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25(v) a nucl eotide sequence of any one of SEQ ID NGs:6 to 15 or 52 to 54,
(vi) a nucl eotide sequence which is at | east 90% i dentical to any one of
(1) to (v), (vii) a nucl eotide sequence which hybridizes to any one
of (i) to (v) under stringent conditions. In one enbodi nent, the RNA

nol ecul e reduces influenza A virus replication in 30 an aninmal cell when
conmpared to an isogenic influenza A viras infected aninmal cell |acking the
RNA nol ecul e. I n anot her enbodi nent, the RNA nol ecul e reduces production of
i nfectious _influenza A virus partlcles in an animal cell when conpared to
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In one embodiment, the RNA molecule reduces influenza A virus replication in

30 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



In sone instances it may be desirable for the pronoter sequence to be the
sane as a naturally occurring pronoter sequence froman animal and/or cell,
or progeny thereof, into which the nucleic acid construct is
transfected/transfornmed. In one enbodi nent, the pronoter is a chicken,
turkey and/or duck pronoter. 5Preferably, the pronoter is selected froma
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I n one enbodi nent, the isolated and/or exogenous nucl eic acid nol ecul e
reduces influenza A virus replication in an animal cell when conpared to an
i sogenic influenza A virus infected animal cell lacking the nucleic acid
nol ecul e. I n another enbodi nent, the isolated and/ or exogenous nucleic acid
nol ecul e reduces the 25 production of infectious influenza A virus
particles in an aninmal cell when conparéd to an isogenic influenza A virus
i nfected animal cell lacking the nucleic acid nolecule. In yet another
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and/ or 3' Straegﬂ!ctmglo@ﬁ comprisowmsdeatide sexpapnbes sbhetedvﬁmm being integrated into
t he genone of ( (gﬁgmgnsquﬁlqb 13rgnﬁ Edrg_t) Oq@s during cell division

of

over many genel atr ew nucl eoti de differences

when édnpar ed (tleEQémNQgﬁr%EQ&Bﬁi@ﬁwm SEQ B N@8abid, t he fragment

conpri ses the pysipertn d@: gemgrjg eotides or less fromthe
5" and/or 3 éﬁg %’,]?Pt he seque qq(rﬁrlogrsazfdpr%e Se&?wgbiio nucl eoti des or | ess
fromthe 5 and/or 3 end of t he sequence, nore preferably 20 nucl eoti des
or less fromthe 5 and/or 3 end of the sequence, nore preferably 10

nucl eotides or less fromthe 5 and/or 3 end of the sequence. 10ln a
further enbodi ment, the transgenic organi smconprises two or nore




nucl eic acid constructs of the invention. The present invention
further provides a conposition conprising the nucleic acid construct of the
invention, the isolated and/or exogenous nucleic acid nolecule of the

i nvention, the vector of the invention, the cell of the invention and/or
the nucleic 15 acid nolecule of the invention. The nucleic acid
constructs, isolated and/ or exogenous ngcleic acid nol ecul es, vectors and
host cells of the invention nmay be used to treat and/or prevent influenza A
virus infection in a subject. For exanple, the nucleic acid constructs,
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may be “Seguélgot@'e%Sﬁéncg Qe Lt F? fofh §EQhIDa§Ié)gbll6t to'At aﬂd ﬂ]t@@ td} ' ﬁ'?glﬁéﬁtken

tur key or romavian I n d
| ocal i sed Hierefedika sgquanseathal ﬁfat d‘éﬁﬁ% 2 ﬁridel%btﬂ etm@}ﬁot&e tﬁqtl%rsce seleciely be

desirabl e fomPEBREWD rbogcté tb IS whd @Jnﬁl 633 n@mﬁol &hé) fraghitht QUMPiBG fhar ns,
frominfecti nln an effort ,to Thus,

enz

the pr con P Plieten tng 398 B fedtides ﬁﬁw% R oot thes
prevent i ngsamenasf lmorezacirably 66 rucleetitiesoor less framlthed ant/foe mt‘iomf the
conpri si ng.AdmJal $i4L! Qfefalﬂgf ?b‘%%le%ﬁg% gr ﬁ%@sﬂ-&n‘f% Qf ah&fé LGALLOfe the
i sol at ed and! of exogerious nuc I nvention, e vector of the
i nvent i on, SedHeNCsy ﬂtqlié reeferablbyr 10 Hatcleatidest poiess dramdhe ébjaeé/or 3" end of thg one
enbodi ment seghéie®t hod conprises administering the nucl eic acid 30

construlcbt the sol at ed. and/ or eﬁogenq s nucl EIS é/ t he vect and/ or
the celf’ in driiGimgreRREration frherprawfesan isolpigd g Oﬁa?fqgeeatsatuc ibetfnent
t he i nf | uemakcle domiRisimg: a\doablel-sttfahdahwglorPrwhaembthy dduibée-stydndad iregibnenza

is a highly ferred enbodi ment, the avian
i nfluenza | % Eﬁgg%(gefget?‘agﬁeo{l&tsﬁe@égj ect’ is avian, nore preferably
poultry. In a &ﬁsmuoéﬁﬂéﬁe?mnmm@nﬁémo to{23¢1 o6 BEQID NO:b chi cken, turkey
or duck. 8 Jttt@eo@ittess\%tmeammg 9957 41saelor BEOMIIIRD:A et hod of

redumq t he expression uenza A virus genes in a cell,
the met ﬁod congt‘ Ofé%ﬁ%“ﬂﬁ’éﬁﬁ?ﬁlwstwgﬁ%z%@l‘PfStEern?g\HP§t ed and/ or
]exogﬁnous nucgwnaae&%dmrk?e@zmlafsﬂiodshaﬂEB/BSHSI&TSEJIEI\M .asent invention .
urther provi use. of. the nucl ei c_aci ention, the
i sol ated and/ o v A0 8838W8?‘@ 3&3.08696%@3@%@? 6Otﬂét5 ééﬁ?? , the
vector of the (w)/enmlemt;deaanuence whéchde bt leasdt %viademhtaamyom dfl@ to (v),

fact f f
manuf act ur e of (e dheRgEY séqgg:néerﬁ/ﬂdhn%h R4 oPLRVER WBGY O (SRR A

Vi rus |nfect ent i nve r prOV|
i dent i 2 ﬁ@ln@ﬁmé-‘ﬁ’inﬁdémnéorrprl sing the nucleic acid construct of t he

i nvention or ttne ong Obrab&fimend/ 186 i@éﬁ%n&k{:ﬁorlgx{?g&xbﬁé Qm%fé'léj AR egdlbqof the

i nvention thod co det erm ence, or absence
of the nuff Qt’?t g% ‘{I‘Fﬁé?pltf%ﬂ?w oy gL &ﬁpaﬂ%Pcﬁortm’éef QALISREYNd/ or
exogenous mﬂlrehm A erudinfalteradimabtell ﬂucklngvmatnuoltid ﬁlcld m@leif.tile. Gi@taﬁbﬂheﬂ from

t he ani ma lp o o) met h co the
nucl ei ¢ a(%{n oc(i:lcljnhes rl@}:et '}%\_1)&”&’ %‘dﬁaaﬁ% %er}ugge? éﬁg‘élgn%t

ex ogen%iuspmsﬂ@tﬁectltomf@hm inBuénwack virus patjolesin mhanmai cell whanmmwed to
enbodi mengy, isofni 24 RV #%cted animal esama%tz F'%He ﬁueaeratﬁ JR&E@dlé‘eﬂx from

t he ani nal g’r? 8ethah og%cglzes under stringent, conditions wth the

nucl ei ¢ az?&ne EFF\.‘PB imgnt,ithe isolate oraﬁ@ﬂ@tm@xrsgmae aolaeple geducati d

mol ecul e the é:@remmnc(sﬂmi Efluersd Adeigy ﬁ%l?ﬁé}ﬂldb §T:] a@{i Bflsee Ar V%Sﬁm%‘c@ed)a t he
rovides a. ing a

| f thod of b
non hunan®teh So PRGE Ehat® 38; & Baschis PPl b oo lRue GuTRgng r%?f si ng:
(i) i r&()rohahng@}etmlmuwlénmlmﬂd construct of the invention into a
non- human 25 'a.’ﬁ%the? @Jrn]lbodlment t%e 1s6!dt d &C&oﬁ&lo?lstrﬁ?f%ﬁzggéqﬂ fndl

cell conprising the nu regenera %
y

t r ansgeni &e dayentigndaadupss e exnr@ﬁsmh@f mxg@zﬁ ﬁ@ﬁhmimep@de |encoded (iv)

br eedi ng gr{yebn%rog D NONsiman ani mal to produce transgeni c progeny, 30
ansgeni c progeny that are resistant to

d
Tnfl uenza. Vl)refsﬁ?@%p rth‘g amf;ltﬁwﬁeﬁ@@glm of Haer isplated; andfor exagenoys nyeleic

pr OgU(BtingacicD@ztdlec%d%tﬁﬁ aelehad 9§mafm1aét;srta length. In sc(ma f:PB&dtﬁi(éﬁ%' figs {:h?etrfeacl eic
acid con 0 e ention into ap ani ce ii) ecting a
transgenlté Lc{ ﬂo‘t%ﬁﬁv?lé‘{éﬁéegl%‘sﬂﬁﬁltg% %WH’%%? mjepgth(i i) regenerating a

transgenic aninmal fromthe transgenic cell,




9 (iv) breeding the transgenic animl to produce transgenic progeny, and
(v) producing food fromthe transgenic progeny. In one enbodi nent, the food

is selected fromneat and eggs. The present invention further
provi des a nmethod of making a trans genic non-5 human animal resistant to
i nfluenza, the method conpri sing: (1) introducing a first nucleic

acid conprising a transposon into a cell6, wherein the nucleic acid encodes
a doubl e-stranded RNA nol ecule, (ii) introducing a second nucleic acid
encodi ng a transposase into the cell gl i), selecting a transgenic_cell
conprising the M o8 smbodimentydhe isglated aidéorge¥RETROSY nuplgice @fid, molecule (i j j )

Legeger at ![ rrz,:gm ritds @R End¥dRNAMAN ani mal TLr o][n t h1e celjl andd I (iv)
reedin e i C ,non n e fifst and se nucl.ei ¢

nc sy be i nETIE oo fodPr Snesnobs muEle aBRerEIERR g B o, or
al ternati valtyrferimpyRWA orntshorthairpin RIWA: t he cel | on separ at e 15 nucleic acid
oL SOt S8 o T BBk YoreleliRa bnBbaimBel SREIRSaBHChRIG: BRHROR Srbfld eed

into the” cell on se

the trans pmulescomprmsza nnelaetidssssauence selpeted ﬁaﬁsﬁsea{@eN Ps:16de21 and 61
transposase, 63, br aTeighfint BERE wéeﬁuériae R llé atl [8as? 9§94 ials@ﬁbapw ﬁﬁﬁ&ihé’ﬁd&er m

cell. 20The present 1 nvention further provides a tr n- human
ani mal r es PSSR Selpotedr fromnyQ 1D NOsilf tgpd exﬁib@drorréﬁnﬁr%f ly e Gaemert
ani mal conpsmpises themielediide a@qlﬁnmmtsihgqoo anclediideg o lesRidItHees dhdor 3'

bl t ded th
o | uenth gt G iehde PSR pirteellso Mpleplidlal IR S bl s o
i sogeni c i ﬂlfelsaelmae,\momspmfetdﬁy €0 raxlentiflesca lesy fiotni thg X had/PNA' ensl et thiee.
In anot herg ng an1pme 30 woﬁd@snbﬁ?éss rthe 85 AR/ Y ¥n8 - FCird

construct e co conpr|5|ng oubl e-stranded region,
wher ei n t h&IR8&Cnol ecul e reduces production of infectious influenza virus

particles in alfaehnk éibddifie@ifme \f&eﬁt ﬁ@émmedaetmméic Ia81d0€sGudt Hrldugnz a

Enbodi rint e Fiziet RLeyROReneNS St ge&ﬁ@rrp%ls%ulalsrms?eef e epnomnet fedl ™ "'
encodi ng an RNA"hﬁD;bxessztenmmmmnlﬁl_rthgr prodmeblaevedtmandaﬂnmﬂglthﬂ nueledy acid t he
RVA ol Gt iue 8%, TREEAPLERSH AR iarlf al Db UENERN LiSiPALYRGBELSE 11 an

i nfluenza virus |n onpare 0 an T sogenic
i nfl uenza ofitheiigventianct ed 35 animal cell |acking the RNA nol ecule. 10

the hibnonpe, TREUARLR el it HiRE 40ViRed Aol RN LY SudoNhGHon and
or gani ¢fh &8 %éhe f*ﬁat?fﬁe}(ﬁ?rce@sﬁwe aﬁelem,cecy gl etCH{? 41%&{1]? Yeetox ?ﬁt

i sol at ed dnvamsiegenous nucl eic acid nol ecule of the 5 invention, the vector
of the inventign and/ r the c vent The sent eption
further provid &y deH%nt %fi]h’ﬁu’ﬁ*é{f‘f‘ qnaﬁlg ?11:[65 SnPHEP cg g Fﬂy ﬁ){l on or
t he transgaampleramiudhmrmnmr@mhg&m cdfll. t he i nvention for breeding. The
present invent 'Tﬁ@oéfégn%?t@eﬁw&t%\ﬂ F6rPher Shroidel F tPEBl é}ii!@% tﬁu}Haﬁmg%? idh' Ml

of the_invention 1umantras enic org |sm the 1 nvention for
f ood 183 pregmpEsingnthe nucleig agid pomwa@ dpelatedy @rdéqrr expgeaory audleignapid

char act er ingdledute, Fhe PERorERARSG thO tell BLtHe MM RMtILAN meezraapg&nﬁ@aégh@sﬁma%y ot her
aspects of the i nve tlon g%hrouc aLft this specification the word

‘conpri se?® 81Fga91<§m ora plan
In one embodlment the transgenic organism is a non-human animal.

In another embodiment, the transgenic organism is avian. In a preferred
30 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

35 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



"conprises" or "conprising”, will be understood to inply the inclusion of a
stated 15 el enent, integer or step, or group of elenents, integers or

steps, but not the exclusion of any other el enent, integer or step, or
group of elenents, integers or steps. The invention is hereinafter
described by way of the following non-limting Exanples and with reference
to the acconpanying Figures. BRIEF DESCR PTION OF THE FIGURES 20 Figure 1
PCR for shRNA expression cassettes. Schematic representation of the PCR
strategy used to}g@oduce ShRNA exgression vectors. PCR used forward prinmers

pai red wit PHQUNos:16rtp 2 rand 6dip 68 srawncampasspdRiva this epbadiment ag'lanffond! PCR
product s caessibsd 686 tHf cohshBétChER bEGogr wﬁ§l<b&hg qﬁﬁegfatedsﬁ&\lﬁaes gaﬁﬁne b8 PR

shRNA anti sense, terdT nat i on seq uenge and lﬁ st e. Fi
Const r uct i SREHSIARMOTT LIGE JRYALIonS dVIRg G¢ Gavisiop AYst FIHS‘tSﬁ %ﬁﬁlem’ﬁ‘i%% m® e
produced usesnlf ia cho@r &tiéw RCRotiny difednced ke Chinpaed 46 tise 619gihall donsirgdl] cken

Hi | d
P equences) Wé%ra{?ﬁ'”‘ﬂ% T ghpf GHRBIED IR ARfEER stebhes ARSPEAPGyRRouS & ng
t he conpat il4sk &rogathe Hraaad/andl erBDoS theesqasmce,vo® prafedatdy 5@ muksleofideshar IBGR
products. @Gomle & 'aﬁ@'hr ?'réi‘lﬁ%‘?tﬂ@ sé‘cﬁl@ﬁ&' Biord g{e‘f&gﬁlgr%ﬂqc%nﬂ% gzsle[rag]?rbm

expr ess thg}S in to target s VI Tus genes.
11 ot her r &V and/or ?\t‘?”@dlfé@?jser%@@% sorpprederplly 19rmucleqtidesserdgss fawp the 5
transgeneSaﬁd/er:i'I&ﬁ@bfﬂiésbdjlteﬁcé he uni que EcoR site positioned between MEl
200 and . ;@l& H nd y E_I tes of | C20H can.be used to excise
the ent1Fe M/\H - ArfibRe £ ﬂq: g’e BHSERIF 1 ?’%‘me PUIRREISES Wy QERRCas a
single frag\mfémcaﬂdrconstwtstqfdhelmemmhe chicken 5 genone. Figure 4.

I nfluenza chal |”ﬂf@€re9§nttlﬁ@é?ﬁgﬁ NyfthdD ?ﬁwdés a(y&# gﬁoancﬁﬁgﬁ? 1l fificleic

expressing shNP- 1496 versus m ce expressi ve viral  gene
expr essi on?Gith constrEctdhe dstention HKPISPW og px0genoEs agleisssichmolseiers. 10

KEY TO THEhSENJRNGE, thb swufsoﬁﬁia InbeMan] the SINSLMRUsivénioh aak/dens aEUSRCE Of
t he Ian uenz legng ggkﬂegmv I D NO 2 - Consensus nucl eoti de sequence of

t he Ian ue?? ™ D NO 3 - Consensus nucl eotide sequence of
the I nfluenza AheAwgkieacid ToffEQct)idsMidd anmn@mgeH@sml@@hmd&n&eaneﬁce of

e Lt e R hGIE s ISR Wbl iy SUREE P Be HBOBR e B ERAA T
aci d nol eclitusdnienien i geljestnfFarexaampk, @mmlaqmﬁrcomh@ummleﬁadaﬂd@r
t her eby. %ﬁ@% rBuE“ﬁhél@ic aci}iqﬁa@anesd%éts&%g%%ﬁ%ugg@} 3’@ oué Rt FEITTSSS

t 2234
ous- 1 2o DiactTisiedess gkt sy orsk fromRrian ubicqraiclrcaski )
2623- 2974)1n i e\&h’uf)f Sﬂoc(al‘i&t@ @breale 5f aﬁﬁﬂnﬂfl Ylfé'ﬁit af.%risg@oﬂ)@aﬁﬁ {317 bﬂdd\lﬁgéltgl) de
sequence uences stuffer 0 i des
cUg 4 shP%f %blfn%c%o ?‘itéggdsslg‘?&mﬁ‘i‘fgmg G585 Oy udTomt i des

2126- 2513)lnfe©tm4n§hléﬂbrt1tﬁQoﬁmMeandmﬁll&EMeﬂBﬂeak 3 stuffer (nucl eoti des

2936- 4696) . SE

sequen . 5' ?%dlljgf:’)f!y? nuc eN%&?%@g}sd Wﬁ%ﬁoﬁﬁg Jmﬁ%ﬁ% gétw&lc 8ti des
1774- 2@% 9)°reVénI@181 agh plusnzy A nvitwsednfeetion 2n 30-spbjeqt) ;the mﬂl@ﬁpmnmg

(nucl eot i demindaddnMhd chlefc achd b trudQof(thd!flveRidifl 8% RO HARR) - exo‘gegohp NG 19

- Nucleotid u Nucl’epti de seq
SEQ I D Nd"é‘? ‘ﬁu%i ‘io"?‘ﬁ the @@m}méﬁsfvemyfz%e In¥ewhiqng 022%&5%8? ithe
sequence wfventwrctoethe kifbjdctpr onot er (cU6-1). 35 SEQ I D NGO 23 Nucl eoti de

sequence of chiCkfD dlydiRER AE  mliksS 'c%}ripris%sz administering the nucleic acid
30 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 HSN1.
35 Preferably, the subject is avian, more preferably poultry. In a most preferred
. embodiment, the subject is a chicken, turkey or duck.



SEQ I D NO 24 - Nucl eoti de sequence of chicken U6-4 pronoter (cU6-4). SEQ ID
NG 25 - Nucl eoti de sequence of chicken 7SK pronoter. SEQ ID NGs: 26 to 51 -
A i gonucl eotide primers. SEQ ,ID NO 52 to 54 - Nucl eotide sequences of
nucleic acid nolecules that target 5 Influenza A genes and/or the nRNA
encoded thereby. SEQ ID NGs:55 to 60- Aigonucleotide primers SEQ ID NO 61
- Nucl eoti de sequence of MAMHA. SEQ I D N& 62 Nucl eoti de sequence of MM3 and
Tol2 transposon. SEQ ID NO 63 - Nucl eoti de sequence of MAH4 and Tol2
transposon. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Gener al Techni ques and
Sel ect ed Defi ni flhemeesent inventignefsthepprovides aimstherk pf rrducinetibe akpressien pf
techni cal apd of HdR@hriffuehizd Rrw{)fﬁlst)g%ﬁ% el &I t]ﬁ:"hﬂéﬂho@%oﬁlﬁi‘iﬁﬁg Ta,@m‘il‘ﬂﬁtgrigg?o same

meani ng as €o 'y understo one of. 15 ordi nar Ki,IT 1.n 1
(e.g., in sellhe isglated W SHpgsIoy Hwlele §91d\m<ﬂs¢‘§@§f, the AsREP By,
[ rrLruno_hi st pcg_eml'ﬁé ﬁoreselﬂriﬁi/@%ﬁ%nci}&ﬁﬁh‘;ﬁrblyideﬁaﬁb bf ﬂrléhﬁm’laﬁd Etoﬁl-con?truct U!ﬂk:%z

ot herwi sg i.ndi cat ed, .t ul ar _bi ol ogy,. vitol o cell, culture, .an
rmunol ot Ayerat i gialded B sossfofh athirie Add mRARs B ot tneciiyentiod 4 o

pr ocedur es veetet lof Khovnvantionhesd/os ithd celll afrthe Hevention Bute meohfacteofa e
descri bed : ) édar:sg U L.e L n: sources such as, J.
Perbal , A %@é‘?ﬁggﬁ%ﬁ?ﬁ% 0. Ilbgé(}%dglrlé %?lg%{x%ag%@gx‘g%ﬁ]f%ﬁﬁogy and Sons (1984),
J. Sanbrook et &he progsnic dnveation fyrthergproxides o magthed, ofkideniifyingopy agimphg
gar Ibour LaAb%hpﬁ?ﬁg ﬂilarzﬁﬁﬁei& a&ﬁ %n\llsnlﬁcﬁof tﬁ% Mnﬁgﬂi 'bil %f?)i%)lﬁéé aﬂ&( 1/88%%{5&%“ ar

i ol ogy; r.actica roach,. Vol.une n RL Press , D.

d over g%dn‘é‘?lﬁpa?@ﬁ’é%lé%gﬁpfﬁﬁeﬁ‘@%tgfﬁ’ﬁ&ﬁ’g:co PBf%&t i cal 25 Approach,

Vol unes 1-4, | Rieté?nesiag (the 9fresende 189 ahseneen dbf Fhdl nudilsio beelid eonsttuct (@ditieor s)

Current Pr ' ' Q;g%ée : | ' i

Wl eylnter gltg?@‘(ril)dc@ } ?Bﬁé?§%%ﬁ§4 a ﬁogigrﬁgge{% f‘|"€b§§§§ée§f?ﬁ" @ggﬁ?ﬁ ow
and Davi d lehempéeipltaingg fiam thoenireal: A Laboratory Manual, Cold Spring

Har bour Labor atjaione efnb38fdent, 306 mbifod depiprBadakbliBing he AubielchkidiPrsell:
Pr ot oc lSS in I@guglnolﬁ%x, Joh Wlf%q& Sons 30 (i hcludi ng }gilnﬁp ?tes unt i |
pr esen?l) . Ind ent, disrendy 8t dhe Frofalsd, apsl/or exegenpysenucleic ac EYhEF&in the
terns "trefgmagit ther¢afeat” or "treatnment” include adm nistering a

t her apeuti cal | j| nmount, Qf ucleic acid construct, vector, cell
and/ or nucl ei cﬁrég%l%fs%%%%ﬁﬁu@e%f EFH%etﬁ%‘scé‘?Wﬁ’Ws'suf ficient to reduce or

el imnate at | sastactinga sample ohtairfeddrom (el anémalawith uiprobe, thatdyybridirdes ynderi an
influenza g b i : o venting: f

prot ecting ﬂgﬂ%&é&fgﬂgﬁﬁaﬁ@ sth eé)?(ig%lglgda cg_&gg?lﬁ]sﬁx d&eﬂlggﬁﬁ%{reg%ntdzogn%g%@%gpi ng
at | eal dneleisarid Bplespledn form pgemplexpand rus infection, or reducing the

severity of a gyRRhidMOhe pRisedd dtabbdhcd of tHRicdfipléxposed to influenza A

virus. 5As used,herein, .an aninal _that is "resistant” to,a viral _ pathogen
exhi bits reducg.('}ed?reWBt S}WF&%B C PE. %%ﬂg?‘gd’tft‘?fe%fh%@céﬁ?ﬂﬂménani nal
when expodemsgenic dntmel registapatolinfiemzaf the medadidomptlsiig: exposed to influenza

Subspegi es or PAdE el B el SE, SR R LR ki S "R Ryan

not |i APt é8irgd cebuch organi sns as 10 chi cken, turkey, duck, goose, quail,
pheasants, par (i%tsélecfiﬁ@Qﬁﬁnsg%ﬁ%n—fﬁﬁu@fﬁqeﬁ%mﬁki\{%%ﬁe hingdidbing Hftfﬂfc‘t,(:h’ enu
kno of 8a us g

and cassowary. .lhe termjncludes the various stralns al | us
(chickens), fofiltsXegraeratingya (LEANSERmiG mAn-hmain alEgh Jrem the riFagesmie KIonsus sex,
New Hanpshhumen céthode | sl and, Austral orp, Cornish, Mnorca, Anrox,

California G L i dae-col our ed, . N i f turkeys,
15 pheasant s, - qtapieRding s HaesehR e b wriftls 1 binels BbisbRiomstly | 1

comrer 3¢ apndjuanti ties. The term "poultry" includes all avians kept,

harvest ed, or ; fB%?ﬁ : I chi cken, turkey,
ostrich, gane ﬁzgaééstg%gﬁﬁgﬁﬁﬁ%ga ox\ﬁ?t%%gg%%%,toqual L£duck, goose, and
emu. 20As used epiesent invepfian fasther peovidesa mgthodrafinsedicing foad, themmethoda A
Vi rus tha&o,ﬂ?(ysiﬁ%ﬁ ect birds. Exanples of avian influenza viruses include,
but are not |0®| ed tQ, any oge or nore of subfypes HL to H16, and Nl to
N9, and i ncl ud® infrgdecing,thepmgleis acidpenstrach of the iyention wiq 2 spimal eplbne

embodi3fent, t h§) seledtihg drdnsgaa cyll EathiprisingtheliiRleld foid bbisyie:, | n anot her
enbodi nent , tRe. avi an_influenza vi ru.sakzr of the 117, subtype. In 25 anot her
enbodi ment .t HEDAGESINTAtinG a fEAisgenys anjme] frox the HanigsRic llpt ype. The term
"influenza A virus polypeptide"” refers to any 'protein that is encoded by
an influenza A virus gene, for exanple, PBl, PB1-F2, PB2, polynerase PA
(PA), haernagglutinin (HA), nucleocapsid protein (NP), neuram nidase (NA),
matrix protein 1 (ML), matrix protein 2 (M2), non-structural protein 1
(NS1) and non-structural 30 protein 2 (NS2). "Virus replication"” as
used herein refers to the anplification of the viral genone in a host cell.
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35 Sone particles of virus also include a glycoprotein envel ope surroundi ng

the protein shell, in which case the termvirus particle also includes the
virus envel ope. An 14 "infectious virus particle"” is capable of entering
and replicating in a cell of an organism By "reduces the expression

of' or "reducing the expression of' a polypeptide or gene is neant that the
transl ati on of a pol ypepti de sequence arfi/ or transcription of a 5

nucl eoti de sequence in a host cell is down-regulated or inhibited. The
degree of down-regulation or inhibitjon wll vary with the natyre and
quantity of the @ @F@ﬁ@géb‘i&HWS%F?‘W&MB?PWQE‘F%‘F@S&W‘HPWF%GP provided to

t he host cell, h)—:‘prbgﬁﬁﬁ fdbdﬂrmt;feqran $68eny0f RNA nol ecul e(s) expressed
fromthe constr 3 but will be

r ad t atl on
evi dent e.g., gnan‘aee R lﬁ’ﬁmeaﬁefg?‘eg‘ "1‘4’? ety egﬁﬁot ei n expression 10
and/ or rel ated tThegetseat imvehtion Anthier podvides, a metlmdgof mdldog eaisansgenit ewet of
viral repligcatio b bition greater than 10%
33% 50% /b%ans ""'grg‘%l/gt ggﬂﬁ}%ﬁ% edlﬁ%gg ghﬁﬂé not treated according
to the present |(x)uetmduomgva fifst necla@rﬁced/e@npnsmg a trapgpogere inte @regiln whetedn t er m

"subj ect” nrgf ghdeit Qcﬁrén@(gﬂegﬁldouﬁegtrand’edmﬁ MRbleb@EMRI . 15 I n one
enbodi nent, the su is a hupan., .In ot er ..enbodi nent s, gﬁ j ect may

be avian, for ekihp ; ‘E&HQWO%%E‘I‘FI% agid eReeding a TppneERse dxto

The sarrpl e" religysldctinga Mahsgehielcel womeritiag tief filsbmickéianeid t he nucl ei ¢ acid
construcks,: cl vectors, and/or cells of the invention. The
sanpl e ggn 1%91% eﬁa&sg? tcgihed di rectly fromthe source or follow ng at

| east one step €ifi) (qeanerating a Ransgenic ibuduinen aninkd fipamiltescaandoe prepared in

any conveni ent fbllégdﬁlh ﬁg@@ggn_h%%&gﬁ@lwth the method of the
i nvention. Typi ne s aqueous sol utjion qr biol 0 fluid
as described i nTﬁ%fY’é“d’@fia?FFo s Savphemitoduesd inty theergllion S‘f%g

solur ce, sua’?claﬁ &id hkyﬁedﬁl@gircmerﬁaltwb& maycwmtﬂmubéd)ﬁﬂo tlsewmonpée@am
sall va, u ns eces l, ne,
PR TP Bt A5 iR e fbteny, SE Bt AR SEE0HA NS el e i PEOHET o

phar yngeal lrémttdmﬁsm soparatemeleiceamidimol egulege, t r acheal aspi ratl ons,

cerebrospinal f{u &QF’B TV i ons,
amiotic fluid, iné"% ?rﬁ Ent ﬂ{nﬁ%‘% o%gaﬁr%%%aﬁ oesglgg#r&p e 1s %géd%{)r a
fraction theldEmspesags. r eat ment may i nvol ve, for exanple, pr epar| ng pl asma

from bl ood, dilmtinBthey bmbOMMmeht, Wil idAhicken pritserdidRiehadsiiof 30 treat ment
can m@ve filgration, .distillation, (eegaratl on,. con entrat

i nactivation of RS PIEFE IRVEgtien, £ Riyideg firqnsgenie 4on; ”’éggréﬂfté‘.‘t The

sel ecti on mndflperesr eat ment of bi ol ogi cal sanpl es prior to testing is well

k th d t be. d b .

term ¢ ransposdit ScrRF&Rt, o raiRehic imat birifiliscs SniI0E E FibuntelC )
from one pesotingran Bl\b{hmdierulmwmpmsmg\e dovbbmsiratled megiony awherainb erRNAesses
whi ch do ”ﬁblé&&ﬁ%&&e@ﬂ ﬁké’%r&!\l% REARANRS QNDE @8 Yn PRl WRRA

transpgson and t site of Inserti n nor hae reconbl natli)n enzy s need for
cl assi ¢l Wﬁ?@fb@@uﬁ%‘@‘{uﬁ@%@ﬁ@ d animal celhlackingdhg, RN Pj§ogen|c refers

to or gani Ss  Orn@Abiher éMBddiMes:, tHearmegalid étﬁdlabyorﬁpﬁ&l@hlrﬁbﬂeib aoﬁibéﬁnsﬁﬁd:t

genom c for ex gerom’.c DNA | t _about 20
preferably Hzgf)dllnga@t ﬁ&%‘om&% sr%%? ?%ﬁgé ?glﬁ)%a\gleerg % %@"%

i denti cal molechle Igémmprodmmnfofamfdc&iogemmihnga/mus rpagticleseln a cell of the used
her ei n, t: 118016 e uct
or nucl ei Eﬁlé%?{%el} g@{ﬁ#é}g&l% &gl%ogé?lgﬁgﬂn&%lﬁgmg grrlfg% ggqﬁ%%s?gl bl?ce seﬁ{ge and
i ncl udéoar@Nﬁéﬂﬂ]ﬁ@u fesulting in the nucleic acid construct or nucleic acid

mol gcul e Pel nglﬂ"aﬁ@tﬁélfemﬁbd%ﬁelg ﬁe:&an enﬁxfﬂﬁmasmm semgantaioemdmsﬁual e'ﬁ .
acid construct, or ei c,ac nol ecu ered to a c nake
ONA Vi o arpociing 2m1 KNG molepile: coBpPiE A Aroblsrsienioh sch wienche el " or
ex alrrpl e, eh@leéulepaﬂulaés e expretsiornaf anlgiﬂuenzdﬁﬁﬂmpﬂlﬁ:epud@irﬁmmﬂgbmmm .
nucl ei ¢ ac u e,inserted i t he. genone_and/ or . be sse
by a tr anéﬁ%ﬁ%ﬁ ﬁaoﬁg}el Xm%al I?ﬂ@??@‘i @8 15 gemcl. YeBF3 1ruls_2|\1ﬁ§§e{8

i nt er f 85 ermnatial ceRiAkingathe R madedubnci ng" refer generally to a process in
whi ch a doubl e-stranded RNA nol ecul e reduces the expression of a nucleic
acid sequence with which the doubl e-stranded RNA nol ecul e shares
substantial or total honol ogy. However, it has nore recently been shown
that RNA interference can be 20 achi eved using non- RNA doubl e stranded

nol ecul es (see, for exanple, US 20070004667) . The present invention

i ncl udes nucl eic acid nol ecul es conprising and/ or encodi ng doubl e-stranded

regions for RNA interference. The nucleic acid nolecules are typically RNA
but may corrprl se chem cal I Y- rmdl f| ed nucl eot| des and non- 25 nucl eot i des

o o, o o o - o, o, A~ . o,




The term "short interfering RNA" or "si RNA" as used herein refers to a
nucl ei ¢ acid nol ecul e whi ch conprises ribonucl eoti des capable of inhibiting
or down regul ati ng gene expression, for exanple by nediating RNAI in a
sequence-speci fic manner, wherein the double stranded portion is |ess than
50 nucleotides in length, 5 preferably about 19 to about 23 nucl eotides in
| ength. For exanple the si RNA can be a Afcl ei ¢ acid nol ecul e conpri si ng

sel f-conpl ementary sense and antisense regions, wherein the antisense
regi on conprises _nuclegiide sequence that is conplenentary .to nucleotide
sequence in a tipg}'gfa‘?fg&‘f Teb @’Pﬂanﬁﬁeé{f’é’ﬁ%@b“rnﬁl WGW“?%«%? & Shicksy anfe
sense regi dhe irfliienzp isueflenra de sequence corresponding to the target nucleic
acid sequence orp i r | J C d fromtwo
separate ol i gonuc%tgoat% ygg@é %g gﬁoﬁgﬁ hﬁgﬁdgﬂlggﬁﬁ iﬁl g&jé‘?gseessﬁeaﬂ%" i te

ot her is tHensa pdribe igvendind, thehiselated ohexegendusensdeiaratid endecude oértls ar e
sel f - congl QH%R@E,VthevectorcﬁSthé‘gﬁ@ ﬁtgfﬁid?brtﬁ@@elf Héﬁiv%ﬂs meant to be

equi valent to oé{ﬁer terns use escr) be nuc elc acld nol ecul es that are

capabl e of nedi dtf REESSRGHEERtonSEher previdegyse affthe gentumen tensgenicarmal
(mM RNA) ,  shodithe inaértivnror M&Mowﬁﬁﬁﬁﬁ otgahBH Sthé fhvehfi PR 61R@inigde,

short interferi ucl ei.c ac erfering nodified

ol i gonucl eot i dqu%ﬁ ﬁ?‘&a{f‘}’?’ ria ! rng usequgbeppgﬁg@gpﬁapggeg;c Yumal

si | enci ng RKAh¢ pn*gsmmmr ﬁmdnmt-hmnm tiansgditi biganismasf tise dnveatien for fowl t er m
RNAI i sipreapdauBod’e equivalent to other ternms used to describe sequence

speC|f|c interference, such as 20 post transcriptional gene silencing,

transl ational i ARivllthectppatsnt aefgund featares mad charastplistios oif KA asprce ofithss of

t he invent ulm&nﬁﬁnaﬂe%p 1&@@@%&%@&&%@“&%@6“68 at both the
post-transcri pt DI e anaf tiqngl level., In a

non- i miting exggﬁqfl%h 0% pie R ‘W‘%uﬁhﬁt PO ofOTYBHE® eﬁﬁr%&tﬁﬁs bR j 23nA
nmol ecul es Ofongphises neme ieoneprisrayt, mél (et uideestoki RNBnplydihatiadusiodidfi £ sfatedn of

h t i hRNA"
ahor - St s Br Bcb e efourARAToriRARS SRBGR or steps, bV gy I S lpsionens
nucl eot i de®2Y ¢iherredoragntyintagener step, ovgualup of cmentse integersstepiss base pai r ed

with a conpl e”EIHeaanfeﬁﬁﬂP%nE@reﬂnﬁﬁﬁt §&scAbed B &Qﬁ%f%é&gdvﬁﬁg'&n-lﬁﬂﬂ g’“er e
sai d sequelg1 @nd co‘gl;%gggent ar%éﬁe guence are_se€eparate unpaire

regi on of esqnd3 BHence o dheprsampanying Figasss: des V\:hl ch forns a

singl e-strar above t he stem structure created by the two regions of

base conpl-2REEAES RIPTIQ BESIGURES 5 sequence of a si ngI e-stranded | oop

Imrjlflt :in]??nglgruhal r p| nq§ MA exr?rml()ﬂ%[‘l%gﬁwl\léﬁugg on Srggghe er and
more of sutiFtegy daed @dﬁoéﬁqewb{{mpegxlx@?syép%ﬂcmr%dl’ﬁﬁ wﬁ@ l plamdscpaapdcer

regions. with reverse Qiﬁa@rsd@cﬁh B allhﬁlmm ‘%fﬁpﬁﬁhg Male ﬁﬁélepckoﬁﬁghgt?? J ? or

doubl e-stranded.r n rat ed rret 0 nown_1n

exanpl e, BYFRC; Q?%o%’f’ UB (Hgf Pr‘i"@&‘@ﬁb‘? |S§7nse@ﬁ|° BB N antisensgeans.
Modi f i cat itemsnaiionaseqheangs and Yholcditeot | des can be int roduced to i nprove the 5
properbkes of the nucleic acid nolecules of the invention. |nproved

pr opertl es i ncl ude increased nucl ease resi stance and/or increased ability
to permeat Figwe 3. Gonsiruntion. of A8 di tramsgena. by, individual Muan$cziption ainits verecul e
and doubEﬁzcﬁké&ﬁﬂﬁga%sfﬁmﬂla ro'a&?' ﬁéf&ﬁﬂzé & %a%@ﬁ‘fygl Agses

such as notm_ém , 1 no xant oxant
2-ar ni noaEIRoMEr componesis, 9lps_e, lons, %ﬁ@seﬁﬂﬁml%@ﬁeﬁ@%& Bal o 10
uracil, Stieathecectydmseription Gnitzwere\igtdd@gether Gsing thd Sompdiible HHEUAP XppRCI |

4-t hi ug@c ako nin ade den| ne, 8-{hiol al kyI
adeni njeogl g‘g h% Fﬁeéxé a‘g(ggnleﬂ‘gs 8ﬁ8‘ H&%ﬁs?i Eri}? éﬁ‘a‘};\ ARSENRG contams) 3

guani nes, trgasgripiion yoitshthabexBessitheB 1gdlmiualeshIB\IAkl it target Iseigeted lnfsenza A

8- hydr OXy%rQ%géﬂbé‘.e and ot her substituted guani nes, other aza and deaza
adeni nes, other aza and deaza guani nes, 5- trifluoronethyl uracil and 5- 15
trifluoro cytosine. Nucleic Acids 'isolated nucleic acid

nol ecul e"F rérgarPlasnﬁfd%ﬁ;% of gS 18¢ Lﬂa?e &hi['ﬁﬁ?o&%&{eﬁl Je% oRg %g tpe

separ ted romthe nucle seq nces w-t S asSBeral

li nke hlﬁl@nrgaﬂ?% aLg ab@ e@ﬁn ishaded; oz the mapn Glanieg eestrigtipy sitevrastveelbad v, t he
isolated nucleic 20 acid nolecule is at |east 60%free, nore preferably at

| east 75% free, and nore preferably at | east 90% free from ot her conponents
with which it is naturally associated. Furthernore, the term"nucleic acid
nol ecul e" is used interchangeably herein with the term "pol ynucl eoti de".
The term "exogenous"” in the context of a nucleic acid refers to the nucleic
acid 25 (including a nucleic acid construct of the invention) when present
|n a ceII or |n a ceII-free expre55|on systen1 |n an altered anount

o o o . o .. I Y L M

-
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15 99.2% nore preferably at |east 99.3% nore preferably at |east 99.4%
nore preferably at |east 99.5% nore preferably at | east 99.6% nore
preferably at |east 99.7% nore preferably at |east 99.8% and even nore
preferably at |east 99.9% i dentical to the relevant nom nated SEQ ID NO A
nucl eic acid nolecule of the present invention may sel ectively hybridise to
a 20 polynucl eotide that encodes an inflillenza A virus pol ypepti de under
stringent conditions. As used herein, under stringent conditions are those
that (1) enploy low ionic strength and high tenperature for washing, for
exanpl e, 0.0415 rRieMartiin@odBed revtrintion sites prer iadisated 1MWHDoaSZnes tard Dertdd)

enpl oy dur iifg Y Rhigdb 2 Rpgtt@ %ﬁr@karueﬂﬂeeﬁmt 200 RJISRIG' TTYTTHE Hzmgr

exanpl e, 50% vol / vol or na 1% bovi ne 25 serum al bum 1%

Fi col I, ¢ senol PAE2OB! caadiseused Go exRise & eniirp AR Aiemsgsaes melugingH 6. 5
with 750 msz‘hﬂ%ﬁbuffé’ﬁﬂﬁﬂhﬁ%%ﬁm@é bs al gngle ien®fof serivpl Byo W¥chieksmm de,
5 x SSC é M NaCl, O odiumcitrate), 50 nM sodi um phosphate (pH
6.8), O. o FEOU trm pyrophosphate, 5 x Denhardfs solution, sonicated sal non
sperm DNA (50 g/ m), 0.1% SDS and 10% dextran sulfate at 42C in 0.2 x SSC

and 0. 1% 3@’1@?’5 4. Nuﬁlf@'eﬁzaa‘&hﬂleﬂ% of q:ta% é?lfic tiGe, p{qgs/% %elbﬂtvgﬁﬁﬂ Qnmn?):fce

possess, to na BT ng r €01
exanpl e naf¥gssing éb@ﬁrlﬁ%g"?iﬁ‘@nﬁ‘tl@? §)(PW§$1@$1 WpeneBorReﬂﬁﬂVé Wmlag‘i?@ns

whi ch are dghreésianin, micB eLpressaipSshNDL 1 Aehfekduls Whit® BpredsinpuhEedp, de resi dues.
Mut ant s, £an be either naturally occurring (that i's to say, isolated 35 from
a natura source) or synthetic (for exanple, by performng site-directed

19 nut agen "| ge nuclejc acid as described above). It is thus apparent
t hat pol yn R E: I u.-ﬁ@% tion can be either naturally occurring or

hﬁgggﬁh&ag&% IDNOLJ}SU@Ohger?;I ogsIEt%F]laer: géoqfu@t 0 féﬁé o) |g%n‘§?t%g %er%ggg lr)é/tngr ng in
size from géﬁéP%?BSiT?OQW‘ES rﬂlctFBHg‘?r%‘?quEn%rﬂ i ’d Bilggengo sever al
hundr eds oSEQUDM©r3 € Consensus rma&bﬁgessqhexrxhqﬁnhwﬂﬁmﬁzamlpmgaﬂes i ncl ude:

Phospharoc LMD QP EBIERAE deleR i g RS BT R ELERATA NP mree,
phosphor an$BQIP N@ifct Epusepsisducientide secuence bl dlse hn.ﬂudnztaekohgeﬂenucl eic acid
construct’ SE%flﬁ NO$% @?‘MS”U%EIGBH&? %\%ﬂk&%ﬁfg ﬁué&%ﬁgtac?cfl that target.

doubl e-str ed RNA ecul I'nc he hiCF&i
acid nol e Berrzraf’agwétaari/orttn@wa@ced echerehpl ecul e Wnen present ina cell

as an ext reﬁmrrmspml- Nuglb@tide RGisheBIraIWE1 a@aﬂ%tﬁf&%hﬁé&e@cnd sifepcul e

TN Ch T CRaNTAL N o s PiseGeoridens 0RO SO shRArR on

t her eof . Rowclesidesr 22352221 US-€ NP1 4960 stucledtidds! R623RPTA | ¥ criffesi se a
sui tabl e | inked to the open reading frame encoding the
AR el

doubl e- st cI eic acid construct may conprise a first open
readi ng f &R IBnliBdl hy I&uqlﬁaqﬂsip ssitwggice of tVIA2 ahd tstaffatoighences.r £hdedifeRNA

oo cp i 1o} i dop aeeuhsinanrher oy as oL g0
acid c%ﬁ ?‘tf’&?on ezﬁég‘r?’g é?ﬁ% c%ﬁétlrlagt (ﬂ%}e‘ﬁ@% 25 Mol ; afjmstutlesr a
ci rcul ar micketides 2986-4696)my or may not be capable of replicati on The

kill ed | th i i t t
Phvent s on SE TR AO8 T AICRGRAR skilhob O NIWGE afi Afitfer ARGRHT | o
t r ansf or nfuctastiges dnd48)cdlEs-¢ shiPdl4fdngucieotidésnt 574021295 pU6+t sl&eft-IZO%
al l ows t h@t&?éoludéso 21’3912%‘31? aWﬁS'Astﬂ%F‘z‘%’ﬁ (ﬁ?@l@ﬂtﬁﬂe‘ sD¥51f18oHC! P Gripel d

constr const ruct nvention hay expr ess

nucl ei’c ac
nultleﬂg QWBF@QdEﬁZQﬁﬁﬁZQQhe and/or one or nore (e.g. 1, 2, 3, 4, 5, or
(rjmrgl) InCSEQIEDgl\ImJtstLNuetedutésbqaatoeo?Mwmt eﬁul es cogm SIRRI% a ecul
oubl e- st 0 exa airpin nol ecul es
consrdereggﬁgiﬁgh "ﬂ@ﬁ%@&d%§mg§¥ﬁcgpﬁgﬁi re those that conprise only 30
the same SEQHDeN@tZl&nNedlesedn@qumceMMWM nol ecul es considered to be
drfferen fferent .d stranded
sequences, 9&9%93‘?;5 pg%%eﬁ?gpeltcﬁg?gi@ﬁgghggsl prgmpler ﬁ%@%d by each
di f f er3ént SEQUBINO3-aNdeldotideequeree af ehickéerhUS-3 premséerdeU6:3)a dif f er ent
gene, or sequences of two different genes. The nucleic acid
construct also may contain additional genetic elements. The 35 types of
el ements that nmay be included in the construct are not limted in any way
and 20 may be chosen .by one with skill in the art. In sonme enbodi nents,
the nucleic acid construct is inserted into a host cell as a transgene. In

such instances it may be desirable to include "stutter” fragnents in the
construct vvhr ch are desr gned to pr ot ect the sequences encodr ng the RNA

o " o o v = Y




20 nucleic acid construct include a reporter gene, such as one or nore
genes for a fluorescent marker protein such as GFP or RFP; an easily
assayed enzyne such as betagal act osi dase, |uciferase, beta-glucuronidase,
chl oranpheni cal acetyl transferase or secreted enbryonic al kaline

phosphat ase; or proteins for which i nmunoassays are readily avail abl e such
as hornones or cytokines. Qther genetidZ2elements that -may find 25 use in
enbodi ments of the present invention include those coding for proteins

whi ch confer a selective growh advantage o | 1's such denosi ne
deani nase, SEQiIyOy2docNucleptidsseauensa of elngkes @W@PB@B‘%?@‘ educt ase,

hygronyci ng gQ{I?ﬁIﬁbO}Sr—aﬂﬁle%ﬁ&eseqﬁéncgwa}uémi'Eﬂlﬁpmot&vﬂlere the nucleic acid
construct IS e transfect n ani nal it is 30 desirable that the

pronot er afBQIRNQEEEP shaiO 1@%9&@&?@1 RERStEs consi st of nucl eoti de
sequences ghat Imaio«salthys40c Qiclédiide eqaemicesabf sugjeicornid malequdesf that fasget

desi r abl t the s es,_en @%] cul es consi st of influenza. A
Vi rus sesg é’#@‘& & ﬂ%ta@?lf rthe mﬁ%% use Eﬁéb ein "pronoter" refers to a
nucl ei ¢ acSEQsIEqN@aGé tovi0 etDligonudleetidepr@Berdi r ect transcription of an
operably I ?{ﬁ 186%\]],& ?lg%{g?é;gsgggg&%fmmcl udes, for 21 exanple, RNA

pol ymer ase

0 |ncluded inthis
definiti onSEQdDNQ@e- %@W%ﬂ?@?ﬁpgp’g\%ﬂ@rvi ¥ (e.g., enhancers)

that are sgk§iip RO63-ONuERSIEde RE0dRE of mlarmdmomampem essi on
control]able in a cell type-specific, tissue-specific, or tenporal-specific
manner, 10y that are inducible by external 5 agents or signals. Wen a
nucl ei c acbd construct conprising ronpter is transfected into a host

ani mal , it2ESAREDIIESCK EIHEINYERDYSY is one that natural Iy occurs in
the animal's genorre For exarrpl e, V\/nere the transgenic aninmal is a chicken,
t he pr onot gengralprasnmidy g@LHHONNt er ; wherein the transgenic ani mal
is a turkey, t rom)t Yal rein
the transgeni c T aﬁqaésﬁn&! ﬁﬁ%@%ﬁn I sbalblkay apl BERphc t@gﬂ‘* ke
pronot er . herein shalDbertakdny td haweetiie sameua@@mgeas;pwm@nb'r gnqle@stgoc% ﬁd’(npcﬂfal

rel ati gnshj e cs, BiBlogyemEAGlo

Typi caIOII%y,.IBfIB ew%th @%ﬂ%gﬁgﬁgﬁb%?@?ﬁgﬁgﬁﬁu of a tg?':nscrl pt:g}:)nal
regul at orymmmoqmmastmam@n.c}a@al% iechemifiy)s exanpl e, a promoter is

operably i ”kectJﬁlé’ssaotﬁé&W1§E91n°éiﬁS?ut&Ianﬁb nﬁ)l&blaai'ouﬁbgﬁpﬁmlogﬁcheﬁgctﬂmm]mnd

di doubl def i.ned t
B Al saict B e ouifn 5 e S B IET b, sl pRicklka o5, o
General |y, wam knoWe to tthic&esnkﬂlthmdhalanr e@chawnqum Idss:rtbnétandreecpbppdabl y
. nk6d|2it0b et%: ﬁﬁlz‘ccté% ??eirati}x?e %?#%?ce@rsﬁc}p@’ gi ﬁé’ﬂbﬁly &gfgc’tlgélcﬁ'ﬁdé % Miflecular

transc However

transcri ptClonig, debulWiley ynd| &0@n€1§84)s de rsaaybr &hebr Molgaler i;gqnn% A

physi cal 1 yp u a LAb&pato¥y t Breb (1989 CQdAngBrsemuences
whose transacﬁzo(ra?édt)l OWQ{ b@ﬁ ggﬁng HAbSSHE dy { Brebo (1989),

se ter"
or 1(—:M°166Plal‘ @5(])19&}@%3%3%}(13%@2%& %Eﬂ’m ?% wE
pr Ofmt er Pfés JTERYOL ), aD>Ml mﬂw&re&[daBeD Vades bediters), oENanﬁiuﬂungnAZS’rqwtloaiot er,

.g., b hat ,
"0t s Mact woev?h Ndimes, -4 Trap Pecsy [ s 1956). Bl FIC AuSbid 8, tors)e
pol ymer aseCuirdntt Brdtoauis cini Mollecldalodbohigb’y Gtmk%dP@éné\SSerlat%yal\‘ﬂarWQ?ﬁf‘

t her eof , R&{e%ﬁ?éncgrﬂ%'l.ﬁﬁﬁ £ all Bplertl bkt fHeQind Ed HaflopelkecDagidmate cel |

with an R rase’l otran cri be era ucl cid
sequence. (89111@6) patibestiey: A daboratoryManyal, ngﬂd % q’k%bo‘fﬁzﬁ’r%& ﬂgﬁf 30
pronoter, g JISKCHigaaRt @r (b&itoPDDlirrehd Protoos itehanﬂologys,rlohhrWﬂey &oBons

e R i oo ST P ol e g e  product.
i.e., U6 MA HJAﬁNed hefenY 8¢ tEMs "reatipg's ("treat!’ pr "Eoadmpntd dnaladsadministesing

| ud E EQ ID
promoters |nclu eg%%G I f&é‘% %P%)P o cllgc ac&?'%@nétﬁlcwovgc%ér c%HBaIfh/((rS Q

NO: 24) and® im sonme apglications are

Type 111 RN8lghohkeitll tholecaruifethe mvmlltludlsnﬁ'ldlmt tpi red@ﬂ?doﬂgnnmﬁi%ht Eﬁﬂsftnel n t he
5" flanki xﬁ’ﬁé n pr onot er
sequences%%?%gﬁnpromd?agrs occu Eﬂy?‘ﬂgnlp Pzaz%gdss irr%\l(%\ﬁhtRNA or VA RNA
genes. The 7SK RNA pol |11 gene contains a weak internal pronoter and a
sequence in the 5 flanking region of the gene necessary for transcription.
Pol Ill pronoters for utilization in a nucleic acid construct for a

particul ar application, e.g., to 5 express doubl e stranded RNA nol ecul es
such as hairpin RNAs agai nst an avian or. human virus nmay advant ageously be
sel ected for optimal binding and transcription by the host cell RNA
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applies to a pronoter refers to a pronoter that is capable of directing

sel ective 23 expression of a nucleotide sequence of interest to a specific
type of tissue (e.g., lungs) in the relative absence of expression of the
same nucl eoti de sequence of interest in a different type of tissue (e.g.,
brain). Such tissue specific pronDters i ncl ude pronoters such as Ick,
myogenin, or thy 1. The term"cell-specil3ic" as applied to a pronoter
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anplification systens. Any suitable nethod for anplifying a nucleic acid
construct, or 20 fragnent thereof, or an isolated or exogenous nucleic acid
nol ecul e, or a fragment thereof, nay be used in the nmethods of the present
i nvention. Vectors and Host Cells In sone instances it may be
desirable to insert the nucleic acid construct and/or nucleic acid nol ecul e
of the invention into a vector. The vectldr may be, e.g., a 25 plasnmid,
virus or artificial chromosone derived from for exanple, a bacteriophage,
adenovirus,,  adeno-associated virus, retrovirus, poxvirus or herpesvirus.
Such vect or dnfegféqus derusn pEwsIss Nl cap@biesefmmeana andy tepligeling éy a/ sell fsane. g. |
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20 enucl eated oocytes, cultured and transferred into femal e recipients.
Sper m nmedi ated gene transfer (SMGT) is another nethod that may be used to
generate transgenic aninmals. This nethod was first described by Lavitrano
et al. (1989). Another nethod of producing transgenic aninmals is |inker
based sperm nedi ated 25 gene transfer technol ogy (LB-SMST). This procedure
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senmen i s washed and i ncubated with rurine nonocl onal anti body mAbC
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28 particles are preferably: 1) reproduci bly and stably propagated; 2) able
to be purified to high titers; and 3) able to nediate targeted delivery

(delivery of the nucleic acid expression construct to the cell, tissue, or
organ of interest, w thout w despread di ssem nation). 5 Conpositions and
Adm ni stration In a preferred enbodi nent, a conposition of the

invention is a pharmaceutical conpositid conprising a suitable carrier.
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preferably at least 90% free from other components with which it is naturally
associated. Furthermore, the term "nucleic acid molecule" is used interchangeably

herein with the term "polynucleotide".
The term "exogenous" in the context of a nucleic acid refers to the nucleic acid
25 (including a nucleic acid construct of the invention) when present in 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
30 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
35 extension penalty=0.3. The query sequence is at least 19 nucleotides in length, and the
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GAP analysis aligns the two sequences over a region of at least 19 nucleotides.
Alternatively, the query sequence is at least 150 nucleotides in length, and the GAP
analysis aligns the two sequences over a region of at least 150 nucleotides.
Alternatively, the query sequence is at least 300 nucleotides in length and the GAP
analysis aligns the two sequences over a region of at least 300 nucleotides. Preferably,
the two sequences are aligned over their entire length.

With regard to the defined nucleic acid molecules, it will be appreciated that %
identity figures higher than those provided above will encompass preferred
embodiments. Thus, where applicable, in light of the minimum % identity figures, it is
preferred that the nucleic acid molecule comprises a nucleotide sequence which is at
least 90%, more preferably at least 91%, more preferably at least 92%, more preferably
at least 93%, more preferably at least 94%, more preferably at least 95%, more
preferably at least 96%, more preferably at least 97%, more preferably at least 98%,
more preferably at least 99%, more preferably at least 99.1%, more preferably at least
99.2%, more preferably at least 99.3%, more preferably at least 99.4%, more preferably
at least 99.5%, more preferably at least 99.6%, more preferably at least 99.7%, more
preferably at least 99.8%, and even more preferably at least 99.9% identical to the
relevant nominated SEQ ID NO.

A nucleic acid molecule of the present invention may selectively hybridise to a
polynucleotide that encodes an influenza A virus polypeptide under stringent
conditions. As used herein, under stringent conditions are those that (1) employ low
ionic strength and high temperature for washing, for example, 0.015 M NaC1/0.0015 M
sodium citrate/0.1% NaDodSO4 at 50°C; (2) employ during hybridisation a denaturing
agent such as formamide, for example, 50% (vol/vol) formamide with 0.1% bovine
serum albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50 mM sodium phosphate
buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42°C; or (3) employ 50%
formamide, 5 x SSC (0.75 M NacCl, 0.075 M sodium citrate), 50 mM sodium phosphate
(pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution, sonicated 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 occurring (that is to say, isolated
from a natural source) or synthetic (for example, by performing site-directed
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mutagenesis on the nucleic acid as described above). It is thus apparent that
polynucleotides of the invention can be either naturally occurring or recombinant.

Usually, monomers of a nucleic acid are linked by phosphodiester bonds or

analogs thereof to form oligonucleotides ranging in size from a relatively short

5 monomeric units, e.g., 12-18, to several hundreds of monomeric units. Analogs of

phosphodiester ~ linkages  include:  phosphorothioate, ~ phosphorodithioate,

phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate,

phosphoramidate.

Nucleic Acid Constructs
10 As used herein, “nucleic acid construct” refers to any nucleic acid molecule that
encodes a double-stranded RNA molecule as defined herein and includes the nucleic
acid molecule in a vector, the nucleic acid molecule when present in a cell as an
extrachromosomal nucleic acid molecule, and a nucleic acid molecule that is integrated
into the genome. Typically, the nucleic acid construct will be double stranded DNA or
15 double-stranded RNA, or a combination thereof. Furthermore, the nucleic acid
construct will typically comprise a suitable promoter operably linked to the open
reading frame encoding the double-stranded RNA. The nucleic acid construct may
comprise a first open reading frame encoding a first single strand of the double-
stranded RNA molecule, with the complementary (second) strand being encoded by a
20 second open reading frame by a different, or preferably the same, nucleic acid
construct. The nucleic acid construct may be a linear fragment or a circular molecule
and it may or may not be capable of replication. The skilled person will understand
that the nucleic acid construct of the invention may be included within a suitable
vector. Transfection or transformation of the nucleic acid construct into a recipient cell
25 allows the cell to express an RNA molecule encoded by the nucleic acid construct.

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

30 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

35 types of elements that may be included in the construct are not limited in any way and
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may be chosen by one with skill in the art. In some embodiments, the nucleic acid
construct is inserted into a host cell as a transgene. In such instances it may be
desirable to include “stuffer” fragments in the construct which are designed to protect
the sequences encoding the RNA molecule from the transgene insertion process and to
reduce the risk of external transcription read through. Stuffer fragments may also be
included in the construct to increase the distance between, e.g., a promoter and a coding
sequence and/or terminator component. The stuffer fragment can be any length from 5-
5000 or more nucleotides. There can be one or more stuffer fragments between
promoters. In the case of multiple stuffer fragments, they can be the same or different
lengths. The stuffer DNA fragments are preferably different sequences. Preferably, the
stuffer sequences comprise a sequence identical to that found within a cell, or progeny
thereof, in which they have been inserted. In a further embodiment, the nucleic acid
construct comprises stuffer regions flanking the open reading frame(s) encoding the
double stranded RNA(s).

Alternatively, the nucleic acid construct may include a transposable element, for
example a transposon characterized by terminal inverted repeat sequences flanking the
open reading frames encoding the double stranded RNA(s). Examples of suitable
transposons include Tol2, mini-Tol, Sleeping Beauty, Mariner and Galluhop.

Other examples of an additional genetic element which may be included in the
nucleic acid construct include a reporter gene, such as one or more genes for a
fluorescent marker protein such as GFP or RFP; an easily assayed enzyme such as beta-
galactosidase, luciferase, beta-glucuronidase, chloramphenical acetyl transferase or
secreted embryonic alkaline phosphatase; or proteins for which immunoassays are
readily available such as hormones or cytokines. Other genetic elements that may find
use in embodiments of the present invention include those coding for proteins which
confer a selective growth advantage on cells such as adenosine deaminase,
aminoglycodic  phosphotransferase, dihydrofolate reductase, hygromycin-B-
phosphotransferase, or drug resistance.

Where the 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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example, RNA polymerase II and RNA polymerase III promoters. Also included in

this definition are. those transcriptional regulatory elements (e.g., enhancers) that are

sufficient to render promoter-dependent gene expression controllable in a cell type-

specific, tissue-specific, or temporal-specific manner, or that are inducible by external
5 agents or signals.

When a nucleic acid construct comprising a promoter is transfected into a host
animal, it is desirable that the promoter is one that naturally occurs in the animal’s
genome. For example, where the transgenic animal is a chicken, the promoter is
preferably a chicken promoter; wherein the transgenic animal is a turkey, the promoter

10 is preferably a turkey promoter; and wherein the transgenic animal is a duck, the
promoter is preferably a duck promoter.

"Operably linked" as used herein refers to a functional relationship between two
or more nucleic acid (e.g., DNA) segments. Typically, it refers to the functional
relationship of a transcriptional regulatory element to a transcribed sequence. For

15 example, a promoter is operably linked to a coding sequence, such as an open reading
frame encoding a double-stranded RNA molecule defined herein, if it stimulates or
modulates the transcription of the coding sequence in an appropriate cell. Generally,
promoter transcriptional regulatory elements that are operably linked to a transcribed
sequence are physically contiguous to the transcribed sequence, i.e., they are cis-acting.

20 However, some transcriptional regulatory elements, such as enhancers, need not be
physically contiguous or located in close proximity to the coding sequences whose
transcription they enhance.

By "RNA polymerase III promoter" or "RNA pol III promoter” or "polymerase
IIT promoter" or "pol IIT promoter" is meant any invertebrate, vertebrate, or mammalian

25 promoter, e.g., chicken, human, murine, porcine, bovine, primate, simian, etc. that, in
its native context in a cell, associates or interacts with RNA polymerase III to transcribe
its operably linked gene, or any variant 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

30 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, H1 RNA, or 7SK
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).

35 Preferred in some applications are the Type III RNA pol III promotets including
U6, H1, and 7SK which exist in the 5' flanking region, include TATA boxes, and lack



NP-1496 1

MP-480 1 °

10

15

20

25

30

35

-8.7-100

MP-37 1 -13.3 102 MP-331 1-13.3 124
-14 -1 0 0 MP-554 1 -12.0

22

internal promoter sequences. Internal promoters occur for the pol III 58 rRNA, tRNA
or VA RNA genes. The 7SK RNA pol IIT gene contains a weak internal promoter and
a sequence in the 5' flanking region of the gene necessary for transcription. Pol III
promoters for utilization in a nucleic acid construct for a particular application, e.g., to
express double stranded RNA molecules such as hairpin RNAs against an avian or.
human virus may advantageously be selected for optimal binding and transcription by
the host cell RNA polymerase III, e.g., including avian pol III promoters in an
expression construct designed to transcribe a plurality of hairpin dsRNAs against an
avian virus such as avian influenza virus (H5N1) in avian host cells.

By "different" polymerase promoters is meant any two RNA polymerase
promoters such as RNA polymerase II or RNA polymerase 111 promoters, including
variants such as polymorphisms and mutants thereof, which in a particular species will
drive transcription of different cognate transcripts, such as, e.g., the human 7SK
promoter, the human U6 promoter, and the human H1 promoter, which are considered
three "different" polymerase promoters. “Different” polymerase promoters also refers
to individual members of a family of promoters such as, e.g., the chicken U6 family of
promoters in which the cU6-1, cU6-2, cU6-3 and cU6-4 promoters are considered
“different” promoters. The use of different polymerase promoters in the constructs of
the present invention will reduce the possibility of intra- and/or intermolecular
recombination events such as rearrangements or deletions.

In some aspects, multiple copies of the "same" RNA polymerase II or RNA
polymerase III promoter may be included in a nucleic acid construct of the invention,
In some embodiments, the nucleic acid constructs of the invention may contain
multiple copies of the same polymerase promoter without a "different" polymerase
promoter; e.g., three, four, five, or more U6 promoters each operably linked to a
sequence encoding a RNA molecule such as a shRNA. Optionally, in some
embodiments, other promoters may be included in addition to the two or more
polymerase promoters, e.g., one or more polymerase I promoters, one or more
mitochondrial promoters, etc. In one aspect, an expression 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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sequence of interest in a specific type of cell in the relative absence of expression of the
same nucleotide sequence of interest in a different type of cell within the same tissue
(see, e.g., Higashibata, et al. (2004); Hoggatt, et al. (2002); Sohal, et al., (2001); and
Zhang, et al., (2004)). The term "cell-specific” when applied to a promoter also means
10 a promoter capable of promoting selective expression of a nucleotide sequence of
interest in a region within a single tissue. Alternatively, promoters may be constitutive

or regulatable. Additionally, promoters may be modified so as to possess different

specificities.

Amplification of Nucleic Acid

15 The "polymerase chain reaction" ("PCR") is a reaction in which replicate copies
are made of a target polynucleotide using a "pair of primers" or "set of primers"
consisting of "upstream" and a "downstream" primer, and a catalyst of polymerization,
such as a DNA polymerase, and typically a thermally-stable polymerase enzyme.
Methods for PCR are known in the art, and are taught, for example, in "PCR" (Ed. MLJ.

20 McPherson and S.G Moller (2000) BIOS Scientific Publishers Ltd, Oxford). PCR can
be performed on ¢DNA obtained from reverse transcribing mRNA isolated from

biological samples.
A primer is often an oligonucleotide, generally of about 20 nucleotides long,

with a minimum of about 15 nucleotides, that is capable of hybridising in a sequence
25 specific fashion to the target sequence and being extended during the PCR. Longer
nucleic acid moleucules, for example nucleic acid molecules at least 50 or 100 or more
nucleotides in length may also be used as a primer. Amplicons or PCR products or PCR
fragments or amplification products are extension products that comprise the primer
and the newly synthesized copies of the target sequences. Multiplex PCR systems
30 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
35 facilitate capture or detection of amplicons. Repeated cycles of heat denaturation of the
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resultant cDNA.
Another method for amplification is the ligase chain reaction ("LCR"), disclosed
10 in EP 0 320 308. In LCR, two complementary probe pairs are prepared, and in the
presence of the target sequence, each pair will bind to opposite complementary strands
of the target such that they abut. In the presence of a ligase, the two probe pairs will
link to form a single unit. By temperature cycling, as in PCR, bound ligated units
dissociate from the target and then serve as "target sequences" for ligation of excess
15 probe pairs. U.S. Pat. No. 4,883,750 describes a method similar to LCR for binding
probe pairs to a target sequence.

Other methods for amplification of nucleic acid molecules are known to those
skilled in the art and include isothermal amplification methods and transcription-based
amplification systems. Any suitable method for amplifying a nucleic acid construct, or

20 fragment thereof, or an isolated or exogenous nucleic acid molecule, or a fragment
thereof, may be used in the methods of the present invention.

Vectors and Host Cells
In some instances it may be desirable to insert the nucleic acid construct and/or
nucleic acid molecule of the invention into a vector. The vector may be, e.g., a
25 plasmid, virus or artificial chromosome derived from, for example, a bacteriophage,
adenovirus, adeno-associated virus, retrovirus, poxvirus or herpesvirus. Such vectors
include chromosomal, episomal and virus-derived vectors, €.g., vectors derived from
bacterial plasmids, bacteriophages, yeast episomes, yeast chromosomal elements, and
viruses, vectors derived from combinations thereof, such as those derived from plasmid
30 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
35 repeat sequences flanking the open reading frames encoding the double stranded
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Culture medlum such as DMEM, MEM, RPM 11640, or IMDM may be used for
20 animal cells. The culture medium can be used with or without serum supplement such
as fetal calf serum (FCS). The pH of the culture medium is preferably between about 6
and 8. Cells are typically cultured at about 30° to 40° C for about 15 to 200 hr, and the
culture medium may be replaced, aerated, or stirred if necessary.

25 A "transgenic non-human animal" refers to an animal, other than a human, that
contains a nucleic acid construct (“transgene™) not found in a wild-type animal of the
same species or breed. A “transgene” as referred to herein has the normal meaning in
the art of biotechnology and includes a genetic sequence which has been produced or
altered by recombinant DNA or RNA technology and which has been introduced into

30 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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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

35 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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gene construct to overcome position effects at the site of insertion has been described
(Chim et al., 1993).

Another method for generating germline transgenic animals is by using a
transposon, for example the Tol2 transposon, to integrate a nucleic acid construct of the
invention into the genome of an animal. The Tol2 transposon which was first isolated
from the medaka fish Oryzias latipes and belongs to the hAT family of transposons is
described in Koga et al. (1996) and Kawakami et al. (2000). Mini-Tol2 is a variant of
Tol2 and is described in Balciunas et al. (2006). The Tol2 and Mini-Tol2 transposons
facilitate integration of a transgene into the genome of an organism when co-acting
with the Tol2 transposase. By delivering the Tol2 transposase on a separate non-
replicating plasmid, only the Tol2 or Mini-Tol2 transposon and transgene is integrated
into the genome and the plasmid containing the Tol2 transposase is lost within a limited
number of cell divisions. Thus, an integrated Tol2 or Mini-Tol2 transposon will no
longer have the ability to undergo a subsequent transposition event. Additionally, as
Tol2 is not known to be a naturally occurring avian transposon, there is no endogenous
transposase activity in an avian cell, for example a chicken cell, to cause further
transposition events.

Any other suitable transposon system may be used in the methods of the present
invention. For example, the transposon system may be a Sleeping Beauty, Frog Prince
or Mos! transposon system, or any transposon belonging to the tcl/mariner or hAT
family of transposons may be used.

The injection of avian embryonic stem cells into recipient embryos to yield
chimeric birds is described in US 7,145,057. Breeding the resulting chimera yields
transgenic birds whose genome is comprised of exogenous DNA.

Methods of obtaining transgenic chickens from long-term cultures of avian
primordial germ cells (PGCs) are described in US Patent Application 20060206952.
When combined with a host avian embryo 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

oommmmmD -Ilwo 000 O O 1--1-1--00NONO 1-0 O

11-0



1--.:t..1- ,-;1-R 00 ©¢) 0-0,0 O O parvor < < -0t < ,< cNcrsO 000'-..e
(4r, ,Ccir 01-1- ow0-8 < O,wl-- a oF 00 w Szo o Onto< - 0. (YU woa

wr, zg!",-d7z000-0z. (i z<001. 7., z0z<w opQy<60[ 1. 1(.26<tgCs, (2. <161(21;

;, S19- (12, 1- 900000 OMO000(9(Ow OF")0(9cO0 o -,1.100M0000O< Vi (90 <c
U00< 1 OnmDO 00001-0000*1- 01_0000 000001- 4, 0 --c) ¢) ¢) ¢)0. O F- 0O
00 00<00C "4(r (9<r F 'O B8RO0 CDC) CDOC (90 (9 <c <C
I(:- OF CDO (D(9 (DOOF O E- (9CDOCD<(9<0<—m
901000000E—0000000000000000< ct, F-

C) F- F- 0 martigesare prefqrphlyc]) seproduciply ?éidcﬁt@%)y Eﬁop%%?t?fi 2 "‘%13(@ b@é’“&ﬁeé t‘t) C)
C)] 0 O F( By ti‘f&;s Oarﬁl F) 8) Qbld) thhiéh%\lta@g&Vd Rlidety @Bliveryuofogt, A0ddicgroid) g
gi]g g9 F F-F-

assay ex perﬁixﬁ’i?ﬁ?gn s‘i?ﬂ?fﬂﬁt stSdE‘F ce}"abtfséues orppgg;a% ok nét%ers éé;\g'ﬁ#éutsﬁgkgf rf%@?
ShNP- 1484 aligtemidllod496 were able to very effectively inhibit the
production of both PR8 and H5N1l viruses conpared to the nock plasmd. In

t he case5ofCahdisitioA? brid AdehisibiNRioh484, they were abl e to corrpl etely inhi bi t
replication of both5w(§3 gsmanun‘ner of erinme f|rm hei r

effectiveness. Pt aPriprRed spedimient aasostion eérﬁv %’@? 3\/@ %méﬁcg% le to
ef f ecti vel woinpbiitibh c@npﬂsiﬁg aGnitshle tireien i Suitabls pleumacmiticalscastiére.cpdicipiénts as

shPB1- 2257, _shNP:1484 4 P 9 h

ot oduct i on BHoF i, e R ok’ Bl biEa 30 ol 00 RRE" aftr) Vi Bl 1P
pat hogeni c peBAier, setulose eplersabf yftlkoue@pam@s, basgngsium steatats, magnesium é’éildPO as a
potenti g tc?;’s%ﬁl neS %Ei'hh&é %ﬁ%%ﬁ%@nm%@%%&%e\ﬂ%nwﬁ%@ tgéldtﬁihlg?yderihhe

replication either virus t
|\/U|pt i - \Ar hég@}uwigatq,rgﬁga@@tﬁggl agents, anti agents,s g(nl%lCta}ra%lc acacia gum,
sodium and calcium salts of phosphoric and sulfunc acids, polyvinylpyrrolidone and/or
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In some embodiments, the nucleic acid construct(s) and/or nucleic acid
15 molecules of the invention are complexed with one or more cationic lipids or cationic
amphiphiles, such as the compositions disclosed in US 4,897,355; US 5,264,618; or US
5,459,127. In other embodiments, they are complexed with a liposome/liposomic
composition that includes a cationic lipid and optionaily includes another component,
such as a neutral lipid (see, for example, US 5,279,833; US 5,283,185; and US
20 5,932,241). In other embodiments, they are complexed with the multifunctional
molecular complexes of US 5,837,533; 6,127,170; and 6,379,965 or, desirably, the
multifunctional molecular complexes or oil/water cationic amphiphile emulsions of
WO 03/093449. The latter application teaches a composition that includes a nucleic
acid, an endosomolytic spermine that includes a cholesterol or fatty acid, and a
25 targeting spermine that includes a ligand for a cell surface molecule. 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
30 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

35 route of in ovo administration, other regions such as the yolk sac or chorion allantoic




It has been determined that it is of significant benefit to express
multiple shRNAs fromthe one transgene to further reduce the risk of viral
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uoponpoRIl si ' | IdkhdtHerNHbodimgnt) the nucleic acid construct, nucleic acid molecule and/or
composition of the invention is administered via pulmonary delivery, such as by
inhalation of an aerosol or spray dried formulation. For example, the aerosol may be
administered by an inhalation device or nebulizer (see for example US 4,501,729),

15 providing rapid local uptake of the nucleic acid molecules into relevant pulmonary
tissues.  Solid particulate compositions containing respirable dry - particles of
micronized nucleic acid compositions can be prepared by grinding dried or lyophilized
nucleic acid compositions, and then passing the micronized composition through, for
example, a 400 mesh screen to break up or separate out large agglomerates. A solid

20 particulate composition comprising the nucleic acid compositions of the invention can
optionally contain a dispersant which serves to facilitate the formation of an aerosol as
well as other therapeutic compounds. A suitable dispersant is lactose, which can be
blended with the nucleic acid compound in any suitable ratio, such as a 1 to 1 ratio by
weight.

25 Nebulizers are commercially available devices which transform solutions or
suspensions of an active ingredient into a therapeutic aerosol mist either by means of
acceleration of a compressed gas, typically air or oxygen, through a narrow venturi
orifice or by means of ultrasonic agitation, Suitable formulations for use in nebulizers
comprise the active ingredient in a liquid carrier in an amount of up to 40% w/w

30 preferably 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

35 emulsifiers and other formulation surfactants. The aerosols of solid particles
comprising the active composition and surfactant can likewise be produced with any
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solid particulate aerosol generator. ~Aerosol generators for administering solid
particulate therapeutics to a subject produce particles which are respirable, as explained
above, and generate a volume of aerosol containing a predetermined metered dose of a
therapeutic composition at a rate suitable for human administration.

A nucleic acid construct, nucleic acid molecule and/or composition of the
invention can also be added to animal feed or drinking water. It can be convenient to
formulate the feed and drinking water compositions so that the animal takes in a
therapeutically appropriate quantity along with its diet. It can also be convenient to
present the composition as a premix for addition to the feed or drinking water.

EXAMPLES

Example 1. Selection of shRNA sequences for inclusion in transgenes

The most highly conserved genes, PB1, PB2, PA, NP and M1, of influenza A
were selected for RNAI targeting. The inventors used siVirus (web-based antiviral
siRNA design software for highly divergent viral sequences, Naito et al., 2006) to
identify highly conserved regions within the selected genes and to also predict siRNA
sequences that we could screen for the selection of shRNAs. The software highlighted
a number of regions within the analysed Influenza A genomic segments, that were of
particular interest for shRNA design, namely the 3’ regions of PB1, PB2, PA and NP.
More specifically these were: Segment 1 (PB2 gene) nucleotides 2240-2341; Segment
2 (PB1 gene) nucleotides 2257-2341; Segment 3 (PA gene) nucleotides 2087-2233 and;
Segment 5 (NP gene) nucleotides 1484-1565.

The inventors selected 29 predicted siRNA sequences from siVirus to screen for
the selection of shRNAs (Table 1). There are several algorithms available to select
potential siRNA sequences for specific target genes. It has been shown however that
many of these predicted siRNAs do not function effectively when processed from
expressed shRNAs. Taxman et al. (2006) have specifically designed an algorithm to
predict effective 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 shRNAs for the specific inhibition of Influenza A virus

replication.
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Table 1. Algorithm selection of ShRNA sequences targeting Influenza A genes.
shRNA 5" end score | AG central | 3’ end score | A+Tin3’ Score

PB1-6 1 -13.8 1 2 4
PB1-129 : 1 -12.7 -1 1 1
PB1-2257 1 -13.9 1 2 4
PB2-2210 1 -14.7 1 2 4
PB2-2240 ' 1 2141 1 2 4
PB2-8 1 -11.8 1 1 3
PB2-10 -1 -12.2 1 1 1
PA-44 -1 -13.1 -1 2 0
PA-739 1 -10.9 -1 0 0
PA-2087 1 -13.6 1 0 2
PA-2110 -1 -17.2 1 2 2
PA-2131 -1 -12.6 -1 0 -2
NP-224 -1 -15.3 1 2 2
NP-231 -1 -12.8 -1 0 -2
NP-344 1 134 1 2 4
NP-390 ‘ -1 -13.5 1 0 0
NP-771 1 -11.4 1 1 3
NP-778 -1 -13.3 1 1 1
NP-1472 ’ 1 -11.4 1 2 4
NP-1484 -1 -8.7 1 1 1
NP-1496 1 -8.7 -1 0 0
MP-37 1 -13.3 1 0 2
MP-331 1 -13.3 1 2 4
MP-480 1 =14 -1 0 0
MP-554 1 -12.0 1 2 4
MP-592 1 -13.4 1 1 3
MP-598 -1 -14.5 1 0 0
MP-934 1 -11 -1 0 0
MP-5 1 -10.8 1 2 4

There are four criteria for shRNA selection using the Taxman algorithm. Three

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

5 1) Cor 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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strand hybridised to bases 9-14 of the antisense strand) for a 19 nucleotide sequence.
shRNAs with a central duplex AG > -12.9 kcal/mol are preferred. The present
inventors modification to the Taxman algorithm is to use different free-energy
parameters for predictions of RNA duplex stability as published by Freier et al. (1986).
5 Based on the algorithm, the inventors chose 13 of the siVirus siRNA sequences for use
in potentially effective shRNAs to test for their ability to inhibit influenza A virus
replication. The selected sequences are highlighted in bold in Table 1 and their 5> — 3’
sequence is shown in Table 2. These 13 sequences were used to construct ddRNAi

plasmids for the expression of the 10 shRNAs.

10

Table 2. Sequence of shRNAs selected for virus inhibition assays.
shRNA 5’ — 3’ Sequence

PB1-129 CAGGAUACACCAUGGAUAC (SEQ ID NO:6)
PB1-2257 GAUCUGUUCCACCAUUGAA (SEQ ID NO:7)
PB2-2240 CGGGACUCUAGCAUACUUA (SEQ ID NO:8)
PB2-8 CAGCGACCAAAAGAATTCGGA (SEQ ID NO:52)
PB2-10 AAGAATTCGGATGGCCATCAA (SEQ ID NO:53)
PA-2087 GCAAUUGAGGAGUGCCUGA (SEQ ID NO:9)
NP-771 CCAGGAAAUGCUGAGAUCGAA (SEQ ID NO:1 0)
NP-1472 GAGUAAUGAAGGAUCUUAUUU (SEQ ID NO:1 1)
NP-1484 - | AUCUUAUUUCUUCGGAGACAA (SEQID NO:12)
NP-1496 GGAUCUUAUUUCUUCGGAG (SEQ ID NO:13)
MP-554 CACUAAUCAGACAUGAGAA (SEQ ID NO:14)
MP-592 CUACAGCUAAGGCUAUGGA (SEQ ID NO:15)
MP-5 GTGGATTCTTGATCGTCTT (SEQ ID NO:54)

Example 2. Chicken Promoter Sequences

It is known that when designing a transgene construct, it is desirable to include

15 promoters which include upstream sequence to enable efficient attachment of the
polymerase enzyme to the promoter sequences. Despite this, chicken U6 promoters
were designed and tested to contain the minimum amount of promoter sequence
required to elicit transcription of the shRNAs, thus enabling a reduction in the overall
size of the transgene construct.

20 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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containing the 100 bp extra upstream sequence would provide better expression
shRNA.

Table 3 details the results of a hemagglutination assay (HA assay) experiment to

measure the inhibition of virus production induced by the shRNA expression from both

5 plasmids. To conduct this assay, MDCK cells were grown to logarithmic-phase and

then electroporated with the shRNA plasmids using an Amaxa Nucleofector. The

transfected cells were then infected 8 hours later with low pathogenic HIN1 A/PR/8/34

(PR8) Influenza A virus, at a range of multiplicity of infections (moi). Virus titer (HA

units) was measured 48 hours after infection by performing HA assays. The assays

10 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.

In the HA assay experiment, pcU6-4 shNP-1496 containing the minimal

15 promoter sequence was more effective at silencing the virus at all tested MOI than

pcU6-4 (+100) shNP-1496 which contained extra upstream promoter sequence and the

mock plasmid.

Table 3. Results of hemagglutination assay (HA assay)

MOI .001 | MOI .0001 | MOI .00001
Mock plasmid 32 32 16 '
pcU6-4 (+100) shNP-1496 | 32 16
pcU6-4 shNP-1496 4 2

20

Example 3. Construction of ddRNAI plasmids for expression of selected shRNAs
The chicken polymerase III promoters cU6-1 (GenBank accession number
DQ531567), cU6-3 (DQ531569), cU6-4 (DQ531570) and c¢7SK (EF488955) were used
as templates to construct ddRNAi expression plasmids for the selected shRNAs, via a
25 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 shtRNA amplified). The reverse primers
30 in each PCR were designed to comprise the last 20 nt of each promoter sequence,
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shRNA sense, loop, and ShRNA antisense sequence and were HPLC purified. Full-
length amplified expression cassette products were ligated into pGEM-T Easy and then
sequenced.

Of the chosen 13 shRNAs, expression plasmids were successfully constructed

5 for 7 of the sequences. The final ShRNA expression plasmids used in virus inhibition

assays were named pcU6-1-shPB2-2240, pcU6-1-shPA-2087, pcU6-3-shMP-592,

pcU6-4-shNP-1496, pcU6-4-shNP-1484, pc7SK-shPB1-129, pcU6-4-shPB1-2257 and

pc7SK-shPB1-2257. A cU6-1 irrelevant control plasmid was also constructed and used

for mock comparison in virus inhibition assays (see below). For this mock plasmid,

10 forward primer TD135 was paired with reverse primer TD155 comprising the last 20 nt

of the chU6-1 promoter and all other irrelevant Sh(RNA (shirr) components. The PCR
product was ligated into pGEM-T Easy and sequenced.

Each ddRNAi plasmid was constructed so that the start of each shRNA

sequence was at the +1 position of the native U6 or 7SK snRNA transcripts. A Xhol

15 restriction enzyme site was engineered downstream of the termination signal to allow

screening for full-length shRNA products inserted into pGEM-T Easy. All final

shRNA expression vectors consisted of either one of the full length chicken U6 or 7SK

promoters, a ShRNA sense sequence, a loop sequence, a ShRNA antisense sequence, a

termination sequence and a X%ol site. The loop sequence used in all ShRNAs was 5’

20 UUCAAGAGA 3.
Example 4. Testing selected shRNAs for virus inhibition

Table 5 summarises the results of hemagglutination assay (HA assay)
experiments to measure the inhibition of virus production induced by the shRNA
expression plasmids. To conduct these assays, MDCK cells were grown to logarithmic

25 phase and then electroporated with the shRNA plasmids using an Amaxa
Nucleofectorm. The transfected cells were then infected 8 hours later with Influenza A
virus, either low pathogenic HIN1 A/PR/8/34 (PR8) or highly pathogenic H5N1
A/chicken/Vietnam/008/2004 (H5N1), at a range of multiplicity of infections (mof).
Virus titer (HA units) was measured 48 hours after infection by performing HA assays.

30 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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In all of the HA assay experiments summarised in Table 5, plasmids expressing
shPB1-2257, shNP-1484 and shNP-1496 were able to very effectively inhibit the
production of both PR8 and H5N1 viruses compared to the mock plasmid. In the case
of shPB1-2257 and shNP-1484, they were able to completely inhibit replication of both
viruses in a number of experiments, confirming their effectiveness. Plasmids
expressing shPA-2087 and shMP-592 were also able to effectively inhibit production of
the viruses, but not as effectively as shPB1-2257, shNP-1484 and shNP-1496. The
shPB1-129 molecule inhibited the production of the low pathogenic PR8 strain but did
not inhibit the highly pathogenic H5N1 strain. Finally, despite being initially identified
as a potential target shRNA sequence, shPB2-2240 was unable to inhibit the replication

of either virus tested.

Example 5. Construction of Multi-Warhead (MWH) transgenes

It has been determined that it is of significant benefit to express multiple
shRNAs from the one transgene to further reduce the risk of viral target sequence
variability to an RNAIi strategy. These “Multi-Warhead” (MWH) transgenes are
comprised of multiple transcription units, each with a different chicken pol III promoter
(cU6-1, ¢U6-3, cU6-4 and c7SK) expressing individual shRNA molecules targeting the
conserved sequences of different influenza A genes described above. The promoter
sequences are native to chickens and the small 21 bp shRNA sequences would already
be present in Al infected or vaccinated birds. The RNAI targets are absolutely specific
to influenza A viruses and so there would be no off target effects from such a specific

transgene.

Four MWH transgenes were constructed from the selected shRNAs as follows:

a. 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 IIl 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 sShRNAs 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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primer TD234 and reverse primer TD217, 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 cloned into pGEM-T Easy
and each contain a 5* Sall restriction enzyme site and a 3’ Xkol restriction enzyme site.
Both of these restriction sites have compatible overhangs which allowed the sequential
ligation of the individual transcription units together, to produce the final MWH
transgene (Figure 2).
b. MWH 2~ cU6-4 shPB1-2257; cU6-1 shPB2-2240; ¢7SK shPBI1-129

The three transcription units for MWH 2 are; cU6-4 shPB1-2257; cU6-1 shPB2-
2240 and; c7SK shPB1-129. The cU6-4 shPB1-2257 transcription unit was amplified
using forward primer TD233 and teverse primer TD274, the cU6-1 shPB2-2240
transcription unit was amplified using forward primer TD232 and reverse primer
TD275, and the ¢7SK shPB1-129 transcription unit was amplified using forward primer
TD306 and reverse primer TD307 (primer details are described in Table 4). Each of the
PCR products was cloned into pGEM-T Easy and sequentially ligated to construct the
final MWH transgene as described above and in Figure 2.

¢.MWH 3 — cU6-4 shNP-1484; cU6-1 shPA-2087; c7SK shPB1-2257

The three transcription units for MWH 3 are; cU6-4 shNP-1484; cU6-1 shPA-
2087 and; ¢7SK shPB1-2257. The cU6-4 shNP-1484 transcription unit was amplified
using forward primer TD233 and reverse primer TD302, the cU6-1 shPA-2087
transcription unit was amplified using forward primer TD232 and reverse primer
TD218, and the ¢7SK shPB1-2257 transcription unit was amplified using forward
primer TD306 and reverse primer TD316 (primer details are described in Table 4).
Each of the PCR products was again cloned into pGEM-T Easy and sequentially ligated
to construct the final MWH transgene as described above and in Figure 2.

d.MWH 4 — cU6-4 shPB1-2257; cU6-3 shNP-1484, cU6-1 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 pGEM-T Easy and sequentially ligated
to construct the final MWH transgene as described above and in Figure 2.
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The four final MWH transgenes were also tested for their ability to inhibit virus
production in an HA assay using H5N1 influenza A virus (Table 4, Experiment 8).
MWH 3 and 4 were the most effective transgenes. MWH 1 also effectively inhibited
H5N1 virus production, while MWH 2 was not as effective as MWH 1.

Example 6. Cloning of MWH transgenes into pStuffit vector
Each MWH was cloned into the pSuffit plasmid (Figure 3). This plasmid

facilitates insertion of the MWH transgenes between stuffer/buffer fragments of
chicken genomic DNA to potentially protect the MWH sequences from both the
transgene insertion process and external transcription read through. The MEL and
GRMS stuffer fragments were selected from large intronic sequences from the chicken
genome (i.e genomic deserts) and are devoid of transcriptional elements that could
interfere with expression of the MWH transgene. The specific regions as described in
GenBank are: ME1 1500 (chr3) gb]AADN02002420.1 30995-32489 bp ; ME1 200 (chr
3) gb|]AADN02002420.1 5079-5276 bp and; GRMS5 1500 (chr 1) gblAADN02004814.1
13141-13113, 13078-12911, 12848-11638 bp; GRMS 200 (chr 1)
gb|AADNO02004814.1 10126-9927 bp.

Plasmid pStuffit construction

Plasmid pStuffit was constructed by cloning four regions of the chicken
genome, in a specific order dictated by use of restriction enzyme sites, into the pIC20H
cloning vector (Figure 3). Fragments, as listed in Table 6, were first PCR amplified
using the primers listed in Table 7 and then cloned individually into pGEM-T Easy
(Invitrogen) and sequenced. These fragments were then excised from pGEM-T Easy
and cloned sequentially using the restriction enzyme sites listed in Table 5. Firstly,
GRMS5 200 was cloned into pIC20H followed by ME1 200, GRMS 1500 and ME1
1500. At each cloning stage the resulting plasmid 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
GRMS 200 TD277 / TD278 EcoRl / EcoRV
ME1 200 TD281 /TD282 BamHl / EcoRlI
GRMS5 1500 TD279 / TD280 EcoRV / Xhol
ME1 1500 TD283 / TD284 Sphl / BamH|
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Table 7. pStuffit construction. PCR primer designations and sequence. Restriction
enzyme sites are underlined.

Primer | Primer sequence Cloning
name enzyme

TD277 | GAA TTC CAT ACC ACT GCG AGG GTG CCA AGT CAT | EcoRl
GGG ACT GAT ACT C (SEQ ID NO:43)

TD278 | GAT ATC TTA ATT AAC TGG AAG GTT GCA GTA AG EcoRV
(SEQ ID NO:44)
TD279 | GATATC TTG TCC CTT CCAGGAACAG (SEQID EcoRV

NO:45)

TD280 | CTC GAG ATT TAA ATA GAT TGC AGC ACA AGG AG Xhol
(SEQ ID NO:46)

TD281 | GGA TCC TTA ATT AAC TGG AAA CTA GGA CGT GGA BamH|
AG (SEQ ID NO:47) '

TD282 | GAA TTC CGA GAC CAT CCA CGT GCT GCT TAC TGC EcoRI
AGC TAC GTC GAATG (SEQ ID NO:48)

TD283 | GCA TGC ATT TAA ATG ACA GCA GCA GGT GAA AGA C | Sphl
(SEQ ID NO:49)

TD284 | GGA TCC TCA AGT GGG TGC TCA GGAAG (SEQID BamHi
NO:50)

Insertion of MWH transgenes into pStuffit

The pStuffit vector has a unique EcoRI restriction site located between the
GRMS5 200 and ME1 200 sequences to permit the insertion of each MWH transgene.
Each MWH transgene was inserted into pStuffit by ligation into this EcoRI restriction
site. Also included were Pacl and Swal to allow for the excision of the construct with
varying amounts of flanking sequence (Figure 3). The HindIII restriction enzyme sites
of the pIC20H vector can be used to excise the entire cloned sequence. Therefore the
final pStuffit plasmids containing each of the MWH inserts, was digested with HindIII
restriction enzyme to release the final insert to be purified 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
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complex is then artificially inseminated into hens. The process is repeated four times
with 72 hours between inseminations. Eggs are collected daily from two days after the
first insemination until 3 days after the final insemination.

Example 8. Insertion of MWH transgenes into Tol2 and delivery to chickens

MWH 3 (SEQ ID NO:21) and MWH 4 (SEQ ID NO:61) transgenes were cloned
into the Tol2 transposon vector pminiTol2/MCS ((SEQ ID NO:64); Balciunas et al.,
2006). Both transgenes were removed from pGEM-T Easy vector by double digestion
with Sall and X#ol. This fragment was then ligated into the unique X#ol site within the
multiple cloning site of the Tol2 transposon vector.

The process of delivering the MWH 3 Tol2 construct (SEQ ID NO:62) and
MWH 4 Tol 2 construct (SEQ ID NO:63) into a chicken embryo can be achieved by
using Primordial Germ Cells (PGCs). Briefly, PGCs are harvested from donor chicken
embryos, either from the blood when the embryo is 2 days old or from the gonads of a
5.5 day old embryo. The PGCs are purified from the blood or gonadal tissue by using
Magnetic Antibody Cell Separation (MACS). The purified PGCs are then
electroporated with the Tol2 constructs and a separate plasmid encoding the Tol2
transposase (pCMV-Tol2; SEQ ID NO:65; Balciunas et al., 2006) using an Amaxa
Nucleofector. These cells are then injected back into a recipient embryo that is 2.5 days
old. The transformed PGCs migrate to establish the gonads of the developing embryo.

The process of delivering the Tol2 contrsucts into a chicken embryo can also be
achieved by direct electroporation of the blastoderm of a freshly laid egg. Briefly, a
freshly laid fertilized egg is opened to reveal the blastoderm The blastoderm is injected
with Tol2 construct DNA using a microcapillary pipette together with a plasmid
encoding the Tol2 transposase. The blastoderm is then electroporated in ovo using a
BTX ECMS830 Electro Square Porator. PGCs are located in the center of the
blastoderm and if these cells are transformed with the construct after electroporation,
they will proceed to become germ cells within the gonads of a developing embryo.

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.
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Southern Blot
.PCR is cartied out on the genomic samples using the forward and reverse
primers listed in Table 8. The PCR mixture is then run on an agarose gel, transferred to
a membrane and hybridised with a radioactively labelled locked nucleic acid probe
5 (Table 8). After hybridisation and washing in a high stringency solution, the membrane
is exposed to X-ray film. A positive is indicated by a band of the correct size being

detected on the resultant autoradiograph.

Table 8. Oligonucleotides used in Southern blot PCR analysis. Underlined characters

10 indicate the locked nucleic acid bases.

Function Designation | Sequence

Forward primer | TD320 TTG CCC CCA AAC AGC AA (SEQ ID NO:55)

Reverse primer TD321 GAC CAT CCA CGT GCT GCT TA (SEQ ID
NO:56)

Probe TD319 CAT TCG ACG TAG CTG CA (SEQ ID NO:57)

Real-Time Quantitative PCR
Real-Time PCR is carried out on the genomic samples using the primers listed
in Table 9. The assay uses the binding of SYBR Green reagent to double stranded
15 DNA and subsequent melting curve analysis to determine a positive sample.

Table 9. Primers used in Real-Time PCR analysis.

Function Designation | Sequence

Forward primer BC_F 03 GCA GCA CGT GGA TGG TCT C (SEQ ID
NO:58)

Reverse primer | TD251 TCT TCC GCC GTC CCA CAATT (SEQID

(promoter cUU6-4) NO:59)

Reverse primer | TD252 GCT TAG AAAGCCTGA CGTCT (SEQ ID
NO:60)

(promoter cU6-3)

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



HV INI U, CO N. - CO 39 prinmer TD234 and reverse

prinmer TD217, and the cU6-1 shPA-2087 transcription unit was anplified
using forward prinmer TD232 and reverse priner TD218 (priner details are
described in Table 4). Each of the PCR products was cloned into pGEM T Easy

and each contain a 5 Sall restriction L%yrre site and a 3' Xhol _
restriction enzyne site. 5 Both of these*restriction sites have conpatible

over hangs which allowed the sequential ligation of the individual
transcripti otk t§1 HRASIAR! préginf" BAVESve BCdpyRbr MAHLARIRESR SRR Qe 2)-

Southern blot and real-time PCR is again used to show the transgenic nature of the G1

progeny.
More detailed analysis using genomic Southern blots and PCR regarding the

5 insertion site and copy number of the construct is carried out on these birds.
G1 birds identified as possessing a relevant construct insertion are raised until

sexual maturity. Some of the G2 offspring from these birds are used in animal trials to
verify their resistance to various strains of avian influenza. Other G2 birds are analysed

for expression of the construct in various tissues and at various ages.

10 Tol2 Transposon’
GO embryos that have either received the Tol 2 transformed PGCs or have been

electroporated with Tol2 construct will hatch. Only GO male chicks will be kept and
will be raised until sexual maturity. Semen will be collected from the male birds and
PCR will be done to confirm if any of the birds contain the relevant construct. Birds

15 that are PCR positive will be used in mating experiments to generate G1 transgenic
progeny that have a copy of the construct in every cell. Southern blot and real-time
PCR is again used to show the transgenic nature of the G1 progeny.

Example 11. Model system — Influenza A resistant transgenic mouse

20 The present inventors constructed two shRNA transgene cassettes for generation
of transgenic mice. Each cassette contained the mouse U6 promoter for expression of
either shNP-1496 or siEGFP. Both transgenes were then used to generate transgenic
mice using lentiviral technology. Briefly, the shNP-1496 and shEGFP shRNA
transgene cassettes were cloned into the lentiviral gene transfer vector (AusGene,

25 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

30 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.



b. MMH 2 - cU6-4 shPB1-2257; cU6-1 shPB2-2240; c¢7SK shPB1-129 The three
transcription units for MH 2 are; cU6-4 shPB1l-2257; cU6-1 shP82- 10 2240
and; c7SK shPB1-129. The cU6-4 shPB1-2257 transcription unit was anplified
using forward prinmer TD233 and reverse prinmer TD274, the cU6-1 shPB2-2240
transcription unit was anplified using forward priner TD232 and reverse
primer TD275, and the c7SK shPB1-129 tra#scription unit was anplified using
forward prinmer TD306 and reverse primer TD307 (priner details are described
in Table 4). Eac 'ﬁféf i At y and
sequentially Ii gg?é;%hazlgﬁ%:%%gg %ﬁgl?{‘? gﬁ é‘?’n I\%kclése{t}ﬁsgﬁsdgecﬁg&as gg???’bed
above and i @reupgdrand?. each kFRindd 5 ntibiSwith she\iNIH 8496 shBINAL Sty 2 6@tained SK

shPB1- 2257 . T t hr, i ption_units for are; .cl6-4

shNP- 1484: é%ﬁwg‘ﬁ %ﬁ?ﬁ@n%ﬁ%sﬁrw&@ééﬁwﬁmmw llengeof 5

transcripti ﬁnolmcxnwl@ngétha%e% BONYA/PR/g/ 0 PREY IpticiBs Am%é._%,m@ jeverse
shPA- 2087 1fre

primer TD302, the cU6-1 transcription unit was anpl usi ng

forward pyiWaschationgedawith phasphate bpfferd salireith naiwigus. HRody A8Hgkt w1 - 2257

br et oo Rop el RGP TD dale 5 HEIRFed B R e ) ot PRt fhd B ehon
product s waseragathaniztd aedilvng samplebdérd tdkas Yora/ RS a@usindrhéidt oy virhig@iad 25 to

construct the fipal MM ransgene as descrjbed above and in Figure 2. d. MH
4 - cU6-4 shPB1-Abewndngigire finibe ramsgenicgaicq withbhe StodP»1496 tranpeae had ce
transcri ptigxaeltn levelsQF 3 Brfedtih < = Lo - P and;
cUS-1 ShPA-2087. The cUbed EBl%%@Kitc?rélﬁglgﬁﬁ%%@%nwﬁl qﬁ@%#ﬁ?‘ﬁ%%gd

usi ng f dPwdransganendine TIIIBE 480 thicedidmetlose body wiigRTdyrirtghthe chiisSoBthdlP- 1484 30

transcripti IN| s anplifie ' forward imer 11) 234 ever se
pri mer TDSZF%B ergrﬁ%ﬁtt ¢ pgegﬁg%g%g?qt%%qppﬁyowwzp Thdde %H%ITE Bied
usi ng f or wanide pliowera stiitsBidalanélghiBvalt FeciMe ifBody Weidht, (RdibaBly Lglai | s are

t
described i.n Tabl e 4). Each of "the PCR product’s was again Cloned into
PGEM T Easytiasiiprswith gherinfinenza virgat Bhen yirebRNA was medsored; in Aing\dakplesans gene

as describ I I OAIT. & . f our final t ransgenes
were al so ?gg?glgééf gr@rtg slnzr %cgly,lrlﬁtc% Wftgﬁg%W'Mg?ﬁWgﬁ?eol&a&&rFﬁww 4n HA
assay u$$ ngOHEdLreand inndral RN vompsred Wadaligicd cmﬁ%ﬁ@ﬁ{fg' tHe Rtel&ant MMGEp and 4
were the St effe@%‘;r\éﬁ transgenes, MMH 1 al so effectively inhibited HS5NL

virus prodtéRieshe thasgresulizindicste that teanpeqnis iceconigindng a sBRNAam | e 6.

C onin of Mé¥d i | : was, .cl oned
into the pSuff P%ertg{&a%g r@ﬂélgé%ll ig e?tg% fdﬁluﬁlﬁgé:%ﬂgrsursﬁ T CJ? g%?ﬁﬁ-% air%lglg i on of
the MMH t r issehtesarbexpamentsi ciidllengcowith 11N 1r AQRIBBY (PRS Ihilokena Aonasi ¢ DNA
to potentially lgro.t ect the MMH sequences from both the transgene insertion
process and extlérwilll be appreciptedt hyo persewsd skilled tghihe TttethbEAumadud OafRlibns

st uf f erad r agiEN o I f r | i G S nges. from the
chi cken genoge ) %dgﬁ%a?r?gfn xgg%g_és%ern{i%g] gdﬁl‘c}gg'r%lo%f{et@& és o@?%a?fgctplé pﬁ’le{iﬁgl

el ements t HAPOHRENE Witha departing frpra the swizit on sespe ok thoviaventionsasebroadiyhe
speci fic rdgtdiial. aEhdgiesdnt Bboilimdme Ba heiste, MWt dorRetddNh 3l respects as
gbi AADNOZO@%gZa%:eL 3 99? 2.4%39 bp ; MEL 200 (chr 3) gbIAADNOZOOZLPZ 1
5079- 5276 DPoHH0* SBRUB FEFSIYShr 1) gbl AADNO2004814. 1 15

13141- 13113, 130M8pblécations 8i8uskad aRdpr A héreih) arg HhAAPHRAKRi4. ih
10126- %%27thQBentﬁje md pStuffit construction Plasm d pStuffit was
constructed by _cloning four_regions of the chicken genome, in a specific
order dictated ¢ pEwew apphieationt iclaimenpyigsitysifras, Usht@/938315 GRGH 20

cl oni ng vean0P90A6 6 IME @nidoe- colitfeRBBIMFlich &S ih&d“r%&gte'li'?le&%%f&ere e first PCR

anplified usin th(fﬁ%l.rrerg listed in Table nd then oned I ndivjdually
into pGEM T Eagwy( ISS51PR gE Agcuments; agfscmaistalsydrydesss artighon o Sheldiecwhishn

exci sed f thasrbpéiEicluded dy ﬂﬁﬂplregérm Ep@i?f%ﬁi‘éﬁriﬁ isalle] Ofoowsh@ b& gﬁﬁﬂotwﬁﬁ' a0
enzyne,gi n : LS s, clJon I nto

foll owgg tﬁgﬁeﬁﬁ@ﬁ%ﬁf 1@%6@%%‘W¥%§9§%%8.%%£€@W°&t 2 °§t’=1§g>é t he
resul ti ng thssasmtidrsasm pagai{dhe prior atbase airivete eomymon gthgabknanddEdNA the
sequenci N@a14l inal L ' designat ed. pStuffit.. Taple 6.
pStuffit giglr%l]tg?egc_ ﬂl}gl’tlh @%%%%g Pg%rgréﬁ %ﬁéﬁqﬁé’ﬁg TP glhesprécfm?ﬁﬁ@ o epehslamseq i n
t hei r am Pf thitanpligation. | Fr agnment Name Prinmers Enzynme sites GRVb 200 TD277 /
TD278 EcoRl / EcoRV ME1l 200




GRVb 1500 TD279 / TD280 EcoRV / Xhol ME1 1500

TD283 / TD284 Sphl / BanH 41 Table 7. pStuffit construction. PCR primner

[ [ icti [ [ Pri mer
desi gnati ons and sequence. Restriction enzyne sites are underlined.
name Primer sequence C oning enzyne TD277 GM TTC CAT ACC ACT GCG AGG GIG

CCA AGT CAT EcoRI GGG ACT GAT ACT C (SEQ I D NO 43) TD278 GAT ATC, TTA AU
MC TGG MG G R' GCA GTA AG EcoRV (SEQ ID™NG 44) TD279 GAT ATC TTG TCC Mr

CCA GGA ACA G (SEQ I D EcoRV NO 45)
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TD280 CTC GAG ATT TM ATA GAT TGC AGC ACA AGG AG Xhol (SEQ ID NO 46) TD281
GGA TCC TTA AU MC TGG AAA CTA GGA CGI GGA BanH AG (EQ ID NG 47) TD282 GM
TTC CGA GAC CAT CCA CGI OCT CGCT TAG TGC EcoRI  AGC TAG GIC GM TG (SEQ I D
NO 48) TD283 GCA TGC AU TM ATG ACA GCA GCA GOI GM AGA C Sphl (SEQ ID
NO 49) TD284 GGA TCC TCA AGI GGG TGC TG GGA AG (SEQ I D BanmHI  NO : 50)
I nsertion of MAH tansgenes into pStuffit 5The pStuffit vector has a uni que

EcoRl restriction site | ocated between the
CLAIMS:

I. A nucleic acid construct encoding three RNA molecules comprising a double-
stranded region, wherein the double-stranded regions comprise nucleotide sequences at
5 least 95% identical to sequences selected from:
(1) SEQ ID NO:9, SEQ ID NO:13 and SEQ ID NO:15,
(11) SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8, and
(1i1) SEQ ID NO:7, SEQ ID NO:9 and SEQ ID NO:12,
wherein the RNA molecule reduces influenza A virus replication in an animal
10 cell and/or reduces production of infectious influenza A virus particles in an animal cell
and/or 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.

15 2. The nucleic acid construct of claim 1, wherein the double stranded regions
comprise nucleotide sequences selected from:
(1) SEQ ID NO:9, SEQ ID NO:13 and SEQ ID NO:15,
(it) SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8, and
(iif) SEQ ID NO:7, SEQ ID NO:9 and SEQ ID NO:12.
20
3. The nucleic acid construct of claim 1 or claim 2, wherein 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.

25 4. The nucleic acid construct of any one of claims 1 to 3, 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.

30 5. The nucleic acid construct of any one of claims 1 to 4, 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.

35 6. The nucleic acid construct of any one of claims 1 to 5, wherein the RNA

molecule is a short hairpin RNA.



GRMb 200 and ME1l 200 sequences to perrnit the insertion of each MM
transgene. Each MMH transgene was inserted into pStuffit by ligation into
this EcCORl restriction site. Also included were Pad and Swal to allow for
the excision of the construct with varying anmounts of flanking sequence
(Figure 3). The Hindlll restriction enzyjge sites 10 of the pl C20H vector
can be used to excise the entire cloned sequence. Therefore the final
pStuffit plasm ds containing each of the MMH inserts, was digested with

H ndl Il restriction enzynme to release the final insert to be purified and
used for the spepp Hﬁgéi%ta%gd 9ENErube %%@fronér%'}‘%hnﬁrf"&?%s W ?ei%%&P'I{‘NX ;

Li nker based sperm mnedr at ed gene transter The process of delivering the
construct i Aolecalefis en¢adied bl aghictsebde srauemasanpersdlyalitiicdvied RyAlriotyesraszald ed
sper m medi apRAWAGNSE alKRAToBmerdd 18 RbRAGRHUre is carried out as described in
US 7,067,308. Briefly, freshly harvested chi cken senen is washed and

i ncubated® with nurine nonocl onal anti body mAbC (secreted by the hybri dona
20 assi gned8ATCCIlac emsleicoacidushstrubiTAf 6cldd) 7anghérbian tiheraanetsr det RBMA. The
added rmnocl(glnal angi){bog])( tai ds in the binding of the DNA to the senmen. The
sper m DNA i\ yglg% PI%"Y'H&n artificiall y insem nated into hens. The
process is repeated four tinmes with 72 hours between insem nations. Eggs

are col |l ectgd daflynddi . i i I: i il days
fter the final TieladaBPeARHCHE Rhing 1y LER) 8 WERiTRY PRutbn ol T0V3
Tol2 and®ethicknytureyndr duek promoterfanq 3 (SEQ | D NO 21) and MAH 4 ( SEQ ED
NG 61) transgenes were cloned into the Tol2 transposon vector pm ni Tol2/ MCS

((SEQ I D NO 64);...Bal ciunas. et al ., 6). ,Both transgenes were renoved from
PGEM T Easy!Vect i %@fl%&ﬁidecmsaag&ﬁgfgﬁa%a BHOTSIPIM Sn FIRFOR e RIQNGIFTS i nt
was then | i ghictd frovha {6)§ Sningire Hdhdonsitdre Wit hin the 10 nultiple cloning
site of the Tol2 transposon vector. The process of delivering the M\H
3 Tol2 construct (SEQ ID NO 62) and MMH 4 To! 2 construct (SEQ I D NG 63)
into a cWi cklen efsrpsletagrideonsttittenfadnitny! 04 svhatpiPttiertdtd diomotaas wlJGel, Icb/6-
(PCCs) . Brigfduw 3, B4 ag-4harvested from donor chicken enmbryos, either from
the bl ood when the enbryo is 2 days old or fromthe gonads of a 15 5.5 day
old enbryo. The PGCs are purified fromthe bl ood or gonadal tissue by using

I\/fagneti c Anlj.god&leﬁiﬁbleicS&ﬁxaT t@istrost dfMAECOhe offEling icfil@dvﬂ%lﬁ&‘ﬁ e@déﬂniclt@gde ]
el ectroporated with the constructs a separ at. ncodi ng t he
Tol2 transposadE® (SB@\#P%%%\?A N ﬁﬁpéﬁgijys@?li??‘ﬂﬂﬁs lg?lgﬁﬁaﬁghz@‘gﬁr)ne{?é? ng an
Amaxa Nl dolf momoter. These cells are then injected back into a recipient
enbryo that is 2.5 days 20 old. The transformed PGCs migrate to establish

t he gonads of the devel oping enbryo. The process of delivering the
Tol2 cont rshiet s Tihgtngclgicdsid@ntreetind pay eanobslaimnpktoabhivéigeain Bie niilypsptide

el ect r opor gt k@ Bvigh idfliRnk gy egausm of a freshly laid egg. Briefly, a freshly
laid fertilized egg is opened to reveal the blastoderm The bl astodermis
injected with Tol2 construct DNA using a mcrocapillary pipette together
with a pbasidi d 2heancleiacil ddnetrda b2 chirans pebass. thd hdab irdBicageis HINSL .t hen

el ectroporated in ovo using a BTX ECMB30 El ectro Square Porator. PGCs are

| ocated in the center of the blastodermand if these cells are transforned
with the cddstrdbe natlewracd eonstropoeiaatiyorme efhadginw 1 ko p#.oekedint the lsensdmet ger m

cel |'s wi t higgniifie opaagks Al ANARYRRRIGRIBIAOseqRURAR! © 9. Soreening CO

progeny for transgenics 30A small quantity of blood is taken from either
the wing vein or feather tip of 1 week-old GO progeny. Genomic DNA is

g\& p?r edoI mef WII][hﬁ nua'tega d@ibdlil@ﬂlstﬂ@étﬁﬂ afly GhAoPclais Bioosl lc(:MlPﬁsih'g % I\I}Iﬁlae@ﬁ@d‘) :
rom e 1ea r I r U I C I ac
Extract i on "8IS & ec(t‘?é{)f%@gnﬁ)(g Hgﬁ%(p%gﬁﬁ%?gﬁ?cgé?g@r% ¥ &ty ﬂ}?ﬁ%}lﬁ%roa out

on t hese saeqlesse that safleastPithadprteskbcenadledthie sequesice satcted AB3nSBHEQHEY n

Bl ot - NBER 4 i t on the genom c sanples using the forward and
reverse prinnfgéﬁﬁéﬁéguﬁﬂ0$§ble 8. The PCR m xture is then run on an
agarose gel, transferred to a nenbrane and hybridised with a radi oactively
| abel | ed | ocked nucleic acid probe 5 (Table 8). After hybridisation and
washing in a high stringency solution, the nenbrane is exposed to X-ray
film A positive is indicated by a band of the correct size being detected
on the resultant autoradi ograph. Tabl e 8. digonucl eotides used in
Sout hern bl ot PCR analysis. Underlined characters 10 indicate the | ocked
nucl eic acid bases. Function Designation Sequence Forward priner



TD320 TTG CCC CCA AAC AGC AA (SEQ I D NO 55) Reverse prinmer TD321 GAC CAT
CCA COT GCT GCT TA (SEQ I D NO 56) Probe TD319 CAT TCG ACG TAG CTG CA (SEQ
ID NO57) Real-Time Quantitative PCR Real -Time PCR is carried out
on the genom c sanples using the priners listed in Table 9. The assay uses
t he bi nding of SYBR Green reagent to douf e stranded 15 DNA and subsequent
nmelting curve analysis to determne a positive sanple. Table 9. Priners
used in Real -Time PCR anal ysis. Function Designation Sequence Forward
primer BC F103 GEA ielReCaNd/GGaxIgBEoTCTUdi¢ SEQ mblebiile 5®mpRsingr theger doubic-

t T
D oroepr wer i FEAR, VTSR ERAT G Sl TR e iibemunser (s
| D Exanp! 1éa51@5%né@ttmﬁlgmfsgquemm&émefrqmrds 20 LB- SMGT A bird
identified as tr@nsEeMHNON, SE@ Imq@q@%@tggz?lw]\}@ 1be retained and housed

g;‘tp'e'r, sexual Ly el Ui % X80 b Mo TahdsBQ N B§d s used in mating
(iii) SEQ ID NO:7, SEQ ID NO:9 and SEQ ID NO:12.

18.  The isolated and/or exogenous nucleic acid molecule of claim 17, wherein the
nucleic acid molecule reduces influenza A virus replication in an animal cell when
10 compared to an isogenic influenza A virus infected animal cell lacking the nucleic acid

molecule.

19.  The isolated and/or exogenous nucleic acid molecule of claim 17 or claim 18,
wherein the nucleic acid molecule reduces the production of infectious influenza A
15 virus particles in an animal cell when compared to an isogenic influenza A virus

infected animal cell lacking the nucleic acid molecule.

20.  The isolated and/or exogenous nucleic acid molecule of any one of claims 17 to
19, wherein the nucleic acid molecule reduces the expression of an influenza A virus
20 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.

21.  The isolated and/or exogenous nucleic acid molecule of any one of claims 17 to
20 which is a short interfering RNA or a short hairpin RNA.

25
22.  The isolated and/or exogenous nucleic acid molecule of any one of claims 17 to
21 comprising 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.

30
23. A vector comprising the nucleic acid construct of any one of claims 1 to 16

and/or the isolated and/or exogenous nucleic acid of any one of claims 17 to 22.

24. A cell comprising the nucleic acid construct of any one of claims 1 to 16, the
35 isolated and/or exogenous nucleic acid or any one of claims 17 to 22 and/or the vector

of claim 23,



44 generate 01 transgenic progeny that have a copy of the construct in
every cell. Southern blot and real-tine PCRis again used to show the
transgenic nature of the GL progeny. Mre detail ed anal ysis using genom c
Sout hern bl ots and PCR regarding the 5 insertion site and copy nunber of
the construct is carried out on these bigds. 01 birds identified as
possessing a rel evant construct insertion are raised until sexual maturity.
Sonme of the & offspring fromthese birds are used in animal trials to
verify their resistance to various strains of avian influenza. Qher 02
birds are apal ys r h rious tissues and
at various gges ﬁ%o@ f%i(#l%ansplgus:%%aéhl&e%%%% n%ﬁf%ér&[(nzlt have either
received the To' 2 transfornmed PGCs or have been eIectroporated with Tol2

construct whg| hﬁttf\alﬂsgegﬂ,l ﬁ(on%rm gﬁtﬁ's&kc%n’éﬁ ngbtﬁe Iﬁﬁﬂ%lcaa@ﬁi Wilstru§&r raﬂ&sed

until sexual Bfturlt e col fromthe mal e birds and PCR
will be don@g @eﬁtsllrtﬁ ﬂawotstfedtafvé/%nxagereaﬁpat ﬁl%aﬁ@ Qfeané\panto fekp@sr uct .
Birds 15 that a2, (REReqiossfidiait 29 drid/dr@hdIERI0 1 daifedd Y1 AMPEY. 1 Nents to
generate Gl transgeni c progeny that have a copy of the construct in every
cell. Southern blot and real-tinme PCRis again used to show the transgenic
nature of tRAe 01llprtogegenic &ganpeflclaimNbdehicks jsst mm-hurhaf dnimakza A r esi st ant
transgeni e nouse 20The present inventors constructed two shRNA transgene
cassettes for generatl on_ of transgenic mce. Each cassette contained the
mouse U6LGr &frot ebherteansesiin exganion affclasmiX{erhishiNPviaro6 or shEGFP. Bot h
transgenes were then used to generate transgenic mce using lentiviral

t echnol ogy. S? t he.shNP-149 égnggFP shRNA transgene cassettes
were cl oned?{nt o't eﬁéanﬁ%f’r?t‘iﬂ’/‘igt‘%}ﬁmd’g igh ISROUITB:  ( AusGene, 25

Bentl ei gh, Australia). Tr ansgenl c viral constructs were then packaged into
| entiviral ﬁ?rt'ﬁleefns%a% érvlana 0tfl LI59 rltca}lgsea't(:1 epledrk%nd l,e t|V|raI
particles were injec § TR per|V|teVI' I'ne space o Xrolry St'age nouse
enbryos.15The enbryos were re-inplanted into pseudo pregnant fenmale m ce and

the resul tifg Oftfh%pfrérﬁgef{i@ro@%zﬁﬁsﬁﬁ%?% b%rlleSQPTclé%E‘ 7 3@%{1&@' ﬁirﬁa%”ége”' ¢

founder m ce were obtained 0|nte ration eit

transgene. MiEigenepicaciediecteh ERmabdNGs: 14 w2t ppél rfpéé phadassate Fi
progeny. TraBRggwr& deludfics ehares et leham5te sdeatcdl Ro SECHED NGRS RXPEGE GRS T Or

resi st ance | nfl ue n. . 45 The chal |l en experi.nent was nade
oSt 8er et AS ot R SR Okt EmpiSiag Ao U R G A bR i e &
mce witd0 the shNP-1496 shRNA. Group 3 contained 5 mce with the shEG-P

s gseng\at a oups 2 AR RoERELARS %%Bgﬂatlt RIS Al RALLRIGPaf] o éﬁéggnsTFtA%O of

chal | enged W the igplatsgradior bmgee@@&jn@éﬂw aedwielpcule of ipuene cs”ddgmmelﬂgtmﬂwas
moni tored daé wct&ocrfct&mdmﬁncuelsﬂleea@bteaﬁtﬁzmefdce{mQbe end of the
experiment, the mce were euthanized and lung sanple were taken for gPCR
measurenent of viral RNA, As shown in Figure 4, the transgenic mce
witht hgss HasP- 1496 df[]maﬁemmdtafidmatdoenif dn@V(ﬁiesoﬁ)élafrﬂﬁllStbam;ehi Gsolaigect i on
conpared to ewith the . irrelevant P 10 tyagnsge e, ShNP- 1496
mce did noatng% gseo%enaus nude]‘r‘ttact‘f[3 e ecufh %gu?%ee‘){ fa eﬁ;?pgl ﬂrlr%n’f: t%g,ﬁ
conpared t ccl?.tlhneZPBSd/@o ibfter @flll ofr dai; 2Bpr clafp &5i indhg ntahefasEGHPa madlecagieoed a
statisticalghy &gy 'aBH/%figltevgﬁﬁl\g iNfuddya 200 fRkRAby, 1 Ndi cating active
infection wth thé infllUenza virus. Wien viral RNA was nmeasured in |ung
sanples frommce in Goups 2 and 3, mce with the ANP-1496 transgene had
greater 3phaa. a The AWbALLHEI SvHeleil tHedhfliMAa QOVBEY i6 dvigh idflu¥hg£ cont ai ni ng
the irrel evant shEG-P transgene. Overall these results indicate that
transgenic mce containing a shRNA nol ecul e that specifically targets the

| nfl uenza ASvi r iise ustiefitlam FhoiRI4iA0H,, vdreecih itlghdupjecesiastaant t o an
experinmental challenge with HIN1 A/ PR/ 8/ 34 (PR8) Influenza A virus. It wll
be appreciated by persons skilled in the art that nunerous variations 20
and/ or nodi3pi catlhenss ofejaimedtraderain thetrabieptis poildiy- as shown in the specific
enbodi mget s wi t hout departing fromthe Spl rit or scope of the invention as
broadly descri bed. The present enbodi are her ef or e, be consi dered
inall r eségct s%g%wm tf@%lma%ﬁ Veeryt étl %%IF a.ctat%% turkey of duc?<

publ i cations di scussed and/or referenced herein are |ncorporated herein in

25 their entirety. The present application clains priority fromUS
60/ 938, 315 and AU 2007902616, the entire contents of which are incorporated
herein by reference. Any di scussi on of docunents, acts, nmaterials,

devices, articles or the |ike which has been included in the present
specification is solely for the purpose of providing a 30 context for the
present invention. It IS not to be taken as an adn155|on t hat ~any or all of

M .. R Ly Y M 5 . o o
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Genonme Res 14:79-89 47 CLAIMS: 1. A nucleic acid construct encoding three

RNA nol ecul CORPY i8] doubl e- .stranded.regi on, wherein the

doubl - st randred sanr BRCIEBeRP die B R bingt B dluielt i st Sntpy

i denti cal t onselplansdstoslél adhedoltedrand{or pxGEQouDNEiQaciSEQI¢dDIND ab3 cand SEQ

ID NO 15, (ihidiai , .7 .and SEQ ID NO'8, and (iii) SEQ ID
bf daiREQ7 tg 2%@ @ImDe%ﬁ% élo%ﬂ}l\%]r? :

NO 7, SEQ ID NO 9 an ein the RNA nol ecul e reduces
i nfl uenz¥ A vi r udeleTBINING 89 BFEsange gh abssnegae! the nueleic agithe@stpeidifeay one of

production elhindf &CLd dgorithd |sURRENAY OF ick bEenBad hiBdi€Beill nAfcudbaly &eldf

and/ or redqus tQﬁ ﬁﬁpre53|oEvﬁ%.an #nfl enza virus pol ypeptidé in an

i nfluenza ASHTPUY el Acd™R inehirPm R RBhpared to an i sogeni c
influenza A virus infected animal cell lacking the RNA nolecule. 15 2. The
nucl ei ¢ aci g, co r f [.Mgl i . nd regi ons
conpri se nug?_'eot I gerﬂgttélaggﬁgieagh?egf g(}:l?iteég{ ﬁlrﬁglrly%tné(?? g&g@b%r“'%%@%gggﬁdgﬁ‘%‘ﬁo 13
and SEQ 15D @ renstyuct pr SErgmemchereoSRD the indrzd and/ osEogdoNOn8¢lemnarid

molecule or a fragment thereof.

41.  The method of claim 39 or claim 40, wherein the method comprises:
contacting a sample obtained from the animal with a probe that hybridizes under
20 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.

42. A method of breeding a non-human transgenic animal resistant to influenza, the
25 method comprising:
(1) introducing the nucleic acid construct of any one of claims 1 to 16 into a non-
human animal cell,
(i1) selecting a transgenic non-human cell comprising the nucleic acid construct,
(iii) regenerating a transgenic non-human animal from the transgenic non-
30 human cell,
(iv) breeding the transgenic non-human animal to produce transgenic progeny,
and

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

35 43. A method of producing food, the method comprising;



(1ii1) SEQID NGO 7, SEQID NO9 and SEQ ID NG 12. 20 3.The nucleic acid
construct of claim1 or claim?2, wherein the RNA nol ecul e reduces infl uenza
A virus replication in an animal cell when conpared to an isogenic
influenza A virus infected animal cell lacking the RNA nolecule. 25 4. The
nucl eic acid construct of any one of clagas 1 to 3, wherein the RNA
nol ecul e reduces production of infectious influenza A virus particles in an
animal cell when conpared to an isogenic influenza A virus infected ani nal
cell | acking the(iRMtradotieg uhenugicGcitheonstrodtaifangcing afodsitmsucto b6 itaynone
of claims 1,10, 4ccherein the RNA nol ecul e reduces the expression of an
influenza A virus_pol ypeptide in an influenza A virus infected aninal cell
when conpar ed t o(iBrcleesigenirenseeitis gelhgempising ihe nueleisccatcamsirvetl cel | | acki ng
the RNA nol ecul egii) &Eer?erélfﬁl% dWklséiic Atihil HOMShE Hﬁﬁsg?ﬁic%_@ﬂ one of clains 1

(S

to 6, wherein ea .nol ecul e Ts encoded by a nucl eoti de sequence
operably 1inked é}@lg [r51tpRRgeatAnimaldp prduss traRsesNIQAOSSHY e ase 111
pronoter. 5 8. (Merdiucingifcodfrot thotaisgbait pefgeay.ai m 7, wherein the
pronoters are RNA polynerase |11 pronoters. 9. The nucleic acid
construct of claim7 or claim8, wherein the pronoters are 10 chi cken,
turkey and/ 8¢. duBke pf teoraerlgiman @ansghwc mugdngsine ofieiny opo s tetaios 26ftoci lafom 8 or
claim9, whgrelinet he pronoters are selected froma U6, 7SK and/or Hl
pronoter, 15 11.’(11‘he nucleic acid construct of claim 10, wherein the U6
pronoterl9s cUB-1, cU6- 2, cU6-3, and/or cU6-4. 12. The nucleic acid
construct ofis.anyUenef the rondiuiBanStrimdgddic onhiiRisel Bf aa¢ BnOBElBhHE 38 tsefugpce
encodi ng a EN@ rr%}e%ul e is operably linked to a different RNA pol ynerase 20
111 pronot ef’® PIEYHHE nucl eic acid construct of any one of claims 1 to 12,
wherein the pol ypeptide is an avian influenza pol ypeptide. 25 14. The
nucleic acid construct of claim 13, wherein the avian influenza is H5NL.

15. The nucleic acid construct of any one of clains 1 to 14, wherein the
construct consists of chicken and influenza A virus nucl eoti de sequences.
30 16. The nucleic acid construct of any one of clains 1 to 15 conprising a
nucl eoti de sequence selected from SEQ ID NGs: 16 to 21 and 61 to 63, or a
fragnent thereof, or a sequence that is at |east 95% identical to a

nucl eoti de sequence selected from SEQ ID NGOs: 16 to 21 and 61 to 63. 49

17. An isol ated and/ or exogenous nucl eic acid nol ecul e conprising three
doubl e- stranded regi ons, wherein the doubl e-stranded regi ons conpri se

nucl eoti de sequences at |east 95% identical to sequences selected from (i)
SEQ ID NO 9, SEQID NG 13 and SEQ ID NG 15, 5(ii) SEQID NG 6, SEQ ID NG 7
and SEQ I D NG 8, and



(iti1) SEQID NO7, SEQID NG9 and SEQ I D NO 12. 18. The isol ated and/ or
exogenous nucleic acid nolecule of claim17, wherein the nucl eic acid

nol ecul e reduces influenza A virus replication in an animl cell when 10
conpared to an isogenic influenza A virus infected animal cell |acking the
nucl ei c acid nol ecule. 19. The isdlpgded segHT@s exogenous nucleic acid

nol ecul e of claim17 or cl aE(mENBE LISWINE ei n t he nucl eic acid nol ecul e
reduce deu nOfd ous |anu za A 15 virus particles in an
ani mal® ﬁ I Cmmg;;@%&g%ﬁn gf Ho }%}ﬁ%ﬁét& % lUENZA A virus infected aninal
cel | | acki ngrdanesatiohel c acid nol ecl 2 e I sol ated and/ or exogenous
nucl ei ¢_acid nol ecul e of any one of clains 17 to 19, wherein the nucleic
acid ﬁﬁ(e‘cuT'"eeart@ﬁ"JcégdtW@V%Pés%‘c dAfBfengd i nfluenza A virus 20 pol ypepti de
in ancisys! usge2A virus infected animal cell when conpared to an isogenic
influenza A virus infected animal cell |acking the nucleic acid nol ecule.
21. The1 Ogol?%oﬁﬂ/%-’c%ﬁéﬁ exogenous nucl ei ¢ acid nol ecul e of any one of clains
17 to® short interfering RNA or a short hairpin RNA. 22. The

i sol ategb-anglf euomoegemous nucl ei c aci d nol ecul e of any one of clainms 17 to
21 coxjirlrsi #P7a03i6l eoti de sequence sel ected from SEQ I D NGs: 16 to 21 and
6l to 1%% Ofs a fragnment thereof, or a sequence that is at |east 95%

i dent TCAl to a nucl eotide sequence sel ected from SEQ ID NGs: 16 to 21 and 61
to 63<1723. Aateston veediphi 3i5ng the nucleic acid construct of any one of

cl ai ns to 16 and/or the isol ated and/or exogenous nucleic acid of any one
of ci)%léf to 22. 24.A cell conprising the nucleic acid construct of any
one aiy10 alm 1 to 16, the 35 isolated and/ or exogenous nucleic acid or any
one of218%aiArgiflikiad 22 and/ or the vector of claim23. 50 25. The cell of
claim V\:hi ch is a chicken prinordial germcell. 26. A transgenic

non- rﬁ% %Q%Hs% &QFQ LSl ?91414(]? emiChebs gll.'éj construct of any 5 one of
claims 1 to t he |so ated an exogen us nucleic acid of any one of

cl ai €00y tlo 22 , the vector of claim23 and/or the cell of claim?24 or

cl ai RY9953329Co 709UTARAUAM ;B AYIY Do PRLATAE VI RAGIUATND AORKEUAFUPS a nd human
ani Mylcacdqlces. gmeuégc@asgeﬁmcsa&rageauamaf abaacraaazu %h@&udaacaw anjpe 29
The transgeni ¢ organi'sm of clalm 28 gn i's poultry. The
tran@g@%ﬁ&yae@g@#ﬁewaeﬂ ESERTeL V0 mcchgw dcadnagan augqatlgeygor dutd0 15 31.

el S5t iR e B ARl eoadihaol ialen " kpRushur igadlteg] [OTRHC 7

fraglgeanaaiglggcr e(gh;:gautug mqamgm:e ddahugugayabagatad gYugalegty cal  t300SEQ I D
encodi n %@at | east one RNA nol ecul e co r| sing a

doubf‘@“csctcfﬁ?n%lec('.fg?%agcluﬁﬁ gbfﬁa%”fggAa 4Pod" FHIFAE8YT AVTFUHRY nucl¥% aci d

consteaggOfiu Ayafitau®fcutligddiag lgdudadfygut Beadasflig Qdcandygi exogeipous
nucl eic acid nol ecule of any one of clains 17 to 22, the vector of claim

23, aAHUHFAHheCELAACH? PYHHFIAWE ECCEFrEdas Pupauataasy UERNIYSFAY he nutBei ¢ aci d
consgédilicéa dl C[ﬂ\%ﬁg@f fgeggdar&gu lgdQuddiggt Q&‘gdcﬁ&’m?bt egcaaﬂ%gg exogse;fr(yo

nucl ei ¢ acid nolecul e of any one of clains 17 to the vect or
23, ayaygagcyhgawuudat agicagaaurd Qﬂauﬁg&naﬁ1GE?CQﬁaigﬁegﬁ%QﬂiﬁQEﬂlJre ¢f00a

54, RO eeesh 2updibal SolRecll USRI ac BT Br@olablly, L1 TP Lonza,

35 d’dte:guwaotcmaanum@&coggualgahrgg&égaanﬂaer@lalgugdrgmasuh;@aggwas avi ao 36. The

claim

e of claim 34, wherein the subject is poultr 37. The use of claim
35, SHASPUTIER Picaedipee Coptutonn eRatovaRar by i cogagcuoass "*° Ao
aaugacgaug uugaccagag uyugaucaucC gcugccagaa acauuguuag gagagcaacg 840
guaucagcgg auccacuggc aucacugcug gagauguguc acagcacaca aauuggugdg 900
auaaggaugg uggacauccu uaggcaaaau ccaacugagg aacaagcugu ggauauaugc 960
aaagcagcaa ugggucugag gaucaguucw uccuuuagcu uuggaggcuu cacuuucaaa 1020
agaacaagug gaucauccgu camgaaggaa gaggaagugc uuacaggcaa ccuccaaaca 1080
uugaaaauaa gaguacauga gggguaugag gaauucacaa ugguugggcg gagggcaaca 1140
gcuauccuga ggaaagcaac uagaaggcug auucaguuga uaguaagugg aagagacgaa 1200
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51 38. The nucleic acid construct of any one of clains 1 to 16, the

i sol ated and/ or exogenous nucleic acid nolecule of any one of clains 17 to

22, the vector of claim23, and/or the cell of claim?24 or claim25 for use

in treating and/or preventing influenza A5 virus infection. 39. A nethod

of identifying an ani mal conpri sisogodheemisaizei ¢ aci d construct of any one

of clains 1 to 16 or the isolated and/ or exogenous nucleic acid nol ecul e of

any of2AYRALTHCHEAIOFARY CAYUIYAGEA AMIRVIIUSE NFRGRE93ga YRISHeIYH ni nd2Pfe

Pr eseRseyAbuedIeHE@altu tg*ﬂ@unﬂﬂ:@h?'a%cﬁ&é&aﬁ%%ﬁéﬁatuuoﬁaa%@fcﬂ@e of 1gbgims 1 to

16 and/or the isol ated and/ or "exogenous nucleic acid nol ecul e of any one of

cl ai r’rﬁaL!I.CFaF@)CCZ29&9?@“%‘&#5&@3&99@)a|9¢édaﬁgugm yayeueatdagauggggadiu The 1380 hod of

cl ai h ic 1 id

const Pikec L Sl e b SR Mo R AR ot AR CBEE o Hiuct ei o

aC| d gz(ﬂaelgmae: ogagmgba@graagagumhw eahaugbbag Tdygaaﬁaluaduu.a:fcag‘temum 391600cl aim
0, wherein the neth rr‘gri ses: contacting a sanple OS%‘EI ned

f rom 9"’}9@95%%}'”%&?9“3&" HF’% FOUPRQ UUASHITUYT AR9AYRISE H998279%Rgent 1aBRdi ti ons

Wi th theualalcetegraghgyr engidaletc 2agddiacherdasirfaethandtauex0gapoes

nucleic acid nolecule to forma conpl ex, and determ ning the pr esence or

absent@UsfUTaReUeIHPRYgR aaucaacggu CAUGAIURBY YgCuggUsiad $R§CHaYSa- humdhso

t r ansggalcaiil Gﬁlacﬁ&édaSPé‘éUguand Al 846088 ctulaﬁag%écgf'éar@gué‘c@?p“ Sy

(i) introducing the nucleic acid construct of ‘any one of clains 1 to 16

i Nt o YRCABWIRYAERIGRANMRER aefduuccaa uccyyggyag glyaaaqaygc cagpagkrgani ¢ A8PR human

cel l r n e d t, iid,), reg ating a

£ r ansoeaP e R ne Ao e n Bl PEAd cRRITEbE acguacuagq magplldal | COTRES

(iv) amueemalgg tl!dzwaaagmsgmccamonghagmlgcmicaatggagcprga@ua:@atugansgéﬂIQ:

progen ijah " aéy& sel ecting trans eni ¢ geny t hat are reigﬁ ant to

i nfl UHZA. 38 FSUK h%%augf'g?ﬂ’aoggﬁf%a ?aoé'ga CﬁECtQHS%QG{?gﬁ-p“ S %c;

(i) isaunoditoy ngyuubgadidct£ivaagddad acnahgc uudcguoyu Q@ga@éggatal ms 2840 o 16

into an animal cell, sel ecting a transgenic cell n2r|5|ng t he
afi%hl from

nucl &CBIHGaY (EISLITRIE, uccaggug"%’u P992RGEh ERAT993g @ WO aREGERI ¢
the tagagsdmey ma@ah&uagé(ta@ggagg%dhwgfabﬁugt gaaé@%au& RBtaRaali0 Progiire

transgeni ¢ progeny, and (v) producing food fromthe fransgeni c progeny.
44, Q3CYRIEHAUGHHOIIUGABIDATIOAIRAGHEURAY P YR UIIHATDIEN RIOREAERI cl ai #2026 to 31

ol ai RUOSRIER ypifacdrnE Foshifid Tauteild CaRRASEE AARNE o: & ence

cl ai rs ENCE
LI SThAgaatde dyalgdvrht acaddvanuedcgeachgwiwgasmchgand uedu@araonweal 340

Page 2

Sci evnvti fic and Industrial Research Organi sation 2341
<210> 2
<211> 2341
<212> RNA
<213> Artificial
<220>
<223> cConsensus sequence of the Influenza A PBl gene
<400> 2
agcgaaagca ggcaaaccau uugaauggau gucaauccga cuuuacuuuu cuugaaagua 60
ccagugcaaa augcuauaag uaccacauuc ccuuauacug gagacccucc auacagccau 120
ggaacaggga caggauacac cauggacaca gucaacagaa cacaccaaua uucagaaaag 180
gggaagugga caacaaacac agagacugga gcaccccaac ucaacccgau ugauggacca 240
cuaccugagg auaaugagcc caguggguau gcacaaacag auuguguauu ggaagcaaug 300
gcuuuccuug aagaauccca cccagggauc uuugaaaacu cgugucuuga aacgauggaa 360
auuguucaac aaacaagagu ggauaaacug acccaagguc gccagaccua ugacuggaca 420
uugaauagaa accaaccggc ugcaacugcu uuggccaaca cuauagaaau cuucagaucg 480
aacggucuaa cagccaauga aucgggacgg cuaauagauu uccucaagga ugugauggaa 540



<120> Treatnent and prevention of influenza <130> 506962 <150> US

60/ 938, 315 <151> 2007-05-16 <150> Au 2007902616 <151> 2007-05-16 <160> 65
<170> Patentln version 3.5 <210> 1 <211> 2341 <212> RNA <213> Artifici al
<220> <223> Consensus sequence of Influenza A PB2 gene <400> 1 agcraaagca
ggucaaauau auucaauaug gagagaauaa spggeadH@rE2§gaucuaaug60 ucacaguccce
gcacucgcga gauacuaaca aaaaccacug uggaccauau ggccauaaucl20 aagaaauaca
caucay§HyIadh Agarpiaglh Ag8eFAGe AFCAAHNGGa0WAMRARIgARE PIR Y aaugHQEQu
aucca g acaagggc
BN 15 L B R U IR R T e U N
cuguaac@aﬁgaggaggamm;ggataaagggmgg argacmgagmaagmumu@4gggaacaaagqauu
acaaaacaua_cuuu aa aaa U uaaaacau aaccuucgqu cccguu u
oo gaddadds sl HdsatRte ¢ pOE FRINYEY A5A00CHIRA AR ARAIGY TR BEIYSC agaudita
gugcuaﬁa@agagpaaaagﬂug@@@gugﬁuggL@gguﬁguuuum@gﬁﬁwaugﬁﬁiéaxgugggagaua
gaauauugac auca aguc caauugacaa uaacgaaaga aagaaa aa600 gagcuccaag
auugud GQQ@CG 892 % Y HHATGLSL %ééﬂ?ﬁ@d’!ﬂa Elvicspe) %ﬂ’(j’é%aaéuccgcﬁgga
CCagayticabgaaC dddadteud et 0GR (4GgeHEAEY L@a@@éﬂéﬁ@@@i&@é@%a‘wgcau ggga
cucaagggac cugcugggaa cagauguaca cuccaggcgg agaagugagar’8 aaugaégaug
uugaceaiayctHu gIRHIHUEC Y OAERAVEG D 28 EWRATYOR FFAg9rAEGe a3F§8aT9§uaucdfédq
aucc C uaag g
PR M e i B L R S L L
UQ Qg uURAAgEuafraueUNIdedrou 08A0AYE Il 28 9¢FEJET LA CaZRNAGa caad&ligagaadadug
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agrccucuau uaauagaugg uacagccuca uugagcccug gaaugaugau gggcauguuc 1260
aacaugcuga guacaguccu aggaguyuca auccugaauc uuggacagaa aagguacacc 1320
aaaaccacau auugguggga cggacuccaa uccucugaug auuucgcucu caucguaaau 1380
gcaccgaauc augagggaau acaagcagga guggauaggu uuuauaggac uuguaaacua 1440
guuggaauca auaugagcaa gaagaagucu uacauaaauc ggacagggac auuugaauuc 1500
acgagcuuuu ucuaccgcua uggauuugua gccaauuuca guauggagcu gcccaguuuu 1560
ggagugucug gaauuaauga aucggccgac augagcauug guguuacagu gauaaaraac 1620
aauaugauaa acaacgaccu ugggccagca acagcucaga uggcucuuca gyuauucauc 1680
aaggacuaca gauacacaua ccgaugccac agaggggaua cgcaaaucca aacraggaga 1740
ucauucgagc ugaagaagcu gugggagcaa acccguucaa aggcaggacu guugguuuca 1800
gauggaggac caaaucuaua caauauccga aaucuccaua uuccugargu cugcuuraaa 1860
tgggaauuga uggaugaaga uuaccagggc agacugugua auccucugaa uccruucguc 1920
agccauaagg aaauugaauc ugucaacaau gcuguaguaa ugccagcuca uggcccggec 1980
aagaguaugg aauaugaugc cguugcaacu acacauucau ggauuccuaa aaggaaycgu 2040
uccauucuca auacgaguca aaggggaauu cuugaggaug aacagaugua ccagaagugc 2100
ugcaaucuau ucgagaaauu cuuccccagc aguucauauc ggaggccagu uggaauuucc 2160
agcauggugg aggccauggu gucuagggcc cgaauugacg cacgaauuga uuucgagucu 2220
ggaaggauua agaaagaaga guuugcugag aucaugaaga ucuguuccac cauugaagar 2280
cucagacggc aaaaauagug aauuuagcuu guccuucgug aaaaaaugcc uuguuucuac 2340
u 2341
<210> 3
<211> 2181
<212> RNA
<213> Artificial



506962 SEQ ST25 caaucaaucg cugaggcaau cauuguagca augguguucu cacaggagga
uugcaugaual260 aaggcagucc gaggcgaucu gaauuucgua aacagagcaa accaaagauu
aaaccccaugl320 caucaacucc ugagacauuu ucaaaaggay gcaaaagugc uauuucagaa
uuggggaauul380 gaacccauug auaaugucau ggggaugauc ggaauauuac cugacaugac
ucccagcacal440 gaaaugucac ugagaggagesZasdga@Erangu aaaaugggag uggaugaaua
uuccagcaculb500 gagagaguag uuguaaguau ugaccguuuc uuaaggguuc gagaucagcg
09992955513 106 LUFLUBNENS - CHIRIANGY §BUCHAARGE, £ag0gaacag agaaauugac
aauaacauaul ucaucaulcaa ugauguggga aaucaacggu ccugagucag ugcuuguuaa
caccuat»alb80 uggaucauca gaaacuggga gacugugaag auucaauggu cucaagaccc
cacgad¢93gIF40 UUgUaLHAGHh GHITCHIFAAW LATGAUGREE g LHFOR BEHUIE caarggagacacyaaagbhgce
cagag acguacyggg
B i Y O S R S VR ST Bl A T s SR
gagcageraugda0 ucEgyuu CRIC gua g Uaa cugcaqiaad guigaggnagg casgagagasaugagaasacu
cguaqgg%gg1980aqﬁyuccccug %%Hucaacua caauaag ca accaaaaggc uuacc g cu
Lggaa e d TR0 SLgHTE acqratecy HgiusrRas pRh R S8 AR R g aguggiduc
ugcageraaygede0gageg agyd ciggaraguls yage Laag Jrggeda cagaagaygatyiugaccagoauu
gagcaucaau2l160 gaacugagca aucuugcgaa aggggagaaa gcuaaugugc ugauagggca
aggadﬁ%@ﬁﬁ?ﬁﬁoa%ﬁﬁﬁﬁ éﬁnﬁﬁﬂﬁﬁbQ%Q&“&g%géégﬁﬁﬂaaﬁdéﬂé ﬂﬁﬁ”cugacgégca
gaca 662420 gaaU Uea e aud waddl RAgEcHACRY GRUHSAHI¢ caaaaaggRcce
uugugﬁgga%234og%%%l <210> 2 <211> 235%a§212g RNA <%%3> Artificialg2220>
<22 393g3R%AGIS uRY AHE GYEWC BUYTUCRMEC PARIJA96ATSH 2AAPBILCaerf@aagamac? agcet@hagcea
996a%eséetulaagﬁﬁgugg@aggemu&&g@aa&&&mewggc&guagsé%ugﬁ%agagUgc?@@
augcuauaag uaccacauuc “ccuuauacug gagacccu auacagccaul gaacaggga

C agg&3aaiiagcca ugiaogai ugagyge syda v eauiicaah Yadagagaga agagd@cgggaagbfga

Page 4

Caac%ﬂﬁ&ﬁ%a?gqgﬁﬁH&g%ug&ﬂ%58§ﬂ%Pa&&%ﬁg&ﬁg%Hg&%ﬂ%&?%ﬁ%&%ﬁ%ca 660
Cccgaacuucu ccagccuuga aaacuuuaga gccuaugugg auggauucga accgaacggc 720
ugcauugagg gcaagcuuuc ucaaauguca aaagaaguga augcuagaau ugagccauuu 780
uugaagacaa cgccacgccc ucucagacua ccugaugggc cuccuugcuc ucagcggucg 840
aaguucuugc ugauggaugc ccuuaaauua agcaucgaag acccgaguca ugagggggag 900
gggauaccac uauacgaugc aaucaaaugc augaagacau uuuucggcug gaaagagccc 960
aacaucguga aaccacauga aaaagguaua aaccccaauu accuccuggce uuggaagcaa 1020
gugcuggcag aacuccaaga uauugaaaau gaggagaaaa ucccaaaaac aaagaacaug 1080
aaaaaaacaa gccaguugaa gugggcacum ggugagaaca uggcaccaga gaaaguagac 1140
uuugaggacu gcaaagaugu uagcgaucua agacaguaug acagugauga accagagucu 1200
agaucacuag caagcuggau ucagagugaa uucaacaagg caugugaauu gacagauucg 1260
aguuggauug aacuugayga aauaggagaa gacguagcuc caauugagca cauugcaagu 1320
augagaagga acuauuuuac agcggaagua ucccauugca gggccacuga auacauaaug 1380
aagggagugu acauaaacac agcccuguug aaugcauccu gugcagccau ggaugacuuu 1440
caacugauuc caaugauaag caaaugcaga accaaagaag gaagacggaa aacuaaucug 1500
uauggauuca uuauaaaagg gagaucccac uugaggaaug auaccgaugu gguaaauuuu 1560
gugaguaugg aauucucucu uacugauccg agrcuggagc cacacaagug ggaaaaguac 1620
uguguccucg agauaggaga caugcuccuc cggacugcag uaggccaagu uucamggccc 1680
auguuccugu auguaagaac caauggaaccC uccaagauca aaaugaaaug gggcauggaa 1740
augaggcgau gccuucuuca aucccuucaa caaauugaaa gcaugauuga agccgagucu 1800
ucugucaaag agaaggacau gaccaaagaa uucuuugaaa ayaaaucaga aacauggccg 1860
auuggagagu cccccaaggg aguggaggaa ggcuccaucg gaaaggugug cagaaccuug 1920



cuaccugagg auaaugagcc caguggguau gcacaaacag auuguguauu ggaagcaaug300
gcuuuccuug aagaauccca cccagggauc uuugaaaacu cgugucuuga aacgauggaa360
auuguucaac aaacaagagu ggauaaacug acccaagguc gccagaccua ugacuggaca420
uugaauagaa accaaccggc ugcaacugcu uuggccaaca cuauagaaau cuucagaucg480
aacggucuaa cagccaauga aucgggacgg 508968g@ur2eccucaagga ugugauggaas540 Page 2
506962 SEQ ST25 ucaauggaua aggaagaaau ggagauaaca acacauuucc aga aaagag
aagr g GYHHGIBAUL L4 CRAY4RAAY FGUEHCAE a3 ARty UGRRyaaadd 80
acaaaggiild agef 28aRRY A HaGGiRY AAYAH G Uk aALAHEAECRgeEaMNTIACaATRH40
agaugCagaa agaggcaaau ugaagaggcg agcrauugca acacccggaa ugcaaaucag
aggauuwgﬂycwabgamgmuguaameaﬂuag¢ggaggu@uawmaugwga@amamugmgagcaadﬁoo
uggac u g |aggaag
LTS oA D G R R R T R e L
gaaugeg@auuaagaguanueaygauguuucu ggcaaugaua acruacauca caaggaaceasi
gccagaaugg uuucggaaug ucuuaagcau ugcyccuaua auguucucaa acaaaauggc
gagayuaggda paaggauaca uguucgaaag uaagagcaug aaguuacgaa cacaaauacc
agcagamadg msggcaaaca uugaucuuaa auacuucaau gaauuaacga aaaagaaaau
ugagaaﬁdaalagrccucuau uaauagaugg uacagccuca uugagcccug gaaugaugau
gggcatfddac AAdhlgélga guacaguccu aggaguyuca auccugaauc uuggacagaa
aaggugn@acc aaaaccacau auugguggga cggacuccaa uccucugaug auuucgcucu

caucgeRdau @osctudasyueHgaFgand TacRRGRAgYAPgUggaUaggu uuuauaggac
uuguag; Euazguuggaauca auaugagcaa gaagaagucu uacauaaauc ggacagggac
auuu g u ggagcu
gcccg%%uuﬁaggéa%%w@%%aggﬁcﬁggﬁ%a gl alled dRatitiuigat diklcahbde s ague?
gaua&aca&ugaauau@amﬁaaagaaggannuggggggaag@mca@ﬁgguoagaguggcucuucmzo
gyuauucauc aa cuaca gauacacaua ccgaugccac aga Caaaucc
ancr d9gasau i eniraun aIagUGHs A TRMARRYIE A A RALT (4 S B aggaciE?
guug@adicaaga UE@90@gataCaghaldggtiéa cGaidabgL Gladua € Gauagdgageugar ge4o
cugcuur aaa u auuga uggaugaaga uuaccagggc agacugugua auccucugaa
uccr &Hﬁ%‘iﬁ,‘“&g 963HHY2 HRIABREAYC 2T YA HEIANIF EAF 42 WMgEB agcucO0
UQOC G582 R GRAHGHGY c ARJAGRLEC 1 GARUEGHA S Ha RRAC G WaaKuGHEAY UCC Uagg
aaggaaycgu uccauucuca auacgaguca aaggggaauu cuugaggaug aacagaugua
ccagaagﬂ@@uugwaumaaL@@agmwamme@mgeum}au%@sg@a@gaggccag@o

ugga u aauug
UC QAT S A0S AR AR g A GiRHAC Hodt et aata LotguuCccar?
cauugecyauagu (aag@aagngag e aualy c A UGGERC Uggaglac cag) ggugugaaaaaugcito
uuguuucuac <210> 3 <211> 2181 <212> RNA <213> Artificial 506962 %ECLSTZS
<220S" L5 CIRUEAHEUEY SEGARIRIZ of “UIARITHG FLNPSAYE PR EAATE9% 400> ¥

augygagRGHCcAH YHERRAGHa AJ¢YGAILYT UauRaaadrUYaydéadedL dy8Ecdgdanaagyceso
augaaagaau auggggaaga uccgaaaauc gaaacgaaca aguuugcugc aauaugcaca

cacutiyd9g893fk 9524ARCHIY0 FALEAAGGALAI9aHEAYUAIAIaERA J4e gAY gaauc®O
auaatidago a4 e dadsc Wt Astidas dadadebiRAaaigatie 4 dE gy agdg@auugagg
ggaagagacc gaacgauggc clggacugug glgaauagua ucugcaacac cCacaggaguu

gagaiEadUacUsa 9ANIE Y2 AGHUAAAGRY LCUFALULISaGP CAGagHTC YatArucaUe gaaalifo0

ggag, g a aaau
A, 1 b S T STt R AT R AT AR
uacagmuugpa@!ugwagw Qagap@agag) aduCaaE g CuLey gg geaiu ucasiucagyaaggc 260
gaaa cca ucu au auucc uuucgucaau cc aga cgaagag
Suug TP R AR AAIH SHRIBHEUE C RIS GO SEi AP U Lo a2
CCoarfudbauLagCaglgalfhit aagcdaduagycggedinug Udfyaat@iauggacasgigaac gmgo
ugcauug%%%agcaagcuuuc ucaaauguca aaagaaguga augcuagaau ugagccauuu
uugdigar gReELRReIAY GBYRCAGA% FIREYUGAAY SR CERAIGUIHICBRYY c g g O
AagUpNGHELaUY IRHAEALI PELIARBIY R CRELAIEE ARG REFFGAIHHA gHARDIII9DG0
gggauaccac uauacgaugc aaucaaaugc augaagacau uuuucggcug gaaagagccc
aac HJIGEHHA PPEERIRTY E9GRIGHARM ACERIEAH 0 AN IDTGWE CUgffoIatrggaagcaqo
gug gaac
aaad S T g Ao g g A A e oG g uagat?
uuugaggammagaaaagguga mag@gguguagagqmag@augu@nﬁgugmpgauanmagagUBGO
agaucacua cu au ucaga aa uucaacaa cau ugaauu acagau
aguidgd ﬂﬁﬁ'g% 9&%36 ﬂﬁ@gﬁ ﬂéggﬂégé%gg I8 R ugcaﬁégo
augagaagga acuauuuuac agcggaagua u gca gggccacuga auacauaaug
aagggagugu acauaaacac agcccuguug aaugcauccu gugcagccau ggaugacuuu
caacugauuc caaugauaag caaaugcaga accaaagaag gaagacggaa aacuaaucug
uauggauuca uuauaaaagg gagaucccac uugaggaaug auaccgaugu gguaaauuuu

gugaguaugg aauucucucu uacugauccg agrcuggagc cacacaagug ggaaaaguac
uguguccucg agauaggaga caugcuccuc cggacugcag uaggccaagu uucamggccc




auuggagagu cccccaaggg aguggaggaa ggcuccaucg gaaaggugug cagaaccuug Page 4
506962 SEQ 5T25 cuggcgaagu gaaucaagaa uucgaucuug uugcuuaaug ugcuacuauu
cuguguucaa caguuuauau aauugcuucu cauugcucag gagggcuaua ugaagcaauu
cgucuugguu caacuccuuc ugcuauccau a gcaucuccac gcacuuaggg gaggagugcc
cucgcacaug aacucgaggg acaaccuggaoagesaacsyascacugaaaua guuuucagcu

210 211> 1565 <212> RNA <213
A o1 P PR aoeS8 5499500 GaREOdERE wltimal IOt A T RZE e Chlo> 4

agCaaaagfaaudgoudggiyacad Ggehigadg6d RUYEedaluCaaadaddaaldacutdyGieaagaseo

accaaacgau cuuaugaaca
agggc ¥ty uuggaagaau
gaacucaaac ucagugacua
augguazigsu sugcauuuga
gggaa C %ﬁ%agaarac

agaga a piglagga
ggagaggacg caacugcugg

gauggaaacu
gguuaguggc
ugaagggagg
ugaaagaagg
uggaggucca
caaagaggag
ucuyacccac
agcucucgu

gguggagaac
auugggaggu
cugauccaga
aacagauacc
auuuaucgga
aucaggagga
cugaugauau

gccagaaugc
ucuacauaca
acagcauaac
uggaagaaca
ggagagacgg
uuuggcguca
ggcauuccaa
uggaccccag

uacugagauc
gaugugcaca6>
aauagagaga
ccccagugeg
gaaaugggug
agcgaacaau
ucuaaaugau
gaugugcucu

gccacadkdc agagaacgag g %uacu ggaa
cugautlaag NseEEsusenueneg ajgalm It IpfEgchdiice®ifugcagec guagggacaa
uggugai@ga gcugauucgg augauaaaac gagggaucaa uucuggagag gcgaaaaugg

aagaagraggaan@gagtiggedyaagptagasy! atyehirRAddg dgaguulae aare cgdfgrgcacaacso
agagcaauga uggaucaagu agaaauccug ggaaugcuga aauugaagau cucauuuuuc

uggcacjgatd g%@éﬁ@%ﬂwcagugge@eaag@agﬁeeag@agageeageaﬁggﬁ@aguacgé
0C CagHG034k AUIGRUUUG UBIAIARGIT HARMECYSY Gty HHSHEE IRGREHEGUUCaa]g,
acagccaggu cuuuagucuc auuagaccaa augagaaucc agcacauaag agucaauuag
ugug G #ER (&8 gRUCE B IR Cg EMHTa OHARY 2a9GPtiIt H UGl IF A ITae HgaIdTHr@aucagag40
ggac caaau
2gaacaugca 2y S gattiac R I ALl S5 ostin ke Rt L aua s
gaacG@gaﬁgwcggmgga&awgamﬁamgcagcuagaggqmamagmgmaggaﬁaga@mmagcguuRGO
agcccacuyl cucgguacad agaaaccuuc ccuuc aaag gaccauu au cagca
uuacaggfaa uac‘%ggﬁ‘ba& ga%%g%%ﬁaccﬁ'gcﬁ%%'ﬁﬁ yg@g %é’éfﬁﬁca:fd' ugauggzo

aaagugomg@cacQ@gaagauagggmg@yuﬁcg@ggggggggga@gmemmqggguR@ga S Shgp62
SEQ ST25 cucuc gacg aaaaggcaac gaacccgauc gugccuuccu uugacaugar

uaauGHIESEI6H HIHERAAYA HHICALHS g AERHS A HEh Y S TE 89 F§ALe53aC aaagadithau
aCCCyHGtHHEA RO Q cabidaht® O caugagaa cagaauggug cuggccageca cuacagcuaa 600
ggcuauggag cagauggcgg gaucaaguga gcaggcagcg gaagccaugg agrucgcuaa 660
ucaggcuagg cagauggugc aggcaaugag gacaauuggg acucauccua acucuagugc 720
uggucugaga gauaaucuuc uugaaaauuu gcaggccuac cagaaacgaa ugggagugca 780
gaugcagcga uucaagugau ccumuuguug uugccgcaar uaucauuggg aucuugcacu 840
ugauauugug gauucuugau cgucuuuucu ucaaaugcau uuaucgucgc cuuaaauacg 900
guuugaaaag agggccukcu acggcaggrg uaccugaguc uaugagggaa gaguaccggc 960
aggaacagca gagugcugug gauguugacg auggucauuu ugucaacaua gaauuggagu 1020
aaaaaacuac cuuguuucua curmkrccgs wwkacuugua cagcucgucc augccgagag 1080
ugaucccggce ggcggucacg aacuccagca ggacccgaug uu 1122
<210> 6
<211> 19
<212> RNA
<213> Artificial
<220>
<223> strand of dsRNA
<400> 6
19

caggauacac cauggauac
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<210> 5 <211> 1122 <212> RNA <213> Artificial
sequence of the Influenza A ML gene <400> 5 ugcaggaauu cgauagcaga

aagcagguag
ucaucccguc
gaaagaacac

auguugaaag
aggcccccuc
cgaucucgag
cucugd ggauuuug
ugcagg gcuuuguc
auaggdeEil NeGgsEAllau aagaagcuga
aggucgcacu cagcuacuca acyggugcac

ggaug C ggugacuacg.gaaguggcuu
uugcaggﬁﬁé ggﬁagdﬁiﬂgR@Eucacagac
gr caugggia gagaauggug cuggccagca
gauc agayaugaggcaygga gaagccaugg
aggcaaugag gacaauuggg acucauccua
uugaagaydu gcaggccuac cagaaacgaa
ccunmuk@ltg lgigccgcaar uaucauuggg
cguc gu RNdgaaugcau uuaucgucgc
acggc Fg‘ﬂ§6§U§gguc uaugagggaa
gauguygg@sg auggucauuu ugucaacaua
cur nk«223gs smnkad wfgdsrRNaagcucgucc
aacuccagca

aaagccgaga

ggauuuguau
cagaaugccc

ucgcgcagaal20

gcucucaugg 50696 6HQaT280

ucacgcucac240
uaaauggaaa300
aaagagaaau360
uugccaguug420
uuggccuagu480
agauggcaac540
cuacagcuaa600
agrucgcuaa660
acucuagugc720
ugggagugca780
aucuugcacu840
cuuaaauacg900
gaguaccggc960

acuugaagau
gacaagacca
cgugcccagu
uggagaucca
aacauuccau
caugggucuc
gugugccacu
uaucaccaac
ggcuauggag
ucaggcuagg
uggucugaga
gaugcagcga
ugauauugug
guuugaaaag
aggaacagca

<220> <223> Consensus

augagucuuc uaaccgaggué0 cgaaacguac guucucucua

gucuuugcag
auccugucac
gagcgaggac
aauaauaugg
ggggcuaagg
auauacaaca
ugugagcaga
ccacuaauca
cagauggcgg
cagauggagc
gauaaucuuc
uucaagugau
gauucuugau
agggccukcu

gagugcugug

gaauuggagul020 aaaaaacuac cuuguuucua
augccgagagl080 ugaucccggc ggcggucacg

<220% joegdruat fdcofa dSRNA <400> 6

<210> 9

<211> 19

<212> RNA

<213> Artificial

<220>
<223>

<400> 9
gcaauugagg agugccuga

strand of dsRNA

<210> 10

<211> 21

<212> RNA

<213> Artificial
<220>

<223> strand of dsRNA
<400> 10

ccaggaaaug cugagaucga a

11

21

RNA
Artificial

<210>
<211>
<212>
<213>

<220>
<223> strand of dsRNA

<400> 11
gaguaaugaa ggaucuuauu u

<210> 12

<211> 21

<212> RNA

<213> Artificial
<220>

<223> strand of dsRNA

Page 7

gogacccgaug uull22 <210> 6 <211> 19 <212> RNA <213> Artifici al

19

19

21

21



caggauacac cauggauacl9 <210> 7 <211> 19 <212> RNA <213> Artificial 506962
SEQ ST25 <220> <223> strand of dsRNA <400> 7 gaucuguucc accauugaal9 <210>
8 <211> 19 <212> RNA <213> Artificial <220> <223> strand of dsRNA <400> 8
cgggacucua gcauacuual9 <210> 9 <211> 19 <212> RNA <213> Artificial <220>

<223> strand_of dsRNA <400> 9 gcd@69gaggeasydgccugal9 <210> 10 <211> 21
<212> <8k <34 3> Art|f|C|aI <220> <223> strand of dSRNA <400> 10 c%%ggaaaug

cugaggu%uguguu‘ii uucggagac

<210> 13

<211> 19

<212> RNA

<213> Artificial

<220>
<223> strand of dsRNA

<400> 13
ggaucuuauu ucuucggag 19

<210> 14

<211> 19

<212> RNA

<213> Artificial

<220>
<223> strand of dsRNA

<400> 14
cacuaaucag acaugagaa 19

<210> 15

<211> 19

<212> RNA

<213> Artificial

<220>
<223> strand of dsRNA

<400> 15
cuacagcuaa ggcuaugga 19

<210> 16

<211> 4749
<212> DNA

<213> Artificial

<220>
<223> Nucleic acid construct

<400> 16
agcttgcatg catttaaatg acagcagcag gtgaaagaca gacataacac caggcacagc 60

120
180

actcctgtgt acctcaaaag gcactagttg cctacatgcc acttcaaggg aagtgcttgt
cccactctgc tctgcactgg tgcagcctca cctcgagcac tgtgtgcagt tctgggagec
acagtatatg aaggacataa aactagtata gagcacccaa aggaaggcta tgaagatggg 240
gaaggtgagt gaggaatggc tgaggtccct tggtctgcac agcccagagc agaggaggtc 300
tgaggagacg actcatggca gcctatggct cctcaagagg ggagtagagg ggaagtgctg 360
agatgtgctc cctgatgaca gcaacaggac ttgaacagac agtgggggtt aggaaaaggt 420
tcttcaccag agggcggtgg gcatggaaca ggctccctag ggcagtggac atgaccctga 480
gttactgtag ttcaaggaac agagggttgg acatcatgat ttcttgatgc cccttccagce 540

ccctgaaatc ctgtgtgtga ttctgtgaga gtgtttgggc aatactctca ggcaaagggt 600
Page 8



<210> 11 <211> 21 <212> RNA <213> Artificial <220> <223> strand of dsRNA
<400> 11 gaguaaugaa ggaucuuauu u2l <210> 12 <211> 21 <212> RNA <213>
Artificial <220> <223> strand of dsRNA 506962 SEQ ST25 <400> 12 aucuuauuuc
uucggagaca a2l <210> 13 <211> 19 <212> RNA <213> Artificial <220> <223>
strand of dsRNA <400> 13 ggaucuuad0e9exseqgyagl9 <210> 14 <211> 19 <212>
RNA <213> Artificial <220> <223> strand of dsRNA <400> 14 cacuaaucag

acaugiQ¥HTETLD PLIGYCLS £PLIGPTEI 1993 IRRIIAL Y RITAF GG FEYTHOIELD 0> <BPBS strand

of dsRMAcs4ete a&5aﬁt@6@gﬁg§@tc&ﬂ€L@a‘tﬁ@@t]g%g<gc]a@Taéiﬁ:c<aég1&cézébg <2127 oDNA

<213> Artificial <220> <223> Nucl eic acid construct
agtccttttg attcccaatc ctcatgtccc actaaaatca tcctactatg aatccttcat 780
attattacag aaatgctcaa gctcaaacta accaaaaaat tgcaagaact ggatctgtat 840
gctttgaatc agagctaggt gacttaaaag tagattccaa ataatcttaa agacatggtg 900
tcatttgcaa actgcatcag aaaaggagaa agaacccccc agcctccacc tcccaaatcce 960
acagaccttt acagctttcc tgcagtgcct gaatctgaga taccactcag ggaacagtta 1020
tgttagtgta agatctgtag agatacctat ccaattactt tcaatgtgag tacactaata 1080
ttgctgtctg gcatattgect acatgtttca gcatcaacta caatttctaa tcttttcctc 1140
tactgttcct gtcccttgta atacaacagt aatacagggt tggcataaaa gccctttggt 1200
gagagctggt gacaatgtgc tctgcaggtc cctatgtccc agtaggacac ctgagtctac 1260
tgaggagctg cctgtggaag tctcccagga catgctgagc accacagaac agttgcactg 1320
ctgaaccccc agagctgata agctcagcgc cctgcaagac atcagatctg ctcgaggtcc 1380
tcagcacatg ctgccattga gctgcacaac ctggggcact tccaagaagg aggtgactgc 1440
tgtgtgaaac caaggactgc agacagaaac ctgggggaaa aagggcaccg agggcttcct 1500
gagcacccac ttgaggatcc ttaattaact ggaaactagg acgtggaagt catatacaat 1560
tcaagatgca agttaatttt atctgcagag aaattgtgtt tcaagaagga agaatacaca 1620
gggtaatgtc ataacctctt cacctaacca catggtaggt aaccatgagc taccactgag 1680
ctcacatcct tgcccccaaa cagcaaacat tcgacgtagc tgcagtaagc agcacgtgga 1740
tggtctcgga attcgattgt cgaccagaca gacgtcaggc tttctaagcc tggactgagt 1800
aagagcggaa gagctccaca gcactctgag tgcgcacaga ccgcgcgtac agcgcacage 1860
cgcgeggecg ctecttcagg cactgccgac gacagcccag gcggaggtece tgagcgecgg 1920
cgctaaattt gcataaagaa ctacccagga gccctcgcgc gcggaaacgg gcaaaaaggg 1980
gcttctaata tggaaatatt acgccgaatc gcgttacaaa tcggctaagc gggcctaaga 2040
gttaacaaga tgtgctatta agcggagcct tttggtggga agaaatggag tagtcactgt 2100
gttctaaaag aacttgcaga atgagccttt aaataccgca gtctcgatgc tcttagtcca 2160
ctacagctaa ggctatggag caaatttcaa gagaatttgc tccatagcct tagctgtagt 2220
gttttttgga actcgaccga agaaccgagc gctgctggcc ttaaagtccc accaaaactc 2280
tgaagaaacg aagccagacc cggcactcag cgggcagccc gcgcctcccg ccgecccaca 2340
gtgccgcgcg cgtgcatttg catagcgcgg tgctcgcagg gggaaactca ccccctcaag 2400
tccgecccce gettcecgec cgctgteccg cacctcatca gtgctgtgcg ctgtctgtgt 2460
cccccagcac gcactctttg ctgttcttac ccggaggett gccctatcct tgaggtttct 2520
attttttagg ctataaatac cgcctaggag gtagagatat tcgcaattga ggagtgcctg '2580
attcaagaga tcaggcactc ctcaattgct tttttggaac tcgacgaatt gtgggacggce 2640
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<400> 16 agcttgcatg catttaaatg acagcagcag gtgaaagaca gacat aacac
caggcacagc60 actcctgtgt acctcaaaag gcactagttg cctacatgcc acttcaaggg
aagtgcttgt 120 cccactctgc tctgcactgg tgcagcctca cctcgagcac tgtgtgcagt
t ct gggagcc180 acagt at at g aaggacat aa aact agt ata gagcacccaa aggaaggcta
t gaagat ggg240 gaaggt gagt gaggaat g9696paggisest t ggtctgcac agcccagagc
agaggaggt c300 t gaggagacg actcatggca gcctatggct cctcaaga agt agaqg
09aaqPHRIGERY SR HYEE DoCET Grh A2 (I8 RS T GanIRRAHh gkt
aggaaegedtiad2ly igahdLAa e s g9ge3ce0 48 oL IRAGaAc a6t a8&iREg@pCagt ogac
at gaccct ga480 gttactgtag ttcaaggaac agagggttgg acatcatgat ttcttgat gc
ccct t BRAAIBAY ARt FALEd JOTRATRY 1A LT HIOGt HRgagftgt REaf§geaatat act4Sla
ggcaagg%raQ Rag& Baal g tgt tca
ggagt t ggac ?%aét gatz"cc"%at?;gt9 ?ggcgf? tEEc; ?}tggcc%%g?%a thathadt %%tg‘ttg%%tct 586
gat acatgpagtacagt awrysgaagatygugat Wghtattat t grcat cagpgatitaaagagaat gt c 2940
act aa cctactatg a ttcaf attattac aat.gct caa gct.caaact
rccantocitot Sl sl OIS Serdinsdir B liRideaEiR I Baachoo
t agat tgapmat@dcaasgidaaggpaacadagt g treaddgegt aradcigoat caggasafydagaaco
agaacccccc agcctccacc tcccaaatcc aca([q%ccttt acagctttcc tgcagtgcct
gaat c¥'Fagh9t e 83 L AR Y JAREEGETH 3Gt Qﬁﬁt%’a&b%f?téfg‘i%aé acct at20

ccaatigughhgddaagi@lagsrd a6aadey@ thhgsdadt € lgaeeafrrt t &flagasigdt t t Gago

gcatcaacta caatttctaa tcttttcctc factgttcct gtcccttgta atacaacagt
aat actg§§t91§geAAaAG Iy ERRIGHGER ITERRFAGRY FFRTGHOAGL ‘@j-'ttﬁéc%‘-&agcaggtzéo
cCt at flagsa Yt BO3GALCLIBRLGEAL LIARAFIL 182554081993 gL (faaC CA9Z300
cat gct gagc accacagaac agttgcactg ctgaaccccc agagctgata agct cagcgc

cct gcHagaercat cbepditararac agapagayar atetigeseattgtesajdteat tigaagetttgcacadgoo

Ct 99ReL £ £CAR0R800 QA SBELAC L LI IRR R0 £ARYIRCI G A0RER0236,

ctgg aaa aagggcaccg a gcacccac aat t aact
ggaaampagorcegtguaagittcadc@hatoa ahocagaig@aaagiahagqtdtttcegtebgcagagso
aaattqgtgit .tcaagaagga agaat acaca taatgtc ataacctctt cacctaac

cat ggPID T AR oI Rty AL g tET L R o GECT PROE b A THE Eanacdst0
t Cgacgtegirakt Cidh eage tafERt It G cfPOh et & ggraddcegatdtgtarare Cagagsoo
gacgtcaggc tttctaagcc tggactgagt aagagcggaa gatgctccaca gcact ct gag
t gcgdAEaRARE SAFEGEHEIatRUATE B FC ACH CGRERTC AAITHEEEY 3G ECWOR gccgBeto
gacagggs@ftces %@9%&%tt£§ﬁ§%ga§d}ﬁ%a§&} Pbg%b&@%@&d‘a&@&ccaggﬁzo
gccct cgcgec gcggaaacgg gcaaaaaggg gctfctaafa tggaaatatt acgccgaatc
gcgt racEHAgRt et et C gffocaguegaa tttyaacHn gatdagcytt arpggtagtygagcaiso

tttg t tgt.gtt a c gcct
hant SRR IR 00RT. | AHERNGE R EIARC R AREH ORI AIEOTT aso
gagaatddaagic agygargha tpgahadaagt agiat t ¢ t gy gat ATt cayaToger @gaac Cgageo
gCtht CC ttaaagtccc accaaaactc t%aa aaac aagcca acc Cgacactca

0000 ISR RE U GAET ARt AP ALl IR g R A PEOTF DA o goidpO
t gCt e Yt QY Gaaaaaac G&Q@ﬁé&%@&i@@ﬁ@&@ﬁ@@tﬁﬁ&@Qgg}@t(ﬁgQ& gt ccegpo
cacctcatca gthtgthg CtgtCtgtgt CCCCC&gcaC gcaCtCtttg CtgttCttaC

ccgghfftOadtc detEacaet (1FAg9HAY0E t TIROFRIAPRagEP IECht AR ALk 3@§REt aggdfO

gt agagatrat L attg
S S i S R R R S S o e

ct cctepatttafc cttiaduatt JeabeRyosgatgaatidagctiyptocanayc agerTadc cgc gt cg

N e L R e T A o S T i e
Caaadathbazagyc eg@pegtact cyciacthiada taacdayat gatgtghgiciaagang884y ct t aggripact

Ot cCHAYROR SPELANU9N L, LR SLER LS R Y9RR L EAR0RIAE 4380
acataagcca gtcagaaatc ttcacaagtc ttggatagtt ccagattgta actcctgatg 4440
cttagctcta tcaggatgat atgactcaga aacgttagtt ctatcaacct agtttccaac 4500
tcttccttge ttttaatgat ttgtggagct ctactctgaa ccagcctggc tttgaagtaa 4560
atctccttca ctcatcatca gcacactttt tttgaaaagc cacgtcactt atagaatcct 4620
acttatgttg tggctcgatg aacatgtgtt aacactgtgg atcaggggag cgggagtgag 4680
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cat accact g3000
cct agaaagt 3060
agttaat at g3120
agaagaaaag3180

tccgaagaaa taagatcctt ttttggaact cgagaatcac tagtgaattc
cgagggtgcc aagtcatggg actgatactc tttaacgtct ttatcaatga
gttattgaat gaacctgtag tgagttgctg atgactgaac tgagtgctac
agagaaggga gagaaat atg agagaaat gt tgagggaact agacttgttc
gttccaggca gatcttactg caaccttcca 5§bpéatseaasy2at atcttgtc ccttccagga3240
acaggaagat tattaaaaaa aaaaaagtca ccat aaaaaa aaaaaaaata ctat gctgaa3300

gt aag AR Peh FPEA e h Ak § HRATTa9C RS Byt TaRA Yt dhgt t 1173860
gaat t gttddcgagttt caat a gagtaactgt tagaaacatt ctgaatagtg cctctataci73420
cagtgcccta tgttcacgtt cactaattca aaacagaaaa aaaaaaaaag attcctgtca3480
tggttt&i&t Hgtctgttt gtttgtttgt ttgtttttcc tacttaagat cttgccctcc3540
catttagpct ggpatttaat tcagtacctc cggtaattct ggtattctac attcaatatc3600
tttagezeat pRAtctgctg tagccagatt actccaacat aagatttctg gtttctggga3660
aggat g¢Bea Acttddigidat at gcaaggt ¢ aggct ggat g gggt gct ggg cacct gat gg3720
agct gf t gtccctgttc attgcagggg atttgaactg aatggccttt aagggtcctt 3780

tt caagitaa mraght a3l @Akialgtgg tttccaagga tagggagggt cctaacattc3840
aaagct agac tgggaaagaa gaaaaagaca aaaattcttg gttatttcat tgctttggta3900

ttccst agat aaaat tataggtctc ttcttggtct agtgtaagaa atgcct a3960
R s R e R L R R N R T o

t aaat gagctg@ahé araaiad tL&AG908Y dcoagtIBaarratdegt dapgetajtt aat agd9a0
caattcttca catttaaaat gtgcaaatat tttgaggggt gttagtaggc tttgctcctc4140

tg
t gaadtTRaEC @t ESRAGHEEI% A9%A94G5EY Cat EPCee Ao HPGE aduIsRCact aadd200
aal aaidbtivdiy! S4JoAch A AGRRINH GAGLRRREA dooR Rickd Ol oiYdeaC! aatzégﬁo
aattttaagg aggaagtctt ttcaatctaa tiaacaagaa atdtgagtiaa caaatgacgg4320
at at t92ge8E0a9aaganaatey gt eAUoE et togtciuatqtagcreruauat apaogaadatgt at t t 8a®80
acat c t c t t ct gat g4440
ot taqondg et AR RRdeal GEARRANE LLARBRATIbAGEAREL HaBofIoT 0% 96800
t ctt cghtgydttt caghggrtcat §gtaggagpst ttdamchgigagtogpmgttlaygaeadddggaagt aaa®60
at ct GC %ca ctcatcatca gcacactttt tttté_gaaaa C cacgtcactt at agaat cct 4620
5 SRHACETH § g

act t at gt 14 CHAEGH G230 ETH §9° R FFE8°dYFagt gad®Bso Page
10 %696 tHFQtTA2yR0iRGIGUYUGARARYA tHatdiRggaatcteedaggt gct gamat ctatt
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t aaat ct cgad4740
ccctdaaatc ctgtgtgtga ttctgtgaga gtgtttgggc aatactctca ggcaaagggt 600
ttgaattttg ggtggtgctg tgtggagtca ggagttggac tcagtgatcc ttgttggttc 660
cttccaactc acaatattct gtgattctat gatacatgag ccagtacatc aagatccaaa 720
agtccttttg attcccaatc ctcatgtccc actaaaatca tcctactatg aatccttcat 780
attattacag aaatgctcaa gctcaaacta accaaaaaat tgcaagaact ggatctgtat 840
gctttgaatc agagctaggt gacttaaaag tagattccaa ataatcttaa agacatggtg 900
tcatttgcaa actgcatcag aaaaggagaa agaacccccc agcctccacc tcccaaatcc 960
acagaccttt acagctttcc tgcagtgcct gaatctgaga taccactcag ggaacagtta 1020
tgttagtgta agatctgtag agatacctat ccaattactt tcaatgtgag tacactaata 1080
ttgctgtctg gcatattgcect acatgtttca gcatcaacta caatttctaa tcttttcctc 1140
tactgttcct gtcccttgta atacaacagt aatacagggt tggcataaaa gccctttggt 1200
gagagctggt gacaatgtgc tctgcaggtc cctatgtccc agtaggacac ctgagtctac 1260
tgaggagctg cctgtggaag tctcccagga catgctgagc accacagaac agttgcactg 1320
ctgaaccccc agagctgata agctcagcgc cctgcaagac atcagatctg ctcgaggtcc 1380
tcagcacatg ctgccattga gctgcacaac ctggggcact tccaagaagg aggtgactgce 1440
tgtgtgaaac caaggactgc agacagaaac ctgggggaaa aagggcaccg agggcttcct 1500
gagcacccac ttgaggatcc ttaattaact ggaaactagg acgtggaagt catatacaat 1560
tcaagatgca agttaatttt atctgcagag aaattgtgtt tcaagaagga agaatacaca 1620



gctcgcgaad749 <210> 17 <211> 4700 <212> DNA <213> Artificial <220> <223>
Nucl ei ¢ acid construct <400> 17 agcttgcatg catttaaatg acagcagcag gtgaaagaca
gacat aacac caggcacagc60 actcctgtgt acctcaaaag gcactagttg cctacatgcc
acttcaaggg aagtgcttgt120 cccactctgc tctgcactgg tgcagcctca cctcgagcac
tgtgtgcagt tctgggagccl80 acagt at 50@9%gga£satzaa aact agtata gagcacccaa
aggaa cta tga 240 gaaggt gagt gaggaat aggt ccct gtc cac

agccc g%td"@ %g% 8%‘3&3%6#5&%&&8@5@% t ‘l“gf@&g tcaaﬁg;éag
ggagt apaad a2 agt &lca30 Qagoaiadh 8 GlcgaEftagat ’Qﬁﬁ@t%@aQ@@géﬁgéat gaacqac
agt gggggtt aggaaaaggt 420 tcttcaccag agggcggt gg gcat ggaaca ggctccctag
ggcagtedfad ceddy aEEI0GE2B FIg9THE €Yt It $R8 A RPEAE TIYA G VERR I at ¢ ABGAL
ttett t t Lottty c
R A A R e BRI AR U b T
t cagt gmg@aamatggaa‘g!g:ggg@s@twtg@caacataaawaac atdeetagyitgatdagnadasgat acdvgag

ccagt g%g %i?gé?@%ﬁ?nota ttccca tc ctcatagdt ccc act aagggg;i

tcctac acag aaélé‘ggcﬁg ﬁéétagcccf‘c% et %% ccaa

t gcaaga@caaaggata:atcg;taaw@cg@ﬁgttg:aa&aaaa@agstt@ggatagxaatgaaﬁaagaataagat 20eaa
ataat cttaa agacat 900 tcatttgcaa actgcat cag aaaa aa agaacccccc
agcct A8t c%%%gg&g%égﬁ'@ﬁ@& %tgftfc%é ttt9ee t“‘taﬁga%q%&gﬁat@aat ct’d8%a

t accagiggagcg@aeendtt a0 dght apladha @gad Coet g gagadragigdccccaantggt t
t caat gt gag tacactaatalO80 ttgctgtctg gcatattgct acatgtttca gcatcaacta

caat t$3€32Pa¢t f?qaé@%%aflﬂﬂaqcéé%ct CEBICAGLER ACHYIRISE LILLEGEfiCCaat adddYgt
t 990%&@@&&chﬁgw@égjczggg@%g@&cTgSQEagQGE@%‘tQE&%cE&tgﬁ&éﬁgﬁ&ccCt abgggcc
agt aggacac ctgagtctacl2b0 tgaggagctg cctgtggaag tctcccagga catgctgagc
acca@&gaﬁ@t@gtgfg@aéftfg;t.BQgrt(ttgmGc@@g&gqg@tcgmmaagoit%ag’cgjgccct geéas@ac
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oL oo PN AR B PR GE PSR o8 GEREAEC! 205880,
aaggqctgegg):tagg@n:ltttmb%ﬂataaata ccgcctagga ggtagagata ttccgggact 2460
ctagcatact tattcaagag ataagtatgc tagagtcccg ttttttggaa ctcgacgagg 2520
ctcagtgtca cgcagagcgc gggacgagcg ctccgagccc tcccagtgcc gcccccaagg 2580
cagggcggcc ggcgcagctc cccgcagece gecagtggga aggctctget ttgcataacg 2640
cgcaaggcct gctgggagga aagcggagcg agaaagagcg ttaacgtgcg ccgagtgttt 2700
tagagcaaaa gcattcagac ctgaagcagc gctgagagat gcctctgccg cccatttact 2760
ggaacgttca gacccaccgc aagtcaccgt gaccttgagg acactgagct gttggccegtt 2820
atatagcact tggggcagct cgtagctttc aggatacacc atggatactt caagagagta 2880
tccatggtgt atcctgtttt tggaactcga gaatcactag tgaattcgcg gccgcgaatt 2940
ccataccact gcgagggtgc caagtcatgg gactgatact ctttaacgtc tttatcaatg 3000
acctagaaag tgttattgaa tgaacctgta gtgagttgct gatgactgaa ctgagtgcta 3060
cagttaatat gagagaaggg agagaaatat gagagaaatg ttgagggaac tagacttgtt 3120
cagaagaaaa ggttccaggc agatcttact gcaaccttcc agttaattaa gatatcttgt 3180
cccttccagyg aacaggaaga ttattaaaaa aaaaaaagtc accataaaaa aaaaaaaaat 3240
actatgctga agtaaggaaa ttcagtaaac aagaaaaaga gatattaata atatggatta 3300
ctttaagttt tgaattattt tcctttcaat agagtaactg ttagaaacat tctgaatagt 3360
gcctctatac tcagtgccct atgttcacgt tcactaattc aaaacagaaa aaaaaaaaaa 3420
gattcctgtc atggtttttt tttgtctgtt tgtttgtttg tttgtttttc ctacttaaga 3480
tcttgccctc ccatttacac tggaatttaa ttcagtacct ccggtaattc tggtattcta 3540
cattcaatat ctttagcaaa tctttctgct gtagccagat tactccaaca taagatttct 3600
ggtttctggg aaggatgccc atccctgaga tatgcaaggt caggctggat ggggtgctgg 3660



gagcacccac ttgaggatcc ttaattaact ggaaactagg acgtggaagt catatacaat 1560
tcaagatgca agttaatttt atctgcagag aaattgtgtt tcaagaagga agaatacacal620 Page
11 506962 SEQ ST25 gggtaatgtc ataacctctt cacctaacca catggtaggt aaccat gagc
taccact gagl680 ctcacatcct tgcccccaaa cagcaaacat tcgacgtagc tgcagtaagc
agcacgtggal740 tggtctcgga attgcggoegexrgggaascg attgtcgacg aattgtggga

cggcggaagal800 cgggctcccg ccccgecceccct at at gcaaag cagagaactt cccgccgtgce
accgcgﬁﬁ‘g‘rﬂ?éﬁ@ gégg?ﬁéﬁﬁﬁté%& § o FtA9ed 99 adiddd8aarda92atg98et tcaaa@ft ¢
t gcgaraaqteeo t%@@e%%k&ta%c@&&%@%g%%t@ég%@%tk&aédg%%&%?%%gg?gt gaizggca

gaagaagaaal980 tat gcaaata caacgccagc tcaccgctac ttaaaaa at at aat a
gaggctEaazann CcRazacings FAJgerfa0aciogaappact apaaet tqjitt ggtd@tatca gaatiddhag
agat t t C g cgct gc
ot a1 A e o o R 00 ORRACC
cgcgcetopcl@R) agtcgetts acaagiagat gagecgngt gratyt tigeat agggagetgt gctivgoag
ggggaaact 32280 accccct caa iqttcccgccccc C cttcccgc ccgctgtccc gcacctcatc
agt gct Yr§E %40 5GPy g9t dae %&5559998‘8%?@? 298t WLt Y ccgdlgYct
t gcccagdaee2A00 ttdgrgetd heatrthhid tlhagepatat ©adifygye Jeitagemy0Jt agagat a
ct Coaegags B0 A RAbI t £SO IgRaLsE: FEACIRGLECr CodaBeca cooddiigor
ct cga c 8€3% ccc cc
gCCCCeARRE8CRRB0 £AAAISHT ¢ 6t G AEAAGE Gudaa Y CRYELLa dE CARhIOGRa0TC5hCt
ttgcat aacg2640 cgcaaggcct gctgggagga aagcggagcg agaaagagcg ttaacgtgcg
ccga@dFt R P01 HFA R A0 Peat t c Afhratrh adtagerage t apdgagratagect d2gecg
cccat 0 t C acact ct
e b AR S O BRSPS A
caagagyagoei880ta@caigyt git@yeadtgcttdachgghactggperaghatacagdagtt gaau8e@cg
gccgca%%%%&%%m G5al atc%actcagcgfg%??tgg%#a%t cat flct a;f act cttt ggg; tc
tttatCaat 90007 AceY aaady 3%y 8 9 @8?@@%% gté‘g? T gat g Cgaa
ct gaglaget a6 0cagt ¢ gt et t t@agaBaage ggedd adti @lctgagagageitgqgt t gagggmac
tagactt ttccaggc agatcttact gcaaccttcc agttaattaa

tt 3120 cagaagaaaa
gat atCEF?%ala’?f%Oaacf‘E f‘f‘%&a@‘btcgg‘éa&'{;gé reart ttéé%ag%ﬁéﬁ%@aétaccaﬂé@aaa

aaaagaaana?d et AAet §@grot AAJGARAtHI FRhAGREgBGIRRBARNDBa Yt Al ARt @
at at ggat t a3300

gcgggagtga gcagtacagg agggaaaata tgattggaaa ctccttgtgc tgcaatctat 4680
ttaaatctcg agctcgcgaa 4700
<210> 18

<211> 4706

<212> DNA

<213> Artificial

<220>

<223> Nucleic acid construct

<400> 18

agcttgcatg catttaaatg acagcagcag gtgaaagaca gacataacac caggcacagc 60
actcctgtgt acctcaaaag gcactagttg cctacatgcc acttcaaggg aagtgcttgt 120
cccactctge tctgcactgg tgcagcctca cctcgagcac tgtgtgcagt tctgggagec 180
acagtatatg aaggacataa aactagtata gagcacccaa aggaaggcta tgaagatggg 240
gaaggtgagt gaggaatggc tgaggtccct tggtctgcac agcccagagc agaggaggtc 300
tgaggagacg actcatggca gcctatggct cctcaagagg ggagtagagg ggaagtgctg 360
agatgtgctc cctgatgaca gcaacaggac ttgaacagac agtgggggtt aggaaaaggt 420
tcttcaccag agggcggtgg gcatggaaca ggctccctag ggcagtggac atgaccctga 480
gttactgtag ttcaaggaac agagggttgg acatcatgat ttcttgatgc cccttccagce 540
ccctgaaatc ctgtgtgtga ttctgtgaga gtgtttgggc aatactctca ggcaaagggt 600
ttgaattttg ggtggtgctg tgtggagtca ggagttggac tcagtgatcc ttgttggttc 660
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ctttaagttt tgaattattt tcctttcaat agagtaactg ttagaaacat tctgaatagt 3360
gcctctatac tcagtgccct atgttcacgt tcactaattc aaaacagaaa aaaaaaaaaa3420
gattcctgtc atggtttttt tttgtctgtt tgtttgtttg tttgtttttc ctacttaaga3480
tcttgccctc ccatttacac tggaatttaa ttcagtacct ccggtaattc tggtattcta3540

cattcaatat ctttagcaaa tctttctgct 506@4Pceagar2fact ccaaca taagatttct 3600
gct gg3660 Page

ggtttct aaggat gccc atccctgaga tat caa gt caggct ggat t

O e o i G S o a8 A R LA SRR LA oot L 28t ca
gcagapgarctiRhegicaht @Rt BECREEE @as&ﬁteat&c&s@@@aa@atcc@mtct gt t g0
accaat caca ctaaatgagt tggattaaaa ttttgggagg agtattaata tcaattcttc

acat t dEHREH ¢ g%fa@&tc'éa%m:t@@taééft ascaRaRant tWcaagaaAcht ARtCEIWAt caggB40
t ttt
agcc %?at L Cgagg{c%%g atg gac% t%?%&%%ﬁé‘ga&aggé‘&taﬂcégaa%& aagpg

gaggaag ttgtc ataaaacaac agtcatcttc
catt gtmt%maﬂmgtc&aghmagaa aghécacaag@gcabotacct gakcagrttdcaget c960

atcag a tat gact t tttccaa ctcttcctt cttttaat a tgga
ottt Aefcrd 3EacERte BHeadeaERe ofnfirarfs \thecadtcal AP artota 1o, 1P2Y
ctt cttpghgrdragigitedgengyagigickti€ ceast@iac tdcaht agg agraceaitgt t ct t18so

;tt;g@g&gg‘% tt%%%g%%ﬂ?g%g%@%%%? gttgt caa aeggcaaacat tatattca

tgaatEgttt<tagat t 3?40
aaacotdcagttdct lceetsal GtAGLELGR 2365396

i&g tdtdadRaRRdt €%R€ 9t Cagboo <210>
18 <211> 4706 <212> DNA <213> Artificia 80> <223> Nucl eic acid construct

<400:92g89GHOt t GRAREY At FEHEATG @S BERIAGEEY AGLAetean EI8gkdREacac 1260
Cagg%‘é?@&@@ga&t@%% a3t t@&%Eﬁé’gaaaﬂgt&‘%ﬁ%@%EE&&%B@%E@&&&?t tcaagsy
gt12 ctgc tctgcactgg tgcagcctca cctcgagcac fgtgtgcagt

aagt gct cccac
t ct ggFa8aet8o magtmat @cet@:ggegrata'egcaagacagttaawtgagcretcgmcaggaag@&ﬂ a

t gaa aggaat t gccc c
L oaoqRhetaaty ARRON AR ORHOAR Bk RRAT e o dd EhEERTEICCERIRDC
gaagk_;ggtqyﬁgg ?gg?imt@ct@gﬂabwcg?ﬁwgggafcagmatt@?m@gﬁ@cﬁgt 99?5@1 t
aggaaa cttcacca at ggaaca ggct ccc gcagt ggac
S aotteaat Uorudtiet s e el e RS e dde BE TR o T St
ccct tt@@ii’é}ﬁ@é&) e@‘i@iﬁ.&@@-t&t&b@i@bgﬁﬂﬁtbf&éﬂtt@é’élj&agéﬁtabhgﬂﬁ:ﬁcﬁat actgicca
ggcaaagggt 600 ttgaattttg ggtggtgctg tgtggagtca ggagttggac tcagt %éastocc

tt gt 9g9t33¢6b0 Abagectryt cacctaacca catggtaggt aaccatgagc taccactgag
ctcacatcct tgcccccaaa cagcaaacat tcgacgtagc tgcagtaagc agcacgtgga 1740
tggtctcgga attgcggccg cgggaattcg attgtcgacg aattgtggga cggcggaaga 1800
cgggctcccg ccccgeccct atatgcaagg cagagaactt cccgccgtge accgegcegcea 1860
atcggaagag aatttgggca cttcagaccC aaaaaaaaacC ccaaaacttc tgcgaaaaag 1920
aaagaatctc agcggagtaa atagggattt ttgttaaaga ggtgatacca gaagaagaaa 1980
tatgcaaata caacgccagc tcaccgctac ttaaaaatca tgatataata gaggcttaaa 2040
tactgtccga gagacactgg ggtttatctt atttcttcgg agacaattca agagattgtc 2100
tccgaagaaa taagattttt ttggaactcg accgaagaac cgagcgctgc tggccttaaa 2160
gtcccaccaa aactctgaag aaacgaagcc agacccggca ctcagcgggc agcccgegec 2220
tcccgecgee ccacagtgee gegegegtge atttgcatag cgcggtgctc gcagggggaa 2280
actcaccccc tcaagtccge cccccgette ccgeceecgetg tcccgcacct catcagtget 2340
gtgcgctgtc tgtgtccccc agcacgcact ctttgctgtt cttacccgga ggcttgeccct 2400
atccttgagg tttctatttt ttaggctata aataccgcct aggaggtaga gatattcgca 2460
attgaggagt gcctgattca agagatcagg cactcctcaa ttgctttttt ggaagtcgac 2520
gaggctcagt gtcacgcaga gcgcgggacg agcgctccga gccctcccag tgccgcccce 2580
caaggcaggg cggccggcge agctccccgce agcccgecag tgggaagget ctgctttgea 2640
taacgcgcaa ggcectgctgg gaggaaagcg gagcgagaaa gagcgttaac gtgcgccgag 2700
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506962 SEQ ST25 cttccaactc acaatattct gtgattctat gatacatgag ccagtacatc
aagat ccaaa agtccttttg attcccaatc ctcatgtccc actaaaatca tcctactatg
aatccttcat attattacag aaatgctcaa gctcaaacta accaaaaaat tgcaagaact
ggatctgtat gctttgaatc agagctaggt gacttaaaag tagattccaa ataatcttaa
agacatggtg tcatttgcaa actgcat cag 58e96088gaa28gaacccccc agcctccacc

g0aac OV A20% CAMAACATE GAUR 0D Hgdr UIaR AdRLURRTCAEI T IE i gt G260
ggaac a gtg
tacact aadghdd gt SldphBc I GREGAYEE Rt CRaggatatag] tct agg
tetttt ccttggt act%gt ta?ct c gt cc%% t gt a at gc%accagl?gaggt aca%g?tﬁgg%gtat aagzg
gccct ECgFatygagrItguId Feacttqyrae atsrgpiaggt trccatcrtyt erndtagaaRggac 880
ct gag%ﬁt"i’:ga{g?gag %a%%ggatc %ttgéttgzqgﬁg atc%E acgggg%c(t\gé %Eg?&§c§§c°cg;cagaaz‘é4o
agttgcCactg ctgaatccct agagctgata agc cqagcgc cC 1%’caaga cagat ctg
ct cgaggtattctaragcarat g ygguaichag wgatgyacaaatat gogycasigtt tiaaagaadgoo
P00t REP g RRROReT D THAICE LT aAA An " GoRaLs G4 Grggangne0
cat at grrradbcdasgalblgayaaghd@mhbidd aah€d19ags apaatithdt @ighat €aR02a93a20
agaat acaca gggtaatgtc ataacctctt cacctaacca cat ggt aggt aaccat gagc

t accattgaE- AR AR BI T §ERWICAARa CEhRfRsaR K TEEGH Qtaz?géa%%&gt aagéso

agcac@t@gicdcqot cdaggaitadhid 9L 1o 9H3A3ME Clagtdadt s 93GHa&alahIt 998340
cggcggaaga cgggct cccg ccccgeccct at at gcaagg cagagaactt cccgecgtgce

accgcy@getr AR cEdfAaeRaF 2aag9a2g §iea 9€aacagor G@aagsadaddastaatasaact 8800
tgcg @@&&%%%9@%@9{?%&%8%&3 t%&faggggé‘ttﬁaééggc%@aﬁ%ag&ttg at acgag

gaagaagaaa tatgca ccga gaaa caccaa tcccgccgcc

act caatagagt g@glctagttcragat?aﬂctgegg? taadgaggag'fagta;gga? ;Iaga?:fa?ggcagggzo

t aacgcgcaa .. caacgccaqc cgct ac_gagaca aaga
ttgggdgg?%agqaggcﬁcgpg‘éﬂtﬁga gggg'é%@c%E‘%E%Fg%@ggtcgggé%gtt%gtﬁ%éégt ccé%éé
ccccagabdarctgtgicecerat agarageqnat attdaatedd gtaddrogs trahargggt gat t gs4o

agagat ca t cacgcaga gcgcgggacg cggccggcgce agctccccgc ggcect get
gaggé‘é’éﬁ%%agt c‘@@g% frd@defddc E‘Etgéttﬁgij?c F@?Qa%d?ﬁf’écf&é aggt accgg‘l@(

aggaget 8aygeaGlce§§daddg L4 1@ kdddct ct@@g‘e‘ét‘}c Gﬁad&%ﬁ%é? QQ@@at%@?ﬁCQCC@QGO

t gggaaggct gagcgagaaa gagcgttaac Page 14 catcagigct ggctfgccct gatattcgca

ggaadoeEuechgdgatagaec ctafe g tcaceioyE Ridg 6998086 L9FEYI8TRS t 874G agag
caaa tga c ttac ac
ot R A A A e RE T gt P
gcacuvagyggccageteigicaga gidthgadtgyggddageagamahdaggaaddc aagadggot gat t 8% gg
t ggaa at. . ctttftt act cgagaat cactagtgaa ttcgc cg2940 cgaa cat
accaéf@%&%tﬁcgﬁ%%%ggt tcccﬁf 4812959404t ?99%588‘6%%?9%%%6% t caa%éf cct
agaagtiaghha®l cgeqjgaadc @Qﬁ:ﬁfaﬁﬁtagaaﬁhhg@ﬁt@attl_;t&@bga&a?tﬂﬁg(lﬂggt gt ?C%simagt
t aat at gaga gaagggagag aaat at gaga gaaat gttga gggaact aga cttgttcaga
agaa%?gﬁ?‘?c ag%tc&ga%a @ttﬂ%%‘i@@éa“@é??‘b‘%&g%gaéﬂgf%é5%99@28?13 t ct t f%cct

t ccaggarqaguasgahiala tt%@@ﬁﬁ%ﬁ@atﬁﬁgﬂgﬁﬁc&?aattﬁéﬁacaagé’@%%g& aaaagigact a
t gct gaagt a aggaaattca gt aaacaaga aaaagagata ttaataatat 3300 ggattacttt

aagt ¥qt2gaatttt aE¥GAEEI2 PREHRCAGhJataatiigat BERIAEGRTH CEYGI8ED aat afftdfcct
ctat g C aaaapgg@att
cct g?g(c:égtg 5‘3“% ; i&ﬁat% tk%t %‘%F%étHtt{tE‘?t“?g?‘ﬁaé?f?%a???@???ﬁ%ﬁﬁ% ttaagatctt
gccctiregbdgatt saciehygapt attdamghyg aagtacettc capy ct aattiac Agapgdsdty at t c42®0at t
caatatcttt agcaaatctt ctgtag ccagattact ccaacata 600 attt gtt
ot Redstr T grecaree LETaPat JCatTtrE T EE TN 67093850 ¢ gorBofonc
ct gadggagattgfagatgica eaddiichged taggsagagoaddaahgoagt gaalgd3vdér ggccq3ghaag
ggtccttttc aactcaaaca gttgaat gat tgétfgtéggttt ccaaggat ag3780 ggag&%cct

aac HAEILIGCIHGALIYS GateGabiera J9AITALA AL AR t YHAOTRIG
tcaacctagt ttccaactct tccttgettt taatgatttg tggagctcta ctctgaacca 4500
gcctggettt gaagtaaatc tccttcactc atcatcagca cacttttttt gaaaagccac 4560
gtcacttata gaatcctact tatgttgtgg ctcgatgaac atgtgttaac actgtggatc 4620
aggggagcgg gagtgagcag tacaggagdg aaaatatgat tggaaactcc ttgtgctgca 4680
atctatttaa atctcgagct cgcgaa 4706
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atttcattgc tttggtagtt ccatcagcag ataaaattat aggtctcttc ttggtctagt3900
gt aagaaatg cctgggaatc attttatcac aaaaatcttt ctgtttgcat gttttcttct 3960
gtacttacca atcacactaa atgagttgga ttaaaatttt gggaggttga gcagaaaat g4020
ttcttaagta ttaatatcaa ttcttcacat ttaaaatgtg caaatatttt gaggggtgtt4080
agtaggcttt gctcctctga aatttacctt S0a96piseQesxr26caggt gat g cctccagtt g4140
t gcaagt agc cactaacaat aatgtttttt cctactaatg ggaaggtggc aaacattat a4200
ttcagtggnt fgctaataat tttaaggagg aagtcttttc aatctaatta acaagaaat g4260
t gagt aactpa apqacggata tttgtcataa aacaacagtc atcttctctt acatgtgtaad320
at at agébd>t bvmttttaca taagccagtc agaaatcttc acaagtcttg gatagttcca4380
gatt gtabtt Aetidacttht agctctatca ggatgatatg act cagaaac gttagttctad440
tcaacchmagt ttccaactct tccttgecttt taatgatttg tggagctcta ctctgaaccads500
gcct ggzast maladpbaahend cohétaetcl at cat cagca cacttttttt gaaaagccac4560
gtcacté%ﬂaﬂta aatcctact tatgttgtgg ctcgatgaac atgtgttaac actgtggatc4620
agggag g a tatgat .t aactcc ttgtgctgcadqh80

atcra fgggg‘cﬁgﬁééggégééﬁigﬁ R S AT PP
1242 abget@bAca@h’d»cty agtdaicata $2203cged? Ixaguddacpl gccohfidycconst nagt 1

<400> 19 attcgatt gtcgaccaga cagacgtca ctttctaag cctggactga
gt aag‘é‘-bcécégg g %?ﬁé?g%ga EH Ef%tagg%\gqaﬁggc‘%(’fﬁa%ﬁg%%f@éfga%t’fagcgc&é%
gccgcorpgedy sgedacetds gagaeaesdGedcRRGAE AYgELaALE CaIRIBEtaaCt gagogec

ggcgct aaat 180 ttgcataaag aactacccag gagccct cge Cgcgcggaaac gggcaaaaag
gggct PP9RIUE FLRYGGSER ACTRERCT JRRCIACGRYIACAB8 Aat cRYEt@RF3gcgggcéPRa

gagt t pagegaln Wb@@kt%ﬁ@?@&ﬁ@g@&tﬁtbé %9k 9 QRAUAYIRE HhaBOt 201 gt

gtgttct aaa360 agaacttgca gaafgagcct ttaaataccg cagtctcgat gctcttagtc
cact RUAGETUWES YRAJgRICRtgytangtascs cagtaisgayastettagse coatacroctt t agctel a

9t9ttéabb£€&@58 agcaaatttc aagagaattt gctccatagc cttagctgta gtgttttttg 480
gaactcgacc gaagaaccga gcgctgctgg ccttaaagtc ccaccaaaac tctgaagaaa 540
Ccgaagccaga cccggcactc agcgggcagec ccgcgcctcc cgccgeccca cagtgcecgeg 600
cgcgtgcatt tgcatagcgc ggtgctcgca gggggaaact caccccctca agtccgcccc 660
ccgcttcccg cccgetgtee cgcacctcat cagtgctgtg cgectgtctgt gtcccccage 720
acgcactctt tgctgttctt acccggaggc ttgccctatc cttgaggttt ctatttttta 780
ggctataaat accgcctagg aggtagagat attcgcaatt gaggagtgcc tgattcaaga 840
gatcaggcac tcctcaattg cttttttgga actcgacgaa ttgtgggacg gcggaagacg 900
ggctcccgece ccgeccctat atgcaaagca gagaacttcc cgeccgtgcac cgcgcgcaat 960
Ccggaagagaa tttgggcact tcagacccaa aaaaaaaccC aaaacttctg cgaaaaagaa 1020
agaatctcag cggagtaaat agggattttt gttaaagagg tgataccaga agaagaaata 1080
tgCaaataca acgccagctc accgctactt aaaaatcatg atataataga ggcttaaata 1140
ctgtccgaga gacactgggg tttggatctt atttcttcgg agttcaagag actccgaaga 1200
aataagatcc ttttttggaa ctcgagaatc actagtgaat tc 1242
<210> 20
<211> 1181
<212> DNA
<213> Artificial
<220>
<223> Multiple shRNA construct 2
<400> 20
gcggccgegg gaattcgatt gtcgacgaat tgtgggacgg cggaagacgg gctcccgecc 60
cgcccctata tgcaaagcag agaacttccc gccgtgcacc gcgcgcaatc ggaagagaat 120
ttgggcactt cagacccaaa aaaaaaccca aaacttctgc gaaaaagaaa gaatctcagc 180
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gcgctgctgg ccttaaagtc ccaccaaaac tctgaagaaa540
agcgggcagc ccgcgcectcc cgeccgeccca cagtgeccgeg600
ggt gctcgca gggggaaact caccccctca agtccgecccc660
cgcacctcat cagtgctgtg cgctgtctgt gtcccccagc720
acgcactctt tgctgttctt acccggaggc 5o6gexet@tsT26tt gaggttt ctatttttta780
ggct at aaat accgccta aggt agagat attcgcaatt gaggagtgcc tgattcaaga840
gatca&&ﬁﬁ@a?EbggﬁﬂF%gt%t%F?%Fggé9@6?8 @dﬁwgﬁggﬁggaﬁﬁaﬁgﬁﬁaagac&é@o
ggct Ceg@agcEEOcesclaRrt t ALY AARAER FRIAAhY CEc e IEHAIERT c§H5CICcaatzgho
cggaagagaa tttgggcact tcagacccaa aaaaaaaccc aaaacttctg cgaaaaagaal020
agaat 8€3dg9e%gageacasthggactattor agtereagady crgtackocersaadtdgaaat 39080
tgcaa t t t aaat 40
eDot et BRITEOIELEARR0EBELE SRPARRE SagtaiaR allagtiy Ba0 2800

aat aagdda@ecgdat ptiaggaece ycgeyagte ggcagmyicgasgcct cd R gt0acY <2111#80181
onst ruct §é€400> 20

<212> DNA <213> Artificial <220> <223> nultiple shRNA c

ccgcgcqgc ag%ct Cgt agc CC%:
9cggctTEGY U 1T RIGIN THIHRFILR 52 855 5G9 Eccgec
cgcccedatcacdgyc ataggagc gagedccges cgecHicdgaar tgtinge agdctgdragagaasi@O
ttgggcactt cagacccaaa aaaaaaccca aaacttctgc gaaaaagaaa gaatctca90180 Page

16 SHEERGEF S5 Y Jagt tdIPayJgdat9qttey AL FIg A9t detagaa §94gaaat at

gCaaattRagftd SERERIEIL actPahFE ablgAAR8¢ CRhgacticah aplhrgastagcCt t aagp@c
t gt ccgagag300 acactggggt ttgatctgtt ccaccattga attcaagaga ttcaat

t
gaacdfAPEIBEe 19PLIgYa_ItCGLAEEYAAEIRAEEY HFEIPRIACHE tAUFIEEACIqaagt cgg‘ég
CcanaaihEgdg AGARRAGIARGARCRNAC Eg IAEL CAURAGIE WREGACIECC CORFC

gaact cgacc gaagaaccga
cgaagccaga cccggcactc
cgcgtgcatt tgcatagcgce
ccgcttccecg ccecgetgtcec

gccgcgegeg tgcatttgeca tagcgeggtg ct cgcagggg gaaact cacc
ccCt g£agee®B40 IWUCCTIscyagtdyoaadr Ctatastyte cagaacrdcot caygegtucyct gt geeQt
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9t0t9858556§§28 cggagcgaga aagagcgtta acgtgcgccg agtgttttag agcaaaagca 960
ttcagacctg aagcagcgct gagagatgcc tctgccgecc atttactgga acgttcagac 1020
ccaccgcaag tcaccgtgac cttgaggaca ctgagctgtt ggccgttata tagcacttgg 1080
ggcagctcgt agctttcagg atacaccatg gatacttcaa gagagtatcc atggtgtatc 1140
ctgtttttgg aactcgagaa tcactagtga attcgcggcc g 1181
<210> 21
<211> 1196
<212> DNA
<213> Artificial
<220>
<223> Multiple shRNA construct 3
<400> 21
gcggcecgegg gaattcgatt gtcgacgaat tgtgggacgg cggaagacgg gctcccgecc 60
cgcccctata tgcaaggcag agaacttccc geccgtgcacc gcgcgcaatc ggaagagaat 120
ttgggcactt cagacccaaa aaaaaaccca aaacttctgc gaaaaagaaa gaatctcagc 180
ggagtaaata gggatttttg ttaaagaggt gataccagaa gaagaaatat gcaaatacaa 240
cgccagctca ccgctactta aaaatcatga tataatagag gcttaaatac tgtccgagag 300
acactggggt ttatcttatt tcttcggaga caattcaaga gattgtctcc gaagaaataa 360
gatttttttg gaactcgacc gaagaaccga gcgctgctgg ccttaaagtc ccaccaaaac 420
tctgaagaaa cgaagccaga cccggcactc agcgggcagc ccgcgcctcc cgccgeccca 480
cagtgccgcg cgcgtgcatt tgcatagcgc ggtgctcgca gggggaaact caccccctca 540
agtccgccce ccgetteecg cccgetgtce cgcacctcat cagtgetgtg cgctgtctgt 600
gtcccccage acgcactctt tgctgttctt acccggaggce ttgccctatc cttgaggttt 660
ctatttttta ggctataaat accgcctagg aggtagagat attcgcaatt gaggagtgcc 720



cccagcacgc actctttgct gttcttaccc ggaggcttgc cctatccttg aggtttctat 660
tttttaggct ataaataccg cctaggaggt agagatattc cgggactcta gcatacttat 720

t caagagat a agtatgctag agtcccgttt tttggaactc gacgaggctc agtgtcacgc780
agagcgcggg acgagcgctc cgagccctcc cagtgccgcc cccaaggcag ggcggceccgged40
gcagct cccc gcagcccgcc agt gggaagg S506e8ystqtsg26at aacgcgc aaggcct gct 900
gggaggaaag cggagcgaga aagagcgtta acgtgcgccg agtgttttag agcaaaagcaleO

Lt cagMoRaa0 St HBr A FALAGED ST HUGHE I AP §R8: ST AR cagadPB20
ccaccgeqagad & eegdA9a0€ lfcvaaiged Glcaadtyatdgcaaesaht §dcghdasnact t 9180
ggcagctcgt agctttcagg atacaccatg gatacttcaa gagagtatcc atggtgtatcll40

ct gt t FE995§ M c LEGHGEAIE CLEERYTLER IRPISHEEHEH CEL THIIBRA<IqISAPAI<211> 99996 <212>
DNA < i fLC] ' <400 1
N N e R M U el B A S
cgcccaagrpateage aagpragcagagctdageg ajgcotaygacwcgcyoge actggaggsagagadioz@o
ttgggcactt cagacccaaa aaaaaaccca aaactt ct aaaagaaa_gaat ctca 0
goaot e e ToBEFeR PR PRERREEAT QRPGay M-8 RaRREMAR- GRS 2030800
cgccagaiggggcngctanhyataagatiat ga chataayagagcgeddgaaat@atygiggcgagag3e0
acact%%ggt ttatcttatt tcttcggaga caattcaaga gatt tctcc gaagaaat aa360
gat L {IREPE At TRy AAARAE T TGO EARG S dBoB AR Eeaccanaddin

t ct gaagaaa cgaagccaga cccggcactc agcgggcagc ccgcgectcc cgccgecccad80

cagt eg &Zgcgtgcatt tgcatagcgc ggtgctcgca gggggaaact caccccctca540
agtcc gc giggcttcccg cccgctgtcc cgcacctcat cagtgctgtg cgcetgtctgt 600

gt cccgagc e¢9eachett tgctgttctt acccggagge ttgeccctatc cttgaggttt 660
ctatttttta ggctataaat accgcctagg aggtagagat attcgcaatt gaggagtgcc720 Page
17 538962 SEQ ST25 tcctcaattg cttttttgga agtcgacgag gctcagtgtc gctccgagcec
ct cccEgPyc Vhek PrereryiRMEI6e g9 ccgecagt gg gaaggctctg ctttgeat aa
cgcgcasgyc 20gagaaagag cgttaacgtg cgccgagtgt tttagagcaa gcgctgagag

at gcaigedgpacegcargttdagcyggaasgyitt cgtgaasid gactypagas tagggagdagt ggccgeo

ttatat agcaat gat ctgttc caccat thcaa tt caaga at ttcaatg%t 89 tcgg%agaat Ca]C.ZO

t agt GESTHEGE SPOEHRIATaTTEERCCte cogecgecec acagtgecgc geyegtyca
ttgcatagcg cggtgctcgc agggggaaac tcaccccctc aagtccgccc cccgcttecc 180
gccecgectgte ccgcacctca tcagtgctgt gcgctgtctg tgtcccccag cacgcactct 240
ttgctgttct tacccggagg cttgccctat ccttgaggtt tctatttttt aggctataaa 300
taccgcctag gaggtagaga tattc 325
<210> 23
<211> 394
<212> DNA
<213> Artificial
<220>
<223> cU6-3 promoter sequence
<400> 23
cagacagacg tcaggctttc taagcctgga ctgagtaaga gcggaagagc tccacagcac 60
tctgagtgcg cacagaccgc gcgtacagcg cacagccgeg cggcecgctcece ttcaggcact 120
gccgacgaca gcccaggcgg aggtcctgag cgccggcgct aaatttgcat aaagaactac 180
ccaggagccc tcgcgcgcgg aaacgggcaa aaaggggctt ctaatatgga aatattacgce 240
cgaatcgcgt tacaaatcgg ctaagcgggc ctaagagtta acaagatgtg ctattaagcg 300
gagccttttg gtgggaagaa atggagtagt cactgtgttc taaaagaact tgcagaatga 360
gcctttaaat accgcagtct cgatgctctt agtc 394
<210> 24
<211> 287
<212> DNA

<213> Artificial
Page 18



<210> 22 <211> 325 <212> DNA <213> Artificial <220> <223> cu6-1 pronoter
sequence <400> 22 cgaagaaccg agcgctgctg gccttaaagt acccggcact cagcgggcag
cccgecgectc ttgcatagcg cggtgct cgc agggggaaac gcccgetgtc ccgcacctca
tcagtgctgt ttgctgttct tacccggagg cttgccctat taccgcctag gaggtagaga tattc
<210> 23 <211> 394 <212> DNA <213p6982 skt@tab <220> <223> cU6-3 pronoter
sequen <400> 23 cagacagacg tcaggctttc tctgagtgcg cacagaccgc gccgacgaca
gccca§§ &§qg€gﬁﬁge;gg 959609 cgaatcgegt tacaaatcgg gagecttttg

gt gggaagaa gcctttaaa accécagtct t aagcct gga gcgtacagcg aggt cct gag
aaacggd@ra 24 aagcgggc at ggagtagt cgatgctctt ctgagtaaga cacagccgcg
cgccg@@@éﬁtgmgg@ay@ygawaa@@gﬁg COREEEHACEHE t CLaagta-aagRefgaagRaAsc cggeéBet cc
aaatt C aggca
O N A e T LG T P
<213>a¢gdapad attgc*@%&ﬁZgSEQaSTQ3cadmgtmbamm@t4t‘qﬂtgmaar sequéhce <400>

24 tgaattgt C C ctcc cgcececgecce ct ¢aa agcaga c60
tt coohtioyfe B, SAGREEE B PRGRa b R R T S RS20 8H80
catgatataa tagaggctta aatactgtcc gagagacact ggggttt 287

<210> 25

<211> 783

<212> DNA

<213> Artificial

<220>

<223> 7SK promoter sequence

<400> 25

gtccagccat ccacctccca ccaatacttc cccactgaac catgtccctc agtagcacag 60
ggtttgtgga acgcctcctg ggacggtgcc tcccccacct gccacgcage ccattccagce 120
acctgacact tctggagacg aaatttttcc taacgtccaa cctgagtctc ccctggtgca 180
acttgaggct gttcccctga ctcccatcgc tagttacgtg ggaagaaaag acccctaaga 240
ccaccccgtg caaccaccag cccatcccca ccacgcccac tgaccgggec cctcagtgec 300
acagcagcac ggttctcgag cgctitcgcag gacggtgagc actgcccgga acctctgcac 360
ggcctcagca acgcgacttt cagccggggt cgctgcccag gagccggcgg cttcggagceg 420
cagagcgagg cgggagagct ccggccgcgg gaggctcagt gtcacgcaga gcgcgggacg 480
agcgctccga gccctcccag tgccgccccce aaggcaggge ggccggcgea gctccccgca 540
gcccgecagt gggaaggctc tgctttgcat aacgcgcaag gectgctggg aggaaagegg 600
agcgagaaag agcgttaacg tgcgccgagt gttttagagc aaaagcattc agacctgaag 660
cagcgctgag agatgcctct gccgcccatt tactggaaac gttcagaccc accgcaagtc 720
accgtgacct tgagacactg agctgttggc cgttatatag cacttggggc agctcgtagc 780
ttt 783
<210> 26

<211> 18

<212> DNA

<213> Artificial

<220>

<223> oligonucleotide primer

<400> 26

cgaagaaccg agcgctgce 18
<210> 27

<211> 85
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acccaaaact tctgcgaaaa agaaagaatc tcagcggagt aaatagggat ttttgttaaal80
gaggt gat ac cagaagaaga aat at gcaaa tacaacgcca gctcaccgct acttaaaaat 240
cat gat at aa tagaggctta aatactgtcc gagagacact ggggttt287 <210> 25 <211> 783
<212> DNA <213> Artificial <220> <223> 7SK pronoter sequence <400> 25

gt ccagccat ccacctccca ccaatacttc 506vacsgaar2gat gt ccctc agt agcacag60
ggtttgi%a %%q ctcctg ggacggtgec tcccccacct gccacgcagc ccattccagel20
acct gacatt ¢ %b%ﬁgcg aaatttttcc taacgtccaa cctgagtctc ccctggtgcal8o
acttgagmst gttcccctga ctcccatcge tagttacgtg ggaagaaaag acccct aaga240
ccaccezip>g chigosacieayidxcpatnercca ccacgcccac tgaccgggcec cctcagt gecc300
acagc? @C ttctcgag cgcttcgcag gacggtgagc actgcccgga acctctgcac360
ggcct a §§9 ggagcg4g0

o Ao e O e d e gaaca B0
agcgcyargdagmc ctagudtagtd gtggrcccc aaggcagggc ggccggcgca gctccccgecabso
gcccgccagt gggaaggctc tgctttgcat aacgcgcaag gcctgct ggg aggaaagcgg600
agcgagaadag Agcgttaacg tgcgccgagt gttttagagc aaaagcattc agacctgaag660
cagcgexigag agat gcctct geccgeccatt tactggaaac gttcagaccc accgcaagtc720
accgt et Ct"?agac.a tg agctgttggc cgttatatag cacttggggc agctcgtagc780 ttt 783
<2105°28> <2113 W83212> DNA <213> Artificial <220> <223> ol i gonucl eoti de
pri meg2400> 26 cgaagaaccg agcgctgcel8 <210> 27 <211> 85 506962 SEQ ST25
<212>=<2DBA <Xigonukr totiidei mtimeR20>

<400> 28
gaattgtggg acggcggaag

20

<210> 29
<211> 20
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide primer

<400> 29

cagacagacg tcaggctttc 20

<210> 30

<211> 83

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 30
ctcgagttcc aaaaaaggat cttatttctt cggagtctct tgaactccga agaaataaga 60

tccaaacccc agtgtctctc gga 83

<210> 31
<211> 99
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide primer

<400> 31
ctcgagttcc aaaaaacact acagctaagg ctatggagca aattctcttg aaatttgctc 60

catagcctta gctgtagtgg actaagagca tcgagactg 99

<210> 32
<211> 83
<212> DNA
<213> Artificial
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<223> ol i gonucl eoti de priner <400> 27 gggctcgagt tccaaaaaag cgcagtgtta
ctccacttct cttgaaagtg gagtaacact 60 gcgctgaata ccgcttcctc ctgag85 <210> 28
<211> 20 <212> DNA <213> Artificial <220> <223> oligonucl eotide priner
<400> 28 gaattgtggg acggcggaag20 <210> 29 <211> 20 <212> DNA <213>
Artificial <220> <223> ol i gonucl eobpee spoisms <400> 29 cagacagacg
tcaggctttc20 <210> 30 <211> 83 <212> DNA <213> Artificial <220> <223>

ol i goiigsieot i et < > 30 ctcgagttcc aaaaaaggat cttatttctt cggagtctct
tgaacfgggé éggggpékgﬁéﬁaiggg%écccc agtgtctctc gga83 <210> 31 <211> 99 <212>
DNA <24@0> ABRificial <220> <223> oligonucl eotide primer <400> 31 ctcgagttcc
aaaaa&tergtEcagerwagga ttivgenagta Eavatetett twaaiaraacgact®ycaalt agect 08

gact g99 <210> 32 <211> 83 <212> DNA <21%§

%f:?%?g#%%tggéggg%Q%EEEE%QS <220> <223> ol i gonucl eoti de primer
33

<210>

<211> 24

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 33
gtcgaccgaa gaaccgagcg ctgc 24

<210> 34

<211> 26

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 34
gtcgacgaat tgtgggacgg cggaag 26

<210> 35

<211> 26

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 35
gtcgaccaga cagacgtcag gctttc 26

<210> 36

<211> 20

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 36
gaggctcagt gtcacgcaga 20

<210> 37

<211> 83

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 37
ctcgagttcc aaaaaagatc tgttccacca ttgaatctct tgaattcaat ggtggaacag 60
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<400> 32 ctcgagttcc aaaaaagcaa ttgaggagtg cctgatctct tgaatcaggc
actcctcaat 60 tgcgaatatc tctacctcct agg83 <210> 33 <211> 24 <212> DNA <213>
Artificial <220> <223> oligonucl eotide primer <400> 33 gtcgaccgaa
gaaccgagcg ctgc24 <210> 34 <211> 26 <212> DNA <213> Artificial <220> <223>

ol i gonucl eotide prinmer <400> 34 goewRCcge@lSTLHt gggacgg cggaag26 <210> 35
<211> 26 <212> DNA <213> Artificial <220> <223> ol igonucl eotide priner

<400>25RGFefadO LS tEHg 8]t cag getttc26 <210> 36 <211> 20 <212> PRA <213>
Artificial <220> <223> oligonucl eotide prinmer <400> 36 gaggct cagt
gt cacgridga2ss <210> 37 <211> 83 <212> DNA <213> Artificial <220> <223>

ol i gordidPeot3 de prinmer <400> 37
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide primer

<400> 38
ctcgagttcc aaaaaacggg actctagcat acttatctct tgaataagta tgctagagtc 60

ccggaatatc tctacctcct agg 83

<210> 39

<211> 87

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 39
ctcgagttcc aaaaaaatct tatttcttcg gagacaatct cttgaattgt ctccgaagaa 60

ataagataaa ccccagtgtc tctcgga 87

<210> 40

<211> 25

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 40
gtcgacgagg ctcagtgtca cgcag 25

<210> 41

<211> 83

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 41
ctcgagttcc aaaaaacagg atacaccatg gatactctct tgaagtatcc atggtgtatc 60

ctgaaagcta cgagctgccc caa 83

<210> 42

<211> 83

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 42
ctcgagttcc aaaaaagatc tgttccacca ttgaatctct tgaattcaat ggtggaacag 60
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ctcgagttcc aaaaaagatc tgttccacca ttgaatctct tgaattcaat ggtggaacag60 Page 21

506962 SEQ ST25 atcaaacccc agtgtctctc gga83 <210> 38 <211> 83 <212> DNA

<213> Artificial <220> <223> oligonucl eotide prinmer <400> 38 ctcgagttcc

aaaaaacggg actctagcat acttatctct tgaataagta tgctagagtc60 ccggaatatc

tctacctcct agg83 <210> 39 <211> &0696A23rQ¥WRA5<213> Artificial <220> <223>

ol i gonucl eot i de griner <400> 39 ctcgagttcc aaaaaaatct tatttcttcg %agacaatct
0

ct t gadfFt2IEET C§295Le566 FPaagat aaa ccccagtgtc tctcgga87 <210> 40 2311> 25
<212> DNA <213> Artificial <220> <223> oligonucl eotide prinmer <400> 40
gtcgaeg é3cagt gt ca cgcag25 <210> 41 <211> 83 <212> DNA <213> Artificial
<220>< >46| i gonucl eoti de pri mer

<217>" DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 43
gaattccata ccactgcgag ggtgccaagt catgggactg atactc 46

<210> 44

<211> 32

<212> DNA

<213> Artificial

<220>
<223> oligonucieotide primer

<400> 44
gatatcttaa ttaactggaa ggttgcagta ag 32

<210> 45

<211> 25

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 45
gatatcttgt cccttccagg aacag 25

<210> 46

<211> 32

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 46
ctcgagattt aaatagattg cagcacaagg ag 32

<210> 47

<211> 35

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 47
ggatccttaa ttaactggaa actaggacgt ggaag 35

<210> 48
<211> 47
<212> DNA
<213> Artificial
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<400> 41 ctcgagttcc aaaaaacagg atacaccatg gatactctct tgaagtatcc
at ggt gt at c60 ctgaaagcta cgagctgccc caa83 <210> 42 <211> 83 <212> DNA <213>
Artificial <220> <223> oligonucl eotide prinmer <400> 42 ctcgagttcc
aaaaaagatc tgttccacca ttgaatctct tgaattcaat ggtggaacag60 Page 22 506962
SEQ ST25 atcaaagcta cgagctgccc cafe®H2<3da@QsTd3 <211> 46 <212> DNA <213>
Arti fig;(g <220> <223> ol i gonucl eotide priner <400> 43 gaattccata

g

ccact§ a6 gﬁ&@@gtci&pl}ngg@ctg atactc46 <210> 44 <211> 32 <212> DNA <213>
Artificial <220> <223> oligonucl eotide prinmer <400> 44 gatatcttaa

ttaact%aa Hptt gcagt a ag32 <210> 45 <211> 25 <212> DNA <213> Artificial
<220>930385999 RHATGER bt PHRI PR FeOCATASI 455988kt ct t gt ccctt ccaggtbacag2s
<210> 46 <211> 32 <212> DNA <213> Artificial <220> <223> oligonucl eotide
pri meg21040049 46 ctcgagattt aaatagattg cagcacaagg ag32 <210> 47 <211> 35

c > N gayd’
212 <§Z:3LI\%I§ <|§2£JA3 Artificial
<213> Artificial

<220>
<223> oligonucleotide primer

<400> 49
gcatgcattt aaatgacagc agcaggtgaa agac 34

<210> 50
<211> 26
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide primer

<400> 50
ggatcctcaa gtgggtgctc aggaag 26

<210> 51

<211> 87

<212> DNA

<213> Artificial

<220>
<223> oOligonucleotide primer

<400> 51
ctcgagttcc aaaaaaatct tatttcttcg gagacaatct cttgaattgt ctccgaagaa 60

ataagatgac taagagcatc gagactg 87

<210> 52

<211> 21

<212> RNA

<213> Artificial

<220>
<223> dsNA coding sequence

<400> 52
cagcgaccaa aagaauucgg a 21

<210> 53

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> dsNA coding sequence

<400> 53
aagaauucgg auggccauca a 21
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<220> <223> oligonucl eotide prinmer <400> 47 ggatccttaa ttaactggaa

act aggacgt ggaag35 <210> 48 <211> 47 <212> DNA <213> Artificial 506962
SEQ ST25 <220> <223> ol i gonucl eoti de primer <400> 48 gaattccgag accatccacg
tgctgcttac tgcagctacg tcgaatg4d7 <210> 49 <211> 34 <212> DNA <213>
Artificial <220> <223> ol i gonucl sobt96ie spgistes <400> 49 gcatgcattt

aaat gacagc agcaggtgaa agac34 <210> 50 <211> 26 <212> DNA <213> Artifici al
<220><§ﬁg>3> | i gonucl eoti de priner <400> 50 ggatcctcaa gtgggtgctc aggaag26
<210> 1><2i£> 87 <212> DNA <213> Artificial <220> <223> digonucl eoti de

pri mek2k400rRNA1 ctcgagttcc aaaaaaatct tatucttcg gagacaatct cttgaattgt
ct ccgadtfracdrttaatpdt geavens@gageat ¢ gagact g87 <210> 52 <211> 21 <212> RNA
<213>_gyd.i ficial <220> <223> dsNA codi ng sequence

<223> dsNA coding sequence

<400> 54
guggauucuu gaucgucuu 19

<210> 55

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 55
ttgcccccaa acagcaa 17

<210> 56

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonuclieotide primer

<400> 56
gaccatccac gtgctgctta 20

<210> 57

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucoleotide primer

<400> 57
cattcgacgt agctgca 17

<210> 58

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 58
gcagcacgtg gatggtctc 19

<210> 59

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
Page 25



<400> 52 cagcgaccaa aagaauucgg a2l <210> 53 <211> 21 <212> RNA <213>
Artificial Sequence <220> <223> dsNA codi ng sequence <400> 53 aagaauucgg
auggccauca a2l Page 24 506962 SEQ ST25 <210> 54 <211> 19 <212> RNA <213>
Artificial Sequence <220> <223> dsNA codi ng sequence <400> 54 guggauucuu
gaucgucuul9 <210> 55 <211> 17 <ZbBosDNAQ<sA28> Artificial sequence <220>
<223><@3goflicdosuc 1edsige ipmdmer<400> 55 ttgcccccaa acagcaal? <210> 56 <211>
20 <2;§g%;»@§<213> Artificial Sequence <220> <223> digonucl eotide primer
<400>rpbr @dgeépiecafcagtgct gct ta20 <210> 57 <211> 17 <212> DNA <2133

Page 26

Artificial Sequence <220> <223> digonucol eotide priner <400> 57 cattcgacgt
agctgg Z §$10> 58 <211> 19 <212> DNA <213> Artificial Sequence <220>
<223>_%3{gojicl eoti de pri ner
<212> DNA
<213> Artificial Ssequence
<220>
<223> Oligonuclieotide primer
<400> 60
gcttagaaag cctgacgtct 20
<210> 61
<211> 1206
<212> DNA
<213> Artificial Sequence
<220>
<223> Nucleic acid construct
<400> 61
gacgtcgacg aattgtggga cggcggaaga cgggctcccg ccccgcccct atatgcaaag 60
cagagaactt cccgccgtgc accgcgegca atcggaagag aatttgggca cttcagaccc 120
aaaaaaaaac ccaaaacttc tgcgaaaaag aaagaatctc agcggagtaa atagggattt 180
ttgttaaaga ggtgatacca gaagaagaaa tatgcaaata caacgccagc tcaccgctac 240
ttaaaaatca tgatataata gaggcttaaa tactgtccga gagacactgg ggtttgatct 300
gttccaccat tgaattcaag agattcaatg gtggaacaga tcttttttgg aactcgacca 360
gacagacgtc aggctttcta agcctggact gagtaagagc ggaagagctc cacagcactc 420
tgagtgcgca cagaccgcegce gtacagcgca cagccgcgcg gccgctcctt caggcactge 480
cgacgacagc ccaggcggag gtcctgagcg ccggcgctaa atttgcataa agaactaccc 540
aggagccctc gcgcgcggaa acgggcaaaa aggggcttct aatatggaaa tattacgccg 600
aatcgcgtta caaatcggct aagcgggcct aagagttaac aagatgtgct attaagcgga 660
gccttttggt gggaagaaat ggagtagtca ctgtgttcta aaagaacttg cagaatgagc 720
ctttaaatac cgcagtctcg atgctcttag tctcttattt cttcggagac aattcaagag 780
attgtctccg aagaaataag atttttttgg aactcgaccg aagaaccgag cgctgctggce 840
cttaaagtcc caccaaaact ctgaagaaac gaagccagac ccggcactca gcgggcagec 900
cgcgectece geccgecccac agtgccgege gecgtgcattt gecatagcgcg gtgctcgecag 960
ggggaaactc accccctcaa gtccgeccce cgcttccecge ccgectgtecce geacctcatc 1020
agtgctgtgc gctgtctgtg tcccccagca cgcactcttt getgttctta cccggaggct 1080
tgccctatcc ttgaggtttc tattttttag gctataaata ccgcctagga ggtagagata 1140
ttcgcaattg aggagtgcct gattcaagag atcaggcact cctcaattgc ttttttggaa 1200
ctcgag 1206



<400> 58 gcagcacgtg gatggtctcl9 <210> 59 <211> 20 <212> DNA <213>
Artificial Sequence <220> 506962 SEQ ST25 <223> digonucl eotide priner
<400> 59 tcttccgceecg tcccacaatt20 <210> 60 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> digonucl eotide primer <400> 60 gcttagaaag
cctgacgtct 20 <210> 61 <211> 1206 598d62>sEWNATZR13> Artificial sequence <220>
<223> Nucl eic acid construct <400> 61 gacgtcgacg aattgtggga cggcggaaga
cgggct g ccgcccct at at gcaaagb60 cagagaactt cccgccgtgc accgcgcgca
atcggégg%g ttgggca cttcagacccl20 aaaaaaaaac ccaaaacttc tgcgaaaaag
aaagaarrX-Cc mgcggagtaa atagggattt 180 ttgttaaaga ggtgatacca gaagaagaaa

t at gcadidra Adddhciedgeequeacegcet ac240 tt aaaaat ca tgatataata gaggcttaaa
tactgtgfga gagacactgg ggtttgatct300 gttccaccat tgaattcaag agattcaatg

gt ggaaeagda \uhibid 99 dastagacca360 gacagacgtc aggctttcta agcct ggact
gagt aagagc ggaagagctc cacagcactc420 tgagtgcgca cagaccgcgc gtacagcgca

B S R T R R A
agggggdaretrat et geatgad ahéRU6580000cArhedcdhararaatrgdttacdagcgggest

aagagttaac aagatgtgct attaagcgga660 gccttttggt gggaagaaat ggagtagtca
ct gt gttiEt htagdadprderagtac shitaatc ma@@ﬁ*aa?aggaa%gga@@eewagt gct cgg%g
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tct cti@b eyl GARROAC 2 REECR3PAT (8cttgcta ttaccaaacc aattgaattg 240
cgctgatgcc cagtttaatt taaatagatc tctcgacgaa ttgtgggacg gcggaagacg 300
ggctcccgee ccgeccctat atgcaaggca gagaacttcc cgccgtgcac cgegcgcaat 360
cggaagagaa tttgggcact tcagacccaa aaaaaaaccc aaaacttctg cgaaaaagaa 420
agaatctcag cggagtaaat agggattttt gttaaagagg tgataccaga agaagaaata 480
tgcaaataca acgccagctc accgctactt aaaaatcatg atataataga ggcttaaata 540
ctgtccgaga gacactgggg tttatcttat ttcttcggag acaattcaag agattgtctc 600
cgaagaaata agattttttt ggaactcgac cgaagaaccg agcgctgctg gcecttaaagt 660
cccaccaaaa ctctgaagaa acgaagccag acccggcact cagcgggcag cccgcgectc 720
ccgccgecce acagtgecge gecgecgtgecat ttgcatagcg cggtgctcgc agggggaaac 780
tcacccecctc aagtccgcce cccgettece geeccgetgte ccgcacctca tcagtgetgt 840
gcgctgtctg tgtcccccag cacgcactct ttgctgttct tacccggagg cttgccctat 900
ccttgaggtt tctatttttt aggctataaa taccgcctag gaggtagaga tattcgcaat 960
tgaggagtgc ctgattcaag agatcaggca ctcctcaatt gettttttgg aagtcgagga 1020
ggctcagtgt cacgcagagc gcgggacgag cgctccgagc cctcccagtg ccgcccceca 1080
aggcagggcg gccggcgcag ctccccgcag cccgccagtg ggaaggctct gctttgcata 1140
acgcgcaagg cctgctggga ggaaagcgga gcgagaaaga gcgttaacgt gecgccgagtg 1200
ttttagagca aaadcattca gacctgaagc agcgctgaga gatgcctctg ccgcccattt 1260
actggaacgt tcagacccac cgcaagtcac cgtgaccttg aggacactga gctgttggcc 1320
gttatatagc acttggggca gctcgtagct ttgatctgtt ccaccattga attcaagaga 1380
ttcaatggtg gaacagatct tttttggaac tcgaggtcga ctctagagcg gccgcgcgcea 1440
ctagtgaatt ccatggatat caagcttaaa caagaatctc tagttttctt tcttgctttt 1500
acttttactt ccttaatact caagtacaat tttaatggag tactttttta cttttactca 1560
agtaagattc tagccagata cttttacttt taattgagta aaattttccc taagtacttg 1620
tactttcact tgagtaaaat ttttgagtac tttttacacc tctg 1664



att gt ctccg aagaaat aag
cttaaagt cc caccaaaact
cgcgectccc geccgecccac
ggggaaact c accccctcaa

agtgctgtgc gctgtctgtg
tgccets aggtttc
ttcgcdggil

ctcgag

ct gaagaaac
agt gccgcge
gt ccgccccc

agt gcct

atttttttgg aactcgaccg aagaaccgag
gaagccagac ccggcactca
gcgtgcattt gcatagcgcg
cgcttcccge ccgetgtccce
t cccccagca 50§86 SeqQisT2g6ct gttctt a
tattttttag gctataaata ccgcctagga
gatt caagag at caggcact cctcaattgc
g efal sédiencb2 <211> 1664 <212> DNA <213> Artificial

cgctgct ggc840
gcgggcagec900

gt gct cgcag960
gcacctcat c1020
cccggaggcet 1080

ggt agagat al1140
ttttttggaal200
Sequence

<220> <223> Nucl eic acid construct <400> 62 cagaggtgta aagtacttga

oot ML

tacttaagta ttatttttgg ggatttttac tttacttgag
YriS%ta cttaattaca

tttttttaga aaaaaaagta

ctttttemi>c e3tacaattt tatttacagt caaaaagtac ttattttttg gagatcactt

cat t CEa0300tyrC Ry tyd UALTHALEC tight aAy t GctyaAgTat YOG tE g t aat t 60
t aaat ct C ttat ac agac, {.ccc C ccccta

at goatiiirtE TeARRad (AL EHIRED AR e e g cacr?®
t cagaccraatamaaaacagdtaaaacitactg cgacaaagan tagaaigtt cagasggagt aaatigo
agggat fttt tt aaaag:a? t 281 acCaga a aa%aaat a tgcaaat aca ac%gcagct
A B e e e T S R L M S LV R i 21
ttt at ddrghtddcCtiRagadC danagat@ eaddcuhl tdtggRACH CPYGasGRFIAACCEG00
cccaccaaaa ctct gaagaa acgaagccag acccggcact ccgccgcececc acagt gccgc
gcge HIEEECIGGEHLAGER T AEICRRRET JATRACLEHE COETUFAE { CXT g3 gct gt 860
gcgct @gakhghdadt %@?@&tc el AbLOLLILL Chak&ldc¥8 9% abadddadl t Lt inp
aggct ataaa taccgcctag tgaggagtgc ctgattcaag agatcaggca ctcctcaatt
g?ctdﬁ@@@@u@acgﬁﬁgﬁgﬁwg@gggﬁcguggcgﬁwgaga?@aagg@aggg@gggﬁﬁggfgca@SO
ctcc c g ct ggg
Goanagsatah AR IO B BES o Pt AR SR DP0%40
gac ctgaaguyagg cgphgagpaggat gac t tdtg tccgraced laht Bctaggqaagtadtw@gacccas0o
cgcaagt cac cgtgaccttg aggacactga gctgttggec gitatatagc acttgggge
gctc 5&"&93‘%‘? ggﬁtgqug%acg%@%ﬁ%acgqatcgﬁﬁ Qﬁt%tcc?&ﬁ? §9348agat 0860
tttt tBgaRch§ GREEHEGRACEAIATEAYYagaRYEIED Gac EJcaeh B arhcg@hggat ay2o
caagct t aaa caagaat ctc t agt tttctt tctt gCt ttt acttttactt ccttaatact
caagt9aCIHCIPE t WAL HdG2 t HPRFFITWa2 e1ARYI BT A99EPREAE £ 829WGE cagat 480

ttt t
Lt gggéi%af‘?ﬁﬁbg%%f??gf‘%ﬁ%% g%ﬁ%ﬁ{%@g@@%@é gggﬁéaéa%g aaaaggq

<211>71723 <212> DNA

<213992¢ttictaz | tAtIGeqle it@caema tXgstipc hatastaal gcogstqtaat <4099 63

c

gaat Lrrtaaft catind g PRl

cGatBatRibpadRiied Bt el | actbo

tttt ptyagaasmagaaagya: gaatydact cticiahasaat tigtatydagagtttmgaaaagt a@280

tcttatttct tcggagacaa ttcaagagat tgtctccgaa gaaataagat ttttttggaa 1080
ctcgaccgaa gaaccgagcg ctgctggcct taaagtccca ccaaaactct gaadaaacga 1140
agccagaccc ggcactcagc gggcagcccg cgcctcccge cgccccacag tgccgegege 1200
gtgcatttgc atagcgcggt gctcgcaggg ggaaactcac cccctcaagt ccgccccccg 1260
cttccecgece getgtecccge acctcatcag tgctgtgcge tgtctgtgtc ccccagcacg 1320
cactctttgc tgttcttacc cggaggcttg ccctatcctt gaggtttcta ttttttaggc 1380
tataaatacc gcctaggagg tagagatatt cgcaattgag gagtgcctga ttcaagagat 1440
caggcactcc tcaattgctt ttttggaact cgaggtcgac tctagagcgg ccgcgegceac 1500
tagtgaattc catggatatc aagcttaaac aagaatctct agttttcttt cttgctttta 1560
cttttacttc cttaatactc aagtacaatt ttaatggagt acttttttac ttttactcaa 1620
gtaagattct agccagatac ttttactttt aattgagtaa aattttccct aagtacttgt 1680
actttcactt gagtaaaatt tttgagtact ttttacacct ctg 1723
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aatt gaatt g240
gcggaagacg300
cgcgcgcaat 360
cgaaaaagaa420
agaagaaat a480
ggct t aaat a540
att caat ggt 600
cct ggact ga660
acagcgcaca720
cct gagcgec780

cattctattt tcccttgcta ttaccaaacc
t aaat agat c tctcgacgaa ttgtgggacg
at gcaaagca gagaacttcc cgccgtgcac
t cagacccaa aaaaaaaccc aaaacttctg
agggattttt 5g696rasga®y2s gat accaga
aaaaat cat g at at aat aga
tccaccattg aattcaagag
cagacgtcag gctttctaag
agt gcgcaca gaccgcgcgt
acgacagccc aggcggaggt

ttattttttg
cgct gat gcc
ggct cccgcec
cggaagagaa tttgggcact
agaat ct cag cggagt aaat

t gcaas? ftgccaget ¢ accgcet actt
ct gt ctPpda %ﬁ?ﬁctgggg tttgatctgt
ggaacageh.C iiFh EQ0a3edifehB@CCaga

gt aagagcgg aagagctcca cagcactctg
gccgc?%%@c ggctcc}tca ggcact gccg

ggcgc at R 6&5?é%ag aactacccag gagccctcgc gcgcggaaac gggcaaaaag840
gggct t4goaa éat ggaaata ttacgccgaa tcgecgttaca aat cggctaa gcgggect aa900
gagt t gggrgaagat gguhaigd agteggagc tehaditagyt graguapaaadggtagitagt cact 660
gtgttcta aacttgc t gagcct .ttaaataccg _cagtctcgat gctcttagt 20
Dottt eLr g bRt PR taet hoPiedt gt hangRr P I | ggaid6s0
ct cgacmgaatpracegageerC tggipgaad ahbaagteertecharacitgaagaaacgadd40
agccagaccc cact cagc gggcagcccg cgcctcccgc cgccccacag tgccgecgegel200
gt gcatoteed a@EﬁEﬁgﬁ ggﬁﬁ@&@ﬁbaﬁg%ﬁ%éf%éEtEEEEFEéﬁﬁgtE%ﬁécccccéﬁ%Go
Ctt Ceuesfr il Stye685a2e6d AL EAT ah OEl8h8f Yot Hgek 8t @ieagsdggagcacgia20
cactctttgc tgttcttacc cggaggcttg ccctatcctt gaggtttcta ttttttaggcl380
t at adEY88€9GEctHFHAYY ¢t EYHYAEU T 289 HaR2YAGIFHGTEEE AYFaTEGtdhagagaBdU40

caggc‘@&g,e&tttsa@é&g&é&ct H {9938t asgéqgaﬁg%aéﬁgtag@%%tf&qegcgcaﬁ gg

tagtgaaftc catggatatc aagcttaaac aagaatctct a tcttt cttgctttta
ctttttattactcont giapattictaagpcagasnd tttmatgygaghtegaotad tapatttadctact cadlBG20

gagat cact t
cagtttaatt
ccgececct at

A

5 <210>
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ot 228 UoRARRL A I TELAL! POLBAR 20 UYL L B0 oL LB
64 <2tdtgdgydbd ZtlcadoAcgirhFatgdr btddcttgdg Dettmncsy €g20acctaa 600
atagcttggc gtaatcatgg tcatagctgt ttcctgtgtg aaattgttat ccgctcacaa 660
ttccacacaa catacgagcc ggaagcataa agtgtaaagc ctggggtgcc taatgagtga 720
gctaactcac attaattgcg ttgcgctcac tgcccgcttt ccagtcggga aacctgtcgt 780
gccagctgeca ttaatgaatc ggccaacgcg cggggagagg cggtttgcgt attgggcgct 840
cttccgette ctecgetcact gactcgectge gectcggtegt tcggctgcgg cgagcggtat 900
cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 960
acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcgt 1020
ttttccatag gctccgecce cctgacgage atcacaaaaa tcgacgctca agtcagaggt 1080
ggcgaaaccc gacaggacta taaagatacc aggcgtttcc ccctggaagc tccctcgtgc 1140
gctctcctgt tccgaccctg ccgettaccg gatacctgtc cgcctttcte ccttcgggaa 1200
gcgtggcgcet ttctcatagce tcacgctgta ggtatctcag ttcggtgtag gtcgttcgcet 1260
ccaagctggg ctgtgtgcac gaaccccccg ttcagcccga ccgctgcgec ttatccggta 1320
actatcgtct tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg 1380
gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtagce 1440
ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg aagccagtta 1500
ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtagcggtg 1560
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 1620
tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 1680
tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 1740
aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 1800



<223> pm ni Tol2 <400> 64 gggcgaattg ggcccagagg tgtaaagtac ttgagtaatt
ttacttgatt actgtactta60 agtattattt ttggggattt ttactttact tgagtacaat
taaaaatcaa tacttttact120 tttacttaat tacatttttt tagaaaaaaa agtacttttt
actccttaca attttatttal80 cagtcaaaaa gtacttattt tttggagatc acttcattct

attttccctt gctattacca240 aaccaattS@&gmtng_gﬂ:nzga tgcccagttt aatttaaata
at at c_aagct t aaac

gat ctggcca tct agage 300 cc cac aattc catg

aagaaggg%atccﬁﬂf £ %9‘{%’%’3%695{:?@%%?&%‘58? a%qtttgcﬁgcaagf%ﬁ?tcgt%ﬂagt ac$e0t
tt aat ggegfatasd ttht§draedd Qaghddrrat Car coRraatddtyc G asqitaecdd t t acidpt
aattgagtaa aattttccct480 aagtacttgt actttcactt gagtaaaatt tttgagtact
ttttaddrECCREY L EYHOISY FCadHtFh A8 CHRTAPE cHRIG Rt BYRRIgacet agetiI§hg

tatt CB?ég%Q ghdl 2866 RgEDARE AACLD 994 AL ARLCH QYL £AL BPGLAL, éagt cct glghd

aaattgitat ccgcfcacaab6b0 ttccacacaa catacgagcc ggaagcat aa gt gt aaagc
ct ggggr4rtedagtangatpogade @cgmmm Gt tgtdcaat ¢gyegttdagcgtitigcdizcagyccc@inot

ccagt c a atgaat caacqacg cgggg g
e L L A e e L B e R Rl
t cggct@@gggmagaggigat&ﬂmccagttgaqcaamaggomtagcaﬁcacggigbatcmacagzaabc
aggggat caggaaaga960Q acat gt C._aaaaggccag. caaaaggcca ggaaccgtaa
aaagg t’tq% gg ?3190569%%?%%&8553% c‘@&@gEtad:&t%‘%%Qéﬁ atcaczgégaa
t Cgacmraeact&gt ﬁ@@@gl&tlgo8&@&@9@@@@@&1&%@ag@%ga@tg‘g@a@e@&has&aaggcQtahé cc
ccctggaa gc tccctcgtgell40 getctectgt tccgaccctg ccgcettaccg gat acctg
cgcct tP@PEC E%@@é@@@twg%@@@ewweg CECARERCCE RGEC Rt attdp

t t COOfdghesh@icCeddgedsdak? §gca‘§;%§@ﬂ“t99£ag‘?t59% HaQEC g9 aLhehetdtt t caggg&ga
ccgctgcgece ttatccggtal320 actatcgtct t gagt ccaac ccggt aagac acgacttatc
gccac(tggg@%ga@éa@@@éé@@yssoctgtaamggmga@am Fgageegasgta@cgeaicgecggieged ac
agagt g 4 t t ttgg tg
R RO A ARSI T R A R o S g

aaccmggcaggggtaglctggttgg:%ﬁihaggggatat regdggcyac aaggag tggalabdagTagcagasdmaa
aaa

aggat ct cctt1620 tgatcttitc tac tct ctca t ggaa

ct cacgt gtatcggagtt%%f?agtﬁfGWtPg%qcﬁaﬁﬁﬁtcﬁg%ggggg‘é Cg g‘? tagat %g&%tt
aaat et thgangthitiald /Aaatdtrabsigagen ataj@icabagitaaecdgaagat chegsag
ttaccaatggc ttaatcagt 1800 Page 29 2820

aagtdccacc tgatgcggtg tgaaatdccg cacagatgcg taaggagaaa ataccgcatc
aggaaattgt aagcgttaat attttgttaa aattcgcgtt aaatttttgt taaatcagct 2880
cattttttaa ccaataggcc gaaatcggca aaatccctta taaatcaaaa gaatagaccg 2940
agatagggtt gagtgttgtt ccagtttgga acaagagtcc actattaaag aacgtggact 3000
ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt gaaccatcac 3060
cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac cctaaaggga 3120
gcccccgatt tagagcttga cggggaaagc cggcgaacgt ggcgagaaag gaagggaaga 3180
aagcgaaagg agcgggcgct agggcgctgg caagtgtagc ggtcacgctg cgcgtaacca 3240
ccacacccge cgcgcttaat gegecgctac agggcgcegtc cattcgccat tcaggetgeg 3300
caactgttgg gaagggcgat cggtgcgggc ctcttcgcta ttacgccage tggcgaaagyg 3360
gggatgtgct gcaaggcgat taagttgggt aacgccaggg ttttcccagt cacgacgttg 3420
taaaacgacg gccagtgaat tgtaatacga ctcactata 3459
<210> 65

<211> 5693

<212> DNA

<213> Artificial Sequence

<220>

<223> pCMv-Tol2

<400> 65

ggccgccacc atggaggaag tatgtgattc atcagcagct gcgagcagca cagtccaaaa 60
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506962 SEQ ST25 aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga
t gt agat aac tacgatacgg gagggcttac catctggccc cagtgctgca gagacccacg
ctcaccggct ccagatttat cagcaataaa ccagccagcc agcgcagaag tggtcctgca
actttatccg cctccatcca gtctattaat aagctagagt aagtagttcg ccagttaata

gtttgcgcaa cgttgttgcec gcatcgtggt §6e6L geacsy2begtttggta tggettcatt
ttagctcge

cagct C I caa agt tacatgatcc cccat ttgt caaaaaagcC

cgat cSERICAEAd RETERGIR (HIGELTHIRE IiGrEr HtaISa At hitt AF GAB e t ot orl20
t act gtgedprasaigaetiardcalggdedddae§ tglcoeigaottGegaaiaCatdaaghgagaat adgo
t gt at gcggc gaccgagttg ctcttgcccg gggataatac cgcgccacat agcagaact t

t aaaadteRACCEEt P4RIYFRIE JHGERIPEEE HO0RALAAR Y WA LR CC§RIYagat 240
cagt t ¢gad 3 cHAHGaELLAR L AR GddagR AGgheddght AadatbdfRCEALGEELS CL 99G00
caggaaggca aaat gccgca aaaaagggaa taagggcgac acggaaatgt tacicttcct
ttttcanEticcegn RYLRAPSAAT tloasagifgy Ttcagtifitct ceagteqanct atgtoAtttat t t ag60
adaaa C C t g at acc
g i R e R i S R S S R e
aaat t tgttghtcat ttitdaaats cagi@goat gaaatxggcesaatdgract tatacat Caaa#so
agata {t tgftgtt ccagttt a acaagagtcc actattaaa ccaacgt ca
2000C ER99C . R A A SO TRy "CecdiaPhb it IRt ahIP Bt 90TA4 ¢ gggq *0
t cgagmcggtet@caae@@agaagmag&&gg@c@ t@@@&@c@gata%cgbag@ﬁ%t%mtggzg@gt a?agfsoo
cggcgaacgt ggcgagaaag aagcgaaagg agcgggcgct agggcget gg caagt gt age
ggt ca QQV@ag’é@EEQ%t%QEWE‘é% GegICgat S TAIRAKEGCHI%ABSR T gecattbO
Caact aidger 1aA0BaRARYLAMARIEIC FibELEHE R et ARGECAAToHEGA 9! 00t 20
gcaaggcgat taagttgggt aacgccaggg ttttcccagt taaaacgacg gccagt gaat

t gt aatEGEIAtCRNAAEGACT< 23qRITEEIX 2R T3CHTORG a2BYPLYtIDRAYGAZABSCAAr t | f | EBAI
Sequ > : < > ag ta gattc
St cagiatagel  Sanet i Mt e A0 e RS RaReR"D LosR O,

gat ca®gggctoag coglaggady tgydaehig tyc tgaactgat tiictiddgvandtyggi@dygogt aaapre@a
gattcattca agatgaaatg tgtcctctgt ctcccgctta ataaagaaat 180 atcggc c
aaaaga}%f% a(a:tgggt%%gﬁﬁﬁca @Qj‘%gﬁ%%t aggatgéég%ggc%acggg cagtggﬂr(fg?t acct gé@a
aact aatctaycaat ¢ @asage casfGIAFeA cGat e e G t8Ldc@afCkealdittgttgct t a0a@cC
aaagttga ctcagttttc ccagtcaaac atgtgtctcc360 agtcact

agt aagcaac t tg

Ao ad 8 LG P (AAAGER L SAARAPRAEn CERIAEI i CEC A TR E fCEEEDT 90t { gdPR g
t t t t

Coal Gt TARE et AlatE R CEREBHATEaddet s 0k a0 0AS

actttacgct ccaagatagc tgaagc cat ga aacagaaagt

atcagaaagc cggcttcagc ttttaaggcc aaaccaaacg cggtggaatt caacttttat 1200
ggctgttgac agaattcttc aaatttgcaa agaagcagga gaaggcgcac ttcggaatat 1260
atgcacctct cttgaggttc caatgtttaa tccagcagaa atgctgttct tgacagagtg 1320
ggccaacaca atgcgtccag ttgcaaaagt actcgacatc ttgcaagcgg aaacgaatac 1380
acagctgggg tggctgctgc ctagtgtcca tcagttaagc ttgaaacttc agcgactcca 1440
ccattctctc aggtactgtg acccacttgt ggatgcccta caacaaggaa tccaaacacg 1500
attcaagcat atgtttgaag atcctgagat catagcagct gccatccttc tccctaaatt 1560
tcggacctct tggacaaatg atgaaaccat cataaaacga ggcatggact acatcagagt 1620
gcatctggag cctttggacc acaagaagga attggccaac agttcatctg atgatgaaga 1680
ttttttcgct tctttgaaac cgacaacaca tgaagccagc aaagagttgg atggatatct 1740
ggcctgtgtt tcagacacca gggagtctct gctcacgttt cctgctattt gcagcctctc 1800
tatcaagact aatacacctc ttcccgcatc ggctgcctgt gagaggcttt tcagcactgc 1860
aggattgctt ttcagcccca aaagagctag gcttgacact aacaattttg agaatcagct 1920
tctactgaag ttaaatctga ggttttacaa ctttgagtag actagtctga agggcgaatt 1980
ctgcagatat ccatcacact ggcggccgcg gggatccaga catgataaga tacattgatg 2040
agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt gaaatttgtg 2100
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acggattgtt ggactgcacg600

gactgctgcc at gagtgaag ttgaatggat tgcaaccaca
cctggaagtc ttgaaagaca660

t agaaagtca ttcattggtg taactgctca ctggatcaac
ttccgctgca cttgecctgca aaagattaat gggctctcat acttttgagg tactggccag720
t gccat gaat gatatccact cagagtatga aatacgtgac aaggttgttt gcacaaccac780
agacagtggt tccaacttta tgaaggcttt 50&%?9'SEQISET2§Jgt gt ggaaa acaat gat at 840
cgagact caagaa aaa acact at tc aggct gag 0
a0t oA Bt g gLt ARt HaChe GBS C A Ta Rt 1 cga%80
att chgésﬁt@aﬁﬂa@ae@&&ea@ma@mw@ HogdheReht ettt argciagctetppage o020

t gat gcccaa aaagctctct caaatgaaca ctacaagaaa ctctacagat ctgtctttggl080
caaat §EWAH4 FE‘%&@@&“&@Q&E’@@&E @éﬁéﬁg&gac"tta@'ﬁaﬁlﬁég&?“@ta‘é@& gt t #8940
at caggaaftataIgtt &RAGtE ([LLAAYYES RRFSFREFHh eI BY2adthagdast t 1 332600

ggctgttgac agaattcttc aaatttgcaa agaagcagga gaaggcgcac ttcggaatat 1260
at gcagequruceta ghgAUtuagC Aadgtdarat tagttafoatrIqt Rty cegct tersagagt2g0820

acagerbaoRo TP arafe: HIGAARAR. ARAIRER an QORI RRAITT 2o

ctc?t tgtttrrgtcg'estggitt?ltlgcgtgcta;nccgmtttgﬁ cggttastag:cgatcftcgmt aggzmt t tt:g:mat acadgmgg
attcaaggat a at cc at cat agcagct gccatccttc tccctaaa

euouadiotodtgnass ARR et pECcRta oar ot aat ot et Ao ARt agadP 1820
gcat Cjqiaagacyet hf@@agsadadqiRaegn aabé@gﬁeam@awfda@@t £icggedpat gaaesad® 80
ftttttcget tctttgaaac cgacaacaca tgaagccagc aaaga ttgg atggatatct 1740
ggcct%ﬂgﬁfﬂcqt(?a%‘é@éléﬁﬁtfggﬁ%(g’tté%‘t tHEI ALt t aesaacgge a[‘?‘ iﬁf’gﬁcct c?¢4%00
Ll capaget 8! 8EaRGYCod ESTAUEAE CHREARE] GnoBaaggoiddkriaaacact godd o0

aggattgctt ttcagcccca aaagagctag acact aacaattttg agaatcagct 1920
tct acqt@aa@gqtpamt@@@gﬂtchwa caaftchag@ dgterqcage cﬁagét%\fg?ggcgaatzﬁi@%

O g a0 g o T P 65 1 Pt 5000 Page
31 50696 g8EQISTRECicgedgitpgactt pteatdchgda aaccatcgat aalggt';ttggtcaat aa28¢@agtt aac
gat carehalr a5 vynaetiyec gohr BRRadun i oB- St gBRE-&tager oo oo

cct gtegteggtagt t giccat eytysiccagaatal gEaRGAGAAGRatARYHCUYYIcarRggat aaage0
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tgtia%% %%%tgaa gtggtggcct aactacggct acactagaag gacagtattt ggtatctgcg 3120
ctctgctgaa gccagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa 3180
ccaccgctgg tagcggtggt ttttttgttt gcaagcagca gattacgcgc agaaaaaaag 3240
gatctcaaga agatcctttg atcttttcta cggggtctga cgctcagtgg aacgaaaact 3300
cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa 3360
attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt 3420
accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttcgt tcatccatag 3480
ttgcctgact ccccgtcgtg tagataacta cgatacggga gggcttacca tctggcccca 3540
gtgctgcaat gataccgcga gacccacgct caccggctcc agatttatca gcaataaacc 3600
agccagccgg aagggccgag cgcagaagtg gtcctgcaac tttatccgcc tccatccagt 3660
ctattaattg ttgccgggaa gctagagtaa gtagttcgcc agttaatagt ttgcgcaacg 3720
ttgttgccat tgctacaggc atcgtggtgt cacgctcgtc gtttggtatg gcttcattca 3780
gctccggttc ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg 3840
ttagctcctt cggtcctccg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca 3900
tggttatggc agcactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttctg 3960
tgactggtga gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgct 4020
cttgcccgge gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca 4080
tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca 4140



ggggt gcct a at gagt gagc taact cacat taattgcgtt gcgctcactg
agt cgggaaa cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg
gtttgcgtat tgggcgetct tccgettcct cgetcactga ctcgetgege
ggct gcggeg agcggt atca gct cactcaa aggcggt aat acggttatcc acagaat cag
gggat aacgc aggaaagaac at gt gagcaa 59690k S&gcHi2daaggccagg aaccgt aaaa

aggcc t gacgtt.t ttccata t GCOCCCCCC, t gcat. cacaaaaat

o oc B lda g B8 cral R e Rt Gl B G oo f200
Cct ggaagtityggtd gt grRacd ¢jgatfdiabs LYeefcdagCLaaggbiaracggqychgacsLd gt ccpeo
cctttcteee ttcggggagctg%%gqgggtt ctcatagctc acgctgtagg tatctcagt!
cggt gPaRRt It FLAtRLGEEHGGEE HicgRtideghtaaseatdc T tcagagiic cgactd20
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cggttttggce
ct ccacccca

aaat gt cgt a
gtct at at aa
tgttttgacc
gt act cgagg
tttcaggtcc
ctttacttct

agt acat caa
tt gacgt caa
acaact ccgc
gcagagct cg
t ccat agaag
aact gaaaaa

cggat ccggt
aggcct gt ac

t gggcgt gga
tgggagtttg
cccat t gacg
tttagt gaac
acaccgggac
ccagaaagt t
ggt ggt gcaa
ggaagtgtta

tagcggtttg
ttttggcacc
caaat gggcg
cgt cagat cg
cgat ccagcc
aact ggt aag
at caaagaac
cttctgctct
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act cacgggg
aaaat caacg
gtaggcgt gt
cct ggagacg
t ccggact ct
tttagtcttt
tgctcctcag
aaaagct gcg

atttccaagt
ggactttcca
acggt gggag
ccat ccacgc
agaggat ccg
ttgtctttta
tggat gttgc

gaattgtacc cgc



