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BACKGROUND OF THE INVENTION
[0003) The development ot novel pharmaceutical therapeutics relies on the

identification and validation of key regulators of disease processes (“drug targets”). New
technologies, reagents and methods that contribute to risk-reduction with respect to
predicting therapeutic efficacy in human patients js highly valued. This process of
therapeutic target identification and validation ideally utilizes functional therapeutic
mimetic technologies in models of human disease. In particular, approaches that emulate
therapeutic modalities, where a specific gene-product is inactivated and demonstrated to

ameliorate a disease state, are needed.

(0004 RNA interference (RNAI) is a conserved ceflular mechanism for regulating
gene expression in atl cells. RNAi-based technology has rapidly become a significant
functional genomics tool and drug target validation approach for the pharmaceutical and
biotechnology industries. RNA1 technology facilitates the directed inactivation
{“stlencing”) of virtually any gene and thus the opportunity to associate specific gene-

function with specific disease mechanisms.



WO 2009. 1082- 188PCPUS2008/ 1114037 100051Cont enporary approaches to
constructing RANAI trigger nolecules (i.e., an siRNA nolecule) build on

enpi rical |y MEEPH¥AEd bi oni formatic al gorithns. SignifiPEaMSIWEHGIESs has
been nmade in understanding the nol ecul ar mechani sns underlying in vi'vo RNA,
and fin-thef®08, artiGdntdragorRy NAprodahguigicnusiuolieRiN&s riggvempleedessiiecassf ul |y
constructed,. .gni fi h - e N ey: nt of
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val i dat i on. prb@@e6iiavartromsdame ihdasamtigg ke owiecilar mbehahistne nadarlyegfionivei RNA,
vector and Lifrary .canstructj.on, .exanpl e,. Sen e L., "Re i ction
enzymne- genebgg‘é’cﬁnéi nfﬁﬁ(%&'%\;}%]c@géls'm Lﬁcg'p TBiear Fseléafvﬁ%ﬁ%ﬁsﬁlﬁgsﬁfr’%}éti cs 36(2):
83-139 (200dgnsoheset. iHesevar, SizhCicit chitehgd rEradin pa O uevdigprsdnRdNNhivokeauleogs,.

However, the Kgﬁs nmet hod has rious dr@\/\/bac“rl’}?‘,.d tThe REI S nmet hod described in
that publ i cBUPOH BB eL e h RN E N R E A A 8 shorter than the opti nal

| ength for | cing RNAI, and which therefore functi inefficiently.
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?l oni ng trleccpxrsﬁahmh.l HuSéxall@@}easai arfal. @Resthibgon@izinael goicraspsi RNACEHEES) de;cri bed
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(the pref er &SRS dRYE e("ﬁ‘f“ésggmrsgdﬁgﬁtﬁ]g? ii??ér‘%‘i?ﬁelg%&%ofmemod

ampl i ficati e pRidudhPSRNN ISy, , HEREEE B RESYeihdg hbdvariols Bladbycikshahe _
cont ai ns on{qy: a fraction_of the potential diversity. 100071There is a need in

the art for RERprased destrived harPugdeaea Prodhcea bRy drmadpiig thadresihereigi cal | y

active nol eguh ar dphab kAIH S iRNIng 0K, SrAIRELE hetiduRlios InENR grll ecul es.
There is a need in the art for inproved nmethods for validating candi date drug

targets andFytheaneei thyyich aicedd stpsy drgacedercithiRioiot PEBRIGIRTRS MFur t her
there | s 2 PRAGAAREN M HETRORSHDBE ardlithohibrd iRl (Al Mg efrcigandi dat e

drug targets, where the validation of dr u%,tar gets can done in a

dose- dependanglifipaterchy, piffepgyasress) i proeaio biss (he owiferesiat anpldfiiatipoatongnd

met hods t ha L et QY. merbie: Jrbdlctatsd Qf uthei R hod, and
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di scl osur e, cSUMMARY OfFacTigR off NWENENRON d'@a081The i nvention provi des nethods for
generating hairpin DNA nol ecules that are "DNA effector internediates" that
encode t he W Inol eclhes i e need in sheRMXonwirseidendthadsdor generaRigNindetfeeonpr

nol ecul e capdi ffec i I I S HENPL | oop and a
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sequence dembieeded. ridwreain amRAnMN &Ciok enrbetd rodibddsvipr Jalidginghvendidatgetugof t he

RGN T T N e N E I VT
and develop methods that aid in the validation of candidate drug targets, where the validation of

drug targets can be done in a dose-dependent manner. The present invention provides

compositions and methods that meet this need, overcome the limitations of the REGS

method, and provide other benefits that will become apparent upon reading the present

disclosure.

SUMMARY OF THE INVENTION
[0008) The invention provides tethods for generating hairpin DNA molecules that

are "DNA effector intermediates” that encode the RNA molecules {e.g., siIRNA molecules)
that are RNAI effector motecule candidates. These DNA effector intermediates comprise a

loop and a substantially double-stranded stem, where the double-stranded stem contains
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ii) at |east one hairpin-adapter oligonucleotide conprising a |oop and a
stem the stemconprising a first restriction site that is recogni zed by a
first endontWePeagEi¥avi ng a cl eavage site at |east 22 P4Ia/sp@BpE0Hi st ant
fromthe recognition site; (b) fragmenting the cDNA to produce at

| east one cwemﬁdgmdtﬁfm a1l mENA molepls thaptiiat will iy thegadh of the RNAL effgytor
enzymat i cal a adapt er oligonucl eotides to one or
both tetiii !rﬁllelch]?' trhé‘gae%ﬁﬁ '{&rnéé[%rgﬁ?{e Stggglf orm an intermedi ate DNA nol ecul e;
and (d) eﬁ 1y dlgestlngthe|nterrned|ateDNAm)IecuIe W th
the restriction endonu c ase, thereby producing the DNA effector internediate
havi ng a stem conp#)i sindpubte-§imagtd ZINAgetrspoidies oakemBaid o a pratorcdithespond to
a small interfering R i.itt,NA) that is specific for a target mttNA
Optionally, the ligation réac?lon m xture can be treated with at |east one
exonucl ease, e.g. . iigxonlaseasdalrpiandAmper cﬂi,gpme:mmideb@a;sa,ingmﬁoop andpa stem,

enzymatical ly digesti th the o n _sone .enb

at | east one si RNA rml@%mqe@ SHREEE %a?nmlgﬁﬁﬁi’&l??ﬁ ée @Pt'ﬁﬁcicg%ﬂfeéj tfyhafl%as
specific inhibitory acdndunicyecatomaimts daivagaeRbAL Bt 22 dasetpags giskRhremltlecul e can
be a plurality of si RNA nolecules that encode RNAi trigger nolecul es that
each have inhibitory €t St'Bwards the nRNA target. The RNAi trigger

mol ecul es pr oduc@ylfymdieg MRS tOfrobiRe at RYQBhE EDNAT teagilehOatdedcent b of the
i nvention. 100101l n some enbodi nents of the invention, a plurality of siRNA
hai rpi n nol BeWe&nghe produced, for exanple, a library of si RNA hairpin

nol ecul es. The q@ﬁ\%z&h@mpt@aﬁ eﬁfs@hﬁﬁﬁrda&a%tel%ﬁ%@le&t%s RNdweed ot or

i nternedi ates can be at | east 50 base pairs in |length. or alternatively, at

| east 100 bi§BInpa e cHNA Eggent f?nwwt%]ﬁé@fesﬁwﬁéolﬁaﬂmw adapt er

ol i gonucl eoti des(d?él%yh‘l'ag@atll?% de@ti rtéothg rﬁ@%dlgﬂ(c 08 il WiROE Rdsyri OH

restriction digestioh produces two hairpin DNA internediate. effector
mol ecul es. #HoBREse misselymEpdusingt e DA frff%i@r Hipediptediay ge A sEneemsings 5
dephosphor Viatehs hiiSAEELETRAM MR SwudbRE AR Hteﬁgﬁxpéc ASSRNIRNRL Ot T ¢l es
conprise termnal nucleotide sequences ere a dirner SI ng two
enzymat i cal $peeific Jateetdree mBNAhdPptpinalla e tgstiontchgmmutixwot wiebg tryetedmathes a de
novo restri Eéggt%ﬁ'e g%gﬁ?asg eegégeﬁ(l hfxc%]atﬁf Snec‘il tl e&Q:‘? c%éagee pgt)r 8 g%%a%an 00111l n

e tho Se

sone enbodi nent’s or ni c ease‘u enerate the DNA

ef fect or i méigestidg atibshd endsmbodeated from EcoP151 Mcr T3C, EcoPl and Pstl |. The
DNAeffecto termlatescnco | ea vedfrom
and tri RNA UOP%II al't &Y hafy %‘1‘ g? t‘]%%sl?aqﬁebgis]\e’g maeit?? f Q eI y at

| east 30 ba&gg@ahmlsqulmmata{at G]ﬁd@aﬂd mia“byoryatt1\h@as®ar35smsﬂmanmﬁor thmmRDIme
enbodi nent s, %h hai r DﬁlA bl unt ndﬁﬁ
cl ephosphor §P f@ﬁ?ar[ tﬁfgal@]’? @%iﬁxﬁloﬁﬁﬂ\leémaéﬁqcfi?’e f"é%&f 'Ef’lég”]ﬁsrtaﬁuced by
these pr ot ogeh GaganhibRody WEliFBN toRh@E EBSRRINANAQE ahe RO Ali#igayr piodeagat i on and
cel lul ar expr SSi Thi s rozcesa ng can Ese eit he; 2 ''vector sem -attached”
met hod or al® ‘é&ﬁﬁg? L ‘B?‘P‘Qfg thedryragen arepfig . feature of the invention.

[0010] In some embodiments of the invention, a plurality of siRNA hairpin

molecules are produced, for example, a library of SIRNA hairpin molecules. The cDNA

fragments that are used to produce the DNA effector intermediates can be at least 50 base

pairs in length. or alternatively, at least 100 base pairs in length. In some aspects, the

hairpin-adapter oligonucleotides are ligated to both ends of the cDNA fragment, and

restriction digestion produces two hairpin DNA intermediate effector molecules. In some

embodiments, the hairpin-adapter oligonucleotide 1s 5’ dephosphorylated. In some

embodiments, the hairpin-adapter oligonucleotides comprise terminal nucleotide sequences
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100131Usi ng the vector sem -attached nethod, the additional steps include:
(c) providing .a linearized vector adaptor and enzymatically ligating the
vect or adaptvf 28R@8%i%e dephosphoryl at ed hairpi n DNA nol d€dTuS24080pfHduce a
fusion nucleic acid conprising a stein-loop and a single-strand nick between
t he vector aHaprcimeT@mpHaingtwe enzyimatiesligfligetee g haEh rabperbieruglegtides

| o e . sehe S e st 1 and
pol yheri zat POk TS LBe kAl Do R o s LR A T VAR 2 5 "Phe Site o
the single glyignd fl 'Iﬁﬁm& Qﬁb&’&?éﬁeﬂgﬁféﬁl‘:&%éﬁécﬂ JhQQRdo'ﬁEElQ&Q%Eéﬁ té?&%&&t%‘ref and

(g9) enzymatically selt-Tigating t usion nucleic acid, thereb roduci ng a
ci rcul ari zethe\.8éA effetompicimsédiiesas seledidAn FeailSatNderBID GedR IUgiditytit. hEhe' adapt er
oligo attac ! i tional Lneiti - ( rovi di ng
(i) a first Bg%zg/%’ghbg[g?ﬁ?&g)%%g%%%nﬁg%ﬁra ﬁ%%rpﬁz k,%% glﬁ@%ﬂ’ﬁ? g-c' gltarngn e RI i near
pol ynucl ecaiadet,altemgenety sdegst T basopgrs, sitemeptiaellyiat Bhst30dbbeqiairdersequence

conpl enmentary or. partial conpl.ementary to the first priner, and. (iii) a
st r and- di sp?]}e/leé'il aﬁ'ﬁaﬁl\ﬁ& 19[518% %Sn%atsggﬂfsﬁn som embo(ji'?e“éﬁ‘&l?%ﬁl lélalf)ﬁlgﬁ T‘iﬂ&’ﬂﬁi('ﬁ(g t he
ol i goner adaipbe¢ndadahd/dreichigdspiirpialoNA nol ecul e to produce a fusion nucleic
acid, optionally where the hairpin DNA nolecule is treated with a DNA

phosphat ase((ffikjor to Bicepirfi®;DNA effector ingymahinesgrothged he tekd siotqoolisker bd 0 t he

fusion nucleic acid and enzynatically extendi t he priner. by the .

strand- di sp ’Frﬁowgﬂ%f’#ﬁ'é’r lgg,pr?%é?téoﬁfngfgg%ie & ngﬁgprgfwgf%l ate;
and (h) cl opidngetdtectibn@ali-afhdRA fempl 8t & 1abiferdliyeali@hed 180464, Thi s et hod
can al so optionally include providing a second enzymatically extendable priner

different froansthe fiwsdg e iveRss,seandiwhed @ethbs, thkoaddlenst tanRdedudet near
pol ynucl eoti de ol i goner adaptor conprises a second nucl eoti de sequence

comﬁl gn]?nt aLy or(eppnbt:id&iglawrce@ﬁi&dl ; Gﬁaﬁfﬁj’aytotmd&ﬂyﬁmnﬂligitiﬂgﬁhev?&hﬁr ei n(t)he )
nmet ho urther conprises a i fyi t inear si RNA tenplate of .ste g), the
anmpl i fying ?:%ﬁt?r’?’é g dﬁﬁé&ﬁ}ﬂ'}@ég H%’Fglé %mﬁgf%fo RTgdtagé ljf‘ﬂg‘? ‘6‘1‘?1‘?‘\%@1“& c acid
and enzymat tgaprisyhgeXdi@niiopGintl A8ingRCMRA Rick BBve By tit Rectst ddap@dr it aci ng DNA

pol ynmer ase, thereby anpl |_f§i ng the linear siRNA tenplate. 10016] The invention
al so provi dEEMREF P%‘f’ﬁh%}'ﬂlﬁ N{HBBtErE finding use in the generation of RNA

trigger mol ecul e8) p¥ieing alshendliBRLREDNASRSydeB@Mna Rt ifirguisiaftdnal | Y

doubl e-stranded stem said stern conprising a first endonuelease recognition
site that iBCly®ewEHPYetthpPaimp DNt MerdoRUERROE, PalyERragsatthome of thegiglaer | 3C,

characteri zgd \0Yi@, GkQBY AGfovAEtda Ib¥p @Lod @RS N3sg pairs distant fromthe
recognition site, This ()lig can be enzymatically |igated to a doubl e-stranded

pol ynucl eot i de ai®) Prragntiolysaldigpiaigrtge fusionangiels agidy thowly Progitias s EnRNA.

nol e_cul e th@ﬁ-cuila?iz@d L&E&%m{)%ngaﬁm;\ i[ep(;p%éleri ng RNA (si RNA) nol ecule or a
candi date si R_NA nol ecul e.
[0014] Using the ““adapter oligo attached”” method, the additional steps include:

{e) providing (i) a first enzymatically extendable primer, (i1) a double-stranded linear
polynucleotide oligomer adaptor comprising a first nucleotide sequence complementary or
partially complementary to the first primer, and (iil) a strand-displacing DNA polymerase,;

(£} enzymatically ligating the oligomer adaplor and the hairpin DNA molecule to
produce a fusion nucleic acid, optionally where the hairpin DNA molecule is treated with a
DNA phosphatase prior to step (f);

{g) annealing the first pnmer to the fusion nucleic acid and enzymatically extending
the primer by the strand-displacing DNA polymerase, thereby producing a linear siRNA

tempiate; and



1001711 n sone enbodi nents, the doubl e-stranded pol ynucl eotide that is at

| east 22 base pairs in length encodes an RNAI trigger nolecule that has
speci fic i nhYBREBP§2AEcti vity towards the i nRNA target. TPRIF&SHEUBHETst randed
pol ynucl eotide that is at |east 22 base pairs in length can be a collection
of such nol ecul egy clshmgdhelahr eRYddedIPRNAMOtrvjegiger nol ecul e has specr fic

I nhi bi tory iﬂﬁ!t SY'OH/T] ta’ﬂﬁ%ﬂngﬁlpﬁ 'E!{ﬁ %ﬂg@tfoﬁﬁlgﬁ GIHWO%IE]% %c?sle!‘écﬁ-ﬁteh z\Qrcal ! ecul es

can optiona ries-o ypormrp ic
100181The haxtprpxlahlea;nlmrmdrffeodrrt fromghnfifsptirher drtﬂorrmrfr the slowbls-ecomgdd én@onuel ease

recognition_s T =Tofe) o e
different t ﬁ r\{rnfcheou £ O : gomel 0 Crlcggggyes sgc%ﬁggu:,]%g dﬁ%%leﬁée c%?rﬁ)e al r
adapter ol i gm“ulalax:rkcsn;aerﬁcmiremnhraaémp:ﬂrpsrpha%creinnhsMOérﬁthddr pemprEses t he

h d I wh di
compr 51 ng. g Ay REPFRER P RphER R PBF Ik Barcs ‘f“ep’}%%%eara%lﬁ%?‘ o

gener at es asdﬁnmpzvmerrtesﬁer flusith ﬁmblanzgmencr mg@mdallp mtsmdleg thatsed:ohe pEieebof
| igation. A hairpjn-adapt ol i.go e _inven n co | east one
| ac oper at orheﬁga%[;wﬁr?‘reﬁg @W%‘ﬁaﬂﬁe R B R e SRR GG Hhe

i nvention c%ﬂ]g code orter go Eignlta' de. | WO 2009&0 24148 c r|;

$2008/ 014037"18b1911 n H Pignfls P“r?é AP EPERIFIS ﬁrﬂswfa et hods for
testing thegaremiofqiocRthmbggreomweam&é Wity ted ol 0 cﬁh%hbdsrallgﬂﬁd’ndmuﬁﬂﬁhﬁllfior a
pol ynuel eoti de tar g These, net hods. conp frr se the stea[p : providing a
cel I conpri 8P4 S‘F’?‘ o HEPORIETICTE EHBRTTE? (WERIFPICHgS F%Hr"t“ért fhi§scri pti on

unit, typi caécbymralardl ByeBYerdosildlcaab bR hRE BREIIBI andWIETHT, haf1ePREbeR
transcr4ni on unit conpri si ng? A) a translatable rep orter gene pol ynuci eot i de

encodi ng a FEpGEE é‘r‘“"ﬂ)‘élay\ﬁéﬁj &se Paigdiesyt (oI FoARSILAE A8 bc‘%?lgﬁ'é’tcan be

pol ynuct eot leﬁiz@rrrarmﬂrynrgarea @a HM@QFaudéd}%]}rﬁEl@@ﬁde&@hdﬁ&@l BN pA8 iPRRhI Oned 3’
to the reporter ené po gnuc eot i de; dii) a vector encoding an
11

trigger desiried oo r?pme'ec%shasleiattzamtéor\pe%madirlnrerfemwlitﬁ@ (&IRN#Yr ovi r al

vector, a "ﬁ{&ﬁéc‘dl'e Oegcy@q&aggmmra_ Adengviral vector, or any suitable eukaryotic
expression vector); (b) culturing the fi rst cell under conditions that

permt expr ﬁﬁ)‘i"iPn of ITnQSmE eRBbdifent rtﬂ@?&g)lep&ﬁgﬁkd%ﬂﬁu@iggn&ehﬁat .l%atsf 39ger

nol ecul e; (e) detecting a signal associated wth the cell
exanpl e, by bikwperendertecnredisaatiAidripees aroldcply tiarhaspeoiic ivignedivey f | ow

|1 t f th
?gpor fg; LQF‘%&%%‘?%@RWE e‘%!ggr} fg&&g;rr]eg&%ﬁ‘é&spoﬁﬁm@lebt‘?&é%atqg at SR B554s0Paiff the

in length can be 3 collection of such molecules, where each encoded RNAI tngger molecule
has specific inhibitory activity towards the mRNA target, and the collection of molecules

can optionally form a epi-allelic series of hypomorphic shRNA molecules.

10018] The hairpin adapter oligo can further comprises a second endonuclease
recognition site that 1s recognized by a second endonuclease that is different than the first
endonuciease. [n some embodiments, the hairpin adapter oligo lacks a §'-terminal
phosphate. In some embodiments, the haimpin-adapter oligo comprises terminal nucleotide
sequences where a dimer comprising two enzymatically ligated hairpin-adapter
oligonucleotides generates a de nove restriction enzyme recognition site at the site of
ligation. A hairpin-adapter oligo of the invention can comprise at least one /ac operator

recognition site (lacQ). A hairpin-adapter oligo of the invention can encode a reporter

polypeptide.



(d) correlating the detected signal with the specific inhibitory activity of
the RNAI trigger nolecule for the target polynucleotitle, thereby testing for
t he presenceV8rt3l%e¥ice of the specific inhibitory acti VGTUSE08HHEITRNA|
trigger noleculc for the polynucleotide target. 100201In this nmethod, the
target pol yl#dPleot i ddnether babediDris, thokiverdi9e patvidgs testhngs fRNERUSE thény porti on of

an nRNA. Th - : I i I i L1t can be a
doul e- st 1 apieq-Hgio iy e han R PORER o' pAfibebligiie, B2

shm RNA or eetwdd ¢onmmiseiestapag:RNA (si RNA). I n t hese net hods, the reporter
gene is typically a fusion reporter polypeptide, for exanple, a fusion

pol ypept i de conpied piomglirg PESEomptisihg: | n sone enbodi nents, these RNAI activity
assay nethods can he conducted with single-cell resolution In these nethods,
the reporter gene ®an ®MeoUY canfiugbrasESng arepssiet Banspoptiggaptti deicallior exanpl e,

a green fluorescent pr@;‘%@,% 3§u;rt&?e éljﬁ}ﬁ%[e?’a&feﬁéetpgé‘%%g%{han@créﬁ%n l,Qw fl uorescent

protein or a blue fluorescent proteirn, 1n o ment the reporter gene
encodes a cel |l surfacecomgrker,(Asathnagaide toppRergshd pdymfcirosdnmrckdng al n stil |

ot her enbodi nents, the_r rter iter pept. i :

p- gal act osi dase, a- K c?:gé? é@p epgﬁl@a%?géﬁ?%ﬁgnpr{%ssl%%glg g%ééigggguﬂg?%dg-orr 4di sh

peroxi dasc. Al ternati v@dryorsthedebf, tchergetgpdyuelkotiizmesieno@de & the ngpgeat geae

sel ection marker, such s tf)g@di ne kinase (tk), HR PT or APRT. 100211As a
nodi fi cati on of the pr¥tBESIteséPT bed above, the invention al so provides

met hods for screeniing fRNAtortehi @Ry anPoN &Cilzgerlnhdiécald (€& exBmptedary suabldent i fy

RNAI trigger nol ecul es havin ecific inhibitory activity for a particular
NRNA target. These netHGHs! g‘ﬁ%&%@IFPHéa]é’?cé?fs??e(‘éymﬁr‘%?}?’iﬂ%%@‘%”?)” library

conprising a pluralityy&forv@ehsuiiBrRakayopRsdibftevatas);or menbers encode a
plurality of RNA trigger nplecules; a reporter caonstruct conprising a
reporter transcriPptiBRmg H?et“féldﬁﬂPP%‘?W@“‘(%‘%SQ’%‘ PEAY| GPEISFE" PEBEFERSF e ene

pol ynucl eot i gaceReAdhNAnd HeSROAL @b RMIRERL | de, and (B) a nontransl atabl e cDNA
corresponding to an nMRNA tar get poFyrri cleotide or a portion thereof, where the

target pol ynuel &6f fdecting 2 sggphasensegedavith e colb(fpeprampiss by Breressonseigerast i de;
iii)a pluraldt i 5] khr m a reporter
construct; b %ﬂmg(dleg_blgﬁlmi%ﬁ?%&ﬁﬁgoﬁfgﬁ?gﬁriﬁ%@gg?ﬂégﬁSzé’rﬁlnder cgﬁgpﬁ ons t hat
permit expr Eseliodaxwesstonef thegoparer pelypavside inghé et ard t and the RNA[ trigger

LSS, o cerf MR Shnch SRS AR AR CRLIND (P,

reporter poiriggepndldaild for thedanged fojynkinigotide, thereby testing for the presence or absence of
the specific inhibitory activity of the RNAI trigger molecute for the polynucleotide target.
[03280] In this method, the target polyoucleotide can be a cDNA, correspending to
an mRNA or any portion of an mRNA. The nature of the RNAJ trigger molecule is not
limited, and can be a double-stranded RNA, a short hairpin RNA (shRNA), a micro RNA
(miRNA), a shmiRNA or a small interfering RNA (siRNA). In these methods, the reporter
gene is typically a fusion reporter polypeptide, for example, a fusion polypeptide
comprising a PEST maotif. In some embodiments, these RNAI activity assay methods can
be conducted with single-cell resolution. In these methods, the reporter gene can encode a
fluorescent reporter polypeptide, for example, a green fluorescent protein, a red fluorescent
protein, a yellow fluorescent protein or a blue fluorescent protein. In other embodiments,

the reporter gene encodes a cell surface marker, such as a Lyt2 cell surface marker. In still

other embodiments, the reporter can be a luciferase polypeptide, a -galactosidase, a-

6



(d) identifying cells that show absent or reduced signal relative to any
other cell in the plurality of cells, thereby identifying an active RNA
trigger nol S¥AREIP¥ATH t he hbrary of RNAI trigger nol eculP€3USHKEP VX he active
R NAi trigger nolecule has specific inhibitory activity for the i nRNA target.
f 002211 n st laclameschen alspliysdibaariesse ersdorsevedish prnopdeei ddsmabraods!, thsr

i dentifying ti.dg: @Pﬁii g1 I . The
nmet hods |deB%Pﬁv%gé%%g?%%cieg?‘f{e?g]g&&p gan%rger’p 8% Ity % 6”é]gn i(t(]j(g’t!i@fg!r)get

pol ynucl eol A88S. (e.g., froma library of candidate nolecules) that is
specifically targeted by an RNAi trigger nolecule, These nethods conprise the
steps: (a) PWaVi di ng:AOMREIGI9A N8y thegBRaIASew 8] Topae, 1B7INOeMIORRIRC tri gger

nol ecul e (typi : ca lar e truct

| brary. compry EEh S A B o B R e
conpri si ng &iggepositetestinamgapéqpfid iohibuerytaceorydor s pargeyl&)mBNAr targs!. fhatd e
reporter gene hggs! %Dnu%l e teiqgees,encodi ng a reporter polypeptide, and (B) a

nont r ansl at Abl R caR! Gat's gr'get pol ynucl eoti de, where the candi date target
poi ynucl eot i de i@ ;%Sidtxi oned 3' to the reporter gene pol ynucl eotide, where
the reporter con % gt s brary conprises a plurality of candi date target

pol ynucl eoti des (typical C ] (WaleR r’ggE!A u i ons of
MRNA nol ecul es); i iY)i )aéa%l}réwaﬁ%ﬁp ;F/@ggggie#?]st{,’ 8%\50 r(‘Edreg?]ib%]((;sbJvr\{ﬁ(?[ﬁ?l{e's\iré%)P an R NA.i
trigger nolecul e and amempos cewde opbtatince! BIN A miggermertbeilss, (5)
culturing the pluralit cell condi tions . perm .t _expr. i,on of
the reporter tr ans@ri p l;eg%’]nﬂrlcio F%mgpc‘%ﬁ{pngﬁg g)rép&’gtf re%%nlg(%pt%nsﬁwaﬁgﬁp Igé%ts)@lbat ed
wi th each cell in the plrarskhdtierepdrter gbegolwatidotgiegnaddigos repsppondi ng to a

| evel of expression of the repor pol ypept i de i,.n, the cell.; and (d)
i dentifying cells that poé%ﬁ[‘%%%@%g)ﬁrnop%%ﬁ@%&gsﬁddﬂéfo?ﬁpg?4'%t0_ta8 ”%\WAot her
cell in the plurality afgecpdimiclebliés @yporttenhirbyfi whera tieabisetpatymmolebdd t hat i s

specifically targeted by the RNAI trigger nolecule (00231l n other aspects,
t he. pol ynucteoti de se‘&%@ﬂﬂ@?d%‘l@ﬁﬁ ng‘g?frﬁE"ree? r't“f“ilﬁ?tg ave RNAI trigger

ol ecul e activity iaye apiamlidy dalls)egnht]] thapddmenlibrady. mbfber @¥@ A Pdp@stera
pol ynuci coti de sequence selected from SEQ ID NO 1-15, and active variants of
t hose. sequences are &¥&§{%re of the invention.

(b) culturing the plurality of cells under conditions that permit expression of the
reporter transcription unit and the RNAI trigger molecule;

{¢) detecting a signal associated with each cell in the piurality of cells, the signal
corresponding to a level of expression of the reporter polypeptide in the cell; and

{d) identifying cells that show absent or reduced signal relative to any other cell in
the plurality of cells, thereby identifying an active RNAT trigger molecule from the library
of RNAI trigger molecules, where the active RNAI trigger molecule has specific inhibitory
activity for the mRNA target.
[0022] In still other embodiments, the invention provides methods for identifying
the polynucleotide target of a known RNAI trigger molecule. The methods identify a
polynucleotide from a pluratity of candidate target polynucleotides (e.g., from a library of
candidate molecules) that is specifically targeted by an RNAI trigger molecule. These

methods comprise the steps:

(a) providing:



DEFI NI TI ONS 100241Bef ore descri biug the present invention in detail, it is to
he understood that this invention is not limted to particular devices or

bi ol ogi cal SYEEABYHEEhi ch can, of course, vary. It is alP§&USYIHR4FIder st ood
tint the termnology used herein is for the purpose of describing particular
embodi nents only, and #sRNAt triggeheleenle Gymeallyieapiessag fromsa lgggsdvectprkhi s

speci fication and the el J L: 1 PE B oofr consiler @and "the”
i ncl ude pl ural ref@r en?%eﬁﬁ egg&#ﬁ{elq%%%%gﬁpﬁ%ﬁggkﬁ%l I ct a?%%rg%%gp%\t/i se. For
exanpl e, reference to thambuelesticmawbet,comptigng # mpbdedgsmacrptan ahi tympisitghat
nucl ei ¢ acid nol ecul e. : fin h | | .t i cal and
scientific terns used %Al)gg%aﬁ}l#(agbg%?%gs%%ﬁggﬁ@éﬁcﬁ%\é\fdggmggIn anr?é under st ood by
one of ordinary skill patydehedantd (R) awlontcimstaedlBeandidwe rargampopentladtids, | n

describing and claimng, the present. invention, .the follow.y erm nol ogy will
be used in accordance ‘aﬁrﬁﬁ}ehcém%g% F?ir’%e’:{Bﬁ@%céétongms pﬁg}'gw\.ﬁlgigbl%%ie,gggﬂsed
herein, the term "basegent@bBinsciémidanyhend the egeneconiiaicniingnhetgieayche noi ety

capabl e of form ng Watson-.Crick type hydrqgen baonds in pairin .th a
conpl enentary base or HH@E%‘?@F%‘B‘%W‘*F%F @‘QQWE}FBB?ES(SWWQ%F%T“E%#‘W& hetic

(non-natural, or unnarmrals) mbREESs orfRaRnapEhRYS: @odcase derivatives are
known. Exanpl es of.  bases include pori ner s, pyrimdincs,. and nodified forns
thereof'. The nat bl | YPIYEEET 9fRY Badies! compigieg spR AL BERGTOFFYE 8ULE t o,

adeni ne (A), guanine ({hortr¥b@shubP8ibtde) meied (U) apd thymne (T). As used
herein, it is not intended that the invention be limted to naturally
occurring bases, (bagulgirng thye Phiatibept <5ils vidsasanddiong hahpeyait ¢ratersyoroidif ri ng)
bases and tpgpfeiEaREGILY EnilNNat ural nucl eotides that find use with the
invention are known to one of skill ni the art. Exanples of such unnatural

bases are given efuwtingeoEnameciadny ithieh edbindee plhesfisrof celds, aaid sigpdund
consi sting chnc%?(?-@g% etla L KR L QptelEoBilhe &ﬁ’g@?ﬁ%@mﬁ}‘ié?‘g%’“ﬁ;%d exanpl e,

ri bose or deoxyri bc 100281The term "nu . ers to a phosphate
ester of a nucl e@siddetifvarg callnidaiotirey absent orgedugied kignal zelpivleynaet etber @l in

"Nucl eoti de,5' b y f . inde. W Il hate ester
aroup at t achad T4 P RESRE el SLal kS o s RO B o e
"NTP", or "8NNTRliggancoledd®TP." A nodified nucleotide is any nucleotide (e.qg.,

ATP, TTP, CTP) ;that h n _che |y _nodif.ied ically.b
nodi ficati c()Eh{J 02?] t he &32@‘%@%‘%@%%“33( Lﬁcézﬁgneu%ﬂ%eg ?Sd%%“q‘iﬁﬁéf%a‘é‘%?%? U%xarrpl e
but not | i niiNed idigger melehylE aytivitgiareslsote freneagtiepuydnnon. Berfdxemapleys aci |

5-todo-2'-d i di. d 6- thi i d i . - I id
L0002, ISR . 00 L PONERERE . ISR SR v ot e

sequences are a feature of the invention.

DEFINITIONS
0024} Before describivg the present invention in detail, it is to be understood that

this invention is not limited to particular devices or bioiogical systems, which can, of
course, vary. Itis also to be understood that the terminotogy used herein is for the purpose
of describing particular embodiments only, and is not intended to be limiting. As used in
this spectfication and the appended claims, the singular forms "a", "an" and "the" inciude
plural referents unless the content clearly dictates otherwise. For example, reference to “‘a

nucleic acid,” also includes a plurality of that nucleic acid molecule.

10025] Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which the
8



100291The terns "pol ynucl eotide,” "nucleic acid,” "oligonucleotid "
"oligoner," "oligo" or equivalent terns, as used herein refer to a polyneric
an- anger nentW8f W8¥dfer s that can be corresponded to a JéJUEMEEIBFInucl eoti de
bases, e.g., a DNA, RNA, peptide nucleic acid, or the |like. A polynucleotide
can be si nglféﬁﬂtmﬂ r¢ouins. @ﬂeﬁﬁmﬂdéwﬂ@&ﬁhwe@@mwmm@P%ltﬂo""ﬂgwe sense or
annsense St [athodloy I8P EscAG HERRAnc v RPN AUELOR dPo BRIy O | di ze wi th a

conpl ement ary por on of a target po ynuc eotl e to forma duplex, which can
be a honodu or a hetenadupl 8% e akENgkh 9 poLynushgekbde is not
limted in Qin espec)?s'f3 V\%%OOQ/ 0%24 633r eT UStN/HB)g?llgOS? a303 1Li nkages

bet ween nucheatoi:‘ﬂléis naety bepablets fupliep Wiatsen- Cylpbf)whdﬂsmmletmdem paimdeages, or any
ot her type of linka e de can be
e e R R R L

| i nkage, or nganl beummmisbakemfaammlwgesrddms:cmmaismmo@h (ﬂxfameteenf t_ypes of

subunits an dlff pes. of. |nk nucl.e tld n he a chineric
nol ecul e) . eﬁ@@d‘d'f‘@?me > YRR, A fegiﬁ(gfgf anaﬁ%@co?e 45 S r?ﬁ)éo%gsgﬁti al

nat :JI‘ e of naises aklupelbynare heolihiieasto] Eﬂileﬁlha(AI, @egmﬁq(b]); @Ith;B]et(Ol) aJr;ﬁmr(gll) enct r anded
nucl ei c aC| targ nner. .sim.lar.to n

pol ynucl eot Hayne (%Oéiﬁf’dmgm'@/ﬁﬂé PRIGPS cﬂ%‘*“é‘éﬁﬁ'&dﬂ‘éﬂ““ﬁ%&éfg’ t‘f"‘é)“’t']‘i’é“@ltle"quence of
nucl eoti de BRARIR SR 8NDaiddQupBLysTRnatival @eh yzamaln@%mdﬁng)l tﬁzs@%dlmem ted to
any particul ar | ength or range of nucleotide sequence, as the ter

"pol ynuct eoquaféﬁw%weahﬁ%@g@gotmmlﬁ%“ﬁred*%thefwwneﬁ Flaw ‘Gf"“aﬁ@s“l‘]éh‘gt h. A
pol ynucl eot idenC &RamplcPHORUER BfnR)ali0dsQ8l Sdn BANS (e.g., enzymatically), or
synt hesi zed using an enzyne-free system A pol ynucteoti de can be enzymatical ly

extendabl e gro2er t zyi NBiel 6@ it cRO8Id X RTBII B mpbinSQBIsIGRSTS babdnked to

pol ynucl eotide is referred to as a "DNA" or a "DNA nol ecul e.’
100321Pol ynUEi‘chtcridas Ofﬁ&‘tgaérf@ %Wﬁlﬁd“weﬂd@"y%‘?ﬂ?%hodl ester |inkages are
said to have 5' -ends and 3' -ends because the nucl eotide nononers that are

reacted to HEREl t he pﬁeyﬁ'ﬂhf%iel"ﬂée JEE g pbasahate 8fehole THEleRBAS-?RAL the 5
phosphat e Ofnog&ﬁermﬂ%ﬁ‘Wltﬁlneéjﬁdl%c&%%é)sﬁuﬁe%é§tr@ﬂﬁo@ﬂﬁﬁzﬂ derskhg 3' oxygen
(hydroxyl) of its neighbor in one direction via the phosphodi ester |inkage.
Thus, the Snuwdpdidefvith apoPRaspistetstd geoursliedal & hasuedr Preeopimesiphataed gicoup or a
hydfOXY' at sc}nlilé?m-'?es dB?b’iédtds@ﬂJJ@f' &rhmpnmsempg Qfmotdh‘?edq\ldgllegt%e' ﬁ?n while the
3" end of the poty. nueleoti | ecul e free phosphate or dyroxyl group
at the 3' p@mquudﬁ(ecﬁ ARG TEh{CIFeorGTHY that/\hasmenn ehepotafiyuetdelond. d@lqaﬂy ecule., a
position or r or
Cequence | s"SEHARESELM e BoRtl, BbEAE iRl KOS AU HHOR: ARG
anot her postc:t, mrhylcstosmc,oﬁ m@rdagtopldnwn&;tﬂneramcil‘ISthO{Zeda'uxmmmtgyandﬁ—l ects the
fact that p rrlca 1 Iyn otlde a na5 to
3" fashion g'l onet {1 ﬁf"ésr?glhg ‘e g}e?g%a%ﬁﬁ 'edsesangl%ﬁo[ eecfS Oteﬁlg nuc}%& derl anever a
pol ynucl eot rdenseglensardig. represented, it will be under stood that t he

nucl eotides are in 5 to 3" orientation fromleft to right. Enzymatically
produced or [082%]i fi ci dlleyermypnphiysiudedtided] ynmukelcemid d'éﬂlgoamlheidzﬁd'bﬁgmmer\/\her e the

nol ecul e | agks the 5 h hat I 0 1€ 3 h drox grou 100331As used
herein, it |§Igﬁo?reqﬁfva% P%R'Fﬁ ? %ﬁgg{%’enr{%f o ot S o%rréc{fé "‘88PM°H%"P € to
nat ur al | y od@wambago@csbymItemteqﬁeme&équﬂmﬂs bages, @0l ymDNb\eRdi@e;stdeum ures,

L O A AT N

anal ogues, tdHREtERAry btk ealse desniseme shaldwralgephagphedi aslbpmubentte cankages and
i ntcnucl eot | de analﬁ‘r that find use wi.th the invention. Non-|imti n% exanpl es

of such unn&YQiidie v WEEAY PETEET 157 1rgeh Bl wrpafe aoRBasERex 3¥IE ang
W5'  phosphegiRstmddinkageshettB8RIC BRtdideh dMMRNRtchlidkagasinkieddn, 31-3'
and 51-5% and branched structures. Furthernore, unnatural structures also

i ncl ude unn#UFEECS nt enucl eoti de anal ogs, e.g., peptide nucleic acids (PNAs),
| ocked nucleic acids (LNAs), Crea al kyl phosphonate |inkages such as

met hyl phosphonat ¢, phospbor am dat e, 9



al kyl - phosphotri ester, phosphorot hi oate and phosphorodithi oate intenucl eotide
| i nkages. 100341As used herein, the terin sequence of a polynucleotide,"

'nucl ei ¢ aciVMOs¥Y&EHee, " "nucl eoti de sequence, " "pol ynadl@disedeseijuence”,
and equivalent or simlar phrases refer to the order of nucleotides in the
pol ) nmucl eot iQﬂéOI I n sonekagas bgwean ﬁts;éqtiéas@eﬂ be 'exta&mwlqm:iel}@p@bbmhgdbst@r to the
order and i of the bas r t t| des.
sequence i sg 5| Ca " Orteear(ﬁy’:{B Oeﬁ{% Orac %b%%f;g) attl“ Argoc" '?UEH’BH%RF%

ot herwi se i mﬂnmh@d]tlrdy pés tingleltgre opimioymmemembuﬁﬁeambcqueymeofdmageeon qavent i on

ol 101 17 FHORCR S0 10008 Saa et parpen pgs pEMBE b anBitfenk BpehSE

"anpl i fyi nglinkiaes (tahﬁl}lnu&qeotfcefceni bgeelahﬁhb yholeQulaN YA PiRa @ssin, Bablynaseduds in an
increase in the copy nunber of a e or set. of related nplecules. As it

applies to gl %ﬂfﬁ@F"éé‘Eq ey 'E’E‘HF qlyuglspiidss indbaihliey BTSSR i on of
mul tipl e cophge- s&ﬁmﬁda&&meuaﬁe&gad@amh@&uhﬁ:arwnaaurmy bR a
polynticleoticie nolecule, typically starting froma small anount of a

pol ynucl eot PHETUCK#HF i cation of pol ynuc, | eotides enconpasses a variety of

chem cal and enzymatl c processes. The generation of nultiple DNA copies from
one or a feW%bbies ot @’YWE@@EMCW@&P@WHP%eaf'ﬁﬁllﬁ?h‘ﬁ? FEBOBHA| n
reaction (PgGoR) me'cﬁo@weanﬂ flbl?ﬁu&&ﬁﬂ?% ndMRhikdd 6 3k %;éMngﬁl@&C&hQ&hf a
transcription nediated ication MA) reaction, a nucleic acid

sequence- baQ@dPOé'ﬂ@quPFwt 45cihe KCNAQBA)WHCEQE@Q GACOTRRasHES pPyEsec &raEeir eact i on
(LCR) are fQoras:ats &M atq MRbk &G akeinD: bt edte the strict
duplication o t"heS st a% é;”ﬁg’ no @%Tﬁ% lFor ex&J UEéd 15'5%10 ognér aﬁnoﬁe %f mul tiple
CONA nol ecukrsynfatieniya of byrithasdednougien @fzymmﬁmsywna é@nmneclasldqgmtre PClo. is a
form of anplif| ' r.oor e Ny, 0f Ty, RNA nol ecul es
froma si ngF%ZEB%IQ&J#%{%XIEE%E%%%&IHEl@n%c%ggsn%*]gt Irnasf'r?scrl I.'p(a'ltsip%ﬁ is also a form
of anplifi cptlywrlec@ionsirefgredtoads 0 DA A orrm ®NAanmpleacéiedat i on, where preferenti al
expansi on of the host cell popul ation increases the amount of the cloned DNA
I n some enbfWBREnts, kam@siﬂ@maﬁe@mﬁdib@d&ﬁIp,homhbﬂl@mdir&yg%didﬂaikbhqal

steps, which, cah r}dl%ha‘Q dQEéca :%tm% hibdogde &Bnm%& %”r@ et R4S Dk Ge
purlflcatlon i"sBIAE10R, “H a o Hst 268 . EeXpression,

detecting apd&mrclaohdmmgmndcnﬁsadtﬁesmmdzhlaermeS'rphotmmetce‘mm mpocbrmtmoa&e chain

reaction refer thod for fi.cati. t hat kpown in
he artf of PSP AlB Aot e e BRCoRtvest PRy DT Tobiiher dons et G vid B2

pol ynucl eot peiephdtlictes dnplge, Thirgrhe St- hrﬁitﬁi‘azrﬂmﬂ}&luﬁlamld&emﬂc(ﬁﬂm@se feelpyiogpaheot i de
species, or nulti oly cleotJdes General ly, .the PCR onsj sts of
i ntroduci ngS%heT Lycgg’t)’é 8f5 Hﬁ’ﬁ‘ém“f’m%?"‘ﬁﬁr@éé’ﬁfll@r{wﬁﬁ ﬁ%ﬂl?f? i de
priners to afhesslh@eoliiX hidle@ule BB irsd fidsfthe: dlegtfordl ér@ﬁ;gﬁtlhss}lgblﬁﬁ&ﬁ&fs)
where the priners are colr'rRI ententary. to opposite strands of the double

stranded t af§@EMSEfifen CKINIFRPOPBUTESEK MRS (5 & PPV AiSEaNeNSF WiidF 8¢4%8d to a

program of &hehi®d toaHéthéBsitiBn bR qRERSE RNGR 18be Bk ﬂ%lrhﬁzﬂ’ﬁ”‘ @ﬁlﬂe agﬁ%ii&rt ing in
the anplification of the desired target sequence flanked rimers.

Rever se t r aH8kis 3pieagethpgopitiop Rrapgrpe "dovensoegmr eldit WHW“?'H&Y rc@%‘é t*FQN]?@‘t enpl at e
and a rever ﬁ}%t bdIPRSEIek BERSES ar@lex@Ad QB&]%H&:IJB%‘A& Bhid !?Nae:{ $@3‘Vf£s%lb%%'idn@ttﬁnse
activity, to first generate a sin randed DNA nol ecul e prior to the

mul tipl e cynmphtoitrapiAlakpedrgered o ipo WpeRTvAR R PPFYRkotiet eqgeceen.  Met hods
for a wide yardghyy qfw;ﬁ%uﬂg&étb&@&mpén&ﬁe%umsda@é}ﬁ&E}pm bab i@ fo 8N
descri bed i n many sources or exanple, Current Prot oco s in ec

Bi ol og. Austibel Eakymatisaidy produned entrtificiatlp esithesized Ptdymclewemsmaebbertovlé‘@d G eene

Publ i shi | g
o 8 AT S AT Py Mo oo et
3rd Ed.), " n

(SR Yl 3 L, S0 A R 8L e SRR POl

New York, 2 used herein po yrrerase
refers to atDMNArpdl gorerageobnzsiemidehahuasesorgdebxyeledolvohaines,aeiudal(YDNA) as a
tenplate for the synthesis of a conplenergary and antiparallel DNA 'strand.
Ther nost abl e DNA- dependent DNA pol ynerases find use in PCR anplification
reactions. Suitable reaction conditions (and reaction buffers) for

DNA- dependent DNA pol ynerase enzynes, and indeed any pol ynerase enzyne, are
wi dely known in the an, and are described in numerous sources. 100381As used
herein, the term "DNA-dependent RNA pol ynernse" refers to an RNA pol ynerase
enzynme that uses deoxyribonucleic acid (DNA) as a tenplate for the



synthesis of an RNA strand. The process nedi ated by a DNA- dependent RNA
polynerase is commonly referred to as "transcription." [0039] As used herein,
the term " RNROAEBE¥HdENt DNA pol ynerase" refers to a DNAPSBHIUSEMEREASE enzyne
that uses ribonucleic acid (RNA) as a tenplate for the synthesis of a

conpl ement apseueing tanlthbpasrcalrtatadrallyl‘d;@cminamﬂemlmi@tipc boleges. dPnglemelfaamiitigha DNA
copy of an Bmﬁ ver n.. or "RT,"
and the enzyne ({Eﬁ'}a\?&g@co léﬁv Or}tp F\“/i[;ﬂ’ S&Q}?‘?je TN esg%“%z{rtgfﬁgﬁcilé%%lg%enqn

natural |l y- ocalumrpimgp}wﬂcbswubcatdddka apd)lnyame:ﬂwséea:aﬂ@s ﬂmﬁséss: welvealese
transcription acti ed_ her r" refers to an
enzynatlcal|ye%%PeX%EBV@LB$ ﬁ%ﬁ@?(ﬁéﬁﬁlﬁg%Pﬁa?“ﬁgﬁﬂﬁgg¥$ﬂggﬁﬁ¥ﬁg8135 defi ned
sequence t hadckbened@sisgmed -f'ehbyphodiditzdinkageann@ntuclpaticd inedrteddinkages (mg.t h a
conpl enent at)y,, i,ner-s eC| ortion of a tar equence. Jrer can
initiate thé“%&ﬁi%%ﬁ' Lﬁf“ﬁﬁﬁWﬁo?FﬁgngW Q%F ﬁP@“W@ﬁ%ﬁHﬁ “manner to
yield a pol yitatedieftindelediitznhiops; 0P IpeRRIaLYictabid ths'arl@eltedpmbmweldeotl de. A
pri mer nuel eec acid does not need.to have 100% caonp Ienen;gplty withits
tenpl ate subs¥lentt: Hoy PRSPt isAgEtE Srs it yRATF R oBRIE nRAOSPRAF A F s s t han
100% conpl egrat gkt phoSaididgtes UnbbghbRMiodt® bnd PHREpHL sithicar iRRehubRbiyEr ase

el ongation to occur. Priner extension and polymerization reaction conditions
and reagentﬁmﬁﬂeimell established in the art, and are described in a varlety
of sources. 100411As used herein, the expression lification primer’
refers to allffler tnatussdheemelgrq jseaueprest 36953&’59 foliflet | pecleip arids t ar get
pol yraucl eogd g@@néeqlﬁ%ﬁ&ld@d%@]u&(deﬂ‘e‘ oly8FNEAIRSEQRABLC A QMIMATERE biCsiNNA

synt hesi s an fication of th arget sequence (and sequence downstream
from the si P&aws rigp it Fdariodryeleadidgs @ltbp Rl WIURlgPedes tIp spfHR BRSEPI FLBRNCeAs used
herein, t here%?ﬁ‘n%ﬁ% gtﬂﬁ f‘m?!) 'lH(e 09@&'39@1&5['&@%“11@%5{63 ll’[a?gr% §chté?m@he§ﬁ5 l]ﬁf two
priners that are ge eraf y in nolar excess relative heir target

pol ynucl eot ngéeotidefeneaguersncs typgeihhead prrities) Itneh‘pﬁ d@é defyennleﬁnleemzynau c DNA
synthesis a | R ofl | e- stranded
anpi i con. As&quse h%lr:%i@% a%ﬂm}]a‘: Eﬁ{&&[&ﬁa ﬁﬂéﬁ?@? gtrhé%%htgdngn gnﬂ | eoti de

mol ecul e (otncouphsset dorgpllamenteey pdquerses, tnyad;ﬁtlmnb deukesncpegptiotipdndigitddowi ng t he
anplification of a particular target nucleic acid. The anplification met hod
used to genﬁhﬂéﬂe t he Apkd bonincén tives anypiilidatiahl' ¢ametifons” avd she likepiieal |y, for
exanpl e, géh%}%@mﬁ&%&?é Jﬂ?ﬂ%hﬁm af WcBRRi g.%’lo{na thPér%PLh je Eh‘étor’s‘é?t

excl usi vel y Icon. An anp I'con can e-stranded ©

doubl e-str anﬁeutedomoicqulea msxttawpe«esttheoleotlicleqtldamplecmlm:emphﬁtatmn mmt:s we WO
2009/ 082488P 1520 4037 1As in, th ridization"
and " anneal Fcé-“cl['é_’ﬂ tlp?‘ ci(ogleg%P gl cle g?%’ ﬁlégarafoﬁno Orféi 8] n t{er:ftﬁie

base- pairi nglolanmle,rtap:zt:altymmﬁng)fnanpcshmhudmemﬁuﬁe palyticlanide hamphcativnelfeot i cl e
(typically a ynucl eo esults in tion of a
Gl ex or o e R PR S PO DLP By bl b misdea Rr | o zat  on
conpl ex. Thgcnﬁfatlaﬂbymumb&rmamc@mebﬁbmeaoi Hevwaddbicpaf alehplatpDNNMGIceat | de

nol ecules is t pica e specif] e.g., . An.. and / Crick
and/ or HooggLirg‘éﬁ‘ HCW% f"’ﬂ@é CB%@%@ %Ta"?l displggement @Hﬂi‘f?‘%‘méﬁq at two

pol ynucl em degidagy ﬂaﬂs&@%cﬁmhﬁm;ﬂfﬂcﬁi%nQWMA)trBﬂmbn faldcleiengt feqhéncachi eve
hybri di zati on. In sone @ﬁgcts a hybridi zation conplex can formfrom

i nt er nol ecuPaFd APIFICaHen SB‘Ehreé‘i"r‘i’ér°ré‘§§éﬁ‘§‘amde"ﬁ9‘8’f‘ (i Bars B8me 8hpl ex can
form from i phpareli&e UARplifidatieh Gt PRfed {oeﬁéiétmtragpmdau&hef O LRk ORI Qhute,
structures such as hairpin nucleic acid nol ecul es ai rpin ntcleic acid
nol ecul e caﬁor@éhmahenﬂ)age}erﬁglpeﬂémuawére@%wie&akﬁfrﬁmﬁdﬂaw&éwmw Aded
St ern domaip., s’agl%ﬁﬁsﬁ% S ARNSE Rl ot bRBLEGKDR FGRERhGRERL 8E0krat@h of

"conpl enentarit are used in reference to antiparal 1e1l strands of
pol ynucl eot mdésle BINAmededmes fioe agnge NG inelecdlp duiigso§s pespistof FenssEBEAI i ng
rul es. For , n ALz he
sequence 5' 9@% Oftah@l]g&?] g?rrg%pﬁlgnp@%%g%ﬁ cogh%f)gﬁgggb rzry %rxfe&%(t)%i/!)
conpl ementary” and the |ike refer to conpl enentary sequences that have
perfect Watson-Crick pairing of bases between the antiparallel strands (no
m smat ches in the pol ynucl eelide duplex). 1-lovvever, conplenentarity need
not be perfect; stable dupl exes, for exanple, can contain m smatched base
pairs or unmatched bases. The terns "parti al corrpl enentarity,"” "partially
conpl ementary,” "inconplete eonplenentarity” or "inconipletely conplenmentary”
ar| d the I| ke ref er to any al i gnment of bases bet ween ant| par aI | el

P oA s



100441Furthernore, a "conplenent” ol a target polynucleotide refers to a

pol ynucl eotide that can hybridize in an antiparallel association with at

| east a portWOACWBOSHe target pol ynuel eotide. The anti pafdrusansasici ati on
can be intranolecular,in the formof a hairpin loop within a nucleic acid

mol ecul e, oexpansier aithebodt agl| papubtionsowaeas thawmant aithe cloneyPyAstinaerded nucl ei ¢

P P! e2L Rl 0t 08 HORRREcH AT, i g e

pol ynucl eot baeibt tirhtten‘ gaetabelmguchetcmg, ptarf‘g:enorgmeittoa,rtdrbhmeathanezw efer, in one
aspect, to a s gecr \7\% nucteot|%0 sie uence that is subjected to
degr adat i on"And7' Tk “H t"égfﬁt‘%“tt“%ﬁ" T¢HE r ocess of RNAr that i's |nduced by a

parti cul ar trigger ecu Tha s to

pol ynuel eot %ﬁ s at ttgségggéa‘u‘é‘ﬁé% d’P‘Yt’heé“tﬁﬁif'y"t ia(été"e"r 6%““8? ‘fn ot her
aspects, temmhot&rgeiplifionioa ﬂgyertewal kyowneh eitesart for mcmkzyguelcemctmdamtnhﬁta is the
subj ect of h bridr ation \({erth a Ierrenta}r‘% R%l nuel eoﬁlclel a

| abel | ed prd eB'r0 TSRl RS VRIEPY e‘“ﬁ‘rsﬁ’ﬁﬁ‘ll‘3 Wh{TR Gy BIPPIGic3% ?%ﬁ'“%Srrpl ex fornmed
as a resul tpapnact@uaaqeaiegrwnmtnpae Al dGHRO0 Tt lthe PCR pttgebndigs ber med a

"target hybtridizati On conplex.” The structure of the tar get sequence IS not
linited, ant'®8iFie? PERPEEEF YPIBNKC ORNAT extfANeR]E clsparelsetidegyimehifitnat i ons

t her eof , angtaGfdh RS Etgt;e;sﬁtgrtﬁa&ieste@rargt%&hemetsg ahdedhe pARE8LAs used herein,

the terns 'label™ or "reporter,” in thelr broadest sense, refer to any noiety
or proper | yCURREMPatide RosHT ‘eraﬂéfrofa‘ht bl HandrEH g SSRLCHFS. Lok ch i s

associ at ed Wilifkelif rypfcQliy &% ?e@%%aﬁrcfg%‘?%hﬁémﬁ[ @cﬂh@r&tﬂ@p&%e&é@l‘@ﬁﬁ@g in a
cell (and reS|de|nthe|n rac | ar space) hereby permtting detection of

the cell thaelyespeessseldng fretbe apolifieation pﬁth@tdheredaeee@wenq: flamked byother eport er
be att d i
can be attaghgd,(cQvak wﬁve trJeBtraﬂF g@%@f ggtﬁh?%p{})ls L ock! gac%‘3+ Pta? Laggy for

exanple, in the case re a anti body speciftica Inds to a
protei n exprewbidanim mhesecteddscrfsuasba@en enwmmtrarvousre\aasq@e@mscnpaﬂ% aiberlﬂman

al ter nati vely, Sl SOMLOALIETDNA ke LAY 8 fisharballocobanah: (1)

interact w secon o nodi ect a gna pr ovr ded by the
second | abebepe(uiiant Phst pdiyherae: myitmrettmgatornom/;[etb:rdg for adwiak exneftppfrﬁt)]i{on (1v)

confer a ca re functi bic,a nlty ant i.bady/ anti gen,

i oni c conpl ?tbor'i's afc?r“”?@# kgﬂ‘g?tﬁ’etnéa Q%ES&“Br%‘B %fﬁ%ﬁw%"é&"%“l‘@& rophoretic
nmobi lity, hydrepliobicess w Mhted:r!@:pmolrogjycmﬁsybeleowleué J (l’fzyr; eronﬂr&rhmmatjmgr aphi c
behavi or. 100471ln so e detection t b o] reporter

correl ates WTHCOHE® rr§ ‘ggc%}smﬁﬁgtﬁ?ﬁ?f’e‘ltﬁf "50?1?3(} lt"hgﬁle?‘r%’r g‘?ﬂfl ‘properry or

bi ol ogi cal @Qbﬂ)l&/ﬂnér}{ed OFougRNONE als 88mbRok @teﬂt Moyacueeteﬁltngandt_@mors@ﬁeen targets
in a systemof in hoi ce. of the npst suit bIe rgforter to use for

a particul aMaapp( $Yé¥32¥0g2§‘ ﬁakﬂ %ﬁ‘“ﬂﬁ‘é‘rhoﬁ{‘éﬁﬁ@aryugé d 3B SRR V&Y i abl es

known to ongofiampdi,ar with the art. In some aspects, a reporter is a reporter
gene. 100481Label s and reporters vary widely in their structures and their

mechani sms fpzact i on. AExeaBptes, O 1daDeineA 1dBpdnddes DRU pBerd9d” kichithad to,
fluorescent | abel s (includin gquenchers or _absorbers), non-fl uorescent

| abel s, col BNARYYPEae9ey e g@h‘é‘ﬁf r’tﬂﬁfﬂ'&ﬂee]ﬁtc P HEOND) B SR IAE RSB i t
l'abel s, radipactisvea t&hekeniBa8d TRHFHNONGRYRS  TRMLAMIL BNiA-dbendent

DNA polymerases find use in PCR amplification reactions. Suitable reaction conditions
{and reaction buffers) for DNA-dependent DNA polymerase enzymes, and indeed any

polymerase enzyme, are widely known in the art, and are described in numerous sources.

[0038] As used herein, the term "DNA-dependent RNA polymerase” refers to an

RNA polymerase enzyme that uses deoxyribonucleic acid (DNA) as a template for the

12



antigens, biotin, haptens, enzymes (including, e.g., peroxidase, phosphatase,
etc.), and the like. To further illustrate, fluorescent |abels may include
dyes that ar®OA€géati%¥%ely charged, such as dyes of the flRGArss@ePHFam |y and
Alexa fam |y of dyes (lInvirrogen), or dyes that are neutral in charge, such
as dyes of &imtheshhobfiamiRNe stand.| Yhe wocady esdintedby alBVposparidvmRNA halygetise such as

dyes of theg%ggﬂgr@% f ehch as\%gﬁs&%u&m'e fluorescein famly include, e.g.,

FAM HEX, T s of the rhodamine famly include, e.g.,
Texas Red, R10, T = S ROX, R
1Q R6G an@ﬁgﬁAl YI m,gﬁf%eggé‘nrg%ﬁé ?Iif“ Rg‘\’fg/:dleg’%fae" .rg%goéﬁde.gg é °B ner,

I nc. (Wl | eBNeypolcratdSAyymathd: ﬂ'sexaborﬂetehq mct(tﬁm:*e)rasmadzmylata\ian thabﬂ@ﬁfslsom e.Jg.

R e W T I N VR

e. g., AmershianRBAsGt@RIEe Soranply t(rﬁleﬂC&ba\ﬂﬁyansbﬂptiddS/b)' chjaamﬂmim doatae

Invitro en whi ¢ resce fromthe t erties of

Sen conduct P FRUABEPSSTaL S S e O gy SR WAy PERET i E TS usef ul

| abel s. [ OOBAAHM HEraded hisepysseds ré@p@ntaagcrﬁsnb]ewﬂvﬁg and genes are known in the
art. Each reporter has a particular assay for the detection of that reporter.
Sone report fo4diet ect i Ausas hery i, HhaMerBe' peE MRS taSsaYSmatidalll exeidi@le assays

can be i mmunol ogi cal in nature SA or i nohi st.oc cal ..anal ysi s),
or col ori mePrgaEpeteiide dhal gepegat! Ylf%P"cp%é‘is z’s‘#’%l‘é sequenet t@rde%f@he [H&?V?fdjézed”

protein, e.ghant@BraBRZ¥Rer &Rk c&ﬁ;ﬁl&@érﬁa@%drﬂér@bb&f £ B&hiSh NE Br@ s&RBSet | Vi ty
(e.q. 13 | act ar nase, . chl oranpheni col acetyltransferase (CAT), and the like),

a f 1 uor esceftPrivs REt n{tigteghe PofyPETiEHies OERCISSH BgsD A f@u&éﬁ%& PEEETHO

fl uorescent yiprsof RilhhiciedtRR idgd i&wséwﬁm%&ﬁe&a@a%@h@&m%@ﬂ grenhranced CEP),
RFP (red fluorescent protein), etc.) um nescent marker (e.g., a firefly

| uci f erase prodessmpt negh takavenPe%p caa@k@e%rléfe\mﬂhgs WBIPkaST SubzRquEnEprERTReT
activity sugB,agioh@fdech gnmggln%@@su?mﬁm RApIAhARIPOS] bd Ak RG0AL [ ve

sel ect abl e marker genes as ADH (al coho? cFehy dr ogenase hi s3, uras3,

|l eu2, |ys2, hxbrndeaaeort ndenolrouse Eh getiedo henuei Hnm@mtmpw@s@p@immerj@&ﬂmred front
refers 1o aGatRAREAtol Al daeks UM S LLAMEL FRAE H3LNdA.ARAG)Lied sample,
nol ecul e, organismor In £ on fromthe speci ecul e or or gani sm
For exanpl eyaretc@MAumec| ei ¢ aC| d nolecule is derived Icon] an ni RNA. 100511As
used herein, the expression "corresponding to" broadly refers to one item
that is rel H0atl to, deriseetiertmotig embresstnnddumilﬁoﬁtlonrwmnbb'gofﬁss tbe prigener at ed
by, or in a rlthrex t

nucl ei ¢ aci ¥y 1@%¥nenﬁéﬂﬁeﬁ%]§r%ﬁ%@9 em%vc t({ vﬁwar C rr%gg %e’ns&qgflencg%ng ﬁﬁ%ﬁm\
portion of ampﬂdﬂl\lécﬁcmdam hr&rynme@@bibéssyn&lessgnn.’ezim;ﬁa'man@qufelsqotargét taueve (and

expression of a rt| ul ar. reporter e .or, cel 100521As. used

her ei n, thesetqg?“ﬁs Sgaﬂa‘ad%"ﬁ%@‘e S’m?trlaﬁﬁg‘ﬁ?“ong Oy]f)igratsfr@nersrglﬁge ﬂ@pﬁlcloﬁ'e ref er
to any port hensedfhesid, alfegﬁpresﬂaummﬂlf(ceugn prithep @hiriudtre @ 4 g6 cOtwPEiy@ept i de
sequence), yp and ncl udi n e.co te seguence. e mnimm|length of a
subsequencetlf"f’52"‘@E‘F{’éf""éllyl‘?mr‘fga[r ?‘reﬁ“? F@&"'%@é’bf“@eﬁ yﬁucrlr'?oitl‘pﬁtﬁﬂ“fa‘écﬁgﬁﬁl may be
useful in viegwhefprinistempla@hdi@endedngiziy Oktic IENA s@?(tﬂﬂﬁ?i &hd andlitegienir ief a cDNA
finds use in the construction of hairpin gl es. of the |nvent|on as

i nt er medi at Br&&t FQEPIEE &3Y'FIER cma*eﬁfraaﬂfé@mﬁcm Ps% NeFEINela a8 “2Mplicete

aspects, thesgs LN RRERAL Ho1eaNk Pecoméenv&%%%ﬁamwof RlechieM dr&fhctP, at

| east 22 base pairs 1n |length, at [east 50 base pairs in length, or at |east
100 base pafotl§Wing thesgelHican eps s quis (Ar & maFIaic aF‘HeTbéﬁlF?P"‘fk‘iﬂtm“ mgihgded in
reference tQ.q£oiRlRaht annéona:aﬁ b@anyesu?tal;l@%m%@%éétRy%ﬁc%l]? BF BGSH%, bPret hod,
assay, analysis or nanipulation of a’sanple ts can contain winen
instructi onsSlmE‘ERtﬂiQﬁ‘gltht 6n@gneliegrais piicallp, byt notiensiusivdy i 0N AderdicPhi ng t he
met hods of Lhe @E&mh glgts&r‘é?med o?H&mlgﬁlranB&?Q?ﬂtasm&hr@ ?’e%'??n dgdui red for
the nethod, priners an other nucleic acids, as we as any ot her
conponent s. cdroentaxanpitie, |n sone enbodi nents, the present invention provides
kits conprising hairpin adapter oIigonuckﬁotides of the invention, kits for
generating nucleic acids that produce si RNA nol ecules, kits for identifying
biologically active si RNA nol ecules, and kits for identifying si RNA targets.
These kits can include, for exanple but not limted to, reagents for nRNA

| i brary construction and mani pul ati on, endonucl eases such as restriction
enzynes, reagents for the collection and purification of recomnbi nant DNA

nol ecul es, vectors for expressing a suitable reporter gene, vectors that

a



100541As used herein, a "polypeptide" is any oligomer of amno acids (natural
or unnatural, or a conbination thereof), of any length, typically but not

excl usi vel y YOrRHEESHEE coval ent peptide bonds. A pol ypeptPCHYSEAHBE7f r om any
source, e.g., a naturally occurring polypeptidc, a polypeptide produced by

r econbi nant [WdRlecul arAgendheein tighgrimglibxbridizasiony peptangealingd andthedike awsy

trans! ati on,s¥shemhaRlady BRI XRERE hOG.RIOANES AN GEU ol LRI BELIG means. A
pol ypeptide I's character Zed y 1ts amno cid sequence, €.d., the primary

st ruct ur e ofndthes poiynpdereidt (mpicaity acintgaralid palyeckdréide) that redudts ireformétpmatiei n" i s
17 WO 2009 18F1PCT7US2 / 4037 .S n u i.th pol i The
Lorm " pept i BOIPEY g a o EFe it PHRAPY IR o0 B0 SRR B oo
limted to, pfimomiReRbti@nbanroceachamtiparalldnmgtynucl¢Qis midacules édtypiesldi tase t he term

"gene" nost_generall efe 0.,a.copbi nation.of polynuckeotide el enents,
Lhat when ofBraE ot I/ SRR P BPREHeR Sy PT&oestho B et Sondieor!
provi de sony Pt OedGirertdnt tHanedd pynutlRetide’d have' g@neionkSerhéhtdity bidrelida @iled
broadly, and can enconpass rnRNA, cDNA cR nd . genoni c DNA f or of a gene.
In some casgé‘jgtﬂé%ﬁcé‘ée"ggﬁg’?‘ihé"é‘o&om ??g’j“esaé%é“‘nN@Bg’”(déz.aﬂf’? C%{leﬁ”bbaé‘r{o%”g'ﬂpng frame"
or "codi ng [egheRtllanaeessasy thehet Hpedd, adybhdigiiodbodpRRYPRphithe, while in
ot her aspects, genes do not encode a polypeptide. Exanples of genes that do
not encode PYRFHERMABS ICHE uEEPPHBSOF HEMa 1RGPl GEHENrCE FIeRAs Paifrandsier RNA
(t RNA) geneg:i@Rdidaiics. oa RNApig anaSsic GERInNALIe hROSRAFRNGLRLIMnddd8os &5HRigene”
enconpasses the transcribed sequences, including 5 and) untranslated
sequences (&1 SdoupfpRUapdrdtentdempainexons, introns, regul atory sequences
iocated within these domains, and the associated non-transcribed regions
i ncl uding up¥ttleam ants HEMTETe BT EGUIARRIPEHBEN S S COTBIIRBIRREF Y "zl used
promoters. | .RANE. GOMEBaraidikhdds Bhﬁo_ll_%ﬁtﬁ’:fé%ﬁ&ds@@greﬁ BI RS -CAREMd eadi ng
frames" that code for polypeptides. e term "gene"  enconpasses nR, NA, cDNA
and genoni cHpegsiasnafpedagfeprring 0bB7 Fpnegone, ts seprsce S-WEJ&-ane form or
genomi ¢ ¢l Opg, Ak e RE e R MAESs [THEA SLIUGAE §SnQF cd dRedyRNA, as
wel | as ot her ]ﬂorg-tér}grilsi:lri bch sequences which e ng[gte%l{y?g ; the ‘transcript.
The regul at OVY% engindemsertdrat arnd;the bia rsfed &0 ¢ove!gnRINmIY peuseacs Pl leave peét ar e
sonmetines ¢ | ~By or. 3 ' I ic form of
a gene typi g’th%g Ccr%rl% gllnrqg 0rf é%§$§tg%¢%§$éé‘ﬁ@%@§e]r?ter@]ec%g%y [%?Jhte %@qﬁgengul ation of
transcri pti polyniebotidxdumpdx@., Holevdr eromplamreomoityenctd nst wespeafeétysteidedurilocedescri be a
DNA regi on, of ¥pi Gal o, DUt not. eXSLUSLYShY, B ol e ol erf i ransgri pti on
initiation, SUtTicrént 1o ¢cORTer-secardf e v anecy pPI Shi i mi i at irons I n some
egogi msn{ scor?)r:amnmttg{“ “ﬁmimlqméﬂmdnm?,y “iacdidspnetp cmmblemehnaﬁ@i“toe{ native y
enbodi nents,. the pronoter is conditiqna active (e.g. re transcription
Ta i (1 at od ST CHRGBT P ERFRARn B B SRR L SR DSy SRR .t he
term "r egul atipaliel peiraticotidefsatisdstin: anyssgemetone, kol tad eganitnelss sonme
aspect of the expression of cleic acid sequences. 0581AS used herein, the
expr essi onSO’PErF“SE@tFEBT %“rﬂ?fﬁttﬁgtf?ﬁf‘? ’Bﬁt}a'p‘*l)i”HC}S‘g‘@%a%‘P x)'lfpor examp%e’ the

alignment of bases between the antiparaliel polynucleotide strands can be at least 99%,

95%, 90%, 85%. 80%, 75%, 70%, 65%, 60%, 55%, or 50%, or any value between.

j0044] Furthermore, a “complement” of a target polynucleotide refers to a
polynucleotide that can hybridize in an antiparallel association with at least a portion of the
target polynucleotide. The antiparalle] association can be intramolecular, e.g., in the form
of a hairpin loop within a nucleic acid molecule, or intermolecular, such as when two or

more single-stranded nucleic acid molecules hybridize with one another.



order," "operatively linked," 'operatively joined" and simlar phrases, when
used in reference to nucleic acids, refer to the operational |inkage of

nucl ei ¢ aci dV&HI&RdEs pl aced in functional relationshiPgF/Usktktgsch ot her.

For exanple, an operatively |inked promoter, enhancer, open readi ng frame and
t er m nat or H@Qﬁllence rissused seren, ttheea"c&uar@m @0§ynoda@ft¢edn tafgebseaRMIceDl ecul e. I n
some aspect b

Cransor | pti oiBF Ea SETME icaNes e e B9 TR L SR Bk Red R 51

pol ypept i dcsubjeced,to degradassn @mﬂfmfdown@gotaem bﬁ&dlpn@eﬁsreefﬁ@)m tnﬂ%@]ﬂw@dlbsed
herein, the_t ctor" and "constr Jpeference
to any pol yﬂurg‘f (TS %’g‘ tﬁ’l%geerclﬁcflec ?en;lth%'gto i B’Fgﬁg%a%%]aateaﬁﬁdﬁw%%g?o t fansf er
nucl ei ¢ aci trgeggpaice $Yr. thd\RN@Mmggeombleaﬂal Inyotico et pempamtgettrhat nedi at e

vect or propagation nd mani pul ation (e.q. cessary for
replication® et GERE e rr‘?‘b%?f’f’lﬁ HEFNge g"ragléﬁ}%l %Pﬁf%g% g‘ﬁﬁ lé’ﬁé”éﬁ’ % nultiple
cloni ng si teom;ﬂ&ﬁmhwoiym&&d:de,r@gm aﬁémamadb%raeimpﬂtymewm pﬂmanamee t he

expreSS|on of cl.oned genge, etc. For. exa vec

TahUL L) e veBiutim SSHE Bi iy ATETrof (g i o pEPABIEHRICh G TBATEE ¢ ha
facilitate gubeleaniDEgetheRfditBof completlITheRlrEctGle @ tHRGargEls0q @A Rinbt NY

mul tiple restriction endonitclease sites). Vectors are often derived from

pl asmi ds, bhAwtes: |36‘i’)lf’ﬂ¥d29§0”@?536|%W%@%laﬁﬁmﬁlﬁh?fﬁg%gf mT@%@Pﬁeﬁggd“%er ei n,

the term’ egg@,r&%g%@q%gggﬁrdoggggﬁgﬁd@@ a reconbi nant vector conprising
operably Iinked pol ynuel emi de el enments that facilitate expression of a

desired genfmoGs 9., AORBEHEBAL meRGRFCRbA" BF %Bbﬂerofnnetr'e Rol¥Adest deh &g @ifer
nol ecule) in a partl cul ar host organism (e.g., a bacterial expression vector

or eukarymi (28X FULY PoRFOpEBt BRY1S dpeatabiuer é‘!ﬁ“{sdbe ugrienebdhat pdtchfinci | i tat e

gene expr esgdsoae@ith fC |FHP'@»anﬁﬂe9a»repBFt9r‘B?5@fn%an %E‘E‘?ﬁ?&%é@m atc!eﬁ@% eflid /N
term nation sequences, and bosone binding sites, often along with other

sequences. 4@@6&@%@%@6%&1@#@ pehidtingederpetionepfcbriect] thatfespresen HgPasicbcess
wher eby t heyd Bf Qr-oRlisonba R rRLYEh bE aﬁ%ﬁé@{ég fn‘t'lly%r%n SEHERG Pro%hd ée”lg s

used to direct the production of a secon e’or sequence’string that is
di fferent fswfece.Her dkpmple, moheet whor adadgliehaaibedy spagficaly hisdsdoheraein, t he

3 the u n 8 c ]a l¢ t rin
termis Use&p*i’é%dcl;y & P's? & gy éh‘é c'Eté’ 0l; PRk Gak “é I'n sone

aspects, he "term “enc escri cess oOf semc nservarlv DNA
replicati oncommeat@no(m)anrettdamdet@clﬁblamgmtﬁl Lmracamd@dl sBididieeputredifysthesed as a

terrplateto eanewl er str by a
DNA-dependen{%‘eﬁ‘?ﬁfie S'%’Tal r>e/d§:§)6 El&%g%ggTﬁggpg g%@%@b%@?’bf&o ?60621I n
anot her as pémm;atldnhevl cmmﬁar aenmodae“unutlefimg, Hﬂrc@mympaﬁ"massamwhed)édml gbrhemnc
information_in on sed.to direct rqoducti on.of a second

mol ecul e t h&"HE ?'gn c?r?‘f%éllt’gfﬁe @E’éﬁfaégfoljﬁ% GFE §° egeﬁgf’?l rtigdpe r.t’r‘r%rlyla\cul e. For
exanpl e, a Bikoptbielyledaphilengadebiin, BNAromhegipec behagior. by the process of
transcription incorporating a DNA-dependent RNA pol ynerase enzyne). Al so, an
RNA nol ecul pogan encddeoe ppeytpeid dakesiomst tha laﬁ)hla)rmimtes&or@:ﬁatésr\aﬂﬁﬂhati on. Wen
used to describe th roctess of  transl %’[I on g}term ‘encode" al so extends

to the tripP&ErNEe SPATERItE SORFHUE LoD nf’rl‘?BéTQ'c?r iolpgmcal SR Ys Al &¢ USH . RNA
nol ecul e cam lemmﬂeelactlahwofrmrmudugets & Egsystebnyofﬁrh&eﬂl’ cmesmaa‘ omwmbﬁe

transcription jncorporati ng an ndent DNA | ymer ase. t her
aspect, a d\‘wf‘{ﬁjﬁl“’él?gtr?'émd‘éﬁ EAEBYEY ’ﬁg’fﬁaﬁé’ﬁtd(e%eé‘ds Biedotenqeduge, Gﬁ‘g@l‘q%‘t ood t hat
"encode” asyaRels kiowN@dlon &afINGIRN PERAL EFsRRIApdhea RIPIAESS 8%erRfter gene.
transcrl ption and translation. [0063i As used herein, the terns "heterol ogous”

or "exogenoumigjas apflabed ahdreporters vary widely in their structures and their mechanisms of
action. Examples of labels include, but are not limited to, fluorescent labels (including, €.g..
quenchers or absorbers), non-fluorescent labels, colerimetric labels, chemiluminescent

labels, bioluminescent tabels, radioactive labels, mass-modifying groups, antibodies,
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pol ynucl eoti des or pol ypeptides refers to nol ecul es that have been rearranged
or artificially supplied to a biological systemand are not in a native

confi gur at i ONOCYIE3Z488j t h respect to sequence, genom ¢ PEITUSLGHOBA37ar r angenment
of parts) or are not native to that particul ar biological system The terns

i ndi cat e t hattigeh® braginehegtens.rraemésdfncoidingi niat perofidenn phosphatase. it herd thhan t he
naturally o r Sour i al

cont | gur it e Dot fifsg Mot G RLEd Il Bres T oo fAI SRS enaus-
and "heter olsm:guzasl\xesa:fdmsﬁhrmtscm:ﬁamnt)emdum:earfamamgéa&ﬂsymmttdgeﬂ)r ex:abmbthaant
109641As useoénhgtrﬂ?l hthe,tg m, ?1 nt. ef 1refe nce 1o a.n ec]:l eic acid or
pol ypeptide in ¢ t'ég Afar 17 Fr%t erial %m% améyr%r d’ﬁ%l Rant pﬂsd &Y%l ¢ acid,
gene, pol ynukdrest sd@ as ppdsyieptdyaeine idly) D}@sohﬁeﬂuaiemheﬁmlﬂy ifuluiene. g,

i nterventi on. t of reco nant _nol ecule is
not a nati VEA@{%% tlﬁ)ghﬁ‘ﬁ‘g{ 13%336%9 @éﬁ] 'ée prily p¢ J@c%ﬁbl ARt

pol ynucl eot rde, ROX R! YPRPGI £& TragRIiAN mmz&ymeammwtﬂca& g X, fgoal terati on
to yield th%,ﬁr econbi nant material can %% performed on the materi al within or

removed fromtPt @EAMRAY 218 KOTPSIfN Vbt ne e gdrer %5&%‘6% Inca (Wehissleyi |y

occurring nued aigAReidrResREES c@mh&?&mﬁ@ﬂﬁblé"ﬁ'&heé§ %le@uramobed fcal tered, or
if it is transcribed from DNA whi ch has been altered g means of human

i nt er vent i ohEYsERE. Ste @Yar eHPRoxMBEdEPIlY PERFGE Y2 EYBrGxh hates2ndLyiene
sequence opefy 4826k AGrcldi3MRailadld REATHY. NARErshdm hhﬁ&leﬁuégt%a; (elecateqyence has
been renoved fromit natural context and cloned into any type of artificial
nucl ei ¢ aci ¥S¢ecRurntupdtodnyisogand whedyupresce Goprispumetwepopdiipeeftthtol ecul es,
especi al ly E%PS%&%P&%%H& t%lscfro%?f«%h aRy & eC:H r&l_’}lgﬁ LSRG 1fpRIs20  the art.

Sec, for exanple, Curren rotocols In ogy, Ausubel et al.

eds., Curre ¥ Ot 0COL §yiqyd £ &p&p& 1 p@g eeng, FHbl.i; EA§SOC| ates,
I nc. and Jom (F/)w ey &Asécri]s n?hfﬁ & (supp grrens}[l%gréi %Sougﬁogoob)ﬁé;‘lr{g%Sanbr ook et
al ., Ml ecureppri€iteni mqﬂwlﬁr @a&oﬁoathsrdytemuﬁllha(t BpdrteEd . Spmeveportet d@ecti@nl d Spri ng
Har bor Labo r Ha I rast to a
het cr ol ogouléig%)?5 céggggﬁzghngﬂ%%l%é HQEmg%ﬂﬁ%%m d%gcgpgluds?ﬂl %gl ecul e can
be found i nEalSmbumamdnphmmchmmmmgntiwt)oglctoa:irmwm écmexemble Fuitbggell, speci es or
Chr OMoSOoNE uend L %F} mc¥d -2 r(ﬂel Z qgg CH ful‘S anﬂ% FCI’ 51 ?d'['l ene that
general |y do&s Aot contain nact e‘?C %p ?ﬁm PSR GEa By 5t ces ot her than
t he source @arnsmﬂmrgztegm nRtarakd yhlroeﬁmﬂheﬁcd)mcmmm‘exé& (@AT)pamdUsd BI&d), C hr ormsorre
m t ochondr i or chl oropl ast genone or naturall ﬁgoccurrl ng plasm ds

endogenous é?f@scet’trr&?fé?fr(?&’ O pRBEIRCY 8 hE GaEd "?Sf’gmﬁa’ctﬂl*)a)w IPocus
and is not @felibdiftiboakdett %m)l @@pp QbR e eirb), Rlp@(tﬁ@mras@ﬁphﬁé;@ Bic)fdhe term

"host cell" refers to a cell that contains a heterol ogous nucleic aC| d, such
as a vect or |UHAGCH BIFRE & & he ‘W@pﬁllﬁl%féfaﬁ?)ﬁfoﬁil‘f?)/%?a fEnibr ased irecanermEk Hull ei ¢
acid. Host ¢glbscafiig oK MAABL LR %?Bh@fs Eitive QY hegable SHEBIYOLI C cell's
such as mam‘ra% i'an ce'l F}Zs(e.g. ,&ﬁ%uéélg %e ?Se; { % %LiAs usegoi1 ht:'eret%%%1r the term

"111. - N, Al" magfeegenes such ap Adde&deoby! dﬂhydrhgwam,LMBeuraétheahdlﬁd ®Nie gl ecul e can
lead to a reduction in the expression of a gene or genes, where the RNA
mol ecul e coffftalPhs nucheweil deregethiaenpiessiai ‘fderiaed fom” defsts toalcotnpomunetheoti de
sequences | - il u LN I -an occur
mai nly thr o&ﬁh&geg %C%'i?%nlggqg% Sﬁ%‘%ﬁlﬁ,ﬁlpgﬂ %llcc ?bﬁgr%%ng%no n ﬁﬁgﬁéw@nﬁcan al so
occur. | nhi bpckifed nefect leamocganpt. dor eampdd, 8 e DN Aayucdeic adig miotecglenedenved
down- r egul atﬁl on. 81At the level of transcript degradation/translation
i nhi bition, THhe At ve blologlcal conponent is a short (approx 21 nucl eoti de)
single-stra RNA h conpl enent ar 0 | epent ary)

t ar get rrRNAﬂﬂ]Q‘fi he coXn use?'h%r hl%l%’ﬂf%ss'on 8% o% it tét l%rrog lly re%{:‘:‘gﬁP T ng 21
nucl eoti de stmainds ralraedkmcoimveajsfrm dh@ﬁlbléns:t ()Qﬂnomblawostnguns;amdmgl @ishort strand

el oot | de. Sk ieidled oMk Re el eSS g ShaRr o g e R meefiont (B Reting by

the RI SC conpl ex before one of the two strands is discarded. These short
doubl e- stranded RNA nol ecul es are call edigi RNA, and can be from natural
sources, artificial or reconbi nant,



WO 2009/ 082483PCM | S241081014037 100691As used herein, the term si RNA can
refer to si R NA nol ecules that are produced in vitro, and then introduced
into a cel | . WPASBRE%8aspects, as used herein, an si RNA REM&EYN&HE7not
limted to naturally occurring nucleotides, and can incorporate any one or
plurality ofiRdifneanremkspond troanumBy Agpr cirgivrcel anmiNAi capihenaspegeacignal | y wher e

the use of §#ﬁ!&n‘é%ﬂﬁg§ﬁ£e§5rE%§ﬁ)§1Lbrf§i;€ai%}llﬁﬁ%&jteﬁﬁ A GRZiL GSUL TN an i FNA

nol ecul e with 1 nproved acti'vity or erein, an si RNA

nol ecul e ca o0 be . - AGE | f Lk Y L cer on
| onger dsRNQO?r%fecul e‘gsr%?%g?!rnb?ﬁ?es gpéem(yg %%Jﬁﬁlge’m%g@ﬂ?gs? P ﬂ%ﬁggﬁ %@éEN%A
mol ecul es chke tyéerpr avi phettbrexpdarigamessqsante/(e(d. .. agnolyrackeptidecir @b lypyptgle can occur

naturally ( by_i nfecti i ir . er€ein, the

nai i n- Lhege s RURIS R bR MBIl Bl i DY

100701Hai r psubsshiRiddAs poleeatiyneslioaged, exepr thatat raimahdny ldngtht thay prwedfiut tni oew of m RNA
fromprimary.transcripts. (pri-m .1t this e.they are al so known as
pre- m RNA. gf] é“?ﬂgﬁ{l&?m\j}?&{ hﬂr Cﬁ%ﬁ?@")u? ggg%%{ﬁogil %lgﬁ eﬁrﬁilsr“gec%@c THEFEdGRed into
a cell aft eoflpi@dUoNAORclkEiasidl M@, invdaeyn gainteerh&biatb inamired fioe thalprydueeaostbi nant | y
produced within a cell, e.g., expressed froma suitable expression vector.
10071] Pre-r ﬁ%"ﬁeﬁ%&“ st Bsé’eﬁ&ttﬁ?ﬁFP&Ap'nf%ﬂifégd’a‘F B%ﬁ?rp‘?‘ia??ﬁfé}”hp?tl ENA
transcri pt slifnped to] R 1ENAY2 Bake phies iaddrigh) aditast HEbLRB pYRES |EXcas Baaded: Rasha whi ch

recogni ze and rel ease regions of the primary ini RNA transcript which forma
stem | oop sP¥GERTBIRR ernatively, the pri-mi R NA transcript can be

engi neered epl ace the natural stem/|oop structure with an .

artificial /ﬁog]éélnbi nants ?F%B?fgnog‘ﬁ (PRt t?r‘@‘?‘f’lnrf FFNSe AL EEAR ®And Pasha
recogni ze ap@ickeliRamelitdes plokest) Bitadd, SENANAITHE St BRRHQRACH IfS sh@PRWR @S

shm R_NA or m croRNA framework shRNA, Cassettes that produce shRNAs can be
cl oned i nt oC¥HPNRIAVEBEY IBHEICUPTS dRpGTIIPEIRYEOrRRIPE KH A6 & BSBHCURRIIGHFADISE

pri - m RNA- | jHeendot s B $0 bresdfiQfiznd S, dsftah@E&ink or B8/ e héfusba RMnLcan refer to
an st RNA nol ecul e produced by generating a suitable artificial/reconbinant

sl i RNA wi t hivithgd guinpers grskprelicanpibes puslpi afidh 2eisH 85 3oHhreemapnerthd s hRNA can
pe producedeGiihein Glfitdofididine dhleRIRIARS! AByidEd MRLoMPridntRaiffipIDL 1) OF

froma longer pri-mRNA-1ike transcript. in elther case, generation of the

si RNA rel i eadapier pheonielretidsapt tadtvieneany kit for grnerséing nudeie aeifedel yogicocess t he
RNA : nto si BN&A ﬂn@fé&fl&?k%\&r 'icFen ifgyn b%] 'caeﬂr}dacﬁ\cé ggﬁf& mtﬁ%les, W@%&S used
herein, the expression t trigger nofecule” refers to any nol ecul e,
RNA nol ecul alentofyingyBii Al taoped. Reseriots eguineluds denaxainplgbubmatilinicid &b, reagheis i nduces
RNA i nterfefpencas,hg .50 t ' ' le.is.subject to
intracel | ul go(r? pr o%é‘gga?)n‘gg%gﬁéd& ll%lﬁlg%li’ ﬁlg]gg'tll cl)nn’%Hoggggﬁggégggbn%#g%“?#n order to

ef fect the emguet.ireagent R daleerdnend peficafbn bibwglmisuh DN Arobecukar mechani sm
is widely proposed . in the |iteratur under st.andi n ft.he mechanismis not
required tover$g(f<r%F B RIEE B BRIGH P'g?{ag@ . Vgcg%rat%aé?x .‘%,S%n"‘%$%ré“g°§’r°“ﬁ%| ecul es

can i ncl udeyect@as sietablepbiecopytnumber dmphifitgébnt ond vereiorsniu e fos lgpadRNAressiRNA and
si RNA nol ecul,es. . The fm ow ng diagramillustrates these nol ecul ar pat hways

in the activati8H MY °R
[0034] As used herein, a “polypeptide” is any oligomer of amino acids (naturai or
unnatural, or 2 combination thereof), of any length, typically but not exclusively joined by
covalent peptide bonds. A polypeptide can be from any source, e.g., a naturally occurring
polypeptide, a polypeptide produced by recombinant molecular genetic techniques, a
polypeptide from a cell or translation system, or a polypeptide produced by cell-free
synthetic means. A polypeptide is characterized by its amino acid sequence, e.g., the

primary siructure of its component amino acids. As used herein, the term “protein’ 1s
17



pri-mRNA ---- shRNA > si RNA a RNAL DroshaDi cer Rl SC Pasha or | ong dsRNA >
SIRNA > RNAi. DicerRI SC 100741As used herein, the expressions "candi date

si RNA nol t : P areos§2i88candi dat e RENAI trigger nol ecul e ®ETUSAHMEdee sShRNA
nol ecul e” or the like refer to any DNA nol ecul e, RNA nol ecule, or hybrid

DNA/ RNA nol egwhemnoysarity pdlyrsptiés: tTheiterimalpeptided typaraily irefeig dea RNA pelyeartide.ence. | n

some_aspect g, 2, 6a00 AR Ao SERY L0980 IBLAGULT. AN he a menber of a library

of candidate s nol ecul es. Tn sone aspects as used herein, a candidate

1t~ 2NA €11 g ol ecl g 6atcAeukashedo] SmfR NaerO LY o cLAbBLAS orasPECt s,

as used herein; a popul ation of candi date si ecul es are screened for
RNAI acti vi pglynicdoVsd Asmersedhdierhen ppertthelydxred ssdibasa tiaive prescowbinkyt | i gai i ng”
or "enzymat | Yo eci” -t h ess. .of. a | Vi Qi Ml Ng two or
mor e muct el RELR praB L Bl b TP A Bl SR MED s Bl O
such as by wosl cag cacdunaerrmBNA, kDias eRNSuint! glibeenit DS renayapencadesomed | known
in the art, An enzymatic |i i ntrast., to,.a nt het,

ation process i,s in ¢ " S jC
i gation prSEEsETR a0 alesolResbsToer LB QPRbiad e boRs heo4RE SRt by
pr ot ei N enzyaesaryfOOh6 pARIuttsethagioBipeptide nehikxip e ®s hppctd, garsstt rio atdoyle a
di gesting w th endonuctease” refers to the process-, of cleayin ucleic
aci d nDIecuP@yﬂ?Pgbn@ﬁ?“&ﬁd%ﬁ“ﬁﬂi”ﬁP%QWFH&“@ﬁﬂ@ﬁﬂ%F@%gﬁﬁ@ﬁ?;ﬂ%gmaﬁgﬁe t he
endonucl easgeret GRS, {rd1Sfep ROFPARMIAG SERE aRDAC VRN gends PRRWAUE! eot i de chai n.
The choice of the particul ar endonucl ease used depends on the application and

the desire @fikect. f aGerediPthe renhOpEhct BERMHEseAH e frafdcABMESeqidiCtLiRudtigds i n a
non-sequence, specific manner. Qher endonucl eases terned restriction
endonticIeaéé@dgr%@??$ﬁ?q8WUEWE@%%§)U?R GRS IWESEREE2 8 eci fi ¢

manner. RestdgubickORcARIANHEItRAS @mAhE aBE MLt ¥ied n¥h d@fkcHBtOrebithee
categorles,_fkée 1, Type II, and Type Ill, according to their mechani sm of

action. SonBCREYEIPHfGaBRIE YA BIE YR das ansy i 128¢s 2 mIempl§rsa [ &ftfence

speci fic mapagt Winif M€ vahdfined reb 8 aF@%BMcB&iQ?fr%WQ%%onoFBélyﬁ(ﬁféihési, ction
encl onuel eases cleave the nucleic acid nolecule at a site sone di stance away

fromthe redbyisr i piesegeRascs mRNA, cDNA and genormic forms of a gene.

[0057] In some aspects, the genomic form or genomic clone of a gene includes the
sequences of the transcribed mRNA, as well as other non-transcribed sequences which lie
outside of the transcript. The regulatory regions that lie outside the mRINA transcription
unit are sometimes called "5’ or 3' flanking sequences.” A functional genomic form of a
gene typically contains regulatory elements necessary for the regulation of transcription.
For example, the term "promoter” is usually used to describe a DNA region, typically but
not exclusively 5' of the site of transcription initiation, sufficient fo confer accurate
transcription initiation. In some embodiments, a promoter is constitutively active, while in
alternative embodiments, the promoter is conditionally active (e.g., where transcription is
initiated only under certain physiological conditions). Generally, the term "regulatory
element” refers to any genetic element that controls some aspect of the expression of nucleic

acid sequences.

[0058] As used herein, the expresstons “in operable combination," "in operable
order," "operatively linked,” "operatively joined"” and similar phrases, when used in

reference to nucleic acids, refer to the operational linkage of nucleic acid sequences placed
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| 00771As used herein, the expression "hairpin nucleic acid nolecule" and any
ot her equi val ent expression generally refers to a nucleic acid nol ecul e that
is able to fYWPAAYEYEst antially doubl e-stranded intrar nd‘ic§tbl§¥%$fﬂls!t!3ém domai n
and a resulting | oop. [00781As used herein, the expression "substantially
doubl e. str mﬁle@tonﬁle?l@h@Sb@s widicat whet Faneempiouen epesativelydinksd pomioder, any
portion of i

ot ranol ecul A TqRuBra Af g (Rl A0 R SRR P LY A8 B Aucton of

anti paral | ekn &Um)hdm aImlspywtaawpusmmta@vmﬂlsw@cle@d@cucycpe'nbase:sqdannrtimg. The
conpl er nent het I need to
be 100% abs%]gl{uslc%e{p“ono nog rﬁ%@%@%‘feg Jlﬂ{‘ﬁlg @Qhé rgfhf/é?lgﬁto?%gglgﬁb rf‘lggequences
are al so abksréseioh of e dperbicedisg framded structur es. 100791As used herein, the
expression "strand-di splacing pol ynerase” refers to a nucleic acid polynerase
that is abl @069 pr oduteusad semgl élesmnaﬁtbcwﬁﬁlvelmht afl “eorpolugtivat ewtiinde

tenpl ate, t hat fer 0 Ssilan

conpl ement arye greednry SRRl Spr St S4B 57 RPRRIE R ety i it
pol ymeri zat hotei@hcid b@n&ht(@ of v@mrlopm@fahabomprmdes partsfthameaintanneal ed primer. |f
a strand-di sk | aci. nrg &o éH rase encounters a doubl e- sfranded regw it

di spl aces tﬂ CPIRLIAT 2 St PANBL AT (6 S PHIERP BESS2PhiST BPHEANSE1 B°8FY a“‘“ﬁm s
contrasts Wit on@;nrmatrca:s@mmosm aclipgE cmhagrsner@&%lwmke&pwrddaemmhﬁa si nply

stop or pro resswel egrade the [randthat in the way (via 51-3'
exonuc] enseSERERY *‘é‘hFéf‘Pré?SIQ“sOféé IEREOG ) 1 FORTAPERE e %app| i es
e.g. to Tagydy Bpl*s)smaaéﬁma%d ‘Fabelbhl vENR" @@ﬁtymbgesﬁamm@tdnﬁnﬂmdl spl aci ng

pol ymerases, in particular those that find use with the. invention, are
typical |y DRAUHBIGOAMEDIRS ot yidulitinlselngsits prasingmuiiplg FFHER] aci ng

pol ymer asesqiddghidRe sifeq). ELaIPLe o tBNHAR R R REARES, s%a)op D%&scd?lpianw

pol ynmerase | Kl enow fragment, Vent DNA pol ynerase, 9N c, pol ynmerase (New
Engl and Bi off8)viexes-Bst DNA pol ynerase | arge fragment.

2009/ 08241Mpc- 0 52008M / 4037 [00801As used herein, the expr ession "reporter
transcripti nit" ristused hergingthe fopis GRRISES PThYRctarn Eders &0 argsemhUpEperiae
reporter. Acarﬁ,%mgef cfabBIHEES BhLARINLL cIEAEORL] QDALY pARLiBh Br PhAGEq el ement s
in addition to an open reading frane that encodes a reporter polypeptide.
100811As usediciegeh aenctthd casqices Biogam o andi¥i Birgbtrengedum i d postifyarhosef ers to
any nucl eot nee,Lhat ab na & ALedJn order to
generate a !E)%F?/lpe y‘?d ‘ %%8%&6&]3}2%“ er éei'llga% %e F%E%L negnrjtransl at abl e

pol ynucl eol P@lewa@tm seqv@camylalrﬁa@ll@tﬁtgedee&:ecﬁa@n@@n tnhketde iesz umearbbierst o be

transl at ed, I icle
pr oduct . - Fot Bt b AR PRItk i SRR DRl BRIRE S AR OIS T o
codon at it sth& sequralgest her eby preventing transl ati on. Al ternatively, a stop
cotton can be placed anywhere in the open reading frame, thereby producing a
truncat ed pBgplept i de"xqorsordilm‘cint thatering'eh¢ddeT 9cf¢r@tdmnymrmeml®r¢hy thé vo. A

pol ynucl eot render hontransl feans,

i ncl udi ng b@?onr?gfgq p;%eyd'g o0& g%rﬁcg%w?fmasﬁq"ieﬁl Eu?éﬁ tg dlrgmltncor rect
initiation podteioh obs sdched a]bmemleer ghuane opep lrrae&dhfﬁgerﬁtrfameth(zM)molecme

or sequence string. As used herein, the term is used broadly, and can have a variety of
applications. In some aspects, the term “encode” describes the process of semi-conservative
DNA replication, where one strand of a double-stranded DNA maolecule s used as a
template to encode a newly synthesized complementary sister strand by a DNA-dependent

DNA polymerase.



[ 00831As used herein, the expression "specific inhibitory activity" refers to
the inhibitory activity of a nolecule (e.g., an RNAI trigger nolecule) that
preferentialWQ2HPPE88s one target relative to another tdi(gatszesvuoiiool of
other targets. As used herein, an RNAi trigger nolecule has specific

i nhibitory #W6tVity flomnethpolspeucdhestndencode’ rgfe,rs aropRrddeys wiargpetthavhen t hat

RNAI tri gger S'Rla?ﬁh’l %ner;rt]thpcu feSic L hed tg)aﬂec%?l?cﬁgdu% iof Qtea% l%olecule abhat & ot her

pol ypepti de. enco egree
tri RNA nol edmewiciﬁhecaimammdrmﬁed ftrex rﬁrﬁasnlﬂ o hﬂmmhlamwewotamﬁa aanty can vary

expr ossi on_ Fipaert FRA -G Gl B Reihet s B B RR DR RS an e
tritgge{ rm:c émheemnmﬂmmpfpdlhaéraﬂ%b yrﬂd&j. Qgsy, amnli\ect dmbEcmlaga?ﬁgsddﬂﬁoiwr@?m ont)or
activity of an a e i,de encode e Large

(o & gr bat eP el Batishan v af i WiEs Coebr R HRa BI0GEa 6 SunHtae. RAAE™C 1 gger
can be sai d“émRoli@vgo" s&ﬁ@s itife tkiplek b@daawa[aﬁdouw dryamih@hicit. he goa{ega@gccm%
100851As used herein, the expression " -tarqet effect"” refers to the effect

caused by af RNAEP! cwlf:a@eqncmae%ﬁeﬂs\h@% B TRNAPCES? PYGEFSHBIEETIEM nhi bi t's

the expr essifBy8faias b XY IQkn@Rt DRANGIIAEERE 16 Bfothdr@ Y RPA ntil@uencoded by
the rnRNA tar@rt-?tg)a ]og her thaér?J E[lhe target)tlthat it |Os rmgl'?‘a{corrpl enent ;ry to, or

in other reswgdcqmnﬂpm wheicdie unfrsiteed ibat " crdg OBOPO8 TWEEPENM) S20081014037

i nhi bi ts th%ceeéNyAa@'é%mh%me&&esvarnaén&hanmvaﬁ%@& MRNA target or an
undesi r abl e in target. 100861As used herein, the expression "single cell

resol ution” gogSers toadfeq bkl h% tér%ssﬂﬂé&mm%m@c&r Q.r;ogatr\amms%bﬁléa tpool of
cells with suffl cient resol uti bn such articular characteristics or

properti es oflyauckiongiseorpelypentides Wéﬁrﬁ)woletwl@éh@lélatfalwehéeﬂdl‘assqdrfg@ﬁsﬁ%ﬂdﬂyRom
other | ndi vigiiba €3 disiokPalspScRARY aBhof fld BuivEBntButAOPlE Vi RBSERIT 11 2

pool of ceI 1S assom Iuorescent re orter cule to a greater
degr ee t hansam§noet geepmipgiosition ot hreangepeitaf pats) cnardetestivoty byigagmulravi ng

SL0e oo LG RRPLLN Rt e P DB PRy |, o
t he expressbbpr fhpo&ne nbtwells ecactingsounay keefery tefrmrles:utes havimgp ken-ngthed , when
et R R O e SR O AR
100881As ustdtdhelibginr’ ateRemekpeassd omerd rmeg@blm;t}s%@mﬁmmm rarker" refers to a

[0064| As used herein, the term “recombinant™ in reference to a nucleic acid or

polypeptide indicates that the material (e.g., 2 recombinant nucleic acid, gene,

polynucleotide, polypeptide, etc.) has been altered by human intervention. Generally, the

arrangement of parts of a recombinant molecule is not a native configuration, or the primary

sequence of the recombinant polynucleotide or potypeptide has in some way been

manipulated. The alteration to yield the recombinant matenal can be performed on the

material within or removed from its natural environment or state. For example, a naturatly

occurring nucleic acid becomes a recombinant nucleic acid if it is altered, or if it is

transcribed from DNA which has been attered, by means of human intervention performed

within the cell from which it originates. A gene sequence open reading frame is

recombinant if that nucleotide sequence has been removed from it natural context and

cloned into any type of artificial nucleic acid vector. Protocols and reagents to produce

recombinant molecules, especially recombinant nucleic acids, are common and routing in
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mar ker that, when present in a cell, e.g., expressed, activated or the |iKke,
results in the death or counter-selection of the cell that conprises that

mar ker. f 0O0892H8AO¥4Ed herein, the expression "sti RNA c&6Fasews/odps’t he |i ke
refers to a DNA nol ecul e, which when transcribed, has the ability to produce
a transcri pthetatatSes, JoramxamhRNAut brat’rotot gy esridoirbar, Bigioge amsblee! gt 196y, pr ocessed

to generat e g, SN S0 ofnt L GRGE B GIARORARY HE AL ARRA! fhe 13S0 PF eSST on

“hairpin cassefte” °6f erefersto a e, whi ch when
t ranscnbed, vhks & Bensaloc], (ippleoeprdtuegh 206@iang Sambobie eutie MdgOBE CAmirgsed

herein, the,te "epiallel " epi al el 'l "oor,simlar ressions
refer to a 6?‘!‘&? Ea%?}eﬁa\?ﬁ?qi(gfrqtmt)hggf'iail"s3’?%H uéle('i'g 3?%6’(5?1)‘3??@0?&%0@%“% ot her

t han t he geHetbiof, Near Vadd| 200ly that is associated with allelic variation. For
exanpl e, dom nant genetic inhibitors such as anti sense- RNA or shRNA nol ecul es
t hat cause @o0spect r unmebniphenathepirdogey er exogearus neycale] £'agive100921As used
herein, the,expressi,on "epiallelie series" or simlar expressions refer to a
col I ection oq‘")ég’é?"z?f'fs e'i"%lgc@? %y t’tﬁ?ﬂ@f‘”ﬁé‘ﬁ@ﬁ“ﬁﬁf"%ﬂ%@og’ gé%g%yf?l}’mc‘g'r U3HENot ype
severity. (60R934A4scHiscbobenaldrstidhe Al'aaie" dhygpaognhpiv’geie ishypeanbaphi c
allele,” "ltyponorphic nutation" or the like refers to a genetic variant that
results in &gf}e@ﬂi‘éﬁ(‘?{’?sd}ﬂt ﬁ‘-“?tﬂﬂé‘t‘ﬁqﬁ‘ﬁ agif e "B'HFFPECI?FQEY enes Oﬁ}%éﬂﬁﬂ}ﬂﬁnsﬂi“ﬁﬁi c state
can be causedwB:h@ dhaty @RdésinhhRre @RJaGRABMShEMSORE, Mit@BPRIriaPbr can be
caused by epi-allelic factors such as pharmaceutical inhibitors or dom nant

geneti c i nhiBPieBlae: serome or Rl RSPEING PRSIIASR) AT HEERRUPEFINT TR F| GURES
polypeptide is encoded by its natural tocus, and is not artificially supplied to the cell.
[0066] As used herein, the term "host cell” refers to a cell that contains a
heterologous nucleic acid, such as a vector, and supports the replication and/or expression
of the nucleic acid. Host cells can be prokaryotic cells such as E. coli, or eukaryotic cells

such as mammalian cells (e.g., mouse celis).

[0067] As used herein, the term “RNAI” refers to a process by which a double-
stranded RNA molecule can lead to a reduction in the expression of a gene or genes, where
the RNA molecule contains nuclectide sequences similar or identical to nucleotide
sequences in the affected gene or genes. The reduction in expression can occur mainiy
through degradation of the mRINA, but inhibition of translation can also occur. Inhibition of

transcription can also play a role in gene down-regutation.

(0068) At the level of transcript degradation/translation inhibition, the active
biological component is a short {approx 21 nucleotide) single-stranded RNA hybridized to
its complementary (or near complementary} target mRINA in the context of a RISC
complex. Some naturally occurring 21 nucleotide strands are known as microRNAs (or
miRNA). This single short strand of RNA 1s derived from a short double-stranded RNA
(usually with two nucleotide single-stranded ends). The short double stranded RNA is
bound by the RISC complex before one of the two strands is discarded. These short double-
stranded RNA. molecules are called 5iRNA, and can be from natural sources, astificial or

recombinant,
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[00941FI G | provides an illustration depicting the construction of a hairpin
DNA si RNA expression cassette and a vector containing the cassette, where the
const ruct i onVABtHEHEnpl oys a -hairpin adapter” net hodolPEFSEEHBHEEd with a
vector-attached "opening out" step. This protocol includes the follow ng
steps. St eplWIFr agneht useh el etteraDRANAED referty siby modrcsleathal agst

appr oxi mat el,y, 5100 Ha%e B 8, | LRy omkhGRLE A RSdaikipin adapt er
onto one or H)_t;)ot%geinds 0 tthgn %M&??gﬁon%nt . %’t%cénﬁ 3/ i "Iatrsea%‘ WEh

encl enucl eas@NAmmplgbelasenchdimitpd m mdapt erosuping sud BNales, 3bd eguaneeoraBtaay 5:

Li gate bl un i orylated s - 0 - or.
Absence of gﬁ«g&&?%ﬁ@@%ﬁg?%an%@osub;c%ﬁa@qgk %‘%ﬁnfh‘é@‘éﬁ&fééﬁqn&geﬁ%}ég& r‘ﬁq‘l g L%kﬁ&s%he

resul ti ng Dhisurbhbecirel stiStiemes &r nopdratowms testh e stefMNAcopestis wab unmobad copyi ng
the DNA with_ a.strand:di spl aci DNA nerase. Copying starfs fr t he
ok Step. g8 s RREh AR B Rdemot PR RIS e P Breh Y 5 0D

Reei r cul ar i #e dclien afabd arzyae iDdcdr be i@genddNaunhoktdes drdappimad:egadl BRNROI | owed by
further convell"lti ona{r cl OMStFpSI' 10Q951FL 2 rog\éim(illes,an i.hl.uitrati on
depi cting t AE'EBIGEt PSS TRIHACT P BRI A EF o B4 Y e and a
vect or cont airéddgr dahRal0a@SEHyes fetiRnath BBBRNCORSIsES)C s Qe dRIr£I0heRPhpys an
“adapter oligonucl eotide" methodol o _mnq an " adﬁﬁzgc, ol i gonucl eot i de"

"openi ng out™Peq GRNARICLCRlEd pI5Caled Be Tt HEPEIYOWi ng steps. Step :
Fragnent th arget cDNA into pany fragnents at | east. approxi mately 100 base
pairs in Ieﬁ%?%ﬂ'. St epHaZTp“LgﬂﬂY“é"l LS P AT s B ‘g'o‘é)‘fFé'OBP B ends of
the cON A f RgIRM:Sy trdis@Rpt3 (pri ieRAIANM fnhhi@ B IS 0a8 60 kidwielsPasaimahr pi n
adapters plus eDNA subsequences. Step Li g?at_c stem | oops tq adapter

ol i gonucl eotKEISES A BN ey eclfin@aRlspir EF i rodypahinta ocllialier RO8YHOF 0op by
copyi ng t he ;D Wrkdy, @n afsb R rtdicsl A& RBinNA RBLYIBAGE a LICEED¥xREQEMCI Ng an
"opened out" stem| oop structure. pying starts fromthe priner™An optional
second pri mEPMs dalia pBRSSiPE& P PC. R-anpl ify the product. Step S:
Optionally cut with restri c}i on _enzynmes and clone into a vector b

convent i onal®lbni ng FretHBa st B bpRwIratd AradHen fFamm prdeni HEiNte _
addi ti onal %&%ﬁ&kkﬂﬂ%‘mﬁh?ﬂ%ﬂﬁ a8k GRS thel QOHALF GshahnRIEAMIAGR ciRPchdrditst rat i on
of the construction of au ShRNA |ibrary froma |arget gene cDNA. ~ WD

2009, 108248 SPUFIcAky Y081 T 1a0BTAQ D RINA @B scrph whrrd fagn pelewi/aer piuchstr at i ons of
the "openi ng 0ihsiv iR GRAN HRUAGHINE DG R NSHELEE L0BH1RTe B ARENERASHet t &
using the rretthogtswéc}? t he prl esent n_?érln@enti on. Ean Gg& XAE%%%WS an “openi ng out"
usi ng an adaiptcture phithgoaudicedricdabmantrsta-loas simtym. ImthiE|a@se Rrosiving Haelst ocol

i ncludes th ] ow STIRES ¥ g aLi-gat i r op. Step B:
aneal pri moe R PGt ARk B A R Bp R AL DR CHARRN S0

st em | oop) . mdgtRBDNArFArewonie slaeA c Bassetidsittor prodhige shbBpiistche behlohal ihwop because it

can di spl ace. t he base-paired. DNA... No_anpl if tion avoi ias, Products 130
base parre. SHITY SRR BB ARauSP R A M IR SRR sBoBiF o s

shows the c hbng of an "' e " STORNA - V, or. this
pr ot ocol i ni‘fbﬂgf;s the% %ﬁepg%%%ggggée%lss.ﬁ%xgﬁn %%é%g%g %&%\H %O%éFIE%EﬁUC@U cl one
i nto a suit ablcaatiag prreiswicontifasigetdnabitmnt siR)ES witthgy adelihfoc kxamhple femzsmes. I n a

preferred nmethod, this isn' uired as the opgne ut |l oop is already
D Cached coetmg acPur TRk RN b prsire BinPEREE N Bt AP TR B or by
| i gation. SbepUs préthota @eSsaraylpnsu palnoiRd A-Hiee @6Pergs S irogitheass etdeerhtiinaxfan

appropriate ve , e.0., aretroviral expression vector. Step F Transcribe
The. expr oss 5 ok seliee B e ueRaL PRty Shibh e Ca e W ARt LR
| 00991FI GS. si8A 4, ifCrraY it o RISC sediugpeeaNand secondary structures of hairpin

[0073] As used herein, the expression “RNAI trigger molecule” refers to any DNA

molecule, RNA molecule, or hybrid DNA/RNA molecule, natural or artificial, that induces
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DNA nol ecules. In the figures, the characters NUN, X/ X and W' nmean any base,
and where with the prinme synbol denotes that the base is the conpl enentary
base to t he ¥BrYE8PA¥ding N, X or Y. Restriction sites di@/NER4NVEHB7 FIG 5D
provides an_iilustralion showi ng the process or how a hairpin nolecule (e.g.,
a hairpi n oRNA igterfoEnce aln pamecgpectso ap RBA driggrnamplenisis qulisets inigthoaHG 6
provi des a”péolclfs'é@g%ﬁé In?ﬂqugﬁm fd ék‘ﬁf@c&n;ﬂ@i‘%&ﬂ&er@l&ﬁ&@tﬁehﬁ‘&uc%ﬁ SiRNAhe

preci se renbva a st ragment W thout requiring any specific sequences
in the regi oglekdrgnkihpugheudt amplerularoddriifh G wideprmoviagedsinghe litetatiseraat i on
show ng a f.or [ ] e i 1 hi sane
veotor s an el Rl Atudh KRRl DRITRRAN PR G BB

dupl i cat ed bgreint REAI oipgecopiycilss qn omdskeldr exiplsbut RN inasbet presiiNdL e stil |

attached to_t he.vec see F| G . Thi.s t hod al | ows, for the production ola
si ngl e vect %hrm'? IL\IJ\& S%\%ﬁﬁgng%@ glog%f'lﬁs'rt@ %ﬁ%—“ﬁgbagﬁ%\i\ﬁlu?%ar{esttﬁ%secDNA and a
candi dat e shieNAulhopatlivek it @k gedvatioVsr ROAY/ 0824S8PC1- 11: 62008/ 0 14037

101021FI G 8 provides an illustration of a nmethod for the production of shRNA
cassettes froma target cDNA while the target cDNA is covalently attached to a
vector, thus avopdi fgiRN¥re hand ishGipur-i-f-eat s ORNDT - strat 1> R IND| ecul es. Thi s
exanpl e produces an sti RNAwxeassette froicene end of RI®DONA fragnent cl oned
into a vector. .A sinple medifd cation all ows production of two shRNAs, one
fromeach end ofgothe cDNA. 101031FIG 9 provides an illustration of a | oop
adapter sequence and secondary structure. This figure shows | oop adapter A,

which is an EcoPijhs hasaeh | .oop adapian prioer £PK308), show ng the predicted
secondary structure and theynqsitions ofegsential and optional sequence
el ements. Much of the sequence is arbitrary. The Gan and Pnel sites are only

functional after the | oop,6has. been opened, out.  The ul sites can he used (as
nTE G o) T TEnove AReh P dain Ot danEsEr TSRS RN e i g LA | |
treat nent, RMRifFigar rhaeuISagUenerddes sk &ridIBad:'| ¢ i eRs® by e yel | ow

hi ghl i ght ed bases. The onIY bases in this seﬂuence t hat cannot be varied are
those that BPEHaRNSMelsraleeppPsd Y pRNARRIGcREgrarakoreHE il M MPop can be

controll ed pﬁdu@é’l@ﬂﬁﬁﬁt@r{ér@&ep%EJﬂ)@éﬂsp@cfts,TaQ@ncﬁél%ﬁé‘%iRmﬁéﬁ%oléd:uﬂ@ca%mar ed to
the 3" end of the oligo. 101041FIG_ 10 provides an illustration of a | oop

adapt er seq[ﬁ’éﬁ‘é@' A adib&sy @ﬁ%p'@ate siRNA molecules. In some aspects as used herein, a
candidate siRNA trigger molecule can be tested for RNA1 activity. In other aspects, as used

herein, a population of candidate siRNA molecules are screened for RNAI activity.

[0075] As used herein, the expressions “‘enzymatically ligating™ or “enzymatically
ligated” refer to the process of covalently joining two or more nucleic molecules (typically
DNA molecules) by an enzymatic process such as by using a known DNA ligase. Suitable
ligase enzymes are well known in the art, An enzymatic ligation process 1s in conirast to a
synthetic ligation process that uses chemical reactive moieties in the absence of protein

enzymes.

10076} As used herein, the expression “enzymatically digesting with
endonuclease” refers to the process of cleaving a nucleic acid molecule using any known
DNA cleaving endonuclease enzyme, where the endonuclease cleaves the phosphodiester
bond within a polynuciectide chain. The choice of the particular endonuclease used

depends on the application and the desire effect. For example, some endonucleases cleave
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structure This figure shows | oop adapter B, which is an IvlcrBC- based | oop
adapt or priner show ng the predicted secondary structure and the positions of
essential andOHPIHAE sequence el enents. An alternati ve@CRAISEWHM4OY go for
using MerBC instead of BcoPl 51. There are very few constraints on the

hai r pi n ohsnwd¢teqide nBavatisecntrespreifiBoasiere Otter swloghdedses Theed tesigeterof t he
final hairpi L st ed Qy- i h I Lt e h' ". Inthis

oi i go, Prne %gé%rs%ﬁ{%glrcﬁ%gc 053{1@%5’9%11\2\ @nazlﬁyﬂg&fgkéegl-@lﬂa%g%r pi n di mers,

i nstead of ReufittionEhdorfucieades kugpngelfudinced inse etcenrgoed, TypetlhTspedisedby t he
hi ghl i ght ed..bases. . The | t.h of the final l.op can be controlled by changi ng
t he positiogy% ﬁfﬁ%iFﬁﬁ%ﬁ?ﬁﬂﬁﬁeﬁﬁﬂFméﬁ %K%Oéﬁggéﬁ%¥%PPﬁggﬁmcgﬁﬁs%Fm%he ol i go.
101051FI G iddkcipe aiddies saguentd apstifiahiaoncraf tha shoafrthacapietorsequene eOdad
secondary structure. Thhs fi urelfhomF.lo$p %daPtﬁl C mhigh s an

EeoPt 51 - basEd" 00 H AR Gre P v MG HE K Bo P AT Y S it UM bR St e (1 acs)
for the backheiihd rec@phitessetudnagl. Much of the sequence is arbitrary. There are
two Cis& sites after the loop is opened out. The final |oop sequence is
determ ned [0077hi s caseusby hédR, hieghpeghinetdadpmasiclelbhecioafechBSasd by t hi s
sequence tha canno} be var.ied anﬁ t hose thaﬁ,are part of theﬁgcoP 51 site
and the |ace*§wrs%wa e FRETHEN YTV SHEBAP 7 aYCIFa e SAEuEdhttds HEC L8 §
accommodat egubsthheallyergbib-s@findel entfanidtdculapQem S6RHRANGE aGanlthg 1yvey. i ed by novi ng
the second Cisul site relative to ;he 3 end. This can be achieved by varying
the | ength gfo7ghe si des sk RtkROme Coftc&h.“sdidifHiblly Goubl spiaadédiastcano a
iIIustratiog qﬁ a vector for the intermediate_ cloning of sh&rt h lrpgﬂ RNAs
under the cBftOITaBred R Yaclst BRIGEET 2nY ROTIAR 8F £ EET FID'UBPRP & H5te8T “Cihd
cloning sit gogkRlebl NMBIMBNK G RIBY shetRIBbAFLIvVARrShé@ex BRAuFREN( H ndf | |
restriction enzyne sites to facilitate clonin% of the conpl eted cassette into
the final vergitlelgiompleenipaiet Grrsorpein Widsondairkipectastaaiting Short hairpin RNAs
as part of gdhnansfidpPbetne) LisPG1AHIMERRNAR AR sSREM. 1@0éf erent
pronoters. The key feature of these vectors is that they contain restriction
enzynme sit esbsphig ag et thaweréeco prrimerasniash antraenigl segyenseotiaelso abloériosn with

bl unt ends gQfieSRAANGI LYchfeCci sely to the desired junction between the vector
and the hairpin construct. In this case Afe/ provides a blunt end at the
start of aapmegj Pti onas WOBHERS, KERRbreRon”8rhnd-Alsh PG LYy PR B Wb b h

asui tabl e pol yroerase produce a blunt end i medi ately 'precedi ng the

t er m nat i onMadigypadid paiymyEye thatis RINA tppoJyee eaieEld sand s@migeeeit@fal3 provi des an
illustratio ; l.oning . aj I pi -eased by
EcoP151 (o PREiS OEkEbl e bt (ARG ah s DR R bR S e bed i
EEG |. D nesrhemeoayy seoid ditlaaddsalbofrion pofmetrecswalbthoricdlly ihinhk potyaeribation

i ncl udi ng L 1.1 gat . r i t I - i ng at
the term natar Sdraf ehER LR AR B 15 ST SR ey REAR
phosphat e, tiweuttegatdeoblepradiad regmt, i divplagesahe mhunk sirend hiele-DNAsptrogphat e
backbone as _i.ndi,cated....P0-5' pho e; = 3' . hydroxyl gr ..401081FI G 14
provi des anmi’%'mjssﬁ %I}i' i%"ﬁs %Optrgsqsvggtpg%n'%ggg‘[dfsﬁgaf ingﬁorgfm %ﬁg@wﬁﬁgmﬁ}g#% strand
di spl aci ng pelphntsaserddredsiviel deptade the DN strakdahats ia td eky (vin $'iE DNA (e. g. DNA

pol ymerase | Kl enow fr t or Bst Lynmerase). i.s used.to ¢ t hai r pi n
et ur e i FOGEpAN ST AR Rhese B Y ARGt e Plicscas Bt AN, ok
g?arer ?t e?- i aoly?ertaﬁerzemitmtuaﬁ t)}h@apdtpmgxsieap%sttriﬂiﬁ%l%i% pdlﬁma?msj ifﬂ@ﬁna_nlart_ o
| ustration o state orf a vector alfte onpl etl on polLyneri sati on w
strand di spﬂ"élé‘? Ty fﬁtﬁh Wi B BHUB R VH‘@“E% D Preseeusttar Br ARy prases

Reci rcul ari sadmpeyoftchdy-didpI W pd1gasasey iRl ds, tohexaappbehe pbivietasst@ms, vect or.

Note that the 'sense’ strand of the shRNA corresponds preci seIX to the start
of transcri 6t ‘f"(/)'rPNWWé“efWé [ Klenow fragment, Vent DNA polymerase, 9°N,, DN

polymerase (New England Biolabs) and Bst DNA polymerase large fragment.
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WO 2009/ 082403PCMISMORML4037 Lanti sense) strand is immediately foll owed by the
termnator.= 5" phosphate - 01.1=3" hydroxyl. 101101FI G 16 provides an
i I lustrati onVBRIE%HER or where the renoval of sniffer frisiUSARsE1463Ted

opened-out hai Empi n construct is shown. The stuffer within the hairpin loop is
renmoved usi Y8

pai r &fuseédereing thesnpresiranmespartirdharsatiptien siiderefdigiora
recognition,si (her - f C I e . - ISRkt onal 'y
troated w o hoe RBiead Pl bl albEfepthH, ACHbb O bonlc B Pl Plonl PrBBAN °20
recircul ari ssdathypther ganeonin didsion ézar epehaeddsgdranectharencates aptfoomal | y t hen be
anplified cl gnien di nto a suitable bacterial strain. The conpleted cassette
carrying t hBY R rp?'n construct is then transferred into the final vector?

101111FI G rovi des_ a t ogr.aph. of .resol v on an arQse.gel, where
the DNA sarriﬂ%eggl are f %‘@Sﬁgﬁ?‘%mr @88\7?%rrese36°“a?'fa&sl%%’é’g%§i"'&?egoé'g‘tgi Be(r%esrﬁlt(gabnyshom on
the gel is audaniteqoéndeeliarendagshieibf beagominkiaetd e o dogieserat® h hd bipkside18

provi des a photograph of an agarose gel follow ng Pacl/H ndl1ll di gestion and

resol uti on gf8a DNA sadipleé helei, thederfr Ormpeaiskdaine polyhedeotles cefsfioawmyon t he gel

is a sanple of Fernentas 100 base i |adder rkers. 101,131FE1 G 19 provides
a phot ogr aphidFen, Es‘ﬁ'ﬂﬁ'?cﬁéléa?&e na %WEE&J:’?{&?%&CPE ém}’ i"ﬁ'bsl?zlt? ’a'i“béé'f F%‘??_"ﬁhd

resol ution génesatdn p@dpdptite pioyuddNPoPE@PPlead heNirarklab Ll fauc ROty @vicdmaina t abl e
showi ng the nucl eptide %gglglepces fromei %ht of ten, sequenced cl gnes f the

hai rpi n shRRACR§88A U ANHERY PTEYIHIE HaSABeRRM P eLY- RSB GEHE AN YSr ar v

construct i oplacciny®BEHaNG8Spéd @AALE ARGE IthdibthyOftodiRi g AdkRMet Bolypestaer i pti onal
termnator (TTTTT) are shown. 101151FI G 21 provides an illustration of the

strategy f Oproguqtélﬁélist]g[e]ygl@ 8 uagg\a?:'nf wyo. A polynucleotide can also be rendered non-

translatable by other means, including but not limited to absence of an nitiating codoen,

incorrect initiation context or the absence of an open reading frame (ORF).

[0083] As used heretn, the expression “specific inhibitory activity” refers to the
inhibitory activity of a molecule (e.g., an RNAI trigger molecule) that preferentially affects
one target relative to another target or a pool of other targets. As used herein, an RNA1
trigger moiccule has specific inhibitory activity for a polynucteotide (e.g., an mRNA) target
when that RNAI trigger molecule inhibits the expression of the mRNA (or the polypeptide
encoded by the mRNA) to a greater degree than it inhibits other mRNA molecules. The
method used to measure the inhabitory activity can vary depending on the reporter/assay

systern that is used.

{0084] As used herein, the expression “specific for a target mRNA” refers to the
property of an RNAi trigger molecule where that RNAI trigger molecute inhibits the
expression or activity of an mRNA target (or the polypeptide encoded by the mRNA target)
to a greater degree than it inhibits other mRNA molecules. That RNAI trigger can be said
to have “specific mhibitory activity” for the target mRNA.

[0085] As used herein, the expression “off-target effect” refers to the effect caused
by an RNAI trigger molecule where that RNAI trigger molecule inhibits the expression or
activity of an mRINA target (or the polypeptide encoded by the mRNA target) other than the

target that it is most complementary to, or in other respects, the RNAi trigger molecule
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the detection of RNAi trigger nolecules that are active in the down
regul ati on of expression of a target gene. 101161FI G 22 provi des an

i | lustrationWef20l/44et or that finds use with the assays pofriush@siinvent on for
t he detection of active si RNA nol ecul es. The vector shown is terned 1.101,
and i s a retnhdiistlal expestior omcprigssi mgnSERPESRNA tdngey ooy eideRrabdd nBied by a
st op codon %%%ta multiple cloning site. cDNAs of interest arc cloned within
the Sal |iNotT nmultiple cloning site WO 200E0824MPC1113520013/ 014037
101171FI GS. and B, pravide. il e} f n t, i f of
principle e&oééﬂ ment s’d.‘s'p‘f—sgéhgrgglﬁ\hg%g [%?Sﬁdgdgillg%dcf ggg%?’l tH)g'r g?fgll%ﬁgtkﬁgw{%r ked
retroviral sohsteuatguaxipes pooigf stiRNAR suffrcgpet rengiuget hieh thax thegarticulsr f er ase.
The vector also. expresses purapycin phospho nsf er ase i ch. best ows
puronmycin r ghsair%scttce{ﬁg%s. Orlff(@egfﬁg 3 ’3% C?g{"ﬁg‘i’/%@f}?%&e‘éf aree %!;S(][bnrg@lssg?qs’l%g'&:P- PEST
and hygr onyoiher ipbiegpblokramshepad ef (desFovdxagpreesiost asiCie atppohyfgresigci n), with
or without an M gDNﬁ ﬁ{oned domnstreqn1%n the_GFBPES‘ / hygro qycup
phosphCt r andF8HYEL B aPESHhITPP P MR C4(519 8 BEHST 9957480 e SH E PEormet ry
resul ts fropyguigionedel&tion Hfstesn RNMAG ‘Bhigbtdll @BoigfiondeVIR beXPikes 8éie, anlihese
results illustrate that the sh. RNA tﬁbgeting Axl (Ax] shR_NA) knocks down Axl
protei n but SYMeCASHRAA! %"Qr‘ij’iﬁtf"ﬁbatloi}%?‘f R gheopiat U¥oes not, LI 10 cells
expressing ejther the Axl shl CNA or the Luc .shRNA, .or no, shRNA were stained
Wi th anti S afIOREN i bodhuised B GwbE SR T BEVBLLSAErGN PESKF daeSdRndar y

anti body anghaaRalhys lle®pregent IroNcctly & ONMBIREsseds BERNAR I W IR 1R% Peass @dddiidint he RIP
vector described in FIG 23A. Cells expressing the Luciferase shRNA (green

| MO exhi bi t [AFBFRCAEPHANALT SNVIYSH Bt BRbpe]l hA FERTEEE BRI S cel | s not expressing a
shRNA (red shading). Cells expressing the Axt shRi NA showed greatly reduced
anti - Axl st H0¥ng i nabosed Rereine g csRretsiopeingsative AeCtipRgPRiker” E67S Kohpari son, a
popul ation gfirikeelnhs waeh petdi Nefean LB, alPissAX herateliBPEhE 1fer OGS ishadeny) 1S

al so shown, 101191FIGS. 25A and B provide cell imaging and flow cytonetry
resul ts denBHEUREEPHEHAN PEPS Ll abecsiyisetbitieatksivent i on. FI G 25A shows

fl uorescence m crographs of the same field of cells with red fluorescence
(left) and H088n I udreeseenEen( e sherpssionhshREA PpsEHE eeicEnke 1k TNPs t hat
have recei vegicdtiie JNei &AL SBENG. halhe: SIRED SheREa3GRRGH: ikat FLRMIGIR- PEST
expressed fromthe GFP-PEST reporter construct indicated. The reporter
construct i WathgetsRNGvh TeRn bafirdisr REACCARIDRICERsasT RS R Irihat trighiers RNAL

GFPPEST/ hygr onyci n open reading frame, while the control reporter |acks these
sequences. i@%lher r efyorsed pergin e cRTESSFBS Pali i qasseftgeof e likereaya toshiRNA (| ef t
panel s) . TNeofcERRN{En EABSEAGHE a’Bﬁl(r%Q)eﬁoElJ?:@_a%J fNAdgsponds to the

AxlI shRNA wth a reduction in evel s ottomright) while the control

construct ({g@pryi ght)Ad0es naek: nEhddn LphRelt2PeRANAL vRRAWE ofsiFfGS anal ysi s of
OFP- PEST expression fromthe control reporter construct illustrating that
reporter exptressiopnrefes lunplignebpadapgntithes isppdusen b gofetie vatadrity el then S1ERNA
(green) or . - I : r cel I : ter
(orange) ang cgﬁirlaég%a% a’%ﬁ%}lmreg%g&tag%&bﬁrﬁw&fhft)oatek%ﬁ Erslﬁ}ﬁk&%z E‘gﬁﬂéhaded),
FI G 25B boinhomopanei asshtysaRYA orpARSAandbgdésshafcaGER-sPESTINexphessyeh from
t he reporterevgrqtgsa;crébgyﬁﬁ?rryi ng the AxI eDNA. Cells expressing the AXE shRNA
d

S . .
(bl ue) have reduce | uorescence when conpared to cells expressing the

Luc shRNA (ﬁfoﬁiﬁn) or AJ‘%S(E RRONL! BE ¢ ﬁ'gﬁﬁo'ﬁug iaﬁél&r@ri '%CJ sﬁﬂﬂag@%re SS%L }e?erl acking
the reporter construct (orangej arc al'so shown, I ndicating the Tevel  of
background (oo iGRRy off kprel elsscdadargéirasng thhie caed h spectrum of phenotypic severity.

{0093] As used herein, the terms “hypomorphic,” “hypomorphic allele,”
“hypomorphic mutation” or the like refers 10 a genetic variant that results in a reduction-

in-function of a particular gene. The hypomorphic state can be caused by a mutation in the
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101201FI GS. 264-C provide results illustrating that fluorescence fromthe
reporter construct accurately mrrors effects on the target protein. FIG 26A
shows OFF fIWORESEEA¥e from a reporter construct carryi RETHUSEIRKIHEIINA i n
response to three differently-effective AxI shRNAs (nmagenta, brown, blue).

Cel | s expr essioggnoas cemnatelgeruor Wawﬂ@enpisdﬂade&)cmam@chatkhawgaqehécm eporter

construct ( ggﬁg IE}TF& ows a FACS anal ysi s of
t he sane cefnlhgonlggs Qﬁr@ b %gu% l?m éI\Qéd mﬁx%u p£r10t ein with an anti - Axt
anti body and fluorescent secondary anti body. The orange shaded popul ation

represent background fl uorgggansesERPPTESN OF P ed ks hout the prinmary
antibody. Thgokhree difd arealiadvh RS RERAHE fre Qb A HSIBKibRDISATE

knockdown o AxI protein as G P fluorescence, Tn each case Axi ShRNA is
nmost ef f ect FR&A ¢>@Fﬁlsﬁjﬂlédassﬁyl angd 2-v2@0r nRNMNgihd casisety Bhets RMAONRIEEH0R6C depi ct s

reporter gepguf, Hﬁéﬁﬁ&%i@‘?@@é]ﬁbtep%&%d& cB#ﬁPFmE&‘%‘ith%’lfectAf Li&fchddre background

subtraction, the eporter g uorescence 1s linearly rel ated
to the |evel opshinpoustepeilhismectsen] edhidas thidolhivfifpstepst Stegl U: Ftagnest the sargsdl.
101211FI GS. r QVi trate.tha u c from

t he reporter]g%gng@%&ac A mﬁgts 1?233?%?}?%?%{%5& 0 bg?]e alrsﬁ'H[ ln/ g&gﬁsg FG 274
provi des resulitspih rada“ntqwantdrtear bmﬁ chtls PR cGZiNAX‘ltagmrE%NAStap m I'Ideayp.eth( wt) cells

or cells exr ssm one o f our Axt tructs ering
ef f ecti veneds %?1 °T§‘e?§?ebat§8%“@8?&t%a&ﬁﬁ§§%‘(}’%\% qg?nch vel s conpar ed
to cells explru&tﬁ&fua;gloap}mﬁﬂhté@bteﬁ)hodﬂ%méﬁ.atwo$:h|IRNé\)t vebtbfo Alédk cfflaosws a

conpari son of par en nockd WN  USi uantjta e axi s) or
Che” GFp: Pt Far 8t Sap Pl & RHE Py ERUhE b moleds SR o bet veen
t he knockdownpdieasuhe gettSbdidstiubRrd BRHY A H&SIZSIHM vafth dthadknprkidgwnAareasur ed by
quantitat ve RI -PC ft. 101221FI GS, 284 and _28B provide results

i| | ust rat i nBRuerasF GpeinesHsE (om e aigl %p.’f’d%rﬁf*weyh@r URERSIGHAI SRR

ol ecul es.  LRichhG s1é84: R ik @b AMhE Mol RESFede@RAL Lieh-16GNSbIUAL, SR N
prot easomat subunit betaS was introduced into the HSultan cell Iine.

Popul at i onsbyfurbpesvewiond cgsing sisfect ed with retroviruses carrying different
shRNA 33 constructsallpotentl ally tar getl n[% beta5. C FP fl uorescence was
nmeasur ed byl%8%: S andiisizgrovidsan iiuskrgiondipisdngsilie ROSHRIND A pdagpigfi A

i denti fyi ngsRWa %Féqyign 5;:&%%%{1!1 a@@goﬁ%)ua[rﬁﬁk th@@&s&éi%ewﬁé}gﬂlﬁ%o(}%nbr§ shown for

conparison. Also shown (top left) are cells carry mg ong% the reporter
construct omethhéemplsyt sreradappselicgetcieonde anetbpdoiedy apt ae RNA) construct. FIG

288 pr ovi deg; ueatieq bl alai luPRLETAR GO IRROAY foikklb: BORUIEL ons.  The

top panel 28B s ading contro st ai ned an ant| -tubulin
ant i body) . mhembrd\m tapgghelPNAgntemaanm ddementhatdeast qumraglaiyrﬂé)@ bp?ea:tae*@gbrral

popul at i ons Al siihg. CIARA S i RN e R hep BPe Dn gkl
prepari ng tﬁ@péeTrlest \Jelhfy@ldsnmdnawelcmﬂwﬁWInﬁi(hipltmﬂlds b@Nadsdbmqmo@a‘ Stgadi ng
buf fer, or i, %ﬁ% Stc%ﬁﬁﬁlnjé(ﬂ_ﬁ%a%.%glgggonu Lies (4388, Rlfeal § DML o “ﬁﬁe%cdu

equi vaI ent f'es provi &% AR P11 U Pi6R O e Sstrategy
for an assapehem- Ilod@byr ccﬁwlmhanDlMtbmmmehsmdumg IDBAsypemefase,ahd:ryb}t argeted by

a previously identif.ied e .of r 1012 1FI G 30

v dea s PRt bEraeTih i ER sRaaBn Pl EO R e e ALl 1 &

expressi ng éplonsipeaintipginth R camdk @cddl t&iPCRC&rh;ihfﬁ Ihefpa@iciM StEXRIBRSBhATY WAS

assessed usi nﬂ a fluorescence-l abell ed an nt i bodX‘ ‘8 1IFIG 31
} b TG

provi des a YEREFHIGED F%F&Séé’?ﬂ%l??edﬁ‘o&r"E’P’ﬁégﬁ%{t“é{g’f“ﬁ’" ol
protocol can then further include additional conventional cloning steps.

16096] FIG. 3 provides an illustration of the construction of an shRNA library from
a target gene cDNA.



the nean standard deviation from four independent experinents. Percent
knockdown was cal cul ated relative to the expression |evel seen with the
control shLU¥O2ésEeal e was nornal i zed using the isotyp®TasABHI40 ai ni ng
| evel to define 100% knockdown. The different shRNAs form an epi-allehe
series, knotWPhg dowFIS8. 4acndidBiperadd illdgmtioesof th6TOpRGNELE " r@2hpriovekds a

western bl otti al ysi f - VB- : | | r i i

A. xI - speci f?%r]@%ﬁﬁlﬂmgﬁéﬁngfsa% S?gepﬁn%é%%ﬁr%{gﬁkelnggg n?ertllgu g{?@% p\?m&flhngn‘gxlgéﬁ'ani - hAxI|
mAb or rabb#A saewd anAppemngbyt” biiegan adiplat Bgbnutlebridel iPhabas stgatnad FgGal.
anti-nouse Ap. or 1110 nj ted.qoat anti-rabbit and devel oped.with ECL
s vest or ARBPEYEsoh e RPLEP RR e Bl Tt of DeRPE Al B0 S o 5s
provi des anAnhdalipiimat drdrx@hd (diexiend Womoa aidk betkeelVaartdrgad Biemi-lowsls iIlBNDERSay -
Cells to be_tested are _seeded in . the inner wells of transwelis coated with

Mat ri gel TM AN PRSI OMY§PBY Bt 'qeP PReausIM BBALRINF HY P300h% e um  Cel | s

that have nbgratesahpifigte dhedsttian Paedueisane bik@aire MUITheE:r are W enough io
2009/ 0824E18PCT/ L1S200F0014(117 101281FI G 34 provides a results sunmmary of

the MatrigeBt PRGN Yssay measuring the effects of the Axl-specific shRI NA

hypor nor phi¢c series. The nean of two_ i ndependent exp%ri,rrent:s ii. SDis shown.
101291FI G 998k ovi ddHCaABishruis e A19nE1s M étoess it hgRRE drsiilpaERE of

traditional vidor ¥hlsGrib@Aitlienmersinneag §ighs. isdentidaipngnsiipet@erats. The

top panel summarizes sone of the features thought to be inportant for in

si lico predit# Biitable eRNAFsIaYGaggEr Drrdiserinpevibraonétesnzymestiea psfiedpanel

i | Tustrat esnkWgd highdny: BGlided &s %B?@ne@o%%@%?s A AN dcfab iR YalenNGeloPeummberial

arid nethods of the invention. 101301FI G 36 provides a schematic of the RNAI

screeni ng FACSIWEHoYte sircwdirsthacactaany ligaeonAdtepdh Rreckispivapypcipse thsr  constr uct

used to idept Ly RNALLL ecy eCkdiloG: ki Wk ngpgagne.

101311FI G f{#‘gﬂ‘: 55“%’5%82’%@%%%%@ ‘Zgl?é‘{é Oggé%gﬁggﬁoﬂgf&{dﬁe@% vention.
Transcribe the expression cassette in a host cell to produce a candidate shRNA.

{0099] FIGS. 5A - 5C provide the sequences and secondary structures of hairpin
DNA molecules. In the figures, the characters N/N', X/X' and Y/Y' mean any base, and
where with the prime symbol denotes that the base is the complementary base to the
corresponding N, X or Y. Restriction sites are ¢ircled. FIG, 5D provides an illustration
showing the process of how a hairpin molecule {e.g., 2 hairpin of F1G. 5C) can be cut to

excise unwanted sequences.

[0100] FIG. 6 provides an illustration demonstrating a general method that allows
the precise removal of a stuffer fragment without requiring any specific sequences in the

regions flanking the stuffer.

jo101} F1G. 7 provides an illustration showing a method for making a library of
shRINA cassettes within the same vector as an intact copy of the target gene. The target
c¢DNA is first duplicated and then one copy is processed into shRNA cassettes while still
attached to the vector (see FIG, 8). This method allows for the production of a single
vector that would express both the FACS-reporter for the cDNA and a candidate shRNA for
that targel.
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101321FIG 38 provides the results froman in vivo biolum nescent inmage
anal ysi s of subcutaneous tunors conprising Ax) shRNA epi-allelic breast
carci noma ceVWP3PMPEFR LED DESCRI PTI ON OF THE | NVENTI ON 13 T383Magi4p37esent
i nvention provides novel enzymatic synthesis strategies for constructing
i mproved si RNAZIo! ecF1és 8 raondddsuntihestravgrerfe métkodioRNA predustder efshBAM be

assenbl ed as, g&gagefrgmea%%'epﬁ@ﬂ/ e BRNGLBEII A%, R BEBELGS SHLLADLE [ of

phar maceuti ca creenin nventi o SO provi met hods
for testingatdingpedpfdlmgipahiibitioorny smel DNPt tylol@tulem mexamieggeﬁucm)duecul e,

met hods for i tl&l active REIAI s Ir |.i brary of
candi dat e tr}f gg’grcasﬁ% &y 8 e"g it arreDtT{]Ag qu‘r’i/fer? Pt heth Iteur al i n_RNA
target of aniodtb‘wmdil\dﬂbw‘s pr(glgetronrnﬂt\easﬂilﬁﬁAsl@BéBﬂr&ﬁhesreﬂaisqfelmcSJNJA, the invention

address several of the inportant limtations in pharmaceutical application of
cont enpor ar JOIBRKNAL t edhﬂqu;ggfviddvmtjllm;hgmmfdfcaamﬂ ydapteheqnewe ind ecohdsy and

1 gger ol GEITES) THOCEE SHTEL B B PR BAIC DU Rt O BBP AL She of i he

strengt hs Of)tirhl?tﬁ(mir?ﬁSi?@]ﬁowmg’&f&tprmwc‘ﬁsebdﬂﬂihrytshkﬁc!BNPdndtthd ggalonsof @sdtas of the
invention are construct ed and val.i dat wi t hout .t nee for ﬁ esel ectl on by

i nper f ect cOflRaRal SPHE RIS Hepaentst H\é“&b‘ffé@tﬁe&‘ie“ﬁ? 18 anyr {136 &S T] e by the

present i nvaRk @ bnlystuhttighi Aathe 185 0hds SedtipedBSLATRYGEARLE @hivengdd i silico
predictions, In silica predictions frequently fail to predict active RNA

i nduci ng ol &8s to reWQWWfﬂW@FMQ‘SQ@GéO‘GI Fefayngdrybaemiasniase provi des

an illustrafhgodgermnatd RldbRenHhReIH thflchR by RSy b witi@dighic8 Bales! Thednty Ca
predi ction net hodﬁsggﬁ i dent i f‘yl nlgn tshl%NAblg lgbrsryent‘év léqeg teop ;;:gnele gu)lmmrl zes

sone of thebasﬁ%'étlhﬁe@ﬁu?mdbﬂt to be inportant for in silico prediction of RNA
i trigger nolecule efficiency. The |ower panel illustrates two highly active

shRNA el emefngotdisearied ereflsse f%arwaﬁéﬁ@eﬁﬁﬁﬁlwﬁee Thedergth pigthe H§?]H©0I3t {3a
material s aﬁgcmh&\d{% &fan%ng aRYBSEDH of MY BOLIAAY CLOAFRLIAS.LUR B NA L1 T gger

nol ecul es shown in FI'G Score very poorly using a typical set of in silica
prediction gt@ng%f(h%q]q; Reynol ds etal.. Nal. Riotechnot 22(3):326-330 (2004)).
These scoring paranet ers are as follows; +1 point if sequence is between 30%

and 52% GC [0104) FIG. 10 provides an illustration of a loop adapter sequence and secondary
structure. This figure shows loop adapler B, which is an McrBC-based loop adaptor primer
showing the predicted secondary structure and the posttions of essential and optional
sequence elements. An alternative hairpin oligo for using McrBC instead of EcoP151.
There are very few constraints on the hairpin oligo sequence because the McrBC site is so
short. The length of the final hzirpins can be adjusted by moving the McrBC site 5* or 3.
In this oligo, Pmel was arbitrarily chosen as the enzyme to re-cut hairpin dimers, instead of
Pvull. The final loop sequence is determined in this case by the highlighted bases. The
length of the final loop can be controlled by changing the position of the right-hand Gsul

site compared to the 3° end of the oligo.

[0105] FIG. 11 provides an illustration of a loop adapter sequence and secondary
structure. This figure shows loop adapter C, which is an EcoP15I-based loop adaptor
primer incorporating a single binding site (lacOs) for the bacterial repressor tacl. Much of
the sequence is arbitrary. There are two Gsul sites afier the loop is opened out. The final

loop sequence is determined in this case by the highlighted bases. The only bases in this
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+1 point for each A or Tat positions 16-19 point if position 19 = A +l point

if position 3 A +1 point |le position 10 --- T -1 point if position 19 is G or
-1 point iWORHSIEHBN 13 is G 101371Cx her references alPSE/Uysewsitdas’par anet ers

for predicting the suppression efficiency of potential RNA trigger

nol ecul es. Taeeweithet Farget b yariFepreghosgthat a@padielfitrelecoP ol sith@nd dicdedd 9iig- of

hi ghl ffegtd j - f i '

el ef o Aot A ehpd Ty TERUANES Sue g R Oty APl e TR B GRIBA™

interfer enc@ob sedMatbce cBi bt evlpddty, m@@(@)ne ¢d®n4£8u(ﬂ@@@)mvc1t6M@S.thtlsacdnhe very
| th I I howed

poor . S1! LERARLAREY LA REIGLIOD (RARCR IBFES by ol ecul es shoved very

hi gh effici expression pressi on, as neasured by

both T eport BfigBen® 2Ghicins K LRACS, AR 30 B¥ B gl AslogENRLS, A

protein (WeStern blotting dsin ce on the
typi cal set slekt hanpsumﬂﬁau;pjeedieccbmocn of thie @& pretsuﬂet $n thm daa¢ tharlés-prompreedidct  al |
RNAI i nduci There are |et of. .advant es to using the
conposi ti on‘énlg H%S Tﬁﬁﬁ%k ég’yt e"i’%}%ﬁ?ﬂb&m‘ '2)?' eﬁrag %“1‘4’@ ‘ﬁﬁw’ﬁg 1 "gger °

nol ecul es tEtaetynﬁls&&sltamlahtercmnslgmfme@mhmletmaismafnntmblmnﬁuuesmﬁu&hﬁhat |y known
in the art. Using th es &llon el ection_of RNAI |$ nol ecul es
can be done"‘?crtPrﬁ\%iP g‘{/‘él ont‘f'éll‘fls PF a'rpig Arﬁaérpé@f’famcﬂﬁtdn'f]ﬁ 8%? any known
gene. Anot hglicrkry Add vaRid@emtod diffteeniBloh@ess. ahe kbefepiuBSaMkest RY@HEiOMad S t hat

no target sFem fic antibodies for the gene of int (?r est are rquu red. The
sel ection p NG ¥ EQUaIp Festripdign gnzyme sites that (following optionat blunt-ending) produce a vector

with blunt ends corresponding precisely to the desired junction between the vector and the
hairpin construct. In this case Afef provides a blunt end at the start of transcription, whereas
Xeml or Aarl followed by blunting with a suitable polymerase produce a blunt end

immediately preceding the termination signal {TTTTT) for RNA polymerase [IL

[0107) FIG. 13 provides an illustration of a vector for the cloning of the hairpin tag
released by EcoP 151 (or McrBQ), and utilization of the “opening out” method described in
FIG. 1. Dimerisation/rectreularisation of the vector is inhibited by including Afel in the
ligation reaction and by the single base overhang at the terminator end of the vector.
Because the haripin tag lacks a 5° phosphate, the ligation product with have a ‘nick’ in the
DNA phosphate backbone as indicated. PO=5"phosphate; OH = 3~ hydroxyl group.

[H1O8] K1G. 14 provides an illustration of a vector construction of the invention. A
strand displacing polymerase that is able to initiate at a nick in the DNA (e.g. DNA
polymerase I Klenow fragment or Bst polymerase) ts used to copy the hairpin structure into
double-stranded DNA., Polymerisation initiates at the nick generated in the previous

ligation step.

[0109] FIG. 15 provides an illustration of the state of a vector after completion of
polymerisation with strand displacing polymerase and blunting of other end of vector.
Recircularisation with T4 DNA ligase yields the complete first stage vector. Note that the

‘sense’ strand of the shRNA corresponds precisely to the start of transcription, while the
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WO 2009/ 082- 1SBPCDUS2G | S/ 014037 generic reporter protein e.g., a fluorescent
protein that can be gated by fluorescence activated cell sorting. [01401ln
sonme aspect sWORHB/OBi8f at ed RN. Ai t echnol ogy of the preseii/isavwentssn provi des
the follow ng. [01411(1) Novel nethods in create a | arge gene-specific

popul ati on Gmtigeaedisttatdes Rivaedigetyfelicesi byethg terminatoa. -ROghS tphoephatect r ovi r al
vector system._.ihiss Xi 8 acconpl i shed using uni que conbi nati ons of specially
engi neered ol go ucréoti de adaptors, enzymatic nodifications andlor tailored
purificati Oibﬁ“ tenB'FIEi'(?lﬁ IroR«'i ¢ la}l E“u%%giteo% oqfa.vteag \'»Hé’rgﬂlie' rggos;aqlaf&ﬁﬁpr“ se a
random assortnent of ‘sequences derive 7 om’i npulf gene transcripts and can be
expressed f fromthaclopid apezeicou daitn sonseng.is shoetnr dhi salfevecbiornis: hdlipe looppl exi ty
of the librar an be controlled .(e.q., at. leas 0,0 nore i.nde ent RNA1
sequences p%rrgrﬁg‘ﬁeg,wé‘tg RLEER r?%ﬁb‘g" ﬁ%ﬁy’é"eis h’“’a‘e‘%éﬂé%ﬁ%‘d i r%cganhgg%ggqug? ' gene,
or nost prefeulabdfier Bl duedgt, thEGBEoOTs optisiallly ndepe Rtk ah ckiYie to @oudencisniper

gene) and large |libraries ¢ b enerated. This rge. c | exi t

dramati cal | ?%n@'@ﬁ@@sgefﬂw%ﬁd’ﬁgﬁ‘%'ﬁc '9“??5%?&'@%?’? ﬁgccﬁﬁ‘ﬂfr‘%égﬁéﬁi&% “%8quences,
101421(2) Nomednalfipines bonaplifiilossd B6ld Qnalsy Sh@ial bidah. TRtohglcttiedssene
identify novel RNA -effectors (i.e., RNAl trigger nolecules) that effectively
target sel eEFBE HePARIREEIHivGen franséaed infe Jarding! v¢9's systemis a

FACS- based ?ﬁlﬁtem In_some asp ctsh t he se{ecti o(g@ag%stem uses retroviral
vector del i VAV expr 944 A PEy&e8 mphesqeraplh ot 10l A BAGHREDRFESMGFE t hi s
approach i st BNA 86hpleLdrt fRaseds identdd icatlam sokigksiiaat AoRaho NG tieRerI es,

sel ected for optimal performance in the context oﬁ phar maceutical ly rel evant
cel I's. Henc# 2 spuiktetaf Saanens RN & igdeHdeakeEan be identified that are not

predi ctabl e %t he wi del ){ used si RNA sequence sel ection al gori } hnms. As shown
herein, theOhel tar'férilfgraedfaantresdet et wawrsoye!fre wes haidd!ad! ! he

i nvention C@iﬁgﬁioﬁ%d REo1R &b G B ARY MBI B LA BdRDFLISCELIGNEE A8 SGRIQM

al gorithns. nce, this approach allows the identification of novel RNAI

ef fect ors al§igasit asepele aEBamspiay il 8ISy PtinBdetitmaskst o be "targerabl e” by
standard artificial siRNA nolecul es. 10143‘](3) Genonme-wi de RNA' library
screeni ng apfi¥lat i ondG &% persiies £ phairerapapi arazarophed! delteuns Bal HiptHapeut i ¢
targets. Noygl.@ARRsiaBnLsh &a hikgd liBGRNONARFRERGLhIe the opportunity to
conduct hi gh-"t hroughput screens fru critical conponents of disease. RNA and

si RNA MOLECKWLES [ 014434020 Lesles BNAIL MHoRi{RRERGE orile Bibnces BORRL IHTEB Al | ed
RNA- nedi ated interference, post transcriptional gene silencing, or quelling)
refers to asqsHeehelass dfthakien hRpreeeries oftaimpgfolloy pigcAEFER Y B wnsbe r anded
RNA, inac : i 0: LNk bLti - L:on; of I.SLNg a
sequence idg%liei]@gaﬁﬂ%@r{ﬁgg}bi ?%P%I%fﬁltglﬁkggfmﬁﬁgﬁﬁ klggy&att%g%ggu F@ét!s(}??landed RNA.
The doubl e- grmaaded RNA ) ressionwsi bl e for i nducing RNAi is called an
"interfering RNA." Expression of the gene is inhibited by the nechani sm of
RNAi as destMibled belltf. 21 pramiries hn tlhetrgvaé Hestrefegy Fie ajrepastef periesraRX resul ts
i n degradat | : a@l&?, g Ll N6 - r t he

| evel s of tﬁgr&ﬁ%{\wrn an %r%@g%géﬁoogeg le%)&%’?}g%E&'%ﬁg%@mﬁégﬂgwggﬁcg@gﬁﬁﬁnncI udes
bl ocks in t bk terggngdnat i on of the nRNA transenbed fromthe gene, thus
resulting in decreased | evels of the encoded protein. RNAI can under sone

ci rcunst ancEd1@ll so | d3&. 28 peovetlss pedbetritiontofie vertartbatrfings uerw o thehesapa®NA, al so

leading to 91%('1:{\;%%&(11‘0!- ﬁ\\é%lcéct?cfn &ﬂ@ti&ens%e‘z\%ge&qeserﬁg ggc%rpsli]g\tvg Iisrlérmed
L101, and is a retroviral vector expressing GFP-PEST 2A hygromycinR followed by a stop
codon and a multiple cloning site. ¢DNAs of interest are ¢loned within the Sall/Notl

multiple cloning site
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[ 0145] The mechani sm of RNAI has been investigated in a nunber of eukaryoric
organi sns and cell types. In brief, double-stranded RNA introduced into 3
cell (e.g., VAR O#ds&yt opl asn) is processed, for exanplRETHR2@HRNESe
I'1'l1-1ike enzyne called Dicer, into shorter double-stranded fragnents called
smal | interf@Afhg . RNASY SBRMAS B rabade dlabttatidnsdfoonstiugtserséemipigpfRiAs) . The

| ength and pat u - siﬁ{&lAfg t.a D ar. - fypically
si RNAs are %‘53@95)@0&{'@0& t|S'des loﬁ%g é‘dec?ﬂlédﬁgsg?'ﬁ%gmé%hﬁgv&%w%“gU'tg%se pair
dupl ex port contrwitt fxpressing stk EAS tatertidy e tive rxdngiaciftraseadhe ead)r. alS axpteasss si RNA
nmol ecul es can al so be produced in.vitr e.g., by chemc esis or in
Ttro tr ansBre By R RR bR auRuE bt SR dIs BT The 51 RNa
beconmes assagicairsidenbisktxpies MW GFMeESTdsd heneingn padpharant REaSE)besiSepar at i on of
t he sense and. antisensc strands of the si d inferaction of si RNA
anti sense sfersﬁﬁﬂc‘?/\ﬁot%ﬁgﬁ"f"?':‘t" PR O RRIQR %Wﬁ%&ﬁ@&%ﬁ‘% gram Bg@ébﬁr ring

i nt er act i oNSESDMY g@mabih Yhosphtt-fsterisBapdryreadif@sibmeget MRNA is cl eaved and
degraded or its translation is prevented. Thus, expression of a particular
target gene[iingp cel | FIEAR4 DR Col Galheryictib rbadhdynalyitsraddiraing an
appropriately chosen doubl e-stranded RNA into the cel|. Because

doubl e-stra %"W%‘?"é‘@f"é?m“-hyilqse%lebﬁ?é’ ‘B%{'i‘?"ssr'r%‘%%at“jngﬁ"é(’fﬂe o
antiviral i mf@mﬁmeksr&mpmq)rm@mrmmmalshmﬂﬁg&ﬁqlga&dfems Wl dc hRN2ORREPeECi fi

gene silencing, irnerlem g RNAs for use in mammalian cells are typically (but

are. not neB@sddr? rsllsexpretrsiasahgy the dskshRibhonde bus ehiddtr g ophREAGYee WO
2009/ 0824888%%&—1@?QWJAQiM%ZdiE.QM@%@H‘gy E?lu?r%&ﬁ:ﬁﬁ-la%eﬂ’é&%%r@k@%ﬁ%&yf erences

in efficiency between si RNAs correspondi ng i fferent re?i ons of a given

target nmRNAnGagbeed onsd fpvasyigmeter. yiiRdHM werg extrepiediframdba REX sertergigbaived t he
target nRNA t re i.ch, S g ef f eC i Ve dnil eFf-e L ENAS can
al so be pr oﬁlu@e(gqgg' ?ﬁgﬁ’&ﬁég’% B?‘ﬁ%ﬁéiﬁ%‘ﬁ/@&m ?gﬁ%ap{’ecffng%gﬁ?r airpin
RNAs), whi chrogaelepelottesstdl dels tdiexprbding nsh® N4 Rei\siarlkg). nBtlsoubessinhtat
initiate RNAI ILR?% r \ Jled, m Q - (m R h

identifi edeA\gﬁl% var .Z*)é’?}yggéicaggﬁ%‘%“g%.”@y‘%’{ﬂég’h y ; m ]ﬁ’étréﬂ %ﬁ%@géﬁ\éﬁs&%‘%& are each
transcri bedpasia ForgmRiNAcardpdphnopnheds sadidiedavipr exiphRBMAtibddydpengxi mat el y
60- 75 nucl eqti des. t@at forms an inperfect hairpin (stemloop) structure. The
pre-ini R I\lAS]agmf-’*iBia 257" ¥hen cl eaved, e.g., by Dicer, to formthe mature

m RNA. Matu 1 RNAs _ar ically approximt el 1- 25 nucl eatides in | ength,
but can var [Pﬁlgf. g., f}flg'%‘ g%'gﬁflgéﬁ ?Vdgé;ct?gd?a%‘gg 8¥d ﬁ%‘? éytﬂﬁlgf%bcfs]"]l es. Sone,

t hough not &drhonsratRigAsreaee aksepof kb manton. IMGL P3A shiavantbloadstone aficcd HrifAs

bearing partjally c I ntary uences. ch m R cont ai.n_.one_or nore
Croer o "o e B iR o R b e S BRSO B gt S8 % el © i n
a bulge in tehmug&@m&e fhrik besdplhexe feosivRidhdindidard bhRidAnghekrdehe mi :QNA

anti sense strand to .the e mR typi c rns approxi nate 14- 17
WAt son- Cr i cb“?ﬁ%&“cﬁd’f E%mm ?%ﬁe’fﬂfﬁ\?ﬁwféﬂ%%‘? %&%Eg\gwgeg‘%@“ﬁéﬂd@éﬁn al so
be forned. TR RgetdricomsirusnAkiie teytoinhehiarloubhet ShNANLeHdsIRNSofShdGRERr t O

si RNAs) containing central m smatches to the correspondi ng ml ZNA have been

shown to rePFELEYEPENED 4PFUWAYIDG (T aRBL 1 i'RS EROEOLERIHA RKOMFSTEILHEST NRNA,
[0148] The CRrE#t: Ao FBCIhRRIY rek AL ¥ede LRIt ansRALd QL8 arfe%?}’.r'ﬂ%sr'e?&‘té?f r NRNAs
by partially conplenentary RNAs (e.]\g%, certain m appears to partially
over | ap t hatorisiive M indudes N AxIZDMN o (EgPENda Y e \aHshRNAmeih ATEGISted 1t he
nR_NAs, not i il i k& i - e j y not
degr aded. [8‘1:%&1‘/%}53%1%%611}1%}?{)9\3!1% @gn?qgogg%'ﬁggg ({ﬁgsgﬂggéﬁs Iﬂrr%dgi(ly'reisﬁglér st andi ng
t he nol ecul pnchdolaniFLas ambyers of Gl g- YAl exprehtien fiomiékestontrdi napories corstrugtequi r ed

| n order t oy TBke 0l S oRMeBRRES! isQhaltNE IDMENL LM e 4RGN £ADSIHYEL i on and
use of the Inventfon is entirely 1 ndependent of "the 1n vivo nechanisins that
result in t{aecdRNK thatal Mk daue)l Conzolparc kit lesidedtht haporithierangy)emt icolis be
limted in any. limted to a I 0 Vi i smof ,action.

| ndeed, ot hgar%r'r%tﬂ %Fﬁpgﬁ’ésrebtuﬁgc{h?ugéﬁf%@#gﬁgﬁ%lfafl?(gd Fzghg‘ﬁﬁeg(r?tgosnﬁ) anns‘“:’lI %qoé” *for the
gene inhibition that is observed when using the invention.



METHODS FOR PRODUCI NG HAI RPI N DNA MOLECULES FOR THE PRODUCTI ON OF si RNA
MOLECULES 10 1SQO The invention provides nethods for produci ng a DNA

mol ecul e, t WP 24(AER4$% anscri bed produces a hair pi n trandEiTiyseoosmews’s s an
ShRNA nol ecul e or a shRNA-precursor nolecule (i.e., a nolecule that resenbles
a pd- m RNA) FAtﬁems!tmsw @ﬁwﬁsammﬁ@mfmm rpimigt Peistrati RAAY ihaienyx RNA

activity to gg%}!ﬁ,\ r.g RINA ecul e t hat
will be veri |ed (_‘(% 5%3] @*;‘ng't‘“ E‘fve?eedsi?gﬁggﬁ%lﬁgls%g nme {XYR%J‘S can be
used to cr eamrepaaet‘suomgillseewl‘dmﬁg dﬁriﬂhndhw&rfgﬂeac)mrd)e r@porcﬁanorbeuumet(wdgener ate
a library Colmar(QSIC%ﬂs ac mg haelrI § e%or%p’tl (oran eggrléla%% 'sh \91%"5111 &3@%5% If:‘ﬁe)] of

transcri pt eontdi ns stern ea base pai'rs

correspondi bg:kgmuam(mﬂmmtfmﬁfresbyncﬂﬂonmgetan;t SshRNA a candi date R NAi trigger
nol ecul e that is specific for the regulation of the target ; TANA from which
the at | eas{012@] base.FIg. asA»@srodereirmds ilrﬁk;n&siagmmt flockesceace ﬂum&ﬁmir‘e;bm*rnra
"vector attached" subcl oni.n (out | i 1 n "adapter

ol i gonucl eof HEVAAFREHEY! "“Eaﬁ(f’lf%)ﬁtf’ A ”Brtf)rlgfélc% e‘(’o&??‘r ?‘n&ﬂs %ﬁ%@ 2). These two
protocol s pﬂQ&H&en&hﬁ)rﬁaF@on%nﬁﬁfceﬁerﬁngmé als-;rrammatnefesp(haé temeedes the RNA
nol ecul e (e. ctor and| date, and

IS an iffer onl
in how the 5&5&@?‘? é?ff’%f"eﬁi‘h éﬁ‘ﬁ?ﬁﬁ? gprasene, BBBI ‘I‘FédCF Sre’i}?ﬁﬂ‘b‘a%étcf"ﬂﬁ’ gH g
expr essi on. saeA gireN dhaddag dnd Kaallﬁathkeéﬂmar&@muomdrgchaQHAdedj\ﬁala@dsiBMZlFl G 1

shows an outline of the 'vector attached" protocol Erodum ng a

construct t HECe3Gfdewes FAGCSRANRIAsSs of thectpe C%‘éﬁﬂi'ﬂ%‘t‘% 261%1 wisgned foraAI:IDNA of

interest is Jfo'teﬁﬂvnf] %ﬁgﬁfﬁﬂkﬁﬁtm}eﬁd%}w b dsBdHr @ecoﬂ@a@f}%t(b@@?h?-ﬁé &@hgeQhaAzyMati c)
to produce man doubl e- stranded fragnents he | ength of % hese

fragments nedd am@n %espntrﬁapleaiowcfbmesem@ pwwllwgiﬂecb*embw the oYY i ty of the
fragments %Fboaf) Tﬁétbk@%ﬁ{fer% Al%érﬁzmg @%daaa qhﬁﬂgﬁmy fRE @&H@E&&é&mst for

exarrpl e, at | eas ase palrs 1n eng or alternative/ y an
typi cal | y atix} pragin as00F higaesganiaes i WChéWgtt"hd -2TFhREAf is appaiesitestive folamgd by

subsequent pr [ h 3.
101532Thesep\c E?‘Iﬁggxn!é@t'g}g%% ?1\ t?gleédbgg ﬁéﬁ ?m lre}c'hé r Eegg%rl%gcﬁh& EE-'{%‘pan
adapter oli gmhgmhed)mb(ctectmfn tAfer im\benltgrmd(sslbtqut@) théThean GIORPEDH rtaxoenlt can

occur at onl the, c at._both_en

" aati on even RGeSk TR Ehls GPUTRE bRl A B FPL st BB S pec
nol ecul e i slifianessd. A critical Feature of the adapt er oI i gonucl eotide is that
it contains an endonucl ease recognition site in the stemdomain that 1is
recogni zed 28 corr adpimdrAgne Bgoonied éaSaat deatonsibeaesilatesaegietf@enathe | east 22

D e AR IS SRR B PSSR oS A ST ST
order to i n&bm\t@amhmmer}gr eCRICCiAANBRNA hewinaigeive adapt ils ec@issh one of
> dephosph?o ¥ s Ar !:c?nrstrags E)P(?ﬂenrgg efl'ectwerngsas(:tslnown 1s the percentage knockdown
of Ax] mRNA levels compared to cells expressing a control shRNA (Luc shRNA). FIG.
278 shows a comparison of apparent Ax! knockdown using quantitative RT-PCR {y-axis)
or the GFP-PEST reporter assay (x-axis). There is a linear relationship between the
knockdown measured using the reporter assay and the knockdown measured by quantitative
RT-PCR.

10122] FIGS. 28A and 28B provide results illustrating use of the reporter assay to
identify functional shRNA molecules. It FIG. 28A, a retroviral GFP-PEST reporter
construct carrying proteasomal subunit beta$ was introduced into the HSultan cell tine.

Populations of these cells were infected with retroviruses carrying different saRNA
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[ 01541The resulting ligation products are then cleaved with the appropriate
restriction tnzyne (step 3) to generate either one or two hairpin cl eavage
product s (st¥P2pH8diEoendi ng on whet her the hairpin adapCeasalvpgoessiwer e
ligated to one or both ends of the cDNA fragnent. These hairpin cl eavage
product s ar ectisphifs pfi¢raatiptargatingbrtedi GFEglotehanceneotestisd bREAGT0Ineaises
(e.g., si | ec ' e h ef fect or
i nt er nedi si\lgg%o%r;ﬁngg ua%’qﬁﬁNgg gff Pas légn?&% %QQLQQ{@A%E %@gg fromthe
cDNA, but cauacmrshaNn (¢DNAsdsyr foedorsmmemczeso klmvge(noli lefiar2 2elbaseyipgionty,

dependi ng op the restrlctlo .. _For exanpl e, ef fectqr.
i nt er nedi atg' € LR EL AT ac’[rnll rﬁg(%/rpegons Ctlag‘ggfo%@wﬂé&c PERGY cgBstrugh Eqé'ast 40,
at | east 4528BprovBiastvedéin bdis bfgasteind froar thatbdveasit pGki diase mtbﬁpmfel of

possi bl ¢ 1 AIC IR o dRap e i aatiee vt shott b0l S 600y TR s

l%ﬁ,sa\t 40, abaﬂeﬁﬁ&fagﬂ:ﬁwaﬁtdnhlﬁ‘(lii@tag@estlp@t’éte{ﬁs@ﬂﬁgsugﬁmﬂbetﬁﬁ t;embd ﬁﬂ;td@@&eﬁpal rs of
c sequence nay be partia si ngl e-stranded due to r 5' overhangs at
the site of afewgegvaa%n A (12551 TR OPRGE BF TSRO ?hwrﬁl}saﬁ%&e ’ﬂgFe“Fray not
cont ai n_addinkin@Badf pasiatiRPtHeAeN DR RAIF-50 BlETe YORwit ‘B%B(ﬂlﬁorh@f bRiRg Bdapt er
oligo. These additional nucleotide base pairs can optionally be. del et ed at a
| ater step. OF8rcEiEmp leadinmbuffai-PRn a'&c?ﬁﬁ‘b’érpf%dﬁéwg CPRVEPE DG | | contain 25
base pairs éﬁgus a 2 base pair 5"-qgverhang) cDNA sequence plus 16 base
pairs of st&Htdleri vecFIﬁ'éf‘hPfQYéieﬁaﬁ‘ f‘b‘ﬁ‘i’iﬂté’&&&}@ﬁ“mﬁ@i%ﬁﬁﬁm’ {Ridenpbing e t he

DNA ef f ect ogpiAtigiAEAL 3L ﬁmﬁ%bélﬂﬂ t'é‘rglet%d syROtNRGyfi@dntied RR@N i8Rt pllatieon and
expression. This can be acconpli shed using a "vector attached" nethodol ogy,
as shown in°PpEest. The stern- | oop DNA inter msdl ate gener at ed |n step 4 is
then ligatcd to a linearized cl onlg% vect or ‘vector adaptor"), typically

by bl unt-enthilAdl and tHén3RepisphEAyISanpivgs %IWPMWN%@I prior o
l'igation. ThisnRhodYGeepmas Aﬂ\‘;&fécgﬁ& L PLRAUGEs L haf o 0B ﬁkf@c gsflbgk in the
| i gation product (step % 1571l n order to renove the steml oop secondary
structure, Wh%asﬁﬁﬁ@dmr@&@Ufﬁp@we@b@ﬁ@da“b*yhf@d@ww)’t he DNA with a

strand-di spl aci ng DNA pol i/mera se that initiates at the site of the nick
(step 6). TH13Slbpeni rfdﬁoé Provgles p ovhemstis fapreseniaioadfihe dafagn FAR, 3Qntowiganer at es
a |inear dowblgSLIARAEH RGLA! it WP intlboBl CARIAARN ARRAGLERINA &S
(step 8). Alternatlvely, once the nol ecu eis neari zed (and in lieu of
recircul ari gatiaes siatgs tothe PW¢$@GIIQXF~’| sean Wath the dontrelsgh e celetvad to any
addi tional suhdp L Pl At t 5 &o® O BeSUitable
expressi on \ﬁ;ect o?gdqgmgtgg}hlf) er%alg% ﬁelstgr?%ﬁ aepfqol/gigﬁgié%dy ofﬂltehl s et hod,
t he DNA ef f éffeont $hiNesnfiedn at ew-allhbt seaiee kgerkersatoma Al tgtidfsremt degmeds! unt - ended,
dephosphoryl ated and ligated to a cloning vector cut with one blunt-cutting
restricti onifdaglynme arﬁlG@ﬁépmiﬂebh tmestemridgiires anphesef M2y dB-2Bdrctlibe sel ect ed
to mnimze fo F Unt enzyme
can be chose\rﬁ%glﬂéth% uce encl %ﬁﬁé&]ﬁ;&%fé % e[th %%%%n%rﬁeagnsrgrugﬁe#ﬁgn

bl unt-cutti mgumany{héxxd:mwm rabbg|andeidtid uyt, ti'gn'urh:abdtecgatth o Ptavnjugatell gaare vect or
di niers. The duct of WI | | n d et he lack of a 5'
phosphat e off" UIﬁeé'ﬁiobp‘:)sr T%g&r\ gapfs °ff nIE]br}c;l "’?‘%%nﬁm ¥ Pei&zjﬁftﬂi' gﬁ}.“’?“ﬁhe | oop can
t hen be opemdemﬂloumgrﬁgtmn@t B yomnoin mrﬁp’slml RgsOdegol yrnerase (e.g., DNA

pol yrnerase 1 Kl enow fragnent, Bs! polyrnerase or Vent polynerase), which
initiates af0lghi s ni dNG. Fherwalkre aeizyneiof of thadditioenhbre Klengh M Fmagient or T4

DNA pol yner ase ot h =y f the.vecto TIr eat ment
with T4 DNATTT ga"‘s:%b"r B ‘%8’%”&5?&253 ‘Il];"”B %%cglt%‘és“fel’m‘éf %%‘LW‘E%H’@@’&?‘ g
transfo, | |afdind@kd to Beatiseratdienddiumakodtiigiat 2OV seedtt COR th:s hak xfurgﬁalt&i:ul ar, it

pr oceeds W'ﬁrougﬁlt}%tt'ra\ﬁgdvé/lare%ar%necmr'ntgd ency-. Lkpi ter Cho-Attached Met hod
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101591An alternative protocol terned the "adapter ofigonucleotide attached"
nmet hod for mani pulating the "DNA effector internediate” is outlined in FIG
2. The firstWPaLP/8HEHs of this protocol for generating rdressDNoedizect or
internediate are identical to the first four steps of the "vector attached”
met hod of F|0E28]l . ThdE&. Bdprqyidet ecosuBs ginfrhay obmlermgdiUanmm&ayeffect or

d 601As sh 5, th
DA o T ect of“FREG NSAT AT 0 8¢ A GaieEa L BRAA WRARBERI oo 20T 8% “That can

be vari abl einidepeati¢rnyetperienentbRi $D asdptvar ol i gonucl eotide will mnimally
conpri se sequences that can be used as a prinmer binding site to initiate DNA
pol yneri zat (0029} | n addiG BSIprdv(Iie‘S hatlluplratisardeiongdiatigg dietdegwahles aflitagdioadn

contai n any. nunber of additi o DNA el n facilitate dovvnstream
o bcessi ng. S PR B TS At O e ARG Rer B SPY ioe Parsl sliraries
enmbodi ment ssordd tRdRPURS tIULBIQS b@ﬂﬁwrtaaefobmmc@ggr&l&raﬁm Jf@Nﬁddggdronal priners

to be used in P g, nplification of the DNAlnteI rredlat roduct .

2009/ 0824048 E8BI5tFEF Y 1 T g Y erngsreh HlWeralss b hishlyackpe & §'GF‘F%| e primer is
anneal ed toldtehmdamsmgrzhehhm@lﬂmgnéHeﬁ}odsafth@ﬁw@fdaamt er oligo, and the priner is
used to initiate DNA pol ynerization using a strand-di splaci ng DNA poi yner ase.

Thi's DNA po|mn®ri zat irqQ. B8k idRs k BciRat @sﬁmemtscre@mhgsmbs repdp@F € the | oop
secondary structure has been renoved (step 7). This doubl e-stranded |inear

nol ecul e i sCAREYF! AR I AEEN AfBrasy & QE&PP%V'”E‘I ety ifertidy BNUtTLEF e expr essi on

vect or (steg,og)mleg-@,legﬂ%rwlﬁ,?‘cgéclngn\luaEOTLDES 101621A key feature of the
invention is the use of novel "haitpin adapter oligorruclemdes” in the

constructiopi9f) the "@NAwkfo%fde@{dblaafoeW hRlife sdqheHce LR veditn. RNA
nol ecule that is an R effector hai r pi n- adapters of the invention

each contai yigzidoubl &gt B8BHRGHES h@%mmm ANA VAo bRAR A B Nmagdhafyiist her
contain at | east one endom cl ease reco%tnl tion site that is recognl zed by a

first endontfcibasaeptdumerseaupssiag Azl §IRNA gpi-dllsbzbresy ciyggemasells di stant from
the recognition site. [01631The adapter-oligonucl eotides of the invention can

optionally contain addi t#’ﬁﬁ?‘&ﬁ%@%ﬁ)ﬁl ?\g&Ftﬁi‘é f| n se in, but are not
limted to, subclonl i rovi di
sel ect abl e Ifér¥ers. é’éesg‘éd'& e proxides noye| qraumplistnifess B‘FF‘%%‘TSe'ng sequences

encodi ng I epRki-@inp dhyReR! SRS m@BHINAAn ORRES W Herd 1BE GEM A ln@ﬂ:cﬁbi &% kel ac0) .
Exanpl es of adapter ol igonucl eotides i nclude, for exanple, the

ol i gonuckot #6eE0 ¢ HaeaeaPscHioNdiSr egmemeey iR RN brarep seleb]erfospipemessad ment s)
the hai rpi nsadaRemns M HRAMOH &R SIS hSREHEN GRShods for testing the specific

inhibitory activity of an RNAI trigger molecule, methods for identifying active RNAi
logger molecules from a fibrary of candidate trigger molecules, and methods for identifying

the natural mRNA target of a known RNAI trigger molecule.

[0134)] These aspects of the invention address several of the impaortant limitations in
pharmaceutical application of contemporary RNAI technology, Most significantly, the new
molecules and methods described herein are able to identify RNAI effectors (i.e., RNAI
trigger molecules) not predicted by current known methodologies. One of the strengths of
the present invention is that the RNAI trigger moiccules of the invention are constructed and
validated without the need for preselection by imperfect computer algorithms. The
selection of RNAI trigger molecules by the present invention is functional, and is not biased
by computational i sifico predictions, /n silico predictions frequently fail to predict active

RNAi inducing molecules.
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that generate a de novo restriction enzyne site if two hairpin-adaptor oligos
ligate to forma dinmer. Digestion of the dinmer product with the restriction
enzyne regen¥Par@43x¥e ori gi nal hairpi n-adaptor ol i gos. AGT@Isagponesf the
restriction enzyne in the ligation reaction ensures that any hairpi n-adaptor
ol i go dirnel@3fhat fofr.3Sereeddseaviddrareh derenstvding iy ienitasons plysaditomat o cDNA.

VOLECLLE. FOH Bt RO T g Rl Sk {0 b a6,

provi des nethodst thofeanssalyourlt Wwetimportant fran §ibed @edicborde iRV &i tRRgeri tri gger

nol ecul e has ecific r Vit fora pI cteotide
target. Thi &' oi"gcfl %(?bt'ﬁlen&] :Tgel I“ieugﬂe;’[“é‘&”%%gﬁgf’gﬁhf W?%ﬂ&&é ?n}/e%% ShEFh
2009/ 082488 RETMERRINRZ 1O b4 D3dre hG GgdIsdimgtht Makralsraal egyhodaof ppres@n gene assay

is adapted for the detection of RN Al trigger nolecules (e.g., double
stranded RNAVCE¥Srt hairpin RNA (shRNA), micro RNA (rni RNA), stunift_ NA and
smal | interf (si that are active | down requl ati on of

expr essi on & 35Pt ar ge[hedgﬁgﬁ%%lrmgﬁfgnb%ﬁ?%é5?(1\‘6}31“3’,}?28@&0@V%"p{%‘i’%fg)hléf‘j"}g he
target genefipicabgt UBRG:ICD piddectBA MBeN{sBIRPINOIIO O, 0@ AErecRoBNR{3):826-BR3HRNA
(i.e., the full length cDNA) or any portlon of the CDNA 10167] The reporter
const ruct c&ﬁ’é’@t ‘E?FSQOYF@%F*‘P@“@%rﬁé‘S(‘H%’Pudl ng, but not linmted to, green
fluorescent protein(GPF) or another fluorescent pro ) .coupled to a protein
signal that triggers rapid tR¥HS F*“?S‘Fetsf?éweébap‘p dﬁ?%’t%ﬁ%n (i ncl udi ng, but
not limted to, the PEST d*qrmmn fbor et AR Tet @hdiidrRiIBe 9decar boxyl ase) . DNA
encodi ng the desired Ri NA|+ é i s cl ned within the sane transcription
unit as the reporter gene ‘ary’ ‘gd [?“tsi%’ﬁé “3110 the reporter gene in such a way
that it is not translated. J-llpbnﬁhbp{B)(ﬁbﬁBl:eA a stop endon can he pl aced between
the reporter gene and the tar%«% seque § ThIS reporter transcription unit
can be expressed under t he 'd& erﬂo)s St ny suitable pronoter. [9168)In the
presence of an ineffecti vels:nRNl’Kp()smen 19&a ai®RNA | acki ng specific inhibitory
activity or in the absence oBm ]f é\LfA as; 2 ontrol), the reporter gene/target
ruRNA i s transcribed and tflug at &d te that the transl ation product
wi Il contai WI&A] y theOﬂlemfetrmcemtwepudﬁ dyamﬂdrStfhreprp@ptﬁrig:tbe Elkmvtessibgnal s rapid

turnover. Thﬁ'cbenr%\,g o%engg]glfﬁgﬁb% Irnr;[’l CCL& \ﬁ‘gése uQc ! e,tﬁ Clgu%ﬁt %gude ne% tﬁrr ot ein

produced i s su egrada |on t nevert el ess
accunul at es d{eaelactsine:ﬁﬁl;ghﬁ)t afeeuhes:ENA sEhent bt nnnrggﬂharcmdd:ihd:aﬂ?e\rdms no effect

ot esance. of TS PBCAGE S HRA T T2 00 GRA R0 gL pERrie sall °711 1 11

RNA interference,” Nat. Biotechnol., 20(5):446-448 (2002).

[0138] Despite the very poor in silico algorithm prediction scores, these two
molecules showed very high efficiency in knocking down expression of Axl expression, as
measuced by both reporter gene activity (FACS analysis) and levels of endogenous Axl
protein (Western blotting using an anti-Ax| antibody). Thus, reliance on the typical set of in

silico prediction rules resuits in failure to predict ail RNAI inducing molecules.

[0139] There are a variety of advantages to using the compositions and methods of
the invention for producing RNAI trigger molecules that distinguish this invention from
technigues currently known in the art. Using the present invention, selection of RNAI
trigger molecules can be done in any relevant cell line of interest, and can target any known
gene. Another key advantage to the methods of the present invention is that no target

specific antibodies for the gene of interest are required. The selection process can use a
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inhibitory activity towards the target), the reporter gene/target inRNA is
either degraded or its u-ansiation is blocked. The RNAI trigger candi date
down regul atV¥e 2t0HESA%t e of pr oducti on of the reporter p&CYPpEPI¥Hes’Less new
reporter protein is produced, n existin ort rotein is rapidly
degraded. THICRE EROTESFUE'A €18 “‘Jlf)efSC B@H“b?’ag‘i”iﬂg |gﬁte§héﬁé?’8?°§"‘ifr ops rapidly.
Thus, in thg;upme@gnp@nq{ an RNAIi trigger nolecule candidate (e.g., an

sift _NA) having speC|f|c inhibitory activity for the target gene of i nterest,
the steady mhasle | eveh s&he hdpeers, @ROhiceraca®yRaRdindR gy f IheWassed deniidie st eady
state |l evel that can be observed in the absence of any si RNA nol ecul e

expr essi on, PEYVESPREPIEMEBNt rol si RNA that is known to not have any

degradatio tivity towards the target mRNA of i nterest
2009012188P@$‘/9‘U320118}>1&‘921ﬁ3fr€“1ft§‘im¢%"e3 |28 FHCNE PP (iR pn ?frféf‘@ﬁﬂe in

i ndi vi dual gelal Sequaited@. 238 b hiehRESHE@Gkal Wcldd s ghdigl Bhi¢ &l decdignRhal ksry) . For
exanple, a fluorescence activated cell sorter (FACS) can be used to neasure
GYP- PEST | eVBRYs GORbindHpRA o §egciatiglen s necasin Be et §a4pkms. 1582888 to i sol ate
cells wth HQMYF]E%YPnEE%TorrtQRQE&ﬁfﬁfﬂcﬁ‘l’cﬁl sterfls MRRNGRNA 118 Wof the TREREI Gnf | oW
cell sorting can also be used. 101711The RNAI trigger nolecul e candi date can
be suppl i edcqnnprtsher@ébmwswwpe‘rscmmealde@Wtfm wulagwle trexicripld ameedndd. For
exanpl e, expressgi r Sh

cotransfect e@?%gﬁepgr‘)t%ﬁmﬁﬁﬁﬁge(;{egg}fa? \%%? {Or ?I\% FT‘HQ wg%l#’ih t%ge‘l'é)ﬁ}tg}rr‘g Pecul e
can be dir ecilby contanisf écg.ed 1¢at W thveorhositp@étbdl Ianquesmstpabgeaeiatmstf eetion
met hod. 101/721The [ eponer t riy
limted. Al F(ﬁ}oolj mhor? |n regecrg%{&?m% U(EP&Q pEJcHFjC %gg%r!:%mbi) Lpl a? use with
this met hodmomtxhrtlperrdepmmmseqy@rtcem{mr@érﬁ:@am:ahargaélbaiﬂaptzenbcf@neruse Tﬁ'be reporter
gene can be _a ce urface be ide such Lyt 2, Lch can be

det ect ed bylaggecgﬁlgllcf{'iﬁd%w{aig@ e i [ﬁ rgé?bllbléﬁgld(%@@ﬁcabwéelg{qﬁégative

sel ecti on magkekesuch as thym d| ne k| nase (tk), HRPT and APRT. QO her types of
pol ypeptide reporter systens can al so be adapted for use with this nethod,

i ncl udi ng | @eafler ase (poNype piricdesal RNAigatachasigasea danlbactamasenidl kal i ne

phosphat ase an r radi.sh 0xi dase The type of v ct rs used to
express the“‘?"gg%ngéf' ?ﬂﬂ?/fﬂ@pt ‘H%fgp]etcﬁlég)ﬁﬁ% Hf‘f‘t‘y éf‘rgﬁlcﬁe e candi dat e
are not parghb@pdudit lgynesi mstoad:aspdm mwhyhemawmmaaagﬁd SYQEMOMn Ed}ﬁetasp&fzsm ts

expression |n t he cell y@g used as thg host, I n various enbodi nents, the
vector is af&HFHoR FEfers Biee Girovial| EHBUHT e {FEBESTON SYNCRd SHEA iU BEY or or

any ot her tyd@@m es BEHRR HBtdabh BXRN @SS DID28 GADIi ficARMAf JnkGaRI RN 6dlce Li brary
Screening 101741The protocol described above for the assessnment of a

candi dat e RIECe forgpemahpar@empmse fothe spiestof harmpseslicdiyyelastnt iy Hebifar ds a

particul ar paliRUCHeQkIs E‘%eh@ers%ﬁ bECRAB R A HiBR eIk ﬁ@&@?aﬁﬂ blyQke M&@lg%é@en' ng of
RNAi trigger nolecule libraries. In the Iibrary screening nethods

expressi on BRNA ssqusgaescikaipn pgggems.nbdb gowingeran, ﬂwca:eletargbsynamuww ession of
alibrary o u igssed in a
y tﬁe(émlirﬁgg&eacrﬂm&fs%f%qnveﬁm 'id QS%E gclﬁgl'"ﬁgel h@nt%ﬁﬂ‘(&

separate cells is analyzed wth resolution to
i dentify toseheimnt icflagptiomhel ghiithmar Yleodeomesappirath ﬁhwe thpidenitificatiéonyiinbielor y

activity f OknAD ef%m &ﬁrﬂ?&q%nces%rg 8\?5 y thought not to be "targetable’™ by standard

artificial siRNA molecules.

[0143] (3) Genome-wide RNA library screening applications to identity and
validate pharmaceutical therapeutic targets. Novel embodiments of the technology provide

the opportunity 1o conduct high-throughput screens for critical components of disease.
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METHODS FOR | DENTI FYI NG A TARGET POLYNUCLEOT1DE (e.g., an nRNA) THAT IS
SPECI FI CALLY TARGETED BY A KNOWN RNAI TRI GGER MOLECULE FROM A LI BRARY OF
CANDI DATE TARGETPYPHSENTI CLEOTI DES (e.g., a library of cBRNNUSHVEREIEs) 101751A

significant_problemw th existing shRNA fsi RNA |ibraries and screens is that
an shRNAfsiMQ‘—-@QQ@knock down the activity of a gene that is not
the intended target, |dentifying which ge i.;s the actual target would be a
consi der abl @13Hvant adé e %éﬁﬁ%‘ﬂ‘cﬁrb% s SHBEHBHCar o RNAemEF#GY ng a eDNA

target fromngrieiddbanpystQfan&apdbidbencGNATDbeqIRg) that (d SpreR@sedonGalvhith 1
targeted by a previously identifred RNA trigger nol ecule of interest. These
f

net hods canPBENEEERN S, Yaedty dopblertrapdeA FNA, 1ip cgll it mbitien pigoaresyen dcul e,

and can al SQenQ%oMEﬁsqln P58 RE MeRBedl for ABarRNGn LAl QARS DB ULIE shARIAUNA Pl €
targets. This nethodology is illustrated generally in FIG 29, and is

descri bed b&hoiQUOIEGATBIETAR Mt eesnpisibihfior idgcing REIAG arrateken anteripring KNG _
preferably gidresg%ﬂ%?;%hg%\é‘ﬁbsi%rirﬂ-ﬁﬁqe‘afbﬁ EnlRRALHL OF RREDLs bishi tﬂgﬂf’:i’irb@mgh theUS! NY

gateway arid ‘an existing conplete rary, possibly an arraye rary.

Al ternat i veprgsenditRhd inksriaring B Neamswils sioddgeadagemlof raRE Avirdnkcribhe fronrihe genet drids

l I br ar y W tll‘r]lug ?%re%?@% ]gl C% IRé mlRNdAegn%sa%?/ eﬁ&qiefi ﬁl%[]egr%f'}(heaﬂQA§%le&%%tsl(nl a'Is% )
sort) those cel 1§ hat show reduced reporter gehe activity |n Fesponse to
expr essi on wflutidseldAin the irggationol de YA Mahdchptdefroro tindsnafthisetdultgrgomt h and

sorting can,be used. 101771l sol ated ( t.ed mg\lA ene candi dates,wil | _ he
subj ect ed t%c“maﬁq?wso‘% pu? mslgaug&ﬁr&’ ﬁﬁ') VS ?Jog‘het‘i"fcﬁr"f[ﬁgceééﬁ% et s.
101781Al t er deateassih Yhe trahs@ipiiah bEyie chR N A adoyieadin g0\ @edsedz valp pf daeiRi¢aanda used

to identify which wells contain positive clones, and the RNAI trigger target
can be i den?*PiEP HF "t he position of the well in the array to which the gene

was distrib . This anal ysis c e conbined with a 'candi date' approach
usi ng bi oi nﬁ%?ﬂnati CZ”‘{-' H‘eﬁgad\‘/sinb‘é&ﬂﬁg‘ has e?i‘f'"&%?ﬁé’?tﬁg’f‘@ 'lj’é‘ﬁ’é%c’t?%ﬁ‘%o‘f‘gst ed.
10179) The pepim&ad andesie typbe dinalpiey Qolitd-sikfhbe SRN@ERIrediced inda &INAk. of, Iitg 2er

nmol ecule library to identify nol ecul gﬂg havi ng Sllfe.Ci fic inhibitory activity
towards a pAF fYERIRSR ‘Rﬁ’aﬁﬁs%‘bw&ﬁ@?@ ¥én favged - ikm eprymeds CHddpt ed for

the identifieatd @anefAtNA ragheft Salfe@5mal kROWinRNAAs GIRNGShIsIPAIREYAE: | N
these nodifications, the "target gene" sequence (as shown in FIG 21) in the

reporter fusledanpsRNSs) alsdengih adiebrapihofiREX sy dwpredises vanes. althayeh
N e T L
i s identifi@mlesinericaxpiessiwalcafdedevarkases tlerctpidypaipt lag 8RN melipriesgul at ed.
See FI G 29can also be produced in vitro {e.g., by chemical synthesis or in vitro transcription) and
introduced into the cell to induce RNAiI. The siRNA becomes associatad with an RNA-
induced silencing complex (RISC). Separation of the sense and antisense strands of the
siRNA, and interaction of the siRNA antisense strand with its target mRNA through
complementary base-pairing interactions, optionally occurs. Finally, the target mRNA is
cleaved and degraded or its translation is prevented. Thus, expression of a particular targes
gene in a cell can be specifically inhibited by introducing an appropriately chosen double-
stranded RNA into the cell. Because double-stranded RNAs greater than 30-80 base pairs
long activate the antiviral interferon response in mammalian cells and result in non-specific
gene silencing, interfering RNAs for use in mammalian cells are typically (but are not

necessarily exclusively) less than 30 base pairs in length.
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si RNA LI BRARI ES 10180) The i nvention provides individual siRNA nolecules as
well as collections (libraries) of such nolecules, in which each nenber in
the library W@a#8 4%d%% he production of a different. si RRAT/UFHESPisiary is

typically construct ed in the context of a vector expression system for
exanpl e, a Hdtflovi r alPupee poFendy sper sinedetifsiencht inai g ety MRSt i ng t hese
l'ibraries ' &&e@ﬁéndeR@Hx@fePéﬁ?re‘ IoRE Bf ¥gilhiehgesRRMAD s@%ra@-%xlill\?ﬁ?ssire gpgagctor able
to regulate the expression of "a target gene. These libraries mist therefore
contain a diesened and tofiedsigRGAL he fugsh BBNA PHEGmiE s BNAVE awst edfesierei es of
novel metho I contain
a diversi tyglgefr %Rﬂ&km@ﬁg\é#?ﬁggig&)gleéﬁggsémﬁgp%rrpm%(sg%li{édﬁ*‘esggl?f‘i)fﬁ%ﬂ%es . The

i nventi on ftreheRNpsowhdssrapvedssdfiunteicohalo approbkshmsletwies Wenoilifily sequences
wi thin the hh%]ary that display the desired RNA] effect on expression of a
target gene ese nmethods can provide an integrated systemfor identifying
RNA i -el ene equen i.cul ar get
genes. Li br@ﬁyﬁ Di ve%@??%l%ﬁdrﬁgcﬁéeﬁ@?%%ﬁ\?%zh%"fcote é‘g{d"'@%‘%"e‘g?é’gﬁ%‘ hat are
used to genérsa‘eceesd|T\ygmsllly,yhdsmer3iowshRNA)s atd daclatrnresﬁbddrastahmgfﬁm.standthkxe
sequence of the tdar gg@/g%g IS exan d7 K FI orit 15 are used
to predict WATCH s@ Bé i F’ﬁpf%’r'%ﬁﬁ an'S UERTY 5 ARt he tar get
gene. For e&stpit @cgelbogien@ciares I‘mlle|prdflm:lmi‘®4i mﬁzplthe,seersﬁwemm rigicaeloect ed.

Li brary inserts, encodi ng. the sequences are .chem ca nt hesi zed
and eit her Ff'ﬁrﬁ'%efr@%[t“@d“ MAO M%'é"ec@ﬁgﬁ FebPisy Bf‘pp(f?’iﬂﬁ@ﬁmi f\ltlég é”c\?%’gflec?r'"t o form
a library. lengihhr secend .apif@asidu COGRbaITEE b iprdNb&ofi6daNSbmdehbygichof r om

cel lul ar |nRNA are fragnented and each fragne i.S processed t hrough a series
of in vitroXbisasinave q@&&?*"%‘s‘ol‘w Ry} s aft g“ BP’B%D'@é bearngPRidlEnst ruct t hat

encodes a haiidhdenddr Waubi@s | SuchhhiRN AshenidRwhk er sbfeaR@afl miRidks fohge hai rpin
i ncl udes sequences fromthe original cDNA tan shRNA cassette). 10182f One

embodi ment SFTEERANGINg aE s predardicipdiogeel 11 by IR KPS W Gk duleleas descri bed
in Sen er ajjmed bﬁ%ébfnhﬁx%‘o@ﬂae%@ﬁl@arﬂﬁ&%&@Jrﬁa@ LéltBWRIQRE@ﬁ): nMﬁﬂhQ%ﬁnczﬁRJéd
libraries,” Nature Genetics 36(2): 183-189 (2004). Briefl cél int
procedure, toes erargenaiid 4 K VegneRtlebsaphic W!”g‘é]ﬁ e NA paddlitivapirpetitleadapt or
ol i go t hat i M nel .

cut e DR B R B Gy e e o o 1 .
V\hen t he | i gailedoDRAAS cenftinimizichntMiatismastios to thatarpispensingpeldNBNaverbeacul es are
el eased.  TU8RE FRERES BBy AEEhAGRLAL ALALERL VA ARRNDL, 18- 21 nuct eot | des

|l ong ligate airpin-a ese shor airpins are then gel
purified. lint shauk i rpins
are |igat edH% %ﬁa secrc))r‘r’a;'a Caﬁﬁltrﬁatr‘:ﬁg)fnlyg%&?ﬁegﬁﬁ %esl?atrﬂlgreésﬁ?de%?}ﬂqgt I on entgﬁrre sites
that will bmmu:ﬁlerotonm]em-soney RNés{4.pi shed nti@nsXsp mmieprsaandargellly qwrladi |hed again. In
t he case of. RI.GS cond d i go |s a P Thi s
results in £V°I€iﬂdrr'ﬂ sha e&gh ] e%g% qrar]chior%c e Tﬁﬁl figle ﬂ"efr % %NA

i ncl udi ng aaffeegiland mfe nﬁerﬂzks e i @it nbiadeigtaded. The purified const ruct nmust then
be 'opened out' by copying the single DNA strand into doubl e-stranded DNA. In
the REGS pri@tétiure t Milgoigh aghﬁemeaﬁvbr}ceahmdcibbyri mgdctlhemd@msndmg:theby rolling
circle-rolling repli atlon ver oubl e stranded DNA

ol ecul e coRBReUrrEr iR wiidiraRRAy BF Sndery Eidh Q2%FS R Bk Ped
construct. BykeCdHutd £y zmpdichoﬁ theinvetoni Gideed) cemm aWﬂQSﬁBotShé BSemmbes | ncl uded
in the second ha| rgl&n ada tor. oli %g, i ndi vi dual EI es of the desired final
product ar ccPE 4 Wé’b'ﬁh‘é‘h chapigms Hiehregdl ‘"d ?N‘\]rﬁ’e’(’i‘eétﬁﬁ“‘éel hed°i nto a

5111 inbl e MeEEANhatkRLEddhibn bBiimisd a0Ry waCihilaseidy Rkidhe RS | ibrary
consists of, in order:
mechanism of action. Indeed, other mechanisms that remain unidentified can be

responsibie for the gene inhibition that is observed when using the invention.
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(A) a short sequence (including a restriction enzyne site) fromthe second
adaptor olizo; (B) 18-21 nucleotides derived Ctomthe cDNA;, (O the sequence
fromthe fir¥e2H3i¥23%n- adapt or oligo; (0) the reverse-cagplusnesti+of7 t he above
| 6-21 nucl eoti de cDNA-derived sequence and E) a short
sequence (oMpdEdDHFPRAGH T IRPHE DI YHIL b o FOBI T, 1018511 n the
KEGS procedHREDUMEON OF siRted MSMEG R or &l go is quite long. This is
necessary b e th g 9

restricti onﬂfsi?'tj']z andeledr%gh wn W?@%?ﬁ%ﬁ%gg%gﬁ% gﬁ\aﬁgfgﬁ%?aetr%%gubstrate
for DNA Ii gasrecnhﬂedlsamcﬁsla tsampei iransinimd tha sdnishRNRemaleang ofa iR Avareewiser, and
this restrict e g p. By

i gost i ng. eGoHn She ) HEFRLE fhefe e - HEiRs, HpSnREe, bt BRhEEDGEE 1
vector, thebrblmﬁped&ﬁﬁzbea'omg\RNdelaabdﬂthdiem@d{A iargu,@wntmgnpeatmrdittfce of the

B ARATIRE - 2 T AL LA S B
sequence i ncztrﬁe et tordrentesd gingle sIRWA ramtckadhtet 1001842 br nin banved b gepedaess t han t he

opti mal | enﬁ for effi mpm{t“Rl\lAlH ? glh the final active si RNA nol ecul es
are opti mal éfaﬁ’lc'r‘i’f”pI”B'Hé Y ChERNA 59158 are nore effi ciently processed

0 2 | B, DB B b Dy RAREAL Pl iy o2ch o
length) corresponding to an mRNA, thereby making that shRNA a candidate RNAI trigger

motecule that is specific for the regulation of the target mRNA from which the at least 22
base pairs was derived. These methods can use either a “vector attached” subcloning
protocol {outlined in FIG. 1) or an “adapter oligonucleotide attached” subcloning protocol
(outlined in FIG. 2). These two protocols produce the same “"DNA effector intermediate™
that encodes the RNA molecule (e.g., an siRNA) that is an RN A\ effector candidate, and
differ only in how the DNA effector intermediate is subcloned for propagation and

expression.

Vector-Attached [also termed Semi-Attached) Method
[0152] FIG. 1 shows an outline of the “vector attached” protocol for producing a

DNA construct the expresses an RNAi effector candidate. [n step 1, 2 cDNA of interest is
first fragmented by any suitable means (mechanical or enzymatic) to produce many small
double-stranded fragments. The length of these fragments need not be limited except thal
they must be (or a majonity of the fragments must me) at jeast 22 base pairs in length.
Fragments can be, for example, at least 50 base pairs in length, or altematively and most
typically at least 100 base pairs in length. This fragmentation and subsequent processing to

generate ShRNA inserts is illustrated in FIG. 3.

|0153] These cDNA fragments are then used in a ligation reaction with an adapter
oligonucieotide of the invention (step 2). The ligation event can occur at only one end of
the cDNA fragment, or at both ends, When the ligation event occurs at both ends of the

cDNA fragment, a dumbbel}-shaped molecule is formed. A critical feature of the adapter

oligonucleotide is that it contains an endonuclease recognition site in the stem domain that
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sequence must be CO This limts the nunber of potential shRNAs that can be
made froma given gene, especially as the dinucleotide CCis relatively rare
in manmmal i anYgersMedss 101891(C) The products of the MrelPCEilgewsigmrhave 2 nt
3" overhangs of unknown sequence. The second hairpin adaptor oligo nust

t her ef or e bes rproggiesd by ncdréespprifdingresdonuglenss thrislegpesmat cie alltaspzﬁ Bast pals 2 nt
over hangs. Lrin f hai r pi n
adapt or _ver éllqglﬁgfgﬁ'b ltheg'gcso%hnlloglsxcﬁlcﬁéc %flfre%mﬂécéd“%bzﬁ%’s mcﬁucﬁj gl?[ QQQOI

si gnificant hyumceubuﬁcm’g 51, Mcr8f Ecife reoy Paril. ﬂinnsie# fogatpran ckinmg efﬂﬂd:ﬁ:@lt@a) In

order to ingor the re st.ri.ction r |red for subsequent cl oni ng of
the shRNA c rsrp rctcﬁm b%ecS?'P&w?%}op' Stﬁ& ?@F " T Chde base m smat che. ¢
inits ster glon ndt o.the s ligation_
14 DNA liga e]rsglt he enﬂlzhe Su &q‘c,ganh“ prﬁguecgs ¥o trhg gﬁvﬁdl\élgq lhgﬁgpro?na ('senS| tive to

m smat ches restrtchmsmzege ({)snep 3)uc: tgh&:l['atf eichigc bigorttive heibih cleanpy pﬁfdutﬁl(s&e;hteat ion

Si o 11 cant CHERUATR bR G PRy bt AR bt e TS of Bbecause

thle i Im ti ?QDH\F:LmGEhgﬁQhI r’Dﬂc]{;d tRGrpeH Méﬂv@gmﬂcﬂﬂcfslag@‘gﬂ)mﬂ df&ctbﬂln'&dfrﬁﬁz%@ﬂﬂs thiri]tndl vi dual
nol ecul es T1oOr | C ca S star eco led at the expense
of nol ecul eS"SRAT BR VE“’ ’t"°§/é‘r’1 ﬁﬁé‘f‘%ﬁ”&ﬁbﬁhiﬁfaﬁ“& POf AL @diddet ¢, a snal |

nunber  of 5m%\ﬁlﬁ@qb‘@&@&ﬁnt@ﬂﬁed@‘fiestclﬂﬁ‘lph&taa|lea§tV@2 b@@lp@irmf\/s@ﬁ&ln&é’d&ﬂ@&jtrbﬂ becone
dom nant. 101921(F) The net hod _of reducing the Ml ze 1s very inflexible

with respecthecd fﬁq@uwﬁapmﬁt&d&%d%\ﬁééewwﬁmcr Ehbat6 SEITHECPPTEBATCCAA.
Thi s sequens@mfe%mnbn Dﬁsz%JlﬁbJ de?e\%rﬁ;hea&Wﬁreﬁeétbg%@&a@ﬁru@tﬁ'ﬁ%m gf this)

that will extend the c derived stem sequence but which does not match the
target tuRNKa%G2o8icPRIOpridsashes.ahipashtdonlqpravi ddased’ et leess Sypr fders! 6dret hods

that can bebéé%?%r$&c'dﬂ?( gxevehfge u@ﬁée HepBNn LI hb fesREon PEASRANEL @5 wel | as

ot her schenes for converting |nto constructs that encode a hairpin
structure i nosahiﬁ‘dhattﬂhfeaidl@@b?%atslﬁ*saﬁﬁ@tﬂes&i et avfeastie. Mdpaspith af lsedt dblex I@@quences

fromthe or %(%%E%Est%%t 1e 089628 24D AL kg8 H AT v Bariaf) B MAnfCHLE

DELI VERY S
due to 3' or 5" overhangs at the site of cleavage.

[0155] These DNA effector intermediates may or may not contain additional
nucleotide base pairs derived from the hairpin adapter oligo. These additional nuclentide
base pairs can optionally be deleted at a later step. For example, the hairpin adapter shown
in FIG. 8 will contain 25 base pairs (plus a 2 base pair 5’-overhang) of cDNA sequence

plus 16 base pairs of stem derived from the hairpin adaptor.

[0156] From this point, the DNA effector intermediate hairpin is subcloned for
further manipulation and expression. This can be accomptished using a “vector attached”
methodology, as shown in FIG. 1. The stem-loop DNA intermediate generated in step 4 is
then ligated to a linearized cloning vector (a “vector adaptor”), typically by blunt-ending
and then dephosphorylating the DNA intermediate prior to ligation. This produces a stem

ligation product that contains a nick in the ligation product (step 5).

10157] In order fo remove the stem-loop secondary structure, the molecule is
“opened-out” by capying the DNA with a strand-displacing DNA polymerase that initiates
at the site of the nick (step 6). This opening-out reaction is illustrated in FIG. 4A, and
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101941Sone enbodi ments of the invention as described herein utilize
retroviral - based systens for the delivery and expressi on of shRNA nol ecul es
and vari ous Wep#PrgrssEonstructs in cells. Such retrovir dlCT8eens0§7 nd use
with the invention, but the invention is not limted to such systens.
101951R. et r gancragds avlemafo:touba%dnd&slt\atxbe(s@ﬁb ésisi:amnhsytm repiscudareedueskdp 8).

est abl i shed,, ,and..arc us t.hr o ut, screen

met hodol ogi ééte a\ﬁl%lﬁ’ tg’e fgg&; ?E Xe@wcd\k’t@?&;n l?ﬁé’rgeﬁgmlﬁ%rkz&m? Hrearnt%zgl power f ul
tool and hi gﬂulryulaﬁtapbm)bhean Hhabecry 3d awsaddaronﬂtsatﬂhymeg(@rreaﬁplamcmhﬂ\iﬁm n any
desired cell t1¥19‘ can exg[ess ﬁtl mze? @J[Q&'JA ructures and can be

mani pul at ed'f © IB%HH‘??%H‘ eeé‘?f?? YEYGH e ) in vivo, far exanple by
using the t epres t hat es dox C e to control e

opr Sssi oni JUEEEF cee: Do hbistigk HEETHFBEY 3%%%?\ Lise® PP SURRa L ys: ens,
see, for exaipreeduibtepatard blohit@ded, depHodpiRnEated amd ligatehe awsmigf veb @t t@vi r uses
as phar maceut hcal tools for target discovery an val i datl n inthe field of

functional YEASAT E'é‘“""’”@fﬂgrréﬁf‘cm HEGRE I BeSPROMPLEYYC1d: es@f@zy BP1A2001)

and Intl. Paé SIMctotiN briniN@ze WGP Ik FBHSene rPYtid:O IR Exangié el bhiNewedynixet hod
for delivery and intracellular synthesis of siRNA nolecules,” filed on March

6, 2003. 10%470FIHN05E (o piodpsR code gt 4R a0t seifwomrlzannieon T blumiicgigsepeyme

retroviral - basRdndedddvRIiYe a%atg@r@uo/kfc@@&eve@{or ity nﬁte' pt&dudebt lVg%th syst ens
that can introduce RNAI -i nduci n? nmol ecules into cells are al so wel
g

est abl i shedretdima ek Wge Buhe sk of ¢ i plwdphags Grthetoops plichs3las wmbite é@P

adenovi r us. oA | P loYb EHSAPhd A SIS ﬁgﬁzu&@dd aﬁ{m DYRGHIRhersdabl e or
transi ent eukar yot | c expressi on systens (e.qg. g] I's contenpl at ed
that these &g ePNatriohenesasstl éienoi inknegl st mé:ewmerprt\feetmw@mmeamhlch
101981Furt her, A he vector is
not particu g‘%l? S%It lhﬁﬂﬁcl& nﬂ{lghgahg b t(%wddﬁu&c]?g;k%h%g%gﬁ]g@z}ggﬁgﬁ%‘gn be of any
suitable t yp@ymﬁnaad)uah lmgusbdtto melke Hqtlm:lt@df the vastoshIRNA ThoiltreeuIveth %DBIHRNA
(short .hal rﬁ% R%Lce”%:rgﬁyrl ﬁNA olgcuﬂg lhj I\Iéar}gmtllsggy ntsg)g‘% Eexglr eééca ger
transcri pt enco asses a re Hort  hal rp ED
METHODS Fmﬁﬁ%wmlgmmﬁm mxﬁmmlmpﬁﬁeﬁv&m&m1mhhm&mms 101991The
REGS procedure (Sen et at) (2004) Nature Genetics 36(2): 183-189) involves

repeated purificati onA(%Bte%EByAqggﬁ&tﬁmggd acrylam de gels. This is tine
[0159] An alternative protocol termed the “adapter oligonucteotide attached™

method for manipulating the “DNA effector intermediate” is outlined in FIG. 2. The first
four steps of this protocol for generating the DNA effector intermediate are identical to the
first four steps of the “vector attached” method of FIG. 1. These twa protocels differ only

in how the DNA effector intermediate is manipulated downstream.

[0160] As shown in FIG. 2, step 5, the DNA effector intermediate is ligated to an
“adapter otigonucleotide™ that can be variable in structure. This adapter oligonucleotide
will minimally comprise sequences that can be used as a primer binding site to initiate DNA
polymerization. In addition to that primer binding site, the oligo can contain any number of
additional NDNA elements that can facilitate downstream processing, such as restriction
enzymc recognition sites, In some embodiments, the adapter oligos comprise binding sites

for additional primers to be used in PCR amplification of the DNA intermediate product.
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consuniing and often produces poor yield. The invention provides an inproved
nmethod to selectively purify snmall DNA fragnments with a conbi nation of

pol yet hyl enePyeBsAPEG) preci pitation and et hanol preciPsiTtiaeiemWPEG has
previ ously been used to size fractionated DNA (Lis and Streit; NAR 2:383
(1975)). HovEééy, undasstivhe icowpibtd omsble ypmcaiSIaynaaEsct‘u Hbemm(eﬁaﬂmilne;sitahd

Bowen, SAL 18: 27 d Pa| han and, P ( _)) wher e
t he final cgﬁ%gg ad ;g8nas'? QLan ngﬂ e l?iimyﬂﬁ% %’E@%ﬁ&)ﬂ %]?% used, it
i s not possﬂilsbleclhg)Dprﬁe@oIpnézatae mmeﬂﬁmer&m 260 2060 bgpsegkdut’s. 102001By

th t t divalent, cat 0- 100
and Che PEGTG0CCORRGHE A0 P iy HEFE aboiee i SeLasraet T BPERI pi tat i on

of smaller firage®ltear nSlepdls sd thtemaMpiilbtel hed addivhilpelofdd iatocosupratgei pi t ant

(e.qg., glyc )gpen or i nb(al gﬁ:ryl amde) it is possible to obtain consistent,

ef ficient, PHEEFIMYEHPUA B even small quantities of DNA. For exanple, at 50
nmkt Myd 2 and 30% PEG fragments 0125 base pair and above are efficiently
precipitate [:mIM 9 G fragnents of 50 base pair and
above are eM £ i §Tr| M MgC1l2 and 12% PEG only
fragments | #1§eF t harA X8y frase: :pfahaflnacreloeﬁa‘uhcumflnywqdfbmnpma@p&d By selecting
the final Gco nt r.ati.on S Ctl reci te only
DNA | ar ger E‘h%) 4 ﬁot'(}dbes'f’r‘}edcogﬂ%fllpl]glﬂil% BW\ %%ﬁfs emeglﬁecy(t:}gwn ﬁésstlgze i's
desired, thenNA helesutathaers aE)IRAIMaﬂﬁfeber eaﬁ:lﬂaypnrnexd@merrs@dt}-fenmntlhtechE@mtam
supernatant, .fqr e b et han reC| i tat 102011 hese novel nethods
can be used® 8§ty l%fj'radg%/@?’g B’Ha‘dfan pdﬁ g 4\@\%?{ cQplpu 2 ESPII @i ng 1igation
of the fi rsbndaahméﬂsareadgcpm@fs@uhegosre&dgalzbdi gahlﬁ@srnepdomdﬂeatsenlmplee%ptiat.:ed with
100 mM MyCl2 and?%15% PEG  Thi s renoves uni ncorporated oligo, lige(inners, and

product s t o8l '§ibf1 D456 PHE Jigapdiom RefEPERI $y preci pi t at ed DNAS with the

first enzy r BC or recipitated with
100 rn. M My gand 15@” ﬁé@ter'l‘m)gog'r‘r“d‘l’qhd 'I}’Faﬁ“P’ﬂt'ﬁg C?’e?@fs'@[ “Yhe enzymatic
cutting wil hddm@dnab@qidrRe lpirtal edh: Bnduean ticark @eONEREkof uBBohIE, inipRBkat ant .

By adj usti ng the PEG concentration, a simlar _f/llgeproach can be used after

i gation of “PKB2SHELHEY 125 provalingselgciphledrarksrs i TReshreauenset s 8HUSF DNA t hat

i nproves cl pRirkgoefifes GeQRaYesi chcdtifeRESRIr pPYpRDTEs, amtaz@@pérb@? rdebfifi§orise Wi th
the present invention, but it also rinds wider use with ﬁ@fl oni ng protocol

where it isSiEAVANPAJeBEeIer of adapier AHew elpviedss B iudefar sxagmicedEt ed nucl ei c aci d

reagents or, s@%ﬁ&lb&me%ﬂ/ﬂ%‘ﬁ{ BiGS. Al TEFRNATY YE METHODS FOR PURI FYI NG SYNTHETI C
| NTERVEDI ATES 102021 vari ous stages during the subcl oning procedures of

the present [gigyentiony s&rh@eﬁl@%ﬁn@ﬁk RH&EH&%Knd @r&érﬁ%HJn%fmconQHﬁQé‘ddenc%Bapedl
DNA ol ecuIe - a region of doubl e-stranded DN% whose ends are apped’ with a
si ngl e- st r aHdLPPYE: desiowo FIsESIion eggygnesite lfdwoé%amwaéataoronieﬁbbgqlei OFpE med
after |igatap,op; gteaﬁonfdfrnetdlmes ;&ea&a wgwr@s;mmmﬁ%ﬁe Rlre RPN thd BriSiAsTe

enbodi nent s of the I nvention, durnbell is formed when"EcoPl 51 products are
ligated to bH@ieadsPligde Imlme’dhw&memowwuw thpliggiondetiprReisyretun usi ng
condi tions I o

ligation t htehrla ggr}y\sﬂa!tr{zuiﬂ?dgﬁwécl g‘%?l{a\‘/g"gm%g%geﬁﬁgﬁ %%relflra gﬂ%rrlkd%o l‘Flatnjgfril‘ds of

t he vect or. toBéddse exonucl eases degrade nucleic acids fromfree 5 or 3

ends, these products are resistant to degradation. However , unligateci
starting materials, and sone undesired b products arc not circular and can be
degraded by V.; ..g.'l'..L 4 TR BN TR "_.:"_‘Alikl.lll BRI PRY¥ A JXET B O Fof Nt R

hai r pi n- adapRErGBR MfeEECHLE QR IPOLXSAGE EQRERE (2. suRNAD TARGR DI nat | ons of
exonucl easefggn be aﬂfée@lvehnmomemeé mde&rfeﬂ@sssms‘ge@&tﬁ%r aQRrtR0Ar einlaﬁ{ale

undesi red by-products. Exanples of suitable nucl eases are Exonucl ease | from
E. coli and ﬁwﬁaﬁge('xylee;éeh%ﬁﬁpeaﬁemh%mneas@ralpge@vipbwlwcmn@qtfawt| ve

al ternativertQ ngg{odglg% fsllg@‘_‘tnlagla g@&qu}dﬁ F3€l ective precipitation for the
purification of circular or dunbbell-shaped DNA nol ecul es from non-circul ar
nol ecul es. 102041Under sone circunstances wherein one of the DNA nol ecules to
be |i gateci 43



| acks the 5' phosphate noiety, it is advantageous to perfoiiii ligations. The
products of such ligations have one intact strand, formed by |igation of the
5' phosphat e WA 2818548% and to a 3' hydrox_yl on anot her, &®qd/usews/igapded strand,
where no ligation could occur due to the lack of a 5" phosphate group. Ft is
advant agous{®hélt | anddangomrekeasacpsteugaiblassay is ddapted frdhaldgactidae! on from

ni cks or ga ecul e i i or gap in
t he doubl e-s FL\ érqz)% Sect \?gsn@%dng%ur)lggtﬁ%@gg%g%%ﬁ%t}a"—llﬂ!ngﬁawycg%ﬂko}?)qglm(%&o
dephosphor beJtAe(duRb}uxomhm&Hawdlsm@ldhrperﬁemidg BIND'S (FHFROX 4} ab = dreDidAy e ‘metlmiimvn

resistant to cl i ck can S roduc k|n he 3" end
i nst ead of Féﬁ%gi’“ ‘g‘g"f‘ﬁ es%on éfiaotgﬁﬁ%ege 8%3 15 hTREPY e%‘ﬁﬁf&%’ﬁﬁ %e" ahe by usi ng
a 3' phosphaitgt gmmuwbonseanmmlsa@émﬁ@prarwblogn baskemge RN B eQthgfutiUgngh

REDUCI NG Sl % EA f%[%ig\l TO | MPROVE EFFI Cl ENCY. 102051During the
ligation bef ) 'fzfi‘éfpf’ﬁ‘oé‘t" i 9P1N- adapt or ol i go and cDNA fragments, several
side reacti limt of the desired produc nci pal .. ones
sources of &Bg—ﬂr ant p h&dﬁ%’{@ T EPaYG posRE ‘ffﬁfﬁﬁﬁ)ﬁebﬁe%f@”ﬁ&gw& l?'}’téa'gl %9 ol'i go
di ners, \Ahefoegzte%ﬂm}bﬁewlﬁtﬁtcﬂmeloﬁ' pmd’sh@cﬂlapﬁe@denqug@a)chugﬁ&cﬂotaq;raaﬁ)h ot her
W|thout any interveni t hus gedum ng the anpunt of avai

|
hai r pi n- adape¥t 16 F@aﬂ%émd pamovey 9fghg e B SAURB AN lﬁﬂl&%ﬁ%@?@ﬁ?@ ‘%Hf‘%h

reduces t heppymBhaif froeouse REfthieaict 2l 81500 DINAahdAmgliRe dRBedRNMRI N- adapt or
ol i go. [0206] The formation of hairpin-adaptor oligo dinmers can be reduced as

fol lows: 10908 BAJOTTHE 14141 P Fameliraptritionrpiges BarrPRECESphabsitipred £d° or

synt hesi zedm\enréaa%; e P Qﬁmmweat it meraﬁl@en&mﬁ o@é@%leea% headnwanb@dapt or
ol i go woul d have a% phosphate; dinmers are unable to form The desired

product bet Neerd b&twerrﬁﬁfg’weaweamé the taPtrspRuenesd aPtoicraner d@nysRlier #6t m a
gapped DNA Elaw@%ubﬁcssemﬁd@mqlrmfgﬁymaw%n%easequent/y be repaired, for

exanpl e by treatnent with pol ynuel eotl de kinase to replace the m ssing

5' phosphat e[@pg DNA |Ihﬂ?cﬁﬁ—cseﬂ&2&%}rﬁrﬂe3%ctm%1ﬂ}@Ar(zpé %%WA%CRQJg sﬁ&:&ﬁ@n be

synt hesi zed wth a blocked 3' end, for exanple wth a 3 phosphate group or a
3' di deoxy mhiitentactety ion theeabsanne oBHRNAchs eanpisn]), bies repQgter aene/tige B caused

by a 3 phoﬁ?ﬂﬂ&cﬁb% B@h&ﬁh’&n‘é aRA. NGRAL 51‘%?’3%%1 g.?[; H&&Ml&&u&ﬁ'o}{f“{ﬁé eotide

ki nase to renove phosp ate group ce the hate if it
i s m ssi ng) repbdripolvecptisly ahdl Yatpepidathat igaalDiRid ivgmser. Thetdrgi smsmbfby a

di ci eoxy NUEKOLL A SOUELRSLELPALS Bl hne L. 01 TRt o a0 g gl no

non- st rand- di spl acl ng polyrnerase PEXCl 5e8 oXy nucleot1de and
repl aces it degrddatien, tbohltractverthdémammwﬂataéhosslesdya:ttst@ lével. I'ﬂwétNrbytnlgggat i on.

Optional |, B3R ffe%gigggggi%ﬂa Nl a”pltyﬁxa J eande

ki nase pri of 7 on ef nat |ve dptor oligo

can be desi ﬂ SO tnﬁnhespuc%g%leﬁ ff‘ém 51?{N %ﬁ%ﬁ&? vm mglgner ates a

restriction enzyne Si |ges ion el enzyne
r egener at eSlrﬂ]hﬂOerdchﬂfbaﬂOWhajs i tmgadap& mpormérlggwtargenuﬂmm mm:tbér depdedest ri ction

LN R S RN LI e
exanpl e, a b@ah¢ piporagapipeftidel Lge ms BN piotkitHsGroduled; amnd &8 existing

reporter protein is rapidly degraded. The steady-state level of reporter protein therefore

drops rapidly. Thus, in the presence of an RNAI trigger molecule candidate (e.g., an siRNA)

having specific inhibitory activity for the target gene of interest, the steady state level of the

reporter polypeptide is lower than the steady state level that can be observed in the absence

of any siRNA molecule expression, or using a control SIRNA that is known to not have any

depradation activity towards the target mRNA of interest.
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synt hesi zed. That oligo has the foll ow ng double stranded stern: W)

20091082448PCTI US2008/ 014937 cgLr _yga aaccc-- - - (where ---- represent
addi ti onal sSYeRHWPHHISONA of arbitrary sequence). 102111PhirgseemadE oligo is
able to ligate to eDNAs cut with restriction enzynmes such as Ithall, Hi nfl

and Taql, eHdRblof whiTde léveholka mpews phuge ipadividuyGellscavierfaggmemgradat i on of a
hai r pi n- ada esults i

aggt t gcaaec{% \F/bnsl] (§1é &t rg%ogﬁs% {OQSSl#ee&?%?IQ @?orrésgﬁ%?gﬁﬁgﬁe%ecﬁggﬁgeg A&g?%agl d). Ad!
cuts to probkigsed m/\meqsnmdﬁriﬁ EESHéa\'bisdraindtmeuah@H&rang|op‘a¢nall1mca:pimusadapt or oligo.
Li gati on of theh oli h C N on,
flinPll di gé;gllﬂ]eon or egPﬁST 6 oéegt:’i%]o %&a%%w(% ngfé?'fly alZ'gfnd t he
product is idmr@cfa@ra&omemm eaved. 102121Li gatl on between cDNA fragnent S can
be reduced in simlar ways; 102131(A) The cDNA fragnents can be
dephosphoryltatgd. Thithe®ahatighe ncdevicraadidate hardmﬁuplslpddao Weaklloar of t he

ol igo. However .it cou d - ph fated oligo. In this
casei e 5 SRRBEBHAL G e aF g8 medtate FRec gt Bavt o prresg Bgr a5 of "t he
cDNA but noéxptasibhedcioahasphbdea colfrarafesea Gmd tHeicgll nlag cubigo pT&tECMAf ragment s
| ack 5' phosphat es and catljnnot her eg %a%e to %ach ot h

trig nstecte 1nt0 i

ger molecule can be directly tra ost cell by any su1table transfection
method.
(0172] The reporter gene used in this method is not particularly limited. Although

fluorescent reporter polypeptides find particular use with this method, other reporter
systems also can be adapted for use. The reporter gene can be a cell surface marker
polypeptide such as Lyt2, which can be detected by a labelled antibody. A reporter gene
can encode a negative selection marker such as thymidine kinase (tk), HRPT and APRT,
Other types of polypeptide reporter systems can also be adapted for use with this method,
including luciferase polypeptides, B-galactosidase, n-lactamase, atkaline phosphatase and

horse-radish peroxidase.

10173] The type of vectors used to express the reporter polypeptide and/or the RNA:
trigger molecule candidate are not particularly limited, and can be any type of vector that
permits expression in the cell type used as the host. In various embodiments, the vector is a
retroviral vector, a lentiviral vector, an adenoviral vector or any other type of eukaryotic

exXpression vecior.

RNAI{ Trigper Molecule Library Screening
(0174] The protocol described above for the assessment of a candidate RNAI trigger

molecule for specific inhibitory activity towards a particular polynucleotide target can be
readily adapted for the screeming of RNAt trigger molecule libraries. In the library
screening methods, the expression of a single RNAI wigger molecule is teplaced by the
expression of a library of molecules, where each RNAI trigger molecule is expressed in a
separate cells, and each cell is analyzed with single cell resolution to identify to identify the

library clones that have specific inhibitory activity for an mRNA target of interest.
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102141(B) | r a restriction enzynme was used to generate the cDNA fragnents,
the enzyne can be included in the ligation mxture. Any |igation events

bet ween cDNAYORHYREMES will regenerate the restricti on siGraisamdobesr ecl eaved,
It is often posslble to chose the halrpln adaptor ollgo sequence so t hat
l'igation beMis ' s 7y B R gl ] ' Bderenan mkd

hai r pi n- adapptd i e

enzyne. For FRQMIIQBWOF@AMDII@WT@RG @L GLEﬁ [D: 3] aﬂsbr

di gestion oc DNM@I&@@U on to the hairpin-adaptor oligo sequence descri bed

AL Loce LRAPERCE: b wi A PR Sl kR0t S R R b B f e A,

attaches a lhar gmhIRcb@pmMﬂﬁcdmn sabdifeally dpeaii dogynabie activfty bhie ghaithpiisna orest ruct s

i Nt o dsDNA, ntI argely re esti Because of
this, the flnﬁ%ﬁde‘ﬁ%ﬁ@ ﬂa dF'EH a‘(&hg"‘ﬁh%e“%és %%Cq%a%f%% ﬁﬂiﬁ%!\ﬁ% RRRRI NNNTTGGO
ONNIt 1 NNNONNEstat PNGENNINNGOR, SNNAAGED i daf ene ehloBis tohmehﬁfyrr%pr@emargm&oam\mm@ewﬂ ved

can el Ty ERPHPEELRL: BRtsshls THESPor By FEFEEI 1 BPHOTH ey oD

undesi r abl ergRBSQHYENEESinRFest NEncSAIRS BN bRLOKAs Sdendfyohe tah@td sl ddldn by
D| cer. 102161lt i s possible to desi gn a hai rpin-adaptor oligo that, after

"openi ng out™NAd RS geleetlermnficehalah ewg?&bﬁqtafnerey'fgréﬁeﬁleesaeeslﬂe%‘f’ f&h enzyme
or enzymnes, mﬁ:ﬁﬁn‘léﬁf%eér S RSBl dely NGl Stred dcR@hn 8ORE0ho ahiRsies@ed! ength and
sequence. This novel nethod provi‘ded herein is not restricted to use with
hai r pi n- adab‘?@‘f“ oligos. It can also be applied to any dsDNA sequences t hat
can he excised to | eave behind a remaining sequence of al nost any | ength and
nucl eoti de EBiplosi ti ofp aceompliithis. wssentpkd 2 ieavrferderabbiallRanespi n- adapt or in
this systemys,dbah of fhe raﬁwﬂﬁésmw@aé oGt QR %Qéw?aa@&p&muhgeam@hees for
enzynes that cut outside thelr recognition sequ% ces d which“cart produce
conpat i bl e Byenhasgsly BxaraEbbiefy. shitsmatingly & TR rers cargsisd be hegnre Bpur |,
Bsgl.1, Acu Qhi tnose
B0l 1 Aol FRRR bS5 AL EDIGRTIL TR BBl 08 8, GAR0 a0
site or a I\/Borl) tigist ecllsThis sypvacidngedotpariveseesict oty inirtsppmsetthexnessiopiohithadapt or

119 determ Resy el ARAUN, ofaufife LA or PR MILLESOG GRAUGNGe | determ ned

by ot her por e adapt r-olig i'go of the general

pai 1 1 00p of Zﬂ@’“@ea{}aﬁ%‘:@@ﬁ%%%ﬁm Q?ﬁ%ﬁ% o BEARTL Pl BB

product car Pyisngqgeercing thaketifyahe gaeearpang of any sequence XV. X' and V
represent the conplenents of X and Y respectively. (02181ln this oligo, there
is a Bpinl HIF® (italAles)atanly, @ aBtasrdysi libeary brotod)colidhn apgroaghdan be used to

identify which wells contain positive clones, and the RNAI trigget target can be identified

by the position of the well in the array to which the gene was distributed. This analysis can
be combined with a ‘candidate’ approach using bioinformatics to provide the set of

candidate genes to be tested.

[0179] The protocol described above for the screening of an RNAt trigger molecule
library to identify molecules having specific inhibitory activity towards a particular known
polynucleotide target can be readily adapted for the identification of mRINA targets fura
known RNA trigger molecule. In these modifications, the “target gene” sequence (as
shown in FIG. 21) in the reporter fusion is replaced by a library of expressed genes. In that

scenario, the expressed RNAI trigger library is replaced by a2 single RNAI trigger molecule
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Y' refer to the conplenentary base to N, . X, |" respectively and (N)n
represents any sequence of any |length. 102191After conversion to dsDNA and
cl oni ng int o¥a20BE8W¥8 t he sequence becones: X YnNNUNNNNNXY/S200%014GACTCTCCAG
IN) n-GCAGTG X YNNNNUNNNY. X . . . . AX YL N,INNNNNNX Y G| CAGAGGTC- (N)
n- CCTCACX, WONNMgBﬂ\iIB\IhmenV\BnZ@@M @&2&8@@@&7@&15@2& 1deh8fied 4hOVexpoB204Clt t i ng

w t h Bpint létrgpcozﬁtw?%pc% lﬁs:;ggns s ﬁgsgﬁg ! e Btst cuts at the positions

mar ked . Af e sequence is: . . . XY
| NTNN1' TNAIML14 where the N s can be any sequence. 102211Note that X, Y above
mat ch the sg@uedt I&M@?!\@ych the clip was ligated, i.e., they are part of the
target sequ case of a blunt-ended target, X and Y woul d be

det er ni ned [ﬂmﬂ]he hai Fhi inveat apprsyidgs lngo‘l@ah%ﬁﬂénn@lecurﬁeisgedﬂwéN‘@‘éﬁcﬁlgnﬁhot
partkul ar | yglblfrmets MUc}p}tﬂtolehlgfm&lmleg%%h%nqbe%( Jtﬂﬁﬁbragnlgac%! hﬂ)e p'ro«'j‘d?:‘ﬁor?‘olF esult,
targe

for the specific cas t-en target alrprn stern is
i ncreased by diffseerbagdfFai Thee ibFy ss twamalbeccmvtmod@dnhi;p wheasegrear exprgasenpai r

that cl eave%s[ gbﬁcge)oqglﬁf’lleér Y\Dwraqsvgcgoarl sryPt%mO\ﬁ‘iE pnqgrglog%ehmg ri pl'gctm erggs listed

above are s cleavi ng the enzyne pair s of the DNA
are treat edlimatiés iKilanewhinTie Emlérypb&ry el diseat €kt e veustzyarlm mcraprlats tieg a
simlar act|V| t<¥10t0 renove t alr t hen

h
recircul ari SEICA" 8hpEee! Fﬁ'?z%fﬂsebﬂéa’? ormEht Frﬁ¥$é&anﬂF F‘ﬁw(?ff‘t‘%olﬁ@lﬁq@st riction

enzyne (e. gseqiemks. NatihvenAseE brovides a series of novel methods and improvements in the
construction of libraries that contain a diversity of RNAi-enabling sequences (i.e., RNAi
trigger molecules). The invention further provides novel functional approaches 1o identify
sequences within the library that display the desired RNA1 effect on expression of a target
gene. These methods can provide an integrated system for identifying RNA1-¢lement

sequences that are active and specific for particular target genes.

Library Diversity
[0181] There are currently two strategies that are used to generate diversity in

siRNA (e.g., shRNA) libraries. In the first, the sequence of the target gene(s) is examined,
and computer algorithms are used to predict which sequences might produce an active
sIRNA against the target gene. For each target gene a small number of these sequences are
selected. Library inseris encoding the selected sequences are chemically synthesized and
either transfected into the cell directly or cloned into a vector to form a library. In the
second approach, complementary DNAs (¢cDNA) derived from celiular mRNA are
fragmented and each fragment is processed through a series of in vitro enzymatic reactions
in order to produce a final construct that encodes a bairpin structure in which the double-
stranded stem of the hairpin includes sequences from the original cDNA (an shRNA

cassette).

[0182] One embodiment of this second approach is used in the REGS procedure as
described 1a Sen er al , "Restriction enzyme-generated siRNA (REGS) vectors and
libraries," Nature Genetics 36(2): 183-189 (2004). Briefly, in the REGS procedure, the

target DNA 1is fragmented and ligated to a hairpin-adaptor oligo that includes a recognition
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Asi St, Pad: Sapl, Swat or others) can be included within the portion of the
adaptor-oligo that is excised during the above procedure. (e.g. within the
sequence | ab¥PRey/ogMNFH). The presence of such a restri cti@dnsgicseiosm be
useful in reducing background colonies arising fromtransformati on with DNA
i n whi ch debwt foothegfstridtion ientyeraldnichgMinmd puts Bdifestcedstiras of 4L duclqdaes

i nfrequent]| uf C u [ J.-Z € such
backgr ound ERIW ”‘%%%iﬁ‘?ﬁréﬁ‘%t‘;""dﬁg hé%tgﬁpr ans?gtr% .c"é‘% %ho%%%@}h%{% | ar
strat egy usiDdp maleczslcmrer@sascd CTheoncsistsesf aassctadmmfeargamrbe aused [B@1design a
mul tiple- cIon| sitel stuf t hat . ca r ecy f or exarrpleto
Forove rest PTG ks Didtd Bt M FBRalEa RS LR her PR Bty rmtes6)

exanpl e appbmﬁﬁ?etdl on of this is in the cloning of shRNA constructs to

1 16-pronoter driven vectors. The term nation signal for RNA polynerase |it
is a sequenpEs8df 4 orlnrmer&x( me;efnahaREyiS@rmbcmheahoﬁ traaeinduraashga'ﬁﬂ 1{@XPress a
proper shRNA [‘J%ﬁ:@ | resi dues nust occur, | di at foI own ng t he
end of the 3%§ B‘OfH%\%O ‘PCP%‘?S&?%%'OMP?Y&%‘@%@M * ei‘E“’

cloning to Knghddd@niist, hhe béIQRAEEZyEen. ShtiRScabo tHIEG B NES s€ond h@apmreqsg@mof DNA

t hat one is cloning. Howeyer in ase sugh as the above, the, adde
restriction?&yf BETRANEP | %?%‘ﬂﬁé“ﬁeg\%w ﬁh‘éﬂeéﬂaﬂwemeclﬁ%w i! CEPand t he

TTTTT sequepefidedONA 1|nb'|§£ll|hgtae lbrﬂof@e@co&pleﬂah@ﬁwrh@@uhf@d &cﬁ\%mﬁ&hu%t' Wtd ar
pairs of sites as listed can be used to renpve extra sequences added

to aid cl onPh@PrenalEmt ACEIVENTE O shpds DRt mecrdgarr|ovitra s RN &T 100N e RS E.
SI TES [ 0224} Fhe fhdanysdigass oWiBbiisfand frsheet 8% kdllingkirdRIEHiRY QpRGehy.| S

unusual in that it cuts 20/1Sht out'side its recognition S|te produci ng
product s wi Thistpigsubresesai k’ngﬂomﬂﬁaﬁ%@]‘lﬂi@ﬁ@vﬂf{inl)“ﬂshfa&ﬁéd@il@e’salw afat chi ng
sequence is n f 2. SI RNAs.
Because of tﬁ E(;b'?ﬁeﬁ%eqeggﬁ%mﬂf %Fg&{’ ace tHlegr ‘5}%" tﬂé” nggr?dvg% é‘yﬁe

hai r pi n- adap@wrm@hdegdn therse¢dnd h@il‘li}igmdaitoﬂiﬁﬂélmﬁ@emas of the desasetd fivaksepai r  of
the Mrel &A%dﬂaf%c&tégéefly ?r‘éé‘ﬂ%% Q—\é tﬂen%ep edlné ﬁloﬁ)eraoq%ces?urol%'lquecmr_ .

constructs 1 ng seq e ce at the expense requiring

the DN A TIAGEENLS, 18 BRLLL. 3 HANSIAR. KBV fbea&%&n%,memp met hod of

preparing t ragnen ing on'th alrpin’o |gonucleot|de
further reqwres the [ es the
nunber of potenti al | HSI—: L%ﬁénc@?ﬁ@lﬁg@gggﬁsﬁmfgﬁ eﬁd{ch";(LiH gﬁg}ﬁnq}eea{:eﬁ%agne,
reducing the diversity o br ary. [02251A second di sadvant age wi th using
Mrel is that it pr oddBéégélmmerjaisedgaied fidi-tbvePNang. If this is renoved
(e.g., with the Klen NA; then the final
targetting si RNA pr oggcﬁ%asgwé g{a@e pé{?&las rte?tg\/\%uhgc is undesirable. If
they are leil intact,(DpHereydie- W%Qftrhfaﬁbpvadarﬁidwcﬁpilwm%tdebeeddes| gned
with a conplenentary twsetsses;gadr 31 -overhang. The 3'-over hangs produced by
Mrel wil | be of unpr qgi s;tsai?%e qSEERGBs A Emﬁt ?Jaﬁuﬁf‘séaeﬁd g{o%ﬂ @dapt or

ol i go nust $§r epared” as mxture o Y %osm b se p

3-over hangsl01 i s r edHé‘@sRE(ﬁ‘ép‘éfcﬁ‘eﬁ? |%ﬁfébh?¢@m¢®ﬁ°()ﬁllm lslquﬁbhén"fb\arﬁt ners,
reducing thg L HeSafthRild i t cuts
further fr Orﬁc¥%s§hfb§§%u5m tel gﬁ{)a té&ttgﬁa@&ﬁl%t Qllfcsuﬂ\oarﬁ&lﬁttﬁér@ygﬁgﬁﬁﬂﬁg@ﬁtﬂﬂ

pr ot ocol beemygle dpublastragded siom éo be axifbientpokitatedi Hgmofﬁgashemﬁesﬁﬂlsc@ ison she
Wi thin the o) al
at-get ti ng " Ssned Pt R bR A R O BB R b % e
shown to bealbehf”mhen . ey ﬂngest'ag etdh goerin g 1RNAY Mntmé}afnéﬂemdeemﬂuahanshprter

ol i gos f“”fﬁ% re[he%ciphrta %%oﬁ%ewg'lo%dt Odapv?vmg Per&‘ormaPcﬁ, E}E) SSI ble to

performthe |ga ron secon ai rprn T4t'e DNA

whi ch has b made striction enzyroe
EcoP! 51 has oSk ur esb[thhw%‘fség% ?&Qgﬁe&ﬁﬁ%’&“&"‘?ﬁ%mﬁ%ﬁé Tdidig | el EcoP151
cuts 25/ Tint outS|de its recognition site, prodUC|ng products with a two base
pair 5 overhang. This overhang can be 'filled in® wth a suitable

pol yrnerase (e.g. T4 DNA pol ynerase) proglgici ng a bl unt-ended product with up
to 27rit of sequence derived fromthe target cDNA



57 WD 2009: 10824N3PCTM521111S101- 11137 102281An exanpl e of a suitable

EcoPI 51 - hasedhai r pi n-adapter oligo is shown bel ow

CTGCT GGATCCA@@NT@SE@QGT TTTTOTTTAATCTOCAGT TTAAACAAAAACT GEBAGTETCYBMNT CCAGCAG
SE. O I D NO )’ 022?‘] Addi ti onal exanples of hairpin oligonucleotides of the
i nventions HH87brovi déd ThecBNA-dariyed eauensk én the sainpn gsm ismged gntf-alntg,. As

shown in Fl Qﬁrch? s th&rﬁ\ﬂé@g%él%%ﬂﬁo?@ﬁ"c@ﬁtsmﬁ? ARfdu gﬂﬂ{é Hnaf QALBLIRNA N

addition to the coP15 Lista. sites positioned such as to be
usef ul in rewteilngarerpevsholinglongduireims 662289 i we mosedhabohepro¢Bjedprinet site

seful for e syescaped cuttin th Gsul described
;bovg; and %@t @%EWF%%Q‘%&#& n thepr et aluneitl Igo\(,)\np sequgnce thiat i's

ful f th
usetul tor § TE 0”%!@%%@%&% @BF e & R a’%@&‘r}@'a?@fﬁwfa\rm&?l s the use

populatlons sec bel second’ option for replacing
of MerBC. ThigserenzysebecotipThis liohisdveosmibet mﬁmﬂermakﬂRNP@fthU@m bsmadc frem a

G eavage octursapp e S Blelis B M BB Y bBh S IR,
hal f-si'tes. [y Ca"y(cg%b%géoﬂugggﬂhmal B8l 020P8 A8 aboL ands, o 2

0
target DNA %ragrrent eac n-adapt or ol
hal f - site timgneitche T edoet habdir adgatbrdngmm&sktmmﬁtﬁrabapte\amthralﬁd:fﬁetees and be a

cl'eaved undersPress M IACEL SRS e D20t WFEARMEAFE the DA
ends are ungebinand éduakdﬂmmuwhﬁpdoeverhbmmly@he \Msbheea vaillole chpabbyvetilzang)., The
ends can be repai red w DNA pol ynerase or T4 DNA

Wit
pol ymer ase OV ﬁad'tﬂﬁé? t}E)ﬁbff ge Cdé’éﬂb’f E%a“(‘i“ RifPs. Because the recognition

sequence fo y@t BCis short, ther rrespondi wer constraints
on the sequ@r]i or t r{g\{ﬁh%/rrdf)r RGeS “SF?SEBC ‘Oié'%ﬁ%@'g%@%ﬁ%eﬁ?eéﬁ cyt osi ne
(5- et hyl cytiesingef e sERINN Ao Qxyd¥eihb ¥dco)d BEipheadabtor must include base mismatches

in its stem region, and these must be close (6-8 nt) to the site of ligation. T4 DNA ligase,

the enzyme typically used for such ligations, is sensitive to mismatches in this region,

further reducing the efficiency of this tigation step.

j0191] (E) Amplification by rolling circle replication generates significant btas in
the diversity of the library produced. This is because the limiting step for rolling circle
amplification is initiation — individual molecules for which amplification has started become
amplified at the expense of molecules which have not yet initiated amplification, As a
result, a small number of sShRNA sequences out of the total available diversity tend to

become dominani.

[6192] (F) The method of reducing the loop size is very inflexible with respect to
the final loop sequence obtained, which must be TTGGATCCAA. This sequence folds into
a hairpin with a stem (TTGGA or a subset of thig) that will extend the cDNA-derived stem
sequence but which does not match the target mRNA.

[0193] The present invention provides a series of novel methods that can be used to
improve the efficiency of the REGS procedure as well as other schemes for converting
¢DNA info constructs that encode a hairpin structure in which the double-stranded stem of

the hairpin includes sequences from the original cONA.
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N4- et hyl cyt osi ne) can be introduced during chem cal synthesis of the

hai r pi n-adapter oligo. Note that cloning of sequences containing tnethylated
cyt osi ne red¥PP¥8O8HB use of a bacterial strain tacki ng RH&SARNEPHEITE. coi |
restriction s stems An.exa Ie of such a strainis the NEB strain ER 179. 3.
102311An ex&my L1 ~ & 13dd®ed hairpi n-adaptor ()lig for use in
cloning to hjyst end %J&&amssomﬁe P0AMR N ReL QW beltcei AdRRLGErdvIGI-UdES T wo
Gaul sites (bold) positioned such as to be useful 1n renoving excess oligo
sequences aS8asgéssiansdar b deignsayand cApeapen of shBNA mealesdys anderupusireporier near i zi ng
DNA t hat ha§o£§&&?&%eﬁyt§dcﬂg S B 638 LRSI G ARGY Buc HE IR B UT
sites positioned as shown h I'n oop w | ave the una |ne sequence
(or the revemtéemwdrt@kl@hﬁmerm t he underlined sequence, dependi ng on subsequent
cloning strateg if the Gsul overhangs are renoved before recircul arization.
The exact pHBf)ﬁiyon of Retieeiratetchipl-hesed, s@bledGpregsion Hstewarieds!! tdatisvet, ad r pi ns of

et hyl -, soa e AR R e SR Ry roBe et 1 N0 2

NI | NNDCT CCXGft ﬁTMA@\W\WEHE%&@\NW&brNNNNGaM [SWIAADHNG: ThéxXe 3B3RBBLkAr second

nor e speciflc examp \(§ gfn |ve ositions of  t sites has
been eXChanSg%b e?% ssrag Iglé ng%é\n;sweé pe, Can express oplimized shnﬁ\lf@stmcmres

A GICCTCCATXdAEAGE alaAph kel THar dohAABEH] %%T&AM@%AM@DWQGA@ BAGAg DEO 10

NO XX 1023 1An exanpl bl e |-BC— sed hai r adaptor oligo for
use in cl onﬂ1 Cirepr ﬁ%& &P%ﬁ%f‘§esﬁafﬁyﬁ 448 CHHER 8P 'FPESS! ‘&%ﬂ %ﬁﬁﬁg i sgshown
bel ow. This d ea be nodified to mafch the ov r han roduced by ot her
restricti on”ﬁﬁ@y Séf’ﬁ)fégscﬁaté‘fﬂsé’tfs? (fF"G(H’éré‘} PG KBl 1© Ts?xtagg’ ‘%%Fﬁt)chrﬁ’be&ytl oned

such as to &ew&e&ulariwme@ww@goﬁmm pﬁhm@aeﬁﬁﬂma@&&tageud’ascé)/e@b@d/e A Prel
site (itali usef ul r.lipearising DNA that has escape WIIh Gsul ,
as descri be%ﬂ2 %QB‘(S%””W%{ d phivneiqnp! gnpeiesy éf‘tei"b 6‘0&53”% %if”o & T4% 2 1 oop
wi Il have the @ogderhi ned PeRAUSHIENe. WO 03/076592, by Lorens, entitled “Novel method

for delivery and intracellular synthesis of sIRNA molecules,” filed on March 6, 2003.

[0197] It 1s not intended that the invention be limited to retroviral-based delivery
systems. A range of altemative delivery systems that can introduce RNAi-inducing
molecules into cells are also well established, inciuding but not limited te other viral
systems (e.g., adenovirus, AAV and lentivirus delivery systems) and other types of stable or
transient eukaryotic expression systems (e.g., pCDNAJ3. 1). Tt is contemplated that these

alternarive systems find equal use with the invention.

[0198] Furthermore, the inhibitory molecile that is expressed by the vector 1s not
particularty limited. The inhibitory nucleic acid molecule can be of any suitable type,
including but not limited to an siRNA motecule, an shRNA (short hairpin RNA) molecule,
or a shmiRNA molecule that express a longer transcnpt that encompasses a region that

forms a short hairpin,

IMPROVED METHODS FOR PURIFICATION OF SMALL DNA FRAGMENTS AND
DNA HAIRPINS

[0199] The REGS procedure (Sen ez al., (2004) Nature Genetics 36{2). 183-189)

involves repeated purification of DNA fragments on acrylamide gels. This is time
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OGNI | NGCNNNNNI CNNNNNNCGNNWANNIE NNIE 41 NNI T CTCCAGTTTAAACNNNNNCTr GNI'L Ni f 1 CsCNNN
SE I D NO XX | MPROVEMENTS TO HAI RPI N- ADAPTOR OLI GO 2 AND THE MECHANI SM FOR

' OPENI NG QUTWOTPHEORASRPI NS.  10235] The net hod descri bed FCA/USHWS/KEBS pr ocedur e
uses the Phi 29 polynerase to sinultaneously 'open out' and anplify the shRNA
cassettes byonsombigrgd oftercpredeqepppdrivedd i Bie invimtion pravidee by inmipeedretthetiocan | ead

to a highl yﬁﬁ’f@i@?g}ﬁ@’ﬁ%‘ I?ﬁﬁ%% ehBUAR ol Br®ithali rV?ﬂ dﬁ'\/t\lﬂ%{?zﬁégfg}!&( PPE) @

result, shR at are |rst to be anmpli ~continue to be
further arrpbrefsupedlcmtanﬂhélaealmemtaoﬁn aligh hés rativwily bfen caslestze draviiingtsdhave not

ver even bopies ARENSCLAN arl DdBECo L MOWLA, DBARIEL ELARIG, bao! d ever

usi ng conventi o 9o 4 casset ‘s I n or ze library
bias. Wth gekfibgi (éiattley aed Blo%n:rﬁRle'é:rchyl&ﬁépsd Peittauukdr andeacaWAiRsl %\dbl abl e

need 1o a cHaPlIntRBRPe s cibrate g o B obtg: SRpEe R s s "

(02361The | nVemdtipossis @Wrdels;zase]vw\admaulﬂfphmET(BIIIOSba‘s@)aIrhe exi sting net hods:
102371(A) The hairpin-adaptor oligo 2 is a mxture of 16 different oligos
each with a[atiobf er entBpmercafing the c8Gedi-ftfoaroé divajpossiibh ¢.¢. Wi gHass0pEior

31-over hangs., This t he hairpin ada or ali to be. li o any of
She 16 poosritent s M BPteero R R RR e R0 Rt aireBy: P g erale
However, it frafisents @pubsitge.l Wil theshidord okhg@-bte@rpnﬁrﬁtf(bgl gneygdecadse only a

smal | fractlon of the end ent in the reaction are ¢ atible with each
other. The % 35‘&?&%%1?105313{%??‘? f3l CAHSHY: SEREV Rt iPEHHY gng‘?”o%ﬂi’@ts of el

di gesti on byusbfiibEN¥ ROAY FBT @sRipR! atloema s Ciaanerdy, DN, Bﬁ fREGSB g Simlar
pol ymerases). This would allow themto he ligated to a unt - ended

hai T pi n- adapAiBANcATPYoArD fTIGRRGY BFecinitaidy Af 5& F‘&Sqlw%‘dﬂés/‘ép K4 fraesisBisWang from
an | vimel pg@gag@tpalrr@ﬁwmetak%fﬁ@érﬁiy pr&ngtattaofa: shenk amgat aeiehbpg, Jsmtr pin Co

just 19 base pairs, which is below the opti mumrange of |engths so t
approach i s AgpeTeltmEendnnds bastreramKipvsl, pf?qlplEéWPféYlseEP“M:ﬁhB@“Q]cfrtqanot her

enzyne that C&%EMFMB“F@ poldiKENd Je&cﬁ&%o&@é hé?@o§1?%@,m?%érfel%d\4@m9@aﬁ) s

used in place of Ml (as described € ere hen af 14 DNA pol yner ase
(or Kl enow effeiet HdA frealowahe @lﬁ@ff_)l\ﬁ IS ti%eretl ahgeihe lelﬁh% Pl trepiafii s st l |

| ong, enoughse Bkl b (RIAYS e FRAFLT REAHUSE R3S prayalang | nstead of a 3

over hang, e I'ng sequence is

Lost at al ' bﬂﬁ‘ HS, ‘é‘hﬂgésé‘hééw%b&’ aB? %ﬁd%hﬁ%a&%%m%flﬁﬁwﬁ'shﬁﬁ% used the

hai r pi n- adapt or oI| can be si rrp unt - ended adapt or
nmol ecul e. 1028%1 (Fripwirgrligatien ofdpehishipipin-2dapigaciigao theiligafion prdfersabl e to use a

DNA pol yrer g%glpltated with 100 mM MgCl; and 15% PEG. This removes unincorporated oligo, oligo-
dimers, and products too short to be useful. Afier cutting precipitated DNAs with the first
enzyme (e.g., EcoP 151, McrBC or Mmel), the DNAs are reprecipitated with 100 mM
MgCl; and 15% PEG. The small DNA hairpins released by the enzymatic cutting will not
be precipitated and can be recovered from the supernatant. By adjusting the PEG
concentration, a simitar approach can be used after ligation of the second loop. Such size-
selective precipitation of DNA that improves cloning efficiency is a general purpose method
that finds use with the present invention, but it also finds wider use with any cloning
protoco! where it is advantageous to eliminate unwanted, small unreacted nucleic acid

reagents or reaction byproducts.
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W th strand-displacing activity so that the pol ynerase is not bl ocked by the
hai rpin structure. Suitable polynerases include Bst pol ynterase, Vent

pol ymerase, WeAtP{&4%t) pol ymerase and many others, but REOYUSTEG/ DRR

pol yner ase. 102401(C) V\hore arrpl ifi cat| on [ s recui red it is preferable to

repl ace hai &b ; ' RN IedATFRM BRI ATES e as
described I ngjif A a”dAlg%thhQ Tlééglg%%gczdgﬁgﬁ&cc%@% of A€ )@sélhmﬂn&dapt or

can be produce by ann Ing t opriate sequence exanpl e:
5J ACGT CGACT ATECET TR@AAEACTIS 2CEAGTGATBGAAGATIET CENIIBL ISR +B rigion O@double-

2005/ 082181 BT UBO0B TS 1057 "T STt BV o R v SEASSH! Dbt or can be

produced fr &bt ¢xaa1pk:| ar@lne)ehas fopned afMr digateant! dierfirsigainpo- lblmam frzmentstdie | oop.

USELL. (Tr) " ERSS e PP RPRE ERgP AnBSBrsriies Sro3 e I etAh ERORIS Tar enzymes
| eads to fOlpl’mlhtt@mre(bifcatadh)’ﬁakndsmf&}ﬁ&pr%&mmﬂbaiauiehﬁe pmtaddmemlnst]@rrg)dum ng a

C o S R TR, e O AT AR ST o e

EcoP15l-derived haimpin structure on both ends of the vector. Because exonucleases

degrade nucleic acids from free 5° or 3° ends, these products are resistant to degradation.
However , unligated starting materials, and some undesired byproducis are not circular and

can be degraded by using suitable exonucleases.

[0203] After ligation of the hairpin-adaptor oligos, a suitable exonuclease or suitable
combinations of exonucleases can be added in order to degrade excess oligo and other
undesired by-products. Examples of suitable nucleases are Exonuclease | from £. cofi and
Lambda (1) exonuclease. Exonuctease digestion is an effective alternative to gel
purification and/or selective precipitation for the purification of circular or dumbbell-shaped

DNA molecules from non-circular raolecules.

[0204] Under some circumstances wherein one of the DNA molecules 1o be ligated
tacks the S’phosphate moiety, it is advantageous to perform ligations. The products of such
ligations have one intact strand, formed by ligation of the 5’phosphate on one strand to a
3’hydroxyl on another, and one gapped strand, where no ligation could occur due to the lack
ofa 5’phosphate group. [t is advantagous that lambda exonuclease is unable to initiate
degradation from nicks or gaps in dsDNA, as dumbell-shaped DNA molecules with a nick
or gap in the double-stranded section (as produced by, e.g., ligation of a dephosphorylated
hairpin-adaptor oligo and phosphorylated DNA) remain reststant to cleavage. A nick can
also be produced by ‘blocking’ the 3’ end instead of removing the 5’ phosphate. Suitable
biocking can be made by using a 3' phosphate group or a nucleotide analog lacking the 3'

OH group.
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GAGTTGACGTACACTTACCTGIG after processing with USER(Tm enzyne produces exactly
t he sanme Y-shaped adaptor as above. 102421The un-basepaired ends of the
Y-shaped adapPéP4%%s% deal for annealing primers. The priGIES308AHCTThen be

extended by a strand-di splaci ng DNA pol nerase to 'open out” the hairpin
construct. REPUGNH HDE RBAGEHON] ‘ 7Y FHAENCGY.ed by cycl es of
denaturatio (i mer ﬁm}%q &N t@gq @&Eﬁﬂélfﬁlﬁhgf i8-ada¥r §18R)anBUbNaShoUl d be
not ed t hat [Ohep]doubl e- st ahde% pr oguct does not I gvgﬁunﬁasggal red ends and
wi | |t her ef Grgminss, atves! side ghctiosdput the iviedd ofitbadisaed pgdudtod hppiikrpal akseal i ng
conpared to I, A  MEL 6 NOL
opened- out Suqrr(ieerﬁgp?t%%ﬁ rs‘?'}é ﬁh@%@az@géﬁﬁgﬁ lnh;?dag&gﬁ#(ﬂete{)speneg out in
pref erence tvo mootulés dairpin- ?dﬁptolt dlege ligatetpieavhotrs withotteny Thigehieg gaNto

m nimze bi he I|bra D OSSIb t he
un- basepai r%?js Efrd rur‘té] e t'he" %fﬁégﬁﬁ%]‘% ')B%n'adaptf’ dgg lgat%ﬁ bte%‘?egﬁtc BE\Jé)ﬁ‘und of
" openi ng upfragméilts, pﬂmﬁhue@cmme momdelf e DOfA qmgdtmltabllerfsitl@domfo thevbairpand only one
pri mer re UI re For exanpl e the above oligos can be nodified to:
SCCACT3A AT SEQ I O NO XX CSTCACTCCCTCAGAGAGGS SEQ / C NO XX

3 CAGITCACCIAGACTTACGIGLC and, CEACTTAC) CORCTONCGAGATICTOCY §FQ LD MO XX

AGGTOACT GA
10207] (A) The hairpin-adaptor oligo can be dephosphorylated or synthesized

without a 5’ phoshpate. Since neither molecule of hairpin-adaptor oligo would have a
S'phosphate, dimers are unable to form. The desired product between a cDNA fragment and
a hairpin-adaptor oligo would form a gapped DNA molecule. The gapped molecule must
subsequently be repaired, for example by treatment with polynucleotide kinase to replace

the miissing 5’phosphate and DNA ligase.

{0208] (B) The hatrpin-adaptor olige can be synthesized with a blocked 3" end, for
example with a 3° phosphate group or a 3’ dideoxy nucleotide, so that the 3 end cannot be
ligated. The nick caused by a 3’ phosphate group could be repaired by treatment with
polynucleotide kinase to remove the 3° phosphate group (and replace the 5’ phosphate if it
is missing), followed by ligation with a DNA ligase. A nick caused by a dideoxy nucleotide
could be repaired by treatment with a proof-reading non-strand-displacing polymerase that
excises the dideoxy nucleotide and replaces it with a normal nucleotide. This is also
followed by ligation. Optionally, the hairpin-adapter oligo can be treated with

polynucieotide kinase prior to ligation.

[0209] (C) Alternatively, the hairpin-adaptor oligo can be designed so that ligation
of two hairpin-adaptor oligos generates a restriction enzyme site such that digestion with the
restriction enzyme regenerates the onginal hairpin-adaptor oligos. Inclusion of the
restriction enzyme in the ligation reaction ensures that any hairpin-adaptor oligo dimers that

forr are recleaved and are available for ligation to cDNA.

|0210} For example, a hairpin-adaptor olige as shown in FIG. 5A can be

synthesized. That oligo has the following double stranded stem:
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WO 20090424018PCT/ US201181014037 102441(E) Any of the above designs of
adaptors can be nodified with a 3'- phosphate to prevent adaptor

di rneri zat i o0 2¢80¢d&cri bed previously. After |igation, RA&SE&EMI403ng ni ck can
be repaired by treatnent with T4 poly-nucleotide kinasc to renove the 3'-
phosphate (and repl ace any pos$SHi“¥SRissing 5' - phosphates) and treatnent with
a DNA |igase. Alternatively the adapiar .can be blocked at the 3" end with a

di deoxy nucleotide,lii this case repair requires treatnent with a

pr oof - r eadi frghenon--geprastdt didgpinaliteie- ol B rdsdjuanosaxeicsk t he di deoxy

nucl eotide and replace it with a normal nucleotide (followed optionally by PNK
treatment) #dithen |Tigaciaomic ¢IERASIEIF)0 ligate tosDetfs wi whhrgspiotondegptss ol i go 2
and the abo b <G s a three
base pair mgle&#a %ﬁgﬁ’lﬂmﬁﬁ% 3{5 e %hq}g&gﬁch? Eg%%%g%g ﬁ?ngbstsr%te]%bgf or the
ShRNA cassefbtmstiveqliz hegpit-hddptdrivéyo Benes vdsuld inhhd saehbgntet o produce a bl unt - end
exactly at the end of the target hairpin at one end, and with Bglfl to provide
a sticky end at the other eithaapgitdagirsmatch reduces the efficiency with which
T4 DNA ligase is able to. Ilagﬁ&gtg;gc%@pt,or__to the hairpin construct. The

m smat ch can be avoided in tWwo ways: 102461The adaptor sequence can he

nodi fi ed t owbeh caeap:erafsecformlmmmttmd\dnyym@ncl}b()lidhd)stﬁr@lrmm to Ipmcmm svecase, the
final shRNA ¢ be .r.el ased stl unt - ended
br oduct . wnBoaoanieicd) bbb tU SRR oo o 3REH T NdPGuRale Bl

region. Thi aamagﬁﬁbéteotﬂp\albagednenﬁdm[’mtcﬁgaumeert"rnrql Higainohaieestmmgemﬂe fuh ed to
accept a bl unﬁ ended cassette. Egg cass ett he cl oned randomy in one of
two possi bl 88, 1ieftdPr Breduct gutbary 68‘?[ |g| n as a hairpin, the only

make is in t the 0. o§ the expressed

glﬂmreggsia@tlglsw: ln%se[r’ﬁ%tﬂ’ i B TT58 @E{Aeﬁ? eqh]g%aaﬂ FFedh'ﬁ e" o' 88p% sequence
re\?re(ragz ggﬁiﬁiﬁ’gs “1 4 dgg@pf&)té\ﬂ%ergtgpf%rﬁﬁ%: endtga]eOSBlfor\il’\fﬁ%d —B?%Fawgf"ie[?fe enzynes to

Mrel has beecmniblﬁaﬂwtﬂh&ﬂ)hbhﬁhbﬁ/latﬁmaﬂﬂtl&ldll@b Tadvraver it oowls baigorvbiyiéd @gh kal-l ows. Thi s
exanpl e uses h bri with a blunt end.

di ] e-ar 0s as.in 3) abov b
However it P&S 'EﬂIéIIdFeé gﬁ‘bl "c‘g’lﬁlcésettg]ﬁ hgﬁq%ﬁteé’égﬁtcgﬁg%wlag’g higptediodhe di't hout a
UU sequenceoer oftiRe yDISARERL 361 8R1BOpBosPhaté 6f AdaidIgoMhdléeue. The Bdv@ver hang (to
anneal to un-blunted EcoPl 51 products 102481Consi der the follow ng oligo

adaptor:  WRZD0I0B24EIPCIZEe 08/ G140 l)s*berefm ligate to each other.
5' CAGAGTCGGICTCAGACC 3’ ccGlccccerl c-reyi .
M@UH@#@?&U@Z@@@A@\@F@FA@W@ was used to generate the cDNA fragments, the

enzyme can be included in the ligation mixture. Any ligation events between cDNA
fragments will regenerate the restriction site and be recleaved. It is often possible to chose
the hairpin-adaptor oligo sequence so that ligation between a restriction enzyme generated
cDNA fragment and the hairpin-adaptor oligo does not generate a new substrate for the
restriction enzyme. For example, ligation of ¢cDNA cut with Hpall digestion, HinP1I
digestion or Tagl digestion to the hairpin-adaptor oligo sequence described above does not

regenerate the respective sites.

METHODS FOR CONTROLLING THE FINAL LOOP SEQUENCE
(0215} As described above, the REGS protocol initially attaches a large loop which,

after ‘opening out’ of the hairpin constructs into dsSDNA, is subsequently largely removed

by BamH] digestion. Because of this, the final RNA hairpin has the sequence:
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The C* at the 3' end of one of the lips represents a dideoxy C, or a C
carrying a phosphate group. In either case, TA DNA ligase is unabk to ligate
to this baseWOAYWEIHE i ve DNA nodifications resulting i PCA/US2ani4o¥-r esi st ant
3" end could be used in the same way. The P at the 5 end of the other &l go
represents a 5' phosphaEENgigigiNNERAYINNERC YV gat ed to the bl unted product of
t he BeoP151 di gest (WRINERNEEINNDEGIHRNNOWENARXCdEphosphoryl ated t o di scour age

di meri sation) a phosphodi ester bond will to on only one strand, |eaving a

'ni ck' on t kéeaithér Nstrepesdnt the cDNA-derived target sequence. The loop produced has a self-

S' CAGAGTCGAE . CT TCTCC . . s

33 GTOnCOT AT TOT T RN G AP EATS I RAR 1 SR PR A2 13

" openi ng- outhiveoindeditadlepb oty cdnced drethp edbsemientgeomkdihg sfabe haitdiebnDoer.ari d ' f ai |
off' as there will be no further tenplate left to copy, thus producing a

bl unt - end t h@2l6pr eci skliypoabieas padigisa aorpinelapdolifo himeafiar gehingatChintig DNA:
CCCACCOGATA?ACAATTT CACACCAE%%%GTO IGTg%C:ACSATCTC:CNNNMVN..AGWNNll
SGGTCGOCTAT TP REA BPEAGYCAECEACREFETAERESSAUFTPIIS "4 M NN
102511Thi s eaulinghenfiba isipgdstiaskt whyt Bndth Bnd ttigsereas®his Beilel letioa ppswadhidce t he
final cassette ready Cg clone. _I.ﬁ] t he EcoP 1{51 di gestion pro u%ts wer e
dephosphor y P§ERHS netrestistechto diF AthPRIBigradariet Aises-akl it MRk PRich ¥ed to

restore theJgDNAisBEuchcesRRRSRNBE &cisBd td3édeberhdh ENNUNnE sequendelol 2AMENM AGGNI T.
LTIIMI . . .NtiNTTNN - 25 ' 102521Thi s approach has the additional advantage

that the adafEdyang|peeeidcsAREPS Y m | sel f-di mers because the bl ocked 3' end
cannot be participate_in ligation reactions. A snall disadvantage of this
approach is WRbH it pFls/st ‘3Pt€ﬁl‘§rﬁflﬂi‘ectla€'ﬁ't"f"dlﬁp‘8f"ltth'é St &t e 1T1p/58%1 (G )
Li gation tobeseREMENFHIRREQEn AL SRS £ hdahatdbtodifie SH QAR

sequences, and which can produce compatible overhangs. Examples of such enzymes
include: Gsul, Bpml, BpuEl, BsgU, Acul or EcoS$71 sites, or any combination of one of
each of those sites. Ur any combination of one of those sites and a BsrDI site, 2 BstF5I site
or a Btsl site. The placing of these sites within the hairpin-adaptor oligo detenmines the
length of the final loop, while the sequence is determined by other portions of the adaptor
oligo. For example an oligo of the general structure as shown in FIGS. 5B and 5C can be
used to generate an eight base pair loop of any sequence. This oligo is designed to be
ligated to a DNA product carrying a two base pair overhang of any sequence XY. X’ and

Y’ represent the complements of X and Y respectively.

{0218] In this oligo, there is a Bpml site (italics) and a Bts] site (bold). N', X' and
Y’ refer to the complementary base to N, X, Y respectively and (N)n represents any

sequence of any length.

10219] After conversion to dsDNA and cloning into a vector, the sequence

becomes:

S X YTNNNNMNNNNY' X' CACTCTCCAG (W) n-GCAGTG X YSNNNNNNNNY' X' ...
LK Y WHNNNNNNKY Y GTGAGAGGTC- (M) n-CGETCACEX ! Y/ NNNNNNNNY X ...
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cloning of the opened-out cassette can be conbined into a single step if a
suitably cut vector is used in place of the second adaptor oligonucleotide.
See EtC. L I'WO3#@3&¥24#% al | ow the ' opening-out' of the h&ﬁiﬁbﬁNSWHsﬂruct
ligated to the end of the vector, it is necessary to introduce a 'nick in the
DNA 5' to tHez8t end(bﬂhmmﬂﬂhﬁpmbpﬁseﬁhspwude“mHW§ “cahileBsi fys pidhachi eved by
dephosphory ai or including a
site for ab(?lslg['(i: ?H%Q%ggor%f% glggggﬁﬁﬁéapﬁ%kﬂhg tﬁ : gié/}vkl%ﬁsgl and Biolabs) in the
vector. Transcription in |||a¢wn@mammhh&5>n|ck and using a strand displ aci ng

DNA pol yner aggreiris 1ReM HSSH dQuenePen-out’ the hairpin. Recircul arization of
the vector (after optional further digestion with restriction enzynes)

conpl etes inizbial cl aiiehaok, ?fasomgta\ mers‘@qssﬁéett@whmZM%(lgﬂ wEE Reliagt i on of
SbRNA cassettes can al so be perfornmed with i nternedi ates coval ently
attached t ol& Yecwspart a{GF #irery sprushicens thww q{arbmtﬁgdeééﬁergﬁum g hyowlfal |
fragments. E@@etérﬂ%%tby‘i% g;ﬂ{ adabRYUREY §sc%erRQeTB@£eq%ncEQ\l®t p%%&lalfl*:r st he
cloned into a suitab desi gned vector. procedure (outlined in
produces a blﬂngﬂgeblhatl mtpﬂt hascasis et e 'fand M f@éfch Aspgeyt, fODThﬁépstiiﬁ‘yG%:Sanf be

obt ai ned by f ]?a%eﬂ’} o he target
cDNA into t @h{/ﬁ@%%éa@%t Q}Z ?Fggghm’@/“ﬁ“ Jﬁ%ﬁ%&??ﬂ?’f% %Jr?g nestgdﬁldbel etion on
the target oDNEddychesigmnauriee p‘zectﬁi@trqlcaeesgo prmcmgtvE(bﬁEcpﬁlrMW@gielleti on

O o ST e RS e FURPR: RS0 E RIBOR BN RELOL R R SR,
sites bet weti De aﬁemﬁ’tcd vbily Isletmy a"MdJIEJhepot}drramad, arla‘u,énzymmdmomhsmgg sofildrar get
cDNA sequence. ff mnth JEcoP15] n er on tional nt - endi nQ)
a hairpin a't‘faﬁf[% ° %Tno %9'1 i EE Rl Oh PP HES eﬁ@q SITL%‘ ISEhé u@”%ﬁd % ﬁgongM can
be renpved is st or_d r|n an of the.subse S t he
addi ti onal eszw1 icti o’ﬁglgd tio 3 'pr)lrrg %ﬁtm% Wém\(}té% %"rzy%g&%étlf%cgﬁ o 4%8 cl oned
cDNA. The sagSgreel, Siplthealhabrhprsmcaﬂ&phﬂndadlw;gm gapohenfof éelagagbosigro, and nmay

i ncl ude useful. features described h uch air o u a lac()
sequence. — sl PRl ER Mo oerrorars G bRl St et mir e e T
order to ' opefenotisf Jublea teloptipusite dagbaRedfyl 1ﬁrdaiu€1kg b&kgfﬂuhd)dchlﬁﬁds skt N t he
vect or upstpeam of. t he hai.r con ct exanp e of a suitable enzynes is
N By T AP R ERGTSIRD T e WRib Heliat TES R oS O RE Ber B | The
hai r pi n congfie/CThd 1Eﬁétpﬁﬂl%dc@hﬂg stiBtich dkyrad thnteSRERGI 1RGarpRIyesase as

descri bed apove. The conpleted hairpin cassette can then be used directly, or

cloned by rBAKEQHEAPING FFd‘d?‘l‘ftB iy geabliyto fraes ot k6elici ng into suitable host cells
(e.0., E coIt% 102551(I% A nodi fj cation of (l above allows the production
of shRNA hal®p?ih casdbPimEiar $EEsy Uhine PHESYIEIETen SikFstat 2Rave AR EPS‘@dgy of their

target eDNAdesiiSm@apkdid@ig e¥AMPleBEcH SR hkiskl) réhevRa, &lcleRimpident i fication
of active shRNA cassettes agai nst nany target genes using our PACS assay if

the intact B8Py sHtricHan ng’éﬁlt@%ﬂ@%%i%ﬂrﬁ@ﬁv cloping A\ BIGf0)t Ke s apBiet er
constructs yedasmrdrbgs 1sTxhﬁ1th%§ngﬁ|shf@ﬁﬂr&%ﬁ§tr‘uQﬂ§ 1P O WRSAotE NG JeARB&ErsCDNA and
the shRNA cassette ensures that each in the assay contains the

appropri at eTheisapif@ionsegnst fop R4 IERIY‘P‘PTGSCCIHHEIP SRauencs pRRIRT E@Fﬁs(ﬁ)rflféffiblm@%g

tested. I'n LRR)RTOSERNIR Qi DG b&hﬂ\l@ molZeulUP E?rrgﬁauegwptdc%upl oned into
a suitably designed vector such that it 15 flank eé tes for nicking
endonuel easeymeliatly dallovies Beeal pithe FﬁﬂIﬂP@mthﬁgwﬂﬂ &lﬂ“ﬁkf hﬁimmew is copyi ng of
the DNA. Stafdd0pufln A8, Bliibuadiellofbaiht Adsidh SRLRGLB0 MR ROL KBRS e | eads
to duplication of t target gene sequence. e vector can en he

recircul ari gedonens ¢lhniog. Hevievoun atches soblord thg alofve atidlidded naslriction sitdseypusequences.
One of the o t.

uni directi oFr?a eﬁgg%,t%%e:gehleee:n(:?8%%%%9&\/12%{%}1@3‘?{1‘2@%9 %gcener aﬁl got%gegf’%?FI!I(?R%A
cassettes agaideﬂﬁsulmtds (omsrqmgar palBEiﬂﬂtﬁ\élsN@%M@Tda\iﬁwhﬂ%rﬁﬁ«ss&ﬂﬁs BY FACS
ANALYSI S (02 géLn‘IéQSea % Omﬁgnti on provides a sensitive and general purpose
met hod for &: sayl ng veness of shRNA cassettes agai nst i ndividual
targets. In these rrethods W target cDN® is cloned in the sane transcription
unit as a reporter gene in such a way that the reporter gene will be

transl ated but the target ()DNA will not. Exanple reporter genes include
fluorescent proteins such as GFP or enzynmes such as | uciferase,

[ Sgal act osi dase or cell surface nol ecul es such as Lyt2 or other nolecul es
whose | evels can be determ ned, for exanple, by FACS anal ysis. The reporter
gene can be nodified by the addition of a protein domain, e.g., a PEST



cell line, for exanple using a reiroviral vector, and cells expressing the:
reporter gene target-gene transcription unit are purified by selection and/or
by FACS sortWAgePeasB1The RNAI triggers to be anal yzed P&T@iseewsfoditiced i nt o
the cells expressing the reportergene target-gene transcription unit, for
exanpl e usi REPRACEMINT Od MueL WOT HeXpF g A Hiy REFRRIN IORSERT Y M 5ldiSt he U6
pronoter or ransf.gcti Vi .G : S| ol . e R .. NA
triggers w I[q%‘r”tecogni@% éﬁg‘k‘ﬂ&g%ﬁ%n%%{é?%g[egliﬁg%% 51@ I?%(g#??%%cr%yesﬁl %géeu\régmand | ead

t o dest ruct thanit (as 20 8w koiutsgleofs reqogngibatitoplododing hwdnetRNAb twahsepdipd’. Because
the reporter ne is. o S : scri.pt, translation of nor.e r rter gene
wll be bl ogﬁﬁ%llgﬁ'hiwfngvtﬁgyafgﬁgég e?atﬁ%ﬁ%éeﬁf’ eSEht ‘%\t/l\;il ﬁolf)w? lh‘?—:-nrd equl}eelgrgg?%p, and

t hi s can berdyeastee tbor[cfocthexsitiphe Bycalsd@hiias)abaidire] sifs pop bk ptacatrigtt acel | s
containing effective RNAI tri rs can be i ified their. low.l evel

cxpr essi on OF crnat Ve ppratisdates i Be prentitn eBfrbYe URIA BB Rbrf oot i ve
ShRNA cassethe@8mersit: i &nas ipsovideidng thdeDFAGPhis bexh9dsTihal assayctcalh at 8o

include: 2009/082488PC1711$2008/ 014037 102601('6% a second reporter gene
carried in PHASEURE SSRERSY 21HRE PHENE ST EIMEJRTEP T 4r &@Pﬁ@%ﬁ%CWMf‘?%tﬁ on unit
hut expr essgsh dt heaedd)deRENARI o ftpF HASAS IHREDOA HilickentdHHANRESALO OE hiilis
reporter gene should be independent of an effective RNAI trigger against the

. ( ¢ . irig
target gene®ligpeHectidsdidiva [T e FecgehBSPRE O RES- al s ERUIreROn F9dYrc 1902611 ( B)
anot her repgyhgd: o@ﬁ&&t%@&m@@séqﬂe&@@tﬁ@ﬁﬁb¥§ﬁ§d9§ed§ﬁ>rﬁ BehsRNfLasstt e This
allows cells carrying an shRNA cassette to be distinguished fromcells not
carryi ng andigpRACitie§®BiYe, providing a useful control. 102621l n some cases
the reporter gene can be replaced by a selectable marker. For exanple a
negati vel y- EBE&ct abl eA pitpRefisadyamageswiti usiphMmed s thprit preduceha teaase gpir a
negative sebectabhe WRHKR! (8 S Y Wle Al RhE QT Rimeassptte will
not express the ma kg?{t' grl{g#\?\n‘?éldl( %ﬂr\'/twequgﬁﬂéti%ﬁ. t?ﬁ‘?ﬁet od al 1?’ows
sel ection ofheeflfedigl wegedma SR peslvers aws? kese broushodsd wigch sanpyasble] 02831 0ne

enbodi nment V. e - i - .OFP, a PEST donai n,
foot and rmg{eAédéﬁgaggglgﬁ&?éé%E&@e%ﬁp@eﬁgﬁﬁ raﬁbéoﬁﬁgs?gﬁ%ﬁ@ gﬁvggéhot ransferase

( OFF- PEST 2¢vonRHdmrerftarg twa basetpan dl-oarhapgoifivd #roveifhegstraodyetd bpehbndl svik bonkd

downst ream of t od of ..h anycin osphot ransf.erase but within the
same tr ansc?’?pﬁ?(ﬁéf@%gﬁoqtugncf)%g&ali’gg¥g%ﬂ%fpl?sQa ?(%cggi g &t %E;lg)e-}%r?%iﬁ% %t onal | y into
C FP- PEST ( maxtuapi tlhyé degibid ivgbase psir 8rovefhaggse €inif ledaree geeffiectpreot ei n) and 2A
Hygromycm phosphotransf erase (which confers.resjstance to the antibiotic

Hygr omyci n @"FP%%O%S{S[{?&H%P% S S E PR LE SIS tI“§ S%ﬁ' intrinsic feature of the
2.4 pepti de[(ﬁgg]uence

"Use of a restriction enzyme that cuts further from its recognition site than
Mmel is an improvement to the REGS protocol because it allows more flexible positioning
of the restriction site within the first hairpin-adaptor oligo, and can generate a longer final
targetting construct. In many cases shRNAs of 22-30 base pairs have been shown to be be
more effective at triggering RNA interference than shorter oligos. Furthermore, with more
matching DNA to work with, it 1s possible to perform the ligation of the second hairpin-

adaptor ofigo with substrate DNA which has been made blunt-ended.

[0227] As an example, the restriction enzyme EcoP 15§ has features that make it a
desirable replacement for Mmel. EcoP15I cuts 25/27nt outside its recognition site,
producing products with a two base pair 5° overhang. This overhang can be ‘“filled in’ with a
suitable polymerase (e.g. T4 DNA polymerase) producing a blunt~ended product with up to

27nt of sequence derived from the target cDNA.
57



102641Fl uorescence activated cell sorting is especially well suited for use
in methods of the invention that can identify RN Ai trigger nolecules and
generate a HYPEHBOPHIC series of RNAI trigger nol ecul es.PCTRisgwp/gi4pdcause FAGS
analysis is quantitative, where the FACS quantitation directly correlates to
gene expresél@Bl FAGS\tearunipde ofat wdalilo EdHIbEbasnd hdigueldapia okikd evghgaent i ng of
cells that g ess different levels of a reporter, thereby identifying RNA
trigger nolecules that downregulatc a target gene to varying degrees. NMETHODS

FOR | DENTI FLEAT) Ny O LR A 1192926 Lk Pr BN + 980R IhAG A REF QBRGcTE N AT

phenot ype of %&%&?&%EQ rgsubt sydyn the death of the organism For exanple, in a
screen for s% i1ch overcone a cancer cell-line's resistance to a

chenot her apdlt2Plc r eagédditioral pasipids\wé halhfRiNAigsoudicbtides of the invettdmsesncer cel |

succunbing to t chenpt her apeut i ent. a yi,ng. Bec . ell is
dead, it belO¥ SS\*}%fP‘J/" Prar et ISR @ ‘Eg“‘g-h fod 1&2‘#@@-?2&%&% ble.
102661The poegentlestiéetdn qmopsBwotam (Noxdiidits aetEcort31ads): t o recover shR NA
sequences fromcells that are undergoing progranmed ceil death (apoptosis).
Duri ng apopt 0si s(A)t he @ensitasgobénddiutiha 16 8t Lselhg ¢o e vingagoeablgo | nt o pi eces
- either a charact eriglucdcdsaddecunéd snské;i pl es of 200 base pairs, or in sone

SToni i cantly 1a t@@%&iﬂ%ﬁ”fﬁ% WERRERERNAEEE, bt P s R o e
& E’/ BcR%ven from apoptotic [02671DNA from

cassettes can be recatfdred®s
apoptotic cells @ n Bangéegeanatied tHerreminBNGop sajementaipe phatli fer @el rhahdi/ofei t her
[0268] (A) FACS sorti ngcwetihGamive aiRNoasedqyerstafyen oéll ppadross See Bridw).ecoveri ng

ol SN TILE S, HORBRL A O B ARG Bhe LGRS N sl
complex cleaves between a patr of copies of its half-site RmC (a purine {G or A) followed
by a methylated cytosine). Cleavage occurs approximately 30 base pairs from one or other
of the half-sites. Typicaily hairpin-adaptor oligos are ligated to both ends of a target DNA
fragment, so that if each hairpin-adaptor oligo contains one half-site then the product of
tigation will contain two half-sites and be a substrate for cleavage. Note that only one end
of the target DNA will be cleaved under these circumstances. Following cleavage with
McrBC the DNA ends are undefined (unknown whether blunt or with a 5’ or 3' overhang).
The ends can be repaired by treatment with Klenow DNA polymerase or T4 DNA
polymerase or another DNA polymerase plus NTPs. Because the recognition sequence for

MecrBC is very short, there are correspondingly fewer consiraints on the sequence of the

bairpin-adapter oligo.

[0231] The methylated cytosine (S-methyleytosine or S-hydroxymethylcytosine or
N4-methyleyiosine) can be introduced during chemical synthesis of the hairpin-adapter
oligo. Note that ¢cloning of sequences containing methylated cytosine requires the use of a
baclerial strain lacking the native E. colf restriction systems. An example of such a strain is

the NEB strain ER1793.

[0232] An example of a suitable McrBC-based bairpin-adaptor oligo for use in
cloning to blunt end DNA fragments is shown below. This adaptor inciudes two Gsul sites
(bold) positioned such as to be usefu} in removing excess oligo sequences as described
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DNA undergoi ng fragnmentation. This can be achieved by: (i) PEG precipitation
with for exanple. 2.5% PEG ROOD, 1M NaCl as described in I oannou and Chen,

"Quantitati oMOBPORASYK r agnent ation in apoptosis,- M cleif§TAsREENRey. 1996 Mar
1;24(5):992-3; (ii) electrophoresis of total DNA on an agarose gel, followed
by gel puri fhavat Adimdfsitofilajic DA Fadmesizeng DYAIha ks esoansd cumaatithdbyubnosones;

or (iii) an .Ze- } - rifkcati 1INV, S FOR
EXPANDI NG Dﬁ)%ﬁ%%g{ %@%Rwhﬁ]%é Eﬁlsﬁ%%g%ﬁé%w’ﬁWI%%NggFA ASSAY.
102701Many nededirel soqueneRbiAhe randerampicdesi gnkdusicRINed sapudn@h®iphiadipg on

doubl o st r AP R g e P gsh Vel bR A P ke T B cedur e do
not . Howevefhe &dwet arsizioe E theodestabd Gi($Tadaatve yadah tadif ebdirphowfdiffaragitent | y t he
shRNAs function. The diversi aof . OUT shRNA. cassette |libraries

i ncreased b “g'ﬂ?&‘og?fﬁf‘ﬁf‘?’ﬂ@legt%ﬂa'm‘%%%O@Hggmrm%ﬁ%tm"ﬂ‘.g WF@%CJESLFICEI%@Q' ﬁ]gne
either to the original library or after selection of (screening for) 'active
ShRNA casset t 2. , ALl BhlhREALPALALL ARy QG ANI O S IRLLEER bR SHBNA casset t es
can be rescreened to 1dentity ones wsdchimhd.eed efficacy, for exanple using
our FACS assay. In this way a weakly effective shRNA casserte can be
converted t P2a3kt r ongh yecenid potd specifpexamply (is adycdrtharelatingpositions of the Gsul

2009/ 082488P {0273 1.Th are several ways in which such
random m srrg c#%s&gggé%éégeﬁzgr%@%%de ?J“lgncl udi ng: 102721(A) Error-prone PCR

of the shRNA cassettesrcifhagcatyriofrtitcrsiablbhshed orRifodsofaddacr easi ng
the error-rate of PCR (e.g. error-prémeipod:yrerases, inclusion of Mi2+ in

the reactio ffer, use of nucleotid | ogues. etc.) 102731(B) Mai ntenance
of the shRNﬁ?zg‘zlssetteA‘??f‘aE% aogt““iltﬂeg‘%@’[“?‘ﬁi‘?”’&‘&@é@"%‘%fﬁo “%SFé'huency of
mut ations, FEehingXADNAETddhenaGhitvakeobaBe 8t §° GC BeerRAMFDS shol@iohd Mnislddi:puUgh

copyi ng of the shRNA cassette in another error Pr one nmanner. _
casily be modified to match the overhang produced by other restnction enzymes. This

adaptor includes twa Gsul sites (bold} positioned such as 1o be useful in removing excess
oligo sequences as in 4) above. A Pmel site (italic) useful for linearising DNA that has
escaped cutting with Gsul, as described above. With the Gsul sites positioned as shown, the

final Yoop will have the underlined sequence.

CONNNGCHNNNMNNNNNENNCGHNEINNNNNNNNNNNCTCCAGTTTAAACNNNNNCTGGAGNHMIENHENNG*CHNN
SEQ ID NQ: XX

IMPROVEMENTS TO HAIRPIN-ADAPTOR OLIGO 2 AND THE MECHANISM FOR
‘OPENING QUT" THE HAIRPINS.

|B235] The method described in the REGS procedure uses the Phi29 polymerase to

simultanecusly ‘open out” and amplify the sShRNA cassettes by rolling-circle amplification.
Unfortunately this method can lead to a highly biased library because Phi29 is extremely
processive. As a result, ShRNA cassettes that are first to be amplified will continue to be
further amptlified at the expense of amplification of cassettes which have not yet even been
‘opened out’. Indeed, it would be preferable to avoid even using conventional PCR to
amplify the cassettes in order to minimize library bias. With sufficiently efficient early
steps, enough material is available at this stage to remove the need for amplification

entirely, or reduce the need to a small number of cycles.
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e.g. through the use of a nutant, error-prone bacterial phage polynerase. e.g
T7 RNA pol ynmerase. METHOD FOR RECOVERY AND CONCATENATI ON OF shRNA CASSETTES
102751Usi ng A 2884885 yst em of the present invention, tHRETEHAB0EOEI of cells
carrying ant active shRNA can be identified fromthe pool of cells not
carrying an(®36l ve shRN.invengne praides seviedemmiire yenwhiséa theteRANg matbedpr esent i n
the active pooi is to PCR anplify the shRNA cassettes. The PCR products
(which will (¥t ai n alAh Kredraepbfadgpiqueligsekis pepk ettt it ferhet qbiges cagh waldt | ve
shR_NAs) ca u pr oduct
can be sequggggd%égﬁigﬁtﬁ?g%g'?%}e%gg& gjlrb E,Q}VQYBE& qﬁgngﬁg‘g’ e'glfm %’g)égqgguch as 454
Lift Sci encéalrmeqdmtmiomgo dto Bolignal teagueftbe hg post GRS/ DHowener 3 osfr:rrb@wseach
ShRNA casse N £ e strands
of the hai r%;()% e%i %gg%gethgﬁa;s{g&%al rs%]s{a Ecsul%s ﬂlﬂ Q{ﬁ:u%ed zlmg)ﬂgn menc

sequenci ng basaowcmesa stdil Edrtioy pf dalehds @tdeovin nte:aeles:noﬁ asae;\me'rpahblhumuﬂreedw

basepairs. |Ip addition, the stron condar str ctureth halr
represents (Q,Q'ﬁr'idﬂ}eeprPé’Psé’ Rﬂirt%erg'ﬂ%gg%ag GAHEY Yy feay fPr qaets Bf@&t?@gl%ﬂf"ﬂ‘ ‘des t hat
are hard toTeeada pMIymeneesﬁmtemembmrDm @ulydﬁ&qeoiruhm&moitymemésh THiese
problens. 10277] ﬁ casse tte% are dgﬁi%}rj}ed SO trllat 2t

restriction“&H i felmafdina Plugbided Rt B a4 18R 2e b Wr‘?(‘écr ?"E’I’%‘sen to
produce a ceh@siweb88daic 0v@Brg!Ten M Mincd PR doé remeﬁnzydmae@e@hb@rarg&-om ng

the intact cassette, although this is not essential For exam? t he | oop can
contain a BARHNINE hejrpia (¢ jushi Rase Bafs which ischedive e QLRI T/ D) cngibsse Qghent , or
a Sall siteahfrodgs 6AS&BHLRNH&. Cl Oned as an Xhoill-1indl1ll Fragment.

102781The actl ve ShRNA cassettes are PCR anplified fromthe individual cell

or pool of qehks det ensmided lt@c&@malwﬂcrﬂct(bmo&ﬁmmIﬂﬁatIcﬁtsawﬁnrraﬂe@us to
use a strand- 68 displacing ymerase such_as Vent polyrnerase for this

PCR react i offcag"itien %eqvwﬁ? 8\%%’“& OFff)l‘%:'aSﬁi wlﬁcr?r%@ﬁe&(ﬁéd%m%#§1%yeﬁﬁhar y
structure tpRh afiard ONR JolRriReo Rch & @lc?@&#‘rﬁé}ﬁ%f thEeN RGRe &&g@t&mcw & then

digested with both the enzyne present in the op sequence and the i
cor r espondi RgTehBpHE 1engegoegs- & @ﬁeb%ﬂﬁ\dﬁ@é}g%bﬂwdumasS e RaRGEStEFefa 3

fragment s obubhhgoh. eh@und 120nil hasks RakfekiichfagbLhdepeading. AR he exact

sh. RNA cassette Cloning strategy enpl oyed) ave conpati bl e sticky ends.
[ 0279114 DNAbhED gtesentive rajswtion enzyowe bt dmat @e vbrsidhe bareplin-adapigobiae 8 cimbo | onger

simplified to be a blunt-ended adaptor molecule.

[0239] (B) For the “opening out” reaction it is preferable to use a DNA polymerase
with strand-displacing activity so that the polymerase is not blocked by the hairpin
structure. Suitable polymerases include Bst polymerase, Vent polymerase, Vent (exo-)

polymerase and many others, but not Tag DNA polymerase.

[0240) (C) Where amplification is required it is preferable to replace hairpin-
adaptor oligo 2 with a *Y” shaped adaptor molecuie as described in Kaur and Makrigiorgos
(2003), NAR 31:€26. The Y-shaped adaptor can be produced by annealing two oligos of

appropriate sequence, for example:

5 ACGTCGACTATCCTTGAMCAGTG
CCAGTGACGCGAAGATCTCCNN S ! SEQ ID NO: XX
GCTCACTGCCTCAGAGAGGS ! SEQ ID NO: XX
3’ GAGTTGACGTAGAGTTACGTGTG
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pi eces. The | onger pieces are then cloned and sequenced. The sequence

i nfom ation can then be processed to reveal the sequences of all the shorter
fragment s t 4P 20808448 gat ed together to formthe | onger PEITAEENSAHOF’S not
essential that the two restriction enzynes used have conpati bl e sticky ends
so long as i#24ik poss&bﬁtreatfvely thhér’—shmt:d adaplag pertteproduced frgmmesiigehaiPir-s wil |
be possible LG i.ncl udin ose for which
t he over hanaf'?ogmqpﬁrh é? ﬂramt]g’ fﬁ%%rﬁ%egﬁ% '{t%hgh e enzyseq{fgénl:g%s its
reverse/ corrglyemsryeant and h’b@ﬁ@ k?htmeet wish EEEb@tm)mmnymeﬁgmh\fdvoEnglm Bomgerorpi eces

db h
actrai ned, P R BOT PP R CERR o Rt MR B T oG

pi eces, or Ura‘omlslbﬂ)rdu@hgﬁG’Ssl‘ﬂf)eﬂﬂéptﬁﬁlﬁsedtab‘bpld thgaligoon bet ween the two ends of
a si ngIe pi ece of DNA. Circularization can be |imted by adding PEGto the
Iigation A second nethod is tothe reaction with a small quantity fan

"adapt or noDl eYFECPRBATCEBAEREIGof a piece of DNA with the sarre str cky-ends
as the small ¥ragment (or one coﬁg%ﬁTP;chcé;A%?”iTEP hd aftlk dRe bl tHh

non- conpat i bIL%AgHG%X 09,0 QL - ) SCKBH  EWAY PFHE™ adapt et ' *Pnitl: eéul e includes a
restriction enzyne STEE B Ferably for a rare-cutting restriction enzyrre
(e.g. Noir) The ada tor ecome i ncor por.at ed i 0

concat enat ef’:lft Nl 10 w”h ﬁ?bgfﬁ'@ 'ge e§FﬁCH }}ecséltnlefn ?hélﬁ‘%ada {Or on Once
rite Iigatretn)vbeactron is conpl ete the concatenated chains are cut with the

enzynme whose site was present in the adaptor nolecule. This will linearise
any ci rcul afizd®] ecul esheam-Hastgirasertde ey the dhtlaped atapdoeastld@hﬁ)remwling t he
adaptor. The _.average |length of fr nts re thls di gestion will
e 5 funct i BHREE THEPTRFECE Mnphr BB BrruliEi o Ry e AT St or

mol ecul es. Tdpenbedickd RirpEoddetithicd NSheCdunb et ffedheoduer @l jba Siredr haplfodity se t he

yield of fr rrent of theotrrrumlenacz Thi s appro can al be val uabl e
0t he " SACEEVSIG Setii i Bae CHOr S BB T A by EOR) BareBoR S serned and
sequenced I habihd @buBle saFgay ploghdadbistol Bimelus- uatepgeaeeraxeﬂiceem @Breford 62 at a

2009/ 082a8PT/ OOS/I 1-1Q37 IVET S FOR GENERATI NG AN EPI - ALLELI CHYPOVORPHI C
SERI ES OF ST PAHFSMNNE (YBPAEhIC AP PRIETGH! of t he
invention i gaitde. %ﬂ?ﬁ@ma‘i}@rr@ftha@-w@fcarﬁl}@dp&% b@siuethg BN rsd Jol \gaRise MRIRGH €S
(e.g., sh.R nmol ecul es) that knock down the expression of a target gene in

a range of &FP¥HEPPeaet w.lr prefearnge i qamificateriesher aimin pprstras s eldlis helps
predet er m nednl.g¥gl hRf iexPrigas).on. That is to say, a plurality of individual
RNAI trigger nolecules identified by the nmethods of the invention can be used
to create a zapf al tertj)qt esrlnetcptuueoee(rﬂteemptaasgﬁmedraegytfat;@f{sshalte9282) To
generate nulti [ uci ng nolecules directed to the sane target gene,
an nbi ased 44§ rtlﬁrrtiﬁ.@fﬁsubc §E§F eteﬁd PE"opaties ERkwh ieduse @nagotesule REPEEHods
descri bed hﬁrsewofwammote rﬁt&s@maqmdtporesay ttrtem%oueagg%gearﬁeécr' bed in
Exanpl es L3 and 6. Through screenr ng a large nu er of candi date shRNA
sequences (@Oglﬁed&r ound 200 per gene), the nethods described herein readily
identify multiple effective shRNA sequences for any given target of interest.
102831There are at | east tvvo Si gnr ficant advanta es to having nul ti pl e shRNA

mol ecul es per gene. First, "off i ZHrgeties g emai n i i ffcant problem
ininterpr etrﬁgrmcﬁgggﬁg%g res% Gcgﬁé ¥=Par get ® g% ¢t s%occur when an

shRNA down-regul ates a gene or genes ot her than its |ntended target.
Denonstratipgathat two (or preferably three or nore) independent sh. RNAs to
the target gene each give the sane phenotypic effect is one of the sinplest
and nost convi keiaTgee@mt rol s avail able to disqualify off-target effects in
the interpretd&tion of r&SAATERCTERBRATCEEY R §FQ 15 ¥B8X490 (2003); Cullen,
Nat ure Met hods 3: 677- 689" PEHGEY FACACAGSES

AGTTACGTGTG
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[ 02841Second, having a set of shRNAs with differing silencing potentials
provides an "ept.allelic" series of hyponorphs, that is to say, a genetic
dose-r espons¥O 2qB0E24H urality of RNAI trigger nol ecul es RTIUSZ®mtpI7ns RNAI
triggers that inhibit the expression of the target gene within a rar, ge of
repression H8#lity. (EdrAmxdnp abovedesians RNtdaptors ggdée nogifedutithca - | |
dennst r &t eoh@bahl WSkl ApdPaLeSsa 0l LALIRlh SRLEISLOhncM il Endpber s W
show | ower aeg ees Fepr 68si on as’in te Levels ©

repr essi on. reAnlties peklcad lbqnemaeﬂlbly thyqnmrmwpllnire psbmucé&m’ié kb (otrernggehe BBl ecul es
wi |l include ective w de range of..r ssion
activity, | H]chsﬂ%aqe g""’?n‘ip i ICIP(%?S&\ arf‘ﬁ?elggj[’%ﬁ%h @'B“reéprﬁenltw tht‘?ye[grgﬁor phi c
seri es thatligpashittmtes)athgedgtirecanbdsslotiespons e’ aswiah ¥ dideetynuafeosignnf i cant
applications. In sone aspects, the et of g%lpor nor ene 70 requl ators

can be used Yo 2&pPPoT £ ES\HR?B“"Q%WQ AR "glnr?“éF A d’ﬁ%’ﬁ%ﬂ% RlYPRESYene

regul ators eadxche théseokPnidddidabel @pRed daid atlbahapatitsicledragwear get s and
predict in VIVO responses to inhibitor conpounds In still other

appl i cati on§&P ‘qnﬁ]englélgﬁfea?‘iﬁ?@ﬁﬁjélﬁ“ #A"Ye used to identify RNAIi trigger

nol ecul es that _can redu t he ex ression of -a _target gene to any desired
| evel . The fHfF! scope(Férﬁ‘ eVl PR APt ‘ngloélai"é%wgf’?ﬁr%ﬁ?@ adaptpiss of

gene regul atstsa gerteraup%i RYohtRs REIGEEHHse bAY Rihia@h. Wihlsis BencaRPALEM: t 0 one of
skill in the_study of gene regul ation, %qecnetl c dj seases, tunpr biology, drug

t ar get |denf{ﬁf3§§éct”i“@rﬁ“dieﬂlé foydlrethEpie prssehies Euirgs this sy begubuh HBHEPi c- based

di sease t hepapgtd Kdn: eﬂaéxmpxt @t R oBh&RSeePhaiiPhiQBY end, land Sith Bg1ll B¢ ended
that use of an epi-allelic hyponorphic series generated by the present

i nvention beroridgrisEepdphide PEE Bxariiiesisarich ialed theeldrisney o2Bebich Tt her
enbodi ment s pniAg, a@:ﬁls aBlel t@'h Ste mé%mﬂb@hélﬁr\gﬁ&ogﬁ%f afR0n R¥akRGadTRE hods  of
the i nvention ca e used to analyze a therapeutic threshold in drug

devel opnent aYedeg.in tvao BAYS: based t herapeutic or a small nolecul e drug).

I nvestigation of a therapeutic threshold relates specific gene expression

| evel s to al@@éél ned phendeipiscaedifeetn bEHRaliRaddp s i Henigdt mam%dwﬂelsoq biftlor mat i on
regardi ng \/\/g{ﬁag1 i, [oX=Ta[ ] ial L Sif i L ye a

t herapeutic ﬁéeﬁ:ﬁq ls%se Qogéalggkgﬁaﬁa%fts (l:a%qlténe%%gvbgwgl % Stioﬂeaﬁ%?;%g

corr el at i onBlugtHedadh prodstNabese Gadretorresy@8d 896ty G0th¢ 2003 )the laf@%mm‘ﬁhigs principle
of creating, c I u5| ng
ther ccept oy Gy R i Sr XARTRARRL £ LR Hh o AR ERORIAL SrtoBEl Sl ¥

regul at or oéndedmoseryr Gint dnssttawal bo ploasttrandingg trasiesf tWs pogidnorapiatiahd. el | c
hyponor phi c,ser | es..of R _NAL tri.gg egeul es nerated b he nmet hqds of the
i nvention, PEOEQ %ﬁ’”&{“’r £dg' rP‘g %xgrﬁﬁl %e'fcﬁa}ﬁg\svug PATHEL t|h§1 vu\?’écekon%ckdom
of Ax! i nhi kiohsf meemsseasmmstmmmm 1msnencgle1nmnen Miasaveent foopi VO i magi ng
of subcut aneous tu pravi des information
regar di ng \Aﬁeﬁf‘e’%é":ﬁo ‘eea%?aS%Eth Q&%‘gﬁr gi}f rgﬁhﬁiré’hﬁ%%te(’é‘s‘é'm’ai’%ﬂ’le nhiCBTT tunor growt h.
Simlarly, tdeplemidtiiadp ssquepse.i N characterizing an epiallelic hyponorphic
series of RNAI trigger nolecules directed against the kinase AMis provided

i n Exanpl e @24R0L YNUQE &621d fDk= ﬁEQdENQE&yﬁEs Mneﬂ]ﬂs@@&&mmdh&&s%NERATED BY

METHODS OF THE I NVEW&@AH%OZ&EIU n asng)ect hhb J n\éent |lon vi des

pol ynucl eot?ffén%]galﬁe A5 awlsr sexa ple uses hybndized, single-a b 120s as in
3) above, with a blunt end. However it is equally applicable to hairpin-adaptor oligos with
or without a UU sequence or to y-shaped adaptors or to adaptors with a 5° NN overhang (to

anneal to un-blunted EcoP 151 products).

(0248] Consider the following oligo adaptor:

62



the Axl, Akt | and human proteasomal subunit beta 5 (PSN4135 or beta5) genes
that have RNA trigger nolecule activiry. These nol ecul es Were generated as
descri bed i nNWOREEKRAMD| es sections. These pol ynuel eot i deSTENZDIHEBI'N t he
dow regul ati on of expression of the respectlve tar et enes. These

pol ynucl eoti de sequences of the inventi REE*& 37, In this

figure, the shRNA halcrcﬁFﬁGcﬁngﬁ%%??Tﬁgchecﬁﬁlé gggmﬁ‘f'“écrsb‘ﬁﬁ% PESEQ I D NOs: |

-15). The shRNA sequence positions correspondldéﬂg to_the | oop domain are shown
in all capsIhehéayhrRiendofogeel e olenuemiesnic i ddeoxy fedlddqtERERE 2Rd t he

conpl ement efﬁosbme g%qu%ﬁhéﬂa@ste AR A REaS t €MabRNE likfte LPMRIDaGA G hREFEr S on
either side of the op donmain. The oriéntation of the sli RNA sequence as

wrinenis s%{mmaélﬁé#ttoneresslenselmxanoamﬂséaehéeenércoalmbﬁeﬁfgﬂemeneeWe
[02891Al so shopn, kP st e Jrah (ﬂﬁeroﬂgﬂegreséﬁs 95%%%% &%r@po“d' ng mRNA target

sequences W t hout any non-gene | equence ( SEQ 16-30). These i nRNA

target sequgﬁﬁﬂs are @haw?g%%d teﬁhetmmé@,sre ot §ﬂhBEBB°PI@?h%AHI(@h1c}]rQ§r9t§H Any of

t he pol ypepti des provi ded can be used as sh nol ecuels (e.qg.,
SEQ | D NOs: outiong)y dmhowanwbeedjge@cw"am@pmwvn)ﬁmﬂmmm@t@uwwv(B fgrm SEQ | D

16-30) n%&?%}%é&anhsleéﬂ%épq\?& bhate Ortln’? %@ ention al so include active

varl ants of t ynucl em sequences 0 I D NOs: 1-30. As used herein,
an active variant polynucleotide RNAI trigger nolecule is a polynucleotide
sequence that is at |east 80% 85% 90% S1%ead2% 130456 viales. 96% 97%
98% or 99% i denti cal deorezquohymucireutdidecseqasncecahetiE@sidd-viN@Nn1- 30 and
further retains any degree of RNAI trigger nolecule activity towards the Ax]
or Al't targf2sdAn actiwépeaihgaot” c(fih1aprpfmhcy,nhcpcﬁlﬁﬂbrlake(:wSleqmameslcbﬁncBEQ | D NO

1-30 also inclu eIet| n varjants nents a the.poly-nucl.eotide
sequences ogcléﬁ%eqs ”E ‘bﬁ"\kﬁfe‘F%’P@l?ée‘%é P’otﬁ”sv%ff’fhéchr% "b'l)"/]“‘f’t e&&ﬁ%“ﬁt retains
at | east 80%&&3%01‘9&1&}{%&Mhe%;%ftﬁS%rge@%%ch&@%Nﬂﬁ% 97% 98% or 99% of the

pol ynuct eol i de sequence of SEQ fD NO 1-30 and further retains any degree of
RNAI trigger nol ecuIe activity towards the Axl. or.A kt target. Methods for

oot oot er o} ar e genr g 53153;".%@%%?% dg“??ﬁ“‘;%sse’é%ﬁ%\%@ﬂﬁm fi gger
mi coul e ackjivi{y ar efeserhhad fkelnintAARZLES) SARUSIRE.LARPAL) SONS

typically onhe sequence acts as a erence sequehc Ich test sequences
are conpar echssaftiamdndd dgna [Blegbierttel digean peonctalvgerdephmphergbtedamechimefier ence

sequences  af g, TRYlynl A3 KFRUPLLGE us B IEMIEHE iGN H1 A8 Fiee:

5*P-GATCTCCNNNNNYN . . . NNNNNN
AGGNNNNNN. . . . NNNNNN-P5’

[0252] This approach has the additional advantage that the adaptor oligos cannot
form self-dimers because the blocked 3 end cannot be participate in ligation reactions. A

small disadvantage of this approach is that it prevents PCR-amplification of the casseite.

[0253) (G) Ligation to the second adaptor oligonucleotide, and the subsequent
cloning of the opened-out cassette can be combined into a single step if a suitably cut
vector 18 used in place of the second adaptor ohigonucleotide. See FYG. 1. [n order to allow
the ‘opening-out’ of the hairpin construct ligated to the end of the vector, it is necessary to
introduce a ‘nick’ in the DNA 5 to the 5’ end of the hairpin construct. This can easily be

achieved by dephosphorylating the hairpin construct prior to ligation, or including a site for
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are designated, if necessary, and sequence al gorithm program paraneters are
desi gnat ed. The sequence conpari son algorithmthen cal cul ates the percent
sequence i dewPi2t00843¥8 t he test sequence( s) relative. td@Crhs2mghgrence
sequence, based on the designated program paraneters. 1029310pti mal al i gnnent
of sequence$ nfsbingcararicawsrc.eaN BNl bittuckrdinddiglabs) iy thetrectbo daanserenton ogy

al gorithm of r 4

honol ogy al |ngi[n%r§|e%ta“‘]3 &6%?%”%#1% gﬁ(ﬁdl%& nfn%bﬁj ﬁne&gsj(lé%b&hscg% OtpgﬁS 443
(1970) by p#éthsdairpih. Rapircglanizdtian of the vedtbrodiiofopResal Sotheadigedtiopivithy,  Pr oc.

these al gor [ThakT ERAmeBEafbfHes iRl Hon R0 IR 8™y Soons i n %2ﬁe§’.r cs
Sof tware Pa £ 'ﬁﬁd%‘?r&% Ol o2 'b% ?FRQ Magdi son, or
i ﬁd{zgectl on X f i Emte @’at P Yk ?

by visual i ee genera rren ocol \'ecul ar Blology,
Ausubel ci altermedid®s covGlantle attacﬁecbtocncalc@r, agoidmgprobleng wnl@ hbﬂiﬂmgelmd G eene

v ough 200875 F6S0HLERETEXAmIT &B1t RN WK OMTHIT Dot e pNPHBRST R

det er mi ni ngclpe¢dcianta sslamlgaﬂeseodede:acttbrt Yhapdcskeuendieed infIGa8) pypdics thmgBLAST

al gorithm |ch|sd scribed in Altschul , 215:403-410
(1990) . Sof PHEPLCFEHC FEOMT B Hg T BEAST /4] E’fs@gdq‘%ﬂl tB’u%/q'leE liclggﬁ’igI%P’e t hr ough
t he Nat i onabifeeit ahalf PignRined EehyiaiegDN AT MRtveoDr (S@epdritemigBl website) .
This al gorithminvol ves CLI rst identifying high scori ng sequence gai rs (HSPs)
by identifylHE N8R! "Gt %Bl?if‘mlo@ﬁ'@et‘ﬂrgwqtﬂ\[ g’ ﬁ‘i@f‘i/‘ §&GUENEE; "Whech eit her

mat ch or sagksiflyEeUTEidQ Rk tor ¥ 8myiglk HREholi EeShO RS ¢Rteda\MTRR vadibORgBeW t h a
word of the sane Iength in a dat abase sequence. -I is referred to as the

nei ghbor hooBFsiiy pepPésddpethisierss | for ampls b antraducigg suitaplegeeiqtiqppites gtyren

215: 403- 410)e EERESR sit@ﬁrid' t8d cIDRLAROL haQH Rl G f Rirks c@‘NtA é’ﬁuéﬁ@%’scléa%d off
initiating searches to find |longer Fi SPs containing t he word hits are

t hen ext endedhibsolbiot ind{4fiss opigrg) Bbyrigdvathhawiuedsewr Pbgo h&ﬂt‘fdd?“t‘a@eteﬁ%

cumul ative ghd GARRRE SHGRI EDINARaRS: }e%w@@aqﬁssr@%wk A keing G R SuBGudfl cul at ed
usi ng, for nucleotide sequences, the paranet reward score tor a pair
of mat chi ngstf:r@s peiugede agdi mzpérestr@)lmams Rrofplef &l thy vs@@rr@wrrmreaw efthe elanaty

resi dues; S n used to
Calcul ate & R TES Rhooklbe AIMARAGAS SRR r B AP dTRA ke, [0, L0
are hal ted wkén feaires Gaenbiedthersua isgmamaiGssloniee aflziQ squdrice hafrestgeamt i ty X
fromits max m_achi.ev Ve _scar zer,o. or, bel ow,
due to the al:erc?érn[ﬁe ?Vi%gp%d\é@ngglmersrfco?enr?édeﬁ ens%'gr ﬁlﬁggorpéugt ?Jrémgﬁ%lﬁ}ﬁents

or the end (sflnt?cﬂiucmﬂﬂﬁlﬁma&ﬁwfsWﬁ@ﬁﬂﬂ&ﬂéhﬁddﬁ&hw tAherxaspljudncetdbs:

reached. The BLAST 0 r m nsitivity
hnd speed of DR hY BiRGH: CURRERERRLERY bs MusfiFe HRRAG NES0E, dices)
uses as def awptwccmsmdddmgetdqo(t\i\)nhmfmhhd dxwa@xg)@ﬂyraﬁmmS(dEbcrméd Ahve arteut of f

of 100, M5 er ar,i sgn OE botB{ strian . @m no haC| d
sequences, [HE itgql_ggw Wﬁ)ﬁéﬁcé (heB &e wed durddly precian P’df"cé‘ﬁ"ﬂ RSIpgYheoEcsr  an
expect at i onafdBhtreduct,intangitduiieh d3l €82, Beer).ng matri x (see Heni kof f and

Il eni koff (1989) Proc. Nat]. Aced. Sci. USA 89:10915). 102951In addition to
cal cul ati ngjmesicent sequenaefidaiontbi () abs kel BLAGE pbdefion mhabssoha@@m orms a

statistical analysis of the simlarit betwe two se se e.g.,
Karlin and %Isfeé@%EﬂvaleW%Esso?\%tF T‘“tﬁ ot g?ﬂy N‘@’@"B‘gﬁ;‘“ ‘55’3)) One

neasure of giam eatﬁd dsyfupfrQué gﬁﬁluebydehhﬁcaabmacabggmﬂmaadsatersfagalﬁmlahﬁst sum
probability (P whi ch&prow des_an i ndication of the probability bty whi ch

a match bet g?%”ﬂ’éﬁ:?‘ﬁ (fesspy hHiehyad epey Yebierrcbrenidems REQIP DY chance.

For exanpl ejhefegdtiel @nSimRed We H&cﬁWS'hQﬁ[y@QalSdoﬂbécﬁbn bQwaed Bk efreneonsegdence i f
the smal |l est sum probability in a conparison of the test nucleic acid to the

ref erence nifgsSERYAZaTsES %“SP‘@§ that ¢ash cebiiibe Tsay, comine thy gernslBlefepEss t han
about 0. 01, c@ﬁﬂlum&tm@éaﬁa%@@lmh%ﬁstﬁm s, qanoelpro&%ﬁsl\é%uﬁﬁem?ﬁﬁﬂhe

foll owi ng exanples are offered to illustrate, but not to [imt the clained
invention. ft is understood that the exa#pl es and enbodi ments descri bed
herein are (or illustrative purposes only and that various nodifications or

changes in light thereof will be suggested to persons skilled in the art and
are to be included within the spirit and purview of this application and
scope of the appended cl ai ns.



EXAMPLE 1 Protocol for Sem -Attached Generation of shRNAs STEP 1. GENERATE
SHORT BLUNT ENDED FRAGVENTS OF THE TARGET DNA 102971The target DNA of
interest is WPaHERI#d usi ng any known nethod (e.g., redtiuseiteniddirgesti on or
random shearing). For exanple, the following 4-cutter restriction enzynes,

i ndi vi dual | . the targst coNbi iﬂelphmntoc%wi!h@yds‘é@edlﬂpabﬂ suckthabit is Nnkkd biDeiress | BsuRT,

R e A I R AL

Hpal |, Hi n6mcm,ﬁdtaniin§mead1 mablv\etill dasyrahtﬂadusplactmgm\hkemlymmmmicﬂ to nt erferl ng in

t he next st and, H n6l are neede woul d cut
et e Eehidre BE AR Sen B, ThWigtor RO P RERGIEEE R M op
ADAPTCR 10298&J1hazelmm1®nga:da|ﬂtimrbna1$ shiffyah edqjut el NOndbdUAE tvenetpiksfof agmegéts i n t he

presence of different triction,.enz s. An Prel) is
i ncl uded togeiflleé'la“c)’éh‘?"o‘?ﬁf E’ﬁ%\tﬁgﬁ}””d‘i] Wé"égﬁﬁ?&eﬁi%f ﬁﬁ%ﬁﬁﬂ"g anig% é&&‘feﬁtlﬁ’ t he
sane enzyneoBhRUSEehsiditeSiaRsdritelifin @ppl i cable) is added to the mx to pr event
re-ligation of the target fragnments. However, because of the fill in reaction
on fragments prepared with Hpall and Hin6l, a different enzyne (Fish 12361)

i s used. ThEJ@ITEEYaNGmHHECgiWE shan@M %damF@rCs ANAﬂJ’ﬁSHSenzyrre is also
not used (a i sabl itial fra tio

treatment). R]%SQ t he ﬁg] 8%‘ \33P§°]? ﬂrol‘—uld&sa rpd’n%fpl ﬁ PoY %eﬁgoﬁdf)ﬁf)es of
adapt or s suze®ssf ik kifeansetkss M%Rﬂﬁpmmﬂi agﬁatshmdsfxduiinmrsadmpte@er ﬁeﬂhadlse t he
foll ow ng fglatures g{%forﬁﬁ erties: 102991 A A recognition site for a
endonucl eas® & SPOVSS SINSH detht fne SUSYMICP SR & ¢ popfﬂl%“%l"tsélcﬁ‘g‘”ﬁ}’aced such
that when t e :hea@ohsf dehg@atietk frnsRrddauget tdrpagmpin wif nddNBxar:iple rgpattessi te i s
bet ween 21 and 305‘5 pairs fromthe j ;g%%ctl on between th IooE adapt or and
the target ENE "Cyoh! Hﬂﬁﬁ?%‘rgmﬁg‘ﬁﬁ‘g‘:héé 189EREVES YERAS WETa%sFul Iy used for

this pur pos%alimaEé §52¢11 QuZid rdoldeules QR B3 UFBL BTctheld SiolGu Ve WREscLBkiAdndebe used
(see FIG 1 Use of the latter relies gn the inclusion ola_suitable

net hyl - C méﬁtﬁmwdb@é@‘qnﬂ% by Fe (ol 313y s$e dtie rrpartergsaperntB)maheedsgiience of the
| oop adapt 0f4ditfonFa$etleid AoBAL e 506 PRETAOmRMn, 1h@0RTreases the stability of the

reporier gene in arder to increase its tusnover.

[0257] The reporter-gene target-gene transcription unit is introduced into a suitable
cell line, for example using a retroviral vector, and cells expressing the reporter gene target-

gene transcription unit are purified by selection and/or by FACS sorting.

{0258] The RNAI triggers to be analyzed are introduced into the cells expressing the.
reporter gene target-gene transcription unit, for example using a retroviral vector expressing
a shRNA cassette from the U6 promaoter or by transfection of synthetic siIRNA molecules.
Effective RNAI triggers will recognize mRNA transcripts encoding their target gene and
lead to destruction (or blocking of translation) of the mRINA transcript. Because the
reporter gene is on the same transcript, translation of more reporter gene will be blocked.
The level of reporter gene present will therefore drop, and this can be measured for example
by FACS analysis. A population of cells containing effective RNAI triggers can be
identified by their low level expression of the reporter gene, and sorted from cells

containing ineffective shRNA cassettes on this basis using the FACS,

|0259] The assay can also include:
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adaptor dine's by ligation creates a new restriction site whose cl eavage
regener ates | oop-adaptor nononers. W currently choose the sequence CTG as the
first 3 baseVBarw4s$s t he adaptor, producing a site for TAT&/SBIEALOENd curter
Pvtill, or AAAC as the first 4 base pairs of the adaptor, producing a site for
the bl um enth260k t er RARR SAVBO IO g':llstarph@mpheﬁ@le \eElor Bethe sgposRessTeal
synthesis o i on
sites all ow&ﬁégeﬁg Jﬁécr a'E)QP R?é%;k\'%g{é?&%mg%ﬁéh %nlt n}r?égﬁlmﬁ)oneﬁg%éésgn

adapt or - der piibd reaegrve showdrbe hﬂelmndmdf hatfqutlmRNAl pigger efainst thedargdiat cut

out si de thej nce essfully used. Suitable sites
are Gsu. 1, %gnenf&%% llE:’ r@sgtlgygen%ﬁdow fgﬂ] C%Hg@ and any conbi nati ons of

those Sites a'ter(gz‘%r}éﬁel#e Soti'tleréeng%{ijﬁ(lg? SI%”%%AA\?JE?? 9@%}1@@&9& sites

arid a Ber

posi ti oned Eblsraemmv@llabafymg art $hR Ny apbate-td be ﬁm&ngtqujénmesﬂzbum chepvwg mg behi nd
a defined Iqqcof&/s % e{mer h@ aI sQ.been zsed successful ly, 10303] The | oop

adapt or can IE ypgr "f"ff%’ RO % el ect abI e mar ker. One or nore than one
be used. Th20 sééﬁeﬁéﬁ‘géﬁﬁc%é%%sfé%%gsr sl e R L R Rt afns
(()f Fd fﬁ” C@(ahﬂd\agn@ﬁta@lﬁ-kd%c@imfmsﬂdemhen&mmmapflﬁm&E@amf ohegagice sequences
an us un ontrol o in eir

absence of (? GG dﬂ E%IS%'E%’B%Eleg}feq“é{‘ao@%sgsﬁ%& ‘é’an?ff 8’fpr'fsﬁgh {‘Tﬁfn ot c

sel ection nmaideeil s&ﬁﬂveﬁﬁe&\iﬁ@{ STIRXPE®SS b0 delcaidr &l ePfetiGvel sRRINSY @lges | N the
presence of a nulti -co&y&ﬁl zsmd carrying lacO, lad binds to the nultiple
copi es of | HHE‘O"BF@E%H’F Yhe pl asni ds and is tit-rated away fromthe genornic
| acO: antlbhﬁ@e mar k H allg the mar ker' se pr essi on. }%slnthe
presence of %R | aco- fi“iho g9t Vﬁé‘yséemé’btl’mssﬁ%‘b ‘i"@ eera Chhed to the

anti bi oti c. pSi abiie, @btraﬁﬂml%uw&l%asé?ﬂlﬂfsq{eﬁﬂld@fi acDHgeppndant resistance to
anpicillin or kananym n. fol |l ow g strai ns Strai n131f N22

(BV287051A) phosphitsapifeRse @Fgc%%ngA h@’&ﬁeérfm TR WEAP SR ATBABPEES gal LIS

DendA9: : FRT Ik QICRGAreabRIF (HOMED e%ﬁ%@ﬁ%ﬁm?ﬁﬁbh(@pho&ﬁgéraﬁ g&lwillidgebl @. Strain
2. 81J N23 (8W287051 K) lack) rrnl33 D ac 87 hscl R514 D( ar aBAD) 567

D( r haBAD) 569ngarae%rpeeww9 GERTEST BB E is frpepsserd sait@nsalimApinte GERHESH t

103041The sape,,aipPhQReh LA §f0gr@én| AW REGRbIYEN SR SAL I ol &n SEI eCti on
agai nst the presence of acO) I'm this case a negative sel ectabl e marker such

as SacB (\Ahpbﬂ’-ipli@ﬂrl&ﬂﬂﬁl thhtméferﬁrfégéfmfé tpthegpidhigieliygromyriadbdToncarhe E. cote
chronmosone E ﬁ’i;o ?rcﬁ:@&r{ ql a:P{nrrlui'%ﬂ: fehitpad 2f rﬁd@(E)l%qb?xLQt' ¢ marker). The

ability to Itiv yse ect for the pres e |l oop, and

subsequent | Mnﬁzﬁl ect. ok OB Akl SNBRHES RO AN suldBerd- QQPirs Pl i i es

| ater steps. _
methods of the invention that can identify RNAI trigger molecules and generate a

hypomorphic senes of RNAI trigger molecules. This is because FACS analysis is
quantitative, where the FACS quantitation directly correlates to gene expression. FACS can
be gated to different levels to allow sorting of cells that express different levels of a
reporter, thereby identifying RNAI trigger molecules that downregulate a target gene to

varying degrees.

METHODS FOR IDENTIFICATION QF LETHAL HITS

[0265] In many genetic screens, the phenotype of interest results in the death of the

organism. For example, in a screen for shRNAs which overcome a cancer cell-line’s

resistance to a chemotherapeutic reagent, a positive sShRNA would result in the cancer cell
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STEP 3: REMOVE EXCESS LOOP ADAPTOR 103051Uni ncor porated | oop adaptors (ie
ones unligated to target DNA fragnents) can be renpved in nmany ways. W
per f or m phert8P 2€%4#24%% i on, chl orof orm extraction, and DRATHSEE#HIEL I on. DNAs
| arger than about 75 base pairs can be precipitated by increasing the W22
Col I't el | t | asicermbing to-Be civrhaiarkpeNiCIeascan andedidii en Pasersp ehehapliandagilyicol 8000 to a
final conce red by centrifugation,

\ g.g%o@;e%%}ga ferichdtPo ELOE! ML %;ﬂ%d@z? n%ﬂﬂlgr\desreépg@@

washed in 8 and resuspende 4. CLEAVE OFF 'I ARG ET
TAGS FUSED fff the ends
of the tar 9109 Wto et %%rgg\}\tn]l?%Q]g%?ﬁ§%g%p%vgg&}%%%§%h§%ﬁo%@@%ﬁq%{rﬁeat ment with
EcoP151 ( or sdupeBEs fmeElﬂ'ﬂ thatraye utdergorg regenotd Bd bibBl(apeptosmpr Bvengf fi ci ency

by includin 1. M si ne e 71Rel e tags are
bl unt - endedg%\n%?(ﬁls F&Row ’;r agmentl-"gl %“r%mmg\cfﬁfﬁgpgégégf%gg&mg%ﬁ& pol yr ner ase

or simlar) clmn&ttaﬂephlaﬂddmrf wuatped of W80 bise pairarbxinuome ol Amdsdraginiests Bhoagphat ase

and Shri np aI in hos tase Ta urified. urifjcation
methods. ar el SUBETbFiERBLT N Faamrunt Ty 1ot bebt o b ol RSOl on o
pol yacryl ankg dhet tgekhRMNap pasatted 0L 1Y) ref @lctedwe d(Ryeves fvghapapdtisodls’ recovery of
the DNA fromthe excised band in acrylarnide; or 2) Electrophoresis in a 2%
agar ose gel [(mim] i n SnNA faodkpoptidiocalscas bk siphaiedffedrh DhMdirby neh-agbgioed titi on
fromthe aga d cl eanup by e.g phenol /chl orof orm extracti on and et hanol
precipitati 8 (ﬂjig bl unt endi ng and dephosphoryl ati on can occur in either
order, eith ef ore E@tfv’ r eel |f| C t| on, b%/ tanda d net. hods% STEP 5:
PREPARATI ONVBESIcL ot R “f-f’dé %?F“-‘t?é e AR ‘"e{‘/%"’c?{"Bg %%r an

i nter medi at BN o Bgs Mﬂifabpﬂa[fdn(;)ﬂﬂ whi ch corrpl ete shRNA casset tes are
transferred to the final cloning vector. This vector nust be prepared so that
it has one [hemt end (BDIdlkﬁigﬁh&‘ﬂdlr%dllh)O@ﬂlaﬁMﬁ‘ddﬂap@.lﬁtﬁHQ r@@SesingqRsc@fc both the

bl unt end a t he non unt end e ca ef so that t final

hai r pi n seqﬂg’ﬁt‘é“qe’égomg el“ﬁ“?‘h (Holme ‘?:?C S éﬁgﬁdg%ﬁ?ré?(‘i’“a“?ﬂé“&'f&ence of a
bl unt end agthndld®B%HBMEOMBNOMI NMT]RE HeschRelih CihAdd SRALAIRN, ‘@uahhi@tiviest or and

al so all ows_the_bl unt-ended hairpin %ags fromstep.4) to only ligate to one

end of the VB¢t BREMERPUAR I IROPIFSIECIRY Hididtesp PP AT M4 )oiérhEHg can be used

so that theenaffpREreGaRNBEal DINFEEH ZLagdlAe Fugﬁnb@& &egeweenf@ahen ey&np@m’s
Al ternatively, an enzyne producing a palindrom c overhang can be used so t hat

the vector ®PITeN ‘AR N3 alcENRRIEAFARATOBEY WEEH AWy Srranedive MYt ner has
sui tabl e bl prts gRdRafQL |igation to the hairpins at both ends. The
di meri zation renoves the free ends fromthe ligation reaction so that they no
| onger conpete for binding to the |igase enzyne.

METHODS FOR EXPANDING DIVERSITY/IMPROVING EFFICACY VIA ERROR-

PRONE PCR AND FACS ASSAY.

[0270] Many natural microRNAs, and many designed siRNAs and shRNAs,

incorporate mismatches both to their targets, and within their double-s{randed stems. In
contrast, the sShRNAs produced by our procedure do not. However, the presence of such
mismatches can affect how efficiently the shRNAs function. The diversity of our shRNA
cassette libraries can be increased by incorporating such mismatches randomly. This could
be done either to the original library or after selection of (screening for) ‘active' SiRNA
cassettes. After incorporation of random mismatches the shRNA cassettes can be
rescreened 10 identify ones with altered efficacy, for example using our FACS assay. In this
way a weakly effective shRNA cassette can be converted to a strongly effective one or vise-
versa,
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1. 03091Vect ors have been successfully produced using, for exanple, Afel. Nael

or Pvtill to produce the blunt end, and for exanple, Ml to produce the sticky
end. Cut ve¥P3PQEOEE gel purified (although other puri fAA4IS2@H MIThods can be
used). See FIGS. 12- 16 for illustrations of vectors finding use with the

invention, BREH 6: LITham ONsORHMRPINNTAGECT @nduaxpiNe ESTORPE03101A sl i ght
nol ar exces I Pk gs fromstep 4) are ligated to the vector fromstep
5) in the p&gg ﬁ%géd’o% ﬂ?ﬂé@ Nael or Pvull as appropriate to inhibit vector
recircuiari hon. Thiy o] i i.ch . of mbesphakg fromthe
bl unt end of@?%‘g VQCBO?EF@ ﬂ‘fb@g?gg %Qfﬁghﬁ%fwgi uts%fggﬂgfr p?n tag. However,
t he hai r pi nimetigdd efokgesmindg thptrogphatoed PER e gsertdrerafeqoby mimatos, endlesidrigfat e to t he
3' OH of the n Y I I,S production of a | arge DNA
nol ecul e w Pﬁbg "F %]ggggﬁ&oﬁn@%(’our%g%g‘f%c)léggﬁ%i#ago gsaétg? ngle -strand nick 5 to the
| oop. This uct c g I t it h I grade any
vector that NBIS ot “RELRRMGRL: ¥ BP ISR LR L1 EHOENE RINER SR

pol yt ner asehigh Kicquravwy bf agmBots. EarexbeplesiedactigatedhBiceAtiec BAlAcpol ynmeri zation from
this nick. Qher strand dispiacing polynerases such as Vent or Hstl can al so
be used. Thl®7glol ymer(Czdhicoph stpgmy dpensiRout castrae oaprhet 8¢ dirFod fnewieng
enoyme. ALt HBULREh G e LhSRE e TRk a b e TeEE Sk e enzyme
sites for ApslkmedaseXcinl are typically positioned to put the 3 end of the
opened out shRNA cassette into the correct context. The overhangs produced by
cutting w t METHSR FORZYBESVERY ANDNT@HCWIENATAOBNGF gty At TTRSenow or
simlar suif@bble pol yusigsessdyG3dtein Bieheweaearinaanonphd omal popl becetjel puri fi ed

at this stage to separ at nli gat.cd vector from.vector fhat. K has had an
S benad-out PRI B R ket o it tET Fa bf P10 B iR el PRy tfe he
| oop- adapt oshrols. DREFEPRY idbREy Vhihl sBRNARI 0 pragdeein theigdivapobidcd PCREP 7:

CLONI NG OF THE.) NTERVEDI ATE LI BRARY . 103131The vector 4- opene (11-out hai r pi n
tag i s now APPIY thersh 3 quﬁpﬁaﬂled}p%ﬁ@dums (which will contain a mixture o

sequences representing the pool of active shRNAs) can be cloned and individual clones

sequenced, or the PCR product can be sequenced directly using a parattel sequencing

technology such as 454 Life Sciences sequencing or Solexa sequencing.

[0276] However, since each shRNA cassette is uniquely identified by the sequence
on one of the strands of the hairpin (around 20-40 base pairs) this makes inefficient use of
sequencing resources, which typically allow reads of several hundred basepairs. In
addition, the strong secondary structure that the hairpin represents can interfere with the
sequencing reactions, producing traces that are hard to read. The present invention provides

solutions to both these problems.

[0277] The shRNA casseties are designed so that there is a restriction enzyme site
within the loop. The restriction enzyme is chosen to produce a cohesive-end compatible
with one of the enzymes used for cloning the intact cassette, although this is not essential
For example, the loop can contain a BamHI site if the cassette is cloned as a Bglil/blunt

fragment, or a Sall site if the cassette 15 cloned as an Xhol/HindlIII fragment.

[0278] The active shRNA casseties are PCR amplified from the individual cell or
pool of cells determined to contain active ShRNAs. It is advantageous to use a strand-
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cloned into a suitable E coil strain. Electroporation followed by plating
onto LB Agar containing suitable antibiotics (e.g., kananyeir,) have been
successf ul | YWASEAPYAH i nternedi ate library has been prepafag2wasophi’s step by
scraping up the colonies follow ng transfoiniation and isolating the DNA

Al t er nat i veRigplating DNAt polymeliast such poY et polyograde fre thye BGR reastiph guibes or

sem -1iquid, r QB ad to nore
o1 as i thi n'Te el ot R BB bhtsaPeontity e BRETU I N T
LOOP (0314bd&hen baquercaelhicdlteR bliolducariythbrsdigésg@b&iédbmh tite e@s)&namdsemt adhed with
gxg‘spogre\r/gig .!:quléncenaﬁl t}];crca e?qong&g enzyrrr%e used l% lé’n{]ﬁ%u a%sbegtéﬁ)l hig ret%ﬁ? srn?atllfl EL?QB
f or e_xarrpl efrbgmmmdsfyDrdA@xﬁeB}um 2O 0 badagairs tnrlafgyl) (depehdirg-ai tbe:eblaarshﬁe}dk by
ligation. At this sta etran[ormsdlntoEcoH agai n,

al t hough t hf&S¢eReT Sérra eﬁ%ﬁ@f’f‘)’\y‘é‘bx‘& éﬂ{av%ﬁ e $99%p pr opriate, and a

f h DNA h h
r ref-:‘lsi gat edp ZLI g&%lgﬁfgsiys%rtgfgr&‘%am?ores? ?%ﬂ] !fe\I : eerm i éo ! 'bé/f:;[ ngl

expr essi on peedsoThelloags hakes 41t theh bientd amall seyeatear Tnastqucperf‘bmamed c&i t her by
conventi onal bcl oni n b t ewa recopbi nat i simlar
subcl oni ng QFFEFB@C%?G e‘éﬂf&&ﬁ‘ﬂ%@? 8#1%#@? SHORET 1 %fﬁ?m%tggts‘?ﬁ@ Egﬁg(?a si npl e
Pacl / Hi ndl f togkthagdE8rm the |&ighi piadel I itk edskmal etk oo rdehizaodgddyfes iRgat i ve
selection for lac can be used tg sel ect agal nst clonﬁs in which the extra

sequences WHHiCATPRE'T BisEY RBPSONBS Heeh PPRfti 8athe APl MaTFYe i SBERET ound
clones in whhghyifi BE pbRBR: RAGRALSRERR cABNRL Qs CRABILER g SHPRIsE B @ehidiheli gest i ng
the ligation mxture with an enzxme that has a recognition S|te wi thin the
unwant ed poPtSTEHEsT TebrArPBED~ Bt NHFhEIMS SEAECY Bt dBEETTWERBEPbre, e. g.,
Pmel ). EXAMPLE 2 Construction of a shRNA Library directed against the

vascul ar enHBthel i al Grae A" PRIETYR l§gtelst Be loresiresst prtesaiedkBinsadion 85| bes
the construglid.Q ﬁﬁn&nélorﬂgh@a aee Ve RNAslid me%&xmsa rreabes p@g%\emﬁa willgpMascul ar
endot helial growth tor receptor 2 (VEGFR2 or RSI ON OF cDNA

| NTO TAGGEthprMDF Ritpcoepismely long pieces, or meeﬁlagé@ww IA eHscd bNARAliRE0 shor t

bl unt - ended, {210t S, ARZHEH AnYEGRRZoEBNA, 0B MRS BRG] bOMALs ¢l oni ng
vector by digestion wt EcoRE. Three Ban s were rel ease

appr oxi mat ePng@ﬂlemakfbl Agsedonidomethrl i80Sl Biepeickian withla smial @eaiigndisaver e cut
fromthe gel 0, I )L odu Mb53.
Band NB53 mas e P B B o e, S RS B GHY 1 Thr ee i
al i quot s of TNEB3t Weroee cermpatibidrstielctndefdiohebbol, haowkargpatiblgtiekit end, or

blocked end). The ‘adaptor’ molecule mncludes a restriction enzyme site. Preferably for a

rare-cufting restriction enzyme (e.g. Notl). The adaptor molecule hecomes incorporated
into the growing concatenated chain of small fragments in a statistically random fashion.
Once the ligation reaction is complete, the concatenated chaing are cut with the enzyme
whose site was present in the adaptor molecule, This will linearise any circular molecules so
long as they contain at least one copy of the adaptor. The average length of the fragments
released by this digestion will be a function of the initial molar ratio of small fragments to
adaptor molecules. The reaction conditions can therefore be adjusted to maximise the yield
of fragments of the optimum length. This approach can also be valuable in the 'SAGE'
procedure where short sequence tags are ligated together and sequenced in order to assay

relative levels of gene expression.
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cutter enzynmes in a total volume of 20 pi | x Tango Buffer (Fernentas):

Hpar |

and H n6l mxed b) Aluf c¢) Dpril d)Bsulti c) Rsai HpyCH4V
[ 03181Al i quO¥Q 2WRIHE-#i gested for > 1 hr at 37C. Aliquot SASEHMIIHY) were
t hen made bl unt ended by the addition of 2pl of the followng mx: 0.5 p.

10x Tango bMEIEHORSFO

ENERATINGNIN BLT-ALE.EL 1] WRROAC FERIBH OF RNA|

TRIGGER MOLECULES

[(0281) An important application of the invention is the generation of a graded series
of RNAI trigger molecules (e.g., shRNA molecules) that knock down the expression of a
target gene in a range of silencing activity, and in some cases, to a preferred, predetermined
level of expression. That is to say, a plurality of individual RNAI trigger molecules
identified by the methods of the invention can be used to create an epi-alielic hyposmorphic

series of gene regulators.

[0282] To generate multiple RNAI inducing molecules directed to the same target
gene, an unbiased high-throughput sereen is undertaken according ta the methods described
herein, for example, according to any of the methods described in Examples 1-3 and 6.
Through screening a large number of candidate shRNA sequences (e.g., around 200 per
gene), the methods described herein readily identify multiple effective shRNA sequences

for any given target of interest.

[0283] There are at least two significant advantages to having multiple shRNA
maolecules per gene. First, "off-target” effects remain a significant problem in interpreting
RNAI experimental results. “Off-target” effects occur when an shRNA down-regulates a
gene or genes other than its intended target. Demonstrating that two (or preferably three or
more) independent shRNAs to the target gene cach give the same phenotypic effect is one
of the simplest and most convincing controls available to disqualify off-target effects in the
interpretation of results (Nat. Cell Biol., 5:498-490 (2003); Cullen, Nature Methods 3:677-
681 (20006)).

[0284) Second, having a set of shRNAs with differing silencing potentials provides
an “‘epi-allelic” series of hypomorphs, that is to say, a genetic dose-response. This plurality
of RNAI trigger molecules will contains RNAI triggers that inhibit the expression of the
target gene within a range of repression activity. For example, some RNAI Irigger
molecules will demonstrate relatively high degrees of target repression, while others will
show lower degrees of repression as well as intermediate levels of repression. An especially
usefu) hypomorphic series of RNAI trigger molecules will include molecules that

collectively show a wide range of repression activity, including intermediate values.

[0285] An epi-allelic hypomorphic series that constitutes a genetic dose-response

has a variety of significant applications. In some aspects, the set of hypomorphic gene
70
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103191Sanmpl es (a) and (b) were incubated at roomtenperature for 15 m nutes,
and then the Kl enow enzyne was inactivated by incubation at 80C for 15
m nutes. | pVOBYALYIGL was added to sanple (a). 2) Li gatAc@nisefiss e’ oop
011.9.0 103201The following ligation mx (20 pl aliquots) was added to each
of al i quot sregalptarheanibghesgc tp exgloreph vi@xgeTaige idsufif ethel Fprais theashe teguisforOnM

one copy’ or haRte g hafl parkiief? e dboe iR L B R R Lt Pl o
T4 |igase) B@ibtoptonROnd0IR 2iRethet apphsatines, eheapresgneid verioh icgrabeused &r ni ght wit h
al ternati ngic}egtg[%tﬂl\?/{]i t géér%joﬁecules that can reduce the expression of a target gene to any

desired tevel. The full scope and value of the epi-allelic hypomorphic series of gene

reguiators generated by the present invention will be apparent to one of skill in the study of

gene regulation, genetic diseases, tumor biclogy, drug target identification, the development

of small molecule and genetic-based disease therapeutics, and many other areas of biology.

It is not intended that use of an epi-allelic hypomorphic series generated by the present

invention be limited by the few examples discussed herein.

{0286] In other embodiments, the epi-allelic hypomorphic series generated by the
methods of the invention can be used to analyze a therapeutic threshold in drug
development (e.g., 2 DNA-based therapeutic or a small molecule drug). Investigation of a
therapeutic threshold relates specific gene expression levels to a defined phenotypic effect.
This analysis will provides mformation regarding what level of gene inthibition is required
in order to observe a therapeutic benefit. This dosage analysis can improve target-

phenotype correlations (Hemann ef al., Nat. Genet., 33:396-400 (2003)).

(0287] This principle of creating an epi-allelic hypomorphic series is demonstrated
herein using the receptor tyrosine kinase Axl as a target gene. See Example 5. Axlisa
regulator of tumor growth, invasion and metastasis. Using an epi-allelic hypomorphic
series of RNAI trigger molecules generated by the methods of the inveation, it is
demonstrated in Example 5 that sustained in viva knockdown of Ax! inhibits breast
carcinoma formation using non-invasive in vive ymaging of subcutaneous tumor cell
xenograft model, and further, provides information regarding what degree of Ax| expression
is necessary to inhibit tumor growth. Similarly, the initial steps in characterizing an epi-
sllelic hypomorphic series of RNAj tnigger molecules directed against the kinase Akt is

provided in Example 6.

POLYNUCLEOTIDE SEQUENCES OF RNA1 TRIGGER MOLECULES GENERATED
BY METHODS OF THE INVENTION

[0288] In one aspect, the invention provides polynucieotide sequences derived from

the Axl, Aktl and human proteasomal subunit beta 5 (PSMBS or beta$) genes that have

71



(2 his at 18C) and 'cutting' periods (30 mn at 37C) to allow the Pvull to
cl eave any oligo diners forned, to allow renmai ning frequent-cutter enzyne
(HpyCHAV, Fi¥A24988148%tc) to cleave religated cDNA. The PCTgatWemdoRer e t hen
stopped by heat treatnment at 80C for 20 m nutes and pool ed. 31 Renoval of
excess | oopRadaprgser pllecye g3y firrendewlds yerOgdat agas dessmbekan thy a si ze
sel ective p e]] i | : oxlsat el y
20 45 gl ycosonBar P i aneR gelabilEoldR L Bt e R
extract ed oftceespetitve5gdtgeds- dherelohmasledidphenehces Ththeaoneedersarp payededas

recovered an a nce W 0, pl. chl or of or Th was
recovered an %Pﬁsf’é@ﬂtﬁ Uzraeppt)hreosbl na }é’?lnlcg)mug)le'gﬁ{;g%fﬁue&?&'ﬁfga{éﬁ’%ﬁ?lﬁ@ﬁDof 1/1
0 vol ume 1MNKBCI-25). Tihe sBRRNAGdgudpbas®itwas cdrivsporaltzus tledotpddiddia RPEGh&0OG: by t he

addition of 13/37.vol 50% .PEG 8000.,. 103241The sanmpl e was m wel |, and
DA | ar ger Parieaph BTE BELEE S s beravare by sl RrPIGSan t or 30
m nutes in gqieeedfd gemahe o) 5P eebwed ble Buperonaithatsidvas o iseaddedn.aniee t he
pel l et was washed once m{#ﬁt 80% et hanol . The recovEr ed s_resuspended in
50 ul H20. AYSEUR ﬁﬁs SEAYEEE RIS WS I8 ?JSS’&F% SARFEE(ED pl

al i quots fremstie-fobr-esseilg m x were added to the DNA recovered tn the
previous step: 10 pl Buffer 3 (New England Biolabs = NEB) 10 pi BSA ()ng/nl)

[0289] Also shown in the tables in FIG, 37 are the corresponding mRNA target
sequences without any non-gene toop sequence (SEQ ID NOs: 16-30). These mRNA target

sequences are a subset of the larger shRNA molecule.

[0290] Any of the polypeptides provided in FIG. 37 can be used as shRNA
molecuels (e.g., SEQ ID NOs: [-13), or can be used to construct shRNA molecules (e.g.,
SEQ ID NQOs: 16-30).

[0291] It is intended that the invention also include active variants of the
polynucleotide sequences of SEQ 1D NOs: 1-30. As used hercin, an active variant
polynucleotide RNAI trigger molecule is a polynucleotide sequence that is at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to a
poiynucleotide sequence of SEQ ID NO: 1-30 and further retains any degree of RNA1
trigger molecule activity towards the Ax] or Akt target. An active variant of a
polynucleotide sequences of SEQ ID NO: 1-30 also includes deletion variants or fragments
of the polynucleotide sequences of SEQ 1D NQs: 1-30, where the deletion variant or
fragment retains at least 80%, 85%, 90%, %1%, $2%, 93%, 94%, 95%, 96%, 97%, 98% or
09% of the polynucleotide sequence of SEQ [D NO: 1-30 and further retains any degree of
RNAI 1ngger motecule activity towards the Axt or Akt target. Methods for determining
sequence identity percentages (e.g., BLASTN using default parameters) are generally

available, Methods for assessing RNAI trigger molecule activity are described herein.

[0292] For sequence comparisons, typically one sequence acts as a reference
sequence to which test sequences are compared. When using a sequence comparison

algorithm, test and reference sequences are input into a computer, subsequence coordinates
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5 pi 200 tMsinefungin 1.00 /nevi ATP 2.5 ul EcoP151 21.5 tit H20 (Smefungin
has been reported to i nprove cl eavage by EcoPl151). The DNA was di gested

over ni ght atW87@§HE DNA was t hen dephosphoryl ated by tPe&/Useip/eidtyi of : 10 pl
10x Antarctic Phosphatase buffer (NEB) li.t1l Antarctic phosphatase (NEB) The
reaction m srewasgiansi)fakedisaay, a8d &dquenceahmrittouproghk@82eaitterssendssignated t hen
processed usj the follown .ot ocol I.OXi mat e 0 gl y carrier
has added ¢ anf feadssPur i AeBBaSe BB IRTRE S B D al B pE e

TE- equi | i br asedqynetiol relafiixetoapiedusicp hkapenasalsasecome Kedgrand exgraact ed once
with 50 pl chloroform 1/10 volunme 3M sodi um acetate pH 5.5 was added to the
aqueous phag%r.amil.e%s‘ vol unmes of 100% et hanol were added to the aqueous phase.
DNA was rec ed by centrifugatiopn for 30. mnutes in m crofuyge at top
opoed. The. CHSEE nat arori <P Ei Seadnat nEtgiieraer ale eh bfled G b 8056

et hanol . 10827dcEhkorp@biredlgmabm o€ Stspand Bthidritah A dvAA ppIx MEaN gai8b Ui 8e s, by

(t ?ernment as ont ai ni 200 MM, dNTP .5 nl now. pol a ed to
make t he m?&wtcs’m“ﬁ@ﬂéﬁ genhglgen me%aglrewan %&'ﬁ' f’awtiﬁ%@iéﬁﬁ?é%iﬁ%?@l
m nutes, they ilcepow REEWIRFBSBeMESf Itachh Matlagmby, Arbe NaddiAdorscafusd 5 vol unme

6x gel |oading buffer (Fernmentas) and run on 2% agar ose _gel pr red in 5mM
sodi um bor a?%‘.94“1%3%%fﬁlwecW@&&&%&Wfﬁ?%tqﬂaﬁmﬁh%ﬁﬁa “3‘6’545‘%}) w&%él%g%m- 90 base

pairs (slighhkYA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Comiputer

Group, 575 Science Dr., Madison, W1}, or by visual inspection (see generally Current
Protocols In Molecular Biology, Ausubel et al., eds., Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley & Sons, In¢., (supplemented
through 2004).

[0294] One example of an algorithm that is suitable for determining percent
sequence identity and sequence similanty is the BLAST algorithm, which is described 1n
Altschul et al.. J. Mol. Biol., 215:403-410 (1990). Software for performing BLAST
analyses is publicly available through the National Center for Biotechnotogy Information
(see the NCBI website). This atgorithm involves first identifying high scoring sequence
pairs (HSPs) by identifying short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the neighborhood word score
threshold (Altschul et al.. (1990) J. Mol. Biol., 215:403-410). These initial neighborhood
word hits act as seeds for initiating searches to find longer HSPs containing them. The
word hits are then extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching residues;
always > 0) and N (penalty score for mismatching residues; always < 0). For amino acid
sequences, a scoTing mairix is used to calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative score goes to zero or below,

due to the accumulation of one or more negative-scoring residue alignments; or the end of
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| arger than expected fromthe nunber of nucleotides present - possibly due to
the |l oop structure). Rel eased | oops were recovered by el ectroelution onto

G/ C paper (WRatHasbacked by dialysis tubing. |iaiipirrdrospssmene recover ed
fromthe GF/ C paper/dialysis by placing in a home-nade spin colum and

cent ri f ugedetior s@uencaut eechad. ThpBEpsEdigonthan pirematudé. T, Bheé XGRt@mine the

paper/di aly i ned | t art o
buf f er / DNA g\%‘%u%g\b?]{e}pﬁpm%s et%eg"rngv\}e&hfu A%@Q@Tﬁ t‘(“'lﬂtl{.jlljglgﬁaedJi S'Iag:qlf\plr\{legﬁ | oops
wer e then pnmes&e&"&hlas »fcmﬁllcngtb(WApf)rk)xn meteetayio (E)tolf 0,01 quefeni (0abi=ber was

added to th racted ance wt TEe UI l'i brated
phenol . The%aqug%t o\ﬁﬁ gsr Eﬂr 4ng° 593 F%%‘F%C&Sotﬁ%gﬂ@hgﬂvﬁ
chl or of or m uskk wdamilmmcﬁa{bﬁgm(wmba:cahamecmioﬁ(5) ofas, salddlﬁadBLOSUhrﬂszaqueous

0,
Fecover ed by EaRTPITAIGH TEH T G eg i %ﬂﬁ@@%ﬁ&é@.ﬁéﬁﬁmﬁgééﬁed%&m
super nat ant di sc and t el l et washed once wi,t et ha The
t agged hai rbq\gﬁgll oopsal 5@“?%%3&8?85%8?{8%5‘?%6% RN ﬂ]fg} 'E)f”@ E‘ Band
Mb55. 10330diIwperpihnb/b StatiREEanaly6is @Ntha sGeilangl m@eew ttvd sm@ms@f@wg SK&iin
Fermentas 100 base pa| r |adder. See FIG 17, U§ he bri rress of the

bands, the ®Bhe&sEY aPiosNedsAcads Seipldady Wk I8T345%R 95)) Qre mEAsYR Ahis is a
smal | amoun1';.mnanwrmdéafbyrm@gm@%%mns RendahIRENS M 608RY [P(NY), GAIchesponds

to approx 10 nM ch is nore than adequate. CLONI NG AND OPENI NG OUT OF
TAGGED HAI . PopidRs mai*satm qf reErRRIEDI AT By RSk @patch between two nugieeiided PENE vect or

L267 (pENTRac]@EeEﬁ&,%@@baﬂ%eé& bl ShARL | ¥&dxhh ol PRENRZZL isd o BISVBY migchor from

invitrogen. It carries a kananycin resistance marker Wthin the Gateway
cl oni ng casagx¢renceso@Enesaf ficsmallest puie prodlilswGifmg compEtson af g desspyaeic 166 | oned
by @ modi f | G4nLRREATRLAEiCLBASY R @ Ml o0 RiDGhaGl 18 ikh SbAk ofodl aihe E
coil tetracycline repressor protein tetR te positione exactly at
the 1_16 st apst pofferablaress thiaptabon 0.08ddi t i onal si tes including a Nan | site; and
an Xcinl site positioned to produce a TT1f DNA polynerase Il term nation
signal followi ng Xerid digestion and_bl unt-ending. 103311L267 was cut wth
Nati and Nan | and the approxi mat el yEXAMPLESt or fragnent was %g Bpurlfl ed to
¥

produce ban®2R657. VoS ol ipaieraringd asadfered temlivetreis) '?}Hﬁo%a‘l‘?dmf"é Feet at a

concentrati memonamrm&@%@m %QQMmﬁ@m,d Mﬁézdmﬁts%e@rm@& n&PH agleft ved from
Nael digestion and a stic 1y end derived from Nan di gestion.
illustrative purposes only and that various modifications or changes in light thereof will be

suggested to persons skilled 1n the art and are to be included within the spirit and pusview of

this application and scope of the appended claims.

EXAMPLE 1
Protocol for Semi-Attached Generation of shRNAs

STEP 1: GENERATE SHORT BLUNT ENDED FRAGMENTS OF THE TARGET DNA
10297| The target DNA of interest is fragmented using any known method (e.g.,

restriction digestion or random shearing). For example, the following 4-cutter restriction

enzymes, individually or in combination, can be used:
Hpall, Hin6l, Alul, Dpnl, BsuRI, Rsal, HpyCH4V, Bsh1236},

Hpall and Hinbl leave two base pair overhangs, so these are blunted with Klenow (or T4

DNA polymerase or a similar enzyme). Hpall, Hin6l and Alul are disabled by heat
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103321Mb57 was then ligated to Mb55 in the following reaction mx to produce
Ligation N753: 2 pl Mb57 (c. 40 !'Moles) 4.5 pl Mb55 (c. 40 fnoles. Note: a 2x
CkeeSS woul dVRAVENHEEh optimal) 2 pl 10x Tango butler (PETHSRIEALY3702 pi
100mMM r ATP 1 pl 20FTiM DTT 0.5 jA Naet 0.25 pi Quick ligase (high

concent r at i oeatinemjas eyoid mdarfeNEg 31 the ndABtepo(Hpal ahd BBH1 Nesiimplaigiol mekeed t o

reduce the ?ﬁclé%rﬂﬂpgm(ﬂf cge&tﬂ% ﬂ'sﬁéﬁ%ﬁ%ﬁﬁgﬁ (l‘\fl;at q_lsg{y sati on. . Thg—:- vector is

stilt able imerize |ga|on overh S but this is not a
di sadvant age. After overnight ligation at 30C, the ligation/digestion of N753

was term nagﬁelpgy G)ﬁt{b@wmﬁmﬁﬁo or 15 mnutes. 103341Further Nael (0.5
pl) and Xe were a , followed bé i ncubation at 37C for 90
m nutes. Addi $lon of Belewp %P‘éb@é@at\?@éﬁfbﬂ bivehowed Fagrens @rile presence of

different restriction enzymes. An enzyme (e.g. Pvull or Pmel) is included to cleave loop
adaptor dimers back into monorners. In addition, the same enzyme as used in step 1 (if
applicable} is added to the mix to prevent re-ligation of the target fragments. However,
because of the fill in reaction on fragments prepared with Hpall and Hin6l, a different
enzyme {(Bsh12361) is used. There is an Alul site in the loop adaptor, so this enzyme 15 also
not used (and disabled from the initial fragment preparation by heat ircatment). See the
loop adaptors in FIGS. SA-5C and 9-11 for examples of adaptors successfully used in the

present methods. These adapters have the following features or properties:

10299] (A) A recognition site for a DNA endonuclease that cuts outside the
recognition site. This site 1s placed such that when the loop is ligated to a target fragment of
DNA, the cut site is between 21 and 30 base pairs from the junction between the loop
adaptor and the target DNA. Loop adapters using EcoP 151 have been successfully used for
this purpose (see FIGS. 9 and 11). Loop adapters using McerBC can also be used (see FIG.
10). Use ot the latter relies on the inclusion of a suitable methyl-C modified base into the

oligo sequence.

10300 (B) The sequence of the toop adaptor is chosen so that formation of loop-
adaptor dimers by ligation creates a new restriction site whose cleavage regenerates ioop-
adaptor monomers. We currently choose the sequence CTG as the first 3 base pairs of the
adaptor, producing a site for the blunt end cutter Pvull, or AAAC as the first 4 base pairs of

the adaptor, producing a site for the blunt end cutter Pmel.

[0301] (C) A 5" phosphate. (Either by chemical synthesis or treatment with

polynucleotide kin'asc).

[0302] (D) Restriction sites allowing for the later removal of some or all of the loop
adaptor-derived sequence from the cloned hairpins. A pair of sites that cut outside their
recognition sequence have been successfully used. Suitable sites are Gsul, Bpml, BpuEi,
BsglU, Acul or Eca571 sites, and any combinations of those sites, or alternatively still, any

combination of one of those sites and a BsrDI site, a BstES] site or a Bts] site. A pair of
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WO 700910824MPCPUS2008/ 01 407 dime's funned by ligation of the Nail

over hangs, and prepares the 3' cloning site of the vector. 103351At this

st age, ther eVeRYIIEBe a hairpin loop ligated to the Na@CTdsrivyedodsl unt end
of the vector, with a nick at the 5 end of the hairpin |oop. The other end
of the vect &msulsies posgiongd ® domsee pastof the@d@wradvgivgémnatceﬁbtbyeaxmibehim:l@novv

pol yrnerase hen_used tao | stretch') the hairpininto
doubl e- st ran%ka%dmse%enf%heasgésﬁ%e nuseé Slfcl(%e S%“Enow will renove the single base

pair 3 Xcr quer ha [ 1033 T It) Id
fromthe foﬁq%ovd ng coc etloa? J\%iﬁ%?gdlao@dm#ﬁ' a%%fﬁ?( % %b%‘}é@k%@%ﬁl Il O nM
dNTPs 0.5 pimoki baovnef dopyrenle lmbpdlngrsneﬁmste:ﬂcéﬁmmmmslﬁdﬁgzrqmm E20be
React i ons wer cubat ed at .room | enper.at ur e oadi ng

but fer (1 nePiidh T EBRAT S8 SRATE SRR et R RO B0 Bl e,
103371Sanpl earmag@ :inlnermugeéleqmmﬂiarl&d d@ﬂnsarca:‘b{oothlEog;eJqucnaésc(mgsuhckeud‘cht ihtNem) cut
L267 vector, ite small corre ct size i

il .
appr oxi mat efF§! ?B[st}?f)?aﬁﬁ?ﬁ?é‘?r@\é\v,aﬁ‘ﬂ’ tge‘égerl?ﬂ’ef dp tf\?é‘gfeBFe & ed‘ﬁéenoﬁ*%gcﬁand was CUL

out of the grueavd 1RUbINkE eﬁ%i@mr{)f&c%{.%m\emﬁmm@pmme@aﬁdxﬁ@m of
[ 03381From t he N4559S preparation, 9 ul aliquots were rermved and Ilgal ed in

a total vol EHPIYE rgpsiyics &fhﬁpa:a%esmmkv%mp s g I Bt ide W or 5

hrs. The IIg@tm@nplaheqnw&w&é@%}e&mﬁﬂh@ﬁ]a@%%@ afd Sit%e@bMd P roande gédaadc i nto 10
pl H20. 2 pl of the eluate was used for cleciroporation wth New Engl and

Ri ol abs 10- BePaandibedicrapebipbbetionng Bpmarkege eeRsiy. (Vs Hehapistmag pUber ' s

protocol . Cﬂahérﬁaﬁ?_m‘@%ia%m%&élﬂegol%@!m@l‘%m%ﬁd@% ef MBhidbe aSGRBTREGIngkxG Ni prep
kit (Fennentas) t hus obtained (N/57) represents the VEG-R2-directed

shRNA | i br argrferrisa&dOrdependgnt vesistanogsel prapisil Nreert kgpam mEndgale ORheFRNANTED L OOP
SEQUENCE

strains:

Strain 1: BUN22 (BW28705[A) lacIQ rmB3 DlacZ4787 hsdR514
D(araBAD)567 D{(rhaBAD)568 galU95 DendAS::FRT
DrecA635::FRT umuC::ParaBAD-I-Scel-Frt lacl::lacl-Plac-bla,

Strain 2: BUN23 (BW287051K) lacIQ rmB3 DlacZ4787 hsdR3514
D(araBAD)}S67 D{thaBAD)568 galU95 DendA9::FRT
DrecA635:FRT umuC::ParaBAD-1-Scel-Frt lacl::lacT-Plac-npt.

[0304]) The same approach can also allow negative selection (ie selection against the
presence of tacQ). In this case a negative selectable marker such as SacB (which is lethal in
the presence of sucrose) is placed on the £. coli chromosome under the control of lacl
(instead of an antibiotic marker). The ability to both positively select for the presence of the
loop, and subsequently select for LOSS of the unwanted portion of the loop simplifies later

steps.

STEP 3: REMOVE EXCESS LOOP ADAPTOR
[0305] Unincorporated loop adaptors {ie ones unligated to target DNA fragments)

can be removed in many ways. We perform phenol extraction, chloroform extraction, and
DNA precipitation. DNAs larger than about 75 base pairs can be precipitated by increasing

the Mg” concentration to >50 mM with MgCl; and adding polyethyleneglycol 8000 to a
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103391Correct clones in N757 contain a pair of (isul sites positioned to
allow the renoval of nost of the | oop sequence. Parental vector and nost

ot her wrong ¥P3MHEE3EHNt ani no Gsul sites and cannot be YIT/usReB0G8I . N757
was cut with Crsul and gel purified twice to get rid of all traces of uncut
vect or, andfipalrcbhdcedatiantod 15%. tHredipim@ddVeA iarcCGiv/ededDMAenviBigation, washed in
20U910824885@'/ $20108/014037d§)<ﬁ” fication coluam This produces band MG67.
MB67 was t hah  BIHHT: FHTEHSPPIENE % tion of 10 pl 10x Kl enow buffer | Iit
10mM dNTPs 1 pl '<know 38 p.11420. After 10 m nutes at roomtenperature, NMb67

was purifiedioyarepy Q0p Gal YARGRAY REYERAEEr GO Rl ABAp1ERd!0LFT om t hat
elution, 2 wWas 11 g 0 pi Ix ligasc
buffer and (386pl T4 DAt apapiersase cleaved off Theerlds ghthie targeti DN vasgettisewithur i f i ed
over a R X gphym. and. dot Wt - m l.uti .0 pi was
used for el gg? r opdt at |rg% [Srgf\r?g t'%g%ge@ggftgﬁgoplé? gql}é%%é%&rtts)g@%rglIﬁté]%er%(s:%[rgrfpet cnt
E. coli accécditafwt amproee effinizhachuinmedsmgpd pdsotfungin ankt oraneah.cel | s were

pl ated on LB-agar plates with 50 pg/nml kananycin and allowed to grow

overni ght at0387C. ThRrdemebtags are bluoneekd wethd laftvalragoknt ShENeopadymessener e

scraped and, N, BRAPAS Sde S 09 PIMTRe G RbndrMaflh PHEREL b8P RRLAR

Phosphatase and Shrimp alkaline phosphatase. Tags are then purified. Many purificalion

methods are possible but we currently use either 1) gel purification on a polyacrylamide gel
{approx 10%) followed by ‘crush and soak’ recovery of the DNA from the excised band in
acrylamide; or 2) Electrophoresis in a 2% agarose gel run in 5SmM sodium borate solution
followed by electroelution from the agarose and cleanup by e.g. phenol/chloroform
extraction and ethanol precipitation. (The blunt-ending and dephosphorylation can occur in

eather order, either before or after gel purification, by standard methods).

STEP §: PREPARATION OF CLONING VECTOR.

[G308] This can be the final vector, or an intermediate cloning vector from which

complete shRNA casseltes are fransferred to the final cloning vector. This vector must be
prepared so that it has one biunt end and one end with an overhang. The positions of both
the blunt end and the non-blunt end are carefully selected so that the final hairpin sequence
is placed in the correct sequence context. The presence of a blunt end and a non-blunt end
inhibits recircularisation of the vector and also affows the blunt-ended hairpin tags from step
4) to only ligale to one end of the vector. An enzyme producing a non-palindromic
overhang can be used so that the vector cannot dimerize via ligation between the overhangs.
Alternatively, an enzyme producing a palindromic overhang can be used so that the vector
will dimerize via ligation between the overhangs. This dimer has suitable blunt ends for
ligation to the hairpins at both ends. The dimcrization removes the free ends from the

ligation reaction so that they no longer compete for binding to the ligase enzyme.

{0309] Vectors have been successfully produced using, for example, Afel, Nael or

Pvull to produce the blunt end, and, for example, Ascl to produce the sticky end. Cut
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10342) The DNA thus obtai ned (N7703) represents the VEGFR2-directed shRNA
library cloned into an internedi ate vector. This vector carries a Pad site, a
1.16 pronot eVO2HIEHRRA construct, a rr' ETT transcri pti orPAIT/4Se¢0sd naior sequence
and a Hinc..111.1 site in that order. 103431A sanple of the pool ed col onies
was di gest edeoiirs ireakpuvifisdialthonglrotherrpuificationaveakass samyes usedk FFECS1BY. The

di gest ed DNpy (.3 ?%01}%? §?%§:ﬁh%gtﬁge§%dﬂ?gnﬁny&om by sequencing to carry

the correct 1nser anes € Inserts are the correct size,
al t hough seine clones carry incorrect sized bands (e.g. two smaller bands

bel ow t he agtpme! NdANONOF HIGANRTER ddrd e AV EERIRNG CASSETTE TO THE
FI NAL RETRO VI RAL VECTOR 10344IA cloning cassette containi n%)tthe

promot er ant34NRNA wak sleghs medpr eresss oHBIP Rt tagsfEam aee a6 {18pteyd ftge éiecl“?rnal

retroviral wemtspd, s A% ﬂewsm%%fh%%elB@bmvasra%bm\p%se% i 29vecBR - Red) was cut
wi th Pad and Hi ndl 1 and purified tw ce to produce band M74. The

i nt er medi at éftlTF%?raaﬁyDN?ﬁOSPstceéalpffwut?'hﬂ Pdith thne miopRhafe f5e1a therfdurd spd opri at e 85
band (M Nheked ) ﬁé@wqﬂéﬁg?ﬂsgéhem%ma d Bge&rquyﬁﬁrpbmgoﬂgsg Band Mb74

was neasure gpr oxl1 mat nd was approx 80 pairs. Band
M671 was rrea*stupmﬂe vl ibtheaphpe @ﬂﬁM@toellgatqtmg¢ 910fénﬂthmmapmwhﬂ®@rt%‘a§bs pairs.

and w671 werat Pl M PORRLTBLE s ol Qlopt R el e, 8RR e (o
1 prl M71) strandtnivg 5f ol ﬂhe\&mpg Thegeodwhneanlopibnally O tleatgd seth pubriusteagelkB)

degrade any vector that has not been ligated to a hairpin tag at both ends. DNA polymerase

I Klenow fragment can be used to initiate DNA polymerization from this nick. Other strand

displacing polymerases such as Vent or Bstl can also be used. This polymerization step

‘opens out' the loop.

[0311]} Following 'opening out’ the vector dimer is cleaved into two monomers
using a suifable enzyme. Although the same enzyme as used in step S can be used, the
enzyme sites for Aasl or Xeml are typically positioned to put the 3’ end of the opened oul
shRNA cassette into the correct context. The overhangs produced by cutting with these

enzymes are blunted with T4 DNA polymerase, Klenow or similar suitable polymerase,

[0312] The vector can optionally be gel purified at this stage to separate unligated
vector from vector that has had an opened-out hairpin tag added. Purification will not be

required if the loop-adaptor oligo incorporates a selectable marker such as lacO.

STEP 7. CLONING OF THE INTERMEDIATE LIBRARY

[0313] The vector + opened-out hairpin tag is now circukarized by ligation and

clened into a suitable £, coli strain. Electroporation followed by plating onto LB Agar
containing suitable antibiotics (e.g., kanamycin) have been successfully used. An
intermediate library has been prepared at this step by scraping up the colonies following
transformation and isolating the DNA. Alternatively, the intermediate library could be
grown 1n liquid or semi-liquid culture to for amplification, but this is likely to lead to more

bias within the library.
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yl Mb71 3 yl Mb74 0,25 yl T4 DNA ligase 4.75 yl H20 After ligation overnight,
the m xture was diluted to 50 ul Ix SE-Y buffer (NEB) and | yl Afel added to
reduce backg¥8awd¥s2Afsel was allowed to cut for | hr at IFTUSAOBAGBAThe

l'i gation mx’trure was ct)hen urlfled over a GF/X %INA urTﬁéggg?on col um and
elided in 1B : RRMOPAL BN g 2l 2 | Fatc New Engl and
Bi ol abs 10- ppyg el ectipcomReiemd nﬁarﬁgh,(ge@&mmcea A rehied WRRUHaLt urer ' s
protocol. Transforned cells were plated on LB-agar plates with 100

yg/ m anpi ci pelymerasrdl Blehowddzmentdgeiold BNArmvhirrrasgetd nezenPreUEaHEsdsfCeol oni es
wer e obtai ng of [ RALCS

correspondi n%t%rgp[t%heséqééggﬁgyﬁgfﬁgjngﬁﬁg%t %‘HHE% tﬁ“ rary ?ﬂ /8 )efmpf%347lAn
al i quot of this witxethe liblargrand pe-eipadatsedby hgrioshét edstiy tik @‘GQWiC@n bev t h
Pact/ Hi ndl | nal ysi s n 0 i.ze of the
band rel easleﬂa%&)r or%n t t%%vcé%’td o a]ﬁ%@%}l i tg’?ét ngglel%ﬁr o‘% Sr?étet% ?éoﬁégﬁbgsé pairs.
103481Ten |mhwprdtealancba)frenhlmSA\pmperanbmnpd@fum@hmt@iesl@QMme&llterﬁmwt!yehe t en,

ei ght hadth X tructure n FlG.20. the
sequences f RIATAILE bRt BRFRED dhdegiie i ERutecholts ot eeidisedl S i v
tLs) are Sh@Wﬂsfeﬁhtdihﬁ)ﬁ&al@B@hi cadlve nesforrasd eythsebgea*onmttmhelctubcﬂgm@g]s)yof t he
ori gi nal i FR2 c clon The h matched a .portion of, the rent
vector of o PleypY 5F5NA‘3 nagpg. I@AgP H%SlWH%{'tsugﬂ%8$ gf%?%}esflé:rfwge& e VEGFR2
sequence. TRusfpeHe fidNcRictic RS a PApRNPacVBGADN MWaSehins bRty it fifaev@edr. purified

VEGFR2 cDNA fragnents. The remainin cl gnes cont ai ned sequences mat chi ng
VEGFR2 but SNEF 680 Respbvaselpsiiph o ! @%rﬁﬁmgﬁr‘%*d to §4t5 % AgANH 8'9A°8 8b8111 4037

103491The hajdankfuehbdsuain @S [eptal sl vded lefioRel. | Midridi WGy BackERThd f1Bnes

hypot heti cal structures 'expected" fromfollow ng our protocol 'in silico
in which the loop has not been deleted can be suppressed by digesting the ligation mixture

with an enzyme that has a recognition site within the unwanted portion of the loop but

nowhetre else (as described before, e.g., Pmel).

EXAMPLE 2
Construction of a shbRNA Library directed against the vascular endothelial growth
factor receptor 2

[0315] This example describes the construction of a single gene shRNA jibrary
directed against the vascular endothelial growth factor receptor 2 (VEGFR2 or KDR).

CONVERSION OF ¢cDNA INTO TAGGED HAIRPIN LOOPS

1) Digestion of the cDNA into short blunt-ended fragments
[0316] A VEGFR2 cDNA clone was released from its cloning vector by digestion

with Sall and EcoRI. Three bands were released of approximate size 2.5 kb, 1.4 kb and 300
base pairs. All three bands were cut from the gel, pooled and purified over a GF/X column
to produce Band M3553. Band MS553 was measured to contain approximately 50 ng/pl
DNA.

[0317] Three ul aliquots of M553 were cut with each of the following frequent-

cutter enzymes in a total volume of 20 yl 1x Tango Buffer (Fermentas):
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1035011) The length of the hairpin stemwas sonewhat variable from (22 base
pairs to 28 base pairs) rather than the expected 27 base pairs. This is nost
likely due tWOVHPPEM ity in the exact cut site and end PETHSEWEHEI Dl unt, 3'
overhang or 5 overhang) produced by the restriction enzyne EcoP151. This
variability in no way red@Esal ped Hgef g1idss of the hairpin structures

obt ai ned, and by increasingatye diversity of the final library may actually
he advant ageous. [035112) 0-3 additional base pairs are sonetines seen at the
junctions between the hai ©pPR%GNnd the | oop, or between the second half of the
hairpin and the vector. Thepeirigi n of these unexpected basepairs is not
known, but may be due to tgg wel | -known addition of a single unternpl ated
base by many DNA pol yner as sal| ¢ s possi ble that at the |evels of dNTPs used
in these experinents (100 fj HWCHhEgher than the optimal 30 MM the Kl enow
fragment th s used. (Fernentas ve ed unt enpl a bases. These
addi ti onal E&zﬂ pai rs ’%\lﬂ‘éloﬁo‘fer%g'ﬁg%‘?cg%¥fg%’éa(/@?ge%lqé{?tﬁg@tanéﬁtg “felﬂ%@ﬁ‘on of the
ShRNA expr egsii®blusiandel byeme aEXANPME 8 oFixp slion@i mlx: Denonstration of a

PACS- based Screening Assay for the Identification of Active siR SA Ml ecul es
[ 03521Thi s exanpl e descri pesulawankgaeufexanpl e of a PACS-based screen for the
identification of stiP, NA S have specific inhibitory activiry for

t he gene encoding the tyr (9::% ﬁgl%mgg’[&’m gene. Scc FIG 21 for an overview
of the assay strategy. |) 0CONFIRWMGTI ON OF A SVMALL LJBRARY OF shRNA CLONES

DI RECTED AGAI NST THE TYR@I@IE P?&\IASE AXI, GENE 103531A smal |l Aexl - nRNA
library was nade essenti al'l'y 'as described in Exanple 2, except the hairpin
adapt or ol i UB1gJar r i edSaanpidvife)l and fichonare inealsaedsit tawm rstpeatirofordh nkogf] bunki t e.

I ndi vi dual ¢l ones, were sequenced an onfirnmed t tgi.n .Axl - di rected
shRvas, A TR DR oS S S B R dor BET A BREOR s Mt HE (e
shRNA) and asisilRNAvalddel dissepe€d. agai nst Luci ferase (Luc shRNA) that shoul d
not target M were used as positive and negative controls, respectively.
These shRNA construct, L\{\%igni{)p a,vechor t hat expresses both REP and a

Purnnycin ﬁ)%'Z&]t ance [r.a owing ligation mix (ﬁﬁﬁ'aliquots) was added to each of aliquots (a)
through (f) :

14 11 10x Tango buffer (Fermentas)
14 pl 20mM DTT
1.4 ul 100mM rATP

7 pl 10 uM oligo DK 540 (carrying an EcoP 15! site and one copy of
tacQ)

3.5 b Pyvudlf

0.7 ul Quick ligase (NEB, high concentration T4 ligase)

39.4 ul H20
[0321] Reactions were allowed to ligate overnight with altermating ligation periods
(2 hrs at 18°C) and ‘cutting’ periods (30 min at 37°C) to allow the Pvull to cleave any oligo
dimers formed, to allow remaining frequent-cutter enzyme (HpyCH4V, Bsh1236I etc) to
cleave religated cDNA. The ligations were then stopped by heat treatment at 80°C for 20

minutes and pooled.
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2] CONSTRUCTI ON OF AN A XL SPECI FI C REPORTER CONSTRUCT 103541AxI cDNA from
the publicly avail able clone | RAKp961H20490 (ri pd. de) was cl oned downstream
of GFP- PEST WA L W retroviral vector (Figure 22PCTASPIGRIKII7

Bant HUE: col t] fragnent fromthe Ad cDNA clone was used to subclone into the

Melifiglll sites of : $CESS WOP B2 2P¥e The resulting vector (called
L110) produt®22h si ngEJ@etsrtdlgg(ﬂKiiﬂD waaaqqud|budeezets¢iect0’p@rpcrmfau¢rnajeﬁ bane for

GEP- PEST- 2A; ﬁfgﬁ&ﬂh yved by a stop codon and 2. 9kb of Axl cDNA. The

GFP- PEST- 2A- %Ben read| ng frame is translated. The "2A'" sequence is a

tide f t d |
Gl bavage of RS nascentimas i AREE b hgad? shll wic SR bt Bl agme®s DT
GEP) and Hygasmp ngléfygm tpdnosphotd ams fvethaig, ] Itﬁlmﬂrkbrawd pliengl. Hihgraquaeas phase
resi stance e cks was
Lead e o e Rt Feb R ARG S R s SlorfE® dGa¥us B WS fBNSE:

packagi ng cetd sijdseedpn epproeinnedy tilinmdMghey thetaddiviombBl/WasoluimenMisledlt 0 | nf ect

VDA- MB- 231 I I ) unman easi ¢ hereaf t eI | s). Pure
popul at i ons %”Scpgﬂafe Vil ?'Sﬁqtlu 1%28%*’6&%{(_{]%(50@3“&?@ 1on “?di@ uETlO wer e
obt ai ned bysﬁ%g:iﬂlmmon sel ection. These restdting lines were terned "LEO I
cells" and "L 110 cells." 31 TESTING THE CONTROL shRNAS 103561The L 1 10
cell's were i0s2¢rt ed Witelsameterveasiniigd welr, fayd mgipeiatg&erhahla@prpmﬁt)bhs\tepatmwt;sr ol Ad2
shRNA or the ne ive control L shRNA. Infected ¢ e selected with
pur onyci n. *ﬁ‘f@‘é ‘}ct@l ‘feél‘r{%g@aé‘of‘ﬁ‘é#%é?’ﬁi“ﬁﬁﬁ' AR qtbogaslpg%% SH%?m%ﬂﬁpr ot ein
and anal yzed :byistaA€ea. anﬂhhd;ﬁll@l&bds&vd@ﬁéd dmiéE eahedvontidnoRMheshiRMA ™A Mged as a
control for Axl staini 10 stained with secondary anti body only were
used as a nE"é‘éipF\‘f@dé‘Péé]H'H gcontrol . See FIG 24. As expected, L110 cells
carrying either no shRNA or the negative control Luc shR_NA expressed a high
| evel s of Axl protei M) (HedxigStf 1atgkl Qe kddStotedpradhmgrst he Ax12 shRNA had Ad
protein | eveligsy educesh alangsdts tromithefol ev il ok weheadsled andaDyrantbhoedymonl y
control. Thus it is denonstrated that the Ax12 shRNA knocks down Axl|
protein, buf AR SIEhRNA does not  4) DEMONSTRATI ON OF THE REPORTER ASSAY

g ngsee B 8 5o B b bur T ERR FO5%: Rl | S ar e aen ot ect e
with retrovirus tO ul BSA (Img/ml)
§ pi 200 uM sinefungin
[ pi 100 mM ATP
2.5 pl EcoP151
21.5 pl H20
(Sinefungin has been reported to improve cleavage by EcoP151). The DNA was digested

overnight at 37°C. The DNA was then dephosphorylated by the addition of:

10 pl 10x Antarctic Phosphatase buifer (NEB)
| ul Antarctic phosphatase (NEB)

The reaction mix was incubated at 37°C for one hour.

[0326] The sampie was then processed using the following protocol.
Approximately 20 pg glycogen carmer was added to the sample. The sample was extracted
once with 50 pl TE-equilibrated phenol. The agueous phase was recovered and extracted

once with 50 pl chloroform. 1/10 volume 3M sodium acetate pH 5.5 was added to the
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carc..,ing either the positive control Ax12 shRNA or the negative control Luc
SshRNA. Infected cells were selected with puronycin. Selected cells were

exam ned wi tWOZ@#frecal nicroscope to visualise the GFPCARG2REM4HI7UOr escence
(FIG 25A). In the figure, both red fluorescence (from RFP) and green

f | uor escencequehusamaGFR)5 el emehdWACY% afenblywere dédetl o thelsquesarehdst ePdlfotvacel | s.

Cell's with red, Pl EsRaNERaRLS HIRUEND NG AIRLERS! A ARSI, fQAST ruCt

The green fluorescence out fromt porter assay. is

cl ear from FeGSscagdd aad theBetidiatashdreonge path S0Vamnamskcence is reduced only in the
bottomright panel. This corresponds to cells carrying the Axl-specific
reporter (ilB27] 1, 110 egellg)vancusiveddiih-58 pé i TangoshRRAFeardntashRN&iag no

effect on t n par L101 cells), ;and the cont uc.ShRNA has no
effect on e?ﬁ@g Clﬁ\fepé‘r tbgr“qﬁ%&fv(%%wﬂ?rfmf S@gflidsqy,mafﬁggmgm"%gﬁdeghom t he
sane cel | s afiat ipzed:idryathrdésd termpeasue itorgl Strhieugs, eleK ehov pelyaenise mat ensi ty.

Fl uor escence of 1 cells. (t is unaffected i ther shRI CA. Fl ourescence
of "1 50" cerpenalsaey g debiog ety Baiohut B £ Eeine BUREL oA SHARS? Bi ey but
not Luc shRNA se@ioeege) prephra8 in $hel sbdfunt @paiet er construct L110 therefore
responds specifically to shRNAs target-1ing Axi. 5.3 | DENTIFI CATI ON OF

ADDI TI ONAL RR8]TARGE TTHe Mg 284 Fai AS] do ROMIn EHEp prd.Ji iBEIARY7 OFRIACICED s | (Nidh T EP |
103591Retroviru r epar fromclones fromthe library, described in step |
were. i vi I T ERRAED detl HE BOP oA 18 mL RS e PR Y ReidP S CEHLe

measur ed. TywRicErON@S 161803 vanrdredxdret80)cl&adsetbrborte GUat par [ WhitheanCEP
fluorescence. The reduction in GFP fluorescence caused by Ax1-280 was nearly

as strong aBeokebby Yayes fbines dEWPH) 1oAPS e EGATT Y rarile @ PeRiHIVES A% 1- 278

produced a prakein 4 RIMEIb& spinx@Bur Sad R8difulH PLmRREEE! NplsFodaliSa CORRELATE
W TH FL CE FROM THE REPORTER CONSTR 103601The A x| protein |evels

correl at e wintdeRgs ofeeihders(tly T hiwbing pis tednedoindks te part pf de colgpnsHilis a

FAGS anal ysisr@ioNAS asadRc68h] $e dsvdrude!l G 26A, but stained directly for Axl
protein levels using the anci-Axl antibody. The reduction in Axi protein

mrrors thepfs@ﬂucti OnmeriaggEJ hd il [RBE R BYe BherWWrd d3s <A A< foHRBNAA r%QMﬁ%jté)?}Z(t) he
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strongest effect and Ax1- roduci ng the weakest effect. e relationship
bet ween t heis glysvacs cafrielgrexidehvdba rranritse Saeplyavemdxtipeted eic WitV plilE-near | y

linear (Fl Gg26Gked %ﬁ'&ﬂoi. O aﬂ{;eoug }JH«QE SISCRRGE dd a%ﬂqe&nﬁctéd]t;r#ge EEIFSB PT Ax

reporter ()int ct therefore closely reflects the anmount o protein
knockdown. chleroform. 1/10 volume 3M sodium acetate pH 5.5 was added to the aqueous phase. 2.5

volumes 100% ethanol were then added to the aqueous phase. DNA was recovered by
centrifugation for 30 minutes in a microfuge at top speed. The supematant was discarded
and the pellet washed ance with 80% ethanol. The tagged hatrpin loops were then
resuspended in 20 pl H>O to produce Band M555.

[6330] Two pl M555 were run on a gel along with known amounts of Fermentas
100 base pair ladder. See FIG. 17. Using the brightmess of the bands, the concentration was
estimated at 0.45 ng/pl. Although this is a small amount in terms of mass, because the

hairpins are small it corresponds to approx 10 nM, which is more than adequate.



7) ANIL nRNA LEVELS CORRELATE W TH FLUORESCENCE FROM THE REPORTER CONSI RUCT
103611Quantitative RT-PCR was used to neasure Ax! ritRN.A levels in EIl 10
cel | s carryiWg289f$dpent Axl-targeting shRNIAs. In FI G PRETAS28I2137 s t he
sanme as Ad-20, Ax113 is the sane as Ax1-278 and Axi |.8 corresponds to a very
weakl y ef f e SLIOMNGHRNR G ENINCh LY HAIRRIN heOe8 N INAGEkdwd Tifeasur ed
by RT-PCR ctECGIOR es well with the percent knockdown neasure

b the reporter
construct . THE REPCRTER ASSAY  YORKS, &£ R GENES OTHER  FHAN) A d0RGR1I N or der

to denonstrate that the -reponer Say system can be ' w hel y applicable to
many genes PBONRREdeéxewdi wator donmofhviinogot i IorediesshiaRNAy nip F@actAnes magker epor t er
vector carry- for. _human pr somal. subunit. beta 5 (PSM 135 or

(408, B S R TR BE RSOy AR gy

bet a5) was gener at ase construct shown in

FIG 22 This OFPPEST £eporl fiotas,| L %g‘?% b0l LEebRRof 0 Bndle

: b

moni tored by flow cytonet Ty, A nan-tar get ol REP: UG, cons
expressing a shRNA direct ed &Yy 'clﬂﬁglfor%"g 1NN ?‘TQTL?SYthgFé?éese\%éjr%tflgga?{ht roduced
into the HSultan cel |=.N4&0863Fhiveal pral atisd Yo kanwhtrahBRiiom| ecul es t hat

target proteasornai Sa"éBHi%inJi] SR%H% lﬁdi\ﬁe%%aidnsgtre_oggced by retroviral transduction
into the HSultan cell's carrying fhe %eporter’ constructs in order to

denonstrate the effedcniXenesss pofitiertedse preportadi TRYISDEM politagrged!li n t he

prot easomal subunit bet &rBinRA sigrep drlbbaingwensl dieasor adi Wyntfdndingcyt onetry and
i's shown '”Hi?_sbﬁ 28A'L2-EBQTa)§'cm:‘?Ir KEATRS Rl Snd e a B0Rha¢ Q%%ﬁ%@&oﬁromthe
reporter construct or. a |l 0g scale. e y-axi s represents the nunber of

i ndi vi dual Gegrhentexhigdipurined tolfaeduce bald ME57 SP0F1 eas mxifred 93¢rarGF/X036441 n FI G .
28A, the to of t nel. sh 1 FAGS .ana i H | s _carrying the
pvis' epor Pt ST SRl B AR RuRREEh Ry ey R R Shlap o e
construct adeivelonodad digg@toncad b sotkysdnRNAG exirfetn Netl dizekiRyrshRNA 1 nc. Thi s
p/ot confirnms that the control shRNA construct has no effect on expression of
t he report ei03ddnst r uds5Thas thot igated teMSPamdile (¢lsdvRMAGkat)gn hixpgo praghte panel
(ShRNA#2) , pta{ignrrlh?g}ght panel (sbRNAti3) show PACS anal ysis of HSultan cells
carrying the%'epor er construct and either the non-target control shRNA

construct RFP-shRNA | uc or ndjdat argeting shRNA construct
(shRNA#1, #2, #3 respecti velzﬁl%?%hdeoq%v?gesi)ottom panel s, the PSMB5 reporter

trace is shifted to the | efiniddnfaikcet) mitshdNotwat2rekedss aoeld andbasat i ng t hat
t he average signal fromtheop@pd)ter construct is |ower. 103651The anal ysis

shows that the negative C%’]hﬁﬂh@%&bu%ﬂ(p%%? do not

0.2 ui 100mM rATP

1 pl20mM DTT

0.5 u Nael

0.25 ul Quick ligase (high concentration ligase) from NEB,

H,O 10 20 pl.
|0333] Nael was included to reduce the background of vector
dimerization/recircularisation. The vector is still able to dimerize by tigation of the Narl
overhangs but this is not a disadvantage. After overnight ligation at 30°C, the

ligation/digestion of N753 was terminated by incubation at 65°C for 15 mmutes.

[0334d] Further Nael (0.5 ul) and Xeml (1 pl) were added to N753, followed by

incubation at 37°C for 90 minutes. Addition of Xcml releases vector monomers from any
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af fect proteasornal subunit beta 5 reporter expression levels, while
sliRNAtil and shRNA 3 strongly reduce expression. See FIG 28A Wstern bl ot
anal ysi s of Weeepgrsesasornal subunit beta 5 protein | evepsSridodshewse! | |ines
confirmed that shRNA141 and shRNA#3 knocked down t he endogenous beta 5
subuni t pr ofieern fpmodbgtigatnndfenebis| shiiNAg2, aad grephes tent thingWie shike NA di d
not. (see Fl 288). This analysis confirnms that that shRNA# | and shRNA#3

are active ‘ﬁ \i tri gger nol ecul es for proteasonal subunit beta 5 target as
measured | % Sosrt‘tler asssgx ]gbettpie i.nyention, é di d not
denonst r at I's actl Vi gqobesa a‘é?tP|?°Pé§F568ﬁ° °r§§ B&Ates t hat

are Tar get snfi@f tt-@rvpbtan“sdh RN NDheet the st :]:985&:1&' o, Fxaspbesrdeseid Resrt he
identifi catil on pf "of f - N%g’ﬁ " se uenCﬁ% 5{%&% géee tar ed by known and
previ ously 188F Belepass 1 PoEtR EocTa A by h&eE U3 %‘asteﬁ’é?ts HResths

i dentified tano;&hRMA(bh@ﬁrcsaa;smamairme;neabwnegstkun@t@gmalmaﬁé aGle, ik inef Or whi ch

the true t g i S unknown, hRNA targets a_gene other than the one
it was desﬁf;l BYY syhremoye th?ﬁé’gffr%‘?@ﬁ? s}“t"i*)I ‘:I"'S'e‘ﬁ'tg foyprodised bt et t he shRNA i s

able to do gul at t hese ood candi dates for the true target or
t he sh. RNAVYH%—:{Pﬁt her Péa‘i‘tsﬁﬁ‘ph?et[ﬁbbﬁtg ”51@@ ‘é‘ﬁ%F?%‘é?é'l‘@astaé fHentify targets of

natural ly occurring shRNA l es ( , M RNA precursors) that have been
i solated front cellular stlg?eﬁ%ﬂ“?ﬂibgﬁﬁr otocol is outlined generally in FIG

29, and is described in det!atll loja®d NTPS ) PREPARATI ON OF A PLASM D LI BRARY
103671A col | ection of cDN@ es e ver i ed| d human genes (or a
suitabl e subset) can be oBta £8%Y l(g gnt3§| lection is thc
Human Linigene 4.1 set fr&mleEBD Thi s coI I ect| on cont ains around 30, 000 cDNA

cl ones cov nost di d hunma tabl e
col | ecti oneféegpll J& Yobt %’ !:?% roﬁ’fnc(ﬁmﬁ%ram gl éﬁ?rfa‘heésm"gtﬁéf’tﬁ‘§ b)@?ge number of
avai |l abl e Hum:@mmpmddd@%%htrk;aamw fed WWnhingteexperi ment, the cDNA

sequences wi |l be excised fromtheir vectors, gel purified and ligated into
t he G-P- PESU3¥Rct or s Satesles wbredbdvegebpumifieloa al Vg ABEQRI, QbngsidadNmlUNcrbeut

t ransforne to E. otl b electro oratj.on to obtain a lar er of
col oni es (S[j[égdcﬁﬁ'b) ef’ﬁ“&@é %‘1%#41‘%5“1 i 1*‘%8”%%?%(5%393%‘ ‘U%tg]éf 3?(812%r epare
pl asm d DNAomphics th2 RS kipfoduaer do@DWhe bhht wssycut sutwiitizheeatipueiibidhocdrane s

pl aced down of GFP- r retroviral vector. The vector will also
expresses t(rs‘ll%&ecé’ Qeprgtu E? r“%%gg hygr oi nyci resistance. 2) PREPARATI ON OF

THE RETROVI oy, L1 BRARY, [0360AThe L1017 20048, M. 5. 1anlgst s d o

total volume of 12 pl 1x ligase buffer and 0.16 p) T4 DNA ligase for 5 hrs. The ligation
mix was then purified over a GF/X column and eluted into 10 ul HxO. 2 pl of the eluate
was used for clectroporation with New England Biolabs 10-beta electrocompetent £. coli
according to the manufacturer's protocol. Colonies were scraped and DNA prepared using
a commercial miniprep kit (Fermentas). The DNA thus obtained (N757) represents the
VEGFR2-directed shRNA library cioned into an intermediate vecior.

REMOVAL OF UNWANTED LOOP SEQUENCE

[0339) Correct clones in N757 contain a pair of Gsul sites positioned to allow the

removal of most of the loop sequence. Parental vector and most other wrong clones contain
no Gsul sites and cannot be cut with Gsul. N757 was cut with Gsul and gel purified twice

to get rid of ali traces of uncut vector, and purified into 50 ul H,O over a GF/X DNA
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packaged retrovirus is collected. This produces a retroviral library. A

sufficient nunber of Phoenix cells (e.g. >5,000,000) wll be uansfected to

ensure that WO200aB8% s of the original cDNA library congai/isib@mimst he

retrovirat |ibrary. 3) PREPARATI ON OE THE ASSAY CELLS 103701The retnviral

library wilfunbeatipsesdluno. i Thfisgroderces bindab & . ¢ 86k/waethen blunteer@ded by the. | urkat cel | s

or HL.60 Cea'dh?% tp produce the assay library. Again, a sufficient nunmber of

cells (for exarrple greater than 5,000, 000 cells) will be infected to ensure

that all menbers of the of [ ry. are represented. The assay cells wll

be cultured in the presenc %Kl ng”%u%?rn to select for cells infected with a

retrovirus. 103711The assayl t@WWHSI t hen be anal yzed by FACS to determ ne

their GEP expression Ievelé% KL {,he cells express CEP in a broad range of

| evel s (as determ ned by b rirghtness) then they may be sorted into

subpopul ations (e.g., ten3&ub1r$2@ul ati ons) of different brightness, so that

each SUPODAA!) Hin GOl RurX ie8 ol BB EACYS

PERFORM NG THE ASS,I&Y 103 &nglrrger nu5 er o ' ﬁeoasrsagggfce%/ I%nodrcnéft e pr evi ous

step above ibp0ef HéQch subpopul ation above) will be infected with a retrovirus

expressing the shRNA to be tested. The shRNA expression vector used can

contain t hd%‘@llect abFeormtiakertiRER 1! Fhise PGS veorigated wi 4 lotdheolusedl 80 ki Sol at e

i ndi vi dual nd t hat

al so show r ucergﬁj't:(lzig—%l %ﬁg@i?&ﬁt‘nﬁgépgg}@atl ngqﬁég?lp%ﬁl!t E“ﬁxr%@r %E%raa(riy menber

that is inHifXteetinbyandhetutahiRNALO BiH&Osorted cells will be allowed to replicate,

and if necessary, subjected to further rounds of sorting. WO

2009/ 082184PBMN 11524 FO81 02t Bionl 037 32O @r dyr addcirgpurpieeh wald Newihglatchen be

subj ected t nki in GFP- PEST

vector . - ThioR 0 P b TE St 2Pl R P Rk P et S et or

an alter natTrmst‘omradeeiseNd?Caa&amntma Bmdlateﬁaoﬂn PRCR/pf kmluamtsrcmahdi alﬂtewsiequenced

{Egss[f‘éﬁﬁ' '%t he: h;sa‘t%&é YrQdushilt of PNANiS) w088 RE PIESEISed Serk EJHB AL €T DY
and DNA prepared using a commercial miniprep kit (Fermentas),

(0342} The DNA thus obtained (N770B) represenis the VEGFR2-directed shRNA
library cloned into an intermediate vector. This vector cames 2 Pacl site, a U6 promoter, 2

shRNA construct, a TTTTT transcriptionat terminator sequence and a Hindl1I site in that

order.

{0343] A sample of the peoled colones was digested with Pacl/HindIIi and run on
an agarose gel (see FIG. 18). The digested DNA (lane 6) was run alongside clones known
by sequencing to carry the correct insert {lanes 3-5). Most of the inserts are the correct size,
although some clones carry incorrect sized bands (e.g. two smaller bands below the arrow in

tane 6).

TRANSFER OF THE shRNA CLONING CASSETTE TO THE FINAL RETROVIRAL
VYECTOR

{0344] A cloning cassette containing the U6 promoter and shRNA was cloned from

the intermediate vector into a final retroviral vector as described below. Retroviral vector

1,297 (RRI-Red) was cut with Pacl and Hind[II and gel purified twice to produce band

MS574. The intermediate library N770B was cut with Pacl and HindIIl and the appropnate
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Creating an Epi-allelic Series of Hyponorphic shRNA Ml ecules Directed to the
Recept or Tyrosi ne Kinase Axl 103741Thi s Exanpl e exam nes the role of the
receptor tyr¥@iZ¢H@Mdittase Axl in the invasiveness of bredst/usansiora Cel |l s
(Holland et al.,. "Multiple roles for the receptor tyrosine kinase Ax i in
tumor f or mabindrinthn@gnt 80 Respairsh B PROABOPr¢ROOBIN. MTH. Band Mgtionpl i shed
herein by c n.ep i phy . nol ecul es
that target TERL s Bl il SaF R RoREE FRE pefie B Ao
phenot ype i mutsh@drtebuh;tgrwgnwwy- lkm'gmlka]hdms@p:]brbx Hﬁ)(hmsc pdid. sSThamadlyrsiaiso showed a
correl ation,bet ween Axl s and invasiveness, possi bly

i ndi cati ng ¥E$ cr%\%’pr? (r:riaﬁ”)ff?it e @Eﬂ @\é ir cell’ s abi | ty to i nvade

sur roundi ng sue a taS| S ept.or._was
originally Ioég%lti fi e;tgagg gdlg?sra or mwﬁre ]ggéteé G’gr‘i3 Qa roxwa% Bof rincéluT(em a
(Janssen etraab (3 iAVAoY e | ;plu‘tian)vmtrieydslumlmg:ehttmse recept or with oncogenic
potential ,"” Oncogene 6:2113-2120(1991); O Bryan et al., "Axl, a transform ng
gene isolated from primary phufrahigasy eLiferdNEBYykem a cells, encodes a novel
receptor tyrosine kinase," Il .Rio/., 11:5016-5031 (1991)), however its
function has remined el usiVe. f is a unique nenber of the RTK famly with
an extracel lul ar domain cémpM¥ed of fibronectin Il and le notifs simlar to
cadlierin-rype adhesion 1,8 :;Hlﬁ NA”\?af‘Xl | i gand, Gas6 (growth arrest
specific-6), is a secreted protein befonging to the vitamn K—dependent
protein family, related td-MldddOcoagul ati on factors (Ml ar agno el al., "The
Gas6/ AxI sygh@mgagomy&ﬁ%ﬁte&eInﬂ;safe \9§s JRRAM 36 uPE! 4E hungkd A:5) Haands

Cardi ovasc. lete 253 (19 | e eXpressed I n various organs
during deveR&paddnd to saduta bavkerespt ebis] was al@wélca@ut\ﬁel yhraedt*G ct ed,
predom nating in the vascul ature, nmesenchymal cells and the rp/el oid |ineage
(Mel ar agri ol%#6lat | " TiHe [@fsCBVWFUfgy@% dan pecitirgveeer ¢ €jUf BINGY pwstlicotigscul ar cel |
function,” Ihepds WASG- e AR j Siw Eheidta

"I denti fi Cat({ on orf‘%alg% ﬂ)slﬁutzat |dsze1 }gancf%'s ds(%%g@aen%%eﬁjsgeceﬁot tyr osi ne
ki nases, as Bwlarb@\}@ibenaesmcmmmqleot F.awfieecdrding Hi thpuenvipethrene pragem)."  J.
Neur asci . Cas sion are
reported i r??gm%/&mg%d\%gﬁ? %? %900%?128 a% gtésa‘mﬂ VOO elsargﬂg]“ e%m é%@ﬁc’kem as
(Sun et al. grOW@mQy 66"’@5%@E‘a’ﬂ@@ﬁ@lvmﬁuwcelob&aﬁncd Adrsy oftmmlwe,re k43r898- 906

(2003); Chu 33- 540 rcl i Ann.
oncot . 12: 818! %%(‘Eﬁ‘g%lAD%“"ﬁsl"”{d‘“&t%"% ga%gérd’%@‘?t:egé@ﬁ?"gi%r{ 2001)) .
GENERATI NG (lmS\z\PC]\ll ORPHI C AXL SERIES I N BREAST CARCI NOVA CELLS 103761A smal |
col l ection of candi date shR _NA nol ecul es targeting AxI were produced as
descri bed i @3&Edanpl e A al'ﬁubtsoflthibnaxeﬁ liiwfargam@h:daebrewm(dheslmécbiyfdigts@mmw

nol ecul es ne rcinonm i e, _as described
i n Exanpl ewg tl%f;?asﬁ ) 9 nal}ésw nuarna |art0>sl‘3 %ef‘ Pseﬁsmsﬁﬁa%%m fctﬁ%‘)and F] i fif er ent

si |l enci ng pbob@niid adcsor w]aﬁ)BuEEiﬂ'dmﬁl appioe et 8P IUsedpdis] DA- ML3- 231 br east

carci noma host cells expressing Axl-specitic shRNA nol ecul es, The cells were
anal yzed by|0BAEIS usi r‘il@nandwldumesloeiee@ezteabieiplreaﬂefamd selpfockedan®i tbesdyed, 0 measur e

| f The sf I d wild
Cype (wt) NPER B TSR Pea e i neh e Ui TR ate. PR Rt sdear
conj ugat ed marAbrigindsitietdn 1Axrhnscabd;or&urehametopr[dﬂam) afXPHe8 S DO thodE cigmuse

| gGAl exa647 conj ated iso e control. Axl .Qn S alyzed by flow

cytometry off°EA PR EN RELC, bf\;‘g(&ﬁl‘}.”ﬁo{:‘ﬁ?f“%‘ﬁ?l @&%@%ﬁﬂs"%&e%ﬂwl@gshmrz or

ShAX1-2 | sheweel ApdrechistihOparert véétoﬂofpihﬂbﬁglﬁble&mmh'[ﬁlﬂAtc(bnﬁgﬁﬁhbacggr ound
th shAx1-13 showe

| evel s (conpared to wt S sduced

i nt er medi at BVRFBURY dS0F Iﬁﬁ‘*’%@?ﬁ%ﬂ“ei é’df RORI]R ‘gtveﬁ’aye%‘é%ork‘fﬁdkﬁb%q ef fect,
Cel I's expr egshdgel bhefi&PVEGOR2 sSHhRNrdotcaal IMAE rdaiGhif €LASQokSRbMaheshoved equal
Axl protein expression conpared to the w cell line. 103781A schematic

r epr esent at FEHEGES ’F‘Pﬁ‘icg‘“gé(r%%&t‘%“ Aid nohkae 2iPATER @ruetdre. wher e t he mean

standard devi ation from four independent experinents is shown. The percent
knockdown was cal cul ated relative to thetexpression | evel seen with the
control shLuc. The scale was normalized using the isotype control staining

| evel to define 100% knockdown. These knockdown efficiencies ranged fromvery
weak (7% 30 for shAx1-1.8) to very strong (94% 4 for shAx1-2).



103791The ability of the shRNA isolateA to knock down Axl. expression was
verified by western blotting analysis, as shown in FIG 32. Infected

MDA- MB- 231 C¥P2EREME | ysed, separated by 10%8DS- PAGE a@Tiisgws/ed)s7The
menbrane was incubated with nouse anti-hAxl rnAh (R&D ?Stem&) or rabbit
anti-Actin MBS gma)Thsdpispie strueyrenebtaint héifibed éutvwi vaysHIRPthednparbeiicad goat
anti - muse cﬂfresﬂ:fﬂ%cfé@ HARB A0 oAbl RGfk- AD. 94 The blot was

devel oped wt st ern Blotting tection System (Arnersham

Bi osci encesjg3agd equaeﬂqen 40he Ruilfh Lbh RIS mé AR Fadhhic el ?gygm total
Axl protein expression in the control ce 1 ne shLue Iles

shAx1- 13, shARhagepanshiragieaiiin thezxpediad 37dmee pais, Thigdpmestilkelyyue Thi s west ern

bl ot analysb e 1gﬂﬁl ak clone
shAxl - | gy@ggié%%to@rﬁ }[)M\A%nlaow%i‘]: tel nyz:’;‘(/%rrhg&ﬁﬁﬁ OEQ m the strong
cl ones shAxlerQl,lcem:&yMegﬁctsimmﬂnsﬁwfﬂgl k’ﬁmﬂf@di@bﬂim ingo Way rbdq@esﬂhei n

expr essi on. P ASI VENE 1 01 er to
assess the rﬁ%nequrtﬁ hlalﬂjm gmc%} %&Tengganrﬁt PIvasTve §§%gwgsﬁ% *}%i?ﬂi% 23 |

br east car climeryanhogtuatiebt sdvexpeessi ng either staRNAs targeting Aid or

control shRNA targeting firefly Iticiferase were tested in an Mvitro culture
Mat ri gel Tm [036Hsi on &3 9RYadditie:apbisa@iipd @e efmdtines ismnaa$ ﬂmnumsm/beit\sednlthst rated
in FIG 33.,Cells e tested are see in.t e I'ls
coat ed it RS FoRER: RETTELIRRTROLT TR RRPTTR PELNBN6us: diedEinat

concentrati maseo.fneipexie%a@ﬁénkssls ﬁetrknwhj but #2g be dld © thewell-knsucaillitian gfiagr at e
towards [ 2-K nedi um ont 20% f et al bovi.ne ser for_ 20 hours
in a Coe- In?f f‘BtFmp%&?rq ﬁz}ﬁ’ f‘lp ygiFrasgp o pf)ﬁséblﬁ/giﬂf ?tdg‘mﬂ(ﬁl%?e r enoved
with a COttdﬁﬂTBsWa;bd 1nﬁha,ereem|dwnw1o@hb§htgaéﬁhid te6ptirial RBAM SthaKnedwwi t h DAPI
and anal yzeﬁ % fl uorescen tNgsco (4x x%&mfl cation), Cell nunbers were
assayed usi RgETEHh Q@bt’]’a%‘&f"ﬁ@ﬁ‘@ ay a"’eﬁ@ﬁ'i BiAl a"leﬁr B additiongba. vB- 23|
breast car ChdiesisaRldot bxpéasl VEARSSelG AFER iRt Sctidnton tlﬁ&hRﬁM@ﬁa‘é,én@@ | evel s.

This figure shows the mean of 2 independent experiments 7.E SD. |vlDA-MB-231

cel I s showi fi§5&€ak knockdown of Axl (e.g., using shAxl-18) did not
demonstrate any reduced invasive phenotype conpared to the control cell line

(shLue), while cells with inteinedia ggﬁ‘gﬂgégﬁl& or strong (shAx1-21, shAx
knockdown of  Ad sho o ressi vel reducti on_in_inyasjon

Coquct i on | EARIAEEREReRES G of AR frome ASRIRBHon dat
not shown). IN VI VO TARGET VALI BAPFEKE BRNBPVAICCHE ¢ ANALYSIS: /A, 11/170

Bl OLUM NESCHENE2|| I\/AGE %Xﬁbﬁ debe BB bAMNRAdomMB- df/B)AﬂZElSa@éii scrédXlfoSthRNA
EPI - ALLELI C BR CELLS, 103821The. VB- VD fl qp pi-allelic cell
series cr eatdé'bt th?l‘h ﬂ?nqsmﬁém\*egﬂec éﬁ,]mhzbltory actmry or the gene encoding

the tyrosine kinase Axi gene. Sce FIG. 21 for an overview of the assay strategy.

1) CONSTRUCTION OF A SMALL LIBRARY OF shRNA CLLONES DIRECTED
AGAINST THE TYROSINE KINASE AXT. GENE

[0353) A small Axl-mRNA library was made essentially as described in Example 2,

except the hairpin adaptor oligo carried an Mmel endonuclease site instead of an EcoP15
site. Individual clones were sequenced and confirmed to contain Axl-directed shRNAs. An
Ax] shRNA clone that was previously shown to be active (Ax]2 ShRNA) and a shRNA
clone directed against Luciferase (Luc shRNA) that should not target Axt were used as
positive and negative controls, respectively. These shRNA constructs were In a vector that

expresses both RFP and a Puromycin resistance protein. See FIG. 23A.
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be used to correl ate expression of a selected gene with in vivo growh of
tunor cells, an inportant step in the validation therapeutic targets for
cancer treatWeape/ 09+ VB- MDA-23 | epi-allelic cell seriegmegosnansduced with
a firefly luciferase gene retrovr ral construct (CSl). The luciferase gene

al | ows the EnCONGORHEHEOL “m APERIHESRIEPGRTER IONG TRIJCHt r avenous

opt 1 cal 1 makar 1056418 o HIMIRSEIES AL 9618 APy Do e e

line were i wp$ dnm@oﬂmmﬁ@ﬁ&PﬁsTm vﬁcmﬂbltst}}tmczd anOp@ﬁtguFbBI)anod et aI

cancer Res. 2 B8 b0 EEEY TEBBHS o CR TP BB sk e RS "
epi-alleli cheIVHSglIhsnes ofavsctnohl GlasedF Mg eR ). yTHeyredulting weotob{callerhi. hidl pemnti.cdsmage
anal ysi s. Tot al, phot on

ture det er m ned. ove Tunor area
represent ed” tHE® ran?r‘h’ﬁfth@ IEc(':l ?Lﬁ’s (AT E[ {%bkpr%gg!%%%&gs%rel ated to
| ateral spr éﬂldweiﬂ by Betop wedn dnd12l Eblof Awwmshammﬁmemqugasmmﬁ of
MF3- MDA- 231 ¢ express% % é_lp‘e 17 effective Axl -tgrﬁg@ti n%ldz'\q -.18, which
does not i nH I“ig DRSS P 4t ofIHENCH 184 REFtidh HOTd orh PHEEA%DI e from
wild type MBidd BAt Raislio 66 rhSslat®falsiihed dT tiel fascedBproldi MY GEB PESERA @l | etic
cell series tum)r formation in vivo during a 28-day p e“rfowd is correlated with

Axi  expr essTBH!Y degmsied fSMRiGrn 2pd Btrgrom’ﬁetpélﬂsnlreﬁeﬁt%ﬁ?@n YSprevidige dependent
(FIG 38, topoRaieh)esidrcd K&PIG,d8BehaRde Dl disRihaydhehas dicPINAsdqubteeshol d
defined by the shAx1-21-detennined Axl expression |evel, Radial invasiveness
(tunor ar ea)‘dfiitl5§éa%ﬁéwsf°é geneti c dose dependence on Ad expression (FIG 38,
bottom paneH? Thi s data denonstrates that MB-MDA-231 cell growt h invivo is
dependent oH3fRle exprldddiaBhlot0 yeetoraarer Harduest inty naétqgel%ﬁélr Psredyss t he
carrent i nveRbi R, caR [BRWeHal e iding ilian 8ih £inab- ZtBH‘%El?sFIQlEHnQn 8?&9§te$3' on
thresholds for putative therapeutic targets. CONCL Usi ng

i nt er f er enceancoicet éppristopfiete3t i9aks)t Rarernopepli®is of g3 b%qnﬁédfk)"ﬁasftchlﬂftﬂes required
to maintain, OV A A8 1308 e Wi GROLY R&e® @My br east
carci nona ce({"-{gﬁ'?(%tn]\é?ﬁjsi aV III)'A- NI\B-EZSIIA rﬁ-‘ﬁ# rotove rrlgt]hgﬁ?ssg?%érﬂcgns?r ucti on,
screeni ng awdreitefoeti ‘i ¢lagello hans’ Ldé@rct'/lé RNAr trigger nolecules, several shRNA
nmol ecul es were identi f| ed that reduce Axl cell surface expr essi on to
different | e 3 A4 Hah Be series, representing a "genetic dose
response” est abl i shed a correl atr on between Ax? expressi on and mal i gnancy of
VDA- MB- 231 E8Pbls. Fr ofhetlHd 8 ecltsesert irfedied wish yeirovigisataaslinglsaberAkg P@%pﬁessr on

i nproves th LeoG t 1

20001 052a8PCHED S350BR A0 bR ARPLER A TolcRIBIANGC SRR Wil o

i mport ant rptlrremwcrnnﬁ‘tlasctcam were Thinsiaitedevithetmhbeliesdgs s z‘bveldarrtternenesm%.tﬂedsh Ax|
as a uniqueyt t v ting an
Epi-allelic e’rrf‘rggs 0?6 9@§§§18Fetﬁﬁﬁ gha%éil%li&ﬁ/glug%% E!E'{alr:l’bflr"‘(ect IYI%)LTE:\}ﬁt ‘? scept or
Tyr osi ne Ki bagkstéhat with secondary antibody only were used as a negative staining control. See

FIG. 24. As expected, L.1]0 cells carrying either no shRNA or the negative control Luc
shRNA expressed a high levels of Axl protein (x-axis). L110 cells carrying the Axl2
shRNA had Axl protein levels reduced almost to the level of the secondary-antibody-only
control. Thus, it is demonstrated that the Ax12 sShRNA knocks down AxI protein, but the
Luc shRNA does not.

4) DEMONSTRATION OF THE REPORTER ASSAY

[0357| The reporter assay was further demonstrated by cell fluorescence imaging.

See FIGS. 25A and B. L101 cells and L110 cells were each infected with retrovirus
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10385JThi s Exanpl e describes the generation of an epi-allelic series of
hyponor phi ¢ shRNA nol ecul es directed to the scrineithreoni ne-speci fie

prot ei n kmasW®OSPYMhedibhg protei n kkU oncogene (al so knowrEsuspeoeseiosy ki nase
I1). [03861A library of shRNA nol ecul es targeting Akt was constructed as
descri bed i marprangdher Be pbutivestoarrdi 4g2 whR KA @ thvinegddNA coatdidluc sliRMAL he VEGFR2

cDNA. In addition to inter i ate vector 67 .described i.n | e t agged
et rpi n 1 ooptralSres ERTRCU T R TORE SRRt SEHE R R A B eGusfiab St
slightly difiesespe nothubliseatd GRB atORFPGubrd&efreqFDG Y5 AL G R FRuaN Bota Ir@ni ng
sites conpared to these jn . L267. These were_L26 ich has, an Aftel site
Thstead of - Piernst (Eroa AR Eisen AF oG LRE A B g *her e S ey PR he
Nael sire, ane fidhd sRRUSESIRWiaNEH fluoRadente dreSirfliy Ald dPRsdiNcat HmmA
corresponding to the i nlrtbhatl on of transcri Frtl on. Hairpin loops in all Mte

i nt er medi at ENEE off 8¢ GEFLIYGreSER 1T Ue Attt Mgmiky $DB 7erqee 3isaxanpl e 2 to
produce a fjnal |ibr aﬁs/cpf cangbggte shRNA_nol ecul es targetjng Aktl. This
ShRNA | i br afty® Y&e{am S dohind Brapdts &880 Juarssepnces wauced 93T iriottsRe

t housand coligipgse: f TRRCER@pERIstOVsRatry8 X x| IshBI B¢ ¥p¥Rdr§i S eUUeneRd.

Appr oxi mat el y 80% carried inserts with the expected hairpin structure,
targeting Ak the Aobgaific shipdft 8x! pEVpbasmgreliakionthoepsitgl waesdl B i ng t he
Akt ] cDNA i ptQhY 86H@T LiLORNASZ nodlecd oh inBBEhORY (15101 2N 16 Beifshat descri bed
in Exanple 3. This reporter vector is shown schematically in FIG 36. The
reporter vegieg Was i1y 98B eRvd (At Canid &lls G884 be MASRNLBRGAHS BelhRY are
parti cul arl¥ wel |l suited to FAGS sorting. Selection with hygromycin yielded
an Al a r epofeaspsces|iplepsitiel lggresqenes afdll0s celbr(top) isgine fectakdy e*‘rhérp‘é‘%é’r‘ vect or
construct. EQ3RAhA. §1QUio ALSBERIRNE JEFPEES MBIV Srefeile ba NAERNAEb1uefbiar 98
nunber of Akltg regorter cglcl se(were i%lfject ed vvit%&?éetrov?r ugf]%r e;e)(arugg 4lr om
Phoeni x cel & Lur st adgmen). Wihth thendxlARrorteneqpetriat d | § @theepiére adsposlst or |i brary.
The cells days with puronycin to select reporter
cells also é:?\lrﬁ%lﬁéggﬁ@%ﬁi&ﬁ@ﬁlua. WD 20091082488PCTW52008/ 014037
103901Reporter cells carrying an shKNA construct were then sorted on a
FACSAri a. | isEbired A RS o RHBFBIRiN QR i 2PAr ERETAN QSRR OAK AR AR TRIRNA .
construct) aEked prew GEEH exRAESS] on (1 ndicating successful knockdown ol die
reporter) were sorted into pools of 10 or 100 cells. The shRNA cassettes

wi thin eachif38¥ of Reterinomersstd Soeloacy &eoiherldummy gepcheduntsiePgr v efér s t hat
| ncor por at efaRiRang kAo 41 9IbiLHANke B2F BOde.NRS HEtHAOTvERRACPOOL of 10

or 1.00 sequences So t e sequence of eac BeR product woul d reveal which
pool (and t A& afcre-280swusidiachdichde pethe 6T fyarcasdnes. Bigpeduchenin GFhe PCR

product V\’a‘sﬂﬁi@régc&’?ﬁq Cfclllisggby Ax1-280 was nearly as strong as the reduction seer with the control
Ax]2 shRNA, while Ax1-278 produced a weaker reduction. Sce FIG. 26A.

6) AXL PROTEIN LEVELS CORRELATE WITH FLUORESCENCE FROM THE
REPORTER CONSTRUCT

[0360] The Axl protein tevels correlate with fluorescence from the reporter

construct. FIG. 26B shows a FACS analysis of the same cells as in FIG. 26A, but stained

directly for Axl protein levels using the anti-Axl antibody. The reduction in Axl protein
misrors the reduction in GFP fluorescence, with Ax12 shRNA producing the strongest effect
and Ax1-278 producing the weakest effect. The relationship between the reporter

fluorescence and the actual Ax! protein level is nearly linear (FIG. 26C). The loss of
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103911PCR products fromall the pools of all the independent parall el
experinents were pool ed and subjected to nassively parallel sequencing on a
454 pyr osequ¥Réar8ys%| di ng over 10, 000 sequences. These@dgagngedsiere t hen
examned to identify slaNAs that were present in at |east one pool from each
of at | east flu¢ipssencsfiramnine ldup GFReRFSINAETEptgr eduisiict dhgpelpiermgrely refitvésstie shRi NAs
were consid asaRr n the screen for shRNAs largeting Aki I. The
shRNA nol ecﬁ@gﬂtﬁat F\;/{egif%gyknntoa%ﬁq%gjnm stently selected in multiple independent
paral l el experiments were assumed to represent random fal se positives and net
processed fugy ARemRAATEVEIXSOBRRRE AQE Wid i FLUBDREIEFNCE FbM TREOGNI ze t hat
vari ous mat ng@@Eﬁrtgmqgmg g that are simTar or equivalent to those

descri bed herel n can used in the construction and MC“ ce of the present

i nvention. 1%0lls not Qw&%é@Rﬂ?ﬁan@ﬁeﬁmﬁasm@ém le@istip Ld Wecdlarti cul ar

material s aagwm?gtmﬁa%nmlqgrg@ Ogeghﬁw@ann FiG'?rA ALENAE thet s%te aShANbgy, and

equi val ent materials and met’hods not recited hérein are also wthin the scope

of the inveArildns the 68933\ 1t &7 Btahé AkbiBaguirgndsio erveivorcahlysepetye &36Y i bed in

sonme detail ,for r f g.fl.e@&"r to one

skilled in t%e %0?% a?%%‘?nszggr Eg‘%j?gﬁ%é“ﬁ%"?‘{l E?Mﬁé%fj%g% g}t%{ c‘é"lg%l:atggs ecr\fgﬁges in

| oan and dethgipkroemtreniekdorard eneasrbrblogt thdemrttnqmgstﬁmt)mthe true scope of the

invention. For exanple, all the techniques and apparatus described above can

be used in vari ous conbi nat i ons. Al | ubI i cations, pat ents, patent

appl i cat i on8) TRRAESORIERASHEX IHBRES ENES @ datlion are

i ncor por at efhsbyl ref er1ﬁra€c%r i ﬁb%&at@fh%i t'h@ﬁwpflgépd’ﬁlel‘ agawg;a%ﬁcametvh@ei§arre

extent as it each individual publication, Pa ent, patent” application, and/or

ot her docunificales © magisgnerfar thy identificaipa el figctsmal ﬁ#@é%pmomc@as @yew@ér ence for

al | purpose uci ng at
§euor%}% Wﬁﬁ]ﬁ-\ ﬂo?hgwﬁl aéoﬁlal subumt betg‘SgFﬁIb[@g or BEtaBPY »9&

| east one hairp ecul e conprising a loop and a substantially
doubl e- st r agrietitest difys repirtit donbised oe added cotsanstsbempr irskig 23. douslka:-st r anded

polynueleot f, I J.east one
smal | int er er| nguﬂz‘{&g&(s 'Iqtgﬁ&@& Hﬁ mggﬁf%gﬁg tgllaetagﬁsﬂltogl\?%%m%@éﬁ% t he

net hod conprigt agitrol RFP- shRNe\d)lc pmovid exgessOg adbBYedistred ngadst CDNAY

correspondi ngigl Qg oI RHuclt REThE ABuRE: dlle MRVA and

[0363] Three previously known shRNA molecules that target proteasomal subunit

beta 5 were introduced by retroviral transduction into the HSultan cells carrying the reporter
constructs in order to demonstrate the effectiveness of this reporter system. Changes in the
proteasomal subunit beta 5 RNAI reporter were measured by flow cytometry and is shown
in FIG. 28A. The x-axis represents the signal observed from the reporter construct on a log
scale. The y-axis represents the number of individual cells exhibiting that level of reporter

EXpIEssion.

[0364] In FIG. 28A, the top left panel shows the FACS analysis of HSultan cells
carrying the PSMBS3 reporter construct and HSultan cells carrying both the reporter
construct and the non-target confrol shRNA construct REP-shRNA luc. This plot confirms
ihat the control shRNA construct has no effect on expression of the reporter construct. The
bottom left panel (shRNA#1), top right panel (shRNA#2), bottom right panel (shRNA#3)
show FACS analysis of HSultan cells carrying the reporter construct and either the non-

target controt shRNA construct REP-shRNA luc or the candidate targeting shRNA
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ii)at |east one hairpin-adapter oligonucl eotide conprising a |loop and a
substantially doubl e-stranded stem the stemconprising a first encl onucl ease
recognition ¥PREYPWAE i s recogni zed by a first endonucl #g3asemgraeyeri zed by
a cleavage site at |east 22 base pairs distant fromthe recognition site,;

(b) fragmentdraigus &hENSBNA2AG rpipeelisly)aln the st bateen reDRla, the BMERtreparter east 22

base pairs j.1..l i j.8d ik ini;
(o) " enayi nat teaf Tghit S 100 LOAQHERYs GOMRbERAG, bRl AR BERARR SERT Cot i e
to the firsfroothsrpotd costmtingdowdt. t he eDNA fragnment, or (ii) hairpin adapter

ol i gonucl em des to both the first and second tennini of the cDNA fragnent, to
form an int #36%di at e TRAnsipiiegievs thaatiet negative contfad YlugranyishRNE&R Iy ndi gest i ng
said i nt er ”?g%c?ér%{e m Lll.b%H!bgta T ré?é%rfslsiroﬁtlev%@fjxgﬁi%qh?\’%ﬂfﬁ1 atng%ﬁlgqu%

produci ng at Teast one halrpin nol €cul’e conprising a stem conprising at

| east 22 nustoeglyirdduchbasmepainr Sc¢ REG. 28av. r @ spondid oenadyssax]the pmteesdned i ng RNA

(siR_.NA) that is specifi.c for .a.target . T ho f.claml,
wherei n sait tbﬁ?EPeer‘ggtpr%ﬁ'é Iesvf’{il{]}kﬂﬁé:fﬂ?gilﬁ Cﬁﬁh'%eaﬁléatgpﬁ\c]gﬁgﬁlagﬁhyﬁ NA hai rpin
nol ecul e i skiacpéddcaln thy erafogaioRNeth disttpini pratia guddasti@r witandisdRNa#3 aNA=hai r pi n
nol ecul es. 3. The od of claim.l ein said at |least o i R I NA
nol ecul e en%OSHQEE'éﬁfm SPH‘P&;Z;S&F %1 MS"FWHWW%E"@B@E&@? gt Eﬁ?@l\ﬁ;r y
activity tonarHENSGEArdictiiNARNIS triddE) 20RAOSR2A 53RN 00hA b4AIareilre net hod
of claim1, wherein sajd at | east one si RNA nolecule i % adrlol Hr ality of
measured in the RNAJ reporter assay of the invention, but sShRNA#2 did not demonstrate

this activity.

EXAMPLE 4
Identification of mRNA Séquences that are Targets for Orphan shRNA Molecules

[0366] This example describes the identification of “‘off-target™ sequences that are
targeted by known and previously isolated siRNA molecules. This method supposes that
one has identified an shRNA that has an interesting biological effect, but for which the true
target is unknown, i.e., the shRNA targets a gene other than the one it was designed againsi.
The problem is to identify genes which the shRNA is able to down-regulate, as these are
good candidates for the true target of the shRNA. Furthermore, the method is also
applicable 10 1dentify targets of naturally occurring shRNA molecules {e.g., miRNA
precursors) that have been 1solated from cellular systems. This protocol is outlined

generally in FIG. 29, and is described in detail below.

1) PREPARATION OF A PLASMID LIBRARY

[0367] A collection of cDNA clones covering all predicted human genes (or a

suitable subset) can be obtained. An example of a suitable collection is the Humman Unigene
4.1 set from RZPD. This collection contains arournd 30,000 ¢cDNA ciones covering most
predicted human mRNAs. Alternatively, a suitable collection can be obtained by picking

single clones from the large number of available human EST clones.

10368] In a bulk cloning experiment, the cDNA sequences will be excised from their

vectors, gel purified and ligated into the GFP-PEST vectors described herein. The ligation
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sili NA nol ecul es that encode a plurality of RNAI trigger nolecules that each
have specific inhibitory activity towards said nt RNA. S. The plurality of RNA
trigger nol e¥QRESOBBduced by the method of claim 6. THW€Thsemodi+of7 cl ai m 2,
wherein said plurality of siRNA candidate hairpin nolecul es conprises a
library of siRNA kedrrdidened inti £ giof brsleetceoesion tyobtTina lange hemb@fof edlaiting 1,

wher ei n sai e Qﬁ)‘}lﬁ f S 0 base
pairs in Ieﬁ)gltgﬁ’w%)Sﬁ egciagn)gt%ﬁo o} gt{c@%ﬁ%ﬁ ?&dtééép r{?? %ddﬁ g%z%rlglnded eDNA
fraunment of potlep d(dB)NA\ S$baty Inedyth &00 chNdec!praiis placad doemgnrd:mn ofGFP -PESHe net hod
O 2 L oSG 16T il R 5 FARLEL 1 OLLAOIMCLERLL 2R, BnSLEP (€)01)
enzymat i cal teyisdhngesti ng step (d) pr oduces two hairpin DNA mJI ecul es. 10The
met hod of claim1l1l, wherein said first hai rpi n-adapt er ol i gonucl eoti de of step
(a)(ii) lacks a 5-term nal phosphate . The nethod of claim1, wherein said
first hairp2nPRHBARATIGONQ ,, GERYt er mi nal nucl eoti de sequences
uherein a dlies) conwh%'h@%\wo\enag%@hmct ot ihlo PAb & éécrkﬁéin ghl:phAnRdapt er

ol i gonucl eotides generates a de nob o restriction enzyme Tecognition site at
the site of pickegtiirgrpvirug @ colfepsedrelthiropfodifcesd weitmayviral linkaey e suffiveenf iungher of
encl onucl ea 0 The
nmet hod of c lg(}c'(r}%§1%ﬁ%/\ﬁe%t' ggrqb(gg?a %seaﬁz%%%?b‘lfcaﬁrﬁgm gees?ﬁapgﬂ‘g?éer?%ﬂmopéo uces a
hai r pi n DNAcIShdibudre caonpute 81 thg rarostr&rbconpr i si ng at | east 25 nucl eoti de base
pairs derived fromsaid cDNA. 14. The nethod of claim1l, wherein said
enzymatical |y di gest| ng step d) pr oduces a hairpin DNA m)l ecul e conprising a
stem conpri $) : peZOLY 2 iLh8se pairs derived from said cDNA

[0370] The retroviral library will be used to infect a suitable assay cell line {e.g.,

Jurkat celis or HL60 cells) to produce the assay library. Again, a sufficient number of cells
(for example, greater than 3,000,000 cells) will be infected to ensure that all members of the
original library are represented. The assay cells will be cultured in the presence of

Hygromycin to select for cells infected with a retrovirus.

(0371] The assay cells will then be analyzed by FACS to determine their GFP
expression levels. If the cells express GFP in a broad range of levels (as determined by
GFP brightness) then they may be sorted into subpopulations (e.g., ten subpopulations) of
differcns brightness, so that each subpopulation contains cells expressing a similar level of
GFP.

4) PERFORMING THE ASSAY

[0372] A large number of the assay cells from the previous step above (or of each

subpopulation above) will be infected with a retrovirus expressing the shRNA 1o be tested.
The shRNA expression vector used can contain the selectable marker REP. The FACS
sorter will be used to isolate individual cells that express the shRNA (assayed by RFP
expression) and that alse show reduced GFP expression, indicating that they carry a hibrary
member that is inhibited by the shRNA. The sorted cells will be allowed to replicate, and if

necessary, subjected to further rounds of sorting.
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WO 2009A18248SPCT( 1352008/ 014037 15. The nethod of claiml, wherein said
enzymat i cal ls‘%{ digesting step (d) produces a hairpin DNA nol ecul e conprising a
stem conpri SYAGUAPSIBast 35 nucl eoti de base pairs deri vEETUSYNY&IAPE CDNA. .

16. The nethod of claim 1, the method further conprising treating the hairpin
DNA nol ecul &3&Bk h a m@mfymdacsés wilttaerelpysubreodd &t HGR asibk ppmesdbialingai r pi n

DNA 1ol ecul g, cﬂu%n%,@ﬁtc %@%POII‘E %cmr L m%hf@q%é éﬁﬁﬂ%seﬁ%%ﬁl% e

treating the hair nol ecule wth a at ase y producing a
dephosphor yG&P&ESHaicctor. nAi)bdﬁaltmhae@ultevemd’legina)eSlsed&anilﬁé‘lR phosphatlee 18. The

met hod of claim17, Lises:.
provi di ng abﬁqlufﬁ”ecgcr?ln%lé \\?/%%:l %a)ga ap 00? (Phan e%‘?ﬁ‘?’*ﬁ‘gﬁ% éf?sioq l|Sg56§tulam btyheg vect or
adapt or andsitRi¥A dephosphoryl at ed hal rpin DNA nol ecul e to produce a fusion
nucl eic acid conprising a stemloop and a single-strand nick between the
vector adaptor and the 5 term nus of the hairpin DNA nol ecul e; (f)
provi ding a strand-displ aci ng DNA poEX#MBEE Sand initiating snygl e-strand

pol yneri zat i o reftintgwen Bpiidllelin SONs afdlyepinobyhit HeRPNAVIpletylrePasetedto thte site of
the single strand nick, therebReceptonvTynpswaikinkeopxlsecondary structure; and

(9) enzymat {gah]y Se'"rthét | H“ﬁ‘ehf SR BHCESIE L{,ﬂ kil ‘?@M fhgduci ng a
circulari ze!jd%vect or corrpr%gtfdnpgxa 1 IE%A0 %afeep igﬁ e E{?o (})rF claim1l,
wherei n st eplVQSI‘)engsnébeﬁaes:alalﬂOvTQemIlso(quileatétImn ‘Mukinie wlestthetheretchpdr f urt her
conpri sing sating 1 i Gtion xt aﬁ% ne
exonucl ease[Lypr|nc‘)c“'rk";‘]‘HSE ;emetg@&lrrfg Jt%I% éa "“errﬂ |§%$23%(¥e§d}((2 0§)g g met hod of
claim19, whmnmphsktehheremchﬁmhﬁaseng & epehbdtcednésraﬂ’wﬁmdirphrc shRNA molecules

that target the endogenous Axl gene, and scoring the tumor invasiveness phenotype in the

resulting Axl-knockdown cell lines. This analysis showed a correlation between Axl

expression fevels and invasiveness, possibly indicating that Ax| facilitates the tumor cell’s

ability to invade surrounding tissue and promote metastasis.

[0375] The Axl receptor was originally identified as a transforming gene in chronic
myeloid leukemia (Janssen et al., “A novel putative tyrosine kinase receptor with oncogenic
potential,” Oncogene 6:2113-2120 (1991); O'Bryan ef al., “Axl, a transforming gene
isotated from primary human rayeloid leukemia cells, encodes a novel receptor tyrosine
kinase,” Mol. Cell Biol., 11:5016-5031 {1991)), however its function has remained elusive,
Axlis a unique member of the RTK famtly with an extracellular domain comprised of
fibronectin [1§ and 1g motifs similar to cadherin-type adhesion molecules. The Ax} ligand,
Gas6 (growth arrest specific-6), is a secreted protein betonging to the vitamin K-dependent
protein family, related to blood coagulation factors (Melaragno et al., “The Gas6/Axl
systen: a novel regulator of vascular cell function,” Trends Cardiovasc, Med., 9:250-253
(1999)). While expressed in various organs during development, adult Ax] expression is
relafively restricted, predominating in the vasculature, mesenchymat cells and the myeloid
lineage {Melaragno ef al., “The Gas6/Ax] system: a novel regulator of vascular ceil
function,” Trends Cardiovase. Med., 9:250-253 (1999); Funakoshi et af., “Identification of
Gas6, a putative ligand for Sky and Axl receptor tyrosine kinases, as a novel neurotrophic

factor for hippocampal neurons,” /. Neurosci. Res., 68:150-160 (2002)). Importantly, Axi
93



Exonucl ease | and X exonucl ease. 21. The nethod of claiml., wherein said
nmet hod further conprises: (e) providing (i) an first enzymatically
ext endabl e pWPﬁ@Pf"S?(‘??l ) a doubl e-stranded |inear pol ynudl@Htseeeohi7goi ner
adaptor conprising a first nucleotide sequence conplenentary or partially
conpl enent apyd Eesbrepipressionsare pioried in Zavide ¢irigty obsodd haran dinsgs|tereh Atd DXAEeld

POLYITBr a5e: eukcunis (Sihlel LCUAVIRE GRULY ) 88481 Ay O ARG AdaBkGRgand the

hai rpi n DNA no ecu a fusion nucfeéic anneal i ng
the first pfaoaex C‘ihong drtet! EDNélCZ)?W Riokcl 281583 dD RO93 1 %mleyzrmtaf cénl Prexit.endi ng t he

O 2 Reg R SRl SR ARG PN POL YR PSE B EDIRG0UT g 2 1 near

si RNA t enpl a cronin I"near sl errpl ate into a
vector. 21The mnet hod of claim 21, wherein said nmethod conprises providing a

second e”Zy@NEQ@HTNGeKt}%@b%P@ﬁC% dekimy NEEEA@WCH@@N@M%C@EE@r and
where the doubl e strande I near ynuel eonde I gonmer adaptor conprises a
second nucl #8ffle seq@éﬁé'é@@ﬁ’ﬁ@b?ﬁéﬁﬂ@ﬂ%‘%‘?%mqlww‘%ngeﬁf?émeéﬁy to the

second pri f e linear
si RNA t enpl 1{mejluo edgtg Lé%n%{g]?? @hgﬂgr%pu{mégﬁq%&?g@n%dr@%?ﬁn héelgizl ng '!tQhe second

primer to thelfuss ans svrshed @ 2adDd- Mﬁﬂblnlzrymcar@mmg’Ctéklufwmﬁldag:ﬂtbh@ns econd

[ by t - 1 i
G Rt onpl SETPE SR TR LA S R PO e AR SRR, g
t ti th th d
dggﬁoggﬁmyfva?z;ﬁ;rrﬁ\g% TR ISR Lol et o
step (), 24xl Avccnrbmrpb&l\l irogieadesp lihsiceily vadre hredioed bpEAKRS Lnsplgra fad:aqatleme-
o i gonuct eold s h0%h bRmHFIeati e GRTRESLN0.Al.008 Ll 1y

doubl e-stran npri sing cni ionuc easéprr ec@gnl tion
site that i Sarmecmgmibsadd bylday;fu(mstmdDmm} leziie weteatAvoddewitly mdude\ena-helxéavage

cCt v Y, SR 2R SRR LSS0 LB LT SR PR35 T

ol i gonudeot dsa647 @hfighRE iseBhkt yod{tcgahﬁdexfpﬁbsﬁbn lveasialeae b aublcgrosictranded

pol ynucl eot | at. l east 22 bhase s in length derjved froman mtNA nol ecul e
that is a tgfs‘géf‘“f’of‘s h‘é‘YPa‘I”IFIh rcl‘3 ? g %”(‘@i g&ﬁlﬁ& Prb‘fhé’tf&zé sipwed acandi dat e
si RNA nol ecdgetion2B AxT PRt k'bh@cﬂné%f‘ b&dkioth ve W@IRIafed3aind cats) | east one
doubl e- sn-anded poal ynucl eot | | east 22 base pairs in Ie\r%glth encodes an RNA

i trigger nBpEduicd FilRaARRSS %fts’év@ﬂwtemeﬁwaﬂo‘moeﬁf Jow s tAY JRERY 81 ¥ 30T aRNA.

27. The conpesi kdoRRddin Giedi Medi@ exWRQIRI the &%’tr@!l gqtm\l;eaa%enqgiu@t@awefesr&tuﬁ)anded
pol ynucl eoti de at | east 22 base pairs in is a plurality of

doubl e- st r apRNFdSBIA) i BRI F’ﬂ’é@s*@ﬂét’mé%{%wég%%%fél I51%- RNAI trigger nol ecul e

t hat has speC| f| c inhibitory activity towards sai d naRNA.
10378| A schematic representation of this same date is shown in FIG. 31, where the

mean + standard deviation from four independent experiments is shown. The percent
knockdown was calculated relative to the expression level seen with the control shlLuc. The
scale was normalized using the isotype control staining level to define 100% knockdown,
These knockdown efficiencies ranged from very weak (7% + 30 for shAxI-18) to very
strong (94% =+ 4 for shAx1-2).

[8379] The ability of the shRNA isolates to knock down Axl expression was

verified by western blotting analysis, as shown in FIG, 32. Infected MDA-MB-231 cells

were lysed, separated by 10%SDS-PAGE and blotted. The membrane was incubated with

mouse anti-hAx! mAb (R&D Systems) or rabbit anti-Actin Ab (Sigma) before they were

incubated with HRP conjugated goat anti-mouse Ab or HRP conjugated goat anti-rabbit Ab.
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WD 2009/ 0S21 NSPCTI US2008/ 014037 28, The conposition o claim 24, wherein the
first endonuel easc is selected horn EcoP151 and MaBC. 29. The conposition of
claim 24, savd?2Hai¥3¥n adapt er ol i gonucl eoti de further EEAPISPOSERI4B7Second
endonucl ease recognition site that is recognized by a second endonucl ease
that is diffesdntwasdenclpped Wity EEL ohd obiestdre 8dting BocctiphSystompddoiersham of cl ai m

24, wherein ir t _
phosphat e. B%»%& g:ﬁ@]@ *‘“ng‘” Oglg(??loﬁﬁ%g \\cdlgﬂ M%ci%{/\ﬁ‘er)e%%éél d&ﬁghﬁ{)g}(ﬂggg& er
ol i gonucl eotipdessioompihi semrdt eelhitmashLnuehgottiAde 18 spahtbshake? eand saAdl-2 ner
conprising two tica | i.ga h p| -adapter q 0 I es
gener at es a”'dé" %ov%%?e crclllg h% hvegﬁe%rl 6t Pﬁ? o%cc’g‘igltsgeen%fm?ﬁlg sdtsg of

| i gation, %Jys‘Eh@haeﬁmsaaklcmﬂeelﬁAﬂImshb@dd wedkemetdosaiof Axdprogdim- adapt er

ullgonucleotlde CO s _at ast qne_l ac tor, recognition sjite (lacO).
55 CThe. conferErnr bl 6 sie STEoeysiaksn S oA 1t o8 AB-GroBT PhATuct on He
further encpdesn éprepont er pol ypeptide. 34. A nmethod of testing for the
presence or absence of specific inhibitory activity of an R NA trigger

nmol ecul e for a poly-nucleotide target, the nmethod conprising: (a) providing a
cell conpri sNACROTER ISEREPUBREIR 608 INYSIEFENMESESi Nng a reporter transcription
unit, ther ter tr [ ISl e reporter
gene pol ynu&gglﬁllt de éﬁggc% loDaS%‘e(g?tehlégélgl%: 0? Fin brea%awon% h@%géngstsatm

nont r ans| at & eMB2gedrepo Icgmmemednbstatellmpaesmg tnttmnshtmmemfgennglaxt @r get

I I d d dii
Voctor encod g SR AL PR GD hRcbERare oy Rar (LG aE AP Ol I nder

condi ti ons trhatiorpetay. tTheypnaskiodthedfivasida assapyritletrated in F1G. 33. Cells to be

tested are seeded in the inner wells of Transwells coated with Growth Factor Reduced
Matrigel™ Matrix (BD Biosciences) at a concentration of 1x10° cells per well. The cells
‘were induced to migrate towards F12-K mediurn (Gibco) containing 20% fetal bovine
serum, for 20 heurs in a COz-incubator. Non-invading cells on top of the Matrige!™ were
removed with a cotton swab. The remaining cells were fixed in PFA, stained with DAPI
and analyzed by fluorescence microscopy (4x magnification). Cell numbers were assayed

using lmagelJ software {(N1H),

[0381] As shown in FIG, 34, MDA-MB-231 breast carcinoma cell invasiveness
correlates with Axl expression levels. This figure shows the mean of 2 independent
experiments £ SD. MDA-MB-231 ceils showing weak knockdown of Axl (e.g., using
shAx!-18) did not demonstrate any reduced invasive phenotype compared to the control cell
line (shLuc), while cells with intermediate {shAxI-13) or strong (shAx1-21, shAx!1-2)
knockdown of Axl showed progressively stronger reduction in invasion. This reduction in

invasiveness is not dae to a reduction in proliferation (data nat shown).

IN VivO TARGET VALIDATION BY EPI-ALLELIC ANALYSIS: /¥ VIVO
BIOLUMINESCENT IMAGE ANALYSIS OF SUBCUTANEQUS MB-MDA-231/CSI-
AXL shRNA EPI-ALLELIC BREAST CARCINOMA CELLS

[0382] The MB-MDA-231 epi-allelic cell series created by the present invention can

be used to correlate expression of a selected gene with in vivo growth of tumor ceils, an
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transcription unit and the R NAI trigger nolecule; (c) detecting a
signal associated with the cell, said signal corresponding to a | evel of
expressi on oWORHE/BEHort er pol ypepti de in the cell; and PCT/US2008{ k)37
correlating the detected signal with specific inbhi bi tory activity of the RNA
trigger nol sepgrentstap in He validgon tipogreuit agetsder canherrtebymans sThed Br D A-hkl

ol scul e or et B htfe T LPL WK BER R BB SIS, s
The nethod &he bbl&rme:géne slvevsebaintvhe detacye omblymwbmta ﬂ:dalowmg(mt_)'avanousn RNA,
(i) ac ]néeraﬁoréa %\};erm Bncﬁfl}lﬁénefc&éé i$ d%tegte I %Qtl tid 1{1.'1)1 gtl a Iz)&ér.f 36, The

nmet hod of ¢ ere roma
doubl t RNA, t
AR U I s Sl RS W@W@ ALABRGM 2,
wher ei n t hesubegendoasly gemelqwsgjrmmueﬁtslpdel{elmlddesl a'Mulsipenolee fiortheeceplor

I tid
Dol Y11 el cobTREePER AR BrubudearBry Cises il bt 230 LERE0 St ve

nol ypept i de:mlﬂalﬁechBl-Mlmﬁp%Nﬁﬁﬁtltl&&eﬁ@iﬁbr\uasmﬁ@nérﬁ@w@%ﬂ' bpeiiits  39. The
net hod of ¢ a m.34, wherein detectin

onpri ses detect th S|n -cel |
resol uti on. Hnefent HRYas dR2lETs ¢ ]rﬁ%ﬁﬁ’“sﬁﬁ’e‘r‘r $He‘?‘i‘i‘e“?‘fe‘ﬁ’g?\tﬂle?m?rr§ﬁ & i ption
unit is operalbyartd RfRENt 1Re ﬁ]ﬁﬁﬂﬁﬁéltdﬁ?ﬂf@f@n&r@mﬁﬁﬁ}or infkke addR réelch@d of claim
34, wherein the reporter gene encodes a fl uorescent reporterlggr‘a1 z:g‘eptl de.

42The net holtH! Seqeéﬂ o 1B R aplpn- (e VaprTalized dheroatieldds- redeent
reporter polypaphhdf lﬁefeem@ﬂﬂf:a@mlﬁg SR 18 | WREIR8&8 Rbe BRBLANB-MBALEI

fluorescent protein, a yellow fluorescent protein or a blue fl uorescent

prot ei n. cell growth in vivo and iS mdlstlngmshable from wild type MB-MDA-231 cells. As shown
in FIG. 38, MB-MDA-231 epi-alletic cell series tumor formation in vive during a 28-day
period is correfated with Axl expression. Tumor formation (total photon measurement) is
dose dependent (FIG. 38, top panel), with tumor development displaying a distinct
threshold defined by the shAx|-2i-determined Axl expression level. Radial invasiveness
(tumor area) also shows a genetic dose dependence on Ax] expression (FIG. 38, bottom
panel). This data demonstrates that MB-MDA-231 cell growth in vive is dependent on the
expression of Ax| and that epi-allelic analysis by the current invention can be used to define

beneficial therapeutic expression thresholds for putative therapeutic targets.

CONCLUSIONS

[0384] Using RNA interference, we demonstrate that the receptor tyrosine kinase

Axl is required to maintain the invasive and tumorigenic phenotype of the malignant breast
carcinoma cell line, MDA-MB-231. Using the novel methods for construction, screening
and identification of active RNAI trigger molecules, several shRNA molecules were
identified that reduce Axl cell surface expression to different jevels. This Axl hypomeorphic
series, representing a4 “genetic dose response” estublished a correlation between Ax!
expression and malignancy of MDA-MB-231 cells. From these results it is postulated that

Ax| expression improves the ability of breast carcinoma cells to invade and co-opt the
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43. The nethod of claim 34, wherein the reporter gene encodes a cell surface
mar ker pol ypeptide. 44. The nmethod of claim 34, wherein the reporter gene
encodes a LyW922¢e0$248yurf ace marker pol ypeptide. 45. TheGrdiskogop3icl ai m 34,
wherein the reporter gene encodes a negative selection marker. 46. The

met hod of chaiawndag sygperieiestrome andpay pley agsnroranicotbas metasagiat ilves. §&l ect i on

mar ker sel e _ |

2009/ 0824UPW%%%%%%‘%%‘%%%{}#@AM%g?ﬁggﬁ%iar‘%?:f@: ]r%a'g“%g“@%gg AR T S or t er
gene encodes a reporter polypeptide selected front a Mei ferase pol ypeptide,
a 3-gal actosi dase, u-lactanmase, an agkalypggphosphatase and a horse-radi sh

per oxi dase. 4@2:‘1&'&%@@{@ diRlic QLﬁémf%poWEﬁ'c@hkﬂﬁ MBfRtQles DiretheshRd froma
retrovirai vector, entl vira egﬁﬁ Pﬁ"yro@fhe ﬁE',sQVAl-[ta' vector, a eukaryotie

expressi on vector. 49 The net I'al m 34, wher ei n_det ect ng a signal
associ at ed W3BA each ey Exmﬁtﬁé@%@sd@ AL ‘t’ff’tﬁ(ﬁﬂ?éé]&"éﬁ@éfi%;pff | uor escence

activated gllon30pfi AN £ACRkules RectdE HELNAL Mot b 8 A proifiek gy det ecting

a signal associate conprises detecting a magnetl c lag by
magnet i ¢ f | sgnadiakpraden tikplgoncogane (Asevstchvadhstporteindensd Byi ng an active RNAI
trigger nolecule froma library of RNAi trigger nolecules, where the active
RNAI triggef380l ecul et HhgnspfesbRNACmPlapi ey t@mﬁgyn%khwaseynﬁfmcteéms ARKAbeddnget |

di e met hod EQXH%E §,| H9: starting with an(}ﬂ)t cw}aq{epgian the VEGFR2 ¢cDNA. In addition to

intermediate vector L267 described in Example 2, tagged hairpin loops were also cloned
into two alternative intermediate vectors with slightly different modifications o the U6
promoter sequence and cloning sites compared to those tn L267. These were L266 which
has an Afel site instead of the Nael site, and L308 which uses a PshAl site instead of the
Nael site, and introduces an additional G residue at the location corresponding to the
initiation ol transeripiion. Hairpin loops in all three intermediate vectors were treated
identically to L267 as in Example 2 to produce a final library of candidate shRNA
molecules targeting Aktl. This ShRNA library vector is shown schematically in FIG, 36.

{0387] Over one thousand colonies from the retroviral vector library were
sequenced. Approximately 60% carried inserts with the expected hairpin structure,

targeting Aktl.

(0388] A reporter vector for Aktl was produced by cloning the Aktl ¢cDNA into
vector L1G1 (F1G. 22) in a manner similar to that descoibed in Example 3. This reporter
veclor is shown schematically in FIG, 36. The reporter vector was introduced into HL60
cells, chosen because they are particularty well sutted to FACS sorting. Selection with
hygromycin yielded an Akt reporter cell line of HL60 celis carrying the Akt1 reporter

vector constouct.

[0389) In four independent experiments run in parallel, a targe number of Akt
reporter cells were infected with retrovirus prepared from Phoenix cells transfected with the
Akt-targeting retroviral vector library. The cells were treated for several days with

puromycin to select reporter cells also carrying an shRNA construct.
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paraltel experiments. These shRINAs were considered as primary hits in the screen for
shRNAs targeting Akt]l. The shRNA molecules that were not consistently selected in
multiple independent parallel experiments were assumed to represent random false positives

and not processed further.

- * *

[0392] One of skili in the art will recognize that various materials and methods that
are similar or equivalent to those described herein can be used in the construction and
practice of the present invention. It is not intended that the invention be limited to the
particular materials and methods cited herein, and it 1s intended that simitar and equivalent

matenals and methods not recited herern are also within the scope of the invention.

[0393] While the foregoing invention has been described in some detail for purposes
of clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus deseribed above
can be used in various combinations. All publications, patents, patent applications, and/or
other documents cited in this application are incorporated by reference in their entirery for
al} purposes to the same extent as if each individual publication, patent, patent application,
and/or other document were individually indicated to be incorporated by reference for all

pUrposes.
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(a) providing: i) an RNAI trigger nolecule; ii) a reporter construct library
conprising a SI urality of reporter construct nenbers, each nenber conprising a
reporter traM3ePPPEHen unit conprising (A) a transl at ablRETIUSRIBPEF3gene

pol ynucl eori de encoding a reporter polvpeptide, and (B) a nontransl atabl e
candi date target pol ynucl eotide, wherein the candi date target pol ynucl ecnide
is positioned 3 to the reporter gene $bhrlM8cl eotide, wherein the reporter

construct i rar)f conprises a plurality of candidate target poly-nuel cotides;
iii) a p/wiﬁ%—@&ééﬂmw )1S2ach cell conprising an RNA: trigger nolecule and a
reporter construcgt |jbrar nber ; . ulturing said plurality of

cel I's under lcondgtri‘%'l?'&d ‘ghéﬁ“gﬁfé‘?gﬁttleaé&‘a}e@é‘@’gﬁg%g Sl 46@%8}9{ ISRE AR 2t i on
unit; subs{a6lial Hedo@BlelsiignddSicgl) 8did AsSNEsRdnaed WkihRoBEANE #bubidsttdhged

plurality of cells, said signal corresponding to a level o expreﬁsion of the
reporter poPyRHGoHEe feiived &ospn mRYpgmotecule that is g yargetdpn 315 RyecBRl's t hat show

absent or rafueeds RNDAIRIVR) Ablevfle bPa BMAIAINGENAGhdicd i, Lenahsd @ndrkingf cell's,
t hereby identifying a polynucleotide that is specifically targeted by the RNA

trigger nol ecul e(@) BeyEng met hod of claim 53, wherein said providing an RNA
trigger nolecul e coppri §6sREAREN HINA YREHORANEA RENSRLMA: R of thé €T

nol ecul e. 55. The nethod of claim53, wherein the target polynueleotide is (.0
an rnRNA, (ii) a cDNA ®R&ddiang the ruRNA, or (iii) a portion of (a) or (b).
56, A composi Ui on CORPriiAN0.R BGhelEoBrifoRADHAR R, b erd er ence
trigger nolecule, the nuclelc ac d conpri ng a pol ynuct eot | sequence

sel ected from SEQ | D N@bstanB0ly daniblcattidge stieay ibantes tdrgrsof a first

endonuclease recognition site that is recognized by a first endonuclease
characterized by a cleavage site at teast 22 base pairs distant from the
recognition site,
(b) fragmenting said cDNA to produce at least one cDNA fragment at least 22 base
pairs in length, said fragment comprising first and second termini;
(c) enzymatically ligating:
(i) the first hairpin-adapter oligonucleotide to the first or second terminus of
the cDNA fragment, or
(i1) hairpin adapter oligonucleotides to both the first and second termini of
the cDNA fragment,
to form an intermediate DNA molecule: and
{d) enzymatically digesting said intermediate DNA molecule with said first
endonuclease, thereby producing at least one hairpin DNA molecule comprising a stem
comprising at least 22 nucleotide base pairs that correspond to a small interfering RNA
(siRNA) that is specific for 3 target mRNA.

2. The method of ¢laim 1, wherein said at least one siRNA hairpin molecule or
candidate siRNA hairpin molecule is a plurality of sSiRNA hairpin molecules or candidate

siRNA hairpin molecules.

3. The method of claim 1, wherein said at least one $iRNA molecule encodes an RNAI
trigger melecule that has specific inhibitory activity towards said mRNA.
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4. The method of claim 1, wherein said at least one siRNA molecule is a plurality of
siRNA molecules that encode a plurality of RNA; trigger molecules that each have specific
inhibitory activity towards said mRNA.

5. The plurality of RNAI trigger molecules produced by the method of claim 4.

6. The method of claim 2, wherein said plurality of siRNA candidate hatrpin molecules

comprises a library of siRNA candidate hairpin melecules.

1. The method of claim 1, wherein said double-stranded cDNA fragment of step (b} is
al least 50 base pairs in length,

8. The method of claim 1, wherein said double-stranded cDNA fragment of step (b) 1s

at least 100 base pairs in length.

9, The method of claim 1, wherein the first hairpin-adapter oligonucleotides of step
(e)(i1) are ligated to both the first and second termini, and wherein the enzymatically

digesting step (d} produces (wo hairpin DNA molecules.

10. The method of claim 1, wherein said first haurpin-adapter oligonucleotide of step

(a)(i1) lacks a §'-terminal phosphate,

(1, The method of claim !, wherein said first hairpin-adapter oligonucleotide comprises
terminal nucleotide sequences wherein a dimer comprising two enzymatically ligated first
hairpin-adapter oligonucleotides generates a de nove restriction enzyme recognition site a1

the site of ligalion.

12. The method of ¢claim 1, wherein the first endonuclease is selected from £coP15],
McrBC, EcoPl and PstlIl.

3. The method of claim 1, wherein said enzymatically digesting step (d) produces a
hairpin DNA molecule comprising a stem comprising at least 25 nucleotide base pairs
derived from said cDNA.

L4. The method of claim 1, wherein satd enzymatically digesting step (d) produces a
hairpin DNA melecule comprising a stem comprising at least 30 nucieotide base pairs

derived from said cDNA.
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15, The method of claim 1, wherein said enzymatically digesting step (d) produces a
hairpin DNA molecule comprising a stem comprising at least 35 nucleotide base pairs
derived from said cDNA.

16. The method of claim 1, the method further comprising treating the hairpin DNA
molecule with a DNA polymerase, thereby producing a blunt-ended hairpin DNA molecule.

17.  The method of claim 1, the method further comprising treating the hairpin DNA
molecule with a DNA phosphatase, thereby producing a dephosphorylated hairpin DNA

molecule lacking a 5' terminal phosphate.

{8 The method of claim 17, wherein said method further comprises:

(e} providing a Jinearized vector adaptor and enzymatically iigating the vector
adaptor and the dephosphorylated hairpin DNA molecule to produce a fusion aucleic acid
comprising a stem-loop and a single-strand nick between the vector adaptor and the 5'
terminus of the hairpin DNA molecule;

(f) providing a strand-displacing DNA polymerase and initialing single-strand
polymerization of the hairpin DNA moiety by the DNA polymerase at the site of the single
strand nick, thereby removing said loop secondary structure; and

(g) enzymatically self-ligating the fusion nucleic acid, thereby producing a

circulanzed vector comprising an shRNA template.

19.  The method of claim 1, wherein step (¢) generates a ligation reaction mixture, the
method further comprising treating the ligation reaction mixture with at least one

exonuclease prior to the enzymatically digesting step (d).

20. The method of claim 19, wherein the exonuclease is selected from Escherichia colf

Exonuclease | and A exonuclease.

21. The method of claim 1, wherein said method further comprises:

(e) providing (1) an first enzymatically extendable primer, (ii) a double-stranded
linear polynucleotide oligomer adaptor comprising a fiest nucleotide sequence
complementary or partially complementary {o the first primer, and (iii) a strand-displacing
DNA polymerase;

(f} enzymatically ligating the oligomer adaptor and the hairpin DNA molecule to

produce a fusion nucleic acid;
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{(g) annealing the first primer to the fusion nucleic acid and enzymatically extending
the primer by the strand-displacing DNA polymerase, thereby producing a linear siRNA
template; and

(h) cloning the linear siRNA template into a vector.

22. The method of claim 21, wherein said method comprises providing a second
enzymatically extendable primer different from the first primer, and where the double-
stranded linear polynucleotide oligomer adaptor comprises a second nucleotide sequence
complementary or partially complementary to the second primer, wherein the method
further comprises amplifying the linear siRNA template of step (g), the amplifying
comprising annealing the second primer to the fusion nucleic acid and enzymatically
extending the second primer by the strand-displacing DNA polymerase, thereby amplifying
the linear siIRNA template.

23. The method of claim 21, the method further comprising treating the hairpin DNA
molecule with a DNA phosphatase, thereby producing a dephosphorylated hairpin DNA

molecule lacking a 5' terminal phosphate prior to step (f).

24, A composition comprising at least one hairpin adapter oligonucleotide, the
oligonucleotide comprising a loop and a substantiaily double-stranded stem, said stem
comprising a first endonuclease recognition site that is recognized by a first endonuclease

characterized by a cleavage activity at least 22 base pairs distant from the recognition site.

25, The cornposition of claim 24, wherein the at least one hairpin adapter
oligonucleotide is enzymatically ligated to at least one double-stranded polynucleotide at
least 22 base pairs in length derived from an mRINA molecule that is a target for a small

interfering RNA (siRNA) molecule or a candidate siRNA molecule.

26.  The composition of claim 25, wherein said at least one double-stranded
polynucleotide at least 22 base pairs in length encodes an RNAI1 trigger molecule that has

specific inhibitory activity towards said mRNA.

27. The composition of claim 25, wherein sard at least one doubie-stranded
polynucleotide at least 22 base pairs in length is a plurality of double-stranded
polynucleotides that each encodes an RNAI trigger molecule that has specific inhibitory

activity towards said mRNA.
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28.  The composition of claim 24, wherein the first endonuclease is selected from
EcoP15] and MerBC.,

29, The composttion of claim 24, said hairpin adapter oligonucleotide further comprises
a second endonuclease recognition site that is recognized by a second endonuclease that is

different than the first endonuclease.

30.  The composition of ctaim 24, wherein said hairpin adapter oligonucleotide lacks a

5'-terminal phosphate,

31.  The composition of claim 24, wherein said hairpin-adapter oligonucleotide
comprises terminal nucleotide sequences wherein a dimer comprising two enzymaticalty
ligated hairpin-adapter oltgonucleotides generates a de novo restriction enzymce recognition

site at the site of ligation.

32. The composition of claim 24, wherein said hairpin-adapter oligonucleotide

comprises at least one lac operator recognition site (lacQO).

33, The composition of claim 24, wherein said hairpin-adapter oligonucleotide further

encodes a reporter polypeptide.

34. A method of testing for the presence or absence of specific inhibitory activity of an
RNAI trigger molecuie for a polynucleotide target, the method comprising:

(a} providing a cell comprising:

1) areporter construct comprising a reporter transcription unit, the reporter
transcription unit comprising {A) a translatable reporter gene
polyniucleatide encoding a reporter polypeptide, and (B) a nontranslatable
target polynucleotide or a portion thereof, the target polynucleotide
positioned 3' to the reporter gene polynucleotide; and

1) avector encoding an RNAI trigger molecule;

(b} culturing said first cell under conditions that permit expression of the reporter
transcription unit and the RNAI trigger molecule;

(¢) detecting & signal associated with the cell, said signal cerresponding to a level of
expression of the reporter polypeptide in the cell; and

(d) correlating the detected signal with specific inhibitory activity of the RNAi
trigger molecule for the target poynucleotide, thereby testing for the presence or absence the

specific inhibitory activity of the RNAI trigger molecule for the polynucleotide target.
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35. The method of claim 34, wherein the target polynucleotide is (1) an mRNA, (ii) a
cDNA encoding the mRNA, or (it1) a pertion of (i) or (ii).

36.  The method of claim 34, wherein the RNAI trigger molecule 1s selected from a
double-stranded RNA, a short hairpin RNA (shRNA), a micro RNA (miRNA), a shmiRNA
and a small interfering RNA (siIRNA).

37 The method of claim 34, wherein the reporter gene polynucleotide encodes a fusion
reporter polypeptide.

38.  The method of claim 34, wherein the reporter gene polynuclectide further encodes a
PEST motif, and said reporter polypeptide is a fusion polypeptide comprising the PEST

motif,

39.  The method of ¢laim 34, wherein detecting comprises detecting with single-cell

resolution.

40.  The method of claim 34, wherein the reporter transcription unit is operably linked to

a transcription promoter.

41.  The method of claim 34, wherein the reporter gene encodes a fluorescent reporter
polypeptide.
42. The method of claim 34, wherein the reporter gene encodes a fluorescent reporter

polypeptide selected from a green fluorescent protein, a red fluorescent protein, a yellow

fluorescent protein or a blue fluorescent protein.

43.  The method of claim 34, wherein the reporter gene encodes a cell surface marker
poiypeptide.
44, The method of claim 34, wherein the reporter gene encodes a Lyt2 cell surface

marker polypeptide.

45.  The method of claim 34, wherein the reporter gene encodes a negative selection

marker,

46. ‘I'he method of ¢laim 34, wherein the reporter gene encodes a negative selection
marker selected from thymidine kinase (tk}, HRPT and APRT.
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47.  The method of claim 34, wherein the reporter gene encodes a reporter polypeptide
selected from a luciferase polypeptide, a B-galactosidase, u-lactamase, an alkaline

phosphatase and a horse-radish peroxidase.

48. The method of claim 34, wherein the vector is selected from a retroviral vector, a

lentsviral vector, an adenoviral vector, a eukaryotic expresston vector.

49, The method of claim 34, wherein detecting a signat assoctated with each cell

comprises detecting fluorescence by fluorescence activated cell sorting (FACS).

50.  The method of claim 34, wherein detecting a signal associated with each cell

comprises detecting a magnetic tag by magnetic flow cell sorting.

51, A method for identifying an active RNAI trigger molecule from a library of RNA¢
trigger molecules, where the active RNAI trigger molecule has specific inhibitory activity
for an mRNA target, the method comprising:

(a) providing:

1) a library comprising a plurality of vector members, wherein the vector
members encode a plurality of RNAI trigger molcculcs;
1} & reporter construct comprising a reporter transcription unit comprising (A)
a transiatable reporter gene polynucleotide encoding a reporter
polypeptide, and (B) a nontranslatable cONA corresponding to an mRNA
target polynucleotide or a portion thereof, where the target polynucleotide
1s positioned 3" to the reporter gene polynucleotide;
i) aplurality of cells, each ¢ell compnising a library member and a reporter
construct;
(b) culturing said plurality of cells under conditions that permit expression of the
reporter transcription unit and the RINA1 trigger molecule;
(c) detecting a signal associated with each cell in the plurality of cells, said signal
corresponding to a feve] of expression of the reporter polypeptide in the cell; and
(d) identifying cells that show absent or reduced signal relative to any other cell in
the plurality of cells, thereby identifying an active RNAI trigger molecule from the Jibrary
of RNAI trigger molecuies, where the active RNAI trigger molacule has specific inhibitory
acfivity for the mRNA target.
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52. The method of claim 51, wherein the target polynucleotide is (i) an mRNA, (ii) a
cDNA encoding the mRNA, or (iii) a portion of (a) or {b).

53. A method for identifying a polynucleotide from a plurality of candidate target
polynucleotides that is specifically targeted by an RNAI trigger molecule, said
polynucleotide selected from a library of candidate target polynucleotides, the method
comprsing;

(a) providing:

i) an RNAI trigger molecule;
1)  areporter construct hbrary comprising a plurality of reporter construct
members, each member comprising a reporter transcription unit comprising
{A) a translatable reporter gene polynucleotide encoding a reporter
polypeptide, and (B) a nontranslatable candidate target polynucleotide,
wherein the candidate target polynucleotide is positioned 3' to the reporter
gene polynucleotide, wherein the reporter construct library comprises a
plurality of candidate target polynucleotides;
i)  a plurality of cells, each cell comprising an RNAI trigger molecule and &
reporter construct library member;
(b) culturing said plurality of cells under conditions that permit expression of the
reporter franscription unit;
(c) detecting a signal associated with each cell in the plurality of cells, said signal
corresponding to a level of expression of the reporter polypeptide in the cell; and
(d) identifying cells that show absent or reduced signal relative to any other cell in
the plurality of cells, thereby identifying a polynucleotide that is specifically targeted by the

RNAI trigger molecule.

54.  The method of claim 53, wherein said providing an RNAi trigger molecule

comprises providing a vector encoding said RNAI trigger molecule.

55.  The method of claim 53, wherein the target polynucleotide is (i) an mRNA, (ii) a
c¢DNA encoding the mRNA, or (iii) a portion of (a) or (b).

56. A composition comprising a nucleic acid encoding an RNA interference trigger
molecule, the nucleic acid comprising a polynucieotide sequence selected from SEQ ID

NQ: 1-30, and active variants thereof.
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