme infected

Wi‘th GNretrBPiiCeIntaifiAR RS diRd IR, Bhd Frah@elR! animals pr?duced from
r "set

al. l.eot.i de S|ng rimers"
BB B SRS R Rt on ol Heioar B P RADNAS are
prinjeeted imn dhapnmha]leysbr oftopkabmrﬁrerﬂl&yb@ prefots®ly aSthd single cell

| t abl e
SoF%, B HERERR s B0 PAGH olp spal Sl ool A
art, l%mﬂh@rf@eth@dj y#ed, tofpsedusg anfpinsgernia atiR@R involcks mBroinjecting a
Méi@ ﬁ&@ﬁn@%o%u@e%béth%r %@gﬁnﬁa@éﬂo Qt 'I%i'e&ed SRRAare then

bl i rs L Ti or nme
%Pg dﬁh& e FféﬁﬁfFre%} g ofidypls of pﬁﬁuﬁgprmmt regitientdd from
bi ol ommbms admines. my PAlso Bk prod@ddeBy afliclear transfer technology.

ot,i en raII of ab ut 2 ucle
Puhg MRSy ffnpHERTSR drstanis O BB LS ity ¢ plsid
mmbﬂabng)themddmgjseqwm}pes fDrax sindjug rdomaﬂpexclblﬁdmg fpaﬁhld:raﬁ' interest

iRlct e CakRft oisfégdfga'&gg %age gl ng§t ER AR F.% 38 fused to

PCR. Longer nuc or exa
Hyeicated Oa%ft%ﬁa Aiteed, m@btr%rtsfqr@ésnto%m@le ré@pients. nor e

nucl @?)Ehﬂ-ﬁfedﬁdﬁed géiﬁttharﬁﬁ‘{ Sr C}g@ 38 ARt BhY be used to

i cons or. Is o ments or
(Bl RESePDis oot 4Dty BOBRECN Gl ieseRRalsbY Hegwitrano et al.
@B889rise the priner and the newly synthesized copies

ft Mul ti pl P t
R T R Y T
ge0e d%ﬁfeb ﬁerﬂOhﬁY dLBRSMGINe Thispproowiure Rr deseribecdriny Unéted States
RR&dt 067308 il dfrE n%ﬂﬁ'vés% heﬁqguﬁ%‘a aﬁﬁ utlé?l%%(temth murine

COﬂtC?I n 1 nger na
t

%WD’OIP?A&C ksssietadc by élilﬁ éﬁlzryd%ﬂ% ra881gned ATCC accession
number PTA-6723) and then the construct DNA. The monoclonal antibody aids in the

binding of the DNA to the semen. The sperm/DNA complex is then artificially
inseminated into a female.

Germline transgenic chickens may be produced by injecting replication-
defective retrovirus into the subgerminal cavity of chick blastoderms in freshly laid
eggs (U.S. Pat. No. 5,162,215; Bosselman et al., 1989; Thoraval et al., 1995). The
retroviral nucleic acid carrying a foreign gene randomly inserts into a chromosome of
the embryonic cells, generating transgenic animals, some of which bear the transgene
in their germ line. Use of insulator elements inserted at the 5' or 3' region of the fused
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catalytic nucleic acid recognition/cleavage sites in
specific target sequences. Priners nmay al so contain

w@eowsussmal sequences and/ or nodi fied or | abel PEHAU2008/000692

nucl eotides to facilitate capture or detection of

anpl i cons. Repeated cycles of heat denaturation of

t heDNA, anneal ing of priners2f7o their conplenentary
sequences and extension of the annealed priners with

pol ynmerase result in exponential anplification of the

geng genstwieiigernseconRreositionnyfTactsr ajdhe site ohingertios gy bersedescribed

(@hnﬁg{rﬂl 39%1 efer to nucleic acid sequences which are
ampli f not her nucleic acid_ anplification

t ech .%naﬂ@r i aethad dpx @eneraing gepRling, UsBsarms: gu@makh i fy using a
tfa@8sdsbRfof Wihe Tl &hnspeSut) teitspiae 4 nbidic(iNAnsirsict of the

iFPSioh i AC aOlons o ol O TRE HeGSEPT iRl ifhisolated
freas the madakaiidh. Onmiot h‘m‘mem& belofigs toatirp hiAfTi faatilyoof transposons is
c%%lﬂgggﬁ‘?ﬁlgﬁ@%p ( f®%§ tah&’ ﬁ[a(:vakgi et al dﬁﬁgg)o VBHi- 'T812El avariant of

airs
Tole pad iscdeseried; in Balkreurw@g ah €2006p. %h@ Tiokd g@( Ms@qué% d@nsposons
feahhtdRitégrividd oPh ﬁﬁnEé&n@ RRPShE QOB EMRNS@ANsHL WREH So-acting
011‘t ttheért ?Zr et such iplt heg a% tr 14 n the resence of
wth l@ea 812 {IRESAOfEse iy gt 0 trﬁRSHOS $ oPm@gseparate non-
replitgting phastnid, Bylyt mﬁﬁembmmmcyam itragspodsn kid fPaiRgetoisrittegrated

ilsl’tig?c@ée 5%13 WK 4 fc’itgelf Elé%réldact e%agn.rqu%ehlleq% gr%%g)t s%]g gs ltogtgvgfléhm a limited
nundise Oﬁale}l siIVIEiOSs Pass, aiNantegra®8 3T 018 orddsufdb2 gragsposon will no
lﬁ?ée? odve ki hifityt @ \Lrﬁ%éo ?63%@[5 9 tﬁﬁ @uﬁﬂ' dvent AR ]gtlonally, as

t ar get sequenc [1fication o
Tt fioras Yae e b é@aﬂuéaélmcsuwmw%rqnﬁw@nsﬁkpqe| ig o jepdogenous

ttaln abde adivitynial bl @viag odde foBkxanplei 4 icBRké®ReNPINGESe further
transcr 'tﬁt' on-based anplification systems. Any

tga&moggog NYet'Rod for anplifying a nucleic acid
constmyatthersnitiblagamsposdntsysent mapbe ased indhatmethods of the present

ﬁﬁéﬂﬂ 106} er>‘( gé ‘Elseggdng%&%h ér{ngsr?h o%rs ?fS %g[ﬁ%rﬁeaul‘% Frog Prince

OirrMeﬂt tr@msposmbmtegn,moanwsansmonsbqlqngmm@ theste bimsasiver pr hAT

Qgtrg@ﬁbgﬁgln@dyt&dsg@ert the nucleic acid construct
and nucl ei ¢ aci d nol ecul.e of thﬁblnventlon in

vect g HRENGE of GV isRmIBEoNiE SEm callp 8 reapIeRt YRS to vield
chirhértd birdd iscHasotibsioneUS €7, MEQOBT r Bieedingy thexesotigg chimera yields

1 a adenovi r associ Vi rus,
Rt PR BORARY 5 O Rpp SEEUP RIS B et o <
i ncl Mdeshegdsr gfmbtarrmhg tl@.ps;gowabhlalms vireraslodgtérue gultures of avian
PR3 rafaP geﬁn Qells pf@é e GREdrRE if PhAGE & ﬁkauton 20060206952.

| asm ds bact e a es, east epl sones,
ey eRabined Wéqh@,mq %v1araﬁ§ ryo by known procedures, those modified PGCs

are transmitted through the germline to yield transgenic offspring.

A viral delivery system based on any appropriate virus may be used to deliver
the nucleic acid constructs of the present invention to a cell. In addition, hybrid viral
systems may be of use. The choice of viral delivery system will depend on various
parameters, such as efficiency of delivery into the cell, tissue, or organ of interest,
transduction efficiency of the system, pathogenicity, immunological and toxicity
concerns, and the like. It is clear that there is no single viral system that is suitable for
all applications. When selecting a viral delivery system to use in the present invention,
it is important to choose a system where nucleic acid construct-containing viral
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viruses, vectors derived from conbi nati ons thereof,
such as those derived from plasm d and bacteri ophage

w@eeen3so7el ements, cosm ds and phagem ds. ThusPCDAB2008/000692

exenpl ary vector is a doubl e-stranded DNA phage
vector. Another exenplary vector is a doublestranded
DNA viral vector. The vector28nto which the nucleic
acid construct is inserted nmay al so include a
transposabl e el ement, for exanple a trans

mehtinlesotre prefesablyy 1} tspradpeiblyi Wéﬁ%b@dp?o@ﬁ@é?‘? éaﬂ@ﬁe g purified to

Hl%gﬁ“ﬂ”f anﬁcf] 9) QREN td %?éélieﬁé} tdrb e detiv&9d{debvérpeofitiebheeleic acid
ranollr anpl es . of “suitabl e

IHRESSEIER CP@P@Z“C'[ MR e’TBﬁ‘l USSP ef ﬁ@gaéegtt@t Tbar PHEP qifiespread
d@elihi@ion). Ref erence to a Tol 2 tansposon herein
i ncl udes a transposon derived from Tol 2 such as

MposTitdnd and ARInIARGEMYNn | Nnvention al so provi des a host
celT into which the nucleic acid construct,. nucl e'hc .
2ci d Tl efsrred AmbOGImaThes SEBRRSHICH Of e IRYcBLigR s 2 pharmaceutical

(IidnﬁYﬁiV % ngftiogﬁoﬁéﬁsﬁ@%nsuhtgblé Qdﬂiéﬁ d Suff:ilﬂe Hﬁ'hiaeﬁiticgbéarﬂérssexmplents
can ke used as exa ro
B PGS ob AIed o ie: SRR BT gy ader, tale
ﬂiﬁzvddr ncalivlsse ¢teas Wt dllonoie akids,ymagesieh [steaate, magnesium oxide,
%rgfqlﬁ@irngm 'llglo%g LR aGan ﬁl?l%lolégegarbk‘%ﬁﬁé{}lyle UF]?&IX&I '&lﬁﬁﬁt%lycerln

€ ani nma
weliung, algﬂamﬂalan‘abamiaﬂ saggnieh aatsfu@g{b agepts, @B arghig, acacla gum,

@ﬁfum Wﬂl&%ﬁl §é'1"E§ of gﬁ&ghMﬁulﬁ&h@ RABMs (melb'ﬁb@hddﬁé and/or

I's such as Xenopus 0o0Cytes,
mlWlﬁgle%%Oh@bISP%n%ﬂ%WQ@rSf9 Sf21, or Tn5 cells can be

t‘(sed In%@ eérféﬁodlﬁéﬂftb NaghdOHRegte reid| dbhstricE) and/oEHicleic acid

y 1685%%: 8? ﬂ%gpv%gfoﬁe%? com&ex%cﬁgﬁéloglg rc])tr ﬁorg a%ﬁ@rﬁg ?ﬁf&s or cationic

whpmplmmsesuwhtabduh conipesitieaEdidelrsadan Ufe4883.352:d08 §164.618; or US

'499 IHE e Qﬁl%ggﬁh*eﬂ%e rthé%h%h@dﬂ%g% B3gh a hposome/hposomlc
ection, etc

el ectroporation ef ul okaryotic

mp@ltiqiﬂcﬂh@‘d@cblé@% @.cmm@ lipidsandsqpéipnally mcl ILGGP |an0t¥18rr component,

ﬁi&ﬁn&l 8 nehgf}ﬁg% Sdaci(‘é'e@ f&nexdﬂ%blg USo5 2139<8I3Bi4 gs $|088] 118655 and US
5§éle>us B 91BFT M ﬁ&me&la’ Mgey %%@M@ﬁfﬁ@ %Q‘E?n%@?ﬁ“mmal

B@léd:&hﬂ cofriplexes ofi $ GLB3 75585416, 12T AT0e ardt6,319c36 Saer, fdesizdbly, the

Cai fg.ﬁ(g{ﬂun? E}'@%S,‘\%%aﬁ grgffc%i gf gﬁg&%kﬁﬁ 1&11%}%1%}{1& T:rPulsmns of

wn)tosma%@ aﬂaodattezcappbcau@nceacbps atsenmpogigon éha,@ogclmies a nucleic

aad, taHeen‘ElPQ(;er 1T éﬁ&ﬁh@qﬂa‘tbﬁmﬁﬁ% 3C @l‘ijoleﬁ%ﬁto‘?dﬁatt?ramd and a
?;rée[tlrnegdsp;ermlrrllgcthgts ?ncYudes raa ga%%n%or a céll sur ace mo eréaie The ratio of
positive to negative charge of the composition is between 01. to 2.0, preferably 0.5 and
1.5, inclusive; the endosomolytic spermine constitutes at least 20% of the spermine-
containing molecules in the composition; and the targeting spermine constitutes at least
10% of the spermine-containing molecules in the composition. Desirably, the ratio of
positive to negative charge is between 0.8 and 1.2, inclusive, such as between 0.8 and
0.9, inclusive.

Administration of a nucleic acid construct, nucleic acid molecule and/or
composition may conveniently be achieved by injection into an avian egg, and
generally injection into the air sac. Notwithstanding that the air sac is the preferred
route of in ovo administration, other regions such as the yolk sac or chorion allantoic



A "transgeni c non-human animal" refers to an ani mal,
other than a human, that contains a nucleic acid
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ani mal of the sane species or breed. A "transgene" as
referred to herein has the normal nmeaning in the art

of bi otechnol ogy and i ncl udes9a geneti c sequence whi ch

has been produced or altered by reconbi nant DNA or RNA

t echnol ogy and whi ch has been introduced into an

Hnidrmay alpo b arcablayedayi iajectiorel The H’attdlalbrla}n sgendghadecrease slightly

wﬂeﬁ lﬂ&’ffﬁg &g géé Gob ﬁmg%@%% g bagdgygmls{ﬁ &gagm{ ‘i}%héssanly at
%RmWﬁICI f)/»' Wlﬁffﬁ?iﬁﬁﬂﬁ ﬂqyelsat Tlemmeokanise | of flmr:ctgmawm(é criigal to the

plfaaﬂ'@ef g tH@Ete@éhth‘&en%H Ambhadit Q@ﬁreﬁreﬁﬁﬁﬁ tRS néHEl?e &es not cause

in the art recogni zes transge ncl udes
&% g debhet dRu e A BFNRIGERO] he dovelOBIng embryo or the
@hraaembrqnmcasemmiahesmrrbhmﬁﬂg theainbay®

extr e es r.oduci n
ani rm %WPO%I %&ef{i&gr 1th W&B@%’ﬁ %glngzngauge needle
tsewﬂbbbkfob @viahiig @faquamnlstratlc}ibuéfhbmmhocﬂ' ofitisgpresent invention is

lﬁ;ﬂé’t we@e%thetd' 0y u§5‘ %HF%% g\gf?&?nf&ﬁgﬁ Ftem %8{}) as those

ntro

FSHEbI iB0IP BIM-ORSILS AOSEABS,US Sl3pS7SARd BB 0060075075,
pl ur ipcheer éﬁlB&llﬁﬁhﬂ meqameb@a&a a&ﬁsftﬁbmdcl@ﬁe acid molecule and/or

fé}(g:OStldt“ fl on, .ci um phosphat,e .medi at e

SRPLET o etigL i Bﬂéﬁugtﬁredr%@rm}{nroaﬁm ATlEeEy, ofich as by

mhalotwre of ae aerosoltdresptayadrikiaformdatien. | Foﬁé}emﬁlﬂé,l”the aerosol may be
f%géﬂgdf@ (A BbRBoR W0 o MBuAE GIPFH IR s 4,501,729),

I ransgeni c
ev reﬁorafpgd écmal yptakeog thehueleisdacid tnimleplﬂ@t inty irglergant pulmonary

BR0EA nlSBEdt Bﬁ'tl@ﬁlﬁier REmpbWtioR) Tohfaffing efébﬁfa?)gu} i Spa.rtlcles of

r oduce Q e infeg an a
’ﬁ{ﬁf %?IH W@O%wapr@tmembhgen@ag ﬁflé@ 122 &yophlhzed
nurdgic hhd qoagsitioas) and rthay b&H@irfgStﬁé hiclatred Q‘;Smposmon through, for

SERTLE 1D BbyLPe GG EL or SRk ol b ipsliipeis. A sori

pRiaewae compheition smipmsmg) tipducteiaatid @anspesitionsaof thalinvention can

éﬂﬁbﬁhl‘}’ye&rﬂ&ﬁraom leBGht B cﬂ s@%é gJ fa ﬁ'ﬁé’c? egfbﬁn tion of an aerosol as
nucl ear stade eggs ard '
@@E@S Qther fhezap Ftceméaumféf ersuttﬂlzdﬁ slisperspnft is lﬁcﬁese whlch can be

lﬂvmcﬁ'dd%&l fhie RSRAUTARM eGRPHtInd' 8 Gnpis8idle ratlod BB £1 to 1 ratio by
1ﬁrals may al so be produced by nuclear transfer
%% ol ogy. Using this nethod, fibroblasts from donor

ani mifebutires stalbynierdaly ewhibblavdetices phisnirghsform solutions or
ég@%{éﬁﬂg ak 'aﬂ a&@eem‘gpe% é?lg 1&8?\uﬁn{a§§utfcoe[era ggmgt eéﬁ’ler by means of

ner 0O
cepietatpn @If 8r @gnpr&miﬂ \eagelypioabe gir St axyeens thaorgher mandw venturi

GHfReld Y rheti8 Gf lulrRoME a8 RLER. CAEMbR Sortmihists r ﬁ@ln nebulizers

transfe red.into femal e recipients., Sperm nedi

QaRLise rthe aptiye mgprgtsntiia & Fgniderarsigst ioan taﬁmlmha? u@eto 40% wiw
nrsgeehblyo less than 20% w/w of the formulation. The carrier is typically water or a

dilute aqueous alcoholic solution, preferably made isotonic with body fluids by the
addition of, for example, sodium chloride or other suitable salts. Optional additives
include preservatives if the formulation is not prepared sterile, for example, methyl
hydroxybenzoate, anti-oxidants, flavorings, volatile oils, buffering agents and
emulsifiers and other formulation surfactants. The aerosols of solid particles
comprising the active composition and surfactant can likewise be produced with any



generate transgenic animals. This nethod was first
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sper m nedi at ed gene transfer technol ogy (LB-SMGT).

This procedure is described in United States Patent
7067308. Briefly, freshly haBQested senen is washed
and i ncubated with rmurine nonocl onal anti body mAbC

(secreted by the hybridoma assigned ATCC agcession . )
solidbpartipaiates reRyola ganaraten tﬁ@r%séhsﬁepﬁ@forbl\fglr E'Fﬁ%‘ms"ermg solid

WM&Q ﬂélralf'é_i_ﬂfi&ﬁ@@ysrl#iﬁé@ﬁprb&udelfiﬁrthi:léﬁitvlﬂi@h afe IIebl?ralBN,Alaf explained
e senen. e sper C ex.is then artificia

IR R amrcﬂﬁr@‘ sol Sopginga prafsieguiied méifted Gose of a
biapkaiRscormysition pr ®eite sudtable fonjuendn adgninistration.

repligcatipondefectiv et ' ' -
cavi ¢ F R bkl b S Mg BbRebRFaRHOENbARop of the
iRsentioNacan 5sba, 2i6d t@esiswll fived astdrimking wajgn; It vaw bg¢anvenient to

.g)trmﬁfate’ th’lag%ézl'an-ﬁh&r%ﬁﬁﬁ% QudtdradonibtaltRing RCHE: @R Binfd takes in a
oreign ﬁene randomy Tnserts i nto %Fch;tgrmsqnebof t he. -
brmspgeisally eapiopriaigenisntili gng MiRSHefict HnfaRet' & b SpRvenient to
pesembiteltohfpitibhas b pamsig Enedditionheitic fged o drinkéng Water.of
I nsul ator élenments inserted at the 5 or 3' region of

tkRembusedgene construct to overcone position effects
at the site of insertion has been described (Chim et

Rhamp 3 Ve ANIRHSHRIE Mahehls CMRIRI ) BEEGLAAC
exanpite fbe HeAlR dohsegbgaws, BB, (RBX@/atNP and M1 eifcinfluenza A

Gt ECENR! IS o s SRR i
§iROWA thdgmsdfikwaref fosthighly 2divergénit Vipd sequricese | Naitgs ett al., 2006) to
LS el LSRR SLERTRr 90t s
seqbpness thet weglopldassarendorhs splepiéan olrshiBaYAS. u hagssaftwage highlighted
5%991@}1* (t)fr fé@ioﬁ?'v@t}ﬁﬂ thdhrhilysd® Hlﬁldeth@éf‘ Apeseatic keghdrtd, ahét were of
I nt,eqrall on ene I Nto enone

b Rrst Ao SRR TRY GG et e T SEBRARE P aBh2. By and NP.
Neiré i fivglly hieesE ovee:tSegneepns §RB2 gene) mwpatidse2240-2341; Segment
??Pﬁ?g&ﬁeg %h&l@&icfés %%5“73343@%&{%@ gEDA g%&p an@bt;]d-EQ h887-2233 and;

anspo ans eg at

son and transgene ’i's-in nto the genome
Segmertt & (DiPagemenustastiden] 4%¢-1398. Tol 2 transposase is

| ost A{."i‘.let itﬁjvghtgrsl_lg'b%{eﬁ@9"\yf€ﬂ?@c_érd l@iZRI\Q@t lséq@h&ési‘fd?ﬂ?iﬁiﬂé% screen for
an integrated_Tol 2 or ni -.To ransposon. n

Hsnigiactingpé SHRB A Tbley Dt o THBAHG SEVEFe iR evallable to select
Ebt@ﬂﬁeﬂ cssmnggeqmei f?r%d(tiﬁ'b eargttl geneds Itk Dekss siwin however that

nown .t e_a . nhatur, ccurrd ng. avian_ tran

ogy et Bertop@aRTHbAAs AR GL AR B FROE Pbocssed from
axprassed shRINAfsor Taampdtel 22006 )cheyn spetificaltyodestgmed an algorithm to
E)Hardﬁcj? ffective ShRNA molecules and the present inventors have made our own
modification to the algorithm to improve shRNA prediction. The present inventors

applied the modified Taxman algorithm to the 29 siVirus selected siRNAs so as to
choose sequences for testing as sShRNAs for the specific inhibition of Influenza A virus
replication.
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There are four criteria for SIRNA selection using the Taxman algorithm. Three

of the criteria are scored for out of a maximum number of 4 points. These criteria are:

1) C or G on the 5° end of the sequence =

1 point, A or T on 5’ end =

-1 point; 2) A or

T on the 3’ end = 1 point, C or G on the 3’ end = -1 point; 3) 5 or more A or T in the
seven 3’ bases = 2 points, 4 A or T in the seven 3’ bases = 1 point. shRNA sequences

with the highest scores are preferred. The fourth criteria is based on a calculation for

the free-energy of the 6 central bases of the ShRNA sequence (bases 6-11 of the sense
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acid construct(s) and/or nucleic acid nolecules of the

i nvention are conplexed with one or nore cationic

l'ipids or cationic anphiphil e¥) such as the

conpositions disclosed in US 4,897, 355; US 5, 264, 618;
are

or U 459, 127. I n ot her enbodi ments
Sl TRt b Rl TGS SaBHSE S 19 mielecide sequence
IshRNlA@ ewith € abhtedi GuldPird andlp@tkc@mbl Yard 'ib?éfé'&'&ﬁ The present

agl(nV%t 4 C%gp %ar%ent ’t%ég o azg og 15n I%@ d1feferent free-energy
@mamemm)r pradictinnk @fRéhdoddplme stabilityt hneyubal@bechewf%d al. (1986).

Pai g ML (WA BorBISE 85 BE ROV SR peiepgos for use
i pptentiglbt pleriivertbRMNAS o tesbifyl T@msabdrty dblinkihttenfluenza A virus

eeplicRRirC maosléld@tsdls% I%Héééére B M@iP BORR4%Bte. ﬂ&fa their 5" - 3°
| atter ap |ca.t|§arr$ teac es a_composition that

FHERIS Shawndn tavleAdoisie L iseauasses Weiteuserde construct ddRNAi

ptasmtdiefsrmeehpﬂemreoﬁlheoo shRINAY. acid, and a targeting
sperm ne that includes a ligand for a cell surface

TahRS! "ifz wﬁ: Rﬁﬁlﬁ\%ﬁm&g@d Ttﬁlﬁ \v/ﬁu-%lnhﬂm gi%gﬁfgg{ 8eﬂo;

t IIC

_and iLncl LQI ve: the PndOSD{irUT 3t$%qliﬁ§mem ne

53129 Ut es a OCAGEAUAIIA S EAUBGAMAGH (SEQ D NGB g
PBledfi‘es in { BAUCHEIMICTACCADUGAR (SEQEDING:7)
Bper2a4(e cons{ CBGEACGIWCUABTAURBUIAT BEQ ID NO: 8)
PBRLaN ne- cont aCAGOGHRT CANPRSAAT FOBGH Tt
@Lf@b'y, TNEAREARTPEG &TGG‘C@R?Q/W?@E WA z) s
R e e G ARUYCHGENCIOOTIGASE "
WP“ZT nuEPGAG USEUGAGALICGAA é%EdeQLNOo )
BT rzi\,pn.  CAGHAAUGARGEAIYCURALMUL(SERLD M@:11)
r#8%qgg, an dAb)QrWAUMuGuU@@GAGAmA (3EQADINGaI2)

=} OO

NBt 1¢9hst andi hGGAIAC WAL HUCUUCGGAGhESEREDaN0erd)

MbU5®4 of i n oyCATUAAUSIAGACAUGAGRR (SEQ @RCEYEN as

MPe59D| K sac PCUNTAGOUAAGBTPAGEGA S@I@'W 18%
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MPA§ UT at ed DY] SRGSATYCTT BTG TeFP (SEYID NO54
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OeCT edS¢e bl | 9] |[| Yy VVIIUII t IIC atrt—S&at—+SsS 1O He—t

for the adm ni stration although not necessarily at

cormerm ally unaccept abl e | evel s. The mechani sm of
K2Iaple ke Juenye he practlce of the

pres i.on, althou ref rred .t e .
needlqgIS ﬁ&?t WheRsdes Eﬁ%%f’e af S? & &g I8 §1raﬁagﬁ to include
pra@otars 9&1&@1 amduder gpsiscanf setqmencbekelenqdﬂa oefReibiity attaehniehe of the

ola l e D&

ﬂé%e%@pﬁm fo {flg lr:)nﬁgfez s?é{%'hgéjsn dpg%d{ehtﬁ egﬁlcﬁen U6 promoters
WS @ear“;d égtega@g@oM@gdqhg minimum amount of promoter sequence

required to elicit transcription of the shRNAs, thus enabling a reduction in the overall
size of the transgene construct.

Two versions of constructs, pcU6-4 shNP-1496 and pcU6-4 (+100) shNP-1496,
were tested for expression of shRNA via RNAse protesction assays or for virus
silencing. The first plasmid contains the minimum chicken U6-4 sequence required to
express the shNP-1496 short hairpin RNA. The second plasmid contains 100 bp extra
sequence upstream of the cU6-4 promoter. It was expected that the second construct
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nmet hod of the present invention is particularly well
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such as those described in US 4,903, 635, US 5, 056, 464,

US 5,136,979 and US 20060075973. In anot her

enbodi nent, the nucleic acid38onstruct, nucleic acid

nol ecul e and/ or conposition of the invention is

adm ni stered via pul nonary delivery, such as

¢omainiagi ba HI0 &n @0 EBIUIEGM SPRUSNCY rYad ﬂ%?ﬁﬁt Yrettgp, expression
gxanpl e, the aerosol may be adm nistered by an

I nhal ati on de e or_ne i zer .(se | e .

4, 501apia3 detg] b desHgs Pgﬁhﬁm%‘%‘;ttnaﬁﬁf‘ ARS8y Zﬁ[‘{?ﬂ?éayy%"?enmem to

ﬂl@@dued the aglibitioh o€ eirheprotindtivnrindwsed by tiushRNMAreypression from both

ti I i t
S S T a B TR O AL s
m@mﬁd@tmpmawdcwh bke ;shBdY pthstydsgusingliangAaiexe Nugfeofector. The
R & o WRAHEAE gﬁé&'s EORISEL t;vﬁﬂ fow @Qtﬂogéiﬁ@mm A/PR/8/34

e mcroni z ositlon I‘OU h,

assin
53&&%;311 uenga AQYrytedts wegeeh A inkicaet Utfe%wre élaawat"éﬂﬁdtter (HA
igifsy Q»va@,gﬁéééﬁﬁﬁatﬁﬁeuré\aﬁ@ﬂ irﬂedﬂ@htbycpérﬂirﬁnﬁg)moﬁstshyﬂn The assays

FRTEF A ORG KOLBRaT o Ler rehr Shg: SR gipus samples

serey @sxéd wWidciani tqiad ‘tdiemé ooffrat DG cn‘uspnmsmr Gadtvohsof chicken
r peyt i
%@g pe santaﬁg 1n%;1|fb%¥e% il i % ‘f’(ﬁ'm? e b gﬁ% e%)ﬁpinﬁﬁg ?111 adherent,
heropganeusiayer th@mﬁb@ﬁﬂteii Wewoé%ilaﬁ@lgﬁle\’@ atio, such as a

1 torh oRt i bisie 'egﬁgnmé}‘ﬁb%Uéﬁlr %hNPEMQQ NEGfiAihik! the minimal
avai |l abl e devi ces whi ch transf rm sol. utions or

BROSIASToGREICS Vo maEs: FREUVAGH GUPRTRE iR WIS ol dgsisck MO! than
BEW MQH(DD)%hN@I- td9erwhivh s@aniacdExtercosstireamtyromotef sequence and the
congr%g gas, typically air or oxygen, through a
&Py BVt uri orifice or by neans of ultrasonic
agitation. Suitable fornulations for use in nebulizers

TaBR'3. R%sﬁlﬁ%f%@ﬁlhg’gﬂuﬁﬂ%bﬁ@bﬁS}I(HLL\naSQa}J)| qU' d carrier in
an amount of up to 40% w w preferably |less than 20%

W w of the f or mul at M@I Oﬁﬂle M@ﬁ rQOQﬂ |MON}90@1al ly water

o e —agueous Heohot sotuttgt 1 abl
iugp;l‘ BiSni ¢ wi t h G’gdy f1 di 333 by tteléadgl t:ll ol of?/ f or

?)o B6MI(810®ENPIN408!| GBI de or| 1@t her sdig abl e salts.
tlonal additives |include |[preservatlives if e

pdﬂ@r&IShNPoH%s not pﬂrepar ed Xt er| le,| Xor exanpl e,

fret-hiy ||yun oxybenzoate—antt=ox+dants,—ft+avort ngs,
vol atile oils, buffering agents and emul sif ers and

ot her for mul at| on surfact ants The aerosol s of solid
VI esion ahs lected shRNAs

R T O AT R R —
ayssn SS’I)ECUGI-Q (®0)53d 56Dy tU6W (ﬂ@&l 620)cgme 7 BESEFd88055) were used
géi ng; “Igte? fo Qo%gﬁ'u&%rdhﬁ\ﬁi é{p‘f‘é&%l%ﬁ pﬂsﬁlaseﬁq'tﬁ@pélgctecﬁschRNAs via a
one-step PCR (Figure 1). PCR for the construction of the plasmids used primer TD135
paired with TD218 or TD275 for the cU6-1 promoter; TD175 paired with TD216,
TD274 or TD302 for the cU6-4 promoter; TD176 paired with TD217 for the cU6-3
promoter and; TD269 paired with TD307 or TD316 for the c7SK promoter (see Table 4
for primer sequence and details of the specific S(RNA amplified). The reverse primers

30 in each PCR were designed to comprise the last 20 nt of each promoter sequence,
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above, and generate a volunme of aerosol containing a
predeterm ned netered dose of a therapeutic

W@09pa380ri on at a rate suitable for hunan PCT/AU2008/000692

adm nistration. A nucleic acid construct, nucleic acid

nol ecul e and/ or conposition of the |nvent|on can al so

be added to animal feed or d#4nking water. It can be
convenient to forrmulate the feed and drinki ng water
conpositions so that the ani mal takes
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effective shRNA rml ecules and the resent inventors
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g

Al/chicken/Vietnam/008/2004 (H5N1), at a range of multiplicity of infections (moi).

Virus titer (HA units) was measured 48 hours after infection by performing HA assays.

The assays were carried out in V-bottom 96-well plates. Serial 2-fold dilutions of virus
samples were mixed with an equal volume of a 0.5% suspension (vol/vol) of chicken
erythrocytes and incubated on ice for 1 hour. Wells containing an adherent,
homogenous layer of erythrocytes were scored as positive.
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then el ectroporated with the shRNA plasm ds using an
Amaxa Nucl eofector. The transfected cells were then

WO pfosassed 8 hours |later with | ow pat hogeni ¢ H IMT/AU2008/000692

Al PR/ 8/ 34 (PR8) Influenza A virus, at a range of
multiplicity of infections (noi). Virus titer (HA

units) was neasured 48 hourssgfter infection by

perform ng HA assays. The assays were carried out in
V-bottom 96-wel | plates. Serial 2-fold dilutions of

vi r udn shwf tesHheseyndxpedments lsuamaeigedin Tabllefepladmids expressing

sﬂPﬁ%ﬁ?? p?}‘iﬁ? %84 Va&’lh/ s\lfﬂ]P) 186 \‘c}\% {‘éﬁf% & %xﬁr Qﬁé/cttﬁr%lyaﬁﬂlblt the

nt ai
raetistienof bntwb%% ﬁ@bﬁﬁ\ay\éfuséﬁ‘ coInRArer tﬁ:ghp é@oqke?lésmléohve@e case
AShPREDDEY 8nd SHINE-NE34 Mn3SRAY aBRS EbﬂBI&ely RHKit feplication of both
shNP- 1496 cont ai ni ng thé m ni mal g fgc&tence vv%?
Viises dRf &cPiRpReTaof s FYREFEISHE ¢ FRRET: g e opfetfiyghesy P lasmids
dvflessihg Ehlh@%ﬂlaz(dl-éﬂk@l)’ 59D WNRereldl S abil it bffenintlgiiniedit @xdduation of

HORLERTMA RCCLE SRS BRI 10 UG LESH dnvPAbE. The

sERBhy 28 maolechde Hﬁmbm’dltbﬁnpmﬂu@m the laws pattegdnde PR8 strain but did
X HHBR B4R hi ly g%é@%n%§ﬁﬁ Tlit‘f'na‘f? &é%ﬁﬁ;c‘rg&hﬁ MhtiARPidentified

[Tl pronpte nBank access

a@@a@i@@% targ?bél@ffxm%g B840 wepusahle fwiphibiidhe repkication
FFERBE82B kestedr € used as terrpl ates to construct ddRNAI
expression plasmds for the selected shRNAs, via a

mgé 8D daRurtuktion bﬁhﬁltn—\?ﬂéaﬂf@lm{?%%gﬂé‘st ion of

asm ds used priner alred w 18 or
TD27 hat beere detggnmegribafoiteis; ofrslgmg"lcp@ﬁ et to hexppas enultiple
ShRRAG 2bmT{A3 Qshef @éns@&?e fbuﬁlrﬂlep EQIVRE ecﬁe rfgp]c%ﬁvlp.ﬂ't t sequence

th, TD217 f t.he
it 9060 o RN ogeEs, RSk, Jdel i rbeact (4BA L dpnsgenes are
cbmplrlpf]lzd ofRrhuBIpEIEAGEripioa ehak, ajatls vs@th d diffeepeetitlied poNRNAromoter
i e ri mers e
Q81 U™ GUEaBITRR) Rl Bt S gFiien erecting the
congprrendc sequbnRied of ehifferent mﬂpgnmné gdriRbAlesurtbed exboee. The promoter
s§ E0CHe ARGV idiE Efshi@fl- Zﬁw éﬂgﬁ@%tsgcﬁ%ﬁ%s &ﬁkﬁﬁ! already

press) on cassette pr.o UCt S were
bEa\%%ﬁeafrﬂa Algfecicdpiaiedmptedpirds eThenBNA targets mwib@olutely specific

t@ XEhRASA ANViRlsasS Mo WRFOwSHE BRID OfF karo & QPREL YFdn SudhOd specific
t 7 of the sequences. The final shRNA expreSS| on

ds used in virus inhibition assays were naned
pcU6- | - shPB2- 2240, pcU6- I -shPA-2087, rcU6- 3-shMP-592,

bR S T S s R
irrelevant control plasm d was al so constructed and
used 4 MWH I - cU6-3 shMP-592; cUG-1 shPA-2087; cU6-4 shNP-1496

Each MWH transgene contains 3 transcription units that independently express a
single shRNA molecule from a chicken pol Il promoter. The 3 individual transcription
units were amplified using a one step PCR and the resultant fragments were then
ligated together to produce the MWH transgene (Figure 2). The MWH can then
express 3 individual shRNAs from a single transgene. The three transcription units for
MWH 1 are; cU6-4 shNP-1496; cU6-3 shMP-592 and; cU6-1 shPA-2087. The cU6-4
ShNP-1496 transcription unit was amplified using forward primer TD233 and reverse
primer TD216, the cU6-3 shMP-592 transcription unit was amplified using forward
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TDL75 GAATTGTGGGACGGCGGAAG (SEQ | D NO 28) cUB-4 TDL76
CAGACAGACGTCAGGCTTTC( SEQ | D NO. 29) CUs-3 TD21 6
WETOSABITCCAAAAAAGGAT CTTATTTCT TCGGAGT CTCT T GAACTCIDELA@S000692
ATAAGATCCAAACCC cUB- 4 shNP- 1496 CAGTGTCTCTCGGA (SEQ I D
NO 30) TD2 17
CTCGAGTTCCAAAAAACACT ACAGCT AAGECT ATGGAGCAAATTCTCTTGAAAT
TTGCTCCATAGCCTT CUB-3 ShMP- 592
AGCTGTAGTGGACTAAGAGCATCGAGACTG (SEQ | D NO 31) TD21 8
CTOGAGT TOCAAAAAAGCAAT TGAGGAGT GOCTGATCTCTTGAATCAGGCACTC

CFCAATFESEARAT hPAT208 CT CTACCTCCT =ON

RIS %ﬂtébmm%kﬁ% ﬁi?%%D&. NS
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($EQ IID{NG: 35) TD176 + $all | TD269 | GAGECT CAGTGI CACGCAGA

(SEQ-HDB-NG-—363—¢FSKk D214
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NQ 37) 2257 |TD275
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NO: 38) 2940 |TDH302 © |©o® m% B3

CTCRAGT TCCAAAAAAATCTTATTTCTTCEGAGACAATCTCTTGAATTGICTCC
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NQ: 40)] TDZ469 + Sai|bo |34 | o
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TGTATCCTGAAACGCT [c1SK $hiPBI 4129 | ACGAGETGECCCCAA (SEQ( I D

NQx 41)] TD31 |6
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I D NO|42) [TD343 | |N[®|L|® e
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the viruses, but not as effectively as shPBI-2257,
ShNP- 1484 and shNP-1496. The shPBI -129 nol ecul e

WO pieshsdoezl t he producti on of the | ow pat hogeni BCTPRB2008/000692
strain but did not inhibit the highly pathogenic H5N1
strain. Finally, despite being initially identified as
a potential target shRNA seqgence, shPB2-2240 was
unable to inhibit the replication of either virus
tested. Exanple 5. Construction of_ Milti-Warhead (M)
nrinags JAR3dend revesse mriseer 2145 andhide ook SHRA-E8 biranscription unit

\ﬁa{s%ﬂl}fliﬂ“eaﬂisu@eﬁ%éﬁ PrEn @I EDSarkihclérdd ﬁnﬁﬂaﬁﬂﬂﬁ@lé r(ﬁﬁ‘i‘ner details

f he d h k
ot iR Db L AREE %slb of they Pk Tanfigaes Ploara o PARRS Basy
ahﬂ/l&hdih conV¥tin Re&adn/l (édtkhtionreanpe e sis amd £3 CAMGIfeSECti®f enzyme site.
]ﬁﬂ Eﬁ{ege {‘eisﬁ‘%f'(ﬁrrlls %sh@a?zs :égllamtg%%bl? ao%%rbgngg w@&@ afj{mgﬁcgﬁle sequential
ligadpg of x’th: agdivipal tdnsarigtion witkNagetbere dol pedear tet fingg MWH

thelAS e (1Bt sequences of different influenza A genes
descri be ab ve. The pronoter sequences are native to

clhl ckeng. auwH he c?mf] &hﬁszlzm ég%mgm@etéml@mm 129
alre resen |

B e P Pl i DL S AR LRy Pl shemo.
2A40|and;scé’§1<asilPEle129!1 eTke MMCEhPBlngZSGftfanE@{Iﬂﬁh il e dnplified

ene our an e

ARAHAR, BiSRECHIE) LTSRS U A 038R e s
transquipiion unit M@S @mMWRdSQQng dosvdrd sriaer2 08232 cdud- teverse primer
TS flrf'cpl@e Eask SM’%-II 1ibg %&%ﬁgtlsﬁﬁﬁl@w&§ am, hﬁ%ﬂé{ﬁ% RIrb@R primer

at |ndepen ent | ress a S| ng

Tmoé@aﬁée‘fqrmrgn%rrﬁ Wr(pﬁmer fetpilparg dgsaibed Tnaatde 4). Bach of the
PIORI proiddees hwas o it JGEMLUNERSy WRT Sqasmallli 1%%&% REndruct the

ﬁaﬁmq{a@%ﬁ & d‘%%%%@ﬁ@l?'af%%{f%@ FBiRT ansgene. (i gur e
h W@a
a si -rll-glee trans ce%;%l} ]{4%2 cﬁgljg%@él'%?i 6#}5#@?95[ ‘?%5?

Theyfhaee trw@cmpgmpmm@m MBBE 33re; 0WF6-8 SANRALHS4C LB641 ShPA-
2@81%1@ QFEK sTJP@1022€574 ﬁfé“é%alﬂ%ﬁmﬂﬂgg (ffah%lri %8n Lﬁﬂittwéé@ﬁnphﬁed
fie %%Zus‘l ng forward prinmer
uE)‘Fn‘E n}@lrw pgmef hED %145 28d gNpse Qﬁlm@raﬁ%p%pﬁh% r@U@nl tshPA-2087
tmasi:n@ﬁmh i dniite ghay Sdnﬁ]ﬂlﬁedrﬁm T@Wa@d 5pr1nE€frf ?DQ§2 %d%%&é@ primer

f
10 o TR SR P Bt Wi i plbiopne forvrd
pmaieu dA06 mprelvmse pTiﬁ%étHah]dS (reireersdetyitsi arerdedddtkd, inabable 4).

ERBP e PCROREAAORE: hEAPAORLPRPAGEILT 1485 AT B LGy tgated

tq pnsrest the fial N WA trenrases asﬁeacmbﬁdmbwam in Kigoh 21 ¢ he
POR Pr Ol S P FS B S B1 537 P ShNp=Va84; cUS-1 shpA-2087
The three transcription units for MWH 4 are; cU6-4 shPB1-2257; cU6-3 shNP-
1484 and; cU6-1 shPA-2087. The cU6-4 shPB1-2257 transcription unit was amplified
using forward primer TD233 and reverse primer TD274, the cU6-3 shNP-1484
transcription unit was amplified using forward primer TD234 and reverse primer
TD343, and the cU6-1 shPA-2087 transcription unit was amplified using forward
primer TD232 and reverse primer TD218 (primer details are described in Table 4).
Each of the PCR products was again cloned into pPGEM-T Easy and sequentially ligated
to construct the final MWH transgene as described above and in Figure 2.
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and each contain a 5 Sail restriction enzyne site and
a 3 XJtol restriction enzyne site. Both of these

WO e®B13873 on sites have conpati bl e over hangs whGT/AU2008/000692

al l oned the sequential ligation of the individual
transcription units together, to produce the final MM
transgene (Figure 2). b. MARI® - cU6-4 shPBI - 2257,
cU6-1 shPB2-2240; c7SKshPBI-129 The three
transcription units for M\H 2 are 4 shPB,

1-2257. . .

cU6- The fimBZinab AP HArse P SReEhHER teitfabfoﬁilﬂélf lt&t%wgé’“ virus
prodt’Rdn Gk %ﬁ%@Ald@anoasm@ 'HSN’}a&fﬁBﬂial Al dehsu@liable 4,0Exytrighent 8).
prinmer TD233 and revef r| mer %VHFP OUSC tively inhibited
NS BE3. 295 Ao WeredS BRb TEHT BT GaE Bl Ry vely
H 3N Mgk rodwstion, KRIRZMEVH 7 waeria es pffective a7 D2W5] 1.and t he
c7SK shPBI -129 transcription unit was anplified using
Hxanysie §. Monmb of PBAG andssanee e psmﬂmweatm (pri ner
detfalils are described 1 n Table 4 ofgthenQSCEp. lasmid
pr odeels MBS avasnelgnedh tigiopibene Sy b?& ohg ( jsyplasmi
fﬁélHﬁEe%glrISQmGHn@ﬂ Eﬁég‘Mng tfdnﬁg’dneMlﬂ‘dt\ifée@nS@léﬂ’eﬁ'baﬁ'er fragments of

cri bed and in Figure
cbifke rme DS Gy, Pk difba V355 fom, both the
tiahegeme ringdriiem proviesss add extokl Sramsceiptiondead ghregil484he MEL and

@#ﬁg Sf‘ﬁfg‘%%a feas 00 ? sefedialt ﬁ?’pff)ﬁlfgezglﬁﬁmfc Slaguéhyés flom the chicken

anscri Ion unl

geoomar(ile penomic d@@ﬂ@ anidateedaypisk op ffranwlp’ql%dzelem%S that could
@léﬁfe{e \%ﬁﬁ’/’x%g%?oﬁ S80S VIR {9, t TMRSpRARS ﬂeéioﬁ@i asigédeibed in

LSl st GG 0 o A o

sg Dmromzztzpm 5099-5DPB 0B aadAGRIMSET 08 (ph 1Egb| ARBN2004814.1

A JEb ket ?‘3&2%?25&"633%%?3 i o BamarMTy oY ' D
gbda/qABN(]ZﬁM&Mlh HHRE69RG bponst ruct the final MM

transgene as described above and in Figure 2. d. M\H4 -
Ribinid pSiEBL e@RBUctionlU6- 3 shNP- 1484; cU6- | shPA— 2087 The

1 oo asnitessullipas ERBsuied. bY HoHing AT SGgnSs e the chicken
QHome, ?W@ed;ﬁﬂ&'ﬂertdﬁcaﬁts@ by }ute off restnictiomerszyarepdites,iist the pIC2OH
si.ng for r

B LS T T O, AL T O i
usiign thef primets distedi imeFablDZ mdathen cloned sl@dlpﬂdluﬁ%}‘ IWDS@M -T Easy
gﬁ"\q rgél%ggﬂg S%atﬂ%ﬁ? . 29Bdse Lt RMRAT ngﬂgocﬁeﬂ' BkdisdtBfom pGEM-T Easy

orward prinmer 2 ev
plenedrsempentiably; wine Hist tesiristion SnauEg St [SiE i3 ighl 5. Firstly,
éRMiEQO@ Vs 6l$lfédFiﬁF& prcozmpfcﬂlma t@gMEu eDONERMN1 600 and MEL

S%EMA—‘[ eEaa 106%1?1’9g §c’te qeuﬁl%trlesa}llltln}/g plag% d was checked by restriction enzyme
digest and DNA sequencing. The final assembled plasmid was designated pStuffit.

Table 6. pStuffit construction. Cloned fragment designations and the primers used in
their amplification.

Fragment Name Primers Enzyme sites
GRMS5 200 TD277 / TD278 EcoRI / EcoRV
ME1 200 TD281 /TD282 BamHI / EcoRlI
GRMS5 1500 TD279 /TD280 EcoRV / Xho!
ME1 1500 TD283 / TD284 Sphl | BamH|




to construct the final MM transgene as descri bed
above and in Figure 2. The four final MM transgenes
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production in an HA assay using H5NL influenza A virus
(Table 4, Experinent 8). MMH 3 and 4 were the nost
effective transgenes. MMH 1 allso effectively inhibited
H5N1 virus production, while MMH 2 was not as

FLbRoL 48 Mchor SO SHARCHGRR! b, Regritin

110 OUT T 1 T I(J.DIIILT \I_I uUIC O) ||||b I.JI ablllu v
F’Qmﬁr Q"éng‘ﬁ%‘éﬁr{J on of the MAH transgenes between Cloning

mﬁfgrl buffer fr i nom o DNA to enzyme
pE2L i &AL %Ctoﬁ ACGWECSe R &é$ GeART FAhe | EcoRl
trans efﬁ@ ASdr GATAGT de dSEQHA N #8) nal transcriptibn

TE2d 8t|BATAILC THA AET Akd TGHRAAG BTEGCA RIEMGE wer pEcoRV
sel ect|g@EHQ INN@WEE | ntroni c sequences fromthe

FTDRTOETGAFIONG TG 0L CTT CCASEA ACANBI(SER 1Bevoi d PEcoRV
transgry@i4mnal el ements that could interfere with

‘Fsbfégﬁb TPC & G‘A’E%%bﬁ'g\:%ﬂ?l\)%sc ékgg /}’éﬁ\',%g;@; ABIT 0TS Xpol

D@ %fwAi%ga t‘g@ﬁ 1) BamH|

bl AADMYS0 AD1 A71- 13113 13078- 12911

1P258| GAAT th CRRBAGRAT OGA 06 HHOROGRIMBIRCL | ECORI
10126-|199Q¢C DHC ETradahd Tt (SHEQ 1D tN48) ucti on Pl asni d

BR88f i GCAAFGCANTT IMAR ATGACA GAIANGCIRGIGT BHAAGAC | Sphl
the chi(GEIDNOA) in a specific order dictated by

70289 GEA TCEITOA ABTXIBGSTGESTCATBCAIAS BEEAYD BamHI
cl oni ngﬁ‘@'%ﬁ)— (Fi gure 3) Fragnents, as listed in

—Table6; were—first—PCRanptfred—usitng—the—primers
listed in Table 7 and then cloned individually into

GEM T Eas I nvitrogen) and sequenced. These
&g@m@ﬂ%{é_ﬁaﬂmmsmwmf fif r om pGEM T Easy and
cl on tiall u5|n el tlon enz S
i ot offS AERY L R B B R oeen. the
HRO2H R0 end (MEU 2060 swﬁlenQdBO:p reans thé Beriod dffelact BOWH tansgene.
I
EQ&DW%&@%%%% 8GR ﬂStﬁ‘%it %klzfg?elgrb ‘gﬁé It}‘ﬁg %%l?,ﬁfjrestnctlon

restriction enz}y a}zst an ng
fiten afrlsg daed pendeviens | Fashierd wae! teedlognter die grsisign ¢k the vapgtiaict with
Gary gt dhhduinks @Mtﬂgcsre hce @h ﬁl%ds)}‘ ﬁ?ﬂfm%ﬂﬁfé_?_tr&ﬂ@ﬁ eRAfne sites
I mers us 1L.T1C n ab
At 2P SREER 681 PoRStoeRpe? B onies FGhed nencen iherefore the
fequsheffit pResiidd @intaimng rachnef the MW Haingerts) ek Idigesidd with Hindlll

légtsff‘cq:lii)h oéﬁz%w Wefeﬁ?enﬁlegﬁﬁ?ﬁngew ® B(?&)HEEE& and used for the sperm

mediated gene transfer (SMGT) process.

Example 7. Linker based sperm-mediated gene transfer

The process of delivering the construct into a fertilised chicken ovum can be
achieved by linker based sperm-mediated gene transfer. This procedure is carried out
as described in US 7,067,308. Briefly, freshly harvested chicken semen is washed and
incubated with murine monoclonal antibody mAbC (secreted by the hybridoma
assigned ATCC accession number PTA-6723) and then the construct DNA. The added
monoclonal antibody aids in the binding of the DNA to the semen. The sperm/DNA




The pStuffit vector has a unique coRl restriction site
| ocat ed between the GRVb 200 and MElI 200 sequences to
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transgene was inserted into pStuffit by ligation into
this ECORl restriction site. Also included were Pad
and Swal to allow for the exct%ion of the construct
wi th varying anmounts of flanking sequence (Figure 3).

Fetel S shen BTG R TR B TR R durep ol four times
sgtjuhbeurs beisweerd orsemirtations. nBggspSt oélicctedplady s two days after the
%ﬁt ﬁéeﬂhﬂ&mﬁaﬁn‘ﬁl 91 #1f3 fsEdina di gested with

restriction e%zyms 0 release e final insert
to be purified and used for the sperm nedi ated gene
transfer SI\/GT) process Exanpl e 7. Linker based
FxampleSding ahsgen@hintg TolPcand deliviery fo/ehickens

e O 5 ok T AT SO TSR s oo

Thtosthe otk tansposen ventor uinglnl2/A4CH €EHQ BBAND6ASBalciunas et al,

&O@ g% gar%%bl‘ﬁ{)l\%re r&ﬁé{%@dﬁ%@lﬁ e m)noc%%})ng%%% @ﬁg&gﬂé ?hges‘uon

S @&&@dTW frageent s dewhigated ingn dep W@ X7ol s1te within the
aad 1slcm1ﬂglgﬁréebﬂ?ﬂféTﬁ1§E%§§ ofrlvdoin the construct

Th d tib the bi o

the %ﬁﬂetpag{éﬁgﬁ drlveranbe %ﬂmﬁoﬁa orrrexch SHd 062 and
MWH AcTdl2 gonstreenSEQ B2 NOW6Y) inens chitken pmbey@ssani Ise achieved by
SRR IR s i
gmbeyost eigher ifiost thre @Qﬁ whet tha embryd is Msaldmt &omt the gonads of a
f it

5:5;%&3 y JI0SRHBrHS TH%Q’{C%@%‘ ﬁ{j@%&%ﬁ?\d[ ef%dﬁ? el 1518&'5‘% Bfe B%ﬁwlsssue by using
DB Reribah” Ael vomoE ARy 65 RBSgeRecs are then
\ﬁhb&opﬂr@traédmlﬂmﬂﬁe T2 tohrutlsadifiPe separdRCHi@smid encoding the Tol2

4 |
S R ph T TE g TErDPs HTktiney Bhrbcadior veing an Amaxa
%@teofecny Himasb ellsdirg deniinjectail backSaid a smwibistitlembriidithat is 2.5 days
&n[cf‘%lﬂﬁ efdrmﬁié 3 %{%ﬁ% e&ﬁlﬂ shtﬂ"?e]; é‘%ﬂyg‘f fﬁg%levélb&ﬁg embryo.
transpb BWC‘?ﬁé@tf drahverm the & @Qs@naruqufemt% chiglen erabiyprag also be
I@fh@vdélolﬁbsﬁfré&tele(cﬁﬁ%a@oﬁ@f %) bﬁﬁ@d@ﬂ?ﬁoﬂ a dsh laid eg% Briefly, a

%gﬁlfclt { ug fgé}?a% % 1§>Iop?&§2dc}lp gév%égqh%]h ’fq%grn% %asto%erm 1s injected
Brithe Tbi2, céSEactaDN A arsites helfilcfrdé@\{,ﬁwiﬁ@)n @E}pe‘rﬂal wRigether wrth a plasmid
m t 0 en .t he
ggmd:ﬁgqs gleefél? ﬁ%%gRqsase gﬁggﬂas (}degn ds éheara?e%%)og%éaf%(f {fipovo using a
ﬁ:lé( R8I0 eElpeira queldref Poratarhe R§fGodrodogtaladalthe iesige of the
IB}ésHﬁbﬂlg aﬁ@mteéeccdﬂgtdrg ad¥stoihdd wRRAMALLRButMiteR)electdBoration,

puri f Cgs are
they wi 1 proce to become germ cells within the gonads of a developing embryo.

\l

Example 9. Screening G0 progeny for transgenics

A small quantity of blood is taken from either the wing vein or feather tip of 1
week-old GO progeny. Genomic DNA is prepared from wing vein blood using a
QIAmp DNA Blood Mini kit (Qiagen). DNA from the feather tip blood is prepared
using QuickExtract™ DNA Extraction Solution (Epicentre Biotechnologies) Two tests
are carried out on these samples to confirm the presence of the construct.



el ectroporated with the Tol 2 constructs and a separate
pl asm d encoding the Tol 2 transposase (pCW-Tol 2; SEQ
WO DRI, Bal ci unas et al., 2006) using an AMBKEAU2008/000692
Nucl eof ector. These cells are then injected back into
a recipient enbryo that is 2.5 days old. The
transforned PGCs nmigrate to g£stablish the gonads of
t he devel opi ng enbryo. The process of delivering the

Tohz :ﬁ %rsucts into a chicken enbryo can al so be

by direct electroporation of the blastoderm
of aPCReﬁhéa)fn&?'oﬁt ®89the Bln&hnidY sa Plfeﬁ %ﬁ'gythleafo%ard and reverse
fertilized a%?qls opened to revea | astoderm T

PHMEEt it i ablG & Tt BR e b o A 0 AL ISR s rrﬁlgs?%rred to
afhenhbRagiant afy%rlﬂiss@t\ﬁlﬂl b QadEibaRIve Iabeli?edploaﬁéﬂ duclelc acid probe

5 CEIES) b5 R ORI T8 UG SHRI Bl

iSeppmse oKatp filmPGEpoaitize lin oeficated by & hend eﬁﬂw calfect bige being
d@ﬂe@t@&Bﬂ%ﬁeﬁi’egﬂﬁn‘cé thRERE rgﬁl s are transformed with the
construct after e ectr ration, they will proceed to
beconme germcells within the gonads of a devel opi ng
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genom ¢ sanples using the forward and reverse priners
listed in Table 8. The PCR mixture is then run on an
REFRTIOREOG R itathvedeg{ erred to a nmenbrane and hybridi sed
W th a radroactively | abelled | ocked nucleic acid
pr obRedTlimee? @ is édrtied ohiydr thei geadbmimsaadesasding thg primes listed
r h X
1{;'1"91[%54 'Tﬂg ea%ﬁé l?Sg% ltﬁ/e'eﬁ}lﬂgm 3.%% @{;é%n 53’ % P s ?gl%q%e stranded
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aut or adi ograph. Table 8. Qi gonucl eotides used in

Tahlh o S iofy ot Kea- S Bk SRS haces  Rea-Ti e

F@qmia,hl tative AGRifSedbn TiSBuEieR is carried out on the

PR B8 Lo oo |ndh(§8 PR GG gt S sEa 1D
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(promoter cUG-4) NO:59)
Reverse  primer | TD252 GCT TAG AAA GCC TGA CGT CT (SEQ ID
NO:60)

(promoter cUB-3)

Example 10. Testing for transgenic birds

20 LB-SMGT

A bird identified as transgenic in the GO population will be retained and housed
until sexually mature. Once sexually mature the bird is used in mating experiments to
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will be retained and housed until sexually nmature.

Once sexually mature the bird is used 'in mating

experiments togenerate @ traksgeni c progeny that have

a copy of the construct in every cell. Southern bl ot

and real-time PCR is again used to show the transgenic
gencrate GF trapeeenic pragsayythatvbae actoRy| ¥ldthenseurbiet dsickery cell.
geiBsin bl Soiid hedlRink PCR 9 RdaikGRed R0t thg tlansgehits@itire @ff the G1
site and copy nunber of the construct is carried out
BifetWase birds. @ birds identified as possessing a

r el evidlote detaidddr arcAlysin ssing igenomiceSowhaedlotatand BERuagarding the
eLth S sy MpltBPof e Sl APa A M OFBR DM,
to vaPl birds identified appossessing p Aelpvamh ganstiochBpertipnigre gaised until
Sex@aeMatyise S I ofhR ICEsSiRing frdnh eres®BREJ M6 tusédlin animal trials to
varfj gﬂ; tissues and at vario s.ageﬁ. Tola Tr %gzs,@odson Ivsed
VO TR AGSISTERCH loATaUS AR oL X tan IR RYeERe 1rds are analyse
forarpiesyioreof tRétonsaticthiawaribectissadsemidraopaiaisadesm t h Tol 2
construct wll hatch. Only GO male chicks will be kept

d0l@ Mahdpoksn rai sed until sexual maturity. Semen will

be collected fromthe nale birds and PCR will be done

to cdAf empryos thatyiavs eithes refeiwd thohokb? Hrangiarnped) RGGnpr have been
eleatsdporied withITig2 tbdtrt &ilPERcRODH) \G Mlel cHidksUsifIthd Kept and

Lng .experinents t enerate t ransgeni.c pr.oge .
PR e RGP G 55D gt SRR el Her R Fu fHeSRal binds and
BOBt widk e dérettoandfirmaf aty obtheERds coagai theusledartt@osstowt. Birds

r ' _ .

WG ol BORARRGe WHN 00 &' Bafe PLARRRAS O ABKS, B yansgentc
mivseBr Bigbheve hoepit of Secemstrvaidn suenywslls NSsharn bheigpmdereal-time
P@RSEB%&@ udellto IRAE HR! thAReRfic ASRRITSR G1 B ny.Each
cassette contai ned the nbuse U6 pronote or
expression of either shNP-1496 or shEG-P. Both

ransige e vverle t hen ]JSd to gener at% transgenic mce
E.&mg;qﬁ:&@ﬂg System Influenza Apresistant tra g

- A8 P8 06
and shis@EBseshiRMntdrsanagentdoaoShRINGS trivespendd '

a Aeds fortgeneration
T RO T R——
Yee? AR 4DQEKAFRTFT. B Gh 1BREdAES RbreRRET el 88 generate transgenic
Lentiviral titers were determned and lentivrral

maget Ustrigd sntivdrab teichiidegye dBriefly theshNIet 496 dand| ShEGEFPshRDEA
?rf%qs'egﬁ{n)% %lﬁ?eitgg\%er%o clilgr%deu%rtﬁg f’ehti;frlhrgl g%gg {rSter Vector (AusGene,
Bentleigh, Australia). Transgenic viral constructs were then packaged into lentiviral
particles. Lentiviral titers were determined and lentiviral particles were injected into
the perivitelline space of early stage mouse embryos. The embryos were re-implanted
into pseudo-pregnant female mice and the resulting offspring were screened by
southern blot analysis. Transgenic founder mice were obtained that had stable
integration of either transgene. The founders were then mated with wild type mice to
generate F1 progeny. Transgenic F1 mice were then tested in a challenge experiment

for resistance to Influenza A infection.



i nto pseudo-pregnant fermale mce and the resulting
of fspring were screened by southern bl ot anal ysis.

wae@naspemi ¢ f ounder nmice were obtained that haPCHEAHERI8000692

10

15

20

25

30

integration of either transgene. The founders were
then mated with wld type mce to generate Fl progeny.
Transgenic Fl mce were then 45%sted in a chall enge
experiment for resistance to Influenza A infection. The

chal I r f .
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numer ous variations and/or nodifications may be nmade

to the willvenbpgrociaed BYOYersons §iked REEhd he tﬁﬁbﬂﬂhm Sariations
TN O D e

|nvent|o
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ications di sCUSSe A TS
}Wé@?tﬁ@r@fiél@tmﬁf@tlﬁel n their entirety. The present
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their entirety.

The present application claims priority from US 60/938,315 and AU
2007902616, the entire contents of which are incorporated herein by reference.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.
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Taxman, et al. (2006) BMC Biotechnol, Jan 24, 6:7.

Thoraval et al. (1995) Transgenic Research 4:369-36.

Zamore, et al, (2000) Cell, 101:25-33.

Zhang, et al. (2004) Genome Res 14:79-89
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animal cell and/or reduces prpduction of infectious
influenza A virus particles in an animl cell and/or
WO 2@8as8971 he expression of an influenza A vir uBCI/AU2008/000692
pol ypeptide in an influenza A virus infected ani na
cell when conpared to an isogenic influenza A virus
i nfected animal cell | acking fhe RNA nol ecule. 2. The
nucl ei ¢ acid construct of claim1l1, wherein the
8 y ‘Lstranded regi on conprises a sequence of
reereoti des selected from (i) nucleotides within
positions 2240 to 2341 of SEQID NO 1, (ii)
ucl e h i g 5 f 3 -
ﬁo 19%* Bl eRa3 hbiRe ﬁﬁ*pﬁé\fﬁ?.n%ﬁéé%%gﬁ@“@  double
egmnmhsren( the RV snodesui eisduesis il uenga & ‘flmﬁgplmmn in an
a{n‘?mgcﬁ@gﬂ %d/&Eth&s ducu()ﬂ)ofainféﬁﬁglgoﬁlﬂd@n@eﬂU\ﬁﬁﬁ%a@tﬁcles in an
any on r

HpeE 8 aléd/greEﬁs‘@ﬁf‘ée itorian of andagdiehaas iy i%‘ﬁtno Barptids in an
iaflverA e Ofrug infedted 4nital ¢elli whenscomysr&btoi abeissgeniteinfieenza A virus

P e B R RO ARIRMR L ¢t Y construct of

claim?2, wherein the RNA nol ecul e reduces influenza A

yirusp Heeﬁﬁcil&@t% % cbﬂstﬁﬁt i il qelhepignng cHHﬁBfee@rah&’ed region

an 1 sogenic 1 n enza A virus | nf ected ani mal ce
GORBNISAY2 Semerggoiiyrisetides selected fionkucl ei ¢ aci d

Const(r)uﬁltcle@ﬁdé‘sl Wikhth gosﬁmﬁrmo td D84 RWSEOPNDE, r educes

P 0o pidtedtides i e %%%%*@'5?31%&?3?3@(3@5' oles

i nfl L(ar)mcléoudesu&thmbemnm 2087 e 22330 SHQIRING:3t he RNA

ner &) ppRodR SR b S SOPRI SR IONGUTF o,

i nf | ®hz audleatideissqysars plgatyiae of SEEND Nﬂsiﬁeﬁt?zlé oK 5¢ite 04
i nfeqigd rﬁﬁle@ﬁ!ﬂe %hénc‘é@@ﬁc}f"ﬁ 'EP%&@Ob/Puféﬁtléa? ﬂgﬁﬁi éne of (i N&to ),

i nfl uenza A s i nfecte | acki ng

ol ediiiba Belepde segrenee ‘ﬁuﬁu hgﬁrh@%?su@t anyt Oawf éﬁetoo@ under
@atinget® cdnditlors, Wherein the doubl e stranded region is

at | east 19 basepairs in length.7. The nucleic acid
construct of any one clains 1 to 6, wherein the double

3t r arlednndeic oavid sohesst PAatrim0d, bhswpaithes RNA Ireelgeule reduces
ﬁﬂu%&% Ayghe Eéﬁlﬁ%&ti(&ﬂ%‘%ﬂ%ﬁﬁﬁﬁtceﬁ lﬁﬂycoﬁigﬁregfto Ghad 111@ 1nﬂuenza

wher el n ecul ha|rm
A virpg nfaeted anigakeelhlaglina the RN Adgnolgele.one of cl ai s 1
to 8, wherein the doubl estranded

4, The nucleic acid construct of claim 2, wherein the RNA molecule reduces
production of infectious influenza A virus particles in an animal cell when compared to
an isogenic influenza A virus infected animal cell lacking the RNA molecule.

5. The nucleic acid construct of claim 2, wherein the RNA molecule reduces the
expression of an influenza A virus polypeptide in an influenza A virus infected animal
cell when compared to an isogenic influenza A virus infected animal cell lacking the
RNA molecule.

6. The nucleic acid construct of any one of claims 1 to 5, wherein the double
stranded region is at least 19 basepairs in length.



regi on encoded by the RNA nol ecul e conprises the
sequence of nucleotides of SEQ ID NO 7. 10. The nucleic

wa@eood/188mst ruct of any one of clainms 1 to 8, WAEr/aiz008/000692
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t he doubl estranded regi on encoded by the RNA nol ecul e
conpri ses the sequence of nucl eotides of SEQ I D NO. 9.

11. The nucleic acid construc4d of any one of clains 1
to 8, wherein the doubl estranded regi on encoded by the

NA ecul e canprises, the sequence. of nucl eotjdes

Gt secrhorgsia S50 BonstRe ot s R SIS d % 6B frEe e Aouplg stranded
eapgorDfs leds ahams] 00 bagepBirs whiengthn t he doubl est r anded

regi on encoded by the RNA nol ecul e conprises the

sequence of nucl eotides of SEQ ID NO 6. 13. The nucleic

8ci d Tomauelgict add canstrushef oyconsi ot cleimg 18fo whevhergin the RNA

hitesipuBlheas% andsad Riegi on encoded by the RNA nol ecul e
conpri ses the sequence of nucl eotides of SEQ I D NO 8.

14. The nucleic acid construct of any one of clains 1
Do 8, Thhaueleio dche coptratiest nande¢ of eBiime lerc8dadetrih tHeedouble-

NA |Lecul e ¢ i SES e -sequence of nycl eoti des .
SPad iR a Aot by S NI BBt isoh e, SRberisE g mycteotices
oh8EQfIDAN@iTs 1 to 8, wherein the doubl estranded
regi on encoded by the RNA nol ecul e conprises the

sequence of nucleotides of SEQ ID NG 15. 16. The
hdcl efke ausleic asik eonpucio! amy oamef laimpd for cwhpigip the double-

StrideB regibe Efdoded BS tRORMA HiolecBRCQMGTisbyVheXNeqh®ice oRNAcleotides
&;ﬁgﬁé%hﬁg 17- The nucleic acid construct of claim 16,
| 9 RNA nol ecul e conpri ses a nucl eoti de
sequence corresponding to a different influenza A
{rus 18 . T j i d [ Uc f_elaim,16
S TRE Rt i B & B BAe pERIFE ICho oy @bl ioubte
pitanided regien seapdehbe tapBNAbmpldcilekesahrisenthRdaquence of nucleotides

Bp&;}gqqms@;ﬂz[ pronoter or a RNA pol ynerase |11
pronoter. 19. The nucleic acid construct of claim 18,

wherein the pronoters are RNA polynerase |11 _
p2.0moTley Gucld0.acitheonstiatiedCarBic bk 60 RBAMS At to08, Fhedeh 48 double-

gt%adml%ilga Ir%rﬁs%rg Erbc\rlé'g?é sl% het EﬁAprrn%iTe%{ﬂ%rcson%)rrl%esc Iecsiéc%rl]éncte 'of ir(n(iélleotides
of SEQ ID NO:6.

13. The nucleic acid construct of any one of claims 1 to 8, wherein the double-
stranded region encoded by the RNA molecule comprises the sequence of nucleotides
of SEQ ID NO:8.

14, The nucleic acid construct of any one of claims 1 to 8, wherein the double-
stranded region encoded by the RNA molecule comprises the sequence of nucleotides
of SEQ ID NO:13.

15.  The nucleic acid construct of any one of claims 1 to 8, wherein the double-
stranded region encoded by the RNA molecule comprises the sequence of nucleotides
of SEQ ID NO:15.

16.  The nucleic acid construct of any one of the preceding claims, wherein the
construct encodes two or more RNA molecules.



21. The nucleic acid construct of claim19 or claim
20, wherein the pronoters are selected froma U, 7SK

wW@e@B0880F pronoter. 22. The nucleic acid consPeUAU28/000692
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claim2 1, wherein the U6 pronoter is cU6-1, cU6- 2,
cU6- 3, and/or cU6-4. 23. The nucleic acid construct of
any one of clains 19 to 22, werein each nucl eotide
sequence encoding a RNA nol ecule is operably linked to
a different RNA polynerase Il pronoter. 24. The

nucl eic acid construct of any one of clainms 1 to 23,

wher efhe dueeid Bl YeARRI oMEIENS 10O NRER e RNA SRJI&SIELSmprises
fr%g] P@I , PB2, PA, NP and/or M. 25. The nuclelc aci
L BHETIUGE seBenSHGPTERONSING o4 Jiferent ilanza dy xirgs penehe
i nfluenza A virus pol ypeptide is encoded by any one of

QI S . ~The cl ek G id.constr f
By o pleig i dedtpe of AU ORSpT, WP AT R otecule
igenepded dyiafucleotide sppleygrequciabdy ligked tPheRNAgiadyoemsd H promoter
GARNAYSyRErasd BI FloffrerWherein the avian influenza is
H5N1 . 28." The nuclelc acid construct of any one of
clains 1 to 27, wherein the construct consists of

Ihi ckiie andeic Nddidl efdasrdt VAfT bigind ULY, eRhdidR SRAWEREGSrs are RNA
cleic acid construct of any one of clains 1

2o . The mé g
RO BT chOBIEBtes t hree’ RNA nol ecul es conprising a
doubl e- stranded regi on, wherein the doubl e-stranded

gi j G b de. lected . from
TEY! 3B TR GE BEFROAGES IR T RS ] Pljmoters are
‘%EéeFWN@Y@Pd/SE@ff@rmOH%nd SEQ ID NO8, and (iii)

SEQID NO 7, SEQID NGO 9 and SEQ ID NGO 12. 30. The

ucleic acjd caonstruct of any gne of clains 1 to 28
onpff:h&iqﬁﬁi% Aid |°8%%ttu&&°£%15@éﬁ§é)r i8ct (b hergmtlpyompyters are
shlested Grono a 2J6] 78K dinf/ot Hlgpré@ote@r a fragnent thereof, or

a sequence that is at least 95% identical to a

nucl eoti de sequence selected fromSEQ ID NGs:16 to 2 1

Znd @hg nueleBAciBdonsitmetiod olaith €d, wheredr the Xiggonoeser is cU6-1, cU6-
Neoks, andet dugml ecul e conprising a doubl estranded

regi on, whereln the doubl e-stranded regi on conprises a
sequence of nucleotides selected from (i) nucleotides

281 t :Tmhe plgﬁildidz Qi&ﬁ:l 28Addrucd of %%'2@1‘%67 %EQIMQEN@ ?{osﬁEiQi Wherein each
nﬁué:eggc% Iseq%%ncyé:’I énclocrl]ing %Sﬁlt\fkorrr]lglecu e is togera%y]lin?(ed toa cfitl%erent RNA
polymerase III promoter.

24,  The nucleic acid construct of any one of claims 1 to 23, wherein the influenza A
virus polypeptide is selected from PB1, PB2, PA, NP and/or M.

25.  The nucleic acid construct of any one of claims 1 to 24, wherein the influenza A
virus polypeptide is encoded by any one of SEQ ID NOs:1 to 5.

26.  The nucleic acid construct of any one of claims 1 to 25, wherein the polypeptide
is an avian influenza polypeptide.

27.  The nucleic acid construct of claim 26, wherein the avian influenza is H5N1.



(ii1) nucleotides within positions 2087 to 2233 of SEQ
ID NO 3, (iv) nucleotides within positions 1484 to

wa®8/18§07SEQ | D NO 4, (v) a nucl eoti de sequencRCTOAU2199/000692
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one of SEQ ID NGs:6 to 15 and 52 to 54, (vi) a

nucl eoti de sequence which is at |east 90% i dentical to

any one of (i) to (v), (vii)5& nucleotide sequence

whi ch hybridizes to any one of (i) to (v) under

stringent conditions. 32. The isol ated and/or

28x ogdhewsclaiscicid comstrinet ofdnycaneeofaaigisal o 2%, Whkeindhe, construct

cpgégftg W LIREEen@hil Gn NG ﬁnfs%%'l‘é@tffdé RbhRBza A virus

cation in an anina when conpared to an
i sogeni ¢ influenza A vi rus | nf ected ani mal cell

JoackiThg fubRid il @bistakt 8f BBy efeéllo€ cladds 1T1l®e28 slidt ettodes three
RV RS aRREr e re SRS e i el lran il Sudieranded
rbglenmcmipmlnwlemﬁdd sﬁ:ﬁa@tcemsesteaterdfﬂrmmnza A virus
arti h to an
Ioso éﬁ %bl hﬁ\@e]rfza (gﬂ\blllﬁskl }r{#gg?e ani ﬁgl cel |
I ackl(m)gSE(B dDN(216e SEQIR) NOxbanscRE Q@ IBNOBhand sol at ed

and/ %1)‘8&@91?)7}3@57 rSEQ &) NROiafd 8P ©.pf. any one of
cl ai s 1"to 33, whérein the nucleic acid nol ecul e

reduces the expression of an influenza A virus
395)0| ymhﬁtniudl%ci dtiddorstifittugRng ofe f tlains hte2§ eomarisingh nucleotide

5ot B PR S0 90 RAOSTAR T HETED Bt ercr or

mlh@c@l et 188 leath 85Visideuticatiicamndeotislesgewangs selgeteeifiom SEQ ID
%. 'i?b?&ﬁﬂ@l ffgxcl ai m 34, wherein the nucleic acid

mol ec

e reduces t he expression of an influenza A
virus pol ypepti de encoded by any one of SEQ ID NGs: 1

310 5 ArB@sole_JE&ﬁ ah8/k adx0 erﬁ)ﬁlﬁl/ 1l Q@ﬁnﬁi&ecﬁvlﬁ?] b&lrlprlﬁﬁ da double-
ereln

| e 35
055 7S¢ Pl QBB on PN EPERued: M PSRy iPence of
ﬂmmgtlhes Blectedfmm:sol at ed and/ or exogenous nucl eic acid

ol el%(‘j" I%%C?JOUQQSVWRHI% p%fsm%h? M & t2é4i 85%%@ n the

doub ran ifon 1S ’ides in

| engt(h) nwotﬂih%witbwlmslé@nbﬂ@x'f@@éﬁbaf,sﬁ@dﬂ)eﬁ\]@ Aci d
ol e G Queko@ddy vAlen BosikdRiNT87 Do itzjsoof%@ ybe@sn the

nmol ecull e conp doubl e- st rand
i sol a({vé&u%llﬁ%ﬁc[ﬁs ﬁ‘&b%?ﬁét&@sﬂﬁg‘?é‘? g{@cﬂ%%ﬁeaﬁ g of any
one qf) a:h@dlmlda saqdeﬁcésaf ayi 02b off SEQ IEhNOIs: 6 totlérandrs2ng 54,

h .
oxog i ARGt B Wifthis i iee 0 SRR AR r 1o
31 t dvidpacowimoiidé segquennw ovhedt hyﬂmd;eeq;u@n@re' oot eﬁt(@dto (v) under

SRR PERARNCS: 16 to 2 1 and 6 1 to 63,

32.  The isolated and/or exogenous nucleic acid molecule of claim 31, wherein the
nucleic acid molecule reduces influenza A virus replication in an animal cell when
compared to an isogenic influenza A virus infected animal cell lacking the nucleic acid

molecule,

33.  The isolated and/or exogenous nucleic acid molecule of claim 31 or claim 32,
wherein the nucleic acid molecule reduces the production of infectious influenza A
virus particles in an animal cell when compared to an isogenic influenza A virus
infected animal cell lacking the nucleic acid molecule.
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or a fragnent thereof, or a sequence that is at |east
95% i dentical to a nucl eotide sequence selected from

WEEHQSMBOMOs: 16 to 2 1 and 6 1 to 63. 41. A veRCDAU2008/000692

conprising the nucleic acid construct of any one of
claims 1 to 30 and/or the isolated and/or exogenous
nucl eic acid of any one of ckains 3 1 to 40, 42. A
cell conprising the nucleic acid construct of any one
of clains 1 to 30, the isolated and/ or exogenous

nucl eic acid or any one of clainms 31 to 40 and/or the

qect Q‘(I:w.ﬁ ?ol%%?hﬁﬂ/érlexoé&oug%ﬁcleﬁ dﬁh@&xﬁ%;ﬁgwgﬁy WhE 6P clhfns 31 to
o ol & aa%s rerdgl%@e FBIcaTie 4E A influenza A virus
pobypepidecin @f infaghzane vidhs ﬁlE@ltdﬁEarﬂ{nEDceﬂﬁwhdmm@@écﬁtfo% isogenic
B % 6 RETRR R A S oL Pk e S e B Bt o

claim42 or claim43. 45. The transgeni c organi sm of

36| ai Phé 4ot bnd/sr Qxd(}gﬂoq}%ﬁiggw%leéﬁe of gffum 34 wherein the

transge_nl C oOorgani sm
npglgicy psif sgelsree gedenss She @ﬂp@ﬁ%\onnoi@mmfhlnnzasprus pplypeptide

eft€odedDy ank RS BEBEQ IV WORI3§K0f claim 47 which is a
chicken, turkey or duck. 49. The transgenic organi sm

of any one of clains 44 to 48 which conprises a
30ucl €be iis«b@t&bmd‘émmogﬁioas h&delfcra@m BB olaBy oddof €laitns 31 to

38 Sherficttnb Bplile BB AR 10 ERcoRfic A TEMENCE

1 or 6 1 to 63, encoding at |east one RNA nol ecul e

3Q0NMPITHhE iddthtdd &Rl e‘%oéérfoﬂg‘ ﬁﬁael'éeclgidqﬁoleélgf of‘a.t)q,'? Hﬁ’éjgf lbu%k 31 to

ris nucl ef’c acid construct
3§* &B?Fﬁmltﬂg éo‘gge -sapeed segion isdess Ao 00avsisetidesd nmlze. c
acid nol ecul e of any one of clalrr531to 40, the
ect f.claimA4l aim [
el the Sorg bbbl oheeicl b fdloculliof G sie GBIy 31 t0 37
véwrdimfHeunaeizenldcomprises idnflgesiranded RMAS ubj ect, the
met hod conprising admnistering to the subj ect t he

nucl ej ¢, acid construct of any one of claims 1 to 30,
3Phe Theisglabdl anddrerossaoye Aueleic naid plecde o ampbesof dainfs 31 to

38Rhie® aGhok imbiTerinklRNA HQ shbﬂ%aﬁﬁfﬁtl@(IAOf claimA4i,
and/or the cell of claim42 or claim43. 52. The

nmet hod of claimb51, wherein the method conprises
48dm Bhe iselatatgaridhe elxugéne'u@ nﬁcﬂéid acidnablecidt of bieohsof @kigh 31 to

390hBiRE AHRIRRAUELELE sé‘l% fla RRCSELTD 408185850 hnd 61 10 63,

053, fragraeniethersaf, ofr at:lsqmn@el thalt i$2f lease P&Yonidehi@cal to a nucleotide
séqbhstedIR A Yoh $EQ B RYsaR th B 11§81 %o 63.

41. A vector comprising the nucleic acid construct of any one of claims 1 to 30
and/or the isolated and/or exogenous nucleic acid of any one of claims 31 to 40,

42, A cell comprising the nucleic acid construct of any one of claims 1 to 30, the
isolated and/or exogenous nucleic acid or any one of claims 31 to 40 and/or the vector

of claim 41.

43, The cell of claim 42 which is a chicken primordial germ cell.
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54. The nethod of any one of clainms 5 1 to 53, wherein
the subject is avian. 55. The nethod of cl ai m 54,

wWoR@BaA38071 he subject is poultry.56. The net hodPCI/ATR@BA0692

55, wherein the subject is a chicken, turkey or duck.

57. A nethod of reducing the expression of one or nore

i nfluenza A virus genes in asgell, the nethod

conprising adm nistering to the cell the isol ated

and/ or exogenous nucleic acid nol ecul e of any one of

4 ai Wstransgenip naurhuggn organisst comprising Fhei ricked¢ goid construct of any
&Qrb‘ftc[dﬂxﬁ'é 18b B@ntheQ&Qat@gfi afid/et Q%g%n&i% r;’uglelé B8d 0% 8h?bRZof claims

r exo enous. nucl el acCl u one O
|t3.4 v @rﬂgcalmﬁéav efﬁxecsﬂoé %ﬁafrcléﬁ‘aﬂéf t he

cel | of claim42 or claim43 in the manufacture of a

47 LSRR e R AR BN A il

conprising the nucleic acid construct of any one of

A&l ai Aje %raﬁé%g %aélg%ﬁgo. fn?&?gvh%q% QliafgX0genous

nucl ei ¢ aci one o ainms 31 to 40,
t he net hod conprising detern1n|ng the presence or

4abs emte trehsgehie ongtaishh 6f Aaingl46 WASINIiYpbulRsy. any one of
claims 1 to 30 and/or the isolated and/or exogenous

nucl ei c acid nol ecule of any one of clains 31 to 40 in

48. saffpé erandpeaic peghnismoof ¢lhien dhivtich.is 6Ghickérg tukéhotduek.
claim59, wherein the nethod conprises anplifying the

nucl eic acid construct or a fragnent thereof, or the

495 0| The dranseenisy orgepigen ofi eny ek edfeclaipisd44rdb eBudichr camprises a

nﬁEl@gﬁG%r‘Eeqh&%es%fecte@ fi‘om ﬁ’%@tﬁég 18to le%%ﬁ?o 85, & .f‘!ﬁ'&ment
st

wherein the_net ho rises: contactin

ﬂaes?%ﬁ Al# SePUsRTS that ﬁrﬁtﬁﬁa tridentisabiseSEQAD ﬁ@@rlﬁdp 2dsor 61 to

6aneleodinat leggvhe RN inidleise wnﬁﬂhsh%ea il ebteand6dl fogion.
construct and/or the isolated and/ or exogenous nucleic

acid nolecule to forma conpl ex, and determ ning the
56r es éneenpwsitimb sengeisolg the auclenrﬂcekcorﬁ&ucb%fmlylmﬂ affclaims 1 to

br ﬁq% FidigeRamtPoy &Ugﬁﬁb&\% RDRAEHE m%m(cﬂ% of, a@? %?%laﬁlﬁ% 31 to 40,

l uenza, conprisin ucin
ﬂ?ﬁJYﬂcglr@félélf’é 4&0‘1@(@&%@ cef Ofa%a}mo‘?ga?eordﬂalm 4.nms 1 to 30
into a nonhuman ani mal ceII (ii) selecting a
ran gen rising the nucleic acid
Sions fhod g’ ngt eHopreg e i % “hoHmRRtAtion in a
sab]eaathefmahmd bemprigng g&mirﬁstém’(g‘lme saljett, the ihcleiceRel Behstruct
of Qﬁﬁ%ﬁ@% gféﬂlng 1%8%0“&’1{"5‘ sol%Ped and/or ex ée%%llilg %uélre%na%gfmofecule of

any one o¥ claims 31 to 40, the vector of claim 41, and/or the cell of claim 42 or claim
43,

52.  The method of claim 51, wherein the method comprises administering the
nucleic acid construct, the isolated and/or exogenous nucleic acid molecule, the vector,
and/or the cell in drinking water or in an aerosol.

53.  The method of claim 51 or 52, wherein the influenza A virus is avian influenza.

54.  The method of any one of claims 51 to 53, wherein the subject is avian.

55.  The method of claim 54, wherein the subject is poultry.



and (v) selecting transgeni c progeny that are
resistant to influenza. 63. A nethod of producing

WO owéd/1380m2 et hod conprising (i) introduci ng tPEI/AU2008/000692
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nucl eic acid construct of any one of clainms 1 to 30
into an animal cell, (ii) selecting a transgenic cel
conprising the nucleic acid d@nstruct, (iii)
regenerating a transgenic aninmal fromthe transgenic
cell, (iv) breeding the transgenic animal to produce
transgeni c progeny, and (v) producing food fromthe
56.ansTn6thpd 006 58 Avhdeiihdabjdet ismBdhidk@n gurkey or duck.
transgeni ¢ non- hunan ani mal, the nethod conpri sing:
(i) introducing a first nucleic acid conprising a
t7.ansposahod of wdacingtHe, exphession f bhe onmoteinflueiadA virus genes in
g%‘éff,dtgé e %Iﬁ%ﬁghggagﬂﬁﬁli% | GEULR ahe( Isblated and/or exogenous
I'ntrioduci ng a second” nuclelc acid encoding a
nvielpis peidaneleswie of anyeonseficlaims B ts#l.ecting a transgenic
cell - comprising the first nucleic acid in the genone
t cell, (iii,) regenerating a tran ni ¢ .non: human
3% mbiss pofc ﬁ%cl@aapl,d SOSIHE, 91 BYe 8RR Af CIaHaS tlr@né@eﬁhﬁdsolated
m?eﬂﬂmen(afsiﬂmleic &dd ml'Eﬂ@:uII@bhm@/ ofe of c&dlhii’l’ﬁGﬂ, toMie [ eHenvector of
t,r ansposon i Tol 2.t ranspospn and t .
PRI IoREE 8 o5 ob ol 2o R AER Miudnlficigg o medicament
tiratepti@bandidrareventing infliehta Ayiras oifectioan pri nor di al
germcell. 67. A transgenic non-human ani mal resistant
to influenza. 68. The transgenic non-human ani pal of
ef-ai i enethoghef iWppiifying anraipalkesmeprisiiethe negiisracicbeongtruct of any
o BilgnmRAl @ 30N W6lhtc8 RR0SE BgRRolRYhclBX 268 hidlecule of any one
ﬁgqulgiqg4 .%gubueifranded region, wherein the RNA
flaiots o P Yy bethed QEME rus replication in a cel
of t hdetaniimag thipresanoerparkntoofthe insclgerictd corfstruetndaany one of
. . , coll | , .
KplrhS) YRR LRt SRG Kt hlFeiEp FRUBAR Gt any one of
ane] Intor4Pdnarsampleerbitaineshiromlthe anipel. ses a nucl ei ¢ aci d

construct encodi ng an RNA nol ecul e conprising a

ubl estranded regi on, wherein the RNA ngl ecul e, _ . .
g@duc @P@agaf om0, mhewen fhsgacihed PomRBses AmAlLying the nucleic
peld tdoattast iof aAfrag@hentothefebf @niheEkoludee nind@FRRbESho® ndBleic acid
i Spge [ %r?i){!fgl uegéla v'%r us infected aninmal cell | acking
PREHRGS" afeetinp tireot.

61.  The method of claim 59 or claim 60, wherein the method comprises:

contacting a sample obtained from the animal with a probe that hybridizes under
stringent conditions with the nucleic acid construct and/or the isolated and/or
exogenous nucleic acid molecule to form a complex, and

determining the presence or absence of the complex.

62. A method of breeding a non-human transgenic animal resistant to influenza, the
method comprising:

(i) introducing the nucleic acid construct of any one of claims 1 to 30 into a non-
human animal cell,

(ii) selecting a transgenic non-human cell comprising the nucleic acid construct,

(iii) regenerating a transgenic non-human animal from the transgenic non-
human cell,
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doubl est randed regi on, wherein the RNA nol ecul e
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(ii) selecting a transgenic cell comprising the nucleic acid construct,

(iif) regenerating a transgenic animal from the transgenic cell,

(iv) breeding the transgenic animal to produce transgenic progeny, and

(v) producing food from the transgenic progeny.

64. A method of making a transgenic non-human animal, the method comprising:

(i) introducing a first nucleic acid comprising a transposon into a cell, wherein
the nucleic acid encodes a double-stranded RNA molecule,

(ii) introducing a second nucleic acid encoding a transposase into the cell,

(ii) selecting a transgenic cell comprising the first nucleic acid in the genome of
the cell,

(iii) regenerating a transgenic non-human animal from the cell, and

(iv) breeding the transgenic non-human animal.

65. The method of claim 64, wherein the transposon is a Tol2 transposon and the

transposase is Tol2 transposase.
66.  The method of claim 65, wherein the cell is a chicken primordial germ cell.
67. A transgenic non-human animal resistant to influenza.

68.  The transgenic non-human animal of claim 67, wherein the transgenic animal
comprises a nucleic acid construct encoding an RNA molecule comprising a double-
stranded region, wherein the RNA molecule reduces influenza virus replication in a cell
of the animal when compared to an isogenic influenza virus infected animal cell
lacking the RNA molecule.

69.  The transgenic non-human animal of claim 67, wherein the transgenic animal
comprises a nucleic acid construct encoding an RNA molecule comprising a double-



WO 2008/138072 PCT/AU2008/000692

10

15

35

stranded region, wherein the RNA molecule reduces production of infectious influenza
virus particles in a cell of the animal when compared to an isogenic influenza virus
infected animal cell lacking the RNA molecule.

70.  The transgenic non-human animal of claim 67, wherein the transgenic animal
comprises a nucleic acid construct encoding an RNA molecule comprising a double-
stranded region, wherein the RNA molecule reduces the expression of an influenza
virus polypeptide in an influenza virus infected cell of the animal when compared to an
isogenic influenza virus infected animal cell lacking the RNA molecule.

71.  The transgenic non-human animal of any one of claims 67 to 70, wherein the
transgenic non-human animal is a chicken and the influenza is influenza A.

72.  Use of the non-human transgenic organism of any one of claims 44 to 49 or the
transgenic non-human animal of any one of claims 67 to 71 for breeding.

73.  Use of the non-human transgenic organism of any one of claims 44 to 49 or the
transgenic non-human animal of any one of claims 67 to 71 for food production.



