
WO 2015/126927 PCT/US2015/016354 
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INTRODUCTION 
Ctmrcsit geoe thempy approaches based »po» targeted pNA. eoefoeeleasesj s»eh m ainc 

finger nucleases (ZFNs) ami irammptloa actmtordifc® eflfecror nucleases fTALSMs}, are htsed 
upon custom built DMA binding doraatas. These technologies are unwieldy, drifkolt to execute, 
Mid. are -only capable ofsisgte target site cleavage. To target ffieltiple DMA targets 
simultaneously* bacteria! type II CRISFR/Cas9»based KNA^pMed DMA eodosadeases (ROMs) 
eao: be employed. These .RON'S couslst ntmkn&Uy of a €&§9 endon«elea:§e loaded with & siagte 
guide RN'A. thai; is folly compfetieMstry to the desired DNA tsrgft sequence, la contrast to ether 
targeted «eke«s itsiog custom ettgiieered PNA blndmg domaw designed to wpt a wipe 
seqpeacg, Cis9 proteir&s can W retargeted simply fey oxp^ssiou of a distinct: guide EMA. 
H'owev«r, the: Streptococcus pyogenes Css9 ROM (SPC&&9) greatly cseeeis the packaging limit 
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ef-AJkh for \im$ {AAYMMmd vectors., which » coweotly tie preferred 
gene delivery vectors let nt viva purposes. llius smaller Os$9 protein aeecNl to be developed. 

Although gene therapy wlife ZFMs has progressed through c-tkte&t trials in several eases,, 
they are only capable of targeting a siugle tens md are knowa to liave low specificity. The 

5 eontposlfeM of the preseiK 4stee!o»e solve fits problem by providing multiplex tarptlf&g to 
greatly extend. edkiog eifcieney beyond what m possible- tssiog ZFNs to permit not only 
disitaptioo but al» fell geoe ^gletk>n. fe the context of vteMiafeeted target cells, gene -deletion 
could also be osetl lbs; reoiov&l of a viral s'tceptor or essential oj>-f&€tors Fe&ctering those Ceife 
refractory to kfetiaa. There are BMe w tissues that sirs difficult to tr&rtsiloce where AAV Is 

18 tie sole capable option, ft Is m these times where CRI.SFR/C^9/AAV will open up mm gene 
therapy potentkltk$ as an antiviral treatmettt option, 

SUMMARY 
€RJ$SW€&$ systems mediate bacterial. adaptive immune re^pouses that evolved to 

protect fcactem fern bacteriophage att<$ other horizontally trammeled geoe& elements. Severn! 
15 CRISPRCas systems exist. hits the simplest variant, referred to as Type II, has a skgfe elisor 

DMA endoouelease, called €a$9, which is glided to Its viral DNA target by two small KNAs, the 
•erENA and the traerRNA, Initial dYorts to adapt the CRJ$PR/€M system fbr PNA editing m 
.omormalista cells, which fbcused <m the Cas§ pixsaek ftmt Smpkmxxms pvogems (Spy). 
denMostfated. that Spy Cast eart be directed to DMA targets its oMomalian cells by 

20 tracrRNA:erRMA fesloa tr&iscripts- called single guide RMAs (sgRMA),. Upon Moiling, €as9 
induces DNA cleavage tesdkgto i»«t«ie»csis as a result of error prooe no«»%om:otose«s eoi 
joking (MMEJi This system cm be used to target. DMA viruses lbs: cleavage aod eventual 
eiiouoatloo of the \im& feat cells ss showo auddeserlbed herein. 

Compositions for iEactivaioo of viral replioatjon, treating viral Infection mi treating 
25 vim! induced cancer based on the CM SFRCas^ system and methods ©framing aod using the 

•cOTpositioos aw provided Iwreiu. The e«?sposjtiorss kelude reeonsbkarit constructs for 
generation of recomhlMM expression esssettes or vectors loehkiig viral veciors such m gene 
therapy vectors,. 'Ore constructs Include a first .promoter operahly eoMeeted to a first 
polynucleotide eoeodkg a first single gk.de RNA tod a seeoad promoter opeotbly connected to a 

SO :secood polynucleotide encoding a Cm9 polypeptide lor targeting a seqpetiee k a DMA %jirns or a 

•> 
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virus with a DMA intermediate. Tie first single guide RNA mclsdes a first portion 
co^pleMpitary to a strand of ft target secpenee of a 0NA viras arid s second portion e&paMe of 
istmciing with tie Cas9 polypeptide, Tie DMA viruses wtay be classified in a family selected 
item the group etwsfcmg oTheimdrnviridae, feetpesvmdae* papillmmviridsH? and retroviridm 

5 RecowilMJt vectors and pharmaceutical eompositiom including viral vectors $«oh as 
adera>-as#oeiatef! vims (AAV) or other viral vectors are also provides! herein. 

When tlit construct k Introduced info cells harfeonnjg the ONA vims under conditions 
tlat allow expmssk® of the first single guide RNA and the Cm® polypeptide,, the first single 
guide .UNA targets the C&sP polypeptide to the DMA vires and cleaves the target seqweaco, Use 

10 double straBdf break in the ONA viral genome remits m. a redmioti in geae espssssion of tit 
gese encoded; fey the target sepenee iM nay also result m. of viral replication md loss 
of1 the viral genome tfoin tie cells. 

la &notber aspect, .aiethads of ialiiMtkg viral replication car target sentence espressba la 
a eel! kflctesi wilt a DMA vims are provided, The methods Mode eont&ett&g the cell with the 

15 reeosiMMM vector or she constructs i:«el«cliag polyoudeotides encoding the single guide RNA 
and tie Ca$9 polypeptide in an amowi efleetive to allow delivery of the rwotmbinant vector to 
tie eel! and production of the sdsgje gsiite ENA and lie C!asP polypeptide. The single guide 
RNA and tbe Cast polypeptide mediate cleavage of the target sequence is. the cell. Hie cleavage 
of she turge* sequence vmy lesnlt m loss of the ON A ssjecnnpassing tie tep?t sespwswe, a 
.reduction in gefw expression of a gene e»eod«d by the target sequence, redaction in espfissslou 
of a« autelMed gene product or introduction of a .mutation la the target sequence, The methods 
may be used to treat a viral infection. 

I» still another aspect a recombkiaM Sttiphyfwwcux WJBS {Sa»> Cm9 polypeptide of 
SiQ 10 MO: 57 is provided md a eodoii optimised Sau Cm9 polymscleotye of SBQ I'D NO: 55, 

25 The polynucleotide may include a polynucleotide encadiug an affinity tag such as a IriAO tag. 
The polynucleotide iMy also include a poly (A) addition site and a miekar loc&lkatkm signal 
Other elements such as introns that may mhauce expression of the poiyoocleotkle may also be 
included in tbe polynucleotide, Tbe Sa» €»s:9 polypeptide may Indisle a mtelear locafaitfet* 
signal or m affinity tag- as described herein. 

30 la yet a fkrtfeer aspect, recombinant eoMtrueiiS for expression of a single guide RN A are 
provided. In tbe constructs, a first polynucleotide encoding a nwiraban or vital ?RMA is 

3 
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opeoably eooooeted to a s^eosrid polysoeieotide eooodlag tie stogie plde RNA. Ills eoMtract 
allows tor |i*e tRNA to dime! UNA Pslymemse III depesderO pmdeetioo: of a feioo RNA 
keMing tie iRNA linked to the akgk gkde SNA. with a IRNase Z cleavage site. Actios of the 
endogenous cellular tRNa$e Z eassyme cleaves ttie iEMA from the sijigie guide RNA. and allows 

5 for efideot proiocdcm ofiht single guide RNA using a very small promoter element Kits 
ioslodmg tlese eoostrecls aroafeo meksded, 

BRIEF iMmmrrum OF tm DRAWINGS 
Figure I is a set of ilgases showkg as Spy Cas91IF'V-1S-specilk sgRNA screen k 

10 which two sgEN As were designed to mgm .DMA sequences encoding tm amino simssss of the 
IIPV- IS Ed or El proteins, aod serec^d to idatity fie most effective esr&dldm Fig, IA w a 
sclematie depfeiiog. the feioa protelo-feftsed reports assay , which includes an armtjo^ermkal 
HIV-1 Rev .fragment that sets as an epitope lag, m la-fame MFV~IS derived target seqaeuce, 
md a eartjosy^efrosml eGFF opes reading frame I'ORF}, In. other assays a firefly telfemse 

15 (Ftoo) ORF was used In place ofOFR Fig. 1B is & grapl stowiog eGFP expression: data from 
293T cells eo-teoslected with ptasmkls expressing the FEACI-tagged Spy Ca$9 prosek tod 
sgRNAs specific for the MPV-i 8 IM gerae, a? a control construct. and ttesr cognate! indicator 
plasxaids, Traasfeeted sells were processed for flow cytometry at 72 hours.. Tie nurabec of OFF-
positive cells atid fe raosso fluorcsmice irsteossty (MFI) of ttee c«?Jfe is Indfcatai Average of 
tlroe iodepsodoot exprnoieiJis with SO kdlc&ted. Fig, 1€ h sknf&r to paiwi B boi using two 
HFV-18 E7-$peci& sgKNAft, Fig. 1D depicts a Western blot osbg an ffi.V-4 Rev specific 
aotkenoo. to detect .expression of tie Rev-GFF irsdicato iiisioo protein, thus deoMStrsfiog 
sgRMA etlfcacy «n.4 specificity.: 

Figure 2 Is s photograph of SURVEYOR assay slowing HFV-11116 md E7«specific Spy 
25 C&sf sgfiMAs induce imitageaesis at: the predicted cleavage silo in tie HPY-IS genome. E6 and 

B7 sgRMA and Spy €m§ expression ooastmcls were traosfetied M4 ike SURVEYOR assay 
performed. The predicted mm of the SURVEYOR cleavage product is indicated ly m arrow. 
'OHA iiwiers (fell kue) are iodioatod by base 

Figure 3 Is a set of plotogfiphs showing that KPV-1S E6- a»d ET-speclic UNA guided 
30 DMA eodooooioasea (RONs) ifidooe tootor sopprossor geo® ofypfossioo in HoLa Mils. MeL& c-eils 

were tiiosfeclod with vectors expressing Spy Cas9 tod. IIFV-lg-specifle sgRNAs, as lodtoated, 

4 
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md were processed for Westers btoi These data are reprcsemtrtve of 3 biologies! replkMes, 
Fig. 3 A. s'hpws a lys#e thst ws§ pfobed for p53 ami p2f expression, with erKfegenotss p-aetht 
•used as a loMiag eotsuro! The Cm9 protein was detected by m mtihody specific for tte Flag 
epitope tag. Fig, 3B Is similar to pisae! 3A, except this lyssie w« probed for the retiaobl&siorrus 

5 protest* (Eh), Fig, 3C shows tie sequelae of a matmi Bb expre^ioa contract dmgsed to he 
reslfiam to cleavage by Spy CM® m the presence of E&sgRMA I. (. The mtjfaiioTss are m 
type and the FAM k underfed. Fig. 30 k a set of Western bUM ^homing itm expression of the 
clwage resistant ib gene re veals imn$*«o:mpIeme.ntatsan of pS3 protein. reprmiou in the 
preseace of Spy Cm$ asct E# sgRMAI, N,S», «ei»-$pecifie, 

10 Figure 4 m a. set of flpres stiowiag that EGN-directtd mmiageasds of mhm the 16 or B1 
locus reduces cell cycle arrest In 01. Fig., 4A shows that Spy digraptat of either 
the HPVT8 E6 orl? gene results in the expected irsfeibloon of BeLa celt growth, The mtmfeer of 
OFF* cells traasfeeted wilt vectors gticodkg Spy Cas$5. a control or MPV-speclfe sgRNA and 
tie gfp gene is sltowa, Fig. 4B shows tie cell cycle analysis of HeLa cells expresskg E€ or ET 

15 speeifk ROMs using EfdO hteotporMioi arid propidiaitt iodl.de (H) staking lolfowed by f ACS 
srmlysk Results Itom four seprate biological replicates of the to»sfcctet! eCsFP-posteve IfcLa 
cell popuiafkm are shsswst Fig. 4C stews r&pr&sesl&tm? flow cySmitatsry plots for the sgliMAs 
indicated The percentage of GFF-posidvc lleta cells lo: each phase of die cell cycle was 
rp«ntitated and is Indicated, MS, aer^spedfie, 

Fkw? 5 k a set of two graphs showfeg that jmtlviraj vectors expressing Spy Cas9 and 
sgRMAs specific for the MPV-1S16 and ET gases kdace the death of cervical aasinoma cells. 
lieLa cells were itm^aeesJ with a le«tivsml vector e&ptesskg e<lFF: so cootto! for hntivkat 
toxicity (LCE) or a. kjitiviml vector expressing SpyCasf arad n isoo-specife sgRNA or B6» or B7« 
speafk sgRNAs. I« Fig;. SA, the HeLa cells were iraesdrsced with a knlivirml vector oiisltlplicsiy 

25 efm&ctioB (MOI) of -2.2, restitkg m tra»s<l»ctk)ft of-~40% of the cells la culture Cell growth 
was ihe« a^oaitered over a 10-day period, la Fig, SB, tic IlcLa eelb wer® immduced. with i 
lentivitil vector MOI of predated to >99% of the cells m eoltoti, Tfec cclls were 
ties iissayed for viability by MTT steinkg at day I D. KJ,; aea^peelie, 

Figitre 6 k a set of Western blots slowl ag that HF¥-16-specif!c B6 md E? RGNs rescue 
30 p2I aiid IIB espiressio st in tic Slia e«rvical catehjcfiaa eel! lias. SiMa. eel Is were traasls«ted w ith 

m Spy Cm9 expnssioit vee» aad the fiPV-ld speeiie sgRNA COSBOTOIS indited and 

5 
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processed Cor Western Mot I» Fig.. #A, the lysate was probed for the Flag-uggad €m§ prntek, 
lie p53 effector grnteio p2! ami endogeooos Fig. 6B is similar bsf was probed for Wo 
exprmim Use MS, {mn^peellle} sgRNA wsed as a control io ibis figure is E6 %RNA I;! whkts 
ts specific for the HPV4 S 16 gene Inst is not predicted to reeogoixe tte ilPV*I6 E6 gene. 

5 Figure 7 is a set of figures showing the IIB V targeting strategy and sgENA spMsatim 
To target IriBV DM A imen»ediates m infected cells, we designed sgKMAs speeiffc for the HBV 
surface (Ag), core,, and reverse transcriptase (RT) ORi% as depicted in Fig, 7A, To 
assess- efficacy, fission protesrobased indicator plasotids, which encode as ammo-tetmiaal Hi¥»l 
Res:-derived epitope m$f m in-frame ttBV-desived target, and a cMboxy-ietmkal f Loe indicator 

10 gem wete employed similar m Fig, ! A ak>m As shown in Fig, ?B, all tee sgRNA candidates 
otlfctively inhibited FLue expression torn Iter cognate reporter p tetrad in oo-to«sfected 293T 
ceils when compared to a control soa-speeiie (R.S j sgRMA, In Fig, ?€, »pr»k«i of the 
same fusion p.r»tei» was probed by Western blot using m &~Rm rabbit polyclonal mti&zmm. €o~ 
expressly of €as9 wis coiifened. using m antibody specific for the FLAG epitope tag present 

15 OE fids poiefa, When the report®* was copMe for tlM sgENA,. a marked redaction of tlse 
expression level of the felon protein target could be observed, confirming the specificity sod 
efficacy of esch sgRMA tested.. 

Fignore 8 stows suppression of HBV replication by KlW-specifie Cas^/sgRMA 
corobiooiioiss, iiBV replicstiosi was first, induced in the BepAlXSsl cells by cnltore ui the absence 

20 of tetricycIiM (Tet) for 48 Irs, Ilea, the cells were transduced with leotivlml. vectors eocodmg 
Spy €&s?>/sgHKA combinations specific for the IffiY RX, surface Ag or core OIlFs, pm>«tiycin 
elected, ami cultured is fbe eontiijaed abseoee of Tel l-iepAD38 cells were also maintained in 
Tett media as a negative control The liepAB38 cells and supernatant media were harvested and 
rota!. IIBV DMA (Fig. 8 A) and htwc ellular HBV DMA or cccDMA. (Fig, SB) quantified by 

2$ q#€R after 10 m 1.4 clays in culture, respectively, (*•) indicates the sample was below lis 
deteciloo limit (> 45 cycles). All results ofqlCJR assays ww normalized to the M.S. sgRMA. 
control cell line* Levels of HBsAg (Fig.. 8C) and HBeAg (Fig, BD) seet«tod. into £he eolinre 
media were measured by BIJSA alter 10 days in culture. Data are displayed as die tnean -k SD of 
replicates, Staiistleal analyses were perlbrmei Ming Stodeoi ¥s /-test for cooTpas'isoft between two 

30 groitps osiog IMP pre 10 software, A vttoe of P < 0,05 (*) was considered statistioaliy 
sipriicsnt, {***) represents P < 0,00L 

b 
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Figure 9 is a set of graphs slowlrsg «iviral activity of TDF, ETV, HAf 1.2, ami 3TC m 
ffepABB ceils i!epAD38 eelk tranced with leoth'ira! vector expressing various 
CssWsgRNA cousbtnatioM were tested wiih 0,1 pM 3TC or with several coneentmtkms (pM) 
of HAF 12, TOP or ETV, m indicate-cl m the y-tses. On «foy ls total levels of secreted IiBV DM A 

5 wers mots«f«d by real-time PCR, and are here shown as both log viral (Left pasd) a»d percent 
trihbilicn'J (right panel) of the level of IIBV DMA. replicatsc® §«««. t« the positive coairol AO data 
wm noumfesd to trafreaf&d eels expressing €ss9 and the MS, sgEN A, Fig, 9A., 9B? 9C sad 
9I> show rtmlu obtained rising Hep AIB8 cells tmnsduced with Imtlvectors expressing: the RS,, 
ET, mdM$ Ag m&tmv sgENAs, resp^tively., Oam am displayed as mea« k SO of replicate&, -

10 Tei indtaM» absence of Tet m. cslmr© media: TDF, teMfhvir disaproxl ftonarste; ETV, 
eotaeavir; HAP 12, capsld assembly effector 12;: 3TC, tammsdlm 

Figure 10 shows that RON cleavage resrfe m ON A episorrie elimimtiKMi fern culture. 
Fig®® 10 shows a Western blot cross-talk vxp&nmmt comparing asi KSV-IICF0 spedfic 
sgRMA to at IiBV reverse transcriptase specific igi-MA, An aats-FLAG antibody demomwes 

15 CssP expression, and the amx-ite? aoiibocty demonstrates highly specific ellmlMfiofi of the 
replkatmg ptemid reporter. 

Figure 11 Is a &et of %urs& showing that Spy sgRN As can be expressed irotrs tRNAs and 
fersehoi cordparably to 06 promoter driver* expressiM, Fig< 11A is a lehctrtMie of a glotstrhrie 
tRNA«§gRNA Imloo wliit the Indicated tRMase Z cleavage site. The UW nucleotides represent 

20 tie sgRMA targeting seq»mee, Fig. 11B h a gmp& lowing relative lydferase activity fern 
293T e«lls eo-iows feeler! with plssmkfe expresdsg S, pjwgwms (Spy) Cas9 pmtei® m4 sgRMAs 
speeilie fer the HPV-18 Ed or 27 genes or a eotrhol sgRMA, sod their cognate indicator 
pfesrnicis, $gRNA$ were expressed from either the U6 promoter or a tRNA, Fig, ! !€ shows a 
Northern blot of Spy sgRNAs from 29 JT cells tirofected with a plumi4 expressing S, pyogmm 

25 Cast protein and sgRMAs specific for the HPWf S E? gangs expressed from either IM or a tRN.4, 
Endogenous cellular U6 RNA served as a loading eoBirol The arrow indicate® the precicted 
location of the Spy sgRMAs, 

f Ignre 12 is a §«t ©f figures showing that M:ote sgRMAs CM. fee expressed from iRM As 
a«d fesction c©ffiptrthiy to U6 promoter dnvea expression. Fig. 12A is a grip! showing reladve 

SO indfease activity fhm 293T ceils co-tmB^fected with, plasrnids expressing M mmitigfckik 

7 
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(NK) ptoiek m4 sgRMAs specific for die bactelsHy derived protospaeer 9 (P9> or F2S 

DMA s«(|aence or a eoBtrol sgRMA, ted ttteir cognate iridfc&tor plMmid$. sgRNAs were 

expressed from either the 116 promote or a tRNA as indicated Fig, 128 ® a Mortem blot of 

Nme sgRNAs from 293T cells inmdecied with & pimnid expressing Mme and sgRMAs 

5 specific for F25 expressed from either 116 or a tENA as uKtieatsd .Eadogeuotis ctltolar 116 RMA 

served as a loading control. The arrow indicates fw loeaiiOT of $h& Nw sgRNAs, Fig. 12C is 

similar to Fig.- 12 A except various sgRM A guide mpwees were ns©& (P2S: pmtosposr 25, PP: 

profmpc-er % ICP4: liS¥»i infected cell proteb 4, OFF: grmi fluorescent proteirg CMP: 

gittCose-4-phospb.atase) 

10 Figure 13 Is a stt of Sptes showing' thai, vmom fENAs eats express a Smctsoaai' San 

sgRMA, Fig, 13 A slows relative todferase acti vity fcm 293T cells eo4»stected wife ptasds 

expressing & mrms (Sau} Cas9 sod sgRMAs speeifk for IISVM ICPO or a control sgRNA, ami 

a eogoMe iadicMor pl&smuL sgRNAs were expressed Cmm vmous tRMAs, fig, !3B shows a 

Northern, blot of Sua sgENAs recovered from 2-93T cells translates! with, a plasaiM expiring 

15 Saw Css9 Md a». sgRM A specific for HSV-t ICPO trattsesifeid from a tRNA promoter. 

Endogenous MMar 1)6 RNA served as a loading eomrol. Tie arrow' iftdleares the predicied 

location of the mature sgRMA while the asterisk, mdicsates uTvpmeessed rRMA~sgB.NA fbskm 

tmisenpts. 

Figure 14 is t sei of Spires showing rep^seiiiatlv^ evidence of Sap and sgRM A 

fiiictim 293T erfis were trwsllcted with Infe&oj constructs c-on^inuig ONA targets derived 

trom ge&es ^ptftssed hf the vlrus^ IIBV (Fig. I4A), ilSVM (Fig.. I4B), IBV(Fig. !4C) or 

li PV-li (Fig. J4D). In each easts, 293? eells were irmsfeeted with an indicator FLnc- co.ostracts 

as described above, a vector expressing Saw Cas9 and a v«a«c expressing &» sgRMA speeifk for 

lie vied DMA tepst in piestim A iior^speeiiffc (N$) sgRMA served as a Jieptivs wnirol Fig. 

25 14E shows a Western blot is whkli Mo La cells were traosfected with vectors expressing Spy 

€M9 a»d a previously described HFV-1.8 B&»specdSe sgENA or with so AAV-feased vector 

expressing San Cm9 and the sgRMAis speoiftc for I1PV4S W snd Ef shown io Fig, I.4D. After 

48 hs?«rss itss s«!b w«i« larvesfed and $ma!yK«d fm ?«d«Ctbn.ofpS3 im«J p2l expression, as is 

preiictetl lo occur if the E6-specitle sgENA used Is able to elleedvely cleave the 11PV-1I E6 

30 pa®. 
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figure IS shews a Western blot demonstrating that a® intron inserted n*t# the otRMA 5' 
untranslated nggiion {5* ilTRf Really $shaae$§ Saw CM9 expression, 293T cells, were tmasfejted 
with m ssprmkjn vector eosrtafermg: the fell length San €a$9 gene, with m H»ierminal FLAG 
epitope tag, yader tie control of the CMY~IE (hCM'V immediate early) proffiotesveaharieer or a 
similar oonstruet bearing an mum from the rat pj^pmnsnliti 11 gene inserted into the 5" 
UTR< Cm9 expression wis detersnmed by Western blot at 72 h po»i-transifectio« itsing a 
monoelosml antibody specific for the FLAG epitope tag.. This revealed m --20 -fok1 higher level 
of Cas9 expression, if the iation was mclwded, A eo^ransfeeied plastrsid expressing gjtasfnone 
S-tjmslkase (GST) was used as a loading control 

Figure Id Is a sehetMti.c of the structure ofm AAV-feased vecrar examining two Foi III-
dependept promoters driving two sgR.NAs and a Pol ll-depetideBt promoter driving the 
expression of a :Cas9 protein linked to a »«clear locoimstion signal (MLS), This eoastract also 
contains two AAV inverted teimhmi imposts (II'Rs ), M Inttm in the 5f UTR region of the CasS> 
gene and a syrette poI.y(.A) addition site, Possible Foi Ill-depeadeot promotes include the 116 
nod. H I proEnoters as well: m my of the tRNA promoiMs described tek Pos-sibfe Pol 11-
dcpeodeM promoters include viral promoters {04,, tie CM Y immediate early promoter) or 
cellular promoters fog., tie E!FI$ promoter). 

Figure if is a bar graph showing the idefitifi.cati.oa of tire Sao Cast prataspseer adjacent 
.motif (FAM), Mieator constricts »ntaioi»g a wide moge of possible PAM WJIKSW were 
constructed tftd analysed, m, described 1B Figure IA with WLm m the reporter, hy aHfaiisfe^bn 
with .a San Cm9 espreaslon vector m\4 m sgRNA expression vector. This analysis yeatlfed 5 "-
NNORRt-3s (where M is any nneleotMe and R k either G or A) as the most active MM .for the 
San CHS9 protein,. 

Figure 1B |$ » set of graphs showing the rekti ve twife®*: expression of eehs Iransfated 
with a HIV* I litdfease reporter eonstrocL Cells were transfeeted with Spy Cas9 and 
m sgRMA specific &r coasemd regions of dre HiY-I tat pie (Fig. ISA) or TAE element (fig, 
1 SB), or a non-specific sgENA, us well as phismids encoding the HfV-l receptors €1)4 and 
CXCR4, 72 hours later the transacted 293T cells were: mfetel with a sfe>ek of IiIV-1 strain 
NL4~3 encoding FLuc in place of die viral nef gene and relative toeiterase expression roeasnred. 
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BETA.ILEP DESCRIPTION 
&r ioaetivafio» of vlod replication, treaflag viral kfetion «l treating 

wat induced cancers teed 0a tfee €RISPR/€as9 system are provided beteik In addition 
method of making and tedng the compositions are provided herein, CRISPR (clustered. 

5 regularly interspaced short ptdtadtomic sepeaiss) loci are fmmd in a wide latnge of bacteria sod 
few umv bee^ shown to be transcribed to: generate a family of tirgeikg EN As specific for a 
range of different DMA bacteriophage that east imfsxt that baeferksr», M tetsrmthM express a 
type II CMWR/Cm system, these phaga*darived seqneoees are tiausaihed do«g with sequences 
fern the adjaeeM eonstant region to give a CRJSPR RNA (crRNA) which forms a complex with 

10 tie mwisM tmm-aotwtitsg ari-iHA (tmerRNA), using secpence eomplemesitmry between die 
tracfRMA m4 Che invaratrt part of the «?RNA> litis hetefCHlimor ® thm bmmd by the effector 
protein of the type II CIUSPR/Cas systems, called Css9, Cast bus fee ability to directly 
tseogftbs a slnnt BNA Mqpeaee, 5t-NGQ~3i for the commonly osedi Sfmpf&eamttts gpogmm 
(Spy) Cm§ protein, called the proto$paeer adj&cem motif (FAM). The proxebi seams a target 

15 gtoosme fe tM PAM sefpeoee aisd then Minds and cperies the DMA fm Ml 5' sequester 
co?«ple!Be«t8flty to the variable part of the erRKA, If detected, tie Cm9 protein dlteetly cleaves 
both strands of target bacteriophage DMA «3 bp 5* to she: J*AM, using two distinct protebs 
dbnjaks; the Cast RuvC-lfe domain cleaves tie «o»-compkmmfcary strami while foe Cast 
HNII nuclease dt^nam cteaves the eomplemaitary strand. This dsDNA break then induces fee 

Si degn«taioo of the phage BNA ge^me and blocks fofciiorL UTO CMSFR/QIS basml systems 
Me both highly specific and allow facile retargeting to new genomic loci. 

A key step forward in making the Spy Cm§ system snore nser-fncndly for genetic-
engineering lo iurastJ cells was the demoHstebon that the crRMA sod traefRNA coaid be imfaf 
by an artificial loop seq^Bce to generals a felly functional small guide RNA (agRJNA) -160 jjt 

25 in length,. Further work, tnclaifeg miitational aaaiyits of DNA targets,, has revealed chat 
mqmtm- specificity for Spy Cm9 toiler both ea the FAM mi m .foil eaaiptoea^ariiy to tie V 
•~43 sit ©f the >-~M st variable region of foe sgRMA, with owe S! sequences makkig mly a minor 
emrtrtheto, Spy Cas# thereforb«s m-IS bp (13 bp m the golds and 2 bp m the PAM) 
:sei|oej»e speelliidty which,, -while Ugh, is geumliy not sufficient t«? esMirely avtjjd a simll 

30 Msiotbet of pMMik! olf-iMpt cleavage ssios in die krge geoos>o iii ikusMft oells, 
Nevertheiess, tills Is a high level of specificity aid a small number of oil-targets in»oi~ 

to 
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tttwW regions of the tessa geuoee appear imKkdy to be highly prohteatk, especially if 
cine rtiligeoee is devoted to hiolnfomMie analysis of poteaf t$I oi^targetdeavage sites. 

This C fjsicesii sm fee dealt with hy mutating the Cas9 proiehi to inactivate one of the two 
kdepe»<ie»|- MNH am! RnvC Buele&se sites, to generate a so-called "nie-tee" (Coug «t ai» 2013; 

5 R&ti et at, 2013). If is theo possible to target two tikkase Cis9s to two closely ptmimtl {<20 bp) 
sites on the two strarida of the DMA target Once oicked m both strands, the .DNA will fill apart: 
to give a staggerer! dsDNA break, analogous to what is ob&ined »po« cleavage at a single 
recognition sequence using wild-type Spy Cas9, except lhat Ihe DMA target speci&iiy h now 
-30 hp ibr Spy Cas9;;. amply sufficient to ensure complete specificity -even in a large genome, 

1@ such that present to iunuaa cells, to this embedteteftt,, the two single guide RNA target 
«cp^ees are ajjtabty designed to target opposite $tr«te of the target seqi»ce and MO designed 
suofe that the Cas9 niefcsses will cat. wifbi» about 30 hp ofeach othet, Suitably t the cleavage 
sites MQ loss than 40, 3S;. 31), 2S? 2% 15, 10; or 5 nucleotides Hot® each other such thai the single 
str&tid cuts result: In a deletion or mutation of some pit of Ihe DM A sequence rather that* DM A 

15 repair, 
CRISPR systems ha w been identified m4 characterised fern mmy different bacteria and 

any of these Cas9 eassymos oiay be used in the toerhmls described herein, Per example CM9 
proleim toui any of C&yntibaew, lj0mSk, Tmpmm?mt Fi'iif&eiffl\ JM&cferium, 
$fn>pmoc&t$\ l&cmimcHim, Mye&pimm% $mwmkk% F$&vB\f&k% Fhmbacimim, 

20 $phmmckmms AmspMihm, Ghtcwmmmhtmr, Nemwrn, Mmeburmr l}mwbmnium, 
$fapkykm>eemt Mfroiflmcfttr, Mympkmm sud €&mpyk>h®cfw may be used. Severs I Cm® 
eomtroets ate available from Addgenc, 

la the Examples, CRISFR systems and Cm9- proteins from. ^?<pww ppvgwm 
(Spy), Nwmrm mmmgUirfgs (Nine) md Siqp&yfaceccm. tmrem (Sau) are «sed, Bach of these 

25 proteins relies on a distinct recognition site .or PAM. The PAM for Spy Cm$ Is 5 •-NCK3; A\. for 
Nroe it b 5*»NNNNGATT«3* ants for Sau the FAM is identified herein as S^NNGMET-r 5 

where R is purine. Each has a distinct sgRMA scaffold serpeoee oiakiog «p the 3" portion of the 
single guide RN A, These scailblds are shown as SEQ ID HQs: 3h~38s respectively. The length 
of She target sequence specific 5' portion, of the sgENA also varies between the CM9 enzymes as 

39 well. Spy uses a 13-15 nucleotide target Mjquenees, Note and San use a 18*24 nucleotide target 
sespeiiee. 

It 
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As demosstoted m the Examples, a optimised ijol^sckotidle encodlag Sm Cm9 
provided foamk as $EQ ID NO; 55. Thecadoo optimised Sat* Cas9 slows good expression in 

eukaryotie cells and nmy b% eomtslMid with an aMnity tag msln as a FLAG tag artdA?r a nuclear 
loealkatlon signal (MLS) to allow for targeting ifee Cas9 i» the nucleus, The 3au €»$$ 

5 polypeptide sepenee witb the FLAG tag m& NLS is sfeowa as SEQ 1.0 NO: 57. Tie 
polyRacfeottde seqwes.ce of a eorrfrfnatfew FLAG tag and NLS is pjviW as SEQ ID MO; 54. 
Other MLSs am available to thosa of :&kl!i in the art and include bnfc art not limited 10 the 
sequences provided in SEQ IP NOs: 5§4s2, Those of &kill m the ait wil appreciate that the 
poiymjcleetide sequence will reqeire a poly (A) addition site ssich as SEQ ID NO: 56 and a 

J. $ promoter/entoicer to alow fbr expression of tts® €a$9 protein, RecomMMnt constructs md 
expression emstroets for Cast m described M more detail helow. 

In the CEIBPE system, the Cm9 enzyme is directed to cleave the DNA target seepers.ce 
by the sgRNA., The sgRNA includes at least two $xatkss$i having two fuaetiom, 11 m fmt 
portion is the targeting pantos, of the sgENA and i.t k at the I" end of the sgRMA relati ve to the 

15 Mcofiil portion. The first, ponton of the sgRMA is complen«tary to a simnd of ihe target 
secpa»e, The target sequence is Immedkiely S! to ifee FAM seqt«ee for the €as9 oa tie target 
DNA. This portion of the sgENA that Is mmptemsM&ry to the target sequelae *»ay he I® twees 
1$ nucleotides,, 13 nodeoddes, IS raicleotite, 18 »u«Ie«ttMe% 2tl sudeotidea, 22 meleotides or 
24 n^kotides feiigth or any inmiber of mseleolifa between 10 rind 3CI. Tbs* portion of the 

Si sgRMA complementary !«• the target sequence shoisM fee ahle to Isyferidke fa the in the 
target strand and is optimally felly coffiplenrnttMy to the target sapea.ee, The exact tegtli and 
pm&wmg of the eomplememasy portion of tie sgRNA will, depend on the Cm§ enzyme it is 
behig paired with, The €as.9 enzyme selected will require feat the sgRMA is designed 
specifically for «$e with lliat ewyxne ami will cOTta! the design of the sgRNA, Several sgENAs 

25 targeting portions « described tee!** and include bat are mt limited to those provided in SEQ 
ID MOs: 1-35 and $3-65, 

The second portion of the sgRMA which Is at the V end of the sgENA is the scaffold that 
interacts with the Cast enzyme, The scaffold sequence is specific for each €asf> The sssftli 
segnenees tssed herein are shown as SEQ ID NOs: 36*38, In. one efnixHtinaen^ a vector or 

30 eonstmet eoMprlsing one or more sgRM As is provided The sgEMAs k this vector nray inckde 
a sgEMA laelmg a first portion cotmplementafy to a target seqitteice, hot instead may lactetle 
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eloalag sites t*|}steam ©f fe scaffold or secern! fxatk® of the sgRMA, The vector may also 
Pelade db§ Casf polyaaefeotide and promote or oilier trai^criptiowsl eleasmts to allow .for 
€spr«te» oijhe sgENA and tie €as9 polypeptide, The cloning site would allow fa 
xtre&miiaed incorporation of a targeting pottioa of the sgRMA to allow for quick production of 

5 oew CEISPR. systems targeti-ag aw DMA sequences. Exemplary sgRMA. scaffolds Meloding 
restriction eB2:yrae wog»it?oa sites for simple iaeorposatiou of a targetirjg portioa are provided 
as SEQ ID NO: 39 md 40, These seqoenees have lie Saw Cm® specific sgRMA scaffold 
seepeaee dowBstosaai of two repeated restriction sites selected from Bm8t and IJlst 5 

respectively,- Oiler restriction sites c-aabe used to make cosMfU€ti<>» of specific sgRMA* a quick 

10 str^mlizted process. 
T&£ toff itsi 

fesisteat i»f©cdo»s caused by several pathogenic human DMA viruses, sacli as lerpes 
suaples. viruses types I md 2 (HSY--1 Md HSV-2) arid hepatitis B virus (HEY), lave 00 kaowu 
ewe, md ROM's represent & way to eliminate the viral genetic matecM that m essemial far 

15 chtossfc- iafetioo. MIY-1 is a retrovirus, bat is eap&Me of MdMisig a dteonte inffcetioij. wtstrek a 
ON A copy of tie viral genoase is lategmted into tie eelbkr genome, These ittsegraiecl viruses 
serve as a reservoir of virus that Is myt subject Jo As ar^vir&i tm&ttmxiH in «sc. CMiar DMA 
viruses sod* m hmmtn papilloma virus (MPV) and Kaposi's sarcoma associated herpesvirus 
(KSHV) are in. cancers, Tasting ofilese viruses raay redoce tic risk of cancer or treat 
jfe ciiocsv lloss |te vipises targeted te#u may bo selected from the hepaioav!diiaes 

tapesvlridae, pap! Iloam^rM&e&asI retrwirkiae, 

IIBV 
HBY kfeets over SW milloii jtaftvkfuats globally, MM! la endemic eotstmies it is 

predoodMatty oiasoilrted perio&taJly. Qsromc HBV cases often prop-ess to severe 
25 corspHeMious soeh as hepatecelluiar careiaoroa or cirrhosis, resaltiug in $63,080 deatls ia 2002. 

A vaccine for IiBV is available, bat it is nalelpfnl to individuals wltl a pre^xistiog iafeetioo, 
A.« essential viral dsDMA. lafenaedlate termed eovaleatly closed circular DMA (cccDMA) Ims a» 
exceptionally Wgh half-life ia infected liver cells, which enables latraeellnlar persistence, This 
episomal DMA intermediate is pivotal to viral replications &»ti airreat Sreatjaeats. sash as reverse 

30 transcriptase iiMators do mi ««lt ia lis deaRtacc, ia an effort to elirnkaie these ifeaaaent* 
refractory dsDMA molecules from the iafocted liver, deslrucdoa of this %perstab!e IIBV viral 
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DMA mtomediate is laired 

to the Examples, we demonstrate that HBV § enornk 'DNA mdeofe, inqltidiui fe 
eecDNA., ea» be effeciiveiv cleaved aud ntutadonaily inactivated by Ca$W$.gRNA combinations 
k cells imdargoing either acute or ctak kic&ffi. Is the case of HBV, CasWsgRNA. 

5 eembkatioM targeted to the HBV reverse transcriptase (M), mm m ssrfkee aafigeti genes (see 
SEQ ID NOs: 1 - ?) result m a marked inhibition of vira l protdis expression and loss of viii DNA 
moleekss.. inckdMg ffee eov&leMly closed dtetilar DMA (ceeDMA) moleekss that play si critie&l 
role in IIBV persistence i« patients evg«. hi lie fas.ee of irean^eot with Micleoside-lMsed: iknbitei 
of ST function AAV may be ideal lor sins task, as several AAV serotypes are naiutiHy 

18 faepatotropc mi mm more highly feepatoirople AAV vectors have recently been isolated toy 
^shuffling* AAV sequences in vtw. 

usv 
The kerf^s viridae represent a large family of viruses and mela#g herpes simplex virus 

type 1 (J1SV4V herpes simpler virus type 2 (liSV'2), Epstek Barr Virus (1BV), ls«ma« 
15 cytomegalovirus (IsCMV), Varicella roster virus (VZV), Kaposi :is sarcoma associated 

herpesvirus (KSIi V) as well as several other bnmao. herpesviruses Similar to HB V, 
terpesvhmes once acquired mtiairt with lite host tec life, Mds 1st the ease of MSV-! «t*d MSV-2, 
typically mnmk latent m lite lorm of stable dsDMA episome .kite nuclei of sensory neuroas, 

HSV-1, for example, remake Intern m the trigeminal g&ftg&a of the klbeied individual 
28 IIS V~ I kfeis -70% of the LIS. fHJfSiilatim* and about OMT third of affected tudtvlduals s«Her 

from recurrent,. primarily oral, cold sores. During latency, the only region of ke genome that is 
actively tenser k«d ewte the latency associated tenscript LATS which is p&ee&sed to give 
rise lo a single long »»<odntg RNA of -~2,1 kk as well a& $ vitally encoded mIRNAi that 
together are thought to regulate exit from latency, EsptMsioit of vital transcription activators 

25 IscMteg ICP0 sad ICF4 is feplrecl for viral reaetlvatim While often m mors titan a» 
irritation* HSV-I kfeetkm can also lead to serhns morbidity and IISV-I keratitis represents the 
most eosmnon fern of Meetiaus blindness ia the USA, A closely related vires, flSV»2, thai is 
fhond kt -211% of the US p&pttMori, has a similar replication cycle but generally is sexual ly 
transmitted and often kfeets the gektal smtcoM, Drags «l as valacyclovl? kMMt active 
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lytic rephcatiort hut have m tangible effect m the latmtly irtfecfed vlfil mwfwt. As shown is 
lie Examples, HSV genomic mo!eci*fe$ can be effectively deav^d and mu^tioaally inactivated 
by CasWsgRNA combinations in cells. In lie Example^. ICFO and. !€P4 were targeted and the 
sgflNAs used are fbtaw,i 8$ SEQ ID NO: I&»1$ and 63, AAV is able to .infect Ite tr%emmai 
ganglion cells via know* «as, Latent H$¥~1 Melons of nearons In tie tacmse trigeminal 
ganglia fTGs) can be readily established and it is therefore possible te test whether traasdiietioa 
of these same TOs with AAV abased, vectors encoding M$V«l«$peci£c Cas9/$gRNA. 
combinations will mull ia a delectable reduction m viral DNA and an inMbiliosi In the 
ability oflaieM HSV-i to reactivate after e&plant at*d culture of the k&efed TGa. 

Other .DMA vlmses 
A number of other DNA viruses associated with serioos teiaa diseases kekdntg 

EpsteiB-Bsff vires {E!W)? Kaposi's weenrn-woeiatsdberfK^vints (K.SHV) arid Meckel cell 
ptAymmims (MCPyV) as well m others Of tlese^ perhaps the tmm. relevant is EB¥S whtefe is 
tie eciologie agent of several cMcets, iftdadrng an. epithelial cell tumor called nMopharyogesI 
catcloonaa (NPC) that is highly ptwatet is somfeem China and Southeast Asia.,. kt NFC cells, 
EBV is fonnd m a fbras of viral latency that aevertheless involves the expression of several, viral 
nonstructural proteins md ntieroRMAa. EBV* 'MFCs share a number of characteristics with 
HPV-16* bead and seek (ii&N) cancers M4 M is the latter ease, tie continued presence and 
ttsnscriptioti of the viral,, In this case EBV, genome is thought to be essential ihr tnmor survival 
It has- already been demonstrated tbat EBV episotses are *Md% disrupted m& destroyed by 
specific Spy CasO/sgENA combinations and It seems likely that NPC cells would he excellent 
targets for trarisd^don M wm using Sto C&sWsgRNA-based AAV vectors specific S>r lie EBV 
genome. As shown In the Examples, sgRMAs targeting EBV haw been designed and shown to 
cleave the ktosded target setpence, The sgRMAs used In tie Examples are specific for EBV FR 
(family of repeats), I>S |direet symmetry), EBNA4 (EB V nuclear anftgaKi )s Qp promoter, and 
LMF-> 1 | latest membrane protein «!), Tie sgENA meeting sequences ate shown as SEQ ID 
NO: 20-27. 

HFV 
Il««iam are infected hy a wide variety of IIFVs that, while normally mnoooo-fKs can also 

give rise to w» on die skin or genitalia, Most I1PV variants replicate as episomes in the teal 
epithelial, layer of the sliti where the vims e^presues exclusively uon«s?mctnral proteins, When 
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lie k&eied precursor cpiheM eel! Migrates towards the s»rfk« of tie epidomrfs and tiRdergoes 
ditfeeatiatk® Into a kombftocyfe, the pitKkstive HFV repl.ie§tk». cycle ?$ activated leading to 
tie refers ofkieetious HF V virkm. M«st HPYs. are ao»»pathogeaie yet th«*e are also a small 
number of so-called high-risk HPY serotypes, of which tie most pronskerit are HPV~I6 arid 

5 HFV-18, witch together w -70% of all cervical caneos. I« mmi HFV mdoeed cattcers.,. the 
HFV fpisomf is fe»»d clotmMy integrated into the eel! genome ia a «asa»er that destroys or 
deletes the viral £2 gene, 0«e key activity of E2. is to limit II® eKposssioa of the HFV' oncogenes 
£6 and £7, and disruption of 12 during ktegmtkss kio the lost cell genome ears lead to high, 
consdfttdve levels of £6 and £? zxpmmm. Ed ili»etio»$ to hkd md destabilise the p53 tumor 

it) suppressor while E? similarly hinds a»d destabilizes tie fib mmt suppressor md toe two 
fefiedoM play n. ecUieiJ rate In. the maktma»e of BPY-tmssJbmied eels.. Otters 
with HFV i»fectbrs include cervical carcinomas, which are: almost always BP V-positive, as well 
as a stihs&iati&l fraction of head md seek carreers as well as m&i careers. 

Ia tie ease of HFV, the efOeieat motatioml. tMedvMlo;a of the viral E6 gent, which 
.15 Mmmlly fuflctioim to bkA the activity of die ceHutar tumor supptess&r p53, results to metlvitlm* 

of the p5$ tMsaiptloo factor aod Its dowmtream et!fictofs:i rerndtteg in ceil cycle arrest and tie 
apqptatk death of MFV~ftBHS:tbrmsd sells. I*t tie Examples, we deimjmtrate that ksstiv&doR of 
lie E<> gene in tie HPV-J,ST cervical carcinoma cell ike MeLa or the HPY-16* cell lis© Silis 
using Spy CRISFRCM restdls in kduclicK? of pil expression folio wed by tie expression of 
downstream targets of this eelhdar tossedptkM listen-, k«!udkj| the CPE hddhjjtor p:21 ami 
several activates of a^optek,. leading to cell cycle arrest mad ceil deads.. Similarly,. we 
demonstrated that tlsmptkm of the E? gme nsisg €R!$PR/Cas results i« tie impressed 
expression of R.l; foniisioit of EM12F heterodioiers aid- the» fits ioefctka ofcdhikr genes that 
induce seoesceoce arsd cell death:. Tie sgRMA target sequences mad are shown as SEQ IP NOs; 

25 S«l 5, The: delivery ofCRlSPR/Cas cokbia^tiom specific for HFV 16 atsd/or ET by direct 
kjettioa of high titer AAV vector preparadoas ittto the .HFV* fcmiots has tie potential to serve 
as a sovef highly speeiie atid effective therapy tor cl«more&!s»t HFV-16 mditeed aoal and 
H&N tumors., 
HIV»I 

30 While highly acti ve Mwetxovlml dienapy (HAARX) east reduce MI V -1 repIicMiors to 
levels below tie detection litmt* HIV-1 persists m a latent infection in a miai.1 trntmber of resting 
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€IM* mstmty T cells, IB tlese loog lived cells, intact is*i«§rated HCV-1 ptminm$ pmhi it* a 
traosenptioMlly silent state that is refesotory to botli drnp and feast immune ?e$po.»$e$, 
Hweva, these memofy T cells, can be reactivated by m appropriate recall antigen, resulting m 
induction of a productive viral jrepltcals-on cycle. If this occurs after drug treatment lias bee« 
Mopped, HJV4 will rapidly spread through the available CP4* T cells and rekipslk the same 
level of virus replication that wa$ seers prior to antiviral drag treatment. 

Efforts to peine the poo! of latently kteciied cells haw thawed on two strategies . On the 
«me ha«4, »w! groups haw attempted 10 activate latent HIV-1 provir»« using, drugs, 
*»eMkg Msto« deaestyk&e iahibi too md FKC ageoists, However* this strategy feas not proven 
able to activate HIV-1 m a high percentage of latently Mteftd cells, Ats alternative strategy 
would, be to #reefly larpt and destroy latest provides osmg MIV4-specific CKISPR/Cas 
eomhirotkim. In. principle, the 11IV-.I proviras is a perfect target .for CKISFE/Cas as there is 
only a. single proviral copy m the iofeeted. cell md, M the presence of antiviral drags, no spread 
of the vims k possible. We show k the Examples that expression of HIV-J specific 
CasW&gRMA combinations Mgetkg fat m TAR is eapahte of cleaving tie virus and Moekkg 
HIV replication, The $gKH A targeting se^aersees used are $ft©w» as SiQ ID NOK 30-35, 
•Viral wctors for delwry OU$Pft/G» system 

As noted k the above disc-ussbss of the cargeted viruses* w e believe that CRISPR/Cas-
based approaches to die m vivo treatment of'DNA vims Mecfio«$ will respire a. gene delivery 

sector to Jdiver the Cas# arid sgRMAs to the klected. cells and Chat the development of vectors 
based on asleao-associated vims (AAV) tm$ he optimal. Other geoe delivery vectors ioclodkg 
retrovism, a lendviras, an adeaovisms or an &de»o-a&so«atetl vims may also be osed, t« the 
Examples we used a. lentiviml vector aud have developed AAV vectors m well The advantage 
of AAV vectors is that thoy cm gefierally be concentrated to titers of^lS*' viral pMlictes per nil, 
a level of vector that has the potential to transduce all vims^sfeeted cells k a patieet, especially 
if these are all fcmd in a single location, e.g., m the liver or specific aeurotis (Kotterman isid 
Seliaffvr, 2CH4). Moreover, AAY-based vectors have a welMstaMlsbed record of safety and do 
oot integrate at significant levels into the target cell geisome, thus a voiding fee potential for 
lasertional activation of deleterious genes, 

The pro!> tern with this approach is that AAV vectors have a rMxinsaai psckagiog 
capacity of-4 J kbs and this indncfes the AAV siwected terminal repeats, which together occupy 
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-290 hp. kavii| only ~-4A kh for feetero-bgom DNA, As tie Spy Cm$ ge«, iiieksdiBg •&» 

essential added mister focal isfiafioe signal |M,S)s is -4,2 kfe i» shs$» ibis docs not le&ve esrough 

room for a pel 11 pmsMer and poiy(A) add&ion site for Cm9 expression as well m a po! Ill 

promoter ami sgRNA seipense, 

5 Oa« way forward is to use one of tie mmj SMlter Cm9 proteins e»eodfil by other 

bacterial species, Irs particular Neisseria mmmgMMis (Mme) encodes a Cas9 protein with the 

MM sequence 5**NNN^GATT»3* while Mfxph^wacet®' mifvm (Sm) mcodm a. Cas-9 with the 

PAM. sequence 5M*fNGRRT-3\ where R is purine, Both proteins are encoded by genes -3,2 kl> 

in .teagtfe,. leaving roors for two sgENA cassettes, in addition %> all required regulatory eleme»t% 

10 Iti m AAV veeror cotitest l.n om hands, San CssP is si least as active, or possibly more acfiw> 

thm Spy €m9 m ftee same DMA target setpesee sad the sequent spcMrity of Sua C®9 

appears to be eomparabi# to Spy CssP, 

IMMA$ as m effective i*sf?MS ttqpre&iag the sgHNA 

Previous work has feeused on using the Ut> pol III promoter to drive sgRMA 

15 ttmscnpfioo, fire IJ€ promoter, wllie very elective, is -.354 bp tetg and two lift promoitrs 

wo«M therefore resiuire over 10% of the emhe packaging capacity of m AAV vector, It is 
ilwfore desirable fo iderttify espial ly efthetive pcsl III~deperMle:nt premiers that are much 

somite than 116,1» l:h© Examples, we report to tRNA promoters, of hnman or viral origin,, can 

be ysesl to exp-ess high levels of sgRNAs specific for a wide *t»ge of DNA targets and bacteria! 

Si Cm9 proteips, 

Previously, we have demofistriteil that: rnoose y-iieipesv.irtis 61 (MI1V6E) erodes 

seveml -bO-nt lo«g prM«kroRMA (pre-miRKA) molecules that are initially transcriber! as a 

f«skm transcript caosisting of a 5s viral tRNA moiety feed to a 5" g<f«»~n«RNA t»irpire These 

«then precisely separata! due to cleavage by the cellular enzyme tSNase Z, wlifch normally 

25 ilinetknisi to define fee precise 3" end of cethifar tRNAs, We have also iemorMrateil thai innm 

tRMAs, wleo fbsed to a pre^iiiEMA toirpm of tefflffl or viral origin* gives rise to loth the pre-

iiaiKNA istefwdttie and a ifouctional tmiwv miRNA and ihm again rtqokes prooessrof: by 

tRNase Z to release the tRNA fern the pre-miENA. We therefore wudered whether tomsm 

tRNAs cotrkl also he used to generate factional sgRNAs via'a preeyrsor tRNA fedon 

30 hitermMkte, as schetMticiily shown io f ig. 11 A. When compared I® previously described 
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tRNA:pfe-ffiIllNA fesfe® msoscripts, this tRMA-sgENA jmkm dillte m that the sgllN A Is bath, 
largo* (~1CM. at vs. -• 60 nf) ami folded info a tmf% eorapfe secondary $tructa*& 

As rep«rtedl ia the Example^ the tRMAs of mammalia® or viral origin w« capable of 
driving, expression of the sgRNA. In most cases the tRNA^gRNA was cleaved by iRMsse 2 to 

5 prodoee the sgRMA and the sgRNAs produced were sste&wn to be acti ve. The tRN As tested are 
showra as SEQ 10 NO: 41-50 psd some wgrs i»R active sad prodpced higher levels of sgRNA 
thm others as shown .in the .Example Thi« tedmi^iie represents a means of expressing the 
sgRMA us.?»i much smaller promoter elements to drive e&pmkn of the sgENA. and would be 
advantageous if mki$ vectors with small e&rrymg ctp&chy such as AAV, These tENA:sgRNA 

10 constructs may mchide tfee sgRNAs lacking- the tarpt pertbts mi mtcad ksWti rtstrMoa 
eszyme sires upstream of fee scaffold sectloa oftM sgRHA for insertion of di vers# target 
portions, These tRN/VisgftNA constructs may he indeed m kits for developing novel 
€RISFR/CM9 targeting systems. 
€»astr«ets atrf vectors 

15 RefeeEce to "reeoraMoMtt" nyelele acid m vector indicates the presence of two m more 
nucleic acid regions ooi Morally assodatecl with each oiter. 

The tenm "expression e&ssetie* Expression construct* or Expression vector" refer to a 
nucleic acid molecule which eoitrpises aiieft&e&e nucleic acid M^Beoee thai Is to be expressed, 
along- with'm tmmerfpdoo Md optionally also traMation control seqtseoees, Changing fee 

26 expression cassette will cause the vector is which it h incorporates! to direct the expression oft 
differed se*pmce or combination of sequencer Because ef the restriction sites toeing engmaersd 
to he present at die $* and. 3! eads, the cassette CM he easily Inserted, removed, or replaced with 
snomer cassette. 

The terms "operably KokocT or "operably comwtc#' are ised to describe the com>«ctb« 
25 between regulatory elements aud a gene or its coding region. Thai is, pme expression is typically 

placed imder its® a?oircl of certaio c«g«kto?y elements, for example,. without limbidofr, 
constitutive or itMucibie psxHooiem, tfss«e~speerf!c rega Jatory elements, md enhancers, A gesse 
or coding region ii Mid to be "opembty linked to" or "operatively linked to" m "operahly 
associated with"- or Eperably eoMieeted to" the regulatory element^ meaning that the gene or 

30 coding region Is control fed or Mktencsed by the regulatory element; Regulatory elements 
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liM-Indlng promotm, enhiKeers, tran«efmting factors are tmtmpmmd herein. 

As used herein,, lie term ''subject and "patient* are used iMimtsi^ge&bly herein and refer 
*0 both hnnian and noifcm&n a«.«»afe> Tlelerni '"aonhuiinan animals" of the dtadk&nre ine!«d«§ 
all wrtehenes, &u„„ -mammals and ®©n~mani»Mh, sneh as nonhmian primates, sheep, dog, cat 

5 horse, cow; i:i«ee; c§iideeos» ssapfnblans, reptiles, aid the life. Preferably* the sntpc! is a ktrnats 
ptieot More preferably, the subject ii a heown ptient suffering: fern a viral mfeclion or a 
cmsecr indnced by or related to infection mih a vires. 

As used herein, lie lens, "gene tlierapy" mens the toiler of nnctdc acid compositions 
into cells of a miiltieeltnhf eykaryotie organism* be it in vim, ex vim or m vifw.. The term "gene 

10 therapy" should, no* be limited to. the purpose of correcting metabolic disorders, hot be 
Interpreted mare as a technical tern* for rise tmmfat of nucleic acid compositions, such as 
expr«!o.» cassettes or i».iaigeness for dvmspeutk purpose in general, independent of a specific 
therapeutic purpose* ll-ierefore, the term "gene tfeerapyfF would- include—without limitation— 

correction of metabolic disorders, -cancer therapy, vaccination, i»onitomi of cell populations, 
15 eel! expansion, seem cell Manipulation* viral infections etc, by of transfer ofmkiek- acid 

compositions, 

Ose aspect of the present dlscfosnte provides a reeornbMnt construct or express ion. 
cassette coin-prising, consisting olv or eons? sting essentially of a fot propKJteropepibly 

2# connected so a first polynucleotide encoding a first single gnide MMA and & second promoter 
operable connected to a second poIysncie-Mide encoding a €»# polypeptide, He sgiRNA 
ioetades a. first portion. (suitably the 5" end of the sgENA} conspteemarv to a strand of a target 
sequence of a DMA vires and a second portion (suitably the- 35 end of the sgRMA) capable of 
interacting with the CM§ polypeptide., Ia one embodiment, the recombinant constrnet includes 

25 an inverted terminal repeat (iTiR) flanking the eonstmct or cassette described herein for 
packaging in a viral vector such as an AAV vector:. The construct or expression cassette may he 
organised from 5' to 3' as follows and include a lltst inverted terminal repeat followed by an 
EN A polymerase III dependent promoter operabiy linked to a singl e guide RNA, an RMA 
polymerase 11 dependent protnoreoesiltiocer opersbiy linkedto a pofpyeieotlde encoding a Cm9 
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polypeptide, s?td a seccrnc! iv«d fenksl tvpmt 

While It is whMu the scope of tire present rllscloMrre thai a«y EN A polymerase promoter 
may he sscd, ia sow embodiments,, the RNA polymerase proewisr comprises ae ENA 
polymerase III promoter inserldi at. the 5* aid of the vector to avoid the trMrscrlptloaai 

5 iaterfereaee teowa to oceer whee RNA polymrese III pwmoters are locates! 3' to EHA 
polymerase II promoters. fe certak embodiments, the RNA polymerase HI promoter is selected 
from. the gre«p cortsisliHg of tint cellylar H I. aa<$ lift prOT»ters, !'» other embodiftieats,* the RNA 
polymerase III protaotes rised are the tRNAs doserihcil above Mid shown to function ia the 
Examples, 

1i The WMA polymerase III promoter is operahly linked to n single gokle RNA {sgENA), 
la ®ae erahodimea^ the sgENA comprises a 5' portioa thai is complementary to a. scaso gtraad 
of a t&fget DMA sequeacc and a. conserved, structured 3' torsions thai enables Casf fcstidiag.. 
The target DNA may comprise my DNA. seqiifficc that erodes for & gene that is desired to be 
targeted for malatiot* aa&% deletion. Ia some embodiments, the target DNA sespeece comprises 

IS a vim! DMA seqsMoee, Potential target.sequences must be located, just 5s to lie RAM ss&rpetsce 
recogaked by the- Cm® polypeptide In the target BNA secpeace, The espressloa cassette may 
awprte only esaa RNA polymerase 111 promoter operahfy 'Nuked to a sgiNA or may tttclude 
two CM more ENA polymerase III promoter— sgRNA combination m &a expression cassette. 
The ose of tw o or more sgEN As targethtg two target sequences m a single get® or tarpt 

20 mqmtm, is safficleet to allow for ike deletion of ae smite locas. 

The expmskja cas:sette comprises a promoter/ess haacer to drive the Cas? expression at 
the 3* end of the vector, Pf0$ii0ter/eiilmee«§ are known in the art as DNA seipeaees that rtcrait 
EH A polymerise it to isMiste RNA ttMscdptiors tad ate wifhrn the se«pe of rite preseaf 
discfosme. One skilled k the art can readily determine which wotsld be appropriate for ase 

2.5 wifMa the pr«se»i disclosure., lit ceritia ettshodiffieots, the pom^ter/enhaucer comprises a BSV-
TK Promoter la ether mbodimeats;, the promoter/enhancer comprises aCMV Immediate Early 
(CMV-IE} ?romot«/BalMttm. Suitable promoters inelmfc, bat are aot limited to, EFS, jfeCMY 
er m€MV msmsdiMC early, CBAS hSyrispsm,. .HSV TK, SV40 early aad LSF, The Cas9 
expsssiorj cassette tmy also sackd-e aa in» beiweea the promote m& m the end of the 
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€&# poiymteleoflde. hmms hm® been iew to increase the txgmskn of some !mt not all 
polypeptides when. snorted inie the 5" rMtranslated region of M mIRNA tmsi.$criW: from m 
expression construct For example, the Eat preproinMtte iintton (SEQ IB HO: 53 cloned in the 
S ! untranslated region of the Sau Caa9 was $bown in fee Ewnpfes to increase expression of 

5 €ts§, 

Asothor i^pect of the present disclose provides m expression cassette comprbiBg, 
consisting of, 0t eoasisiing. essentially of, §wi S* to 3': a first invested terminal repeat PTR.), a 
first RNA polyrnsirse Hi promoter operafely linked to a first sgftNA; a second RNA. polymerase 
III promoter operably inked to a second sgRMA;; a Pmmoter/Etifeaaeer operahly Baked to a Cas9 

18 expression se^penee, and a second inverted terminal repeat. Ror each ©fibs sequences provided 
sequences $0%:t 93%, 95%, 9?%, 9S%, or 99% identical to the sequences provided herein 

are also eaeonpassed. Those of skill 1» tl« art will appreciate that small ffiodlfseaoosis s» 
neeieodde or tmino aclel sequences can be made and the fttnetion tnai Manted based on 
knowledge of tlie sequence. 

The practice of the present disclosure will employ, unless ostew.beindicated, 
conventional methods of virology, tnierohiology::. aioleealar biology and recombinant DNA 
techniques wife is the skill of the art Such techniques are explained. fully in the literature; (see, 
e.g.,. Saotbrook, el &L Moleenkr Cloning: A. Laboratory Manual (Current Edition); DNA 

26 Ckmittg; A Practical Approach* vol.. I & 0 (D, Glover* ed>); Oligomieteosiide Synthesis <R Gait, 
ed.? Current Edition); Nucleic Acid IRybridixattOB (B, liarnes & S. Wiggins, e&s,, Current 
Edilion); lYasscriptiOit and Translation (B, Ilames & S, HiggiM, eds„ Current. Edition); C.RC 
Handbook of Parvoviruses, vol 1 & 11 (P. Tijessea, e&); Fmdament&l Virology, 2nd Edition, 
wl 14II. (B. M, f ields and D.. M. Knipe, edsj 

25 One aspect of the present disclosure provides arecombinant vector comprising, 
consisting of, or consisting essentially of an expres&iou cassette as described herein, Yei another 
aspect of tie present disclosure provides a method of making a ieeOiti*bi»a»t vector comprising, 
consisting of, or eottsMag essentially of inserliEg inio fee vector or expresskm cassette as 
described herein. 
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As teek,. tie terra 'Vector* is steam to foctafe my clement, such m a pIasro!4 
phage, transpose®, cosmtd, ehrosBOsenm, artifices! elsjoiosorrse CYAC OfBAC), vitus, vims 
capsid, virion, etc..,, which is capable ofiOTsferrosf a»i!/or tmrtsportbig a ituekie ackl 
composition it* a boat eells iaf«* a. test eell m$w to a specific location and/or compartment 

5 witto a host cell Titus, the terns deludes closing and e^presstoo vcMeks, as well as viral m& 
M^vlrat vectors astel potentially staked or completed DMA, However,. fee term does mi kelucfc 
cells that pmdtoos ge»@ transfer vectors s«eb as ixsfroviral packaging cell lines. 

!K soroe enibodimeolS;. the vector comprises ait tdeao-a^ocisisd viojs (AAV) vector, 
for poroses of this bwermon, by *rm»«b»mt virus* "r^ombinaM virioifs, "recombinant 

18 vector* or ^eombimmt viral vector** Is «aat a vims thai las- beeo prieilealty altered e.g , by 
tie addition or of a heterologous roslek acid composition imo t&e particle. In some 
embodiments., tfse rcoombkumi virus oomprbos AAV. Thrss, for example, a "reeomMrstnt AAV 
virion" is used syttcmvritoMsly with a "tficombiuast: AAV vtOf", A f^eofftbrnam AAV vector 
composts at least m AAV capsid {"the caster shelf) md a recombinust AAV (vector) genome, 

1,5 which n harbored inside the capssd.. 

For purposes of this invention by "recombinant AAV geaorrte" or ^WombiMM AAV 
vector genome" is m&mt m* AAV pfti« amspmmg Itetetoiopnss sequences, I« pnemL 
recombin&M AAV geaeines M£ designed ia a. IMMOS such that all viral geoes am replaced by 
loterolof oas seepertees (e.g., m e:vpresske cassette or miroprse), letvkg intact ot*Jy tbc 

28 essential eis elet»erits of tie genome.. I,®,, the kvertcd terminal repeats (ITRs), DNA packapog 
sigiai ami tie replkatlfm ongio, Alternatively, the essential cis elements of the gumma, can be 
those as describe*! hi prior art by (MaMmv et al: " A eis-aetbg elemeM that 4imc® ebeuiar 
adeno-associated vires replicaboi a*s4 packaging"; I Virol December 200:2;7#(24):!2TP2-S02}, 
The reeomMn&ot AAV goootoe is part of she msmnhmmt. AAV vector, 

25 Another aspect of the present disclosure provides methods of makiag a recombinant 
vector comprising, eottskthg of or combshg «»ntially of a reowibimitii expression; cassette in 
accordance -wife oae embodiment of lie present disclosure, the method generally comprising ifee 
step off!) totrotomg m (r)AAV vector construct into a producer cell (e,g,, 293 cells); (2) 
latodoelisg ait "AAV pclagiog comtnic-f into iht prodticer cell where tie p^ekagmg coustnset 
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coriposes tfee j^eomhlnant expression cassette or contract as described teem mi my AAV 
coding regions (e.g., rtp aocl cap §eqaje»£e$} capable of being expressed in tie producer cell to 
coisijpfcmsmi AA V packaging f«ncia»s missing from the AAV vector construct; (ffctmd-hssed 
AAV packaging constructs are often referred io as *%ans* piasmidg); (3) Introducing osi® or-more 

5 helper viruses and/or accessory tactic vector consists inro the producer cell, wfeerein the 
helper vjras and/or accessory fbocdcm vector constructs provide accessory fenclions capable of 
swpportsng efficient reeondtmata AAV ftAAV*} virion fnroductioii in the producer cell; 
frequently osed producer cells are HBK 293 cells and SB cells; md (4) Cutfuong the producer 
cell to produce sAAV virions; f 51 I Investing the cells and isoktlog/piirilyi:8g the rAAV virions. 

18 U» AAV vector construct, AA V pctogteg contract aticl the helper vims or accessory' 
•&$ncH&n vector eoMtrticf can be introduced Into the ptmloeerceil either iimnltaaeowdy or 
Serially, using standard Irarevfeetk® teclMiqnes. Introduction of the molecules (as plasilids or 
viruses) into the ptpdioeer cell may also he aecomplisltsd oslog techniques knows id the skilled 
artisan md ate discussed throaghotit the specification.. In the preferred embodiment, stiOKlard 

1,5 translecttOE techniques are nsesl, e,g.f cakhtm phosphate transaction ©r elearoporadotv a»d/or 
infection by hybrid adeaovisrus/AAV vectors imo cell. Imes mc& as the \mmm embryonic kidney 
cell ineHEK 293 (a immm kidney eel! line containing functional adenovirus El genes which 
provides iMs-acting Et potelnsy Tims produced, the rAAV miry 'be used to prepare tire 
compositions and kits described teem, Md used in the method of the invention, 

28 Eecofflhioffit AAV vector constructs <e>g„ a reeomhfearsi AAV vector comprisiog an 
sxprmion cassette as described herds) are convicted using known techniques to at least 
provide, as op^r ati vel y I hiked components in the direction of tmaseripdcMi, a first inverted 
iermka! repeat (ITR), a first EN A. polymerase III promoter oprsrhly linked to a fet sgRMA; 
optionally a second RNA polymerase II promoter oporahly IMed to a secoad sgRMA; a 

25 Promoteolsnhancet (a UNA Polymerase II dependent promoter) optrably linked to a Qts9 
^xprmlon sequence, aacl» second Inverted termmal repeat The resulting wmtroct which 
e«mte die operatlvely linked components m feoooded (5* and 3f) with fractional AAV 1TE. 
sequences 

The 5" and 3* termini of the expression etssette each conpise an inverted terminal repeat 
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fqpou CfTR) wfcfcfe is involved m th e and pegging of the vector, e.g. a 
ree<M3sMi*a»f AAV vector. AAV ITRs nsed in the veetom of the tnventHM seed not have a wild-
type mtcleoiide sespeaee, and may be altered, e.g.5 by the mrnkm, deletion or sohsdftnino of 
nucleotides Also, in same emlKximienis,, the S^ITR and the 3*!JR njighi he derived from 

5 difisresf serotypes, e,g.!; an AAY2~S*->fTR and m AAVS~3~1XR, 

Additionally, AAY ITRs imj be derived Irom my of several AAV serotypes, including 
AAV!s AAV2, AA\% AAV4. AAV5. AAV#.. AAV7> AAVS, AAY% AAV 10, AAV! 1, avian 
A A Vs., bovine AAVs etc. The 5s ansS 3* ITRs whkts Hank a selected tnsnsjgene expression cassette 
is an AAV vector construct seed wt ssecessariiv be identical or derived tram the same AAV 

18 serotype. Tte, rAAV vector design. a»d. p^diiclton allow for exchanging the capstd proteins 
between different AAV semtypesi Homologous vectors eompmmir m expression cassette 
flanked by e g.> AAV24TR$ Md packaged iw an AAV2 eapsy,;. ea® be prodneed as well as 
heterologous hybrid veetdit where the transgene expression cassette is linked by e.g., AAV2 
1'fM.s, but tie eapsid originates fbm another AAV serotype such as AA.V5 for eMispIe. 

15 As shown i». the Examples and sp^lheally ia Figaro !#s aa. AAV vector insert within the 
scope of the invention as described herein Includes the teraiina! ITEs (inverted terminal repeats) 
required, for AAV vector packaging Ranking the insert From 5' to Is esui, the vector contains 
two sgRMA expression cassette^ with the sgllNA. tmnscribed hy m RNA polyrnerase 01 
dependent promoter umh m tie human IJi promoter,, or by a hzmrn tRNA promoter, eg; a 

20 gtesnme tRNA or proline tRNA proiBdter, or by an MilV6S~detived iCN A promoter, 'Next is 
the RNA polymerase II-dependent pronwter^nhancor used to drive €a$9 raRNA expression:. 
Fosaibk examples of suitable promoters include the enk&tyotk; translation kifktion factor 2 
alpha. (EFS) promoter, the to« (hCMV) or moose (mCMV) cytomegalovirus immedsatf early 
promote, the clnckea beta aetai/ ItCMV &§io» f remoter €BA, the ISynaptia promoter or the 

25 hw specific promoter LSI*.. In die Example shown In Figure J 6, rise C«9 5*UTR contain m 
lotrom in this example derived f$mn the mi prapreimulin I! pne, and a miekin" focaliMtion 
signal. The nuclear loe&JkMioa signal iMersed at the any»©-MMtaB of Cas9 eoakt he derived 
from the $Y40 large T aMigen, from aeckeplasonn or might he a synthetic MLS. The amino 
add sequences of vartom NLS$ are provided as SEQ I'D NOs: 59-62. The synthetic Cas9 open 
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retdmg feme, with n FLAG epitope tig, m4 finally a polyf'A) mlc!ltk>0: $&$, derived froro a viral 
or eelbbrgeoe or generated $><mfhetkall>\ is raelacted, 

5 The rwombmant expression cassettes or constructs and m^iBhinant vectors comprising 
®k| espresso?? m dsseotal teem have maoy potetgiftl applications;; such m eishaficed 
geoe dsletiofs., iTtMmeot of career aod use is ars. antiviral $tgmi 10 eliminate eplsooml vim! DMA 
genoi«s froto lititeed tissues. Om aspect oftlie present dlsclowre prov Isles a imtliod of 
treating a viral infection in i subject comprising, consisting. of, or coosisdog essentially of 

19 admi»isienBi to the subject a therapeutically effective aj»o« of a mcombl^ii vector m 
described herein, Another aspect of the present dfectenre provide a method of eliroi sating viral 
epi&omes ia a ashjeei comprising, o£ or consisting essentially of adrtJlnisteriBg to tie 
snbject a therapeutically effective amount of a r«eoiablMBt vector as described teclu. The 
methods may result In inhibition of wal replication or inhibition of target wqrnmz expression 

15 diet administration of the recooihm&m sector or constructs described herein. 

The methods also eneornpass contacting cells with the constructs and vectors described 
herek. Cells may be contacted with jfee ag em directly or indirectly ifi w», in \*itmf or cr vim* 
Costaetksg enc&napt3;§ts yMntstratlon. to ^ cell, tfc&fg, SM:MMI!: patient, or imam Other 
citable methods iMy Include kttoiuokg or adoMus-tertag M agent to a coll, tissue, mammM, or 

20 patient using appropriate procedures and motes of itdniniftr&tfen m defined below, lie 
t^jmbin&nt vectors oi&y be adffiirdMered to die cells ofssidsBSjJect osi an in vim basis, i,e,s th« 
oont&et with tit® cells of the subject takes place wirhk the body of tite individual M aeeottiarsee 
witli the poeedores which are most typically etsployed 

As used herein, ''treatment* is a clinical mterveniion made m response to a. disease, 
25 disorder or phy siological condition manifested by a patient or to wfekh a patient may be 

susceptible, The aim of treatment includes the alleviation or prevention of symptom slowing or 
stopping the progression or worsening of a disease, disorder, or condition and/or the remission of 
tie disease, disorder or condition,. "TreMftsents" refer to one or both of therapeutic treatment and 
prophylactic or preventative rneaspres. Those i.n peed of treatment Include' shose already affected 

30 by a. disease or disorder or nndesired physiological condition as well as those i» which the 
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or disorder or «de$i?ed physiological eosdistot* is to fee prcrentat 

Treating easeer includes: but is trot limited R>. reducing the number of cancer cells or the 
size af a tuaw Iti the subject, reriuclfig progression of 8. cancer to & more aggressive form, 
:redneio<§ preltfemtba of cancer cells or reducing the speed tif tumor gtx>wth5 killing of cteeer 

5 cells, reducing metastasis of career cells or reducing the likelihood of rec urrence ofu ctace* ia a 
s«b| eel Treatmg g. mihjeet m used hemrs refers to my type of treatment that imprts a WieSt to 
n sufyect afflicted with a disease or at ti$k of developing the disease,. i»ehs$Hig «»prove«je»t in 
the condition of the sah|eet(e.g., m oaeor i«ore symptoms), delay in the progressioo of the 
disease, delay the onset of symptoms or slow the progression of symptoms, etc-. 

18 
The term "effective amount* or Iherapeutkally effective amount"' refers to as. amoimt 

sufficient io eflect: beneficial or teiabk biological m&i®f clinical results. Tie therapeutically 
effective amount will vtry depeadlag on the compound, fonmiktloa or composition, the disease 
ted Its severity a&d the age, weight, physical condition &od responsiveness of tie object to he 

15 treated. The recombiaast vectors are preferably suspended to a pMomeeudeaily acceptable 
delivery vehicle (ie<*. phpk>loftodly conspatitsle carrier), for admifiis«to» to s huwr* or ®m« 
human mammalian patient Suitable carriers may he readily selected by otte of skill «r the art ami 
miry depend ott the route of adsttkfetfttion elsosen. 

The plasMeeffilcil compositions will also commm plwMeeMMy acceptable 
20 components,. such ts esciplerus, carriers god/or Milken, Such components keltide my 

p'h&sin&eeude&I sgem that does aot itself mdu.ee SR. immune response hsrmM to the individual 
reeaMag ih# tmupmMm^ Md vMth nsay he aJudnlsteftd wh&out endue toxicity, 
PfartMeeurieatiy acceptable comp«erits teclMe, hilt are :oot limited so,. liquids %mh as water, 
Silhte, glycerol md ethastol PfmraBseeutkally acceptable alts car? be iisdoded therein, for 

2.5 example, numeral acid, salts :s«eh m hydrochloride, hyiroferomides, ph»sptsates:! Mdfates, sitd rise 
like; end she salts of orgastic acids sweii as. aeetMes,. prof ion^es, malosMtes, leukoses, and the 
lite, A«yiliouall>\ auslltaty s»h8&it*e£ss such as welting or emulsifying ageors, plf buffeting 
Siifesta^ces,. atul the like, may be present ia S«c§J vehicles. Other exemplary component include 
lactose, sucrose,. calcium phospbMe, gelatin, de&lrasi, agar, pecuu, pcanM oil, sesame ml. md 

30 Witer. The scfectba of the carrier is sot a IktiMto of the presets inveahoa, OpdeMlly, the 
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compositions of the present disclosure may comprise, m addition to rAAV vector tad otber 
eomponentCs), other conventional phMm»eet*ikal ingredwta* $t*eb as preservatives, dierokai 
stabilisers and the like, Suitable exemplary ingredients include macrocrystalline cellulose, 
earboxymedwleelhdose sodium, polysorNte SCI, phenyletfeyl alcohol chlorobutaitol, potassium 
sorbite, ssorbk add, sulfc dioxide, propyl ptlafe, the pambcns, ethyl vatulluL glycerin, ptoses 
parachloropbencsl, gelatin aod alburma A thorough discussion of pbamaceptfcpby acceptable 
sxcipieias is available in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub Co.. 
N..I, |99l>. 

Appropriate dosea will depend, among other fm®rsx on the specifics of the AAV vector 
cteea (e.g,, serotype, etc,}, on the route of admislsamtesi, m the mammal being timed (e.g., 
'human ornon^UMn primate or other mammal), age, weight, sex, and general coition of the 
Subject to be treated ansl the mods of atbrnmstrntimr, Tims, the .appropriate dosage may vary 
from pattern to -pattern. An appmpdate effective amonnt eats fee readily determined by one of 
skill la the art 

Dosage treatment may he a single dose stbedide m a multiple das© sebMsle.. Moreover, 
the g-ubject may he admMetered as many d« as appropriate. One of skill In the art can readily 
determine m appropriate mmber of dom. 

However; the 4o$age may need to be adjusted to take into consideration an alternative 
routs; of adtnirustr&iba, or balance the therapeutic: benefit against any side effects. Sock dosages 
may vary depending upon the drempestk application for which the: rsxomfeinant vector is 
employed. 

The recombinant veaoks) aire administered in suflkkM moyrsts to em:er the desired 
cells and to guarantee sufficiem levels of fectktMlity of the trunsfeired nucleic acid 
composition i® provide a therapemic benefit without undue adverse, or with medically 
acceptable, phyablogfoal offsets which can fee determined by those skilled lit die medical am. 

Optionally, In some -embodiment^ rAAV-mediated delivery according to the present 
disclosure may he combined with delivery by other viral and non-viml vectors. Stseh other viral 
vectors tncMitig, wiiltout limtettkm, adenoviral vectors, retroviral vectors, kntivirat vectors and 
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herpes snapte* vims IBS V) victors may fee rea4% selected and generated aeeotdmg methods 
kwra in tie art Similarly, aoa-yfcal vector, kcWfeg, wHbam iiiBbstioty lifwotpes* lipid-
basedl vectors, jpolypkx veetore, molecular coujuptet, polyasmtses Md polycs&m vectors, tmy 
be readily selected and generated acc«d:mg to methods known in the art. When admsmatemi by 

5 tbese alternative TOB»? the dosage is durable ia tie .ra&ge described above, 

T© mmimke total ROM si^e,. we have optimized the €a:$ irsekase md fa sglNA 
expression «»ettes by osing small but effective promoter. Single gaWte RNA chimeras cwlst 
of Swo essential portions: s 5" portioB tbai is coinpfcsely eottspIesBentary to the sequence of the 
target DMA $e»se saaad and a conserved sir-yawed 3'terminus scaffold essential for Cas9 

18 feitidifig. We have developed a«d efaacaeterteed a sgRNA thai fmm a portkm of tie H 
mmingftkk# &sd Smp^kmum mmm crRNA Md inerllN A? whte-fe CM be expressed fk» a 
sifigle RHA Polymerase 10 promoter as sbowa in the Examples, 

This sgENA east be readily modified to Jarget my DMA Ideas by altering the 5' 
mrgetlog sapeoee, and is expressed from a miainml RNA polymerase III based cassette. He 

15 sgllN A is toetisMl what loaded btio €m% as d*i»a§teated by fee novel Greet* PluoreseeM 
Protein (GFF) and. luciferase -cleavage reporter assays with Spy Cm% Nme Cast and San Cas9 as 
sbowo m the Examples. 1 bis assay measures the expression of the MIV-1 Rev proteai and m m 
iinte target DNA fosed to the coding seq:«eriee for GPP or IweiferMe: cleavage results hi 
reduced or ablated: Rev:/GFP or Rev/Lae exprmba. I&presdon of the NmeCasS protek 

20 together with m appropriate gftNA results in loss of OFF expression u detected: by microscopy 
•and reduced hscifecm production m measured by tydferase assay light imits., md loss of Rev-
fossou protest espessioa, M detected by Westestt blot usiag ari aatiboiy speclie to Rev, Thes© 
assays; detraistrate that we few suecessJMly expressed adequate Cas9 and sgRMA levels in 
colmre, aid that DNA target cleavage is belli highly efficient and specific. 

25 Co«§tructio« of single and deal sgRNA. Cas9 AAV expression vectors will, directly 
fheilifeste the efficient btrasglkilar delivery and exptssston ragotred for the efficient de^lTirfo« 
of viral DM A episoiMs by antiviral KGMs kt vivo, Specific serotypes of AA¥ ba ve stown Itigfe 
levels of tropism Cor both bepatocytes sad leuroas in vhxh Moreover, AAV vesiors lave beest 
shown to he safe to ose I/# w», atid cm be produced at high tlw, wbiefe is Ideal for testnig anil-

SO HBV and auft«B'SV»l ROMs m the HBV-bjfecreil hrnnaniml ?mfri«e liver or iu latestly !1SV4» 

29 



WO 2015/126927 PCT/US2015/016354 

kfbcted mstcm- tdgembml g&agia, respectively, Is ?fee cosiest of gcoome engineering work 
will* RGISb has shown th&t cleavage of genomic DNA relate m site-specifk rmJtagene$is.t other 
point mwtMiom or l«soitk»s4le!eil.oas due to iixpjrfeot repair by non^KMnologom end*joi»mg.. 
However, when. the C»s§ FU3N$ are targeied to replicating episomes in. culture we observe their 

5 elimination fxona ctlis, $uggs$iing targeting viruses allows removal of the ®pmm% from the 
cell. This episome elimination pheoomersons is novel and adva«mgo0«s, arsd bo# IJSV-J and 
Hi V gENAs ess be combined to Mrget multiple viral genes. dmnitaneously, ttaig eskiiKing the 
desired -inhibitory effect 

Namertw essential gene targets for both HBV am! HSV have hem sdeetes! as defined 
18 above. HB V reverse tmns£ripts$e-:, ©ore protein, md envelope, proteins S and L &m essentia! for 

infectious viral -particle production, and these have been s«ec«M!y targeted ostng tie Rev-Off1 

reporter assay ia culture. In the case of HSV- i s. mirtwoas targets have also beers selected in. the 
LAT region, which is the sole trasseribed regime during -neumMl latency, as well as is the 
essentia! ICF4 gene and ICPCI gene, AAV vectors encoding an HBV or HSV -I-specific Cas9~ 

15 based paytoad. will he directly compared with ncsn-speciftc control AAV vectors, a»d both liver 
•or trigeminal ganglia tissue cm be evaluated for toss of HBV oeePNA. or f*$V'4 eptsomes, 
respectively, by quantitative PCli. Proof of concept m vim is a humanized aionse model of 
HBV dtroute infection of in a murine model of HSV-I latency would require both a highly 
effecti ve effector/viral target coupled with liver or trigeminal gMgllmvspeelfie tra»M».ctk*» with 

20 AAV. Cas^sfRNA combinations delivered by AAV represent a novel, m& potentially highly 
effective, treatment to Induce the specific and efSdeat elimination. of visa! DMA. epitomes, 
inekding not only HBV and l-ISV-l but also HSV-2 sad Hamaa Papilloma Vlans (HPV)-derivedi 
viral DNA epmoities from ioHscted tissues m vim, 

flie present: dmlomtt is not limited to the specific details ofeonstraeiioi., mmgtmmi 
25 of components, or method, steps sot forth lwraa. lie compositions and methods disclosed herein 

are capable of feeing m»des practiced, tssod, carried out and%r formed k various ways thai will 
be apparent to one of skill in tie art in light, of the disclosure that .follows. He phraseology and 
terminology used herein Is Ibr die purpose of description only aid shouMuot be regarded as 
limiting to die scope of the claims. Ordinal indicators, sod as first, second* and third, as nsed in 

SO tie desc; riprion and the claims to :re:fe to various smsetores or method stops, are not meats to he 
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eostsfmed to lrs<lie« ®«y specific structures m steps, or w prtiettlar order or tmfspimtim to 

wfe stmcliTCS <ir steps. All methods described. herein es» be perform^ i» any switabk order 

unless otherwise indicated hemiu or otherwise clearly eoatntdteted by co&ext The «se of arty 

and si example^. or exemplary language {e.;g>s "such as") provided herein, is kiesided merely f© 

5 facilitate die disclosure aud does »ol imply aoy limitation m the scope of the disclosure unless 

mlierwite claimed, Ho language it* die speei&ation, and »o siraerpres shows in the dr»wia§s;r 

should be coastryed as mdkati rig that my «o«~dakied eleoieBt is mentkl to the practice of the 

disclosed object matter, The use herein of die terms 4ikckdi»g" "compmkg,"' or "having" 

aad vwktkns thereof, is meant to encompass the elements listed diere&tter m& equivalents 

10 tlsreoC as well m addittoaM elements, Embodiments recited: as 'it^Msrsg,*' ̂ eomprlsmg," or 

"Imvkg" cerfam eieriMts are .also contemplated as ^omMing essentially of and M«®tj§tsttng 

of" those certain eletrseMs, 

Redtatkm of raoges of values 'bereim are m&teiy intended to serve as a shorthand t&etbml 

of refemag kdividMlly to each separate vate fMtiug within die mtsge, tudess otherwise 

15 indicated ftereia, aad etch separate value is incorporated mto the speeiiestlott as if it were 

individually recited hereitL For example, if a concentration range is stated as 1% to 50%, it is 
immkd that values such as 2%: to 40%, 1.8% to 30%, m !%• to 3%, e&\, am expressly 

etMswrated in. this speeiieatku, These are mly e^arapies of what Is spedfcally Intended, aid 

all possible combination of muiterical values between imd including the lowest value aad die 

20 highest value entuawased are to be considered to be expressly stated in thi s disclosure. Use of 

tie word "abont" «> describe a particular recited ammmt or mtge of am8tm& Is mom to kdseate 

that values very le&r to die recited: s»»ouut are incladed in thai amount s»eh as values thai could 

or aattsrally would be accounted for due to utaB«kct»rmg toleraaees, ItBtmmeot aid hvmm 

error m forming measurements, mi the like. All percentages referring to amounts ire by weight 

25 unless indicated othembe, 

H'c? »dmisdo« k made that auy refascg, deluding arty oooi>Ment pater?! doetMses-ii 

cited: m ibiu speciScatfort., coosritotes prior art... k particular, It will, be understood thMv, unlets 

otherwise slated, reference to my de^uroenf herein does sot coMtitute m idmlssiou thai a»y of 

tiese documents forms part of the ca«s»oa geaera.1 knowledge m the art to the United States or 

.30 in soy other country. Arty discussion of the referesices states what their authors assert, a«d the 
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it reserves tie right to sh&fkage the mmmy m4 prtiaea&e of my of tie doeisiMsfs 
cited herein. All references eifed herein are fully locorfXJrated by referesKe, imless explicitly 
indicated otherwise. Tie present dbclsBisre shall control, ia tie event tlere am any disparities 
hetweea my definitions sad/or 4esciiptk>n ihuml in tie died refererttm 

He following examples are raea?« only to kt illustrative and are not metal as limiaiioas 
on the scope of the Im'eMbn or of the appended claims. 

EXAMPLES 
Ixaajpfe 1; fkslgii ami Use of €©mtriicts Tarptfeg .HFV 

Two pairs of single pMe EN As (sgENAs) were designed using the 2if if web 
applieatioa ftep://^t1t.^3ftMrs,ore) to large! DMA sepenees eaendtag the tmiao termini 
region of the BPY-18 ECi and E? ORFs, RNA-guided DNA emicmudeasgs (ROMs) were 
cottstmetad by cloaiag HFV speeido ggR^'As lata the p&HG veeta* CAddgene) expressing Spy 
C&sf {€m$ et al, 2:013). sgRNAs were also cloned im® the px458 vector,, aa alterative versioa 
of pxBO eootaiiHng *#$> matte wsefal tor flow cytometric analysis (Raa et aL 201.3), EGN 
.taction was tested by geaetitlrsf a vector eootainiag elite HPV~IJ B4 or BT-derreed viral. 
DNA targets inserted: in fhrme bs*tw®sn Jm 'HIV-1 r#s? gs?® fragment swoding amino adds I to 
Sf of Rev (Mallia et si,, I9lf) m& a $* gfp iadkalor gene. Following eo~frao:sfeaioB of ife 
reporter pksroM with i Spy CasWsgRNA expression eiMistraet, imctlan was detemdoed by 
ifcrectitig the spedfk loss of Rev sad OFF express^ by Western blot or flow cytometry, 
respectively. HPV'46-speeiie sgRNAs targeting th« HF'V-M £i a»d E7 ORFs kisegrMed in tie 
Sifts, cell line were designed and tested asitig a s*«aiiaf app?:oaek The .following geae«sf»eiik 
sgRMA siequuid^ wssre used MM! Qrastryctsd as otMlinstipreviously (Cong et. &L 2il|); HFV-IE 
E6tl (IIOCOCTIIXMOGATCCAACA; SEQ ID NO: Si, 1-IPV-iS i-6?2 
(£AA€KTrACCTQATCrOTGCA^ SEQ II) MO: 9), HFV-IB Oti 
I^AOCAAITAAGGOACTCAO; SEQ ID NO: 10UIFV4S E712 
{GAAGAAAACGATGAAATAGA; SBQ ID HO: I IK 11PV-16 IMtl 
|OCAACAOTTACTOCGACGTO; SEQ ID HO; 121 sod HPV-I S E7ti 
t;GCXMG€TCIGACAAOCAGAAC; SEQ 10 MO: 13). Bolded aacleoildes iodieats mismatched 
§5 G resides required lor trir^riptioi initiation i'Om a 116 promoter. 
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Mjmtas 
lleLa, and eelk were grown m Pulbeeeo's modified. Eagle Medipm C0MEM) 

swpplemented will) 10% fetal kmmt mum (FES), 2 mM A»tibkji««A»lis»y€0fk (Gibco Cell 
Calture) and 50 |sg/m'L getiitmyek (Lifelfichnelogfes) ai 37®C1 

5 feMMJMiyi 
Reporter assays sa 293T cells were psfferraed tsskg the eakkm piospbufc irar^eeikrs. 

metot 293? cells were plated at •-•1,25 x Iff cells per well m 12-weli plates and famfeeted 
with a 4:1 ratio of EON expressoo plasmW to indicator ptasmid, 293T cells? were fe? assayed 
by Western Mot to detect Rev epitope tag espresksMi «i by flow cytometry to det»k»e she 

10 positive Section md mess fta#sc«®ee mtmwtf (MFI) of eGFF-p-osittw cells 3 dip post 
tf»Cec!?m 

He La cells were plated, at 23 x 10* cells per well k 6-\ve1l pkfes a«d immfzcmd using 
FhgMed wit!) a 3 m 1 ratio of RON mpmrnm, veeforto pIJCMV/eGFP (pLCE) (Seeded*et. at, 

15 1 987). wteeli expresses eGFE to dereoBltte transferta eilekaey, Gesoffik DNA was extracted 

41 hours p»st-tf8ttslfecttesi using a DNeasy kit (QIapn) Ibilewkg she iMMifacfuref'sfvotocol 
The genomic regkss satrewding the viral target sites was FCR amplified using GsT&q cocktail 
(PromegaJ 9FIM3O0) and then pi»ifeL PGR products were then denatured and remite-aidl. to 
enable DMA feterodsffex formatli.m; 9S*€- for 10 mill* f5*€ to SS^C JMspkg at 4X/§.ee> &S®€ 

20 to I5X at 4h2SX/?w, md 2SX h»M. for 1 irai«i«» Aller reTOieaiittg, proctors w«r« Ireated 
with SURVEYOR nuclease Mid SURVEYOR enhancer S CTraisgeaomies} following the 
ma««flfetw:fer's protocol, aad analyzes! ©« a 2% agarose gel. To deteraitee iite sequence spectra 
of Ibe RMslatioos introduced by IIFV-18 16- a«d E7~spedfic sgENAs* we designed. primes with 
unique mlrktkm essyjoe site tbai femrmS ^assess flaiikiBg the- predkted RON eleayage 

25 iocatioasL The mutagemssed ileLa genomic DNA was ICE amplified at. 48 hoars after 
PaE^fectka, clotted, seepertced, ard aligned to she ffeLa paosm. 

Fhen$typk a»i!ysi:s tk EGNs m Beta was perforated. using tbe FugesteS tr&sMfetka 
rg^gesti per the manufacturer's protocol. Cells were plated at 2,5 x. Id"' eelb per well k 6-wel! 

30 pkm M$i mmfmM with a 3 to 1 ratio of RON esptessioa vector w pLCE (a GFP-e&pressi&g 
plasmiei included to detera»«s tntosfeetioR eficteacf)., SiHa cells wm- tmitsfeetecl wltN l-IFV-
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i6-spedffc EON «xpres$toft vectors «$«ig ypofectaiiil^eCM) (Ctatech) the 
mam^etarer $ protocol. Cells were thsn harvest sad h-sod in SDS/p-m€:reaplM|ba«o! proteh 
lysis buffer 48 hours post tr«feotso», Lysates were subjected. to el««tmpho»i$ on 4-20% SOS-
poiyaerykmlde geb (BstHRad) and transferred m nnroeell&hse «8femes.. The membranes 

5 were tto proved m 5% milk-PBS-T (PBS, 0..!% Xweeii. 20,0,5% bovine serum slfowmls) with 
(lit following antibodies; ami-Flag (Sigma F 1.804), a rabbit Rev pcdycloraJ antiserum (Malka et 
al, 1919), (%mt& Crass SC-4777% anti*pS3 (Santa COM S€«'126), *Bti«p2l i$mt» 
CJTO §C«W1% sad and-Eb (BD Ptmm»gea 55413% The xriembjMS^ were washed is PBS-T, 
i&cysbstod with a speeies-speeifk secondary antibody, Md ifee« washed ugak in FBS-T,. The 

10 memtatss were mciitoed wMi. Western Bright Sires Western blot detection Mt (Adv&nsta) gad 
signals eapteed using GeeeSreap and pMdfed ming OwTocls (SyBgese). la ureter to 
determine the specMdty of RON cleavage, we gfaetitfd apeD:NA3 construct expressing m E& 
iMiiant baifcoriag tymayimm miiiatbrss in tfee CM9' "seed** nsgioi*, Tbes& experimeiisis were 
ooMucted by trMs&eting MeL,& cells s:o. 6-well plates at 30-4i)% eossifen&y with a 3 to 1 rati© of 

15 m MM espeMloa -vector to motem 16 expressiars pl&Mid with F«gesefl Western bte w<» 
conducted in triplicate at 48 lours poswranifealort, 

Oss^^SMsiMA^teskJs^^s 
To dtatenniite pawth effects of ROMs, Mela cells were plated s.» J. 2-well plates at 10s 

cells pes- we!! a«d triiisfcted with 750 «g t>f an WPV*I S-speciffc E:GN expressTO secto* w 
20 tnplfcMe. Flow cytometric analysis measuring the percentage of eGFP-posJtive cells using ibe 

FACS Canto software was performed 4S, 72, and 96 hoars posMransfection. Dae. were 
normalized to a px4SS traosfeeted culture. To examine eel! cycle progression, 10* llet.a cells 
we?« pktesl in 6-c»i plates and ctHiBs&fectecl wife IIPV-1B E6« or i7-spedfe EGN expes*®** 
vectors and m. eCiFP expression pta$mi4s at a 3 to 1 ratio,, nsir&g fugeneb,. lijtponeaii&ily growing 

25 ceils were treated 48 boors post-traBsfectson with 10 ^gsksL 5*btm^b>xyiiddiiie (Brdil.; 
Cftlfttochaa) for 1 ho«r. Cells were ttesi (-rypshr&ed., washed with I*BS? tad fixed with 2% 
pa?i:fon»aidebyc!© for I tear at 2F€. Cells were washed with PBS m$ pemieahilked with 70% 
ethanol ovemigM M 4^C. After washing with FBS, DNA was deaatored by itealsag the eells wiih 
2 M MCI for 30 isainntes M 2S^'C and iiesi washed twice with PBS-T. Cells were testispeaded is 

30 100 p.t PBS-T aad 2.5 pL Alesa Fimor #4? Mi~8idU MPbddy (catabg m. 560209; BD 
Biosciences) tor 20 tamete at 25%', Cells were washed ottce with FBS sml re^u:spended in 200 
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pi, propidium iodide (PI),%.Na$e buffer (BI> Biosdenees;), Cells were tinea attadlysed by 
How cystometry »$mg a BD FACSC&nt$ II and Ffewlo software. Separate Sow plots eowrparmg. 
BrdlJ and PI aMmsig were generated I® compare ftwfeted (OFP»ps>sMve) and wMHr&Bsfected 
lOFP-negative) IfeLa cells, 

s <¥f mw. 
To measure HeLa cell efficiency, we emplofed tf® tetmrtl LCE ©GFP 

expression vector (Zia«g et aL 200$), This allowed «$ to determine that 89,3% of the Mela cells 
is culture were transduced^ eciusisteot with aa kdial MOI of -1.2., The Spy •Cas^/sgRMA« 
expressing teotrvkal vectors used were based m letUiCEiSFR (Sfeal.ei» et al,,. 2914), with tie 

10 appropriate sgRNAs insfitsd 5' m a U6 promoter HtLa cells (5x10*) were »sduced isese 
teiiveciors, and fresh :rae#yra added 24 lours alter lafeettou, Tb© cells were tlieu cultivated fef 
I D dap and cell ambers quantified at two clay Intervals, 

In a second experirseal, BeLa. ceils were ao&iu Imosdweed widr leadCRISFR-based 
vectors expressing Spy €m§ a»d 3 aott-speciie sgEHA, BS sgRHA! or E? sgRMA L or with 

1S LCE. lu thm second expertaerrt, we osed a. hlgtier predlaei MOI e»f-3 ?, wMefe sbowld- refill to 
tie kfccifen of esgestlaily every cell After eiiMvatioo for IP days, tie cells were stmoed will 3-
|4.05-dimerhyitli^>^2"yi}"2 J-dlpb^swItetramlsMm bromide- (MIT). .MTY w;rs ekfted .from cells 
wife isoprop«ioI comamfctg 0.04 M HCI audi the absorteiuee was detemdued by Fluosrar Omega 
(BMC* Latech) m 5% ««* witb ® reference titer of £20 sun. Sorviral was artektod relative i« 

26 ruock. infected eells, 
ItlSIJLTS 

To large! tie integrated genomic copies of Iff V-18 present in MeLs cells for DNA 
deav*s|ps we designed sgENAs complementary to nndooddes S to 24 sod 36 to 55 oftlie I'IPV-
11E6 open readiog iraate {OEF} and nucleotides 84 to 103 and 1(16 to 125 of the MFV » 1S E-7 

25 ;ORl\ These were expressed uuder the comml of a 06 RNA polymerase MI promoter present iu 
tie px.330 expression vector, which also expresses lite Spy CM9 proieiu (Coug et at? 2013). To 
assess tbe ftffietiooality ©f these sgRNM, we cloned eopaie HPV-ISE6- or ET-^erivedtgrpt 
secpefsess lo frame betweesr as suniMHermiuul region esteo-slrsg the Ilrst 59 MSMO adds of the 
HIV* I Rev proisdn (Malito et &L, 1989) and a e&rboxy4erruimI ladkafcar gene (Fig.. I A). If 

30 m sgRMA is ifKieed :&MtiouaL tlea I: shooM iaJribd tbe expresisioo. dfthe predlctetl. Rev-target-
OFF fusion, proiem as deteuined either by OFF :f]ttoreseeB€« or Westero blot analysis isiog a 
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satlsettm Indeed, as stiowu m Fig, 18>. both ib-specifk sglNAs 
greatly reduced, boll the number of GFP-poMive cells, whes the RGM expression vector was co-~ 
traiisfected .iufco 293T cells along with iie indicator vector, as well as ite mean 
ilamesoeace intensity (MFI) of the remamkg OFP-»-po:Sitive cells. Similarly* both E7*speeifie 

5 sg&NA* dramatically i&feMed OFF expression from their cognate indicator plasrmcfs m co-
tratrefeled cells (fig, IC), Furfleraiore, analysis of R®v4arge|-GFP fission protein expms§k» m 
tlese same co-tramfectedl 293T ceils by Ws?$t«ra. blot (Fig.. IO) reveals*! m almost total loss of 
indicator protein asptmios, We therefore ccmehsded that si four !IFV»II 16* or ET^pecifsc 
sgilNAs can effectively silence tib expression of a cognate target geae. 

J. $ We $3Mt asked If we eoaM raaefivate rfe endogenous- HFV-! S BCi atsd El pass 
Integrated into tbe IfeUt cell pw®, As Mi fo-«r sgRNAs appeared, to feietion ecprvtlentlys we 
Ibcased our swbsespent research -en E6 sgRMA! ami E7 sgRNA.L 'To confirm these sgRMAs 
were Melted rrsdaekg the expected DMA cleavage* we tmd tie SURVEYOR assay to determine 
if we could detect RGM-ufctard Mdels at the predicted cleavage site. For this prpose, we 

15 ttmsfecied FleLa cells wlih a px330-bas@il vector eooodhig Spy Cast (Cong: et: &L 2013} and m 
E6- or i7-spedffc sgRNA> At 41 boars pst~t»sleetiosi.? we isolated the fieLa genomic PMA 
and fCH-smptifled tie regies of the HFV-:! B genome eornaimrsg either the E6 m E? Sirrget sis 
for €m§,. The resultant FEE. fragment was then isolated, denatured and then re»anneaied to 
protee a population of DMA h^tervKSuptaes that were: digested, using SURVEYOR imietessi?, 
which is predicted to cleave at any sites of €a$!M:«dwed omtageiiesis, As shown m Fig, 2S we 
t&deed readily detected tie presence of indeis k bath tie HF V- I S Eb and f;7 geoe at the 
predicted CmB las-get site. To ferller characterise these rntnatiorts, we efooed the Mm© PCR 
fVagmeiHs derived fro«i tie HFV" IB Eh or 17 ges^e and then peridrraetl IJNA sequencing across 
tie predicted cleavage site located 3 bp 5" to tbe Ca^ FAM sequence (M'aii et af, 21) O). 

25 Analysis of the MP'V» 1E16 gees gave 234 DMA setpenee reads, of which 19 bore m aasoitroeot. 
of di&reot deleticsa imutaiiosm while 34 coMaioed the same insertion notation of a single **A*S 

resicitsc 3 hp 55 to the Spy Cis9 FAM motif The tCTtalniog IBI aoiples analyxed coetai:a®d tie 
wi|dtyp« 16 Sii«?krly» m the case of the HFV-18 17 g«m we recover-ed 2.12 DM A 
:sei|»e8ces of which 6 repeseat deletion BiotatloBs ad|acent to- the predicted Spy Cas9 cleavage 

30 site while 46 represeat insertions of i or .2 hp, igala at a site 3 bp 51 to the PAM motif, with by 
far the most common being a single *'F imtcfeotide insertlos, feerestipgly, we also .recovered 
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«sopeoee eossakkg a large ksertkas mtsitflors ikm tafcodiieed a se<ptBce derived from 
humsft chromosome S, Tberefbfe, fa boife the IIFV-18 E6 &»d E'T geo.e:4 we were able to recover 
multiple rM&boris %t the predkted Bb or B7 UGH efeavage site, almost all of which ar«s 
predicted to disrupt {be E6 or E? OEF> 

5 Both E6 M4 E7 expesslc® are taowti to fee reqkred lor IM,a eel! growth tad survival 
(flowley, 1990: DeFiJippis et al, 2003; Cloodwk and PIMaw, 2£N>f!f and we therefore mxt 
asked If targeting ES and. I ? with m ROM would i ndeed inactivate Eb ami E7 fmctmm, M jjoted 
above, tie HFV 16 protein, hmctbns to repass tie «xp»§ioa of the host. p53 tumor suppressor 
so that loss of EC* ftmcttaa Is espeeted to mmlt ia the activation. of mi only pS3 e&press-kii but 

10 also ofdowrsstTMm dfcefiois ofpS3» mctndtag the cyclia-depeiKta kinase inhibitor pll 
CGoodwrn md PiMaio, 2000; Mighty «d Ltimlss 2014; Mci^tighllMlrttbk md Monger 2014; 
and Sehefhser et aL 1990}.. As slow® in Fig SA, we Indeed observed, the specific indB&ioti of 
both pS3 md p2I e^pressiM M cells e&pressk|| the M sgRNA but siot ia coatro! cells or k cells 
expressing fee ET s§iENA, 

15 The HFV-IS E7 proteto. hiBetlo® to repress the fauete of the host cell miisebtooam 
CRb) prot^te by MacHng m tit® feypophosp^orvteied .form of Rb; thereby kduomg ftfe deipdMbo 
and preveritkig the Sjnraatkn of Rb/12F complexes {bat would block cell cycle progression 
(Mighty arsd Lakhs* 21)14; McL«»gMI«-Dmbk and Munger 2014; Bowfey, 1991; PePihppis et 
ai, 2003), As shows* k Fig.. 3B„ we did delect ars increase k Rb expression that was, however., 

20 fmly modest (1,4 •& 0.03-Md) wlera »orTrml«i! to the 0-setk. bgernaj. control We softe, 
however,, that. disruption ofE? r«sul& i« cell eycte arrest so tfcii eeik bearing a 
dlsroptecl £7 geoe we expected to be selectively lost from the traasfeeted culture. Meed, we 
observed tlM «presskM> of the flag-taggeti Spy Cas9 protek w» specifically reduced k cells 
expresskg a« sgRNA speeifk tor dtha ES or E? (Fig, 30). If libs deerew is tAm kto 

25 account, then the kerease in lib espressos* is a more substsotial 5.54 ± 1,424bM over the 
eomrof wbifib is stafetkally sigmtkarn }. 

It cook! he atpseel thai tie setlvatioi of p53 in HeLa eelfe cxpressi«g Spy €m$ md the 
E#-S|^-ifk SfUNAl is a ngsi-spsdlk effect resultrng fom as off-tarpl. such as 
promjsciiotts: DNA damage. However, asmlysk ofpoletstbl terget sites In the hamsit tor 

30 £6 sgRM Al , by BLA ST search of the M'CBI busaao. gMOntt dasabase, hilled to idsatily tuy 
targets with perfect complementarity to the 13-nt Eb sgEI^ A ! seed seqiseBee is coiBbkation with 

3? 



WO 2015/126927 PCT/US2015/016354 

lie Spy €as9 FAM 5MNGG-3 \ We did Ideality a siagte perfect ltesi» geiome target site fer E7 

$gRNA I m $k !»c«s of the h»ams gf8»me, designated -164032096, k&&t$d m chromosome 2 flat 

is m% believed to be trmsenfeed. k addition, we detected a nitmher o f potential target sites for 

ES SgRMA! wi IE7 sgENA 1 that diflered frnrn a perfect target site at a single base pair and 

5 therefore might also represent potmtial ofEtarger ele&vssge sites in the femnan pw. 

Off-target g ai»m» ON A damage would fee predicted i» activate pS3 and we -were 

patieidarly ktar«sted in ̂ *no«stmfing that tie activation of p53 by 16 sgENA I resulted 

exclusively frost cleavage of the HFV 16 gene, We therefore generated amaw form of the 

HP'V-18 E6 gene in which we kirodueecl mutations that would be predicted to block sgRMA 

10 cle&wge hw that did not alter the iMderfymg: B6 ammo add sequence (Fig, 3C), As shows m 

Fig. 3D, a>W*ife«« of as expression vector encoding te variant form, of E# entirely 

blocked the activation of pS3 expression by tie E6~speeifk EON, which strongly suggests tto 

pS3 inducikw ia tie presence of E6 agRNA! indeed refects the selective loss of E6 expression. 

Frevions work. has $hmm that loss of either B<> a? £?' flection in lleLa cells, and m offer 

15 MPV-tM8sfofs&$d cells, nm\t& in mtm&mm, cell eycle arrest and, m the case of ill reprcssksn, 

SISCJ apopiosis (Mighty and LaJmios* 2CE4;. McLan|blln-Purbm and Mtiiger, 2009; PeFilppk et 

al.s 2001). To test whether .RG'Mx specific tbr E6 or E7 would exert lh® predicted pbenotypse 

effect, we analyzed tie growth ia culture o f cells expressing Spy €as9 and cither the E6 sgRMA I 

m E7 sgRNAl wheo eninpared to & eonUol sgRMA, As slows in Fig, 4A, while tbe control cells 

Si combined to repikate, iieLs cells expressi«|f tie lb~ or i7-speciik sgRMA strongly decreased 

in nninbei ever time. We nest, analyzes! the cell cycle progression of control cells reted/ce ia EiS 

sgRMA I or E7 sgEM As-expressing cells by cnituiiug tie cells in the presence of IkdO, which Is 

Incorporated into newly synthesized DMA, and tben. staining the cells with propidhra iodide 

CPI)S which allows mei^uremeut of the total DMA level per cell As shown by few cytometry is 

25 fig. 4C, tie contra! cnlture showed 57% of cells; in 01, 34% In S phase and 9 J% m 02, lu 

eofitosi, the ettltoe expressing E6 ^gllMAI were 11% in Gl, 17% in S phase and Ab% in 02, 

while cells expressing E7 sgRMA I were 7t% i» 01,15% in S phm% and 6.6% in 02. A bar 

graph summarkmg data derived tram §bw wpsnnte BrdU/FI |abelit{|: csperraentes shows-? in fig, 

4B, eoniirnM imt both tie E6» and B7-speeiiie sgRNAs iniluce eel! eyefe arrest in 01 while 

30 strongly reducing tbe number of eels lu S plles« or entering: 02 , e^peted for nthibito-fs o f Eb 

oc E7 expression. 
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As soled above, iqpfeouon of B6 or B? expression is. cervical earekoma ceils is 
pfedieted lo no! <*»Iy kd»ee cell cycle arrest, as reproduced here k Fig. 4y kit also senescence 
Md/or apopfosis, Tlereihre, it b expected that the expsta&toti of CasWsgENA c«ikiatiom-
specific for E6 or E7 wmiki initially inhibit cell growth followed by mduetien of cell death, le 

5 validate this ptedictioB, wo transduced MeLa colls with leMrvira! vwtors encoding Ca$9 m$ 
either $ controls Ed» or B7~speeifle sgRNA, with a similar leMiviral vector encoding GFP, or 
mock tm»sd«c«d l$m cells. Usmg fluorescence asilvattd cell sorfsiig, we observed that S9J% of 
tie cells trassdeeecf with the 6FP«expf«s$t!tg le&t!viru» were OFF*, consistent. with .an iuMal 
MOI of-2,2, We thea counted the cells k cuhore at two day intervals lor 10 days (Fig. SAt The 

10 outers tmssductd with CasWsgRMA combinations speoiie for HFV-IS fb.r B6 or I? ted -10-
foW fewer ceils Iter* fee control cells at ill time pokts, imss s«fgesdig that the growing eels 
likely derive from -10% of the initial culture that was mi trusteed. 

To ask. if expression of CisWsgENA. coisibkatioas sfMseihc lb.r F3PV-11 16 or E7 would 
indeed Muee fleJU ceil dtatfe, we repeated: the above tri osduetioo experiment xi«kg a Mgfeer 

15 titer oflMtivM vector (MOI of •••37) that is predicted m transduce ateosi every HeLt cell m the 
cuhuffe After 10 days ia cidtoreL tie cells were steed with MIT m& the percentage of viable 
cells detemimsd (Fig. SB). Sorprisingly:. in this expe:ri:ras*«t, the control teativiral vectors restsiSed 
m an •-'S-lbld decrease m cell viability that was clearly not doe to Spy Cast expressioo:, as the 
sums? effect WHS observed whh the GFP~espressksg tatfMra! vector* In contest, both die IM-> arsd 

Si £?~specifie sgRMAs, in the presence of Spy €as$( lodneed the almost eauplete demise esf the 
tr&mduced HeLa cell dtit&te. Therefore, targeted disrtiptka* of HFV E6 or El Ms die potential to 
ioducc d.se specific elimination csCllPV-triosfbrsBesl cells. 

All the work described fkts ftr osed the MFV4S timsfooiuesl cervical cmremoffia ceil Ike 
tkLa, To extend these studies, we dso amlyzed the huma® SiHa eervieal eawlrrona cell line, 

25 whseh is traMfbrmed by tiPVMd (Seedorf et a!.,, I987K using sgl&HAs specific for IIPV»16 E6 
and ET, which differ in setperree toot IIFV-I8 £6 aod ET, I» tills experiment* wt ther«&re «se«l 
E-6 sgiMAt, which h spdfk for IffV-lS E6, m our ^ooa-speific^ sglCNA. Tarptlog of the 
IIPV-16 psne m Silla cells mmg tbe Spy Cm® protein aod an I:!f V-1d i6-s|?ecilic sgRMA 
.remlted;. as esp^cted, iaihe sp^eiOc induciim of iiie pS3 eSeetof protedj p2l |Fig. 6A), as also 

3d seea m lleLa cells after S&rgehag: of ES (Fig, 3 AL However, llM HPV-II-speeiEc E6 sgEMAI 
failed to dtduco p2 J esptessioo, thm hrrtlier cofifltmiog itet aelivatioo is due to Ed eleaeige md 
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mi 4m to oil-target DNA cleavage, Similarly, t&rgetiag of the IfPV-16 B? %%M- m Sltla cells 
respited in. a raodefl bat sigpiEcaat eahaacemem ia tlm expression of she cell Sb proteh (Fig, 
SB), as dm seen ia HeLa cells (Fig- 3B>, Therefore, .ROMs targeted. to ®i$m E6 or 17 are able to 
trigger the p53 or Rh pathway* respectively, in sot only HPV»18 l>«t also HPV464ms&rmed 

5 cervical eafci»o?»a cells. 

Example 2; Bevdopajeaf ami Use @f H8V Specific CRISPH/Ca# 

•Smgk giiide RNA design ami imimm! vector pr&etucfjon 
Multiple $$RNA$ for each HBV DMA target were screened usiag »d»al tecsfoase 

indicator assay, essentially as described aixwe, Briefly, Spy CasWsgRNA. coeKprmtos 
18 coannicts lased spaa pX339 tCotig et «)., 2013) were conrasfected mm 293T ceils at M S: 1 

ratio relati ve to an indicator plasessd expressing a feiois protein eoisktkg of an «iao-i«i8i 
HIV* I Rev derived epitope lag, a central target region. derived fmtn aa HBV open* reading fVaaae 
Sfi4 lastly a. eartey«teri»feal Sreily lue if erase (FL«e) tadk&totf gerse. A Retiiila Iitcifemse 
(RLac) expression pt&smki was also ecHmnsfeefed as ati internal control Ttmsfetiaas were 

15 aa&lyxed it 72 h pcsMmMfeetiors by Fromega dual tocifom&e assay tad We-siera Mm for the 
expression of the encoded Rev-target-Fine feioi protem to confirm the specific kaockSowa of 
tic DNA target, The HBV DNA targets for the sgRNAs are depicted in Fig, 7A. These candidate 
sgllNAs were shuttled into tlte LeiitiCRiSFR leadvlml espresilea vector (SbaierH ei &L 2014), 
which was produced M high titer ia 2931 cells by co-sr»M.lbetio«., «g previously described. 

20 IiBV strain. AYW targets for the sgRNAs Med m this work were ss follows: HBV R? 
(OTICA GTTATAXGGATGATG: SEQ ID NO: I), HBV surfeee anrigea (Ag) 
(OCCTGTCCTCCAACTTGTCC; SEQ ID NO; 2), HBV tote pmmi 
(QTACCGCCTCAGCTCTGTAT; SEQ ID NO: 31. and Boaspedfie crnml CKS.) 
|GAAATCCTOCAGAAAGACCT; SEQ I'D NO: $8), The initial G required for dlideat RNA 

25 polymerase ill trmscopttoa fern the IM prorooicr Is aaderlinf^ aad. is .not complementary to the 
DMA target 

To assess the iiMitagasic spec-tram generated by Spy Cas%gRR4 cleavage, primers 
hearing nnkpe reaction sites were designed to anneal to HBV seepeaces flaakasig ihe predicted 
Cast cleavage site ra the RT gese. Total HBV gemmae DMA was extract from HepAD3S cells 

30 Mknvkg tramdttctkHi with the Ca&WsgRNA cp»sthiMt.ba. speeifk for die HBV ET gerse 

40 



WO 2015/126927 PCT/US2015/016354 

described above, ICE amplified, cloned into pd>NA3 (InvttTOfen), mi. Sanger sepetteed.. Tie 
recovered sequences were t$*en aligned to tie wild-type H8V stralo AYW genome. 
(Mi cuimm 

The teman 293T cells employed in the reporter assay® and for telivsral sector 
5 production were e»1t»red its IMbeeeo's modified Eagle medium (DMIM) kcludisg. 1014 fetal 

foivine sere® (jFBS) and antibiotics.- Hie HepAP38 c«0 Ike regalates IIBV replication thro»§ib 
tlie presence or ateeace of let in {fee culture mediiim* (King and Ladiser, 2000; isdstr et a!,, 
1907), Upon removal of'Tet fmm the inedisra, HBV replicates and t$ secreted fmm these cells, 
wMIe Tet addition c<»»ptet.dy re§jfms«s HBV nspiicathau !fepAB3H ceils were colored ia 

10 DMIM/Fi 2 meditin (Life T tetmolog m) supplemented witfe 10% Iseai-iMCtwafed .FBSt 100 
lU/ml pemdiOiii, 100 fig/ml stepfOTycks. 100 pg/ffil kMiamyem, 400 pgdri 041.8, and with 03 
pg/ml let (for inhibition of IiBV replication) or willwti: my let (for induction of HBV 
repiie&tiotO. HBV 2.2.15 eels (Selk et a!,, IPS?) were collared in JDMBy containing 1.0% FBS, 
100 Itl/ml peMcJIIIa, 100 ̂ g/mt streptomycin, aid 2 iiM L-glatamke 

15 ImtMmi mmift&iim 
Mep.AP38 orHBV:2JJ5 cells were sraesduced wltfe leMivim! vectors expresMftg a 

|Mromyek resdst&fsce gpje ® well as Spy Cas9 and &ra sgUMA, as described above., as 85-90% 
eonflneney after grmvtli in medium lacking Tet for 48 k fe ensios espressiorr of HBV raRNAs 
and PNA, Beginning m. 4S Ii pcssMransductkm* ceils were selected in 4 pgiini puromycin (Life 

20 Tectadepes) f&r 1.0 days* to eImitate arty noB-li^nsdwed e«lls1 Superii&axft sisedk aid celfe 
were then fearvested for EL1SA. and red~t£tn£ PGR assays Control cells kctodkig iion-
transduced. HepAD:38 cells were included M positive controls !w IiBV replication (in medium 
lacllog Tet) or viitnsl ahseoce of HBV replscatrai (in medlmn containing ?«t}< No»4raosdoeed 
HBV 2,2 J S cells were liicbdetl as a contoi m experiments wfere rd&vant 

25 Qmtifijimfimt of HBV.DNA mid ccc&NA m iiitpAi) 3B ceik 
For HBV DNA qoaotrtleatioa k. BepAIBS cell^ a set of primers for ke HBV pre-S geoe 

region was assessed according to a ptibllsltcd reaNirne P€R protocol (Fas el a!.. 2000), whic-h 
yielded m 89-bp product, Lor IIBV cccPNA smplif&iitien,. w irsed TaqMa« primers previooslv 
shnwn (Clieit et aL? 2004) to speci&«1ly asapliiy cecONA tBkg an AB7000 liT setjoenc® 

30 detection system (Applied B:bsp£emsf of th# Light Cycler 480 tetomMtt (Rocbe). Ciosely 
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similar data (not sfeowa) were «too> obtaked usisg: a second $et -ef previously itmmbtd, 
eeeDNA-speeilie primers {Malmstrtffli el. at, 201:2) 
Nmimr extraction for wc&NA. maivm 

Ti^p$tnked KepADBS cells were colteeietl by e-entrifagauw., washed with PBS sad ibe 
5 supernatant medium d&carded. We fhe« added 500 gi of liypotesiic boiler (10 iM MEPES, 

ICteM Na€t 1,5 HJM MgOs, 0,5 raM DTT) to the cell pellets, along wills, siiwwuia ©xtd© teds 
(ZE0BO5, Next Mvmes&'and the cytoplasmic membrane were disrupted ming a Bullet 
Blender (Next Advance), set at speed "4", for 15 sec, Nuclear pellets were thm collected by 
eentdfsptiam m 2500 tpm for 5 miu a! 4X &»d torn! aaclear DNA extracted folkwiag the 

10 protocol m tim PNeasy Blood & Tmrn Kit CQiagea), 
mMfy m M8V-CRJSFR mui ffypAl)3$ systems 

Four eorop««ds were: tested against the HepAP3B cells, including lasnivBdke {3T€}„ 
te»oi>vir dtsoproxil kmasate (IDF), esleeavk (ETV), aad tlse .aadeoe&psid assembly myfeitor 
beter«myldihydmp>yrimlclii« (HAF~I2), All the antiviral^ were syMtektd k our laferaterles, 

15 MepADIS cells- were seeded, at 50,000 ©ells/well la collagea-easted 94-well plates, Test: 
eomporiitils were added to cells to a. final eoeeeMtatloB ranging fro.m0,00! to 10 p.M< 
Rmi~tme.PCMfor MBV DNA spmcies m fiepADBS 

Os day T, fetal DNA was purified front supernatant using a commetmlly svallalble Mt 
(DNesisy Bleed. & Tismie klls Qiap?p), He IIBV DMA was amplified k m reaMiffse FCE assay 

20 using the AB 79O0HT sequence deteeiicm system (Applied BksyMeros) as- tt&«? LightCyc-kr 4S0 
(Roche) as described by Stuyver el el, (2002). All samples were tested in duplicate, Yfie 
cowcetsrmtioe of compound that kMMted IIB V DNA replication fey 50% (£Cs&)©r 90% {EC&&} 
wis deteiro'ked by Ikear nspession. IIBV log viral redaction was also toerrahied 
Cykx&wk'ity 

25 MepAEBI cell, viability was checked at late time pofes by ReaM'kwe FCR for 
imtociotisdrial DNA Icytockome c oxidase sebanlt II (€0X11)] Md tracta* DNA (flbesomsl 
D'NA}. The mitochondrial DMA (MtDNA) md nuclear DMA (nbosoniel DNA, Applied 
Biosy-itesas) were amplified ki parallel m a reel-time I*CE assay., and lise anKmnt of target 
nitPN'A wis noonaiited to the afftonni of an exogenous control and was then calculated relati ve 

30 to the untreated control No evidence of cytotoxicity was observed. 
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Results 
To target the IfflV (subtype AYW) for eiknnatkm in cell etdture, we first 

designed cliree sgRNAs specific jfbr Spy Cas9 targeting the viral open raadrng frames (ORFs) 
encoding. HBV surface Ag., core, &iid/or RT, For the HBV strue&iual proteins surfee Ag and 

5 core, M^enMn&I targets were selected to induce feme-shift mutagenesis., lie surface Ag 
specific sgRMA was a I m predicted to elwe theET gene fFig.TAf RT was also targeted in the 
highly conserved "YMPDIS motif required formsyme catalysis (Fig.. 7A) uskg an sgRMA 
predicted to also cleave near the md of the snrfice Ag ORE To veri fy effective sgRM A ftinctios., 
we employed the indicator assay described above based on co-tratBfectio» of Spy CasP and 

10 sgRMA expression pksniids, aloag wtfh & cognate indicator pfesmd. Mis bum 293T cells. 
This amy cpaRtifaltvely measures sgRNA efficacy by monitoring fee firefly luclferase {FLuc} 
activity or steady slate «spww level, of an HIV- i Rev-sgRMA target-FLye felon protein; 
high cleavage activity results in a. substantial kneeMowm of both. As shown in figure ?B and 
?C, all tkee sgRMAs induced m effective and specific knoekdowt* of Flue expression, as 

15 measured fey dual, liidferase assay, and Rev Mien, protein m measured fey W«« 
blot analysis, respectively. To directly test these three sgRMA constructs In .relevant HBV cell-
cutftve models, we n&xt shuttled then* into a lemivirai CssWsgRM A expression. vector (Shstero et 
als 2014) capable of efficient transduction of the cell, tims MepAD3S ami HepsKG. 

Suppression »jf HBV replication by €»s$/sgRNA ened^iratforts specif c for lie fIBV 
Si RT» surface Ag ««r«t genes- In the HepAPM Kelt line, tra.aseoptio» initiation of an 

integrated HBV linear DMA genome k tightly regulated by a Tet repressed promoter (Ladner et 
aL 1997). In lire absence of Tet k the culture, medinrn, the system mimics IIBV .r^ilk-atlon by 
timwrihkg IIBV otRNAs and pr^genornk RNA, leading to the initiation of a robust HBV 
replfcaho« cycle, Including the synthesis of substantial levels «f ffBV ceePNA* and the release 

25 ©fDMA<ontihii»g vira! particles into the supernatant medium., Consequently, this cell Ike 
represems m excellent model to test suppression of IiBV replication and cccDMA. synthesis- by 
Spy €as9 loaded with sgRMAs specific for IIBV DMA targets. Therefore, we tested the ability of 
this system to suppress HBV Tqtlk&tbi? by transducing l:i-epAP3f sells with toiv&ml wctors 
encoding. HBV-speeifie Ca^WsgRMA crnrteiations* HBV transcription was activated 48 h prior 

30 to trMSdrscdm fey removal ofTet Horn the medktnt is caswe that an active HBV replication 
cycle was in progress prior to Cast/sgRNA expression, Subsetneatly, Tet was. added bmk to the 
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ntdto apk, repining tie CITOUKSSOIMI 118 V toc»$s to mmm- that cecDNA wis the prfeaiy 
source of viral framripfkm The fmtivlrat vectors used also encode a pcroroycm Tcssstaaee gene 
(Sh&fasi el al,s 2014), tfeus permMag seiecttot* of the cells, As a positive control for 
HBV gene expression, HcpABTS cells were also transduced wub a. nonspecific (N.S.) sgENA 

5 construct, that does mi target My HBY seq ite«ee, As a control lor maximally repressed MBV 
expression HepAD3S ceils were also tested ie tie coutimsou® presoaee of T©b which m tbe 
tlepAPSS cells blocks IIB V tramcriptj®« {iMmt et al,, '1997), After transduction and selection, 
all three sgRNAs reduced IIBV DN A levels inside cells by -16 to -i2S»lbM md is the 
supernatant media by ^-lOO-foM to W-Md, as measured by real-time ICE (Fig, BA), Even 

10 more impressively, tfe RT sgRNA suppressed IBV DM A i^iicatioa to tie sam# extemas Tet 
additbiy which essemMiy etuirely blocks vires replication. 

Suppression: «f ceeBNA t»r iMtlon l>y IIBV" spceiic C&s^sgRNA consfeiratious. To 
test iht capacity of RBV-specilie C&sP/sgllNA c«bi»Mbus to eliminate eecDNA 
accumulation, transduced HtpADSS cells were also aaafyged for the level of ceeDMA 

15 accumulation hy real-time PCR at er 14 clays is culture itsing; prevloosty described eeeDNA-
specific primers (Cbeo et at, 2004). Remarkably, tie HBV RJ-specitfc sgRMA suppressed 
cceDNA fermatkwj by •••«•! 0-ii>ids while the surf&c® Ag ami core-specific sgllNAs repassed 
cccDNA levels by ""4-fold (Fig. SB), Total Infraeoilckr HBV DNA accumulation was reduced 
by --Mold by the IIBV surface Ag aod OTre-specilk sgRNAs, »«d were 'repassed by --SQ-ibld 

20 by the RT specifics sgENA (Flg> SB),. Iropressrvely, the HBV IT specific sgKNA was therefore 
able to mhtcs HBV ceeDMA fhrruatioa by ~t0% md total IIBV intracellular DNA 
accumulation by 

IIBV specific C'asS/sgRMA etMnbhiMions redssc^ IIBV surface Ag mwi'tmn. In 

HepAD3S ee!is:i analysis of flic level of HBV surface Ag (IlisAg) and. V:> Ag (IfBeAg) 
25 scerctioi) represents.» useful assay for scsreeoing for arrtivirais lial inhibit IIBV replication and/or 

vsral p«e expression. To determine if HBV-speeiik Cas9/sgENA. eombtMik>M can suppress 
secretion ofthese mmi aobpos, we performed m ELISA »f usitsg the supernatant media of 
tosduccd llepAPlB cells harvested after 12 days in outers, Low lewis ofsecrered MSsAg 
were observed in the supernatant of fiepAD-JS ceils tfaasdueed wills 'HBV«$pecil1e sgRNAs 

30 targeting the RT, surface m4 core geoes but aoi tie N.S, sgENA., Indeed* tte sorisee Ag-speeiie 
sg'RN A suppressed HBsAg production to nearly oodetectililc levels {Fig, 8C); possibly 
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•coosistet with the lasctlvtlion of this Tim! few? fee to t4iim$ fey the copale 
C®$&gRNA eotaMeittiorL We also observed a statistically ligpiik&M .Auction in HBeAg 
secretion in tie cells transduced with lite RT specific sgRMA, impasting perhaps a global 
reduction ia eccDNA ia this case (Fig. BD). lis contrast* we did not observe a significant 

5 redaction m IfBeAg for the Core and Surface sgRNAs, asid this likely restsJis fern this protein's 
secretion aod eseeptioral srabdity:. I» contrast to lh§ !IB&Ag ORF, it sbpuld |s§ fiotfd that rrae of 
tie sgENAs employed directly target this viral Olf for matspmc mscbvaborr. 

M«lati.oaa! iisaetlvMlsm of IIBV by €»$£/$g&MA corobmatioiis, WMIe the observed 
•depletion of total IiBV DMA sod cccIIMA. aje«»jn?»fettio.a was exteosive (Figs, 8 A a»d SB), we 

10 weft also cmmm as to tte rmifaitoMi status of the residual vim! IMA m Cm9 cleavage of 
dtromoiom&l targets ysimtly results m the Mtrodsicfios of small seq;tiettee iim«rti« or deletions 
(i^dsls) (Shatem et si,, 2014), For this purpose, we focused on BopAD38 cells traoisdiicei with 
tie sgRMA specific for tic active site YMDD motif of tfte HBV 'RT geac (FigJA), We Invested 
total DMA fem tbt FlepADM cells tmosduced with the ET-spedic CmWt$%MA eomMMtioa 

15 iimi we Md previously slowo. effeetively knocked dowo viral DMA levels (Fig& 8A. Md BE) Md 
siibfeeied the DNA. to FOR ampMeafchr* tislog IIBV RT specific primers followed by ejooteg 
and sef|MSBci:sia: of the resultant HBV DMA, Hapaarsts. Seves^iy-tbrssj 4®tet&M miststk^s teessted 
m or imiBediatdy adjacent to the predicted Css9 cleavage site present 3 fjp S* to die target. DNA 
PAM sequence were recovered* »ml we ®ls« deleted five Insertion ow&tioiis at: this mm® 

Si location: its tie HBV genome. Of the ! 03 r«co¥«tmi viral seq««eess 78 {?&%> were ffomd to be 
oojtated aod, iateresriagly, dre bulk of the amfdiceos «owredw« predicted to he ledtidly 
ratat^mixed; eveo m m-ftame iosertioo or deletion; would be bigbly <fetri.m®»Jgl as ttese 
residues are repbred Ibr HBV RT ftmciioii .$*«<! teredxs- highly conserved, I« coBcteioi?, 
sxp-mtoi* of a Cas9/sgENA eorob«Mtkm specific lw the HBV ETgeiie not o«ty s&atnatically 

25 reduced viral DMA levels, as expected (Fip, SA a»d SB), but also roiEMioimity isaclivmed lbs 
majority of the low level of tesidoai viral DNA, 

iiiliaffleed SoMytloi of III V ;i>NA aeetitMdMioo fey «tivir»is bt combiia&iioo with 
€m$9k%1RHA$. To assgss the possibility that potest RT isibiblte (TPF, ETV or 3TC) or a viral 
assembly iahifeltor (HAF12) oouM enhance ellodoatim of residual ¥tr«s front If BV»:speci tic 

30 Cas/sgRKA espressbtg celfes we treated flopAD38 «!!s m. eoscfeotrat«s tliat ooly partly iri&ifoii 
MB V DMA replicatioii to this system, as measureci. by teal-ttme PCR. of seemed IIBV DMA, 
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First we assessed the lew! ofvirt! to cells expressing CM9 sad the cmtml N,S, 
$gRNA aod all j»Wbfer§ tested exhibited & expeclad dose oaspoase (1%, 9A% Eero&rlably, aad 
as previously observed (f%. SA), llepAIBS ceils expt^ssmg lie HBV ET-speeiik sgRMA 
showed essentially complete suppression, of secreted IiBV DMA accuntui&tiOtt sad gamed m 

S added benefit fern the viral replication IsMbbots employed (Fig, 9.8), However, witfe lie less 
effective surface Ag and e«e-spfdfk sgRMAs, Hw^e was a raodesi bet readily detectable 
snhancenismf ofibe level of induced inhibition of secreted HBV DMA m the presence of the 
antmnils, as shown in Pig, 9C and 90, To torther eonims tim® results, we used, a c&nstifiitwdy 
IlBV-espressiag eell system, !1BV2,2,1S cells (liu et a!,,, 2904: Sells et &L, 1.P17), Aber 

10 tr&Mdttctson willi Css9.&gRMA. expressing feoiMmi obstructs md selection, we observed tfeat 
eKteeeltylar levels of Hi V DNA wore suppressed by ~WH*S ™-I0%s arsd -90%, respeetlwty, by 
lie RT, surface A.g.; $»d core specrSc CasWsgRNA combinations (Table I)... Importantly, 
tfs-atteai of those cells will I pM of TDF, ETV,. MAP 12 m 3TC d«mo»strate^ a clear M least 
additive effect, leading to more effkieot elimkMioo of tosidml IIBV DMA replication, tor the 

15 less effective swfaee Ag- and eote-«|jeel!ie sgRMA k 2,2.15 cells (Table I), In tint ease of i?e 
ET^«lllc sgRMA, the dctectkm of a possibly synergistic level offehibMos was api« tefgeJy 
prevented by the extremely .high efficacy of tbis Css9.^gRMA combination. 

TafeUs 1, Antiviral activity MTW, ETV, IIAPll, and 3TC In ifBV2JJS cells. Percent 
2© iiddbidoaj of MB V DNA releaM into the supema&mt jMdiaio relative to ittjoeated., KBV2.2, i S 

cells exptesslag the o©8~s:pedfic eomtol sgRMA, 
Compound N,S, sgRNA HBV RT sgRMA HBV surface HB V core 

ggRMA ||RMA 
Untreated 0 00 97,6 ±0.2 79.6 & 3,9 90J & 1,4 
TDF. 1 sM 61.I A 1.5 9B.9 ± 0 2 953 ± 0 7 <>?0 ± 0 j 
i'TV, I «M 7EJ t. 7,9 98,5 ± ? 0 97.6 * 1, 1 973 & 0.6 
HAP IX 1 \M. 713 ± 5,2 97,5 ± d.7 98,0 ± 0J 91 £ & 0,1 
V!Y\ 1 pM 61.4 - 6.2 99,1 .* 0,03 96.3 ± 0.1 97.1 ± 0.5 

H ,ii< stoa-ispeerSe, RT, reverse MMferiptaM. 
All valises cepraeM ffee average •&. SD of on expetimm performed m triplicate. 

25 Cytotoxicity asMlysss 
t'M BepADSS cells tfansdsiced with lenllviotl sgRMA/Cas9 txpresst^s vectors 

cyumxteky assays were perlbfraed, md » eeibdar toxielty wis observed eves at late time 
points. 
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Esittsplt 3J HGN" eteav&ge IISV w IIBV mulls la BNA. epls©Me tMmlmifon Irsm 
c»tt«re 

To clemc)«sf:mte wtaiter€tss9 cwld target viral. eplsoitial PMA, SP€is9 was uw®& to 
targes two essential viral genes* one encoding MSV41CF0 and the otber HBV rev«e 

5 jranwipt^se i» the eomext oftlie reporter assay detailed in FK? ! A, In. amtet to fse expected 
redwtkm m both GFP iniessity m® freqtiency predicted by tie rate of wtagosem isidiseed by 
m)?^h:0®olo|0«s ead joining, we observed a tsinaiy result bsferpretalle as etsmbatsos of the 
epmane fe>m many cells m catena This was the esse tor episomes based m. either m SV40* or 
EBV-deriveil viral origk of replication, as shows* again. by Western Islet using m antibody 

10 specilk m Rev (fig-ICf). This episome elimtMtiori pfceaomeitot* is novel and ad^autsgeons, a»d 
both fiSV-l md IiBV gRNAs am ^ combiafd ic> tenpt mulitple vim! genes sitmNaneoiisly, 
thus. mhmmng the desired inhibitory etlect 
l&anspfe 4; fepresssen of CMM&WCm single g»ki«s R!S: As «sln|| very S*MII 
flKA. promoters 

.15 tENA^ mK?$$MNA design. 

B«»« tRNA sequences were obtained ta the Qmmdc tRNA database 
s»d the MBV tRNA.-? sequence \\m obtained fmm Sogers! et at. 2010, 

(Mel, Cell 37, p!35™1425 201S), To ges^er&te a tUNA-sgENA eKpresssss eosistaset, ovtrkppiitg 
oligonucleotides were tstemMed to create t tRNA feed lo &a sgRNA seaffbM toil a poi II! 

26 termimtiort signal, Between the tRNA and the sgRMA scaffold, two EmiBI or Bbd skes were 
iscotpwated to allow for the insertion of variable targeting seqneoees, tRNA~«§RNA cassettes 
were siten cloned Into Cas9 exp6S$km vectors fCMVSey (diseusted ntote folly below), 
pCMVNme, or pX330 (Addgene, plasmtd #42230) oxpre§«g & mmm, N, mmmgmdM, m$, 
p}wgmm Cm% respectively. 1st tie case of j»X330 tfee Ut> promoter was exchanged for the 

25 tRNA-sgRMA casfetie. 

Table 2 below shows the tRNA §«q»e»oes tested m the fesolts section. 
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Table 2. tRNA Sequences 

tRNA S9 SEQ IP 
s; 41 

M2B (Giy); SIQ 10 
10: 42 

[ GGTTCCATaQTGTAATGGTTAGCACTCTGGACTClQAAT 
COAGGOATGCGAGTTCAAATCTOGGT©G.AAC€? 

TGC^fTOGfSGffCAOfGSflGMTTCTC^CfSCC^G™ 
CGGGAGGCCCGGCsTTCGATTCCCGGCCAATGCA 

'tRNA»11S (ASft); SEQ IE 
NO: 43 

4 TGTCTCTGTGGCGGAATCGGTtAGCGCGTTGGGGTGTTA 
ACTOAMGGtIAOTOOTTCGAOCCC^CCCOGGGA.CO 

tRMA>? (HIS); SEQ 10 
NO: 44 

GCCGTGATCGTATAGTGGTTAGTACTCTGCGTTOTGGC 
CGCAGCAACCTCGOTTCGAATCCGA'GTCACGGCA 

tRNA~4g (Gln-2); SEQ ID 
f: 45 

tRNA~87 (Glu); SEQ 10 
NO: 48 

GGTTCCATGGTGTAATGGTTAGGACTCTGGAOTCTGAAT 
GGAGCGAT OCGAGTTC.AAATC7 CGGTGG AAGCT 

>»*>»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»( 

CGCCGCGGCCCGGGTTCGATTCCCGGTCAGGGAA 

IRNA-2S (Cys); SEQ ID 
NO: 48 

^MilfynTSEQlF^ 
NO: 49 

tlGGTCGlfG^CfAGGGGmTGATTCtCGCTTAGGGIG 
| CGAGAG6TCCCGGGTTCAAATCGGG0ACGA0GCC 

GGGGGTAfAGSTCAGGGGfAGAGSAWfGAGfGG^GAT 
CAAGAGGfCCCCAGTTGAAATCTGGGTGCCGCCT 

IflGAGTGfTO 
CCCAGACTGGATGGGTTGAATTCCCATCTCTGCCG 

•t mm IRNA-S; SEQ ID 
>: SO 

GCCAGCSGTAGCTCAATTGGTAGAGCATCAGGCTAGTAI 
CGTGTCGGTOCGGTl^AAGTCCeGGCGCTGGTT 

Mvp&mr As^tm, 
Rep>*tf.r assays with 2f3T cells performed If usitsg tlie calcium phosphate 

tomsferbss taetliod, BsMly* 293T cdk were plaad at.-1,25 X 10* cells per well in 12-weli 

plajss and ifmnstoed wl?h a 4:1 mfio rf fc EGM expressiesss plassmd to she FL«c»teed 

iadkator plasisid ss well as 10 »g of a MAIS. pkstflM, Tms &fecteEl 29ST cells were them 

harvssisfi 7:2 ho»*$ past tx««sf©cfia» in Passive Lysis Buffer (Freeuwp.) asd assayed for fHfth 

FLafi ami RLiie activity (Pronsega 0«al-L^ifo&se Repsaier Assay System) wkh RL»c §«rvi 

as m internal control and n&miatkMfcm factor 

Cell culture. 
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2931 eels. were grown h Mheeco's siodiied Eagle medktm (DMEM) ^yppleiieaied 
with 10% fetal bovrae (FBS), 2 s«M (Gibeo Cell Culture), m& SO 
pg/ml ggatsmtk-its (Life Tocologies) al 
Northern Bhi Assays, 

S Northern blot assays with 293T cells were performed by using At 1-II It^sfeetios 
method. 293? cells were plated it -525 X Iff cells m 11) cm dfehes «id tmmfeted with. 20 t>g 
of the 1GN exjM'esskm plasmki 293TF cells were tilers harvesied 72 htws in 
Tnxol (Life Technologies), Toial RNA was Isolated. «»sd fraetioMted on 110% TBEAlrea Gel 
(Bi©»Rad) and UNA was traastoed m Hy8oad»N membmie (Anter* sham) and UV erossJkketl 

18 (Stitttliikm; Sitstageaek Merabraaes were pre-hybrlcli^ed m Ispressl-Iyt) (Qo&tttib) mad thee. 
iac«batt4 st 3?®C with a ̂ -eud labeled oli|o»«cle0tidev Membranes were washed with 2X 
SSC/ 0.!%SDS at 3?*C and sgflNAs •visualised by si^orsdiography. 

Remits 

Current GRISPR/C&s vectors generally rely m fee CM§ ptoteia encoded by StwptococGm 
15 p}%>gm$m (Spy),, which is Merited by m <**42 kb geoe.. However, as diseossed previously fey 

ourselves md others effective delivery of both the Ca.s9 gene and cognate sgHMAs into tissues 
In %im wilt likely requite the doveiopmeM of Meio-assioclated virus (A.AV>bssed vector, as 
cjfily AAV c&« be readily produced. at titers sufficient to transduce enough eel Is in vim Is) exert 
the desired pbeamypfc effect However, AAV mtmm have a DNA pctegiug limit of-4 J fe:b of 

20 which -290 bp mmt be dedicated to die two iavariaat AAV inverted tensiaal repeats (rills), 
leaving only '-4.4 fcfo ® the paylo»d cspsdty, To drcweM this problem* other groups 
generated a» AAV vector expfessiog tte >-42 lb Spy Ca$9 gene uskg a mmktal pfomoter 
eleiMM arsd th« «d a second AA V to express a copate sgENA,. (Swiech et a!, 'Mature 
Bwiecli 33s plO2-!06,20! 5), Ills approve! requires eoAnfoeiioe fey each of these two AAVs ks 

25 order to iadnee gettome editing, which would clearly mot be optimal m m m vim setting. For Ibis 
reason, thm has beers considerable itttsresi in ideodiyffig highly active smaller Qs&9 pr&teiras, 
encoded by odter bacwial species, for example, both the menmgMdk (Kme) aod 
$mpkykw<wa® mm® (Saa) Cas9 genes are oidy -3,2 kh ia slsse. However, this would still leave 
only -12 kh of spce fbr tfee RNA polyttieme II (pol II) ptwmm' aad poIy(A) addition site 

S© required for Cas9 expression is well as a oeelear IccaliMtJoa §igmi (MLS) required Ibr Css9 
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aucknr import, the s§RN A asd the UN A polymerase III (pol III) promote required for s§RNA 
Smnseription, 1st many eases, two or more sgENA®. would be desirable, for example to allow 
vera« of Cas9 miiteted to only cleave one strand «#.a dsENA molecule, so-called CM9 
tactaes.. to induce DNA cleavage i>y nkking two closely adjacent shes m opposite strands of 

5 tie target DNA molecule (Ratt m &! Cell 154, pUSO- I3S9 Jt>;B), Also, m some eases more than 
« DNA target may rseed to be edited §Hmtltwou$ly to exert the desired phemtlyptc effect 

Previews work: tm foeosed on using the J,M pot Ill proimner to drive sgENA 
transcription, lite U6 promoter, while very .effective, k -254 bp long, (see SEQ I D MO: 5 I) and 
!w U6 promo&sfB w»uM d:terelore retire ever 1.0% of the erstire psekagkg capacity of AAV 

10 *ecrar if is tteefee 4esimMe to idemify ©cpally effooftw pol. jQOhfepaxtair promoters that art 
iimci OTHlte than U6< We show thai tRNA promoter^ of bootm or vim! otlgios cstn be os®cl to 
express high levels of sgRM As specific for a wide range of DN A. targets aod bacterial Cm9 
proieim- (see Table 2), 

Previously, we have demonstrated thai .mouse y»berpe:svirss 68 (MHVCsS) eueo-fe 
.15 several -OO-ol tm% pie-rotcroiMA (pre-tmENA.) molecules iMi are initMSy traMcribedi as a 

.felon transcript consisting of a 5s viral riNA moiety teed to a 3" pre-miRNA hairpin (Ilpgerd 
st. si, M»l. Cell 3J, p? 35-1.42, 2010).. These sre then precisely separated due to efeavage by die 
cellular euxyjue tIRNase E, which nommlly ftoeboas I© define the precis® 35 end of cellular 
tRNAs. We 'have also dem«strM©d that human tENAs, when feed to a pre-odRNA !MU|>U3I. of 

Si human m viral origin gives rise to both the pe-rniRNA intenti«4«*te «n4 a fimettaoal stBhrre 
mlRNA and ibis again requires processkg by tRNases Z to release lie tRNA from die pre-
oblNA. We thetefore wondered whether inaitan tlNAs could also be «sed to generate 
foraedooal sgENA* vis a piesjumfr tENA hedesi intermediate, as schematically shown in Fig.: 
11 A, Wls» eaotpared. to previetssly described tEHArpre-siiiRMA fission iraaseripls, this 

25 tRNA:sgRNA fhsioo differs in that the sgRMA is both sdgmltcaiiity larger (-101 ni vs. - 60 ot) 
md folded into K more c&mpbx secoodaty stmelwre. 

Initially we generated predicted tebti traosedpts of a Inrraao giatsmioe tRNA 
(SEQ ID HO: 41), a human hotline tRNA (SEQ ID NO: 44} «r m MHV&S tRNA (Ml -?:: SEQ 
ID NO: 50)} IMked to Spy €&s9 sgRNAs speeilie iiji a target DMA seqoeoee derived either from 

30 the hor»aa papsllotMvims serotype 1.8 (MFV-IS) Eb ox E7 geoe (SEQ ID NO: 8 Md 10, 
respectiwly), as described above, Micator plasoiids eotisisteg of these vital target seqttMe-es 
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Hiked to the FLuc ge&s, constructed as described above, wer« ties i»fo 293T cells 
alOBg with a ptasmid en&xti&g Spy CM% ptesmids encoding eaeh of lite tEMA promoters, or th«. 
1)6 promoter, tistel to the same sgRMA sad finally 3 RLtg^based iftteroa! control plasms;! Cells 
were harvested at 72 h pwMtwfeiio» ami FLuc an4 itLue levels determined. As shown m Fig, 

5 11B, we observed effective atKi comparable teoefedown. of both tte 16-«f B7-i>a$ed indicator 
coKstmcts fey «ot oply the 116 promoter-Msed sgRMA «s.pressio« vector but also by the vectors 
based on the !RNA<EN s»d tRMA»vjv? promote?^, while the tENA^s vector appeared slightly 
less effective.. 

We mxt -aoaly^ed the expression level of the ET-spedik sgRMA m the tramfeted 2£3T 
10 cells using as Spy sgRMA seafMd-sp^eiflc probe. As shows m Fig. 11€, we saw high and 

compare lewli of the matera Ii7~specifie sgRNA produced by the 116, tENAcit* nM 
tHNA^Hv^y-btsed vectors but tl:r less from the tRMAjsrbased vector We did »«t observe a 
detectable level of the predicted - 170~*Jt tRNA:sgRNA $Mkm imtMC.ri$s£ in say of the ctiltttre» 
transacted with tEMA-hased vectors. 

1S To extend these »dses to a distinct €a$9 proieM mtb t differed sgRMA scaffold, we 
next aodyasd the expression m& ft»J£tfe« of Nme Cas9 sgRMAs transcribed using the 06 or 
tRNA promoters. The Mam sgENA. scaffold (SEC) ID MO: 37) h essrkdy differed is swsqiisnc-g 
from Spy sgRMA scaffold (SEQ fl> MO: 36) aid also somewhat targe? m size (Eoti el. at FNA8 
IJ®s pi S€44»l S64f , 2013 ). We again .analyst! €as-9 activity against two dt f&nsrt DMA targets, 

20 %mh of which cOTsists of a b&aed&liy deri ved, naEarat psvstepacer seipenee' called prafespom 9 
{F9; SEQ ID MO: 21) or P2S (SEQ ID M€): 29). The Mate Cts9 pmtospacer adjamit atodf 
(PAM) used here was S-MHHOAJT-3M previously reported by Hmi etai, 2013. 

As shows in Fig. 12A, w«? again observed, the specific taaloifowii of the cognate FLnobasett 
fjMikator plasomfs its eo4raBsfcotoJ «elis> though this was less dws was ^served with Spy C»s9 

25 (Pig-. 1 I B). Northers analysis of sgRMA exptmkm, itsutg a .probe specific far the Mm© sgRMA 
scaffold showed closely comparable levels of the P25-specific sgEMA ia cells traMieeted w ith 
tie m, iRMAotK mi tEKA^y5,5-hgsed veeiors t»d apio &r lower levels with the tRNAj®. 
proiMjier (Fig. 12B), 

To extend these studief, mid. to test whether dllferesst sgRNA variafole reglosts might hiterleis 
30 with tRMase Z-modiated proee^lag of tbs tRM A:sgRMA fmkM trsMcript^ we MXt MMyssM the 

expressiost oft wide raage of M'Ete sgRNAs bwlng either 25 it! (P2S (SEQ ID NO: 291P9 
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{SEQ ID HO; 2BIG6P (SEQ ID HO: 65)3 or 24 ut (ICH (SEQ ID NO: 63). GFPCSEQ II) MO: 
64}) variable regions ysing eillifr the |,M- or |RNA<^pf&mo&?,. As may be observed (F%, 12€> 
we w pmtmily clotty c^mptrable lewis of sgRMA vxpmmm in all cases, to tie case of she 
ICP^speeific iEMA<;j.^:sgENA vector's we also noticed a trace amoiint of a larger trauscript 

5 migmtmg at the predicted -200-at fixe of the MM tRNA:sgRNA fosion transcript (Fig, i:2C, 
lane 6). 

The Say Casf ge»e shares the small -3-2 kf> of the Nme .€a&9 gem md Sail Cas9 i$ 
highly active when: presented with DNA targets that contain its eogmte PAM sequence S''» 
NNG.RR'W, where "R* represents a puriae residue. As suds Sm erodes a proving €as$9 

10 gene fo.r potential m® m. AA V wooes. To «astya» wfeeifefr we could also produce active San 
sgRMAs using tRNA p»motes we expressed the identical &u sgRMA, specific for a tmgtt 
within the I-IBV-I. ICFO gene (SEQ ID HO: \$% using a wide .range of itnmis tRNAs... By 
iadfcMcsr assay,. we-observed stroag. knockdown when uskig the humau iRNAatm* tRNAetm, 
fRMA<cy.s tlJNAyy;: or tEHAsw) promoters to dim sgENA sxpmutm and readily detectable 

15 knockdown wte using fRNA*&i «r tRHAcvs brn little m so detectable knockdown when using 
t tRNA TYR promoter (Fig. !3A). Northern analysis, using a probe specific for the SOT sgENA 
scaffold, showed high leva! expression of the mature sgRMA with fie tRNA&ysH* tRNAoy^,. 
tRNA^LYj tENA om a«d especially tRNA^o p-r^Mers, E&pression of its®, raatere sgRMA was 
more oiodesi with the £RNAOLY> tRNAen MKURNAASM promoter^ while tie tRNAm promoter 

26 did act give ri« to a delectable signal,. Iitl^rssiingiy ., and ia c'lw contrast to what was observed 
with tie Spy and Nine sgRNA vectors, we observed a substantial level of the unpreHiessed - 170-
nt: tRMA:sgilN A precursor fusion transcript in all. cases.. Tie reason for the lower efficiency of 
pjocessiTrg seen with ait of these tRNA.;sgRNA felons is ewre«lly unclear; hwt confd relate to 
ile sffigle invariant sgMNA .sequence osed in ttus expenmeM, 

25 U se of the tRNAs as fsmmotm for the sgRNAs k cotabhafioit with the shorter Mme 
Casf or Say; Cas9 will allow for &Mtt« of two sgRNAs and the Casf gene to be encoded witik 
tie confines of a siegle AAV vector as described more felly below. 
Example 5: P«veiop:rae»t <rfSail C®# and AAV vector mfjsiracf 

While o-itr iiiitM prwf of concept expeiii^esiits relied on leailviml vecinrs in transmii the 
30 CM9 Md s|RM As km ee!1s? AAV represents a well-ln^wn and salable veeiior for gene therapy 

applicatiOTS. As it^ted above, AAV vectors oalj allow for about 4.4 lb of genetic cargo and 
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thm to 1st able to a AAV -vectw we needed a smaller Cast m well m the tRNA $ho« 
|K»»x>ters 10 drive expre-siioa of the $giRMAs, We developed s codon optimised polynucleotide 
for esprmtoa. of the Saw Casf (SEQ 10 HO::: 55) «»d deigned sgllNAs directed several 
viruses to test the system,. The sgEMAs deigned and tested foclude the foilo-wiag; IIBV RTS 

Surface aitigea, (SA) and Care (SEQ IP NO: 4-7): MSV-J ICFO and KM (SEQ ID NO: 1649); 
EBV FRS DS, EBNA4„ Cip, and LMP-I (SEQ: 10 NO: 20-27); and 1-IFV E6 a?id E? (SEQ ID 
NO: 14»:| $}, Fig, !4A->0 shows m#rs> extensiw Sm sgflNA fuMCtioml data geserM«d using 
indicator vectors for the viral sequences ftom H8V, MSV-l, EBV and IIPV, Fig.. 14E shows the 
fonetiorjal data fw HFV hi the MeLa cells as described more Mb? above a»d dMaom&ates tt$M .<• 

!ie p53 a»d p21 expression is restored In ctlls showiitg the sgRMA, is ctating tfee esdogeaom 
HFV-IS Eugene, 

The $ati Cas§ expression was sot optima! ia mr. kltiai construct s» we tested whether 
addition of a 5 * iMro8 ia the usiMMkted region (OTlt) would ei&et expression of Sau AS 
stows in Fig, 15, additkm of the rat pe-pminsslk II imxm (shown as SEQ ID MO: 53) greatly 
enhances Sao Cas9 expression, lie expression was iijereased fey ahoot 2ft i>M with the iitroft m 
eonspared to without tte town. 

All she seqii&fjcgs were iMmdsisssd mtn the "msstel" AAV vesstor Illustrated in Figure 16... 
This indtafa the tRNA OI» Pol III promote (SEQ ID HO: 41), the first: sgRMA sqwa with 
the two BsroBl njsnlcfk® eiMyme sites, used, iw insertion; of wisrble region sbewrs «* italics 
and the kivsdsM San sgRMA. scaffi>M showm is mil capital fetters 
(GGACM(XffiA€GT(T<XXmTr&QTA€TC^GAAXCAQAAT<^A€rAAAAeAAGG€A 
AAATeCCGTOTTTM SEQ IB HO; 39). The I.M 
Eo! II! promoter is radtided (SIQ I'D MO; 51). Tin? smmd Sa w sgRMA serpenee is included and 
has tw Bis! restriehoji enzyme sites osed for insert!™ of variable regions shown in Mies 
followed by the invariant Sa« sgRMA scaffold slwwn in nomial capital letters 
(GG<m:rrcmaMGACC€XnTnt^OTACrCmQAAACAaAAlCXACrAAAACAAO(Kl-
AAAATOCCGTGTTTATCTCOTCAACTTGTTCiCJaiAOATITTTT; SEQ ID MO: 40), The 
EF8 Pol II promote was osed fe drive Casf expression (SEQ IP NO: 52), A 5' TOtmnsfeted 
region a»d. intros* derived iron* the rat preprotaMiio II genomic gene with the intton onderiined 
and m italics (SEQ ID MO: 53). The imekar loeaflmtioa signal (MLS) aad FLAG epitope tag 
(SEQ IP NO: 54) is inserted m the at«m©-t©fiwu$ of Salt €w9 with tlie latter m lower case, 
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Alterative HLS secpesm am provided as SEQ 10 NOs: SM2, Tfee Sau €as9 systhftk getse 
«sed b shows as SEQ 10 NO: 55 «! fealty a synthetic |>ely(A) addition site is stown 

as SEQ ID MO: 56, The NLS#t AO*Satt Cm9 proieis sequence b provided as S1Q ID Ml: 57 
isid one AAV vector insert is provided as? SEQ ID HO: 5§< 

To Eirthec optimise use of the Saw Ca$9, we seeded to idsmtify sie Saw Cas9 protsspacer 
adjacem motif (PAM). We constaeted IiBcilerase indicator coosfraets a>«tlinmg a wide rasge of 
possible MM &ecf«e«ees including -AIEEX, AME.X, 43XETS. and •-A3EXT.. The mm$U are 
shown in. Fig, 17, This analysis identifies! 5*»NMJRRT*S* where N k any nucleotide m4 R is O 
or A as tie IKSMI active FAM &>t San. CM9, 
Ix&Mpfe 6 : III V-I. Willi lie CE1SP1I/€M 9 vector 

To immim whete the fllV-1 virus DNA ImeoMdkte can be targeted by the 
€MSPR.Ca®9 system, we designed sgRNAs specific fbr HIV-1 III (SEQ ID MO: 33-35} and 
TAR (SEQ ID HO: 30-32), whfcls aire &!§My eo&sarved to thk virus,. 2SBT cells were triosfeeted 
wife a pla»M escodiag Spy €M§ and an sgRMA specific for conserved regions of the H1V- I tat 

m TAR e!es«mf or a «o«-speil1c sgEHA, well m plasmids wodtog tie KIV-l 
reeeptoo CP4 awl CXCR4,12 hoars later the imssfeted 293T cells were feieeted with a s?«k 
of MlY~1 $tmto MI..4-3 amdiag tfe FLne gerss m lieu of the viral, sirf gene. 24 hrs post-mfetsiM 
ceils were harvested and assayed for FLuc -activity, tie results are shown to Fig, 18A. (Tat) and 
Fig. !EB (TAR). HIV-1 was shown to fee & good tarptt for tfee CRISFR/Cast system with 
infeticm hetog martially safely Mocked who* Cm® and ass HIV-I sp««ifk sgRMA were 
expressed, 
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CLAIMS 
We cl aim : 

1A construct comprising a first proiM>ttr opesihly coreeetol 10 a fim poly»«clwtMe 
eneodbg a first smgle guide RMA &a<t a secern! promoter operaMy connected a second. 
|>oJpiiideoii<fe encoding a €as9 polypeptide, the irst sjagb g«kte RNA composing a 
fast portion complememsry to a §|y«t of a target sequence of a DNA vns ami a second 
portion capable of interacting with the €ss9 polypeptide, 

2.. The coastoei ofclato !, fee DMA virus is classified m a teily selected from 
tte group cmsistiftg of hep&daavkid&e* herpesviridae, papillomaviridM and retmviridae, 

3, The construct of claim 2S w&erem tfe hsrpewmdat m selected fte. the group coMlstmg 
of herpes simplex virus type I (MSY-! )s Mrpes sisepte virus type 2 piSV~2)s Epstein 
Barr Vims |EBY>, hmmm cyiamegalovOTS (feC-MV), Varicella roster virus (VZV), ami 
Kaposi's samoorn associated herpesvirus f KSMV). 

4, Tike construct of claim 3, wtoeiu tfee ItetpemddM is selected fern IfS V-1 Mid HSV-.2, 
5. The construct of claim 4, wis.«fe tli© target seq«e«ee k selected ftosa 1CF0, ICP4 aad 

the viral: latawy associated transcript or adiacerst promoter se<penoe$.> 
6. The cars struct of claim 5„ \vl*®rem fee first portion of the sksgte gaidf RNA is sefeeteit 

iksm SEQ IDNCk: 1<5-11 8&d 63, 
7.. The owmrad. of claim 3S whtrrcui tf?e tapesvindae is EBV. 

S.: The eonstoiet of claim ?s wiiereh the target sequence is selected. fos« tbe group 
eoissktkg of FR. (Ikmily of repeats^ DR (!«• symmetry), EBV mictear aattgeit 
(EB'MA.!)S Qp promoter, and. kteai .meniteme pratelo«1 (LMP-1) gene.. 

f.: The eonsiroet of claim 8, wfiereisi fee first poriiou of tie single guide RNA s$ selected 
Hon; SEQ IP Nfe; 20-2.7. 

10, lie construct of claim 2, w&ereia fee feepMnaviridae Is lisepaiife B vims (HBV). 
1!, The co&stract of elaint 10, whereta the target sec]iteoce fe sekcted from lite genes 

eitcodmg reverse tsmscripfssie, mrfkm aipips m mm, 
12, The construct of claim 1!} wferetsi the first portion, of ftie- singfe pdde RNA. its selected 

from SEQ ID NCfe 1-7. 
13, Tlte conMmet: of claim 2. wliereio: fee papifJoiMwidae is a itmaa papilloma vims 

(HPV) 
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14, The coomntet of dslm 1.3, wtarefo the IIFV h HPV-16 or fIPV-18, 
15. Tie construct of claim B, wherein the target sequence is selected. from Ihc E6 gene ascl 

fh-e EI gem 
1& The cansfruct of claim 13, wherein the first prison of the single guide SNA is selected 

from SEQ IP NOf: 8-1S, 
1.7.. The construct of claim 2, wherein: the retroviridae is Iispian. imm«»odefteie»ey vims 

(HIV-1).. 

18.. The eons tool of claim !7> wherein flie target sequence is selected from Tat &«d TAR, 
19. The constmcf: of ekk» 3 8, whereb tbe fotfKWtkm of ifee single g&sde RNA is seke-led 

torn SEQ ID NOs: 30-35. 
20, The construct $f any one of the preceding claims, wherein, the :fet promoter is a EN A. 

Polymerase III promoter elected from the group consisting of a U<§ promoter, is 0to 
tRNA, PraiEMA, GlyiKNA, Asa tRNA* Cys tRNA, Gin tENA, a. mouse gamma 
herpesvir«s-iSS (MBV6S) tENA or My mMmmiiaa tUNA. 

21 . The eonsmiet ofdalm 20, wtersia ile promoter comprises SEQ ID NO: 41 -50, 
21 lie eo&stiwt of any m® of the prec-edtog claims, wli«rel» the Cas9 polypeptide Is 

selected from tte Cast polypeptides ftom $, ffyogfrnes, S, amwm., or «ktee Cas9 
derivatives tereof 

23, The cotmract of claim 22, wfeo^-tn ite S, mmm Cas9 (5h« Casf) pcJypcfMide havisg 
SEQ ID NO: S? issdoctpl. 

24, The construct ofelata 23, wherein ilte Saa Cast polypeptide is encoded fey a 
polytfficleodde comprising. SEQ !!> NO: 55, 

25, The construct of claim 23 m 24, fcrther comprising n- nuclear locslizstlors si| ml, 
2$, Tic construct of claim 24 or 25s Ikrthcr «o«iprb?ng so iniKm 
27., Tie construct of any one of claims 24«24 teller comprising a poiy(A) addition silo. 
2#, The constrnet of aiy m$ of die p?se-e<d»sg chims, wb.erein the second promoter is an. 

EN A Polymerase II dependent promote r/enham::ei selected fern the group- consisting of 
IFS, hCMV or mCMV immediate early, €BA, h$yflsj&ia, IISV TIC, SV40 early and 
LSP, 
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2% The eo«r»et of my of tie preceding claims, toiler computet § first inverted 
terminal ffpM m$ a second inverted lemma 1 rgpfat, wbereiit die inverted terminal 
repeats flask the construct tor packaging IB m vims (AAV) vector. 

38, The construct of say one of the preceding. claims, wherem Ac construct is an expression 
vector, 

3! . The eosslmei of any one of tlw preceding claims, farther compriisrog a tfel promoter 
oper&hly connected to a thM polynucleotide sneodmg a second single gwide RNA 
comprising a first portion complementary to a strand of a second target sequence of a 
DNA virus, wlverek $*e third promoter is an UNA polymerase independent promoter. 

3.1, The construct of claim 31, wherein the first target sequence and the second target 
s«qttene« ire toted wltts 30 pjrs of «i oiler on opposie stentfe of lite PNA. 
vims. 

33, A recoisiMMM vector comprising the construct of any one oft&e preceding elinm 
34, Tlw rTOS^i3»? vector of claim 33 , wherein ifee vector is a viral. vector, 
31 The recombinant vector of claim 34, wherein. the viral vector is selected from the group 

consisting of a retrovirus, a. vims, an adenovirus or an .adeno~M$ociM&d virias. 
3:6, The vector of claim 35, wherein die vector is an adeno-associated virus 

(AAV), 
37, A pharmaceutical composition comprising the tecomhiH&ni: vector of My o«£ of clisiffis 

33-36 atsd a pJiMoaceytical owlet 
38. A method of inhibiting viral. repficMion or target seqtserfee expression in a cell infected 

with a ON A vims comprising contacting the eel! with the p^otnbkiant vector of any one 
of claims 33-36 or the construct of any one of claims 1.-32 lit an amount effective to allow 
delivery of the recombinant vector to the eel! and production ofthe single $mM RNA. 
and the Cast .polypeptide, 

39; The method of claim 38, wherein the single guide RNA and the €a$ poiypepfide cleave 
fee target sequence. 

40. The method of claim 3S or 39; wherein two or more sitif!© guide IlMAs are present it the 
reeoMbioaat vector or construe: and. more than one target sequence is cleaved,. 
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41, The method ®fmy of claim* 38-40, wherek the expresM of a gene product 
encoded. fey the target se<j«e«ee is decreased slier contact with the reeombiaaRt -vector or 
construct sisd production of the single guide RNA sad tie Ca$9 pd^peptide, 

4:2, The method of #ny one of efemas 38*41* wherein the target ^sequence is altered after 
cotsttet with, the recomt»iM»t vector or cooMnjet 

43. The raethod «f claim. 42s whefein Use single gpi.de RNA and the Cas9 polypeptide caase a 
deletion or insertksii in the target seqoorsee, 

44.. The method of any one ofcMms 3IM3,. wherein the DNA virus is unable to replicate m 
the cell after eo.atact with the recombinant vector or co«M«*ct 

45, The method afatsy sue of claims 38-44, wherein the DMA vims is elmsntiti fram ifee 
cell alter cmimt- with the reoombiMit vector or eomteei 

4$, The method of -any one of claims. 3B-4S, wherein the contacting occurs in vmv, 
47, The method of My one of claims 38-44, wherein. the •omimiing ocean in vim fey 

admmisterii-ijg the recombinant vector m a subject in m emomt effective to contact the 
cell 

48, A method of treating, t vim! Infection I» a sshjeet eomprimg admlilsterteg ts& effective 
graoont &f the recombinant vector of arsy one «f claims 33~M or the pharmaceutical 
composition of claim 3? to die subject to treM the viral infection, 

49, The method of claim 48* wherein adishiistrailafi .reduces Itie genome load m wratar of 
viral epxames. of the DMA vi«i§ k the wbjeet, 

50., The method of claim 4Ss. wherein adiMmMmion reduces replication of the DMA virus in 
the street. 

.51/The method of claim 48s. wherein adinhiists'sfion .reduce expression of a gene product 
encoded by the target science is the m*hjeet 

52., A recombinant Sai€&s9 polypeptide of SEQ ID NO: St, 
53, A. recombinant Sm Cm9 construct €«pmi«g a poo^te opemhly connected to a 

polynucleotide encoding a Sao Cas9 polypeptide,, tlie polynoc-leotide 
eotnptfehig SEQ 10 MO: 55, 

54, The reeomfeisMsst Sau C&&9 construct of claim 53., fttrther comprising a poly (A) addition 
site Md a EMcleM loctlimiioM, signal 

55, The recombinant Sao Cm® contract of cWas 53 or 54s farther comprising asi inttm 

61 
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54 The recomfei»s»t €as9 eonstmet of any ot*e ofelastes S3~S$, wherein tie promoter Is 
as S.NA. Mymetsse II dependent promo^r/^nhniietr selected from the gsmsp eoiwtiag 
ofEFS, IsCMY, raCMV, €BA> liSynspsm, HSY TIC, SV« early and LSR. 

57 y The recombinant Ca$9 construct of any ofie of claims 53-56, having SEQ ID NO: 5S< 
5 51, A ^c^aoiMMSt eoRstmef for exprmioa of a single gyide RNA composing. a first 

polynwl^oti^ encoding a ma«raatiM or viral tRNA opergMy comiecteci to a second 
polynucleotide encoding at l east a second portion of a single guide RNA capabl e of 
interacting with a Cm$ polypeptide, 

$9. The eoMmict of claim 5E, whereb the fet potyaaekotide is selected fh*m SEQ ID NO: 
M> 41-54 

60, Tie construes. of claim m 5% wherem the seco sd potpacleotide teller encodes a 
fet portion of the smgte guide EN A eompte«e«tary to a targe?: ssqueuce 5" to the 
second portion capable of interacting wilts the €as$ polypeptide, 

iL Tike construct of any one «f claims $$40, wherein fee mzmd polymtekotide fkthtr 
.15 encodes a first. poriiM of tte um$U guide RN A }mm$ o»c or more reeogomori site for § 

restriction oMtaniclcase. 
€2. The construe* of jmy one of claims 5S-61... farther eompming a fsramotsr opci'a.bly 

corrected to a third poIyni^ieotMe encoding a Cas9 polypeptide. 
01 A. lit comprising the j^emnbhisint Sau. Cm9 construct of my one of claims. 53-57.. 

Si M.. A lit composing the rssei«»t*i.M8t consti-tset of amy one ofcMnxs: $$-42, 
6.5, The kit of date &4f further e-omprking the recombinant Smi €&s9 contract of my one of 

claims 534?.. 
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