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BACKGROUND OF THE INVENTION
[0003] The development of 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 is 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 cellular mechanism for regulating
gene expression in all 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
(“silencing”) of virtually any gene and thus the opportunity to associate specific gene-

function with specific disease mechanisms.



RNAi , and furthernore, artificial RNA -inducing nol ecul es have been
successfully constructed. However, significant challenges remain in the
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substantial ly doubl é-stranded stem where the oubl e-stranded stem

cont ai nsseyaienoalydefriction dfthapetantigRdiverdlyecul e that that will be the target
of the RNAI effector nolecule. The nethods consists of the steps: (a)
provi di n{0007] There is a need in the art for improved methods for generating and screening

for biologically active molecules that induce RNAI, for example, shRNA or siRNA
molecules. There is a need in the art for improved methods for validating candidate drug
targets and predicting in vivo responses to inhibitor compounds. Further, there is a need to
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 methods for generating hairpin DNA molecules that

are “DNA effector intermediates” that encode the RNA molecules (e.g., siRNA molecules)
that are RN A1 effector molecule candidates. These DNA effector intermediates comprise a

loop and a substantially double-stranded stem, where the double-stranded stem contains
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i) a doubl e-stranded cDNA corresponding to the nRNA or a portion of the
MRNA; and ii) at | east one hairpin-adapter oligonucleotide conprising a

| oop and wo@ms2488e stem conprising a first restricti oRCIIUSR00BI0RL037 S
recogni zed by a first endonucl ease having a cl eavage site at |east 22 base
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produce at |east one cDNA fragnent at |east 22 base pairs in length; (c)
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enzymati cal |y di gestj ith t e Se. . i ments,
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can be a plurality of siRNA nol ecul es that encode -RNAI trigger nol ecul es
that each have inhi BFEMNIA ity towards the mRNA target. The RNAi

trigger nolec ' ' § bs

feature of thgB )iq?\a\%&et%ﬁg%?&[(g%liﬁoﬁngIpﬁdggngﬂgg%gggﬁeﬂrﬁ%%%&hﬁ?eﬁil%gm ?g%, a

pl ur al i t paiof indedgily hai r pi n nol ecul es are produced, for exanple, a library
of si RNA hairpin nol ecul es. The c fragments that are used to produce the
oNa ef oot or | FearBtCIE eatne B Tist 1adr s s sl eopafeien o o B gl
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hai r pi n-adapt er ol igonucleotides are ligated to both ends of the cDNA

fragment, and(d)esgymati¢ably digesting theninproddieedDNaomplgeulpivithDkia resiriettaredi at e
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digesting with the endonuclease.
[0009] In some embodiments, the at least one siRNA molecule encodes an RNA1
trigger molecule that has specific inhibitory activity towards said mRNA and/or the siRNA
molecule can be a plurality of siRNA molecules that encode RNA1 trigger molecules that
each have inhibitory activity towards the mRNA target. The RNAL1 trigger molecules

produced by the methods of the invention are also a 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 is 5' dephosphorylated. In some

embodiments, the hairpin-adapter oligonucleotides comprise terminal nucleotide sequences
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[0011] In sone enbodi nents of these nethods, the endonucl ease used to
generate the DNA effector internediates is selected fromcoP15l, MrBC,
EcoPl andwB=p00%082488e DNA ef fector internedi ates can conmpCiras2es/olast 22
base pairs derived fromand nRNA target, alternatively at |east 25 base

pairs, alvhefenadiméebymplisihgawb entyrharellpabited fiedt halrper fdbterdligonwdledtiiast 35
base pairs. In sonme enbodl nents, the hairpin DNA nol ecule is blunt-ended
and/ or dBpERIphbAg heragstricoon enzymereRegmpemsitng ths siscefdigationer medi at es
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producing a circularized vector conprising an shRNA tenplate. [0014] Using
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AR R e,
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(f) providing a strand-displacing DNA polymerase and initiating 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
circularized vector comprising an shRNA template.

[0014] Using the “adapter oligo attached” method, the additional steps include:

(e) providing (i) a first enzymatically extendable primer, (ii) a double-stranded linear
polynucleotide oligomer adaptor comprising a first nucleotide sequence complementary or
partially complementary to 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, optionally where the hairpin DNA molecule is treated with a
DNA phosphatase prior to step (f);

(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



extendabl e prinmer different fromthe first primer, and where the
doubl e- stranded |inear pol ynucl eotide oligoner adaptor conprises a second
nucl eot i cwoxeeususe conpl enentary or partially conpl eneRrCang2as/014v87 second
prinmer, wherein the nethod further conprises anplifying the |inear siRNA
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| east 22 staad ppiaierso the fusiog naclder dcikahd enapmaticalivkternlieg tease¢dralt prirsersby
target for a snmall interfering RNA (si ) l.ecul.e or a .candi date si RNA
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doubl e-s 1c]: ' t : j L h can
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hyponor p I‘i‘?%’ggﬁ% ﬁ&{rétcetﬂdég‘.m??%&l%‘?i‘ %@C‘(F)F;a]lr% ﬁp‘ﬁ R’Zﬁigé E#arﬁ?tfe{jﬁe an? f urt her
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hai r pi N- JeARIEE 004 EARIAE SRINABRIGARer ates a de novo restriction enzyme
recognition site at the site of ligation. A hairpin-adapter oligo of the

i nventio conprij, %&gknﬁ%aﬁﬁe&mhé AfubRRGE el gsg&eae&ﬁa@matsﬂsta@le&m@ . A
o of t d
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in length can be a collection of such molecules, where each encoded RNAI trigger 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.

[0018] The hairpin adapter oligo can further comprises a second endonuclease
recognition site that is recognized by a second endonuclease that is different than the first
endonuclease. In some embodiments, the hairpin adapter oligo lacks a 5'-terminal
phosphate. In some embodiments, the hairpin-adapter oligo comprises terminal nucleotide
sequences where a dimer comprising two enzymatically ligated hairpin-adapter
oligonucleotides generates a de novo restriction enzyme recognition site at the site of
ligation. A hairpin-adapter oligo of the invention can comprise at least one lac operator
recognition site (lacO). A hairpin-adapter oligo of the invention can encode a reporter

polypeptide.



met hods conprise the steps of: (a) providing a cell conprising: i) a
reporter construct conprising a reporter transcription unit, typically
driven bywe eumasaisBe pronoter, where the reporter transeCTatS2ans/ouBT
conprising (A a translatable reporter gene pol ynucl eotide encoding a

report er [ggabypept i @ othaPemb&inenttY tHeliavsitiah podEdésanedbdpir Yeriageled | de or a
portion thereof t he target polé nucl eoti de positioned 3' to the reporter

gene pol qutfkel@hibdery @mwltw)f ag t Biegenmelerulg fama ralxnueleqtidedargsh| Ehesee

(for exa n % ctor including a retroviral vector, a
| enti vi rg{%hog(s: %pﬁgenh% ﬁ’ov?r al vector, or any suitable eukaryot| C

expr essi on ve 3 %lg) cul turi n t he f| rst cell under conditions that
permt expres YAMgACe ecFS)B}p[rg &ranscription unit and the RNAl trigger

nol ecul e; (c deectn nal associ.at ed h.th fo I b
fl uorgscenf:e) act&vata:arﬁ %Trlcogm‘itﬁégf’ﬁlﬂég)% rBPV\A “ﬁﬁ%ﬁ&ﬁoe "ﬁ’ft bcé‘ rrp =

sorting), where the &{gAa a%ﬁtﬁﬁ%%&ﬂ&e?@v&ré&‘é@b Sereaps@gptioanndf the
reporter polypeptide in the cell; and correl |ng t he detected signal

with the specific umnmrtsmgy(Aé@tt‘rariskaya rephréelmw pp}yinggl@pn%m@dlr@aror t he

target polynucleotide her stin or t.he [ t he
specific inhibitory IERe leto Pa?‘?’l@nﬁm F?qtbaélélg{aﬁi c%ﬁtgo ?ﬁ&& &fa

pol ynucl eoti de t ar ggfortidPhefof, the tahid poBinieRotiddsositasr@dt3’ ﬂpdhyrﬂetfdr&@tgeﬁe can
be a cDNA, corresponding to an nRNA or any portion of an mRNA. The nature

of the RNAI tri gger pebyrelpotide;andot | inited, and can be a doubl e-stranded

e Perrort ena 0, AR o RSB TR ey Gt Sl |

fusion reporter pol weent ittdudihgh raxanimnl eecter, ﬁlllﬁitﬂ'lirabﬁécy@ep)m ademosirabri si ng a
PEST notif. In some enbodi ments, these RNAI activity assay methods can be
conduct ed with si nglVEcto8) T anySBItRRIE SRKaryQfic RPESSIOBIYREY: t he reporter gene

can encode a g %ﬁtﬁﬁﬁg é@?glm{dep%m&{s tﬂa ebAlt eﬁ?ﬁgﬁbﬁofﬁlegfaﬁ@rfb

fl uorescent p tern orescent prot el , a yellow fluorescent
protein tran@rlptlumuﬁﬂtamdﬁwdéNAl priggeeimolecule; ot her enbodl ments, the reporter

RN EEY L LM T IR TN T M o

b- gal act g daage mtsy&awaﬁﬁgnem ﬁ’d\iﬂééll SRRSO SMBAL RS Sighhl briepSRisitadi sh

per oxi dase. Alt er natively strll,
level of expression of the reporter polypeptlde in the cell; and

(d) correlating the detected signal with the specific inhibitory activity of the RNA1

trigger molecule for the target polynucleotide, thereby testing for the presence or absence of
the specific inhibitory activity of the RNAI trigger molecule for the polynucleotide target.
[0020] In this method, the target polynucleotide can be a cDNA, corresponding to
an mRNA or any portion of an mRNA. The nature of the RNAI 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 motif. 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 B-galactosidase, a-
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reporter gene encodes a negative selection marker, such as thym di ne ki nase
(tk), HRPT or APRT. [0021] As a nodification of the protocol described
above, thwoi2naen82488n al so provi des net hods for screeni n@CRNAROOBOIQIET

nol ecule libraries in order to identify RNAI trigger nolecul es having

speci fi CldcrihRE A AkaAflel phobphatRe oda mafshlrs&k@per@masé angeinatiVél9Sell e hods
conprise the steps (a) providin a library conprising a pI urality of

vect or nEapoEEsgengracedasanagatiy® ?%ﬁamgk@n@m@sahmm@ kipgsedtK)RNRP Tt ¢1j gger
nol ecul e Pml) a reporter construct conprising a reporter transcription
unit conprising (A) a transl atable reporter gene pol ynucl eoti de encoding a

A o BIRTEOT AP apoRor i brRS Rediba SRS, B RERRERUPY 1

pol ynuc! aRjvidtd néhffSof s&e@ﬂngBRNAq thiger hegleddle libeiae ieldentcidesifydayAi i i) a
plurality of cells, each cell conprising a library nenber and a reporter

const r uctnggebmoéqswtqa hanglgtsneclﬁp inhabitary agfivitefor 8 mﬁerelrlard@ﬁhlﬁ tapges. These

permt ex si on of e.Jeporter transcription unit and the RNAi trigger
nol ecul e”{%E %888?188§? Er%lrgg Szt;lg §| gnal associated with each cell in the plurality
of cells, the s) nal,. corresponding to a | evel of expression of the reporter
pol ypepti de i ﬁat avi ég’lgr and (d) identifying cells that show absent or
reduced si gnal | ative to any. ot her cagll 'n t he

|
t hereby identi fy ng HPTaBt SPaPTisE 2 Pl Wiﬁt‘é‘c‘ﬁ}g@g?ﬁso%%/rﬁgf’? %Cil?;ﬁy of

RNAi trigger nol ecu'rﬁ&nb%%ﬁ@ode"heplﬁ&lltW@fMtr‘ig%eGﬁRﬂedﬁ%secme has specific
inhibitory activity for the mRNA target. [0022] 1n stil] ot her enbodi nent s,

the invention prpvi w@pmcmmﬁmom@emngfayﬁmqr hr@nmgtmmwmommsmr @t of

a known RNAI trigger nmet hods i 0 |leotide froma
plurality of candi daﬁtéarfsgqié’é? re[%)ﬁ?h%%’leé’@ Xrﬁlfggeot] 81){00%1"& eé)o?t brary of

candi date ol ecul es)pdljisiptitis, aslaqgoam@adrmsw&mgepm wr@@oﬁmg tct i GRNA

nol ecul e. These net ho S conprise the steps: (a) providing:i)

RNAI
trigger nolecule (t ypﬁg@awlyn@;lmté@ﬁ@ PoFtann thereafgeierg gist target polynucleotlde
is positioned 3' to the reporter gene polynucleotide;

iii)  a plurality of cells, each cell comprising a library member and a reporter
construct;

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

(c) detecting a signal associated with each cell in the plurality 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 RNAI 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 plurality of candidate target polynucleotides (e.g., from a library of
candidéte molecules) that is specifically targeted by an RNA. trigger molecule. These

methods comprise the steps:

(a) providing:



ii) a reporter construct library conmprising a plurality of reporter
construct nenbers, each nenber conprising a reporter transcription unit
conpri si NyoEA)9/m2488ans| at abl e reporter gene pol ynucl eot iPde/uSp@sdi4937 a
reporter polypeptide, and (B) a nontransl atabl e candi date target

pol ynucl eoti de, wherg RNAi 'tﬂﬂ)‘l&:ule\%ﬁqﬁﬂ&al@oémw%cﬁﬁbindﬂai@:rW@ét'bf)'; oned 3'
to the reporter ”gene pol ynucl eoti de, ere the reporter_ construct library
conprises a pl utidl i tarepprter-noapiaeat dibfasy gamppsing gudprabity fdspertsf OBy
corresponding to nR cul I f ! s )

i urar ty of ool 1, SRt Sete Ruioe? ShhbAiRe Aes e AR AR Thi cobipkisthe
reporter construct |({A)raranskeatiderepoftér)gent ipblymnuoigotideepoding d teponér cel | s
under conditions that pernit expression of ttge re qioffter traPscr' pt.ion unit;
(c) detecting a sigrRolyRepideianddl) anppiraslatable pandidate (Eeepg 351‘*?‘69“6?’ cell's,
sai d signal corresp ' % W=\V ' " ' t

pol ypeptide in the ce r?%%}%n?ga%i tgltegﬁﬁ?lgﬁﬁcgg%ﬁaeﬁgpt lg{)@hjo?\(/p g%ére (%rtecgr
reduced signal rel atgene pblynacigotidd)erhereethk réporteh eorstrucalibrayy afmpredek 8,

t hereby identifying | ynucl eptide that is specifical t ar get ed t he
RNAi trigger nolecul u‘gﬁﬁé‘?fu anﬁﬁla[ﬁtﬂget B%lﬁ'é‘éctlg(g‘dﬁgyﬁ'&?b%ﬁ%ﬁr%%f’P%le%g
sequences identified RRMACHBIdRE oPBYRICRNGF MRNAGRIledisgcul e activity are
al so a feature of the invention. For exanple, a polynucl eotide sequence
sel ect ed from SHQ | @ N@ality obcellsneachetil gemprsingan RMAI triggsemeteguisriods are a
feature of the invention. DEFIN 1TEONSF{§O 24] Before describing the present
i nvention in detail PR LOPYYE IRRGE 5% that this invention is not
limted to pagpysiusihg @8y bhaeSIt9Tof BEIN @it 8bndtisHsanE pevhiiteRpfession of theour se,
vary. It is also to be understood that the term nol ogy used herein is for
t he pur peeportef trarssepiien wait;parti cul ar enbodi nents only, and is not intended
to be limting, i S . i.-fri i R . . iR, the
si ngul ar for ngc)"dgé'%e,c!dﬁg%'sl%ﬁgggsﬁ ﬂ%@ﬂﬁxﬁ%‘ %?el cgllrﬂﬁr?gllg ptrh%? ggg(ﬁfdséﬂg%ﬁ@ssg%e
cont ent ebe&spoudifi ¢d alasl of Hgryvsin. of ity repsasipatypeptitieiretheeetlpaida nucl ei ¢

acid,"” also includes a plurality of that nuclei¢ acid nolecule. [0025]
Unl ess def i neddoidruifyingeells that shoshabsent orrrduesd;sisnal rolativedp sy Qe CHb B n

have the plurality of cells, thereby identifying a polynucleotide that is specifically targeted by the

RNAI trigger molecule.

[0023] In other aspects, the polynucleotide sequences identified herein that have
RNAI trigger molecule activity are also a feature of the invention. For example, a
polynucleotide sequence selected from SEQ ID NO: 1-15, and active variants of those

sequences are a feature of the invention.

DEFINITIONS
[0024] Before describing the present invention in detail, it is to be understood that

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

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

[0025] 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



t he sane neaning as comonly understood by one of ordinary skill in the art
to which theinvention pertains. In describing and claimng the present

i nvent i onyvotzh@/dseisBowi ng term nol ogy will be used i n acecrdsa@s/onosh the
definitions set out below [0026] As used herein, the term"base" refers to
any nitr gERAHGPPBIIR. e deséBing ied ¢lainting eie/presiailvenabn,fthé BIRgvigt son- Cri ck
type hydrogen bonds in pairing with a conplenentary base or base anal og. A
| ar ge nutasminadégynwillibasedrin assardanceivatl the dafinitioas setout belA¥t ur al ) bases,
base anal ogs and base derivatives are known. Exanpl es of bases include

puri nes, [(H26} m di ne's, usadlereidithid wonf ‘bases refeey oahy nitnegemagamtaining occurri ng

bases in¢lude, but are not . limted t adeni uani n Q) ....cytosi ne
(O ur abrFrecustcmateergrne o Fpttig FaalRaieR Ty RuarFltliabe lbojuBE it
the invepihRpld&ntdr)bh&dord tas@ahalo@! AVage aufibensf RAGRAS and@SynthdtRr(@6n-nunber of
unnatural (non-naturally occurring) bases and their respective unnatural
nucl eot i detwralhertunhiigal)Besen ake arrtogsrandapoderafadlvRhargrknowno dasmlesiaf| | i n
the art. Exanples of.suc tural j term
*nuct cosPies e ARt FeOBEN R RERTR ettt MleByralty BLlunlff P
car bon obags snd@le, biittdre asalmited td, iabatige X), damiye (GRSetosin@ Q2R urddie(W)etna
"nucl eotide" refers to a phos_Eﬂgate ester of a nucl eoside, . .as a nongner unit

or wit hi fyamipe(Dhuty essdibgesiningdiop itenged dhatthe ipnsatmpehmited tq naturglly
RS P . _ b
posi ¢ onocyitihe bel doRARIRRGESE Binddi R BoRhAE AR oLl HGGHdIheie AT DOn

modi f i edrespedtsetundstura navlgotidis thatt firdieuse evith the Alntidil Bre KabWwmto ciER) skillan has

been chemically nodified, typical by modi fjcation of the base nviety.

Modi f i ed%@a-e%?ﬁnefﬂgs ?fﬁélﬁhaégat?l&l"éﬁéﬁfﬂ%vm@&ﬂ?ﬁ limted to,

met hyl cyt osi ne, 6-nercaptopurine, 5-fluorouracil, 5-iodo-2'-deoxyuridine

and 6- t H®BJlani ne Thaderns Fndleaside’ refersdopcomponnd ceristag of idasg finkedters t o

any nucl gotkde } - Y i 2 [0029] The terns
P Gert B of £ B0E ARURAIL REE U I b

"pol ynuc nuc acl d onuc " "oligoner,"” "oligo" or

ronorer SN can BnedBit il ot A Mol RehAnfERES o o

a DNA,  RipnoRRPhAie6r Witklred folgtiidleotde. 'Nacleblige 5'Ariphbsphue! eefeiste acan be
singl e- or double-stranded, and can be conpl enentary to the sense or

ant i sensB8udeotidedvish a iriphasphate gsiengieup Altgdied t thesyeas-cathonmpsition; 3ud @t h a
conpl ene i fu wal VAP id ] whi ch
can be alg @%‘8538‘?3&? 9%ra%al\ﬂre}{ éélgg{%ﬁx%ﬁ%%ﬁﬁtghg?‘h&g?l%gﬁprﬁ]g??ﬁﬁ@% %&nyde is
not | i m hedeotide (e.g., ATP, TTP, GTP or CTP) that has been chemically modified, typically by

modification of the base moiety. Modified nucleotides include, for example but not limited
to, methylcytosine, 6-mercaptopurine, 5-fluorouracil, 5-iodo-2'-deoxyuridine and 6-
thioguanine. As used herein, the term “nucleotide analog” refers to any nucleotide that is

non-naturally occurring.

2 & "nn

[0029] The terms “polynucleotide,” “nucleic acid,” "oligonucleotide," "oligomer,"
"oligo” or equivalent terms, as used herein refer to a polymeric arrangement of monomers
that can be corresponded to a sequence of nucleotide bases, e.g., a DNA, RNA, peptide
nucleic acid, or the like. A polynucleotide can be single- or double-stranded, and can be
complementary to the sense or antisense strand of a gene sequence. A polynucleotide can
hybridize with a complementary portion of a target polynucleotide to form a duplex, which
can be a homoduplex or a heteroduplex. The length of a polynucleotide is not limited in

any respect.



any respect.[0030] Linkages between nucl eoti des can be internucl eotide-type
phosphodi ester |inkages, or any other type of |inkage, or conbination of

| i nkages.wo 2p@logouss| eot i de can be conposed entirely of @&csiusgdos/ot4ope of
nmononeri c subunit and one type of |inkage, or can be conposed of m xtures

or conbi pafsippns of 1Giises Bettveby RESe&tides UMD Ixﬁerﬁﬂ@le@ﬁidd‘-g/gg@hoéme&s@f
| i nkages (a pol ynucl eot’ide can be a chineric nol ecul e). used herein, a

pol ynuc| Eokdgge, canay other éyps ofdinkage, o5 sembinatiomaf linkages. Adroliymicleotide can be

pol ynucl eot i deg i hat t.hey hybridize singl e- : i i d
Parget 1 Roaborgn sairly Rl + SPER D Moot Aol ot DRRARESRAER. B 69661
" pol ynuct&apbsda of aflxRa&sor dofbiiation®of diffefed@tgrs of Sibunits ked diffkeenmayymswi's
al ong the ];F)ol yner. A" po!tsénucl eotide" is not |limted to any parti cuI&r

224

| engt h ohnkagsg & polynudeatisieican bs aghuneric myleculspr Asppsd bseipnt pPlysuslget
enconpas L V:-nehi.C . [ ; . eoti de
can be p?%%%@geé%%{ Si eg%egléllg‘g% rﬁ&?ﬁ‘ﬁ?@."%ﬁ?‘“@%ﬁ’@ﬁ%ﬁ lilnggz?cltt%y I%(I)Hr}msl%ér:ﬂtdﬁdlesi zed
usi ng ansigpiydientiédeudsis aeid takxepol ymualee sinitte te antubelyeszymatg cal | y

ext endabl e or enzymatically non-extendable. In sone cases, the

pol ynuc| B8fynadestidesef erred to as a "DNA" or a "DNA nol ecul e.” [0032]

Pol ynucl eoti des that are forned by 3'-5" phosphodi ester |inkages are said

to have $03dhds and\ polynnsicobide sedsnediaeifrciodbe pemmengseficieoting mogomers
react ed ke t.he po) yaugl e 1104 [ r[?gqﬁ he 5'
phosphat é%B%e%OI%ﬁg n‘éc g@tn ?thbtg%n ? %r)goet lﬁ‘ﬁegpﬁosa X?D t‘i gtc uga& t hreh%%%)? 5 gen
(hydr oxyhyclebtidet seqii@icgdaahe termopelyaiuciectidedrenvorapidses piigsprodoraste | i nkage.
Thus, the 5 -end of a polynucl eotide nolecule has a free phosphate group or
a hydr oxyrclaetidenof any fsasgits i A polynuelgetidegan deprodusgd y biglasicalonedisi(@e: whi | e
the 3' e p [ I 3 r ydr oxyl
A R T e

mol ecul egenzynpoeally extendabdeouamymatibally non-otersiabled 16'somelcasasythet o anot her
position or sequence is said to, l,ocated. ‘upstreajn” while a position
that is BO{YPBSE %éfefﬁﬁgﬁ?quéﬁ? ilgﬁéaioa 3t @qmnﬁﬂ?ﬁﬁ%t ream" This terninol ogy
reflects the fact that pol ynmerases proceed and extend a polynucl eotide
chain inl®331 to 3PolyuklegHden Bafgre Ermeé&m%éep*&splawg?st@rhr%@gesoeéﬁaelédo

ot herwi s i ' ' id | be
dndor st 0Bt hancy Fus S R SPLEAE e AiEICBARHRRESES (LAREE APt mike e L 1o

ri ght. Epalynatleetidd are poinetlimesichn naeninef thai the [Syplsysphite of preimpobyunlicdtslet | des

ot ooyl DeRGRRAnE 1 tached o Te 5 ety Een (5Roxt ) s rRARBBI SreHifdRoR i BE 3

phosphodiester linkage. Thus, the 5'-end of a polynucleotide molecule has a free phosphate .
group or a hydroxyl at the 5' position of the pentose ring of the nucleotide, while the 3' end
of the polynucleotide molecule has a free phosphate or hydroxyl group at the 3' position of
the pentose ring. Within a polynucleotide molecule, a position or sequence that is oriented
5' relative to another position or sequence is said to be located "upstream," while a position
that is 3' to another position is said to be "downstream." This terminology reflects the fact
that polymerases proceed and extend a polynucleotide chain in a 5' to 3' fashion along the
template strand. Unless denoted otherwise, whenever a polynucleotide sequence is
represented, it will be understood that the nucleotides are in 5' to 3' orientation from left to
right. Enzymatically produced or artificially synthesized polynucleotides can be modified

where the molecule lacks the 5' phosphate group or the 3' hydroxyl group.

[0033] As used herein, it is not intended that the term “polynucleotides” be limited

to naturally occurring polynucleotides sequences or polynucleotide structures, naturally
10



[0033] As used herein, it is not intended that the term "pol ynucl eoti des"
be limted to naturally occurring pol ynucl eoti des sequences or

pol ynucl ew0i2d@/mse488ct ur es, natural | yoccurri ng backbones pom/usatognaioBy
occurring internucleotide |linkages. One famliar with the art knows wel |

the wi deo¥akiigs Madkiapﬂ&ldmﬁﬁlrﬁg& b&%n%ﬁgin@@ﬂ@agotmnaﬂ@@. OntctaaaliadeRh the
nonnat ural phosphodi ester bond |inkages and i nternucleotide anal ogs that

find useamknpws wellithe wide varietNofpdlymicigotige enalagiassumiatyabpuclemiigesmon-

structures include non-ribo sugar backbopes.. 3' -5 FER ST
phosphodp%tgfaéph?sipﬁﬂlﬁgt ft’?q‘ffli?l??ﬁg“f %Ib({)lingeég ‘.‘°r11‘?/°§‘rd 2‘ a'?igsnﬁ}{aagfeiéd g‘? g hile 5 and
5'-5"), anentsRNebedntiting ekdhiss ofstich hBHAOFE strutiet iichhdesionibeseasagal so
include unnatural internucleotide anal ogs, e.g. , peptide egLicI ei ¢ Aacids
(PNAs), beskkeresndc) and 258 Rhesphadmesfer ligkages, larqzw%?mgﬁgnwﬁf kages&€L-such
as met hyk; onat 9&1%} t ] - = 1 (N-INE

phosphor %F{?}?gg? eggnagdgg%ggg?)r odi %?og?%@nrﬁgé%hﬁ%ﬁ%%% I de ﬁl?gsgelg@uc[i%wq As
used her eamntutahimtdranidtedtiieqmaioge, ©f., perpie yovlelcemtidsd®@NAs) Nlockesd mucdai¢ dcids
sequence, " "nucl eoti de sequence,” "polynucl eofide sequence”, and equi val ent
or o1 m | BeNARY Gede MehospBoRdie KRR SUAP FerRYPheRLon T PSRRI Gt | de.
In some ga pl e SREGhIspRGblMhibatetiRRralctRtigand

i denti ty%ﬁ?ﬁ@@ﬁ%@“ﬁ%ﬁ%@ﬁ%ﬁ@?ﬁcheﬁ“ tsg t he nlucleeloti decs. 1A sequence
i s typi cihkagesead (witten) in the 5 to 3" direction. Unless otherw se

i ndi cated, a particular polynucl eotide sequence of the invention optionally
enconpas i34 onpl engnisad Heeaq tieneas , “séqueadelof a polyhaclehtide Zuapleix avighl i citly
i ndicated. [0035] As used herein, the terns " arTBI [ fi,,catcLon,. v ar(T)EI i fying"
and the PGUENFRf epuelestidesaapente.anRolxpudeaide seapences, Ardequivalention siide i n
the copy, puohee ko %e@h&%ﬁn%c@?tié@stin%e %@&ﬂc@a)tﬁel B SRS cadds, d 4segiflckes o
pol ynucl gOtl e nol ecules, anplification ans the production of nultiple
copi es ofeferspodry spedifatliyde thworeusrel idemtits of et bases that are patly aitechedta dhe

nol ecul e, typigally starti.ng froma | nmount_, of . a.polynu otide.
Anmpl i fi CHP?%&K%'S' ﬁo‘ieﬂHﬂthsé%&p yéﬁ%ﬁ&%ﬁ%‘zg‘ ti’e\?a?‘? ét@Pﬁ%Bhgﬂ?‘?ﬁl and
enzymat i giHRFPRE fiRBS:ted! APalfPirolyicRbtiddIsdqubh® JMWe FRBAE®SH dptRulalpe Or a
few copies of a tenplate DNA nol ecul e during a pol ynmerase chain reaction

(PCR), aestomgradsagicopiptaneansary saqusinces, imaddition Ay sequgaed ofplicily indiegtedi pt i on
medi ated anplification (TMA) reaction, a nucleic acid sequencebased
anpl i fi c{@l38h ( NASEA)useéheteimnhe erms"4mphfieatimgl fTamplifyingyrand toR)ikereferf or ns

o arml G sathon AL Gl s Dot LS 4R il b et o

nol ecul egf fJ A8 Aoldclles e AsamppMes & pofvtleotide molecules, amplification means the
production of multiple copies of a polynucleotide molecule, or a portion of a polynucleotide
molecule, typically starting from a small amount of a polynucleotide. Amplification of
polynucleotides encompasses a variety of chemical and enzymatic processes. The
generation of multiple DNA copies from one or a few copies of a template DNA molecule
during a polymerase chain reaction (PCR), a strand displacement amplification (SDA)
reaction, a transcription mediated amplification (TMA) reaction, a nucleic acid sequence-
based amplification (NASBA) reaction, or a ligase chain reaction (LCR) are forms of
amplification. Amplification is not limited to the strict duplication of the starting molecule.
For example, the generation of multiple cDNA molecules from a limited amount of mRNA
in a sample using RT-PCR is a form of amplification. Furthermore, the generation of
multiple RNA molecules from a single DNA molecule during the process of transcription is

also a form of amplification. Cloning is also a form of amplification, where preferential

11



in a sanple using RT-PCRis a formof anplification. Furthernore, the
generation of nultiple RNA nolecules froma single DNA nol ecul e during the
process oVotzn@msesssption is also a formof anplificati orCT@SeMNWBE al SO a
formof anplification, where preferential expansion of the host cell

popul at i gghan8ieh @RRShdshEel PPEIIMLi A inéraSses RNBHNIAMNOS tHe Tl SRMED RIAD Oldti soBidt S,
anplification is optionally followed by additional steps, which can

i ncl ude, ehediments, pmptification, is patienallydollewedienadditona) steps., which gan inclusleat i on,

 ncl ude, eisbodimyn i, .
(9036 AR fihlstdpnEoetind bePsnhEgREon. SRR R B 721 or < 1

a net hOersarutiaﬁIéydpiésgf@h! @dtedtiigtandfor winlingknown in the art for increasing the
concentration of a segnment of a target polynucleotide in a sanple, where

the sanplgy3gpn be aSisB@hereRD ke Hdfh pblyfferaRediah$ redditiof! (PCR) @efers to a
pol ynucl eoti des. Cenerally, the PCR process consists of introducing a nolar

excess ofnethed for ewpbficationghasis wietl kbpenadn theortifor degreasengotbe weneentrgtion peaict i on

Compl ene g pb sederranel Bl SFuiE WERE R emeln fhbd 2Fnl' Seonence.

The reachb@fudledidd Petiss, lof PhufiiplepobuiLieeti@s. [GenarallyBiedTR brdcbey damkistyd! i ng
in the presence of a DNA pol ynerase, resulting in the anplification of the
desired trdfogeeing aquelacexders , Byo emaomNgAtedabls odigomesentide RIPBFIS &R f pt ase
PCR (RT- - 1s.a P oAl . rse
transcri get%?sl%% ﬁlcl)’?}u%e%%éﬁ ré% ;?/S%réé ﬁg\fl}: gr}getdrtg%g?%egwﬁéaeﬁsg}é‘%ﬁ%t%a{g%&é@te fs\?dl\fgy to first
gener at ecé@npleAghtrg td aipdeiie BiNhdIDIf erudoablerstandédtatdee sequehcd| Eheneattém of

DNAdependent DNA pol ynmerase priner el ongati on. thods for a wi.d riety
of PCR awq%usmgalﬁxr%lbsmceréwamxe&mmqﬁ ?f@laéwc,“{?%rfa tRreREEPeGE QT fimgny

sources, pI)l?’[&JC%@,%L Itin%{'([: gzi%gltmﬂfffﬁtd@&%fsthb 'aeMngfﬁlléle%eqﬁEﬁﬂe%fﬂ(e@B?!ﬂ@l et

al ., eds., rrent 0 a Jjolnt venture between G eene Publi shing
Associ at BNA primerankievkodertranstriptas FSoR $RTHR(ER), is @ AGH rewton Bat usasdilgh 2006)
and Sanbrook et al., Ml ecul ar. C oni ng - A Labor at or.y I\/t':mualt &é@d ggg
Vol . 1- 3tereptg 28 AiTRYFTREIr NS FTIDARG 05 £ L2y M HAY RtV R AP HRIP ARG V5P KO

2001. [ O@R{lseMSatdSCindlesRhMed INRALRSIB I OPHoCBREE BRiip DY IBObYDRIMase” refers
to a DNA poll'ynerase enzynme that uses deoxyribonucleic acid (DNA) as a

t enpl at edépendemtdNpmdigserasoprimerdnpgationnMethodafer antilpuaaty of PORA strand.
Feact i onabP GalTD R aaAaN dBNGT A BRE Srapey Iultp Rty SRRl "
DNA- depeagersii: PMNAogsIt seloferlaR BiyIoRs Aiibelicd dbgelisaCurrent Protocols, a joint
venture between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc.,
(supplemented through 2006) and Sambrook et al., Molecular Cloning - A Laboratory
Manual (3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York, 2001.

[0037] As used herein, the term "DNA-dependent DNA polymerase" refers to a
DNA polymerase enzyme that uses deoxyribonucleic acid (DNA) as a template for the
synthesis of a complementary and antiparallel DNA strand. Thermostable DNA-dependent
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
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pol ymer ase enzynme, are widely known in the art, and are described in
numer ous sources. [0038] As used herein, the term "DNA-dependent RNA

pol yrmer aswO 2o@fmse488t 0 an RNA pol ynerase enzyne that usegciaszemiobmauc| ei c
acid (DNA) as a tenplate for thesynthesis of an RNA strand. The process

medi at edshh&isMtindenandand. ThiprRREWREESR b§ adDNRD RNBénﬂﬁ‘ftQ{NzQ(i)olﬁnétﬁse
"transcription."” [0039] As used herein, the term™ dependent DNA

pol yrer atsecommady sefeed A tiobyiptioase enzyme that uses ribonucleic acid
(RNA) as a tenplate for the synthesis of a conplenentary and anti parall el
DNA str afﬁ!)39]|'he pr deased béregs ther tatr (BN -Dipernteny DIVA polyRhprase| wéerb &0 2 s

commonl y 'reverse transcri ﬁ)tl 0

acconpl i pleﬂerqsg eqzyme that ugesyr z?ﬁ’é@?’icﬁfb(js@&}‘)sﬁ%%ﬁ&ﬁﬁ? 3?‘] %‘e 83@8?% ng

and nut abed shieRRAFPAAE SftiALAR] DRGS §8snd. EMRIi6cdsk d §§1{drﬂlﬂg0<ﬂDm wp;t y.
[ 0040] As used herein, the term"prlrrer refers to an enz¥mat|ca

ext endabbfamRNgomotscalstis demnmiy goned dkeverse amncriptien, of eRTneanddbe orayere t hat

or i mor - SpaCpRmRlEhes bR Tor s PP S @ltenc s RAREhrly Seef TR PR

pol ymer i DA pblyaferdtes hBOpoSHRSs feRede tranRkiptien d@patident manner to yield a
pol ynucl eotide that is conplenentary to the target polynucleotide. A priner

nucl ei c {m@ does agtuse@ﬁ@rehp A En L PR O P RIB h Rhifriatidall ekichdiiep! at e
subsequence for priner elongation to occur; primers with |eSs than 100%

conpl emenligariucieotde thae generdliyccanpriseo o defined squmqedhataﬁ deqm@le,drte mybudize in

el ongation to o ext ensi on and nerd zat j. eacti.on

condi ti ofi%? W'Rfr(igegé@ﬁfl ‘g&éa\%mp FAPLHY 5 %ng %’pﬁcﬁgé)o jon oéngar%et 8" YELEYi bed
in a var Agirym&f cafQhitiaRSthe Fg%ﬂéhzéﬁorﬂ§ﬁdlcr@hﬂbd’lm d fempixeidep&ident manner to
“anplification primer” refers to a priner that is generally in nolar excess

rel ati veyield ¢ pelynuaglertidegbatin eememe@éarx ke arect pﬂ%ﬂn}fﬂq%@é A primer nucleic

templ &t o dGRRCEN ARV IR GOPRSYDANRSLE QR 1 TRLICAbIaRCALe £ BrhRf 0o

sequence sequence downst fea rom t| on o yield

a singl ee&hg@mﬁﬁd o0, priners With tlmedaalnelroeimcomﬂslemenqaﬁqs&ndfe sudfigient focat i on
primer pair"” refers to a set of two prinmers_that are general]ly in nolar

excess fr BY'%fﬂd‘%lot“cimEijé’lbfm?ré?eg‘é?nﬁ%‘PQ fueFREt PHEICE g¥i5BHER an%ﬁﬂlyfl’t?@‘é?‘l‘l‘%}‘r prime
Lenpl at e;AeRanaanfuGRzTRLEnl e 8 nfebﬁﬁhs‘ﬁeawt&m b ﬁétdeealpefd ihhe target

sequence to vyi trande icon used herein, the term
"anpl i comdrietgbéssurtes. a poI ynucl eoti de m)l ecule (or collectively the

plurality of nol ecul es) produced followi ng the anplification of a

parti cul §0041pr get msalsed e, the Kpeesaiop!"afmiptifichtion peinhad refers to a primer

that is generally in molar excess relative to its target polynucleotide sequence, and primes
template-dependent enzymatic DNA synthesis and amplification of the target sequence (and
sequence downstream from the site of hybridization) to yield a single-stranded amplicon.
As used herein, the expression "amplification primer pair" refers to a set of two primers
that are generally in molar excess relative to their target polynucleotide sequence, and
together prime template-dependent enzymatic DNA synthesis and amplification of the
target sequence to yield a double-stranded amplicon. As used herein, the term “amplicon”
refers to a polynucleotide molecule (or collectively the plurality of molecules) produced
following the amplification of a particular target nucleic acid. The amplification method
used to generate the amplicon can be any suitable method, most typically, for example, by
using a PCR methodology. An amplicon is typically, but not exclusively, a DNA amplicon.
An amplicon can be single-stranded or double-stranded, or in a mixture thereof in any

concentration ratio.
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used to generate the anplicon can be any suitable nethod, nost typically,
for exanple, by using a PCR nethodol ogy. An anplicon is typically, but not
excl usi vewg,20@/d8sanpl i con. An anplicon can be singl e- CTArsd@d/ 004037

doubl e-stranded, or in a mxture thereof in any concentration ratio.[0042]

As used [@ujn, theshREdBercl tid @iAathyd¥dizakon"ande'ahhedlingngdtihelikd ke are
used interchangeably and refer to the base-pairing interaction of one
pol ynuc| sgsdi iderekiangeabhoanbrefesdp yhelasedririg ipteyastieniof pne pokyauslpetide with

P aher o pd Potylaotifs tpali? b AEMRNRA o8l oo bR Inire SIS formation of
primary hdugleRok ohier H%méefdetdaﬁmamtdr@ambélgl tepaéd o ugbedizhtten covheex EBe i s
e (LM e

pol ynucl t€le V. i L I 0, aghi eve
Poby iz STCHiE e W A SRV BB Rk b B Blook ey hydi P bOndifl o

i nt er mol &oidt arrequitedione thaongo pblynotlbatidea dper @)% aohmphmeitaréy iover theirguléx can
formfromintranp] ecul ar .interactions, resul tbﬁ%’g' n the formati.on

! : f
st r uct ur K@gd forrclieve By bridiratinic| [8isems @RFCHo P BY BT EZation $RINPIGY A R e ¢Maci d
ol ecul i famhfaniAlifemicBbRl B dihéraspias, hagBridmiNcqitled o iiHPrsH anded

I
stem domai n. [0043] As used herein, érnms "conpl ementary” or '
" conpl embnrtaaral¢oplaranteragtiens, irgsuttafgan de formatiem of prarcaireesuchtas dmdpingfucleic

pol ynucl eat;i des rel ated. by the. WAt son- Cri ck and Hoogst een-t basg- pai ri ng
Ul b, FERISRE: A R quaRisrtd PP o Wt SR e o jogP
sequencegi 1 Ghvi¥Id xFandelingerh @bfiin. conpl et el y conpl enentary” or "100%
conplementary” and the |ike refer to conplenentary sequences that have

per f ect §pN- O i Gk \RRY hbfith, fle t@ﬁﬁ?ﬁcdﬂ%l@ﬂg%e{/r eoﬁ"@drﬂﬁl‘éﬂieh%ri@" LA d( no

m smat ches 1h the pol ynucl eot'i de dupl ex)". r, conplenentarity need not
be perf eot refatmiel te adtipdrelestrandy ofepodymickeotidesretatett by therVstsan-€hvsl apdse pairs
or unmat ched bases. ,The terns " tial ¢ | enent arity, ~~partially

Qonpl e HORESICR- 3P BRPATBE BRI ERRTEIPIE T SGilvench Some TRGTY S

conpl em@&lﬂf)hé'r'neﬂfh@ly td@elsbéRnceFeGANTRIY el tefiEtonyflete REh¥RER” or
antiparal | el polynucl eotide strands that is |ess than 100% perfect (e.g.,

t here exi't40% gompleaentasyeand thedikelelsr tagarenlemertatyassauenses st paysprifackot i de

dupl ) le.. th | i f I | el
o o) PP 5 A, ST PIGED DR
65% 60%olyhbtletideafifiex)r HRWeveR umplicnerity ntdDdbtbepetfebie stableaiuptexes,

"conplenment” of a target polynucleotide refers to a .
for example, can contain mismatched base pairs or unmatched bases. The terms “partial

% <¢ " <<

complementarity,” “partially complementary,” “incomplete complementarity” or
“incompletely complementary” and the like refer to any alignment of bases between
antiparallel polynucleotide strands that is less than 100% perfect (e.g., there exists at least
one mismatch or unmatched base in the polynucleotide duplex). For example, the
alignment of bases between the antiparallel polynucleotide strands can be at least 99%,

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

[0044] 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 antiparallel 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.
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pol ynucl eoti de that can hybridize in an antiparallel association with at

| east a portion of the target polynucleotide. The antiparallel association
can be i nvoanwlosessBar, e.g., in the formof a hairpin | ®@op/useeosiond0a7 nucl ei ¢
acid nolecule, or internolecular, such as when two or nore single-stranded
nucl ei ¢ fyp4g) Mol eculsqedubleir] " tigee'| afite poliueRtiHeY4tirges seqartlcder ei n,
“"target", "target polynucleotide™, "target sequence," "target gene" and the
|i ke ref étargetrgenpeandibedike refsr.an ope aspert thaFRasifis Ry Nerdedide seneance that 15 s

oL oty R PP BRI Lt e g

is induc tri IS to day, the down

regul at efariehMPR™IAIQF @6 rhdleulé aThattis feduye theaddvar reghiatddyAilyruclggide is a
nol ecul e. In other aspects, term"target” nore generaIleK“ref ers to a

pol ynucl Bégatgequense fardhe RNAY §H e el il iy herASPeRtsJFTh “areeh nfPment ary
pol ynucl gﬁelrﬁfy referfto a %lb'ﬂ'gcaleé)t% tHﬁtqp%e%B%c%ﬁQfﬂiﬁﬁBE%tWJ i mer. The

hybri di z on “conpl ex as a resu annealing of a

pol ynucl eahp@mentatnpolyaudlestgizt eigs atlaveited paobet axrageN Angdlyindiasapiioer.cbhpl ex. "
The structure of the target sequence is not limted, .and.can, be c osed of
DNA,  RNAYBiilipalise ORBSLRmSH ot & rohH &f Fisr e AtEera DolpiclCafidvicn 1 Rirget

si ngl e- s{sranged, qgll@%?ﬁ%fﬁﬁ%&ﬁf(ﬁ%%le)i@%@]Stl‘ﬁ@tﬂi’@@ﬁ%lg%I‘ biseqhdiRe iLhATE

"l abel " or "report In their broadest sense, refer to any noiety or
proper t ylitritet, aml detbecbatpossd aff DXAL BMA taneloge theredfoer esimbinaiznsihgreef, prd

associated wth it. For, ex e, a. reporter protein can be expressed in a
cel | (an&al}l%es?lﬂ%]eisﬁaf“%él ‘?rrfflogl’?éﬁqaﬂfigcﬁ space), thereby pernitting detection
of the cell that expresaﬁs t he repor;le I n ot her a,slﬁ)e}géi?Bra | abel

. In, or
repor t er (10461 be at AsUTed heeyy Srsisims, 1abeln Oh- TeRPRiEnt oaflgst seipse, refer

surface, f g rﬁéi%m:’&gprok&t}; 118t GARRCUBRL Br M1d DRk RECADA bDIEM viREeis i cal |y
binds to a protei'n expressed on the cell surface. In various aspects, a

| abel canssoaiatedrwigt ity &by example, awpbitergrotem canibe qxposhetbing ekl (@od sdside in
signal; (ii). interact wit second. | | ..to di f e_detectabl e signal
o1 v dedtisy e SleE spareh afirBoy Bt fingaaiieripS ol Risell b GrPBESLRE BoREETE
formati ofy; ofhkedAspe@Bf £labd &&9[]5(51{@@ chiBE htkARed Eod@alently OF aphobilemiy)itditiecell
anti body/ anti gen, ionic conpl exation, orhé)v) _change a physi cal property,
such as edréaser foplssrraplecinntbp caserwhera g drbsBpdantiiady spegifisdl phbinflgfogprotein

32![ g(t;)![ : iotﬁX%r]esos{eﬁ épl lrt%g%tlpsgllr,rﬁggi Pn ?zﬁﬂﬁg ia%e‘c}sg% %Q ce{nﬂ al?ﬂ‘ggtiéag 6F }ns , the

reporter corre es W presence or absence
of sone eémBmatioh:&0)Previdp haleaictapleosigrl;qliip giteratt with awedond lebel camddéfyubed t o

identify, select and/or screen targ [n..a syste f..interest. The choice

of the nestecablersimrbpioypisdithe secel Ef’?"GL QHSS%EIFZ@[HygFId‘aZﬁBP?’c?a%i Q)‘I‘Pq%pends

on the | %rﬁﬁﬁgg; (li'vc')econ?é?% éﬁ})ﬁﬁé function, e.g., hydrophobic affinity, antibody/antigen, ionic
complexation, or (v) change a physical property, such as electrophoretic mobility,

hydrophobicity, hydrophilicity, solubility, or chromatographic behavior.

[0047] In some aspects, the detection of the label or reporter correlates with the
presence or absence of some other molecule, property or biological activity, or can be used
to identify, select and/or screen targets in a system of interest. The choice of the most
suitable reporter to use for a particular application depends on the intended use, and other

variables known to one familiar with the art. In some aspects, a reporter is a reporter gene.

[0048] Labels and reporters vary widely in their structures and their mechanisms of
action. Examples of labels include, but are not limited to, fluorescent labels (including, e.g.,
quenchers or absorbers), non-fluorescent labels, colorimetric labels, chemiluminescent

labels, bioluminescent labels, radioactive labels, mass-modifying groups, antibodies,
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vari abl es known to one famliar with the art. In sone aspects, a reporter
is a reporter gene. [0048] Labels and reporters vary widely in their
st ruct ur esOan@/asks8r nechani sns of action. Exanpl es of Ipabaisgoosncioatie, but
are not limted to, fluorescent |abels (including, e.g., quenchers or

absor ber §ﬂu SRAObibtin! Wa?ﬁﬁ@ nzyAbelificlu@inb 0. k. nFérbkma&@lpﬁb@hafdae 1éitd. ) ind @tsec ent
| abel s, %um nescent | abels, radioactive |abels, nass-nodifyi n%&%roups

ant i bodi éke alo iferdires illustrate, Auoreseans belsanay imelide idyes that #ig negatively haresd. dase,

phosphat I 0 | abel s
oy ol St aahes b MhobdbFel i o intblatalily grdRh @hurobbilbEdrRthat

f 1 uor escetemeliafl inychan@, Alced dfyasm)iftlﬂe ﬂioddmse fahtilyi, or dg@rthat are pdsmselyhat are
neutral in charge, such as dyes. of the rhodam ne famly s.that are

posi ti veplyarg%rsg@uas dyrs ot Hhe W@@ecf?mtl}’re])é’%ﬂf the ﬂf“QFﬁSF‘?n fwéx H&ﬁu e g

fl uoresc f irn Al 1?::”1de of
t hg r hodgmeﬁﬂ( y f(?}%{jlﬁél\?arﬁt ZOE qﬂgx g‘s@(& EEJ@%I’%WI eZ n(;II%I(' %SI\/RA
FAM | HEl)(Re]Ec[HIOX.J g&;om«;«s ;Eﬂzrgmm RAM(HEﬁ’lﬁlETaJ(dE mmmzi)ri mmr%it%) ally
avail able from e.q., Perkin-El, es exas
Red is cgﬁfﬁeflg‘}i Ay f CApMerep Vaélagle f %Iee%u*%‘% ‘P%‘/@B%r$§ °) m’aﬂ‘fsﬁ?’gene
OR) . DyesyRfuthg %ﬁ%ﬂ@RE@E@ é&nﬁ%iaﬂ?%val@alﬂe froﬁ%’&g g., P SlecEMPPrdbés, Ind and

Cy7, and are cofimercially available from e. mersham Bi osci ences Cor p.
(Pi scat agBygendIORMSAYes gubntyamiBofasily inviute m@n@}h’- MR I€)’f5L Gorsesard €ydm t he

guantum properties of . the onduct stals f i.ch they;are
Tade. T r ol Biecoutian RULAYHIL EPE: LFoaran R A charre L L P PEN

ol ecul egy0d RAGM Bots HAPINAgEH), wa@hqmoreseém’@nfmeqn&mﬂdmpm@abf fheul ar
assay for the detection of that reporter. Sonme reporter tection assays

can be enoryivanductersuagerysiati frem otitiel thax seymadaiiomeateplioisedyilehels-i n nature
(e.g. , ELISA or imunohi stochem cal analysis), or colori rretrl c, for

exanpl e. [(F049] her stA Wide ‘aarreejpoflteportcranolleadbsmei genes ateginowreinghe alanEéq?’nyma
t hat confersatlblotl resm% 8498 sen|t|V|t

chl or anpR&WFED asaac%‘WF‘f PLspR fardie detaion of thatrep e?k@?meéel?qr%&%{égé%

marker (@s@ys csh Eé éﬂ%&ﬁﬁaﬁ@ Rbsaps, Qi'lﬁlerbtﬁét(‘a@sa% c&it Be (rBmRablokidaPmest@Ble.g.,
pr ot ei n), YlgP (yel I ow f | uor escent prot ein), EGFPf(enhanced GFP), RFP (red
O

fluor esc@hIS@romnmnm)lohletO@hqmwal anphysirdseeloriragtiier for exgmple. & urtherestilly a
luci fer as Otg%nl ?é@gg?"@%f%%ing_%t a.%a% gr}lgqi ec%%lﬁegr %Eﬁig{lc re@ﬁta%@é X{T&t ic

activi ty (o1]] Ive or negatl ve

sel ect ablsgnsyi RIS taThbED, cﬂtﬁorﬁﬁﬁhérﬂé&%ﬁ 1tdmbseéers@genaseand thé $ille), ur a3,
leu2, lys2, or&qﬁegg’lq?ke [0050] As used he?tgl n, the expression "derived

front refleoeseant markeriogentiludiescentrotstl webas OFPrieerenruseseentjop¥EPs i ed
sanpl e, 'Zmelf% uhuérescegfa Ir)]rlo§em)0 'Edﬁ; (%nﬁra%tc'ec? E'}FfP'j %I‘ a%d fluorescent protein), etc.), a

luminescent marker (e.g., a firefly luciferase protein), an affinity based screening marker, an
enzymatic activity such as lacZ (-galactosidase), or other positive or negative selectable

marker genes such as ADH (alcohol dehydrogenase), his3, ura3, leu2, lys2, or the like.

[0050] As used herein, the expression “derived from” refers to a component that is
isolated from or made using a specified sample, molecule, organism or information from the
specified molecule or organism. For example, a cDNA nucleic acid molecule is derived

from an mRNA.

[0051] As used herein, the expression “corresponding to” broadly refers to one
item that is related to, derived from, the product of, homologous to, generated by, or in any

way related to another item. For example, in the case of nucleic acid molecules, a cDNA or
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specified nol ecul e or organism For exanple, a cDNA nucleic acid nolecule
is derived froman nRNA [0051] As used herein, the expression
"correspow0izogp/aseissbr oadly refers to one itemthat is recCatsdoosolsoderi ved
from the product of, honologous to, generated by, or in any way related to

anot her LiRNA chPEoPespERA B arl MRNIL, raSforebn 8041 MRN ACliflotiiel &pBtteSa signal DNA
orsi RNA can correspond to an nRNA, or a portion of an nmRNA. |n other

aspect s, can edrgsapnaerthe expresyionel 2 partipdacseppeeisin@rsabPlaopell i cul ar reporter
in a sample or cell. [0052] As used herein, the terns "subsequence,”
"fragmen{0058F " por tAsarsed hain, tlee teike “sublsequenge 3 1ifragmentdar oporsioniagdithe

sequence..(e.g.,. a polynucl eotide or polypeptide s ence up o and

i ncl udi nb‘f“f ﬁ%érct(?r‘?ﬁpé’f’ 1o§1e<atlejagl[%ge¢_r sel%gg?ﬁ %’rgnﬁ'r?(ﬂ@wbc?%’t{}# Oé)pg b@ggtd fence is
general | )!ed"u@hcég,ilﬁﬂ {efhd iRNGERE th@@dm?lef@s@hﬁ@iﬁh.' FRE hlini@ym Rehgusefall in view
of its intended function. For exanple, a fragnent of a c finds use in

t he consfwhsequenae &f gemarallyinot Brstedot*sept that aominipan] kogthtmanbaysafliia Vi at e

structures. for t pr oductd on i ecul . .hese
DNA 1 1 o ool AietOC o ChifbBl 87 PR TGS e S BES
pai rs i nofBAigiA DN nhdteciilesHsT theifepdr & interinedigielstruoturéd fok @asgrod@flionase

pairs in |l ength. [0053] As used herein, the term"kit" is used in reference
Lo a conBiRAkAewHesarihsomE RIS these FIPNPatrases sabhe forgemle busody

anal ysi sy.or. [ ' f . il it aq) | trapeh&sttopuct i ons
descri bi Rg{lﬁg\?v&tag%&g{ei?ﬁaggﬁﬁs ?gggéﬁ’ ?tlr%%sr%ag?) ?%e S g{é(ﬁ:]ern:%l}’tr?g F%e&rret hods of
t he preséeade paivgémtength., chem cal reagents or enzynes required for the
nmet hod, priners and probes, other nucleic acids, as well as any other

conponen{@ys3For exaised hefeirs theteBRYRI (RIES in tdTerefccdRNtonbitidn ¢h
provi des kits cor}‘pr_i,si ng hairpin adapter oligonucleotides of the inyention,
kits for agiclrsithatifaglitted pracesse methodnassay apalysis o§ MRUPWHIWRS| desample.t Kitf or

i denti fyi ' i.cal. £ I - Ki i i fyin
i R ¢ v Ep bR it Riiohy BecliElE iR, AU B i ikl Rine SRl "0
r eagent s tHeanethiBi of thé passyntaanaition) ichemicahbagans puéradynes re@madrfoctheases such

as restriction enzynes, reagents for. the collection and purification of
r econbi nAKEHISNATIFSTSANG Ig_gl?esv.g@pbpgc?cpg ACIdRAS ] Fipny o rftCQH}pé?n?%tﬁo'F?rer gene,
vectors thah,@XRlsBaR <RWdithéntgIRE pARLR G BBion Pﬁﬁ)ti&gs%ié‘ébﬁ%pilsﬁlgflﬁﬁrpin _
copy- nunber anplification, and vector s suitable for gene expression in a
desi red hdaterobigonu¢lo@iith oftheusechtivar kitnfor geriquatingreyrididetids thaapyodare goner
of am no s&{(j\hg Smo(ler:]c% eus[ %ts for identifying biologically active siRNA molecules, and kits for
identifying siRNA targets. These kits can include, for example but not limited to, reagents
for mRNA library construction and manipulation, endonucleases such as restriction
enzymes, reagents for the collection and purification of recombinant DNA molecules,
vectors for expressing a suitable reporter gene, vectors that express RNAI1 trigger molecules,

vectors suitable for copy-number amplification, and vectors suitable for gene expression in

a desired host cell.

[0054] As used herein, a “polypeptide” is any oligomer of amino acids (natural or
unnatural, or a 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 structure of its component amino acids. As used herein, the term “protein” is
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unnatural, or a conbination thereof), of any length, typically but not

excl usively joined by coval ent peptide bonds. A pol ypeptide can be from any

source, ewQ.2009%08e8ur al |y occurring pol ypepti de, a pol ypeptisdespimduced by
reconbi nant nol ecul ar genetic techni ques, a pol ypeptide froma cell or

transl at saHn§HBLEWithYPolPePALY. PERE fetid “PEMEHEC ephibi 1Rl drs td #6maN @blwtep@derreans

A polypeptide is characterized by its amno acid sequence, e.g., the

pri mary &rrea@mnleé)ubmt limited t drosh2-2arAnkae aeiden lepgthused her ei n, "the term
"protein” issynonynous W th polypeptide. The term "peptide" typically
refers t 00855 mal | pPoluspe peieits thdtormegarqalmosbgenmltly tdfeistted combirfatiomo®- 25

am no aci use r.ein ermwgene

Cnarar Ty deat i dnatiniRalyns ohertiyaRlmen b fithir Ry EF Eecoltanten

oper ati Vela¥indd plRslel dnf fro@iictdr Adickivh. The (@ROTBAONER 0 BERMIGHreted Brvadly, SONE
product or function. The term"‘gene" is to be int erfpret ed broadly, and can
O,

enconpas endriMYCNCOMINASS mRNIA &HWN QW@HWQW@N& smgehe genh wspmecases,

di « b
egi on) TRt GeEr PRI At Ere rihn BB el e B Ty gl "
aspect s, ngeR&sy €5 th®produeditoRa pellydidt) while ﬁnﬂmﬂ @peai ggaeedo hbtaincode ot
encode pole;geptl des 1 nclude ribosomal RNA genes transfer RNA (tRNA)

genes ani© @pttdeRrE«ag@#@sof(ngyt dq ryg 5B$0 %PFIQCS Wﬁk‘:‘ Fé‘rbﬂﬁm@%lr’PeNA
t | at ed
sequencelals h‘?“l‘ﬁ#%%gfe* A BRAENEES: al et Ben Bl iR (O eee

I d h h d
O e, oA RS SRESL B AR EAARED i

pr onot er §t anldrs' ﬁﬁﬁﬁlsﬂ@étﬁ&qu%debl(& 3'hErR axaﬂsqnnbpéxds@gmmnam vlapgn readi ng
frames" that code for @ﬁgeptldes The term "gene" enconpasses NRNA, cDNA

and genoffaueneasigcasid it ese[dyoErys, prd thepssogipted-Ran-trapseriged BEIONSt or m or
genom ¢ i d as
wel | as B Wﬂ%%s?ﬂe?%%égr&@nﬁf%%nE%%é%@%%?ﬁﬁifﬁfela%%?ss%{&i&éﬁﬁkﬁé T
transcri genesIWithinabe trahiriped egiiomsret bpén #eaémglftmedé thidt e odeRIVA pohypepiiddspt | on
unit are _sonetimes called "5lor 3 flankl sgllﬂu rg}ces " A functional

genoni ¢ fTHF #§TEY' gﬁ“%e?@%‘?ﬁﬁ@éﬁ@%o‘f@%ﬁr@ GO W‘S@féﬁﬁ?ﬁs necessary for
the regul ation of transcription. For exanple, the term"pronoter"” is

usual |y (&¥d1to dederseme agpepiatheasnemic foymiog gpngmis plonef ascaeiaslydasyhe:  of
the site i f ient f

transor | SShERTTEie FirsGhbod kA, Aol G SR rar S N Bl FRELLAR IS Vel y

active, whislde ofthetrimscrips. i The reghlatiryresgicns thdtelemmmdﬁ thie mRNAomahsttiptiad | y

active (e. where transcri n.is : .
( unit are sometimes calle '(’:5' OP g' t?ankmg 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 to 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.

”"n ons

[0058] As used herein, the expressions "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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initiated only under certain physiological conditions). CGenerally, the term
"regul atory elenent"” refers to any genetic elenent that controls sone
aspect ofwoheosnsptsessi on of nucl eic acid sequences. [00P8/UAs008eM3Ner ei N,
the expressions "in operable conbination,”™ "in operable order,"

"oper at i efuclidrndk dationsRipe Wath oaeh Vtliedl Feflexaiple, Sinfopeaitivelyrlasked provheter,used
in reference to nucleic acids, refer to the operational |inkage of nuc|eic
aci d seqérifaeer, ppencisading fiiame Indriaminalon seagaeA ssulis inthearayrate Readuction of
exanpl e, rativelwy |j . I r: and
Corm nat 8 RO FloTeble” ab sl S, BB Bl el FAREREGH-cARRERGH Byl TTC
I n sone gameeibton 0P&1 apénviehding ifnkecindudii@belyathe preduetionvs a pebpeptide(ithe
transcription_of an open reading frame and ultimately the production of a
pol ypept Pagessioneof the epereeadipg ffm®he open reading frame). [0059] As used
herein, the ternms "vector", "vehicle", and "construct" are used in

% ¢§

ref erencé058] any pdisyusad hewsin, dee teanecyacton haxehicle, pad peasishigiet cereaied ised to
transfer rdfes hceé % 25 %l Sn%gfg%ﬂhé ﬁ?oiecﬁ‘levtﬁgttc%rh b%%‘b}%@leldyanﬁ%@d loofahshar 1S t hat
proffa?ga‘f ul"ation (e.'g.o, seq

medi at e vector ron and mani p uences necessary for
repli cat hadleicaeideegmep@s)l i AgectotigptidhaAytompidsparte has hadéaee vectoml ti pl e
cloning site, operably |inked pronoter/enhancer elenents which enahle the
expr essi BIPPagAtPNANG TN PUARON (4 &, SCqUERSES BSEERIATE forgepliGabian genge LpRring
"shuttle o Lers " SH nj G t al jpked, ts that
faci |1 ¢ aleas apyibflic sEUREE, RANNTE LR L B MRk B blontd B EthaROR

mul ti pl eecleakhtsiwlicl enahie thewxpeasion of b ebned Yend, etcs). dfor eaéimple, d&clonmg f r om

pl asm ds, bagt eri}(l)lgﬂages or plant .or aninal viruses. [.0060 As. used

herein, VEEO% &y BV eer N “g‘él?ftl‘?ﬂmg VERr CopRing qperabipfi s by

conpri sl milﬁ%rsﬁt?élxnihg Rkpd (28! x@r&lﬁiiﬁl@fclcﬂﬁngﬂ;i?émftaﬁnihg%ﬁulﬁﬁrélrlegtﬁéﬁ&
expression of a desired gene“(e.g., a gene that encodes a protein or an
RNAI tri ggdmupisheecites) Verterspay oftanudesived dom plasmitdssbacteriqphages, paplaet ¢ral
expression vector or eukaryotic expression vector). Pol ynucl eotide
sequencengﬁifnPﬁérlitate gene expression can include, e.g., pronoters,
enhancers, transcription termnation sequences, and_ribosone @.ndin sites,
MR Vel e

often al Ohi t h ottsatsed @E]‘i‘fé‘hé}éest.e“_floeﬁi'] Sygn U%‘_‘éﬁr hisifes f0 a{9ant
refers t eoaﬁbisiﬂg eg&%ﬁlyms ?Xl}&lﬂ@lebm&a%teh@ Rhdt PaclitAe SPRSskionHRGIREBEECUl €
or sequence strrng is’used to“direct the production of a second nolecule or
sequence geter (erg, & grae tha ediddesragmotetnr arant RYAS inigger mollesuild) dn a particular host

organism (e.g., a bacterial expression vector or eukaryotic expression vector).

Polynucleotide sequences that facilitate gene expression can include, e.g., promoters,

enhancers, transcription termination sequences, and ribosome binding sites, often along with

other sequences.

[0061] As used herein, the term “encode” refers to any process whereby the
information in a polymeric macromolecule or sequence string is used to direct the
production of a second molecule or sequence string that is different from the first molecule
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 molecule is used as a
template to encode a newly synthesized complementary sister strand by a DNA-dependent

DNA polymerase.
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or sequence string. As used herein, the termis used broadly, and can have
a variety of applications. In sone aspects, the term "encode" describes the
process oNogemosesaservati ve DNA replication, where onePstTrspaisoisoar
doubl e-stranded DNA nol ecule is used as a tenplate to encode a newy

synt hesi grg2g0npl engpichd: a%b&t%e&iérha%cbae’afewtdﬂﬁge@@ews villdfeby the
ode

pol ynmerase. [ 0062] In another aspect, the term"enc refers to an
process wfemedsipntiheng nfodeaws isawsed to direst thel pseducsion of gaseepndomelieeele that fhas a

product i of .a,second nolecul hat has, a i fferent ical n e from
the firs IF?B?neté:t}}FIgfca %%mreefg%lﬂg? hlﬁ YHor ecoﬁle’éa%lgfr%’ &nco ég ogﬁcul@%{{rml ecul e

(e.g., bgnddde aBRACASE0lEulE (AHSEY tHRlgrocess BE RamRfiption thcargdAtgReDint  RNA
pol ymer ase enzynﬁé. Al so, an RNA nol ecul e_can encode a pol ypeptide,. as in
t he” pr océerengentRNAqohymerase eramelds Aso; an B molreule ransingedsa pelypeptide,
transl at ,on, " " e . i n

bheodes Enteihb afocke! P urdiReRAR. WGEEI AR pRu iodds Bt GandBRI e, |
nmol ecul e;‘erzode’; alby extbrdsao abe s Hletfcodey tias endodansc ampriol awid. | Incsonmpoaspedtsignan

RNA- dependent DNA pol ynmerase, | n anot her asbpeﬁt, a DN@ nol ecul e can encode
a pol ypeBiABolsayls eaniencode 3 DAY 1045H1e B&t> DYIRE BERSESSHY TEEIEE FANSCHRO ase

| ncorpor Bl AN AGRAGER INAHRMRGHL ThARoMeFladpeea TATAGRolchAR03] AS

used hereln, er s t erol ogou "exogenous" as applied to
pol ynucl eat érbede apohypeptids wheesit isdreiesstoal thel ‘@ooddsd ashiaed mathet dasen

rearranged or artjficjally su ied to.a biologjcal systemand are not in a
native cHIPIRGRES t’%th tfeeepré) ?SSS\%) gétr?r?grb%t&‘fn %@5@%&@8%, genoni ¢ position or
arrangenent of parts) or are not natjve to thaf particul ar, bi °'ﬁ94 cal

system 103 erns iAfdisedbereimahe eras rgtexplogouta Ot $X8eBPRY 5 4PRESY ¥om a
source Obﬁ%ﬁuél@@t‘fﬂets e 8@%%@& Ye REH MAI0 I SOMAORe Beert Rlafiaf %éd)oﬂg?{iﬁgi'fﬂl? S

havi ng a n- nat ur al Iguration, genetic |ocation or arrangenent of
parts. Thepliedns abetogealcystemand drésdvteinal mgoe sdnfzguratsanttd. nesh nespdct to

i nt er chan eabl%/ wi th "reconbi nant."” %190?4 As used heéei F th‘?e?d{.er m

"1 econbi AEHENCS §ERUPIGPONLEN 05 AHARGLTE O B i%_OBFrep‘lﬂt% Pt 10484 “‘C‘a?res t hat
the mat ehjAbgibq sPstem?d THRGHAR iRaRhtcHAItRE feldahfma@eiaPori Ahitd Yone @ kbElee

pol ypeptide, etc.) has been altered by human intervention. Generally, the

ar r angemetier tfanghe nafursily acewcivgisoneat orrrefesctgl molegulpphavang anpyaatural

fi ' h ' feth ' s id
ool ypept coe e, e e R RPAER R af bt TR ERRC ARoeBRNEE M oV he”

reconbi napdterldbsgdus edre GameiRiePasdddnthangeabliiewtht &cobinant.hi n or renoved
fromits natural environnent or state. For exanple, a naturally

[0064] As used herein, the term “recombinant” in reference to a nucleic acid or
polypeptide indicates that the material (e.g., a 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 polypeptide has in some way been
manipulated. The alteration to yield the recombinant material can be performed on the
material within or removed from its natural environment or state. For example, a naturally
occurring nucleic acid becomes a recombinant nucleic acid if it is altered, or if it is
transcribed from DNA which has been altered, 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 routine in
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occurring nucleic acid beconmes a reconbinant nucleic acid if it is altered,
or if it is transcribed from DNA which has been altered, by neans of human
i nt er ventwornopastassmed within the cell fromwhich it oripgrnst@s/oi43gene
sequence open reading frane is reconbinant if that nucl eoti de sequence has
been renmpyegh. fseanfdrtexmbw alureRnbRtbcot S Mblebridr BRdlogamustbgle: of., akLi fi ci al
nucl ei ¢ acid vecto Protocol s and reagents to produce reconbi nant
nol ecul e§yrr@sp8mteddl§4 anem@mtn@rhetwm Teene Rpbjishing AssogiptgsnIngnand fbni ne
i nthe art,,., Seg,, for, ex cyl I

g\( é’lg SQB%’ Inc. (ﬁntlﬁ{ne tﬁr%hgl?ﬁ%éﬁ%?ld%a%r&@ugtdf Mo]@éu% nin

Ausubel toco ol nt venture bBetween een

Publ i shi Ma%%%l@?ﬂ%@ﬁual (B Edy)d/clohd, wudegpr&gsmsor Latoratofis Codd Speng ed
t hrough 2006) and Sanbr ook et al, Mol ecul ar O oni ng - A Laboratory Mnual

(3rd Ed. ;—Iarh%JNe\g{\@rk,@QOd Spring Harbor Laboratory, Cold Spring Harbor, New
York, 2001. [0065] In contrast to a heterol ogous or exogenous nolecule, a
"native" [65] endogélmmt‘asm abaeitrolaggns pecXaggRes IﬁOIQCWSIQJrlbﬁtI‘V ®Ecurring

bi ol ogi cal st em, tissu pe

Tnat i ve BBEERiy sttt thn et found PEE Gl SRR AR Eh . e
nucl ei ¢ @;%cikse;lr@mo%oﬁmmdeldsr@dry SAUhSeR" OF hafdogmsr @enétslarg}:ﬂeﬂmtwhl ch it
normally resides in nature (e.g., .a nuclear chrqgnosone, mtochondrial or

chl or opi a@ler@bh‘éiri‘é ngt CMFlBrnalPleyc ¥ elrememj eppedsd bysources otliea Hipartbe soyese,
transcri §‘i£‘| g ch? r%&‘ld %@Q%g '8 oé é,iul‘:lisﬁusue%%odqé’qﬂﬁoc dREridiornot

artifici sup ereéin e term "host
cel I'" retEbopldst gerﬁfhllé oxtﬂimlhraﬂpm:almﬁg plabmndsb oAmgmdegemmnb gewe, amhskriptoch as a
vector, and supparts th& replication and res on of the nuclLei c acid.
Host cel PQ YE%R‘F‘ ds preods )Wt‘ﬁséla%"l‘lllgc‘égu ‘éé‘oEa ifi514 ysb‘Pp]é rt%P‘? cells

such as mammal i an cells é? ., mouse cel |l 5)5‘610067 As used herein, the
t er m " RNEQ066} ef er s Asgised persib dhe tsymuApHited” |t@ atcel Hapd GORiINS o | ecul e can

| ead
200 112 etk HEL Aol AR SEHPAESOLAG, Bld GBERE U refDn AL ExbiIG iGN

e sequences simlar or ntica eotl de
sequencesf the nubRicddi¢cHest @Ha eambe pekasotid belly sdhat Foooli roreu}mrgem oellscan
occur mainly through degfradatl on of Itlhe MRNA, but inhibition of translation
can al soswdasmammahiy) ¢slisdesr meuspgel!Ypti on can also play a role in gene
down-regul ation. [0068] At the level of transcript degradation/translation
i nhi bi ti 80671 he actAswsedheresyitheterraocRDYHEFelerssos ppeRst by appelvy double-

nucl eot i gttr r}‘?\ll % ?t‘l e gﬂp&] E&_@t I ¥ndOWhBRAr
conpl enen %ﬁd%] a'ggni%lé Eﬂll ln (gél%gllﬁ e(i} qé#’é)ghkﬁﬁ £ ot'génés;
the RNA molecule contains nucleotide sequences similar or identical to nucleotide
sequences in the affected gene or genes. The reduction in expression can occur mainly
through degradation of the mRNA, but inhibition of translation can also occur. Inhibition of

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

[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 mRNA 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 is 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 siRNA, and can be from natural sources, artificial or

recombinant.
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conpl ex. Some naturally occurring 2 1 nucleotide strands are known as
m croRNAs (or m RNA). This single short strand of RNA is derived froma
short dowsbesswosaesded RNA (usually with two nucl eoti de ecmgisesosivieated
ends). The short double stranded RNA is bound by the RI SC conpl ex before

one of theodopo st adsel hefbis (R fesl siRNASRanTBRF to RN gfl¢cardabatRNA
nol ecul es are call ed si RNA, and can be fromnatural sources, artificial or

r ecombi narmdurehaoyirasandsthen insragiuped inkea ek pingORIYRSBeGS: s used hegeis ma

nol ecul e i,N_ Vi

o asp iR mALGIEL IR Gty Kbl AREeaThel B ACHAR o PeiebriEiby 1
occur r i ngnaucpleedlity @ un@itgrat @ructuiieoopcicatieal amdificwions, geheradlyivwherothe use
unnatural structures or chem cal nodjfi cat ons, generally where the use of

such unn&f sHchy unsiptual strpetyresyor maeflifications Fisy tr"é%‘EIF ‘?1 mgleQleRAthipPERNSde wi t h
i npr oved aa%%lig(a f Ba)e}bl!tléﬁamremn% Ahﬁélewe c§r{‘al§b B@ﬁrmcem §cé1ﬁ al so

be produced I'n e acti’on of the enzynme Dicer | onger
nmol ecul e$heoerct1ba|of merermympéﬂcdsdﬂ\léngwldsﬁbllﬁemoldmwger halsﬁhlﬁshapﬁtcbdﬂm‘é& can be

provi ded experi nenta artificiall r can oc nat | | e.g.,
byt ecmaEruse - ougradkRVA Fulledinessen b deoils Eonpernai ¢ 67 Akl bE
mol ecul egaRb&us ahtutdly @Y 1n%ctloﬂrvﬁthrﬁsm virh§43y OAs edd lﬁré‘lnsfh%mﬁﬁﬂ-ecu' es
can occur naturally i n t production of m RNA from prl mary transcripts

(pri - m Rs#gpedidsRNA moteasl@smﬁegalladésmé”lom Opre-BdRDNA-ni RNA.  Li ke si RNA,
ShRNA nol ecul es can al so be directly introduced into a cell after
producti ¢e0A0h vit rd{aiﬂalmethNA rableculbecanrdcchr wdtadally /im degrbdwaivnl of npRdHAIced

within a_cell, e.g., ssed m.a suitable expressi on vector. [0071]
Pre- mi RN&O%MWC%‘WS Pr&r"é‘w)pr Tg 4his saperthents VHH RECTRENY LT i pt s
(pri-m Riie GENAD %hm ﬁeléetnefs Ren SRS BERFeLPRIBIARM iRRS Gl Prodicasni ze

and rel ease regidns of the primary m RNA transcript which forma stem! oop
st ruct ur én vifdot éthwatcan!elsy betantéfigally/racmihinantin sorduped wathinbe calhgi grexipeassed
repl ace t.he na stem | oop, structure with an artificial/reconbi nant
stem | oogoﬂ?ﬁ W?%exﬂr??s{%‘%e%&oése Drosha and Pasha recognl ze and rel ease

the artifjcial sh . T ac s _kno as sh m Cr.

f r amewor I@%ﬂthA et glﬁgrt\lxﬁ 8y ?:Batk‘ HE@“E:PBH’@HV Ashm RNA

vectors, tﬂaﬂs&@)’t§ rmﬁ@\xkg BY R K916 MRy Mg DRodha anAPRN Whics r@d‘o%ﬁ}k"es or.

[0072] As us rein e"termsi RNA can"refer to an si RNA nol ecul e

pr oduced abg regwe ﬂ‘%lomﬁg)faths piitraby miRNA trins¢rgpt/wibclo fdymastemsloRNAtrugtire. n a

cell, f OrAlt%)lsr?atlveﬁ" the pr1 THIRNA transcript can be engineered to replace the natural stem-loop
structure with an artificial/recombinant stem-loop structure. In this case Drosha and Pasha
recognize and release the artificial ShRNA. This approach is known as shmiRNA or
microRNA framework shRNA. Cassettes that produce shRNAs can be cloned into

shmiRNA vectors, in which case they produce shRNA via a pri-miRNA-like precursor.

[0072] As used herein, the term siRNA can refer to an siRNA molecule produced by
generating a suitable artificial/recombinant sShRNA within a cell, for example, from an
expression vector. The shRNA can be produced either directly (e.g., by expression driven
by a U6 promoter) or from a longer pri-miRNA-like transcript. In either case, generation of
the siRNA relies on the internal machinery of the cell to correctly process the RNA into

siRNA, incorporate it into RISC and trigger RNA..

[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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expression vector. The shRNA can be produced either directly (e.g., by
expression driven by a U6 pronoter) or froma |onger pri-mRNA-IIke
transcri pvO 2bev/82488er case, generation of the si RNA rel iP€3/usroosioesodnt er nal
machi nery of the cell to correctly process the RNA into si RNA incorporate

it into RNSCiraérerbiided IRY som¥AispedtAARNAS trd h6YeCilR is Sulsjeettorinssdedinlat RNAI
trigger nolecule" refers to any DNA nol ecul e, RNA nol ecul e, or hybrid

DNA/ RNA Riscessingandriaerparatign inf @i RISH camplen it orderdecsisrReiindustip 06 R | n
SONE aspPeGl far . auﬁiou h'sH4PL nﬁ?égﬁga? :3%%;%%%% Qf%el)t' BréilpggerdalQQhé ;‘l#e‘%turet, ﬁn

processi ng and 1 nhcorpofation in ex in er to effect the
i nduct i onnddrsthidAng of thefreechagiem idnbhieqgitedstoahnalee oralse chd mvemmsunh aks ssedi s

wi dely proposed in the literature, an understandi ng of the nechani i S not

requir edLF&‘%}E‘B\‘GF‘g&%Yén?]ﬁ%UIFﬁ%HPFIHH.e’ fﬁgew_éﬂ_e Rl B imiggdAR. P SO _

mol ecul e§hrﬁ%ﬁ§ﬁ?@& ’afla QfRI@A%mE&I&U_TH&%u&\&vmgcﬁQ%rEﬁ, i110§that6d BN shni RNA,
nol ecul es | m i

shRNA and si . The follow ng diagr l'ustrates these

nmol ecul amopaulan@ythwiays irhtheactivatani dIRMAL. RNAI . pri-m RNA > shRNA > si RNA >
RNAI Drosha Dicer RI SC Pasha or long dsRNA > si RNA > RNAi. Dicer RI SC
[0074] As used herein, the expressions "candi date si RNA nol ecul e" or

"candi dat e RNpAirit-tiiggey ol -ecusleRNAr - candi daREASRRNA 1vo! RNAE" or the |ike
refer to any DNA nol eculg;odiNA nol ecubegepr hybrid BNARNA nol ecul e,

natural or artificial, t hdy induce RNA interference. In some aspects, a
candi date si RNA trigger nolecule can be a menber of a library of candi date
si RNA ol ecul 5. In sone aspects as used herein, a candidate si RNA trigger
nol ecul e can be tested for RNAI activity. In other aspects, as used herein,
a popul ati on dPnCaiRE e 51 RNA FORB2ur es-areR¥Preened for RNAI activity.

[ 0075] As used herein, tHyiesmpressionsRI8Gzymatically |igating" or
"enzymatically ligated" refer to the process of covalently joining two or

nor e nuci@)7a] Ml ecWBRed h¥Rit Md skpRNioNPHCaidi@stk sIYNAMBRENIFR ok EcARENES
such as by using a known DNA'|igase. Suitable Ilgase enzynes are well known

in the aRNAiniggar mmdedude’ orgzandidapy SRNA melerwleC onthediee refsr to apnPhéy i ¢

lplr g? 2\: ﬁnnporleoc% es, il\}zb %olgc% es, of pl?bni']l(? BINWAE 'm\6 ecu ei, %Eltiu(raaﬁ oir grt}f{]c?algﬁl%? 1@1%? of
induce RNA interference. In some aspects, a candidate siRNA trigger molecule can be a
member of a library of candidate siRNA molecules. In some aspects as used herein, a
candidate siRNA trigger molecule can be tested for RNAi 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 is in contrast to a
synthetic ligation process that uses chemical reactive moieties in the absence of protein

enzymes.

[0076] 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 polynucleotide 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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enzynmes. [0076] As used herein, the expression "enzymatically digesting

w th endonucl ease" refers to the process of cleaving a nucleic acid

nol ecul e wei2zo@/@mssknown DNA cl eavi ng endonucl ease enzym®eT/ush@sm140B
endonucl ease cl eaves the phosphodi ester bond within a pol ynucl eoti de chain.

The choi ggclek ab1de iPanbh Gl dhce BSRMUChenRke. Utieg cdaparitasedtethied applctioat i on
and the desire effect. For exanple, sone endonucl eases cl eavenucl eic acids

in a nonerdopyelsases §igsizictipn epaymesy cleay hBNAe idbindupreesPsCifis IREWeFest ri cti on
endonucl ga (restriction_en . i i
manner - Rerere] SRlmuEEARS dROLHIRTY dviGa e GreB G RRRCL TRFELS b

cat egor i gype ly,pecodrdinptpehdit meahdhishy padtion, Ssaraestricgot enddnacleasmchane sm of
action. Sone restriction endonucl eases cleave nucleic acids in a i%eguence
speci fi cNHUF§SEIdaEn § KRAUSPERSRICITBARISE BGHIE S1te AT DEgeraraEIonGeArFCe HRF ct i on

endonucl eagesiofefi@¥fucidiSed el t?%g@d}?c Egilderﬁé’ig&ﬁ@tat 2sitd {finSARBnEL shANCce away

fromthe recognition sequence. used herein, the expression
"hai r pi nfrouctheirecogaitibnsoywemek.e” and any ot her equi val ent expressi on
generally refers to a nucleic acid nolecule that is able to forma

subst ant @77y doublsg-std aeat thawd:padseioachitpis haedeitartid moewilel agisanyt | ng
| oop. [0078] As used herein, the expression "substantially double stranded"
refers t6thsr epumlentexpraseion sanerplly relers tea pasleicacd malegulsdhatigablstto formyg ger

doubl e \?\ﬁ%&&&%ﬁ llf Hgﬁlﬂé—%%rgﬁde% 1 LﬁSféL\ﬂalogterﬁ'Hongiré ?ﬁ@& ?&Pitﬁf lggﬁlb l e stranded

domai n ere there exrsts suffricient antr par conplenentarity to

pr onot e n-Crick t base- pai ring. « r b e
single smgs on ?f‘?eu%@ﬁﬁ]iele%(?h 088 r%ssgnngg%tgg@y %@%@gh@aﬁnflg?& é{}ig b4
| ess-t hagoss t@sided BRI @A BioYecalt, hipap@tibe bf 8 éargendmblasteanded audbicecido
form doubl e stranded structures. [0079] As used herein, the pressi on

" st r and- @10dgsuecorAg ipBrRaiecaler doyble slranded dgmaincwhsre there xSk SpHTIee that i s

able to i ﬁ;ﬁgplﬁg&g'{_ Wwelept tenpl at e,
where t hg{'t?l?ag%gﬁl g?éb!}%leﬁﬁﬁggl g(ggrk? e-stran e%ﬁ%%%?&%é’eﬂi@hﬁ% gg?rpl enentary
strand. Sbmplethediasipy Betwegn [ied single asasiswinlthe tomplealdoys notirteedtebe 100%
polyneri zation at the site of an_internal nick or from an ng}gftelrtggrp rimer.

I f a straAPeelwpsdsilessrthan-periSehepapisnaniay Apidparallel SEAHANECSATE 4% it

di spl aceggtiie shaitd sgté@pd. Whil e transcribing the original strand. This
contrasts w tﬁ non- st rand- di spl aci ng pol ynerases which will either sinply

stop or ?6(?7@5 essi V%syusgg %@faeﬁjr?, tﬁ@&%oﬂt‘{sﬁaqdldﬁﬂlakiﬁgiﬂ%l};ln@rdg@’yre(féﬁjs% 2 -3
nucleic acid polymerase that is able to produce a single strand complement of a
polynucleotide template, where that template is in a double-stranded complex with a
complementary strand. Strand-displacing polymerases will typically initiate polymerization
at the site of an internal nick or from an annealed primer. If a strand-displacing polymerase
encounters a double-stranded region, it displaces the bound strand while transcribing the
original strand. This contrasts with non-strand-displacing polymerases which will either
simply stop or progressively degrade the DNA strand that is in the way (via 5°-3’
exonuclease activity). The latter is called “nick translation” and applies e.g. to Taq DNA
polymerase and E. coli DNA polymerase I. Strand displacing polymerases, in particular
those that find use with the invention, are typically DNA-dependent DNA polymerases.
Examples of strand-displacing polymerases include, for example, phi29 polymerase (029),
E. coli DNA polymerase I Klenow fragment, Vent DNA polymerase, 9°N, DNA
polymerase (New England Biolabs) and Bst DNA polymerase large fragment.

24



exonucl ease activity). The latter is called "nick translation" and applies
e.g. to Taqg DNA polynerase and E. coli DNA polynerase |. Strand displ aci ng
pol ymer aswe,20098ps8t i cul ar those that find use w th thePCEXS20080M403Ar €
typi cal | y DNA-dependent DNA pol ynerases. Exanpl es of strand-di splacing

pol ymer ag@0] Ncl udeys fsed heveaiThCexpétsidf “POPori® @aRsdriptfon uit” fdérs tONA
pol ynmerase | Kl enow fragnment, Vent DNA pol ynerase, 9NnDNA pol yner ase ( New

Engl and saraﬂcansyhaamossaa mﬂmmdy‘:mm IAarleg@rtﬂrtéajlfr@fmtl({IUGBO‘]aﬂ,@t@%'éb’
herein, etal%Xchbedle yeblge&t? {Blg a?ie s or ?)g\ reag Of?aanihat eﬁceodg% r{)%rf%rt ranscri pt

t hat encodes a ranscri unit can
opti onal pylypeptidei n ot her el errents |n addi tion to an open reading frane that
encodes a reporter pol ypeptide. [0081] As used herein, the expression

"transl ajgyghf pol Y'Alécilse@hbl‘éﬁi' tﬁeeé)%&@ssfoa msmﬂhe%lﬁﬁlcm@ﬂeaeﬁshatan
capable of being translated in order to generate a pol ypeptide. [0082

used her augieotidessetesnce thrad s ¢apabis| Oétbamlgérap@llasﬁdun loedsrr tel gEnarate @r@lxmpaﬁgf
nucl eoti de sequence that is unable to be translated, or fully translated,
and t hus[@82% not gensedherei, plod tytpnﬁhbnlerqmstaiuhlte polenuodaeoaiq&l e@fer:s to any

non-transl tab e pol ynucl eot i n cont ai.n to cod

her eby. Brdbaie whsas & e REHIREery oy BrdBieo stk Fofen i aced
anywher egiiriBg ci’% ﬁ@@ﬁ‘l‘oﬂgctf rf%?%xaﬁlﬂ@ra?% aﬁﬁsdatﬁbleq;oaﬁﬁmeﬁaé esh contain

pol ypeptl de product P likely to be unstable in'vivo. A polynucleotide

can al soals@prwddmaems ﬁ@ndrtan@balpa&yleatllhg/tranSI}@mnnH’dtﬁs’naqu{ ta(ﬁ(mgc n capbe
Iin‘itedtgl (g a’ﬁl ninit| onblncrrect |n|tt| Lpn.context or
t he abseREECHFY: 66?)% Fé’B‘a‘?ﬁ %ﬁf? Y P18 ‘é%‘fgmg%a Rerygl% t he

expr essi grdusBst ik Illﬁelyrtblbellﬁl@trawleaﬁwél A/ poly Bl @éstideQah ARoi baltehddred Yomct i vity
of a nolecule (e.g., an RNAI trigger rmleculezﬂthat preferentlallaloaffects

one t ar genslatableibyothes ragrns Haeludmgdut neflirgiteshs) absencstafap inisipgeg o used
ol ynuc SRERE phlaBHEEuREARINe RosRRc, SRECIpeh fed MY b BIURIT. ' 1o Lcibe

hi bi f 4h ol d d
1 o 0085) cat o ArBPABeTHIMS ?pr?ﬁ%fg%. SO R R SIS RO oo

used to IRASHTS abtidty Y RoleRlil (@Gt IawRNAp@igEglamsledamﬂﬁt pafe@enfidlBy affects
reporter/assay systemthat is used 0084 used herein, the ex reSS| on

"speci f i on¢ targed relatiyeto anRIRT targetar g noel @mhﬁrtéig@f& yAppsed eraipy ang

nol ecul e wher I {

e e B A 9 ARG P FR o
when that RNAI trigger molecule inhibits the expression of the mRNA (or the polypeptlde
encoded by the mRNA) to a greater degree than it inhibits other mRNA molecules. The
method used to measure the inhibitory activity can vary depending on the reporter/assay

system 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 molecule 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 inhibitory 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 mRNA 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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to a greater degree than it inhibits other nRNA nol ecul es. That RNA
trigger can be said to have "specific inhibitory activity" for the target
MRNA. [ 00862008082u88d herein, the expression "of f-target pefrfuseaos/oneBers to
the effect caused by an RNAi trigger nolecule where that RNAI trigger

mol ecul ejnhidishihd exprB&idxd é%ﬁ*?itg Bf 8 udiptated nFRalAaargeRiVar widgsirallo mR&

pol ypepti de encoded by the target) other than the target that it is
nost confargdtentary to, or in other respects, the RNAI trigger

nol ecul ei nhibits the expression or activity of an unexpected nRNA target or
an undes[0086] e nMRNAstaed)bereirn], 0@88jprassion s simglecedli nesolution? xgfersde tnabikiyigl e
cell resolution” refers to the abjlity tQ. sort tect i . a pool
of cel | Subeketor fenae f Bt eebnvit et rosgltisRbe g el peh s

char act eghathdt&gstiRl OPPRJ%@ftfeis%i;a@fng@e &ingliee p&dlloficalld bm wodiktimfuishel fonean be
di stingui shed fromothéer individual cells in the pool of cells. For

exanpl e, ofhtr mdévidadl cellyinghpped! aficels| For axamples sfcangteet inameohof ¢ellsiescent

| .ecul ' :
popul at 1 BocaeoriLt ABRagat BpchEPTaR-baTR st ABtecifut shoifest ey o

to det echopidittbr, B deRUBoE S5tEm having “singe talbicaslatiohhaill baableed detecnand e
popul ation of cells. [0087] As used _herein, the expression "positive
sel ect i opomagases. softendsolate, thatepecst fromthe %@éf?“ﬁpgéﬁﬁs'i nacell, eg.,
expressed, activated or the like, results in detection, identification
and/ or s{087yal of Ashmed betein, thegxpeessioni pesitivp selgefigemarkeagferatd ysed -

h in, th ' " L I ' . ! : - .t hat ,
uhen pr oBBRS Tt i pres g4 oif . Gl S BRGER O RETRE 180T MREkEfioh T

t he deat Ricafificint B creLBG 41 O ik célnthat edhpriides thematker.ses that marker.
[ 0089] As used herein, the expression "shRNA cassette" or the like refers

to a DNA[(W%ISECU' e, AMised heRED the SipredsioneReghiive de@tidRihatkert eefprsaduce a
transcript that is an shRNA that triggers RNAi, or can be further processed

t 0 gener atagkeathatRhh piesent in i golbresg. ROYAIress¢d @owyatedonibe dikseiesplis intthedeath
expression "hairpin.cassettey or. the i r rs to a DNA nol ecul e, which
when traﬂg‘&?‘ir‘geerasf%ier‘fggnPﬁ&eacﬁpItﬁ?tfopgrls?sﬁgﬁtclgg%eﬁai rpin mol ecul e. [0091] As
used herein, the term"epiallele,” "epial variant" or.simJdar

expressi (M efer ¥ %egﬁswm%‘f %XR?%%SR’EQMSL% c‘i‘s§e'i??1d?fct§8 11%9 regflsrr‘?et? pPNA
vari abi | ifofe Qi) ¥hidi@Relt BEnQEBEL, iHas MR dbARY kb bodubeh tiafiscifps fat & AOSHRNA
allelic variration. For exanple, dom nant genetic inhibitors such as .

ant i sens ¢haRNiggers RNRionmahdefligkertpiogessesiie generaiseatshBa A tha Héggsrs RNAL

severity are epiallelic. _
[0090] As used herein, the expression “hairpin cassette” or the like refers to a DNA

molecule, which when transcribed, has the ability to produce a hairpin molecule.

[0091] As used herein, the term “epiallele,” “‘epiallele variant” or similar
expressions refer to a phenotypic variant that is induced by genetic variability other than the
genetic variability that is associated with allelic variation. For example, dominant genetic
inhibitors such as antisense-RNA or shRNA molecules that cause a spectrum of phenotypic

severity are epiallelic.

[0092] As used herein, the expression “epiallelic series” or similar expressions refer

to a collection of epialleles of a target gene that cause a spectrum of phenotypic severity.

[0093] As used herein, the terms “hypomorphic,” “hypomorphic allele,”
“hypomorphic mutation” or the like refers to 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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[ 0092] As used herein, the expression "epiallelic series" or simlar
expressions refer to a collection of epialleles of a target gene that cause
a spect r uwoaboisessst ypi ¢ severity. [0093] As used herei RCTIUSRO0BOI14U87
"hyponor phic,” "hyponorphic allele,” "hyponorphic nutation” or the |ike
refers t anﬁ)ggﬁél%tdoﬁy‘b@'é'géﬂé, orRad bé eslskd By iepi-AldlRAUGbIsBULRas phdiifacantical a
particul ar gene. The hyponorphic state can be caused by a nutation in

t heendog@ahdutorgepgdorainant gangtc inhibitoin e, R amalgcudssi - al l el ic factors such
as pharmaceutical inhibitors or dominant genetic inhibitors, e.g., shRNA
nmol ecul es. BRI EF DESCRI PTI ON OF THE FI GURES [0094] FIG 1 provides an
illustration depicting tBRIEDPESCRIBFUONORTEHE FPGHRIH si RNA expr essi on
casset t e[009d] a vecHdIG. & puodiled amillubteatoasiepictieg ththamstru¢teoncafashaigpen DNA

met hod enpl oys a "hairpin adapter” nethodol ggy conbined with a .

Vect or - abRAV SEPICEINFEE IR AN AYGstPr CopRLIng B Gagnrhoia 42 SHEUPEITow ng
steps. Shfbhol-eniy 16%@%@%&@@%&%1(1 tRnbaRd | iREVBAbE afthchlegast

approxi mately 100 base pairs in | ength. ep 2 : Ligate the hairpin adapter
ont o one“agenbg dutésidp. Thistpretoc@Naclidesgire fiollovBng steps.4StePrie Fragmant the target

endonucl to release haj rpin adapters. pl CDNA subsequence, st :
Li gat e b?ﬁﬁﬁe@?‘ﬂgﬁﬂ%z‘ﬁﬁgﬂgﬁsﬁg Le&stse}pgﬁq)ﬁuga&gf)ys ttfou%atsﬁ Pa & %ﬁ%{rﬁ’t YS%EH évlgg?tgr .
Absence e Hirpir adipRS PRES ShelirQdlh SYs T eHB dIDINA fEQShEnk.S Stop 34:NTrekt with t he
resulting DNA nol ecule. Step 6: "Open out” the stem | oop structure by

copyi ng edonbilaass tohielgasetheamin alappsrapiun gDDMsuhsPqueBER S SIePGo i8Ry start s
fromthe i %@deshﬁﬁmﬁ -latlgfi ggH’lC ob Q&uctﬁl%quﬂmct’}&t véctt(?rmAQs%Hcﬁséf ggture. Step
Qi EnPRECT an pene P

8: Recir (W hv4 ector he 0o -out stem |l oop nol ecule, foll owed
by furt hghosphire@ndipnastet 100y Feguls @psnick QDBB]redulting DNA mviadake. dep 6:
illustration depicting the construction of a hai rgi n DNA si Elé\lqu%&ressi on
casset t e “QRen auty ke $emdeen Hrustyg by seryiag i PNA wiB retrepd-dspiasing Pt on

met hod e ne. t | HAHGLEO,{0S" PRRILR Q¥ egﬂqlta@t RR]Rt er

ol i gonucple}%ﬁé?iaesg' 'nggﬁlgrfg&tos(t}{trd’rgst epl.:ET d|ege,|br ggt%%cgﬂ% %%I rll,l es thg fol [ ow ng

st eps. Sktepctire. StapgSreRucirchiarizatigetecobiidd thetapenahyutf stageon mokiculegdlowed

approximately 100 base pairs in length. Step 2: Ligate the hairpin adapter

onto onggﬁﬁu%ﬁﬁo%woﬂﬁcﬁ%n%m&fragnents. Step 3: Treat with

endonucl ease to rel ease hairpin adapters. plus cDNA subsequencesl. 'Siﬁ}ﬁ#&
and

Li gat e s{@®Sl oops HFdCadapeedein Yumitrtioastepirias t esEpetionefielAmy
" open Ougikﬁmgﬁeg&sﬁ ORRethYarfdOPVdcE cBHﬁH%h}é‘ctaEheﬁe SihaB i ciRiraGidig DNA
thereby p opened out

pol yner asSe, roduci ng an stem1oop structure. Copying
starts f nethddreenploysar “adapter oligonucleotide” methodology and an “adapter

%

oligonucleotide” “opening out” step. This protocol includes the following steps. Step 1:
Fragment the target cDNA into many fragments at least approximately 100 base pairs in
length. Step 2: Ligate the hairpin adapter onto one or both ends of the cDNA fragments.
Step 3: Treat with endonuclease to release hairpin adapters plus cDNA subsequences. Step
5: Ligate stem loops to adapter oligonucleotides. Step 6/7: Anneal primer and “open out”
the stem-loop by copying the DNA with a strand-displacing DNA polymerase, thereby
producing an “opened out” stem-loop structure. Copying starts from the primer. An
optional second primer site can be used to PCR-amplify the product. Step 8: Optionally cut

with restriction enzymes and clone into a vector by conventional cloning methods. The

protocol can then further include additional conventional cloning steps.

[0096] FIG. 3 provides an illustration of the construction of an shRNA library from
a target gene cDNA.
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optional second priner site can be used to PCR-anplify the product. Step 8:
Optionally cut with restriction enzynmes and clone into a vector by

convent i onal2oelosedisag met hods. The protocol can then fur Ph@UuS2evslonda7

addi tional conventional cloning steps. [0096] FIG 3 provides an

illustr agio@ﬂ of t hETG8NSAIaUWBIFrovideanustARDKS bf the dbyenfifi®outd nicthatismgsae
cDNA. [0097] FIGS. 4A and 4B provide illustrations of the "opening out"
mechani sdunrgebnduméting efomshRIGA Fassetss using thismagshedssefdhe pregent agvantien mlfrods

of the present invention, .FIG 4A sh " )| " i . t or
ol i gonuchSShP s Shenir " it 40 AR A ORSRAS hefidl, o Holh TIRED
f ol | owi NghBpRRBcolFhERIA: thé fERIvEng Btepb.0Biep O : ddgqt on claniy adaipegr 18op. Abtep &:

primer and extend (or extend from a nick between vector and stemﬁo% Bst
DNA Pol yfAanea @rises aad extend frn sxteand fjom renigh spiaveen gpctpband demrlooph BildM ace

t he base ' 1§ ' | F ) pairs
and | ar ggwg{rega%ﬁ?5%8%@3%@@?&8&’8&‘?@%3?%@# @bﬁ%ﬁg@gﬁ?@yﬁ%}%%@? béf@Gp QE&BF shows
t he cl onDINA.ONoamplifieetie@tawwids' biak RAdaas 420 basei paims aad Vagemare bighérough ot ocol
includes the followng steps. Step C Gel purify. Step D. Subclone into a
sui t abl esehyrids effisienétlyssette by digesting with cloning enzynes. In a

preferred nmethod, this isn't required as the opened out loop is already

at t ached[0098t he ve&I6r 4Bahpws thecloring efian r ogened Qui™ shRY Y casseste iR vect or
by ligatjon, AP r s e e {,0 S [hto an
appropri §%°é°rv§f:‘ﬁ§¥’€%‘°e".°g }I{,}ﬂg&? Zt?er%\i}f)?’gféc éﬁ%ﬁ estst |%hé§fe§t oh'. @éétig% %}5&01{30
Transcri hfo b keitebipegasdsivh eassettyadigestiag hadi cleehp ehnymesotiua predercethdi dat e
shRNA. [0099] FIGS. 5A - 5C provide the sequ nc&}sgl an%@aec%%dar%/ S&{l ctures
of hai r pmstiodathipisad arquredias theeponpd Qrigeop 17Ereafy pURINSF 40 fyenyectogy X! taly
Y/ Yl”ean'sg@né%i?egfig’t%@i?&ﬁ(ﬁfé tﬁe%étt}r ﬁ}t]ﬁ%ﬁfdnn’%t&ymlne%@ esubichale thhe base is

t he corrpf ase to the corresp i

nding N, X or Y. Restriction sites
are cir ckagstessikdnas&dfiepniovancipprapmiatd Vagsiry aigi, e metsdionel axpresseorpyesters sSte Fhow a

hai r pi n | ecule (e.qg., .a hairpin of Fl 5C) .can be .cu ci se unwant ed
sequence Fanfﬁf%(fot]hg 28 esséo’b%\?‘?tg"e‘g %?Sr?qﬁfé’tﬂr&a\%c&? C&Bﬂ’@ﬁé’tw )g a general
nmet hod that all ows_the greci se renoval of a styffer fragnment w fhout

requi ri niU88) specFfS- S8qunBrYIdeihe REIUCBERSHH SpEOndRNIUCHIeS LA
[0101] FbﬁA QY¥dsdgs tl?enﬁédrjaéﬁﬁer Aal£ers RON. KIX B2y NP GndaBranfiaie) dnd
library of s cassettessw thin the sane vector as an intact copy of the
t ar get gethere Witle thegpriya¢ symbol denotes that the base is the complementary base to the
corresponding N, X or Y. Restriction sites are circled. FIG. SD provides an illustration
showing the process of how a hairpin molecule (e.g., a hairpin of FIG. 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.

[0101] FIG. 7 provides an illustration showing a method for making a library of
shRNA cassettes within the same vector as an intact copy of the target gene. The target
cDNA 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 target.
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CDNA is first duplicated and then one copy is processed i nt o shRNA
cassettes while still attached to the vector (see FIG 8). This nethod
al | ows f owoth@/gsessducti on of a single vector that woul drexarseas/obmsh the
FACS-reporter for the cDNA and a candi date shRNA for that target.[0102]

FIG 8 proavepes anfit! §ptéadésan idhstativatofadndtied foreh@pductiornst shiRNk RNA
cassettes froma target cDNA while the t&rﬁget cDNA is covalently attached

to a veceassettesiomn alasizeli RN A vehilethe farag/cpiVA fs eovrleatly sftaghed tp apyqator, thus
nol ecul es.. -Thi anpl e, pr. S I cDNA
f ragnment §\6q1%_1%§§helel?rf| ngiﬁgg/yggﬁ gé{.%%ﬁ? fzs&r?;l @%D‘ﬁ?%?@%%’?gf#sg%%g% ‘g?gﬁé&g? ?on of
t wo ShRNARNARAssktto Mogacke antofaf cDINA fedghfent FIdhEBInté-hGectdr.pAciingles an

illustratiaon of a | oop adapter sequ and secondary  structure. This
figure sHeRdicabemalemypwduptionpf tag %ig&g’hs EES B8 Qaﬁgéﬂoﬁrg&f gpt or priner
(DK308), showi ng the predicted secondary structure and the positions of
essent i al0183H opt | HHEH 9 peepidescan ilpetrasion T aNpemadaptarisequeage apd eecogdary

arbitrary. The ul .and Prel, sit IRV ' | op has
been opelBFig: TS 6fOE) 13k HETALE. Gl if MLELNTualed Bbp hIBHLTT

unwant edpfeetEDKess)NsHowiAg theprbdiord sbandami staictiselhnd thegiositivhs of besefitiaial

| oop sequence is determned in this case by the yell ow hj g%i ht e}ﬂlablases.
The onl yansheriionahseguercesdenetis eMughef tgrsatense 18,4 }tgqu.a;l'be Bg%“dc # are
part of t. i t i hal ed by
changi ngglﬁéﬁ%g@%ﬁ %Cﬁioél Iat'fgég%}% g’ﬁ?thﬁ%ﬁé n(@ EPéds:&?e ﬂgg%)saltl? gges?%n?dﬁgjs %&kdgnd

of t he ol irgPIG 610 4dmbteGinvithtqt sequeress svithin thadoopat Fadlovohg &shbtypatendat ther

< Tan NEFBEL IpaR SFaS ABETPUFI AR P RS PG B Bk oY SR il y |

structurgaégﬂlﬁ&eseﬁggﬂcreitgas of essential and optional sequence el enents. An
alternative harrpin oligo for using McrBC i nstead of EcoPl15l. There are

very few i K gl i C ite
B e e B S ST R R
Mer BC si bechitraledBy.chhngihpitise misitgpm, ofPheetightalsandr@rud sde comparad s@theas t he
enzyne to re-cut hairpin diners, instead of Pvull. The final | oop sequence
i s deterpt gafbfithe blige case by the highlighted bases. The |ength of the
final loop can be controlled by changing the position of the right-hand
Gsul sit gyi@arar ed e, 109rovid@nsh ifhstiien @ ad6op dddbREkediledce ddd fucoNddes an

illustration of a | oop adapter sequence and secondary ]
structure. This figure shows loop adapter B, which is an McrBC-based loop adaptor primer

showing the predicted secondary structure and the positions 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 hairpins 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 lacl. Much of
the sequence is arbitrary. There are two Gsul sites after 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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structure. This figure shows | oop adapter C, which is an EcoP15I-based | oop
adaptor priner incorporating a single binding site (lacGs) for the

bact eri alwoepressss | ad. Much of the sequence is arbitra&cy/ustovsnesoar e t wo
Gsul sites after the loop is opened out. The final |oop sequence is

det er m nggdukfce thatscatifdebearicl ardhgkd ihghhadpdhastse ETOR1 it ahdsieslatO site.
t hi ssequence that cannot be varied are those that are &art of the EcoP15I

site andAtse;eonch@oegm éhlrd& 1@@@#@%@ be gasilytaeremmoratedy Jhe dengdhupithsdinghsi |y
dated. Th d
aoComoA Bt AL Puplast gl the, SRR CESIERIARR iy e i ARV N9

varying b&@cHi@ﬂﬁtﬂy odryitpeths g tis bRt sideptenb QoopaF0-669.106] FI G 12 provi des
an illustration of a vector for the internediate cloning of short hairpin

RNAs undgyiobfie conti@l 12hrdvides\dd iNLQMRIOR of aactohid thaferhitdidbclonmgnifer and
cloning site are flanked by Gateway reconbination sites and Pacl/Hi ndl]I

restri ct slomt keippymBNAS wler Brefepirp] @%ﬁléuﬁl wameteroin thiseasoihs| (&a-prprpeiesatd; e

into the final .vect [ n ort

hai r pi n ﬁwgas teséer ﬁa%g@% byt(lf‘vagnrrélwg?éf?ecgﬁm%m%ﬁoaQ(?esblﬁﬁq’atcﬂ%ﬁereg glg%ilg tream of
di ff er enenAYn@eHes (s facilitete khineof the eomf)leté’dbﬁieset’tedﬁtortﬁe finaltveatort Bayilaont ai n
restriction enzyne sites that (follow n%\lﬁ@t' onal Dbl unt-endi n]g) produce a

vect or wegiomsicanpe éﬁﬁﬁstoc%?l‘ree@%éw hyrmpip s, paripfiaEanssapt BAUAINEAR i on
bet r d
et ween hﬁ%{)ﬁm s‘%‘%?‘?“‘tg?ﬁl SHifrllle p}tﬁgﬂl%terryelthe Ke f%(%hnﬁ% dﬁﬁ(%e%@ﬂo sol'é Qidtdes a

bl unt en transcription, wherea or Aarl followed by
bl unti ngth@iytcbnansmisttrmbbe ep@imm’ﬁ'teashntmfod)l«immg aptimahbluandndmg)qmduc@l a/vector

di t t . | TTTTI) .f
P & O 5 i endn Corsnanding Persissl 1 (e aeSeds wictbn L bTasAtRg veston g Bl ¢ pi n
tag rel eﬁﬁ?ﬂnQXnﬁﬁfEP :ﬁ Ith1§ QéseWeB@ovufé@q Bhlrtlehd at th@r&tzﬁ’f oft théhscRPEdH, Rhefiak "

met hod descri bed 1 n . Dinefisation/recircul arisation of thé vector is
i nhi bi t eXcm} mﬁ@kl@ﬂlnge@\bglblumlmgh’ethaglata”blmpqlmcltas@nroaiﬁde ppluntendi ngl e base

25 pholpRatBrly Fetrfh g tﬁfqﬁwgﬁﬂi?@w TR rhdT R R R R i, 20 20
h hat e backb di d hat

[0108] FIGd7i4 Bpﬁﬁéég RO R T RFTSRROR 23 oGioE 15 he SRBMER PO BT Hfe

i nventi o 1ez£s‘e§ BS/ ‘I"E'EQP %%NA E@) RALYEREARR SMRE “openfY Sutt thettbid dedEfbedlina

nick int pol yimerase | Kl enow fragnment or Bst pol ynerase)
is used 'F&chbpjblmhnsdwnfrpmmlléarrsabomo%thﬁ ivectorlisuibhibited by inbdedimgiAfel in the

Pol yneri sation i ltlat t th nlck ner d in.the i, ou gation

st ep. ié@t}onl:reéf lopgandy vﬁﬁaé@gg% *f P % "i?t&ﬁ © mgLer et%g O\fﬂ? \%Clt(%/ect or

after Combﬁfsb% i®dripin 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.

[0108] FIG. 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) is 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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pol ynmerisation with strand di splaci ng pol ynerase and bl unting of other end
of vector. Recircularisation with T4 DNA |igase yields the conplete first
st age vecwonroodsessst hat the 'sense' strand of the shRNAPCTrusSe@pomds?
precisely to the start of transcription, while the' antisense' strand is

i mredi-at elnyiséRb! SvRd iPinhbaiatedy HIRMeaby thfermitatorP s pfRtphospHatt=3" hydr oxyl .
[0110] FIG 16 provides an illustration of a vector where the renoval of
st uf f er O hydsoxyloned opened-out hairpin construct is shown. The stuffer
within the hairpin |oop is renoved using a pair of restriction enzynes

whi ch cuf01d0] si de FH6L 16 pexvadgsiani idnstsitive of heretor @hate) the A¢meyal @f stufient t i ng,

the vector is optionally treated with an enz to oduce . )

opt i onal &QWBF_CB)@F&’P dé%%flge'inrc@ﬂft_ﬁ‘fq?ése Oﬁé‘vﬁlﬁaﬁt&gﬁw _lg%eg@%l?pgﬁfofp i sed
vector CalteRiBVe®PRahs ¥ phit O r&eri@HRl dnz{fes whiRRidAgohtside theif ticbgiition bise (e, al
strain. The conpleted cassette carrying the hairpin construct is then

t r ansf er Gsdl)i After Gaid duiting, theevsctor is p@ionally peaed Withmnosnzyes tq DEPBICe Sbh of

resol ved on_an. agaros, el ere.t . . Flk=Tolns ol
recovere [ﬁagf?%qonég?ﬂigﬁg?urﬁ%%ﬁdi rS#PC“ %SSHE)H% 1?)% egrégg(flﬁ?rgeg sarr%?aen of
Fer ment agptiddallgltioon beeslaglifietpellgihg intd hkd]tatlt GactéBalpt@iti. dbe camphedédepssgite of
an agarose gel following Pacl/H ndlll digestion_and resolution of a DNA

sanpl e dedTXIBE the hirpyoeanstruetds grmdensikried infp o ¥R gel is a sanple of
Fermentas 100 base pair |adder markers. [0113] FIG 19 provides a
phot ogr ap1di an addGed? poevidésal phosegrapiPatiesoivediDNA @n ge agpigpe &flgwhere

resol utign a mxed |i.brary DNA preparati ogh.cr[:0 F rQvi a
tabl e shgﬁ%p‘tsﬁgm ?fcalr%grfiglalg&g é%ﬁ?é’grc?gsaﬁﬁ }(%ﬁ(])o@i% rL]iEg]e (%ﬁ%’%n}xs% 8q8§§‘r’1vge0§\ﬂé€g%es of
t he hai r pi 9sao4RNGF Eéraatdsestralbivahddie nfagkdrowi ng VEGFR2/ KDR si ngl e gene

|l i brary construction. The sequences fromtranscription initiation to

transcrigjignal temyN3g ?Eo&ia_éEETﬂ_ﬁot@g’rﬁpﬁWagai&Mg@] fdtlowing Pa¢lyi@midies an

illustration of the strategy for a reporter gene assay for the detection of
RNAi tri dipestiordnslogsadutiorhefa BN samaple detived fiemdwatedr ieg | Hlgo shok pRessi on

of a target gene, 11 Fl rovid n i tration of a vector that

finds usg"evﬁe?hs 2{sf?é‘{pj%ggt%mbel%atsﬁ@o%ﬁ@ee%atllg%ﬁé?rorpg‘ltkﬁtg detection of active

si RNA nol ecyl es. The vector .sho is termed LIO, apd.js.a retroviral

vect or e%b‘rlgL_si ng %iﬁ EEQTO‘? ¢ m@}%ﬁ%{&ﬁh&e?‘bﬁgaa?r%&eggf@wg?% a@()@‘&ﬂffgnd a

mul ti pl e gl shdStet Quti GPS nivted BrefyaIN Ags8p4rhied Wi thin the Sal |/ Not|
[0114] FIG. 20 provides a table showing the nucleotide sequences from eight of ten
sequenced clones of the hairpin shRNA cassettes obtained following VEGFR2/KDR single
gene library construction. The sequences from transcription initiation to transcriptional

terminator (TTTTT) are shown.

[0115] FIG. 21 provides an illustration of the strategy for a reporter gene assay for
the detection of RNAI trigger molecules that are active in the down regulation of expression

of a target gene.

[0116] FIG. 22 provides an illustration of a vector that finds use with the assays of
the invention for the detection of active siRNA molecules. The vector shown is termed
L101, and is a retroviral vector expressing GFP-PEST 2A hygromycinR followed by a stop
codon and a multiple cloning site. cDNAs of interest are cloned within the Sall/Notl

multiple cloning site
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multiple cloning sitefAl 7] FIGS. 23A and B provide illustrations of
constructs used in proof of principle experinents. FIG 23A shows red
fl uor escew0 2povaiseiss ( RFP) marked retroviral constructs exprussaisogoshRNAS
targeting either Axl or luciferase. The vector al so expresses puronycin

phosphot [@n9f er ase Frafs. ebabaaty Cﬁ@vﬂléﬁﬂﬁéfféh@ﬁ 86¢cis OGS usdd @ présofshows
retroviral vectors expressi ng P- PEST and hygronycin 5 hosphot r ansf er ase

( best owi pyneiplsiesperiments.o FlGg E3pbowy redfludiessentproieaut marked ESNWV(‘:flabned

frane. [ orsgrol i Sahe NS H AR QR AR PO BORHE TRE s BG ey,
si RNA i nbuﬂ@kﬂycﬁnpmspmr@s&xweew&icﬁrbesﬂ;twe@armﬁ)&mh t&istdrices PIGL e3thtbw§ he

ShRNA targeti n? (AXxI shRNA ﬁk knocks down Axl protein but the shRNA
t ar get i nEELTAY&R \éﬁ%@é emra@wsgwﬁ )P%ﬁilégndql@tgrowcm p@emh%raé&fswé% EhestPvEng her

the Axl B?B% hRNA 5&@ i ol
ant i bodi ?aésl 0 P%?Ae%ﬁglyglgm?’l uortcané?:e'qet%]1 y-I a eqw‘é%é%{ggn g??ﬁ\%%ln?l gﬂ%yGan
anal ysedP88Thhyktauydy phosphetranssértdd\spenaeading fineesed from t he RFP vect or
described in FIG 23A. Cells expressing the Luciferase shRNA (green |ine)

exhi bi t wﬁrmLSI m | emcmu pEs Al flow eytehietry Yesudi tffodh theainhB/sRAF sERINAESSI Ng a
ShRNA (red shading). CeIIs ex[%r the Axl shRNA showed g%reatly reduced
€

essin
ant i - Ax| inhibifigp ﬁ@gm@cﬁx@éﬁsﬁlﬁg lhesece qISéUEﬂt@t%@aNbF spROVefargetmgrAddAar i son,

a popul a 0 e . | n
Pl eo” SHENAT GRS v R PrBleNPthd hiOh e B¥ling iclDRLY (e ARG PURA! NO)
cyt onet 1 yot: eslli0tcelisl exprossingntitiieg tie AR onthedyucahRINFG drmoshRNwerd G 25A
shows fl uorescence mcro{gra phs of the sagg fiel b’ﬁf e(ﬁ’?l ls with re

f I uor escéiamed (yily anfi-Axha ?b@éf?sffi)lﬁf?}’i’%%% O1eFG | d SF%‘HldPTyu%}tg’Qéﬁnce
marks ce _%@{Fd RAENEW EHlo }ﬂ‘ﬁ:@ert RERNAL vt @gpéa%%oﬂ hf OFEeLcth) HRLSSSENCE

Is from expressed fromt GFP- PEST reporter construct indicated.
The repoirt EFGC2rst Celds expmestshg tboLUcmﬁaram/sth ( gesermhngeixhibNF Ty eimmigar rAedm of

t he GFPPEST/ nmyc n n readi ng.fra il.e.the co orter
| acks. t nBRbeiadtH T Eon LM ab s fiing < A Mg Shp Bl ol B e
| uci f er agg) ShVA shb&bd ﬁ{%ﬂ?'@&ucea— Qﬁtlfﬁéﬂ’@fa'irﬁﬁg ffIGt g ¢édutll tdvelsnst Axdes t he
Axl cDNA responds to t with a reductionin G-P | evels (bottom

right) whidteint Efer eonparitoncopepulation (ficePs notgtaipedivith anbrAxlpngbods@rangs panel

shows a hA%ISazj 1S| S5 of GFP- PEST expression fromthe control reporter
const r uct A9&4di ?Fl}nd’v? hat reporter expression is unaffected by the

presence [(?1 19?I ther FII&% 5&& ang Iﬂ\lfg\rovide cell imaging and flow cytometry results

demonstrating a reporter assay of the invention. FIG. 25A shows fluorescence micrographs
of the same field of cells with red fluorescence (left) and green fluorescence (right). The
red fluorescence marks cells that have received the indicated sShRNA. The green
fluorescence is from GFP-PEST expressed from the GFP-PEST reporter construct indicated.
The reporter construct in the bottom row carries an Axl cDNA downstream of the GFP-
PEST/hygromycin open reading frame, while the control reporter lacks these sequences.
Neither reporter construct responds to the luciferase shRNA (left panels). The reporter
construct which includes the Axl cDNA responds to the Axl shRNA with a reduction in
GFP levels (bottom right) while the control construct (top right) does not. FIG. 25B top
panel shows a FACS analysis of GFP-PEST expression from the control reporter construct
illustrating that reporter expression is unaffected by the presence of either the Luc shRNA
(green) or the Axl shRNA (blue). Controls are cells lacking the reporter (orange) and cells
carrying the reporter but without any shRNA (red shaded). FIG. 25B bottom panel shows a
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(green) or the Axl shRNA (blue). Controls are cells lacking the reporter
(orange) and cells carrying the reporter but w thout any shRNA (red
shaded) . WDGoo92BBIsBot t om panel shows aFACS anal ysis of @GEPAREDE/0e40PT €SSi on
fromthe reporter construct carrying the Axl cDNA. Cells expressing the Axl

ShRNA (bFuels finusis SGERPESTR xbldioioa Swande refiefer confiaucedartying ehid Axl

expr essi n%yt he Luc shRNA (green) or the reporter construct alone (red

shaded) . cOBIA. sCellskpragsingdhe ApbshRINA dblys} hayetredused () ﬂH‘Pf@S%n%Wé‘(ﬁ%vm,

i ndicatin e f kot d - I I'ls.
o120] FabEE it Boreadhs BCHRCHRIPR 678 cr HEREPRRN AL AMORAEE | ¥,
report er sigzded). rQells lacking teatportericonstruce{dragded areralidshovar, geticaingtthe levelG,
26A shows GFP fl uorescence froma repoyter construct carrying the Axl cDNA
in respoha&ergmdypers AP f Querasoepeetemdhs ¢dlsax) shRNAs (nagenta, brown,
blue). Cells expressing a control Luc shRNA (green shaded) and | acking the
repor t er [B38%t r uct FIGSaR6A-6 pseiady resylés ilnsmatsigdhat flyorescenarem dhg reRoOfCS

| ysi f.th |.] , i i ith
n ot - SRR RiPrREreal i e el 3R IRy Ee B Rt

popul at i @nofeed¥nes &b Hapsaeocsidirhittaripahe axl cONACHI despaisatathdean t hout t he
primary anti body. The three different Axl shRNAs produce qualitatively the
sane knofKEssmlyostioniive gy sRRINAsmagmte, igwalugle L ells g xpresping 358NKQY Lus shrna

s st el{RAl YRy holdiPUESIRN iR th BB ShRNARToRtbs ArficafiIAIORhGIm20C

depi cts reportéer gene uor escefice afte grou subtraction. After the
backgr ouFIGs 26B shevs 2 A Ghenabyesano fEREsdPkRSRkllsep ar FEG. deacbitistrnalsfoeAge i s

linearly related to th evel of | protein asur in the different cell
[ nea s Latatein Tithsmantpalemibody 200 (0Bt SoRgery AHEpI e i ernes S,
f1uor escglsl%ﬁatg&? A FREnt"APRELEA] AABREIEHEE rBmdIdkaRlned i'EH%ER a})e?aﬁxﬁiﬁ@nous MRNA

W
| evel s. rovides Tesults fromquantitative RT- MRNA i n
wi | dt ypeaitisodyc dihleshree difdrest AxiphBIAspoduns qlifativelyAke sarhRkroakdawnmofict s of

evels cOMPBIt S Cid TorER b Sh A Lo RBA o1 TR P R Ol 0% 75

shows a X8 sERN ACIndaRPa B ShRAXA. FIGCE60\WBpidtirBgortitahé FlabieyenBd aRER
(y-axis) or the G-P- PEST regorter assay (x-axis). There is a_linear

r el at i onbht¢kgromdsubiractioa. Koo birkeeaad sabtrassiongthe meeapd g -PEP TasRerand
the knoc kgr?ey\ﬁ o%&l%ﬁéeeg lf%arﬁl}% ?qultlactl ?c% {h¥ ?e\%?- 6F 1%?} IL)PeJn% ?tleaﬁlrg@in &%%lﬁ&gng&ﬁ
u ltl S 1 USlt use 0O or % (0]

provi de PES rati the rep rassay t
lines tested.

[0121] FIGS. 27A and B provide data that demonstrate that fluorescence from the
reporter construct accurately mirrors endogenous mRNA levels. FIG. 27A provides results
from quantitative RT-PCR of Axl mRNA in wildtype (wt) cells or cells expressing one of
four Axl shRNA constructs of differing effectiveness. Shown is the percentage knockdown
of Ax] mRNA levels compared to cells expressing a control shRNA (Luc shRNA). FIG.
27B shows a comparison of apparent Axl 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.

[0122] FIGS. 28A and 28B provide results illustrating use of the reporter assay to
identify functional shRNA molecules. In FIG. 28A, a retroviral GFP-PEST reporter
construct carrying proteasomal subunit beta5 was introduced into the HSultan cell line.

Populations of these cells were infected with retroviruses carrying different sSIRNA
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identify functional shRNA nolecules. In FIG 28A, a retroviral GFP-PEST
reporter construct carrying proteasonal subunit beta5 was introduced into
t he HSul twio 20@lds2488ne. Popul ati ons of these cells were iPofraste@d/oniosh
retroviruses carrying different shRNAconstructs potentially targeting

bet a5. GEfhstrhubRpSRABALE A& inFERES. QGFPIubREEnas dlay sheasurBe Sy IRACS afaljdis.ee
such shRNAs are shown, idéentifying two active shRNAs (#1 and #3). An

i nact i veResitedor thede sush shRMNA sfape shooys adansifiring pve acti Apfi ]| agd3) o A8

cells carryin e _reporter construc I ; d a
control t@éﬁvgﬂm( %ﬁgfﬁi‘@% ?Orlfpgpagg(gl' p}r\lg\gisg{%‘gﬁ\&%gﬁ %f?)tnaqglcgl?gg o#ﬁ pé%{ﬁ i ns
f rom t hethehep@tez @bhstRRP Wr dlid RPsrteriddRstraf apdacbnedl (EuGshRBB)ooasmudt EIG.

| oadi ng control (stained with an anti-tubulin anti bodé%.gs The | ower pagnel is

st ai ned #$BBravidesorrsieradliatnet Piorrebemtae akaysssiliroprla Rsitopddngh i ei n
| evel s a (o R4 . L at i _ j nd
SR #3 TGS S B8 Toddihg el (o OB R (B A hoB T o 20
buf f er f phdedvsesaibyd aittliantibodyodgaimsagiatepsbofaf arbuniibeti §.eReducgd ipsoteim levdsli ng
buffer (LSB)) are shown, produci.ng equival result 0123]. Fl 29
provi des@&I§arly sen gvihsa_e@m BligTearipiE @gﬁéﬁ?géaﬁkﬁ“{&%dﬁ?gd@?fﬁﬁt a
CDNA tar Hﬁfhotdg 3k pfe?)aﬁﬁ)?ﬁiefdeﬁgklkryis LANPEEEURY BIRKEY b E&didoh BE Malifnigash fiRRNA
trigger nolecule of interest. [0124] FIG 30 provides a FACS anal ysis
profil e of diMAlYeB-iR3odding baffer (£8B)) arershowr) predesing eguivalgntagsultspeci f ¢ shRNA
nmol ecul es. Cell surface Axl expression was assessed using a

f1 uorescf1eg} | abel IFEQ. 23R providesl andlltisthnidy.of fiikl2atedyl for aiB dsspy doni idetifging a

schematic_representation of the data in FIG 30, show t.he nean ., standard
devi ar | oRDNbFacs 1o 15 RPEpNAN FEresLPY ABHE0uPeideB ek RNl doasr aesué

cal cul at ggy relgtive to the expression level seen with the control shLuc.
The scale was nornalized using the isotype control staining |level to define

100% kno . Th i S ] i NG i knocki ng
donn Axi TS 7 £ er SE- J0F&MesPERCE bRl BB o IR M 8 bl (ot i e
anal ysi scatinbi-d¥Bs 28préssiigd Asl-epeoifiesshRINA hivdeondesi @led] stixfacs pat eXpresssdtRNA

cl ones. The menbrane was i ncubate ith nouse anti-hAxl mAb or rabbit

anti - Act WﬁsA%ﬁ,essteﬁéﬁlngﬁc@ﬁﬁ?%an%‘]@gelmﬂﬁ%ﬁfﬁﬁl@é‘f‘gﬁdboat anti-nmouse Ab or HRP
conj ugated goat anti-rabbit Ab and devel oped with ECL3§| us Western Blotting
Det ect i of®12pt em ( KkEr Share Bilesscschpmatg represeptafioppfihestanELdd, showing

il lustrat.o f | - ' e P PR RS RkdoFR WS O

be test eglea'{r]eeﬁls%étggd r?r(ligi"%{el&ll ﬁgg%&gfr{}%b%&ﬂ%@?ﬁgeﬁé coated wth

Mat ri gel ciloglated relative to the expression level seen with the control shLuc. The scale was
normalized using the isotype control staining level to define 100% knockdown. The

different shRNAs form an epi-allelic series, knocking down Axl to different degrees.

[0126] FIG. 32 provides a western blotting analysis of MDA-MB-231 cells
expressing the various Axl-specific SiIRNA clones. The membrane was incubated with
mouse anti-hAx] mAb or rabbit anti-Actin Ab, then incubated with HRP conjugated goat
anti-mouse Ab or HRP conjugated goat anti-rabbit Ab and developed with ECL plus

Western Blotting Detection System (Amersham Biosciences).

[0127] FIG. 33 provides an illustration of the in vitro culture Matrigel™ invasion
assay. Cells to be tested are seeded in the inner wells of transwells coated with Matrigel™
and induced to migrate towards medium containing 20% serum. Cells that have migrated

through the transwell are then counted.

34



and induced to mgrate towards medi um containing 20% serum Cells that have
m grated through the transwell are then counted.[0128] FIG 34 provides a
resul ts sworzaeyosofsst he Matrigel (tn) invasi on assay neas@ecrrus2ei@i1eBf ects of
the Axl-specif ¢ shRNA hyponorphic series. The mean of two i ndependent

exper i mefy398] SD i SFEQO¥M prdvitled AlredtiSsudinapy ¥ iHdeMamigel™!ibgdsidi dseay
denonstrating the drawbacks of traditional in silico prediction nethods for

i dent i f yinagsusin®itle effesteofi the ARhepecsiic ghRMA hypamerphieserigsnd h§MeaROT At ur es

t hought tq be inportant faorodhn silico prediction of RNAI trigger nolecule
ef fici en'i‘@.epe’f*ﬁgmleé(\%’?mﬁléﬁ% Sl;)llﬁ %lsotwrnat es two highly active shRNA el enents

i denti fi ing t i d met hods of the. i tion, 301.. FLG 36
o ovi tesit 288 nowat FIGoRS piaydean 1UETaBAn Agencatne i an s dtiidtidnell « ne
AXI shRNG dijiky lﬁ}%bﬁd{&? hﬁ?h&@@&tiﬁé&gifgl ERBTRhist YTHENGD phiidl gg@imametecul es

specific for the Akt oncogene. [0l FIG 37 provides tables of
pol ynucl soté eftthe dptvens Bought tothe impoganti fonin filicppdictian oBBNAidUREs t he

l'ts f \ . brol uri . .
tunor s conperGetitadiy! oHANANEE P el S PESLRARLIGNE sBOGL BRINARECD, o
DESCRI PTidehtif¥d Jdilky VRN sMnk GdedBdds OTehineeiyn. i nventi on provi des novel

enzymatic synthesis strategies for constructing inproved si RNA nol ecul es,
and furtfggophere wi€, 56 BRViARLACH RS CMhb R NISISRIdhaTE BACeaRrEReci fi C

and/ or genone-wi de RNAI [ibraries suitable for pharmaceutical screening.
The i nvectristnctainddhpAal stRSAHibgirytveeion gopstructsed del ddentfy RBKYitHggarhe
specific inhipitory.actiyi of an RNAI trigger nolecule, nethods for

i dent i fyfnﬁgecﬁ isP/eéX rﬂfer%b%r}coﬁﬁﬁleecul es froma library of candidate

trigger nolecules, and_pethods fqr identifying the natur NRNA.t arget of a
known RNHI13ELi gger Fifot 8¢ arey! 6[563@9;‘]0 chﬁggﬁgq‘ﬁpcﬁsh‘g%{‘ﬁwgﬁl% addr ess
several of the inportant limtations in phar maceql;ti cal, appl.i.cation of.

cont enpolB] RNAI - FEGhAB PeRyydesitbe resultyfpmiangn e bielminescentdmage pradysifig
nmet hods rj rei ReEOEL;E | ; 1< €., RNAI
trigger %ﬁ%&ghﬁgg%ﬁﬁ%@b%r@gﬁétgg{f ‘%%ﬁgurre%ftn %ﬁc@% ?e%{ aggltglegléicglslé' One of the
strengths of the present invention is that the RNA trigger nol ecul es of

the Invention are cohpbiiitfh BRSCKIPTIBNDITHECNYERGIORD fOr
| by | melTELAILED BESCHIPIIBNOETIEINVERTIONS, 2
Uriager MIR3LLT s Be proepBLENON RO UHE %Oryefénzfylafha?%?ﬁggﬁ%* PPt T 1 ased
constructing improved siRNA molecules, and further where the siRNA molecules can be

assembled as gene-specific and/or genome-wide RNAi libraries suitable for pharmaceutical
screening. The invention also provides high-throughput methods for testing the specific
inhibitory activity of an RNAI trigger molecule, methods for identifying active RNAi
trigger molecules from a library 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 important 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 molecules 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 in silico predictions. In silico predictions frequently fail to predict active

RNAI inducing molecules.
35



by computational in silico predictions. In silico predictions frequently
fail to predict active RNA inducing nolecules.[0135] FIG 35 provides an

i Il ustratwonodesensstrating the limtations of tradition&CTius2esloi4wme?

predi ction nmethods for identifying shRNA el enents. The top panel summari zes

some of {@@s]eat ur BIG. BEYEGHidéCarbiflubtiRIdh R Honb@dtidgths liniteions efliraditional of
RNAi trigger nolecule efficiency. The | ower panel illustrates two highly
active shRNcepwdintos metkbedsiiori DHM%SWNAg&wmhaThQ/\F@Pé’aP@eﬁﬁ‘mmqré@Susi ng
t he mat er | al n hods t.he. pr i.nv.ent | on. - RNAI
trigger RoT & B gge%ﬁ%e\%n?g?ut%%&oé ¢ 'é‘ﬁjogégﬁé)r \l/nesrlﬁcﬁsoh%rIa fcﬂog;o ?;ﬂglq%h?%}éﬁal set of
in silicendiéctd éfficiAcy.UTRS 1ovee @ama)i@tateseivo diighiNattiveShRMNeA leiemhents specific
22(3):326-330 (2004)). These scoring paranmeters are as fotJ hovvs: + 1 point

i f sequefidhe &xpaengtbat werspidentifsdosimg the ma]e%lia}ﬁanﬂdpetga%o ADg prepent;
positionﬁv]egﬁ&? + 1 point if position 19 = A+ 1 point if position 3 = A +
1 point if poSition 10 T - 1 point if position 19 is Gor C- 1 point if

position is G[Q137 r.reference | SO prey r .

redi ot M0he supdvitodieal rleEROlERs SR B1C R PRI PEy Bost Rhing o
These i ngypigle sl of TRkilRb peddictidatiulis|(bereeynoldsehal. SebeBidreuknof. 2B(DIB2$-330
effective si RNA sequences for mammal i an and chick RNA interference,"”

Nucl ei ¢ AQU4Y). Regse sazing)pagapetosrg 200HPWsand Tuschl, "Expanding snmal | RNA
interference,” Nat. Biotechnol, 20(5):446-448 (2002). [0138] Despite the
very poor in silico al gorlipdintifseqhicned ishetrasnd9Yo ambEdotGfe nol ecul es showed

hiah ef fici : ) c | i on,
very high efficiency mﬁn@&}g@ge %%tog*%&iéghg& f({/l@x expressi on, as

measured by both reporter ‘gene ac anal ysis) and | evel s of
endogenous Axl protein (Mésdietrifipbsioon iheg Aisi ng an anti - Axl anti body). Thus,

reliance on the typical set .of..in.silico, prediction rules results in
failure to predict all ﬁ’aﬁﬁ’mptﬂéag?lﬁﬁnhﬁlécul es. [0139] There are a variety
of advantages to using tdepsinnpessitivens=and nmet hods of the invention for

produci ng RNAI trigger molecules that distinguish this invention from
techni ques currently k nowPOi} 1€ele§lté€F‘tl.9‘§J§tﬂbgt he present invention,

sel ection of RNA -1 point if position 13 is G
[0137] Other references also provide parameters for predicting the suppression
efficiency of potential RNAI trigger molecules. These include Ui-Tei et al., “Guidelines for
the selection of highly effective siRNA sequences for mammalian and chick RNA
interference,” Nucleic Acids Res., 32(3):936-948 (2004) and Tuschl, “Expanding small
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
measured by both reporter gene activity (FACS analysis) and levels of endogenous Axl
protein (Western blotting using an anti-Axl antibody). Thus, reliance on the typical set of in

silico prediction rules results in failure to predict all 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
techniques 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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trigger nol ecules can be done in any relevant cell line of interest, and
can target any known gene. Another key advantage to the nethods of the
present iwoentymmsss that no target specific anti bodi esplCoruseévs/og®ae of
interest are required. The sel ection process can use ageneric reporter
prot ei n gerngric repdrienpratsioerg., pflotresaent pratein trat ban bpagated by flubrescemseence
activated cell rtin [0140] In some aspects, the integrated RNAI

t echnol offs Vated tcﬁ'@ sB‘F’é@en i nvention provides the follow ng. [0141] (1)
Novel methods to create a | arge gene-specific popul atjion of candi date RNAI

sequencel0148] . | i n spmhg gﬂi’ﬁﬁtistté? ptegrasd RN Pelndpe s glkthe presenfjigvention

acconpl i e conbi nations of specially engi neered
oIigonuc?@%g}ge a gH?hﬁg enzymatic nodifications and/or tailored

puri ficatj 1%?1 Syst e ]g}‘ga éﬂetg% dt!g'cl?éa ca Fa%%eﬁém{[ehsl‘e?te&?\é?P%E)P]%Hoﬁ; ar cafy GoRyd se a

random a ment rv Fanscripts and can

be expreRrsed stqunta e @Ptih Aihzgrtitee ediyviral Bector, systein OFHi§ &lacv@apldhed using
conplexity of the |library can be controlled (e.g., at least 50 or nore
i ndependeMauRpgMbigaiensi spegalty @werealmhg@ag@leth ylaptesy enzyBdendent RNA|

sequenceroRlcafSficndlc R3Le B GLRfIYsel. RESRR0B:es IPER inaLFRFIRN

RNAI sequences rarres can ener at | ar
conpl exi t(ymphi ﬁnﬁfah@@h laysorthedn® 86 Ssgjubiees ﬂbﬂhﬁbﬁrd)lintlyplﬂfgend eahichipistmdaahibee
RNAI sequences. [0142] (2) Novel functional RNAI se|ection Sy??é%é t hat can
be used EXPPEEhITPFyANRRINIZAANGURPS @8 BHIOVIAL wctorpnihe pomplsxity pbihedipray)

that eff %tBeF%gg L g dé §tqls§s?r56@r e AR d@nﬁ@ﬁ id&rléégrﬁacr SREGE Rastt Ni s

systemis a system I'n sone aspects, ect o system uses
retrovir&lo mnbmrindlijendmrtﬂl‘ééxpseqssnaasn pstyglnemr rmm poéfetalbef di kast©00 or

advant ages of .t hi ach is a direct cell- identificatio

Functi ougorerreede i BNAT Shetoes % biTeh pi e RuARGH SADRE PR atde Mot ext of
phar nacewcrigecainh pleXif) &upfaticd 1|n§rea§'€,k§rl‘l?eeprof)é’cﬁﬁfy' SMadntTyMYACEGIRRNGES can be
identified that are not predictable by the w'del y-used si RNA sequence

sel ecti oseqakgmsi t hms. As shown herein, the novel targeting sequences
determ ned by the nethods of the inventi on could not be predicted by
current HI1BBA sequeﬂ)cNosﬂlfeMtiomal EN@msélbdttmn sybtemsehattdahsbeanpqﬂimadéntﬁbll ows

the identifi of novel RNAi  effect. t sequences previously
t hought R¥tel @ etcéﬂrﬁgteatﬁlgm Hisest 29 SHYPIYLpigRISelsiek ul es.

[0143] ( ?h)eragem@n\e@.dﬁq FMAL adpk&E R s%mqmmc?%hgea%&g@ﬂls 1hQome@8sdctsy and
the selection system uses retroviral vector delivery/expression system. One of the distinct
advantages of this approach is a direct cell-based identification of functional RNAI1 species,
selected for optimal performance in the context of pharmaceutically relevant cells. Hence,
functional siRNA sequences can be identified that are not predictable by the widely-used
siRNA sequence selection algorithms. As shown herein, the novel targeting sequences
determined by the methods of the invention could not be predicted by current siRNA
sequence selection algorithms. Hence, this approach allows the identification of novel
RNAI effectors against sequences previously thought not to be “targetable” by standard

artificial siRNA molecules.

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

the opportunity to conduct high-throughput screens for critical components of disease.

37



val i date pharmaceutical therapeutic targets. Novel enbodi nents of the

t echnol ogy provide the opportunity to conduct high-throughput screens for
critical worpawmsetss of di sease. RNAI and si RNA MOLECULESPLOA%4§08Di®31 er m
"RNA interference” ("RNAi," sonetines called RNA-nedi ated interference,

post - t r aRdiXiiaptl isiRMA MOLEETILESIci ng, or quelling) refers to a phenonenon in
which tl presence of RNA typically double-stranded RNA, in a cell results
i n inhibjgigan of exTpeesH RNAfnGEORNCONYRNAINGsometidtHseaed RN hiediled or
nearly identical, to that of the doubl e-stranded RNA. The doubl e-stranded
RNA r esptesfasences pastitiaassintignadngsne sidencila eaqusling)iefers org phgnriegnen in which th

Expr essi f .54 gl TeC i . i. i
R e e L B D
of NMRNA pemeneeiprisig o Jequeideddgeicel, oanchriyhdentibal; te dmesf thealohbleedtmindéd RNA.
MRNA and_any encoded protein. The RNAI nechanism al so i ngl udes bl , 1N
t he tranShafpyte-giranded We%waﬁgk?rfpb’é‘éu?‘%%%&e‘sﬁéﬁ@ an ﬁﬂ%e“?%é@& IPt%? 13 in

dect easep Lvebiofthe Wb BHFAAREL BY Hethitnafih) ofGERAHRIRICABIPL b CHITBAER 8RS

also lead to a decredse in the transcription of the NA, eadi ng
decr easeprebancelo$ thafintehferinRRAN A ncbubis iredugoatiadi op o R MNA tfadietijed Them thecdean) awh

Cypes, 1 ubparmctifsarielSoy e au ALY FBtAERd T i R (eegunioTald t ne

cyt opl asfikdss BIoeRERSAE trah Qhiti SXGHTRE MRNVA 2AnSNBRE fidnh tHel defe ARGY FBuEAL i£d
Dicer, into shorter double-stranded fragnents called small interfering RNAs

(si RNAs, dadresed beivels abf shieoanicodert profedn.i RY ARNAR pindefisemie eirgtmstancesridgoulead fa t he

si RNAs that are produced vari.es 0 typically si are 20=
ol ot | theceit e SagSeroaiR e RO I el Flectetd TR i B BRR ap
with twoedaégpiodls 3' overhangs at each end). Simlar siRNA nol ecules can
al so be produced in vitro (e.g., by chemcal synthesis or in vitro

transcri ghiysn) andThE‘Bﬁ:@ﬁMﬁ@rﬂ of RINALHRE be& fnvEQiéaf(;égqﬁl% riaM¥er of! E'lﬁ(a?édﬂxp‘

becones associated wth an RNA nduced sil encing npl ex (Rl SC). paration
of the serngseissmdnadntll speselnsthmendimibbd-sttdnded RO ntrddcgdinge acell tng.ofmta he

i RNA i and Wt it t t t h | .
base: pai MEGREREED duPioarSeadp Fmaie oy ot anpase o e SmReaTRA R, imaun 1
cl eaved @pghef@aiéledaicdiftagnientitaliad bam iftedéMeRNAd (siRINKSs, aR¥RaRSS M of a
particular target gene in a cell can be specifically inhibited b

i nt r oducinteyfeaimg edprThetlength ehd setiradefitbe 8RN Andhatiarriprodused varies, akhough
Because doubl,e- nde reater than 30- ase pairs tivate
Ther e OB SN AT B0 R ARk F fonk 8 AR SINATRE RRE'P1L GRY o2

non- speciifijléx portion with two nucleotide 3' overhangs at each end). Similar siRNA molecules

can also be produced in vitro (e.g., by chemical synthesis or in vitro transcription) and
introduced into the cell to induce RNAi. The siRNA becomes associated 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 target
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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gene silencing, interfering RNAs for use in manmalian cells are typically
(but are not necessarily exclusively) less than 30 base pairs in

| engt h. [ Owoepoddsessso currently unexpl ai ned differences ipaTafSkeosioernsy

bet ween si RNAs corresponding to different regions of a given target nmRNA,
several [I1RBIAS ar eDuygpo cadréntl ydark plamdd aliffertess édefigiineg betweentsétRl§as nRNA t o

determ ne which _siRNA is nost effective. Interferi ng El\lﬁi\’can al so pe

pr oduced°HEsSBRRAINg iediffrant r@wseéﬁm,tar&eg@%i EYCEhHROARAE SYRCHNAS) |

whi ch ar j e ol i i ; bipbliivat e
R olerelARS Radhebli 8 e e R R e b 1
vari ety biterfgrngi RINAs Typalsalbt produaed & smalbigerpon 8 NANAShBN&A se alsh callaisborti bed
as a long RNA apd then processed to.a pre-m. f approxi matel y. 60-75

nucl eot i BEPIR RAAY oV Rich &FF Pﬁ‘?ﬁ‘ésrs?%lf'tthﬁﬁiai mt%s@%ﬁ,‘kp(gg@?c@?ﬁ@twﬁﬁe The
pre-m RNANag typically then cleaved, e.g., by Dicer, to formthe nmature

m RNA. Mature m RNAs are typically approximately 21-25 nucleotides in

(oot FaD VO ot TR Al Shrcine s el oo

Some, th h” not a ave been s In It transl ation
MRNAs beaf dpagiepalypiakily tieaephdopendes BNAs greerch stan Suited s RNBsg ROIA aidtheme or

nore internal m smatches to the corresp in that are predicted to
resul t i Prosessed e Pis-mpRN At ARProgimAtRlY 63’3-& %&lmwab PRSEGPRETTRYG of ¢ he
m RNA anti. t W i d ' STBhLAPRERXbBt el y
14-17 V\alt;'%gtﬁﬂl%??r@ I}{)ﬂggéﬁlgtg?{grw h I{n;\ﬂg@ %@&?&%ﬂ%ﬂeﬁ?&%&e%ﬁ%ﬁbase pairs
can al sofdym the nmaade miRNeAldMatwna miBMNGYst are yyptidedlyi apprairbhtelys2 F-2h dacle@iges in

. g., i m | t i RNAs t ai ni t I i t ch t h
Cor e oG PHIGRA i & e ehbib o SPR R TR RLFUERa” Sstie: MSER APt i at o
degr adat hipr)iRa¥AS H@verﬂzmshém%hiﬂg)ﬁrmiahyh 8f mRaCAL B&irhg piv@diMed in

transl ational repression of MRNAs by partially conplenentary (e.g.,
certai n eorRplempnappeguenaes. Sach maRINs cortginagnetdrapore intemad gismatrgsjto the

al t hough, as not.ed ransl ation of the ot their stabil ) is

21 oot sqtamraPoE AR TRy 4 fReRlad O for it g paliBan i ienegt e bl

signifi cmeatwwmdm%\& tREMIR KRG tikéhst BEgTdstoane RN A h T hemhi®NA &ypically
mechani snms underlying RNAi, this understanding is not requjred in order to

make or fsmsanprozipaiely 1911 WNatsonvenek brse ppisgwal the BRI A udditienahwgbblse of
the inveption. is.entl |.nd I i IRNR t result
in the eg)%{r%a? neélge(%]égbﬁrleai glp%@‘?ﬁ?ﬁritsgéﬁégﬁ? %t&dé%ee_%%?l on %é Tmted
in any Wsiynilar (6 $iRNAs) caumytinirey deinardl mismanches wothe corresponding mRNA have been

shown to repress translation (but not initiate degradation) of the mRNA.

[0148] The cellular machinery involved in translational repression of mRNAs by
partially complementary RNAs (e.g., certain miRNAs) appears to partially overlap that
involved in RNAI, although, as noted, translation of the mRNAs, not their stability, 1s

affected and the mRNAs are typically not degraded.

- [0149] Although significant advances have been made in understanding the
molecular mechanisms underlying RNAI, this understanding is not required in order to
make or use any aspect of the invention. Indeed, construction and use of the invention is
entirely independent of the in vivo mechanisms that result in the RNA interference. It is not
intended that the invention be limited in any way limited to any particular in vivo
mechanism of action. Indeed, other mechanisms that remain unidentified can be

responsible for the gene inhibition that is observed when using the invention.
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mechani sm of action. |Indeed, other nechanisns that remain unidentified can
be responsible for the gene inhibition that is observed when using the

i nvent i orwhBEIHNOBSISEOR PRODUCI NG HAI RPI N DNA MOLECULES FEeRT/ISENOBRCGIOBICTI ON OF
si RNA MOLECULES [0150] The invention provides nmethods for producing a DNA
ol ecul eMETH@DMF{DRM@BUUmadHM@Bmme@LEGmESB@Rcm@t that is an

shRNA nopgemiec?ior G AMOLESYLE®! ecul e (i.e., a nolecul e that
resenbl es a Erl -m RNA). The shRNA thus formed can be a bonafide shR

havi ng RMA50hct i vi fryenmtlas pwvmtmn@thwefpr pmdupmg@daNﬁemgleelalﬁdﬁhabW €15 hRNA
mol ecul e 1 hay lgV\é gro&iu?es ae}rlahf L5 ﬂaﬁ&h hégféﬁahﬁk CanH%CLw% §thI\‘?§tdr&91rso¥hese

met hods E% 0 cre e a SI ecul can be
used to gRnRuR (eeaalmdle@nytmmemblesg pai-miRINAN) | The slﬂRNIARNAs fmrhteduvhebe a

01511 The h t t t t b
bai Ts. | nboaAlgeis PRy Faams RN FEUT LIRS MR 5Pkl e bh AL 5
candi dat W%@'@'rm&%\&,hqgﬁf]at Kmh%e% ﬁEcﬁ‘?dr disuaREED HyCruftREr efitng ettits@hictbdef the

t ar get om he at eas ase parrs was derived. These
met hods canbaisseded tieate aasﬁgle(shBNAacandmmjfhobublcl onéanchbeprsed dxgénefetl i ned in

FIG 1) an "adapter on I de. att ached"” subcl oni ng protocol
(outli neg{"iaﬁy peraprigng a?ﬁﬁ%ﬂ%%hgﬁt&%mf ®dr oduce the same "DNA effector
i nternmedi ate" that encodes the RNA nolecule (e.g., an siRNA) that jis an

RNA ef f 88531 candiThabheirPB rrngsnptonHIsstem SW%%éaﬁm?t@?fbéé? p#irs in

(a1 S0 ol B SR o R B e R T e
"vect or atolantetiit ipspéadtioforftne rggniation iofi theaafgRAmBNA firont whidhghe apleast2ds an

RNAi ef f ect di dat e te cDNA of t Si f t ed
by iy, SEREAHTS s deav e Bhest elpods e S8 st oy Ve SOTRAhES SRRl
doubl e- s RNAE Gofthi RARNEIG. 1708 ah eidipler OligbMRIGHdE AAFEHHIS siIRI6hiAL Hrdiscol

limted except that they nuSt be (or a majority of the fragnments nust_ ne)
at | east (@@litssie FI&. 23. Thededwgtpmotorplagrstuce theamse DY A efiegtrpitermediate’east

50 base | rs I n ernat i | H 100
base pal ds%&eﬂﬂ‘t"fﬂ?@e?‘ﬁ agtentart @ﬁ&()atﬁﬁt 1§&Bseq‘£ﬁygfl{ecg$rro%8§gfl nggﬁé
gener at edﬁJfb?Nﬁlyl iNSRNW the DN A dfféstor aiteshddinté IsGubdlontdfdrPropdgatien aniNA
fragments are then used in a ligation reaction with an adapter

ol i gonuckegesse-of the invention (step 2). The ligation event can occur at
only one end of

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. In step 1, a 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 that
they must be (or a majority of the fragments must me) ét least 22 base pairs in length.
Fragments can be, for example, at least 50 base pairs in length, or alternatively 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
oligonucleotide 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 dumbbell-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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the cDNA fragnent, or at both ends. Wen the |ligation event occurs at both
ends of the cDNA fragnent, a dunbbell-shaped nolecule is formed. A critical
feat ure ovoth@/mespt er ol i gonucl eotide is that it contaiPog/usroosd®atc| ease
recognition site in the stemdonmain thatis recogni zed by a correspondi ng

endonucl aagseodniAl by LRspatdie shdoRudleadeqBsiclehdedaSLsiRAdt 1€astRS badetpaisom t he
recogm t1on sequence. SUCE rest riction enzynmes can | ncl ude but are not

limted distanEGomithe reapnition sequsmee.afechrsstriction ﬁnzymaj@rcaﬂonqlwiﬁ— dukarg|nghi ng

ef 11 61 enifuche Aab] Bt RiaRROTELS SANeO. Ty oHRPUPRRNGLYLANGL BFLRhc, ud e

l'i gation i’on eresulting I'ig oduc eaved

with theh@ﬁﬁﬁ@ﬂiptﬁ%%aﬁBS'ESFJdé}bthﬁh(ﬁ@byaﬁ)r(cﬁrtteﬂlef‘l)gdtmngml’oﬁte ei ther one or
two hairpin cleavage products (step 4), depending on whether the hairpin

adapt er @j1sgps Wer ehkiradl@th fgut m?r&fuc%%@tlﬁﬂ@%a@%dwi@l ®bbPpropAgeent . These

hai rpin cl eavage products are fector internediates' that encode the
RNA nol emstremop@ngyme EItEINA) torgeaeratecnither prg oratrvv@ IRimin elpdeage produgtidisiatids .

These DNA effector |at.es

sequencedgEPd {pgqonf\ly th gﬁm{“ agﬁé&g})& on e Lg&%ﬁ)&égn e&?@oet 1slﬁesf](t)}giﬁeces

| onger t bBBNA2Ragass. %b%hmﬁﬂ@@l&dwrg@ p@@dﬂctsaaré EDINA effbqor @iehitiediatse that For
exanple, a DNA effector internediate can contain at |east 25, at |east 30,

at | east en®de ghe RNAsmolgguleg(e.g.¢ 5N A golegulgsy that aWéf eff%%{@‘f capdidgfesat | east
60 b
oveq T RLDR AR HChEfla BEAARTE 4y JRREDI A% Pl dSehiRkE el @Y e

| east 35theaiDNAa1$jt cf comtain CAVA- d&;ved%edmea&ts 1bf)ger alhan Eilsase@élrs;rde@endlegst 60
base pairs of cDNA sequence parti alég %J ngl e- straélded due to 3" or
5' over hgh§ gstrictign §1i12EY§“‘o‘Fsegﬂ éa(/%?&éﬂpl Freler IpfQEMEFIpteqag contain at

I nter ”Ed;e%hefs %Pﬁéﬁé?_r30[7§t3’le§§3t350£ﬁ$a%{ Ao, %@%&ﬂ@ﬁi 1A S0e Rt 1eAl8 sBa3 @t Rakt'6D

derived from? airprn apter oligdo. Thesé additional nucleotide base
pai rs cabasgiairsnétDNArdemieddestequerat. Eepatd:mg g g1e. reftoictie angyines Usteﬁelthfal rpl n

adapter sho n n 25 se i

B Dver nBg)blo e Bed: i ee Fam. 2. eemual FAPRL 554 BediFe G 10 Bllsbitne
hai rpi n 3gant@kt 5§ eré:t%astolﬂshée*}sﬁrchDNA wq@e%@i be phmially Rirmgldraeindte
hai rpin i s subcloned for further nmanipul ati on and expression. This can be

acconpl i shetd Jor Agoverhangs ebthesite at pleavagret hodol ogy, as shown in FIG 1. The
stem | oop DNA internediate generated in step 4 is then ligated to a
| i neari z(a(tlSél oni ng Thest DNA efféoterdntermediates ma'y)or noaypiat gbhtpirhgdditionsd - end| ng

andthend horyl.atin |nter r to.liaga

pr oduces N4C'E? E q?aisﬁé?‘ir%ﬁluerg'rﬁggﬁ’é?u}l’f aB A é’ﬁg lrgﬁse agld%thc% r?‘éca Otld

pr oduct 6§§e%u§)can optionally be deleted at a later step. For example, the hairpin adapter shown
in FIG. 9 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 accomplished 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).

[0157] In order to remove the stem-loop secondary structure, the molecule is
“opened-out” by copying 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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[0157] In order to renove the stem | oop secondary structure, the nolecule
is "opened-out" by copying the DNA with a strand-di splacing DNA pol ynerase
t hat i ni twetze®/mp4s8he site of the nick (step 6). This opemiusgeosot4osreacti on

is illustrated in FIG 4A, andgenerates a |inear doubl e-stranded vector
(step 7) érfé%te§§ﬂnéd?%6u91% s&ﬁﬁﬂé&#’éc@dﬂ(@t@ﬂ 7§ fHa€BarBthen Bk t&iRaldrived Ystep®re t he
m)leculels l'ineari zed (a lieu of recircularization or after

reci r cul Altermatiively) anetthe;mlmlfslg tinearizsd (amd @H}ﬂuatfdﬁw%ll*?élzagglbér #f¢ng or

mani pul ati on ts, cl n|n i nt o | ee
G " g, FPRBEron oM aE R GBS o bR fie i S Bl

i nt er nedjtatRairghalo AARaBREXpASsSIdnakctdt @Re F16( #4BRI unt - ended

dephosphoryl ated and ligated to a cloning vector cut with one blunt-cutting

restri ct j@sgpnzy me 1R6ne Qﬁplmao@s! SMhisGAAHS® the DREE e Oty NMteraRbiakS tBalaect ed
to minimze vector diner/oligonerization. For exanpl e the non-blunt enzyne

can be chowmeated @t sm:mél ameblenﬁgldedaiepho@hnmlatsé bhd bigated énealoaing vepks cut

bl unt - cutt nme,.can _be j.ncluded d yrin at i on

vector d™ g‘ CBFH’&J&?“‘(SFOIP PRATIH vﬁnfﬁlophff‘é Len &M ck‘gseaeu Z%“g??%e | ack
of a 5 poesediad ® Bhihie de@aﬁm{lmlcgmnaarﬁ@mmhmletxambme@hbmlmahzma The
| oop can then be opened out using a strand-displ aci n&éDNA pol yner ase

DNA pol yrsy basehaseiiosprodnge enghehat aregat spiéicgmplemaeatasy. BALIYSICY ymem ch
initiate o] fi or
T A ity iting RIAROR SSRENER LR Uit TR pIRARPYE BRI

Tr eat rrentetumtahnﬁ':&’ BiNAd the &k qItacd tphegahatercﬁuﬂlaﬂodﬂwewm@dm inbittitsdoocan be

used to transformE. coli. Because the final act
uni ol ecdimgrizafipn)y dedaer cap then Pepa%w@uyuwgﬁ Sgr éiSB Ikﬁ'gpreciymefase
a Al h by

| g0- At {2 NBR ABENRA AL L 3k 0 gabEROBL X Yﬂé&gespveﬁteﬁg@qew@ wakapt er

ol i gonucle Por mani pul ating t fector

i nt er medimtiges atshsuiidk. ikt sameFdn@ym2 (orTduditianabKldnowr fragregs oofT4tIBN&. pr ot ocol
for generating the effect i ntermedj ate ar entical

four stepS y8¥°9€tsﬁ)aca S5ty gﬁhgﬁwnﬁﬁf’ %VSFtOI&E@\n? Tre ﬁggrg ]\/Q)Jfgﬁ&ll‘%col s
di ffer ofbyelglodRd I:ia@thNBN%I ifn@rebalres kHat B4 TBSh R0 hitindTBfth L Lok e Beclisp Ser €am
[0160] As shown in FIG 2, step 5, the DNA effector internediate is |igated
to an "afiagtligatiohiregotion isswrimpéeculandt proasedsevittarclatiyely high sffiaiencyre.  Thi s
adapter oligonucleotide will mnimlly conprise sequences that can be used

as a priner bindi ng $L1E di OI Rh dh@ﬁ‘ﬁd% polyneri zation. In addition to
t hat di ot I
o oo HsaP; ot "By NPl i BEh b TR e B 12,

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 two protocols 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 oligonucleotide” 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 DNA elements that can facilitate downstream processing, such as restriction
enzyme 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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enzynme recognition sites. In some enbodi nents, the adapter oligos conprise
bi nding sites for additional prinmers to be used in PCR anplification of the
DNA i nt erwodbarms24ss8oduct . [ 0161] As shown in step 6, a secraist@spudoner is
annealed to the prinmer binding site in the adapter oligo, and the priner is
used to 01'6ﬁ]rat e D')!‘é slBQl:v}ﬁrIE iepd,  QMitabid Bﬁm@r fstarnﬂélﬂé’d &Pﬂh@?ﬂﬁ%r%ing site in

pol yner ase hi s DNA pol yneri zation results in an "opened out" nol ecul e
wher et hthel adoptes eligm dad yhesprimet mm@em@)smtb@@nDNénm}&@e(lww wyng g pfyand-
doubl est rrande

into a st P@BV‘& ngé’%%‘anﬁrﬁg%e@PBi)]\ﬁgpgb'“é“)qizgﬁ&?%ﬁﬁ\f&%ﬁ%ﬁ&%ﬁty cl oned

QL1 GCONUCKTa( It [Ehd e HPlbop sktindhBaditic@ir®had Beeniremendd @tepi B. (Thés damblof novel

“hai rpi n adapter oligonucleotides” in the construction of the ! gNA ef fect or
t or

i nt er medptzansted dingar repleele ds thee nrpuked ard evenfilyicionsd Qg sustap The

hai r pi n 0, ioavention each contain a double stranded stem

domai n argl)g&gés(l?oopeé rr@gﬂgyand further contain at | east one endonucl ease

recognition site that is recognized by a first endonucl ease that cleaves at
, , A LS St 26 If)]'é@m the recognition site. [0163] The

adapt er-© s e i on can optionally contain additional

sequence[(ﬁlﬁerent s tAhHéy feamile Uﬁfhellmvenhuh issthe usobf hovel tledrio adapudrc| oni ng,

i nprovi ng cloning effi d t abl k
sequence SlEReIaGHERTn FRAL LI O the sDNAC Ao CEREdaIen s SBE B i
pol ypept kﬁlﬁgmo@&%é Rt Qaﬁﬁé‘ﬁfl{ dt’f@c‘f?}gr el HAfp - {ld?a?te(ré 8@k inverRidRlc8sh &ntain

adapter 0 onucl eot1des inc exanpl e, the oligonucleotides

provi dedaldnulﬂb%ancﬁ:@l B¢t dochabr ditd a foOp @dinaim and fthenbouthinestdeast emee hai r pi n
adapter st rral n contain uences. t hat nera t| on
enzyme SF?@W e??/%reﬁ%\g“r’tb?ms%déﬁﬂérrec&gpﬁﬂg |§§fte 8%@?%‘3 %CP%V gss% gest on
of the dhmeastmqﬁg%alwdl&aﬁhﬁomﬁéfac(s%mﬁan §ifzyme regenerates the original
hai r pi n-adaptor oligos. Inclusion of The restriction enzyne in the ligation

reaction res t ar e
ool eavel 1O3h o1 e g@%uaag%epa%‘%&‘{a{eggtaﬁﬁft?gmﬁ fich %%%HOEQQ%@EEM NG FOR

SPECI FI Cadidxlt'ﬂbﬂl-ﬁéﬁhénémemeiﬁtﬁ it fAN Rk, bmhmlmﬂ@ﬂ_ﬁbﬁmﬂg, improving
POLYNUCLEQOTI Al 16 The_ i nventi on rovn des, nmet hods
for assa§ Oﬁb”%/ﬁféflﬁg?y’ QQF‘%‘”&-‘E}#’&? %ﬁlﬂ r?flaﬂ( 5% %ﬁﬁlj‘abcf ol @Sﬁ‘\dg has
speci fi ¢ rdspiitfintsey, sBgldn¥éd shcbaingdepitter 'pﬁléylp@ﬁtldk@,' Mgl optratte réc@g@tion

sites (IacO). Examples of adapter oligonucleotides include, for example, the

oligonucleotides provided in FIGS. 5A-5C and 9-11.

[0164] In some embodiments, the hairpin adapter stem domain contains sequences
that generate a de novo restriction enzyme site if two hairpin-adaptor oligos ligate to form a
dimer. Digestion of the dimer product with the restriction enzyme regenerates the original
hairpin-adaptor oligos. Inclusion of the restriction enzyme in the ligation reaction ensures
that any hairpin-adaptor oligo dimers that form are recleaved and are available for ligation

to cDNA.

METHODS FOR SCREENING FOR SPECIFIC INHIBITORY ACTIVITY OF AN RNAi
TRIGGER MOLECULE FOR A POLYNUCLEOTIDE (e.g., nRNA) TARGET

[0165] The invention provides methods for assaying whether a particular candidate

RNAI trigger molecule has specific inhibitory activity for a particular polynucleotide target.
This methodology is illustrated generally in FIG. 21.
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This methodology is illustrated generally in FIG 21.[0166] Using this
strategy, a reporter gene assay is adapted for the detection of RNA
trigger muDeoceoss48ge. g., doubl e stranded RNA, short hai PpirUSENS/0{®BRNA) ,
mcro RNA (m RNA), shm RNA and snmall interfering RNA (siRNA)) that are

active i p16bp domusﬁ@uhﬁstslt@fegyfa Bft@tsgdn@'&sﬁfy i8adapteifor gandetéaiontdfe
pol ypepti de encoded by the g he t ar get ene to be used |n t he
screenin érlétlmlmfdawlﬁe(eam lerséraﬁﬁlkw% ort hajgpin RINA|(GHRAM-ABIY  or

o o GG S S R Py B

prot ei n( fIgkdatioh oﬁBﬁ&rBﬁorf OUDaE5R gBiie (}Mﬁieq;dﬁpdpude ercbded by the pere) nThe gnal
that triggers ra turnover of the reporter protein |nclud|E %T’
limted fabgetgpae DI TUSEE i 16 SETSRAETIRIECRGaN bR AR EntE (irend ? fulbjqagt

encodi ngf]]t%ml)%eah SN th2l9RM. i s cloned within the same transcription

unit as epor r gene and posSitioned 3' to the reporter gene in such a

may that i s not rans'é@gggp téﬁgtgg isf o%fapaﬁone% RhORnGRHRY G finflaced

bet ween eport gét sequenc

transcri g i nlmdoifesﬁékﬂ pR6te RXGPBpSeshotivdl Eluotedeent proteinl) c@ipl@chu) Spiiotedi| e
pronoter. [016 In the presence of an ineffective si RNA (

| acki ng @g@@ﬁhaténggﬁw mptlgﬂyn@cew iof meyemrtqrrprqtﬁ@ Grsdudies byt ns'i lmﬂeigo éhe
control) 0 r r sl at ed.
Nore ¢ haPEPREoRER b ma R B e b e A B Al JAT

pol ypept taiget aneclohdiewitkint thel eaffldﬂ ahnsrigtiah anit aspth@b TEPOTTED\gEne aﬂ'd]posiiﬁnsrg:dﬁ' to
seqguence of interest wil| not e transl at gteg;r}{;e pr ot e| roduc i

subj ect hs TERGITEH gPRSSN Sk RaY Bt a’e‘@ SAPALRE Qe eﬁ%’\?@ éToé’s@%% Iff%h}&ff at es
to a ste Q}fecﬁB&Wgeﬂ ﬂl\égle?oﬂ-é?‘age%\lﬁ'ld the it Sger seqRME daHR BBStIArbEHstionQmit he

accunula ron or degradation of the reporter polypeptide. [0169] In the

pr esencecaf beaexkpeéssed tnder tisd GRero] bf any, sustablsipRiAoteavi ng specific inhibitory
activity towards the target), the reporter gene/target nRNA is either
degr aded[0168| t s tr &mgHeqirestnce sf &l mekfedive FIRNRNAE., bn isij@éA laxking sfecdicdown

regul ates the rate of production reporte 0 t| de. Less
repor t er Hikjtagy ﬁcm\etyp?rda&kee%bsela%offé%ﬂ S S GORYO )eglﬁ b BERiaRest ?l?gél dly
degr adedls_ltg %cn%e?aaqﬁ tBe Rl RYE! NQﬂ(e th&RRE fr%sla[ifo‘i’lt;ﬁb&‘uét hﬁﬂ bRt SHIPRR

rapidly e presence of an RNAI i gger nol ecul e candidate (e.g.,
an si RNAyepoeater pajypepeiclefand thlm[bﬁpbldt thray sgoalswmg} tfropverhd he darget segueree of

interest, the steady state of, the rte e | r than
{he' ot el eEtaty b pe arHaEd dae B R ERT 1S hiae L BERE S e A
mol ecul e 4gxRi&ivhl Bk it RéverthbREs Aechfildié tosisiHAytshaé 1dvel. KTIWRNIAG tfigder have any

candidate has no effect on the accumulation or degradation of the reporter polypeptide.

[0169] In the presence of an effective siRNA (i.e., an siRNA having specific
inhibitory activity towards the target), the reporter gene/target mRNA is either degraded or
its translation is blocked. The RNAI trigger candidate down regulates the rate of production
of the reporter polypeptide. Less new reporter protein is produced, and any 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

degradation activity towards the target mRNA of interest.
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degradation activity towards the target nmRNA of interest.[0170] The |evel
of a reporter protein in individual cells can be easily neasured (with

si ngl e ceWwb 20@38k488i on) . For exanple, a fluorescence acPCYAiSe@soedoB7 sort er
(FACS) can be used to neasure GFP-PEST | evels in individual cells, and

optional jp176pn be waetevePof §f&fp@h@r Fetdis inindividialVcélRtantbR leas iy archarred evel s.
A magnetic tag with nagnetic flow cell sorting can al so be used. C[Ol?l The

RNA "t r i Gyl singlesellresofutiva dBeecairlp e fugspicreas achvetnd cglbporigr{FACS) can
experi ment al stemBb 53@591 HXpressed
from an ?(E)Sregﬁélnbeﬁsurgﬁfgl?l&?ﬁ%% %jl eélgpcglg %:eglrr?’s ect el %all%’kartgﬁgu%gl or an
i n Vi trojsplraedéstiedvitiNGw GFPREST fapbﬂerulleeelsan rhegratic exg with tmafgnsifleﬂbwcbeilnt 0

t he host cell by ang swtabl e transfection nmethod. [0172] The reporter gene
used in %Wlégﬁtftﬂé@l ¢ usgdot particularly limted. Al though fluorescent
reporter polypeptides f| nd particular use with this nethod, other reporter
syst ens HI1§d] can bé"haBéb‘Nefdlgg@frmgbéme?h’édlfl%atp@m be sgpntisd da thesellylage) |
surface narker epti de S 2

| abel | ed 58 S i'ﬁteb anerSIé%(ﬁ%eéch\éﬁ £cd glﬁ)ellgﬁ{e]c%hesgpg gdgtlllaon mar ker

such as éipfs@sftinn@c{@r iag Ba§ bkdn cotRiStead i Rie cel) bean inynes pi)tf)dlmﬂ)&ié@t i de
reporter systems can also be adapted for use with this metg cl.udi ng

| uci f er afigepomplrspleic@ade direghy Efé@if%‘it%g’éo the hogteedlRycany s etﬁ’é‘S%ﬁBgIbhat ase
and horse- % |sh per oxi dase. [0173] The type of vectors used to express the
reporter }1 ypeptide and/or the RNAi trigger nolecule candidate are not
parti cul limt and can be oy f t ssion
in the cEqulﬂl ype u?gl‘a TROTHER ECTi L ssteg %ﬁhl%lllglr%f@f}slg/g& %(%tllén"g?rgy Hﬁgtﬁg \zc}el@iégé}?i s a

retrovir ghonSehPrepottet Solypoptidas ﬁﬁ@@hmbulaaus@dﬂm th/is h&lthodeotlmr reportany ot her
type of eukaryotic expression vector. RNAI Trig gcul e Library
Scr eeni ngystemsrajpo W\ebepﬁclﬁpti‘@cfpr wies chlieepPriss gee F‘H‘r et*hée suface AEeOf a

candi dat grl%udte { g{gl SahS Bk d%ﬁ%'dfeﬂgﬁ” Bl Jn?iwdfck'r\é%&dertg%@rds a

parti cul nuc target can apted Tor the screening
of RNAI  tan ggede ﬁﬂb@nﬂeae]ebmnamaﬂ&r shieh dshtbyhidinekipaso(tideHIRFY aret ABRY, the

of a1 bDM Caes EPRLBFRAE AU SHERSRRALSE PF GYETEh B asErA EraRiRedeed | n
a separ ahﬁllﬁﬁﬁaé ﬁx:lf@t'age ﬁg?BepﬁﬁileL, (-8a1861841 448 du WMdtdin SNk ElikeSpospRAMetnidon t o

identify to rdentif
horse-radish peroxxdase.

[0173] The type of vectors used to express the reporter polypeptide and/or the RNAi
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

expression vector.

RNAI Trigger Molecule Library Screening
[0174] The protocol described above for the assessment of a candidate RNA1 trigger

molecule for specific inhibitory activity towards a particular polynucleotide target can be
readily adapted for the screening of RNAI trigger molecule libraries. In the library
screening methods, the expression of a single RNAI trigger molecule is replaced 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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library clones that have specific inhibitory activity for an nRNA target of
i nterest. METHODS FOR | DENTI FYI NG A TARGET POLYNUCLEOTI DE fe.g.. an nRNA)
THAT |'S SPACHHEIBAISRY TARGETED BY A KNOAN RNAI TRI GGER MEBCE@SRSHROM A

LI BRARY OF CANDI DATE TARGET POLYNUCLEOTIDES (e.g., a library of cDNA

nol ecul eMAETRODSI FAR IDENTIFYING RMTHRERT WY RKIGIIE ODITH BN, 415 iR )

i brari egaPHSSPEENTCAT LY FARGEPERHY A RNO WANR SRS CTRIGGER MENECKIdOWN
the actiykb N 1 BRRARY O ANDIDATE TRRGETEPOEINGEIEDTIDESTE b WiftFayhirch
gene is [HR ACIHAN, tATgel woul 0 be a consi derabl e advantage. The I nvention
provi des—msft‘-A?-l@&s—f*]@Fj identifying a cDNA target froma library of candi date
cDNA nol gidkes t hatA signigieent problail with exigtgshRIVA dsiBNeV librasiey andisereérfsiied
RNAI trigger nolecule of interest., These, nmethods.can be used to identify
Ehe. t ar GRS G{S/EN Araas SoEv i Gy KTHOR Qo it Dt st (s 5.t o
determ nﬁltérfde@rt‘argFWIdEﬂtifg I wifeh g&w i€ theeso vt |t:$rg@t| Wollah3aldnsidBiable

nmet hodol ogy 1s 1 Flustrat generdlly in FIG 29, and is described bel ow.
[0176] TadwntageplThs intention ponedesanethedsefonidentifyamga oPNA tairgat dtviny a dibrargefies

d t t t ey - PEST f usi . i t d
exi ot | ngcRreE BN Bpleeyles L s nan e ey aor s Bretio R RRRFHEY RORF, °"
3" UTR | i Bkl aR1&alk &ifRkrdle ¥h&E mdh&isWah beub&itol iﬂég_tﬁ@iz&gdté f Bgiwett t h

the shRNA/ST RNA of interest, and identify and select (i.e., sort) those
cel I s t hBNAHogeeranolcede randoanalsodenseditst dajerming H andNAhGiggeomelgstlesAson of

be- used. "I FRdD) Shsarcasibel TS in SR A R aBRER L0, E57,

hi gh t hr gelgliput DNA sequencing to identify the gene targets. [0178]
Alternatively, in an arrayed library, a row colum approach can be used to

i denti fyotyeph vel g £Leokhplith MRS bhé ¥ ﬁhl@‘@ﬁbraﬁngf%@%rwall@eh%_er target
can be identified by the position of the well in the array to which the
gene was dowastraabuefalie reportsr-RESM\fosion gene, b aisifig gatavay ard an exiging coaplete

approach..usi ng bi.oi nformatics to qQvide it h 0f ndi 0 be
t est ed. f%?’f’éﬁ’oﬁgfypﬁno%é' g ?@&a&é‘r P‘%tgﬂlag{ﬁ‘g\’;e?‘llLoiriE Pﬁlgn%grc geine%?él ge gg&:ﬁom
trigger qolaeuligfeci MiAliBratyowith @it SHRIN AVSIRECAllof sntbr@wt, Bed Rleatfyf dnd detdat diet,or y
activity towards a particular known pol ynucl eotide target can be readily
adapt ed” so1t) these Gedis that she rediged FepRrRpEEngAGEY LY FeSRONSH EnRxARIAIoN: ¢fithger

ol ecul egNAY tiBE& moRAIE! KAMPRFourlddf LR &R th 468 SortHB TR BE GsdfS

[0177] Isolated (sorted) mRNA gene candidates will be subjected to high throughput
DNA sequencing to identify the gene targets.

[0178] Alternatively, in an arrayed library, a row/column approach can be used to
identify which wells contain positive clones, and the RNALI trigger 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 RNAI trigger molecule
library to identify molecules having specific inhibitory activity towards a particular known
polynucleotide target can be readily adapted for the identification of mRNA targets for a
known RNAI 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 a single RNAI trigger molecule
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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
repl aced w9 2009i8eug8e RNAI trigger nol ecul ewhose target PSTISROVSIMI03AN RNAI
trigger nolecule target is identified when expression of the reporter

pol ypept ilgsd ardde Wikabhal ot RNAE thy ég@r molecudd @MY bd BB SV hEH 8Jresklm of

i nvention provides 1 ndividual siRNA ol ecules as well as collections

(1i brari gw)repdrtes polypeplideisidownrégulated. cheedlh 29enber in the library leads to
the production of a different siRNA. The library is typically constructed
in the context of a vector expression system for exanple, a retroviral
vect or syRMNALIBRARIESenti on behi nd constructing these libraries is that

o) L S R0 AU AU REHRD 0D Bt e

di ver si t ylitehriés) BRNAchaALIRBEIES -in Which ¢A¢R Ridniber i Gi¢ilibedrydeiIto eife rodmaionl of
met hods and i nprovenents in the construction of |ibraries that contain a

di ver si t § differamaiRNAapTheriprawyde sirieadly Gongructqdnjthe Eoyererof Rpfestoy g RIESSiqihe
i nventio [ n
sequencedyiirSF bR, Rl el i3l Ang IRERAACNRG o BPhl] Mose

expr essi tibrasies & tharwihingknBbrafhehee: shietilddebsat deast gricowdcte abie ton’egw@aatthd system
for identifying RNA -el enent seq ences tha&l are actjve 8 &Lﬂ?m for
parti cul S¥PTESHIQeRf ayaraes gens: bT}éﬁS9 bragies gust thereforeconiadt 2 dyesy SEH Ay t wo
strat egi géqutengés %? igtoh ﬁr&ﬁ&@raasteﬁeéjbf’t%v%l FétHods ﬁhﬂﬂﬁp&%&ems%hﬁi%)
libraries.  In the first, the sequence of the target gene(s) is exam ned,

and conpubtrstruatigoof litrasesthet eméain haliyprati QﬁRMAl-chalﬂmgweqmemlyhtRhﬁAoduce

an active.si RNA a the tar ene. . For

por | ofigEeR IS Cet e RS ide D o e Bp e e e g Rty

sel ect ed SERGHERGAMIAHR | lgltﬁad dlyplwﬂief&&lr&mmn@ffeettdiﬁéxptrés@nﬁlfcﬂ"@tte@et nt o
the cell directly or cloned into vector to forma librar In the second

appr oachgesn nﬁleemmlmdy cmvedﬂ}mpte«geawd/e@tem fnidentifyingRNielemest
fragmented and e grent, s .pr th series of in vitro
enzymatl EPELESi @zﬁsare %C% &89 SP%Clp Rk ce gll gg%ltg%ggsst ruct that encodes a

hai rpin structure in which the doubl est randed stem of the hairpin includes

sequences from t he [abriagt DalerdfNA (an shRNA cassette). [0182] One enbodi nent

of this gﬁmpd appmﬁ:harteeu#&e@ W @tﬁ%g%%tmr@ﬁﬂub%eaaawcemwm in Sen
est

et al, riction enz¥ generated si RNA % vectors and
siRNA (e.g., shRNA) 1brar1es 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 inserts 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 cellular 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 hairpin 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 in Sen et al., "Restriction enzyme-generated siRNA (REGS) vectors and
libraries," Nature Genetics 36(2): 183-189 (2004). Briefly, in the REGS procedure, the

target DNA is fragmented and ligated to a hairpin-adaptor oligo that includes a recognition
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libraries,” Nature Genetics 36(2): 183-189 (2004). Briefly, in the REGS
procedure, the target DNA is fragnented and ligated to a hairpin-adaptor
ol i go thavoizoeoses8 a recognitionsite for the restricti enTarszguseidbel . Mrel
cuts DNA at a distance of 18/ 20 nucleotides fromits recognition site. \Wen

the |i gagigdfoPd restrictibn Bhiymdhehel. IMMQEE ctaDNA At Shisaade BINE/PO heclabtidesar e
rel eased. These consist of a section of target DNA around 18-2 1

nucl eot i ffem itoegognigen &t t Whem therligatqs) IaNédagtlbw_itb ML, sherd SairRiBsePety 1 pi ns
are thenpgel DUl fdsGe v 9%@(?] Tlllé'éetcggsiﬁ%)fh sedifdh 6ﬂa1?3?DWo%’h@t1@-Cﬂl , the
e a o that 1

short hairpins are |1 gat 0 a secon aptor ol ncl udes

restrict hedlegiey tohgsligagsi tolthe havipih-adeptoselipd. dTledse skort hairpinsasttben gdnst ruct ,
and gel purified again. In the case of REGS, this second adaptor oligo is
al so a hBWk%h oligo. This results in a "dunbell"-shaped nol ecule - a

circle of singlestranded DNA including a region of self-complenentarity.
The puri {0183] const lwehe neps step retheRE éfﬂé@?‘&ﬁle shyrt baigginsareestedi tag ¢ DNA
strand into double-str e, e . iS4 | eved by
a1 yi R orn et PSR enfiekiOF Pt el WG Wil ol b LB g

pr oduces figisHed Yorlsaaét, dadiptigusificdndsid. DiNtheraabeofIREGSOtiSS sdcond addpter dlgedem

array of many copies of the desjred consfruct. By cutti n%%tg.t e
restrict plsp adpiupiealiagn Jds msplssinge [ umbedgharedimoletide s fA ?‘Pth-adapt or
oligo, inpdivi ego)el f ok 3 fol . 8a&SHust &

f ragnment gtq %dggm%qg‘g?$§§%r? élgg °g§§f E@gﬂlggﬁﬁﬁtngy gﬁ%?ltngﬁfdeé@gct or. S[t0184]

At this &tagenedast biyrepyingolic dihge REGS siramd sty dadisisgasdedfDNAN loitlieREGSA) a

Selont or © Brocgdire tiip foaphiayed by l-GITHEE Shear YUy gl s el e ebfiRfon.
sequence i Hh&ies B%@f 1g§g§dggﬁlg <RIARUDNAl h@Reul Bhndidtthge et H®rk @Ry 6frent

of the above 18-21 nu -derived sequence;, and (E) a short
sequencenfagy cppiss bhihg debiseh¢onsfrmagmByhatirgwith thejeeptristion enganes Whessiteh t he

REGS procedure, the first i £pin-adaptor oli.go.i [ . This 11 S
necessar Y heR&lrded fhipe ﬁﬁ??@ﬁ-‘%&%&@?&&?ﬁ% b.mﬂﬁ'équai ﬁ@ﬁﬁ% gf {5%3% SIf %J;ﬁlﬁﬁlre I
restrict bRfiuet 4ré rélbske@NTUB ragdmiehisers thea eeshirficdmnde b ddntoef duiabrntector.
substrate for DNA ligase. A BanH site is included in the stemof the

hai rpi n, this rgshisisflol 0fch it RriRFURREGYUMrAS RS sHWE Rbridte
anplifi cgtﬁl%gk st ep&%{l/lséi&tggjg’sﬁcné each cl one i nrt he i l:s)r ar y1 vvirt h BanH and

recircul arising (A) a short sequence (including a restriction enzyme site) from the second
adaptor oligo;

(B) 18-21 nucleotides derived from the cDNA;
(C) the sequence from the first hairpin-adaptor oligo;

(D) the reverse-complement of the above 18-21 nucleotide cDNA-derived
sequence; and

(E) a short sequence (or possibly absent) from the second adaptor oligo.
[0185] In the REGS procedure, the first hairpin-adaptor oligo is quite long. This is
necessary because the hairpin-adaptor oligo must include both the Mmel restriction site and
enough double-stranded stem to be an efficient substrate for DNA ligase. A BamHI site is
included in the stem of the hairpin, and this restriction site becomes duplicated during the
amplification step. By digesting each clone in the library with BamHI and recircularising

the vector, the loop can be considerably shortened, improving performance of the library.

[0186] This REGS procedure suffers from various limitations, including:
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the vector, the | oop can be considerably shortened, inproving performance
of the library. [0186] This REGS procedure suffers from various

limtati owe,2009msbk4sdi ng: [ 0187] (A) The cDNA-derived sequentaszevsionm3hai r pi n
stemis limted to 18-21 nt, which is less than the optimal |ength for

ef ficienfo1gpi . Al (ApTgd cDhEA-fbrald sRGhdri¢e i it qemlietinited t@pmmitj
21nt long, hairpins of 22-29 nt are npre efficiently processed. into 2 nt

si RNAs twawhnaﬂqspﬂra@ the optemalilength foref§gient BNAro Althglgh Bisifned Activs BN the
last two By Sc%Ra@'afes Srﬂ%%xﬁ r{é’ gglﬁﬁgggﬁ%‘%29$§}e rg&e%cgﬂl gIIOICQgSE& n{th

numnber oFlpotentl roma given especl al ly
as the dRndesiBOIATH@aChainsing of 88-2Vvet.y rare in manmal | an genorres [0189] (O
The products of the Mrel digestion have 2 nt 3' overhangs of unknown

sequence [OIFBF S ECOI(IE) Réd the laBp@d&DtoQKzoﬂkl tIﬁQasmﬂ\Sb bhéwpait of EDNA- @étﬁfeﬁnt in 16
different versions to match all otentlal nt over hangs

possi bl e SWFWH@BS@P q\@m ITbrSdéﬂ]EFt W@“@éb@ﬁﬁptﬁﬁﬁl plplﬁNé@gl@qt@pn be P&qdé rfr%‘ﬁ Py
t h

eff|C|en% |on S 0 |nco porate t he

restrictj |tes r red b uent cl.o gassettes,

t he secom%ﬁzi r pi n(ggih‘f Bf° dHﬁtétO%ﬂW?ﬁgﬁ’zg §té°r%as%af%th%sovf aflgssos B egi on,
and t hesgeqidade. PBhedeOSRI ﬁzﬁ?ﬁn Bdaptdrligdangst kieréfbrd bepresent in 16 ditMedti gase,

t he enzyne typlcalﬁ% used for such ligations, is sensitive to msmatches in

this regV@fﬁlonﬁmmh allqphieritiad 2 mh eveshangsi é\rmgngﬁll pofisible pyaingoHal Mmagl- [ 0191)
E) Anpl A bi
(5) Al Lidda 4% 2ond Bl 8 ﬁ)'t(gr(‘XJe?s SEBUY GRE PO RRAYHR 2Bl b igA¥, P! as

duce isis ecause I'ng step

for roll mlgglfﬁﬂaﬁtq:} ﬁedaaﬂalgltm efficiendy b thigligdtdhisep. - | ndi vi dual nol ecul es for
whi ch anplification has started becone anplified at the expense of

nol ecul ef" kCh hayp) brdéeio inBdrpbatethe 280 EtidnCaiel dtuirdd fér dudSatuent 2 smal |
nunber NA sequences out of the total available diversity tend to

becone dglmlmf th¢ A C@%)ettméher@pmﬂh@rpm adaptorigustieclpdobaseimismatehger y

inflexible. with re th [ i.ne st be
e T s R e i B S B e L
subset othetdhizgh e'ftﬂﬁéalw Used €t sponl llgﬁteor&méeﬁlﬁﬁvelmdnshﬁmheeqummeghmt whi ch
does not match the target nmRNA. [0193] The present invention provides a
series ofuméqduﬁ’é‘tgﬁb%l§fftci*f-’d‘€y@ﬁmlbhgﬁéﬂ’é‘cﬁt% i nprove the efficiency of the

REGS procedure as well as other schenes for converting
[0191] (E) Amplification by rolling circle replication generates significant bias 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 dominant.

[0192] (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 this) 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
c¢DNA into constructs that encode a hairpin structure in which the double-stranded stem of

the hairpin includes sequences from the original cDNA.
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CcDNA into constructs that encode a hairpin structure in which the

doubl e- stranded stem of the hairpin includes sequences fromthe original
CDNA. si RNRONIDYABRASE DELI VERY SYSTEMS [ 0194] Sone enbodi memtus2a@i/o14087
invention as described herein utilize retroviral based systens for the

del i ver ysiamNA 8kQLESSIIBDBILIGARNASYOTEMS es and various reporter constructs
incells, Such retroviral systens find use with tggﬂlnvent i..on, but. the

: h
i nventi o198l not | SeMesERagiaeRt of thedryaution gg deseri e WiliZrd et Y rlased,
stable e ' : ISHRRG eyt Iy in
i ah- £ hr B R ol e
syst ens owmisesctsieoelts. (Suchrétwodvitad systemsifind gée yithdhepinaeiton, Phethe investienss can
stably exgtgessggn shII;%NA in any desired cell type, can express optim zed
shRNA st PRI OSGR S¥CTBE nani pul ated for conditional expression in vitro
or in vivo, for exan‘gl e by using the tet-repressor

(TRN) that Yses
doxycycl H85to confe PV’Q@ri‘@_CFOé&aé%dsP@h‘ﬁ&ép@&l@%ﬁ%‘?ﬂls F@l‘@@re glis ed,.an.d
descri pt b QNSe@fredi Lig%Eé]‘elihg@grhgﬁtsstc?&‘ﬁin@@thoﬁ&B%i%%‘.avﬁhgu?féfanﬂ&t of i mted

to, Lorens et al troviruses as pharmaceutical tools for
t ar get dretwoirel gystent maakteis dixm apowerfuh®of amed kigbly ddaptmbleorBtiesg eysternsean’

Cu t i ni i Bi hnol A2 13- 621 (2001 d . Pat ent | .
PRV SR S MR N g o M LR A
intracel by &n &yﬂﬁﬂﬁﬁfgt&d%r ShAM I L85 sTsh in Vidrd 6fiirpvrlv$ﬁbf3_@xa§mp1@@9%éinbo197]

It is not Intended the invention be |imted to retroviral-base

del i ver ytleytetepsssok (TRN)¢hafused daxyantlingdo dentralggene sspsessing/danepressaon.

i ntroduce RNAI -i nducing nolecules into cells are also well established,

i ncl udi ng196f not [Foriésedptionsodfisach witroxirabgystearss sdee f@. exampéntinot EmitddV and

| entivirus_deliver stens) and. ot her es of stabl r transient
cukar yo % LORPECel o heyst Bhistouingses anebftRgctcal {oarsfos GrethBran ey 1l
these al (r?l'id&%h\{@th%%ﬁatl@HPﬁfn'cHS‘xllaQ%Hxl%mféée Oirkdnt U}%ibﬁ‘Yrnggt&?mob%;‘QQ] 613-

Furthermore, the inhibitory nolecule that is expressed by the vector is not
parti cul 621 ¢200il jrandelbitl. Phtent AhploNooWO ABO7eF X2, hyildrenst ewtitlas ‘Mbavebmedfodany

itabl et , i ncludi but Limt t i 5 I I hRNA
P AR e S Pt TR St AT,
REED MG I R RN R T

systems. A range of alternative delivery systems that can introduce RNAi-inducing

molecules into cells are also well established, including but not limited to other viral
systems (e.g., adenovirus, AAV and lentivirus delivery systems) and other types of stable or
transient eukaryotic expression systems (e.g., pPCDNA3.1). It is contemplated that these

alternative systems find equal use with the invention.

[0198] Furthermore, the inhibitory molecule that is expressed by the vector is not
particularly limited. The inhibitory nucleic acid molecule can be of any suitable type,
including but not limited to an siRNA molecule, an shRNA (short hairpin RNA) molecule,
or a shmiRNA molecule that express a longer transcript 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 et al., (2004) Nature Genetics 36(2): 183-189)

involves repeated purification of DNA fragments on acrylamide gels. This is time
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[0199] The REGS procedure (Sen et al, (2004) Nature Genetics 36(2):
183-189) involves repeated purification of DNA fragnents on acryl am de

gel s. Thiwoisovasesgonsum ng and often produces poor Yyi elpdT/USk@siomnant i on
provi des an inproved nethod to selectively purify small DNA fragnents with

a conbi n@éﬂs@ﬂnﬁ’% AP A& proliests Yoy pield, PEHS) inpeDnpro@ddesin anstoetdimetiiod to
preci pitation EG has previously been used to size fractionated (Lis
i bl G

gnd St lr)eﬁftleCtNAl? purgg smeildyNn) fragqaméi/wrth asEdInatiea of pakyethydense .
F
escri be Ef%%b@ﬁ%?@&\%ﬁ ﬁﬁ?%%@#ﬂ'o PHEPh rgglouﬁg%eg)@%léelaaw Kpl f?é@qoﬁgt@@a

NAR 19:1 nal concentrations o mM Mgd 2 and 1.7
- 10% PEGDBOQL32ad $%etf, NAR 2:385 0197395 sildbvever curpiee tiemionditienDiypicailyl | er t han

150-200 b [ 0200]. B t.rat f dival
cati on ( Segrbeigarey an@bpyée,'é‘tﬁez&w&%&&&s&%at@ﬁm‘%ﬂ%ﬁa§’13f56t o
30% a s ?@tﬁet&t cld tttsﬁttsﬁé‘dn%ﬁt?&tfoﬁglopto ﬁﬂ@'l\}lgdflz Ah@3R0109, PEAPSEIY 42k ﬁseth h

t he addl I'on a co-precipit .g., glycogen or |inear acrylam de)
i s possi itlignbdioposbible to previpitae ENA smﬁﬂcrdhsmljo po@bagspaiat.i on of even snal I
guantities of DNA. For exanple, at 50 nM MgC 2 and 30% PEG, fragnents of

25 base peaoo] and alByiacasingtid @ineedttatiop o divaldnatattbn (@tg. g cwg@nOQ and
16% PEG, fragments of 50 base pair and apove are ef ficientl ted
At 50 mvmt)ﬂ@ndzthaﬁEGl&%OﬁEacefﬁtﬁtvnﬁ? 4B A% f SiZGEFleEh-PreEIPHA %“ ”Pa
efficien i it |s
possi bl etﬁlta%mgéﬁ ?t’gég’ﬁgd‘&‘@gtt‘%?{i‘gtﬁ éﬁ gg? w%l\lgll?lgljrn égerEg %1%8 e(;rges?lgl?ed cut

of f si zeacryfdoNAeie ispwstibke towibtaif fomsistent] efﬁdest peatipitdtion of legerssméll er DNA can

o7 cct pi { AEBHES P00 FREcE Y SHETHARECEahd o8 L EEE Bfmid BEATBRE: on of

CDNA in E&B‘é‘ﬁa LRI 4r8 effc@ddtBMirBepitdtSdt APSO QNM%szlahatl 6%31PEGI ﬂagfdarttts of
oligo, e l1gation product “i's precipitated with 100 and 15% PEG

Thi s renﬁO@asuvammutqhwataEdefﬁbtegdy pracipietidrektsS0 IaPYHMﬁCdd@& §2%c?di%mﬂx to
be useful.. After cu tat r
EcoP15|, [RBMERS e R}hﬁi} 95 t%ﬂ ?fcéim ntﬁ'rperg‘i“%ﬁ?te? vﬁe %%n%%é%maﬁlg& 2 and

15% PEG cOR@n&aRd, 1@%0&1@51&% @@edtﬁtega@eaphmetdney P2y hegdrehatht idegred dult- not
be precipitated and can be recovere omt he supernat ant. By adjusting the

PEG concefftsize 16PN A bsloi thacutpiisiadndesigd flen sissma! lee PNA 8% PBAIHY t he
second | ?gc%ver%%i%n%'thzeeﬁﬁ}gﬁ ér}{&arw ﬁi"' gﬁﬁlﬁ 'b%tﬂi Phlt%ctﬂ?ét hproves cloning

efficiency 1S general pur se W t the present

| QVSStv;ﬁ{f%ﬂﬁius' o R gw@wﬁm%e u%eﬁaﬂﬁﬂ% Cfégc AorRRLRge e 1
inserts. Following ligation of the first hairpin-adaptor oligo, the ligation product is
precipitated with 100 mM MgCl, and 15% PEG. This removes unincorporated oligo, oligo-
dimers, and products too short to be useful. After cutting precipitated DNAs with the first
enzyme (e.g., EcoP15I, 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 similar 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
protocol where it is advantageous to eliminate unwanted, small unreacted nucleic acid

reagents or reaction byproducts.
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reagents or reaction byproducts. ALTERNATI VE METHODS FOR PURI FYI NG SYNTHETI C
| NTERMVEDI ATES [ 0202] At various stages during the subcloning procedures of
t he presew0 200wseM88on, the desired product is a circul arCT/useonsmido3szhaped
DNA nol ecul e - a region of doubl estranded DNA whose ends are 'capped’ wth
a si ngl eastrTEIATIVEMRETEED $FOR PURBIVING SKNTIRBIP NTERMEIDEATES s f or ned

after ligaftion of the first hairpin-loop to fragnents of cDNA I.n sone
enbodi mel292bf t he AtrvaeRvs gagesumngnly subcloning preeedipesofthe PHRSFNIPYAIIOPs are

| i gat ed f. , 1%
152550 8 5Bl MG S BREPHSRCLDE PRl G

a ow t Y imerize - at the end of the
| i gat i onstriveled DA twhise andsore Pddplpediewitly e dinlghe-strinded toapc tSee F16S. bendé2ends of

t he vector. Because exopucl.eases _degrade cleic acids fromfree 5 .or 3
ends, th&ESECHRRIER A8mRFR 1t t@e%ﬁ?r_ i g et l-i%qpeﬁor?_,ra&m%%fi ed
starting 8]23#? Infdosne GRChERRRLs WRARShiERioRYPEAABEN & RiBed ek Ec6PIsAr and can

be degra y using suitable exonucleases. [0203] After ligation of the
hai r pi n- adefatraroligged to the suds afthe pesperedoiectas beause thetrabtesducoissinasingns  of

exonucl eases .can, be added i.n order to degra exce ol.i go d ot her
undesi r eaoﬁt-‘%‘?sotaﬁtc‘f@. ﬂ%&'ﬁf?ﬁlvégto&o élﬁf?el”ég Fél(EI <™ a°§§1§e Qg%méa}gﬁﬁclf Béug &M
fromE gebp1AnirivadsifpibsirueNRNSE bR TRds EXABYELEASBedhugestdndbleasesan
effective alternative to gel purification and/or selective precipitation

for the degradé vadl¢ioncids from fae 4t o}’ cdstshesepredusireare Drsistans|te dagradatiqnom

non-circy) ar nol ecul es. 204] . Under i rein: t he
DA 1ol odloiey P itEafER s Hare B0 hf TS SAL:SHOR bARNSET A ok BirCllEr Bla
advant agegibe H€xr@sdf lﬁﬁilll%' gatab&onddleasps.oduct s of such |igations have one
intact strand, forned by ligation of the 5 phosphate on one strand to a

3" hydroxyp2¢3p anot hgter 1@%&0@Bﬁﬂﬂqmgﬂl-aﬁafa@@_@ugwarsaitme lek @idleRe ePsUidbRCCUr
due to the lack of a 5' phosphate group. It is advantagous that |anbda
exonuc| easmbinstionsadf] axonucleases cart e atisdgd dniardente degsadergxerss digogadPthes dsDNA,

as dunbel | - shaped nol.ecul es wit.h ni gk or I |- st ded
section (‘B¢ Fgﬁﬁ?ggﬁffﬁ' IEE‘?@P,FCSIQ S%ltta}boenn%cﬁeaast&dae'%?g(g %ﬁ%&%@a&gﬂ}?ﬁ?céﬁ afd
hai r pi n- adapie (\)Wxbeclend. Bhonwdledsy didestibrDNAh effedtivenalteenitbleantgel 0 cl eavage.

A nick can al so be produced by 'blocking the 3' end instead of r Vi ng
the 5 phrosfieation and(arsalsrévepreeip AROTCRR M%ﬂm%%lrﬁga@@u“&b&ﬁ%ﬁaﬁeéi

group or i ( ki e 3' OH group. REDUCI NG
SI DE- m@%@l?ﬁﬁ%ﬁﬁ%h%&%@@%ﬁﬁgg ENCY. [0205] During the ligation
bet ween t[l}ilﬁMfl st %ﬂcfep sfmé gg’@&mosrtar?cle's AR o f PN Ahe DNA molecules to be ligated

lacks the 5’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
of a 5’phosphate group. It 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 resistant to cleavage. A nick can
also be produced by ‘blocking’ the 3’ end instead of removing the 5’ phosphate. Suitable
blocking can be made by using a 3' phosphate group or a nucleotide analog lacking the 3'

OH group.
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fragnents, several side reactions Iimt the yield of the desired product.
The principal ones sources of aberrant products are (i) the formation of
hai r pi n- asl@pbervoseissgo di ners, where two nol ecul es of haiPCpius2@daptodT ol i go
ligate to each other w thout any intervening cDNA, thus reducing the anount
of avai | REDUOING BIDEaRRCITONIS IIPORAER TOIMPRQ¥E BFFICIENESN ¢ DNA
fragnments, which reduces the nunber of cDNA ends avail al?,l e far ﬁlgati onto
the hai r fi298Hapt or Duringdhe igatisgy betweeny the fstihgHporadantar siligo 2ad SPYA o) i go

di mers c & i b i 19%?1 5 dch - RRAPLiRLiIpAldnge can
be dephoggﬁggv%ﬁ%g%%g%ag?%@hé@¥§%gkmn %%U%ﬁgéga%ﬁggk%gkg. Siﬁéelgeigher

mol ecul esafrcdsaifrapemartpapduzts @t (i) chefounaltidrayhairpin -ptasehalige, didiens vdicer e
unable to form The desired produyct between a cDNA fragnent and a

a1 pi - St BReu oG B g dabioF B0 G SueBRR B Bci e S e S BRATN e cul o
must  subgRQueRicing RE afBRRI S8 ailAtE hﬁi@ﬁ@dﬁpt@vo%ﬁ%_ﬁ%m ligdtion Heekddpiadeat i de
kinase to replace the mssing 5 phosphate and O | i gase. [0208]h (B) The
hai r pi n- fdgments, whichoedimas the mynbeheS¢RNA ands vailabletor digadon trthie hagpinexanpl e
with a B'mfhozﬁhate group or a 3' dideoxy nucleotide, so that the 3' end
cannot bBYPIYA'ES: The nick caused by a 3' phosphate group coul d be
repaired by treatment wth polynucl eotide kinase to renove the 3' phosphate
gr oup (amﬁ’ﬂepl aceTthﬁéO‘E‘“at‘é’Hd’sféﬁﬁP‘é"ardeﬁof ohgo TRELE ) ¢ ef‘?ﬁ‘l“F‘Efﬁ%sdtsotlJl?&Fi gation
with a DNA |ligase. A nick caused by a dideoxy nucl eotide could be repaired
by treat 2971 wi t h £AprIsihaipitadaptarehice canhe dephaspherydeden Syrthesiged ¢ hat

exci ses tF i d I I . i1 W tide.
This s SOsEr P, R BB Rplrbinh B MR SR R oo
can be t 5ghbgshatd, dimee layenueabotol fdem KTieadesirpd produtttbdtweat a dRNA G298¢nt(aGil

Al ternatively, the hairpin- ptor oli an be desjgned so that, |igation
of two haﬂlaﬁplﬁ:aéaa@fa}lg%woggg%g@ﬁe%a@%‘ggﬁﬁ g@?ﬁfﬁu@t isf’&g génaif‘rfai(’@wls f%‘% h that
di gesti o,y " EMifeldCEdr QRarky BHENSHIR SyhlGeAde WAL to repl

hai r pi n-gu%(ﬁ%rnh F’ieégé%l{ephfcqrgg?oa%?gq{ ﬁe restlrilg(tﬂlyon eenz;/:m; in ?f%) a}Ciegati on
r eact i ontlensissieg 5t pimisplaaty aihDINA hgasdapt or oligo diners that formare

recl eaved and are available for ligation to cDNA. [0210] For exanple, a

hai r pi n- §0288) or ol i (@) T Kirpimadaptdrioligo on basyrikesizedtwitts & bedked Baendlforgo

has the foll owi ng doubl e stranded st tt aacct
example Wigl a 3’ phosphate group or a 36'l r(?l(ﬁe%xy %ggleot?cfe, 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

polynucleotide 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 original hairpin-adaptor oligos. Inclusion of the
restriction enzyme in the ligation reaction ensures that any hairpin-adaptor oligo dimers that

form are recleaved and are available for ligation to cDNA.

[0210] For example, a hairpin-adaptor oligo as shown in FIG. 5A can be
synthesized. That oligo has the following double stranded stem:
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(where - represent additional stemloop DNA of arbitrary sequence). [0211]
This exanple oligo is able to ligate to cDNAs cut with restriction enzynes
such as Hyeal2bv/ade4s®l and Taqgl, each of which | eave a tweChaseoosail4037 CG'
5' overhang. Formation of a hairpin-adaptor oligo dinmer results in the
sequence: tccaacgttgga aggtt gosacggawhi eh-creates a site for the
restriction enzyme Acll (bold). Acll cuts to produce two products identical
to the original hairpin-adaptord®t$5o. "Ligati on of the hair pin-adaptor
oligo to r o o) | ' [ j ' pon or Taql

S\TV Ste . k&%s%nt fdditRdal stggg?lﬁﬁé DA oﬁgfﬁftke{ry%%%ag%).

di gesti on does not generate an Ite an e’ pr is therefore not

cl eaved. 2] Ligation between. c fra n . i ] | ar
ways: [OQ@?}(A) T ISCW@? éﬁ%?eﬁtag\clggr%lgg%r{gecmé%ﬁgr yllﬂgfeggfc\%ilﬁiegzcaér?not " be
conbi nedgydht 43 1eh IEAPPaYA Thi RRadH of WEicRIIdage a toWavEpait 'CCIW elvdpkargonbi ned
with a 3'- phosphorylated oligo. In this case the 5 phosphate of the oligo
coul d beFpimgaticacdftachainpin-gdaptenoligo dimer eopls Bithe pRAUCEEE t he 3' phosphate of a
second oligo nolecule. The cDNA fragnents | ack 5 phosphates and cannot
therefore |ligate to each WPRRFCIFOIIAT-(By~If a restriction enzyne was used
to generate the cDNA fra%i%cgggcgnzyrre can be included in the ligation

m xture. Any ligation eve tween cDNA fragnments will regenerate the

restri ct wbichSirbeaa itdfor Hgcles@i¢eion ehiynics Al (lesldp oAsll bl td pratuos ewd he
hai r pi n- adapt or oligo sequence so that |igation, bet wecfﬁ}?ah restrictio
I

enzyme gersuatsadentioliorthegrisingl bavpin-pdanten eligonl-igatipn 8 ag@"ae@&t%qqigo
t polilio) | ot="
or oo I RARHRRA AT bifesddiC i BTG G oE T4 WigesTiBh dBKOAR dineralcl | OF

t he hai r picll-sitdapt die plodaet is értefoeaenciekavéded above does not regenerate the
respective sites. METHODS FOR CONTROLLI NG THE FI NAL LOOP SEQUENCE [ 0215] As

descri begoabpve, t NggdicaDeprednOdIMNAI fRighieatd dandletradited ia singitgevdyeop whi ch,
after Opening out' of the hairpin constructs into dsDNA, is subsequently

largely feymyed by (Kﬁlnﬁle YRS PibntRREHEIR pROsphBhated NEif Edtlot BNA hai rpin
has the sequence: NNNNNNNNNNNNNNNNNNNNNTTGGU NNNNNNNNNNNNNNNNNNNNNAACCT
wher ei n combixsd mahr dspbasphondai@Ni e pligedewevse it coulilleheanbinpd Withdp3 -
produced pﬁgssph%ry?zﬁlaé 83&@.' BB &5 the 5° phosphate of the oligo could be ligated to the 3’-

OH of the cDNA but not to the 3’ phosphate of a second oligo molecule. The cDNA

fragments lack 5’ phosphates and cannot therefore ligate to each other.

[0214] (B) If a restriction enzyme 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, HinP11I
digestion or Taql 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 dsDNA, is subsequently largely removed

by BamHI digestion. Because of this, the final RNA hairpin has the sequence:
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sequence that can self-hybirdize to extend the stemof the hairpin. This
may have undesirabl e consequences on the subsequent processing of the
hai r pi n bwoDp@824880216] It is possible to design a hai PpirruSadapi4s? ol i go
that, after Qpening out' and digestion with an appropriately sel ected
restricti on enzyme MNNMNNYNERSNNNRCHNGNNATTSES resulting in a final |oop of
al nost any | ength apgnaaatenGeNNNINSNRONEACO®t hod provi ded herein is not
restricted to use with hairpin-adaptor oligos. It can also be applied to

any dsm’%\/h%?q#%cﬁ&et hal ntCt% B?\I&‘)&SW 8{%% e%?loﬁcebemcr]goﬁlpfogfgl?%Th#ﬁaeself-

sequence 0 nost” a K and “Ruc nposition

essenti alcofr@mnwwarp%eqdmm&iat pdrnsebtiayitiizei to ekiend tisysttarafitise hdigiini This nayudes
two restriction enzynme recognition S|tes for enzy at._cu ut5|de their
recogni t i W%@Eﬁ@?ﬁ%ﬁon%ﬁﬂeﬂﬁﬁF e theagyd ﬁ%ﬁ‘éfdgo?f’éﬁ‘ﬁgf’?m WP R¥ d%er Exanpl es
of such enzynes include: Gsul, Bpm, BpuEl, BsgU, Acul or Eco57l sites, or

any conbil®%6lon of Ibrsem@ﬁbl@at@hie@gn@rlil@gémsadaé@r obiRo > aftshtPneangtitotndne of

oS o A A TR Bbr bty SRLF BBl cPhafl B Sl Bleb reciflfcact ng of

t hese sif&s or o erm n he of the

final | oegsulty ine fike lc&gﬁbmaestlaﬁyd@tgﬂ{ mdlgequhyceommrnmﬂ triethsl pnrbvtkilaé
adapt or oligo, For exan;EI e an oligo of the (general structure agtshown in

FI GS. 5Bhsrfin s@ot sstusde wet\*ﬂﬂg%mnaﬁéapéw 1898t Ltf2a2159:h¢ anpdig tiMany
sequence. RS Oe\?lgér%:%s it gg b9BLdsdddo tl’@avt: 'bgﬁltnaq &&aﬁn@&qﬁé%’(ﬁtalﬁ%ﬂa}ﬁ& ng a

two base pair any sequence X epresent the
conpl eneﬂér%tl@andmlmhebthderoeemsﬂtmnel y. [0218] I nthis oligo, there is a Bpnil
site (italics) and a Btsl site (bold). N, X and Y' refer to the

conpl enenfany] base The d¥senkial ¥afies peitieiuizbin-adagtof ) this systas énthst inmclateguence
of any length. [0219] After conversign to dsDNA and cl h |nto a vect or,
the sequéWed&esyagiREsZyme recoeytNUNIIRAFIUENRY aosHetAE/RLS] C%)t

YNNNNNNN SRR 1eb O sAHGREGAEK Y
' NNNNNNN%“@“S f’b‘&‘é’B]Chéf‘ YOddxwgﬁly% Cut's §§5%r§p pos! t] ons ?r@r ked L,
whi | e Bt shclade: $Gsal, Bpnel, B@aEﬂ; Bs'gj n%miledEcoSQfItsﬁes ooty ngmhbimdtion of one of
recircul arisa onthe uenc YNNNN Nan%m( ‘ tg@gethe
N's can t‘}édh?r{/t QesileRddr apypeoml mN&ﬁneoft%aP OS?S'%S&PQ PR sithed BEEOESE: to
whi ch t he, QI @Iqiteepnd bﬁ@ﬁl%%f these sites within the hairpin-adaptor oligo determines 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 BtsI 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.

[0219] After conversion to dsDNA and cloning into a vector, the sequence
becomes:

. X Y~NNNNNNNNY’X’CACTCTCCAG- (N)n-GCAGTG X YSNNNNNNNNY’'X’...
. .~X' Y’ NNNNNNNNX Y GTGAGAGGTC- (N)n—-CGTCACSX’ Y’ NNNNNNNNY X ...
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i.e., they are part of the target sequence. In the case of a blunt-ended
target, X and Y would be determ ned by the hairpin-adaptor oligo ' s
sequence.woOheosseusence i s not particularly limting, butcCrtusoasidase pair
Xto X and Yto Y. As a result, for the specific case of a blunt-ended

target, Ld’z@oLar get dudtidgPvith Bp@iD duls dtMke passtashsivarky®~ babigpBist suts Bhile can be
avoi ded by choosing an enzyne pair that c|leaves to produce a two basepair
3' over hpesiti¢nsl tharked § hé\ ften zytiing and searulasisotéonsthe sequengdise) . After cl eavi ng
with the enzyme pair, the ends of the DNA are treated with Kl enow, T4 DNA
pol ymerase, or an enzyne -cohpr NSIVY™ €imi'lrar activity to remove the 2-base
pai r 30vehhmrths N’ Ttan RINAY quéres. reci rcul ari sed as above. [0222] A site for
an infrequently cutting restriction enzyne (e.g. Prel, Notl, Ascl, AsiSl,
Pad, Sap[022%pal or NatdhthasX, Yaabolve mancH the sequentdionwhick theotigomwasfligated,

adaptor-oligo that is_excised during the abov rocedur e, 1 $,hi n.the
sequence’-f-alel |a.éedpa(r}\9§1t;§a tarRel SARYERc g‘l" Cgffp?lfeaaﬁflgts'?r}#gﬁ?%ﬁt’ g? ?r},ag %é’h(.’%
useful ipe H&@Hﬁh@@b?%}%ﬁﬁ&ﬂ%z?ﬁb@&ig%ﬁs &qushded TheQBYyhen 5 itipatticmurly th DNA
in which deletion of the i'ntervening | oop sequences has failed. The

i nf r equehtiting; but it ngpst baserpaotX emXéarg ¥etodEn Avsea teseld, oo thej speeific £aseefya such

back dering it.unable to .t f E.coli . : iml
ot r at eqy DitoPRaes iRt ohe et bRERR sfert AbERAS I TVE By’ PEE e Be desi n o
nul ti pl eagdiodd BPclsddsRleSHnWhnlzfme paatthf @Meales PIR6dielaytwosmsyRer 3F, oviegliangXalpl e

to renove restriction enzynme sites introduced to sinplify cloning (FIG 6).
An exanppbthgsprynes lised afovenresyitble). Afier deayingyith thesermednsifs theyinds of o

UG- pr onot,ernani v i { i..0 L1
s 5 seqlbiRiAgERelBEMaa|eh0g, THTRA Bolsariier B0 SABORAI IR Boftat |
proper shRNAyoIreaoVethe2hipse plirnkesiedhmgs nThé DOXA iy themnexdticataeisyd dodbovai ng
the end of the sequence that will formthe hairpin stem It is conmon when

cl oni ng t[g227)cl ude A G& fok 64 irffeq@BAYYButfihg BStrivtiohkazane &.%.fPth(?NbitIeA@SI, of
DNA that one is cloning. However in a case such as the above, the added

restri ct AsiblsPacdsSapbutwiali arrosherrran betn@uded wishiathe portionef th a4spieraigot he T
T Seq”e”&%ti%(cis%!éﬂﬁ.%%ghb%dabb@e Ellogédlﬁa. (5 Wi th@%HJ[lue%'czé abelld 9y gﬂé pairs
i'sted a e s’ adde

of sites as S can be use renove extra sequenc dto
ai d cl onprgerdeRIfAGEMENEtr{dtiolvisit il Bé-u AfdlERNATUCI g BAckdiduad L oIunfehlAYiMagSI TES
[ 0224] The endonucl ease NMrel used in .the or%fg}:ﬂnal REGS prot ocol is unusual

in that ifrpnbmrgsf"oze"raruos ReithdNSy wevhich delstionf SHeRiePEE IB?E)EI‘?EE‘FH%‘?S dduct s
wi th twoghpgengk qnt%f}(%lgﬂﬁ}; E‘@tﬁﬂ% ];esgﬁr{]\gmlnyen(z%%} cRY 6L B 1 afhe iz BlyCILRY

sequence 1S at the lower” en eng
background DNA, rendering it unable to transform E.coli.

[0223] A similar strategy using pairs of restriction sites as above can be used to
design a multiple-cloning site/stuffer that can be precisely removed d, for example to
remove restriction enzyme sites introduced to simplify cloning (FIG. 6). An example
application of this is in the cloning of shRNA constructs to U6-promoter driven vectors.
The termination signal for RNA polymerase III is a sequence of 4 or more (preferably 5 or
more) T residues. To express a proper shRNA molecule, these T residues must occur
immediately following the end of the sequence that will form the hairpin stem. It is
common when cloning to include restriction enzyme sites on the ends of the pieces of DNA
that one is cloning. However in a case such as the above, the added restriction sites would
intervene between the end of the hairpin and the TTTTT sequence. As illustrated in FIG. 6,
pairs of Gsul sites (or similar pairs of sites as listed above) can be used to remove extra

sequences added to aid cloning.
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requi renent for effective si RNAs. Because of this, the Mrel site nust be

pl aced right at the end of the hairpin-adaptor oligo. In the original REGS
pr ocedur eyoth@/dsas8 basepair of the Mrel site is actual pgTaewmsded3by t he
cDNA. This produces final constructs with 21 nt of targetting sequence, at

t he expepger AflcEMANT ORMMBEWIPNAA | TR0V E RESTRIZ TRONUNZYMEE S{THS at t he
3' end. The nethod of preparing the cDNA fragnents _and Tigating on _the

hai r pi n [ﬂlizébnucl edhe gadennctases Mrea]uisedin thperigebREGSaaPtasalis WS I, Thi s

t t I : b
br ducedtPt iisi A gt AT Tecdbni QLA bBauGhEBRABRIFRE R0 biRbAES)
second dbs@[dyraggt Jeenw (2@) ua¢la@t1ddm'xlf mascHitpdequenderis duthe dowaert aual d:fahcelepgihr
3'-overhang. If this_ is remove wi th the Kl enow f

- r
pol yner aéf‘élulr?me@‘ﬁéheff%lvﬁsf’%NAﬁa%G%%‘{SF R thds, M@%&&EWSAE%@C%E@%. r
shorter t t d
hai r pi n- Q%a%ta ootfﬁ}) q@ rrugsl‘:ﬂ'iBt °1£F25|Ig§%e @ﬁv§ t%]lq?cc}%%p(?&klurﬁf g?ga%t\?gseb%gg?fpal r
3' -over hﬂieg\dmﬁhatélsaoumtlh@r@adwmdﬂnceﬂ)}by Whislprodudes fiealofongmpete ditidt 2Hbite
sequence ?o t hat the seco E hai r |nfada Iorhoelé&%hﬂust n?t (g ared as. a
mxture 8 taéﬂqttl%seﬁk}%%‘ieb?tet £ PP 8L frgrirng the, SR alERYOPHE
effecti Vgeﬁ%flﬁ@@*te&lat PR nthdd SBbrepRinRAht BBNG frh@ibirs AAd liBting 6d theddairpli S
st ep. Use of a restriction enZyne that cuts further fromits
rec ogn| t obgmmlcteetldhamhwmdquulss the se ‘a@r’o@m tOthﬁ €hd hRE%llmfmfﬁé@iUCE%&lause
it allows re XI Sitioni n B t| Oerzlic &u@ir&t@a@
first haP‘rer 8 Seqélﬁ?jceé gﬁ% ?Bfo uge ar g
const r UCHjvetsit Imlf%mﬁrggs shRNAs of 22-30 base pai rs have been shown to be
be nore effec%ll ve at triggering RNA interference than shorter oligos.
Fur t her | W th DR AR E DS AR iU KIMAItiSthat {t PrédReS 8t Badedpaner f or m
the ligati on of the second hairpinadaptor oligo with substrate DNA which
has been3raadehdniguif thimidedmnoy GP@ 4., wsh dn Kicaow frgntentof BAY pelymgrasedkzy e

cuts 25/ SpnehS it et R Agnh by e g bR RGO opes s, 10,

base pai gredeft PnesthARE theT&ben&MﬁfﬂiﬁJaaa;ﬁa;nolb@ mﬁstlﬂeeaésﬂgﬂed withl a suitable
pol ynerase (e.g. T4 DNA pol ynerase) producing a blunt- ended roduct W|th up

to 27nt efmplemeatacy twe baseain Y -onethare.t Bheydtoverings progigpedby Muaefyvidl byr

CToCTooN AR AR o1 A TSR B bl e B O B A mesan

mixture of all 16 possible two base pair 3'-overhangs. This reduces the effective

concentration of ligation partners, reducing the yield at this step.

[0226] 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 is possible to perform the ligation of the second hairpin-
adaptor oligo with substrate DNA which has been made blunt-ended.

[0227] As an example, the restriction enzyme EcoP 151 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.
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CCAGCAG (SEQ I D NO XX) [0229] Additional exanples of hairpin

ol i gonucl eoti des of the inventions are provided herein, for exanple, see
FI GS. 5A-WQC200mh8u8t1. As shown in FIGS. 9-11, these ol i gomusk@siiaes can
optionally contain (in addition to the EcoP15]l site): (A) two Gsul sites

posi ti ongghagych as ArbeRenpks 8f #'buitaBld BEBM S NBaRY HARHinPAdPCer DHGYRNERAVIAS
di scussegﬁabgve (B) Pnel Iﬂ%l te Llljlsef ul for I|i nearfrgl ng a%NA t hat has escaped

cutting below.Gsul, as described above; and (C) a BanHl site within the
retai ned | oop sequence, that is useful for one nethod of recoveri n% active
si RNA se§UEATECATICHPACAI FARHPTN RIGHTS APECECHRATIAPAAL 2B C I FETISTE TEFET on
for repl achagad/heded gDt Ne: use) of McrBC. This enzyne conpl ex cleaves between
a pair of copies of its half-site RMC (a purine (1? or ﬁ% foll.owed by a

met hyl at 8229t osi néYdditignakcxagerler el radrrimphignnupiepudss of dhe qweniionsare s om one

or ot her gfbg?&ela%epé%ff& B%@%@J%Q'ﬁ@é %Al h@g%ﬂa? -9 Sovhl nIGS e 1 itedked to

both end a tar ragnent each hai rpi n- adaptor oligo
cont ai ns obgmdctdotldss dam d;imenalﬂ)heomamdumddufonl toglat EcoP Millsite)}cont ai n t wo
hal f-sites and be a substrate for cleavage. Note that only one end of the

target DNA wi (A) heoTisadviesh poiildned bedeastd be usafubinaemoving dxowvdsrudigol eavage
with McrBC the DNAsgiffcé® diftdsdedrdbvd;unknown whet her blunt or with a 5

or 3 overhan% The ends can be repali red by treatnment with @%gﬁ/}/ DNA
pol yrrer ase or () Pl spepsafelies nearisieob Ner thenes serapee cabmsgy B
Because t he recognldﬁqmbed@é@ﬁeqj@edfor McrBC is very short, there are

correspondi ”9'((5; ef!&'[ilgf RS fifin éré?ﬁné %Qﬁf‘eﬁ% et i Hé‘efﬂlafof BhonRHRRS
| 0231 ?1 ? i
g Ihsgr o£<ynret ]hyl c;e/t 319 émclﬁ %ﬁ\v r?eltgﬁAl Ty g‘sﬂ&;e can Pg’i’h 0% 8?&838“’&”&“ ng

chem cal [6280] hesi s A§ecbhé optadr fdrmelﬂﬁiapg afmdl is g@. ushlof MctrlBﬁ Thieenngnof

sequences containi ng nethyl ated cyt.osi ui res e use  of bact eri al

strain | §0Pley clgEenbgtivgen £paik of pORigse lfséfq?fgﬁtes%@ped;ré’unﬂﬁ (gﬁ%ﬂ tgi:l‘cqi‘f"eguch a
strain i t £ pAirs Hoh?BhEor oth

Mcr BC- bagéhﬁed}‘;ﬁg%ﬁ sglteger ée%?ggoe $&a%zjggﬁ?rllﬁ§é§ﬁ%(ﬁg tcl)ﬁ i)l UI’(I)t end or[§>|\t|Aer

f r agment sf the hatfesites.0Estpoeally Taiipiraaidapt@roligng hredgzatadto bethuendsiaf @dargbbD A

oS! o SHSP Pl K gl SRR RSP PR IRRIA o

escaped GEhtid\ilNESRaiffBWb 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 dNTPs. Because the recognition sequence for
McrBC is very short, there are correspondingly fewer constraints on the sequence of the

hairpin-adapter oligo.

[0231] The methylated cytosine (5-methylcytosine or 5-hydroxymethylcytosine or
N4-methylcytosine) can be introduced during chemical synthesis of the hairpin-adapter
oligo. Note that cloning of sequences containing methylated cytosine requires the use of a
bacterial strain lacking the native E. coli restriction systems. An example of such a strain is

the NEB strain ER1793.

[0232] An example of a suitable McrBC-based hairpin-adaptor oligo for use in
cloning to blunt end DNA fragments is shown below. This adaptor includes two Gsul sites
(bold) positioned such as to be useful in removing excess oligo sequences as described
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as descri bed above. Wth the Gsul sites positioned as shown, the final |oop
w || have the underlined sequence (or the reverse-conpl enent of the

under | i nesiogeusnse, dependi ng on subsequent cl oni ng st parapgjosioi4o8he Gsul
over hangs are renoved before recircul arization. The exact position of the
met hyl at ggbve, (& Pinel &ife BRlivRided fot ndiivigPINARhishaslesctipbl enting wienGsils. For
an exanple of a hairpin oligonucleotide containing a nethyl-C, _ see FIG 10.

SEQ | D wescv(b@q mg]WArhstb@&saI %&S@O@ﬁ@&ﬂ 48@11@)6/&;76!6@(3# FPQIW%‘rPatVﬁ

relative f t el ow.
D NO : X¥uHseqmeh} cloningsaamss) iffthaGsul d\&ﬂiaagﬂ/hrel?.@nbas@ﬁeﬂoeé repirculadzgsionr ol i go
for use in cloning to DNA fra mag ﬁ ase‘{)?hél 5' verhang is
shown bel B@\F"aﬂﬁf-’gs‘@%ﬂjpﬁthéé%‘?th ase (o dirsee et"é“ e B\ II8%/‘"@r"f‘;’zﬁ‘l@‘erﬁ?toduced
by ot her 1Bt 'vﬁ-*a} a&exa%gﬁlmﬁfha g@ﬂ@éle&lde%hta%ﬁ%met@m &b, @bo! d)
p03|t|one suc a8 t6 be useful enovi ng excess 0l i go sequences as in 4)
above. A Pnel site (italic) useful for linearising DNA that has escaped
cutting wi Uk ElhmnAsndER&k i RR AR RN S eV I rE AR MlcrSidcRRuRAGnieBRd as
shown, the final— foop wil have thesyndesd:i wed sequence. NNCTCCJ SEQ | D NO
. XX | MPROVEMENTS TO HAI RPI N- ADAPTOR OLI GO 2 AND THE MECHANI SM FOR OPENI NG
OUT' THE[G2BBRPI NS. A §28bJ m'bhespeetﬂmkadmeih twehiichi metﬁetimimmcﬁm eswlses

t he Phi 29, pql rase to s mul t aneqQus open out' and anplify the shRNA
cassette%‘“ga1 %ge?‘}?ftf gnged ?@%%Fggﬁiﬁv I'on. Unfortunately this method can

| ead h ive. As
e L 2 L AR A LR PRI B SR RrpRsSR ve, 5

further anplified at the expense of arrpllfl cation of cassettes which have
not yet 234] been 'mapenadhloota suitabttedrBC bavel Hatkphre agaprbesladol for tise iavoi d

even usi conventional PCR to anplify the cassettes. in order to_m ni nil
library si%aglg tVNA Jtaemestsewith ¢ (WP RS RA 5 at1oyethapgds shoner o wralF Favldi s
avai | abl e df t ly, or
reduce t Bh ?%ﬁg@g)ma%ﬁh eér?hél%e%yc es b([gloﬁlg%%érﬁgﬁi%né tn?: gnTlE)lrgow des

sever al hd@tm&ntﬁdéﬂwtdﬁidlsnex(‘tﬁ)ﬂd)rmsmehbrd)sissh as to 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 loop will have the underlined sequence.

CGNNNGCNNNNNNNNNNNNNCGNNNNNNNNNNNNNNCTCCAGTTTAAACNNNNNCTGGAGNNNNNNNNNG*CNNN
SEQ ID NO: XX

IMPROVEMENTS TO HAIRPIN-ADAPTOR OLIGO 2 AND THE MECHANISM FOR
‘OPENING OUT’ THE HAIRPINS.

[0235] The method described in the REGS procedure uses the Phi29 polymerase to

simultaneously ‘open out’ and amplify the shRNA cassettes by rolling-circle amplification.
Unfortunately this method can lead to a highly biased library because Phi29 is extremely
processive. As a result, sSlRNA cassettes that are first to be amplified will continue to be
further amplified 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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[0237] (A) The hairpin-adaptor oligo 2 is a mxture of 16 different oligos
each with a different one of the 16 different possible two base pair

3' - over hamg=oosfiisesssal | ows t he hai rpi n-adaptor oligo 2 t@ecChaskégated’to any
of the 16 possible two base pair 3' overhangs produced by Mrel digestion.

However, [0236f! SO I etielihvention prévadescRderal BidiroWméits tocthe Reisting aaswisonl y a
smal |l fraction of the ends present in the reaction are conpatible with each

other. T bas i : : . ; |
| 3§71\g4 DNXAEPall"He &Y@ﬁrhag@t&laa#g@ i et bF 98\l A& e QH8S ectohvitye

digestio pol yner ase Kl efow-f ragment DNA pol yner ase (or
sim | ar pdlifferentazes)f theThe diffevert ghossibloviwo besa pair beoverhgage d ivallowy hat - ended

hai r pi n- adapt | i 2 t he .t '
from an BRERTGaREPieEq  BE TERGS (o of gt Rovrelk AEo BERCRfra: oA’ bi v
to just %&&&@&Pbi’@hﬁ&di@é{}iﬁgh. HowReEO Wt hike réits ATddabeEligitidnastgtigficys0 this

approach is not recommended. [0238] However, if EcoP151 or MrBC (or
anot her bacapseonlyatsnwalk Fadtiontafghe ¢ndspresent indborpartionresenpetble witapadinel

does) is uysed.jn place of | (as_descrih | fl.er..

ool ynrer aiRForhenle B ol ek Aan PO S rh G0 Rs BEFA diffonlit o™
hai r pi n T8 SKAl JolyBagseHRIBROW! fladnagit DNI& palisteried Bl simiir pdlyessases b This
overhang instead of a 3' overhang, the ends will be "filled in" and no

t ar get - maophd ilpvs theneiede ligatedyiera bluntagnded hpigrin-agarter glige 2ndaWRYehdsPY et i on

enzynes r.plvi: I 1 to
e & bi uft e AsER Brerhili R MBS RRAE RULER e R 1 b Ric rlgR
react i onniatcHisg Raigfie k@jusel 9 baseairg, Wiish pobetome tixseptinhtth radgeaofdenitbpsaibing
activity so that the polynerase is not bl ocked by the hairpin structure.
Sui t abl e 2pREgFReIsAobECPRIeRded Bst pol ymerase, Vent pol ynerase, Vent (exo-)

pol ymerase and many ot hers, but not Tag DNA pol yner ase. [024%‘ éC) Wher e
anpl i fi cd@338h is r dfuweves if EcoRl 5 oaMarhe) (er arpthasmayme that cyis{aghgt Hmatsi go

2 with a "Y' I i i i gL Or gos
2005, ReaeaRRBEdARE RbRTIRL 8640 & 30 UEBREL BFGd] (KOWEopADC MBKIAGLPT 90

ol i gos oOftheapfted MHENA pRégteansse(or Kienex awpireatneh AGEREGANA ATCC ESAMARENG
CCAGTGACGGAAGATCTCCNNS ! EO | D 1 XX CT CAGAGA ' . SEQ.I . XX
3' GAGTTGREGTAGBIT IO FaTes gaif}Ct’_EngﬁéliSﬁaﬁ%g@f°§ws?%: ¥ “%H&ESSP?GQJS be
produced o@ét‘ﬁ%é} t6d BesSvilAer#i11RAliA"I8hd no target-matching sequence is lost at all. Thus,

when alternative restriction enzymes to Mmel are used the hairpin-adaptor oligo 2 can be

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 Taq DNA polymerase.

[0240] (C) Where amplification is required it is preferable to replace hairpin-
adaptor oligo 2 with a “Y” shaped adaptor molecule 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/ ACGTCGACTATCCTTGAACAGTG
CCAGTGACGGAAGATCTCCNN3’ SEQ ID NO: XX
GGTCACTGCCTCAGAGAGGS ' SEQ ID NO: XX
3'GAGTTGACGTAGAGTTACGTGTG
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containing two Uracils in the loop. Treatnent with the enzyne Uracil-DNA
gl ycosyl ase and heating, treatnment with USER(Tm enzyne from New Engl and
Bi ol abs, wo 2009%me488nt With simlar enzynmes | eads to formariusaoosii#3break in
t he DNA chai n at the two Uracils producing a Y-shaped adaptor. For exanple

the oli 9 CGAGR e HdulE frapé ﬁé@ hEddFrDIN: si C’g‘iéﬁaixﬁnl-\lo XX
U GaTCACT( CAGAGAGGB "SEQ 1D NO~ XX GAGITGACGTAGAGITACGIGIG af t er

processi nggwwmalusgn@vwraedz ymide poapd Teessmentawith thetenaymatdradil-Biped adapt or

s above, ASIEL TIS M PTRSRRL S, 000Re B U AR CEREARS il G

strand- dus@haat AethBMNIAUNYIRERRAdS © foRRSTOOsa b&ﬁnlelmmermm ocheinsit thectwo The
doubl e- stranded@é)roduct can be further anplified by cycl es of denaturation,

pri mer akledlsing aXrdapedadaptoreFor ¢xampidheipligoi ¢t shoul d be noted t hat
the doubl e-stranded product does not have un-basepaired ends and wll
therefore be at a slight conpetitive disadvantage for primer annealing
conpar ed t ;PIHECHAAGRERERA6HEThai r pi ns. Thus any hairpins that were not
opened- outUdurl ng the first pol GRIECARE S%N% p>5% 1IIP B dfened-out in
preference’t o anpl i fication of ﬁ%?Tqﬁ:ﬁFF’bcfpﬁAg‘éﬁst ruc?%Q Phi'% K&l ps to

mi ni mi ze bi FETFHCHEPFBSFY®T§ 0243] (D) It is possible to omit one of the
un- basepaired arns of the Y-shaped adaptor. In this cas the first round
of " openpfigr Rpeeswing| Wi USERET B enhmcerigrucesexprthyiiie samp S-shaped poanter

onl y one %ﬁ%&e is required. For exanple the above oligos can be modi f| ed
to: CGGAAGATCTCC3 ' SEQ I D NO XX GGTCACTGCCTCAGAGAGGh ' SEQ I D

ggQ |X>[§ WT?%GE&%%’%&%f tw&%@hjapxo%ﬁe%%%ﬂgm '
primers. The primers can then be extended by a strand-displacing DNA polymerase to
“open out” the hairpin construct. The double-stranded product can be further amplified by
cycles of denaturation, primer annealing and extension (i.e., by PCR) but it should be noted
that the double-stranded product does not have un-basepaired ends and will therefore be at a
slight competitive disadvantage for primer annealing compared to the un-opened-out
hairpins. Thus any hairpins that were not opened-out during the first polymerase extension
step will be opened-out in preference to amplification of other hairpin constructs. This helps

to minimize bias in the library.

[0243] (D) It is possible to omit one of the un-basepaired arms of the Y-shaped
adaptor. In this case, the first round of “opening up” will produce one molecule of product
instead of two, and only one primer is required. For example the above oligos can be

modified to:

5’ CCAGTGACGGAAGATCTCC3 ' SEQ ID NO: XX
GGTCACTGCCTCAGAGAGGS’ SEQ ID NO: XX
3 ' GAGTTGACGTAGAGTTACGTGTG

and
GCAGTTGAGUU
T CCAGTGACGGAAGATCTCC3! SEQ ID NO: XX

A GGTCACTGCCTCAGAGAGGS'’
GAGTTACGTGTG
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GAGITACGTIGIF 0244] (E) Any of the above designs of adaptors can be nodified
with a 3'- phosphate to prevent adaptor dinerization, as described

previ ous|wo 206%m8e488i gati on, the resulting nick can be repaiuseasloy408T eat nent
with T4 pol ynucl eotide kinase to remove the 3'- phosphate (and replace any

possi bl y[gr4gpi ng 5(%Pb@ﬁ/ﬂﬁﬂﬁ@&ﬁov%flﬁsﬁgﬁﬁafﬁﬂﬁﬁiory\tdrhb@maﬁiﬁddlvgl&ﬁ@3’
Alternatlvel t he adaptor can be bl ocked at the 3' end with a di deoxy

nucl eot i pleosphatett, p@veas@ap@pdlmerp@qgm?és;iewré@drpéwowly hAﬁtef)P%anr’ #edi ng
non- strand; antsgﬁn AN p?}‘lae r t?eaé&&e 1|(fl=1 ¥4 épy%ugfegﬁ sﬁ{lng%lac gﬁi?ogg g,

repl ace e A Korar I"ona treatnment)

and t henphdsphite@ind {epR4EShny Pdssible misdisgs’ pliosblaatés)landmbaahm wath gDNA and t he
above Y-shaped adaptors is _not a perfect EGE‘l ex, it contgpns a three tfase
pai r m sheaseh Alternajively taéﬁéaM%%ayst@ hlpekeppithedd’ sad nths? Aideery npgigotidse 18 hrnA

cassette [ 3 Fnsdek
exactly g;(ﬁ ?%H r‘%e&dI &B&}%e@grpg@t‘g WE)(%OI}]} rgétds{ lté&le%;dm cgipl\?\f l'? % lIBEQ)’I I te(’)
provi de & stcisekie diddoayt nidieotaletaad rep‘lalce iThiith amicsmat sicle@dledédlawwel ef fi ci ency
with which T4 DNA ligase is able to . ligate the adaptor to the hairpin
construchtleFﬁélyrhysPrPéﬁéWaE’é‘ﬂ“)o‘H‘dat\l)S‘P Hg%fgqnn tv/ o ways: [0246] The adapt or

sequence can be nodified to be a perfect match to Myl on_both strands. In

this cast24bhe findF) Jhripemaethaitninwiaptoneligos? anddg a@g)vathaaq:(b@gqpitq{ﬁ,
al one as; g, la%%hfea%ﬁ% {t%gﬂfﬁ] smpe%eoag‘?gir (g ﬁél?o*?gls§§(aﬁﬁé Yech@sdfie end of

t he target-mt casset can cloned into a vector that
has beean’mB élbﬂﬁigtsﬁaﬁgy éqttha sRINAt @nsheds camires that th‘EyéaeG:aSs/ahtl\ély\Mcb | be

cloned randomy in one of two osmqb{le ori entat.ions. e li]:- origin
as a hai pmdﬁceﬁhw%ﬁ@emq%t the {Rrgqt haigpig af Qn?ﬁn é’@ﬁh%% of the
| oop of b&%l@&%t eddsh #?@&h&%ﬁe%%lsﬂﬁ%tr@gudeg i \ﬁﬁ@feh@f'mﬂl'\ﬂﬂcmm
have one"| oop seq nce ereas cassettes cloned in the other orientation
Wi |1 hav®NAdigasenbledo lighteteneddpoapo sevhrmpiecorfsonat7 | Thef mismataf canrhe

alternative enzyes to Mrel has been used then there is an alternative to
usi ng M §YIded FHONRYS: Thi's exanpl e uses hybri di zed, si ngl e-armol i gos as

hai  pi o K1 or o %@2@“%@%&%@%’% e modibEd oG Pray i g bon

ggggtlglf Sp@% é%ggﬁ;ﬁﬁpf Estgié‘fﬁgl ﬁugv %%]s‘étfé&hﬁgem regeaea:ag@@iyl dfbedtiorPhlvnt 86a

adapt or : BluBAEAGTGECICTCASECTIACto1Bespond exactly to the end of the target-matching
region. This cassette can be cloned into a vector that has been modified to accept a blunt-
ended cassette. The cassette will be cloned randomly in one of two possible orientations.
Because of its origin as a hairpin, the only difference this will make is in the sequence of the
loop of the expressed shRNA. Cassettes inserted in one orientation will have one loop

sequence whereas cassettes cloned in the other orientation will have the reverse-

complement loop sequence.

[0247] If one of the alternative enzymes to Mmel has been used then there is an
alternative to using Mlyl,as follows. This example uses hybridized, single-arm oligos 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 EcoP15I products).

[0248] Consider the following oligo adaptor:
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GGGTCCCCTATTGT TAAAGT GTGTCCTCAGTCAGCCAGAGICTAGAGG- PS ' The C* at the 3' end
of one of the oligos represents a dideoxy C, or a Ccarrying a 3' phosphate
group. | rweiznévas24sase, T4 DNA |igase is unable to |igat@CrasStivssiivate.

Al ternative DNA nodifications resulting in a ligation-resistant 3' end
could be used in the sane way. The P at 3'fAGBCTGHGECTFAGPASTOIMEr ol i go
represents a 5 phosSEIraCETHTTANTAMPEIITCUWARTTAYEPERCTTAENECHHSUNt ed pr oduct
of the EcoP15l digest (which can be optionally dephosphorylated to

di scour agge @'*rﬁﬂﬂesﬁte'n@'@))foﬁe pharRieds epraknianiidevxly! C f@mrT oarging y 30ne

strand, leaving a 'nick’ on the other strand: 5" CAGAGICGGICTCAGATCTCC
NNNNNN phapiEnte@EUpATT cittrasasT GHIPNETIZET w@@&@m@&e@h@mmﬂtmaﬂ‘[eo%m

"open Qut this d r and

faI I P%g% qcétlﬁnnﬁ Tes?)l mg H% thgf“%t et?g Qf,]l?gt e CF %Mtlé k’ %{lg(%%)t},tﬁg L?gé %lréodum ng
a bl unt Thel Ptap éle 53reealofeﬁeyotﬁarcnfgepepd5erﬁ@a tshpha@phatefgrdupe t ar get - mat chi ng
DNA: CCCAGCGGATAACAATTTCACACAGGAGT CAGTCGGTCTCAGATCTCCNNNNNN . ... NNNNNN

GGGTCCCCg2 k9 5T TAAAGT G Satd 1O Dt phod et 6ENEBINNNSINigest - (WNNHNHN be0251]

This can then be digested with (in this case) Bglll, to produce the final
cassett eomemiflytd@plcosohelylatt&d tmsmﬂlmdng’é@n) aahespbadiester hridswill form

dephosph t ed t ment ti de kinase can be used to
restore ?ﬂé °§‘§|SH6“§%%V‘%%*‘ K. %thgg% UNNNNN. . . NINNNNN- AGGNNNNNN.
... NNNNNN- P5 ' [0252] This approach has the additional advantage that the
adapt or oligos cannot form sel f-diners ﬁ@r gl Qgked-3 iy cannot  be
participate inlig QARachd RS AVARL 208 6hcd AngnpbI 0aCh | S
that it prevents P%Ebrp&ﬁrc(%ﬁ%a??%% t e cassette 0%53] (G Ligation to

t he seco apt or onucle e C e
opened- oﬂ&sggssett B@gcdﬁ,‘b?fjtzlds B %Ctt’ratggf)gg'?m%st%%m'rlf ad tggln?J é‘bﬁt“%

vector i sfaloed ak the?é aﬂeb@hotfuhﬂleswﬁptdteaéam odpy9 kht@@iﬂb@ioﬂig a tient- &edat}ﬁt G 1
In order to allow the 'opening-out' of the hair n construct ligated to the
end of tn@cwébmrresmndﬁéoH@@@gﬁtgﬂtatgqtmat%%&P 'nick'’ in the DNA 5 to
the 5 end of the hairpin construct This can easily be achieved by

dephosphoryl ating the ha| rpin construct | ng a
site tora nicking aasriieRabaiER A ehon Akttt o k) "
the vector. Transcription AThitratl ng at this nick and using a strand

di spl aci T@SWA POl YHRY @3GhéFbe H‘Qg@stgé %ht(fh th%@&%glll, to produce the final

cassette ready to clone. If the EcoP15I digestion products were dephosphorylated, treatment

with T4 polynucleotide kinase can be used to restore the missing 5’ phosphate:

5’ P-GATCTCCNNNNNN. . . . 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 cassette.

[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 is used in place of the second adaptor oligonucleotide. See FIG. 1. In 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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the hairpin. Recircularization of the vector (after optional further
digestion with restriction enzynes) conpletes initial cloning of the

hai r pi n cwexet%24880254] (H) Production of shRNA casset Pe3/usansal«®s7 be
performed with all intermedi ates covalently attached to a vector, avoiding

pr obl ensa\fﬁdkha%;aﬂdhuaeas@ms | s PNTBWBTYNeWeR gl dddaRivkibis pin the@ettor. RrtnscBorf Or
fragments of t target cDNA) nust first be cloned into a suitaply designed

vector. Tmgatpgiesy deis ﬂ@k(a@dtqslnrgeﬂtjsﬁaﬁd displacg)z BNddpRlpgceass ilSn'QP’é ugeq topPRen-
cassette ftr gl{%ﬁa% ]ﬂe?ﬁ(:ﬁlarl tYo%r t@%v&%} (QE?P%QFM% L& il ¢l oni ng

many di f ragmen tar |not g vector or (2)
per f or m f@trttﬂiodlehﬁphts()l@&inpl&ﬂastmdladie]oatngmf thehdityen tassgee. CDNA cl oned into
the vector, e.g., using Exolll/ExoVII deletion or a simlar method;

Er ase- a- ﬁmsa (r) (PHPRe@IctiohF SHREIAOasset@s ben £186 bt pedoiapsdewtith atl this
purpose, for exanple by introducing suitable restrl cti on sites between the

EcoP15| #iteredinies qovalenty etiacioiite 2 Xeetpp evoiding Ripblegisguith handhingagdence i s

cleaved of f.wi th
adapt or e Tt Badahuts b Rich EONARr BBl T n AR IR BRI be
removed glonkdiro 8aigebly desightid vigtor/TPheoprotdirs (,tbﬁlﬁmidlantF 1€3. 8) pradsicexp single
additional restriction sites praovided in the vect V \é\g(i;l am of the

[

cl oned cbrimintassete fophrashdnserth Dinarsityean bgiabipined g BarY
chosen, aﬂger&mén{ag%ag%n@&f tHl tigfltcfm\?& 6 B Vet d?‘%ﬁﬁpe?ﬂﬁ’ﬂnﬁ? a pair of

Gsul sités, & Tac ence f-restriction site for recleaving of
adapt or dnﬂ&estlcmatnesltefd daletéon drothe ogget-cDNA cdredlintoph¢ uedtorf, ergyabinga ni ck is

trod d in t vect t th Al | e
of 5 sur Eapl L ER I ASIetio8 s B PR eSO T-BAE o SPEED): b eFoe FPEPRa i
FI G 8) Qésﬂggad%?g%r etiqgs L\gﬁds"ePfo? ek E'byciﬁtrbcﬁlcﬂ%eﬁﬂ(ﬂbk%st%ﬁdih Sitestbetién

di spl aci ng Iy crlbed ové. The conpl eted hairpin cassette
can t henthzeEaoPdal siterauitthy ploocd cDMedAtsgxont ¢ag ofaaiest ¢I9NAgserenceds elspvedeft

ot §1 s b QP sEhd BT oRRBlaldTienifis ke oin SBsbror, okl fatted btothe end. o

coval ent iije a&HAGHE FTINDNAShN el réfbveDthiBTstdgBedr duripgly cfENAsubséquencoul d
for exanple be useful in the parallel identification of active shRNA

casset t estengjaisingttheragdditiongl g@m@t@ﬁ’e%teﬁ BI(ngeédP tth@t%s@él‘SPsFrFarP o€ thertlarad copy

of the ta r ne

descri be. b%%é ﬁ%&?ﬂ%%ﬁ%gﬁﬁe}%fﬁ %Q@ I?a&?grr%l Ch8 gﬁ?ﬁe g I
cassette u@dffﬁutfeeﬁlrésh&"scrﬂﬁdmec@d;dchlae atplae ofisalsicsni mcﬁ)sseqhmcap@ hai;ﬁrresamelon
reporter copstruct for_the candi date shRNA construct b(?l ng. tgfsted In the

pr ocedur 8itSIRIIreGeRyRgofadapter dmerseig, gIQtor‘iq_f)I% ORENQUE b 1097 ysLiosged. Agtigk
desi gned ;&b @hcedUeithih BRE vdctor upsré KL e MMirpinl @Rstruct. An example of a suitable

enzymes is N.BbvC IA (New England Biolabs, as illustrated in FIG. 8) or Nb.BsrDI. The
hairpin construct is opened-out with a strand displacing polymerase as described above. The
completed hairpin cassette can then be used directly, or cloned by recircularising the vector

and introducing into suitable host cells (e.g., E. coli).

[0255] (I) A modification of (H) above allows the production of shRNA hairpin
cassettes covalently associated with an intact copy of their target cDNA. This could for
example be useful in the parallel identification of active ShRNA cassettes against many
target genes using our FACS assay if the intact copy of the target gene forms part of one of
the reporter constructs we describe. The physical connection between the target cDNA and
the shRINA cassette ensures that each cell in the assay contains the appropriate reporter:

construct for the candidate shRNA construct being tested. In the procedure outlined in FIG.
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for nicking endonucl eases such as N. BbvC I A. Fol |l owi ng nicking of the DNA,
copying of the DNA, starting at each nick, with a strand displaci ng DNA

pol ymer aswol2e@ds2488 dupl i cati on of the target gene sequenTtaiS2008@1408Tt Or can
then be recircularised, with or without the cloning of additional

(" stuffer the GREMIMIESK is EBRedintd Heuitaty eapined vebtor bechithadels fimiked brygitthen be
subj ected to unidirectional nested del etion and vector-attached generation

of shRNAfos aicking ensdonuclgsss pudheas WBbYE)A. | Hothawimynigc nerafitieer POEL.oRKIAE of
CASSETT ACS . ANA S . ! . i i i a
sensiti 5@ "%X g?%%lénrn §Ialrg§érhpr8élg’%§rr@% %g@&dgélgrggés]}é H%K? h%?%ggéd\%gﬁess of
ShRNA caggstichfsn afthkisriget gehe \seglisate. Thieget®r camtheh®s eedirubwridsd, witleot ar get

cDNA is cloned in the same transcription unit as a reporter.%e e in such a
way t hat Witheutthg slopmg of @dditignal (‘saffer hicgpencss B of He tverqeie @%I‘\P? et not .
Exanpl e EERGRAPheH 80 Sbjeed Wl Gniil H&fo%ﬁpﬁéﬁedwe@étﬁr%d%&'ar-%&aﬁéﬁ #Rhe/aR8y Mes
such as Fuciterase, b- galact05|dase or cell surtace nolecules such as Lyt2
or ot her ofahRNAllcesemdsomsalesaitldin¢Hh be det erm ned, for exanple, by FACS
anal ysis. The reporter gene can be nodified by the addition of a protein
domain, e.g., a PEST domain, that decreases the stability of the reporter
gene i n IDENTIRYINGBFEEST IVEShRINA GASSETIESBY HAES AapAE VSIS gene
t ar get - gene transctl_ihpti on unit js introduced. into.,a suitable cel L?(i'kor}e, for
t

exanpl e (2PAG a r et ABPFSGRt IQ?émt’é’P,pr%Yiﬂes_cae?qnélt‘é(ﬁ gp@ggﬁ@l RYIRORY gene
target geék%%%ihgﬂ%céﬁ&hb%sy BF ShFAUR casNettbd SRAIRY irkipli86d11taBe RN Uh HesdYnHAES,
sorting. [0258] The RNAI triggers to be analyzed are introduced into the
cel | s exhedsgengdNAds clopod irethegame transqyiptiogand as aapRtar gENom weha, waor

or oot or Py Srrfzr Pt b A Bn et KRR SePr S Fa P BB Rt Rsat i
trigger S%é’ﬂels lindl @O réR e NFPHOtliisHNSE bé OFP 6NaRE e sidhedslutifergss, pgene and
| ead to destruction (or blocking of translation

| i] of the nRNA transcrli}rgt.
Because gHactpsiganctasceljewdagesmelgculpesushieg Lytapretheronolegylgnwhass skelscampe e

reporter ne. Wl e : e [ r Jolg 1|

t heref or ggg%lﬁ\,é\é’;ﬂrd%aﬁlgslago ﬁﬁ%gér%g%l gl\ré’egh?gerp Oggg(gééﬂ%ecag? @E‘A@ﬁg‘ﬁg %% s. A
popul at i addieén 684 potéindbaiaim, Bg. of PEST dvmaihiat dedregges thectability dfdent i fi ed by
their low | evel expression of the reporter gene, and sorted fromcells

cont ai ni FPOTtAEIMEAR PYdeT $ RIICAEHES BIPRE I on this basis using the FACS. [0259]
The assay can al so i nclude:[0260] (A) a second reporter gene carried in the
sane vecl®@57hs t he The penorer-ggemtarget-gene transcription unit 1s intro uced 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 promoter or by transfection of synthetic siRNA molecules.
Effective RNAI triggers will recognize mRNA transcripts encoding their target gene and
lead to destruction (or blocking of translation) of the mRNA 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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target-gene transcription unit but expressed in an independent
transcription unit. Expression of this reporter gene should be independent
of an ef fwORDWASRNAI trigger against the target gene. SkCh/Us2608000d7
reporter gene provides a useful control. [0261] (B) another reporter gene
carried [0260he sanmeAygeécdhd aépdriee gemPifriedmstht beme Vedtor & theveparerigene
carrying an shRNA cassette to be distinguished fromcells not carr ing an
ShRNA catasgatigene gprserighiog unit fykexpresseshinyas) indepgpdont qwsgr&?%@ndagfegwééﬂ n
reporter e - . Lo

negat i verbTGeEdfenital SRAEEE kiR PAPRIERASE: mEgt: SRAEUR Bepr |
negat i vegarl Satladbeon@idppiter gald rovides ¥ usefulaconabl.ect i ve shRNA cassette wil |
not express the marker and will survive selection. This nmethod all ows

sel ect | ol ef f eCTBY aoHURNEpras §ehd @iried MAYkans hogo RHEATRNA B35, One
enbodi ment of the above system expresses a fusion between GFP, a PEST
domai n, Thistallawd celbueamying amshtRNAragssepe i beidistinguishedHyeyp salje net carrying an

phosphot g@ﬁé&g%seﬁeéq%aa@%u el'égprolf.rom a retroviral pronoter. The target

gene is C ownst ream Stop codon of hygromnycin

phosphot erase _but within the sane transcripti nii., P- T HPT
is pr oceg@gzI co- t r Sh&mg F?fﬁﬁﬂﬁfep?f?e& g&‘l‘ivf’@gé"'rreé’&ée&g& c?Fli?Ct&g:gerrg i ?rg I\Z}égr si on
of greenefdniNE a5 LA veR/-8d16d 101 AREkeFAubly 8¢ QM Br PHrOIANhRE caBFamagaivewhi ch
confers resistance to the antibiotic Hygronycin B). The cotransl ati onal
processi sjedtablemarkary ¢ahlsicarry imgtanresfesfive aﬂ‘}i cpesstte wall seheress.the opger

Fl uorescence..activated cellsort | I ] higed sein
nmet hods %If&‘fvhlgsﬁlrﬁl\yg% |68tr110r%' hrlel lgc?gertlﬁ?% elflot“?s fSs ?/Fegéﬁlgﬁll b??qﬁgt}égf %m) ecﬁ%sgésttegnd

gener at ewathbyfemy hBIFACGRri es of RNAI trigger nolecules. This is because
FACS anal ysis is quantitative, where the FACS quantitation directly

correl at gREBP gene CeRhfRIiRet IffeatioRd shfterl @kpksded adusibs betecheER,2 t O
allow sorting of cells that express different |levels of a reporter, thereby

i dent i f yPRETRINAlain, foejgad meite discass ingmepiidniAgod ddyeramysinget gene to

S I

or gani smlohed dexadtidhas of the atop @oaéemof IpfgremiiAphvbpholransferasobet withianher

cell-line's resistance to_a chenot herapeutic reagent, a. positive, sh
woul d r e8aine trarrrﬁcvn@mww&eGFEeRE%TJ%Jﬁ%fWf?%ﬁ%?fb%ﬁé%%%tr%a bé‘&FPiCb]‘sPr'ggNg\gnt

and dyi NG, rﬁﬁ&l?;%grardnfg Gdibn bf gﬂ:%ﬁqluo}erscent protein) and 2A Hygromycin

phosphotransferase (which confers resistance to the antibiotic Hygromycin B). The co-

translational processing is an intrinsic feature of the 2A peptide sequence.

[0264] Fluorescence activated cell sorting is especially well suited for use in
methods of the invention that can identify RNAI trigger molecules and generate a
hypomorphic series 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 OF LETHAL HITS

[0265] In many genetic screens, the phenotype of interest results in the death of the

organism. For example, in a screen for stRNAs which overcome a cancer cell-line’s

resistance to a chemotherapeutic reagent, a positive ShRNA would result in the cancer cell
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beconmes very difficult to recover the shRNA sequence responsible. [0266]
The present invention provides novel direct nethods to recover shRNA
sequenceswbnromvosedsBs t hat are undergoi ng progranmed cel PClasi0s0aPOPt 0Si S) .
During apoptosis, the genomic DNA in the cell beconmes fragnented into

pi eces - s@ichRBingothatRghhéapticl resar arf dyihg t Bet®se tHe #00s Besk itpai rs, or
in sone cell lines fragments of a few kil obases. However, the fragnents are
si gni f i cheromes|varydiffieaie racaveptheathROHRIgYUeBRESTESRANSINd® t hat t he ShRNA
cassettes can be recovered by PCR even from apoptotic cells. [0267% DNA
from apof2s6] c cel [The pagseheinsepamgirevidés movieDiitedt magthodsrto agasyeostiRNAel | s by
either [0268 FA! orting,cells at an earl tage of apoptosis, and
Fecover | HREbt AT B 4k RIOGERRE pthsa TR <ol FHasrReD; TR ne
entire C@}gépt@ﬁg%@gé&ﬂnam,ﬁ m&iefdegaiewrnéseﬁ@%ﬁémwirﬁ@ﬁ@a@sc—_ Bherunder goi ng
fragmentation. ThiS can be achieved by: (i) PEG precipitation with for
exanpl e ghagstpixtcdaddrr of mulidges o62Q0dnse paied of in sme@ﬁh@m(ﬁm@m}s of a few
"Quantitation of _DNA fr ntatjon i.n osi s, ", Nucl ei i R 1996
var 1 2aRus e, Ve AR5 banBRARY B & bR HYUR B

f ol | owedsrhafgle SARNA taaéttRtan e eedoyeltidyRGRY BRiH BomaPoptdlik lcello be i nt act
chronosones; or (iii) any other size-selective nethod of DNA purification.
VETHODS ﬁ%TXPANDW@AFP}o‘AEEi%pTXM MR NS SR GG VDN AE QYopRER AND
FACS ASSAY. [0270] Many natural mcroRNAs, ‘and nany designed si N/Rs and
shRNAs, keltsdnpothere mi smat ches both to their targets, and within their
doubl e-stranded stens. In contrast, the shRNAs produced by our procedure do
not. Howf268] t he PARFAUSesorfingcalls aras salycitege ofzapopfdsiess andimeoedringtiotht | y
the shR flimcti on. The di.versity of our shRNA cassette |libraries can be

i ncr easgﬁﬂﬁ/ R B BPROPHBIQLOR mi smat ches randomy. This coul d be done

either to the original |ibrary or after selection, of (screening for)
“active' [GA0RNA cas$B) taking the eatireiosH popplation aif srecHicallB Aeopverng BFRNNIF he

shRNA ca ! - n A ; d fe.cacy,
For. exanp gt i b8 HaghERRIIGATPH Lt b Rl 197 B] PR BePplan Gt v Ra o
casset t eexanplb@. %6 MEET 8@, 1M Na€l adagtybesf ihdoarinoe and€hen, \Quanigatem. f0271]

;I_Eg{ 5 d?:]g)_l\?fg \fr%rgrer‘llentvgtaixg irll arllpovl\)ﬁgcl)s(l;srj” R’Iijtg}e]icr/?crz] soﬁésml g%???ﬂ%%%ﬁ% ;I (rﬁs:or porat ed,
electrophoresis of total DNA on an agarose gel, followed by gel purification of only DNA
fragments too small to be intact chromosomes; or (iii) any other size-selective method of

DNA purification.

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-stranded stems. In
contrast, the shRNAs 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' ShRNA
cassettes. After incorporation of random mismatches the shRNA cassettes can be
rescreened to 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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[0272] (A) Error-prone PCR of the shRNA cassettes, using any of the

est abl i shed net hods of increasing the error-rate of PCR (e.g. error-prone
pol ymer aswe,20098k488i on of M2+ in the reaction buffer, wreg/uskoosocioanti de
anal ogues etc ) [0273] (B) Maintenance of the shRNA cassette in a vector in
a host t|p@ USGSTﬂeﬂ&'@@sé\feﬁQW%Yn ahioisuah rdem midmatotrephebe he acti vated
B-cel | I|ne anmos. [0274] (C) Through copying of the shRNA cassette in

anot her wepmorgiednecludiner e. g. through the use of a nutant, error-prone
bacterial phage pol ynerase e.g T7 RNA pol ynerase. METHOD FO? RECOVERY AND
CONCATENIRTRN OF s h&hﬂrrmssmfm pOthEshRN msmsamwargy@ﬁtéw@ﬁbhshéd

present in ti |s carr can be
i dent i flgl&\iﬁolrdﬁﬁf e a518§ ?”%'pﬁa?esoﬁgqﬁg%ig r%ﬂoﬁa’ré ¢ fnggd%é%ﬁf@g% way to
i denti f ymvuiahah ttsemamuﬁllarmerpﬁs@&mhcuesnama&rgméyacpooI is to PCR anplify the
ShRNA cassettes. The PCR products (which will contain a m xture of

sequencegrgpr esenigabd Enghiog b e SARNA/GasShRNS)veoRR i hebiangtaand a

i ndi vi dual ones seguence or the PCR product can be sequenced directly
using a highdtdqetncyerfueutetions. Fertmammgthesutivatad B4&Al linef Rarges.ences sequenci ng
or Sol exa sequencing. [0276] However, since each shRNA cassette is uniquely
identifi 278y the $€yUksagh Oﬂpy)ﬂgof)fhe'fshRNﬂ caapelee iofantther emor prione franoemd
20-40 base pairs)_ this kes i nefficient use of se enC|n egp es, which
typi cal | §-Balrghitba yee offa BB{ABE SITORBHRIIS Ci’ié.‘glelbtéﬁgfe rﬁer%’df:tgl e strong
secondar 01§,He%gure that the hairpin represents can interfere with the
sequenci hg-reacti ons, produm ng traces that are hard to read. The present

| nvent i oy gy RPN ATERAPION OFSHRRIR (HSSHErE R\A
cassettey,a N SR BF M thin
the | oop:

cl 1
pro-Uce a cohesive-end

conpat i btfryihg Bn btevehRNR cmsamﬁuﬁs@&omhe pbeInifrglls het dantyargt arcasiset t e,
al though this is not essential. For exanple, the |oop can contain a BanHl

site i f shRNAagnetwey iogdemefﬁéﬂnalssléi%lﬂarq Pesant 19 thestine polris ip BeRy site i f
h d 7, hRNA
chssert otmpty deShRNATARAD, THEPCR MBlinde (MROTRH pphidin Diniyiie 7| 1C ©

det er m neshutnces egyirasentiag thesoot bRhAB/e shRNAs) aatvhmtlageabanmd tndivideal alones

st randdi spl aci ng DNA pol yner ase such as Ven nmer ase f r this. PCR
react i onSeBIeREFdsOF the PGRe Eroéiﬁﬁtl‘iapi’@éf‘ﬂ‘ﬁﬁ’i‘c? ??@H"%H’@ LP9alle SEAGHEr v

structur g hidbef Sbhf Q44 TR dGidRes 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 cassettes 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 Bglll/blunt

fragment, or a Sall site if the cassette is cloned as an Xhol/HindIII fragment.

[0278] The active shRNA cassettes 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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hai rpi n sequence. The PCR product is then digested with both the enzyne
present in the | oop sequence and the correspondi ng enzyne used to clone the
cassett e. wOho®/o8eis8ases snal |l fragnents of DNA of ar oun@®CZOrs4@sha®ar pairs
in length (depending on the exact shRNA cassette cloning strategy enpl oyed)

whi ch hadpprerRIINAl R Fheky sRRES VenPBdYnetdhe BbAhisi RER eedcsionae this 0
concatenate these small fragnents into |onger pieces. The_lon pi eces are

then cl ofmaprosesamplification dhromae theaions secondaiasimic iush thak Fan fosm fg%m Rcessed
to reveal fhe 3?@%?1?@ Glﬁao r?g&& BldautDs t?e{ﬁocflg@sccecf WRIBEH e ERAImYBLe eﬂt 119 ffeed

t oget her 15‘”? prece. ot essential thatt
restrict lcop ﬁ@d&lﬁé&n@&&@dﬂﬁ\sﬁorﬁl@@mﬂybiemsed tcx:cklynethdszamtté Offglsasleaﬂiesmmall

possi ble for the snall fragnentsto olig This w | e for
nost r es{iagwents 9f DAVA of agpand 20 (4%5%?1#91“ lilgtﬁz%%nﬁd%‘s %HL% Cﬁéhs@gr hang
is 'pali erse/ conpl enent) .
[ 0280] TEgejé;nggl goglr?gggﬁeﬁﬁgﬁ@eéﬁ}% G%%?rﬁ @ﬁgeﬁﬂﬁgelﬁézﬁl%@eés&éenerat ed by

i gation he reI ENE% lfpel%%%l 1td B

restrain @79§r4 DNA "po 1?}%elrl agg W"(Hteﬁ tc?&) 52Sr \ég{enalell t hrer e%(It remrslﬁer | ong
pi eces, pfec@sj th|l@fgeppﬁ@€§a1@fthdﬁ|\dﬂ0mm€d;eﬁlysnbe(gﬂhe@ﬂqﬂmﬁcmﬁbrﬁlﬁtﬁ)ﬂ(Wn ends
of a si na}e pi ece of DNA. G rcul ari zat%ﬁﬂtgca | m ted by adding PEG to

the |igathearbe pAO%eéE%HH reyaah Bi§ sequenges Q es Wéer R A e

quant i tytc%eth%p ?O%Qtlﬁ[on %8#”1?1591'8%55?19% skt $hefw PreBirR66n €hzyANA wakd h t he
sanme stic ends as e el ragnent (or one conpatible sticky end and
one bl unhavenamenibiredticky endd sccloyig enit,is possiblofdehe snal) fragiments 4elappgamerise.

nol ecul e ncl es riction enzyne site.. Pre ably for ar cutting
restri ctl %Frﬁé’sf‘éﬁgttorﬂlﬂs Sesm?ﬂBr\{Sﬂ%?ﬁ?eoPalﬁb(I‘ E‘Ef{‘ E}b‘?‘?ﬁéori %@85 85 at ed
into theo%rﬁx\ﬁm é&lﬂﬁﬁ&ﬁr@t—% M HE QneSRBhdnck h@ﬁﬂ?éiﬁe?seydbnﬂ)l&h&it) stl cal ly

random f ashi on ce the ligation reaction is conplete, the concatenated

chai ns ar@zlsﬁ;?’t W t r:l“hlte s%ﬂﬁ)éﬁﬁlu\%'f%ﬁ thsfiof ﬁle"l@rﬁ% @%@Qéede?at&@ﬁy i’i@@ﬂ?&%f the

nol ecul e s wll Tinearise any crrcul a ules so long as they
cont ai n adledseditagmentsof DN A Howevardadessrit is Tesraaneel; TGN Amylymerhse wal tend

f t I th t |1 b f f.th tial
ol ar 1 afd BOgRCSSHEIer XY Do Raatin g gen pLONARu b Fieafon '

condi ti OB§RRRA tﬁm&érﬂg erhgim bﬁ%&@&if HR ATECi i1 22k 108 ciih BE ﬂnﬁfedfbgaﬁﬂﬁigt s of

the optinmumlength. This approach can al so be valuable in the '
pr ocedur EEghterthe Spatian. s%etq:aemteletl@gss tor 'spik¢’ e wwdctiggwithesmatldusatiyafead in

oL e {2 RER e e NP0 oL B S SRR TP R FRUEFAT Mo AN
fragment (or one compatible sticky end and one blunt, non-compatible sticky end, or
blocked end). The 'adaptor’ molecule includes a restriction enzyme site. Preferably for a
rare-cutting restriction enzyme (e.g. NotI). The adaptor molecule becomes incorporated
into the growing concatenated chain of small fragments in a statistically random fashion.
Once the ligation reaction is complete, the concatenated chains 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.

69



[0281] An inportant application of the invention is the generation of a

graded series of RNAI trigger nolecules (e.g., shRNA nol ecul es) that knock
down t he wopr@ase438 of a target gene in a range of sil ercrng2@siadty, and
in sone cases, to a preferred, predeterm ned | evel of expression. That is
to say, MPIMOBS FORTGENBRIATINGANPEI-ALLEUYE HYPORMORPHIC SERTESIGIIRDIAIt he

met hods qRIGOER MRNECODESan be used to create an epi-allelic hyponorphic
series of 2%ﬁne regulators. [0282] To fgenerate mul ti pl e RNAI i nducing .

nol ecul ed0281} ect ed Amimppstagtapplicariefee! e ivention ixtbe geratationypl 2 graded pR3les

screen i rf. di n i r.ei for

el e, ST AL P RN RIS P BB, A B8 SRbRssbRbLa ¢
Through seg@eRheIth Ardnge @€ silehichey actifvite,candiin 3dme shdeblAosgsrufened spredetgrminad ound
200 per %ene) t he met hods, descri bed herejn r ,eadill& i.dentify nultiple

ef f ect i vEEVEhPieAPEesgi0RN ddat isde sahy Rivralify ofdpdjutdugt RNAYi drigasr molegides " Ther e
are at | . Welo| A . i W] ul es
per gene iR ifcd By MARLHLACH! (B HRRLERER bOwct b Ll ¢ R E R

i nt er pr esérivg oRYdne mgphtoreent al results. "Of-target” effects occur when an
ShRNA down-regul ates a gene or genes other than its intended target.
Denonst r 62829 t hat Toweneete puitfpte RNAL ihduchey @olegtles Hirectdé pethdanine SigdiAs t o
the target gene each give the sane phenotypic effect is one of the sinplest

and nost gewsnen yEPiRspddy sk tioughrit sergen s underdaksg psrondinggoithe methods desaibes i n

the inte j I I | QI : 03),; 'l en,
Nat ur e @%%?fg&gﬁie 8§§1&?f§’§6é)%?§ of%ﬁitﬁsdegcdgﬁccf?oeﬁggﬁgglg(%gf@g?d?JhRNAs

wi t h di f Tardugh ssickringiarigrgeomertter af candidatd SN Asequeptesalelge) arotinds200 g of
hyponor phs, .that is to say, enetic dose-response,. Thi rality of RNA
t)rqogger p&%‘?"éc@?é‘éet}\}ﬁ s|desqy e&i%ﬁ e‘ﬁmdﬁ%’ﬂ‘?%gf@ t ‘Feffﬁ"rﬂvlﬁfsg’%seéi%g%%ssi on

of the t%rgﬁg,r%g‘eﬁrﬁqaggeggfﬁtéeg@nge of repression activity. For exanple, sone
RNAI trigger | ecul™es w Il denonstrate relatively high degrees of target

r epr essi ile i 1 MG i Bsnuel | as

i nter rredi?d;)tsgy\,lnevel ?t“gg%% ieeésstisttc);'(ra\\.Iglélln eélf)g(g‘%%ﬁ%és 8{5%%\}3% ﬁ?gi rr%?phl )geseri es
of RNAI tfdlgglss pebbaeul Bisst \folff-target? effectsmehadul eignifivant probleacin madrgreshgw a
wi de range_ of repressjon actjvity, including internmedi val ues.. [ 0285] An
epi -al | RN hspeRmeRal Eoul | eGPt e PRRA eSS Aee. has
a varli et %crgsfo e9Bd StheAhn AR RbAR 923, DEnSAIBLAS ARE tWo (SfieRBlblPihree or
hyponor phi ¢ generegul ators can be used to explore in vivo gene function. In
ot her aspert)sndepeeded sbRNSguUb dlveotasget gene each 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 (2006)).

[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 trigger
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
useful 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
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can be used to validate candidate therapeutic drug targets and predict in
Vi vo responses to inhibitor conpounds. In still other applications, the
present iwoentymsmssan be used to identify RNA trigger molrasados®i4obat can
reduce the expression of a target gene to any desired level. The full scope

and val uggafatdrh@aieBé usdd t8leikplony POVHY EdtiefuBidre In@they amsectss gidl gheregulators
generated by the present invention wll be apparent tQ one of skill in the

study of cajebreused g validatmcangidase therapenisadiag targgigand presdigigy VivgrigsPansssyet
identificati.on, % : . Wor d di sease
t her apeu%nl%ﬁ:tgg’rgﬂ%lggr%%& gt‘%@%ﬁ%%@“ﬁ@ﬁ%?@ Hﬁ%n? nﬁgqtr%g[?giﬁ{r\tt)%rl\%g 8t hat use
of an epideatifyeRNai hygeraigiiulestRit s refce thad @grdsgionhd apamsegeneitnaent i on be
limted by . the few exanpl es di scussed herein. [.0286] In other enbodi nents,
the epi - Q‘Fﬂ‘r@ﬁil‘%"eﬁyﬁb‘ﬁﬁ’g&ﬁ"ee apd yelye @gﬂ’éregf'éﬁeltﬂpm‘? oFRlif SerdesHf oA

i nvent i Ofgﬁtﬁﬁa?%ggef}@gggm}gg@%e%aﬁ i nli6h REBE iaﬁpéraﬁtqlé l*a% @lf L«mlciﬁ 4 study of

devel opne therapeutic or a sm nol ecul e drug).

| nvest i ggtriearguihtion, genctapdisddses, timestiology y digtagetdgentifidatiogche devgdorseiton

| evel s to.a defiped phenotypi¢c effect. This analysis wl rovi des

i nf or mat pgﬂnﬁgﬁgrquwgan@ggpw%ggedgfseggﬁgeriam:ﬁ%}ﬂst %/“glrf“?réy ?tbﬁ'ﬂ?r%sd&ieoﬁdc?rgﬁ‘er to
observe & it heriaRAHEd thaPEREIH dn epl A118i ARFRARFRIA s¥TdspehfatddBY B¥ Present

t ar get phenotype correl ati ons (Hemann €t al, Nat. Genet., 33:396-400

(2003)) . inveR@a berhingteg by i feeexaimpdesedisdusspdaieraipi - al | el i ¢ hyponor phi ¢
series is denonstrated herein using the receptor tyrosine kinase AxlI as a
target gf0286] See Elmntheeermbodinientsstha epegli¢lat lypoaforphinserigsr gentctated byvtasi on

and net ast gsi s. i.ng an epi-allelic hypomorphic series.of RNAI trigger

nol ecul e@eg@ﬂépggé ng‘i)lt‘toﬁ_éa?n?f %ﬁLto&Paﬁﬁgg}%ﬁ@ﬁ“iﬁBﬁ?re%ﬂﬁ?? & &%onst r at ed in
Exanpl e geddiPmaii$é. gl RESNAbakey helepetddansidll AvolecuRitrlL). SInkeRiEatio 8f £#1 noma
formation using non-invasive in vivo imging of subcutaneous tunor cell
xenogr af thepapdatic thaesholdrelater spepific\gede exirassirmigvéle to 2 defanadi phgnotyaic effagt.ee of

Axl expression is necessary. .o inhibit t.unor 0 L m.acl v, initial
Steps | niBnaraees TH R witmerah redr BB el gert Ml ikl
ol ecul eg, ghideeetAdedgaithehpdiie Jeh oS erkikdosage piAlydisiesh infprovampget- 6.
POLYNUCLEOTI DE SEQUENCES OF RNAI TRI GGER MOLECULES GENERATED BY METHODS OF
THE | NVERRrOY ecegs]atiops ghemampe -, Meh&angtel3Und GA0d¥s pol ynucl eot i de
sequences derived fromthe Axl, Aktl and human proteasomal subunit beta 5
(PSMB5 0f02831 a5) gdhéspritteiple ohorsRipg an epicdlelic hypemeonphicaseriesy is demonsated

ol ecul eﬁer\é\ﬁlrt?silggetr}]l% rrgée%gor%}?ro(sjﬁ'\ise (I\(ririlatgg gxﬁ B4 pa?get 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 invention, it is
demonstrated in Example 5 that sustained in vivo knockdown of AxI inhibits breast
carcinoma formation using non-invasive in vivo imaging of subcutaneous tumor cell
xenograft model, and further, provides information regarding what degree of Axl expression
is necessary to inhibit tumor growth. Similarly, the initial steps in characterizing an epi-
allelic hypomorphic series of RNAI trigger molecules directed against the kinase Akt is

provided in Example 6.

POLYNUCLEOTIDE SEQUENCES OF RNAi TRIGGER MOLECULES GENERATED
BY METHODS OF THE INVENTION

[0288] In one aspect, the invention provides polynucleotide sequences derived from

the Axl, Aktl and human proteasomal subunit beta 5 (PSMBS or beta5) genes that have
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Exanpl es sections. These pol ynucl eotides find use in the downregul ati on of
expression of the respective target genes. These pol ynucl eoti de sequences
of the inwenbixns24sse provided in FIG 37. In this figurecTiuseomshRMAT hai r pi n
pol ynucl eoti de sequences are shown (SEQ I D NGs: 1-15). The shRNA sequence

posi t i oONRNAItFigsfanslefde hexivile TIRQP nfbldtalel wdre geh@ured laf dédcribe@pstheThe NMRNA
targeting sequence (i.e t he sequence and t he conpl enent of the sequence

that for Fxemplesseqiionar Ehese nobymarclestides find wssrin thsdaynmgavlatpref expression ofop
donmai n. The or] i f h i ' 5 @i th
Gonee. L ol TsHer Rt Bk Rels (TR BRI IR AR hi Rl chBp? B! t 1!

tabl es i th FI@G 3B 7nahi figuee, ¢l sHERIPANdirpimn poRAcladtide seqettesare shawn (BHQ [Bny
non- gene_| oop sequence (SEQ I D NGs: 16-30). These nRNA target, sequences are
a subset NgIs: {118)1 Ahg shRNARRAUsRSEPOBitians ¢amesppnding ththedpep domginess § in
provi ded j I 3ARf@N :

1-15), o?h ga ns' gf;aheused ttg %%ﬁg‘t% rg%lget%ci ﬁ%ﬁh%‘%‘@%ﬁfée@d?ge g?fnpgégn:t gf%

16- 30) . paR8ide thht fosmithe stanhg dret inddowehense tetters oroeither sideiofi theuldep domiaine The

ariants of the | ynuc] eoti de sequence f SEQ I.D NOs: 1- d
e S afientgtion B h AHENA Ssopene o S Teads FRGT™ (5 HNsE e AR P nPistRE Or
9 9 9 9

pol ynucl gptd.ds-poaehsgthat is at least 80% 85% 90% 91% 92% 93% 94%
95% 96% 97% 98% or 99% i dentical to a pol ynucl eotide sequence of SEQ ID

NO 1-30@gfurthr i N RNAhe bi I AC ivity

t owar ds ! e L\xl or %‘E%"%ﬂ@t@&@r‘ﬂ%@ﬁ%géér. anftcg#rg%%%g{@nuc eotai e
sequencesequen&lsitHouNahy derB3@erd l9op seplenckeSHE IR NGO 16:30) aThsseomRINAa tngatt s

of the polynucl eoti de sequences of QI : 1-30, where the deletion
vari ant é?q“FP‘éf‘tjr?é"rl?S‘l‘@Fb‘?ﬂée fg?re%%s‘%wj)ecgg% 90% 91% 92% 93% 94%
95% 96% 97% 98% or 99% of the_ pol ynucl eotide sequence of SEQ I D NO 1-30
and furt 90] et ai nAnymf thepelyeersiderrrgvidad; ig Fd(G. 38 can b esedas t owar ds

t he Axl tar get, _f r . 9 ¢ !
per cent < JELESELISERITNIN 35! oSBT R SR RN R Gy e
avai | abl SEQVE Noids 16-60).assessi ng RNAI trigger nolecule activity are

descri bed herein. [0292] For sequence conparisons, typically one sequence

acts as por0af er encet semtepAEEhhOtheivehtibeslko stfudduetive aigatooPtheed. \When
usi ng a sequence conpari son orithm test and reference sequences are

i nput i npelyaueleehs %ﬂl,le@GbQ%glﬁgr@eN@éblf'éQ-n Asdised bergiws ppy Ak edvariant necessaryy,

and sequgpig, AbaRtd RIK: B A% HBIARIATS RishRIc0tdE S fHRALERat is at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to a
polynucleotide sequence of SEQ ID NO: 1-30 and further retains any degree of RNAi
trigger molecule activity towards the Axl 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 ID NOs: 1-30, where the deletion variant or
fragment retains at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% of the polynucleotide sequence of SEQ ID NO: 1-30 and further retains any degree of
RNAI trigger molecule activity towards the Axl 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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The sequence conparison algorithmthen cal cul ates the percent sequence
identity for the test sequence(s) relative to the reference sequence, based
on t he desDgp@rmse4spr ogr am paraneters. [0293] Optinal al iPgmmseaosoi403Equences
for conparison can be conducted, e.g., by the local honol ogy al gorithm of
Sm th angre\ifel if Aldes Bthrh am pavanhdiers headd

al i gnnent al g%??it%ﬁn%fof sd@ﬁgﬁ;ﬁéﬁgeé\ﬁﬁ iaﬂf’g?s pQ Biol. 48: 3?1%% (1970)
by the sé&he s¢quknce ainmparison aggomﬂtrhdctncqalquéé%sfbn pamnmsegn@m‘e iggngity foushe |

Acad. Sc USA 85 teri t hese
al gorit h ?e&}i?p E?ééélllﬁ“%e %ﬁéﬁeﬁb %3 %as%d O%ﬁc@%gd?ﬂ ](;E,‘I%I (o}

Sof t war epitamiege, Genetics Conputer Group 575 Science Dr., Madison, W),
or by visual inspection (see generally Current Protocols I'n Mol ecul ar

Bi ol ogy, [¢he3pbel efp mal%ﬁ%gme%frs%kngéﬁbpé&h?an@nlth BE cYRAIcEE elpetbyeen

G eene PubI I shing socl at Inc. and John Sons, Inc.

(suppl enﬁmlechlﬂlhnm@y A9oAhm c[f(&@ml} arghW agsrenap) é_m‘_ml_MQQDrZr‘t&?rﬁlP&b)s by s

sui tabl e termnin d t t
s the. olprisioes fiammersAReR o oS panerd kb dotl e MG b vBE Y
215: 403- ﬂgtfihe(ska&@l)for silaiB) Refhol of PedresihmDLBrAR] PRRaNdS B Adad. HeibUSal y

avai |l abl e through the National Center for Biotechnol otg | nf or nat i on (see

t he NCBI 8i@hé4 {988), bi ognmugfzsmed implemeataliens ef these alaehps(GAP. BEH Hdor i ng
sequence FR%'TrAs agd %fsf:é{ﬂ WG?&Q{CE S‘A’ﬁ(’vq?e éIcklagé] Q? ﬁ%s’. g Eﬁt uery
sequence, " Whi ¢chei er or SOme posl |ve 0

score T dhéewp,al7s @ﬂ&dctWDTr blvaadvmn;i\mj otribg vmabmbmbh ($ee g@nebazrllat@geemequence
Tis referred to as the nei ghborhood word score threshold (A.tschul et al,

(1990) JPrayseols B Hlolecplas-Biokpeu. 1 dyysubshet ¢b ¢ 9 1 Gdrer dirglossis nd Ut i i t s act
as seedspllech LA BAHAR 06k 1he B4 IOROWildIERONhE! Rupplehinmy The
word hits are then exte In irections afong each sequence for as
far as tHeoughn2004).i ve al i gnment score can be increased. Cunul ative scores
are cal cul ated using, for nucleotide sequences, the paraneters M (reward
score fofo®4pai r ofOnzaixamiplgdofladsdlghrithn thhtvimysitablOfor dettrvinipepelcenyt score for

m smat chi ng resj dues; always < 0). For anmi.nqg _acid sequences, S i.ng
mat ri x i §CQYSBEP W%Iaédlsﬁq‘@n?%%mﬁ@ﬁ‘ﬁf ithg BLESIralgon f‘br‘i& %h‘s(#s‘irﬁ’@ dilr d

hits in ?ﬂ%&“ﬁley §ELS %laglgg(h?r o?n&% %M;?Qa 99bj1es gbi YRR BEAISTSCOr €

falls of y the dquantity X|rrumaC|eved val ue; the cunul ative
scor e goesalyses zsapmblmiy ielilable through the National Center for Biotechnology Information

(see the NCBI website). This algorithm 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 scoring matrix 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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due to the accunul ati on of one or nore negative-scoring residue alignnents;
or the end ofeither sequence is reached. The BLAST al gorithm paraneters W
T, and X wetzeowmiseusst he sensitivity and speed of the ali gomars2o0s/Din®3BLASTN

program (for nucl eoti de sequences) uses as defaults a wordlength (W of 11,

an expectiger @é'q:u@@e Rfreafled aTRS BOASTO41gd0Bm PlrbmelSes W, Taand X doenpdné then of
both strands. For ami no acid sequences, the BLASTP program uses as defaults

a wor dl esegsitivityandsped of thesaljgment.i She BEASIIN prograin §for puclgp YEeREESY i ng
matrix (see ni kof f an i%af fe.¢198 0 A '

89: 10915)°°° f*ggg‘l%]‘l?? v 5@?‘%&@5&56’%21 %"ﬁé’??‘%ﬁg‘béﬁﬁ?&eﬂn&o’S%%ﬂ’é%@?‘?oag%i’t y, the
BLAST al ger4, ahdaa@bapaiisor ¢ bokh str&idst Fatantind acidakysinses the BEASTIF pragiaty

bet t . e.g., Karli d ALt |, P ‘1. Acad.
oot | b angenByEwordonshy Wasa: aeautreaten (I of Ihend FOBLOSHMER, " ho
BLAST al gori . : i, i qanhy - Q)0

al &:%rn'n% *}{{Qﬁ}éi Igstegq{%ﬂﬁf%‘ ﬂgé%@ﬁ?%@ﬁg%& Wt Palhd, SHNISA g9 d1gps an

indication O robabi tch between two nucl eoti de or

am no acj guences | d. oceur. by ¢ E apl Lejcaacid is
consi der L@%fm | ar ﬁf %(Y@H?%Pe?ag%ué%m}ée%egge&ggequf&g%@égtﬁl SSB'?L Q%%agogta ility
in a conpas Eé@@m%fa §thesticaBdnahid ofithe agiiliritobétheet efesemencasysdeceg. , &artini s

| ess than about 0.1, nore preferably |ess than g?&% 0,01, and ngst :
pr ef er abfsyd Alsehul, Hec. i adySel. USANS I3 08d 2 9m MGG Oexanpl es

are of f e&gﬁ%& fnlokfﬂl%h&)? BSTnﬁg?T%@lg{I isThd sthi)festith ablIM§ '@Pdl\@ﬁ',v}g%&h i's

under st 00 the e es and ments described herein are .
i |1 ust r apiowidepuh padiegionrdfthamababitity Mawhiwhs: meh betetendwe nocleotidngesming

| i ght thereof will be éuggete to rsons skilled. in.the art and.are.to be
i ncl udedasif SEFUSNEGHV PF‘Eufilia{oF%ﬁﬁ?%ﬁ‘g%%i‘mPﬁr & TUEHRIC A ’isc98“%%ﬂ‘c‘fe§é‘c5?} AR the
appended ] - 1 inAt i '

ppende &Eﬁ%ﬁe@ﬁ%@t& PR Fée‘%gv“@ﬁf? A oS8 NBleatkdt anclefc HRRNAS

STEP 1: BLUNT ENDED S OF THE TARGET DNA [0297] The
target Divthefreferenee estleic icidriadgse thamdiboui g, mae neatrblyrash dn@bont 0.01, and

restriction digestion ar rando earing). For exanple, the follow ng
4-cutter “}Oétsl?rre?e&%t]%??séﬁ??r?@g‘ft (?h@rw dually or in conbination, can be used:
Hpal |, H n6l, Alul, Dpnl, BsuRl, Rsal, HpyCH4V, Bshl 236l1. Hpall and Hi n6l

| eave two base pair overhangs, so tﬁ%?ﬁwﬁ%sb' unted with Kl enow (or T4 DNA

pol ynmerase or a simlar _enzyne). Hp X and Alul are disabl ed b

heattreal®?l to aVdpdoloBErEFMALS AFF ¢fffze @(‘?lu%@&%"(t meLi9 ‘rﬁﬁgi’q-ﬁﬁﬂﬂeélr e

simply NgleRf&H%8is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications 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 claims.

EXAMPLE 1
Protocol for Semi-Attached Generation of shRNAs

STEP 1: GENERATE SHORT BLUNT ENDED FRAGMENTS OF THE TARGET DNA
[0297] 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, Hin6I, Alul, Dpnl, BsuRI, Rsal, HpyCH4V, Bsh1236l.

Hpall and Hin6I 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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whereas Alul would cut wthin the specific | oop adaptor that is used). STEP
2 . LI GATE ON LOOP ADAPTOR [0298] The | oop adaptor is ligated to the bl unt
ended fr ayoentse438t he presence of different restricti oRCENSINSH1408N enzyne
(e.g. Pvull or Pnel) is included to cleave | oop adaptor dinmers back into
NONOMET Sgredtihe A dvbRNintci fREing HEheQTBRY SBp JH TdeQﬂllelnGIz&B simglynoappddedabl €) is
added to the m x to prevent re-ligation of the target fragnents. However,
because whereheAful|would cutesidhinghe m\%fﬁcdgﬁmd@t@frtéydﬁ 88eddi t h Hpal | and Hi nl
a different enzyne (Bshl2361) is used. There is an Alul site in the |oop
adapt or, so this enzyrre is also not used (and disabled fromthe initial
fragment BRal HOADE ON I{eQP ADABIORNt). See the | oop adaptors in FIGS.
5A-5C an 1 for I nt

7ot hods. ﬂ’%ﬁg Lo TR 30 AR P UGB el B phsRicgert

(A) A regi@fpdnt réfriGionenkpmes ANhAREABIEC Peald er Phel) is iicludrdtteicttave heop
recognition site. This site is placed such that when the I(ggp is.ligated to
a t ar get adapigyiimersdrcpigto manemess. 1a additips, the sapernzyme astigedy! ¥eR e Hair s

from the, éLP;H&ﬁlt)l' Eﬂ a@? Gile trrng é{)a E%Qfeﬁtq‘aggg%l[}f)ﬁB?t&hﬁg%@fr%e%om

adapt er s"'usi ng ave succes y used I's purpose (see
FI GS. 9 bewdudel)f the fitlin actefibeoa fragimegtsireited aithdlmdl el sl ( derdit G 10) .

Use of the latte ies o helncl iion of .a . suit | - C nodi fied
base i nt SNAYHE (ﬁspb%”é)e‘dd’é?fg {Ahe[rﬁm ft%)sﬁerﬁbth% ?‘fg‘B N Sottlt}?esy EIeAnAle or
I's chosep,Sed ald dibigd fan tad 111'11@&9Qﬁ‘éﬁﬁhpﬁregbrﬁﬁ‘6§b?lﬂeit'tﬂa%ﬁrh&ﬂ) CS&athQS a new
restriction site whose cl eavage regenerates | oopadapt or nononers.

cur r ent | ipophadaysterstin F 168G 6Ar%E a@d @-Hsfor hgarflplps; Of aiapm:re syrgiessdulbyf ugeddn ékﬁapt or,
producing a site f he bl u t the first 4
base pai 8‘5 St nﬁ‘ﬁleocg?dgg’ﬁ)eradaﬁp%%lﬁ enté SOIE qving %;ur% W%rttf%gnd cutter Prel.

0301 A b5 h te Eith t t t th
E)ol ynLcI( MPle k| n )Aaref?%é)t n ?‘%fohégﬁf@f’&?fﬁm afee %Lﬁﬁ%ﬁ@eﬁﬁ? n?ﬂe }Mat er
removal oo 50fBn Sfie. AHis e i ??acla@@&hatﬁﬁm/ﬁ’érr e 1dopad 1i38@H 25 & farkEtORadriéht o oned

hai rpins. A”pair of sites that cut outside their recognition sequence have
been sucPbebsifthe byt siteesibetBaen 2bhrd 30 bass mm@f@mhejgmﬁon pr\MEnt Bde», Acul or

any_conbraaraRaaRS et B TobP diitrs bineoBk) fhayRie® ARGRRRIIPEATL

Bt sl sit ghis purpdid (s&f IBFGS. §hﬁ@§1)p(l$doblaﬂﬁlﬁt€rst&1rfgﬁﬂetm m’ﬁhls@be ube&l (see FIG.
adapt or-deri ved sequences but |eaving behind
10). Use of the latter relies on the inclusion of a sultable methyl-C modified base into the

oligo sequence.

[0300] (B) The sequence of the loop adaptor is chosen so that formation of loop-
adaptor dimers by ligation creates a new restriction site whose cleavage regenerates loop-
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 kinese).

[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, BpuEl,
BsgU, Acul or Eco571 sites, and any combinations of those sites, or alternatively still, any

combination of one of those sites and a BsrDI site, a BstF5I site or a Btsl site. A pair of
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defined | oop sequence has al so been used successfully. [0303] The | oop
adaptor can optionally also contain a selectable marker. One or nore than
one copi ywof2oadms248acO bi nding site for the E coli | ad BPevuszevdiong3pr ot ein
can be used. This sequence can be used as a positive selectable marker in
strains efuFsite§ ?b@msaéd 161881 b bl SieURIe ABgBRCKEbutdeined band of

| acO sequences t hus under the control of the |lad operon) within their
genone. ﬂnﬁndddoe;bsmlcecaiiase&&@dmaomsed sccessbdliyences, |ad bi nds upstream of
the antibiotic selection marker and prevents expression of antibiotic

resi stang@s03] n t he Tmeewmpufr can nptid)riallgcaﬂnp qninmmhdelcenablpimgkbra&be drad

binds to the rrultlple pi e f nt .on.th sm ds and
titrat edMFRIPP OFFCPPY ﬁ"F@ i ag st eaﬁ’(re}?ﬁ Bgol 1&3&@@? b‘flﬁ’t% pé?tFBWaHd) t he
mar ker' s  exPrggs idflencn Herhsédilgs Pp&seVERIQtatidakias & s@dihybNB. Aiasm d the

E. coli acquire resistance to the antibiotic. Suitable strains exist
conferri ngryiag @ demiantie ad:lecptm rsarkacéownstrgami of iladQ sccmenq'@ {amg/tiug undpgehe e

, the follow.ng str BUN22 B 051 A acl DI acZ4787
hsdR514 FREFUSAS % es‘égll %)‘%é%"" : Xl%ése "26’ ?ﬁéﬂ
umuC: : Pag ds; 1%6131’)111& ﬁ JtRdin dfapd aﬂilﬁ@ﬁ@éeﬂ’ecn@h liﬁ’drlaer?and [Bé%%ﬁ’s f{)@\/%&ﬂﬂﬁf K)

lacl Q rrnB3 Dl acz4787 hst514 D( ar aBAD) 567 D(r haBAD) 568 gal U95 DendA9: : FRT
DrecA635anmml¢m§@tanpar aah@wesse@q offy multiaeqpy: plasmidppay ingdecOy lagldipd see sanme

appr OaChtlgaarplP copreﬁ &[%l lac@ e Lt o?ﬁhee g][takrgﬂis(ah 1??&%& %%‘m iRt CBQI?HC

presence hIS € a negative se er sudh as sacB

(which i %ctﬁhhﬁﬂ)lotla niafleerpth@s Qn@\eln(gfthéﬂﬁﬂ&s’s)exp&s@bﬁcé‘ﬁusml thb reSenaeadfithe
chronmosone under the control of lad (instead of an_anti bj otal(?gepnar ker)zlst The

abi ity 1aOherryippplasmidkihg %@Pbéﬁqm@rreﬁlhfénﬁfrf@é@%@lhﬂf’t“f WA S rape
b t i f
Phater ot S a0 defindetiteslankfy MR PR, Bbry O, URIBISVTER' o’

adapt or ssfraias:ones unligated to target DNA fragnents) can be renoved in many
ways. We perform phenol extraction, chloroformextraction, and DNA

precipitation. DNAStlagf gceBUMTBZf‘(BWQSﬂOSIA) bak(@ rmﬁ3r191aczm7837ehsdkédi4 pitated by
i ncreasi ng the Mg2+ concentration to >5 N%fé and S‘-&f

pol yet hyl enegl ycol 8000 toD&?@ﬁélD)éﬁ?lpéWPBéQ)éﬁg g#lUPSoend Ak ated DNA is
recovered by centrifugati opy. MHREHRT imuC::ParaBAD-1-Scel-Frt lacl::lacl-Plac-bla.

Strain 2: BUN23 (BW28705IK) lacIQ rrnB3 DlacZ4787 hsdR514
D(araBAD)567 D(rhaBAD)568 galU95 DendA9::FRT
DrecA635::FRT umuC::ParaBAD-I-Scel-Frt lacl::lacI-Plac-npt.

[0304] The same approach can also allow negative selection (ie selection against the
presence of lacO). In this case a negative selectable marker such as SacB (which is lethal in
the presence of sucrose) is placed on the E. 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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80% et hanol , and resuspended in water. STEP 4 : CLEAVE OFF TARGET TAGS
FUSED TO LOOP ADAPTORS [ 0306] The | oop adaptors are cleaved off the ends of
t he tar gewoDbid/asesget her with a 21-30nt tag of target DNRChyuSkeosat4mnt with
EcoP151 (or McrBC or simlar). In the case of EcoP151 we inprove efficiency
by i ncl ughngohQediish BET 34291 BlediPititB® DNeR T leCbVerd DY ddntfiRlo8ASE GvdsRES irfll €

bl unt -ended wth Kl enow fragnent of DNA pol ynerase | (or T4 DNA pol ynerase
or sim | 80% etirohol apl ossphpandediredatev use a mi xture of Antarctic Phosphat ase
and Shrinp al kal i ne phosphatase. Tags are then purified. Many purification
met hods are possible but we currently use either 1) gel purification on a
pol yacr yBERP de CidA VROFRORARGRAT TAGSORESEDYTO £ Q0P ADMPEORE' recovery of

t he DNA the excised band in acrylamde: o | ec esi s J. 2%
agar ose L‘f&%m un i nﬁﬁi’?‘g’oﬁﬁﬁ r%%?éﬁ@%@ﬁh&ﬁ%ﬁ@%ﬁﬂ%&@ﬁ%ﬁ‘l&gé%e?ljéezrl%lp} %n
fromthep AO3NOEE of Pl & ITIRAWY tdatRelt wiBIBESE 5T ($ravIefBIT 6t Sixiiladltinahe aad of
et hanol precipitation. (The bl unt-ending and e&gosphoryl ation can occur in

ei t her oFdeR15Iaveimproyse¢fficieney byfncdyding [0 pivf sippipagingn theieastiotdar d
net hods). STEP 5: PREPARATI ON OF CLONI NG VECTOR. [0308] This can be the
final vefi3®7] or aRelaasadt tagsamtdunttandedyithdddenow fragmenho TRNAopqlleicEase hRNA

b opar ed (00 1§ VAT IyEG At PUD «ef dentaPBna st W s e SuR ARt "
posi ti onph&dphR@Atdladd Shrithp Alkafing pRosphitas:. Mags freWhdn Qi R1apgRikifichtion

selected so'that the final hairpin sequence is placed in the correct
sequencemethmds ate. pospibleghus seeneuarently ase either 1 gel pusHicatio Ao BIpehtaceh@midsigehi t s

recircul arisatj f.th t l t ol
oo FroRbREI B Bholia Y eEAEE aRPEeE BRafkh nd BR kA o ERdet B
pr oduci Ngcrlangife;Ri12) ElcBhEoreYie ifangs sgafoseelifiminSmMsativinhBoragcdodutionannot

dinerize via ligation between the overhangs. Alternatively, aqr} enzyne
pr oduci népllevsdihyraleciselutionerar tiy agarpssand sleanwhby ¢g: Phenel/ghlersprmy i |
dimerize yia.lj i e 1dSdingd Al j hdldEitioHichARBL&r 3 unt
ends for® ‘%%é‘to h%ﬁ&te g]qflﬁ?%‘g?{ri%tlﬁ%é @pggg?ﬂgg%laggh&fﬁgbﬁge&?zalﬂ gn r errtgves

t he freecgindorderpeitiichbeforgart afen gebmaificatios,dyt ttatdatdhmgthods). onger conpete for
binding to the ligase enzynme. [0309] Vectors have been successfully
produced using, for exanple, Afel, Nael or Pvull to produce the blunt end,
and, for SExap| FRERSRATIONDOBAIIC@NING VECTRR. end. Cutvectors are gel
purified | t hough _ot her purif.icati on nethods can be used). See FI.GS
16 for i iéﬁ& rat i ondisganhedhe fmakyeqar g al?s‘EteW?‘ﬁatteﬁioql%%(ft?roﬁ?m whic

complete shRNA cassettes are transferred to the final cloning vector. This vector must be

12-

prepared so that it has one blunt 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 allows the blunt-ended hairpin tags from step
4) to only ligate 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 dimerization 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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STEP 6: LI GATION OF HAI RPIN TAGS TO CLONI NG VECTOR [ 0310] A slight nolar
excess of hairpin tags fromstep 4) are ligated to the vector fromstep 5)
in the prweoenwdsefssAf el , Nael or Pvull as appropriate t@Cras2imsio1408Tt or
recircul arization. This produces a product in which the 5 phosphate from
the bl unyectord afgdl Harified (Athough bitgapedfi¢aiohhtetBoddtaafbetsedhBeeHIGS. 40-
However, the hairpin tag | acks a 5 phosphate and is therefore unable to

| i gate t &6 fordllgstations of yreters dndingritse dvithithe InMgBHOR-. This | eads to production
of a large DNA nolecule with a | oop at one (or both) end, and a

singlestrand nick 5 to the |oop. Thi (sﬂg)roduct can optionally be treated
‘ o RATN TAGS O ORONING VKt T@Ren |igated to a

1 EEQATTHONEQF 4 :
hai r pi n t bot . f dto
i1 at el B ol yrr TIARE mgri BB SRR s i Bt ) ATRBA e R etloF
pol yner agem s¢ich) iaghd/prekere dBAfEL, dawl o Baulbss appedpriafditcsinpdiiyyyeetarzat i on step
'opens out' the | oop. [0311] Fol |l ow ng ening_out' the vector, dinmer is
cl eaved Festreularigatipgn dias Rrogucssq %Fog"éﬁtt‘%gi’é’het%?ng}.‘osRﬁ‘?tﬁJU’éﬁh}%u 0 %nzyne
as used | . oy I‘Fcﬂ?{ S hibiPfae X6dKs ad €
typicall ;H%@E@ﬁ%n%@@%gﬂﬁ%ﬁ@% en rg?lgf Hgag‘ﬁéer(’r)lglgﬁ%u?lsﬁ cgssette
i nt o t hepbasphate tand énthercifore Tinebleverligatege the 314 ef thsyblunttandram the vectohddigs
enzynmes are blunted with T4 pol rase, Kl enow o ighlar suitable
pol yner agé.gs fod%‘ié‘}cnﬂ‘?é)f\?éé‘igﬁ%‘éﬁn?}%&ﬁ%% 13/1ogg af Qe %’ﬂif’g’}) 38d’a@ﬂtah%1%glg'_t age
Lo separ &gtk 98oSe Yol Fﬂl‘hié prOALMEEh @ptibkidly Hratedialw il eRPARBAs@Ub hai rpin

tag added. Purification w not be required’if the | oop-adaptor oligo

i ncor por degadeaaryevastirdhdtdapnoklaendigetedde a hairpin tag grboth epdsOlNGS polymgggse

| NTERMEDI E LI BRARY [0313] The .vec opened- j,LpL 0. i

ci t Ul ar | SATBy FRATAGR P heoodhaae D BIEREafith (Xt 1) Ridf Bl shas

El ect r opaisplacidg fo®rh@u&d shyh §d wbhtng Byt @nlaBoAgarsed. OTHig polyrgrizatidrodiee
antibiotics (e.g., kananycin) have been successfully used. An internediate
library fepsnpeentisrleplred at this step by scraping up the col onies
following transformation and isolating the DNA. Alternatively, the

i nt er med{@X1d] | i br aFpllowirgd openigg oun thevactapdinienis cieaid intg el nAoMeEe to f or

anmpl i ficat.i on, this is,].ike to lead to r i it hinp.
I iml;r ary. Eﬁ*ﬁﬁa§PRMF@AM%S%8E§@WWMCE%PE%%4] The
i nt er medi@lyend 4iRRE @yALS ofl Keaf taeditypidally gesitionsiotpue eec3t entdtof tHINSpepod yorr ase

| Kl enow fragnent (or T4 DNA pol ynerase etc) to generate blunt ends. Cut
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 circularized by ligation and

cloned into a suitable E. 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 in liquid or semi-liquid culture to for amplification, but this is likely to lead to more

bias within the library.
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vector is then purified away from any uncut background (contributed for
exanpl e by enpty clones within the library) and re-circul ari sed by

| i gat i on.wOt20a9nisz488t age the library can be transforned iPorwsEnosooiod7 agai n,
al though this tinme under negative selection for lacOif appropriate, and a
fresh DNETBP& REMOOWA RS UNWANTED SEQEKINCBRONTEIIIN AHELO&B. vel y t he

re-ligated DNA can be 1 med] ately processed for_ transfer %g;:l final

expr essi ket or . Th?é‘ﬁsmdi?tﬁt“@ly%rﬁés digeried wib Gl é’g‘itr_ﬁ%te : ei t her
Dy ConY OBl BRBlee T KIEL R el £ DIRX JURON RS AEURRLARL bidh crMCCGr o

simlar oning strategies. W curr transtfer the final cassette as
a si npl evRael is thenddurifieliraaguyefindm koy snerit backgrownd (contmibuteddor examda by eapdy n,

negative sel ectjon f | acO can.be used to sel ect ai nst. cl.ones i n_which
the extr alog%wgheége ﬁ,L{aEYaSrF"thE'CI‘rGBlﬁn %f&éy ﬁ%attloﬁeésht tﬁg&&ﬁgdhe L\B’ia@F ﬁ%ﬂnl?‘?/el Y,
backgr oufgh GbN&Sintd E WA al) G1thQRIh tARSiInOindee GBe AR GERE S forl&cG UPPTr essed
by digesting the ligation mxture wWth an enzyne that has a recognition
site w t hpproptiae rmdentrestt PNAt proparatiort med¢ from thepoelediseloaias| Alternasveludls i bed
before, e.g. ) LE,.2 nstruction of.a.sh Liibrary..dir d
aga net Feised BRA porchibpmer nely BRstethe I dedhre e e Hlstaph Hies
exanpl e gessid RS thdend Vstor bait bO Heffbrredéitiet By gemeentibMAubelonimpybyli rect ed
agai nst the vascul ar endothelial growh factor receptor 2 (VEGFR2 or KDR).

CONVERS!| Gtedry mpdiatediegomiartion i A@IG\or shofgr subplagérg steriegies. (e cerpealyi nt o
hort bl unt -ended f t f
S1ort O WAl E Bl QSRS S8l I A ) PR b egty o

r el easedOate agii,Meightiteesedéction Zotlak® cad bd ukddl tandled04kahms elopes inswhishitliehr ee
bands were cut fromthe &gl, pool ed and purified, over, Ggalﬁx coqlggn'(]] to
produce SHFsAUBEIEes BN dQOR/\B%VeﬁE&?E?‘b‘@n%We@-Oﬁﬂtﬁthé{g]@!r kg udelanss ng/ m
DNA. [ 031 7])n:Ehk h U MBS g i f Qi@ ng
Frequent But PSR (eiefh K hBHEeR dpler Mo v By t e RER o i

( Fer ment asth:an)enkipat kthaahds drevognitioadite withinuthe enwdpted poytiddsefRhe loop but

. nowhere else (as described before, e.g., Pmel).

EXAMPLE 2
Construction of a shRNA Library directed against the vascular endothelial growth
factor receptor 2

[0315] This example describes the construction of a single gene shRNA library
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 M553. Band M553 was measured to contain approximately 50 ng/pl
DNA.

[0317] Three pl aliquots of M553 were cut with each of the following frequent-

cutter enzymes in a total volume of 20 ul 1x Tango Buffer (Fermentas):
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e) Rsal f) HpyCH4V [0318] Aliquots were digested for > 1 hr at 37C
Aliquots (a) and (b) were then nmade bl unt ended by the addition of 2m of

t he fol | owDregowmisx4880. 5 nml 10Ox Tango buffer 0.7 m 10OrM eNTRS2@8214087 KI enow
3.6 M H20 [0319] Samples (a) and (b) were incubated at room tenperature
for 15 minutes, and then)HpallkndHOwoEmnRede was inactivated by incubation at
80C for 15 mnutes. 1 m Bsh| 2361 was added to sanple (a). 2) Ligation of
the |l oop oligo [0320] T A8 | owi ng ligation mx (20 mM aliquots) was added
to each of aliquots (a)c?h&@pgh (f) : 14 m 10x Tango buffer (Fermentas) 14
m 20MM DTT 1.4 m 10 rATP. 7 m 10 mM ol i go DK540 (carrying an EcoP15I
site and one copy of |ad®Bs8BRE ni Pvull 0.7 M Quick ligase (NEB, high
concentration T4 |igase),) Q@ M H20 [0321] Reactions were allowed to

| igate overnight with algernating ligation periods (2 hrs at 18C) and
‘cutting' periods (30 nfpnHayCB#¥) to allow the Pvull to cleave any oligo

diners f , to al,l ow remining . fye t- ef..en H , hl 2361
cto) to NUBe ror OB CORAUARY HEEIHTah L Cr DEREN D B IRYE Y e

t r eat meninadé bRREChA®d BOheaadition ofdgdl prat éslloWingaieval of excess | oop
adaptor oligo [0322] Excess oligo DK540 was renoved by a size selective

precipitation step by thges LPM;@M@ BurRetocol . [0323] Approximately 20 nyg
gl ycogen carrier was added to the pool ed sanpl es.
0.7 ul 10mM dNTPs
0.2 pl Klenow
3.6 pl H20
[0319] ‘Samples (a) and (b) were incubated at room temperature for 15 minutes, and
then the Klenow enzyme was inactivated by incubation at 80°C for 15 minutes. 1 pl

Bsh1236I was added to sample (a).

2) Ligation of the loop oligo
[0320] The following ligation mix (20 pl aliquots) was added to each of aliquots (a)

through (f) :

14 nul 10x Tango buffer (Fermentas)
14 ul 20mM DTT
1.4 pul 100mM rATP

7 ul 10 uM oligo DK540 (carrying an EcoP15I site and one copy of
lacO)

3.5 pul Pvull

0.7 ul Quick ligase (NEB, high concentration T4 ligase)

39.4 ul H20
[0321] Reactions were allowed to ligate overnight with alternating 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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Sanpl es were then extracted once with 50 m TE-equilibrated phenol. The
aqueous phase was recovered and extracted once with 50 m chloroform The
aqueous pNazewvmssssecover ed and adj usted to approxi nat elPgTAGSRIOMIC 2 by
the addition of 1/10 volume IM MO 2. The aqueous phase was then adj usted
to 13% PEG 8000 by 3hmenaldl éf sdefdillodpadabtordligge 50% PEG 8000. [0324] The
sanpl e ‘é‘@{?}%/i‘]xed W cessitE oINS ARy aS ferh VRE bR AXseRR N8 Pechitation WBP by

recover centrifugation for 30 mnutes in a mcrofuge at top speed. The
super nat &t follawing rotecdbd and t he pell et was washed once with 80% et hanol .

The recovered DNA was resuspended in 50 mM H20 4 Ceaving off target tags

fused to[0323p adaptApmoXiGRidy 26Qgrdlyalgen uatrer fvas midductoftd pavled gamples.wer e

B and hOpR st ey i S R A s Tl kP 100
mM ATP 2.5 ’?%0591%8 ad e_%_%%ée[)@ﬁknmtﬂ _§0’ﬁ‘?EMB&!fGnﬂaThg’ﬁﬁﬁéoh§?lgzéste_?_ﬁ?tr%c’:\l(}o\\}ép&pVe

cl eavage by EcoPl15l). was di gested overnight at 3 was
t hen dephod piiostpd &t apbrbyintatey 4 G0inM dig@i by @ additicdxofAdt Giveluims Mgt ase

buf f B) 1 ' h Th i '
 ncubat edPERIEANE PRGBS P g b A S PE ROl e g1 ng

t he foll eggee@rrebocol . Approximately 20 ng gl ycogen carrier was added to
the sanple. The sanple was extracted once with 50 ml TE-equilibrated

phenol . 4jaueousTRNASRINGSs hBEAYRIE dnd BN £ Kb aChedlagpter 50ithbe BArsWas

chl or of oI‘irrtfz T/ 10 vgli une ?M sosdi um acet’a?e pH 5.rg was g%gd to thggr(:]ueous
phase. 2ré&oveled byseofrifigdindbh3holinwtes @ aamitheofuge at tep saegde olike piram@tanbNA was

recovered by.centrifugation for 3Q mnutes.ijf, icrofyge at to eed. The
super nat 3fif d\‘ﬁ&%rréafl §8‘iﬁ1fé%f?lﬁﬁ}§a“f W&aﬁg: gt W\’\%S%B?efg e@ﬁﬁ%l' v#g HEgY% St hanol' >
[0327] Th&upsinied inee 1 gsaspended in 50 nl I x Tango buffer (Fermentas)
cont ai ni ng

4) Cleaving off target tags fused to loop adaptors
[0325] 50 pl aliquots from the following mix were added to the DNA recovered in

the previous step:

10 ul Buffer 3 (New England Biolabs = NEB)

10 ul BSA (Img/ml)

5 pul 200 uM sinefungin

1 pl 100 mM ATP

2.5 ul EcoP15I

21.5 ul H20
(Sinefungin has been reported to improve cleavage by EcoP15I). The DNA was digested
overnight at 37°C. The DNA was then dephosphorylated by the addition of:

10 pl 10x Antarctic Phosphatase buffer (NEB)
1 ul Antarctic phosphatase (NEB)

The reaction mix was incubated at 37°C for one hour.

[0326] The sample was then processed using the following protocol.
Approximately 20 pg glycogen carrier was added to the sample. The sample was extracted
once with 50 ul TE-equilibrated phenol. The aqueous phase was recovered and extracted

once with 50 ul chloroform. 1/10 volume 3M sodium acetate pH 5.5 was added to the
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200 MM dNTPs. 0.5 nml Kl enow pol ynerase was added to nmake the DNA

bl unt -ended. After incubation at roomtenperature for 15 m nutes, the

Kl enow povoreesksesssas i nactivated by the addition of 1/ BCraiSaems/o6s3gel

| oadi ng buffer (Fermentas) and run on a 2% agarose gel prepared in 5nv

sodi um bgqirbes plhdid 2815 VilemeSGUEIDYh aihabInviro @pded t@rth@hqupns phaseR AN X wil- 90
base pairs (slightly |larger than expected fromthe nunber(;@{9 nucl eot | des

present recpesred by penrfridugagon fer Iompnudes ip arpicefugel tep seced; JolsSupgpatant
recovered _by. el i g man) backed by di al ysi
t ubi ng. Har gg?%ﬁ%:%%%@h\géfg&r‘g%%g%%éﬁ ?gﬁe(ﬂw@{@?t p?’iper/ di al y)s/i sI byysI >
pl aci ng | home- pade in colum d ntri ed, f Qr ] 1.
speed i nhgzﬁl cr of ug-g.e p?‘i% V@/rﬁstﬁgﬁb&ﬂdfl gﬁyi iléfI%ﬁ%? R'(j %@egé%}g%lsﬁ@gﬂ%agﬁr?%e
top partoed piEeNTPs.upB MK koW BblyaierddAvvaddedid mskethe DNAult@nded.t ube.
[ 0329] The %lagged hai rpin | oops were then processed as foll ows.

Appr oxi maffier incpbating ajirgern dempesalirg B 1aaringgadhe Kdenaveralymsrase Wasanpl es wer e
extracted onc ith 5 T i L4 e Igﬂq@;a S
recover eﬂlagtﬁv %%%I(\’I’BF g’@ taggmé) n cogei \?\%J %llu%a% (lzﬁbg;h gfbourf?-ﬁp ﬁ%ﬂ\%f ztljms n\é%di um

acet ate p¥i fpaboseas pdpadd iwSmve sedjumdosatphase. 2.5 vol unes 100% et hanol
were then added to the aqueous phase. DNA was recovered by centrifugation

for 30 mgyBes i n ghEitggoRl WaRpiatiod aﬁ@?%rofﬁhﬁtélylPefg(badaaﬁpai&‘@(s‘sli?hﬁ)ﬁarded
and the pellet washed once with 80% ethanol. The tagged hairpin | oops were
t hen reslrsgarbndexpactzd from tieounbep pbaudeotglgn areverss: pqssibBofueripghedoomss5 wer e

run on a gel a w t.h _known _ apoun of 0 { ﬂgger.
See FI G St%‘fmrﬁgﬁ?igle?%g q%?qsg%?rﬁégcso VS'%G%t eel Cg{?g[sa ﬁ%ﬁﬁg%cgﬁggﬁﬁeg?%hﬁt wa

est i mat egacked Oy 4Bal g4 fibing HAiesia hodpsiveert secdv ek ftona elGE/J papes/dintysis bymass,
because the halrpins are small it corresponds tgQ approx 10 nM which is

I
mor e t haplagigdn athencropdepinspuomeagdenoiyedfon Acuapesial 198 SREETOPS | N
| NTERVED) i-at e : R ENER- X rh Whi
derived m@mﬁ E??%%B%gépg lf\%\ﬁ/@clgg?ak? ?élr%g?nw t r%@é%&roﬂ\ﬁgdar ri eéNhellalé
kananyci puffasbSnawaecotectedrin thilbhvientubee Gat eway cl oni ng cassette, L267

carries in the following order: a Pad site, followed by a nodified U6
pronot er |[0329pr por atfihe gagdgs hhirpiai 10gpsSwéreshdr godssédis follews. Approximately 20

bgt racycl i n? repressor pr O&deidrt] tthet R; (im I\éael lsi te po;si tti gnreld v%ﬁ%l XT%t- t he
st ar t Lefelxcogersearript Wanadded to the samples. Samples were extracted once W
equilibrated phenol. The aqueous phase was recovered and extracted once with 50 pl
chloroform. 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 supernatant was discarded

and the pellet washed once with 80% ethanol. The tagged hairpin loops were then
resuspended in 20 pl H,O to produce Band MS555.

[0330] Two ul M555 were run on a gel along with known amounts of Fermentas
100 base pair ladder. See FIG. 17. Using the brightness of the bands, the concentration was
estimated at 0.45 ng/pul. 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.
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additional sites including a Narl site; and an Xcml site positioned to
produce a TTTTT DNA pol ynerase |11 term nation signal follow ng Xcm

di gest i orweardodnisesss- endi ng. [ 0331] L267 was cut w th NaelCTarsdoosamidosand t he
approximately 3 kb vector fragnment was gel purified to produce band M57.
M657 was CRONING ANTY SIPENING §TEPDINTAGGED BRIREIN U GOPS N INTBRVBDIATEOS
appr oxi POROM Band Mb57 has a blunt end derived from Nael digestion
and a stickKy-end derived from Narl digestion. [0332] Mb57 was then |igated
to MB55 in the fol lnpaimegiateacctiooh26d @EMTM@@N&@A@MWW@W% NB57

(c. 40 f .5 Mb55 (c.. 40.f npl es. te: . e been
bpt i ol ) PECRTRE 2 AR B0 el iR TRngs D ires Rt st e iR, o7
0.5 m NagVittin 2 Ghte®dy clonkdgassetleNL Y67 enriesintthafoliwihg gedee) from NEB. H20
to 20 nl. [0333] Nael was included to reduce the background of vector

f'! e zat| ?n{ r ec '[\l;‘all#a@r k2 kd1RWedB)ea Hfi@aif% wifc@hhﬁér iﬂ?ﬁr@oﬁa@ing lth gﬂcﬁn@y
igation o e Narl overg i il saant ReRi -er
overnight ligation at 30({1@?&%&& QB%I oél/cjglﬁéée{st ?/glﬁ of BN753 p’.v%vaslqt erm nat ed by
i ncubation at 65C fanMNatbsitd pesittened[e833Y] atfug Uhetartefdransorigian;) and Xemd (1
m) were added to N f.ol | owe | bat. i at 37C for 90 m nutes.

Addi tion of Xcm ré‘@i‘?&%l S\l/tg%fngfuﬁl)( %ﬁe%{r‘isﬁt%’r%% anydi ners fornmed by ligation
of the Narl over hangXcnsiteposipiehedtd preddie T DRTTANSAtpelyphembelllect or .
[0335] At this stage, tehfiRfatios biguhidfollewingTatmpPdigestivpmand tyaiteshding. t he

Nael -derived blunt end of the vector, wth a ni ck at. theg 3 end, of the

hai rpin IG33] The deRérvassyt withi¥asl gad Narl anddheappropgmately 9 dbpugcror 3!

over hangsge M5B a8 5 Mams bhffied 996k 4 GF/0BSRNAUL
(or 'strgtq%ﬁ‘%gda\%%ggéﬁﬁlég%tqﬁjtogﬂ%@lgel\}igﬁ anded Dlilk Als3 the sane tine, the
Kl enow wahd recenareé at heorsenighteonbefzpppaimately 20nM. Bard MY has agrlwetiend a bl unt
end.

derived from Nael digestion and a sticky-end derived from Narl digestion.

[0332] M557 was then ligated to M555 in the following reaction mix to produce
Ligation N753:

2 ul M557 (c. 40 fmoles)

4.5 nl M555 (c. 40 fmoles. Note: a 2x excess would have been
optimal)

2 ul 10x Tango buffer (Fermentas)

0.2 pl 100mM rATP

1 pl 20mM DTT

0.5 n Nael

0.25 pul Quick ligase (high concentration ligase) from NEB.

H,0 to 20 pl.
[0333] Nael was included to reduce the background of vector
dimerization/recircularisation. The vector is still able to dimerize by ligation 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 minutes.

[0334] Further Nael (0.5 pl) and Xcml (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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[0336] To each sample, 10 M fromthe foll ow ng cocktail was added: 1 m

10x Tango buffer 0.3 m 10MM dNTPs 0.5 ml Kl enow fragnent DNA pol ynerase |
(Fer ment 28 2809888 H2O Reactions were incubated at roompCergsesoaiowod’ f or 10
m nutes. DNA | oading buffer (including EDTA) was added and heat kill at

800C f ogirké}s TorMudeas 1ida0i3a OF tHeaNmil escrivangs, afibpregares ther 3 falengsit@oflthe TBE gel
al ongsi de Nael /Xcm cut L267 vector. The size shift was quite small. The 1
correct v&¢t9e i s approxi mately 3.0 kb conpared to 2.85 kb for vector al one.
The band was cut out of the gel and purified over a G-/ X colum, t roduce

bagdl !\/55?851 [ 0338]AtFthi|smmethmsuwr@@ah%mi@mopdi&ﬁedépiﬂamH?!%I-@v‘iéW@?‘rb ved
an i ga n a total, vol fes ] buf

| i gase FB& og{hr‘?rvg’toﬁ’h‘%lﬂ? s in%rtll%n? ie% \fd\/;gsf ﬂ%éri%;lﬁ}pgﬁfoﬁp i qul egj\r}%%%gd%g#% ‘E:gglto-lffm Dglﬁ\d
el uted inat @ sih@leBaséBadr 320rhaig gdierattdiny Hcids Kilamaw palymetase twas ploaraisedn wi t h

New Engl and Bi ol abs 10- bet I i i
manuf acmf@e@_up’?@? isisich P GAITES O bl disegeh I nA! BRepFdim By o
conmer ci ni. pr i ) 2o i
\r/ g (r:) { g? e gn% iv :@giﬁ?? thﬁﬁﬁ%%%%g gaﬁﬁﬁmﬁlﬁg rgglér;;l Taﬂ? gong%tiiaﬁfﬁg%éllwgﬁ)er medi at e
: N . i
contain | ir of &Mgﬁ\ssfl?’gge’ gﬁﬁlfﬁ%}@&?&é&g@%@ﬁ‘g&%tﬁ%ﬁ‘ngfs Imr;s'lt\W(S)f7 t he

| oop sequence. Parental_ v or. an st other won i
( g clones contain no Gsul
sites and cannot be cutlb\fﬁ?‘%%‘lﬁo%”@é? was cut with Gsul and gel purified

twice to get rid of allggnagemmtNaPgut vector, and purified into 50 ml H2O

over a GF/ X DNApurification_colum. This prodyces b Mb67. IVb67 t
bl unt - ended by the addiQ-ﬁ(b'ﬁI@?‘?O"iﬁfaﬁm‘f‘l@ﬁﬁl@W@ma?&rer’femas)laﬂvl \(IjvaN'Sl'Pshin
m Kl enow 38 ml H2O Af?g:#';gdn' nutes at roomtenperature, M67 was

u

purified over a GF/ X col’ and eluted in 30 M HQ
Reactions were incubated at room temperature for 10 minutes. DNA loading buffer

(including EDTA) was added and heat kill at 830°C for 10 minutes.

[0337] Samples were then gel purified on a 1% TBE gel, alongside Nael/Xcml cut
1.267 vector. The size shift was quite small. The correct size is approximately 3.0 kb
compared to 2.85 kb for vector alone. The band was cut out of the gel and purified over a

GF/X column to produce band M559S.

[0338] From the M559S preparation, 9 pl aliquots were removed and ligated in a
total volume of 12 pl 1x ligase buffer and 0.16 ul T4 DNA ligase for 5 hrs. The ligation
mix was then purified over a GF/X column and eluted into 10 pl HyO. 2 pl of the eluate
was used for electroporation with New England Biolabs 10-beta electrocompetent E. 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 cloned into an intermediate vector.

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 all traces of uncut vector, and purified into 50 pl H,O over a GF/X DNA
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[0340] Fromthat elution, 2 m of the Mb67 was ligated in a total volunme of
10 M Ix ligase buffer and 0.5 mM T4 DNA ligase for |hr. The ligation m x
was t hen worndvmsesssver a G-/ X col utmm and el uted into 10Paii/ud2€@s/0i®H341] From
that elution, 2 mM was used for electroporation using New Engl and Bi ol abs
10- bet a ahﬁ@zttmpwmﬁﬁ eThisfro@@es batCPISE7NY 1367 Whethemblinkehdedby thepr ot ocol .
Transforrred cells were plated on LB-agar plates with 50 ng/m kanamycin and
al | omedatiéltlglﬂ@\ﬁ/ overni ght at 37C. Thousands of col oni es were obtained. The
col onies were scraped and DNA prepared using a commercial mniprep kit
(Fernentas). [0342] ThelDnlA GxHgknowthaifised (N770B) represents the
VEGFR2-directed shRNA |jh into an internedi ate vector. This
vector carries a Pad sif[%f%%&g?gﬁoter a shRNA construct, a TTTTT

transcriptional term nat ermquence and a Hindlll site in that order.
[ 0343] A sanple of the é? col onies was digested with Pacl/H ndl Il and
run on an agarose gel 18). The digested DNA (I ane 6) was run

al ongsi d@ft&h@rtﬁﬁlute@gm&mes)wﬁafa MP 670y asaiurifict weco GREK tcolumsreand ¢lbedes
3-5). Most of the inserts are the correct size, although sone clones carry

i ncorredn 38iutERDands (e.g. two snaller bands below the arrow in |ane 6).
TRANSFER OF THE shRNA CLONI NG CASSETTE TO THE FI NAL RETROVI RAL VECTOR
[0344] A034ni ng cEresethakeluton, é?nﬂiquhet Ms6Usvasiligateddn adpial ¥oiRNK At Wilned

fromthe. inter e Vv al bed
bel ow  RiEerooraang 0 T4 DA Piadhe ot b s sl it STl pAFsdiRgT o200
gel puridi/&decdiima and elupsPrus €0 RRAGOM74. The |nterrred| ate I|brary N770B was
cut vvith Pad and Hindl Il and the appropriateband (running at 390 base

pai rs) url fi eﬂohpthgf AdH6E DaAFasNBEéd for diedtbpdatibn WamgTeas Bnglinio be
appr oxi te y 3 ng/ and was approx 8000 base pairs. Band M71 was

measur ecBlbtabbéOd:ptareﬂmtmDmpytem Rg¢aH acahuinm@ the prooniasbuenapOiyRlrs. The

| t el
1274 an et oL AR b 55 LDER MBS R PR
NB74 fvg %omovwﬁﬁéﬁt alt B7¢¢teTB@ttslaﬁa@ Sk ol @aes were: oblaindd. Ihe ddlgassawbmfsbmpe(i NEB)

| m
and DNA prepared using a commercial miniprep kit (Fermentas).

[0342] The DNA thus obtained (N770B) represents the VEGFR2-directed shRNA
library cloned into an intermediate vector. This vector carries a Pacl site, a U6 promoter, a

ShRNA construct, a TTTTT transcriptional terminator sequence and a HindIII site in that

order.

[0343] A sample of the pooled colonies was digested with Pacl/HindlII 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

lane 6).

TRANSFER OF THE shRNA CLONING CASSETTE TO THE FINAL RETROVIRAL
VECTOR

[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 HindIII and gel purified twice to produce band

M574. The intermediate library N770B was cut with Pacl and HindlIII and the appropriate
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3 mM M74 0.25 mM T4 DNA ligase 4.75 mM H20 After ligation overnight, the
m xture was diluted to 50 m Ix SE-Y buffer (NEB) and 1 ml Afel added to
reduce bawgoounscssAfel was allowed to cut for 1 hr at BCT/USR@3AB403The
ligation m xture was then purified over a G-/ X DNA purification colum and

el uted ipanlQridnikg242.399 vabe pdirs) gl Mlrifaddao\Wasdues ®and 571 e Band M5 24 eadlew
Engl and Bi ol abs 10-beta el ectroconpetent E. coli according to_the

manuf act weesured torhstappoiximaichnd naikaad vap pepiaE SE0P baseatien Hapd Mt What es
W th- 100 g/ o AR fﬁ)‘glrc;x'l at%[sgls?lyg? \Qﬁg wh8 agér@’(u@bf BhiY S he:'}lzgar Hggysands

of col oni'€és "wer e obtalned. ese re scrap and used to produce
DNA cor r &apeagi apgréxdmhtedy P ifopMs7VIREFRR- di rect ed shRNA i brary (N783).
[0347] An aliquot of this mxed library preparation was checked by

di gesti op3vwst h PacBhhligwiishh aad 1 smnakyeilizaed tégetitgar aggrogdhatélye®e] FoGr 19) .
The size of the band rel eased fromthe vector was the expected approxi mate
390 baserapai(? sl MY348]1 wdvi57 hdnvhelfedlovwdes epariéan:wer e ni ni prepped and
sequenced. O these ten, eight had the expected hairpin structure. See FIG
20. In FIG 20, the sequgidés ligasmbuffeai®EB)pti on - initiation to
transcriptional term nat or”\({g;rlTTT) are shown. O those eight clones, only
seven mat ched regi ons ofl”the original VEGFR2 cDNA cl one. The eighth matched
a portion of the parent 3ydaM®74 of our original VEGFR2 cDNA cl one t hat

i mredi ately flanks the ence. This portion of the parent vector

was included in the gel Xﬁ”%@ﬁ%@ﬁﬁﬁ cDNA fragments. The remaining two

cl ones contai ned sequenaes gE&hi ng VEGFR2 but did not have a hairpin

structure.[0349] The hairpin structures aobtai n?d #;g%& i bﬁb %{"?y? from

t he hypotl&r lisailonsavierraghiy e migfyse vas diluteddonP oil Lo f&&@ ag¢ iy

silico : AE&%%ng ) rea{{'ge lgagﬂgxtonn@f A8y RediToReR 15 L&y Shr aPFPWAIAL vari abl e
ase palrs to a

from (22 se palrs) rather than the expected 27 base

pairs. ThiS.i S nost.likel ! Lahj in,t { Gl ite and end
structur Bh?g‘ unt, gl'.he \#ay nang’%g%qugsa%élgphﬂé%% O%e?gﬁi?é%ﬁg% P‘ﬁ%lﬁ‘%%‘é’%‘ri ction
enzyme Egglbdbland Bited 4aro gbiHidt g il bf e alaate mas ussisiotehetropefatd New<Lnpflartdhe

hai rpin structures obtained, and by increasing the diversjty of the final
library Ma@d%hcptpy]eggo%gtgd’eégg _accordlng to the manufacturer’s protocol.

Transformed cells were plated on LB-agar plates with 100 pg/ml ampicillin and allowed to
grow overnight at 37°C. Thousands of colonies were obtained. Most of these were scraped
and used to produce DNA corresponding to the primary VEGFR2-directed shRNA library
(N783).

[0347] An aliquot of this mixed library preparation was checked by digestion with
Pacl/HindIII and analysis on an agarose gel (see FIG. 19). The size of the band released

from the vector was the expected approximate 390 base pairs.

[0348] Ten individual colonies were miniprepped and sequenced. Of these ten,
eight had the expected hairpin structure. See FIG. 20. In FIG. 20, the sequences from
transcription initiation to transcriptional terminator (TTTTT) are shown. Of those eight
clones, only seven matched regions of the original VEGFR2 cDNA clone. The eighth
matched a portion of the parent vector of our original VEGFR2 cDNA clone that
immediately flanks the VEGFR2 sequence. This portion of the parent vector was included
in the gel purified VEGFR2 cDNA fragments. The remaining two clones contained
sequences matching VEGFR2 but did not have a hairpin structure.
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[0351] 2) 0-3 additional base pairs are sonetines seen at the junctions
between the hairpin and the | oop, or between the second half of the hairpin
and t he wWeOt2009/083438 ori gin of these unexpected basepai r ®Crasp@B/oksedwn, but
may be due to the well-known addition of a single untenplated base by nmany
DNA pol y[os4epes. | The haippiastiatardstibtaindd differddean ews walys difdhiPthelspdtheticilhese
experiments (100 mM higher than the optimal 30 nmM the Kl enow fragnent

t hat wasstiusdiges fappeted’ at%‘)mrfﬁl}o‘ﬁlégé’uéamouﬂﬂéﬂtﬂoat ed bases. These

addi tional basepairs are not expected to adverse affect the function of

t he shRNI38Qbr essi dh Thadensth egtheEmnmgera vas;semewént variablenfserat(PAbREIPWE a

FACS- bas creeni or the t ti f Mol ecul es
[ 0352] %%&%5%1@%@5%8 © LRESF %29% agg f33[ eﬁ?ﬁ 3 méi&gﬁlasew?cr een for
t he i dentaddbilal/iin the@‘xastkdﬁ%léqt@hlmwa&l §tﬁ1@turh€bl&nt$ peevdrhang ot biveiapgact i vity

for the gene encoding the tyrosine ki nase AxI ene. See FIG, 21 for an
over vi ewpiptuggbyaths agstetian @gyme EcoPAETAks AD BRA{AY rE gAY OF shRNA

Al A TR G o R B PRty o, 5, By S o e

hai rpi n ada@tﬁrayabﬁugnybaadveeﬁh@audvrml endonucl ease site instead of an
EcoP15 site. Individual clones were sequenced and confirnmed to contain

AXI - di r epy3sdl] ShRNAS) AR aduitiond ke sdifnge bdiaétinésseph aviheysictionh by cen tie
active (Axl 2 shRNA) and a shRNA cl one _directed against Luciferase (Luc

shRNA) t hitpis god the laep, or Fetesenshe sepepd halé eﬁthﬁélaﬁam andthe ypgfonebf ngin of
|
control s, eﬁxﬁ%@ﬁﬁ&g h%s’egg %ﬁ%o?ﬂ% G ﬁ{ag%‘étd%e\f‘@&r% Wl %géév@fé Iﬁ%ﬁmgg g% 3,

expresses Cl n resistance protein.
CONSTRUGHihgM mnmhﬁabamhﬁmwpmrmmsmm1 atithe loBNALT rom t he

blicly avail ab] I | RAKp961H2049Q d.d t f
P pes TR By udedn thesioxparaneit 10 ke Msher iy tesonbayal a3 TEies Koy mcor
fragnment 44 rﬂgﬁtttﬂ@ v@%lu Eﬁ)g#%rﬁieﬁﬁg) 135 hieslide® uiteRpIARE bk OThER MarldnBo! | |

I (s se 2)." The r

sites of ct or esulting vector (called LI 10)
produces ba?sepmmgzire nbt exyected po admwy affea diesfunbieoropithe sbBYiAnexpresaton f or

GFP- PEST- 2A- Hygr oR, followed by a stop codon and 2. 9kb of Axl cDNA. The
GFP- PESTS¥RU5gr oR open reading frame is translated. The "2A" sequence is a
pepti de from Foot and Mouth Di sease

EXAMPLE 3
Experimental Demonstration of a FACS-based Screening Assay for the Identification
of Active siRNA Molecules

[0352] This example describes a working example of a FACS-based screen for the

identification of shRNA clones that have specific inhibitory activity for the gene encoding

the tyrosine kinase Axl gene. See FIG. 21 for an overview of the assay strategy.

1) CONSTRUCTION OF A SMALL LIBRARY OF shRNA CLONES DIRECTED
AGAINST THE TYROSINE KINASE AXT. GENE

[0353] A small Ax]-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 sShRNAs. An
Axl shRNA clone that was previously shown to be active (Ax12 shRNA) and a shRNA
clone directed against Luciferase (Luc shRNA) that should not target Axl 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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Virus that leads to co-transl ational cleavage of the nascent protein into
GFP- PEST- 2A (a rapidly degraded form of G-P) and Hygromycin

phosphot raiogh@vms4ss t hus provi di ng Hygronyci n resi st anceCTSSe00810620323B.
Vector LIA, which | acks the AxlI cDNA sequence, was used as a control.

[ 0355] Lp{rONSTRUCTION OPROAN A& SPECIFYD REFORTER (traNBamchr cells to
produce retrovirus. The retrovirus was then used ggﬁ_i%(g/lg&&/B %SJ) cells
(a humani®Bfdhst cafebrDRE from tﬁ@P“Wé"rlé&Y"P@tbleZ‘é?m’c P PGt ons of
231 cel | 5aCaiohyd g ARlOr SPE.PERTSH WGP Lt BleriiftablediofiiRe oBL akned by

Hygromycin se ect| on. ese resu t| ng Iines were terned | s" and
"Ll | Oc2bkbs BanHITESRINGghidat GOMIROIAx3 kRNASc[o88 565 udtktolsubtiope inits theer e

i nfected, w trowrusc 'n jther the Sitiv hRNA or
the negaMolBebfiitesiet vioch i ef AL oSl Therr ey e GRIGEL 1 Hipmoditlt
puronyci g smgfa:et%s&%t tﬁat\fiﬁélﬁdéshﬁe o?érﬁ feA@GgWidnit @R GHPOREST- 208 yigsdR AX |
protein and anal yzed by F cel Is not infected with any shRNA were

used as followredryla stop caﬂoln %ltdaﬁ %h\@fAX_lICDNA) JthaiGIEUPEST 1 epemnt i body

onIy wer e as a ne i, ng cantrol d, LI
Crel | s el gy e SPREAH, TRHA dPhes ibbint 8 T Poofihe WS ufpede

ex pr esseyi@s M fead et S trahslAtdnaPEleawRigd of ¥reanaisSent ptdtein 1ﬁlb&BFB-P(E$FIT YAig the

Axl 2 shRNA had Axl £r0tel n |l evels reduced alnost to the | evel of the

secondar yepidly idbgragedfary of SpR)gind Hygremyrin phesphowisnsierase.chus prayiding AxI 2
ShRNA kn ks down b t R t

OF THE Wﬁ%@éﬁb“? E‘% ?ﬁe%r%pgg tb}Jﬁzlgg’a \A}/gis)d% i %r{gl‘% enonstr at ed by
cell flugnessainge domagi.ng. See FIGS. 25A and B LA ceI s and LI | Ccells
were each infected with retroviruscarrying either the positive control Axl2

ShRNA or [¢338] negat i\{6]1 GRA1N 9O vbstersStdrbintrdduted ineslpaklabmgwrtieteplodated Wit h
puromycin. Selected cells were exam ned with a confocal mcroscope to

vi sual i seetraverugFPherriroRirps Hag dreagised keinfact MDASUB-23 hcellsda ﬁlilﬁﬁflé’reaébt h red

fl uorescence h
Si ge- bf/- S %elf Pl%eh se)ﬁf%enﬁ 123[ Eﬁgfﬁdrg%@ﬁg@ﬁ osf(zfv%nlg H@h%d}){ ﬁ%or escence are
carryi ngcamgruesirios and d.1a0 vahr&bBtatrd diyrHigdromybia sgleeton.f Theseesadtiegelines t he

read-out fromthe GFP reporter assay. It is clear fromFIGS. 25A and B that
the greeiverd woped cleltlecalls” prdie b &Sy in the bottom ri ght panel. Thi s
corresponds to cells carr¥| n% the Axl-specific reporter (i.e., LII1Ocells)
3) TESTING THE CONTROL shRNAS
[0356] The L110 cells were infected with retrovirus carrying either the positive

control Ax12 shRNA or the negative control Luc shRNA. Infected cells were selected with
puromycin. These cells were then stained with antibodies against Axl protein and analyzed
by FACS. L110 cells not infected with any shRNA were used as a control for AxI staining.
L110 stained with secondary antibody only were used as a negative staining control. See
FIG. 24. As expected, L110 cells carrying either no shRNA or the negative control Luc
shRNA expressed a high levels of Axl protein (x-axis). L110 cells carrying the Ax12
shRNA had Axl protein levels reduced almost to the level of the secondary-antibody-only
control. Thus, it is demonstrated that the Ax12 shRNA knocks down Axl 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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and the Axl-specific shRNA. Axl shRNA has no effect on the control reporter
(LIA cells), and the control Luc shRNA has no effect on either reporter
(LI'A or wolomsbdss) . [ 0358] FIG 25B shows the sane celrcs/uspaispredr by
FACS, nmeasuring the green fluorescent intensity. Fluorescence of LIO cells
(top) i Scdt‘@@ﬂé Eftle? thedPostivetRhtrs NRRA. shRINA b e 9168t cdnkrol Du€ ShRINA( bot t om)
is decreaséd 1n the presence of Axl shRNA (bl ueés but not Luc shRNA (green).
Thus, t hiafeated ¢eél|sovetre|561©@¢féWlltbdftum_my(rmcﬁh]@?t@ﬂ@ﬁ yesspragLnedysih fiicéléA(OIC?l to

ShRuas FRRSTPoRRE 1 BRls® B OORERT REP R Fipcs R kT b FAIERANDRY

clones ff@sreéddfcd (fﬂfrﬁRFP?iﬁﬁ@gfd@ﬁ(ﬂlubfbsséreB (fromeGEP) aﬁdsm\dluelldb-)byl-mdeeﬁfrelmh into
LIlTO cells and the GFP fluorescence neasured. Two clones (Axl- 278 and

Ax| - 280) sageeufield of celisel feqlisavith Fedifioreseenae) ajp parsrBg and expEsSIERILIIRMAI n GFP
fuor e CERS AR e h e RB0RIIBAE LY ASmIRL 19 AokdiasAruCt | on seen

with the co roI produce weaker “reduction. See

2o TR, RO P RGP o

f 1 uor escgpiggahsl0MHiheort3pofidsab cemnedrfymg theﬂﬁspaaacsé;mmr@ EACH (agrdlsysi s of
the sane cells as in FIG 26A but stained directly for Axl prot§| n‘ﬂL? vel s
14

usi ng t hendathe Axhspecifie SIRNQ. AThshRINA s ing s fliest omythe ﬁPB‘F‘é‘l rPeRteT (Gl Q1
reduct i o, d @X@F@@'ﬁ{f&f BROC0fiSS %&@ﬁ&t%ﬁ'e%hg%ar@qwbp 1i1ge1h r ongest

effect a roduci ng e weakest he re at| onshi p between

the repo fl uor t t I

(i G 2olSime o FTE0RER oBSe R lE Bl el oD A BB AR oy
const r ucluéRedet Piiéh i&y oslabéseabt 661 501 Blsatopy iy udiffeboct byredther shRACkdown.

7) AXL nRNA LEVELS LATE W TH. FLUORESCENCE FROM THE REPORTER CONST

RUCT
[0361] Qhlomrascencews L0 pelks (hatoms @ddchaﬁ%@l}h@pmwwmﬂl SHRNA (blug)bug o

| Ity
came as. RALIRONG FEEEh, P R A5 KL Gyo ) 0 GrrelfresiBhde 00 0%
very weakpeyifthilees shieNsbRNgetehg Axtnown as Axl -279. The percent knockdown

nmeasured by RT-PCR correlates well with the percent knockdown neasured by
the reporter construct.

5) IDENTIFICATION OF ADDITIONAL AXL TARGETTING shRNAS FROM THE
LIBRARY PRODUCED IN STEP 1

[0359] Retrovirus prepared from clones from the library described in step 1 were

individually infected into L110 cells and the GFP fluorescence measured. Two clones (AxI-
278 and Ax1-280) caused a reduction in the GFP fluorescence. The reduction in GFP
fluorescence caused by Ax1-280 was nearly as strong as the reduction seen with the control

AxI2 shRNA, while Ax1-278 produced a weaker reduction. See FIG. 26A.

6) AXL PROTEIN LEVELS CORRELATE WITH FLUORESCENCE FROM THE
REPORTER CONSTRUCT

[0360] The Axl protein levels 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 AxI protein levels using the anti-AxI antibody. The reduction in Axl protein
mirrors 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 AxI protein level is nearly linear (FIG. 26C). The loss of
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8) THE REPORTER ASSAY WORKS FOR GENES OTHER THAN AXL [0362] In order to
denonstrate that the RNAi -reporter assay systemcan be wdely applicable to
many genewof2o09/a8k88i denti fi cati on of functional shRNA mpCeaisk@s/0143T eport er
vector carrying a cDNA for human proteasonmal subunit beta 5 (PSMB5 or

bet a5) WhgorgsdRaEir6ah thd /130 GHIOPEST Al Sefor@e Eoridfrutitbetelféle cladeBirefledts srown
in FIG 22. This GFPPEST reﬁ)orter was i ntroduced into HSultan cells and

noni t or eampyntiof s\l pyateimdmogkdowvmont ar get control RFP-shRNA | uc construct
expressing a shRNA directed against firefly luciferase was al so introduced

into the HSultan cells. [0363] Thr ee previousl y known shRNA nol ecul es t hat
t arget pZbAXAsnRMNA EER CORRY e WAl Tih DRESCENCEHRQY THE

transducREB@HTfﬁleONSTlﬂjCﬂ'an cell's carrying the reporter constructs in

The- prot M38Ehar Sublantnst KTeP RS 8Dl brbshul SROkEln ByRlsGHT qUReRes 11

cyt onet r yariyiflg Hiffepdtd Mk1ithrgblify s s THEFHG 22045 ADRT &stBBksme heAsul-glal
observed fromthe reporter construct on a | og ‘scal e. The y-axi s represents

the nunbax1Igris iheciamecshxlcEl8 andei bremesgondsdo 4 weneweaklycdfsshveshRNA
oxpr e5s! gl KhAGRA Ao Cry2BAcel 18 oL EhL. ARy REGHER LBRERACSANg S

of HSultan cells carry repor onstruct an tan ce
carryi ngtHéQiel’bethnd’o&ﬁ@Wh&ﬁea@@ﬁ&b&lﬂhﬁre@ﬁﬂeﬂdaﬁstmm target control shRNA
construct RFP-shRNA luc. This plot confirns that the control shRNA
construct has no effect on expression of the reporter construct. The bottom

I(el;] }? Ngzgsj TEE%TEM?SSAYQWPI%SQDK SENE;S#GTHEIR)THM ﬁi)ﬂht panel

S SNow ana SIS O u a scarryln the re
construci”éﬁh ei t h&t ?‘Edﬁékl% ‘&P&éﬁetaﬁﬁg‘? @ﬁ@ﬁmﬁe&@ﬁ r%&?“ﬁ%q%eh‘ﬁq/ﬁm uc or
the Candglgﬁafgggﬂgﬁg %PX%Q n&INAROARSTH Gt ok STRMNAHOnAT SR AT S ReGTeS Vdalle?brteﬂ n the

two bott , PSMB5 reporter trace is shifted to the conpar ed
to the ceettordaryimge¢DNAdfor dtimag prdtedsotrabsubusitdgta S(RIMBSfor batabhwas eport er

(7ic) " anEEReRHR R 2 ST A Bt B O R OB B CE e v B P

expr essi pRSTe¥Sirfer Wi lihtodtidBNAYS HEMta® BENAA ridrined by ABdUsfofapy. eAioan.
See FIG 28A stern blot analysis of the proteasomal subunit_ beta 5

prot ein taeg@lcgnurcvi RIFRskRNA lu geastzshexpressinetandR N divagted agtinsifrefle3 knocked
down t he e [ roduction whereas shRNA#2 and

t he cont rof ell'_uc sﬁaﬁg‘?@?dﬁ #?nqgg%eﬁ%ﬁéﬁ C%g This anal ysis confirns that
that sh Rwﬁ%l.’»] 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

expression.

[0364] In FIG. 28A, the top left panel shows the FACS analysis of HSultan cells
carrying the PSMBS reporter construct and HSultan cells carrying both the reporter
construct and the non-target control shRNA construct RFP-shRNA luc. This plot confirms
that 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 control sShRNA construct RFP-shRNA luc or the candidate targeting sShRNA
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and shRNA#3 are active RNAI trigger nolecules for proteasonmal subunit beta
5 target as neasured in the RNA reporter assay of the invention, but
ShRNA#2 dwoO 2netoseseonstrate this activity. EXAVPLE 4 | decridsc@anioa7 of mRNA
Sequences that are Targets for O phan shRNA Mol ecul es [0366] This exanple
descri begordshact (SigRNARI gatH3aesgktivel ). - Inah@ Bl o botesit parsts, thh BEMB Erepartget ed by
known and previously isolated si RNA nol ecul es. This nethod supposes that
one has frerens shifted tathedeiRxpmpargd tothe contrphireges diGayngithat 4 dvsragerygndl | put

for whic [ j own, i.e., the shRNA targets a gene ot her
t han theggﬁgﬁ?gepﬁg} e’%ﬁ%‘%{e lg{g}’g}qnst. The problemis to identify genes

which th is.able to down-regul ate,.as t re i dates for
t he t_rueﬁpgggg%tA of Tﬁﬁén%lﬁw. t&‘?ﬂtglf H‘Sgdél,vetcﬁggﬁlz@#g&npgggﬁé o%%g&p%prfoﬁcabl eto
i denti f yaff@ds ?%t&s@ﬁlanaiwhﬁlﬂem DeEpUttel xpreshichieval, edileahRNAL andGhRNM#3
precursors) that have been isolated fromcellular systens. This p%lot ocol is

out | i nedstegéy eduge xpression. Bpe Elfo 284. d¥esemiidef dnalygistafithe professom
PREPARATL . Qe £ BARH Rl TR ARk ald 6L itk 011 GRMAal RS

covering urmen genes I a sul e subse can be obt ai ned.

An exanpkgckbd dowtitiadddgemdusdeta Hsubuaitiphcteidpradudtion yetreecas. ShRNA#X arainth &2 PD.
This collection contains around 30,000 cDNA c| ones goveri ng m)ﬁga]or di ct ed
hag;s Pﬁﬁ

human mRAgsTOL Aue shRBIFY didingt. (seeiiie- 2583 dbisiasatysisirordmbab
pi cki ng ﬂ@%ﬁl&#? F%%c{i(fgml\f/tﬁecri%gér%ol@ﬂgpsg%ﬁgfot@éé@Haﬁm%nBWS EdetGlones.

[0368] In a bul'k cloning experihient, t sequences w || be eXxcised

f r om t hemeasteed mrthe RORAI pporitdriasshyarfdhd ingettésh, bt shRN#2Ed IRESETmpastrale s
described.herein. The ligationm x will be transformed into E. coli by

el ect r opBYS3StYHYt 0 obtain a | arge nunber of col oni es (>100, 000). These
colonies will be scraped and used to prepare plasmd DNA. This will produce
a cDNA l[ibrary in which each cDNA \%‘ﬁ{r{mé %aced downst ream of GFP- PEST in
our retroviral vector. The vector g xpresses_ the sel ect ablei mar ker

for hygr orifentification obmBNA Seqpeameathat 2x TareetsforPrrmn RARNA Beleenltsnzeo)
The i br ﬂ@ésfbove Whid ex*agp?é @él%lfiﬁé'sttﬁgideﬂﬁﬁcﬁﬂﬁe&“%fm@%@géﬂgefcﬁg|tl$at%ﬂ:dAt he

packaged retrovirus 1s c ected. This produces a retrovir rary.
suf fi ci enrgatedibekno¥n Phdpreviouslyl ikalated sS(RN A5naledy 60 0Fhisnethdsksuppeses tagt ed t o
ensure t gr?é heitasI iLienr{FfiTe%earnsshigNA rt}leat Bgsl zgll Ql?elresting biological effect, but for which the true

target is unknown, i.e., the ShRNA targets a gene other than the one it was designed against.

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 siIRNA. Furthermore, the method is also

applicable to identify targets of naturally occurring shRNA molecules (e.g., miRNA

precursors) that have been isolated 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 Human Unigene
4.1 set from RZPD. This collection contains around 30,000 cDNA clones 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.

[0368] 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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CDNA library contribute to the retroviral library. 3 PREPARATI ON OF THE
ASSAY CELLS [0370] The retroviral library will be used to infect a suitable
assay celwol2o0v8¢488g., Jurkat cells or HL60 cells) to protaseooshes0dssay
library. Again, a sufficient nunber of cells (for exanple, greater than

5, 000, 00@ ;e &kl Be trhdfbrrid®l int ECé2iby dle@itsporfiontabbalin a lpdauSbES oftdotonies
ori gi nal I|brar§/ are represented. The assay cells wl|l be cultured in the

pr esence(Cd00:498} ohyast sotopieseriidic seeped and ysedrip peqpate MpemidD NS r By il

[0371] Th ) | . I

expr essi %dﬁcZeVJDﬁ?ﬁ ]T1§rfl Wemw Pfs?@%%p“i@gg cggsqs ﬁ)’acE@r oah%%%g 19Iq)éz%/sglefsrl as

det er m neg roro G veetog hThe sadtoit Wdhalsdhexpresys the sslectablt arker fou hygromyain ons

(e.g., ten subpopul ations) of different brightness, so that each

subpopul ¥8iSBAC®ont ai ns cel |'s expressing a simlar level of GFP. 4

PERFORM NG THE ASSAY [0372] A |arge number of the assay cells fromthe

previ ous ste above (or of each sut{popul at i onabove) will be infected with
: R EFyY ON O LR OV SHARY The shRNA expressi on vector

used can aint I hesed to

i sol ate l(ﬁg%l dual hﬁe ?*ﬁfﬁgﬁﬁmﬁéﬁﬁ% @@1?@3?%@%&5%@%1& aergf)tr essi on)

and t hat paajkage&ﬂeowvmls@eue@@ This ipeaBicona ratradtireblibnagy . t Asuffidieny nombcIyOﬁa

lib nber t NA. Th ted II

al Towetl PaverapeaEaee: >snl0pPokgL el Feciy dondd Tl Yupeonbes bl iksre

sor ti ng. [QRA3ibahoasksritite 0tHeGer&ALd Sibiiry! then be subjected to PCR using
primers flanking the cloning site in the GFP-PEST vector. This wll anmplify

the cDNA insert present in the GFP-PEST vector. As an alternative, inverse
PCR can R@@NWTpmoggg;\thLge sequenced, thus revealing the

identity ose expression is regulated by the shRNA. EXAMPLE
5 Creati H$78h Epi - a’]hbed:tmyl@éhb@sy wiill by peaddepnieet & sirtdhlavissacenllingdierect ed to

the R AX 37 f
he FoceBli oHfs BBl B0 ENEE ek 1R ke Tydcl Y RABAS ATHRERAE ARLSE, ©
cel I's (Hobl atnsit, @bater thaﬁ/lslaoomoe cebd)esillfterinfddedrteeanire that yitl esimiserk bfiths e

Axl in tunmor formation," Cancer Res., 65:9294-303 (2005%)). This %s
original library are represented. The assay cells will be cultured in tHe presence o

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
different 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 to be tested.
The shRNA expression vector used can contain the selectable marker RFP. The FACS
sorter will be used to isolate individual cells that express the shRNA (assayed by RFP
expression) and that also show reduced GFP expression, indicating that they carry a library
member that is inhibited by the sSARNA. The sorted cells will be allowed to replicate, and if

necessary, subjected to further rounds of sorting.
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acconpl i shed herein by constructing an epi-allelic series of hyponorphic
shRNA nol ecul es that target the endogenous Axl gene, and scoring the tunor
i nvasi verngoxophmsassype in the resulting Axl-knockdown ce@eCir/useens®1403hi s
anal ysis showed a correl ation between Axl expression |evels and

i nvasi ve pfm possidibiesigfdbiad £18 wilaher¥d sifbiseitdd toFHERE ubiRg prinieds fle@tih
I nv

ability ade surrounding tissue and pronote netastasrs. [0375] T%le Ax|
r ecept or theedoring giteinl thg GFP=RE ST iveefomsThis Wil ragfpdif}’ﬁh@g?@‘éﬁénﬁeﬁt RIB$SHA ifbthe

Lcopt or Gt RS EaE &S o fhsrye. sOeEITr AL ot SRRt gey

et al, "&eduenéed, ﬂﬁl@&é\%ﬁﬁh@ﬂlegﬁé’lﬁlty 90thRtBINA () mhpset expryssiug neguted by the

| eukeni a cel | s, encodes a novel receptor tyrosine kinase," MI CellBiol,
11: 5016- SMA( 1991)) however its function has renai ned elusive. Axl is a
uni que nenber of the RTK famly with an extracellul ar domain conprised of
fibronectin Il and Ig notifs simlar to cadherin-type adhesi on nol ecul es.
The Axl ligand, Gas6 (growth arrestEXAMPEES 6), is a secreted protein
bel ongi ng tGreatiagantEpitallekic $epies d&Hyppmorphic shRINA Moleeulgs Birecteddfiodbe
coagul ation factors (I\/EI ar agrReeeptal TyrosiledKiGas6AAkl system a novel

regul at o vascul eI | function d., A9 2 253
(1950)) Toy o7 ox prdiasEfimne FRhiseE s rglerd e, g oA B e AZLAPE Ax

expr essi afvabivenidh of béadtitar@sdrha 6dIRAHoRARE oA/ 3NITipleroldefoy e Gudeplalr €,
mesenchymal cells and the nyeloid |ineage (Ml arazgno et al, "The Gas6/ Axl

syst em &’rﬂ%V@kmﬂé@ﬁKhmde@f fqra@tigm,aICa@étm dsufSt920A- 30312802 Ehisdf ovasc.

i et f
put at | ve TR bR Eh by AN B ateli 4685 GG R R mefecuies
neurotr Oﬂfalt Chr@ét&h@éndo@én(fusmdcg&mahd I’senbrﬁrfg”mc ‘tundor iNeavioa®ss plRewtypetB 1He50- 160
(2002)). ortantly, Axla (Gas6 _expression are repo ted in a \é\‘%ﬂe vari ety

of soli d“ﬁH A’Uﬂﬁ}ock% Cedhhnff?y dibgs 2nafysindamgd a(CSEFﬁ agion petw ogy
DIE\SIAA%gI l“@%ﬁ)r@%@(gal)fv%lggﬂ%% %é/g[b‘%? boséB hdw%gﬁ%ﬁf gQﬁfa@ﬁQ%% ihediBecabsal .

Ber | az et Oncol , 12:819- 824
(2001); Weihieto ievadel surfeunding tisCerandipr@vio@26etagdasist (2001) ). GENERATI NG A
HYPOMORPHI C AXL SERI ES | N BREAST CARCI NOVA CELLS [0376] A snall collection
of candi (g875] shRNA Thel A uteptdravgirigitallfvidentificd ap aachnsamas: @kmedn chedid n
Example 3. This library of candidate Axl-specif ¢ shRNA nol ecul es was,
scr eened Myslodd faskemes Ganssemeicals {“Angvel HB%VEC‘EFQS“}‘? kiasgJeerpber r‘?"g'éﬂn‘i%emc

oL BoRASeOh R ysatiobrol S b "yl gter o

car ci nonmisoleesd froml fremay huessimygloid leukemla cells encodes a novel receptor tyrosine
kinase,” Mol. Cell Biol., 11:5016-5031 (1991)), however its function has remained elusive.
Axl is a unique member of the RTK family with an extracellular domain comprised of
fibronectin III and Ig motifs similar to cadherin-type adhesion molecules. The Ax| ligand,
Gas6 (growth arrest specific-6), is a secreted protein belonging to the vitamin K-dependent
protein family, related to blood coagulation factors (Melaragno et al., “The Gas6/Axl
system: 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
relatively restricted, predominating in the vasculature, mesenchymal cells and the myeloid
lineage (Melaragno et al., “The Gas6/Axl system: a novel regulator of vascular cell
function,” Trends Cardiovasc. Med., 9:250-253 (1999); Funakoshi et al., “Identification of

Gasé, a putative ligand for Sky and Axl receptor tyrosine kinases, as a novel neurotrophic

factor for hippocampal neurons,” J. Neurosci. Res., 68:150-160 (2002)). Importantly, AxI
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Axl -specif ¢ shRNA nol ecul es. The cells were anal yzed by FACS using a
fluorescencel abel |l ed anti-hAxl anti body to neasure cell surface Axl

expr essi om0 200908248RNA- expr essi ng carci nonma cel ls and w [PATIUSR@S(W037

MDA- MB-23 1 cells were stained with nouse anti-hAxl- Al exa647 conj ugated
MAb t o dgk®Ghs6dpréstion aselfdpaced i @heddvaidly 65silidhdian tRe ty@saheé xaetbld
conj ugated isotype control. Axl expression was anal yzed by flow cytonetry

on FACSAldulempms (Swwaiali, ©1eplogy $0:450A374 20900 Sum e v i Ogagbol 14898 9 Ax| - 21

showed a 1G] f ' Y . g vel s
(conpar egz (ﬁgﬁﬁﬂu%gle?gs‘fﬁ)&gwég} ?irozih?&ggg§§gm%d32’hlg\e§?{af%?§§’o% @l%r?% g’r medi at e
knock dow:gniigle (30043 Wisintehd: @nlBura) \(Rimgen&AR2D2ZKIRMA1 B f ect . Cel1's
expressing the control shRNA targeting Luciferase (shLuc) showed equal AxI
protein expression conpared to the wt cell line. [0378] A schematic

repr esenGENERATINGA SYFORORRIEIG 8 X3 hORRIENN BREANT CMRCENOME CEADLS
standard _devi ation from four independent experinents i s shown. The percent
knockdowt¥&k cal cdt enalyoel CQPP\?E%‘@‘ %‘és%‘gé’% Fees @E@tmg\ég?ﬂ WGt h the
control > b [ i ; stai ni ng
| evel toEBJgP?endeﬂllgeS%%?gg%%mg Srr'ﬁg}sléq%rr\o fgg%dig?t??%tl)éggcilgg%%ﬁéed from
very weaknolét¥esItsfsoreenddinl a M)A MBy23(1 ybredst carginpraielldineais desptibled 2y . [ 0379]

The ability of the sh i,sol.at e knock down Ax ression was verified
by west eFABPI rgenurpr el B uRS A e titngs of HBET SR e Ried Y
cells were Ii/sed, separated by 10%6DS- PAGE and bl otted. The nbrane was

i ncubat e h noud@issersenmgased MD AMB- 25k breastcatringmg Best cslit $XPAESING Ab
(Si gma) . . reail 1 I t b e Ab
O R o R e M R L B © s
West er n Bibetléd mgi-DAkbaritibody By steesnré Actb sigfmmABil espiessice s The sltRNApoxpeessing

he_cont FoFinears s ART shidqeps D STRAMECR ol Ruare HaiRaRh MoRLHi EARE | o
are in | angada? cofiesReE AMPloYdetdRiak] VRS L Re libk&éinaéi?gééﬁioﬁ OMRTOUSONEG St ent

with the FACS anal’ysis, where the weak cl one shAxl - showed weak knockdown
of Axl prdteich’ esmpngatsd ofypattohtol Hexlsxpresgjon waa eBalypgkby flowicytameiry2on

FOR. | NVASVNEES odgofn PrFer sk ol e BEA TR flpu K AR SppaLi '

car ci NoNReduBN&S bV RRESteih BepriddforMB-ndar Badkpraat 16@1L(coniparddas twteelld)s Cells
expressing either sh targeting Axl_or .
transduced with shAxI-13 showed intermediate knock down while shAx1-18 had only a very

weak knockdown effect. Cells expressing the control shRNA targeting Luciferase (shLuc)

showed equal AxI protein expression compared to the wt cell line.

[0378] 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 shLuc. 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 shAxI-2).

[0379] The ability of the ShARNA 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-hAxl 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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control shRNA targeting firefly luciferase were tested in an in vitro
culture Matrigel (tm invasion assay. The principle of the invasion assay is
il lustratwo 2000/d82488 33. Cells to be tested are seeded i mcrhus2eosnet3nel | s of
Transwel | s coated with G owth Factor Reduced Matrigel (tm Matrix (BD

Bi osci enggsblodivad d6RNGSIAW Rk EOL sifis Iwdsteen BRdttifig PRfectbh Systdimg Aggdrbisanver e
i nduced to mgrate towards F12-K nmedium (G bco) containing 20% fetal bovine

serum f Brosgigneasiiard exposedin Blupn8 dMultisnagexdBioRedhdlerg bahaves tofpl ¥op PEtteinhe
Mat ri-gel (¢t vwer.e removed wht.-h of t qel e r

{ xed F ntisks R BEEPRRS cully SurE SR Y-y S E RS RAR P AR -
magni fi CadeiifMne 208) respeetivdy S THR e st Y Anbis i Gvas kB as stestof ithvetieck ACBH) .
[0381] As shown in FIG 34, MDA-MB-231 breast carcinoma cell invasiveness
corr el at aralyiis, whexg thewynek slonsrshiad-d B showed weak kigckdewn s AMhErQigian of 2

i ndepend er ik ) g@A P 1 45 i %’ﬁ@& ko of
Axl (e. g%ﬁrg%li(o%g WW essltgﬁﬁgcﬁl ﬁgﬁéﬁ%ﬁs%ﬁaitlemg%wrsggﬁ e |ﬂr§i\§asi ve

phenot ypprotéifieapessiéra t he control cell line (shLuc), while cells with
internediate (shAxl-13) or strong (shAxl-21, shAxl-2) knockdown of Axl
showed progressively stronger reduction in invasion. This reduction in

i nvasi vepAedSPROTRIN I8 REQUIREDFDR INVASINENESS f erati on (data not shown).

I N VI VO TARGET VAL| DAT] ON BY EPI - ALLELLC ANALYSI S:. / N VI VO. Bl OLUM NESCENT

| VAGE NS S OF SUBorIOBens e ERL H3hinspoRLearcinaRiR RHISAEE HE BREAST
CARC NOVRI9 LN B -1 13618d st Thee ¥l Eélsjexﬁ%ssiﬂ{g eRh&rGhRYAs @RIHas N eat ed by
the present invention can be used to correlale expression of a selected
gene wi t bortrol shRN Agtargeting fireflyilvoiferaet were tastedrpoan amtitrgcaljuierMatiigelVH] i dat i on

t herapeutic targets for .cancer.ireatnent. The. NB- NDA- 2 i ~adlelic cell

series wil¥ af‘Pﬁﬁgﬂﬁcgﬁe\Rf‘Pﬁ‘pg ‘?ﬁtﬁ‘éf’}vﬂs'f’ﬂéf%a&‘%ﬁg‘gﬁ%tﬁ% 1 élébﬁr ggllsct%nbset ruct

(CSI). Thetddusd §Ruasm e MtherWelWof Thsally tosleRitE Trb@h Pictbi Rédigkdescence

foll owi ng intravenous injection of luciferin. Bioluninescence is detected
ic

and quanMatiiged™ Magrix P iBiasci¢nesg)et a cppsaptionef 10" icells e wall. of hegrlly

MB- MDA- 23 1 i -allel.l i | : e} o]
NEon S S B0 B Eped Py S AL RNEHE A0 b0

t yr osi nes¢cumase 20HouksintaI00s-ifcabamt.i Non inGaligece]Ren.top 65th@ddtrizoBM(R2ae5) .

G owth of the inplanted MB-MDA-23 1 epi-alleli L1 _Li ) I d
weokly DIETREVeIvGRh BF QIS CAIFTOTHHGEE SR Sxed it BF ApHBPER S BARA b od
det er m negly Qﬁ’a%%hibﬁtﬂ%%scgﬁél%‘r’rﬁggéosgn {axah&shifi gagfoflgeﬁéﬁquﬁllﬂgrs% A¥dayed

; 1
circunference © e tunor Is rel at
using ImageJ software (NIH).

[0381] As shown in FIG. 34, MDA-MB-231 breast carcinoma cell invasiveness
correlates with Ax] expression levels. This figure shows the mean of 2 independent
experiments + SD. MDA-MB-231 cells showing weak knockdown of Axl (e.g., using
shAxI-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, shAxI-2)
knockdown of Axl showed progressively stronger reduction in invasion. This reduction in

invasiveness is not due to a reduction in proliferation (data not shown).

IN VIVvO TARGET VALIDATION BY EPI-ALLELIC ANALYSIS: IN VIVO
BIOLUMINESCENT IMAGE ANALYSIS OF SUBCUTANEOUS 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 cells, an
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| ateral spread of the tunor inplant. Data was normalized to growth of

MB- MDA-23 1 cells expressing the ineffective Axl-targeting shRNA-18, which
does not wolwdas248B- MDA-23 1 cell growth in vivo and i sPpcmdaisseosnuywsshabl e
fromwi ld type MB-MDA-23 1 cells. As shown in FIG 38, MB-MDA-23 1

epi - al | elhgor@at stes & heValidativn thevap@iticlirdets fot vanctifrédighent. 2EhedefB-MDA RS 1i S
correlated with Axl expression. Tunor formatign (total photon neasurenent)

i s dose eripdletienell €¢110&W3!§8fan§@t§eéél‘ﬁﬁl2)ﬁre\ﬂYtlHCIf‘iiﬁ%?rgeﬂé\V‘étF%‘f?éﬁ?nséruﬁbq(%ﬁn ng a
Mool " RTAPLRABALE HRIAGE Y it 16 REH G LIURRERCLARE libw ENhEaRR0s

FRvastVeness nor - ar ea o) s a geneti c “dose
dependenﬁ@emﬂnAX luoeﬁeﬁheBsolomu(dEbéﬁce?»Bdetbmd omnd @mmalf')ed i b eptikt] amager.
dermonstrates that MB-MDA-23 1 cell growth in vivo is dependent on the
expressi @383f Ax| and rhilldin @M o8 kdd MB-BMAYSI $pbilléliecetiUiieanére iimpiintddon
can be used to define beneficial therapeutlc EXFFESSIOH t hreshol ds for

put at i vesubleataapeusly intq blﬁ&ysngmwr@i@ Idz8al .- (Mwdplrcples frdhe eceplee, we
N o , SHITE,
Che i nvagrgutdRhese Sl fETRbORrUS, Canth ES oA Kb BBl S 1

cel I 1'i ngnplMidéd MB-A3DA- 23.lserrigallbh6célouﬁé wﬁEhfmdSreﬁo’Vee(kqnbj‘z l‘ruv?zvd) on, screening
and identjfication of active RNA trigger nol cuI es, sever shRNA

ol ccul 6BioNETgeioqaHITAEF GaIYFa 10k DbYORK PR JEGTHE OREduSPb g
differ emfullngy grlgﬁ TE -Fgéézﬁteé)?he ARBIARRY ﬁlfé@ﬁde%?f’thé RRNGSRALE BLd R relg?e'@le%' ¢ dose

response” est a corre atlon etween Axl expression and nal i gnancy
of MDA- I\/Bte281 shreaell dfshe fanamimplae Dewubdssormalizedgo grew it (fldMBRAD AR2B 1 cells
expressi on es t e .abi | of b a ma ceII de d
o opt t FESEITBAAT G eE PP OF et B A A Wash dray e abVEaRL "
et ast aspq} orbNS in 106 aR®INAGSL QfabﬁeﬁjorhW1 E)&E/PMJMDAAMI adl1s2 AHNhAUR

target for cancer t herapeuti c devel opnent. LE 6 Creating an
Epi - al | eln EIG&S, MBtMwanmlfﬂhlﬁbc Sﬂmldwmmgmoé@a@m acrive deng Hd8®egept or

Tyro Ki. Ak Thi b
eni <2l | oPrOGE Epaetus R Al Pl BN P SRR A PR el &7
seri ne/ t BsRAURPBIHPETIC. 138, HPYP2aE, ith AirorsdeyBidbinRgt Pisplaging aAkstinconcogene
(al so known aq,\&épt ein kinase B). [0386] A library of shRNA nol ecul es

t ar %Et i nghregheld@efined by thediied- HsdeiermnpedAy! expresgigmdreclo Ragipd isfagivengsy wi t h
an Akt C(E,Hr}lfl%bé gl[e?ﬁglls:é( g'l?rt%rste zbgen\éﬁgf_lgge & erlcB oﬁ%&lte'xglg:sélgn F rj@ gbﬁ&ﬁ vect or

L267 des agged harrpin | oops re al'so cl éne
panel). This data demonstrates that MB-MDA-231 cell growth in vivo is dependent on the

expression of AxI 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 levels. This Ax] hypomorphic
series, representing a “genetic dose response” established a correlation between Axl
expression and malignancy of MDA-MB-231 cells. From these results it is postulated that

Axl expression improves the ability of breast carcinoma cells to invade and co-opt the
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into two alternative internmediate vectors with slightly different

nodi fications to the U6 pronpter sequence and cloning sites conpared to
t hose i n wWP@G09/0BMB8e were L266 which has an Afel site i mstramsdoosfoi4odz Nael
site, and L308 which uses a PshAl site instead of the Nael site, and

i nt r oducggrahdafitivbpertivt stromaahd ueaydlay Aeirhuitht Ale dDmes@eIRAITAgS,ithe t he
initiation of transcription. Hairpin loops in all three internedi ate

vect or s wethwds deseribad hersrestablish QXF@)S 3 pERU el fencanperdherapentiy dryglopmgnt. nay
|l i brary of candi date shRNA nol ecul es targeting Aktl . This shRNA library
vector is shown schematically in FIG 36. [0387] Over one thousand col oni es
fromthe retroviral vector library nggﬁanced. Appr oxi matel y 60%

carri ed i ndarentingianiEpitadletix Secies df HypomionpkicshBNA doleculgeDiregtetktolthe [ 0388]
A reporter vector for Aktl wdedeptudiDyadsing Kinasd Altt he Aktl cDNA into

vector L FI G in a. mgnner sjimlar to that descr.ibed in Exanple 3.
Thi's. rep&)qgﬂxéi vect quéxagmaﬁesbc(gﬁgwigga?rp O?ﬂpﬂ@k@glc‘?ﬂées.r porter vector
was intrg thsﬁRN&&o@‘&hle%3dix%l@t‘é_§%@t&%ﬁﬂé’ﬁn_&&}ﬂﬁ@-éﬁﬁ&iﬁ@ﬁﬂéﬂ|kﬁfa|sé' vel |
suited to FACS sorting. Selection with hygronycin yielded an Akt reporter

cel | |i neigodling poteteAktl enmoggnan@lsofaoniatds prefpivrkieaseBet or construct. [0389]
I n four independent experinents run in parallel, a |large nunber of Aktl
reporter [0386] s wer & litvapcofdhRMA maletulasvargesng Akpwias dorstronteBlas elascribed fin s

t f d with the Akt-t ' trqui r.al ' .. The..cel |
were.t 1 SEREAPE: bUbTaRE Ry kS fan b SRR R s bR 2 5o
car ryi ngiAdniay &5t J64CHest ARWGh HRERIE 2lta 1B TobpFet s EMed

Itai
construct were then sorted on a FACSAria. Cells which both expressed RFP
(and t heingd twe albernatyvesintegmliateceaatars with)slightdy didterénsmadiHicasiops ¢asthicd/d

10" or  10BIRTY TS SRR LHCS e CRRPHEAT s L AbEl TRSeFEr28bgHRan S

ver e recayeALA fdd¥itPH3tead o thy NAS skte | AL I0BCOHiPIP L eds@dPsh Alayie gt dBEE thé\
di fferent barcode was used for each pool of 10 or 100 sequences so that the

sequenceNot! g indorogresy pataddisional G agsadie atheclocing cqrepsponding iXBee al so
which in e I ' r o i from
(0301)  PREPGRE RS eleh, MR ISBEI o] pREAREheclS oeft ety |
exper i neideativallyetoidsl7ed imAdample) 2wtpeddice anfiiss libery op eamalidaed sidd§Aenci ng on a
454 i el di 1 . Th
t ﬁenpg ;g%emque?qgggr;ga : eﬁgi}?sﬂmqvﬂgRer NR’I%ggrySV%gt%? ?scs %wn SC grﬁat?c% I;Ielg %?& %.r ©
[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 L101 (FIG. 22) in a manner similar to that described in Example 3. This reporter
vector is shown schematically in FIG. 36. The reporter vector was introduced into HL60
cells, chosen because they are particularly well suited to FACS sorting. Selection with
hygromycin yielded an Akt reporter cell line of HL60 cells carrying the Aktl reporter

vector construct.

[0389] In four independent experiments run in parallel, a large number of Aktl
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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that were present in at |east one pool fromeach of at |east three of the
four independent parallel experinents. These shRNAs were consi dered as
primary hWo0098t488 screen for shRNAs targeting Aktl. TireTAISRNS/OMOBECUI €S
that were not consistently selected in nmultiple independent parallel

experi ne[yzgoper e aR%g&%} defls E£PYiRS B8R ShRNACNsfradtSeerp Bfentsovted oad not
processed further. [0392] One of skill in the art will recognize that

vari ous FACSATEL Leallsavhieh hotiexpressedREP (anditherefose carguan shRINA qopstrpdyand

descri be reilp,can be used. in the [ i j f :

pr esent Fﬁ@m ¢§R SXpesy ﬁB?‘C?tﬁ?%shuc?g%S%ﬁﬁéfflg{l{%fg%n@gﬂ ?ggg’ﬁgfgqﬁr?ﬁs?% T8 t he
parti cul géolgBf &0 bal 60 . Mk RARNACEdseddteb evihimeachipdol bf 1Goi MdEeelBdvdrbat
simlar and equival ent materials and net hods not reci tg& herein agre al so

Wit hin t reeoseredby BCR withipriveass thehincpipoosed garcads Re. PoddEErm $arded@on has
been desgrl | i f i hiag, it
w il be Srdasr ek AT APhElpo clhpRl BBGPUR L RAEL bYRBPCRPRIGLERIAS,

t hat var tevesl wiamges! (and fhereforrudsaiehizhlindependeat padHehaxphomen¢paPCRng from
the true scope of the invention. For exanple, all the techni ques and

appar at uBrogBe VA lsdivaB P8 can be used in various conbinations. All
publications, patents, patent applications, and/or other dolﬁéirrents cited in

this appl0393ti on aPER predrgsfrenedl! ty nosisafadhe indepengent paiplilexpenmenty) |
t = e CTi ot 1
Bg{ ggf 62\6\%1%' é&?ef%suﬁﬁe%?eﬁ to fivas 1@8123)81&1116? 9&%&@&% 89 ldplgﬁgasrf'és%ﬂue at ent

ation, and/or other ment I Vi y I'ndicated to be
i ncor por giekiin@yverd0godequénees. alhespyepraes. vilrdtids sAbinddSoGleitNEShREAs1. A

nmet hod for produci ng. at | east hai r pi I i Si I
nd 5. suLet HATH BIFISHCHORIFT obs RORIEbra it Of gl 3 loiTs 6 1a§ Fpapetisy
conpri si g&aﬁeﬁ&p%ﬁe%r fm%%hmiﬁweﬂeec@hm@reé 85 bMAR Rf’{&mnatﬂe gE, Ryl ecul e

that is target for at least one small interfering RNA (si RNA) nol ecule or
a candi dsRNA Rixgeting Aktll ghetshBNAemobatules tipt wsregot qoayisisnty seleetgd in ) a

doubl e- st randed correspondi ng to the NnRNA,or_a_portion of..the nRNA:
and ii) H’t“;fltll %ér{d%g#@eﬂémrﬁﬁﬁ-e%gb‘g@ts mefeg%?ﬁﬁrgf‘%got fegéé%%tr‘rrﬁ?@%rfl %%IE%S?S@}% and
a subst apid bt proctasddl rthér anded stem the stem conprising a first

endonucl ease recognition site that is recognized by a first endonucl ease

*® % *
[0392] One of skill 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 is intended that similar and equivalent

materials and methods not recited herein 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 described 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 entirety for
all 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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characterized by a cleavage site at |east 22 base pairs distant fromthe
recognition site; (b) fragnmenting said cDNA to produce at | east one cDNA
fragnent WO 20@A824882 base pairs in |length, said fragnenPCraspensoi4og7 first
and second termini; (c) enzymatically ligating: (i) the first

hai r pi n- adapter oligonucleotide to the first or second term nus of the cDNA
fragment, or (ii) hairpin adapter ol iigmrMmReoti des to both the first and
second term ni of the cDNA fragment, to forman internedi ate DNA nol ecul e;
and (d) emaxmakiCeAIMES gesting said internmedi ate DNA nol ecule with said
first endonucl ease, thereby producing at | east one hairpin DNA nol ecul e
conprisifng a  KBHe@TEF hrodidnght le@dDe %Ri_r%ﬁqjﬁﬁtmgﬁglﬂé%swﬁls{ng al1bap and a
correspond to a small interfering RNA (SiRNA) that is specific for a target
MRNA. 2. stistantistiy doutde-strhedad stemysaid daublesstrandad steaneampriting b Rnblpgirapdad

nmol ecul e_oy candi dat e. Si hai rRQi | ecu IS a ral ity of si

hai rpin %{yggafzgté&()cierlggﬂ%?rén%ﬂ%%ﬁuﬁ%{hﬁt W@Itgrcg%k g(g 'at !f’.agtl‘?'unee Sﬁﬁeatl od of
claim 1, imb@éfig RNA @iRNA) fR%cul6r StaititiafdiRNW RoRRGRISE meth&Nedmpiisigger
nol ecul e that has specific inhibitory activity towards said nRNA. 4. The
met hod of cl ail@hpProvigingi ein sai d at | east one si RNA nolecule is a plurality

of si RNA nol eCuISs tah%oﬁxob;?e?gﬁ’ﬂl%eg cBlI\HﬁE g&]tr%%g?%g%hgt i fa& S%T&lzlrﬁﬁfflo?ﬁlet hat

each have specific in ory activi e plurality
of RNAI trigger nol aaRNeg apdoduced by the nmethod of claim4. 6. The nethod
of claim2, wherein said plurality of si RNA candjdate hairpjn nolecul es

conprises a |i bridyy asfeast enghairpiprpdapter W&PP%‘?%?PWJ&I OEprsNg ‘gi.ooi?ﬁ@dﬁet hod of

claim1, wherein sai 187 1 e%f HRAER oRbrisinel ) is at | east
50 base pairs in | en%?ﬁ?“%% QT(ﬁ;eu%?réqegﬁiég 0 ecI’ aim1, \?\hgpei % sai d
doubl e- st randed cDNAenftloagptesse redogsitiop s{tb that s mtogrezastbyld Grdh@asdomalease i n
| ength. 9. The nmethod of claim1, wherei.n the first hairpin-adapter
ol i gonucl eot i des of cg’?@ﬁte(”@)efl g]?')a clgayags ag:taézea[s{)i%ﬁqs'q Haf‘fé%ﬁtq’rg?mg'hﬁlesecond
termni, and wherei netdmigiizyipmti cal ly

(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
(ii) 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 a target mRNA.

2. The method of claim 1, wherein said at least one siRNA hairpin molecule or
candidate siRNA hairpin molecule is a plurality of siRNA hairpin molecules or candidate

siRNA hairpin molecules.

3. The method of claim 1, wherein said at least one siRNA molecule encodes an RNA1
trigger molecule that has specific inhibitory activity towards said mRNA.
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digesting step (d) produces two hairpin DNA nol ecul es. 10. The nethod of
claim1, wherein said first hairpin-adapter oligonucleotide of step (a)(ii)
| acks a Sweotesmsas8 phosphate. 11. The met hod of clai m PCTaisesosiomosai d
first hairpin-adapter oligonucleotide conprises term nal nucleotide
sequenceg, Whermgkeindhsd JBEain? TPWhatGbald 18R ¥RBSRNEA Inblddulidis @dliraliff of

hai r pi n-adapt er ol i gonucl eotides generates a de novo restriction enzyne
recogni t sddN4&inaecules that egicode apluralimitof BNAiltpiggataoleenlhs thap pachy havenspecific

wherein the first .endonuclease | el ected from EcP151, MrBC, EcoPl and
Pst1l. 13 lhl’lﬁ%ryr?ﬁ?ﬂ%%&ar%ﬁ Si‘i“ﬁ{nl@v‘sher ein said enzymatical |y digesting step

(d) produces hai r pj.n nmol ecul e conpri si stem c ri.sj ng at | east
25 nucl ecti de ﬁa&iurgkﬁyr@@‘éf\f FEECF QIFCU&E 8T 1by jhe “i*ﬁ‘g‘garé’fﬁi&ﬂ%éf claimi,
wherein said enzymatically digesting step aiid) Pr,oduces a_ hajrpi.n DNA

mol ecul e Sconpribsimihed ok dame drphsrempigidpluradisg ot SRNAY eanidate)Baigia englegyles

derived sal o - . J , Wherein said
enzymat i %g%§%iagé@%fjsmgk%g)gﬁsgggﬁ@ﬁe%ﬁllg?dﬁgjler}'pi n DNA nol ecul e conpri si ng

a stem cgnpri sin . 35 nucleot i S [y i Q. CDNA.
T The ot hod tarndthed §fGkiny P IREHRGHI4 GRS R-BRA FPRA béEReh AatRL
hai r pi n BNRastB0ease paivd inNempetNA pol ynerase, thereby producing a bl unt-ended
hai rpin DNA nol ecule. 17. The method of claim 1, the nethod further

conpri si 8g tr gabink@hd6f A&t PI Whddbih ARI @bl EstndBd @DWfrﬁQﬁ%ﬂhﬁts@eﬁﬁ(b%is

t her eby produci ng a dephosphoryl ated hairpin DNA nol ecul e | acking a 5

t er mi nal abh@&tplIQQt%@se padrs imhengtilet hod of claim 17, wherein said nmethod further
conprises: (e) providing a linearized vector adaptor and enzymatically

| i gati ng9 he hetnmthatiaftlaim dnsherbia the s dpinpinyddapeed ohgomysieotidbirondérecul e

t duce a fusi | ei i d | d a single-strand
ni ok bet WOER s e o o dfi AEt Snd b RePhicy Whkegt e RBRRRElA D
ol ecul e didebtind&tey [ Hipr8diies twaRshrsth BN AGhdlecd®¥A pol ynerase and initiating
si ngl e-strand pol yneri zation of the hairpin DNA noiety by the DNA

pol ymer agg, at 1aénhdfofllainl'®, WhéteinGard fiRPthifif%dapBESIHMUERBRYE Hi§R d
| oop secondary structure; and
(a)(i1) lacks a 5'-terminal phosphate.

11. The method of claim 1, wherein said first hairpin-adapter oligonucleotide comprises
terminal nucleotide sequences wherein a dimer comprising two enzymatically ligated first
hairpin-adapter oligonucleotides generates a de novo restriction enzyme recognition site at

the site of ligation.

12. The method of claim 1, wherein the first endonuclease is selected from EcoP15],
McrBC, EcoP1 and Pstll.

13.  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.

14. The method of claim 1, wherein said enzymatically digesting step (d) produces a
hairpin DNA molecule comprising a stem comprising at least 30 nucleotide base pairs

derived from said cDNA.
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(g) enzymatically self-ligating the fusion nucleic acid, thereby producing
a circularized vector conprising an shRNA tenplate. 19. The nethod of claim
1, wher eiwo0@mst488 generates a ligation reaction m xturer/ush@smetodnd
further conprising treating the ligation reaction m xture with at |east one

exonucl egse Prhendidd JIRIAREY, Wier&iflshid e@lkﬁlﬁﬁﬁéaﬂg cﬁé&ﬂn%@ﬁeﬁ (@Pprodhesret hod
S

of claim 19, wherein the exonucl ease is selected from cherichia coli

Exonucl ebaiepin DMWA niolesudmoahpragieg a 8tem quepisedidideast 38 narleptide baseipeirth sai d
met hod fyrther. conpr.i . (e) providing (i) an first enzymatically
AeriysEi R SagieDA,

ext endab doubl e-stranded |inear pol ynucl eoti de ol i goner
adaptor conprising a first nuc]eotid equence conpl enentary .or. ially
conpl eneh 'ary|Tf"‘6Wq‘@df?gﬁi%‘%¥’it{¥iem?th£ﬁﬁ?ﬁ ric)‘m?r@’tnlgé}:ﬁi‘p&%}b‘? %’f’d{% o
pol yner aggyechfe wﬁﬁlﬁme'pgﬂ{ﬂlé{‘aié, %ﬁ‘éﬂl}%ﬁ)ﬁ\ﬂ:iﬁﬁ b SRAREn@RPIRQin BINA hitgedn@d. r pi N

DNA nol ecule to pro usi on nucleic acid;(g) annealing the first

A mi ecil’e to p fusi or . aling the first =
Phe st rand- o S5 isPibd URIFRG) J6L MR R TR B R e M O ™

t enpl at emodertle(Wikh & DA phosphatdse thereby pRidacingrplephesphotydatad herpiorDNA2. The
met hod of ‘f' a'im 21, wherein E&d t hod conprises providing a second
enzymat i BRIpledrelapganl wrpmehhosgittferent fromthe first primer, and where
t he doubl estranded |inear pol ynucl eoti de ol icgomar adapt or conprises a

second ndi3! eofhemethag firddimebhpyhersin saidyneshodyBrrthereepPISEHI ementary to the

second pri ner el n tik r I AR | i near
si RNA tenpl at ée)‘(’j%?&?sl? Jé% a(lgfe ,a H?%&;Q%ﬁ%ﬁd%%ﬁa&g%@g?ﬂﬂgﬁgﬁ tlﬂgg‘;/&%lﬁre second
pri mer taddpi@ dndsh©dephospiairglatedidipidDdidemokcilead pyodect arfdsiog nodleicsienbnd
primer by the strand-displaci ng DNA pol yperase, thereby anplifying,the

i near sFW‘%‘E&_ﬁISm.OOPS%n_%W%FHHgf %‘FEEF%NGH? e Vockes yiapband Pecher
conpri si %@&%&M%@&MA%@W mol ecul e with a DNA phosphat ase,

t her eby producing a osphorylat éd hairpin DNA mol ecul e | acking a 5'
term nal phos pfareviging arstiaod-sispiacirfg DNAdpolymenspard inittatingemgle-sirarnd at | east

one hairpi h adapter i gonucl i de, the,ol{gonucleotid onprisSin | oop
and a suBebuERier ot BREE A aGevt e LhPR RO R OGR! o1the Hndle
strand nick, thereby removing said loop secondary structure; and
(g) enzymatically self-ligating the fusion nucleic acid, thereby producing a

circularized vector comprising an shRNA template.

19. The method of claim 1, wherein step (c) 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 coli

Exonuclease I and A exonuclease.

21.  The method of claim 1, wherein said method further comprises:

(e) providing (i) an first enzymatically extendable primer, (ii) a double-stranded
linear polynucleotide oligomer adaptor comprising a first nucleotide sequence
complementary or partially complementary to 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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conprising a first endonucl ease recognition site that is recognized by a
first endonucl ease characterized by a cleavage activity at | east 22 base
pai rs di swarboYasersst he recognition site. 25. The conposiPCirars2a/ocioai m 24,
wherein the at | east one hairpin adapter oligonucleotide is enzymatically

ligated to at (%)%ﬁéalﬁ@&hé'ﬂ%|p€hr$etrrt@ﬂiiﬁdsil@@huél€ﬁ|a%QI arfieerynlatiasily ddehthine
pairs in length derived froman nRNA nolecule that is a targiﬁté for.a small

i nt er f er thegprimgx fyshersmndrdisplecing N A pobuneiptatheraiyaNedvwping a dingar 9BNATHe
conposi tite?l{;b@%' Eﬁ{dali m 25, wherein said at | east one doubl e-stranded

pol ynucl eot'i de’ at” | east 22 base pairs in |length encodes an RNAI trigger
mol ecul e t hat (Inadorsing dieflirat SIRINA tediplat@dhitora vegtorowar ds sai d nRNA. 27. The
conposition of claim25, wherein said at | east one doubl e-stranded

pol ynucl ept i deThaimdieRBéf AAnPAE SyvHeéih SaidmétBEWESMpased ppdbwdikialcoid

doubl e-stranded pol ynucl eoti des that each encodes an RNAI trigger nolecule
t hat hasecepaedtichidy extandableopymerdifferany froowhe disstaairaernfdavhere thhdowderposi ti on
of claim24 rein.the fi.rst..endonugcl i el |..and
Vor e o8renig MR BRI okiE by B b 62 S Fpbilat REbAEnl MRS Rhditee

ol i gonuckeapletntany bhpirtie P pPémpRMmeatasE Othe sedveid puithe pserefcthgmdthed site
that is recogni zed by a second endonucl ease that is different than the

f idr st en8BHEE P@aﬁésesmplifhi@gé%bw ﬁiw&?mﬁlﬁtﬁi%s?@, (2htths MRIEGARY hai rpin
adapt er mgérlﬂ,gﬁél\ﬁ% Llﬁ[?éaﬁlqgltlﬁglér}%ém& folte ﬁ%&ﬂrﬂhﬁ?ﬁﬁ@ i@'ang jenzﬁh?ci&dﬁggos' tion

of clai rein s n- adapt er I gonucl eoti de conpris

t er m nal extandiegthekecsehprmertsy thieatrand-dspticingr DN Angolymerage tthereby amptifyicgal | y
| i gat ed hai .t pi n-, ter oligonucleotides generates a de novo restriction
enzyme r d{:}%?’f?l feplafe- the site of ligation. 32. The conposition of

claim 24, wherein said hairpin-adapter oligonucleotide conprises at_|east
one |ac &per ailBe medhastefi dlsiph? bithemethod dyrthes somprising raabiag theghpigin ONG m 24,
wher ei n [ [l ' j f nt er
pol ypept LN DA o SihaPisk HABIE) Bl e RSP BRAREE afip IR
speci f i cmobdvube lackivig acst tevminal phosphateldéior ta sty é). nol ecul e for a

pol ynucl eotide target, the nethod conprising: (a) providing a cell
conprising: A composition comprising at least one hairpin adapter oligonucleotide, the

oligonucleotide comprising a loop and a substantially 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 composition 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 mRNA 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 RNAI trigger molecule that has

specific inhibitory activity towards said mRNA.

27.  The composition of claim 25, wherein said at least one double-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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i) a reporter construct conprising a reporter transcription unit, the
reporter transcription unit conprising (A a translatable reporter gene
pol ynucl ewOi2d@/8a38di ng a reporter polypeptide, and (B) paTrusaisan®Bat abl e
target polynucleotide or a portion thereof, the target pol ynucleotide

posi tioned. 3' The chhPosiBPRbF Elairl @ASwWRELMNHE e ehdeiuciade isistledtedefdar
encodi ng an RNAIi trigger nolecule; (b) culturing said first cell under

condi t i ofsoR idandMerBC. expr essi on of the reporter transcription unit and
the RNAI trigger nolecule; (c) detecting a signal associated with the cell,
sai d si gdfl cdheesmpositingof dasm Réysaid hdirpax pdapteri ddigooficledteder faptbet eamprises

pol ypeptide in the cell; and .(d or.relating.t detected signal wth

Dpentt | cahiandindrycliest sPgnitiph s Hakus Ter fhizsaborireatd e Bhee hillge.
poynucl egiffédént thdifihe Bitsttefabmitleak@r the presence or absence the specific
inhibitory activity of the RNAI trigger nolecule for the polynucleotide

target.3 Th : L , i : L is (i)
an s, 01 1) L EpiROn OF Bl B wHRRAT hatpid FART ROKRIRIERIAS 47 )
36. The Aktehothabphasphatm 34, wherein the RNAI trigger nolecule is selected
froma doubl e-stranded RNA, a short hairpin RNA (shRNA), a mcro RNA

(m RNA) , 3a shmhRS¥smpositian sfrelalm 2Af whérein sagl klipig-addgué)oligdhuclébdaret hod of
claim 34, wherein the reporter gene pal ynucl eoti de encodes a fusion

repor t er SPBPYsseiRBal mygleotide ssAERSE VHICTEN i NSUCOPIiTIRG VY FRZYSGRI%r gene
pol ynucl I £ 1Lt > : 1 f o g2 0Sal : Qﬂ?ﬁ&{ide
is a fus?g%]ﬂegg?‘%‘@ﬁ%?@%%gﬁ‘???ﬁg%@%%ﬁ ar’mti %%tg.Cﬁ%éeHZtr}rgehrggé of claim
34, wher sitqatdbe extd¢ oflggationpr i ses detecting with single-cell resolution. 40.
The nethod of claim 34, wherein the reporter transcription unit is operably
| i nked t@2a t maBs6mppsition optlaimPey whektin shitchdimiadamér digonoeiddtidevher ei n t he
reporter gene encodes a fluorescent reporter pol ypeptide. 42. The net hod of
cl ai m 34 COMAESSiaY lqapionedBeo pPPaatog Esroerten dEe (13P)-uor escent reporter

pol ypepti de sel ected froma green fluorescent protein, a red fluorescent
pr ot ei n, 33. yelThggomposition 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 molecule for a polynucleotide target, the method comprising:

(a) providing a cell comprising:

i)  areporter construct comprising a reporter transcription unit, the reporter
transcription unit comprising (A) a translatable reporter gene
polynucleotide 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

ii)  avector encoding an RNAL1 trigger molecule;

(b) culturing said first cell under conditions that permit expression of the reporter
transcription unit and the RNAI trigger molecule;

(c) detecting a signal associated with the cell, said signal corresponding 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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fluorescent protein or a blue fluorescent protein. 43. The nethod of claim
34, wherein the reporter gene encodes a cell surface marker pol ypeptide.
44. The mwOhoa/s488] ai m 34, wherein the reporter gene eRCOABS008/0L4082 cel
surface marker polypeptide. 45. The nethod of claim 34, wherein the

reporter 3gene TRBaRARSd & d1SeR84, Weherelh @ed fapiet PalvkeEleotdde is ThanTBRNAJ (Dfa cl ai m
34, wherein the reporter gene encodes a negative selection marker sel ected

f r om t hy sPdAnenqediesthe A, o1T) apertiaprf (1491 (iPhe et hod of cl ai m 34,
wherein the reporter gene encodes a reporter polypeptide selected froma

| uci f er agé. polThpepithatbof dain b IvaeresititaBNAI 4rigger maotesds isaelestaddlome
phosphat gse .and a -radi .per oxi 48. The hod. |_ak m.34,
Cheroi n ARG IoanrHed tNEf dord i KA FENAT 2 i ER Grisdiaf eb Mg
vector, apd ad@anRVhedbriYERNA (siRN@aykar yoti c expression vector. 49. The

met hod of claim 34, wherein detecting a signal associated wth each cel
conpr i segydet ¢k 'Iﬁtg?]éd &Pcflﬁﬁf?zp,%e%ﬁnfﬂhé%b&% 8 pBRnYRbEGe ERlodesPhlsidig
(FACS). 50. The nethod of clai'm 34, wherein detecti'ng a signal associ ated
wi t h eachepoetet paypgptidees det ecting a magnetic tag by magnetic flow cell
sorting. 51. A nethod for identifying an active RNAI trigger nolecule from
a |ibrargg8of RNAmdthédeRrlaifDl4ctheean thdiepeortédgenapblynackkdbiide furthggencoded 2cul e
has specific inhibitory activity for, an NA target, the netho rising:
(a) provit&Shgnotify apd w%rwe&awpmdﬁgs 3 Qﬂ%qaimpﬂéﬁ Ce@gflémgﬁgﬁgggg,
wherein {hgsvector nenbers encode a plurality of RNAI trigger nolecul es;

ii) areporter construct conprising a reporter transcription unit
conpri si (A t r ter | ] -2ncodi ng, a
Feport or ol yidpRFLR AL SRS HercBr (RS REbE BB D
NRNA t ar ggbluyt@hynucl eotide or a portion thereof, where the target

pol ynucl eotide is positioned 31to the reporter gene polynucleotide; iii) a
pluralityoof aq@klfeth®@Rstcl1sial 34, GeEREh She @partéd tAnRENptIBRIRET ispdrably RiQKdlter

construct; o
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

polypeptide.

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.  The method of claim 34, wherein the reporter gene encodes a negative selection

marker selected from thymidine kinase (tk), HRPT and APRT.
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(b) culturing said plurality of cells under conditions that permt
expression of the reporter transcription unit and the RNA trigger

nol ecul e;wOeposdse488t i ng a signal associated with each celir/tsaoosioetopt urality
of cells, said signal corresponding to a | evel of expression of the

reporter4pol y apiieitod of ddifh 3£ Wherdih the @portétaithe kiéddds 6 @épditer palypspde
absent or reduced signal relative to an%.other cell in the plurality of

cel |'s, t brieased/fromenbucifGrasgypelpentideya tasidaggy érlapiemaseias alkkadivet he | i brary
of RNAI i [ 1l ec ] e he active RNAI trigger nolecul e has

speci fi c%%ﬁ%ﬁ%@%eoarnfeaaﬂg r?iélfatd\é/\ﬁr%e?o’%la%emm target.52. The nethod of claim
51, wherepn t t arge | |l eoti.de is (i) a (1) a. cDNA encoding
t he nRNA,gé'o_r E}sf’ i“}eﬂg(’d:)%(fc?‘f%hnggﬁvetkeéﬁm (gl?e ‘(et?&(’.r l%?ﬁecmf)ﬂ]o%m}r ?'lrcld‘_’eegfqrfgli ng a
pol ynucl eaitivEgl JecIm #h RleHbdkdltvictol, Laikdiydat expraEgen veérbynucl eotides that is
specifically targeted by an RNAi trigger nol ecule, said polynucl eotide

sel ect edadr omyge bhidc o c@iinf?‘}ﬁf] HHialie dEREGES a FghYINKEIGaEtd Ued eabRBelTet hod
g: 1) an RNA

conprising: (a) providing: trigger nolecule; ii) a reporter
const r uctomptseardgtecong flusiengenae py fluatestenco hctieypast ¢edk socioms (FALS). nenber s,
each menber conprising a reporter transcription unit conprising (A a
transl at a0l e Tapaidtisnd efatenmpdd, wheedin deiedingemn sigdalrgsariategp ositheracipotly pept i de,
and (B) a nontransl atabl e candi date target pol ynucl eoti de, wherein the
candi dat EOMBHsdelsshys a &1agpetigese by ‘B‘l‘%ﬁeg?gﬁé’oc 'SOfYN& he reporter gene

pol ynucl eoti de, wherein the reporter construct |library conprises a_ . .
pluralitylof Aomethedder ientifyingam astive ROBAI tHeger melesulg Tromy, a dibrary of RNA | s
each cel | . b Sl ' ' . s ;

Torary FARLRolRytd, Gl addvE HAOK; BRFFMbRoMRhal shERRE HBIIERASLINEL | |
permt efpraaSARNA fafget, ke mefdte@inprisapscri ption unit; (c) detecting a
signal associated with each cell in the plurality of cells, said signal
corr espondi ng@@ravif@gel of expression of the reporter polypeptide in the
cell; and (d) identifying cells that show absent or reduced, signal relative

to any other cell) irtiNaryfomesisinga pluralfy PgYeCtt‘P{e‘P%‘BWIFd%h?WW%de%for
pol ynucl eotide that j5,606¢hidded! diiralifly SORRA i BYedePfrolecules;

ii)  areporter construct comprising a reporter transcription unit comprising (A)
a translatable reporter gene polynucleotide encoding a reporter
polypeptide, and (B) a nontranslatable cDNA corresponding to an mRNA
target polynucleotide or a portion thereof, where the target polynucleotide
is positioned 3' to the reporter gene polynucleotide;
iii)  a plurality of cells, each cell comprising 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 RNAI trigger molecule;
(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 an active RNAI trigger molecule from the library
of RNAI trigger molecules, where the active RNALI trigger molecule has specific inhibitory
activity for the mRNA target.
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RNAI trigger nolecule. 54. The nethod of claim53, wherein said providing
an RNAI trigger nolecule conprises providing a vector encoding said RNA
trigger rebeoes824885. The net hod of clai m53, wherein tRreTiEE2@S1014037

pol ynucl eotide is (i) an nRNA, (ii) a cDNA encoding the nRNA, or (iii) a
portion &2 (arhemetind ofaaim?S I wheesh theotargeo pplyhedlagtide i8 (if he intRISAL, di)encodi ng
an RNA interference trigger nolecule, the nucleic acid conprising a

pol ynucl @N%@@é%éh%@g&ﬁe@t@@ FpYHPRE@Pr (B 1-30, and active variants

t her eof .
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
comprising:

(a) providing:

1)  an RNAI trigger molecule;
i1)  areporter construct library 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;
iii)  a plurality of cells, each cell comprising an RNAI trigger molecule and a
reporter construct library member;
(b) culturing said plurality of cells under conditions that permit expression of the
reporter transcription 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
cDNA 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 polynucleotide sequence selected from SEQ ID

NO: 1-30, and active variants thereof.
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