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may formmultiple double stranded regions. The present
invention also relates to sequences and constructs

encodi ng such a WUQLE-SQ*RNQDS@NU@_EEGAC% such a
Ty

nucleic acid or construct to no gene_expressi on,
part i ciheapregsend ineniios wlatealpha hugiaie asicheestaining complementary

SERLBhEeF oPRIch B IORH, FENTR dPGbG, BPoRR T Tedlefe- The prosent

neggrtiornbiebeareRass t@fsetqbénéwbﬁetddﬂ@trﬁ@t%umiﬂl% sud®lzenucleic acid
to interact with another part of the sequence by

\ands e arseskobayeh pinvckaic Bridarneistiuel dpt @@difp paaies expression,
: a.t [

Taricads B RtfRe, o M Bl el BRI o her - ¢ he

hai T pi LR OpgIPe SR TG Paq THREGHEST ol Torm @ self-

FompleRRint®Y doubP strahdad thgih! WRereApa® ¥ tR8thueiedtid® sequence is

hai rpin striucture, with the inverted repeat sequence

ahie 4o dateragiavitio @pother Rars of the isentanee diyeMatsan-kgickfbase pairing

e R e I e T
rRfgedritior in Blogargrogimity totdisheother the desibasteaibriragitts may form

ininterfering RNA and gene silencing technol ogies. .
Siiietyresh k@B sasr RaifRig cpiryebress The g@)‘é@f‘fﬁ%@"ﬁ% fgrms with an

P 9 i i A . .

SR IaEPYL of rpkiRoRALE Bt oRBIRA ey StruBRE Slith the inverted
REpEAMBEqHIRe /anridated. OTHies liop mBywhlsohfagilitateeheifolding of the nucleic
inc(grgor ated by reference. In summary, RNA

e ence (RNAI) hairpin RNA sequences may be

synthesised within a cell from DNA constructs coding )

t hese Haigjodi¥A SeqHeners haye beca@e a pawepihtaolfor basic and applied

SERBAAC? el RSBk 1P 557 Y6HE1 fBern RNA and
Qe silericingpteiclinslogigsp Buchdbclysinaes iare desafbert In thetgpecification of

BCEIDORE01 95 (UBNsRtes: Mepbelonaoanl aysbes DoRUR-07 Shd Us patent
i h o . .
AR €73 008 nd ECANUOTHIG AT THE  chefGH which are heren
dntapoeatedoby refaverces ejpasammayyn ENAr intference RNAS) hairpin RNA
si mul taneously, particularly.in respect of gene .
5ediienges nay b Mitbesised within & o8l fiorm, INAKQRtucts pading these

tdicRichBES, Rdreakboleried "RbirpiA TINANMsfup@t, be taken
as, an acknow edgnent or any form of suggestion that

this BRHRAE nMdy FQFITR DNA constructs have proved effective in gene silencing,
other DNA constructs only show partial gene silencing activity. Increasing the
degree of gene inactivation produced by RNAi hairpin RNA would be
advantageous, for example in gene therapy. Furthermore, in many situations, it
would be advantageous to be able to silence two or more separate genes or gene

regions simultaneously, particularly in respect of gene therapy applications.

Reference to any prior art in this specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that this prior art forms
part of the common general knowledge of one skilled in the art.
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in interfering RNA and gene skl encing technol ogy.
Furthernore, there is a need for a DNA construct that

o 1RO 4 2 it fof hapRoyent RITR halSEEiiErba 10" be used in
[P RNAC biné pendi signbimgrtethndogiNAFaahetmereyfthere is a need for a

B APk b S ke Ui i n
fh r%%? q@% &@Fﬂr@é}&ﬁ/itg'énd 8§ rRBd%B} 8DNA! corfshict encoding hairpin
nventi on

presen 0 overcone, or at least alleviate,
RNA capableefdhacdtiveting tweeastsmore separatepensde Jgheoe isafurther a need

In one aspect the_present . invention i des, a . .
fanigtgeYed Eelapds (P SYWaRis Phshieh ROVA oD3ylicts. It is an object of
'(t:ﬁogn‘?réﬁritriﬂyﬁ%ryﬂo Qf%)%‘?%@hg?%'digeéﬁca%\ﬂé@? one or more of these

rising in a Irection at least a first
atéds imlighiefuthegerjorarbecond ef f ect or sequence, a
sequence substantially conplenmentary to the second
ef f ectrororee @spacte ten prasersteimventien sprbsidest aatibgnucleic acid (RNA)
conplenentary to the first effectqr sequence,

! y t . : , the . ,
suitghlefenuse psdeigrienipa RNA A 9Ieselenging leghaigyss comprising in a 5

t randed,.r egi,.an |t ' r tLv, e

L BE05S ShaRhel bt PR oL RefBBES L RepLUCE Rl seqvence, a
SBHYSHES SuBbtMRaIIP coMplemenedry ol thes setdondreffector sequence and a
enbodi nent, the first effector sequence_is s%aced from

sequere® neubsiantialiyorcoseplgmentanyy ta the sfirstpgifealgr sequence, the
| i . . .
SR A AT oy 8 R s i i

F6SpENve effesionCedquéhdesy nand efustbguemciudingsonat orl inpre  spacing
conplementary to the fiyst effector sequence by a
SeayarceRHRIPMHRY Ok BXNIA MUEICONEeSr di ngl y, RNA according to

this aspect of the present invention can fold so _that

at | edsonecembedistentntheifirtiatiesigr seauense it spaced fipnthe second

adj acent doub| e, st regi ag :

SR cndlis® 0] o PHHGE SoBbiNe, S Rhet!  THoBdher mbgdiment, the
%@éuéﬁé@%ﬂﬁst@nﬁ@l&ﬁ&)ﬂnplﬁrﬁ&h@h&to theesdoonadsefistor sequence is spaced
"“hybridi sing” and "anneal ing" refer to ncheot|

| de
S dhe sequennmswbsantalyrangplemaniay-terthe kirgaftechy sequence by a
b . di u Lt )
SEATE TR SEILFE RSO RIBLSEEAG % aspect of the
mr@yér;ieiﬁv@ntrdrbomm fdldiso that cit (@%ﬂoublﬁhs’mm@ed KNAsegias is spaced
interfering RNA i n gene Si ci ng techni ques ‘ .
S encadiglen: dosie Sandst RNA rolen 56 Sadi; sesanices, the spacing
LREARACE TRALG nSRARRERAf aRAISRAMAIE @ so-called bubble. The terms
“hybridising” and “annealing” refer to nucleotide sequences capable of forming

Watson-Crick base pairs between complementary bases, as discussed further

below.

In a further aspect the present invention provides a ribonucleic acid (RNA)
suitable for use as interfering RNA in gene silencing techniques comprising at
least a first effector sequence, a second effector sequence, a sequence
substantially complementary to the second effector sequence and a sequence
substantially complementary to the first effector sequence, the complementary

sequences capable of forming double stranded regions with their respective
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sequence and a sequence substantially conplenentary
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sequences capabl e of form ng deybl e stranded regi ons
with their respective WO 2004/106517 PCT/ AU2004/ 000759

C en r , o
BRSO AR NP, L M o LB SRBRIBURNA rogion i
eivectly hedjacentbice ait loastiaxheRidtheredooblet branigd RNA region thereby

produci ng at |east two effector regions suitable for . .

PsRAYGing idaashive mftectasr W%&hw?aqq{e{}??é UsEnl produing interfering
[

IR R dep Hleicirg ol WL FILABARRF Eb g sequences. In

fomet preferrett émthedinaestp e Rl Asurihen irecldesie epacingesequence between

second effector sequence d the sequenc . .

355 $P60 STTPGOF SRV A 19 SOT4SNCR Hibantially pomplementary to

e o g o A e e o (o form the

tdoeibje-ssamded regions.on provi des a ri bonucl eic acid

(RNA) 10 for use as interfering RNA in gene silencing

t echnilgugmther adgeshtiee présergdhvereion poviges aintgpriutleic acid (RNA)

5 to 3" dir ction'@te_least aifi,rst ef fector selguence

dor uee e IngTIdoRNA: i), 8RRe Siigneingderhriadgs dp ienge |3 target gene

%%né 53Ty 5 Qol @’efjﬁ@%m a?fIQ%thfirsﬁ%?%S@_es e, a second

seq substantially conplenentary to irs
afffeetdraequenge.cm sequenezs substaniéally compemendany to the second effector
doubl,e 15 str

sequences _are capable of form.n nded ..
SEOUBRGS wpith # rebueien subPaBERY S BTEEH, I8 iy first effector
WeRliBhBe AvhbRAT th® BEmpPEMERRYE s86GEREEEard Bapable of forming double
substantially identical to the predicted transcript of

strapdied regionstwith theirgespeetive. effecivrsedionces randriiperein at least one

et pRALNGERES DSl RRED o pBRRiel yAsGint of a region
graaedaRiet lgefe. SPREEMIY @RS RINA fulbeccompfiesall spaddisequence of
RNA further conprises an additional 20 spacer

anguehoref nugieotisiesmyyherpincary twadf. thensegusness argperaced by the
R SR LT, KVRTUERG offiffes an adcitonl

spaesr sequdrasofi arecsr morpnhusleotides) a 5° to 3
direction at least a first effector sequence, a second

ef f ectifrarfotsibieasfoct dhe SrEsEHtGAVSRtAT prvidds ¥ ribonucleic acid (RNA)
conplenentary to the second effector sequence and a 25

swiifablector sisbsasaintarfaring BApIngans silepcing teebniquestcomprising in a &'
daphNeesonr 8t Ireh Autist e SETar cRabie NP g RoTESA, Afesier sequence, a
SRR G BBl caRauaRY ] 38488 ety soquenco and o
ssquence sabsigntigihc ecormplemertiarys dqudhe e fissib efi@etdralseguence, the
complementary sequences capable of forming double stranded regions with their
respective effector sequences, the sequence substantially complementary to the
second effector sequence being spaced from the sequence substantially
complementary to the first effector sequence by one spacing sequence of one or
more nucleotides, and the first effector sequence being spaced from the second
effector sequence by another spacing sequence of one or more nucleotides. In
one embodiment of this aspect of the present invention, both spacing sequences

are included and do not anneal.
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spaci ng sequence of one or 30 nore nucl eotides, and
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second effector sequence by angther spacing sequence
of one or nore nucleotides. In one enbodinent of this

aspect;of ertFFérFHsﬁ\C%?ﬂwga Bge%gzh'(tj gﬂren%ﬁ Rwﬁﬂﬁ@%%ﬂbonucleic acid (RNA)

sequences —are | not “arinea

20 (hbleDfap Lise RSTintiisHg ROV inSgere Sitermiigitddmdilquasspenthprising in a 5
the present invention provides a ribonucleic acid

(ten) direglionadt leasbe fiest effeciornt sequanceg arsgcond géretor sequence, a

oS R S BRiedipRaLs 3hé stsaaficelfector segygnoe and a

afdpenee soBsRRESly acompiimeastans uastthst ifipdtl Yeffector sequence, the
conpl enentary to the second effector sequence and

a
aEeniysIesenaes capshls ehianming dedblengtrandest regions with their

KaqR!
BRI B BRUST B, SRR RS Lo SRR Ging cpaped from the

reepadidfiectal eetiente B0 first epacinbesdquente eff fopet @more nucleotides.
sequence being spaced fromthe second effector
T

dBaqoes @mbydigiant fie sequenee substantialiprcamplepientaneto the second

. | .
G poionpe, 3, Sl oM T bephofios SAHEREfaly complementary to
shgufirst eeffectspaeqdehcenby e ssegndnseacing ssequeradel wf one or more
conplenentary to the first effector sequence . . .
SO 204 sedanficshacing SeRUCEE gt Setigdnpsisable with the first
t [ n BEHi [yl

T BB SR VB ORARUG B Kii HRDMIAY O Ui sdkelt of she present

aoeentiimgan fld sbdhatptleasbéne istrapd ef @t leastornendouble stranded RNA
s that

BB st Henk AR A el Rk B s B KRR facifiT by a spacing (non-
ashiAGE) Sedirrreb ethet dritiIRf s e HcedFofingya 8o-tfEd MHabbloN-

pai ri ng) sequence, the spacing sequence formng a

so- cal l«g s " GAK »
ot or ek P IR Guitdio 38 L e TUGHBRNG RO HOReBRt pn RNA that may
aditeclly aot asf eterfierifNRNA hathabayapeber presssed tio produce RNA

produc NA ol ecul es fhat are active i NA . . .
Bl Ersciet arSacH s, AINA ST R Io6: o SUBR RIVAdS safable for geneio
SdilePBigachfigles. ques. | n another embodi nent, there is
provi déd a nucleic acid construct conprising at | east

a firsh %fn‘iaﬂ%roire friehE; .tlg?lfei ris°‘t|9rp e ENhAENKic acid construct

sequence t hat s substantially co enmentary to the
fcomprigihd et least adirsteffecton sequemck, ef first complamgotang sequence that

and econd conpl enent ar equence . that is

ST copaPleBi et ey TR Fiectdeeedivenses e sepond efector
€8 aMer 81 sckehd fddn%le%ﬁtﬁ??%ueﬁ&ée%é’tf is substantially

sequences form doubl e stranded portions wth their

ceomplepwandanygto the second effector sequence, wherein both first and second

effector sequences form double stranded portions with their corresponding

complementary sequences, the double stranded regions being spaced by a

spacer sequence, usually a shorter sequence than the first effector sequence.

In preferred embodiments, one double stranded portion will have its two
strands connected by a loop sequence forming the bend in the so-called hairpin
structure. In this embodiment, the double stranded portion has this loop at one
end, i.e. the loop is formed by a spacing sequence between one of the effector

sequences and its substantially complementary sequence. Preferably, the nucleic



conpl enent ary sequences, the double stranded regions
bei ng spaced by a spacer sequence, usually a shorter
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preferred enbodi nents, one doubte stranded portion
will have its two 30 strands connected by a | oop

. . ) . '
JER BRE A B Pfiot Saelioflen o BR) R JUE sffanded portions,
gorrhingra thambbldti s | oop at one end, i.e. the loop is

formed by a spaci ng sequence between one of the

ef f eCtMyeferaBRY 8ME @pasdtdsedFeridddit sdritéd 1han either effector sequence.
conpl ement ary sequence. Preferably, the nucleic WO

A4 /speesr BeRTENg@IZs oprele@bho 1 %0 a¢Q.dmearsopreieragipdi to 10, more

BpRSRL"? @07 R hobf EREaL0 R BL BroieoRRES dpng.., Even more

?@f@@@l@l?, irf oBBOsMBbdINTETt Ehd kpacel Eeqlerice é2engsleotides long and
he spacer sequence is preferably |I to 20, nore

pnetkeranager seguance igdper naclgplides gty 1 to 7 and nost
preferably 2 to 7 nucleotides |ong. Even nore _
pr ef erbitye riborwcteie ragidi ore nucleite asishconstrdcfuenstainss ap least two

nycl eoti des | ong,and anpother spacer se nce .is four.

itGeta: pesenosRg eAnveRHSh Exlari e pudl daRe st ontihing three or
3hbke efBsfor Wdquepabal BaciRtwitie adtrespbndidlf e6mplementary sequences.
sequences, the invention extends to such constructs

clde gffaciey saausesces andh cpiiespendiagteamplemaiiars sequgiiees may be

i & 0 S [ ' Jenc T : .
Serbef oo He BAE oL BIP uSTH ID¥n R SPauetliBs, yith the spacing
seuencesformind’@  bsibblee Henothee asffectdrheeqiyncazabbsg pair with the
(non-pairing) sequences with the spacing ,seguence . .
femplagentayHBeeuelrss. tIRePreferERq &ma%fn@%%sﬂl%@owpiﬂc acid or

i . . ", r .
it B COMRRETRBEI PEBLUERRr Ay RAEEE enyes qomrsponaing
ammsplementarynsequences; eachf $eparateds byua rspesirandegheres forming a
correspondi n compl enentary sequences, each separated
(RHBbTR T JOHo CEEEi0bn SETHENEES o 380 HaNbI EOTPERRNGIRG o CopIPlementary

f r ' C I . :
RESs, ageh h@ggg@gt g,;peg@gbemgagl SR ¥GH¥ing a bubble; or five

sequences, eac y as g sequence
faffatiorg seqbebtas;arst fiveveorrespending cayplementannhdseguesces, each

correspandi ng compl enentary sequences, ,each 20

PR aBa Dby 4 SB7REBN SCUaER LR Bimeh LBk 1R, Tfer preferred
fathbb@mditeftherbnueiodtiTaitucidi® acld Heisitice cen@fisthree effector
or nucleic acid construct contains three effector

sequences and three cotmspengivgd cagptameniene reegugnces; four effector

se ; e . f . -
SBALBEES e b ERbRing 6 LRy, Stiyspoes: or five effector
efderenees apddilencssesthding eomplanesmangdsaguences without intervening
conpl enentary sequences w_.thout intervening

spacing sequences between adjacent effector and complementary sequences.
There may similarly be six, seven, eight, nine, ten or more effector sequences and
complementary sequences in an RNA or nucleic acid construct of the invention.
The effector sequences may be the same or different and directed to the same or
different target genes, different regions of the same target gene or a combination

of these.

In another embodiment, there is provided a ribonucleic acid suitable for use
as interfering RNA in gene silencing techniques comprising in a &' to 3’ direction at

least a first effector sequence, a second effector sequence, a sequence
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25 spaci ng sequences between adj acent effector and
conpl enentary sequences. There may simlarly be six,

w@ewengesel ght, nine, ten or nore effector sequeCiaB2@mdo0759

conpl enentary sequences in an BNA or nucleic acid
construct of the invention. The effector sequences
: ' reat dj

SRRt oORPRrfenthy (5 1R8" sRERITHBAOF SekAchts TR sequence
sapstahiiallye togplamentaay ¢onthentitst wifec8) séquéress.thencomplementary
anot her enbo irren%, there /is prOﬁ_i dﬁd a ribonuc eitﬁ:' "
aequenGest 5BPRPIEOPT (formings dpHble, FURANAR HRRIGNT YUl their respective
%ﬁé&ﬁF!é&qJe‘?&@?! aHes s%?HFﬁ’(’]' &fié&ot NséuenckO being spaced from the
Irection at east -a first effector sequence, a

sequeribee Slibstbatiakye poamplemeatary oige thee sacondoaifades sequence by a
PCT/ ,AU2004/ 000759 6 subst an}eiéﬁl Ig conpl enentary to
BPAcind S6AHCRSS aEPRe Ok MTBML'EQNEes: sequence

substantially conplenentary to the,{aiérst eff,,ec%or .
sequelicthe ¢ordey erRsRBARtinveniinle NG OR)| TETeSP to a gene which

Ls?ﬁf@%l%d%%h&maﬁg ?Qq?ﬂAriﬁfér@?ém}% tdthniftids. MBRPRNA Midduct of the

or sequence the second effector sequence bei ng
gpacanay bena nhessengeq iR dmiRNA) aapabiel of being|teansiated o form an

el Sana L oL E AR B TRERNR 7350 tbosoma

ethall DIMRILACPHRNAL BF aBbzgRge” refers to a gene
I\Iﬁgﬁsriﬁ?s targeted tor sil e%@i ng by RNA interference

t eChnh%‘i’@r%ﬂR%hfenlgm)t@ P dgﬁeéog*; thEneJERCIIME Bskeh in its broadest

nmessenger cap eing translated to
tontexaandthawmdex aci d sequence, or it may be a
non-transl ated RNA, such as a ribosomal RNA snall

ur aci k;) rich RiWssicdl rgdronyioe.gdnef ecasistinger of ntransaription  and/or
"gene” or "genes" is to be taken in its broagest .
cont ext anfransletigaalsreguiatory sequences angioRPdngdggion and/or non-

consi sting,of t SCri bt a or . ragsl at i pnal_
regul at or ytrgga@i%ges egﬁ%lpgér]s cggéhg 'r}téog}sgnaga}nd%)drcpng’ny niransiated
transl at ed sggguiedeegsafd/oe. introns, 5'- and

3'-untransl ated sequences); and/or (ii) DNA and RNA

vi ral ggenegy Iyjigd dHeresponding to the
codin Igreg?é\ln@a?i(j%NA&ﬂcg)r]%%%%d/or 5'- and 20 3'-

g;tn{ ﬁ@@ iégsl\éﬁ?{fﬁ%&?‘ndiﬁ\ﬁ‘f& et Q&ﬁhg {r%éﬁs ?%.ﬁ){dﬁ@??galor 5'- and

ernore, gene

scope bot h3a jHifdriftedselduénstis)g for an am no-acid
encodi ng RNA (i . e.

whether naturally occurring or synthesised. Furthermore, “gene” includes
within its scope both a nucleic acid coding for an amino-acid encoding RNA (i.e.
mRNA) as well as a nucleic acid encoding a RNA that does not code for an amino

acid sequence.

By “substantially identical” is meant about 70% identical to a portion of the
target gene. Preferably, it is at least 80-90%, more preferably at least 95 - 100%
identical, and includes 100% identity. Thus a sequence substantially identical to a
region of a target gene has this degree of sequence similarity. Generally, a
double-stranded RNA region of the invention may be subjected to mutagenesis to
produce single or several nucleotide substitutions, deletions or additions without
substantially affecting its ability to modify gene expression.
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does not code for an amno acid sequence. 25 By
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to a portion of the target geng. Preferably, it is at
| east 80-90% nore preferably at [east 95 - 100%
i denti , [ u - 100%.i i : e
subst a{{r:}?%arlﬁé/w?d{eh%{ti %a 't% gbhg%&owng%&aﬁlgz?&ggd%g sequences
Hastwiebh s thide dagget odnd ethioe RNAIS iconstaudty YoutGihatr tid YRNA interference
doubl e- stranded RNA region of the invegyion ma

g

b
NORIAPT BaMMBEaRRSAENTA Wit legs Shar 087 ihﬁgpoéogy- As is understood
ch)é M BKALETRItHE FHPRI Eﬂéh%‘?og?@'\ésﬁq We . ubl%ﬁr?xtw?/ed regions

I't1ons W thout sSubstantia ng its a
tmusttok Syffigiemdy dvomasgousito 6t 10 68ty the specific double stranded
PCT/ AU2QQ4/ 000759 , 7 It is known that RNAI i . .
JERISS | Vhegrecheataiasyal BlRe 1o JEnieug aadie shanded region effective

t [ , t ; o
4B %&@[ FERNAD %t%r*?&eﬁ&@'ha‘%@ ot rb%%g Jg@ﬁ@g&‘*ﬁ&é? ,hllf\]ﬁee\}gy?oxxmately 70%

interference phenomenon can be
titantity 39 geherally syfficien. i Graatelcidentitydn thg cehtrakpattionlafdhe effector

g e D e 1 RS S el B BN, anctner
QidMeideratid P igthah BasépairfigtindRNAl ig seibflpadRFent REMIMNA in that G will
The precise structural rules to achieve

a
daibwish 41, radthough meg a8 strenglycas i does witheGuint RNA griplexes.
interference have not been fully identified, but

appr o8yratsebgtardigdly i demplamgentangener eddant sthati dheensequences are

8 5] b SRR b BT st s o
rtRE Honaftiors Pthé 3bRgEdnba efMoLhIsstadfalfOThPRNEItAY sequences

h
is that base-pairing in R%gnls subtly different from
DA havetdideast A% Watsan+Crigkt basg paifingough not as
strongly as it does with C, in RNA dupl exes. By
"substEre itebl gequendesnmehtar YRNAs dopkext ot hddubidretranded region are

sequences are _ hybrjdjsabl e qr anneal abl e.. Moregver
TETRTE a5 LeaisfgBr FliRaR g nenGocoge stieddngver fiodoh they may be
Cdi‘ﬁ@l‘etn‘tngﬁﬂid?fs eIk @Botidd elibe.ﬁ“\ﬂ’fé}b'it ﬁ%%tafﬁé%ig@hj.ﬁhe “sense”

conpl enmentary sequences 15 V\n_f ave at | eas
wiasshisGheaknehwheres Ha sequeriieeist roasibratatedstodheaelerbiat region of

HB Bl ot fipcfe AR oo SaRu Ge, BiRetad drenSafiian producy
LAY tHegedfoncdl AARIHAY t6Ahé IseRSe Grapdesdiflened s esimdte “antisense”.
(eg. where it forms a hairpin). The "sense" strand is

ther BNA wiigasyt Hds Jagigeimrportantithatithe, antisensedstrand he homologous

rel e regi target i € tk [ o s
B8Ry BB P B Rkt i R ctfbmistances, itis
dadvim ehate ypenieofapnenldlastides tsheuffiesse tot initiae RNAI, but in other
sequence is terned "antise or RNAI efficacy, i

rBHanGRs (4RI oh A0 of 20 Mnléaidesoulal 2idssedued. Itis believed,
NATPLBRGMS level, that greater homology is required in the central part of a double
stranded region (i.e. duplex) than at its ends. Some predetermined degree of lack
of perfect homology may be designed into a particular construct so as to reduce its
RNAI activity which would result in a partial silencing or repression of the target
gene’s product, in circumstances in which only a degree of silencing was sought.
In such a case, it is envisaged that only one or two bases of the antisense strand
of the RNA construct would be changed. On the other hand, the other, sense

strand of the RNA construct is more tolerant of mutations. It is believed this is due



(ie, exactly conplenentary) to the target sequence. In
sone circunstances, it is known that 17 out of 21

womkaessitdes is sufficient to initiate RNAI, bRET/AT2004/000759
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other 25 circunstances, identity of 19 or 20
nucl eotides out of 21 is required. It is believed, at
Y i
"’}ﬂ gﬁ%‘ gh?%%lb;e gﬂrr?n(g P@ h%a(fr?ér thlsét? Eﬁ%gﬁ’“ba' J Sew(é eﬁ\us less identity
dghivesn thdaa;enae sttandeand th&dnamspriptdeft arreglo_adofobgarget gene will not

| ack f f be d t
Scereaiu TR RN 28 sParionladyaiatpanegtsense strand perfocty
Eﬂéldrlﬁlste)ﬁ Wit Qﬁaﬁ‘q\ﬁéﬁgcrg)ffs%ﬁta‘tlﬁné iR3hd! s%hsé'ét?d?ﬂ [Mich'that it is not
ression of the tar gene's product,
ademhnattmﬂm@tranacmml affitherregiona afdhedargsit gariee)mnayngemmful to assist

sought.. In.,such.a cas envi e onI one

S aehoing. Bt Yo sttt abd SOERRARE ot phemRUIPOYES, such as
GROGUIEHAG & &o@ésﬁhgr&e@' hafPRIiXF hransérirorGther dsbBets of the RNAI
ot her, sense 'strand construct is nore

tpﬂtbwayn of nutations. It is believed this is due WD

2004/ 106517 PCT/ AU2004/ 000759 8 to the anti sense

st r and Heetemmst Ihwbudtsmg‘iaand Smeatihg't (aral graraciatival. equivalents) are
Thus,. | ess i de n the. sense and a t he

(RSl ehangeaply i fhif SePogCeuaTL St respeet ol clsgide seGuences and
rr@ﬁ#%é Fullentine Hees gé@setr%ﬁfalra bhiéabl@%ftfbﬁthQrW}été%eCﬁck base pairs

the antisense stran rtfectl hybridises™wi th
_tdtmwcmem conwlemeIﬁastyL il hemrsemu%llledrlartbe (ammuidw anderstand that

r%%)cgd? gélpg o '@;:8%58 5%% ePB?S'ﬁ? §§Qgg|@ ly (len IEd(lee(;’icc(gﬂtext of RNA
W@ﬁ@é@g FIr 3@inile M §6-tallsd ClvebBlRAp ALt €l feH1 Befen guanosine
ot her purposes, such as nodul ating dicer processing
@ndauragil rresidues dn RINApt “Gemplemantaryp de usedfharpia NS usual way to

PR welPSn i Rpany s 18 @é‘%&oﬁﬁ”&ﬁ%h% 558 to mean

inbri-WeasapErickibzgl srlrihg, dvesntotgleisuah tlorctdriiglementary sequences
sequences and refer to nucleotide sequences that

dagmfpe,rnowobalfenpﬁ@s \Qit Ster dptesrctinnge pigweaverdde th@aéc?ntext of the
vé;f@%«# ﬂgéfie &ifce E@ﬁn&a{ i %kbla{ﬁ%%%é;s tr@l‘fa‘l‘[é’sr I'specmcally to

|seom|leaoe$)¢mwbén wlmshe\Maaédrndok ttiwecpam)do nbt ERNm Accordingly,
o-cal |l ed "wobbl e

uences. r exanp " can ) )
ST OEELs A S0AF08 G RPIS e auPaces SPEPNELG e RRRent invention
|aﬁg|n§at 4 B%d Ig.llsi(r:l‘éfe@ RBFih Nagd Thdr- Ea@ﬁﬂaéed@é/née%, regardless of

t son- base pairing
wtuetheomnéﬁalnca*r—gbncksbaﬁeeaalrm\grreauld theoraticadlynerCdpek in practice
base pairing, even though such non-conpl enentary

Ences may form wobbl e pairs or other

i nter tlons ver, in the context of the rese

i nventifh, tepBr e? %tgrt‘éeqll‘?d"ﬁ-epa?‘mjng@ %"éa'her'\%e e context of this
I S

HEIRBBRIPHILE T ep CASGIRAIS JeStafg s Bontet, and tre

term is used to denote a sequence that anneals to form a double-stranded region,
due to complementarity of bases in the annealed region. The double-stranded
region may determine the region of the target gene to which the construct is
directed where the effector sequence, or the sequence substantially
complementary to the effector sequence, is substantially identical to a region of

the target gene.

In several preferred embodiments, the double stranded regions are



enbodi nents of spacing or bubble sequences according
to the present invention are described and

WO bdowsoasat ed herein as non-pairing sequences, PCT/AU2004/000759
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regardl ess of whether non-Watspn-Crick base pairing
could theoretically or does in practice occur. 25 The

o' BSUR! URYBERt, A ol el pHBR P e i
depasdcegisosubistantiziigtideriticabtulat least 4 eegion ©f astacydt@ene in the case

denote a sequence that anneals to forma . \
@b @n BNA gaRgear ?@Wéﬂtla"Yd'G'@nF%a'éerigﬁe‘?féﬁlcéﬁq franggript of at least a

j g{ml d ' h - ngﬁ,ﬁ .
?ggli%gnbﬂ%;tgfég? m n@ Et{?:%éeg]g 916% %NA? thts'a%égt@ ge ’ethte oﬁrSt effector
\sleigakntd dhasotiss chatadteridie. dn raecitieer prefered rembbdiewndy the effector
sequence, or th bstantially.. I t .
SEAIRRCS) e Bl SUELAM kg TR oo ot
ts?pb%e _rtﬁ@ﬁ‘??e‘?\fe of gﬁeiL%’r&ﬁEte@eﬂF%sdr@téeéfseﬁfﬁ cR§EheSyY BE. In another
enbodi t t he doubl e

) stranded regions are WO
06kt 8mbor T i, 200 4ffectrsEquenicas eaartedciy sepérately substantially

et 6 FGRTE e e Rl Bubtafhen 7 miSairtat dingerint” includes
IRRAt whicheso @l PeoreticallgPe 8ABEIEd Hyha DRPE se§liedde, R¥4o called a
ene, or substantially 1dentical to the predicted

t"peadicied granscrigt” less of élae aetual methadget ggeeratipn of that RNA

GRS B 1 BN 2B FL PN BrtbodBnls bRl < 858 one of the

TRicEsr sshurineed i isRibstantiallgidertical or sempianentary ¢o eaedyion of the

separately substantially identical to different

rtaged genei(whers hnylasoetHena isdNA). Bt thisepmtext syichagequence may
LB b tarfSting' Boaifod Bhete it 1 MBBRIE! o rdiGh Bf fftlgene to be

sileatedit | abligh adeetueae tmay egisonbeofrefbrfdcerientstructurally as an

target genes. In this context, "transcript" includes

1tRVOIGAYIER SehPMRISEERETY EHOFing seaw d by a DNA

sequence, also called a "predicted transcript" . )

r egar d\ltesgatifely,n@ gaubig-stendedl OiQEN®RYNt fIM of spgelled “stem
uepc n eseri e :

SeyeREd T Solel efBOprhEnS" 2L A tnd B e PG ktences wil

Fidvet adifferbhtylehdtinio thelseguenossubstantially compiemedtapnto it. In such
of the target, gene (where the target gene is DNA). |n
tahP@S%’oiili"ﬁe%i‘i?a'%Hoﬁ'oge"&%ﬁ%diﬁiyai? BRaGe $equenge. For example,

SRS S EERRnatE yirated  THA B AR Tnt) 0o
hregionf ef methrget genecand #id wequence stbstantiatly eoniplementary to it is

6085 8m rb3r 48 Saafores WAL ek SR e ot
corresponding region of the target gene, but may function as a spacer (e.g. loop or
bubble) in the RNA, rather than as part of the effector sequence. In one
embodiment, the effector sequence and the sequence substantially
complementary to it are adjacent on the polynucleotide, in which case the region

between these two sequences forms a loop comprised by either:

(i) the 3’ end of the effector sequence and the 5 end of the

complementary sequence; or
(ii) an unpaired sequence.

Similarly, where the effector and complementary sequences are not



sequence. In sone enbodi nents, one or nore of the
ef fector sequences will 20 have a different length to

W b@4seguence substantially conpl ementary to iPCT/AL2004/000759
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such a case, the unpaired portiyign nmay function as a
spacer sequence. For exanple, ‘where the effector

Saéfl% ﬁl&y )bui o&%{ger?geéf %Hbéf‘é dS{“Eﬂ;ééét (oglé%rs L@ﬁé@#gﬁded regions, the

iepafad sctubntamayiorin #bapblenentary to it is |onger
or shorter, the unpaired sequence will still be

subst gtHd %ﬁ%tbﬂ%du‘éﬂbe&orﬁéfﬂﬁ B 6PrthesRamt Ner rfférefAt lengths.
of the tar ene, but nma unction as a spacer (e.d.
|Fereferably, B bﬂoe)sequemdm awreﬂat leasthtd nuplgatides fralengtt, preferably 10-

eﬁ%ect(&ﬁﬂgﬁg ﬁ% pgega@@i%n‘gﬁg}ﬁ %E? gzttpgﬁ 9nd most preferably

o 2FRRIcRIotdes ihtleddth. aal eﬁﬁéfént@mbétﬁments the effector sequences
pol ynucl eotide, in which case the rﬁ%éon bet ween

tenes, thio 1S Q0eRde22; 8Bn24a25026, 2688 2201 B rudieetides in length,

3%#%%1@&9 of @gﬁgﬁ%g%ﬂ%ﬂ?\y&fs t&g) érolim?g 8’f’ﬁ'{é%§)lgﬂgthghe S
conl il 25 35 noretlod aia, i oo Tieees” (o S grammatical
Riafiafitd} 084/ 2@A7 9 thid GpreifRaioh - is betuisABAf & QHe bc}aérrﬂn‘fmcludes and

or nore other doubl e-stranded regi ons, the wunpaired

shgulsheet bexiakeoras axdudibgdhe pl’%saﬂceeca‘tcrthe@,@qmmé%gr fejures.

be of the same or different lengths. Preferably,
effect\/Mhesfqhencﬂeﬂ affectar sequeanckD mutdngetl’dtm ian second effector

RDoREeY By peehHBynd 554 g Goyith ch TeutoufeRpagey sequence

Zhay Ooez%rihlé%béét 'II‘?'esﬁth”aI Siftdtion, 'tﬂedééécﬁfoe’é\‘fector sequence (which
embodi nents, the effector sequences are 17

AGualiy js raQt deagned,to bg substantizlly fdentizel t@rary,;opartlcular target) can be

Cfief Ao PrersBly, the SEHEERbEERY 1R BB nuqleghidas in length. A
aﬁuﬁt@bl@@stéﬁﬂ@é% Var.&mcuwghmnfswmpslemt (or its

granmati cal iants) as used in this

speci fe gy PR B3 Rl ubSaifdE drepdtialyP ehpapsd, Rshds (which

shoul dBnotIé%gr%z en as9exc uc]%'g th ere%relgewnceﬁo ﬁ s (whic

gheyaigcs bersﬁa@mgj seaueerr) eontainingralt least actingle unpalred base that
er, t second ef f.ector

stie ncrglglg%ﬂ}%aﬁﬁbl?h%[faqcﬁg egIns; ‘P tl&? nyﬁ@c a&% Igur‘ther a bubble

dagp | errit WABFE dnecaand ©f tﬁéyn@@IeR:nB@ﬂCﬁ‘Q:Iudéé éHérbramore spacer
situation, the second effector sequenc I%év\,hl ch

usieeatidesdatyeet dbe govble siramieﬂm@gtm and the of@@hﬁtraad includes no

by hupiEoftel T2 shBE e Bhd BcRolifegPhinat other strand

i fedréhgtjinctidn of the double-stranded regions form the bubble with the one or

more spacer nucleotides. Preferably the RNA according to this aspect of the

present invention includes one loop region and one or more bubble regions.
Preferably the bubble regions comprise 1 to 20 unpaired nucleotides per RNA
strand. More preferably, the bubble regions comprise 2 to 10 unpaired
nucleotides. In a preferred embodiment the bubble region inciudes the nucleotide
sequence AA, UU, UUA, UUAG, UUACAA or N1AAN,, where N4 and Nz are any of
C, G, U and A and may be the same or different. In a further preferred
embodiment, the opposing sequence to each of these to form the bubble is AA,
UU, UUG, UUGA, UUGUUG, and N1AAN; respectively, where N1 and N, are any



sui tabl e stem sequence is GACUGAA and its conpl enent.
Bubbl es are forned by two unpaired, or partially

wanpaiteesd; strands (which may al so be spaci ngPCT/AU2004/000759

10

15

20

25

sequences) containing at | east si ngl e unpaired base
that 20 bridge or link the double stranded regions on

t c|el.C ] F y form where one

s&f%’%’ gfdrt%gﬁﬁg’@@épgt@%&anﬁn%ﬁé%ngﬁe or nore spacer

nucl eqti des bet ween the.doubl e stranded.regions. an

the otifef rrBHAd AetRuBeHt & BURRERZRS Al st prosent
linvértion €8ffpriseS Wik dBNBleNyFasdd FaSAORHISA sebAffted by a bubble
strand near the junction of the doubl e-stranded
rreglasnandl oa noep atboms landwpt the kouble standsdnidNé sggierr In another
nucleotjdes, Preferaply the. RNA.accordin 0 Lhis . ,
Bt el L Y phoBin i T ARIeED 3§ o, desent invention
rheiseyfive toudle BRERISWIRNA regnenvith fiecfirt alldysédihd, second
bubbl e regi ons conprise 1 to 20 unpaired nucl eoti des

pnd Ried, sthirdn@ndivieertivr andr iy antk fiitihodeublegstsagded regions,
JREBEHABAC e BopBREd B S Pocit Snd Vi aftego B BRE end of the

FiFteeousio strafded BIWA teifion UUAG,  UUACAA or NI AANZ, where

N, and N2 are any of C, G U and A and may be the

sane qp ghdther préferrel @mbbdiniert, Biebeikr SdviciEadtdidiiuct including
t he opposi ng sequence to each of these to formthe

eesience sXARY-LOU-BAUGwhaosln; UUGUUG, and NI AAN2
respectively, where N1 and N2 are any WD 2004/ 106517

PCT/ ADRGOH 000IEpfide IsequienCe substardiallp idediicalytobe firieregion, or a
same or different. In a preferred enbodi nent, a

nfRNsSTipt 9ta dediPBoPHR FRJOEBISME present i nvention

conprises two doubl e stranded RNA regi ons separated by

a bubbY i anuglestidarsgaqrener pf afe enaaradusieatidesdoubl e
stranded RNA region. In another 5 preferred

enbodiAina hutlestidesegilienee sbiorertbadiXig to t he present
invention conprises five double stranded RNA regions,

w th tBés &inusleotide segaenck shedemttianatdnt mondcorhplierbntary to A;
and fourth and fourth and fifth double stranded

regi onsis a [cvpPssduerekby, being separated by a bubble

region and with a loop at one end of the fifth double
stran ' . ferred
errbod%ﬁ?%%@?éwgoépg\ﬁbﬁgwaﬂa%’ngthrauct i ncl udi ng
sequenge -X:A-Y:.L-Y -B-X - wherein: X is a nucleotide

s equentds SHBSEHRIAPPPPIRSRIERLR Yo o first region, or

a transcript of a region, of a target gene; Y is a

nucl eddqdjtionalqgiacter cteisaces. Mithe cRIMIRBENERY: sequences to form
duplexes, and with or without spacer sequences like A in this embodiment may be

added.

In another preferred embodiment, there is provided a construct including

sequence -X-A-Y-L-Y'-X'-, wherein:

X is a nucleotide sequence substantially identical to a first region, or a

transcript of a region, of a target gene;
Y is a nucleotide sequence of one or more nucleotides;
A is a nucleotide sequence shorter than X;

L is a loop sequence;



15 Ais a nucl eotide sequence shorter than X; Bis a
nucl eoti de sequence shorter than X and

waoem4geispt ementary to A; L is a | oop sequencePCMAUR®4/000759
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substantially conpl ementary t04%; and Y is
substantially conplenentary to Y. 20 Additi onal

ef f ectgr. seguen wi th conpl ementary sequences to

form XipPURdaniaRednpRTEIa fige: 28Hacer sequences

like Ain this enbodi nent may be added. |n another

pr ef er¥ d¢i subsiantiaibheomplesientasy tr¥bvi ded a construct

i ncluding sequence -X-A-Y-L-Y -X -, wherein: 25 X is

a nucllecanatbes pogferred smbedinmentalneye iisleorovidat @ acamstruct including

first regiog, of ranscript of a region, of a

tse?ﬂéfsf‘c%§h€?‘h79i'%(qawﬁ?ﬁf§?'@oti de sequence of one or nore

nucl eqtides; A is a nucleotide sequence shorter than

X: L i%xiena @gﬁle@g%men@@ antiplly,identical to a first region, or a
J 9 oy ubstantially

Eogn%slégﬁﬁ%é\?%&ﬁ %;éfaarl; th%eIS,S substantial ly

conpl nt a Y. 0 r j ment

trere 1 & pRbeblne seblpBRrbihe BE P REBR88E N ce

-X-Y-L-Y f( -, Wherein: 5 X is a nucl eotide sequence

subst an'fi&I0Y SEFeal to a first region, or a

transcgript of a region, of a target gene; Y is a

nucl eat i'%éugﬁéﬂﬂﬂyec@f‘pl@merﬂ?rynt@%g ikl eotides; L is

a | oop sequence;, X is substantially conplenentary to

X; and’ ig eulystaptalyenalementasy ©ohmpl ementary to Y. In

a further enbodinent, L conprises -P-Q R-S-T-, wherein

P, Q IRa farthed embosiabnt, dpcarsprisesa-MeRe3{li-devisargineRc@, R, S and
one or nore nuc|eot,ides and and S are .

P} 6P G rarsREnGA Thclsate e Ot 4601 0Rs purlppfides aad Q and S

e YbRbRAbR Wik Raeh dMer, R arkd TR HRIidCOPdrRih@ B-bubble and

P is preferably one of UU, UUA UUAG or UUACAA. 15

R é an alpipgired heo pgaien. iy issprplierably ene eatR),dUANBRIAG ©r UUACAA.

B, Ot PeShay 48 VB RS o i i L

UUG, UUGA and UUGUUG respectively or vice versa. In one preferred
embodiment, R is UUCAAGAGA.

In one embodiment, Y is substantially identical to a second region, or a
transcript of a region, of a target gene, the target gene being the same or different
from the gene referred to in the definition of X. Where the target genes are the
same, typically different regions will be targeted by X and Y.

In another preferred embodiment, there is provided a construct further

including the sequences C and D in the form -C-X-A-Y-L-Y'-B-X'-D-, wherein:
C is a nucleotide sequence shorter than X;
D is a nucleotide sequence shorter than X non-complementary to C.

In another preferred embodiment, there is provided a construct including
sequence -S-A-T-A-U-A-V-A-W-L-W'-B-V'-B-U'-B-T'-B-S'-, wherein:

S, T, U, Vand W are nucleotide sequences each substantially identical to a

region, or a transcript of a region, of a target gene;



enbodi nent, R is UUCAAGAGA. I n one enbodinent, Y is
substantially identical to a second region, or a

wao e@nsedsipt of a region, of a target gene, thePCHAY2104/000759
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gene being the sanme or differe 20 from the gene
referred to in the definition of X Were the target

h , .
et afbis 2 plpoleErbbRos Shele R BET H: $5aR8 W Meath A may be
m@gdm@md.ﬁémtt)e is provided a construct further

i ncluding the sequences C and Din the form

-G X- 8 ¥s lg huckotide [%e%(déh%éeélﬁbrt& tfar@ S)UT] eptV dhd W and non-
sequence shorter than is a nucl eot’ dé sequence

spomlementary tx Adﬁacbrﬁ)lr@awenbﬁamp same. on diffgrenthbut each B is non-
%hgr]; éﬁ%ﬁtaerﬁﬁdgnmé@&)setdj A geéu:’erp o\\r(/hgﬁ %oﬁgfé‘i’étréﬁc}ed construct is
formied -abodt Aetuénd¥ IL- MY -dbméalifg bf- 8;TTU; \B*aﬁd-W Wi tHelir respective

S, T, U V and Ware nucl eotide sequences each
@@Bmlalﬂilemﬂ)ly identical to a region, or a transcript
of a region, of a target gene; WO 2004/ 106517

PCT/ AllJZiSGﬂlbOOGS'&S]QenQQ A is a nucl eoti de sequence
shorter than S, T, U, V and W(each A may be the sane

or di fS’ eTerU )V afid V¢ aremiudiestidedse estieesaribstamtially complementary

than S, T, U V and Wand non- conplenentary to A

te&sH. B.M@n8Nt he sane or different, but each Bis

non- 5 conplenentary to its opposed A sequence when a

doubl é%mlbhdawmatedm ohe skilledein thbart, itisqueintecessary that the
anneal i n Vand Wwth th respective

SV ERBRTUS B weroratoy St ek, SFOF okaiMBYE! in g gmbodiment

\OF tie wéumbﬁomolﬁ |SRAiesteRtd sedisdpefédot yequences together with any

conpl ementary 10 toS, T,U, VandW As w || be

Sppeng seeeense, ae gsnerated (a9, transgribedihy pgefINA sequence), and

166 SRRetsh S ke SbhHISARIY 3, 8, 88436P 58y @ces, together

iwithe Bhy @pacingesetjudneasard gesérated (é@cmdsoe‘bfedcftcﬂﬁ a separate DNA
sequences, together with any spacing seguence,
sequeaeel (e Mpaﬁgdn@r@e@% %ﬁﬂéiwss%@ueh@e‘)md%l’nﬁm control of

]S%Petg%o%m&%s ﬁH?%d;rg:sﬁghEMcé:W Bgeéﬁaﬂ:rh\édtt% &iffer transcript or

r-'sequéences any spaci
santienibe, loap @ﬂ@ehed & e Begnd of anectrar*sedpﬁc amhthae 5 end of the other

Y ssant Ay (R EARTIIMES. e EnGes Hes S1E RAA construct i
{908 SGANRRSS BPYa BINALESEIRREL (B & EBET irf tRRSERIUiIMENt, the two
transcripts would be separately generated, and then would hybridise through
annealing between the at least first and second effector sequences and their
complements.

In a further aspect of the present invention there is provided a nucleic acid
construct encoding any of the ribonucleic acids described above. In a preferred
embodiment, this construct is a deoxyribonucleic acid (DNA) construct. In one
embodiment, the DNA construct includes a sequence encoding a ribonucleic acid
(RNA) suitable for use as interfering RNA in gene silencing techniques, the
construct comprising in a 5 to 3’ direction at least a first effector-encoding
sequence, a second effector-encoding sequence, a sequence substantially
complementary to the second effector-encoding sequence and a sequence



part of the [oop attached to the 3' end of one
transcript and the 5° end of the other 20 transcript,

wa@pa4aodsigat i on perforned. In circunstances WhBCEAUR®4/000759
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RNA construct is to be deliverﬁd by a DNA construct
to acell, in this enbodinent, the two transcripts

s FapttEuT TR HEenfila 18 3fe  F08t. IRiOBYNGding sequence,  the
fdonsplemethtagc geduehtest cansetencapabled df hedrming double stranded

conpl ements., 25 In a further aspect of the present
iragionsi witht e despediivey plieiorencedianc sRqupncesndtansetipts. In an
s ' dcl eioe  aGi.ds: i he :
FARGCPRARY 19 LD RO e By SRR A EhR sequence
dpaxed iflornuthé edecond i effecttgncodirsd segiendenbyprefirst spacing sequence
gﬁ‘bodi ment, the DNA construct é{n | udes a sequence .
cRihgCh MeBhulHelestidesd  ( ﬁ&;ra bt dBe efse substantially

RS 1) @5R U5 DSy N Bhee! eied rom e
selqueste aubstantiall g cooglementey de e firgt effantordencoding sequence by

GRS SRR PO PURBS A ile OF FRAE GRLcERLLBE P etaiablie dhe second
HAHPSEYRITS Y02 PO LAABEIIHR TR ABOGIGRY Ea8uedde. Accordingly,

substantially conplenentary to the firs

éhe e RN - efy cotli enpasiedu dyc ethet meiclaionatid meansiryct according to this

:ﬁﬁ@%ﬁéﬁeﬂt rctgb?fgférsi %zﬁt %ﬁgggt§géhc):¢t@£eméﬁgng§& HI\?A region is spaced

ffdrRCchAr adredt Ndo e Usiiaesed tRRIAS Gegidhs byl B @Pacing (non-pairing)
enbodi nent” of this aspect of the invention, the first

SHEpenee - ik PRGNS sqaesnee fenEng pacricaliesinbuhbles e dgtprably, the
SHE S5 AL RERPPIRGus B Ll SeARLAG JERHED e secone
sffsstanseqidnce andnihe rszjuahye tsubishentiziig @atinplementary to it, wherein
ef fector-encodi ng sequence i s spaced fromthe . )

deguBhV: Qlibst agfGoskedy byonipee Mbiglels yagid eprstrygtsaccording to this

eérES&&iH{érR?&‘h% 89065 60t wh tth% ﬁRl‘AO@?d$fbaﬁrﬁ’\9the double-stranded

sequence of one or nore nucleotides. Preferably, the

gegiond béfWwesradhe gsereqd esffectdo aequenhcaranehtheviselquehee substantially

first spacin equence ccordingly, the RNA of, or

SReRletTERaY i Seror eHerar S8Rt accor di g to

this enbodi nent can fold so that at |east one double,

st r andBcP fpthercagnaet the prrgany inverdienaproyigiesca muctiegeisl construct
d RNA. 201 0 spagi N RAl fr :

TAAOREL o PRa G Ralbafor BbSRI0BR750E' (RUA) quigble for use as

hintelbfeeingPRNAT iablggnet bikeridinguetkniquesi b sileste uattarget gene, the

further includes a spacing sequence between the second i

GoNSHUEt COBRIEING IR ' hio sBqdieertions gbdeasit pafirsy effector-encoding

gs)%aﬂkﬁggntﬁryeéo%d Lt .dﬁd{'ﬁggsc%n%' é’rﬁ(ﬁlﬁ;é}%%d substantially

e hucl eic acid construc ng’' to
complementary to the second effector-encoding sequence and a sequence

1))

substantially complementary to the first effector-encoding sequence, wherein the
transcripts of the complementary sequences are capable of forming double
stranded regions with the franscripts of their respective effector-encoding
sequences and wherein at least one of these sequences is substantially identical

to a region of the target gene.

Preferably, the nucleic acid construct further comprises a spacing sequence

of one or more nucleotides wherein any two of the encoding sequences are
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conpl enentary to the second effﬁctor sequence. In a
further aspect the present inv tion provides a

nucl ei,c, aci d construct includin uence encodin
PHRCBH R SpaGEE S eCes i T b es GUEPGERE e st effector-
| SHCRHIrRY $88LIENR i5RpAEsE fionm ENE b8CriEEREEIBHeRCOGINgG. sequence by the
silence a target ene the construct conprising in

Spacingzsequenas AOA/oatthe esasuence suhstantiallyt quplﬁamtarg' to the first

RGBS SERPRoF I8 Rl PO SE TS %REBRE substantialy

efonesibaT aﬁf?@dltlﬁ@ﬂm@ﬁ@ﬁﬁﬁ—eﬁmddmgsﬁqwmeb the spacing sequence.
substantlal y conplenentary to the first y P 9584

ef f eCliAr xe RGAEM HreRALEN ehnbydient ”thbh@\ucté’@nééiﬂ' Bbstruct further
of the conplenmentary sequences are capable of form ng

dmmrbmsessam axddé@naégpaaegvaaqwenne tinampeefepres embodisnent, the first
rersqogcti ffector-encadi g% dsg quenges and erﬁir% di
ALY TN D ST s juehassi IOMpSi%nereq, Sitector-encoding
i é@fiiehedlor the SedjRFHcensWhstahfallREaeblcdtaftanPtefties aleknd effector-
the nucleic acid construct further conprises a spacin

g
fnpedingesegiensgcisgipaeet dremdhe gaayescatisbstantigly complementary to

s 8 808 e3 4 SRERENEG By Mo adloRg "Bhing, saausnpe and the

frefseripedf thebfidt spating segaehtcs $8 nef aeséalableanitio tharranscript of the
sequence i s spaced fromthe second effector-encodi ng

slitional spacing $ea8BREF-ng sequence and/ or the sequence
substantially conplenentary to the first
ef f ect'Ore audeisi agid sensiswelorian Rireacearding tocthedgvemiion will usually

3&%’%&?%é*@h@ﬁ&?héggi%%ﬁd!%% the spac ranjt sequence

conet et Rt ETertash sRECCMER dhemcisia acidh gdfsgct comprises
1 BeqliBnée pcheBﬁérSfj rﬁHf‘é)quéRe’HtldeEhBeMéeﬁ the sedcond effector

ef fector - encodl ng sequence Is spaced fromthe secon
arfogdmg sequsgierand thegseqisnasr subistantiadiyaereplementary to the second

antia Ierrent ary to the second effector 10
e&fﬁe& ?Q&ﬁgﬁ%% Spaced fromthe sequence
subst tlal conpl e the fjirst .
o T octIeIaAbY .l e OGNS sy Contiiegcliron ainclysias; g loop coding
ES l?é‘tﬁ/etehethet 58861 | dfectir-dit®dind SeqBBAGE rkﬁhd the sequence

sequence 1s not anneal able with the transcrl pt of
a&ﬂthtardwdiy CQUngn’meﬂmseddmi efiettor-enaedidg sequence The loop

nstr ct.‘ or _an ccordl to the inventign wll .

Uﬁﬁﬁb ﬂﬁ% Pan o9 s%‘i‘%?@ |@ﬁ1wé‘?f’s sequence 1s
5TTCAAGAGA3’. In a further embodiment, the loop sequence is
5TTTGTGTAGS'.

Preferably the construct is derived from a DNA vector selected from the
group consisting of a plasmid, a bacteriophage and a viral-based vector.
Preferably the DNA construct is suitable for producing RNA suitable for use as
interfering RNA in gene silencing technologies. More preferably, the construct can
be introduced into a cell where gene silencing is to take place and interfering RNA
can be transcribed within this cell.

Preferably the first effector sequence or its complementary sequence is
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construct conprises a spacing sequence of one or nore
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sequence and the sequence subsygntially conplenentary
to the second effector-encoding sequence.

Sl ATk %ﬁ%%@@%&e&%&ﬂﬁ%ﬁ%aw%%?égesnoé a target gene.

dhfort embeoineshtthessstopicstfavior $dtpietreauridecomplementary sequence
substantial ly con‘pl enentary to the second

df ﬁ@ES@m'@Hﬁt@@lnH@a'st@dU@ seaie oha diffRypnt region; of e same or a different

Slasfe.. T, bR pPaREhTRe b, SREis RBafence o s

tdmnﬂ)lenmmaqlwwence is éﬁb&aﬁﬂ'é"@' iden6sal. toks eégionldfya tifferent target
construct is derived froma DNA vector selected from

t98€.gr oup consisting of a plasmd, a bacteriophage
and a viral -based vector. Preferably the DNA _
const rincanatgers ambagiraenty the MiNAceanstman compriseseun ¢e five effector-

i f 'ng Of OfJae | .
el grlienfhp e FaPhy B P6R° HooBBH, iestor. sraugnggs or their
| cnplerepiarydeyuRnees lis Wobstantialye iddritieactong regidroof akiarget gene.
place and interfering RNA can be transcribed wthin

t Hies enspded p@@@%tﬂegusﬁ@es isthedt CoptriymeBtngniRausnces may be

' @Fﬁ%@%gﬁ%@%gﬁ %g{ it Iyg?rt%gfqde% Jg@z?l?%;?r to different regions in

shbshard teaagélygermpl ementary to a region of a target
gene. In one enbodiment, the second effector sequence

or itsrT h@mﬁmb@wrdﬁi@tﬁﬁ@epresenﬁmbéhmn hﬁdy fﬂrther contain one or
identical to the sane or different region of

Jafee gegdlateryf éleémntStmﬁko\ngéwscrlﬁﬂ%o@fhéhe RNA to take place.
SRR e loh Ca R ERE RO ERRY RIS Bbuwiphis operaby

Ircal

riededrwith tiee ﬂoﬂlbarcﬁrthetcajr@mct gﬂmding theunatlede acid according to the
enbodi nent, .t he t ruct co es, u

d?r?%'i‘fomveﬂﬁ%d‘?‘ﬁ@r ﬁ?é%@o Si] akﬁf § ke '-Ei%jolﬂaéhe polynucleotide
&t ‘Pfacﬁﬁgtl'ﬁfflfe‘ﬁ% thteh@r'iélce R HRORBRHIALN dE RAESIMRR for inducible

i's substantr al tical to aregion of a target
dearescripfio hef eﬂwdeﬂgmﬁd@mt@e senueligmricteotideei and polynucleotide

co I t bstantial |y,
Aeer. T sEEreReoh i ireRIter And s darlity aftheopromoter to
thfjué‘é BRbre’s8dnAAthé th va/B%rfiﬁWer éﬁ\ﬂﬁinrﬂ@ﬁﬁn wHIEh the transcription is

construct accordi ng to the pr esent 1 nvention ma\é
ftcrrtaherplmﬂmawpmferred emipe@mesy dhe popyotardgmn RNA polymerase 1l

Pﬁ‘{ NSRS RLh 22 96 o %&&take pl ace.

One or more of the regulatory elements of the construct according to the
present invention may be a terminator sequence. Such a terminator sequence
may be operably linked with the portion of the construct encoding the nucleic acid
of the present invention in order to determine the sequence of the 3' end of the
transcribed nucleic acid. Terminators for the various classes of RNA polymerase
as known to those skilled in the art. In one embodiment, the terminator is a pol I
terminator. In another embodiment, the terminator is a pol lll terminator.

Preferably, the pol Il terminator includes the sequences TTTTT or TTTTTT.

As will be appreciated, such constructs will often also include selection
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is a pronoter, which is operably linked with the
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according to the present invention. A variety of
pronoters may be included in the pol ynucl eotide

et of Red b dep AR E?is%%i%g@@r@%%ﬁ%ﬁ%% efyne sies.
20 Sedlier QTS <BrORGHoRE "t BHORGE codngofHBil” ncludes 2
HhristAptional ahit! BEmPBFSKE! & promotdlel e ISR 8SfisPNefféctor-encoding

einvivo or in vitro environnent in which _
tmﬁceipta osedond tetﬁelcmfeerplm $3ﬂbwr}§eef@rseqijence substantially

Rl oD 2. Slosns, B PRRAEG " Shcbhnsrd seauence
cgubfs%traﬂg%@mrémahta AENfos thé fike efestbF-eftodingOsdylience and a

resent invention nmay be a term nator
detuinate. smneace,erﬁhaat erometpienceffedialy breqyesncepl y sequences

RGPy RS 30 S SRR ARG Sy e

dRriee Mrticiic taid seutiseleE nady tihelude iBnddditiohhtd the transcrlptlonal unit
transcri bed nucleic acid. Termnators for_ the variou

@%‘b@d GPoRRAt WS} @@pd‘ggheayagﬁq\ymlopal H%%C@Wml%NA suitable for
%& r@értr;]erﬁ | n ano r ﬁ@)&ﬁ:ﬂﬁ'ﬁ{ﬂﬁhﬁﬁs | By 8opHably linked”

tlarthermimxextl of tmeppresbht m\mnlmnaheans tPateﬂmr whhgcriptioa of a nucleic
poI nat or | ude}d_}]he sEﬁqu n TTTTT

1e]-mogy qx?qri]l)ygl'ée ert w &fzgan?@d Preferably
Ct@ﬁ o Og&;) O:B“t%té&ewﬁﬁheé?{/ &Br WO 2004/ 106517

0/59 17 markers or sequences (eg,
Anpi ci t y .
&i Fes. Thq DNAToRRIEE otk rediiatdry il o Bmepts inserted by
Qﬁeﬂtddlsdtndvﬂtimtlwsaﬁ sd agne optiptisetied transtrigtiomof tHenBNA suitable
pronot er; at lﬁﬁié a flrst ef fect or-encodi ng
s}’@ﬁuﬁﬂ@é intgriggng 7 gens sllencina e ni@RRence;

sequence substantially 5 conplenmentary to the second

effectlbwﬂleb@@apa@né@q person sklgddnde asgiibat deexuibopucleic acids
gﬁjﬁ@egﬁé‘ﬁ%}ﬁg@ gr Segé éhﬂA)%%g‘i (9[1d8'?ﬁ8(ﬂh§$ﬁl%ﬁe%%88 Thus RNA

term n nce ronoter

Sﬁctblem&xtﬁqmm@%ntqﬁmtmmbwo%stmdléie aedd eoh’@inlng principally
sequences and term nator being operably linked, The

rﬁﬂM &r calh af theorBeRycleotidgs juragilidd).i AUARRRIRS %) cpﬁ%ne (C) and

FARTREINC VAR BReB mokffic 7 of CHRTAIR AN a8 g nucteotde

Lereloguestreay ealso gb&NAcfuaiedu sdthim genlaszN Iseqoenge. Likewise, DNA
tec n.i ues erabl y . |linked n the, cont ext
s SRy 2Rl oo AN ot dhe S RRYribdRucleiHeS T IdRF 6P, guanosine
\%G)UCdy%éine )dahé é@éjdﬂs%@d(A?y Ho%vb?%béfﬁ@ﬂyo?hﬂﬁﬁﬂ\hse altered
which it ‘is connected. Preferabl
nucleotides and nucleotide analogues may also be included within a DNA

sequence.

In another aspect of the present invention there is provided a method of
producing RNA from the construct according to the present invention. The RNA is
preferably RNAI for use in gene silencing techniques. The RNA may be produced
from the construct according to the present invention in vitro, or by in vivo
techniques after introduction of the construct into a cell. In this specification,
“silence” means reduced expression, but is not limited to prevention of expression.
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optim se the transcription of ge RNA suitable for
use as | nterferi ng RNA in gene Silencing techniques.

L oA b eSS B o s o
ﬁmlﬁﬁn? RiNé) erbésblﬁfh' oelen Madti gsheusy @niddiging ThesnudMic acid or

he context of the present invention includes
roosteid atithe quasentninvgniien ieipal £§ll afyolber Aystan ehenvironment

E’Efr%ﬁﬂﬁé %@gﬁ%@otieﬁ%@utﬁréﬁ) 39&813”?)' éadG)tgrrﬁéo‘t: IQ_?g%llng.egncluding for

akaeiphsl anesll Bebicasasdimuitioesystem eahabntaisiagrmyargetgene to be
be i ncI uded within an RNA seq uence

siencachdsipeiRNAWeChpiadas- J)maaprp esfed W@Eodlment r[r)mﬁlple target genes
I ne (T), guanosine 25 (G,

ggmwﬂg(qb%)% tg%étggg%ggé{ﬁr?ﬁ(& howeger nodi fi ed (()r)

ot herwi se.altered cleoti n

anal ofuigigt AEE B FBe il B frBHECE BiosMBelein aqid or construct

eRcefyhE ra/Ras bokf of the pressshventi@nintoa ddlieMrussbased vectors,

provided a nethod of producing RNA fromthe construct

suebras Hpaeorqlw@dpﬁ%geﬁmowwerﬂ@nMUSTWerq:tr@NW@, mgy be used. The

BTN 2y R 45 4B S BRI ARMIANGRy be i viro

e Vike @i reeivo. iITheepkp@ssion of the nuateibdadid afhevantroductlon of the
techni ques after introduction of e constru \
SEnBIUGAGRTEIng fR 47 ged9 Pteéﬁnémvent@m"gﬁ@eﬁ qﬁ@é&éﬂ% b%e@hat is, long-

FoF! r RV QINe Piefefred vector. Other
g‘%’((@ﬁ)ei’iu fnsight | AqBAb-ssBriafit Mt B Sl BRefined vector ©
ancfehred \aperstarefretrbdrgl ramsidantiviral @atioos t here is
provi ded a nethod of inhibiting the expression of a

t ar getThgeueebyf i thier atithbd gof Ihisnasbetic oficihg quresent invention has
construct of the present invention into a cel
@mbseatm kwogpe @rammﬁﬁﬁtegl%sewhetr%.ma‘t'&@pe@@@.'Bﬁctlva’ﬂon and/or

tfel niﬂa Cetﬁ‘ns'd?n Ofg@? {jfgfstl 2 Vﬁle(' Bg| %d&%eﬁég would be

| ysate, tfo systemetc
@@ntaatagemgsanaegamp@enﬂruseshaay§ne| emnie:dleldsbylgar@wng two or more

techniques.. In a eferred emhodi nment

gesiess &ra wiseh ogndmge b 0P8 &l S W hplfeiborgasigtRd likelinood
‘fﬁ‘éq fleYviflls g'ﬁgg 0ot B Mo 5o dbred réQistaRt IO @ffbBeof a particular DNA
nucl el c acl r construct encoding the nucleic acid

@bnstracipr egrdimerniore e muiltiple |sneon a sjaglle vingl geaetmaye@e targeting usmg
yecto

{55 R oty 5V el ABSSgh 1L P BRIV E: angper potent
Qnis;t Eﬁvfﬂﬁcgﬁt%%ww% @ue@ugnt 8 $iRglePEGsRRict IiRactvatiag both viral
genes and also host genes involved in viral replication. Such uses and methods
are within the scope of the invention. Accprdlngly, the method of the present
invention may be used to inactivate two or more genes of the human
immunodeficiency virus (HIV) or to inactivate one or more HIV genes and one or

more HIV receptors on the host cell, for example the CCR4 receptor.

In cancers, mutations frequently occur in multiple genes. For gene therapy
approaches, inactivation of two or more critical genes involved in tumour
development are likely to prove more effective in controlling cancer cell

proliferation than DNA constructs inactivating a single gene. For example, the



ex vivo or in vivo. The expression of the nucleic acid
after introduction of the construct according to the
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| ong- term) or transient. Aden associated virus is
one preferred vector. QO her preferred vectors are

b%%’{% Rhricht tcﬁ %gp%rglgléf@)‘ t%r?é pﬁgﬁ'b{?%rsg\ rkfenééﬁ?llgoar’%éﬂ%g the cumulative

ekt C@ft it@oS sighalierte dpéfthwaw sbhidleal elsy whes edifferdritplgenes. The
gene inactivation an |l ete inactivation of a
@gﬁ@ltqn@usggaﬁ%\raélonagf mwﬁg@@ew@)ﬂ resallt in more immediate control

%svw%gf;ﬁxgwtfoﬁu%%nﬁﬁé%oﬁ% ;tlﬁgrﬁosdi‘g QSIOF)PrﬂeItr{tOHaSF involve two

eltegrilive pdthways rcmtrotl@@rbqujnﬁdm meegv\mmeby Hﬂ&i ifhitsiion of both
that the virus mght nutate to %stant _b&_the
é’ﬁ”@’&@ysofwﬁmﬁarqq cﬁl seayifgmert §fr tivge inlipition of  tumour

@%b&bﬁh?% njite in asingle viral gene nay be targeting
usi ng € nucleic acid or construct according to the

Egﬁts fj’%eﬁﬂéﬁ{g b%&:(o(gé\ﬁgtstpghls é)sga%%{ {Dia{he o@?ehﬂtn\’/bﬁﬁ%n may be useful

ifveerie Yr%btrﬁ@ntbahb/o‘t‘lm@k/eﬂﬁbrgwftﬁs@yé iy ﬁlariwsindgammals including
involved in viral replication. Such uses and netho

duanans: Hinis methed digs he agkentage Rvebman:eihes .’fﬁ?@tryents in that the
td%ggﬁbtﬁ@tﬁéofe@ﬁlmﬁwgpedxm n{e%jo?ﬁh%eb&)éé?&ﬂytf& side-effects.

nes o
more e C%nbéczlﬁéﬂéﬂ stigisilies op PRELINGY do it lises in target
Riesihitiol And Hehe SiASHDIE stuted CRér re&@ﬁrml@rDl@Ocd)xﬁlstructs according to
cancers, nutations frequently occur in nulti plaﬁgenes

fae njesent: nuealign "@%}prb@aéﬂ%'gneﬁi veerebytthenceistiugh cgp inactivate a
}fj’rgcﬁ? :@EQF;& ﬁg p%%@%snh@‘é?aﬁ%eéc%u%%l@ z{)r th%?pgl-lgfﬁg&ﬁer to establish

prove cont
the Gsieretypic ¢ffemit$ f(ﬁrmhlbthmg tlaes d&l}stﬁesmmsto*fuat;sartlcular gene in the
i nactivatin SI n gene. For ex the WO
EOYHPIOEHT W 0‘64? GQB?BUesﬁgd-d‘g%@T SBAEARCEst cap be included in
r
@ﬁ%tﬂﬁﬂ)l@ taf ?g@gtrﬁ i} \M"[) eglﬁg #Pf @ﬁg@ﬂggélﬂi V\ggg M¥rdrP&equences can

dntlonéd eﬂo tiye DMA dohéteucrairegdy eossassing dhertdrpenssguence for gene

ig?r.@ti tion % %ﬁ Qﬁa&t{"\c"éuﬁes (%Seg' : q';lgqq.ﬁ)péunlﬂggvn functions

thigBrst G 1sCalbhartivhtcdf nat i ve
pat kg%r??\?glsﬁd bysdlgfferent genels wher eby the

i nhi bi f At el

01 SR AR B RN vo rcicten
Theludmghempamadiyobmgyt\rartdmssalgspMS of Whieee pthe@ena: more than one
I nvention nmay be usef ul t he treat nent and/or

SRl tiaeto bl ol UGS SRORRTTRR ShaY i Jaglided in one

construct.

Different  non-complementary  bubble-forming or  bubble-encoding
sequences in the constructs or nucleic acids of the present invention may have
different activity in respect of gene silencing. Accordingly, random libraries of
bubble sequences may be generated to determine the optimal sequences required
for gene silencing activity for any given application or system. Such a method
may involve inserting one or more randomised nucleotides into specific defined
positions along a bubble sequence in a DNA construct and testing the activity of
the interfering RNA encoded by the adjacent double-strand forming region. Such



10 humans. This nethod has the advantage over nmany
other treatnents in that the gene can be targeted with
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side-effects. Miltiple gene igﬁlctivati on strategies
are also likely to have uses if“target definition and

TR T
gﬂgg%bé’ecfsdé‘ﬁcé‘?@ﬁdrl&tsiﬁﬁGchBﬂ@éé abAgi. 15 single gene

possessing a target sequence for that gene. In

.Ord.er.do?\sﬁﬁ[:%blihé&iva'ing ﬁ’ﬁ‘tﬂpﬁlby%r‘r‘%eff gﬁﬁ@% flay also be used in
i nhi bitr ng e expressron of a partictlar gene in the
eransgenicesystevherte gemenAdirsctiyoforethpr effsetd, ofotrfaetivating two known

sequences can be included.in the nmultiple tayget .
86HSEr EEh afbap@s@aff& r@?yr%waame@ﬁal?%&ﬂqw%mpﬁg? complex breeding

gl?(%rg&%e%o e ral2SnBIVRIEH ahithlstdRsEB¥Ing Phdtipkdene inif;tivation.

ssing the target sequence for gene 20
Ther efore h ] t@ .S f .
gencs TP OHRHE RO e ALt boeBralag fol et GfeRRt iflntion may be
fintfeducganiatd & g@gf’o@ a sutdbiley ﬁb&l@xt. Rergd cmgiecé, etxa:ipjemtg and/or diluents
genes targete RNAI, techni ques, ma redicte
CRiiperhimgo bippini g SUpiost TGS PEBLST CAMFUIEER f.S Heb cell should be
ta'&%%ﬁtta'bise "Hurhf3 dr Yakeri ¢ 'g‘iS?hc tﬁfn%?%,u%ﬁq%ﬁﬂfegg, &kdipients and/or

SUCR"target sequences na ncl uded i n one _
ailoshistare. wél-khewe o thase skilipd enthet antyCbhirsss endéordilugnts suitable

aor bubbl e- encodi.n sequences in the constructs or .
b Mo e RS 285G, 4] Sesfn b Bn media, aqueous
%‘oiljtﬁ)rn%,mcoﬁﬁﬁd?éa’i'n%gtibdbtélﬁp&rfd i LIRRE ageh®)CisBbnic and absorption

ccordi ngly, mlibraries of bubbl'e sequences magl_
welaydng agents, toddbedikei fexaepé inssfames asy gaaMestional media or agent

requi red 30 for. gene silencing.activit [ eany 0l v e
i drrageeibleo oy B Aoty ROSHERh olpe Habrorall g “fnposition is
| dResrhbREEP NSuppleiERaneastvaiingdivits eahi=lies bemhcorporated into the
specific defined positions along a bubble sequence in

aoDNoSitNst ruct and testing the activity of the
interfering RNA encoded by the adjacent double-strand
f or ni g areghemasiBeat o \ViDe2p@$enD 6B8ENtIOTCTha (0 proddeda method of

20 buybbl e sequences be to.ten nycl.eotides j

TanbiRadRe SEsSara et Reh s BirBdiEhE sRUE pigduced from the
f st DF XhBUSIaBht d8veritionl ﬁﬂ@t@-céﬁoﬁélﬁﬁaﬂﬁh% a target gene to be
inactivating nultiple target genes may al so be used in

tsilanse@ nisingdyNAbtachniuesr een directly for the effects

of inactivating two known 5 genes. Such an approach

may ciA odral eletiveéryesysienn basechtonofiny apprepridiecddisignay be used to

AR SOY8H N Ak Lot L PoBGERGF . 1 action,
QRO Vichl SFtORE! Rihy! Bel BPUBE.ESTRE AHBIG lof OfraledelRery system wil
depend on various parameters, such as the tissue targeted for delivery,
transduction efficiency of the system, pathogenicity, immunological and toxicity
concerns, and the like. Given the diversity of infections, diseases and other
conditions that are amenable to interference by the RNA and RNA encoded by the
nucleic acid constructs of the present invention, 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
the interfering RNA-containing viral particles are preferably: 1) reproducibly and
stably propagated; 2) able to be purified to high titres; and 3) able to mediate



introduced into a cell in a suitable context. The
carriers, excipients and/or diluents wutilised in
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host cell should be 10 accept aE e for human or
veteri nary applications. Such Carriers, excipients
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di spersion nedi a, aqueous solutions, coatings,
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|(adem1asa0¢la@dewrt§ @d@mpu@m% aed hetras Virgsas )biTthimgistinction is an

PaieBh EeRisifiadt SR BTl B HacmisdPbfir Bartithiar appiications
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qfaéfa‘f) Ehgt@'&ﬂe%’uo{ﬁﬁﬁégy t@‘g)'ﬁa m%ﬁ{/i%frnlre Cih, &(’IC{"@; cells, for example

I nventi on vira

rvﬂyerb&heftar@eEceﬂ'éﬁarecmmy podlifsratiay cdateveslis. syst em
w Il 25 depend on various paraneters, such as the

ti ssugdranaeie, inddnélehbolindent bfm@\sp*@@éhprrw@ﬁfd)ﬁl\ﬁﬂ&)és from the
of the system pat hogem Clt i_mmunol ogi cal and

thadwevrflglae cfamj'élr aee Ulliepd.he h\e IP@VVQ}’W@%Gt'ﬁea dadly seft gmall single-

0 as r on

UrahBs" bORPry PR AL hB B A0S, BByt s000
theledtidesdonrg adndude@mom ﬂwe)famlhﬁnmm@‘etls Ia@}eaot-asmmated virus
it is clear that there is no si n%e 30 viral

t(AdYV)i 8 deendsntparypvisys thal hy; definitipnsreakres C@e!nz%tﬁoﬁgw ith another
in{fs péﬁﬁ'y: %(ﬁ{aﬂenéﬁﬁf%\'%% bb%ew'rtﬁ‘s tBelnﬁl"a?eS%HH Sustain a productive

i nven S | npor e a system
tihfectiotieclelei Ng RN/altsamicai ofi sughva helpguavinuisc NAS/ & Etl" competent to

dofect b tibgiibe @ Beoriooe! B rerantesmeaidiedBagNg bl intamalization,
ﬁe’t‘ﬁaﬁn%@ﬁ%l’eﬁ@%%ﬂ? gﬁﬂ%ﬁg’%@@%;nﬁeﬂsﬂ get ed

very - (delivery of the interféring RNAto the
tissugyQL mﬁ)%rhl.ﬂ,fledéqttﬁé%’&s uﬁ%%}g%ndv‘fh@%éﬁ ﬂe s expressed from

di ssem na i ve nost co
s admblen©$ elifferbnivioras—siet rost pesistént ofgeniehtare rcmpylar monomers.

can be categorized jnto two gro accor di 0 ,
PRVREN Pletale §T5ah8 arnate & hb% OheAdBHt o istably ransduced

NRER 1 INGRBE 76OV 345880 fBD2) R NEXBILS4RASHf the transgene can be
exceptionally stable and in one study with AAV delivery of Factor IX, a dog model
continues to express therapeutic levels of the protein 4.5 years after a single direct
infusion with the virus. Because progeny virus is not produced from AAYV infection
in the absence of helper virus, the extent of transduction is restricted only to the
initial cells that are infected with the virus. However, unlike retrovirus, adenovirus,
and herpes simplex virus, AAV appears to lack human pathogenicity and toxicity
(Kay, et al., Nature 424: 251 (2003) and Thomas, et al., Nature Reviews Genetics
4:346-58 (2003)).
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an inportant determ nant of t suitability of each
vector for particular applications; non-integrating

v2C1 05l 1 5o Bt BV, SHIRA S s e oo gone

@odks, fob Ut leastepuntdeparatechrotsingitilizde ih WNA @bhlicatwirce The “cap”
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esedviieteologads bynsteddtrintd nascesdwvirnicrs the-repfand icap proteins must
Ve B el e AR BhCincion sROaRY HRiSS o) Cioctn wir
IthE ‘F\%ﬁﬂé}ﬁ/\?/ru%}’%& ?% BdEASVIRRSEMNEEpaE VIS IméntisigBabove, also can be

VI Trus, IS sti conpetent to 20 I nfect or
tpravisedde tranisandbe forah of bye rag gepieod Nieeikeressiob pia$mgis Since the

and internal zatio netrati n &he nucl eus. i n,bot
Ao Flnagie Bctes aRRh bl B8 o BonBhSbRR 1R 5o o detivery
himidie VAAWI%Clﬂﬁﬁéd wda ?%%ké@l?ﬁ&%é%lty %f%@rsﬁﬁ@@%tfafr@@d kilobases

a nunber of different e nost” persistent of

wkbkh Heweven @lihaugholiisrsize. restiction imay himilgihe genasdhat can be

%%‘?W%g%g'%r Or{ep;qc%%qe:oﬁt b%l e?%glﬁ,sj%%[g%%l {r@%o%\?e%&?/d affect the

pavkaghigahdéxpressiohaistener séquditcesastutipis RN Inyicleic acids.
stable and in one study with AAV delivery of Factor

IX, a 1qeagei@dabehmiest hﬂktﬁéstrﬁu@tXBéeéadﬁe%géap\%éhf:usun? AAV as a
| evel s of the protein 4.5 years after a si ngle direc

ivethicle dior iudteic hacig i cansiruBesc alsy gxagpley variqus peroeptages of the
roduced fr.om AAV infection h f _hel ne
RS “DoriafRriakr bsstedtnel falidfa *BREN T cadfinft cortain Aav
tRrbfyPedO Howbiar, sifld tetdare 3eeranirony %@rdﬂybbstétﬁne of which the
vi rus. However, unli ke retrovirus, adenovirus,

nd
mﬁrpe@tagemﬁ idividuals, harkousipgeaeralizing @otingeies s vastly reduced,

fl\gf() gggﬂg)?[ﬂ aé’n 831[%&@"@%& IO‘i'ypﬁe(Jég)'i.&?Iﬁb rﬂhgw evvsHH el 4There are at

4e34i6eight (ﬂlﬂ’@ﬁéﬁt)serd@é@wdtI%EJbée?ﬁﬂHa%bl@@Méﬂpﬁ)ﬁB@ozéﬁs of others
Typi Cﬁlgyy, t he genone of AAV contai ns_onl
al

© hpaneisolabad but bavaberarss webﬂ%%%%@\'& g\%gﬁmsér limitation is
RRaE 85 2 redult éf%@gb%b%hﬁﬁé'rﬁ?@é% tol RAV, 390/-ba888 Gherapy may

product 1s s entla enerate the
tdnlyeebqaradmlmsterdsrhtomrphowever use of alternate, non-human derived
serotypes may allow for repeat administrations. Administration route, serotype,

and composition of the delivered genome all influence tissue specificity.

Another limitation in using unmodified AAV systems with a nucleic acid
construct is that transduction can be inefficient. Stable transduction in vivo may
be limited to 5-10% of cells. Yet, different methods are known in the art to boost
stable transduction levels. One approach is utilizing pseudo typing, where AAV-2

genomes are packaged using cap proteins derived from other serotypes. One
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be deleted fromthe genome anggsbe replaced with
het er ol ogous sequences of choice. However, in order

RIS, sl SPorBSIR e iRl VPR, 800 A1, Aavse,
VAAV-@n, AADES I apdanA\Veapfopridsaensultuet stutkeddr ovhéelsighest levels of
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duah v@ngdugian Jeels, mith ias cpasRansling TaCreass dgithg expression of the
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awei cupies of thee RNXQV Se2dndethis RN is Haneoriyed by iloe virion-associated
there are several AAV serotypes, sone,o | ch_t he

RIEIR ISR TaMACHPHSR: 1 SPRBIe SRATIRLONA, 2T double-stranded
e}f)ﬁt\l}éb&dbﬁﬁ/ir‘uﬁ Y5 then ri%??fg’intd)m@ rhg%??%%ﬁfes aRh@bdPPassed from
used or pseudo-typing nma e enployed. There are at

| pEasint @aligiot progéhy cells as arstalylpdsteghated canepdrest of the host genome.

characterized, with dozens of others which have been

i sol atirdsdme eawdieentd, deativirldesdase rthbegreféimeti hmembers of the
limtatign is 25 that as a result of a possib|e imntme
r@HﬁWHé% familynAgor U&Rv“bﬁé%@"@??é\tdﬂ\//e'ﬁ%ﬂ- d-rﬁ"&t'VEBS vectors are often
i Ni 0N : . f ~
TABACBEEHAR Vasicul B S5 GRHRIEH PiSy:G) and havo boor
atbrived sirorat thenisumad nimmsadeficiemcy odrus, (HI¥),othgpetiologindagent of the

(B agaEPe Ry OCRAGEREY Y IHers (BIPSh ViRl Riged, which causes
USHER hElit%d(v%\éR%f%n%ﬂiFndNié th shetiis Lé%tg%@i‘h‘fé’%ti_oﬁg anemia virus (EIAV),

construct Is that transduction ca e i nefficient.

svisibh eatisas autaimnaune hemplybic mgmip ard encephalapathy toborses; feline

aof cells.. Yet. diff t nethods are ip . t . .
aguaderioliay s TEO0, ol Elo8t miARK" defiebliEn h cats; bovine
ummmﬂddwicwdnrdsymlv? WHSH ESU LY pm@waﬁstw &nd lymphocytosis
packaged using cap proteins derived fromother, .
ser@aglsésandm@mm 2weaunodsficierayT/viuz0 ¢3/\Opowbigh zguses immune

%gcfﬁpeﬁgz&/_éﬂbv %ri&é;%%ﬁc%eﬁh? Wﬁ&’%hﬁ%ry pmglré%(?t\w&grﬁﬁgf 4re based on
HIV generally retain <5% of the parental genome, and <25% of the genome is
incorporated into packaging constructs, which minimizes the possibility of the
generation of reverting replication-competent HIV. Biosafety has been further
increased by the development of self-inactivating vectors that contain deletions of
the regulatory elements in the downstream long-terminal-repeat sequence,
eliminating transcription of the packaging signal that is required for vector

mobilization.



AAV- 4, AAV-5, and AAV-6 for tissue culture studies.
The hi ghest levels of transgene expression were
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AAV- 6; producing nearly 2000%4)y gher transgene
expressi on than AAV-2. Thus, he present invention

contegpl ates ,use aof..a p ty V iU hj :
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igthe peeephinveption ReeferRRlY CORPIsHPEAYERESE TEAL e © an S0
w I%ﬂ{iﬁﬂfs.(m&?) fe’f’ér?ﬁlg'tﬁ@e\ﬁr‘al cBRsEcCAMBBAses an inactivated or self-
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¢S BSnta Q%e@&fdﬁbﬁ%énhﬁné@tﬁ%l}éﬂtbﬂQreferably the TATA box, Sp1
i munodeti cliency virus (BlIV) which cause

S .
lapipiBdepppd kiteands| 3 resdcgfttbe iselfdaactivatinotd &;TRadlae provirus that

sim.an i odefi.ciency Vvir - i.ch. ¢ ’ :
TR G, Brcip st kol ), Kot fHRRled 5 LTR, The
RITRBEEenMES hedys behETRagsyUered feom &hy lgetiirus! frym any species.
retain <5% of the parental genone, and <25% of the

Jeheotentiviral-bases ranetrest imaYy gise KRGPMyratenseauences for MMLV or

j La{,m.ze b Lity.of 4t hatd
HISED, TRV BE abifafiE YL In ha iy, S0 USHBRGRLe from the
hestivifal 6t hNER @Rlyibec rephsead] With therotieotel spqeencenin the viral construct.
self-inactivating vectors, that contain de|letion

f .
CHhis megingrense dite e f VS RROQIBHFS (1AM i packaging cell fine.  An

| _ _ ’ i mi nat |
e‘?ﬁw%n%gf %%Cﬂ?éncr %ﬁﬁtglﬁgg%@gedéfgkg n?hlai]gi S required

(FERIEFT BeT R Gt
T:,%;-/ X%mbvggg%ggrzeatAo%enygpoggém(/ims%%l7containing a linear double-
stranded DNA genome. While there are over 40 serotype strains of adenovirus--
most of which cause benign respiratory tract infections in humans--subgroup C
serotypes 2 or 5 are predominantly used as vectors. The adenovirus life cycle
normally does not involve integration into the host genome, rather it replicates as
episomal elements in the nucleus of the host cell and consequently there is no risk
of insertional mutagenesis. The wild type adenovirus genome is approximately 35

kb of which up to 30 kb can be replaced with foreign DNA. There are four early



24 Reverse transcription of the retroviral RNA genone
occurs in the cytoplasm Unlike Ctype retroviruses,
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factors-known as the pre-i niti%i on conplex-is able to
transl ocate across the nucl ear nenbrane and transduce

- di. vi di l LS. I t .
emar e IR £ BG4, uhf Bt Pha ek ngtions anc
a6 [temischipR Which TBtes forf studteral ppstes’t Proydriter vectors have either
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eh sy Ededeletion. sbie naeg! iesant cdidlesshyesiars canjain: ey the inverted
_ it _ .
SRR, TR i ek B 6] ek k8308 e gansaene al the

Aekessaryiviral gbassbeingnmbvrided it lransimya helpes eifus.o
express the RNA according to the present invention

pr ef engleinpvraIMAsdters aravsticientat traasdicing dardet 8RS in vitro and
of a lentivirus. Mrre preferably the viral construct

doipyo e8d can be aceducsdeat Righ Jides (Iégﬂ Al Viith dae gxception of one
i Vi T C LT . .
SHF] SR B0 e St Rt R trns i an &

AefutRinevectdr, ardrmsdiene dxpréssion/in ehvenfomn plfogehitoBvectbitRtends to be
contains a deletion of its enhancer S

SRgsianto! JollawingaTHraysRoUS INIeCHA. 900k app e laisterag vector is
%eigféd’éd ir%theliver ngfﬁérﬂﬁﬁ% Yalmhagiat h@@haﬁi@hﬁ'ﬁ%‘r‘e&ﬁér, an MHC

IS I ntegra into the host cell genone w
ohagy | sestdctednavhunatreshbdiseLdecurshasipg CDR+s€qlertoesliminate virus

SreetescelS et LR Galleip B a 1EBhaipha i JEaABm ant-adenovira
d?ﬁi%ﬁ?.r aAﬁet%%BHeéFﬁ%d%BénWaY \ﬁié:toﬂ\/@gf ref¥eC50me C;]I'L epitopes;

[

manmal  an genes. In addition, t U3 sequence fromthe
lhertaverrr dthe SepitopRs necogeized ptliies dwith t theahpstoiiler haplotype.  The
sequence in.the.viral construct. This I nCk €1

t'f QiRIpg Vetorsy il sthPsE eﬂ’q&r%rﬁl Pﬁ’t %gﬁf?gﬁﬁgn&%?éﬁhe" promoter
lihAGivafdd el PRRISHRS aREBHLEY GRel@itsabsssdifidnicadifidibtration of the
Adenovi ruses are non-envel oped viruses containing a

IMegteitr doubl e- stranded DNA genonme. Wiile there are

over 40 serotype strains of adenovirus-- nost of which _
cause Approgcheses o r aavmig tthect innmbiset i tasponae involving  transient

TR RS (RSB aBef piohSd' 5L RRbPARE) ransoene
@@e&%n ERY QHReViny BESHAAY Jemettraisfer OAl leg€ itBRientionist method
rather 1t replicates as episonal elenents in th

rhas baendio inseicaosral deleranged byofeseing: e yhashdd¥ ingciited vector.
giaé&%\(/% quégﬁ%’:ﬁ%n ésn%ﬁﬁagcgrﬁ%@%ﬁ%g t%lgeétéfrp‘?‘ather than it is to
manipulate the host through immunosuppression. Although only replication
deficient vectors are used, viral proteins are expressed at a very low level, which
are then presented to the immune system. The development of vectors containing
fewer genes--culminating in the "gutless" vectors which contain no viral coding
sequences--has resulted in prolonged in vivo transgene expression in liver tissue.
However, the initial delivery of DNA packaged within adenovirus proteins--the
majority of which will be degraded and presented to the immune system--may still
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E3 and E4), which have regul atgéy functions, and a
| at e transcri pt whi ch codes fOF structural proteins.

Pro enlt {ﬂgv?ehselther the El or E3 gene
CAYSE %@S H"‘f’ "#Pssing gene being suppiied in
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¢bé§stots f@sthe aﬂe@bwn’thﬂbrer eeatopecﬂemcdwweveusnteynﬂ%ﬂon is more
CTLs to elimnate virus infect cel | a mé)%ﬁl %
wselegtive eMethpels of ficseating wlrabgmﬁﬂe INGUGH SHTWRRGV Patfarget cells to

%@(hoe&dé(n ﬁéb@?{ﬂé ﬁ‘{fe%r‘n LA c%mg{yé‘t’lhbt L i3id p\@g? specificity for the

Italtgeg itiel egpel rté ftioas avdenhvmme hostevirCthHeaps® Of patibaties increases the

ngl n%g d'ﬁ 'ge%%'{ Rh%?g Celllyg rﬁ]gtgpfe;‘gpgon ff activating the
Wéﬁfeﬂ%@éh@c’dy prevents subsequent adm ni stration

vec Approaches to avoid the inmmune

respomth%@e fllt%ttrﬁ Cce‘ﬂeged ém REY £S%aV&elivery vector in the

t herapies een I n pro ongl ng transgene
ps@stsheentiondisané |Hiarpe§] sinaplerdanug-geR8M-1 asafdaubléAstranded DNA

f

| ess interventioni st net hﬂ%@ 5 has be

o, nduc ra
carerits rpladaujorhyc 00 g a0 b6 iflgidenertent). HsV-
r I t
ARt IR, LS Gl UL iy AMYAGASS potentl
|Hh&\dnbsmmmﬂame«ﬂnepwbmwygrRepIio,atlpepdefeatNe)HSV -1 vectors generally

%%fﬁlrﬁ?gg %Sgt %@r 5!3,35’ F%\pg\ﬁ{t{laﬁcg'ho fgbgsﬂt\/ﬁémmedlate ~early genes

RICSENICToY L EHIE |CPRYEhE VSIPET), wHigh Gy ¢é@ﬂf@ﬁfor0§ltlc mfectlon and

vectors contalnlng 30 fewer enes--culn1nat|na in th
"aypressien of el other vival proteinst dinforgnatelaithe ddPRg@ene product is both

cytotoxic and required for high level and sustained transgene expression. As
such, the production of non-toxic quintuple immediate-early mutant vectors is a
trade-off against efficient and persistent transgene expression. An HSV-1 protein
that is activated during latency has recently be shown to complement mutations in
ICPO and overcome the repression of transgene expression that occurs in the
absence of ICP0O. Substitution of this protein in place of ICPO might facilitate
efficient transgene expression without cytotoxicity in non-neuronal cells. Long-
term expression can be achieved in the nervous system by using one of the HSV-
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proteins--the majority of whi will be degraded and
presented to the i mmune systenf-may still
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{InekrenRORFgIAtenE AP valg aﬁ?"x?%efﬁﬁ%%@ﬁ%ﬂsgﬁﬂwxpfess'on

whi ch t he adenovirus_targeted the host,  cell \g@a

poor | Qtrmerdwr%ltQroaon-wrghaxést@a@ck'ﬁwn depihesgsiillepin the art may be
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dereed drorar Slr&ttwtmus omﬁ@hllklnﬁjredb virhe (se E’Ieﬂ$set al, J. Virol.
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W‘&Q Jﬂﬁﬁ c§r€|etﬂ3ﬂA' VERSHS dbvVordTbf BadbrisBDNASsEduRFRes (see Chen, et
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abdul\mlemlenadneyamsu &(3): N‘Sét5Q£bl(2Q0?éi<pr|@s§d<ﬂiﬂ©ﬂahybﬂd viral systems

f he ad b
RcheRoRitS ?’Rﬁlb"}eii‘?%ﬁw’@’%%ﬁtﬁées e mbE Vi nstams
'Cgﬂg > d y\)é;g,[agxlélga gm%‘gllg%ﬁ% tclﬁ{r]rg &gt:tdﬂg%f?rgett gel%etthe nucleic
%Bl?i HSﬁéth.f’tﬁ fﬁ‘é‘t ﬁﬂ%‘r Beob/adN gﬁdslﬁﬁﬂlfrél aficfell AR$ Méthod known in

target to the adénovirus vvever t he use
tfie arttmbpdteaisadrtormadeee tﬂ*ﬁectmtSo‘dtaitnadM@B whoselgenesie comprises

of the v tor and .t tential

Geramealdne L BRSPS Exaie: (it gifblY QhldaeBaing cells
ARt s‘-’talf)l?re><§)re‘a@>sr il trt fhesvidal ‘yf)@@feﬂfs that bRerequiredeot the incorporation
invention is the Herpes sinplex virus-1. V-1 1is a

ofubeenycieimacid Dpstred inte udrali partislepa@sayieligas other sequences

SRS 5, et B B T Yo e

%bqhehééé aesRear for peipfiedtion, - stridBiral proteims rdrel pizal assembly) and
epi sonal | Replication defective HSV-1 vectors

Gdher wira ergme@l cyraj‘gﬁ@@ldlgw\déé‘pépgw antry. By sigch a method, a nucleic

%%gjb&?stéﬁ%m ﬁ@% ‘Fo b ﬁ%&gﬁ@‘f&&%‘é&ﬁ@%m?g@ﬁ@mg lvﬁgﬁnuclelc acid

Igphbtrucinisasadoio mmisfé& piaqklagmg ogilsof The Ipacka@lng\ueﬂlalthen replicate
proteins. Unfortunat ey, t he roduct
MNrebt IBAUSNSRS. RXBIRTSe rﬁbrpfﬁ’iedﬂm @3@ P 3*9% *hllcteic acid

oRBREERSNfX ﬁ'ff&ﬁﬁ%u%r\nmgrﬁé!ég THREpREIYHSS Cem 1iRé may be any cell

non-t oxi c QUIn u ate early nut ant vectors Is
dlnethhades oépalalgamfrsXpressﬂngnenal peoiginseris¢lediagt but not limited to 293,

ﬁasﬁgAé]fQ,eﬁ(é)rC%?W% M@BKHEW/& t?ng c%erry, phoenix, Cf2Th, or any other
line known to or developed by those skilled in the art. One packaging cell line is
described, for example, in U.S. Pat. No. 6,218,181.

Alternatively, a cell line that does not stably express necessary viral
proteins may be co-transfected with two or more constructs to achieve efficient
production of functional particles. One of the constructs comprises the nucleic
acid construct of the present invention, and the other plasmid(s) comprises nucleic
acids encoding the proteins necessary to allow the cells to produce functional
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absence of I CPO Substitution g this protein in place
of ICPO mght facilitate effiCrent transgene

e R SRR B BT R ions. i
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PCT/ AU2004/ 000759 27 1 neuron-specific
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YA Weqehtbes Cnésdsdapp ol I keplisatidn t&ved predastion of infectious viral
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perides) Tbegeils-raplicate virahsaanenaes, EXaFessI4th Proteins and package

KR 0 doheb ol onsufRAT T ol R Refd rocaenes
Syst et Ny N T T—
802 s(&RReIBsE GeneGrodlictsy - InMthess -emBddirzhtH&R8-dehe encoding the

); systens derived from Newcastl e di sease Virus
@nv@@neagena/cambe pFevigedionca separatpsonsisydtatis\cerigargfected with

3 tgﬁ%ﬁ @fd%cifgggﬁg L%? X%Sﬁ\g%?ﬁésafo%l is respqnsiple, in part, for
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properties of two or nore viral systens. To deliver a
wdesaribesh saprau | @S@UQ@W@erﬁ@Wﬁu@t aj ¥if) patigler hawingsan envelope

?teﬂyﬁﬂla?'lé: Ergﬁfb%r‘&%rbschnpﬁbnflﬁbs\h d&‘ﬁémt(ﬁhleﬁocﬁég‘%ﬂomgyls derived.

ral l'es novvn in ‘the
t@nelsmﬂw tsilipiro diue eart rdadc thoose \ahrr wpppcaxfrtatel mudmdmm for the viral
genonme I ses, 15 a the v nstruct
el csvatbmt dsad e meliabihe {are%teﬁ'ac g0 & [CoMTarTiag @ specifi
?’Fo‘%‘P'ré(n%< P4 %ﬂ%ﬁéﬂ deBastypdem f %@ ‘vﬁ'ﬁf thale %ﬁcentrated to a
required for the i'ncorp t| t e nuclelic acid

c/emshrghchtre nivirusis alteprativiety ean b@spsmldotymadowhb recotropic envelope

uenc e referedfor a part
SRRt R TSIy Forsaspecics B ahertaihiE anygiopes allow
fn‘PI%cf c%"o'f Calyl ARuriné 'dens Wiy, v?rﬁ%eérﬂ%héﬂgph&' dritdelopes allow infection
asse nd 20 either viral-derived or artificial

IQf,galgd,sgtb‘fdﬂr hyingsuendemurine cellsguch addiiomogenedicaliyinedified ligands

| iral deli t
S e qull@eeifﬁiﬁq%bﬁef‘cvgé?d construct 15
{Jﬁgﬂ fp&ﬁ ,rrg’g fgg(l;csn r‘g%kél 0 Hfgglglaﬁé@ %&gfaiarrgi%les cor?talmng the

HuletE BRicP BEn SRS 3fe tRifidH raHd GUéﬁtﬁIe@ ?ﬁr‘e@) Purification strategies

constructs into I nfectious viral artlc
paciudgi density| gradierd centribigatio, @é,l prez‘erahlmecqlham icBromatographic
cagt%bl e of expressing viral proteins, including but

PRited to 293, HeLa A549 Per 6, D17, MDCK,

BHK tf %o%ﬁeerr ggpeé% t e present anentlon r%e?et PseE)rovided a method of
testing nucleic acid sequences for efficacy in RNAi comprising the steps of
inserting DNA encoding RNAI regions to be tested into the construct according to
the present invention; introducing the construct into a cell containing the target
gene corresponding to the RNAI region; allowing RNA to be produced from the
construct and evaluating the effect on the expression of the target gene.

In a further aspect of the present invention there is provided a method for



i ne knowmn to or devel oped by those skilled in the

art. One packaging cell line is described, for
wexaapbes17in U.S. Pat. No. 6,218, 181. Alternat PUBAY2008/000759
cell line that does not stably,express necessary viral
30 prote| ns may be co- transfe% d wth two or nore
onstr s achi ve effl roduction of
i E'Eq A PnSItict GeeoEhng i 15 ALeSant ALvedtiap, ylng long range

10

15

20

25

30
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et oo & Bt lroshienll i Rogior seepieca N g potymerase

éﬁaiﬁtr’éabtﬂfﬁbﬂﬁfeséhﬁk%dlﬂgs This nmethod utilizes cells
for packaging that do not stably express viral
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nuclecam construct 1s gated to the viral
gelynvemaye chatoreaatidn tcbedltlooswvlﬁnaif Ieas‘eal firgttparbekther polynucleotide
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ghh?ér haRfHd é@it@% ehd® ﬁﬁh%%adrﬁﬁirbrﬁ‘cﬁi@olélmm atsmlseacwcond part of
xpress viral proteins an ackage the viral nucle

am aotyoushepuldf §hawlscadja¢@ﬁ|tt gdisstuparkiof fhe ppbnné@leOhﬁ@ and at its 5
BBR ettt ipAn iR B8 et Bbl SR R BREE Cs 1

e b 5 8 R o o
%gngﬁeﬁéf %Gfﬁdthdtt ke hixiNg " phrtsUeF eb&cChimePNRYbritizes with the

e envelope protein IS responsible, in part, for
potynuckotidange of the viral particles, the viruses may
be pseudotyped. As described supra, a "pseudotyped"
Vi r us coadactitig ah paultiptd e pbhwiergsan alairel opactiopr otoei produce an

:q?&g @;B(Eégr VI i mc[i_g{eéir'g f{eﬁ?ogbqrrqlésqfﬁﬁ% ﬁéimn%rggt the ends of
ﬁblﬂi@%ﬁ%né@d %@9 ,gé pseudotype for the viral
[

very system cell to be targeted. In

addi ti 8%’%@3 HANALET BY HeS ?gi:{gigce?&%’:folggﬂﬁeto %orm a combined

chose%I ype may perm

écﬁkl@dartd)oltgonuereptlbegalequbnce.. Vi ruses
alternatively can be pseudotyped with ecotropic

envel gRR addigdedl NSafificdtioni, mhtthishtiestrigstiont of ahispembbdiment of the
species (e.g., ecotropic envel opes allow 20 infe

dnventiog. diraeled tawaseh Insodkation altrepnsifshdhedpine - “&ffecton is used for
SRR RBER P ! A S € e B, P AR A rom t i

liigiah dsis usad ibhelesseibingdhe (E%NA PP IAf candtarctethemoselves above. It is
After production in a packgg}iﬁghcel | 1.ine

he viral . .
paws | useds in: éndiiaieig coniext & Wy dhowhichy s 08ribed in the
rb llagﬂ LU IdohREnédd FFRsternPEifdcti®dd fidnce’ and ‘effector’ in

the context of...”. The term “effector” in this embodiment and the related claims
should be construed in context without importing the limitations of the meaning of
“effector” described above. It may also be referred to as the “variable” sequence

as it largely contains the sequence that will vary from construct to construct.

By “oligonucleotide” in this process is meant a nucleic acid sequence of 40
to 100, preferably less than 100 nucleotides in length. The oligonucleotide may be

single or double-stranded. Preferably the oligonucleotide is DNA.
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provi ded a nethod of testing Hcleic aci d sequences
for efficacy in RNAI conprising the steps of

i nsertin ncodj ng RNAI regions to, be tested.into

the c B PPDEVICRSEBPHIRYTE PapshS BPBBLAMGREtGFeduence o at
'Iégﬁ%ﬁdtn%é@er\LﬁPé&Hegqn I8Hdtha TeRl boRADERLAENEIMEYEbe single or
target gene corresponding to the RNA “region;

abluble-strariRivdl depérdipg aduthedstageroftthe process ageerdingito the present
eval uat i the effect on the expression,.of the.target .
Guikaton, Her iy SSlit v Rl & fSTuERAndsaret I Conformation
ohe Bnkar RSRY Sethay BBt ihediddtriZ80 ~PRM6f86pRtiously circular double
PCT/ AU2004/ 060759 29 the production of a construct

straoded ngequeendse Prefesablyi thenpelypucleptide | isndMNAnge a preferred

T
BRInY HEhRRID ctmsisdting of d pleBHid epbaderibphage adi \d ved-based vector.

into a first sub-sequence and a second sub-sequence,

by a_ oy ???fec'i%nté&@ 2 DRASIH SKIIEY RE BiESakt MRALI Gficiency of the
provi ding a st pr r having at its 3 end a fixing

patitméngsei chainbeactionPCRyot gwdifieg, for exampde by altering the

Sonohirafia: shnesiB il Soyess ol hbeRiulats e, fyjng of the oycles
IfANHeCaalt tenéditrdtionsin tebrestibANBBturenYafiaiend®nd these and other
prinmer having at its 3' end a fixing part hybridizable

wonHitiensiteatsaliaw e BRR practionfto fake RacsaprRNGsRassed in the term
tgﬁ‘g‘g’gie??ggjcggﬁnéeﬁé:ﬂgﬁfdé)?w?ﬁtio%“.t It %I{ Blgg‘gﬁﬂ%%’ gpﬁt%c‘?%tﬁg %y a person

ect or par
skileddinstie- aggHaheesanget obgrsdunts ey pei predaced ftdm a given PCR
nucl eoti_de under pol ynerase chain reaction cl,‘g?]nqu ti orhs
Jaedtiam dthesrepropictsgMayesseparairthby size:er Welsht fyz@ethods known

50 0 46 0 e ISR SRR, o e

pivshtioh theidekired FCR esodint iefdobated fropasolsition. t he
primers at the ends of a doubl e-stranded sequence;

and | iy loRg riRge TR rabtHodeofathfseadpuct pfthes ptexgsit rerention can be
to forma conbi ned polynucl eoti de and ol igonucl eoti de

disgddadesert@ PHA aliganuckaedidedniey @ MNAPObmuCigptids; that is a vector in
I5361 1 gy RS Bl SRR e anscries
"tibeatideic bsidusegldroe (RNAY.eThertcanserigtiars may take place from the

?qr{)igggﬁélieg‘%ige to(reﬂryr%r tkr)llét R}\IIA tarlar?si‘.cfnfp? rn%])} bg I% (reé(sfultf (r)fo trﬁettpgrgscription of
a combination of oligonucleotide and polynucleotide sequences. The transcribed
RNA may further be translated into protein, or may also remain as untranslated
RNA. In a preferred embodiment of this aspect of the present invention the
primers have a homology with a restriction enzyme site in the polynucleotide
sequence. In a further preferred embodiment of this aspect of the present
invention, the primers are phosphorylated and the ligation of the amplification

product is catalysed by T4 DNA ligase.

The polynucleotide used in the methods according to this long-range PCR
process may contain one or more regulatory elements to allow transcription to

take place. Preferably at least one of the regulatory elements is a promoter. A
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descri bed in the 25 paragraph gﬁove t hat comrences
"The term effector sequence' d "effector' in the

context .of...". The termeffector”, in this e i ent
(AHoBh " BioReE IFpeb® SO HORaL g dDfieppUbloRRHAE Yager- Factors
WiiUaPing tHROERGIBE of pPombiart intiudBshefddsire fakMtutibleftranscription of
"effector"” described above. It may also be referred to

she pligonuciestids er oliganustratidenand polyaugleolide segaienses.Hbe strength

sequence that_ wi L v fr o 0: t . .
BB RS bl YA P B RS libsion i e i
Wi o Cinagitd sadivemaentin AlhichothB0Ganserdtnals ol ke place. In a
than 100 nucl eotides in length. The oli g/onucl eot i de

pagfered embgdiment theuprasnaier i @adRNAy eplimaragetiHe(pol Ill) promoter
i jde | . WD 2004/ 106517
%&?ﬁ%%%%%?%@o&@b?OtggAsy "pol ynucl eotide" in this

. | oi L d .
Bbout M aelrberPRlEneN G5t S R BlasBhedhBibonucieotide
Tadebefor BEl RNK sdlfidhlce- shpabideds doramg 20 doubldistranded hairpin
stage of the process according to the present

istrueture give fh § BrEARIEE et iru/@rﬁ@dyre!wgaé sgquence. Preferably, the first
fdpgub regﬁﬁ{?ﬁ'{}dggpfci@%?{le@ré é)ﬁégégrfn@ft Gk ]jr%/eﬁltredarédéé?%equence in its

formof a previous
dffeetdrapard @bl the sddonddedimee goataies aBpeddmaltly thédether half of the

pol ynucl eotide is DNA. In_a preferred enbodinent of
timeeripdoeaneat spaeeree i its pEeplor pate N%?imé?éirgblx, 'mAf?rS’f and second

. LSt L, of
(b SPASE5ar] SEbLER RARTOEASHERS St it o th fop
Weblontst the Pla@pindiosg FRNAatetwen skilled in the art

that the efficiency of the 10 polynerase chain

react ilﬁrér{o'ﬁ@)erﬁBBdi?r?edeﬂitﬁiseﬂspé&bf@f@'ﬂigésférﬁynvention, the effector

altering the denaturation, annealing an o _
perisnare stlsash padiaiy camplementary, sueh thptafoanisarsgaipgion (following

N aReRCln SBREEY LAMOERAI PEBRRARY BohIbp s, e cescribed
4oV hdie AsdpcRtivé RNAKRINRCASE ma§ Hbeidreashiedach dther due to the
term " "pol ynerase chain reaction conditions". It wll

menmplementariy of &raibsearasnces. person 15 skilled in the
art that a range of products may be produced froma,
gi ven IRGRfuntrearqprietarredr eesmdimedtithes ohggnusiediisieavsed in the method

by size or weight b t hods .known. i.n th rte :
Focguia e 4k aaerediBE weet i Hiondd caabf rseRiify RNA suitable
tfBe dé’é%@ﬂhterfe"r‘hﬁ?anﬂ in ;@%n@e‘éilérﬁﬂﬁd:’@&;rﬂﬁ :tSiéh techniques are
isolated from solution. e Io&ﬂdrange PCR net hod of
tdascrinegeint thef spaeifipatione of PRVAIPYA0ESS Peeferaplythg RNA has a
to.insert ol i gonucl eotide into a DNA
d@'%@'@qoeooﬁr%enat is a vector in order to forma

f fgﬁtsglﬁf%ﬁlﬂ{eﬁgm rc])%?rlngﬁt %hheeo |éé&oc?g&}d%oghg§detsoab|%striction site and
the addition of the oligonucleotide to the polynucleotide results in the a restriction
site being inserted into the combined oligonucleotide and polynucleotide
sequence. It will be appreciated by a person skilled in the art the where the
polynucleotide is a vector, such as a plasmid, the insertion of a restriction site
would have many advantages in the subsequent use of the plasmid, particularly

for subcloning purposes.
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of a conbination of oligonuclgetide and
pol ynucl eoti de sequences The anscri bed 25 RNA may

2?52{?{ it opraman) BebpRa@ el e fis obf ik, or non-

tt.: ncf oftd1§eRé. eFI%‘FonﬁM@Iébh@é nﬁélEmcRIdenl‘h@Scdm‘\g?sequence
o ogy with arestriction enzyme site in the

pbthmgem@o@\cmdlr@aq ibe@sldition af m@lmnqgl%mderf@dhe polynucleotide

S rarr g, o bR FRRER rSbal AR s HERIGT R fhe inron

ﬂi@éﬂ)éﬁo‘bﬁbtééﬁte F0ther estliag sbguenca bl trdgdne. TAs&MBN of an intron into
1 gase. The pol ynucl eoti de used in the nethods

acoding ﬁ@quememfsa peng-hesyRumbRr ohpetisal aﬁg}lcagg@%,ﬁpr example,
B3, TP W01 SRR 1, TR e

S8I0P YAn© Iﬁfgjﬁs%lblé applicationtisito use\MIr@fds BoGB4ARs of delivering
P%?élAUZOOM 0007 31 variety_of pronoters may be

fndblecitandedtRUATIidiies gone BlenN¥id-or. Factors
i nfl uenci ‘%leehe choi ce of pronoter include the desire
for ihdaod aspaﬂts@‘rthmasnec@pf thenpragent iveotiedtthese igrprovided a

AR 5 B B SBT3 e
BESHYRrRY td Ghé ﬁﬁét%@dedfpﬂﬁﬁréﬁénit inddrgionn Fhei DNAoconstruct may be
vitro environment in which the transcription

t .
vagkl pfpécfélrthﬁh sHbalpring r PEOsaH oWh ey @hées@rlo&o@'guorﬁu§'eo’ﬂde of
I .
BtofSe P RE AR okl b lor chipm b KIRN suBERRE tédhniques. The
BN consfru cﬂﬂn@ymlw mglsan telxpfreﬂslcgn nund;tgmt gde thes ﬁdﬂmrfpmduction of
RNA rmn 0
RvA et rosein.eratpeatiy ine SNA @ofeRughiscdiistic, fa Siagucing RNA
CaRSEE. Sf&qqfs'éc '?ﬁfé‘rffernﬂp' ﬁ] Ah?nf il IhBRly GeshmiIBgies. More
tel’y one

appr oxi na e |nve ted repeat sequence
prefetably, emwﬁee«:rbrmtrmamanal:mdlrﬁrrwusedomm @rqeﬂemhererg@’nmgllencmg is to

approxi mat el.y the other half f th ert peat

SR KB A MietesnO N, CXite Bansiibed MIEPUBR ST he

first and second priners further con%al n. at Ie

nucl o4 Pagther asREFt oG EREEeTHAYCRANIECTHIS Py edlrs"'mers suitable

ln%etrhgtf{bﬁ' é(R)lOPdII’l ‘?(9 trﬁ\lﬁhe?stehyﬁjfv‘éhﬁoﬂ T %W@HH@F aspect of the

nent i'S aspe e present Invention,
Tpi‘&@ftﬁmaérﬁron t]heré s rowided & dxetsctonmmmglal golynucleo‘ude and a primer
conpl enent ar upon, t.ranscri
PRUHGF BERGUSHICH? PR y@gpr 0&49%“0&%9‘89 hEnt '%%SEP'SBPWSQ%G
a polxnucleotlde as descri bed above% their ectiyve

RNA t frussturiner emkgdimesi ohitis aapeRt ebiie tivea (O JasTeos provided
tnli‘@thod for the large scale production of large numbers of hairpin DNA plasmids

using the long range PCR method of the present invention with automation
procedures. The simplicity of the long range PCR method lends itself to
automation, using a robotics system to amplify DNA templates and ligate these to
prepare DNA vectors. Such vectors can also be used to transform bacteria to grow
substantial copy numbers of the vectors. In this way large numbers of plasmids,

for example targeting different regions of a single gene could be rapidly prepared.

In a further aspect of the invention, a method for preparing libraries of

sequences using long range PCR techniques is provided. In this instance, portions
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invention is capable of codi ng3§NA suitable for use
as interfering RNA in gene sil®encing techniques. Such

LESPRLEbER 3L SRR S5 Brid SRS 6 59888 uing recundant
BidriciediRRR, Follewing amdiificatish, NrjatieRbast meitisidritition of bacteria,
olT gonucl eoti de encodes a restriction site and the

idividugrcadeniensoptaigamiquebairgie PYA eensisiojs reflecdingdee particular

Rl S PR 5t Bl PSDY, bD: LA Aicator
BARERSCE this Wal! liberieppwithj dbreéxaphple,pedrriom slvbp! sejuences are
In the art the where the 30 polynucleotide is a

peapased andcindividual plasimidg, framdhe Aibesry; g @nalysed for gene silencing

restrj.cti | L d . o
U, LB, LG R ARG UaRLHMANER A of haipin DNA
suRstheitsng pur poses. WD 2004/ 106517 PCT/ AU2004/ 000759

32 In a further enbodi nent the oligonucleotide

i ncl uesarhémbepact of thenpresedt Nevertkmueinere & povided a kit for
gene. The pol ynucl eoti de may include the codin

censteurting af nugleicRGid . CORSYYE LBy the Kndakrngs g’ﬁ?%fmethod of the

the oli. cl eqt | ] e 20t | j t :
Rt TSR PR ERRDS, HRCaPPRUTHELE! 4 SRR, ot primer, -
5B8661d ippimer§ adie ligatirgn eakyretineprapprip s sditatié tfer the long range
t he codi ng sequence of the gene. |nsertion of an

PR sethad gccardingiinthedrgsencdBvention. gene has a nunber

of practical applications. For exanple, insertion of )

i nt r ofrs anatheDiRapeein of rthet prasest Heventigiowheneo is mepwged a kit for

tra e expressi an. r._ROssi bk Leatd (.S :
5886, e, 51865954 o 0B BB TR o ERkERR!4RBEIStor uso i
srodnaes RNBnsPuthduesdirgneo she enesoot irM@ntionaBiches vector may
aspect of this aspect of the present inventjon there

inclyde vegelatery @mmﬁ%acilgy daudetergn Hfeaaerfiseiignencoding a
Plrolile B RIS oG 18 the e iferfgn 2E0a" &' M0

! b ful f f nNi . .
Co e HBloTHAuRS ooty hebl S FesB EkaBR" R beligea t e

FEHEBNi 8 nfedleethPEnz ks chidihg Dibemand Dhesieni A least these two
techni ques. The 15 DNA construct mael/l al so be an

sibonaslenses.cooitt megtbargroft the Rilasrell! plesauetavon entral role in the
NP Rl 5 e S R g construct 1o

e EREAL T el 505 LR ASRIOEAG ey 5t to be
StdpladificepaREin. 3 bEACHIBAVE Holble-stranded RNA to produce approx 21
nucleotide (nt) dsRNAs with a 2 nt 3' overhang; this overhang is a characteristic of
RNase |Il - type enzymes. The precise requirements that allow dsRNA to act as an
efficient substrate for Dicer remain unclear. miRNA precursors are one such
substrate - they naturally form a hpRNA structure, but typically contain regions of
mismatch, ie they do not form perfect double stranded structures, in contrast to
hpRNAs designed to produce siRNAs from expression constructs. Dicer appears
normally to process hpRNAs from the base of the hairpin, but definitive proof of

this is not yet available. Dicer probably plays other roles in the RNAi process. It



take place and interfering RNA can be transcri bed
wthin this cell. 20 In another aspect of the present
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in the nethod according to the&?resent invention. In a
further aspect of the present nvention there is

&9 rasetypeon sRONR LM, SuBind Pl 2 el dn R et mjont play a
ﬁﬂewefeta\,ggélofg{égg}ggpﬂngn,qde In a further enbodi ment

hi s aspect of e invention there is provided a
25 nme r Much
nenhePLO faidlist RS Rty o Rt iertrence. Mo
f&SR igeitritwh abouhﬁs p‘uastem compared ton Digerh Taet enzyrneris nuclear and

PRk nUEisalaT Siage Drosha s KSaup 18 R i 1 TRV raturation, which
ahed Wbééé’ T%Fe%l?%' ie8f BRsSHA iBFRRAS Eﬁ%@kdd@vn It is known

prepare ectors. Suc ectors can al so be used
to pizsf @rolebiacprecessing afrmoiRNBs sndgnayitplay acoes im prﬂ;@sgmg longer

AN I NRE oGhragt andle o fictsl HRE TpShalt Ttbonizo loop

Qﬁ[]@tu‘?@éllrijPm i 8 theBeetheslit hp! RNAsfabduten- 24psteiownstream of
of the invention, a method for preparing libraries of

#hayUeor e Masti Riyaseniysr afegghaught tiec Aeh Gierecognising ilaer structures,
ggﬁn}ph' > {)nSt s éocgéﬁ%to@% nWBd%P%/ éﬁ@?& bov]e for Dlger processing

4% 56t
2BHtraee s Wiewrer s are synt hesi sed using redundant
ol i gonucl eotides. Follow ng anplification, ligation

and ”aﬂgf RNAREL SR s8Ed bR ed Ipdl mlmdtﬁdté#uﬂ{wmagnhgﬁe 2 potential

contal n que hairpin DNA constructs reflecting the

pathways by WhI@dIbndghmrﬁgr RhSGr panatyed i nto i ndi vi dual

plasm d by individual anplification 5 prinmers. In this

way | i(ipr ar ideectvexib frdmrthemuqhd;us to dmel eytdpdagmswhearentes hpRNA is

Z{réstaﬁét?@?é@%%?g EieDiGer ditcn 68 MR of 1P HatginyaRdgiters RISC.
ﬁﬁ% %ﬁﬁb%ﬁi’@sﬁg ugnesst f@haﬁ%’tﬁ@a&%éﬁﬁhd 'dny hQRNAs expressed

constructs. |n”another aspect of
piroes shortihpRNAS oh19imds.e is provided a kit for 10
constructing a nucleic acid construct using the |ong

range (iNCR meddessirg irt ke npclesuer(possnbtynnudaomm Brogha, followed
t he pol nucl eotl d? E yner ase, first a £ the |
Scomprhi s Sulapis; SR Pgeansaanei vl rEragrifon of the loop

dt & %sfuﬂrlntthé fbﬂﬂ@tléﬁ%g% s@@?s@éﬂ@ﬁ&a %ﬁﬁ?fr@ AP he 3’ overhang.

present 1 nvention. In another aspect of
@mekpone@nmsoﬁrd)sﬂm ero@spe@\RNAdlsapnqblabf)oprocmsed by Dicer as
inhibiting the expression of a target gene, including

Etor suitable for use in producing a construct
according to the present invention. Such vect or, }/]

These models are currently incomplete and Gre possibly hot mutually
exclusive, ie a longer hpRNA might be processed by both pathways, some is
processed by Drosha then Dicer, some only by Dicer. Moreover some hpRNAs
are expressed with a 5’ leader sequence (“U6 + 27") which may target the hpRNA

to the nucleolus, ie it is preferentially processed by Drosha before Dicer.

Without being bound by any theory or mode of action it is believed that
improved therapeutic efficacy and safety of RNAi constructs can be achieved by
optimising the length of effector sequences. This may assist the cleavage

enzymes, such as Dicer and Drosha, cleaving at the same, predictable position,
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include regulatory elenments and facility for insertion
of a cassette encoding a nucleic acid designed

wa@ewenaisny to the present invention. Wthout bRCTIgU2004/000759

bound by any theory or node of,action, it is believed
that the 20 invention is nedig ed by enzynes

e cPEAEUS BRotailopL rBrull i GRdEan ) side effects andlor

VCSTHf] ighd h&weRhQsetehtd)g of double
g??g?llgted Rl\fli\@él ry\gllt@PF%mAs Di ceﬁﬁéﬁs t he best

h
cyt opl LErRreSEnRTRATAil AW e inrMpieachibbd with Rigignoe to the
bocmnp'dnyiegaqoqanqxe§ and2bawingse titshoeld bé underitdsd Widweer, that the
Arasaptan oo s Woselve oD grd Sheud B6EPe Sk &t any way as a
Bé@chcﬁéﬁ gt g%'ﬁ?ﬁaﬂtya&ﬁthéﬁn@éhtlo%fcfééénﬁ% abeet rate for

cer remain ear. m RNA precursors are one such
subst rﬁ:\? Fi LF naturally forma hpRNA structure, but
typi cé g al'n regions of msnmatch, ie they do not

o L) ARG EA B A A oa g

O B S8 h UG OTRE HiFhgh UB p@?ncﬁép%aémwﬂﬂ@@@bféy bﬁow binding sites
process RJ%RNAS fromthe base of the hairpin,

@éftlnwuﬁ 1 @nddg6dt TS Kbg primest aSPeSh@Nﬁm%{Véh'SDT&@r positions of

ok Bpand ABROY 5B Jp 2 sRRARTE sholis Fimap of the

@nﬁw pldsatid twisick veasTeonstaycted byoinseitingRh8C=co &Rli A Hind 11l fragment
mght play a role in cleavaeof%hetarrgéet mRNA.

@h@wan.»%.lrﬁﬂm%@c’cmﬁglyqssrlp hSre(StrRipgedRled in RNA
interference. Mich less is known about its function
conpaffégured shews mapreok g aensteich pSIGAE TN his This cpastruct was

DR Rh BB 5 SoRBE g URPuAhS! BBed el s shoun
Rsei FHgu elEDfTﬁlé Ordetivien thiﬁanSoU@I@fmmts Miithiirs théohalrpln DNA
to play a role in proceSS| ng of mR

itnscriptin wésﬂaﬁgevdhgevan%@mﬂa $’fﬁrtRNI$ ﬂ'@J%ICIE)Trﬁ'A sense, loop,

S c l.0

BT AERE e GRS TRt PRUIA R R gt 2o aro the
@lmlemon%%f tﬁé Beb Riloawmt-m&igm m‘strldllohm'telsoﬂpshdma rRbjasEa portion of
Il1s are thoug t recogni sin

e HQ U@e§crlpt@n@han§h amans r"@gg@ RS @%rpwa@%&raﬁa%rmﬂon unit are
AR, e seﬁ% BnbntSenee rBERFESSI N hafiPM eREsbRntdY Brrows, the
Vi eW. expr esse ma pol IIlT pronoter thus

Hegp Isaqeemcepcst eéerotat aqoatsmvmged da:yow/rar[chthet termymtoeas ex line below

F%gcr;@@,p? agF s&éms&ﬁugﬁ@)epd' r(ﬁ&tg eX| rBP&c}u%%dr}uometﬂTc’s E:c?nstruct which
targets the ACTB-A site of £ actin mRNA The 5 G ribonucleotide of the predicted
transcript is required for U6 promoter activity, the pol Il terminator is predicted to
incorporate the 3’ sequence UU which is also not based paired in the hairpin
transcript. The transcript is predicted to produce a 19 nt double-stranded RNA
structure homologous to £ actin mRNA, where the vertically aligned sequences
denote potential base pairing. The loop sequence is 9 bases, the first and second
bases can potentially pair with the eight and ninth bases, but for clarity this is not
shown. In addition, the 5 G might potentially base pair with the second-to-last 3’

U residue, but this is also not shown for clarity. The convention that all unpaired



presumably processed by Dicer fromthe base of the
hai rpin and enters RISC. This appears to be at | east
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short hpRNAs of 19 nts. (ii) pggcessn ng in the nucl eus
(possi ny nucl eol us) by Drosha; followed 20 by export

SBaHRPEY BiF Sfowhin s Y 3R Ha fiolatau( ’fY“SnSmflcatlon
over nipigre tevis e SeuTRh Apsasn Al Belgddobgianes RGR to modify
gﬂé)st?ﬁﬂlsyAp Eﬁﬂ"l%? sheuld ?‘oP‘hﬁ@ér BRA 8298 Lﬁ%é@ amitﬁhiﬁlcfnytemplates,

re current I nconpl ete and are possi bly not
2thexgh uthevlatter és a:réieam@ir pNRNAS mlrgptlfleﬂa witho oligerutldatide primers

APRBCH giidbe Fomtpibige o 3°mepf’ o soandaiin Hahea! ytuidize to the
Qél?n'b%‘%é@‘éth‘h‘l hﬁeﬁ anhd %ét n@:ﬂ@to”ro%]grﬂy Whk OF the desired

may target the othe nucleolus ie It
pmsefrts éthld(dlﬂefa) demeBmdblbgd bhesé wilbésron éheDlnsert typlcally a hpRNA

el B TN B SRR IR SRS B for o
s8h§é POR er@t!lorﬁ:pn&'hétfﬁt'éuréarbdl?m@ﬁéﬁeeléepfmwtra (Stratagene) due to
optimsing the | ength of effector sequences. This

may
dissliowt errpe rafee glthgegh ethempelymeasesasr Diisiiresgan be used. C. The

N Eeha e taibishEn5 8 Hs8aE Y af BGaRBRH it hgatith using T4

medilighaabi IHdrthiefsté Suphosphbrylativn of ahleelst shdenelfib eewred which
and/or wvariability of efficacy within and betwee

(Fani ks ashieyad %rr@s@lmsnh%ﬁtqdowgmum%@ﬁﬁéomeeamehlwﬂon or by
t
g;%%‘f ghﬁﬂﬁﬁé@# trre%E ﬁ{‘gﬁg 4 &i%g/r uf o%bglﬁgﬁgﬁg%‘%r Eﬁ?ﬂﬂﬂeﬁas are also

trtra]qwlr%d dfrsc raffmlem oimhlanmhgnl Piul Ipedymeatdsee protycemndilush ends,
shou n t ak n as . a |ct|ono
e aEhG s BB Re hobbed BPert S BRalaBREImBRt with T4 DNA

tevhbgees: Figure 1 shows naps of the construct
.cass. A shows a map of a region of the construct.

The h r; r . .
b1 i 10 2 sREQE e ngedtigl BAn Kot HSRIBITAN into a plasmid. The
dvel Hheyvat thel oy representties plasitid ased dbr iasertidin, TBembididing position
and Hnd IIl restriction sites are shown.

5 OHOTIRUON &1t Pecl SPGB PAMIAR e vaso Sbree (Beganyyatically, not to
'é&%ﬁé)t%regna hfe E%‘?rg%f ée@eﬂee ﬂée kéﬁ‘ SI%WH"” THe dequence of a

into’the vecto | 'uescri pt Strat agene) .
I%egmneoﬂt@plasmi@ps shbwhhieeloonthis, Last aptJéhaASEGu@ndgs. of the LRPCR

Thi s cogjst

primers, 1 I'GW?I'IC’[IOH site is shown as a bold underline.

Figure 5 shows the insertion of a hp DNA sequence, containing inverted
repeat and loop sequences into a plasmid as in Figure 4. Partial sequence of the
insert and primers is also shown as in Figure 4; antisense and sense hp

sequences are shown as bold underline.

Figure 6 shows the method of increasing the length of an inverted repeat in
a plasmid. The Figure is shown as in Figure 4, except only 1 primer is used.

Partial sequences of the inserts and primers is also shown as in Figure 4.

Figure 7 shows the insertion of a mouse IgE3 intron into a cloned insert in a

plasmid as in Figure 4.



15 used as a negative control in sone experinents. A
Map of the plasmid is shown as in Figure 1 B. The
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transcription unit, nanely the %ranscrlptlon start
site the ACTB- A sense, |oop, A B- A antlsense and

pol Il term pator seque are s as are
pOSi t dénsgﬁ‘é’sédn%P OE&EeI-FI? |crpwgega(s,sl i %r§hows a map of a
?é%@ﬁ othh%h ﬂldi‘%rr@cs BndiR tﬂoomeonizprdrH@te%nd pOE;I\I,IDE terminator

nscrlptlona unit. errensvvlthln he hairpin
lsequemeqotTheanmtlmnsm’éBnag‘]BWrE:gltlhendeB&t'e larasltr@hom siées are shown.
i ons of the, hai r{mnlare hown as arrows, the | oop
g*&%%@ map§ mﬁ%a Ir&PIgsTy ppl ed arrow and t he

termnator as a |line be

pr edi Etgwer%ﬁ'a%wﬁnpme#@m tuCh pUGR homstiﬂw@fgets humanised

g}:,l annuc eot ﬁgﬁﬂ%@e s|§'r()§dlﬂgte g”sﬁfzrga sCrip raiagﬁoﬁ_’.Ashowsa

ineap! iof e\dp(ﬁldmonufﬂc tbleoUStteainmlptmnalyunlt helepwnts |W|thin the hairpin DNA

f;%[q%“gﬁra OF{JUJ:W r@ ﬁ O@nggggﬁ E&J}%%@ at eqyt%sgﬁ]enpliq%cted hairpin RNA

g)%alpdéa frér’nﬁﬂ%fédr%ftrucfrﬁ@ﬂ FRAFEDOPL 1s predicted to

roduce a nt doubl e-stranded RNA structure

honol ARt C
al i gne sequences é gﬁ%p%%ﬁ'ﬁ%%%?fﬁ ﬁ %Howsl_aemap of the
Imlrsamﬁemmsmplﬂ)ﬂmm The pasitiin aﬁdblst&de’hdnGO‘loop sequences

é@ithcqil{&@ gqt;ﬁo%pgly%’iﬁ?&é@o‘%gﬁ%\%p g\ﬁtqo%?nlnkhls l|qnstance “stem”
addubheds, éﬁé?ﬁ/eé fr&n p Qlekin RACTH) AMd RPARFIURAEIas?! (R']Uc) have been

the second-to-1 as UreS|due but this is. al so not
shcoporfated oitarthe y:onmlnuectc Brshaws the prieslictad |hauppsaRNéoprmched from

004/ 106517 PCT/[.AU20 759 6
Rl T RO AR §reF LaRT3n 3B T sequonces,
RUKIEN @rs ndi e %abiéeoﬁ%}ﬂfeﬂtloﬁﬁlpbé’@c baﬁ’fngu%drél@hown above and below
| ong-range P i ther circul ar

to nod L%% pl asm ds A
dh0$¢ rmﬁentm{w base tpaitask geayeners i i that franserintp|Tagespnvention of

\?a'h%)ﬂ,? h tﬁa%+ at t,ﬁ%%'bﬁt\%% egegﬁgnﬁgg% tﬁe l%léé $dgardless of the

Cpl’ﬂérﬂidﬁldﬁghe YaeB insthgueregachted e &BrnhWa’dsth@rldkOort hen-Watson-
templates (thin lines) and sequences_ correspondi ng

(Figkhbgse apfrs.of ygasl Hisaughayt thﬁs%?etcgﬁqqtlﬁnc @enuﬁege)s at the base of
|
ﬁﬁ%@?ﬁgﬁ;g@gt tl'\kbqﬁlf‘a Yq&n‘leé%_mlilt]ﬁ 's@%ﬁé\ﬁclc%st é%%f?fi#'né O’Bop target B

odi'ng 1 nser I"at e
usstingnRNAdi ti ons suitable for Iong range PCR
reactions. The favoured polynmerase is PfuUtra

(Stratgeeel1 sho@st & mMah iof PURRIRIACTE ATAG. A tshougha map of the
ot her Eol i/rrerases or m xtures can be used. C.

raipirs tyﬁASf:m@tgw@humtsa& foe igureci Ay iBs shoys gh%@redlcted hairpin
hi
RS Rl bR oiIrtE o Fhuro 08! I05° 7o 1S
b i d
o 1 goridireot? chowio T ShBEEFACIBIRHOPRPRPA°SHAH Simap of the

hairpin DNA transcriptional unit as for Figure 10A B shows the predicted hairpin

RNA produced from this construct as in Figure 10B.

Figure 13 shows a map of pU6.ACTB/RIluc TTAG. A shows a map of the
hairpin DNA transcriptional unit as for Figure 10A. B shows the predicted hairpin

RNA produced from this construct as in Figure 10B.

Figure 14 shows a map of pU6.ACTB/AD1 hp. This construct was used as



post-anplification treatnment with T4 pol ynucl eoti de
ki nase. Flush ends are also 15 required for efficient

w@RreogbeEnT sati on, Pfu pol ymerase produces fl usPCEAUS004/000759
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alternatively ends m ght be p\?\# shed by
post-anplification treatnent h T4 pol yner ase.

Figure. 4 shows i nsertion restri

& He0rhieo SAMERIalh SR HOeD R, &Aﬁawstwﬁe G & nairpin DNA
'h%ﬁ’s@ﬁ;ﬁ!ﬂnaﬁ h.ﬁnP'a%S'f@)rd Fitgied 0A. | "B esHA. théhprémcftédnﬁaurpm RNA
posi tion 0 and orientation of the LRPCR prinmers are

@r@ﬂuaﬂddmm(thlsecg}f&mt ag il Figured@Bt o scal e) around the
poi nt of sequence insertion is also shown. The
sequefriguref1 Sashaweg iaomapfoftiids Rlas/ACT B/ADﬁhbqutﬁiows a map of the

“'a%in 6  RoeCORTQTA %, R OG T 0o, df dheinBlanse sequences,
r%!éhﬁ Shipys I&é\%réé@?RlchnﬁoAcﬁh NP, SHRUADAR-1 (AD-1) have

I nverted repeat and | oop sequences into
@ephamorpo%ed intbitige censtru@aBtsrmIWSSfé\@Lmﬁd@t@d haiin RNA produced

t, d | h Fi 4,
siors bs SBhsRi BB S G® Mhences ar e shown as bol d
der| 6 sh t th
FQnS{ Fidiro P ShouEL & dnaE o8 RC MBIR ST, Rrahdiydy Giap of the
é% rg pﬂlﬁf‘ﬁahébr jtoRaeufit aﬁ’ﬂ‘%? ngLfPQHBOAl B §HBs kife PRRfcted hairpin

sequences of e Inserts and prinmers iIs
&KRNA psbdweedafsonnrthisi gunsérudt asirgbigare 16Bows t he
insertion of a nouse IgE3 intron into a cloned insert
in a Adwemdshswsra mapokpds ACTBIRBARIRAL7hp. A shows a map of

S A CNA dncriptonelhasaonowe AR, oB SRowp the predicted
tt{%]?rp{}gﬂﬁm HoduEes FoRR BN BAstdkttHaqn Lﬁ%ﬂeog@ er and pol

rm nat or sequences. e positions Bng BI,

Sglmap F(@ﬂgh?g‘hby\frs ggﬁ%f%'f %%@A@;Bur DA A hp. Erl”ﬁglegﬂﬁstruct was

tsedCa at iadtive Wonoll fomgome Nixpetiarars SAhs o aemap of the hairpin
Renilla luciferase mRNA ( AcceSS| on_Nunber U47298

@&Admsogﬁtlomalsum\@saforﬂ;ﬂ@ur@f gApgr phgws(;hetmgd[géec? hairpin RNA
(1188364 RbMIAR cotflitct B IERLPe MBNLN the hairpin DNA

tTanscri ption are sho S In Figure 2B. B shows

const g ﬁér‘étﬁﬁﬁﬁ%%ha@% pORIERLTEABY R no, A shpws @ map
RB&h & HEWPACDRIA Trainsbriphenis umithae for Figee 110, rEDIshoWBlAthe predicted

transcrl tional unit. The position of "bubble" and
‘e RMyp@stissd figne His Cpﬂétrlﬂ‘Pta?}%'BrF'Q‘t‘r%m unit are
shown as stippled arrows. In this instance "steni
Figure 20 shows a map of pU6.ACTB/RIuc/AD1/GFP hp. In this and the

following examples sequences, derived from B Actin (ACTB), Renilla luciferase
(Rluc), ADAR1 (AD1) and GFP have been incorporated into the construct. A
shows a map of the hairpin DNA transcriptional unit as for Figure 10A. B shows

the predicted hairpin RNA produced from this construct as in Figure 10B.

Figure 21 shows a map of pU6.ACTB/AD1/RIuc/GFP hp. A shows a map
of the hairpin DNA transcriptional unit as for Figure 10A. B shows the predicted
hairpin RNA produced from this construct as in Figure 10B.

Figure 22 shows a map of pU6.ACTB/AD1/GFP/RIuc hp. A shows a map
of the hairpin DNA transcriptional unit as for Figure 10A. B shows the predicted



sequences, derived from,a Actin (ACTB) and Renilla
| uci ferase (R uc) have been incorporated into the

w@oemgtieaset . B shows the predicted hairpin RNA peoauzmd/000759
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from15 this construct as in Fipgure 2C. In this and

2 |

ot her exanpl es the bubbl e sequéhces, which are not
pabl f conve baser@%i ri n are own above

f prpﬁiblgg p '? SPPSrictas 'B gl 1ruences in

t t T t

pai i %@@E&é@ap% 5@%523”9%059? %ﬁ@@?‘ﬁ% PiagBedibca sows a map
S TP s Sk o gEAENORCS W roii

Umdrghirt RNAupitoduted fiiosn $ipie cohstradti asnin Eigqnee’tﬁﬁs at t he
base of the hairpin target Renilla luciferase nRNA

Sequerﬁ@\ﬁ’e@ﬁglfiéwé Bembpad pUB. BRICIACTWADH/CBHRHEIEEW eA shows a
11 shows a nap KUG Rl uc/ ACTB TTAG _ A shows

a5 ofdhe arFININA dHSp BN oA 191 EDBur B this instance

S50 AT DA, e (e

HERR avid GBP. M&b&mmc‘b@oraﬂecﬁhﬁu@acunﬁmﬁt Bhshows the predicted
hai rpin DNA tran ti,onal unit as | gure 10A B

d1RHR RAA BFOQH'P@é g@ thip ﬁPHStr‘Fﬁ@Sp'PC%QE"@d omthis

construct as in Figure 10B. Fi

OB AT 2 STWCS e M RUEART B BIIoAB G RaiTp. A shows a
?ﬁ%} p(ﬁfggfeg{hgg'b %Auﬁém%tlgﬁélucegu§§ f&pll\-"lglﬁesqeﬂﬁ B shows the

airpin

qredictadChaifsin IRNEng@mlﬁ:ethBomeh@Ltrcms%csbsws Fryured 0Bf
pU6. ACTB/ ADI hp. This construct was used as WD

2004/ et 26> SHowS2) ﬁp@pﬁ’@@ Acsmmmﬁamci/@emsqﬁmth A shows a

for sone experinents. shows a map of the_ hairpin DNA
tmapsefr the iheirain INA fa@n$c¢tptlpngluﬂalt1@$\ fog F@ieiRs 10he B shows the

Bl Bl PR ool REAHARR SARPERLS i PRRHE HBE. 29
{1 ansdrOWE chaloun® Ben o1 DY gty SAEio R RAAERZ BE: A shows o

| RSH 3G hes PRUBIH ENA ttraﬁ&%neaaﬁgmtl &8 fbuqn@@rreas@A B shows the
(Rl'uc), a Actin (ACTB), and ADAR-1 Séw " have been
61\8S i

|med|o¢aﬂ haigeiniRNA producashiemubis, cam EigyredDBt ed

hai rpin RNA produced fromthis construct as in Figure

10B. Figumee28 6hsWweves mapmaippdb. AFQ.BBM@’BGHRIHERE/RIUQ hp. A shows a
10 hai r in DNA.tra

h t
(AP 9 tHeoapL LiNA GRenssreglie” AL 55 i dtetenaPfpi shows the
YA REQAHSiBSIN RO Bl Sc PR tHist catstiuet Bb SV FRUEOBOB.

Figure 29 shows a map of pU6.ACTB/AD1/GFP/HER2/LAM hp. A shows a
map of the hairpin DNA transcriptional uni as for Figure 10A. In this instance,
sequences derived from lamin A/C (LAM) have been incorporated into the
construct. B shows the predicted hairpin RNA produced from this construct as in
Figure 10B.

Figure 30 shows a graph describing the activity of double hairpin constructs
targeting Renilla luciferase. Data are shown corrected to the relative Renilla
luciferase activity in transgenic cells transfected with the construct pU6.cass (n=5,
+ SD). The white bars denote activities of negative control constructs, namely
pUB.cass, pUB.ACTB-A hp and pUG.ACTB/AD1 hp. The black bars denote



Figure 17 shows a map of pU6 ACTB/ ADAR/ Rl uc hp. A
shows a map of the hairpin DNA transcriptional unit

W@20080065F1 gure 10A. B shows the predicted hai PQI/AURINA000759
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produced fromthis construct 2@] n Figure 10B. 15
Figure 18 shows a map of pU6 B/ ADAR/ GFP hp Thi s

gg&éé ucﬁ?@wsﬁw%%@eﬁng&u%%ﬁ%y@% B?LH; hRlapd%B double hairpin
'Z'{}, id eQUW@b/A@T B A [0 RISHRE TEOATAB, Sdmcmmmuc TTA and

hairpin RNA produced fromthis construct as
pU6[¥k@'ﬂBﬂ?lmOETﬁF€Bgure 19 shows a map of
pU6. Rl uc/ ACTB/ AD1/ G-P hp. A shows a map 20 of the
hai rpFIguEIB\lAM showerthpt aiactn/aﬂy oftripleshdigin léiogairectsotargaing Renilla

shows t he d| ct in RNA produced fro
§fafa§cqs QHrng‘ngéﬁ peﬁngﬁntgﬁ%@egﬂ V%C%f%ﬁ Frown as white
A‘ﬁg gstggl/ AwrBd [ g
exar‘rp ?equénces gerl v%élmfﬂrﬂlorf@ga tdl,ﬁéirBf/Rb?lG\FP hp: the test
Bensttucis, shbiver ase blgdR ba)s, mamlp(lﬁ[ﬁtlyCahu are thevdriple hairpin

been i corpor e truct ma

B‘Pn?tﬁ’#: Pai rﬁyﬁt@d&%@\bﬂ pt i'thal Hp?‘ﬁB@F%%ur eIEhp and
%’% ACTBNOMS/RIGEApPr edi cted hai rpin RNA produced from

hi's construct as |n Figure 10B. Figure 21 shows a nmap

of pUE; @%%#%AWS%@%&\HP of%@rﬁh‘iﬂﬁ:@ té’@%tm?ﬁ Ta'ﬂ@ 5 §enes with

hai r pi ranscriptional unit as
vl Lciferasedatcpesitiorndi opbnadjseept tmlthfewdpr asmin Hﬁlgjre 30. In this

%?(B%I{;@%J% %Abnpggﬂgg H%Bégﬁ’[& Sghé:\lﬁ o ZVﬁLHEe o%mg’rst h\é(epe pU6.cass,
E@Jé RC“I‘ P‘%ﬁd‘?@g‘ RETENRD 1 /BF P Wstﬁé)fesf'c%él%&@psh(ﬁvn as black

hows t WO 2004/ 1065 PCT/ AU2004/ 000759
Bard)ai rplwerRNA prddlIBBLE f r onhiphi s cRMEAQITR/ARX! /GRP/Riuc and

BRSBTS 378 S o of 1o
T P RS P A B SR R R AR an
SHEChaER Ao RSP WA o angrmprl untas o

iFagurpi 10AONB shaws dné predinteid lumrpm RINAgrrodiueed ompiis canstruct as
[ sb nce sequences, derived froma Actin (ACTB),
F&"?A Renilla luciferase (Ruc), HER2 and GFP

B?‘ZS. Bietie Haphovn RoieEh bRkt demonsAHDeBHEN R g AGS and Akt
E?L%Fk{%#gmbﬁgt@%féqg;{H@ﬁg%@egushomgwgi‘n constryot pUB.GF-2. The
Weesterm HINA wes probed wmt’ralarutlbodleasspemfla:ltgLﬁ@C&MhICB acts as a
?ge%ﬁg tc%%‘[rol, and antibodies specific to the targets, either Akt1 or Akt2. Lanes
probed (I-r) were control, non-transfected C2C12 and cells transfected with
pU6.GF-2, both lanes probed with Sec5 and Akt1 antibodies and non-transfected
C2C12 cells and cells transfected with pU6.GF-2, both lanes probed with Secb
and Aki2 antibodies.

Figure 35 shows a map of pU6.GG-2 which targets the Akt 2a site. A
shows a map of the hairpin DNA transcriptional unit as for Figure 10A. B shows
the predicted hairpin RNA produced from this construct as in Figure 10B.

Figure 36 shows a map of pU6.GG-3. A shows a map of the hairpin DNA
transcriptional unit as for Figure 10A. B shows the predicted hairpin RNA



predi cted hairpin RNA produced fromthis construct as
in Figure 10B. Figure 26 shows a map of

wWQH4AEEB! AD1/ Rl uc/ GFP/ HER2 hp. A shows a mapPOIf/AUR®4/000759
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hai rpin DNA transcri ptional unll;I as for Figure 10A. B
shows the 15 predicted hai rp| RNA produced fromthis

construc aSIn Fi u 10B_. Fi r 27 shows a map of
FBUB‘? ) P@:@S? f?ﬁ[‘(‘?ﬂ%‘rgﬂ ows a map of the

hai r pi_n DNAtranscrlptlonaI unit as for e?ure
shows Figie 3 é'ﬂl@‘@? @dmﬁa.q fRUP. REx4pvibigh dawels bath WrasAkt 2a and Akt

“2%63%@ ,ﬁ%ﬁ /2 ﬂ%? g phgi’ ﬁ’\% ﬁﬁ%@ssﬁﬂ)ﬂ@ganéafbt@ﬁal unit as for

ch@erai oA B @hm/srtaespredntecbhairperNAaproﬁuce&lf@m ¢his construct as
10A. B shows the predicted hairpin RNA produced from
ihFOWed93-uct as in Figure 10B. Figure 29 shows a map
of pU6. ACTB/ AD1/ G-P/ HER2/ LAM hp. A shows a map of the
hai r pifigumRA38 (A gsiar fletsnshowing erhansedmeguctions A pretein.in cells

bl oS HEASIdns el HATLO0LY A ffihes speci
O eSed 6dlv¢ﬁ|©h1| dotd BRI A IMngrcmmmdalﬁd Ca”ntibbdsascspiéiﬁﬂmtﬁ the target
as in gure 10B., Figure 30 shows a escr

A2 aéﬁnest@/roeeddeﬁblwﬁap%ﬁrw eeﬁgfw&@edtca?@é?.?ﬁj% and cells
Fﬁ%ﬁ sfodled it fipTeRstR I SE2PMIEE S ShEbUe ddg.
so). i mﬁﬁﬁ%@ﬁiﬁ%&é@ %%&%Cﬁééé 4 Jg°A sttbws a map

@I rthe Shaifsn ONACtranscrptiohyl uﬂlﬂﬁa§a$$lgmbl62IB\CB33H0\h9 the predicted
and pU6. ACTB/ AD1 hp. The bl ack bars denote WO

M@)WM?PWPQ@JZ@@E/ thie oogstrygt ast inyFigusg ¢- This hairpin RNA

ﬁtfeh'l ttér%éfé Qﬁéé ey ﬁf\ggge gwwg%%w a89hd Rext 29 nts of

rthlé nHRNN AGERranBatpt BUWieACiR! fd modité sedBint double-stranded RNA.
pU6. ACTB/ Rluc TTAG Figure 31 shows the activity of

tripl Figaier #0 Bhowshapstst ther@asmirpBemDi&. & shows a map of the
luciferase as in Figure 30. In_this experinment

rredrRin JANA dranseriptioralowmit a8 ianigere R&- B shevs thehgredlcted hairpin
CB}%%'H ?&@@g Bii ﬁoémbﬁ?\sgrgg I acwﬁgaﬁ{ré%v\g?j% %@raﬁ%‘,@ﬁpt potentially

harg@t@tﬁ&ADWR nl& sit@iof ADAR danRNAICt s
pU6. Rl uc/ ACTB/ AD1 hp, pU6. ACTB/ Rl uc/ AD1 hp and

pUS. AGT&R) R0} @h@ﬁ/shﬂap%%fﬁhégﬂ@srﬁﬁj pevVED2 T AGhoWst & map of the
of constructs tar?etl ng 4 5 genes, with Renilla

|hadipieN¥A teanssosfienanunit 6 18, Figdfa28ntB tshovsetheopppdigted hairpin
'IQNK' 8%&c§8-frbﬁ1 Erhé construct as in Figure 2C. This transcript potentially
targets the ADAR 2-C site of ADAR 2 mRNA.

Figure 42 shows maps of the plasmid pU6.AD2-A. A shows a map of the
hairpin DNA transcriptional unit as in Figure 2B. B shows the predicted hairpin
RNA produced from this construct as in Figure 2C. This transcript potentially
targets the ADAR 2-A site of ADAR 2 mRNA.

Figure 43 shows maps of the plasmid pU6.AD1/2-B. A shows a map of the
hairpin DNA transcriptional unit as in Figure 2B. B shows the predicted hairpin
RNA produced from this construct as in Figure 2C. This transcript potentially
targets both the ADAR 1-B site of ADAR 1 mRNA and the ADAR 2-B site of ADAR
2 mRNA.



experiment - the negative controls, shown as white
bars, were pU6.cass, pU6. ACTB-A hp and

W@ RS4AWEB AD1/ GFP hp; the test constructs, sShoREiT/ay2004/000759
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bl ack bars, were pU6. Rluc hp, ,pU6. ACTB/ AD1/ GFP/ Rl uc
and 15 pU6. ACTB/ AD1/ GFP/ HER2/ Rfruc. Figure 33 shows a

genes e - T OrARE Azl W AR 2iaRTE, Aftiows @ map of

%hbfr&@%ﬂ%b%ipﬂbﬂb! ufib ab9h Fiduii@UTGA 1PA. pdsidP¥h ‘bubble” and
he predicted hairpin RNA produced fromthls const r uct

dm)p saqiéngesewithin e tnangometlcmal dhiinerensbownnag|siippled arrows. B

L5RRe SR IR B Pl he e Il o Fgur 108

@&w@ﬁc@s al fife bH¥sbefHE hémxﬁ tgfet ths ADIR Wi-Alsite of ADAR 1 mRNA,

anti bodi es specific to Sec5, which acts as a | oadin

senuentes errethe loepi tarel fee ADAR 2oA site of ARARS MRN

either Aktl or Akt2. Lanes probed (I-r) were control,

non- t Figwéekd elub\mmapsmﬁtheeplasn'ﬂd abisi Aot 83-AMIUA.2A shows a map

B Sarow Shi IERRRABRE Lot 52 5330 Ao e anoup e predicee
thraﬁf[‘}ﬁic Rﬁlﬂeﬂ'o%bédm% fHis on&iplidt dsﬁﬁﬁgtﬁkfeoﬂ@ with Sec5
d Akt2 antibodies. Figure 35 shows a map of pU6. GG 2

V\'h' ch Fﬁ%ﬁ%f@ sﬁg\ﬁs%é £8f ﬁ?é Elas'f‘hld ?’L%‘?\Dﬂ &@N@JACV\@\ A shows a

hai r pi transcri p I ona nit a Fi gure 10A.
shapvof 8@ haeppr &NAt dnsaiptiphal RNE ps oduCegureér HOAL 13 sshows the

R
B o oSS oo R AT prouca
B3 RSG50 0608 A1 HUDAT g e 0162

AT UNG AR {Carferetiidted Bbrusiures ard stidwn 2is ivh Fdores! GiB. map
of the hairpin DNA transcriptional unit as for Figure

10A.  Bigirews shewd resiscéfate ptasnpidnp FRNAGTBRMIOBA. fA sitows a map of
this construct as 5 .in Figure 10B. Figure 38 V\éster

Bhethaipin My t@ﬂﬁ&ﬁ'@@@”@'e@i@&ﬁ%'ﬁsFlgh"%r"é)cpel‘ﬁ ,l%lrtsézpnge a “stem’
%e?]ﬂééﬁ? %a\%’éé ﬂgg}g@?ﬁr& ﬁeUég Wf@é&f m(;;ésbhpgfé%"’?\gﬂopﬂdtarget has

| bl ingorporated| intcathe: eortsitietli Withspieloeihg douadtheanw thygsiry or mode
Akt 2. Lanes pro

S esional RebSlisaddatt Y sEIanSAds ket S0R HrORGABAR T mRNA, but
CARSEEUSY $ndiMBiirfii Ane RitRiciire e Bbi&actuence in the construct. B

shows the predicted hairpin RNA produced from this construct as in Figure 10B. -

Figure 49 shows maps of the plasmid pU6.AD1-A&ACTB-A/UU. A shows a
map of the hairpin DNA transcriptional unit as in Figure 10A. B shows the

predicted hairpin RNA produced from this construct as in Figure 10B.

Figure 50 shows maps of the plasmid pU6.AD1-A&ACTB-A/UUA. A shows
a map of the hairpin DNA transcriptional unit as in Figure 10A. B shows the

predicted hairpin RNA produced from this construct as in Figure 10B.

Figure 51 shows maps of the plasmid pU6.AD1-A&ACTB-A/UUAG. A
shows a map of the hairpin DNA transcriptional unit as in Figure 10A. B shows the

predicted hairpin RNA produced from this construct as in Figure 10B.



Figure 39 shows maps of the construct pU6. ACTB- A48 hp.
A shows a map of the hairpin DNA transcriptional unit

wasgoonodsigur e 2B. B shows the predicted hai r ppeiI/RNZ004/000759
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produced fromthis construct ? in Figure 2C. This
hai rpin RNA potentially targe % the ACTB-A site of a

The ¢ Fikier 53 showsofapecoslia ol eubadAgc B uuacan. A
gr’l \Z/'rsn% dﬁfg&%’f‘iﬁg h%hlﬁm Dﬁlﬁgﬂéﬁs&i?)t@hgl’\@nlﬁaﬁn ngLIrB q E%A B shows the

OWS a nmap o he hairpin
1pred16hed| rpawpmnaNA:prapdtmed|fmrmtglar@nsﬂuctaa%hbﬁ\lguméOB
predi cted hairpin RNA produced fromthis construct as
in Fi Eigtfre?éB sAows nhaapmef:ﬂieoplapnuda@UGaACYB-A&A@Ht—A/lﬂlﬂA A shows

ADAR 1-A site of ADAR 20, Fi ure 41_sho
o mapeofaﬂa@rhajrmnu@bibzt@sqxlp;'ﬁa@b ugltras, B FigHE 10A. B shows the

t
B B S S e L e guiEo8

Car geF IO Bfipis S ofrPeriso sHhil R ot F2hBibt produced

fdg%zdsmﬁﬁru@fs plbe mt“asm/dluAJ@A»mmAm-A&MTmmuu (B), pU6.AD1-
e alr

MA@TBWMJ!{? hdGr eﬁ@agﬁcﬁ‘lé kb%n#al é azgigdgpgﬁmwcm-
°<?§'r‘*f<ﬁ5‘°4 B3GTE @%%%@AT@%P&“O TR e

F

S:qg\l;\; s&gv\ﬁ?ﬂgqﬁ%% tlﬂ?og@? a K s@ﬁ? p b%@n%ﬁs tﬁgtetlng ADAR 1

ahd éhdﬁ/éltﬁeeeﬂrl?anc%dséamtytdf%ome?dubbleObdmmptmcoraﬁa%‘@to a single
produced fromthis construct as in Figure 2C. This

thedlipiceenstrysdt ential |y targets both the ADAR 1-B site

of ADAR 1 nRNA and the ADAR 2-B site of ADAR 2 nRNA

VO 2O(nguremBhpwwthazemmx@vtxoobd@golemrrplrgmrtstwt&‘swggtmg ADAR 2.
maps of the plasm d pU6. AD1&2- A/ UU. A shows a nap o

t he haﬁ|guu1er6mhbw$ ﬂmacm\ptlylojrmiublmhalrms consi?ughsrtergemm ADAR 1.
the position of "bubble" and |oop sequences within

t he t ragwers®oshenathaactivigraf doublnhaispiatcopptradisaargatimg 8 actin.
B shows the predicted hairpin RNA produced fromthis

const Irt&ired59 SAols B hiapl8BpUB. GRIUERS SFhRth th tBEGSIEPQéfnd Rluc for
the haifpin target the ADAR 1-A site of ADAR

seamimahee Acshavs ahmalpdm‘pthednagmmtDMAchzpm@alt@Ibas for Figure

é"%zovyg LJIW uprf§dﬁ%ﬂ%ﬁ%wgﬁiﬁ%%rpéng?@!ffogﬁnﬂmonstruct as in

tp,ga@cm@tl onal unit as in Figure 10A. B shows the
predicted hairpin RNA produced fromthis construct as

in Fi g45€clB8B-shows a map of the library construct pUB.GR-21-1-2N, which
targets GFP and Rluc for inactivation. A shows a map of the hairpin DNA
transcriptional unit as for Figure 10A. The position of randomised sequences
within the construct is shown as a stippled arrow below the map. B shows the
predicted hairpin RNA produced from this construct as in Figure 10B, in this

instance N represents any ribonucleotide (ie A,C,U or G).

Figure 61 shows a map of the library construct pU6.GR-21-4-2N, which
targets GFP and Rluc for inactivation. A shows a map of the hairpin DNA
transcriptional unit as for Figure 10A. B shows the predicted hairpin RNA

produced from this construct as in Figure 10B.



10 Figure 46 shows maps of the plasm d pU6. AD1
&2- Al UUACAA. A shows a map of the hairpin DNA
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predi cted hairpin RNA produced4from this construct as
in Figure 10B. Figure 47 shows é conpari son show ng

LU, B! 6 shbpav MmstieonBie ISR coRttridt Tuig BR 12N, which
§rgeld BFPUARAVRIUE forPirsbtivhish. S uabWsea Ao DPOMR ASirpin DNA

in"Figure 10B. Figure 48 shows maps of the plasmd o
tragisedmtional buat #s shovsigareraDAf B taheowsithei predigied hairpin RNA

t | PLI | I t . ' 10A; in thi
PSR PR oAb o R EIBBE.0 ™ om e ri v st

| eqt f th : has; .
ncor BUPGAS] HhGWE HEaBsn e LeTdUARFERGR B AR GRAStruct series

bheo AR i | . T
?%Jaqﬁ’.@ﬁqéﬁel AN £Hd POBGRORU-AE AR taldet 'GFFth% El‘-?tlﬁﬁigln\erl’nactlvatlon.

I's sequence is too short to target ADA
Aishowara awp bftheahairpin NG rarsasiptiopaluurit of pBeGR-22-1-4N as for

bbl i.n the .. UGt . h . .
e O B B e ek R R ARGt 5 s gansruct as i
iﬁg%lﬁiegqos- 1iABthi& i igstaAcd ODS Represermastel ribbausibasdésl A, G or U; V
pUc. ADI - ARACTB- A/ UU. A shows a_ map of the hairpin DNA

trepresentsptheoionualgatides AnCrrdar and tiremmeserdadhe mibongeleotides A,

RS BPLE B PR BB BB P puBor. 224
[0 FADFAFACEBAA DUbhowrs stheWpredicte®phairpinh BN grpdaced from  this
DNA transcriptional unit as 1n Fi g_me 10A. B shows the

soagiraeleas imfigyra 1084 ipthigdegianee bhienipserisibe riranugleotides A, C

i . gRr ' e P hd

SBoChct eeranty hcbin SRR 0"y Pad "D represents the
hrivionpiclzobtNés 1, @hecti pti onal unit as in Figure 10A. B

shows the predicted hairpin RNA produced fromthis

const Iygilirea84 isRots dHASS bn@%e%@n@@@@’f 16 BBrary construct pU6.GR-22-
PCT/ AU2004/ 000759 43 Figure 52 shows maps ot the

pl-BigviiN aposPUBICRREHBIARNUROHA target SHneans! e Bor ingetivation. A
kR £ 2P ot RN AFRRIDRA e RIS I HTE QR PrAAN as for

Figsier 1GA. BshowshhgyredittR hairgo RNADrethove] framsthid construct as in

the plasm d pU6. ACTB- A&QAD1- A/ UUA. A shows 5 a p . of

triguieail PR ﬁa\wrﬁtara@%.l\l FRATE RGNS AL genyleqtidgy 6 shews a map of
. } . r-auC r

S8 It PNA RERERBRh P bl oD GRIPLUATAARY 85 FRure 60A. D

cshapar thegredicted hairpihndRiMAqodddcad froscthiptengiruetiased Figure 10B; in

Bl R Wbl Pt Ao (.

pLE. A%lié@rgéAgsT oS %eng)o’f e forany Consiict pUB.GR-21-184-4N, which
targets GFP and Rluc for inactivation. A shows a map of the hairpin DNA
transcriptional unit as for Figure 63. B shows the predicted hairpin RNA produced

from this construct as in Figures 63 and 64.

Figure 66 shows selected examples of 3 phasing constructs, namely
pU6.GR-17 hp (A), pU6.GR-21 hp(B) and pU6.GR-26 hp (C). In these examples
the grey bar represents a small region of the human U6 promoter; the open arrow
represents the EGFP-A effector sequences which range from 17 to 26 nts; the
black arrows represent the Rluc targeting sequences, which are constant in these

constructs.
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10 A/ UUACAA (E), pU6. ACTB- A&AD1- A/ UUA (F) as in Figure

10B. Figure 55 shows the activity of double hairpin
w@orgtieaset s targeting ADAR 1 and shows t he enh@nasezho4/000759

activity of sone bubble const pgct s conpared to a

single hairpin construct. Figdure 56 shows the

S e ey SRR SRR S IR o

p%“é;tﬁ 4gt ﬁ?@g q&% @-‘M@Aﬁpl(C) RUSIGR 3D 8poyB), tple6.GR-21 hp(E),

activity

ubl e hairpin constructs tar etln
pAuB. GIR-ZZFh\@l(lF)a B96.628 hp (@p RIF6HIR U%\,\é,%@.ﬁ hp (1) and

B T ek PRI 4 00875, orcon

tﬂﬁ@anﬁb%ﬁ@ﬁ@tﬁ Gﬁmhﬁgbtﬁgesbdﬂwnbes mr&BRownadal bo&ﬂ from
I's construct as in Figure 10B. Figure 60 shows a

map qflgﬁ Ig%é 'shg%ythé%ﬁattl(/é Gctipitlp oﬁhe?éhéslﬁgl co‘ﬁbtr@bts agamst Rluc

tar et for inactivation
(o.e5; hfsn)gl r plote e\ constraetsr pUBiGRAN rmamdaauﬁ&er?g hpeshow the

qﬁeg ROSItI on of random sed sequences wthin the
h:!@ R$trARVY s shown as a sti ppl ed arrow bel ow the nap.

Thi o TeHen 5o efung Rors g WBHNOPAT apet 1 SeiskBifia 2N tbraries.
%%Wb mgﬁﬁmaﬁg&rre'femw‘&ﬂ ﬁ%té&ﬁntﬁ/'cﬁ 2B, Gokb®isdRtedr@tthe pU6G.GR-

brary ctonstruct
PLAa. mmﬂaryemnsuﬂlaa (m%rﬂgééé Bresgrrpring ef elones from A showing

i .nactivati.on sho 0 e,.ha

|%'95ﬁ§;‘cFﬂ‘P&b‘{"?yonQA Oﬂ%uﬁ\ﬁﬁagﬁl@?‘kﬁ% ehﬁo%&@hsmert qctivity than the
(bt‘F%j bipipd RNA 30 produced fromthis construct

%Hsrﬁl%r% gglrpg 10B. WD 2004/ 106517 PCT/ AU2004/ 000759 44

Fi gu?,%g%e ?Q%V@'\\/\% %@F’aﬁémﬁﬁﬁld b ré‘ééhtéﬁ’dﬁbf H'fét multi-target strategy.

targets G-P and f or
Arwmiws/ atdlagrarvﬁmahomsprasaakatloﬁ aftee chaﬁstrqmtrtal[gqung 3 genes (targ. 1,

e KRR DI e o
i [
145 D18, e ot oot o o

fohilERoR 21 AmNsedusinicet that ean cgzameaai@ ® Y endoef the transcript): It also

{ t t.
boRRS ArBIRPod e s ol venfofs - dprgy 2 gnd taro. 3)
ﬁé‘ a@hs%?f%\%ﬁ Ql%tPQQﬁtafitaﬁ@ h@:]régl oriéttation qdrroad);f rcmp sequences
I's constru tTas in gure 10B; in this instanc

(t&p«)eamﬂnbebblhs shopenas |bgmk| @@esz\ B@d}nm;ary\;ralr@scrlp?ls produced as
rgzﬁ lir%i?{))\ %ﬁﬁ%‘ﬁﬁ%ﬁ cg‘z % e Gritf afftis@itd Effector sequences,

separated by bubbles, with loop sequences separated by a loop. C The transcript
then forms a hpRNA structure, presumably spontaneously. D The hp RNA
transcript is then processed by Dicer to produce three different effector si RNAs.
In this example the effectors can target 3 different RNAs (horizontal bars) and

cleave them (vertical bars).

Figure 71 shows construction of the plasmid pUB.GF-3. This plasmid
contains 2 transcriptional units on a single plasmid, one designed to inactivate
Akt1, the second to inactivate Akt2. A shows a map of the plasmid pUB.GL as in
Figure 2, the positions of Sma | and Kpn | restriction sites are also shown. The
predicted hairpin RNA produced from this construct as in Figure 2C. B shows a
map of the entire plasmid pU6.GG-4 (Figure 37), the position of Hinc Il and Kpn |



Cor U C shows a map of the hairpin DNA
transcriptional unit of pU6. GR 22-4-4N as for Figure

wW®GR4/10858hows t he predi cted hairpi n RNA pr oduckdI/AD20w4/000759
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this construct as in Figure 12&; in this instance H
represents the ribonucleotides™, C or U, B

represents the ribonycl eoti des C, or Ua D
ragiriciam sles i shawn, FLefois aomeaea %,re%%réﬁhep?m%w’f pUB.GF-3

SIS i L st oo oL o
Sifa antHind lit friagmeintaitoi MiatilbhKpn | resivigtechphigGet4.t e map shows
3 FBHOn 2SS AR v, Bl PR SRR S e rosuan

ER ST tpf’éd]&ietdrtbsprééﬁéé W hapinl RNAS, bhé lﬂé?eeliﬁ AKLD, as shown in

his instance N represents any ribonucleoti shows
Fignip 3B, thesehand pargetng\Akilads it FigurehaB. unit of
pU6. GR- 22-4- NAAN as for Figure 60A. D shows the
predi cted hairpin RNA produced fromthis construct as
I n Fi Figure MMBshowss atrhap of tise aorsiruat plE.HOWSt imc & shows a map of

R DI ROPHO ATt e i o OB sloMBlne predicted
'(‘i)qf%irgﬂ RNEProatdeRitdin t1E cbAseldtwrtih®gurd siBWs a nmap

he hairpin DNA transcriptional unit as for Figure
63. B shows the predicted hairpin RNA produced from

this L1 8t stisivd ndpd) W Segfohsabel th8. plEsaidE RfSmely pU6.GR22-
shows sel ected exanpl es of 3 phasi ng constructs,

isemsé YA) @06, 086 GRAY-antisenss B G @1 presicspd dvanscripts produced from

U6. GR- 26 h C). In these exa es 0 :
Tassccamuitls idive P shaRndreiPHans TraceTrdhey Wi fransripts are
tEdiB RNt oA ri | %\%Fﬁ?ﬁﬁ\ﬁﬂmscttb?r&ﬁﬂ% AdelibReéeanded RNA designed to
sequences which range from1l7 to 26 nts; the black

anadiivate bpihdseiP amEhRIuccMBRNARt i ng sequences, which

are constant in these constructs. WO 2004/ 106517

PCT/ AU2004/ 000759 45 Figure 67 shows the predicted

t r ans Figyes7$ravewse patial puspGRf twohpNAAfragmsods.ararmgly 77 GR22-

%&E}te%@q 1 gﬁ)hﬁﬁé (CB ’Cﬂ%_a i 2‘%’55@ {)é E@ %@@%&l transcripts
oilicedPtbmrdRede ddRstridtsanditradaie SHwbbblow the repective maps. The

predi cted transcripts are shown as in Figure

émiipt%aﬁéfﬂéﬁﬁdﬂp@m@%tﬁﬁ s i fetd ﬁ@%ﬁ?&@rﬂ%@le stranded
RN oo ety BRI IBRATIRNAS 1T (0es;

SD). Note the constructs pU6s. GR21 hp and pU6. GR- 22 hp

show té}?AMEL%EeSt activity.

1. Test constructs

DNA constructs were prepared which were targeted to inactivate a number
of genes, principally the Renilla luciferase gene because of the availability of
simple rapid assays (see below). The base plasmid for all constructs was
pUB.cass shown in Figure 1. The cloning procedures used to prepare all
constructs are well known to those skilled in the art. To prepare pU6.cass human

genomic DNA was PCR amplified with Pfu polymerase using the primers.
UBFR1
GAATTCAAGGTCGGGCAGGAAGAGGG



Figure 69 Defining constructs with higher activity by
screening 2N libraries. 10 A shows primary screening

woRooshessarti vity of 22 clones i soI ated from t heCpAG20@HR000759
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21-1-2N li brary agai nst R uc ( SD). B rescreening
of clones from A showi ng hi gheZt activity. done

pU6. GR: 21-=1s2n-18 hp showed hi gher activity than the
contr T GR-21 hp. Figure 70 shows a diagranmatic

r epr egeNGeTTAGATCTOGTCTCACGGIST TICETEDT TTGOABAAG

shows a di agrammatic representation of a construct

tar get—pHégrﬁ% ;iﬁ]@_?ﬁa §hdhfwas A-tdiRdusi %%églktﬂ)}eﬁsé Bnd cloned into

this exa he®construct contain
(e t\/eetormﬁerolBlunmeB)l using tlwmmartUimturqmaepmtocols (Invitrogen). The

Wﬁnﬂ@op%?arﬁ’otéﬁfye%&ﬁ&%&é%& frolih injs miASpE as gn EepiR! / Hind I
atgéﬁ%%tt AR e Inito! thealddor ?B‘ﬂle@cﬂﬁt (i SKdng&lréﬂa@@ne) using the

or sequences in sense , tar

trasf@ctl@o sﬂesanmodm&ctemgethe a‘ra;;ment by ¢hatabave digpnacieotides. The

Reind atink” BUBKRES, I T BREREF Snd B6 HRResdistpg seavence

iecRUsE YeE pafticul FME¥Re lmogéﬂ%resﬂ&équéﬁﬂmaﬁﬁpdwn@i had a two base
sense and antisense effector sequences, separated by

Rabi@A) deletion irotle Yedtrgaent. 4 SQafraarwttgﬁtaallm@Jpneeiwas an EcoRlI

T
St ARGt Rhn LAk, U ERa AR Saplcu okt i pzB yactor. pUB.cass
ithus haad @ﬂ@cl@@mm@m it ¢ies 5t @ndrcﬁdhemumaﬂeuﬁilgbher Q’hé vector was
effector Si In this exanple the effect?rs ca

dsOﬁmP@ﬁtnmal(marD%ﬁ@%ﬁﬁw Ssmakd Hing QU ragments, in
t il 4 #4h dn%hghggﬁ@ R%I i p r?ﬁ%@séboﬂéﬁ{ ﬂﬁ%tuhQéH.Of

e plasmd contal ns

322,”3ng{?‘)bi@%ﬁﬁgaﬁ%kﬁﬁggﬁyg?%‘ﬁ? ?2\ Secgﬁ%gé}%d using annealing of

ifoactligaaieledtidés, Aasepms a map of the plasmd pUs. G
as in Figure 2, the positions of Sma | and Kpn |

restrigtTp-ppligs-sar e al so shown. The predicted
hai rpin RNA produced fromthis construct as in Figure

2C. B /oh g!}fr %m dé)@c&pi &‘Tﬂ'ﬁﬂﬁ@ﬁ%ﬁw GG4

(Figure e position o I nc pn |

2004/ 7, 004/ 000759 46 restriction S|tes IS
shown. q@f%ﬁ%ﬁgwgéﬁgp of a region of the construct

pU6. GGCGAATBATCW GATET pCApar ed by cloning the U6
transcriptional unit frompUs.GL as a Sma | / Hnd
L1 fregue;m-hpie3Hinc 11/ Kpn | restricted pub. GG 4.

h h h f h
Lo DSCAMEATGT T GAIE CHPRLTTTREGARBI Lant. 5 plasm ¢

|s pred| cted to oduce two hairpin RNAs, one

t ar geth@§BANR-H gél shown in Figure 37B, the second

targeting Aktl as in Figure 71 B.
AGCTTTTCCAAAAATGAAGATCAAGATCATTGCTCTCTTGAA

The partially complementary oligonucleotide pairs, ACTB-A-hp-U6-5 and
ACTB-A-hp-U6-6 and ACTB-A-hp-H1-3 and ACTB-A-hp-H1-4 were annealed, and
the annealed pairs themselves subsequently annealed to form a double-stranded
DNA structure compatible with cloning into BsmB 1 / Hind IlI digested pU6.cass.
The annealed oligonucleotides were phosphorylated with T4 polynucleotide kinase
using the manufacturer’'s (Promega) protocol and then cloned into the cut vector
which had been dephosphoylated using Shrimp Alkaline Phosphatase (SAP) using



Figure 72 shows a map of the construct pU6. HCVx3 hp. A
shows a map of the hairpin DNA transcriptional unit

w@sgoosnodsigure 10A. B shows the predicted hai rpCTIABRXMNA4/000759
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produced fromthis construct as,in Figure 10B. 10
Fi gure 73 shows maps of regions of two plasmds,
namel y . GR22-_ sense, (A), and pUo6. 2:antisense .
Hemaniciers PeeoR PLaroiuLas RRIRIC hREcbesiod lo express a
ﬁQi?éthRh? with tYér}é%ri?fi@n sHieh el tAY HuRGar BBARBHI0tEr and terminating
maps. The transcripts are gredl cted to anneal as o
ahthenpoly Ttract pr theéud eregiatoabthe anneaied sepMENeRSs pgFBAWN in Figure
éﬁ; i nactivate both EGFP and hRluc nRNAs. 15 Figure 74

ows partial maps of two DNA fragnents, nanely T7
GR22- sense tenplate rc (A) and T7 GR22-antisense rc
eB) . 'Fﬁ@gprra&ﬂecnﬁg methed,ipts produced fromthese

constructs in vitro are shown bel ow_the respective | _,
maps. Theegenaraneitategy of 4he leng-range-BCH mathed is ghown in Figure 3.

T8 ek ot BIR 683 SRR I TRnes. 20 EXAWPLES.
Ror o Shdr HenBg AR UTPDLE Gl TS 26F GERLE oHehi and ampity

princicpahiby dhanBenitbinpldtes] TNASRgRBRDFEUSEOWH BFetwo lines,
avai l ability of | e rapid assays (see below). The

base peasting domnbkgistrngagadt V& sltheyghssipde. siaadahdi¥A could be
' Fi 1. Th i
a1 B8R b TR LRERE RAEFS S Solf L GBR Ies above and

art. peidw W[@np?lﬁfeé}&ﬁm fegiors repeasanitc3’ BiNmgvpart®@R primers, thick
amplified with | ymerase using the priners. U6FR1
AT eSEATENRCIEEE A T AT A¢ 806517
PCT/ AU2004/ 000759 47 UBT5H3 _ )
BAGCT BAGA PCROwTifT ONZeaTdrquied? CRramptiietian offgither of the templates

AR 5B SN B o e fecior

the myapkaet uher o PLPOR MiRgohlLioiebtidegedenolete ds hhikRnlines, are
U6 pronoter region was excised fromthis plasmd as an

Eco Ringorppiated into bpimghrenef hedingas BNA imglecklge vect or
pBl uescript Il SK+ (Stratagene), using the _
st r iStep od: Liradanized dANAedndlacdet hEE rlingasnDNFy ¢are be readily:

chove el el e ideera v SthL BYB! ST, sy Note

sequeHBsphorylation of at least one end of the DNA molecule is required to

3

achieve this. This can be done by either synthesising 5 phosphorylated
oligonucleotides, or treating the linear DNA molecule with an enzyme such

as T4 polynucleotide kinase; the former method is simplest.
2.1 Insertion of a restriction site into a plasmid

An Asc | restriction site was introduced into a plasmid as shown in Figure 4.
The addition of additional restriction sites to pre-existing DNA molecules is a

widely used technique and in this instance the site was used for further

manipulations.
The forward and reverse primers used in this reaction were:

TATAGGCGCGCCAGAGAGCAATGATCTTGATCTTCATTT

and
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because the particul ar cl one chosen for subsequent
mani pul ati on had a two base 10 pair (GA) deletion in

w0 be4EssiT agnent . The fragrrent actual Iy cl onedP@EAU2104/000759

EcoRl  / Hind Il fragment, &?e the Eco Rl site cane
fromthe pZB vector. pU6. cass hus had a 10 bp

CleMGRAATRAT TSR rcal e ng o “hait p.T'SeDNA

inserts as BsmBlI / Hnd Ill fragnents, in

f ashi dhet unstreie miasmiduwagoampliied anst ligated, f%@ﬁﬁf@ﬂal colonies

T p P h g
WA oattl aReRaRRlb e dEsRiPeobBic il 3nF) ffon an ASC |
redtrbton $i6 Rad-ittpoddfeed in a single step.
ACCGT GTGCACCGGCACAGACATTCAAGAGA  ACTB- A- hp-UB-6 20

GCAAT@ﬁﬁE@Q@ET%hoW@F@J@ -4hd folloWws:
CAATGATCITGATCTTCATTTTTG GAAA ACTB- A-hp-H 1-4 AG

CTTTT cong%rrent L BRREAL ng@foﬁﬁhghﬁvo lines denote the

partia y oligonucl eotide pairs,
A@Eoﬂshaﬂ Wigeh thae forwa@ Bna- teyets® pricaeds sammnnaap iHthestemplate at

3 PRI AL ARGRTIS 1GSHRBRUEN IS TRFRSE P PHTPREAEIS only a 3 fixing

Hapbligs DihanPtter @Hﬁ«taﬁrﬁg 4CA’ unang Gapehs Bval Wstd 5¢legERY part. The
intd BsmB 1 7 Hnd Il digested pU6.cass. The

donbk etrande@caaqueeoemiethemkeérrp%mwnrm ékue wiaint gi4insertion is

BRPURESVhtr b6 Te ecfe ARk PR SO eimSia sponn. the 3
WRingh Bﬂd|§%ﬁ6vmeﬂh@§ﬂ3h%o&bemw@eQGeﬁbél e Arleadi binding site is
Phosphat ase (SAP) using WO 2004/ 106517

Polizaiedoby/theosaw. 4ot redwentis atithee” sffesipprregion. which in this
ﬁr&sﬁ%ﬁ?ﬁ E{R%MSsaﬁh rrIl I%SY}?&I fﬁxﬁﬁ‘a‘:tﬁﬁl tgémfﬁ‘% lﬂcllned letters. The

ranscrlplonln aln

lRagaents® op tiearpdvars@prinierrigishatinnibeloat thﬂ&anﬁotsyprTmér biriding site is
in the 3 reglon of the anneal ed sequences as shown in
Aisguingicates by ap arfQhg- r ange PCR net hod The gener al

strategy of the |Iong-range PCR nethod is shown in

2.3ur & g-RangeRERStrategydoniensrating Hairph DMsConstructs in
Ste LPCR dt
p #Gahggg?%ﬁq#;ﬁ&fg%ﬂ(e ) priners are use 0

ext en

This example describes the optimised approach for generating hairpin DNA
constructs using long range PCR as outlined in Figure 5. The approach involves
the .use of two primers to generate a full copy of the expression cassette. The
primers each contain approximately half of the hairpin and loop sequence, but no
overlap in sequence. One primer is anchored in the U6 promoter region, the other
in the pol lll termination sequence and the primers are phosphorylated. The
substrate used for amplification was a hairpin DNA construct (pU6.ACTB-A hp)
containing both the human U6 promoter and a pol Ill terminator sequence; this
template plasmid was prepared using conventional oligonucleotide cloning
strategy similar to that described above. Following long-range amplification the
PCR product is re-circularised and resultant colonies screened and a plasmid with

the appropriate insert obtained.

The reverse and forward primers are designed to contain a 3' U6 fixing part

and a 3' terminator fixing part, respectively. The 5' sequences of each primer



circular or linear tenplates. DNA tenplates are shown
as two lines, 10 denoting doubl e stranded DNA,

w@bkdohoogh? si ngl e stranded DNA coul d be used asP@I/AU2004/000759
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tenpl ate. The LPCR priners areséhown as bent |ines
above and bel ow the tenplatesi thin regions represent

3 le|n art r ines represen

ool SRy bl TEL P Pl 18 SRl SRS SR nstance 30

HB&l@SfMJ@s hBEBl@ngs' fo &@é%l@ﬁ dtfth8irhiifhe GLUTE gteﬁame@bﬁmed by a9
In Awll result in the production of |inear

nnd:leotmi@kzopz\here the effector parts of the two LPCR

ol i gonucl eoti des, denoted as thick lines, are

I ncor Phe agertbrantiesigot of tved priofers harel sean HENew. UG and terminator

nol ecule. C. Ste 3@3@ rcul ari zed DNA nol ecul e. The

fixing ParisnareshoWskin i recircul ari sed using T4

DNA |igase or a sim|ar enzyrre Note 5 20

phospﬂigeye\a@rﬁ@mrtsmeraﬁ | east one end of the DNA

nolecule is required to achieve this. This can be done

by ei Bh@NN)oopas)(NNN)bairpinés/shGGTGTETCGTCCTTTCCACA 3

ol i gonucl eoti des, or treating the |linear DNA nol ecul e

W t h Thedoryard psimd;r isas T4 pol ynucl eoti de ki nase; the

former nmethod is sinplest. 2.1 Insertion of a

feS”EC{I\IN’N)Iéd);E(%) (NNM)Baipbiage)d 25 An Asc |
restriction site was introduced into a plasmd as

shown FrfteeMAAAGCTTEARGEAT R0CETERI ti onal

restriction sites to pre-existing DNA nolecules is a

W del y, gﬁ? gxélﬁ%ﬁ”w%useeq?%ﬂcéé‘ of Herdve (ﬁﬁﬁ? idi\@rd 'ph?n rs were:

was use r I pulations. orward
rever rimers used in this reaction were: 30
TATA GAGAGCAATGATCTTGATCTTCATTT and WO

CTTCARCAN AT ARSI e P T GGG ST TR TRAT GOCCTRTTT

wastemtrideslcand |igated, and bacterial col onies
wer e obtai ned and analysed as described above. In this

fashi ASC | restriction site was introduced in a
single step. 5 The procedure is shown in Figure 4 as

fol | ows:

Lo °rhe CR IR T RO CTEAE g AR GOT
TR ATATEGEer se prinmers can anneal to the tenplate

at the point of sequence insertion. In this instance

PRBgRahABPERNt @i ns only a 3" fixing

To produce the linear amplification product, PCR reactions are assembled

as follows:
1 ul template 10 ng pU6.ACTB-A hp
5 ul 10 x buffer 10 x buffer (Stratagene)® or Pfu
Ultra™ Buffer (Stratagene)
2 ul 10mM dNTPs 10mM each dNTP
1wl UG primer 10 UM
1 pl term primer 10 uM

40 Wl DDW



part, the other primer contains a 3' fixing part as
well as a 5' effector part. The 10 doubl e stranded

wa empuaose’ of the plasm d surroundi ng the poi ntP@f/AU2004/000759
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insertion is shown bel ow thisgqAbove this, the
sequence of the forward prinmer Is shown, the 3

pr i e Lk 3T R OFRG Lo oa” by STROERHaY Bhe
sequence of the 5 effector region, which in this

i nst aRBalcontains an Asc | restriction site, is

indicated by the inclined letters. The 15 sequence of
t he r8viér xclpnédniifu iBNAhslymeesewreantionabffern Stiatagane). 200 mM

B8 ol S PGP A, 15 ron

@@O,St]rnl,w BSA (Mﬁ;[&éﬁﬁ@éj_on Cassette This exanple

descri bes the optim sed approach for generating

hai r pb f i i inimi
out || ol pided 38 iglhably J1Gt bADR 16 ARG TEckTon to minimise
phinteralegradation.t o generate a full copy of the

expression cassette. The priners each contain

appr oRgaetiohy akelhdeftakdreusiag rpitouchdbwrdqrotoeolias fdlows:

but no overlap in sequence. One priner is anchored in

the UphigaldBHLuratiegi on, the other in the pol I11

term nation sequence and the priners are

phosplygeyl at ed. The 25 subshiate used for

anplification was a hairpin DNA construct (pU6. ACTB-A

hp)  qONEAJYWIP PR Fbéc@ign[l‘}léﬁg@t%@f rr%? g?@tegras%ﬁo pol

Il termnator sequence, 'asm d was
pr epar dCusi ng conventi onsé al i.gonucl eoti de cl oni ng
strat g&y simlar to that SEFPbed above. Fol | ow ng

l ong-ran lification the, PCR product is . .

re-ci @uggg%ggd and resul (4R coIont@?“ﬁ?#ﬁ@h%ézgﬂgwﬁt5Cydes
plasmid with 30 the approprjate insert obtained. The

rever 94°@nd forward pri nePdNE@Se designed to contain a

3" U6 fixing part and a 3' termnator fixing part,

r espedinalalygle The 5' sequences of each prinmer WO

2004/ 106517 PCT/ AU2004/ 000759 50 contain

appro¥4igt el y half of the1Baningin and | oop sequences,

in this instance 30 nucl eotides honol ogous to a

regi orHdM réhetionugt 47€ GLUT4 gene separated by a 9
nucl eoti de | oop. The general design of the prinmers are

shown hedAdindReadBibder m nator 5 fixing parts are
shown'n bold.” The reverse prinmer is: 5

g,NNN) 3RREASLSNINhARLRE 4rE 3660 st T LS MG FBactions can
be optimised by: | ‘

- Altering touch down and annealing conditions, e.g., use temperature
ranges of 65°C/60°C, 60°C/55°C and 55°C/50°C.

- Adding MgCl,, e.g an extra 0.5 mM MgCl, can dramatically effect
PCR vyields.

Ligation and transformation

PCR products are circularised using T4 DNA ligase, using a quick ligation

25 kit according to the manufacturer's (New England Biolabs) instructions.

For Quick Ligation:



The forward prinmer is: 5 (NNN)Ioop(s)
(NNN) hai rpi n(a/s) 10 TTTTTGGAAAAGCTTATCGATACCGTIC3' In

wao biog/1esahpl e t he sequences of the reverse andP¢DAW08/000759
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primers were: G U6-A
CTCTTGAACGCTCTCTUCCAACTTCCGTT%TCATCCGGTGTTT
CGTCCTTTCCACA 15 GtermA . I

ACGCT 9T BHBEAACTTCOGTTTCTCATCCTTTTTAARAEkCHFigation Buffer
TATCGATACCGTIC Long-range PCR To produce the |inear

anpl i fi0gADNA product, PCR reacti ons ARrroxsaaiaty tPnmBNAI
as follows: 1 | tenplate 10 ng pU6. ACTB-A hp 51 10 x

buf f er1 40ligaseuf fer (Stratagene)a or Rhuickd4 DNAMigase
Buf f er %Stratagene) 2 1 10mM dNTPs 10mM each dNTP | |

U6 pr?g&g 10 M1 | termprinmer 10 M 40 | DDW WO
2004/ 17 PCT/ AU2004/ 000759 51 1 41 Pfu Turbob or

Pfu UtraTM Stratgene, 2.5 I I 10 I d

pi 1 GBS R SEET & Eofa Erbefa® i Tat agene) - 200

mM  Tri s- HCl .8), 20 nM sS4, . 100mM KCl, 100

(N Bagieriay a_&? R gtprlortess 5y PIANBEA RGP 88d transformed
1defS) selBcfdgU drd éiﬁg%ﬁljﬂ,?%hceprtﬁé epBBIBGFPSA Bpi @bnétPuct encodes
running reaction to mnimse 5 priner degradation.
Reagitilimresstanaeder t aken usi ng a "t ouchdown" prot ocol

as foll ows: Initial denaturation 95C 2 m ns
Touch-TdanafoRAEd radchies nvergnanalysedfustty @y stasiaad “colony cracking”

fp?(l)cl:eoal\dsré, in which plasmids in individual colonies were amplified using M13
Forward and Reverse primers. The resultant reactions were analysed using
agarose gel electrophoresis. In this instance plasmids containing the correct insert
gave a larger product, since the GLUT4 hairpin was longer than the hairpin
sequence in the substrate plasmid. In this example 8 colonies were analysed by
colony cracking and 6 gave the correct size band. Plasmids from 3 colonies were

sequenced and one gave the correct product, which was designated pU6.GA.

Both covalent closed circular or linearised templates can be used to
construct hairpin plasmids in this fashion. Background levels are lower when linear
templates are used. For U6 constructs the preferred template is pU6.GA hp cut
with Bsm BI, which linearises within the loop region of the construct. Treatment

with shrimp alkaline phosphatase (SAP) further reduces background.
2.3 Increasing the length of an inverted repeat in a plasmid

The length of an inverted repeat within a plasmid was increased as shown

in Figure 6 as follows:

The relative positions and sequences of the forward and reverse primers
are indicated as in Figure 4. In this instance the forward and reverse primers are
identical. The primer binding site is designed to hybridise to either arm of a hairpin
DNA construct designed to target EGFP, whilst the 5’ effector sequence contains
further sequences homologous to EGFP. The length of hairpin DNA constructs

can be sequentially increased using this strategy.



10 95C 30 secs 60C/55C 1 mn Decrease by 1 C for first
5 cycles 74C 5 mns Final cycle 74C 10 mins 15 Hold
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conditions are robust. If neceggary individual
reactions can be optim sed by: Altering touch down

Pl qcIngehiciPot flthiiohto 8 angésé%gﬁ*?m%?f g Mg 2

yi 01 o Tk s MMPT ek FEPHENTR sconbyGarcifehgptof the EGFP

idneul ari sed using T4 DNA |igase, using a quick
M gation 25 kit according to the manufacturer's (New

2004/ 1966 oPerPRTRL o TR BB Seshell BAMGin 4G fxing part
@.umcbdogomitq) squarhiﬁqﬂrseqL@ngbs nwatemin dkeé reBEPygarenthe 5’ effector
ougnaphot S8CH Geme antrinetorreRitasdy 4 of figcspdience of intron

tg Pﬁlft%q“ﬁ@ué@ld% géﬁ@dard protocols and transforned
s selected’on anpicillin, since the pU6. EG-P-A hp

t t
cone AR s SR et

GREARGAT @?ﬁ‘@ﬂﬁ\%ﬁ’ﬁé‘f‘eﬁ%ﬁﬁ CATRICEEREAERSRATRpgACCATCT

AOTREMAGEBAPri mers. The resultant reactions were
anal ysed using agarose gel electrophoresis. In this
i nstanggy pl asm ds containing the correct insert gave
a Iarger product, since the GQ.UT4 hairpin was | onger

TOREIR GRS FaseReTCT g YRt otIReRA00ACOTA
GCCTTCGGGCATGG

The substrate plasmid was amplified and ligated, and bacterial colonies
were obtained and analysed as described above. In this fashion a functional intron
(intron 3 from the mouse IgE gene) was inserted into the coding sequences of the

EGFP gene in a single step.
This procedure is shown in Figure 7 as follows:

The relative positions and sequences of the forward and reverse primers
are indicated as in Figure 4. In this instance the forward and reverse primer
binding sites bind to coding sequences of EGFP. The forward and reverse 5’
effector sequences for each primer encode approximately half of intron 3 of the

mouse IgE 3 gene.
3. Preparation of hairpin constructs

Most constructs described in this application were prepared using the long
range PCR strategy described above. The plasmid pU6.cass lin (Figure 8) may
be used as a precursor construct to generate many of the constructs described
below. This construct was prepared using a precursor construct pU6.GA which for
this purpose is essentially identical to the plasmid pU6.ACTB-A hp (Figure 2),

except its hairpin sequences target another gene. pU6.GA contains identical U6
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coval ent closed circular or | ingari sed tenpl ates can
be used to construct hairpin plasmds in this
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oD el a0t | MRl e es R UBACITS OB hoff@ver the new
ineBRl stig@ehsed IfsetbdpBemi Bwestridiom site, wiibh allowed linearistion of the
l'inearises within the |oop region of the construct.
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tnverted.repeat within a plasm d was increased as

oW Eﬂmieﬁs'lzi gure 6 as follows: The relative
positbons and sequences of the forward and reverse
pri me$MGS e indicated as in Figure 4. In this

i nstance the forward _and revers jmers are

i dent Tr@a]TGC‘\FﬁQQJ-Wﬁ@TCBT-ﬁE&@S-%q?TﬁtS desi gned to
hybridise to either armof a hairpin DNA construct
desi gteethmes t ar get EGFP, whilst the 5 effector
sequence contains 25 further sequences honol ogous to
EGFP. TG G@AJTIGOT THET T GGAMNAGEINSATUCt s  can be

sequentially increased using this strategy. WO
2004/ pOGIBAE FPEREAIRAREDEOTIENCEHHaB. idolatesk rthisocondéinsna polylinker

intron into a cl oned sequenge no e3 intron .
cRBiENIEA thiReouBIUP JRetichen sife a5 Eeé&dilgngg%ﬁ@. 1} %hich can be
rsey formar ' desi jtibnat d
BT 1RO HE Bt BREE 9RRG BTG PR QubEMiaino roduce
backgeuntnFigiee BAP TyegenerEie constrtittscusing thisgpiasmiss the plasmid

of each_prinmer cantain roxijately. half of the
Jeiguin 88 wes nepgned yAPr AT EST B Hisalogene. ' The

forward and reverse primers used in this reagtio% .

wer e: The constructs used in these experiments are described in Table 1.

%@Qg%%&fﬁ@g WBM%%W&@@&@WT%UbIe hairpin
ToASEATISAGAECHETIAEETAGRC T GRACCTARTET MEECACOTEEAIGIA the  control
S Cathey Bamslits 5o BAteTd 453 20Bha 8 Poonstct
?ﬁb?é%b?%%a iiﬁ’frﬁgﬁéthﬁﬁs)a%ﬁéted MwbhyéndshiéiAg éne sequence at the
“base” of the hairpin sequence (furthest from the loop), and a second sequence
néar the loop of the hairpin structure (the “top” of the hairpin”). This terminology
can extend to triple, quadruple, etc hairpins with 3, 4, etc duplex sequences. The
activity of constructs where sequences targeting the Renilla luciferase gene were
located at the base or the top of a double hairpin RNA, was compared with the
activity of a single construct targeting only Renilla luciferase. Using this method,
the ability of a construct to target two genes can be reliably inferred. This can
optionally be confirmed by determining the activity of a single construct against

both target genes.

Table 1: Control and “double hairpin” constructs used in these experiments.

Construct designation | Target “Bubble” sequence

Single hp constructs
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The test constructs were prepared as follows.

pU6.Rluc hp

K0P RestRre R

40447298. hp DNA constructs were used as controls.

G 10 A clrone
this contains
striction

an be used to

tob é’&?&P&?n &r()?gm A)G_enpgnk accession

the plasmd
rior to

nventi ona
Doubl e

éhe(?fe.Gentiank accession

This construct was designed to target Renilla luciferase mRNA, present in
HelLa cells stably transformed with a construct designed to express Renilla
luciferase. The construct was prepared using the long range PCR strategy

described above using Bgl Il linearised pUG.cass lin as a substrate; this was

15 amplified with Pfu Turbo polymerase (Stratagene) using the primers:

U6lucb
ACACAAAGTAGGAGTAGTGAAAGGCCGGTGTTTCGTCCTTTC

termlucb
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quences targeting the Renilla 1uciferase gene were

I se or the top of a double hairpin
M was con‘par-[%l with the 25 activity of a single

i o i shsiotaBSefhalosar s el oG o YPLBupjp seauence

@ﬁi@éagéﬂeb@f relctiaiting b ehRAs, Tirmelgan Renila %_rkﬂfdré(se transgene
be confirnmed by determining the activity of a sing

ehest eatin. agguq%vtstrusbwaspae@aée g@mtherﬁaﬁ@ldlpd@cnﬂssdm (Fig 8) as
AR nRER Y R v A8 " et o Bubb €
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w certrol na construct) Double hp constructs
uc/ACTS TTA ACTB-A site and Renilla 5' - UUA-3'
&I TB;«;%T@JU-5 pU6. Rl uc/ ACTB TTAG ACTB-A site
UUAG 3' luciferase 3'-check-5'

%E@@ﬁ@@%@a@ﬁﬁ@ﬁé@r&%@@m&@@:ﬁmGM

aEGRITATEGS' - WUAG 3' | uciferase 3'-check-5'
pU6. ACTB/ AD1 hp ACTB-A site and ADAR 1 site (negative

contr ol SRR s bonstruct is shown in Figure 10A and the sequence and
predicted structure of the RNA produced by the construct is shown in Figure 10B.

pUB.RIuc/ACTB TTAG hp

This construct tested whether a construct carrying a UUAG bubble
sequence could inactivate two mRNAs, namely a Renilla luciferase transgene and

B actin. The construct was prepared by annealing the folldwing nucleotides:
Rluc/ACTB-1
ACCGGCCTTTCACTACTCCTACTTAGTGAAGATCAAGATCATTGC
Rluc/ACTB-2
TTGATCTTCACTAAGTAGGAGTAGTGAAAGGC
Rluc/ACTB-3
TTTGTGTAGGCAATGATCTTGATCTTCAT
Rluc/ACTB-4
GATCATTGCCTACACAAAGCAATGATC
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a NMRNA targeted for inactivation -ACTB-A corresponds
to positions 1047-1065 O Genbank accessi on

WOR0dAdsEdL. 5 -Ruc site corresponds to positiPEFAU2004/000759

1543- 1561 Of Genbank accessio 7U47298 - ADAR | site
corresponds to positions 1477 Yo 1497 of GenBank

%ﬁ%&i@ NM-001 | 11. The test constructs were
was desj gde?| lows. 10 pU6. R uc hp This Construct
o escrOABTARGAG St e ARG CorRandl RWA

construct designed to express Renilla luciferase. The
BudgACU&-6was prepared using the Iong range PCR

strategy described above usi Il linearised

LD, CABCTTTTAEARIAAGGEGT TTEACTAGTCES AGTCARTGAAGATCAA
with Pfu Turbo pol ynerase (Stratagene) using the

pri mers: 6[1)' 6 bthis construct an oligo assembly strategy was used. Each
ACACAAA GTAGTGAAA GI'TTCGT O(%T ng q_‘
mmm@mw@wmm abogg/enl iggvater and 16 & 85ch was added

1hdET D &
IR G A AL LR ARG, 0 Tarefingn outer v

emdcheprmllx Budier 84 lwtd)(illrrﬁ\/ldﬂs HG (BNA B, dldiiciend] h@g@lneGOO mM NacCl,

FRTSMBEDr s Mere draeten © 0B eitsliency RS RN oy annealed by
ngﬁ@%'ﬁ)@?%e’ﬂ’@e e\ﬁ%lrﬁﬁé’ame%eofndrﬂﬁﬂé!ldﬁé et M@rformed in a

namely a Renilla luciferase transgene and,
Scrbett  Pam<ydenr RCRwavaghinpafedrhedi rfgeserrch). a@nQHbI of annealed

\Q)JG @,nl?c‘a tH&? é{pregg}%\ it %qea C\i@@%{%ﬁn@%e&@é lihys8 %ecording to the

T T &\ pclectidés t
AT IS T GO R0 vior e

ouiffeh DeNGA TURgen PCR euaficaie seinanasaerding et ananufacturer's
%geﬁﬁ%’%’%% ul of eluted oligonucleotides (from 28 ul of eluted material)

were then ligated to approximately 100 ng of BsmB | / Hind Il Shrimp Alkaline
Phosphatase (SAP: Promega) treated pU6.cass prepared, using procedures well
known to those familiar with the art, Colonies containing the appropriate
sequences were then isolated, and sequence of the construct was confirmed

using well known sequencing protocols.

A map of this construct is shown in Figure 11A and the sequence and

predicted structure of the RNA produced by the construct is shown in Figure 11B.
pU6.ACTB/Rluc TTA

This construct tests whether a construct carrying a UUA bubble sequence
inactivates two mRNAs, namely 8 actin and a Renilla luciferase transgene. The
construct is prepared using the plasmid pU6.cass lin as a substrate by amplifying
with the two primers:

UBACTB-luc-TTA

ACACAAAGTAGGAGTAGTGAAAGGCCTAAGCAATGATCTTGATCTTCACGGT
GTTTCGTCCTTTC

termACTB-luc-TTG
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pU6. Rl uc/ ACTB TTAG hp This conr%r uct tested whether a
construct carrying a UUAG bubbl'é sequence could

AR AT T MRS I AR G A RAR T IBATIT TTTC oA

MAGCTFAITIOE the foll ow ng nucl eotides: R uc/ACTB-1
ACCGGCCTTTCACTACTCCTACTTAGT GAAGATCAAGATCATTGC

Rl uc/ ACH2 OTF%T@—J%%WWﬁM%n@%e sequence and
R UC./ ACTB-3 TTTGIGTAGGCAATGATCTTGATCTTCAT Rl uc/ ACTB-4

aradistetcsmatacof e pradivied RNA podupedshy the construct is shown in
PCT/ A 4/ 000759 57 Rl uc/ACTB-5
AGGAGTAGTGAAAGECCTTTTTTGGAAA Rl uc/ ACTB- 6

A W TTCACTACTCCTACTCAATGAAGATCAA 5 To

ﬁ’g 14c ruct an oligo assenbly strategy was

used. _Each ol igonucl eotjde was resuspended at | ug/ ni

i n watlévs gerptrugt tests sdiathera cansteuct aasyittha JUAE bubble sequence

0 b E A OJ: f | i ni 5 . .
5 3RE0R BT VEHTRS ROA e LB 0 gt uctorase
transgehd. (Thd Cobptrudtiofs mivepaelR ustiip th pla€mid pO06ddss lin as a
DTE), The m xt_g/te was heated to 95C, then

Stpghatec e 8mPiRNHWABAN@ AVB P 800l i ng to 30C at | OC

per mnute; these manipul ations were perfornmed in a

AT B-Iped A cl er PCR machi ne (Corbett Research).

20ul of anneal ed oligonucleotides were then treated
ViEACTAAGT AGGAGDACISANASICEEIMAGBHATEGA NS T TGATCTTCAGGT

%ﬁéﬁ%ﬁﬁ (Promega) protocol. The anneal ed
I T@s were then purified using a Q agen
PCR ificat] columm, according to the
ﬁ%ﬁﬁﬁ'&§%§a‘ﬂ§ﬁt&%5 (Q agen) protocol. 2 ul of eluted
ol i gonucl eotides (from28 ul of eluted materi al)l_ wer e
AR TAGaAd AT GAAVEXE Rt Tl GAGGIANESOHT CHIEATCTTGANT TTTTGGA
I ' kal i ne Phosphat ase (SAP:. Pronega)
A’%’%\é@g’%a% prepared, using procedures well
A map of this construct is shown in Figure 13A and the sequence and

predicted structure of the RNA produced by the construct is shown in Figure 13B.
4, Constructs targeting three genes

Four constructs were prepared targeting Renilla luciferase and a variety of
other genes. Three constructs contain Renilla luciferase-targeting sequences at
three different positions, respectively, within the hairpin RNA, namely the base,
middle and top of the hairpin RNAs and contain the UUAG bubble sequence. The

constructs are outlined in Table 2. A fifth construct acted as a negative control.

Table 2: Hairpin constructs targeting three genes
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30 GITTCGICCTTTC ter mMjCTB-1 uc- TTG WD 2004/ 106517
PCT/ AU2004/ 000759 58 |/Ren(@a ACIfBET AGT GAANG-ASIBEDRTG G
CAATGATCTTGATCTTCATTTTTTG GAA  AACGCTTATCG A nmap of

this construct is showfDBARIFi gure 12A and the sequence
and predicted structuUre of the predicted RNA produced

BY6 AREBIABHEIUCHBt | s sHARN HCTHH gure 128-UUAG3™
pU6. ACTB/ Rl uc TTAG Thils struct tests ywhe a
construct carrying a Ulﬁ)&@‘ Jubbl e sequence:,% lls‘ésgsggpabl e

of inactivating two W%,,,a%@% 8 actin and a
Renilla luciferase trlansgene. e constnuct is

BUSRETEROTREFGe! e P aSiAlaRidfrE@SS 1T T5-6UASE
ubstrate by anmplifying with the two priners:

UGACTB- | uc- TTAG B actin (ACTB-A) 3-AGUU-5
ACACAAAGTAGGAGT AGT GAAAGGCCCTAAGCAATGATCTTGATCTTCAGGT
GITTCGICCTTTC t er MACTB-#GHR TTGA 15
AGGTAGGAGTAGT GAAAGCCCTITGAGCAATGATCTTGATCTITCATTTITTTGGA
POABCTHAPOGFR hpap of t|hi ectiodMskB-dct is shAwHURGE-3i gure

13A and the sequence and
ADAR1 3-AGUU-5'

EGFP

2 mRNA targeted for inactivation

-EGFP target corresponds to positions 924-942 of pEGFPN1-MCS

(Invitrogen).

The constructs were prepared mainly using the long range PCR strategy

described above.
pU6.Rluc/ACTB/AD1

This construct tested whether a construct carrying sequences targeting a
Renilla luciferase transgene in the base of the predicted hairpin RNA inactivated
Renilla luciferase. The construct was prepared using linearised plasmid pU6.cass

lin as a substrate by amplifying with the two primers:
UGLBA
ACAAATGAACAGGTGGTTTCAGTCCTAAGCAATGATCTTGATCTTCACTAAGT
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predi cted structure of the RNA produced by the
construct is shown in Figure 13B. 4. Constructs
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R S RrE  L
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are outlined in Tab th construct acte
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ADARL1 pUo. ACTB/ AD1/ Rluc hp a actin

Hg[UIFB 19B.5' - UUAG- 3' ADARL 3'-AGUU-5' Renilla
| uci ferase pU6. ACTB/ ADI/ GFP hp Renilla | uciferase
pUB.ACTEIRIu¢/ADKchpn (ACTB-A) 3'-AGUU-5' EGFP
pU6. ACTB/ AD1/ GFP hp / actin (ACTB-A) 5 -UUAG 3" ADAR1
- AGIHiS conéifddt testedNAhtthieged ednbipnct careying ateioences targeting a

e T A

FEA AT, ISR BT gt tanma U cae

tiestseal subgttrdite rbyaaraplifgingueith tee two pgmeesjuences
targeting a
UBBLA

CACAAATGAACAGGTGGTTTCAGTCCTAAGTAGGAGTAGTGAAAGGCCCTAA
GCAATGATCTTGATCTTCACCGGTGTTTCGTCCTTTC

termBLA

TAGTGAACAGGTGGTTTCAGTCTTGAGTAGGAGTAGTGAAAGGCCTTGAGCA
ATGATCTTGATCTTCATTTTTTGGAAAAGCTTATCG

A map of this construct is shown in Figure 16A and the sequence and

predicted structure of the RNA produced by the construct is shown in Figure 16B.
pU6.ACTB/AD1/Rluc hp

This construct tested whether a construct carrying sequences targeting a
Renilla luciferase transgene at the top of the predicted hairpin RNA inactivated
Renilla luciferase. The construct was prepared using the plasmid pU6.cass lin as a
substrate by amplifying with the two primers:

UGBAL

CACAAAGTAGGAGTAGTGAAAGGCCCTAATGAACAGGTGGTTTCAGTCCTAA
GCAATGATCTTGATCTTCACGGTGTTTCGTCCTTTC

termBAL
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linearised plasm d pU6.cass |y as a substrate by
anplifying wwth the two priners: UGLBA

AT CET GAVCTHIICAGTET TTGB ASARGL TTATAGA
GTAGT GAACAGGT GGT TTCAGTCTTGAGCAATGATCTTGATCTTCATTGAGTA

GGAGT AGH A \OEESTddristreBA6VNawnT A Glgure A7 KBan@fthé hé@wence and

construct is shown in Figure 15A and the sequence and
prediciededrusturecfihe RNAtnﬁ@dLme@cmcth@ocwmq@ﬁ isoslawn yFigure 17B.
the construct is shown in Figure 15B.

pUS.ACTB/RDACGEP1hpp This construct tested whether a
construct carrying sequences targeting a 10 Renilla

| uci f hseongtas geteel as atriegativd doatrof fdritke tinredi ;m'eembus constructs.
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dheseonstruchuasppispared Usbioiearised R %%a'df)‘P@@rﬁa&S lin as a substrate
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KRR RRROTENGRE B B SRA AR Gp T eTeCTAA

@@ﬁw‘r@mGﬁT@V\WTC@AE@WGﬁ%@MCWfﬁ@equence and
20 predl ct ed structure of the RNA produced by the

.r}ar% is shown in Figure 16B. pU6. ACTB/ AD1/ Rl uc
'S construct tested whether a construct carrying

L e e

ReTGATE TTGATETASAT TG TOGANANGCTAATIB@par ed usi ng
the plasmd pU6.cass |lin as a 25 substrate by

anpl i fayinhgh Wftiist BEndthectPsi sRIER iMGBGLre 18A and the sequence and
predicted structure of the RNA produced by the construct is shown in Figure 18B.

5. Constructs targeting four genes

To test constructs targeting four separate genes, five constructs may be
prepared targeting Renilla luciferase and a variety of other genes. The four
constructs each contain a sequence targeting Renilla luciferase at one of four
possible positions within the predicted hairpin RNA, namely the base, next to the
base, next to the top and top of the hairpin RNAs. The hairpin RNAs further
contain the UUAG bubble sequence separating the various components. The

constructs are outlined in Table 3.

Table 3: Hairpin constructs targeting four genes
Construct Target® Bubble Sequence
pU6.RIUC/ACTB/AD1/GFP hp Renilla luciferase 5-UUAG-3’

B actin (ACTB-A) 3-AGUU-5’

ADART1
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four genes

Construct Targeta Bubb| Berdediséeiase
pU6. Rl uc/ ACTBLADI / GFP_hp Renij |l

RUAACTRADACTEIERPR. AGULES ( ACT@K%_L&W

ADARA1 3-AGUU-5%

EGFP

HER-2

2 mRNA targeted for inactivation

-HER?2 target corresponds to positions 223-241 of Genbank accession
HUMHER2A.

The constructs may be prepared using the long range PCR strategy

described above.
pU6.Rluc/ACTB/AD1/GFP hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in the base of the predicted hairpin RNA inactivates
Renilla The the
pUB.RIuc/ACTB/AD1 hp as a substrate by amplifying with the two primers:

luciferase. construct is prepared using plasmid
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ADARI WO 2004/ 106517 PCT/ AU2004/ 000759 62 Construct
Tar get a Bubbl e Sequence EG-P pU6. ACTB/ Rl uc/ AD1/ GFP hp

w0 Jo0aaedsm7 (ACTB-A) 5' -UUAG 3" Renilla | uciferB&BEAU2004/000759

3'-AGUU-5" ADARL EGFP pU6. AGB/ AD1/ Rl uc/ GFP hp /1
actin (ACTB-A) 5 -UUAG 3 ADARL 3'-AG U U5 Renilla
P&&,ﬂfés ase EGFP pU6. ACTB/ ADI / GFP/ Rluc hp /1 actin

) 5' UUAGS ADARI 3'-AGUU-5" EGFP Renilla

I uci fGﬁW\T@AﬁGﬁﬁ“@AG@U‘@RA@%AﬁC@'MCAA@MBGA)ACTTCA
- UUAG 3' ADARI 3' HER- 2 a nRNA

%@ECQ@@@TAAH' &iﬁl‘?\@éﬁ @FGQIE@AQF@QT% rresponds to
positions 223-241 of Genbank accession HUVHER2A. 5
AB&4constructs may be prepared using the |ong range

i THRECEAGTAGIETT GREL TR TG A TEGR I e TAGEAGT

Ah@lttg RERSECCTTTTTT GCARANGETTATOG er ase transgene in
ase of the predi cted hairpin RNA inactivates 10

Reni | hayluc L%st%m pﬁc%%ﬁgqu FRyuré efoK eaﬁde?rhé‘Q;equence and

the p asm hp as a substrate
redmthstrgncWrélmfltHr&aRNa&pmduwdsby erczmstmmsesmwn in Figure 19B.
PCT/ AU2004/ 000759 63

pU6.ACTB/RIluc/AD1/GFP hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in the second position from the base of the predicted
hairpin RNA inactivates Renilla luciferase. The construct is prepared using the

plasmid pU6.ACTB/RIuc/AD1 hp as a substrate by amplifying with the two primers:

UBAGG4
GTTCATCAAGCTGACCCTGAAGTTCATCCTACACAAAGATGAACTTCA
GGGTCAGCCTAATGAACAGGTGGTTTCAGTCCTAA

termALB4
AGGTGGTTTCAGTCTTGAGTAGGAGTAGTGAAAGGCCTTGAGCAATGA
TCTTGATCTTCATTTTTTGGAAAAGCTTATCG

A map of the construct is shown in Figure 20A and the sequence and

potential structure of the RNA produced by the construct is shown in Figure 20B.
pU6.ACTB/AD1/Rluc/GFP hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in the third position from the base of the predicted
hairpin RNA inactivates Renilla luciferase. The construct is prepared using the

plasmid pU6.ACTB/AD1/Rluc hp as a substrate by amplifying with the two primers:

ueLGG4
CTACTCAAGCTGACCCTGAAGTTCATCCTACACAAAGATGAACTTCAG
GGTCAGCCTAAGTAGGAGTAGTGAAAGGCCCTAA

termLAB4
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U6 AGHA

GTTCATCAAGCTGACCCTGAAGTTCATCCTACACAAAGATGAACTTCA G G
WEGTOAB @1 TTAATGAACAG GITG GTTTCAGTC CTAA ABL4  BCT/AU2004/000759

AGGTGGTTTCAGTCTTGAGCAATGATCTTGATCTTCATTGAGTAGGAGT

AGTGAAAGGCCTTTTTTGGAAAAGCTTAT A map of the construct

is sh C:-afpﬁ' @Tefté
str ucﬁmtg?%mﬁg c%nst r u%/t%? AGCAATG
AW@MTGNT@W@MWHTG@MGNW@G@ /| GFP hp 10 This
construct tests whether a construct carrying sequences

targe‘ﬁ aof B?é"ddn%trbélcisf 8ha®A ' ERREENEIA naridnthe sequence and
secon |t|onfromt e base of the predicted

paienpahsimwturmaxfttheanredlcmHW& nraodueed Kyctheteenstruct is shown in

pnst ré#% is prepared using the plasmd
El%”% /Rl uc/ AD1L hp as a substrate by anplifying with

the two pr
M%%‘&%TCATCCTACACAAA@TGAACTTCA

GGGTCAGCCTAATGAACAG GTGGTTTCAGTCCTAA t er mALB4
AGGTGHETsTCRsHUrT tretpd et aGrarensitiat eamptih Agayences targeting a

FERIE [ CTE b T AR T e AoBoTBPR] pldifcted hairpin RNA

Peictivatiedl Renillc iusiferade.t TaeRbWngiruduwed prepaned by annealing the
construct is shown in Figure 20B.

&BWA@'BMMUWQI@/@@FP hp This construct tests whether

a construct carrying sequences targeting a Renilla
BaéiRér ase transgene in the third position fromthe

base of the predicted 25 hairpin RNA inactivates

Reni | AN&CGTGAAGAECANBATOAST GQTTAg%@B@Aé‘d\Q@Ang

the plasm d pU6. ACTB/ AD1/ Rluc hp as a substrate by

BAaBRPying with the two priners: USLGCHA
CTACTCAAGCTGACCCTGAAGT TCATCCTACACAAAGATGAACTTCAG

GGT CAGGEIMACASSACTHAGTERRAGECIAABC AIT GAT CTABA MET TCA
2004/ 106517 PCT/ AU2004/ 000759 64

SN REGT GAAAGGCCT TGATGAACAGGT GGT TTCAGTCTTGAGCAATG

CCTGTTCATTAGGCTGACCCTGAAGTTCATCTTAG
BAGR4
TGAAAGGCCCTAAGATGAACTTCAGGGTCAGCCTA

BAGRS
GGCCTTTCACTACTCCTACTTTGTGTAGGTAGGAGTAGTGAAAGGCC

BAGRG6
TCATCTCAAGGCCTTTCACTACTCCTACCTACACAAAGTAGGAGTAG

BAGRY
TTGAGATGAACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTC

BAGRS8
CACCTGTTCATCAAGCTGACCCTGAAGT
BAGR9
TTGAGCAATGATCTTGATCTTCATTTTTTGGAAA
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ATCTTGATCTTCATTTTTTGGAAAAGCTTATCG A map of the
construct is shown in Figure 21A and the sequence and

wpEoirenodsat structure of the predicted RNA prodm:BfelU2004/000759

by-the construct is shown in Fi gure 21 B.
pU6. ACTBI ADI / GFPI Rl uc hp This construct tested whet her

gw@ruct carryi ng sequences targeting a Renilla
ase transgene adjacent to the |oop of the

e obhs FLE CRAMMATERIGATERBATaR TTTRC TEpRBAC Fonac

foI | ow ng ol i gonucl eoti des: BAGR1
igpRTelidescaYeY

reERralothdemetiets freated with T4 PNK

e e

TERCTIT EREGET GABOCTSS thahBa8hedn treated with SAP as
GGCCTTTCACTACTCCTACTTTGTGTAGGTAGGAGTAGTGAAAGGCC  BAG

A8 SqrtyeraeY/SGCCTTTCACTACT CCTACCTACACAAAGT AGGAGTAG

BAG R7 TTGAGATGAACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTC

25 BAS REcatdreTmstrash&CPEABNCITGRAE 2AG ard the sequence and

E%A %%&@W@X@Tgme%%qgﬂ 52~ in Figure 22B.
A ARIHBOEEHERS Bincal cd < gether. ¢ rcatcd i th
:)’f,OtP Ettf gpsagaasrtgthcgrﬁc&é aIsE% r{é‘é@ﬂ{l@a Z:t@%r% for t%Prf%ur %rgwous constructs.

The construct is prepared using the plasmid pU6.ACTB/AD1/GFP hp as a
substrate by amplifying with the two primers:

U6GHH4
CATCTCAAGTGTGCACCGGCACAGACACTACACAAATGTCTGTGCCGG
TGCACACCTAAGATGAACTTCAGGGTCAGCCTAA

termGAB4
AACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTCTTGAGCAATG
ATCTTGATCTTCATTTTTTGGAAAAGCTTATCG

A map of the construct is shown in Figure 23A and the sequence and

predicted structure of the RNA produced by the construct is shown in Figure 23B.
6. Constructs targeting five genes

To test constructs targeting five separate genes, six constructs may be
prepared targeting Renilla luciferase and a variety of other genes. Each of the five
constructs contains a sequence targeting Renilla luciferase at one of five possible
positions within the predicted hairpin RNA, namely the base, all positions from
next to the base to next to the top and the top of the hairpin RNAs. The hairpin
RNAs further contain the UUAG bubble sequence separating the various

components. The constructs are outlined in Tabie 4.

Table 4: Hairpin constructs targeting five genes

Construct Target® Bubble Sequence




5 mxture into BsnB |
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sequence and predicted struct
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= M A AT L D LIEDD. s

[ Hnd IlI
had been treated with SAP as

cl eaved pU6G. cass t hat
descri bed above.
is shown in Figure 22A and tPE&I/AU2004/000759
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I's shown in Figure 22B.

A map
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f preV|ous cons

IIC‘I na

SR Sehuence

9% control for the
UBRAAGT RAD GG LE o]

the two priners:
CATCTCAAGT GTGCACCGGCACAGHA
TGCACACCTAAGATGAACTTCAGH
G GICAG CTTGATGAACAG GIG
ATCTTGATCTTCATTTTTTGGAAA/

m
P uglll \'l

Ré%as'??tffaeseby anpl

EREABRTRAATGTCT T
SROARFCTAA t er mGAB4

i TG t h
Y

AACTTCAG

GITTCAGICTTGAG CAATG

ABGFPATCG A map of

t he

EGFP

construct is shown in Figure 23A and the sejquence and
20 predicted structure off HERE RNA produced by the
construct is shown in Figure 23B, 6. Constfructs
PHP AETBIRYCIADACTIYHER2 o {| ésctit@eIBrAlct s t ar |getiUig-3'i ve
separate genes, six consfructs may be prepared ,
targeting Renilla |ucifen&SBlaNaeessariety (of AGHH?
genes. Each of the five ggﬂhtructs contains a
sequence targeting Renill 8|ferase at one of five
possi bl e 25 positions wi tidpt he predicted hai r pi n
RNA, nanely the base, alll positions from next to the
base to next to the top apgrbhe top of the hairpin
RNAs. The hairpin RNAs fiurther contain thel UUAG
bublCeRAEr FRIYEFFERRE A | N dche(ACABIAUS  CONPBHRING3’
The constructs are outlined in Table 4. Tab| e 4:
Hai r pi n constructs target/iAPgRfli ve genes Conis¥AGU-5’
Targets Bubbl e Sequence WO 2004/ 106517
PCT/ AU2004/ 000759 66 Condteriigtuiciesisget s Bubbl e
Sequence pU6.RIuc/ACTB/ADk{ﬁFP/HERZ hp Renjlla
luci ferase 5 -UUAG 3" $ (ACTB-A) 3' - AGUU-5
ADAR1 EGFP HER2
pUB.ACTB/AD1/GFP/RIuc/HER2 hp B actin (ACTB-A) 5-UUAG-3’
ADAR1 3-AGUU-5’
EGFP
Renilla luciferase
HER2
pUB.ACTB/AD1/GFP/HER2/RIuc hp B actin (ACTB-A) 5-UUAG-3’
ADAR1 3-AGUU-5
EGFP
HER2
Renilla luciferase
pUB.ACTB/AD1/GFP/HER2/LAM hp B actin (ACTB-A) 5-UUAG-3’
ADAR1 3-AGUU-5’
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WOERZ/ 10656 .

HER2 pUG.

ACTB/ Rl uc/ ADI / GFP/ HER2 hp $ actin (ACTB-A)
5' - UUAG 3'

Renilla luciferase 3'-AGQUU- 5 ADAR EG-P
ACTB/ ADI / Rl uc/ GFP/ HER2 hp /3 acti n ¥CIZAB208)/000759

ADARI 3' - AGUU-5' illa luciferase EGFP
ACTB/ AD1/ GFP/ Rl uc/ H hp a actin (ACTB A)

5' - UUAG 3
HER2 pUG.

I A2

ADI | GFPI H Pﬁ@‘ﬁ" hp /1 act 'n?%\”t%%eq“e"ce

A o - /~\
ECEP LHEPRD

rHﬁé ACTB/ ADI / GFP/ HE
[»)

luci ferase pUs. ACTBI ADL EEB?HERz/ LAM hp 9 lactin

(ACTB-A) 5'-UUAG 3' ADAR %I%%J EG FR WO
2004/ 106517 PCT/ AU2004/ 0 b g Construct| Targets

_ : : RZ—Lamnm A Ca MRNAtargeted for
i nactivation -LAM target corresponds to positions
NM 005572. 5 The

820- 838 nbank .accessi on 1 .
constrﬂll?&pﬁ%fpeg%gﬁqre’ﬂg?tév@%ﬁgi ng the | ong range PCR
strate

g,IXM target corresponds to positions 820-838 of Genbank accession
NM_005572.

The constructs may be prepared using the long range PCR strategy
described above.

pU6.RIuc/ACTB/AD1/GFP/HER2 hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in the base of the predicted hairpin RNA inactivates
The the plasmid
pUB.RIuc/ACTB/AD1/GFP hp as a substrate by amplifying with the two primers:

Renilla  luciferase. construct is prepared using

U6GHHb5
TCAAGTGTGCACCGGCACAGACACTACACAAATGTCTGTGCCGGTGC
ACACCTAAGATGAACTTCAGGGTCAGCCTAA

termGABLS

GATGAACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTCTTGAGC
AATGATCTTGATCTTCATTGAGTAGGAGTAGTGAAAGGCCTTTTTTGGAAAAG
CTTATCG

A map of the construct is shown in Figure 24A and the sequence and
predicted structure of the RNA produced by the construct is shown in Figure 24B.

pU6.ACTB/RIluc/AD1/GFP/HER2 hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in position two, one position up the base of the
predicted hairpin RNA inactivates Renilla luciferase. The construct is prepared
using the plasmid pU6.ACTB/RIuc/AD1/GFP hp as a substrate by amplifying with
the two primers:

UGGHHS
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descri bed above. pU6. Rl uc/ ACTB/ AD1/ GFP/ HER2 hp Thi s
construct tests whether a construct carrying sequences

W ar0grodsny a Renilla luci ferase transgene i n PARADA®/000759

of the predicted hairpin RNA igiactivates 10 Renilla
| uci ferase. The construct is prepared using the

) ARSI S gaTorerrocoaroc

ACACCTAAGATGAACTTCAGGGTCAGOCTAA 15 t er nGABLS
(g3 CAGGGT CAGCTTGATGAACAGGTGGTTTCAGTCTTGAGC
AATGATCT TGATCTTCATTGAGTAGGAGT AGT GAAAGGCCT TTTTTGGAAAA
CTTATGATGARE TICAGECISPAGRITICATCARNGAG A Gﬁ@TT@P@WTTGAGT

aﬁ%%GEﬁgg%%quJ@@Wl S smm in ?%ﬁe -QGEGGAAAAG

e968€®/ Rl uc/ ADI / GFP/ HER2 hp This construct tests
whet her a construct carryi ng sequences targeting a

Reni 'Aan{a‘r.')cbf %é‘%n%fr@&ﬁ%egﬁovvﬁ ihoﬂgtUr@rQM(\ﬁanop'ﬂ@e sequence and
position up base of predi cted hairpin RNA

preati¢ted atrwtukemf thea RINA& pf@h@@é byTthe comstruelistshiown in Figure 25B.
prepared 25 using the plasm d pU6. ACTB/ R uc/ AD1/ GFP hp
ptl6aACTBIADAIRIUCYyGERHERZIMY with the two prinmers:

U6GHHS5 WO 2004/ 106517 PCT/ AU2004/ 000759 68

TCAAGTHECEAREHASEACSCANACTREACAWNEGIICT CaINGGE&guences targeting a
/—\CACCT AAGATGAACTTCAGGGTCAGCCTAA  t er nGALBS

aviferasetroaceTs inrepiienduresirrthesndte ehthe pepdigied hairpin

%@%%%@ TEEASHES O PO Hiopriedy 9953 fhe plamid

pl6 . AOTBHEQUARI0e/GHRIhp @rseal substrhts thyuarn plifgingfwithn éheRM primers:
produced by the construct is shown in Figure 25B.
P& H4GEB/ ADL/ Rl uc/ GFP/ HER2 hp

TCAAGTGTGCACCGGCACAGACACTACACAAATGTCTGTGCCGGTGC
ACACCTAAGATGAACTTCAGGGTCAGCCTAA

termGLABbS

GATGAACTTCAGGGTCAGCTTGAGTAGGAGTAGTGAAAGGCCTTGATG
AACAGGTGGTTTCAGTCTTGAGCAATGATCTTGATCTTCATTTTTTGGAAAAG
CTTATCG

A map of the construct is shown in Figure 26A and the sequence and
predicted structure of the predicted RNA produced by the construct is shown in
Figure 26B.

pU6.ACTB/AD1/GFP/RIuc/HER2 hp

This construct tests whether a construct carrying sequences targeting a
Renilla luciferase transgene in position four, one back from the loop sequence of
the predicted hairpin RNA, inactivates Renilla luciferase. The construct is prepared
using the plasmid pU6.ACTB/AD1/GFP/RIuc hp as a substrate by amplifying with

the two primers:

UBLHHS
TCAAGTGTGCACCGGCACAGACACTACACAAATGTCTGTGCCGGTGC
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10 This construct tests whether a construct carrying
sequences targeting a Renilla luciferase transgene in

w@omutoesn? t hree, in the mddl e of the predicterChAD2@U#M00759

RNA, inactivates Renilla lucifggase. The construct is
prepared using the plasmd pUs. ACTB/ ADI/ Rl uc/ GFP hp

AR ALY ANISPAG NG PRBIAURB QBB TDE two primers:

mg@ CCGGCACAGACACTACACAAATGTCTGTGCCGGTGC
TGAACTTCAGGGTCAGCCTAA t er mGLABS

GATCAGTINC BRGT AAFE A ASEASHEGCACKTAARCITOABEETCAGCTTGATG
AACAGGTGGT TTCAGTCTTGAGCAATGATCTTGATCTTCATTTTTTGGAAAAG
PACHGRTESATHEARICThSABAATGATCETSAIW TGAET §TITEGGAAAAG

g:ﬁj.(ﬁaﬂ? t he sequence and predicted structure of the

I'C g’d RNA produced by the construct is shown in

Fi gure 26B. ACTB/ AD1/ GEP/ Rl uc/ 5 Thi

const?h@iaﬁ letJBeWHHF £ SORMY ikt %ﬁr%‘% 'ﬁ&ﬁ%rﬁ?@é‘ence and
P?écﬂ@ttebn&r@ctuﬁeﬁf m@{akéeﬁét&arme-\ bf&f‘u%@@"{%/ 'tHé BEASHH@Ns shown in
our, one fromthe I oop sequence of

pigadeX7€d hai rpin RNA, inactivates Renill a I uc:| ferase.

The construct is prepared wusing the plasmd
pUB.ACTB/AD1/GFP/HRER2/Riucasp a substrate by anplifying

wth the two priners: 30 UGLHHS5

TCAAGTGICEAR I STACAIAGRRE INAGABAN STFITt (TLeaiitgs Bequittes targeting a

2004/ 106517 PCT/ AU2004/ 000759 69
Vet aiapemigg the loop sequence of the

%@?W@%@%@%@%%%@%@M&S prepared

by G@hhé By Mhertgtloadng bkkgaruredatides: i s shown in Figure
27A and the sequence and predicted structure of the

BragRet ed R GTOMAGATEAABGAT CATIGCTTAGS SOTGAAATCA
Fi gure 27B. pU6. ACTBI ADI / GFP/ HER2/ Rl uc hp

BAGR2 ATGAACAGGTGGTTTCAGTCCTAAGCAATGATCTTGATCTTCA

BAGR3 CCTGTTCATTAGGCTGACCCTGAAGTTCATCTTAG
BAGHR4  GGTGCACACCTAAGATGAACTTCAGGGTCAGCCTA

BAGHRS
GTGTGCACCGGCACAGACATTAGGGCCTTTCACTACTCCTACTTTGT

BAGHRG6
CCTACCTACACAAAGTAGGAGTAGTGAAAGGCCCTAATGTCTGTGCC

BAGHRY
GTAGGTAGGAGTAGTGAAAGGCCTTGATGTCTGTGCCGGTGCACAC

BAGHRS
TCATCTCAAGTGTGCACCGGCACAGACATCAAGGCCTTTCACTACT

BAGRY
TTGAGATGAACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTC

BAGHR10 CACCTGTTCATCAAGCTGACCCTGAAGT
BAGR9 TTGAGCAATGATCTTGATCTTCATTTTTTGGAAA
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10 This construct tested whether a construct carrying
sequences targeting a Renilla luciferase transgene in

w@omutoesn7 f i ve, adj acent to the | oop sequence PET/AL2004/000759

predi cted hairpin RNA, inactivated Renilla |uciferase.
The construct was prepared by annealing the follow ng

%@é%l% | eoti des: BAGRI
lgi\AGATC‘AAGA\TC‘ATTGCT TAGGACTGAAACCA 15 BAG R2

ATCAARKS ST BET COANAASARSENBATE KAG ATATTGCTEARGRCTGAAAC
CCTGT TCATTAGGCTGACCCTGAAGTTCATCTTAG BAGHR4

GGT ' 1650 sT GRSFEC TS delidd t %5 treated W|th T4 PNK
GIGrI C\AGA\CATTA(}}I:CTTTCACTACT

mmmmmmmmmmma&m@mtwd@mm@be resultant
BAG H R7 . :
BnXarh e RsmB T GG HLEipRiad BHO EaeT 1L PaikeRn repled yith SAP as

B8 s dFABSIEAAGT GT GCACCGECACAGACAT CAAGCCCT TTCACTACT
BAG R/ TTGAGATGAACTTCAGGGTCAGCTTGATGAACAGGTGGTTTCAGTIC

SRR

= CHAEELARRICH TR gt o snuence an
PEdidid2ioiinicdde7dIhe RNA pAaRided by the construct is shown in Figure 28B.
AGCTTTTCCAAAAAATGAAGATCAAGATCATTGCTCAAGACTGAAAC  The

UaACTE/ADY/GEP/MERR/lcavndad ed together, treated with
4 PNK according to the manufacturer's (Pronega)

pr ot oqejis aihsElieNidkes e ar eshirdlafdr ThamifiieUpeevitl® c%‘h@fiucts The
I / Hnd Ill cleaved pUb6.cass that had been treate

Wonbtr@zP isaprep@iser Upied ﬂtﬁ)\réasml%ﬁ)&%ACtTiBéA@éf@FPﬂ'&ERQ hp as a
Fi d di ct ed
SEPREREY BRI SRR BB S e conot ruct s

%ﬁm% Fi gure 28B. pU6. ACTB/ ADI 1G-P/ HER2/ Lam hp 10
struct acts as a control for the five previous

const W@A,&CT@@ACWG%IA@AAGA@A@A@M@@CAAM@;IT@TTCTGGAAGTC
pl asm d pU6. ACTB/ ADI / GFP/ HER2 hp as a

CAGCTAATGTCTGTGCCGGTGCACACCTAA

termHGABbS

TGTCTGTGCCGGTGCACACTTGAGATGAACTTCAGGGTCAGCTTGATG
AACAGGTGGTTTCAGTCTTGAGCAATGATCTTGATCTTCATTTTTTGGAAAAG
CTTATCG

A map of the construct is shown in Figure 29A and the sequence of the ‘

predicted RNA produced by the construct is shown in Figure 29B.
7. Testing the activity of constructs

To test the activity of constructs targeting Renilla luciferase, plasmids were
prepared using Qiagen columns according to the manufacturer’s protocol. Plasmid
DNAs were then transfected into HelLa cells that had been previously stably
transformed with the construct. pHRLSV40 (Promega). This was done by co-
transfection of pHRLSV40 with a selectable marker plasmid encoding hygromycin
resistance; techniques to obtain such stably transformed cells are well known to

those familiar with the art.

3,000 celis (as determined by haemocytometer count) were plated into
each well of a 96 well tissue culture plates (Costar) and incubated overnight in



substrate by anplifying with the two prinmers: UGHWb
TCAACTGGACTTCCAGAAGAACACTACACAAATGTTCTTCTGGAAGTC 15

WE2BTTHATGT CTGT GCCGGT GCACACCTAA t er nHGABS PCT/AU2004/000759
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TGTCTGTGCCGGT GCACACTTGAGAT GAACT J CAGGGTCAGCTTGATG
AACAGGTGGTTTCAGTCTTGAGCAATGATCT TGATCTTCATTTTTTGGAAAAG

AT, f 0 uct | in.Fi
780 U EeCVC Blkcfie (6o BB E S M Regf ilciRfeg, 10% FBS
(BHYITRS frafbfect collPetich Welfively Pet8B.asfolldwst i ng t he
activity of constructs To test the activity of
const r@‘gttﬂ drad, SedI'LrTgl ﬁ@ﬁéﬁebﬁoﬂ\ V@ééeﬁft%ﬁ/ﬁrusptéﬁﬂ) d@asWRidRd to 25 ul
prepared using Q agen colums according t
nsenuﬁd:awnedla(EpMENBand inpubateddor 6 nmmt m@re temperature.
transfected into HeLa cells that had been previously
st abl y100 angdeNAdwaBtdﬂjdeUetocthiﬁtmnute apdiRioiy#A6x formation allowed
éqllrorrega Thi s vva done co-, trans '

o EHTUENGL PRSI TRV E AR il B e giture was then
QEFIV{M%'\NGH Pﬁﬁéﬁ%@}ﬁfﬁ&%&:&g‘ngues to obt ai n such
sta

transtor ne are well known to those

famli

by haé%eélgeﬂtvgg{g IfeuBleq 3033 QUeLALRE P nfkehie [EBF8d and 100 u
Gfesh AEMEH D% FBSUsidud and ihcpbaties cOfsiert.) and

i ncubat ed overnight in WO 2004/ 106517

PCT/ AW@@@%&Q@R@%(&HI#& 106ifethsef addivit)! mestia Wweb b@Moved and fresh
suppl enented with heat inactivated 10% FBS (G bco

0) .
Toedie mestaioingdenduRempas\asidedvessording te dhe sansifagivier's (Promega)

el Eishel rshotBRRETRY ¥ LR pisifges, pgtvity was

idegerpa@hed fuind 0 ani Werigds 1 MidropRi@erlatminemedier 1@6ccbrgmg to the
of DNA was added to this m xture and_conpl ex formatj
Anqryfagturercs ledf@éé@l@&yrst%rnﬁhpmﬁ@ffolquh@% values JuaRe then corrected

thPRSraﬁbngeu Wu‘?nt‘? a Cew&éedﬁ%zm]ﬁs \/\ers;qujncu Tf?teﬁaglo reagent

ransgeni c at’e
@tccaﬁdm@\t@rtheghbnmﬁaeturaésh (BroreegaepratocdoldOfsing a Vedts Microplate

DVEM 10% FBS added and i ncubati on
ANBPAMALTRAFOTI IR 0 dhe a%@a%{eﬁr@. (%rnﬁpayﬁkﬁ@S? protocols.

renmoved and fresh nedia containing EnduRen was

added
accor din iist @shies thenglaliveupetiviy @fpmgw@@laql constructs could be easily
and accurately determined, moreover these activities were then corrected using

appropriate negative controls, typically pUG6.cass, to determine the relative

activities of constructs.

Figure 30 shows the activity of double hairpin constructs targeting Renilla
luciferase. These data demonstrate that sequences at the base or top of a double
hairpin construct both significantly reduce Renilla luciferase activity, constructs
were most active when the Rluc sequences were present in the base of the
predicted transcript, but significant activity was retained in constructs where Rluc
targeting sequences were present in the top of the predicted transcript, adjacent to
the loop. This indicates that such a double hairpin construct can produce two
active siRNAs and it follows necessarily that constructs may be designed to either
inactivate two genes, or inactivate a single gene more effectively via the additive
effect of producing two separate siRNAs targeting separate regions of an
individual mRNAs.



protocol; cells were then incubated for 5 hrs. Renilla
luciferase activity was determ ned using a Veritas
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manuf acturer's (Turner Bi osyst?gs) protocol s. These
val ues were then corrected 15 r relative cell

nunbers whi re determ.ned.using Cell Titer-( o : .
FeageruacEb ARG 5 BHVGRHT MuE b (sBlelsojerocting Renile
RICHePssd. THesE MBita d¥pidristatdtitatarlgabAced-BtHROBERE middle or top of a
according to the manufacturer's (Turner Biosystens

pirde heipin canstiuet significandy redice BeallpJecitarase iap;ivib% This indicates

2 BB s Ea G s M BRI 2 t oo

Getessdriy thifi dddhstrdBtsapiiydss datigneddatinetivens tthelesgenes. Moreover
typically pU6.cass, to determ ne the relative

sbeh enRlyclamishhberurac(o inngiiieie susistloun® narerafiretiyely via the
SR B AP St PO R IR TR separpte regions o

tahdndierabmRNAasof a doubl e hairpin construct both
significantly reduce Renilla luciferase activity,

const IFfre 2D sHBwe theSActAtl ofecoridictd xRN Sxespiieess targeting
were present in the base of the predicted transcript,

Ranila yeiferasenil heseidata Wemenstiated Hhal sesduesres aldhe top of a 4x or

e 1 ar ' e [ r.es Jdn-the. o
oS BB FERRRRDe B RoREEs ST TS et tna
IsaeR -cohBir§cisnsdirc pioekicehfatr su e actios BiRNASI aml it follows necessarily
construct can produce two actiye siRNAs and it

floal) epstivstse By be Wesignedconivpetivale fRYY Op&vadsnasedargover such

[ 0. d-0agk.i , 2 OkinhRaghhxa G i
SEhUFTRONDTEL, P U RaERRES, A0S hBaBk Lk Ry8 1Bl via e
pidditivel effetiwof sapduaing $olRNAs fiver geparade seipiNAg dargeting separate
regi ons of an .| nfjlrn\(fg\(li al mRNAs. WD 2004/ 106517

DREISH 81 /10 irHg Pgure 31 shows the activity of

triple hairpin constructs targeting Renilla
18uci f dnactivatingtwo ganesdwibrssingtle Copgtrucdquences at
the base, mddle or top of a triple hairpin construct
si gni fTiccdetriopsirathudeatRée ldbaveustrdteguseambe usey . toTinastivate two

i ndi cates that such a trjpl hai_rpin n / n .
PaaRRS s pnos 2y e ol oGS PPl SATIeEHE tné M1 (sie &) anc
Nagegsiedd handhe) g6mas tTHS kensRictb UBSSF ) adad designed to inactivate
i nacti vate three genes. Mreover such constructs

ivgrgenss, Adkliand Akidcsequances weisgliesigaerd baged on the data of Jiang
N ZhAY Y ChBnidtice AN, Tl PICAUE B8 (2003). Insulin

'targeting separat & regi on
aignaihigr 1tiraighnRdproteirg Wiras?2 Bhamslytde lagt small yintdrfering RNA-

constructs 4x_and 5x constructs targeting 0.Reni]l

Iraediptachgene $ﬂ@%‘én@atpdoeﬁﬁ$h§9?‘étséﬂ%{ %a&- %%%éﬁ?gébi?l- pU6.GF-2
s bR #Ed g e long range PCR strategy described above using Bgl I
linearised pUB.cass lin as a substrate; this was amplified with Pfu Turbo

polymerase (Stratagene) using the primers:
G U6BF-2

CACAAAGAGGCGCTCGTGGTCCTGGCTAACAGCTTCTCGTGGTCCTGGCGG
TGTTTCGTCCTTTC

and

G termF-2
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activity. This indicates that such constructs can
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necessarily that constructs nﬁ%bbe designed to
i nactivate four or five genes reover such

TAReARRCRRTGG o RIB R TR e TeT e gpteraeTTTTTTe

oroNscoT ToreGor five separate si RNAs targeting
separate regions of an individual nmRNAs. 8.

| nact Walhngr 0 cosst VYS@ho@vrﬁWGighrém et th'éosequence of the

denonstrate Lat the ove strategy can be used t
preauhcuedd%lﬁAtpmdu@tﬂbgm&mensjmﬁ shawm i ElgumﬁﬁBuct

was prepared targeting the Aktl (site a) and 20 Akt2

(sit eFJoasaag the aghviisof this sorsnet 026112 pdlis. \@rétramfected with the
desi gned to inactjvate genes,, Akt1l and Ak

plagiidd cesingdrigok @@Eﬂr@'ﬁ@d&@@%@&cemw Odté“?a”l?f”“ %HE?"S (Invitrogen)

égpt?%ggfﬂer 4! %T%t Hlﬁ’é“v@l’bdlsm 1898 Rkt TZRRNAKE2 protein

nsulln |ngthrou Akt / protein

levedsweR: detdryumest bgmgﬁnﬁﬂelsterntbdntseblotagwRMalsmamoheéleth a control
ene il.encin Pr oc Nat Sgi U ,

dobbad 1Sotusita. oy RRdopEResties,ir cliese: RyPeiments are wel
'kﬁawnftafiﬁ@s&@%uﬁém&ﬁ% dascribed above using Bgl 11
l'inearised pUe.cass Iin as a substrate; this was

anpl i Hgﬁfge‘@é%ﬁ éJth-éLﬂ Etﬁ%le\)%@é ¥B6RSRKtY SicPAREaNE. reduced in cells

usi ng

pr

TAER 3 CCTGECTAACAGCTTCTCGTGGTCCTGECEG

30 T(Jl [ ICGTC(,I 'TC and G ternF-2 WO 2004/ 106517

/CT/ Am%é%ﬂ@acﬁﬁlty of a construct by targeting two regions of a
TAGGAGECGCTCGIGGTCCTGGT TGACAGCTTCTCGTGGTCCTGGTTTTTTG
GAAAASIIIRMEDEA map of the construct is shown in

Fi gure 33A and the sequence of the predicted RNA

pr oduded degnanistrateo isisr appraashs hawrbe nisedgle én@esse sthgoactivity of
assa

SR AR R R0 L 4T B TR s o A2

ener tr Qt it dd1ectivrinwhbs Wadeaonstheldzith bf 0geg)et al (2003) cited above.
protocol's. After 48 hrs total proteins were isol ated

dived sites (“@ﬁdawtbé) pw*@trethe AkE epge werre Taegalpsi gt compared to the

SEAP AU Pt Bk, B aaPachad BB Bse snge
foohstries avarsprimet pUS. @Ge2 walll pU6.GG-3.

The construct pU6.GG-2 was prepared using the long range PCR strategy
described above using Bgl |l linearised pUB.cass lin as a substrate; this was

amplified with Pfu Turbo polymerase (Stratagene) using the primers:
G U6-G2
CACAAAGGTGCCCTTGCCGAGGAGTCGGTGTTTCGTCCTTTC
and

G term-G2
TAGGAGGCGCTCGTGGTCCTGGTTTTTTGGAAAAGCTTATCG

A map of the construct is shown in Figure 35A and the sequence of the

predicted RNA produced by the construct is shown in Figure 35B.
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10 known to those famliar with the art. Figure 34
shows that the |levels of both Aktl and Akt2 were

wo eawged1in cells transfected with pUs. G- 2. BCT/AU2004/000759

Increasing the activity of a c%struct by targeting
two regions of a single gene To denonstrate this

approagch can,be, u ncrease the actijvi t

const 108 STRHUCHP OB 6% wRcpopared B3P tFulia Fange PCR strategy
eleBsfibats taboRe 9diRg L B§ MKlinkaredepUbaa@st lirfidsea substrate; this was
sel ection was based on the data of Jiang et al (2003)
ampifiedyvdthePfu Turbospalwnerase (Sralagens) ugingthe pr@erkt 2

gene were targeted and conpared to the activity of

G64GB® single hp constructs targeting each sites,

these single hp 20 constructs were nanmed pU6. GG 2 and
CACARASAGEECOTESBTCETRET GECE GRS TATTERTECTUSICg

the long range PCR strategy described above using Bgl

bhgl i nearised pU6.cass |in as a substrate; this was

anplified with Pfu Turbo pol ynerase (Stratagene) using

g%%m? th')CgAC-IZBiGT CGGrGr TTCGT CCTTTC and G

E?@%%%%éc@?ﬁﬁ?‘%\m%ﬁ OIS e

seque ce of |ct oduc

const m R Q % '§u§ \Hﬁ'rﬁo%&?\l%ﬁs%f’ sequence of the
BgdléféEiQQWAQQ@aﬁQed Bg} tHé eoﬁﬁﬁ%tny shoWkn BigLiec W8S,

prepared using t | ong range PCR strategy described

above 1yl Qoh Rt bU6| G@@M%Sﬁ%ﬁ%cﬁ%%ﬁg iR I%ﬁg"%ange PCR strategy

substrate; this was anpli
yazel dremm;h)ed diRiveatsipgridy! lldinagrisdtk ppi6i mhn &lﬁa GBbstsate; this was

GEOGGIGITICGICCTTTC, and G
EOITIES WA R G HERETES A

map of the construct is shown in Figure 36A and the
e of the 10 predi cted RNA produced by the

construct is shown in Figure 36B
CACAAAGAGGCGCTCGTGGTCCTGGCTAAGGTGCCCTTGCCGAGGAGTCGG

TGTTTCGTCCTTTC
and
G term-G4

TAGGAGGCGCTCGTGGTCCTGGTTGAGGTGCCCTTGCCGAGGAGTTTTTTG
GAAAAGCTTATCG

A map of the construct is shown in Figure 37A and the sequence of the
predicted RNA produced by the construct is shown in Figure 37B.

To assay the activity of these constructs C2C12 myoblasts were transfected
with the constructs and Akt2 protein levels were determined using quantitative
Western blots as described above.

The results of these experiments are shown in Figure 38 which
demonstrates that pU6.GG-4 shows increased activity compared to either of the
constructs. pU6.GG-2 or pU6.GG-3.

10. Double hairpin constructs targeting ADAR and g actin
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The construct pU6. GG 4 was prepared using the |ong
range PCR strategy as described above using Bgl 1|1
WO pweandssed pUG. cass |in as a substrate; this BBAU2004/000759

anplified with Pfu Turbo pol ysgyase (Stratagene) using
the prinmers: G Us-(A4 15

GA GGTCCTGRCTAAGGT GOCCT TGCOGAGGAGT CGG
%%%éc“%% GtermG TAG

GA CGTGGT TGAGGTGCCSCTTGCCGAGGAGTTTTT G
@%ﬁ)}@rﬁp ﬁa(er& CORgtri ﬁs\yg{?ctprmarggomlq-ﬁnwe?g targeted to
iﬁ%@ﬁ\faqmgft@?a@ﬁAﬁ“? atRIOABARE? QfenkB qthddeestiecalsd sBhifstimes known as

produce e construct 1s shown in Figure 37B. To

ABDARA ahd ARARBI regpettivelidse constructs C2C12 nyobl asts
were transfected wth the constructs and Akt2 protein

| evel Fwoaslasthids rpdGAC TEAnigp dbigure 23tand pUBAGEBEA4S hp (Figure
bl ot s as descri bed ab?ve The r.esul t tOf' t&es . RNA and
3pweraraaed. AheseneriStiustsVglR designgH;terna WAl 8, 3%fin@RNA an
\ i I i 6.ACTB-
LR B pESRIO AT R s it spEmIRSon o)
PRabives eedzisna preirsadoganarafetragy aDiR eonstiugtsndesigned below.
WO 2004/ 106517 PCT/ AU2004/ 000759 75 10.1 Test
const Ausiirflal Btrateigy textaaptesdivadcatmsiter fortd)GACTB-Ahp was used to

S B L8 A LR, S LU0, LBE OB s
OREA AR opect Vel 1) o e plasmds,

NS, U2t RS AreARdRTeteBOTed TR TG
WBIRI0L e SCHRSARET IR QUL 20011 on pLe. ACTS
SIS s A B A SR SLEARRBAGR ™

prepare the construct pUs. ACTB- A48 E‘EC In _thi

AGEB4Ed ei ght BIGAAGEIGHETASST TG M@Q%é%%m y
ACTB48- 9 ACCGIGAAGATCAAGATCATTGCTCCTCCTGA

ACTB48-5 CCACACGGAGTACTTGCGCTCAGGAGGAGCA
ACTB48-6 TGAGCGCAAGTACTCCGTGTGGTCTCTTGAA
ACTB48-11 AATGATCTTG ATCTTCATTTTTGGAAA

ACTB48-12 AGCTTTTCCAAAAATGAAGATCAAGATCATTGCTCCTCC

Four partially complementary pairs of oligonucleotides (ACTB48-9 and ACTB48-
10, ACTB48-3 and ACTB48-4, ACTB48-5 and ACTB48-6, and ACTB48-11 and
ACTB48-12) were annealed, and annealed pairs were themselves annealed
through two further cycles of annealing to produce a double-stranded DNA
structure compatible with cloning into BsmB 1 / Hind Ill digested pU6.cass as
shown diagrammatically in Figure 39. The annealed oligonucleotides were cloned
into pU6.casé as described above. This plasmid was expected to express a 48 nt
hairpin RNA, with transcription initiating in the human U6 promoter and terminating

at the poly T tract in the 3’ region of the annealed sequences.

The constructs used in these experiments are described in Table 5.

Conventional single hp DNA constructs were used as controls. Double hairpin
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ACTB48-1 0 CAATGATCTTGATCTTCA ACTB48-3
GCGCAAGTACTCCGTGTGGTTCAAGAGA 15 ACTB48-4
WERGACSEAGT ACT TGCGCTCAGGAGGAG  ACTB48- 5

CCACACGGAGTACT TGCGCTCAGGAGGAGHS

ACTB48-

PCT/AU2004/000759
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TGAGCGCAAGTACTCCGIGIGGTCTCTTGAA  ACTB48-11 AATGATCTTG
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te—tairpin
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| Sing'eHE nERAPIPOI  const ru

"o t he
cts targeted

Bolibie Ap EERStructdTe
constructs) targe
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fed two genes, one gene

e hairpin”
target ed by

b0eAbaseARiU the
sequences near th

Tabl e 5;: Control

NADARI1BitS AGHEADAR 2tshe AS
c(Moop edfirpin héardeding peach
afaggetldoubl e hai rpin con

et-0neB’ by
Sy girdicture.

structs used

tRzthess eri1Te
-pBB%\EF%fA?é’a“u ence

| site Ana pU6.

hBAR 1SR LhUEDARSSHEAA
e@)ADA 2 site C na

T3 OUATAT get a
6. Alal-,A ADAR

$68 n0-

A loN G ethkE{inC%@éﬁhbe&hp
AN/ 2. R /\r\/\qz1 oit

LADAR_2_site A ng |
SPpEDB LA UGy

5
| ADAR 1:site A.and ADAR 27site A
T(XEQ ntt:lt hjf'r%fnp elll&rB ting each

3-GUUGUU-5
target)

2 mRNA targeted for inactivation

- ADAR 1 site A corresponds to positions 1477 to 1497 of GenBank
sequence NM_001111.

- ADAR 2 site C corresponds to positions 22 to 42 of GenBank sequence
HSU82121.

- ADAR 2 site A corresponds to positions 2134 to 2154 of GenBank
sequence HSU82121.

- ADAR 1 site A and ADAR 2 site A are completely different sequences.

- ADAR1 site B and ADAR 2 site B are identical sequences present in both
the ADAR 1 and ADAR 2 genes ADAR1 site B corresponds to positions 2906 to
2927 of GenBank sequence NM_00111. ADAR2 site B corresponds to positions
1174 to 1192 of GenBank sequence HSU82121.
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Doubl e hp constructs pU6. AD1 &2-A/UU ADAR | site A and
ADAR 2 site A5 -UU3 (19 nt hairpin targeting each
WQ200Whd317 target) pUG. AD1 &2- A/ UUA ADAR | si t BCEAHZIH4/000759
ADAR 2 site A5 -UUA-3" (19 27 hai rpin targeting each
3'-GQUU-5 target) pU6. ADI &2- A UUACAA ADAR 1 site A

nd, ADAR 2 sj - - ) 19 nt hairpin
ﬁlﬁ E&?FRBS%%QEWGM% 1%tlka)l\rNg%'et) a MRNA t argeted
f@r_ |$€%| vation - ADAR 1 site A corresponds to
PHGARTAS 1477 to 1497 of GenBank sequence NM 001111,

of GeHBaRNSEYGONes dopiansa 10 fardet ALRRY STRNAZo! fratfivation at the
APNRETPR %ﬁé@%%g@o‘ 5%%2%&1}%1&0‘(%15&&5 HeRfRa@bnstructs which all

sequence site A and ADAR 2 site A
argeted RDARA! nRNAfairtbet A sitquwitlc eequebces katad sitttee ase of the

and ADAR 2 site B are identical sequences pr nt_in .
Gomin. [He CRDARUA! A PREIGRES U1 BIEABRRI 090 £ G Stratdby described
BRI AT AR oo solfentinie wes i
psisg Rfodsirbd polynerase $StretageseButik tbe quisrese: HSUS2121.

WO 2004/ 106517 PCT/ AU2004/ 000759 77 The test

const pUsUD A i epared as follows. pU6. AD1-A This
construct was designed to target ADAR | nRNA for

i nact Ao G ATGAACAE G TREBRTTCAGT CETANTGBARAAGCETATCGATACC
control for the double hairpin constructs which all 5

targe},gg/y@ﬂfggggl\m at the A site with sequences

| ocat'ed at the base of the hairpin. The construct was

pr eparr%@ggﬁemmgﬁmwwwméﬁm@eﬂcme

abgvs. t _ CTl hp was used as a
substrate .S wa . '

pol ynérrﬁge O%gf@gpggtéﬁgﬁg%bﬁﬂtlﬂg‘? dlr}lgr?'t?;g Tgr Bg ADAR- A
E\{\J%.ADz-C

This construct was designed to target ADAR 1 mRNA for inactivation at the
ADAR 2 C site and acted as a control for the double hairpin constructs which all
targeted ADAR2 mRNA at a different site. The construct was prepared using the
long range PCR strategy described above. The plasmid pUB.ACTB-A hp was used
as a substrate, this was amplified using Pfu Turbo polymerase (Stratagene) with

the primers:
pU6 ADARBI-A Fwd
AGAGAGGCTGTGAACAGACGCGCCTTTTTGGAAAAGCTTATCGATACC
pU6 ADARBI-A Rev
TGAAGGCTGTGAACAGACGCGCCGGTGTTTCGTCCTTTCCACAAG
A map of this construct is shown in Figure 41.

pU6.AD2-A

This construct was designed to target ADAR 2 mRNA for inactivation at the
ADAR 2 A site, and acted as a control for the double hairpin constructs which all
targeted ADAR 2 mRNA at the A site with sequences located near the loop of the



10 AGAGATGAACAGGTGGTTTCAGTCTTTTTGGAAAAGCTTATCGATACC p
U6 ADAR A Rev

WA BANTEANCAGGT GGT TTCAGT CGGTGI TTCGT CCTTTCCACAA@ CHAITRD4/000759
of this construct is shown in f%gure 40. pU6. AD2-C 15
This construct was designed to arget ADAR | nRNA for

RGO, i B R, Ped e R EETefor P sy
U@é@%&ﬂa%ﬁhﬂ%sﬁﬁd PUSB. ACEFBeAthpsme usEdeas arstibstrate, this was

prepared using the 1ong range PCR strate
aamﬂee é@'%B%TUl%IQeOQiV%@Fﬁ%? @J@%@ﬁ@ M'Hbthﬁagy IMeEH

as a substrate, this was anplified using Pfu Turbo
pol ynpUés@:(@Ff—él@gténe) with 20 the prinmers:
pUGADARBI AFwWd
AGAGAGAGIKE SASTAEBTCEIEE AR TAAGSIITTATEGAPRAGCTTATCGATAC
RUGADARBI A Rev
GGCTGTGAACAGACGCGCCGGTGTTTCGTCCTTTCCACAAG 25 A
map of this construct is shown in Figure 41. pU6. AD2- A
Thi s polesAP4RBIwaevdesi gned to target ADAR 2 rrRNA for
inactivation at the ADAR 2 A site, and acted as
cont r BTGAAAGREIHEETE BAACTIGATGREG TieTd T EBCAl ITTCCACAAG
targeted ADAR 2 nRNA at the A site with sequences
| ocat @dmaeaof thiseconstrpciot shbenWo FAQO4 406517
PCT/ AU2004/ 000759 78 hairpin structure. The construct
10 WAsB.ADApuBed using the long range PCR strategy
descri bed above. The plasm d pU6. ACTB-A hp was used as

a SUbWsa&@nstFJHﬁva\&@ées@ﬁ% td ifgeUSHRMBAR T @hEQADAR 2 mRNA for
pol ynmerase (Stratagene) with the prinmers: p U6 A

ir@agtivdtien at the ADAR 1 B site and the ADAR 2 B site. Both ADAR 1 mRNA and

W@ ?IQ% %ﬁ‘A %T%EQTTT-BWT@E%?&O% potentially
HTAAAGHOEY A TRGRATEIRAT IGHIERT THER 067 TORAGAAGhisAcomsiruct acted

of this construct is shown in Figure 42

15 w62 ApDie! Prriesdewdisthaiain @Q@Stﬂé@tﬁg\ﬁ@ﬁht@ tedggled ABAYR 1 and/or
%12 arﬂ&l\ﬁ@gt 2ifEA 5REs. The construct was prepared using the long

range PCR strategy described above. The plasmid pU6.ACTB-A hp was used as
a substrate, this was amplified using Pfu Turbo polymerase (Stratagene) using the

primers:

20 pU6 ADAR1/2-B Fwd

AGAGATTATTTCTGCATGGCAGTCATTTTTGGAAAAGCTTATCGATACCG
pU6 ADARI1/2-B Rev
STGAATTATTTCTGCATGGCAGTCGGTGTTTCGTCCTTTCCACAAG

A map of this construct is shown in Figure 43.

25

pU6.AD1&2-A/UU

This double hairpin construct was designed to inactivate ADAR 1 mRNA at
the ADAR 1 A site with sequences at the base of the hairpin DNA construct, and
ADAR 2 mRNA at the ADAR 2 A site with sequences near the loop of the double
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i nactivation at the ADAR 1 B site and the ADAR 2 B
site. Both ADAR 1 nRNA and ADAR 2 nRNA contain this

W@ 2a0a/10450t h MRNAs were therefore potentially PCT/AU2004/000759

i nactivated by a single hairpifgelenment within the
construct. This construct acted 15 as a control for

he doubl i ' I t Al .
PGPS ek SRR Rt bt AR nucteotoe
W]é’ugégmqnmp@ﬁgdremﬂmﬂhba:dn@_ngct waisgpradpared using the long
strate escri bed above. The Ei'l asm d pU6. ACTB- A hp
mgm?gfevﬁ #irategy deseribad abones ThgsPlagplid MUAIR-Agves yised as a

oHb Ry S AR EIT R (RS Rb e R RihlagFpe ueing the

> CTTATC GATACC G p U6 ADARL /2-B Rev
TGAATTATTTCTGCATGECAGICGGTGITTCGTCCTTTCCACAAG A map

of t hi,876CaNsR 1uCHAiFBygshown in Figure 43. 25 pU6. ADL
&2- AV'UU Thi s doubl e hairpin construct was designed to

| nact \gA @A STERRCACACBEGEERTFOARCASATGBTTTCAGTCTTT
sequences at the base of the hairpin DNA construct,
dATGGABARGCRNA at the ADAR 2 A site with sequences

near the | oop of the double WO 2004/ 106517

PCT/ A2B04D AR07594 Re9 hairpin structure. The two

structural elenents were separated by a two nucl eoti de

" bubbhels A6 BETCEGUAGAGBOGCEECAATE ANMDBGCTGGMASCAGTCGGT
pr e_gar ed using the long range PCR strategy described
&polVECGThe pl asmi d pU6. AD1- A was used as a substrate,

this was anplified using Pfu Turbo pol ynerase

( St r attapapef thisiqogstriet is Shpwinniprdguie ADAR 112-A, 4

Fwd AGAGAGGCTGTGAACAGACGCGCCTTTGAACAGGTGGT TTCAGICTTT

PUSAPASZ-AUUA ADAR 112- AA Rev 10
TGAAGGCT GTGAACAGACGCGCCAAT GAACAGGTGGT TTCAGTCGGT

GTTTCGhiAdsapleHaifph BolsstAHt wid desighbaws indctiva@IADAR 1 mRNA at
pU6. AD1_&2- A/ UUA o

the ADAR 1 A site with sequences at the base of the hairpin DNA construct, and
ADAR 2 mRNA at the ADAR 2 A site with sequences near the loop of the double

hairpin structure. The two structural elements were separated by a three

nucleotide “bubble” sequence UUA (Figure 45). The construct was prepared using
the long range PCR strategy described above. The plasmid pU6.AD1-A was used
as a substrate, this was amplified using Pfu Turbo polymerase (Stratagene) using

the primers:
pUGADARI/2-AA (+1) F

AGAGAGGCTGTGAACAGACGCGCCTTGTGAACAGGTGGTTTCAGTCT
TTTTGGAAAAGC

pUGADARI/2- AA(+1)R

TGAAGGCTGTGAACAGACGCGCCTAATGAACAGGTGGTTTCAGTCGG
TGTTTCGT

A map of this construct is shown in Figure 45.

pU6.AD1&2-A/UUACAA
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Thi s doubl e hairpin construct was designed to
inactivate ADAR | nRNA at 15 the ADAR 1 A site with

wGeeguanses at the base of the hairpin DNA conspeT/at2004/000759

and ADAR 2 nRNA at the ADAR Zga\ site with sequences
near the |oop of the double hairpin structure. The

two s C L epal;: . e

nucl coPHCotig sEBIF STHHREE BB et ARV HETRDAR 1 mRNA at
THADAR Y Aasitepiitiy seqdensangt trtd‘lbam)ogtheahgmplﬁcm\lA construct, and
strategy described above, The asm d pU6. AD1-

ADAR 20T ¢

A 2 i APAR 2 Aite sgﬁldpp %ae@rsm@glopp pf the double

%ﬁ%&ﬁ%%ﬂ%ﬁ?@lﬂgﬁﬁégﬁi DemehfOweld'8epaliEd By Psix nucleotide

CACZOSCEIGLE @) CABGETCBRTIICAGEST prepared using the

mﬁ@ﬁ&%ﬁ%@glﬁwﬁs@@%mA was used as
%gﬁ&ﬁ% AB%Q A/‘ﬁdhlﬁ%d %Zr/u'{%%g?wm% RirfiitF&yen) using the

Bﬁfﬁem2004/ 000759 80 This doubl e hairpin construct

was designed to inactivate ADAR 1 nRNA at the ADAR 1
A sit pUMDRIEnYEmes at the base of the hairpin DNA
construct, and ADAR 2 nRNA at the ADAR 2 A site with

SsequepCRRGRETCTET GRRCATACBEGICITSTARI GANCAGGTGGTTTCAG
structure. The two structural el ements were separated

B TA S KGR AECde 5 "bubbl e" sequence UUACAA (Figure
46) . The construct was prepared using the |ong range
PCR spiad@pR deddriusRd above. The plasm d pU6. ADI - A

was used as a substrate, this was anplified using Pfx

Tur boWG@C&'B@TGIAMA@AMG@ET@GEAATW@A@T@GTTTCAGTC
UGADARL/ 2 AA ButF 10

AR GAACAGACGCGCCTTGTAATGAACAGGTGGTTTCAG
TCTTTTTGGAAAAGC p UBADARL /2- AA ButR

TGAAGAOTEPAAlIAGROSITECiGS PEPWATIAAGWEEIGGT TTCAGTC
GGTGITTCG 15 A map of this construct is shown in
Ai0gir eCanatrol constructs

The two hairpin DNA constructs, pUG6.ACTB-A hp (Figure 2) and
pUB.ACTB-A48 hp (Figure 39) were used as controls for non-specific effects of
expressing hairpin RNAs. The construct pU6.ACTB-A48 hp was the most
appropriate control since it expresses a hairpin RNA of very similar size to that
expressed by the double hairpin constructs. The ACTB-A sequence targeted by
pUB.ACTB-A hp, corresponds to positions 1045-1065 of GenBank sequence
NM_001101. The ACTB-A sequence targeted by pU6.ACTB-A48 hp, corresponds
to positions 1045-1094 of GenBank sequence NM_001101. As an additional
control the effects of an siRNA targeting the ADAR 1 B and ADAR 2 B sites was
tested using RNA transcribed from T7 promoters. The siRNA was termed siAD1/2-
B and was prepared using the oligonucleotides:

ADAR1/2-BT7 S
AATGACTGCCATGCAGAAATACCTGTCTC
ADAR1/2-B T7 AS
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10. 2 Control constructs The two hairpin DNA
constructs, pU6. ACTB-A hp (Figure 2) and pU6. ACTB- A48

wopoogoggur e 39) were used as controls for non-BEEAULI08/000759

effects of expressing hairpip,RNAs. The construct
pU6. ACTB- A48 hp was t he nost appropriate control

si nce, i Iy - ry simlar size

to t b AT IREATRE AT P e G E 1 Const ructs

The ACTB- A sequence targeted b U6. - A hp. .

corr e@%@ﬁ‘d%dqlﬁorﬂﬁsﬁoﬂt@ﬁghQG 39%63‘:23'615@{@&%5%3‘”9 the ACTB-A site
09 0 ATHEtGRANAY was termed

BB R Lo e S B Ty o ferme

SIRQFBBandnc ethee nDBIANMEOEAING . this &iRMAdiwasnarepesed using the

contr ol tige effects of an siRNA targeting the ADAR 1 B

IPTNEIRUSER: sites was tested using RNA transcribed

fromT7 pronbters. The si RNA was terned si AD1/2- B and
was pRedB-BdTdst ng the ol i gonucl eoti des: ADARL/2-B T7

W0 20501 SORRLH I R9804] D06 P20 o T P TS

AATATTT. TEAGTCACCTGICTC  As ddi ti I

cont réﬂ&%Aeffects of an si RNA tafge?i nL:; ItggaACTB-A

it t ' ' i T7

e AR AR om T e o
28?@3@&-@2{@3@@“‘\ S DSBS g% S&ik N8 RDARY
AATGAAGATCAAGATCATTGCCCTGTICTC | ACTB-A T7 AS “
AAGCARFEATETPGATTStTeECtPereing balh 4 GoinmedBDeRhief Rrepared as
GENBbE ibio FRERSLIDMgblnd R AARR: Bk vkt

argeting DAR 1 were

3B 6 Ribio BAl M ESpaltEent i on. Tabl o 6 Doubl o

i i rictce Conctriect Taraet o Piihhl o Coniinnans
O5RBEL AGACTE: Al UV ADARISB T o A 5 - U 3 | IS REALG oo
bO5-AB1 ABRACTB AP ADAR1 site A 5-UU-3’

B actin (ACTB-A) 3-Uu-5'
pUB.AD1-AXACTB-A/UUA ADAR1 site A 5-UUA-3’

B actin (ACTB-A) 3-GUU-5
pU6.AD1-A&ACTB-A/UUAG ADAR1 site A 5-UUAG-3’

B actin (ACTB-A) 3-AGUU-5'
pUB.AD1-A&ACTB-A/UUACAA | ADAR1 site A 5-UUACAA-3’

B actin (ACTB-A) 3-UUAGUU-5
pU6.ACTB-A&AD1-A/UUA B actin (ACTB-A) 5-UUA-3’

ADAR(1 site A 3-GUU-5'

@ ACTB-A site corresponds to positions 1045-1065 of NM_001101.

The constructs were prepared using the long range PCR strategy described

above.

pU6.ACTB-A/UUA

This construct was designed to test whether a UUA bubble sequence will

20 enhance the activity of a single hairpin DNA construct having the sequence of
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pU6. AD1- AGACTB- A/ UUA ADARL site A 5 -UUA-3" /3 actin
(ACTB-A) 3'-GUU-5 pU6. ADI - ARACTB- A/ UUAG. ADARL site A

w2013 /3 actin (ACTB-A) 3' - AGUU- 5 PCT/AU2004/000759
pU6. ADI - AGACTB- A/ UUACAA ADARI gite A 5'-UUACAA-3' /3
actin (ACTB-A) 3'-UUAGUU-5 pUo: ACTB- A&AD1- A/ UUA /3

Rem-A (radinduThe epBRECt s PRaRIe] Shid A SHgis ppBACTE-A hp as
P"M)%éfélby é@gﬁgﬁ%mﬁtthém pM&sPr epared using the

ong range P tegy described above.
pUG. Al This construct was designed to test
whet her  a bubbl e sequence will 20 enhance the

e e L e e Sl

&CTB-A (f3 actin). The construct is prepared using the
pl asm d pU6. ACTB-A hp as a substrate by anplifying
with jpri mers: ACTADdel R

CTGAAA TGAATTTCAGICTAAGCAATGATCTTGATCTTCACGGT 5 G

G ST IR TICATUIRRS B TFEATACCS

AQrap of this construct is shown in Figure 48. 10
pU6. ADI - AGACTB- A/ WU Thi s construct was designed to

test WhebPes tis €CORSEisCE shainyihFig@edd. bubbl e
sequence was capabl e of inactivating two nRNAs, nanely

@mpﬁﬂﬁA@TMUﬂU The construct was prepared using
he plasmd pU6. ADI &-A/ UU as a substrate by

S S B BT s M ottt carving
PuGChETSSERBCe was capable of inactivating two mRNAs, namely ADAR 1 and g
actin. The construct was prepared using the plasmid pU6.AD1&2-A/UU as a

substrate by amplifying with the two primers:
AAR

TCATTGCTCTCTTGAAGCAATGATCTTGATCTTCAAATGAACAGGTGGT
TTCAGTCGGTG

AAF

TCTTGATCTTCATTTGAACAGGTGGTTTCAGTCTTTTTGGAAAAGCTTA
TCGATACCGTC

A map of this construct is shown in Figure 49.
pU6.AD1-A&ACTB-A/JUUA

This construct was designed to test whether a construct carrying a UUA
bubble sequence was capable of inactivating Mo mRNAs, namely ADAR 1 and 8
actin. The construct was prepared using the plasmid pU6.AD1&2-A/UU as a
substrate by amplifying with the two primers:

AA+1R

TCATTGCTCTCTTGAAGCAATGATCTTGATCTTCATAATGAACAGGTGG
TTTCAGTCGGTG
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AAF  TCTTGATCTTCATTTGAACAGGTGGTTTCAGTCTTTTTGGAAAAGCTTA
20 TCGATACCGTC A map of this construct is shown in

wo-e@unessd0. pUG. ADI - AGACTB- A/ UUA Thi s const r BCT/AW084/000759

designed to test whether a co ruct carrying a UUA
bubbl e sequence was capabl e of 1 nactivating two nRNAs,
nanel A and, 8 25 actin. The construct was

prep S|ngthe plasm d pU6. AD1 &2- A/ UU as a

?&?%%@%@%&%@%@%M@&%gw%ﬁ
ﬁ@%&gﬂg@@@e@ 2004/ 106517 PCT/ AU2004/ 000759 83
TCTT
ATCod @%@SGIW éﬁgf R BT T

u . < U
LB A kT B o eonet Tt oar oo n A
2:ﬁé’lfmze SR TGRS S el RSP b e BERY g @ LA

r
S50 SRSyl R0 S Mty oA 1 nd

eemammmmwmewe@mmd@rmwm@@@1 &2-A/UU as a

A#‘E#?%%@AQ%KAW&GTUTTTTWQ 15

TTATCGATACCGTC A map of this construct is shown in
Fi gur 8A82ZR  pU6. AD1- ARACTB- A/ UUACAA Thi's const ruct

oRCAR AT R BC B b O Eastt T oA TEEN YA cRagAGaTGG
RS c e G

AA+2F

ATCTTGATCTTCATTGATGAACAGGTGGTTTCAGTCTTTTTGGAAAAGC
TTATCGATACCGTC

A map of this construct is shown in Figure 51.
pU6.AD1-A&ACTB-A/UUACAA

This construct was designed to test whether a construct carrying a
UUACAA bubble sequence was capable of inactivating two mRNAs, namely
ADAR 1 and g actin. The construct was prepared using the plasmid pU6.AD1&2-
A/UU as a substrate by amplifying with the two primers:

AABR

CATTGCTCTCTTGAAGCAATGATCTTGATCTTCATTGTAATGAACAGGT
GGTTTCAGTCGGTG

AABF

ATCTTGATCTTCATTGTAATGAACAGGTGGTTTCAGTCTTTTTGGAAAA
GCTTATCGATACCGTC

A map of this construct is shown in Figure 52.

pU6.ACTB-A&AD1-A/UUA
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20 ADAR | and /3 actin. The construct was prepared
using the plasmd pU6. ADL &- A/ UU as a substrate by

wa@epkitbesing with the two prinmers: AABR PCT/AU2004/000759

CATTGCTCTCTTGAAGCAATGATCTTGAT G TCATTGTAAT GAACAGGT
GGITTCAGICGGTG 25 AABF

GOTTATOCRPREBTIRE ST 1 Fodt ffttct o UGS varrying 2 UUA

@%&e@%ggﬁ%ﬁ@ﬁgﬁrﬁﬁa inadtivaing\vve C0RNAS Snamely B actin and
ABAR (i dhReronsiigh iases. b e rig nevuthp UsRDI deAC TB-ATUUA in
tgsgﬂ‘féweq%ﬁ%s pi%ﬁ@ﬁ%%f% o IATSFIA ¥AH I ACTBYR JiFfdMAS. TRaMRINstruct was

e construct differed fromthe
repatadiasing the AsMBASTRAC TR/ hp ast dsubsinater by amiplitying with the
positions of the ADI -A and ACTB-A differed. The
MENRITEEY was 5 prepared usi ng the plasmid pUs. ACTB- A

hp as a substrate by anplifying with the t
np as & abs y anplifying WO prinmers:

TGTTCATCTCTTGAATGAACAGGT GGT TTCAGT CTAAGCAATGATCT
ATCTT[E@GGPGQTE"AW@S@@@T@@ET@A@T@TAAGCAATGATCTTG

%A]I:% L(#;g% ITCATTTTTG GAAAAG CT  TATCGATACCGTC A

8 A nstruct is shown in Figure 53. Figure 54
shows the predicted structure of hairpin RNAs
produ@@a_ t he doubl e hairpin constructs targeting

wor Q\Dé\%ol@casE%a%ﬁé'ﬁ%cmﬁ#ﬁ@@ﬁ(ﬁ'ﬁﬁcﬁfﬁa‘fg GRAAAGCT
Jg ﬁﬂbﬁﬁ,&g ? To transfectHeLa cells, 200, 000

aed in each well of a 6 well tissue

uIture ate f t cpbat i; || .

r%@f% ﬁcztolse?q@g? "gmﬁ&%@ 5@ Flgﬂré:g Dﬁa@% the predicted
sirfbiOR \’M?rl@alﬁrf @rﬁlﬂﬂgt@@du&e@go)ﬂthegfﬁfoﬂbteimanpm constructs targeting
according to manufacturer's (Ilnvitrogen) protocol.
RDARYTcaroNA@ctier e transf ect ed

10.4 Tissue culture

HelLa cells were grown and maintained in tissue culture using known
procedures. To transfect Hela cells, 200,000 cells were plated in each well of a 6
well tissue culture plate. After overnight incubation cells were transfected with
either siRNAs or plasmid DNAs. siRNAS were transfected using Oligofectamine
according to manufacturer’s (Invitrogen) protocol. Plasmid DNAs were transfected
into cells using PolyFect according to manufacturer's (Qiagen) protocol. Cells
were incubated for 48 hrs following transfection and total RNAs were isolated for
analysis of ADAR1, ADAR 2 and/or 8 actin mRNA levels.

10.5 RNA preparation and analysis using Quantitative Real Time PCR and

Northern blot assays

Total RNAs were prepared using QIAGEN RNeasy mini columns according
to the manufacturer's protocol. To remove DNase contamination samples were
treated with DNase according to the manufacturer's (Qiagen) protocol. Poly A"
RNA was prepared using DYNAL Dynabeads® mRNA DIRECT ™ Micro Kit
according to the manufacturer's (DYNAL) protocol. Levels of ADAR 1 and ADAR



into cells using PolyFect according to manufacturer's
(Q agen) protocol. Cells were incubated for 48 hrs

wo edokovdsny transfection and total RNAs were i SBCEABZD04/000759
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for analysis of ADARL, ADAR 3gand/or /3 actin nRNA
| evel s. 25 10.5 RNA preparation and anal ysis using

%ﬁlalgN%%%‘f%g&lw@'ng%éjﬁesﬁu%t@w&wbﬂé? ﬁ@}:ﬁ @8ays. Three

GRIIETS RBEYS diveee perfdriedmiorubachuRNA samplieoasing BYBR green
renove DNase contam nati on sappl e re treat?d W th
img@@r@fwbﬂ@idﬁ}emn@h@la%ﬂﬁ%n@ﬁr levels. ( Gihgy&eactions and analyses

58 S e IR HoLaB RO o o

e T A R PSSR PR o st

MRINEA d8hE thicRsisl WsibneryQe adutint Rdaictieatiteal NdithernPERts of total RNAs
assays. Three ‘duplicate assays were performed

f :
isateedRitans sefis avarsiprgbeymrthya dBoMemcRgsHiGiq B SLUTR of £ actin
d m ne relati | @v . r th QRS
gﬁ:éh? ’sepgepagerag L{osl'fq gﬁ?@d Oﬁs?ﬁél pq%‘%edﬁé}gsﬂﬁmﬂde y ktrr1]c(?\/\/r(1:l sgree of
hforidiestors §ubhifibd Bsingea asHosphoituager tTat curedbfdrheragual loading,

bl ot anal yses were used to determng le of a actin .
Ngm§rmﬁﬂg@hwe@)§trmp§gt thep rgpgg%qraqwiﬁh a%)sﬁgtfqa&men% corresponding
rt | (0] | irS . 1 | . .

DFREA, ChP ipd k! B o ohasadgees ymea usig o
BRbsphoimBAr. Br eptin etiRINA rigvElSRinfindividakl YA gemples were then
RNA, and the de e of hybridi zation quantified,usig
Boﬁﬂ%‘ﬁﬁﬁ’oitﬁa&ﬁl%ﬁo |6Yﬁlﬁe%{1df e, é%nlg 181ess! ﬂg,ﬁ 136fi¥ between
%&ér‘lﬂﬁgﬂtaﬁ I dRhenieferet BéRARThddIEThe eREPRAEIOYIdS add procedures

gment corresponding to human GAPDH and the
degd é=r thesbpbalysies aré widaly Kooyndattheseakilled fythe art.
phosphoi mager. ,6 actin nRNA | evels in individual RNA
6! Poulsle ehdipin constralcts edint sirdafBHebushy dnagtivataetwo genes

relative levels of $ actin pe_héween experi nment al
t r eat ABALGANBREWIRARANGSRAACHIIEE net hodol ogi es and

procedures 15 used for these analyses are w

known In &igureses stbiel grawhi shawe the refatiee ¢\pARD] gﬁ%ﬁ"ﬁ Isvgls in cells
SRSk RSB RARDLPEL SRS LIRS Mt popmaized o
DR 1 hARNA #vele deBmidedicdlleviehssfeatedevits pU6.ACTB-A48 hp,
Aoadie, @i HERHERY 4 gRIED AR ToRbaMBelosthe double hp
SSREEILGE bl BEHL S RONRH HRNANL R T Pt an i ol
ghelis Itemsfectet avittovalieudpon-specific controls. The constructs pU6.ACTB-A
hp and pU6.AD2-C had relatively minor effects on ADAR 1 mRNA levels. The
construct pU6.AD2-A (the stippled box) which targeted ADAR 2 reduced ADAR 1
mRNA levels; this result might be artefactual but could reflect genuine reductions
in ADAR 1 mRNA, since 17/21 nucleotides of the ADAR 2-A site are shared in the
ADAR 1 sequence. The horizontally stippled bars represent relative ADAR 1
mRNA levels in HelLa cells transfected with siRNA controls. ACTB-A siRNA had a
moderate, non-specific effect on ADAR 1 mRNA levels, whilst siAD1/2-B
dramatically reduced ADAR 1 mRNA. The grey bars represent relative ADAR 1
mRNA levels in HelLa cells transfected with the DNA constructs pU6.AD1-A and

pU6.AD1/2-B. Both constructs target ADAR 1 mRNA for degradation, and both
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constructs. Wiite bars represent ADAR 1 nRNA | evels in
HeLa cells and in HeLa cells transfected with vari ous

woem43psei fic controls. The constructs pUS. ACTBERAUR4/000759

and pU6. AD2- C had relatively mggnor effects on ADAR |
NMRNA | evel s. The 25 construct pU6 AD2 A (the stippled

Byt AR S BRI R SV et TBE BREEbArs fGeant relative ADAR

{ ﬁkal?AtleGé’l@HP f}geLa?@?nét tthﬁ§AfSXtF?d WEHRh? ddalsﬂé hﬁlrpmeDNA constructs,
nucl eot1 de

AU ADABGAL) seq@iwg/ém&ﬁgmeg%rt g of pybdatEzl A, Both

OB AT A it a1 e

|BPES! Ricst SigHificalyi tl’\eccc&fsﬁrect pb!fﬁ ADAR2 U tRNdves; irlcseased activity
whil st si AD1/2-B dramatic r educ {ADMDW h d
Turepaes (i coalspbBLRAR Lt Te CABRRUFL P g showed no
He f I
A hef P ARTETI0) S g R Tilsion o a sma

biﬁlﬂé?elsé’dﬂ‘éﬁcbom depaimpiat DbIA cansiriett Bnencabiha Gabiyity of a DNA
PCT/ AU2004/ 000759 86

ed ADAR,| NA

erstaist R iTERAY esa§T S 3 SpPlsc et &1 Ao faigin construot
MRNA | evels in HelLa cellstransfetede‘h Fgﬁx\ble .

hai r pinnFonee dfhdhe gragh sq@w@ D m levels in cells
DA B VR g oot
ADAR 12 WASldveteeUeterwmsad & geilé |ttaman‘da<yted hwitle grié8.AGJIB-A48 hp,

U6. ADI &2/ UUA shows d t t

gnéec’@haﬁ rqgnsy[gg m glg\gec ﬁ?g H@fr E%S?A%?ﬁf %9 the double hp
Iﬁﬁr‘?l RIS WS b b%{ e rﬁ%tDﬁef@éRnRNﬁMeIJ heﬂéLdaieas and in HeLa

usion of a small bubble
sl eansfactedh withi vmousmlémspasrﬁc westntisith ahee gonplsucts pUB.ACTB-A

B beChnd P BN bin A iR SRR ply oet. The

hgagr waldtite ABAR nvmmm\ﬂb\aemﬂNNeLa cells
g(/le r%m Sﬁgmetd S?Ir%a%?f?%%}gd l/a‘ht h vari ous

banstootart svitnSIRNANGENTIolS] AGTERAeIFINA otk Raglerale, non-specifi

AR 2R AT D OB RN o ADAR
Lyt g S et
tracisfecteds vt Brec BINA conaiadte AR fr. e 65? R & pU6.AD1/2-B.
1h6 RSt BBRANEY fas PRRIRSNGH AISAR PhiRKTEuds, VRISt pUG.AD2-

rvel m nor effects on

RAAd | Y& AT TheB rétﬂudeZiOADAIH 2 rmRN#pled maderatepﬁegmu The black
relative ADAR | nRNA | evel s _in HelL

lnr rep AN et ADARTEMRNARRKC R HohB S ntigns?e&ed with the

CoNA! ﬁ?@% LY ADI &MU sowed no activit
%%RB%QQ@H%N& {:@gﬁftf yre liced' %@A%d Y
against ADAR 2 mRNA, as was the case with ADAR 1 mRNA. Both the constructs

pU6.AD1&2/UUACAA and pU6.AD1&2/UUA moderately reduced ADAR 2 mRNA
levels to a similar degree to that seen for pU6.AD2-A and pU6.AD1/2-B. These
data indicated that a short hairpin sequence adjacent to the loop sequence can
inactivate a second gene in the context of at least two of the bubble sequences we

tested.

Figure 57 shows the relative levels of ADART mRNA in cells transfected

with various DNA constructs. All data were normalized to cells transfected with
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20 nRNA. The grey bars represent relative ADAR 2 nRNA

levels in HeLa cells transfected with the DNA
w@orgtieaset s pU6. AD2- C, pU6. AD2- A and pU6. AD1/ 2P@I/AUT10€/000759

construct pU6. AD2-C has no efggct on ADAR 2 nRNA

| evel s, whilst pU6. AD2- A and pU6 ACTI/ 2-B reduced

AR RS el By W myporment The

gTé Ik e Whathcometnh plo6UADH -Aahedi a obderate siffest tas) ADAR 1

he construct pU6. ADI &2/ UlJ sho 0 act
e bV SISDARIET HRDEE SEEELEIGHE Tsenr ST UAIGREP B AR ASACTE-

t D1 6.AD1-
AL D PGB AU, 1 BEPARTXEATIERINRD, P

S ACTBEAMRG rACAROaht 31U AETB-0&AIUE UAZR -all egsyilted in reductions in
pU6 ADL/ 2-B. The

d d
ABARo fIn MR AelREn e SRSt ALONEH T SATIERALIYAG showed the
dl@ﬁézéto ’ ARy aTﬁﬁé)Héitagc%lﬁohﬂrétﬁa 8D AOAR df sédudreastin the context

t he’ ‘bubbl e sequences we tested. Figure 57
sflzodeulilbdairpiratar mactvatb ARARADARNAYRNA in cells
transfected wth various DNA constructs. Al data _
wer e maurebs srows the edlbtivd leapisf a@fgf adtimimRINAD Cells transfected with

2004/ 106517 PCT/ AU2004/ 000759 . 87 ACT c
vgaioUs AN Aaeonsivsis. F5edeteImRinGgnbY avguﬁfaé'ﬁ?g“ 0 Hieahalyses. In
i 6AU@;Q-A/UUA \Y/
tﬁ[}% dlnge[ e%?ﬁ@%%ﬁ%hz@@% thé‘%gr/lgiﬁgctﬁgjm es-2 arious
fidratpeeifin tontfilguGBd1The péiﬁwé\Dﬁ@é’ré/LMB PAiSLARARETA/UUA and

AR A kel Rt ple TRCHEA A B qRNA tovele

' sftuctAPEB.ACTBNA H \shbwedt are approximately
%%E%tt'ﬁaﬁ‘g%‘édé&?\%ﬁ%@ R R shonedt te P

30%i vedyctionhirs @ astim mah%éev%e&?q"ﬁatramfmteﬁ PWiR the constructs

SRS g AP eda Bl , o1 RancTe:

AﬂY@A@ CHU@AI@WA&A@?BW\/UMR@AA%M . ACﬂ'@sIA&AIEhI/UtI)@\ all showed
various DNA constructs, as determ ned A)?H ARACTB
iaiuctiens bl the devely sefs 8 ﬁﬁt'nt'ﬁi@\l"?‘n%% cRH%;l 5 )
S ti
AIOR, Sovisd, 3 fo0es Hityg orred Am%&z-m“’ﬁ"dt@@ that 3 actin

é@e‘?ﬂe@n%é’%n@é}d of@tﬁommmmw@mdwaw@@ctm mRNA. These
o et bt UBETE GroTnEREs g = dow
%5(’9@’%4@ %r?aw n%BHQIS/'ﬁ@Cﬂ\}ét@t\ﬁbeﬂeé‘R'\'A | evel s.

e‘constructs

ELIJB A 1Cl'§éi&écrt9ﬁ§ tﬁ/ﬁ/ g&i&l@ %Mﬁﬁg@_?@/pﬁy%o str ugtns : by screening

PUG. ALdiRd S iibradds 6f ‘Fblﬂﬂﬂbé&equences

To define sequences that may increase the activity of double and higher
order hairpin constructs, a series of libraries are prepared containing randomised
sequences in regions of the hp RNAs that might be predicted to be sites for Dicer

processing.

The base construct for these experiments is the construct pU6.GR-21. This
was prepared using the oligonucleotide annealing strategy described above, using

the primers:

LGR-1 ACCGCTGACCCTGAAGTTCATCCTGGCCTTTC



reductions in the levels of /9 actin nmRNA, the
construct pUG. ADL- A&ACTB- A/ UUAG showed t he hi ghest

wWa@ewuaddsy? These data denonstrated that 8 acti PCRAU2004/000759
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sequences in the context of a gwuble hairpin can
inactivate,8 actin nRNA. These data conmbined with the
resul { geshown i GG%@T'AST@AQR@@@CH GATG@EA@W@A@@GTCAG

hai rpin construct can si mul t aneous I nacti vate

genesH\?hlg I ncrg‘ rt?];%&ﬁ;r anJJrQTéTﬁGgﬁubl e ha| rp| n

const by sc rbrarres of "bubble"

Z??FSE&?&?%Z‘J@&?%C@‘? B TAGARAPAE A n 7o e
cont al-Ary anéiiﬁl@é@%&t@éﬁ@pﬁA‘i‘ﬁﬁi@%&Iﬁe p

RNAs that mght be predicted to be sites for

procet&Rg. TheCil: GQHQMQTT%TQGE%%QEH%m s

is the construct pU6. GR-21. This 30 was prepared

usi ngLGR70l i goAGEEHCAGRCERNEA K3 ABAr at egy descri bed

above, using the prinmers: LGR1

ACCGCT GR-ECTGAAGGEATTIT GABANARGWO 2004/ 106517

PCT/ AU2004/ 000759 88 LGR-2

GGAGTA MANE TSHOAGSIRT ERfare L9RA 3ind the sequence of the
ACTACTCCTACTTTGIGTAGGT LGR-4 ACTACTCCTACCTACACAAAGTA

paRiisted RNSTROTEehbEITACEAIAGT $IoWS in Gause SOB.
CTGACCCTGAAGITCATCCTGGCCTTTC LGR-7 _
AGGGTG:A@OTH@T;TT@B@Mcta_@e—ssrita@tmmwwmamidmﬁlcaf sequences

Gefid Tl Mdis et P BulReE oo R TS s PIE FeER Construct. By

3 AWaring theuasii§Bof LiAdiiRidl i Bibaey frensttheclisrary against Renilla
escri béd below all contain identical sequences

ﬂlm@men gs Rescribed labove dp dke agtivibhel PUF-@iBstt semuesices of bubbles
SSRGS 08 g oo

n @led t&éﬁiﬁélﬁfeethésa(ﬂﬁﬁ% of dedblebane rﬁghetrhndancmamtryconstructs
of GR- 21 sequences of bubbles show ng enhanced

mQYbBtd@Vﬁio@ﬁ’ﬂ be determ ned. Based on such data,
generalised 15 design rules to enhance the activity of
doubl pU&GGR-Rl¢h@N order, hairpin constructs nmay be
devel oped.
This construct series was prepared using the oligonucleotide assembly

strategy described above. Libraries were prepared using the oligonucleotides:

LGR-1-2N ACCGCTGACCCTGAAGTTCATCCNNGCCTTTC
LGR-2-2N GGAGTAGTGAAAGGCNNGGATGAACTTCAGGGTCAG
LGR-3 ACTACTCCTACTTTCAGTAGGT

LGR-4 ACTACTCCTACCTACACAAAGTA

LGR-5 AGGAGTAGTGAAAGGCCAGGATGAACTTC

LGR-6 CTGACCCTGAAGTTCATCCTGGCCTTTC

LGR-7 AGGGTCAGCTTTTTTGGAAA

LGR-8 AGCTTTTCCAAAAAAG
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pU6. GR-21-1-2N This construct series was prepared
usi ng the oligonucl eotide assenbly strategy descri bed

W@b@nvaoesT brari es were prepared using the PCT/AU2004/000759

ol i gonucl eoti des: 20 LGR-1-2N
ACCGCTGACCCTGAAGTTCATCCI\INGCCT'P C LGR2-2N

SST“E;&? oG e Y ket A0 e ol gty gonstructs is
dHSwr® irh\EG AP CEHECA AGT T @Bdic@t RNA produced by the
CT GACCCW CATCCT GGCC%IT'I'C LGR- 7 s P Y :
eauEBPChBhom inddgure 608R- 8 AGCTTTTCCAAAAAAG WO

2004/ 106517 PCT/ AU2004/ 000759 89 In this instance N
pUbdBR2AZMucl eotide. A map of such constructs is

shown in Figure 60A and the sequence of the predicted

RNA pTieiducensthyct t seriesc mast prepared wsioguwihenoliganucedioie. assembly

pU6. GR- 21- 4- 2 5 Thi.s construct serj . . .
afgatﬁgyldzﬁecewf_g' Bhes ddbries QB eyl Pt e By BB eiagices:
(‘;‘G%;E'nuk AR e R ARSI A BB ceTTTe
ACCGCTGACCCTGAAGTTCATCCTGRCCTTTC LGR- 2

OGRCTAGT GABRASBTNGTAAAACHHNEE EAGAAGRI GAGGGTCAG
ACTACTCCTACTTTGTGTAGGT 10 LGR-4

ACRASTCCTASCTACTRBASTA TTIGFETAREGT

AGGAGTAGT GAAAGGCCANNATGAACTTC  LGR-6- 2N

CERACCCT GAAGTRNTONTECCITATACALAAGTA
AGGGTCAGCTTTTTTGGAAA LGR- 8 AGCTTTTCCAAAAAAG 15 In this

Lasianne NAGRDAGTAGTUARAG GCUANNARGARC DT Csuch
constructs is shown in Figure 61A and the sequence of

Lﬁﬁfﬁfﬁ@i CW’SQ@*@@NG@’d’dNFNN?G@@OWWﬂ i's shown

I'm Figure .GR-21-1 &4-2N This construct

S ma i [ I [
Tty AR B R TR v e Ui br ar o5 may
PRRECPr eAGISHITERRGLARRE ! cot des:

In this instance N denotes any nucleotide. A map of such constructs is

shown in Figure 61A and the sequence of the predicted RNA produced by the

construct is shown in Figure 61B.
pU6.GR-21-1&4-2N

This construct series may be prepared using the oligonucleotide assembly

strategy described above. Libraries may be prepared using the oligonucleotides:

LGR-1-2N ACCGCTGACCCTGAAGTTCATCCNNGCCTTTC
LGR-2-2N GGAGTAGTGAAAGGCNNGGATGAACTTCAGGGTCAG
LGR-3 ACTACTCCTACTTTGTGTAGGT

LGR-4 ACTACTCCTACCTACACAAAGTA

LGR-5-2N AGGAGTAGTGAAAGGCCANNATGAACTTC

LGR-6-2N CTGACCCTGAAGTTCATNNTGGCCTTTC

LGR-7 AGGGTCAGCTTTTTTGGAAA

LGR-8 AGCTTTTCCAAAAAAG



LGR-1- 2N ACCGCCTGACCCTGAAGTTCATCCNNGCCTTTC  LGR- 2- 2N
GGAGTAGT GAAAGGCNNGGATGAACTTCAGGGTCAG  LGR-3

WOATIGSCTACTTTGTGTAGGT LGR-4 ACTACT CCTACCT ACARREAGIN4/000759
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25 LGR-5- 2N AGGAGTAGTGAAA TGAACTTC LGR-6- 2N
CT GACCCTGAAGITCATNNTGGCCTTTC

200 a4/ %’Q@H@&{g@%ﬁ%%@%@@ﬁ%&% Wﬁggh '\?onstructs is

geowhan I&EMreﬂBQAe@lﬁd dRe saquepcefofsthehprediciéd RNA preduced by the
shown in ure 62A and the sequence of the predicted
M%JQS(H%@'@@NBW Figsire 8gRBst ruct is shown in Figure 62B.

pU6. GR22-1-4N 5 This construct series may be prepared

usi ngpU6ecGBRRloANC! eot i de assenbly strategy descri bed

above. In this instance random ol i gonucl eoti des are

not uFhis consttucesetias emwbelmepat&ebu%gdhe a:mgonucleotlde assembly
|ncapabl e OIE ga e pairin e

gt i i g);nsq%c%éggg?dl Ctltgﬁgucr%oNAes are not used,

P ) ek o e e (e i

AGREZIT Gam:c‘rmqmratmwnmmauy To generate the constructs the

RIS eACr KTEERACT TG R Ehielpo ogether vt

CTCCTACCIACACAAAGTAGGA( I nst ance,

denot %E; AGYL T B %ETéEC‘J@E %izh eaokes A C o
fgnotes A C @& HERBTRIACEHEIN GRASIEUET S 'S

shown gk, i giire 63A @'f&TAE@@CﬁE iehechegequence and

structure of hpRNAs produced from such constructs is

shown [ thi§iirktamced IBdenbes IR ol T4B deHdtdh CsGannBtH dehotes A,C or
series may be prepared usi 2% the ol i %onucl eoti de
S

Teaiardf enaies & Bgy GeAcTPBAY WSBNSHHCISHSSONET knEigure 63A and
I
RS8P RBCEPE RS e K30 conscts

s sbWwh @l Fidup&BABar e i ncorporated synthetically. To
generate the constructs, the oligonucleotides GRi,

GR2- 23,06:B8R221-48R4, GR7 and GR8 are anneal ed
This construct series may be prepared using the oligonucleotide assembly
strategy described above. In this instance random oligonucleotides are not used,
rather three nucleotides which are incapable of base pairing in the predicted
hpRNA are incorporated synthetically. = To generate the constructs, the
oligonucleotides GR1, GR2-22, GR3-22, GR4, GR7 and GR8 are annealed
together with:

GR22-4-4N-5 TAGGTAGGAGTAGTGAAAGGDDBHAGATGAA
GR22-4-4N-6 ACCCTGAAGTTCATCTDVHHCCTTTCACTA

In this instance, D denotes A,G or T; B denotes C,G or T; H denotes A,C or
T and V denotes A,C or G. A map of such constructs is shown in Figure 63C and
the predicted sequence and structure of hpRNAs produced from such constructs

is shown in Figure 63D.

PU6.GR22-1-NAAN
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25 together wth: GR22-4-4N-5
TAGGTAGGAGTAGTGAAAGGDDBHAGATGAA  GR22-4-4AN-6

WOABGETEANGT TCATCTDVHHCCTTTCACTA I n thi s i nst ank@l/AD2004/000759

denotes A, Gor T; B denotes C¥3 or T; H denotes A C or
30 T and V denotes A, Cor G A map of such constructs
i s shbhia donstruguseriessmaynbe preparpdditing e olignrunirotigedassembly

S N6seTbel aRave MRt AR e (Dl pytEs may be
iREApOrEIeA40ARAISP for BHaRIehBES tidtThay QUGRReNEEYe BBtimal AA sequence

prepared using the oligonucl eotide assenbly strategy
ideptified preioesiy. To gamesatentheaperstrupttidiie oligonucleotides GR22-1-

B SEL T TRE 220 5TR002 REER 6 i EhfHlal Boether witn
ol 1 ooneRsRARN Ar ACTEMRBEN A GRIEARC L G ToAG

GR6- 2BRIGRINZIEN.GR8 PCATETRESARE CTIgR ACT ABTICETACTTTGTG
GR22- 1- NAAN- 2 AGTGAAAGCNTTNAGAT GAACT TCAGGGTCAG

GR22- 1- NAAN- 3 TCATCTNAANCCTTTCACTACTCCTACTTTGIG I n
this instance N denotes any, nucl eotide. A map of. such
const inuttis instand® N demotes daygnueebiide.afidmbpeof such constructs is

edict ed. t ' f hpRNAs d d
IO RIS bcRad | BoSREICIPR Reaineognd Stictiie: of hpRNAS
FidRBBa i MANooT Bt WSHOA i FRIIEBABRY Do pr epar e

sing the oligonucleotide asse strategy descri bed

above hSy i nce random ol i gonucl eoti des may be
15 ingglregbobg?izldhl?‘?@creen for sequences that m ght

DO eS8 done R PP B Bl 8R0Sk assombly
Slrategpuabssribede aboks, RIS 2instdide2 Panddardoligdnichitides may be
CR8 are anneal ed together with: ~~ . GR22-4-NAAN-5 _

nscroretsscmeTeanfeaIsaNnamaGiatoighkpatentigiiyraugment the optimal

T JTCACTA In this instance N
@eg%%r S %y@ﬁgaﬁ%%yA map of .such constructs is .

St T UoT B G oleD HRAGO B Ble L0F PO Gae N T P2 22 OR3-22,
SFWGRY dnddoRe eﬁé@nn%%d%@éthbr%ﬂﬁ'\' 25 This |

construct series may be prepared using the |ofg Fange
PCR SHRULENAAN-5 TAGGTAGGAGTAGTGAAAGGNAANAGATGAA

GR22-4-NAAN-6 ACCCTGAAGTTCATCTNTTNCCTTTCACTA
In this instance N denotes any nucleotide. A map of such constructs is

shown in Figﬁre 64C and the predicted sequence and structure of hpRNAs

produced from such constructs is shown in Figure 64D.

pU6.GR21-184-4N

This construct series may be prepared using the.long range PCR strategy -
described above. In this instance random oligonucleotides are not used, rather
three nucleotides which are incapable of conventional base pairing in the
predicted hp RNA are incorporated. The oligonucleotides suitable for use in these
experiments are:
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descri bed above. In this instance random
ol i gonucl eoti des are not used, rather three

woemkaetsides whi ch are incapabl e of conventi onedCT/RES®4/000759

pairing in the predicted hp RMA are incorporated. The
ol i gonucl eoti des suitable for use.in these
&S RAI4N are: WO 2004/ 106517 PCT/ AU2004/ 000759 92

AR ACTAG BAGTAGTS AL BRRRBHRATGMGTI CAGGGTCAGCG

CIEBTTTOXYCCTETand 5 Lter mGR- 21- 4N
TAGGTAGGAGTAGT GAAAGGCCBHH BTGAACTTCAGGGTCAGCTTTTT

TCGGAAANGCTTATCG I n this instance, D denotes A Gor T,
B denotes C, Gor T, H denotes A, Cor T and V denotes

@é% SRS _@ NTBP of such constructs is shown in Figure
I§ 1l t he sequence of the predicted RNA produced

by th& A@@E’FAGGAGWA@T@MAGGEQBHHBT@@AC‘ﬁCA@‘@mGCTTTTT
cronﬁzructs Based on the nodel whereby Dicer processes
f

MEGasbAICGN 15 expressed hpRNA, the actual
di stance (in nucleotides) between dicer cuts beconmes .
a cri in #s insdencs, ded@tﬁsg‘h,ﬁgr uBtdenodes O, @airsT, tl'd) denotes A, C or

AR TR 481 S B PR s Fiure 65 ne

ted sBqgnddef thRepraIsed CRNAfﬁr@ﬂEl@éd Biy Moﬁ&t‘?@éﬁg%hown in Figure
froma hpRNA. To determ ne the optinmal phasing a

Bies of constructs were prepared whi ch were desi gned
to express 20 variable |l engths of EFGP effector
sequences at the base of a double hairpin construct

es at the top, targeting R uc. The
nst %@%@?@%’ S ared usi ng the oligonucleotide
assen‘e;aseat bAt Y madel WHRSHl | hicer BsraBbsdedifftin! e base of an

di gested pU6.cass as described above. The constructs
gxaresisegdoheRNbt ithie saciyall digtapee pln enudleotidesdt betwaen dicer cuts

m%é&%ﬁ%&gﬁr%gw Ft;Ac%%cs-'t_ruct G{B gbtaln max?mum activity,
since this “phasing” of Dicer processing will be critical in precisely defining the
sequence of effector siRNAs produced from a hpRNA. To determine the optimal
phasing a series of constructs were prepared which were designed to express
variable lengths of EFGP effector sequences at the base of a double hairpin
construct and constant sequences at the tob, targeting Rluc.

The constructs were prepared using the oligonucleotide assembly stfategy
and cloned into BsmBIl / Hind Il digested pU6.cass as described above. The

qonstructs and oligonucleotides used to prepare the constructs were:

pU.GR-17 hp
GR1 ACCGCTGACCCTGAAGTTC
GR2-17  GAAAGGCCAGAACTTCAGGGTCAG
GR3-177  TGGCCTTTCACTACTCCTACTTTGTG
GR4 CTCCTACCTACACAAAGTAGGAGTAGT
GR5-17° TAGGTAGGAGTAGTGAAAGGCCAGAA
GR6-17  ACCCTGAAGTTCTGGCCTTTCACT



GR3-17 TGECCTTTCACTACTCCTACTTTGIG 30 G4
CTCCTACCTACACAAAGTAGGAGTAGT  GR5-17 -

WA 2BETISEAGT AGT GAAAGCCAGAA  GR6-17 PCT/AU2004/000759
ACCCTGAAGTTCTGGCCTTTCACT WD 2094/ 106517
PCT/ AU2004/ 000759 93 GR7 CTT CAGCTTTTTTGGAAA

G and. | s CANERIARRR A AT e el o

ATGCCCTTTCARACTCCT A%WﬁCMGCTG
TAGGTAGGAGTAGT GAAAGGCCATGAA - GR6-

ACCCTGAAGTTCATGGCCTTTCACTA 10 pU6 GR 19 hp GR1, GR4,
7 gﬁg w 19 GAAAGGCCAATGAACTTCAGGGTCAG
118U TCACTACTCCTACTTTGTG 15 GR5- 19

TAGGT ARAGRGTGRFIAGREARIGAA GR6- 19

ACCCTGAAGTTCACT GGECTTTCACTA GR-20 hp GRI

o GRE ARREAE oo ARG AR A AT O RSB

GR3- 20

Aot AR Bl G eI e g e FrabrioTs

ACCCTGAAGT BRGFIBECCCTAGRTABGAGTACT. GRARGGOCARGAA

GR4, CR7, GRB and; GR2-2 CAG
G, 21 ATCRTBAB P TOABFACIOAARCT IG6T GCIGRA T LAC 1A
TAGGTAGGAGTAGT GAAAGGCCAGGATGAA 30 GR6-21

ACCCTGAAGI TCATCCTGECCTTTCACTA

pU6.GR-19 hp
GR1, GR4, GR7, GRS and:
GR2-19 GAAAGGCCAATGAACTTCAGGGTCAG
- GR3-19 ATTGGCCTTTCACTACTCCTACTTTGTG
GR5-19 TAGGTAGGAGTAGTGAAAGGCCAGTGAA
GR6-19 ACCCTGAAGTTCACTGGCCTTTCACTA

pU6.GR-20 hp
GR1, GR4, GR7, GR8 and:

20 GR2-20 GAAAGGCCAGATGAACTTCAGGGTCAG

GR3-20 ‘ATCTGGCCTTTCACTACTCCTACTTTGTG
GR5-20 TAGGTAGGAGTAGTGAAAGGCCAGATGAA
GR6-20 ACCCTGAAGTTCATCTGGCCTTTCACTA

25 pU6.GR-21 hp

GR1, GR4, GR7, GR8 and:
GR2-21 GAAAGGCCAGGATGAACTTCAGGGTCAG
GR3-21 "ATCCTGGCCTTTCACTACTCCTACTTTGTG
GR5-21 TAGGTAGGAGTAGTGAAAGGCCAGGATGAA

30 GR6-21 ACCCTGAAGTTCATCCTGGCCTTTCACTA

pU6.GR-22 hp
GR1, GR4, GR7, GR8 and:
GR2-22  GAAAGGCCAGAGATGAACTTCAGGGTCAG



puU6. GR-22 hp GRI, CGR4, GR7, GR8 and: CR2-22
GAAAGGCCAGAGATGAACTTCAGGGTCAG WO 2004/ 106517

WEODAMBDID4/ 000759 94 GR3-22 PCT/AU2004/000759
ATCTCTGGCCTTTCACTACTCCTACTTT GR5- 22
TAGGTAGGAGTAGT GAAAGGCCAGAGAT GR6- 22
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éﬁfd%gé%T% T LIS e M TR PR PG TG

Wﬂi%W%ﬁG%T@AAGGCCAGAGATGAA
ATCT GCT TTCACT ACTCCTACTTTGIG GR5-2

TAGGTAGGAGERGTZAAAGCHCAQTGAAGAA %T@@QTQGCCTTTCACTA
ACCCTGAAGTTCATCTGCTGGCCTTTCACTA  pUB. GR-24 hp GRI,

GR4, GR7, GR8 and: GR2-24

GAAA / GAACTTCAGGGTCAG 15 GR3-24

ATCT GGCCT TTCACTACTCCTACTTTGTG  GR5- 24
TAGCTAEMNCRETCREACRITABECAGATGAA  GR6- 24

ACCCT GAAGT EEAT ] COCTERARI A EAGTC AT RARST TEABR STéAG

GAAAGGCCAGEERATAT GAACT TCTABTHGAE TTRBAZT ACTCCTACTTTGTG
ATCTGCACTGGCCTTTCACTACTCCTACITTGIG _ GR5-
TAGGTAGGAGERSEF @AA&M@W@&@&\GT&@%GCCAGCAGATGAA

é‘R"lC’CT gﬁfﬂé%ﬁ%?g ang&g@gﬁg‘ﬁ‘bﬁé@@r@&@&ﬁmem

GAAAGGCCAGGTGCAGATGAACTTCAGGGTCAG  GR3- 26
ATCTGCACCTGGCCTTTCACTACTCCTACTTTGTG 30 GR5- 26
TAGGTREEARAA BRAAGGCCAGGTGCAGATGAA GR6- 26

ACCCT @%@"@' RATERFCAEE GRECTTTCACTA
GR2-24 GAAAGGCCAGGCAGATGAACTTCAGGGTCAG
GR3-24 ATCTGCCTGGCCTTTCACTACTCCTACTTTGTG
GR5-24 TAGGTAGGAGTAGTGAAAGGCCAGGCAGATGAA
GR6-24 ACCCTGAAGTTCATCTGCCTGGCCTTTCACTA

pU6.GR-25 hp

GR1, GR4, GR7, GR8 and:
GR2-25  GAAAGGCCAGTGCAGATGAACTTCAGGGTCAG
GR3-25  ATCTGCACTGGCCTTTCACTACTCCTACTTTGTG
GR525 TAGGTAGGAGTAGTGAAAGGCCAGTGCAGATGAA
GR6-25  ACCCTGAAGTTCATCTGCACTGGCCTTTCACTA

pU6.GR-26 hp

GR1, GR4, GR7, GR8 and:
GR2-26 GAAAGGCCAGGTGCAGATGAACTTCAGGGTCAG
GR3-26 ATCTGCACCTGGCCTTTCACTACTCCTACTTTGTG
GR5-26 TAGGTAGGAGTAGTGAAAGGCCAGGTGCAGATGAA
GR6-26 ACCCTGAAGTTCATCTGCACCTGGCCTTTCACTA

Examples of phasing constructs are shown in Figure 66. The sequence

and predicted structure of the hpRNAs produced by these constructs are shown in

Figure 67.



Exanpl es of phasing constructs are shown in Figure 66.
The sequence and predicted structure of the hpRNAs

w@e@dnosd? by these constructs are shown in  Fi BUK/auSi04/000759
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WO 2004/ 106517 PCT/ AU2004/ 000753 95 These constructs
were transformed into transgen Rl uc- expressi ng HelLa
cell s_and Rl uc ac i Vit detfrm ned a descri b

Resul 19€8f GahslUC SeWﬁé A mflde'n%?] ISERNIE gﬂfc-e@gessmg Hela
Nele Ah@tRILRE A0S ' HAbmiPdE. 68 ddshibed atovdle Results of these

greatest activity.” Phasing of 21, or preferably 22 nt
|espehmeet33|aee abtoiwmnn Figurer 68l Notst thatpleasonstaicts pUB.GR-21 hp

:9)%’: egﬁgﬁg‘gt ﬂcﬁ}l# Ehg%@ﬁg{%ﬁ%ﬁ%&%fw ?msy therefore optimal

%}Gr.ngﬂﬁp;’elhﬁRmps{g_l braries were prepared and screened
for activity against Rluc in 10 transgenic HelLa cells
as descri bed above. A total of 22 clones fromthe

pU6. GR-21-4-2N library were screened in this fashion.
M@ne &creamiw 2Nditwariesowed i ncreased activity (Data

06, ot N Bomtndgl BER3 s, fom the RUaRRA1-1-2N and

%@Gfﬁ OMARZNGIRAESs Hefe pRYMrel indl SBreen8@Aor Adtivithisgainst Riuc in
experinment the 15 activity of these clones was

damsgenid Hel aceltmas deseiis eRl uc TTA, however the
activity of this clone was considered to be unusually
hi gh iAntatdli of 22acloines|feom ties pbit. GRAZ 1-4€N dibrprynwerng, sareened in this

f h b cl
Tehin < Nofe arlBiard Flofes spwoRCRARE s RE g ot shgwm).
that the clone pU6. GR- 21-1- V\%ﬁ %nhanced
act i vift iptelopfpitt g@np@ feara the é%«%ﬂ'ﬂ dibggyytweie, scrogned in this
ggﬂﬁgﬁ 23 f3Pr 8025 r@&r?esdﬁF@sﬁg\ﬁnQHrﬁlgﬂfB%QAn [ 4§ @xperiment the

on sequencing it was s
Mdﬁv@?oﬂﬂhe]sem{briés inead ddmpareduera:eontml pziéﬁ We2IB Rluc TTA, however

05|t| ons and 22 of the i d
1Ra AGYRY i nfy Clefify Wap cnseted dbrite dlisnaliE fioh in this partioular
Cef?{b‘eﬁh’f@rﬁg Cthéé@J@rﬁlyt HRESLHVRY | ANRE tHieE Shed? ABnes was retested,
ernative appr to rnactivating nmultiple genes,
wesmlts erqasbewnnulﬁlgpnteeGQBr ahsx dajst demonsirates thajitee clone pU6.GR-

fZE\P% shﬂs{\{egf( gﬁﬁg (%L?g’tg\{cj& c%fﬁyganr?glrtg)ﬁfhg %f%%%pﬁjapnate control,

t:fu BLFRAN GHE) A PRdse atl=RE ebihsed mtﬁgt;a:e 66Bgure 71A)
and pU6 GG 4 (Figure 33 and Figure 710).

Upon sequencing it was shown that pU6.GR-21-1-2N-18 had the sequence
AA between positions 21 and 22 of the predicted hpRNA.

14. Inactivation of multiple genes using constructs containing multiple

transcriptional units

An alternative approach to inactivating multiple genes, is to express multiple
transcripts from a single construct. An example of such a construct is shown in

Figure 71.

This construct pU6.GF-3 (Figure 71D) may be prepared from two
precursors, pU6.GL (Figure 71A) and pU6 GG-4 (Figure 33 and Figure 71C).
pU6.GL targets murine Akt1 at the same region of Akt1 as the double construct
pUB.GF-2 shown in Figure 33. pU6.GL is made using the long range PCR strategy
described above; Bgl Il, SAP-treated pU6.cass lin is amplified using the primers:



30 pU6. G. targets nurine Aktl at the sane region of
Akt 1 as the double construct pUe. G=-2 shown in Figure

W@04pB1GL i s made using the | ong range PCR SPCEHABY)04/000759
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descri bed above; Bgl 11, SAP-treated pU6.cass lin is
anplified using the priners: 2004/ 106517
CAGIAACACCTACAAACARY SGTESTRGPROTEITGETCCTTTC

T/—\GCAGCT TCT CGTGGTCCTGGTTTTTTGGAAAAGCTTATCG f
oM Bbn of TAGSABCITE CHERhOGT GEACT hET PEEPGAMABCTTATCG

Sma | and Kpn I cloning sites in the _plasmd are al so
shownA ribp queenortloedoft plde.&ir Ispshown in ddde dae positionaiof Sma | and

EESZE]FEW'BQ %'F |'rhgr;{h?halaﬁﬁ“fﬂ r%{ﬁsgﬁ‘ﬁ pﬁhgwgayﬂﬁge (predigted transcript

Vi @0 FRNt71 Bt pUBHEPRS W bé db
kgildggg@jrﬁ F;tﬁg%lbsmldqmsﬂroo i ag/ rpli‘epare y

clonirg thet W6 trmarlpaﬂealrurpt fr@ﬁhPB@rﬁl—sﬂSa@ £’ﬁ@v|/r{ Kpn T fragment into

i 17 Pty g 3 PG D P8 S R BUSBRES fifcontain two
B¢t #anddiptidhbl Mhity/ a8fshokh lth@uC@FYSU Lartd iﬁBd’das@leed to express two
det erm ned as descri bed abov

sepaliatel baEPINARYAS| ﬁge mgem%df&é% @t@@rai@égqtﬁ‘@t A‘ﬁtﬁyTB@ activity of
t
hﬂ%?éﬁ%r# rﬂ @ons(?&l e% éﬁ%&r}ﬂggeﬁcf\%%eml on
Tt C f ect B d
5 g?l IQHI“S(,’% L&%Hﬁ!@%k_ﬂ%ﬁ\{ Eeegeln?grs ?2? II)iogease
Control and Preventi on, al npst

15 ﬁme
popul Q(qeoﬁlspﬁggrqt@tedf hat |mq% pté%%tﬁé)wi g tﬁ% JPF Hq &rget interfering
R f‘}ﬁfgﬂjel i ddiy strué’cbtdfaﬂhby refsBﬁt me‘hhbh)ﬁsq{eﬁd’élﬁs C virus (HCV)

s Infected wt exhi bit no synptons;
Irfeeticar., B@sedtceT sﬂahamnsm@m;mldzd frosv e Gentarsiipe Disapse Control and

B SVHrs ‘Smost 2z defies Ratercan, Boaati€t hedn) & milion people) is
cﬁﬁ‘éhﬂ)g |hf€€téaa\§vitﬁrl-|¢w I|nﬁtbéﬂ1§/ tHeaRfpdrit tcﬂtth@ﬂn@t\ﬂvtdmlars lnfected with
the 20° United States and results in the death of 8,

HC Gt Aaewm@tnmsem/gﬁ\%agreat@mﬂbang%%awﬂ| é@\é@op Chronlc and

2L, 5L g HRL, TGRS EARIE i bt e patocetr

icBf&@RdMABs. I AP igsthbl Badary M&lé’él%mffort heer geneplahtatlon within the
popul ation in some countries. E%éphl ve- Sens

éim’@ldesbitﬁ%%ﬂ@édeéﬁ%llfbﬁlﬁjdﬂﬁm Q‘i ﬁ@@ob@ g“msrlceygs every year.
C&E aY'Ié\}eqjaﬁle r|c¥’ Fle-gtfl? @Eﬁ&%’tﬁﬁ%ﬁl}ﬁ%t@s %aﬂ"ﬁ’\nére are more

ybeg ns w e viral particle
ith&® 1Vbenmﬁiri affyctee dredividualsp dithtinféction dates mblgh as 10-30% of the
internalizatjon. After H eoat| ng in the cytoplasm

Q@@%@é?%%'%‘t'ﬂaﬁ@ﬂ‘%?o $hat conprises the genorre

can interact directly with the host cell translation
machi MGV is Eapegitig-sense single stranded enveloped RNA virus belonglng fo

the Flaviviridae family. The infectious cycle of HCV typically begins with the entry
of the viral particle into the cell by receptor-mediated binding and internalization.
After uncoating in the cytoplasm, the positive strand of RNA that comprises the
genome can interact directly with the host cell translational machinery. Lacking &’
cap methylation, the RNA forms an extensive secondary structure in the &
untranslated Region (UTR) that serves as an internal ribosomal entry site (IRES)
and permits the direct binding of the 40S subunit as the initiating step of the

transiation process.
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initiating step of the translation process. WO

200 ST e SEH My o AR oo, s o

@h@a' P HpePP eB8adifg dirame éfimed ethie otypeoteir. y pWirakiproteins are
ITal proteins are produced as |inked precursaors from
prioduped werioked pregiirsbrs fomuibs plgRIolsin whiely lsgsubseayently cleaved

Tat duct ' i . '
ORI T e T
ShbHESUIR gBhes &iré She isteictifan Prétbinse dnaluding thevedrepend envelope

gl ycoproterns, so nanmed because they are i tegraH .
gyeepotaiag, sonpament erapseprtb@ér@re\,mt%wg_s ructural components in

I\b - | . . . . (- . .
Ry oo, NS Pt s PRIGH Brgi/is FRESEE e functions
Alch absthed RMAIGRsbendibat RNAI polyeeirasst aren alsec hrotogdi s The viral

established within the cytoplasm i nfected cel.l
epbication masiesmbE eHabied W s dhe eglsRy 6 dneeted cels that

ﬁﬁﬁ?&rib\éeth%t 6@?@{%—%@%@5&0 %Hééaﬁ\ié@tramﬁtgﬁﬁ@dﬁhfé. Thus, the

serves a aterrplate or'iIts own repllcatlpn
HOY genemicEidRrgeveRBA bhath artemgliatei fon itsf owherepiieafianyand as a
encoded proteins. The negative .strand is transcrib .
BRsRon et RAVbet isebBelPnant 1 Vi Tieere, PRSP Tl negatve
ift?g?%ﬁ‘éj@f‘é%c%e(ﬂ’%bk'im% atpcymlcarbRg oM RKAD thérebgedrhplifying the

i's stage, the positive strand 15 can interact .
nutnbet loé pbeitive cdiandtcapies atithimttie eelt hAhéhiy stages thg fositive strand
or, .i.f ther, ave .been en h . | _prot el :
S0 ere S B8 S RS P B R B . i e nave
B@éﬁ%ﬁo&?ﬁ@tﬁﬁmrﬁﬁbﬂmeihb%c\éhh*i&ﬁa_té_dpbétp%ckaged hfte virianss Following
cycl e. t hough many of the individual steps of HCV
egrisisdearn dne aeb, thayusrepeats iisnnfactipue 4Ry t here was

no tissue culture systemthat propagated the viral
| i fe ARRougicineanyrak itimg irstividuak siepst efeHEMV (8pligation @ji¢ tunderstood,

E%ﬁ‘r’%{%@??@é@e \@%%pr [ l%ggalt%?s? fag'ggl"@grg@pagated the viral life
.@gélé?n’i'%gn%ﬂ%iés &2 thd YBus tawfiblIee . HeWewdr, hn iA vigplreplicon system
|

an aut ohonously replicating portion of HCVCdenom C
Riia beentdevelonpda(sear ker, dSiati Dioss 815881255 6, 180; and 6,127,116

erj.fication of replicati - ruct :
(5 8" A es88h 1B slndf ol FIBL AR 3 81 Fiow genomi
RNIR QohtRRiNgoA hidTketgems Gpagsietiion ahdlJeoificatiprt beregilieption. HCV-
of the infectious cycle, the RNA is transl ated(%/ thei
RNA ucenstrasisiater trassfacisdoinie eselt HBegptidb RieapBejiably o support
RbAkS! i, | lifatd BRGNS cI8, the RNA is
BoBl0ls oEEMEHBR, EOIERULFE o0 O b mReEBIPcie e RNA
translated by the cellular machinery and produces the appropriate viral proteins
required for replication of the genome are produced, as is the selectable marker.
Full-length and sub-genomic replicons have been generated and shown to be
functional, although only the non-structural proteins are obligate. The
autonomously replicating properties of the RNA remain independent of expression
of the structural genes. Even when present in replicons expressing the full length
HCV genome, the core and envelope proteins fail to effectively package the

genome into infectious particles, resulting in the loss of a model system to study



Ful I -1 ength and sub-genonmic replicons have been
generated and shown to be functional, although only
W@ b@4nedsast ruct ural proteins are obligate. ThePGDAU2004/000759
aut ononmously replicating propeg%%i es of the RNA renmain
i ndependent of expression of e structural genes.

ven when present in replican i 0 . .
B g GRESH ahd h B BB S SPE Rtk he repicon i
EBlel totrecriat@ atioredly oParKsieRgyd meehaRisis wilized by HCV.
infectious particles, resulting in the |oss of a nodel
?E%FHABr&@nFt SfYa\Oag09/ E9Srddsidn/ vidBP4A0GR5Yivd8delivery of

e packagi ng, egress and re-entry steps of the virus.

intgefedingsRN A according ¢dothé preaentinventisdy eat e a
portion of the biology and nmechanisns utilized by HCV.
Devel BpfarstthefdetiveryAf- hterferieg RNA nuetdioacidoconstruetssaccording to
delivery of interferi n% RI\RIA’éé?ccor_di n&gt o,the Bres.egpt .
fhev Braseah ItyendipBry WfRCRUP RATHGIESTIS itRgters Bg AGPIARAEte expression
pl‘é%hﬁéj Ss %‘Bbgtrﬁ&gétédb%élioaa%@f HAG-2 QectbREWRIGSBRYe been gutted of

nvention by rntectious particles Is tested, the
e B0g rdagt Erogider theshamikbopt dsetainafteraefartedita esl thadAAV vector) for

B AR e B PR Bl g
%ﬁg{’(géd“ﬁ'\ PRV sHRFiES ahdf Ble rédiﬁre\{ﬁérﬁﬁaf'ts)ﬁmﬂ@rﬁﬂ paciBdng are well

c acid construct. This vector .
arderstoack| yThe Wapang ddl i promuiers o deanded Her the expression of

Bﬁ%@éﬁ%ﬁg&ingé@fw&h 36 eq%tep Bg%%g'r @gﬁﬁ@cﬁb\gﬁ{?@gg Ffberre have been
FporeXef eastiyodiffefent iIéas e inHigitiBNAfafT lcdtiod ihterfdhiag RNA driven

present invention, though there have been reports of
inglependently dnegachepIrgoter. i hieaveroestor agensdidistipe ois such that

it ) R . . _ ' -h
BROTBLeES oY Y Bbpst TESRET Vo BeeBRich ¢ ha
15 t : b i | d if h i,at i
R b e AR e S
Egﬁafn%‘ye VR inBHakr tEBE pacRadEd BIfRISRIVCThignedall An rAAV vector
order to be packaged efficient %.Gln general, an r

t

AAV
vectdre 4806t4969 nadeotidmoimirnasbt (MrGanty, eteplgt@ene Ther. 8: 1248-

GBSty SRl OB B 2yl 058 er st

betaddde(Muzyasae et amlsmrr.ZWoFel\/ﬁdd)bd)l.( Muziynok a.58e1078129 (1992)).
Curr. Top. crobiol ., Inmunol, 158: 970129 (1992)

10 thﬁe“t%&\ﬂ&ﬁé@‘t @mb@ﬁ%@ﬂfn@‘hﬁcrm@gchﬂ?ecp%%,meﬁe_S‘%l?Ctable marker
TR 2505k T g, SETAHE RSB S0 consirct
ofdiar t_ota:sséfssﬂ_s@trbhefebtiam?ﬁMh@l%fdhéirAMnioierta‘rirlgH%ll\liA nucleic acid
rAAV interfering RNA n el, Ci const ruct .

songiiehas el aé%upm’io& SupgHf wh@iﬁfﬁ%\?@ﬂfi@&ﬂ sﬁife&mﬁw&a@e’t cells
‘B&. H‘?é %A\F%#e?fggﬁgbﬁl\iﬁ?enﬁcﬁ@l\é ;amoe_rc%ﬁ’str[i& Averdal 9iC infectious
acid construct del 'vered via i nfectious

particles.

The initial test expression construct drives expression of interfering RNAs
designed from sequences with demonstrated ability to inhibit luciferase activity
from a reporter construct (see, Elbashir, et al. Embo. J. 20(23): 6877-6888
(2001)). A commercially available expression plasmid that encodes for the
production of luciferase functions as the reporter to verify the ability of the various

interfering RNAs to downregulate the target sequences.
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luci ferase activity fromar rter construct (see,
El bashir, et al. Enbo. J. 20(23): 6877 6888 30
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rior totestln e construct In VIVO Thetest and
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eiwgé;ééo Ri‘ ?gﬁgfeﬁigﬁdegfﬁq%ﬁ%@%&#ﬁéteﬁlréﬁ@%y assessing the levels

ruc

bﬂ@hé eeRstvs praikel QJSHGWIU@@enend:msnlbmnopyeplFa}:rmissleyssmg inhibitory
unrel ated RNA sequence |s utl|f2 ed as a negativ
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aﬁda?(ﬁ‘%foﬁfrhb%lai {s‘ Chﬁ?ﬁﬁ%h@g@ﬁddﬁﬁ’éa@ﬁeq‘e%\?%{é/ PBR analysis (Q-

assessi ng eve I'ective nmarker using
HCORY eseoemam RNA dheb s/ haRested seek pogfied Hidsm tpangllel experimental

activit h di fferent RNAi agent i ferase -
RAPY (At odeuPaRO S SRR D ek aD . R g the activity
lfé&fver@éitf tbg)q:k}fn (%I‘I@rﬁ'éété&'\Mi‘Ph eélurircPBed”®/RNA species, are an

anal ysi s I's run on RNA that is harvested and
indicdtiosdthiat thre RilAdlaigent is¥pecetionaht al  plates. Activity
decreases greater than about 70% relative to the

act i visupsetaenty exstirnantsyamt perfbrmoed deldrdet i@ aissdswvther effects of
t he unrel ated RNA speci es, are an

t hat .t _
Weﬂ@@ﬂﬁ RS o LicTorage rortbrravslaR Ak e siaded INS the livers
3 ics! fs%ﬁ&rdmhé”ﬂ&k 5o sytdeaefif aQhrdf 418: 38-39 (2002).

ering R on a | uci erase reporter system that
iNudeianadidst @eliviened tohmide \er hydafdymacic tsamafeetiont anethods (high
t he wor

paosaye tafueRdneohon b ThafivyebdifeR S fpdVE(R. Miich Tike the principle

WWHIER GIVBMS chltdiiffe&idrOth 6@“ hagteird hélﬁ’mltal%@% UhRctigh lof multiple
vein i'njection) prinmarily localized to the Iivers,

Medmidskisomhe mixturs pften JEratiiscthegpeaetiance of all of the expression

RSl iRg G s B ARt id wRRLEYAE o feptqn procedures
REE WP dbbEmeRRRL fRBAE ﬁfén:ﬁbb’t 6f4(l%eof81?her legstotytes within the liver
constructs into the sanme cell even t hough the

t(MoCalffeeys £higbcNabre pBistedur2K6): aﬁ%gwﬁé% (253 hrest- tfueqt@n permits

Q 4

M%?W@%aéé?@%t% a|%ﬁa?%9@*%@‘%ﬁéﬁ“‘éfé%é‘“f‘°”ﬁe same call.
639- 64I'1\ RR’\S/) huclelc 'at &< 'n%?ruBF bea'i"%g the interfering RNA targeted
against luciferase is co-injected with the reporter construct that encodes for the

luciferase gene. In animals receiving the negative control, an expression
construct bearing an unrelated RNA is co-injected with the reporter construct.
After seven days, the mice are sacrificed and the livers harvested. Luciferase
activity is measured on lysates generated from a portion of the liver. Remaining
portions of the liver are utilized for Q-PCR measurements as well as histological

analysis to determine marker protein expression for normalization of the data.
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agai nst luciferase is co-inj egbgd with the reporter
construct that encodes for th | uci ferase gene. In
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expression for normalization of the data. WO

2004/ EpBaly |S%§'E?81Wh%@97e5ﬂuclepa(ﬁHt(an%ﬁfbbNi% fﬁﬂbf@rﬁjeﬂ in both in

to assess transfection efficiency may include ELIS
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frey, et al. Nature Biotech. 21(6):
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Byicklid bl fshstruct oxprsdshey e imbrfemey MRN& adaANfst Iumferase (flanked
plasm ds, testing is initirated gn the r AAV expressi

@(Vrib@r%‘t’ IbRek at)dbei Ganstiugt QBWQHDQ thaAA\ reR amﬁh%ap genes and 3)
e P PYPR DB £ LB A08, B S a6 RTBs ganes roaured for he

pesdldtion oftiigh ttltbrt\r||a1$sflé@ltdvmng standardepusitipatiann @rocedures, the viral
expreSS| on constructs containing 1) the rAAV nucleic

RErirlevAs raady TakdsR ISR Ent erferi ng RNA agai nst
luci ferase (flanked by the AAVIT/%& t he
const Bﬁfmreenimpag henhinfiapad r\/\éﬁb\ HiedrAvay @%’H@'@S anlgpgyter system is

AT B GOUBLRl. Ao hEM & HEnSRelEh is, eploved to deliver
hh@hu%ﬁrgie \reg@ﬁer E@hétﬂmtr@ S\Ieﬂnalam pupriessivat plasmid for hAAT to
proce

e viral articles are ready for use. i .
&ptel feérwféere REPDIETANSIECHeh SHCaNAeR BaM@RIMA (R RiAR). The mice
%%;de {Tﬁ’[?ed o F%;‘b&%? ¢5r SYREML #r?\%]"d’é?' tos&&dblidh Eificient levels of
e livers. odynam c transftection is enployed to
deponter activisy. | mﬁéreluaﬁerasepmpoehermmty Uets aeewee?otabkished in the

an expression plasm.d for

Werar Al diarioiBs Simdniueer JRCoeTaRI e B4 Rlise Siihgmfhrough portal
LR '@1\ vefﬁhﬁ] éﬁtﬁ)‘f’l ANs/ gﬁﬁl&éé Bgaﬁﬁ’? KI§E @KBFedsdn construct of an

several days | order to establish sutficient |evels

afnrelaégmb RN aex tised @g.a Aégatnve Q@liﬂf@r dsiiaflypibetsice are infused with
re}atlvéltyy h@ﬁ%o%%% rz2 % @H V&C 89 g'eplo % (vg)) which are reduced in follow-
up experiments performed to generate dose-response curves. After seven to ten
days, the mice are sacrificed, the livers harvested and samples of serum collected.
The relative levels of hepatic luciferase activity and RNA are determined from the
isolated livers utilizing the luciferase assay and QPCR procedures previously
described.  Additionally, the efficiency of transduction is assessed by

measurement of the marker protein in serial slices of the hepatic tissues.

It has been estimated that hydrodynamic transfection procedures may
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construct of an 25 unrel ated I?wA are used as a
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the transfection of 5-40% of hepatocytes. Transduction
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own to result I1n 5-10% transduction efficiencies.
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0osSible that t subset s, of cel t hat ea .t echni que,. .
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i ansgfu'!?eba} % l\/tL-‘% kd BERRS ?fd Virb¥s bRIRL la¥riR, tHiS® not a significant

an unre |nterfer|ng RNA i's seen.
idsusheFdrareatment ofihsemaptdia, itds deticalady ta replerishdevale of secreted

act.ivi IS se cati ons .t,0o enhance eff
SrotR AT et evesr et TnE M RRKReEL, T Sfall number
%?Strﬁi?s‘?iu' cH8NBAIE Idledot BRbreSA\VsiBamieant ¢sleds SofC &k deswed protein.
eltver desired sequences to hepatocytes, the

Heves\ier ebécansie tbe mechanisimotaf drterireng pstionig tﬁ\’tr@cellular and the

SRR RO SERARN clPEloah3hasG0en offciency must

e ln‘é@éas@'ddlneéﬁfeﬁfsf&r 200 bxpasssivig | tertfdrirgy RNASttosde utilized as a
significant issue. For treatnent of henophilia, it is

dhenapedtic.only to replenish | evels of secreted 15
protein to therapeutic | evels. Such repl eni shnrent may
occur McQanty e$ rall Weneraigle toogeneraiss duselfi cosnplemenitaryt AAV vector

f(ggég@?thsagg*@g{gogﬁ | ﬁé&}lqs %%&ﬂ@ggtrgﬁﬁ é) ﬁge, Q%rgut %\&ressmn cassette

GEEHIP Ntd Tabsidr @G@hé Ut geér. agrd 10h8-128if (521101I)§ NPhis was achieved by
transmtted directly fromcell to cell

trratedngdheod 3R poddrayinguie ShER r\%tﬁéfasﬁy mytgfingor deleting the
gerram\/ﬁ%@gﬁgﬁ" Q% & TR Sk eRNAS Ay P& difdrlcbgedh@S eliminating

eut
possible recomblnatlon by wild type AAV and this construct, a DNA template is

created where replication starts at the 3' ITR. Once the replication machinery
reaches the 5' ITR, no resolution takes place and replication continues to the 3'
ITR. The resulting product has both a plus and complementary minus strand, yet
is efficiently packaged. Employing the scAAV vectors, transduction of liver cells
was increased to 30% of the total hepatocytes (Fu, et al. Molec Therapy. doi:
10.1016/j.ymthe.2003.08.021:1-7 (2003)). When delivered intercisternally, more
than 50% of the Purkinje cells in the cerebellum were transduced by the scAAV
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Peroml Thegus el ah B AlrSelee BB Yeslors could produce

0 ; o . o . . _
SR 3orrEh RH, o988 DR HON BB e tran
cogaespdndihgreinglemstianaiedoAAYt eourderpartshehgn infiReddntpemouse livers

the replication chi ner r hes,.the 5 IR no . .

b o HRiast Hospa 4 Thpmies. Ghal-r ERfifatn Bies3ih: ThondP prppping sightly
the rBlativk Thiffeldifoe” 88 Wiiprdssion Wbibehamed 9bbtots RlesisRiad at 20-fold
conplenmentary mnus strand, yet 30 is efficiently

peakiy ee. yearpiftey injgctidne scAAV vectors, transduction of

liver cells was increased to 30% of the total

hepat dapheesnédfificatiansalaf ABMedeliMeey agpysierdsi also have been used to
10. 1016/ .ynt he. 2003. 08. 021: 1- Z. (2003)) . n .
depmale i@ﬂf@raestt@MUP§9n Tfiéieg, aho, e production  of
B4EkbBi itat ddhi i t d ith th
PHELEURERHI 74 B8 5 SRERIANT i 7 gt win o Cop
meoteirc| feem Ditheraseeotypes. sHdewausehdltey have been among the best

| f- I t I d 50- f,ql
FPgras SR PEAL O the' Sictiatns’ B PaBLAGHE s S APV deanan AAV-6
ldrd elised rAdstt B@ﬂn?nqrﬂ?ftbeﬁﬁéu%tyﬁe sthBgAR\SR I veries. A en with the
counterparts when infused into nouse |livers at
egivantagest gained dy( thesaempleyingl pseurlotyping|stragegies, the threshold of
T i | +. 5 | ; o
B B QLB RoBLE LAY e BRLAYIE 157 o vt

paftionl. dHoneeet, Woxeasysfasthef terotypdseot AAN. h&¥deeen isolated and
nodi fications of AAV-delivery systens al so have, been

idenfiftes, Ritahave atl heeneharacterized digcanynappreciable degree.  For
Lelhenci gl udinRgat he: pr ' - .

S L3 B8 A B G 98 A 0 Hoar e

wiftd rhbsuanordkeypr dheam dfforimiotdeternsine odfjguts . nddet @apeproteins on

t hey have been anong the bpest. characterized of, all_. of

TRSS P JeCOR s B Bhisy e GTAR AN BH-2 Senome was
_ )Rt _

G5Bty WRFAATS GEPRER all, DRRS VLIRS caifR MY acZ gene to

ergskbeyithg rpkdivd odffigiengy if risaresgivetion tdfembhse diversdatiér infusion with

t.ransduction eff.i F@ifgnc of.. he tes nma

at.oc be
P BRGSO BTOEEohS PAFYRST o (ot T35 BLITR resplts (Thomas, et al.
HoweX Blis sHOWR BRI irPThBIe £€r ot ypes of AAV have been
i'solated and identified, but have not been
characterized to any appreciabl e degree. For exanple,
one of these is AAV-8, which was isolated originally

AT OTP 1L : DGRV /2 ARy -2 Dolse Réspoied1Q Wifeva-gdl Podiflve hepatocytes)
gffort to getermrne effects NoBgle GaPmPhda €1 1S on
Vector 5x 10" 3 x 10" 1.8x10% |[3.9x10” |7.2x10%
AAV-2 0.6+£04% [3.0+05% |81+1.0% |89%x1.0% |NA
nislac Z
AAV-8 81x+18% | 149+ 65.82 NA 97.4+03%
nlslac Z 3.4% 9.1%

As the dose of infused control AAV-2/2 particles is increased, there is a
modest increase in transduction of hepatocytes; however, the upper threshold of

transduction remains entrenched near the 10% limit. Surprisingly, pseudotyped



transducti on, pseudotyped virus in which the single
stranded AAV-2 genone was 20 pseudotyped with AAV-8
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assess the relative effici ency gf transducti on of
nouse livers after | nf usi on WIP I ncreasi ng doses of

M&oﬁéggg eg{ttrér(l: A§% %ﬁéaﬁ%@]@e@&r ﬁ'%ulpgggst dfse of particles
@#ﬁ'irﬁstérea“%%sztr@’ﬂ%%vwl% g qeRe smam esir AAV-2/2 counterparts.
Jbet a-gal positive hepatocytes) Dose (v.g./npus

e)
A(ddltlonal"ajc heodgserdenendei 10aEage dn 1toa_rzsdwcﬁsmoefﬁmemf@r AAV-2/8

0.6 0.4%3.0 0,5% % 0
supassad 13 PangptigRcdmanl G A A S sl Mard g7 ot the
Righ¥R2%1088, t MErafiegéctith igificiemeles onittinl trﬁé\\taagé enable to efficient
|grtlcl es is increased, there is a nodest increase in

delal%!dOétlhwe@ﬂgﬂﬁétt@éﬂléwthﬁbm@s; t he upper
threshold of transduction remains entrenched near the
10% | Smnitar rBodificatomsy bl AANS stelengipegratontodag AN 1interfering RNA

PCT/ AU2004/ 00Q7 AAV- 2/ 8 ' d 8%« i

gecl ﬁ@pﬁ?@c%’é@ lg? Igglf%gtlna%@gl}%t}oﬂpgf ttﬁ%?é]e}%ﬁ% nfbifications,

ﬁﬁkg'éft Qlrgs; ar@oééﬁeﬁé’d@@ fopriestity 80 thel ehdu%@s rﬂidt&rh system. The:
r AAV-2/2 counterparts. Additionally

ﬁnbmmga pRAYERNAI sxpedmental virka rsierlst Pigrtestad: cﬁ"&i@;ﬁtrﬁaﬂ AAV-2/2;

ARISHBand ‘SRI32BY HAECOGRITIHTERE AR AR, R £ complementary

Apransduction efficiencies wthin this range enable to
efficient delivery of interfering RNAto cells within

ti ssuegrresbBhiRg VilflbbiHicdd $128 hafo MKAM eectoel egsressing unrelated
into the rAAV interfering RNA nucleic acid

BequelsceSF@nel pradpged @@drtﬁ@daﬂs pegaive srEols; hprge decreases in
ficat t.ock
?%ghyen;lglvlﬁ tﬁ)g Wt%}ljé)% %0%8 IV@{/ Lsi?)rlaerl hg‘ﬂq{)a}#’ol %a\%é nlgr;] transduction

efftieri®YA experinental virus stocks are tested:
singl e-strand AAV-2/2; single-strand AAV-2/8;

wey@mgg@?%a %YeﬁéﬁngMA&mélewmmﬁ%mw

rrespon |ng viral particles that harbor

rAAV on%ts%gtlgﬁ(%? %Sﬁuaglc%u?lc@h@ﬁ*uct%o?@’ﬂ?%qﬁé FHeSent invention

produced an sed negative contro

Gesiniées emo idgr mbfe lr&jl‘adualelnlafmlr@ BNAsuonder ﬂzaalnﬂuence of a single
?J?cgrln\(/)ltéry C(I)rgltrlgllly?t (aess\f\ésts%én Cro a[%?osmclatrért [e, rgﬁgtw:tdfoganous promoter
sequences is conducted in vectors containing the single, individual promoters,
driving expression of the same interfering RNA with demonstrated functional
inhibition of luciferase activity (Elbashir, et al. Nature. 411: 494-498 (2001a)).
Since there is a wealth of data demonstrating the successful utilization of the U6
promoter for the expression of interfering RNAs, it is used as the standard for
assessing the relative strength of other promoters. The majority of the promoters
that are tested are quite short, most in the range of 200-300 nucleotides in length.
Long, overlapping oligonucleotides may be used to assemble the promoters and
terminators de novo and are then cloned into multiple cloning sites that flank the
sequence encoding the interfering RNA. The promoter is paired with the
termination signal that occurs naturally downstream of the gene from which the

promoter is taken.



efficiency. Devel opnment of an AAV interfering RNA
nucl ei ¢ acid construct Construction of a nucleic acid

weongtioaict according to the present invention PCTAU2WE800759
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two or nore individual interf ng RNAs under the
i nfl uence of asingle 20 pro lt} In|t|aIIy,
assessment {I'gr st rengt h of vari ous

8[]9

seque lg%gelfa of each B ter @oﬂ?%ﬁsr‘?eﬂdn h Ect) %{/ the decrease

ﬁ\' ékﬁivﬁ 'édd:d/ 'tr%H@fecPéd) RifefSe refbtst. NThexeseasd espdter constructs
he sa interfering RNA with denonstrated functional

amwltltantsfe:uhed)flntmqaefrenm‘ee aastlpv iiilizingel sasdand, teghnigues.  Controls

QBARYP! R PRI e e Ry e Ul Sebdfff biodting the functonal

Wtérlfér?r@ RA Qbaﬁ'\léﬁldé@fe?ésaofsqléﬁta%bdfw ahhredpse RNABequence. A
interfering RNAs is used as the standard for

ﬁs@ewrh@f cnesﬁrmtaehwd@g rlendhe sscrefiede ProjenbrEas 01-antltrypsm

A PR s e, ORI, Gt I 8 o Shag By periaions i

tané@Bﬂéﬁﬂ offidienges. OV agaeissingaihhiptone laetivitydes thimyntbléenng RNA,
used to assenble the pronpters and termnato

.d . :
holerasecaaiNeytnaReas RETFING saneais %Of@mﬁfP'ﬁ[qigﬁ*? + dipe interfering
Bm«%ozﬁgdtc%%rggsesﬁ%a%%aé 'é%?ﬁés%ﬁ;ﬁ herin3jistd &5 hRAT levels, is an

onoter 1 s termnation
fridireat mbatsurmﬁelmts dfatpnombt@r direngtir.eanfbérnptieelyerme in  addition,

f which th t 2004/ 106517
AOATHEDUOAIR00HES THGA  PHENSS ACTTE St PBndHTESRoLRNA levels is
géﬁl o ?(5 othlQﬁstﬁétSEqwd okl g‘ﬁdﬁiqrh@@ RRATRASIRI ekBerimental plates.

of a co- trans ecte ferase reporter. The

aésmscmswf SRS AR e o
\Aoﬁ,né[] gg%fﬁ:éfﬁteﬁofin’@afj%V pqgé‘[rqsﬁ Cq%g)%zt%é g)cg} ﬂllé] interfering RNA

haErid %idngo@t’l‘hc@gcﬁ' st ptagehf givasloh Snhibitl theelicligrear-HCV fusion
unrel ated RNA sequence. A third marker construct

eepatimig Vite. t Rermissivet irsusr eulbire aellpearealransiectiedyyith pne of the

hAAT) is o- ran ct to I r
(AT (el BBBLARFRubR! St DAABh) Babf BLferolfon mixure i
Eﬁgp@ﬁ%?ﬁéd R@th & pldsrhier sodied forl KAADS Rdilewimg d6felra®f incubation,
luciferase activity is neasured uti]l]

selisare dosemathdnigctirs spart'qqﬂ@s hateringr thegn 5 n|%g RNA nucleic acid
Nﬁﬁfgﬁ | Izgégﬂ mgas%AYn ﬂ)éfﬁblfegr@oc‘rﬁa eaSStIL % romoter construct

I's an indir renen
eikpressimy thres tunesigtad RNAsesmmaseﬂhye rmgatrveanmttql omjeasurement of

Hidterenseta bsed 30 o Rl AAYRdRIUTe A tsriering RNAS are
W@mgﬂ,ﬁﬁﬁ)ﬁgp purified fromparallel experinental
p S.

. esting of highly functional interfering RNA
agai N{f, &Y L89¥ ¥divered to mice by hydrodynamic transfection methods

(high pressure tail vein injection) localize primarily to the liver; thus, this technique
is used to deliver the luciferase-HCV fusions to mouse livers. In order to assess
the differences in transfection efficiency-from animal to animal, a hAAT expression

plasmid is included in the transfection mixture.

Infectious AAV particles containing constructs that express the interfering
RNAs targeted against HCV sequences are delivered to normal C57B1/6 mice
either by tail vein or hepatic portal vein injection. Infectious AAV particles

expressing three unrelated RNAs serve as the negative control. Initially, a fairly



15 It nmust be verified that AAV particles delivered by
the interfering RNA nucleic acid construct of the

w@e@gants17 nventi on inhibit the |uciferase- HCV PCBEAT2N04/000759
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reporter in vitro. Perm ssive @ ssue culture cells are

transfected with one of the ? %orter constructs

descri bed supra. In addition, each co-tr.ansfectjon

HORLARSE. PGl rim L AVEHOS SAMOBS 1S diaT, hayan subsequent

%@Qﬁm&ﬁ% | %ﬂ‘oﬁ?\ea%re%téﬁlish fosBakspinse Buhris! SAREret8-72 hours,
sed wth 1 ectious particles harboring the

thet eride Hre gsaRNfcedc tte diversi Harvestest andt sag@iass of ewm collected.

(GBS RN o%aR AR A belohlt BAESE ok yhe Ay-delivered
RRAL éé’ér}ts. h%HHﬁi@ﬁ% Abnitdritg) thenagsls af hiAWT, sergmusesls of the liver
i

to ve y that the AAV-delivered interfering RNAs are
énzyimhas f almotnieoraminatmniferaee.c asprastalcpmingtensieyageceand tumor

by hydr.od iC t fecti ' . e

HePSSBRET ARt pisnTeei e BRORLP et GeRs peitio toxicity is

{\Qﬁﬁdu&&j By tiechBhEHent. i s used to deliver the :
uci ferase-HCV fusions to nobuse livers. In order to

??S.eséongﬂ%]p% ftél?eﬁﬁ%efhrbﬂ sepaisfeaedions of HCV

efficrencyztfrom ani to animal, a hAAT expression

pl asmd is.ipcl.yded ; i - i

i eotiBoi g (Pl sl ShEE EMded B YiEp that shows &

BRI @5grebhs dantjuentervanigtioRNRbe tisegelt mdltipdaicosstriidy targeting HCV

sequences are delivered to norrrigh C571?l§1/6 m c% eti)It hea tages

apdt gthervaprialle NEHEESc sy6ht &6 }/n PigIec PFraerable  advantages.

Eﬁ%gﬁ&él%' $hE¥ePE ﬁ\'uﬁgﬁé coRYRIAS ThAP abh i Brattyelediued or eliminate
Sérve as the negative control.” Initially, a

frad dbyel¥Em2004f dORBIN-regsTanURIIM strars Moregsehiaghderpeastrated by

f virus, e.g. 2 x 1012 vect | d,
Breiigle Sihisg e 2B EPTREITS TRLORGBanRd o
Che. b8 GaneTgat PLBYAGH: s oW COhsr GesiRet d derge 3 separate

PRBhE B Yo FRAVBFBME Glefflely Jdhidn! 51891 HBIt6 dnd 318-340 of

I cacy of the
ABVedsibh W NC 50032agents. I n addition to nonitoring
the | evel s of hAAT, serum|evels of the liver enzynes
al ani REEARCRBrMAS Ry prspared pairigathe alijomidieniitecassebly strategy
and tunor necrosis factor al pha are nmeasured by ELISA
withethedpllowjsg @ligpPnyelgatides:t oxicity is not induced by
the treatnment. 16. Constructs targeting three separate
regi olC\OBXHCV 10 I—Ieﬁél@@ﬁé\%ﬁp%T%@I%%GT@Tg’ I
single stranded RNA virus that shows a high degree of
SeqUemEY-8xr2 at i on. FECESITACETTTCOACASRAGTATEGCTCTC
targeting HCV and other. variable viruses, such as
HV, ¢idesx-3onsi der 86GAAQCBGIAGAGTACACGAAAAGG

HCV-3x-4 GCACGGTCTACGAGACCTTTTCGTGTACTC
HCV-3x-5 TCTCGTAGACCGTGCATTTGTGTA
HCV-3x-6 AGACCGTGCACTACACAAAT

HCV-3x-7 GTGCACGGTCTACGAGACCTCAAGGTG
HCV-3x-8 GGTGAGTACACCTTGAGGTCTCGT
HCV-3x-9 TACTCACCGGTTCCGCAAGCAGACCAC
HCV-3x-10 AGAGCCATAGTGGTCTGCTTGCGGAACC



Specifically, the use of nultiple constructs may act
to greatly reduce or elimnate the devel opnent of

waoldiRAd6sIESi st ant HCV strai ns. Mreover, as PCT/AU2004/000759
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denonstrated by 15 exanpl es ﬁ@%ve nore active
constructs may be obtained. The construct pU6. HCVx3 hp

(Figu i s desig te\ regions
of th 3@&'%0@ gﬁiﬁﬁﬁ%@%&%ﬁﬁﬁé 148-169
and 318-340 of Accession 00 pU6 HCVx3 nmay
be pr Eaf-8%14si ng thé%TE%ﬁ@@Mg senbl y
strategy 20 with the follow ng oligonucleotides: | i
HCV- 3%he mmmmwnmmmﬁ%\ﬁmammdetermmed using the
ACCGGT GACCACTATGGCTCTC HCV- 3x- 3
mcc%& EGAAAAGG  HOV- 3x- 4
TTTCGTGTACTC 25 - 3x-5
Terooh IeAREIatSt BPTGRANE 2nigengs SNAS 1 vivo

AGACCGT GCACTACACAAAT ~ HCV- 3x- 7
RN ofcteespregant sipvgntion may be produced by two

W%%@%@é&n}ye of thls approach. Two ddRNAi

AEASKILAS ASTTG(B RPSESERSEHA)ADT WDBZ@RQBmﬁBemse (B) may be prepared
PCT/ AU2004/ 00075 106
daegfanaer

EBARRetSaAIoSRTHod ABRYa-RRBBRepse is prepared
I#Igﬁ‘éf"%'d‘ }ﬁuelfeoﬁﬁ‘%s? construct agai nst HCV nmay be

m ne using t assays descri bed above. 5 17.
Produ sense and antisense RNAs in vivo The
inter r| % of the present invention nay be
pr oduq@BAGATEHRACTICACGCTCAGCEG DG TFIQGECCITIhows
an exanple of this approach. Two ddRNAI constructs,
pUb. Grgetn &0BRs(A) and pU6. GR22- anti sense (B) nmay be
prepared using the |on ran e PCR strate descri bed

above AGCETEREAGEACE G EPATEG TTESARAAP G hEATCG
ol i gonucl eoti des: U6 GR22 s

TGAGA PISAG RR2ABHISEOASCCATRPETICGTDOTTE®ligpeuate afidos s

U6 GR22-as
CTGGCCTTTCACTACTCCTACCTGGTGTTTCGTCCTTTC

term GR22-as
AGATGAACTTCAGGGTCAGCTTTTTTGGAAAAGCTTATCG

These constructs are designed to produce RNAs that are the reverse
complement of each other, they are predicted to (spontaneously) form double
stranded RNA as shown in Figure 73C.thereby triggering degradation of EGFP
and hRluc mRNAs. hRluc mRNA degradation can readily be assayed as
described above. EGFP degradation can be readily assayed by monitoring
reductions in expression of a EGFP in co-transfection experiments, methods for

which are well known to those familiar with the art.

The constructs might be tested by co-transfecting the two plasmids into
Hela cells expressing hRIuc and hRluc inactivation assayed as described above.
Alternatively the two transcriptional units might be combined into a single construct

as shown in Figure 71 and this construct assayed. Similar experiments may be
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AGCCTTTCACTACTCCTACTTTTTTTTGGAAAAG CTTATCG 15
pU6. GR22- anti sense i s prepared using the

w@biogomiet eoti des U6 GR22- as PCT/AU2004/000759
CTGGECCTTTCACTACTCCTACCTGGTGI T CCTTTC term GR22-as
AGATGAACTTCAGGGTCAGCTTTTTT GCTTATCG 20 These

constructs are desjgned t roduce RNAs that are th

peeiaed 1BoRELaneslis 8r Mot JPhdRactRIONPE 2 Chdranslpted EGFP
t ly) form double stranded RNA as shown

%%pr%?’gﬁ?éﬁgg@:@her eby triggering degradation of EGFP

T8 oy oo Ut el O R RN AS Iy YR e be

di d b it O : i i
Lo The BRGNS AR B Bkl CBHEHOD Nl oo praguced by two
aBhdtAstss fAr vit)i chigaree Melshowgown brarbles @f ftafs lapproach. In vitro

wth the art. The constructs nmight be tested by . ]
trenseriing BNA moay he ﬁrﬁ@aiﬂ%ﬁﬁm g6 ragments saingsa commercial kit

g%@@,,eqsfﬁ Lsgﬁgwfé%sﬂ%@ﬁnﬂaﬁi ég%ﬂdﬁﬁtﬂo\a@hé‘sﬁ%}ﬁﬁ%cﬂﬁer’s protocols.

Tr@seibtPirbanalo ONA $raghghits bearnelyp iTTeGR22tserses(N) ginel T7 GR22-
construct_ 30 as shown in Figure 71 and . this

. struct,
aptisgnsg (B mayadhe Srgraredeising %ﬁjabevw'tza’@&%%@s%ﬁse is prepared
107 performed in HeLa cells.to
r@gﬁ’@gé%ﬁé{?gﬁﬁég ??/'ati on of a co-transfected EGFP
expr essi | asmi d. 18. Production of sense and
antisi?s(gﬂ%%ﬁs invitro The interfering RNA of the
pr ese@CTBROTECPEARST TEAPCIVAARCCOT TMOACTATIBETACTICCTGTC
in vitro. Figure 74 shows an exanple of this approach.
& vitro transcribed RNA may be prepared fromthese
fragnments using a commercial kit (Anmbion siRNA
const T RaA-aitispnae toprépated usingdhenpligpadeleetide: s
protocols. Transcripts fromtwo DNA fragnents,
nanel {7 GR2ER&2- sense (A) and T7 GR22- antisense (B)
may be prepared using the above kit. T7 GR22-sense is
pr epapFAGIAGGAGTACTS ANAGHOCABARGAFCAACTERZAGGGTCAGCCTG
GCTGACCCTGAAGT TCATCTCAAGCCTTTCACTACTCCTACTTCCTGTC  TC
TLI&22- anti sense is prepared using the
ol i gonucl eot i de: ) )
The two transcripts are predicted to anneal and following the appropriate

RNase treatment they will produce the dsRNA shown in Figure 74C. The activity

of the constructs may be determined as described above.

It will be understood that the invention disclosed and defined in this
specification extends to all alternative combinations of two or more of the
individual features mentioned or evident from the text or drawings. All of these

different combinations constitute various alternative aspects of the invention.



15 T7 GR22-as
AAAGT AGGAGTAGT GAAAGGCCAGAGATGAACTTCAGGGTCAGCCTG  TCTC

wab@4t106511 r anscri pts are predicted to anneal aPdI/AU2004/000759
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foll owi ng the appropriate Rr\laﬁg treatment they wll
e

produce the dsRNA shown in Fi 74C. The activity

M the constructs may be determ ned as descri bed

21t will be understood that the invention

di scl osed and _defi,negﬁiwn this specification extends . .
flo al A gbeeuelgic deidc RYMIEOr dHie &8 ik Tenn oin ggee silencing
i ndi vj - ' i :

or St PP SIBRoT el S ferPLodtbASRL 1 LEFHHb 38 oldfon at east
const at first \effiectors sajnemcwt avesecaspaceffector t equence, a sequence

&Xﬁ%ﬁ&gnﬁﬁ%?ﬁ% 88151 &?&%0?%@%88;gﬁ‘gct%gssequence and a
intergéﬁﬁé}%@%ﬂsﬁ‘arﬂ%ﬂg ébﬂnﬁf&ﬁ@@tar& ehh8URSt t 8ffector sequence,
silence'a target gene ctonprising inab5 to 3

di r ectvihereiat tHeeasmplamentasy sddusrioes eeajwapeble @f forming double
second, ef fect or. sequence,. a sequence.5. substantiall .
conpl WERdET youlghE HuTE aeir feShaRlVE T Shudeliey and wherein at
sequeRCRt SHRstAnthkat | edeeiebs BN @stahttallyNRichticalt to the predicted
ef fector sequence, wherein the conplenentary

sequetraascrpteofcaregivreobiheftargdt @gngoubl e st randed
regions with their respective effector sequences and
gher eiAm RNA deastingrte oidimt hdeghsequepdsisgissspacing sequence of one

f ?gﬁ;g?fﬁgel)%ucagg%sgﬁhsge% }?21?& A eg{ ﬁ'tt?zg%ql}é)ﬂcm Quspaced by the

accorgbggin QekfudhBel, further conprising a spacing
sequente of one or nore nucl eotides wherein any two

g:,f AL'“%@QRI‘A%E%?H@@?O%R?@?% g(}‘leF R the RRG dHEcRGIBERUeRce is spaced

accor OC erein the first

ef f ectfrom sressecuel effecipasamientd Hy the speeingesequence.
ef fector sequence by the spacing sequence. 4 An RNA

accor NORNA CActiofding Ydeclaim Phewbessientree sequence substantially
substantially conplenentary to the second effector

sequle@@mplgrr@pmd o rtBen W@r}cgeqﬂf&we seqyenadt isappgced from the
Spaci SaadbHcS shBstfaly 6anRRIERER! P BRFSE SfSHol §Eauence by the

f urt hgpaeipigedgiiengean addi tional spacing sequence of
one or nore nucleotides, wherein at |east the first

ef f ectsyf RNA according to claim 4, further comprising an additional spacing
sequence of one or more nucleotides, wherein at least the first effector
sequence is spaced from the second effector sequence by this additional

' spacing sequence.

6 An RNA according to claim 3, further comprising an additional spacing
sequence of one or more nucleotides, wherein the sequence substantially
complementary to the second effector sequence is spaced from the
sequence substantially complementary to the first effector sequence by this

additional spacing sequence.

7 An RNA according to claims 5 or 6, wherein the spacing sequences are not

annealable.

8 An RNA according to any one of claims 1 to 7, having a spacing sequence
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sequence i s spaced fromthe second effector sequence
by this additional spacing sequence. 6 An RNA

w@emendisny to claim3, further conprising an apdi/AU2008/000759

spaci ng 25 sequence of one 050§mre nucl eoti des,
wherei n the sequence substantially conplenentary to

the second effectaor seguen i S S h

sequétic@® KTt i“éﬁcf%?%?sﬁﬁf’a’ﬂg}% 5?@%8 oééﬁégeh ﬁ‘set second effector
ef f ecdRuehBE USRS eh&Ysddiehce aslilistamiRaly caraplengentary to the second
sequence. 7 An RNA according to clains 5 or 6, wherein

t he syftesitorgsanrgmeaces are not 30 anneal able. 8 An RNA
according to any one of claims 1 to 7, having a
@ paci Ay Ri¢Ausstoed N 20Dy ©06537cIFOTE AURDB4L00PTSH thoee effector

SecomPRINEEs oAt figencaiurteThe iy EoNEEbREry to the
SUbSthgdtéﬂgé%]%W}%ﬂ{ Yhd §eétﬁ@m%0§1§t¢starﬂféll9cdd¥ﬁpltementary to

sequence. RNA according to any one of clainms 1 to i
8, cothpreafisctny senuences e capabls of dguaingipuhiristranded regions with
sequences, substantially conplenentary to the effector
sequef€ rﬁﬁaﬁ'ef"ﬁgs'sequences substantial ly

conpl enmentary to re caPabI e

th ffect
5 ok RYACBEAATEING: fon A PN GT GHIT 1 HO EnEoBPHERgGfour effector
Seque nctd MY Wﬁ@é?%ﬁéqﬁﬁéiaﬁﬁmw%tﬁn@kn@rﬂé olthe effector

to 8, conprising fou or 10 sequences and four
sequesapercebsivietéinl the seqpeecemtsubgtardiallyecemnplemeitary to the

sequences wherein the sequepces, subst L,al : .
conpl %ﬁ%(ﬁ?%??qq@qeﬁ@reé?aﬁggpeo(ﬂs@gaﬁ%@@iﬂ)lgrsgr%@gsgﬁ%lons with the
of formagr douhdiest randed regions with the effector
sequences. 11 An RNA according to any one of clains 1

19 8 ARORRA %b didg’ ‘f‘cf %fn&e&t] lof dAnFLURNBEToMKtisingy five effector
sequences substfantially conplenentary to the effector
sequessqsetiesr andfivd segeeneacasbstantialyneconmpleynentary to the effector

conplenentary tgQ the  effector sequences.are cC I

o T by b el oL eaPEn g cEPERgyary to the
SequepgESior $€qiehAVardCERaBld6f foPmaiy dOiisle Btrapidat Tegibns with the
to 8, conprising nore than five 20 effector seguences

and t b#estansequenass. of sequences substantially

conplenentary to the effector sequences wherein the _
3equen@eRNA according to any one of claims 1 to 8, comprising more than five

effector sequences and the same number of sequences substantially
complementary to the effector sequences wherein the sequences
substantially complementary to the effector sequences are capable of

forming double stranded regions with the effector sequences.

13 An RNA according to any one of claims 1 to 12, wherein the effector

sequences are 10 to 200 nucleotides in length.

14  An RNA according to any one of claims 1 to 12, wherein the effector

sequences are 17 to 30 nucleotides in length.

15  An RNA according to any one of claims 1 to 12, wherein the effector

sequences are 21 to 23 nucleotides in length..

16 An RNA according to any one of claims 2 to 15, wherein the spacing

sequence includes a sequence selected from the group consisting of AA,
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substantially conplenentary to the effector sequences
are capable of form ng double stranded regions wth

wao bw4abédsert or sequences. 13 An RNA accordi ng tRCHAY20#@00759

of claims | to 12, wherein ths=r= qffector 25 sequences
are 10 to 200 nucl eotides in é gth. 14 An RNA

S P ESE o A v anyorc.

Ieng aﬂéﬁp R tHeRGM@ opaifepsist. of clainms | to
\Mdzerel n the e ?gctor sequences are 21 to 23

gﬁe o,gltl ' 9RA b@a&r@ﬂ'@lgo vlﬁ/goﬁé cﬁ‘n Bis ar G Al Rfetdn aRE additional

clal s reln t € spacing sequence
i ncl uslesing Seqtu@rmlaelrrsﬁldest@deﬁueme selegtasufonoting groupgeconsisting

of AA,_ WO 2004/ 106517 PCT/ 00 7 1
g SUBACA. 8 NeadNe uafeinhfiand N, are
B Bnyofe UaéWd Kaé{n&’ﬁwa}yﬁ?e BRERb ocifieant . 17 An

rdlhg to any one of clainms 5 to 7, wherein the

di t ona i

| ec éﬁ‘ch'%%e &%}@ﬁcgg@gn& gtl nﬁﬁ%agﬁﬁiﬁgquﬁyu%% of claims 1
UUAG tgJJACAA, and NI AAN2, wherein N1 and N2 are any
of C G Uand A and may be the sane or different. 18

'1*9”UCAer'ufcléi@'eﬁn&%ﬁ‘sﬁ@é’cﬁn@lﬂlﬁ? A%efuchbé epeodingj agibomucleic acid
any one of clains A nucleic acid

const (RINA) isnitaigi fag usesas inkadering FW A genei ilsneiIg fechniques to

Sglng §|jlqor@%:cq’\l%ggggt abl&ﬁg&%{lgﬁlﬁg c?ojﬂépélﬁé ﬁrﬁ%l}ég?o g%g'ﬁiéé&lon at least

the conipsf é’ﬁéct@ﬁgﬁécbcﬁhﬁgsédiuéhcﬁe d@e&)ndjeﬁ@abr—ehc@dmg sequence,
least a first effector-encodi ng sequence, a sec

ef f elcaosecmmdl m@fwwmwmpl@mﬁ@@n%t@ seeand .eéﬁep@r-encodmg
co ene r t
equeRtauaTHe 2 o ironRECS HpBlar AL poRRIbRGLY o the frst effector-

the fihgbdingf aetnends, ansedimgtieequanseiptahef ethe tb@mplementary

transcripts of the conpl enentary se nc

capabseqwnqﬁ‘ﬁr @@ gCaRAME eOb tTPEMEEd Ao EI gr%%te‘a fegions with the

transgrl ol ggt H@P l'reé 65 Rt Sidi 91’ ReREhEEs and wherein at
&8 a

seque ere n east one o ese sequences

I's Sulb?ésalﬁrieabf meséeﬁéqumicdsmsaswtmjamlkyf |deh’ecaltfar@e"eglon of the
gene. 20 20 A nucleic acid construct according to

cl ai mtarget geder conpri si ng a spacing sequence of one

or nore nucl eotides wherein any two of the enco
20 A nucleic acid construct according to claim 19 further compr?slng a spacing

sequence of one or more nucleotides wherein any two of the encoding

sequences are spaced by the spacing sequence.

21 A nucleic acid construct according to claim 20 wherein the first effector-
encoding sequence is spaced from the second effector-encoding sequence

by the spacing sequence.

22. A nucleic acid construct according to claim 20 wherein the sequence
substantially complementary to the second effector-encoding sequence is
spaced from the sequence substantially complementary to the first effector-

encoding sequence by the spacing sequence.

23 A nucleic acid construct according to claim 22 wherein the first effector-
encoding sequence is spaced from the second effector-encoding sequence

by an additional spacing sequence of one or more nucleotides.



sequences are spaced by the spaci ng sequence. 21 A
nucl ei ¢ acid construct according to claim20 wherein

wo bw4fidgsst ef f ect or- encodi ng sequence i s spackAI/AD094/000759
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t he second effector-encoding spuence 25 by the
spaci ng sequence. 22. A nucleic acid construct

ccordin o_claim 20 wherei n t.he sequenc .

ot Aniisidly B el DR R GG wherein the sequence
ef f ectspbsRNGAN RBMPRSHEARRY It the PRedf éffsBtdmencoding sequence is
sequence substantially conplenmentary to the first

ef f ecisprced fiopdiahlpasé die seguence sebsipatialhycenglasmenrtary to the first

aner oFioEE AP fodRiRe BT AT AARCHARaRRIS HeRoe of one or

space@hdreaindidtidegcond ef f ect or- encodi ng sequence by
an additional spacing sequence of one or nore

ucl et hdeic Y& Z4P4{rkeO0addorBinl HURARAE 2808728 whekdinlthe transcript

A nucleic acid construct according to claim?2l wherein
t he sefjutivecspascingssequdrid s covtplenealalley with tthe transcript of the
second ef.fector-encodi sequence is spaced from at

| east aHona BRI §ﬁé£‘?ﬁ%§'i al Iy conplenentary to the
RN T W
nucl eif s?‘éléﬂtgfgﬁgﬁérﬁ@ OQC@% WBbgndre. ALiALBlidss Betdben ‘%he second

wherein cript of the spacing sequence i s no

annealedieictorvéricodingesequemnseranst thef seduencaduibstantially complementary
spaci sequence. .26 A nucl.eic acid construct
accorggﬁ@e g%c%}?ﬁe%%g%{a”%‘?ddf‘%e%eP%e-z5 conprising 10

a _spacj ng sequence of one or nore nucl eoti ?Ies b%ygs%l comprising

tdle sdtBHECICAGE PRI ASEPFYNG &2 88N CBCH F'AIRE
Sequenffaes %ﬁﬂlé@owf\g | RIFeBS aéM? e_ﬂﬁeé hggéﬁ‘&%& substantially

effector-e I ng sequenhce. 27 A nucleic aci

const rcomplameotaly np the aafiecioreendodih@i sesuedce owperein the primary
conpri.sing . hrFS ef fector-encodi ng sequences and le_of formi
threet HRtSeST dhfp SMGHOML PNYCOQIBT ¢ LirEnt APy CopaRifeot forming
ef f eCthub?é”—ﬁPghd]’%i ARhWhe'segleh&ss BdmpBRIventary to the effector-
transcripts of the etfector endcodi ng sequences are
capablanocofiingosaduegcesloubl e- st randed regions with the

sequences conplenmentary to the effector- encoding

s uent ascleRBadid wonsteuct soiotding e tiny oneadf otaicisnt tw26, comprising

any one of claims 19 to 26, conprisi 20 four ,
ef %/ectnfg\alr_ eﬁ&%%?ﬁ@”%%ﬁ%né@&“ﬁﬂa qoapggéawen%%@ences substantially

subst agphgibéntary to the effector-encoding sequence wherein the primary
transcripts of the effector endcoding sequences are capable of forming
double-stranded regions with the sequences complementary to the effector-

encoding sequences.

29 A nucleic acid construct according to any one of claims claim 19 to 26,
comprising five effector-encoding sequences and five sequences
substantially complementary to the effector-encoding sequence wherein the
primary transcripts of the effector endcoding sequences are capable of
forming double-stranded regions with the sequences complementary to the

effector-encoding sequences.

30 A nucleic acid construct according to any one of claims 19 to 29, wherein

the effector-encoding sequences are 10 to 200 nucleotides in length.



conpl enentary to the effector-encodi ng sequence
wherein the primary transcripts of the effector

we@paenadisny sequences are capable of form ng  PCT/AU2004/000759
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doubl e- stranded regions with tﬂgﬂsequences
conplenmentary to the effector- codi ng sequences. 25
29 A nucleic acid construct agcordi n

3l b BUEPIG 209 1GONSBUCt Batrng Kyany ppe of lains 18'to 29, wherein
1 . LGS ' -
et T eciyy eﬁ?f’(@iﬂ-’gg%?@ﬂe@aﬁ%@cé’é‘gri ?372? ?qu&ﬁﬂes [n length.

substantia conp ntary to t fector-encoding

quenc rel. . ri S .
381 ectoruSRFSud oo BBl AR RLRL SR o Saiif 19,tg 20, wherein
doubl ¢hesbffentdeentedingrsequehbes bee 2¢dvi@BarRleotides in length.
conpl enentary to the 30 effector-encoding sequences.

33 A PUR|Rh&d gg ii%iﬁiﬁﬂg_té%&%s%ﬁ?‘f@ fwgétog@ﬁwd_bgnﬁtr@aucmg an RNA

clainms 19 to 29, wherein the effector-encoding
sequercesrdingtolany eng od claiok doloi teinte @ cedngt h. WO

2004/ 106517 PCT/ AU2004/ 000759 112 31 A nucleic acid

@dnst Auntetlaod of @ihilgjitihg expyessitn of adbhajatgehe by i@ducing a nucleic

wherei n, the effector-encodi ng seguence re l17.to 3

e e BRIt SRGTHINCD Stwdes o togs d bt g ol
according to any one of clains 19 to 29, wherein, the |

&P ecomaihied ffrighbiline: sxpession ofi a target gane &t intwsiucing to the

tar gifé’“g%ag%%%ﬁﬁ%@%t u_c95‘35%?1‘9Eh?\i&igﬂkgoﬁﬁ%??%@@n?f ]
2R b PHBE gk Sodinlt SoPufifureo gl Sp PR donlp 32 further

a n_UC|c©hg)risﬂfd & pAIMbIEY CAndrec edreingtol @pamsblgninkeld to the effector-
clainms 19 to 32 into a cell. 35 A nethod of inhibiting

expr essicedingrand subsiantiaytomplemantayy $EOHENESS-t he 10
target gene an RNA according to any one of claims 1 to
BF. 36\ matbed of coasirdclighstnunieic asic cansiguctacsaydiapdo any one of

of clains 19.t,0 further ¢ ri_sin r. ter an .

a ter rﬁlqg}soﬁagotﬁeg(i&owqrﬁnk%@d%ﬁ?q RePk Z%’ﬁllﬁggeﬁ'é%ﬁ}‘?dﬁ'sot'de toa
and seRritidtidey tife SRYSHENESdE BEMEAiVRRR iAfo A firet BaB-sequence
of constructing a nucléic acid construct according to

any or@dofa seeonrd Hubssaianse3ad®yc Gnpplysneigsadenain @action process
predeﬁﬁ ghﬁgd ol i gonucl eotide to a polynucleotide,

t he olig ucl eotide being divided into a first

sub- sequence __and a se sub-sgﬂyence b

pol ynerase cRECPEaét | ggtdﬂ?f%‘:érs VIngE | %tdi'?/?g:a‘g’ end a fixing part
B;?;’i FyBaidirable ShdéY papmehad S8hiAtrehéforBcodifiors WitkidiJeast a first
part of the polynucleotide and at its 5’ end an effector part identical to the
first sub-sequence, and a second primer having at its 3’ end a fixing part
hybridizable with at least a second part of the polynucleotide that is
adjacent the first part of the polynucleotide and at its 5° end an effector part

identical to the second sub-sequence,

introducing the primers to the nucleotide under polymerase chain
reaction conditions such that the fixing parts of each primer hybridizes with

the polynucleotide;

conducting a muitiple polymerase chain reaction to produce an
amplification product which includes the effector parts of the primers at the

ends of a double-stranded sequence; and



20 hybri di zabl e under pol ynmerase chain reaction

conditions with at least a first part of the
w@oelognushieoti de and at its 5 end an effector P@Er/AU2004/000759

identical to the first sub-se?rence, and a second

primer having at its 3' end a &ing part

hybri di zable with at | east a second part of the

pol ynucl eot i dB92#Ng thesengipbibernffadry Rartstoggther tafforme combined
Pol y s ARl RSP bigducleo b dRbect of part - 25

i dentical to the secon I'htroduci ng the

j mergs 1.0 | eotid nder .nol ra chain .
Rt 18 CTSh AP ALA%0 e B BB oG Bar e Brethast gf olaim 57
pri nerqdmmismk? zhg polyAuclebBdeohypuighrpasslen HROPBHMEMNY a second
a multiple polynerise chain reaction to produce an 30

5 anpl i fArtaen #d prigatiee engyEe innupperdions iseitableder §re method of claim
parts éy the primers at the ends of a doubl e-stranded
sequence; and WD 2004/ 106517 PCT/ AU2004/ 000759 113
ligating the ends of the effector parts together to
forma conbined polynucleotide and ol igonucl eoti de
sequence. 38 A kit for constructing a nucleic acid
construct by the nmethod of claim37 conprising the
pol ynucl eoti de, a polynerase, a first prinmer, a second
5 prinmer and a ligating enzyne in proportions suitable
for the nethod of claim 37



