METHODS AND COMPOSITIONS FOR INACTIVATING GLUTAMINE SYNTHETASE GENE
EXPRESSION 5 STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORPTPREZEAHREH [0001]Not applicable. 10TECHNICAL FIELDPf0B34HEBRsSent
disclosure is in the fields of genome engineering, cell culture, generation of cell lines and protein
production. BACKGROUND 15[0003]Glutamine synthetase (GS) is a critical enzyme in the synthesis
of the amino acid L-glutamine. See, Meister, A. in Glutamine Metabolism, Enzymology and Regulation
(eds. J. Mora & R. Palacios) 1-40 (Academic Press, N.Y.; 1980). A GS-negative cell line is therefore
auxotrophic foMEJODH ANISCOMPOSHIIONE FaRdNal NDNATING rGreua AMIN® cell based
recombinant protein expression 3{ re Biotechnology 22: 1393-1398),
though the absence of a GS-neg%m%%%ﬁéggﬁ?s gg%?gi? e GS inhibitor methionine
sulfoximfine to achieve selection. [0004]In addition, dihydrofolate reductase (DHFR, 5,6,7,8- .
tetrahydrofolate:NADPoxidor%kﬁla&eﬁgpf@ eR7YReER PR\ guUKaryotes 25and prokaryotes
and catalyzes the NADPH-depeRdent reduction of dihydrofolate to tetrahydrofolate, an essential
carrier of one-carbon ud¥i@ RN iR B ALy et A i dentidiBSilees, glycine and methyl
compounds.;{gg9PplDHFRregfigisitfells have long been used for production of recombinant proteins.
DHFR-deficient cells will only grow in medium supplemented 30by certain factors involved in folate
metabolism or if DHFR is provided to the cell, for example as a transgene. Cells into which a DHFR
transggpe has been stably integrated carrBegRiETAgdHIEILY growing the cells in unsupplemented
medium. Moregver, exogenous sequences are t p'ca%/ o-integrated when introduced into a cell using
a single polﬂﬂﬂ@iotide. A ESHﬁ?S%},‘%\?ﬁC@ﬁLﬁ?éS[%-ﬁgﬁ Fé%?s ﬁ%’?ﬂ% eﬂ%ﬂfﬁ%@%%‘%&uence encoding a
protein of inta/est:, Seleatatbnelfswilliexpies piloatin Pid&Rtod the protein of interest. Furthermore, in
response to inhibitors such as methotrexate (MTX), the DHFR gene copy number can be amplified.
Accordingly, sequences encoding a protein of interest that are co-integrated with exogenous DHFR
5can be amplified by gradually exposing thBAEEGRMENEASIng concentrations of methotrexate,
resultingin qyggeypression gt the tecAmbinanHYEINL A ICLE VR HESRIG R wide use of
DHFR-deficient cell systems for recombinant protein expression, currently ‘available DHFR-deficient
HEIEALCRIHS IS WRISANMBE are derived.
10f00061Thug,draminalian &&lls Withysinate mind By i-ge R sk we Raxeenpsgmus tility in
research, drug discovery, and cell-based therapeutics. However, conventional methods for the
targeted elinfinatrsA I PihBS iy B EIO R RO e (PE I SHUATRRS pioc s EsBHHoYS §d us
recombinationR PEdgendiargelingedMansOHetal bikod R dabied30d4a-agrMasnereisal. (2001)

Proc Naf! Acgd Sci US '8403- 158410; Rago et,al..(200 ture Profocols 2:2734-2746; Kohli et
al. (20(? N élﬁn,ﬁ?éiﬁg\égg‘e" ?\gﬁ’gﬁ%é € f/@ﬁf%%a%%t}lgg%f" g%e('lr\lé T%’ﬁ]u&%égﬁ%seﬁlﬁﬁ dlic knockout, for
many cell tys$ bz tiec it mas: provethtosdnéthei€i® mhibilrstabikburisniéofomoatine application.
See, e.qg, Yamgng-(gqngki et al. (2004) Biotechnol Bioeng 87:614-622. These methods for targeted
._achiceve selection. . . . .
gene deletion require sequential rounds of 20homologous recombination and drug selection to isolate

rare desired B0@dls - a prdseddisutficidnoibsrioul eefplPaBilicafiohtto individual loci.
Consequently, ie geRsialiRneSmammAlaR sl Ingsmenifisdal mulinle iaegekigsichas been largely

unexplored. ) )
25  and prokaryotes and catalyzes the NADPH-dependent reduction of dihydrofolate to

tetrahydrofolate, an essential carner of one-carbon units in the biosynthesis of
thymidylate, purine nucleotides, glycine and methyl compounds.
[0005] DHFR-deficient cells have long been used for production of
recombinant proteins. DHFR-deficient cells will only grow in medium supplemented
30 by certain factors involved in folate metabolism or if DHFR is provided to the cell, for
example as a transgene. Cells into which.a DHFR transgene has been stably
integrated can be selected for by growing the cells in unsupplemenied medium.
Moreover, exogenous sequences are typically co-integrated when introduced into a

cell using a single polynucleotide. Accordingly, when the DFHFR transgene also



[0007]Zinc-finger nucleases (ZFNs) have been used for targeted cleavage and 25gene inactivation.
See, for example, United States Patent Publications 20030232410; 20050208489; 20050026157,
200500644 A 20043388987; 20060063231; 2008/0015164 and U.S. SepiakNersb2i23gH35 and
International Publication WO 07/014275, the disclosures of which are incorporated by reference in
their entireties for all purposes. Formed via the fysion of an engineered zinc-finger DNA binding 30
domain spelHfit:s5e 5ﬁ@gﬁﬁ?ﬁ@?giﬁﬁﬁé’éaﬁgh%ﬁ"gﬁﬁ%ée&%&%ﬁelﬁdﬁ%ﬁ?‘wwlta restriction
endonucleassifFRranktiealracinrisihinaean Okeiheshofd; Nsrpspaide ithabilidystouptege a double-strand
DNA break (DSB) ata c enomic address. The remova| of this, site-specific DSB is carried out
by the ceII's%%?r']O RIA ergff)?jr %g}&%%gémgrc\(}%él lﬁrglr)r% oaély- ifet ?eiger%palcrcﬁ%@éfg’when donor
DNA is provisigenas eixmbngroprotegafseemsiaimng ¢ Ne-iadgcBed, wig. fdopeuces dPHZB05) Nature

435:646-65 5). | P | Sc 4 . 2007); Bibikova, et
at (200% MJS%%O% @H%%?zga’g%%dﬁg?b?& égﬁe%\la . @%%%%%ﬁ%?&%%@&??gﬁgﬁgﬁfegé(s et al. (2|oc|>5)V
Nature Bioteetiheltsgpio3selting 3: pwrrardsien A {RoCT)Nbitaet BioRisoNse§ses5:1298-1306; Perez

etal. (2008) Natuie Binteehnglogyi26 808 S5 Biikava eLak @00k Genslios 161 1169-1175; Lioyd
et al. (2005) Proc Nail Acad Sci USA 102:2232-2237; Morton et al. (2006) Proc Nail Acad Sci USA

103:16370- PES7S, FORCEIAMfABERH - BYACBIR AR el risripdh Hnet o npr SER¥ss M Ult in the

modification.etibedrrget IrerR.- tbmpiihdceny aommiRAch-ohides the need for donor DNA design
and synthesjs yet results jn a high fre uenCﬁ of d{ésru%pégd a I%ﬁ.and tg% error-grone nature of the
it L&e

NHEJ-hediAt8U%SB repaleal BB RABItEH S AL QBB Gene in

mammalian eelis:falqitilitg simpaicandieptisansinchad of aHadA thermplruieridodingthe ZFNs. See,

e.g., Santia%g et 0@9%&§@Scil\lratgﬁ%% tS [ J nSmQ\ t}gx?é 09-58 fl EN tec?gglo has allowed the
c

. . nven £ an Investigator-spe
isolation of severa m&epen ent f%noc (o} e ?lnes rom ascreenm& e?f-orlt)oci‘l ess‘than one 96-well

plate of sin@é&Méﬁye&gﬁsmeﬁM&ﬁoMaWCBN&_I@II‘QEIelca'mt$Wat@@£-v\1‘éjsr§mplleyed., the resultant
S'ng'e-gene&@@gm&w@s'&muz@ﬁ'%myygz celline {95, SUDSHAYEN) 95N0YG BRoghfigation.

SUMMARY [00091Disclosed herein are compositions for the partial or complete inactivation of a GS

gene. Also didtfosReenestaih GROMSYRBAS Bratosking anttusing: thebl eorhpelitoRg ¢eigents), for

example to inaghvalR S @9@?'%9&%59&&@%8%%{6@@%%@38% isiRaetivatad. GS disrupted
cell lines are useful, for example, in production of recombinant proteins. [0009a]In the first aspect, the

present invéﬁﬁ%%ﬂé@%%‘%ﬁ%}ﬁﬂwwmmﬁ e ARG RO dPSix zinc finger
recognition regitiRapsishow iISe sing ¥ ssnefChadiallawin (etaales;oddchhbbiiecskarget sequence F1

2P P S AN 0oL AT ST GCARBS TARIRRY RS RR IR AR AINOD) RSDNLRE

20  homologous recombination and drug selection to isolate rare desired events — a
process sufficiently laborious to limit application to individual loci. Consequently,
the generation of mammalian cell lines modified at multiple target loci has been
largely unexplored.
[6007] Zinc-finger nucleases (ZFNs) have been used for targeted cleavage and

25  gene inactivation. See, for example, United States Patent Publications 20030232410;
20050208489, 20050026157; 20050064474; 20060188987, 20060063231;
2008/0015164 and U.S. Sernal No. 12/218,035 and International Publication WO
07/014275, the disclosures of which are incorporated by reference in their entireties
for all purposes. Formed via the fusion of an engineered zinc-finger DNA binding

30  domain specific for a designated target sequence and the catalytic domain of Fok  (a
restriction endonuclease from Flavobacterium okeanokoites), ZFNs provide the
ability to place a double-strand DNA break (DSB) at a chosen genomic address. The
removal of this site-specific DSB is carried out by the cell’s own DNA repair

machinery either via a homology-directed repair process when donor DNA is



140:4) RKDVRIT (SEQ ID NO:5) N/A N/A ZFN 9372 RSDHLST TCCCAGGAATGGG (SEQ ID
CTTGGgg (SEO ID NO:6)140:7) QSSDLRR (SEO ID 140:8) RSDHLSO (SEQ ID 140:9) 14012)
QS‘ANRTT (SEQ ID 140:10) RSDNLSQ (SEQ ID NO:11) SNDRK (SEQ ID ZEN 8361 OSGALAR
CIGGGTTGATGGTACtg(SEQ ID gagaaggactgNO:14) (SEO ID N013) RSDALTQ

provided, or via non-homologous end joining (NHET). See, e.g., Urnov et al. (2005)

Nature 435:646-651 (2003); Moehle er al. (2007) Proc Natl Acad Sci U S 4
104:3055-3060 (2007); Bibikova, et al. (2001) Mol Cell Biol 21:289-297, Bibikova et
al. (2003) Science 300:764; Porteus et al. (2005) Nature Biotechnology 23:967-973;
Lombardo et al. (2007} Nature Biotechnology 25:1298-1306; Perez ez al. (2008)
Nature Biotechnology 26:808-816; Bibikova ez al. (2002) Genetics 161:1165-1 175;
Llovd er al. (2005) Proc Natl Acad Sci U § 4 102:2232-2237, Morton e al. (2006}
Proc Natl Acad Sci U S 4 103:16370-16375.

[0008) While both homology-directed repair and NHEJ processes result in the
modification of the target locus, the NHEJ-driven approach obviates the need for
donor DNA design and synthesis yet results in a high frequency of disrupted alleles
and the error-prone nature of the NHEJ-mediated DSB repair can be exploited to
achieve the knockout of a targeted gene in mammalian cells following simple
transient transfection of a DNA construct encoding the ZFNs. See, e.g., Santiago et
al. (2008) Proc Natl Acad Sci U S A 105:5809-5814. ZFN technology has allowed
the isolation of several independent knockout cell lines from a screening effort of less
than one 96-well plate of single-cell derived clones. As no donor DNA or selection
strategy was employed, the resultant single-gene knock out line is a suitable starting

cell line for subsequent genetic modification.

SUMMARY
[0009] | Disclosed herein are compositions for the partial or complete
inactivation of 2 GS gene. Also disclosed herein are methods of making and using
these compositions (reagents), for example to inactivate GiS in a cell to produce cell
lines in which a GS gene is inactivated. GS disrupted cel lines are useful, for
examﬁnle, in production of recombinant proteins.
[0009a] In the first aspect, the present invention refers to a zinc finger DNA-binding

domain comprising four, five or six zinc finger recognition regions as shown in a single row of

the following table:



(SEO ID NO:15) RSDSLSA (SEO ID NO:16) RSAHLSR (SEO ID NO:17) N/A N/A ZFN 8365

taTACATGGCTTGGact RSDHLST (SEO ID NO:?) QSSDLRR (SEC ID NO:8) RSDSLSV (SEQ ID
140:19) DNANRTK (SEQ ID NO20) N/A N/A ttctzaccctig (SEC) ID 140:18)

ZFN riame F1 F2 Fa F4 F5 F6
Targel seguence .
ZEN 9075 GSSDLSR | RSDNLRE | RSDTLSN | RKDVRIT
CahTGGTGOAGGCTae (SEQID | (SEQID | (SEQID | {SEQID NIA NIA
. ISEQID NO1) NO2) N3} NG:4) NG:5)
R ST o | RSDHLST | QSSDLRR | RSDHLSQ | QSANRTT RSDNLSQIASNDRKK
Rl (SEQID | (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(R0 I hs) NO) | NOB) | NO®) | NO:10) | NO:tt) | NOUZ)
oo B o QSGALAR | RSDALTQ | RSDSLSA | RSAHLSR | (0 |
CIGGCTTOATOBTANG “geqip | (SEQID | (SEQID | (SEQID | NIA
(gggaﬁfé%} NO:14) | NO:iB) | NOMS) | NO:7) :
o NS | RSDHLST |QSSDLRR | RSDSLSV [DNANRTK| 0
famcft‘ i TTEGaCY " opn D | (SEQID | (SEQID | (SEQID /A
20 ED“'CN“{‘)%W} NO:T) NOB) | NOME) | NO20)
ZFN 8076 | —ar |
: | QSSDLSR | RSDNLRE | RSSALTR | RSDALTQ| 4
ga”?‘;;ifﬁiﬁt?wgc- (SEQID | (SEQID | (SEQID | (sEQD | VA NIA,
aoay | Noz) | No3) | NOzz) | NO:) :
A OTS | OSSDLSR | RSDNLRE | QSSHLTR | TSSNRKT| (0
QUARTEETIORGECTE s=aib | (sEQD | (S2QID | (SEQID N/A
(SEQ I NO:Z.S) MNO2Y KO3 NO:24) NC:25) -
7EN 7858 OSSDLSR | REDNLRE | RSDSLLR | RSDALTQ| -
0aATGGTGCAGGCTge (SEQID | (SEQID | (SEQID | (SEQID NIA NFA
(SEQ ID NO:1) NO2) NO:3) RNQ:26) NCE15)
R RSDHLSQ | QSANRTT | RSDNLSQ | ASNDRKK!
giTCCCAGGAATGGge; (SEQID | (SEQID | {SEQID | (SEQID N/A NIA
(SEQ D NO:27) NO:@)y | NOt0) NOMT) RO12)
ZFN 8373 - ' -
| RSDHLSG | RNADRIT | RSDHLSC | GSANRTT RSDNLSQASHNDRKK
GITCCOAGGAATERKC) "seqip | (SEQID | (SEQID | (SEQID | (SEQID | (SEQ1D
(520 m%?fg% NC:8) NO=28) | NOB) | NOO) | NO:ti) | NOm2)

[0010]

In one example, zinc finger proteins, engineered to bind in a GS gene, are

provided. Any of the zinc finger proteins described berein may include 1,2, 3, 4, 3, 6

or more zinc fingers, each zinc finger having a recognition helix that binds to a target

subsite in a GS gene. In certain examples, the zinc finger proteins comprises 4, 5

or 6 fingers (wherein the individual zinc fingers are designated F1, F2, F3, F4, F3 and

F6) and comprise the amino acid sequence of the recognition helices shown in Table

1.

3a



ZEN 9076 TGGTGCAGGCTOSSDLSR gaAgc (SEO ID cataccaactft !SEC) ID 14021)NO2) -

(F;?DNLRE (SEQ ID NO3) RSSALTR (SEQ ID 14022) RSDALTO (SEQ ID 140:15) N/A N/A ZEN 9179
gCTg OSSDLSR ggAATGAGGC(SED ID ceataccaactt (SEO ID 14023)NO2) RSDNLRE (SEO ID
NO:3) QSSHLTR (SEO ID NO:24) TSSNRKT (SEQ ID 140:25) NIA

[0010a] In the second aspect, the present invention refers to a polynucleotide encoding

the zinc finger DNA-binding domain or fusion protein as defined above.

{0011} | In another exa:mple, zinc finger proteins, engineered to bind ina DHFR

gene, are provided. Any of the zinc finger proteins described herein may include 1, 2,
3, 4, 5, 6 or more zine fingers, each zinc finger having a recognition helix that binds

to a target subsite in a DHFR gene. In certain examples, the zinc finger proteins

comprise 4, 5 or 6 fingers (Wherein the individual zinc fingers are designated F1, 2, -
F3, F4, FS and F6) and comprise the amino acid sequence of the recognition helices
shown in Tabie 2.

[0011a] Tn the third aspect, the present invention refers to a fusion protein comprising a
zinc finger DNA-binding domain as defined above and at least one cleavage domain or at least
one cleavage half-domain.

10012} In another example, fusion proteins comprising any of the zinc finger
proteins described herein and at least one cleavage domain or at least one cleavage
half-domain, are also provided. In certain examples, the cleavage half-domain is

a wild-type Fokl cleavage half-domain. In other examples, the cleavage half-

domain is an engineered Fok! cleavage half-domain.

[0813] In vet another example, a polynucleotide encoding any of the proteins

described herein is provided.

[0013a] In the fourth aspect, the present invention refers to an isolated cell comprising a
protein as defined above or a polynucleotide as defined above.
[0014] In yet another example, also provided is an isolated cell comprising any

of the proteins and/or polynucleotide as described herein. In certain exampies,
GS is inactivated (partially or fully) in the cell. Any of the cells described herein may

include additional genes that have been inactivated, for example, using zinc finger

nucleases designed to bind to a target site in the selected gene. In ceriain

examples, provided herein are cells or cell lines in which FUTS, dihydrofolate
reductase (DHFR) and glutamine synthetase (GS) have been inactivated.



N/A ZEN 7858QSSDLSR gaATGGTGCAGGCTgc(SEC) ID (SEQ ID NO:1)NO2) RSDNLRE (SEC) ID
140:3) RSDSLLR (SEQ ID 14026) RSDALTQ (SEQ ID NO:15) N/A N/A ZFN 7889RSDHLSO
lgITCCCAGGAAT'Gch(SEQ ID (SEC ID 140:27)140:9) QSANRTT (SEQ ID NO:10) RSDNLSQ (SEQ
D 140:11) ASNDRKK NO:12).N/A N/A ZEN.937 GgC(SEQ ID
TTGGGIE (sEo g‘b&ﬁé 196° ﬂﬁﬁr&ﬁ P (SR 3 éﬁé?ﬁ@&gﬁg%&%%%@ 9eleEQ

D ID NO:29) RSDHLS
synthetase (GS) is partially or fully inactivated by a fusion protein as defined above ora

polynucletide encoding the fusion protein.

- [0015] In addition, methods of using the zinc finger proteins and fusions
thereof in methods of inactivating GS in a cell or cell line are provided.
j0015a] Tn the sixth aspect, the present invention refers to a method of inactivating an
endogenous cellular GS gene in a cell, the method comprising:
(2) introducing, into a cell, 2 first nucleic acid encoding a first polypeptide,
wherein the ﬁrst polypeptide comprises:
(i) a zinc finger DNA binding domain as defined above that

binds to a first target site 1 an endogenous GS gene; and

(ii) a cleavage domain; such that the polypeptide is expressed in the .
cell, whereby the polypeptide binds to the target site and cleaves the GS gepe.

[0016] Thus, in another example, provided herein is a method for inactivating a

celivlar GS gene (2.g., an endogenous GS gene) in a cell, the method comprising: (2)
introducing, into a cell, a first nucleic acid encoding a first polypépﬁde, wherein the
first polypeptide comprises: (i) a zinc finger DNA-binding domain that is engineered
to bind to 2 first target site in an endogenous G gene; and (i) a cleavage domain,
such that the polypeptide is expressed in the cell, whereby the polypeptide binds fo
the target site and cleaves the GS gene. In certain examples, the method further

comprise introducing a nucleic acid encoding a second polypeptide, wherein the
sccondlpolypcptida éomprises: (i) a zinc finger DNA-binding domain that is
engineered to bind to a sscond target site in the GS gene; and (ii) a cleavage domain,

such that the second polypeptlde is expressed in the cell, whereby the first and second

4a



(SEC ID NO:9) OSANRTT (SEQ ID N0:10) RSDNLSOASNDRK (SEQ ID(SEQ ID 140:11)NO:12)
[0010]In one example, zinc finger proteins, engineered to bind in a GS gene, are provided. Any of the
zinc finger proteins described herein may include 1, 2, 3, 4, 5, 6 or more zinc fingers, each zinc finger
having a recognition helix that binds to a target subsite in a GS gene. In certain examples, the zinc
finger proteingiopepRiisssidd b tidrfingeisifwkereinsthesindiiduatethe GilyenscarEddsigrated Fl, F2,
F3, F4, F5 and F((Sg and comprise tr{ée amin id . sequence of the recogniti eli wn in Table
T 001 0aL R BB BRI A B R T e e s B o R e
finger DNA-bisidinkp dotaainemiisiornprotairesidenndaaendcqbera]in another example, zinc finger
proteins, engi eere% o bind in a, DHFR e i grﬁlﬂgl Inc finger prateins described
herein may %n]ﬁa%" &5; ‘g?i,%? o ﬁ%rgﬁg?néc%%g%?s\%%ac zirﬁg(?lnger av%ng a(r)eé%égnition helix that
binds to a targéttsmbseminfm@@HFRgene. In certain examples, the zinc finger proteins comprise 4, 5 or

6 fingers Mh@ igafhe individual zing.fingers are lesignated lbFRtef3o khop@phR@hangcomprise

the amino acid Ssequence of the recognition helices shown in Table 2. [0011a]in t e third aspect, the

present inverAtrSPRETERS e R IR NFd 8iA Rtiislisiig BsthedirrRr BRABHHR domain as defined

above and at least ong ﬁg@%@gm&%&ﬁiﬁﬁhg@u@wmmlm@ﬂam [0012]In another
example, fusion proteins comprising any of the zing finger pr t%in$ d?sggq?edﬁ?eereéﬂlggd at least one
cleavage domain or &0 lBastigaane S AR REIRED QA Qid DYevided. Th certan examples, the

cleavggg halfég%%&i&gv\é{igﬂype Fold cleavage;‘half-domain. In other examples, the cleavage half-
domain is an engineered Fold cleavage half-domain. [0013]In.yet another exara;lglter olxnucleotlde

a
encoding any of the frbteirsiiEs&mEE P SIATY BrvTde P BB T3S hithe f5irm asp%%?, fhe present
invention refers to %%ﬁ%?ﬂ@gﬁéﬁ&%@ﬁiﬁg‘g GoGteipras definadabiovhan adiolyrreigotide as

I

defined abovg.o_fgg yet another example, also provided is an isolated cell comprising any of the
proteins and/qrpdivinglbotidecndbuesttid@herein. In certain examples,

[60 17] In yet another example, the disclosure provides a method of producing a
recombinant protein of interest in a host cell, the method comprising the steps of: (a)
providing a host cell comprising an endogenous G gene; (b) inactivating the
endogenous GS gene of the host cell by any of the methods described herein; and (c)
introducing an expression vector comprising a transgene, the transgene comprising a
sequence encoding a protein of interest, into the host cell, thereby producing the
recombinant protein. In certain examples, the protein of interest comprises an

antibody, e.g., a monoclonal antibody.

[0017a] In the eighth aspect, the present invention refers to a cell line in which a G5 gene
is partially or fully inactivated, wherein the cell line is produced by

(a) inactivating the GS gene in a cell as defined above; and

() culturing the cell under conditions suitable for generating a cell line In
which the GS gene is partially or fully inactivated.
{6018} In any of the cells and methods described herein, the cell or cell line
can be for example, but not limited to a COS, CHO (e.g., CHO-§, CHO-X1, CHO-
DG44, CHO-DUXB11, CHO-DUKX, CHOK1SV), VERO, MDCK, WI38, V79,
B14AF28-G3, BHK, HaK, NS0, SP2/0-Agl4, Hela, HEK293 (e.g., HEK293-F,
HEK?293-H, HEK293-T), NIH3T3, perC6, 1msect cell such as Spodoptera fugiperda

(Sf), or fungal cell such as Saccharomyces, Pichia and Schizosaccharomyces.



GS is inactivated (partially or fully) in the cell. Any of the cells described herein may include additional
genes that have been inactivated, for example, using zinc finger nucleases designed to bind to a target
site in the selected gene. In certain examples, provided herein are cells or cell lines in which FUTS,
dihydrofolate reductase (DHFR) and glutamine synthetase ((9S) have been inactivated. [0014a]in the
fifth aspect, the present invention refers to a cell line in which glutamine synthetase (GS) is partially or
fully inactivated by a fusion proteif AR G RIBAO N OF o IR AlBdeasoding the fusion protein,
100151In additidAHkthods dfigsied fhezReliRgerspRieRsand fusigns thereof in methods of
inactivating GS Ellﬁa?rﬁﬂeo Cﬁl%leltianse are proyided. 10015a]in the %I)ﬁﬁi as%%%{fﬁﬂ’é%@ent invention
refers to a methGd of inactivating %ﬁe@ﬁd{ﬁéﬂg%lgéﬂﬂ#%ﬂ@@n@fmmgiehﬂwdﬁemdcegmprising:
(@) mtr_oduqng, M!GS_a EEH ifiist nointeiathcideneading adivstpalypeptide. %%%%I ngt{;% first polypeptide
comprises: conth @ ;lggong.g%g)l\g@&%gm in g%maln as defined above't ihds'to'a first target
site in an endogenous GS gene; an ’@l% HO5GLgdniBrRaiR: SUeh thalthaipotyaaatide. is
expressed in th& R ERMSRBIsPah éop Bl Paptid ERisAs I thesrged Riarad.ceays q}i(?d%gtg%ene.
100161Thus, in@ﬁqﬁg@&@@‘g&lg 8¥dQ% ?ﬁ(}ein.i hod, for inactivating a cellular gene (e.g.,
an endogenous ﬁf@fgene&in a ceeilﬂhe me% od g%sggépﬁ%%?gﬁﬂﬂiﬁﬂ%iﬁﬁxﬁﬁ&a—ﬁéﬁifwlﬁ%t nucleic
acid encoding airst POt/ Geptide, AR &R e i palykentde @oMpEsSas; Agingfingey PNA-binding
domain that is egalesiiedite DIPN -t &fiksh §Qel SiieJp.A0 endogenous GS gene; and (i) a cleavage
domain; such that. }@%@%@?qtide is expres%ggl in tﬂetggﬁ,n'év%gr% ﬁi@%é%;%ﬁﬁ@éimo the target
site and cleaves the g e.lﬁhf%}‘f’a‘?ﬁ@iéﬁm@é;% wethob fgtiedrscatiprisernijogucing a nucleic
acid encoding avmﬁwyﬁﬂpy@ed&ﬂﬁmﬁ?ﬁtﬁ%@% lypeplide comprises; (i) a zinc finger
DNA-binding do(q@j,p tg}@tljsae%g'{geered 0 bind to a secon tﬁallrgglcle?tg ﬂ?gﬁﬁaﬂ% Scégg?fes; 0G| (i) a
cleavage domain:-such that the: SeEbRg Biype s &Y prasinsssdaseycaliGyheregyidhe first and
second polypeftiersipind oA eiuaspecivietarget slasRRdsleave e G gene. The first and

1Nes

second polypepldesHyay:R6-6 g . by.the first nucleic acid or by different nucleic acrds. In certain
examples, one or more agcjziditiorr#a};‘3 g%f%gfg% |3§58?°6&§6§%%%?Jbéﬂﬁﬁ?édu@édmdmaeells, for

example polynucleotides encoding additional zinc finger proteins. [0016a]Iin the seventh aspect, the
present invention refers to a method of producing a recombinant protein of interest in a host cell, the
method comprising the steps of: (a) providing a host cell comprising an endogenous GS gene; (b)
inactivating the endogenous GS gene of the host cell by the method as defined above; and (c)
introducing an expression vector comprising a transgene, the transgene comprising a sequence
encoding a protein of interest into the host cell, thereby producing the recombinant protein. [0017]In
yet another example, the disclosure provides a method of producing a recombinant protein of interest
in a host cell, the method comprising the steps of: (a) providing a host cell comprising an endogenous
GS gene; (b) inactivating the endogenous GS gene of the host cell by any of the methods described
herein; and (c) introducing an expression vector comprising a transgene, the transgene comprising a
sequence encoding a protein of interest, into the host cell, thereby producing the recombinant protein.
In certain examples, the protein of interest comprises an antibody, e.g., a monoclonal antibody.
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10017alln the eighth aspect, the present invention refers to a cell line in which a GS gene is partially
or fully inactivated, wherein the cell line is produced by (a) inactivating the GS gene in'a cell as
defined abowvegam@/nszs(®) culturing the cell under conditions suitable for pepgtatingessgll line in which
the GS gene is partially or fully inactivated. [0018]In any of the cells and methods described herein, the
cell or cell line can be for example, but not limited to a COS, CHO (e.g., CHO-S, CHO-K1, CHODO044,
CHO-DTIXBHt @D UK eretb RSy bemmees! MrpeiRmips dadigingushale Senewil HK | Hak,
NSO, SP2/0rpve i blelank BI6298 iteiBe difek Ot E. dilfrdtd®3) HTHEKA0 3t M pdehdeper C6, insect

cell such as Spodoptera fugiperda. (SO, qr fungal cell such ag Saccharomyces, Pichia and
Schizosaccﬁé%ﬂ’?%éé%‘%égf%ﬁ wéﬁ?@%éﬁﬁqﬁ‘@%ﬁw&%b@ﬁﬁ%g }tﬁgnels AtoE,
show ZFN-nmegdisted disegabait oédghenghstamiielaynthetasegmnenic CGdd@:oedls ahthdjeaeration of single
knockoyt G ell lines..FIG. 1A is a schematic icting,the acgjvely-transcribed.GS.gene, which
contaiané 7 esglg Fﬁslfmlsh eozgalr %(r)sd%]n ﬁaltﬁlﬁlg%raﬁt%rg'i %ecla%bﬁhﬁzq.i ﬁggcl%eg}égnﬁéwagatﬁg}stf%e target
sequence foseRENdEHZENBIIHZHANSOGHOEdataghirpanedn GHdinsdicsitecknadtii{at the target

sequence Ofn%:!%’&%%%ﬁﬁ%é%?!‘??bfé%@l&?dﬂ@ %%Hi&ghéﬂﬁfiﬂ?ﬂﬁbéEv'\é%(x%@&%bg&&%hlﬁ?S’ 7889, 9373)

targeted to exon 6 are also shHow B are gels showing ZFN-mediated disruption of the

endogenousAtiHRHER @éﬁ’é’%(ﬁgtmﬁwﬁ‘%f OFshpiKe ERp_itASR HEHEIAHPEWr an obligate

heterodimer HAGK, vriaRt @l ba catalyts damainetikekdinLh Qdu e allspdatdsnel) or CHO-S cells
(right panel), as determined by the SurveyorTM Nuclease Assay. FIG, IC depicts exemplary DNA

sequendes GPIREXEhEMERIRS oAb Asmr et iR vt i &F2gPORR properties in the
absence of exggenauabnadogsbleg| UiaanehEde-c4BlUrdss vdhow fgrosshiay theiebsence of
L-glutamine %n istin 'shableif om gdtﬁgg C Oé '-"Hno g{rowth in th _ali)_stenc}e of L-glutamine). The
ZFN target s&Y& IR e PhAeg PAAR p?’cv) S fransiation 1s shown inder the wild-type sequence.
Capital lettersypptticriecdxonitusegpénces (lsnelld ettensdridieyte Inglotinsequeneebdidndicate
5deletions, ba?ﬁéﬁ%@%@ﬂ%ﬁ%&eowﬁ%rg%%FlG' ID depicts Western blot analysis of selected CHO-S

(left panel) an (nght panel) cell lines using an anti-GS monoclonal antibody (top panels). As

a loading colifdllblots watigreegraedlovitiaR. sapie AR medisely dsomswnpaneesy #1&. 1E shows

graphs depiciing grewth aid viabilihepksalseRAHQosk SISl inesthatinagtbeercgrown for period
of 10approximately 3 months. The viability (smooth line on the top of the g?r%)h) and viable cell density

(jagged line)%dF thews B ERRRRIS ABNRRIPL S A5 & ersd GRS iRE4NS 193K period, where
cells Wehrg gr@%ibif%xlg@Mt@méﬁm@Jﬁe@@ratﬂdmmmmpﬁttigea,taesceu&ﬁr/ﬁ@pﬁcatﬁaxys. L-glutamine
was withdrawn at the fime indicat t rrow. 15[00201Figure 2, p s A to F, depict
ZFN-mediat@&%@M&ﬁ%&ﬁé%?—% %%ﬁe%fﬁl cil’g“ﬁf%%%ﬁ@%ﬂ%ﬂ%? %Oﬁb}e nockout

DHFR-AGY A4l 189dsc18d Grg Al iehoWE L HEBgEparsi the igeslizd goncof tiiehicddb RugersedRNCHO cells and
the location of t y ites. for ZEN aﬁﬁ ?461 [ , U.S, lication No.
2008001516%?{1%%&%?9@9%%% ?ﬁt?gﬁ oc taeia%%fg%@%%t%é %%(gcﬁﬁ %?gﬁ%ﬁz}ggﬁ 844 cleavage
site). FIG. 2Bhd&pioteythE dusiefsgerrsanobificatiorienmig AN apaly9a el 784 4lpestbhnel) and ZFN
pair 9476/9444, (Hobinanei A% MeRIURIHIINGMESiEY Y pilih NycleasmessayzFie. 2 C depicts

PCR analysis of aSs' clone B3 genomic DNA 2 days after concurrent transfection of plasmids

encoding boffirs- R pehrEesiitrerinednteirhof SREiERBEHFAdRRIR S 246 R frHEBUFR locus
(small 25arrewdi anené)7)Seiigasscniels watcealisimnsieatedmengmpivivediendLane 1), a
GFP control vector (Lane 2), the exponic ZFN pair onl N946 /?2%]5%%? m%,ﬁthe intronic ZFN
pair only (ZFNo%P/ZEXMGRT YT 8hE-4)°thb VIR FEPP AN S AR 4 7844 and
ZFN94?7, Laneb)3atc ihedﬁu@FWWWm@ﬁ@ﬁ,m%ﬁhﬁﬁm, Lane 6). FIG.
2D depicts r?%%%e"{o%%%ﬂﬁﬁ ﬁ?ﬁ?&‘?ﬁ;‘lﬁ 9&‘@%@99‘7%‘%%56@?%@%% Eo‘%{t%‘"ﬁ gous clones, the
common sequence for bo R alleles s shown. For compdund h&terozygous clones the sequence of

each uniquerslisiecitoshowel G ( ZENGSpicendVESET blbean Sy S it tdevigticeselis adtibodies

(DHFR3S %ﬁﬁk%&g@iﬂ whalgicelt Wnatesdiamdhercelldinespdicaigdabare aaabiane. Cell lines
1F1.6 and 2B12.8 (DHFR | GS knockout) were analyzed while the parental GSs cell line B3, wild-type

‘CHO cells (Viereana i o ptelge i QP e HEP Cepr PR AL TRBE DT M OBES MEISE 44§ eI 33:405-412)
served as coptealsh mGquihniapictsigrowtiFe the dedicisowdsedd 2i8ealklinassanditee dependence of

these lines on exogenouysly proyi hypoxanthine, thymidine an lutamine. 100211Figure 3, panels
Ato D, show t%&@&l%@&%%ﬁé%ﬁ %‘ﬁﬁ% IE:‘} aré%geyi"ﬁ%eﬁ@%jl?ss%ensd goenﬁngeatcl%ilr[l of triple
knockout FUTEB:4 Haktkiét @B 1t eethlimes. EICH. 1843 Al sStheh?&iC de@iéing Z&ENkrankmitd to the critical
and highly conserved region encoding the FUT8 Fut motif Il located in exon 10. See, also, U.S. Patent
10Application No. 12/218,0135. FIG. 3B depicts the level of gene modification 2 days after transient
transfection of the ZFN pair 12176/12172 into the DHFK GS-I- clone 1F1.6, as measured using the
SurveyorTM Nuclease Assay. FIG. 3C depicts fluorescent-LCA binding activity of the triple-KO clones
35F2 and 14C1 (lines on left side of panel) by FACS analysis. F-LCA stained wild-type CHO-S cells
(line on right 15side of panel) served as positive controls, and unstained cells (dotted line) served as



negative controls. FIG. 3D shows the genotype (for both alleles) of the triple-knockout cell lines 35F2
and 14C1 at the FUT8 locus where the sequence shown is for both alleles. Capital letters indicate
exon 10 sequenaasosmall letters indicates intron sequences, italic letterspingicaigdattsgaotif 11
sequences, bold letters indicate 20sequence insertions, "-' indicates deletions. The protein translation
is also shown under the wild-type sequence. Underling indicates the ZFN binding sites. [0022]Figure 4,
panels A to @?‘i‘]’é’ﬁﬂfﬁ’é‘?ﬁié%@ﬁﬁ%ﬁr@ﬁ?ﬁf@lc@gigﬁgﬁé‘?tg%awé‘?% iﬁ%‘é%%ﬁ@@ﬂe. FIG. 4Ais a
schematic repsgEsgrratefceiihEHunetiphat DGan-genlditng:glutavens cyntrisesgene in CHO cells. It
contains 7 exons, the 25start ATG is located.in e ang.the target.sequence of ZFN pair
TN 7212 BT TR o PR T ks, Th R Bhnd R EH e region of
interest aroudwpaexonce if theenlinS apitablettersinpioatéed hop®: swuren tesnshmalhietters indicate intron
sequenges. ﬁﬂ%ﬁ%@?t sequences of ZFN9372 and ZFN9075 are underlined. FIG. 4B is a schematic
representatign of ZFN9372 and 30ZFN9075 binding to their double-stranded target sequence
(underlined){#9&3] 4AC depiitythd Brgels se it Breberail yimedialerdusriing of ZrNIZ and ZFN9075.
The core D%@fﬁ%‘fﬁ@%ﬁ@&%é&?&%ﬁ% 1eRfRiflRnlng bases-feralieipialare shown.

ZFN9075 contains 4 zinc-finger DNA-binding domains, and ZEN9372 contains 6 zinc-finger domains.
The amino aﬂ@-r&i&ﬁk&cg?rﬁﬁ%‘ﬂféﬁ?é%“ﬂ%l%‘ﬁ tesied so s s aCAMBA S PO S c-finger
DNA-bindinggamainsdaidthe indicated tasgetDbbadtt pledscr e shomnako02 3 Biguie 5 shows
exemplary results of sequencing of the omic.GS locus from ZFN transfected cells. "C" refers to the
count (HUmbePR} ﬂe%fl r?iéjgfgc(él{é% ' s%%%e%gmgs (5%%%?@%‘2 §ﬁﬂe"@°$’§‘é?g% %eﬁiér’ygsenotype. The
ZFN target seguenassmaneansideibned tRORFIS pais inHI6AR] Seduente MEEFRGES,” <lindicates deletions.
100241Figure.6 is a graph depicting L-glutamine-dependent growth.o mozygous GYA cell line
(Clone B3). Il(r?fhéé %Sr(%seea%%%eiﬁ ﬁ?&&grﬁ‘r‘{‘é‘?%ho%'%ﬁ?f? {%é% h(\;ﬁ&‘ }tﬁagn%)llg?sgrows as well as
wild-type CHO®:{charidht bimiihe abigency m&m&n@ GEhrAiard IH€ CllinesBB (ﬁcle) stopped
growing ands?d%?%(%g%ﬂﬁwa@lmsw@%@& {eiidity %%eél%éﬁgw@b&?%&wued to grow

at a reduced rate. Igure 7, panels A to C, depict exemplary ZFN designs and their 15target
sites intthe GHEPDPIBR) GEEdRIP T EhesnE e gaesepiiciiosiest Ie)SHEER fégion targeted by

the indicated,ZfaiBaisH01 S HRuCels sARiakistiess pedicrisonraaaguengeasipienall letters indicate
intron sequences. FIG. 7B is a schematic repr%senét@t%on of the ZFNs targeting DHFR when the ZFNs

are bound tdBERYbEBId iR derR§atLey RS SES A WS 18 a0S Ied “inner”

20target seqiseBogasatedeiniCipabitetesrpgiontdéaie d6letqskvbilatigd] taeerARhtdabeled "outer” target

sequences %%g#tside of th%ﬁx
Y

ected.deletjon. junction, FIG 7C s target sequences and
zinc-finger desig hEGHEXER arfﬁfﬁﬂ% %g}lézgt?n%& e ﬂbﬁﬂﬂ?ﬁ%gﬁ%&#ﬁqﬁe&%&ﬁ A target
sequeriées (sapitattsttersioand 2 feinkirey telstensnTal fetteis)teres iiowrs AsoZRdigncontain 4

sinc-nger CIVDINGOgRRIARS. Hhe 25AmINA SR ESies PeRRligpsicl o 6 of e recogntor

a-helix for each of the zinc DNA-binding domains for the indicated target DNA triplet are shown.

100261Figui®®@Zhows eXdgigiaf paselis‘oP il SRl g desrRIS M5 $HEFh ZFN

transfected ggllsy e tefey Hipdhe caynt MUNBLIRIIME selissinticatedrarguantRas observed) and
"G" refers to the genotype. The ZFN target 30sequences are underlined, Bold letters indicate

sequence inSUFABIHST ARG EHAHRRHONRCBSIG9Re I S TitsHs: L GORRUS IASERS N Italics indicate
sequernse changesidaapital iletiescihdicaienexeniCihequencegsenall WIS adicate intronic sequence.

ioozﬂFiQureZ%I\%%nﬁ}%ﬁ\‘th% ) g E{&’}dziﬁ I\elxtgg%?gssaiﬁgg a :%{Q&eli“gg gi Neotide sequence of
the region of interest around exon 6 is shown. Capital letters indicate exon 6
sequences, small letters indicate intron sequences. The target sequences of ZFN9372
and ZFN9075 are underlined. FIG. 4B is a schematic representation of ZFIN9372 and

30  ZFN9075 binding to their double-stranded target sequence (underlined). FIG. 4C

depicts the target sequences and zinc-finger designs of ZFN9372 and ZFN9075. The
core DNA target sequences (capital letters) and 2 flanking bases (small letters) are
shown. ZFN9(75 contains 4 zinc-finger DNA-binding domains, and ZFN9372

contains 6 zinc-finger domains. The anmino acid residues at positions *-1’ to “+6” of
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targeted to the CHO PUTS gene. FIG. 9A depicts a schematic of the ZFN binding WO :
2010/053518PCT/US2009/005865 sites within exon 10 of the PUTS gene as well as the nucleotid
sequence ofifhetasgetyggion within exon 10. Capital letters indicate exopdfhsequenses small letters
indicate intronic sequences. The target sequences of ZFN12176 and ZFN12172 are underlined. The

nucleotides comprising the fucosyltransferase motif 1l are shqwn, in 5jtalics. FIG. 9B is a schematic
representatibif Ge2EN %?ﬁ'ﬁff’d"fﬁﬁﬁﬁ%ﬁ?ﬂ&iﬁagﬁ {ﬂgr&obd%fégﬁ? P48t sequence
(underlined)ifdiGR€ talepias\theripkgeiredisences and zinc-finger designs of ZFN12176 and

ZFN12172. ore DNA target sequences (capital letters) and 2 flanking bases (srpall letters) are
Shown. ZENITESS contait o e R ORI o SEng DR e oins &
10zinc-fingebdum@nszmdrmgamgabwliesiﬂﬁwﬁtmg&mm (Itwﬁbbﬁobfim@ Beognition a-helix for
each of ghe %H&‘%eiﬂféﬁ%&&&'ék%&%@'Bﬁsgr%!g'%f%”}%fﬁ}gk%%?f‘edg@]@;ﬁé?%éfﬂﬁ @fgeshown.

ow Z G

100281Figure 10, panels Ato C, s N targeting of CCRS5, and AAVS1 loci. FIG. 10Ais a
schematic shewangaharfobuissiined ZAmpteitrss iyl sitssrausceanssidrmsicinaidééifor 5 (CCR5),
glucocorticojgreegRtor (GR), and adeno- associated virus integration site (AA VS]) loci, respectively.
FIG. 10B de(gigts ZFNmediated simultaneous disruption, as measured by SurveyorTM Nuclease

Assay, of CC¥84left pandliE¥SRY S i STanYAH78l thisd ARG EInG deRepA R 0N B e asured 20 days
after transieRbeR-itaBs{aGHORAS RRrcOMZRNS. inked Rceihey she-wildaiype, RUDFNGIOK / (wt) or an
obligate heterodimer EL/KIC variant, ZFN-Fok, EL/IC@)E@%H%—F catal ticégl main of Fok into K562 cells.
Treatmehts fOPEARA (GHREHFS HYSIBWIAY 2HRLE-BBRS 2EN- 5’[{?‘(‘6\1/{};;‘I he's 2R ZEN-Fok /(wt); lane
3, AA VS/ Zkhbimionfvit)g ianamuhe GRRE ot BI-hrA{EN 0D anenbn ORZEN:HBkd(&L /ICIC); lane 6, kI
VS1 ZFN-Fok. [(ELACK); lapne 7, CCR -F -F + 1 ZFN-Fok/(wt);
lane 8, CCR‘g}%ﬁl—goa%}'(ﬁgﬁFéS ?Q“'%Sllgf\'{%%k/ Vﬁ%%?k%ﬁ@l %RJZ%KIQF% (%%'I%/I% FIG. 10C depicts
the genotypeegficedirtyte triple knockout clone wherein the target CCR5, GR, AA VS] loci for the
indicated celldipas are sheyn, Ih A}gtﬁr&eé§@éwar&%ﬁler5§zﬁwﬁ@%&mw deletions, bold

letters indicate insertions. 30 100291Figure 11,ﬁanels A and B, show sequence alignments of CHO
GS gendmictaequetieds e GEIEOAMER srteird Wit thehmuichioslsabikssqansnea ws alignment of

exon 2 sequenger Igdaraetaitas fMe4diGealand paiNS0H @@ I deniedidikes | 1B shows

alignment of exon 6 sequence. The taég%sites for ZFN9075 and ZFNﬁéﬁﬁe underlined. WO
2010105351883 A FETH TGRS 6EA0 FFES IS HEHLIS R N-#nediated disruption in

human and mausatelsrEitsaticd/otthg BrRatot ghsreniéi B vhSnithh b 662umédiated by ZFNs

targeted to exon 2 of CHO GS (FIG. 12A) and exon 6. of S (FIG. =l 155;.#2C and D show
disruption ofgé'ﬁ3 élo}'lrg’gédgé eeﬁirgaé eE:(% e ?a?t%nc‘ip %ﬁ?é@%%&gé%ﬁ%@gg 2%??6(2HO GS (FIG.
12C) affl exongickQHEB S S¢RGTRE B) 1k088hhRipwddgedanbits Aheor@o SV tkeledmplete genomic

sequence Of‘%ugﬁéég&%%&éﬁ 12 NQ -omgra%@@e@&aeaa{ﬁ%&naéﬁg $6 shawn

[0032]Figure 14, panels A to C, show the results of GS-specific gene targeting in HEK293- cells. FIG
14A depicts the (peaeiasaumrs EE avifpes ek enapé srsmplary dBNsJeesmtina e @Hbbled GS) in

comparison Wilbrﬁe% tranglecietNi @ e RegriRenieipauladiehs o G iRl Sphde shows that 2
clones, g17 and g52, derived from a pool of cells treatedevv\?th th -specific ZFNs, da not express
Y ‘8&&?‘5‘. BE9T B

GS as assa)féﬂl‘iﬁ/%&%ﬁ?Bﬂﬁ’[‘."ﬁ@%!%&%ﬂh‘;sﬂfi HEHr S knock out
clones and demenstiatesithes eopiseivant forglttamindstgp@mizntationi fofot Sacbwihth©ETAILED

DS RPN R PR RCRSG DS AL S RRIaRa BRgMsHR TSRt RR'RLep complete

[0026] Figure 8 shows exemplary results of sequencing of the genomic
DHFR locus from ZFN transfected cells. “C” refers to the count (number of times the
indicated sequence was observed) and “G” refers to the genotype. The ZFN target

30  sequences are underlined. Bold letters indicate sequence 'insertions, ‘.7 indicates
deletions. Bold letters indicate sequence insertions. Italics indicate sequence changes.
Capital letters indicate exonic sequence, small letters indicate intronic sequence.
100271 Figure 9, panels A to C, depict ZFN target sites and finger designs
targeted to the CHO FUTS gene. FIG. 9A depicts a schematic of the ZFN binding



inactivation of a GS gene. Also disclosed are methods of making and using these 20compositions
(reagents), for example to inactivate a GS gene in a target cell. Inactivation of GS, alone or in
combinationyithoashessgenes such as DHFR and FUT8 in a target cell carchhasseodesgrroduce cell
lines for expression of recombinant proteins, for example monoclonal antibodies that elicit enhanced
antibody-dependent cellular éyt toxi&tﬁ% ADCE%. Zi Geq}eral 00341Practice o tlipeemrlneetpods, as well
as preparatiSteaNatCEMHY oM BN AN PR SNSRI SEMEAEC B EShdicated,
conventionatdgiehnigties dnomole cligitdirlogy ibdteine axistryDcleqneratis streidtieteand analysis, 30
computational chemisyy cell ulture. spcombinant DNA apd slaisd el aaim yitin the skil of the
. gues are fully eéxplained in the literature. See, for example, Sambrook ei al.
MOLECULAREHDBNTeALARORATORY WA K Alcosduensfaasaantd sl shay Harbor Laboratory

press, 89@#@%&“&%?&%‘@% £R0ha 3&?&%&?&%&@%&&%8%&3&%%%MM%E&ULAR o
BIOLOGY, John Wiley & Sons, WO 2010/053518PCT/US2009/005865 New York, 1987 and periodic

updates; thetkerideubiEFrrDErd eENTasot Ootzinedie e Prel®ida P pIaS! Wolife, CHROMATIN

STRUCTU R&@H&E UNGTHOM Lhits editionzAcagersissd 2esi 13ar DiBgoc k8 IMMETHODS IN
ENZYMOLOGY, Vol. 304, "Chromatin" (P.M. Wassarman and A, P. Wa|ffe, é%?s , Academic Press,

San Diego, SIS HIAMRETRIED SHRIVICECBTARE BRSS SRR &% &9 atin Protocols” (P.B.
Becker, ed.) Humanss Reassnd oowaniigeH Refisiiting dQa3mk Tiel EFN2 Tloteigznid"

"polynucleotide,” and "qligonucleotide’ are used.10interchangeably, and fe{ 0.a deoxyribonucleotide
or riboﬁ&cle&ﬁ'&%%ﬁ?ﬁﬁé’ﬁ‘%nﬁn by %rpgf?c%ﬂiéfrgglrgl%ers'n%ﬁgﬁﬁ grr%(sj inye%ll?hgrgi%g]t%ée- or double-stranded
form. For theqogpises ohthie fresehtoitdosuwrd]ipaseNerrhedingriomeitefeoistroggaigdimiting with
respect to the le qétk f a polymer, terms can encompass known analogues of natural nucleotides,
as well as nu%géltl eg ﬁﬁ%{ré%msggi ied in the base, sugar and/or phosphate moieties (e.g.,

15phosphordffiziite backFgrrs) 1h ppasisral ta i ahanygudNoraeparga elEHHE has the same
base-pairing speeifigily; Fea an ARalogue-efiR wllWhaganRalumibn Lf[BPRELRegE®s 1Rolypeptide,”

"peptide” and "protein” are used interchangeably to refer to a polymer of amino acid residues. The

term al$§ apBhEshsmAKHG ESRPIBINHES). Hreariicie Gt GRnP4&Y e chemical
analogues opgedifiedier\ativesieh airAeorreIpandingspadtivally-GIGITUR) dupine ZENs.

100371"Binding" refers to a sequence-specific, non-cq aIeSnt interqﬁt}gg %tsyé/%eﬁgam%gomolecules
(e.g., betwedHS B SHTUHRPEOHE SISTRRLSE) *NGEAT S Mp oHERtE §f a binding interaction need be
sequence-spedifis (Bl paehtaGi(withiphesphatedesidiidSirght s backbomepsaesdoly as the

interaction as, a whole is 2osequencezspecific. SUCh peraclignsarsarasiRIl ehyyacterized by a
dissociation %18?455%% H&%‘%&%%ﬁ%&l%nvfef%ﬁ%%nity" refers to thg strength of blndin%: increased
binding 2ffiniBFbefng: ddwol atet witkeattdwtsradiana GHIEHA vainaingPYoteiBlakdtotehiRat is able to
bind non-CovlER B ARAING e IGeYIesd: BIIAING RipiRR.ca: bind f@daraarpmaiadONA molecle
(a DNA- 30 binding protein), an RNA molecule (an RNA-binding protein) and/or a %roteln molecule (a
protei n-bindirﬂ@’ﬁﬂroﬁe%ﬁi)f d'eAEEV0F éaﬁ?&eﬁs-%afhgoﬁr&&}\ Jieah AP lAtseT @6 form
homodimers, Ramedrimers cats 2and/or ik sarkiind ineon e TR e prokEILRE pfiandifierent protein or
proteins. A DI e R o N GRS AN IGR ZEN-Fokiiw) +
25 AAVSI ZFN-Fokl{wt); lane 8, CCR5 ZFN-Fok(EL/KK) + GR ZFN-FokI(EL/KK) +
AAVS] ZFEN-FokI(EL/KK). FIG. 10C depicts the genotype of a single triple knockout
clone wherein the target CCRS, GR, AAVS] loci for the indicated cell lines are showr.
The ZFN target sequences are underlined. ‘-’ indicate deletions, bold letters indicate
insertions.
30 [0029] Figure 11, panels A and B, show sequence alignments of CHO G§
genomic sequences as determined herein with the indicated species. FIG. 11A shows
alignment of exon 2 sequence. The target sites for ZFN8361 and ZFN8365 are
underlined. FIG. 11B shows alignment of exon 6 sequence. The target sites for

ZFN9075 and ZFN9372 are underlined.



WO 2010/053518PCT/11S2009/005865 activity. For example, zinc finger proteins have DNA-binding,
RNA-binding and protein-binding activity. [0039]A "zinc finger DNA binding protein" (or binding
domain) is axaiQiaweak & domain within a larger protein, that binds DNA igca /seaeneesspecific
manner through one 5or more zinc fingers, which are regions of amino acid sequence within the
binding domain whose structure is stabilized through rdination of a zinc ion. The term zinc finger
DNA bindind¥tkin is offS8HSRRARSE A5'%iRe %%&Q?E%f@ %ﬁﬁ‘f@&ﬁﬁ]‘ﬁh&lﬁﬁ@er binding
domains cantiemengisered . bipd tadipsadetéisnipadmfolEdiidenseqiéhte nddntkmiting examples
of methods for ngineering zinc fl i e ign and selecti igned zinc finger
protein is a Vo%égi)ﬁsnof ec%%‘r%ﬁr%((fﬁ %né%i(?éﬁ Evgrr(]%gggggs}g%;}c%%%%&ﬁgnﬁc?s%?ﬁ&?rﬁ%’%]alIy from rational
criteria. Ratib?B). chi6salf{i dedigrshoghdbieaiolicaiion of mabstititionduledlsmddeatwpbierized

algorithps f 0 ing.In tiQn-i S tng i i IS designs and
Binding Jotes e T 6 B R a0 h LA G B N ) oo WO
98/53058; WE9H/53059;Rigared/A3eses W 62015556 sommpts B310meusBuenp4ai A "selected” zinc

finger proteipigcayobeir notEpupd. sotuirhosrRERsiicliercesiir PHMABIfrom an empirical
process such as ghage display, interaction trap or hybrid selection. See e.qg., US 5,789,538; US

5,925,523; 4082607 08sFigNIsd ;3553 1US BHoB0hSTSHIO 4TSRS RS S6/06166: WO
98/53057; WEeSfHeAs HiE M0 QR 8718; WO &HRAARE pWEN HBEHET antlyGh@2{(99084. [0042]The
term "sequence" refers 1o a nucleqtide sequence af.any length, which can be QNA or RNA; can be
linear, &?rcuI%%P%Fﬁﬁbé%ﬁsgﬁcdfl&caoﬁ%%éT?%ggéiﬁgi{%t?}éWB SSP‘(%&?S@ r%aﬁﬁ%e& t Vérllzflérm "donor
sequence" ref@FP tdoaciustéetide QosegueRce. thafis4Bsdried thio Aojmmoenes 7 Amdiogl, sequence can be
of any length, for mple between.2 an nyeleoti [ %@ﬂ'g Integer. yalue
therebetweet?jn‘:':%‘r’ffﬁ)ei,}?c(}erzraLlrt);d e f%ﬁg @r%%fﬁ%ét%v%%%%?ﬁ%%%%%n 1,0%%%3%%&%%?%ﬁ%ngth (or any
integer theretsetyeddn) Wissierphédoraiiy bitvieesraposh@ooarstsod avsidotidesiniiefgth. 30100431A
“homologoug, pansidentical SeAHERGHsHAIR MG IrdsarYsrerwhich shaiesadeores,ef sequence
identity with a second sequence, but whose sequence is not identical to that of the second sequence.
For exéﬁwpl@ﬁ“ﬁblynucleotide comprising the wild-type sequence of a mutant gene is homologous and
non-identical to the sequence of the mutant gene. In certain embodiments, the degree of homology
between the two sequences is sufficienEtTo %IP%W ?)ogg&l combination therebetween, utilizing
normal cellular mechanisms. Two ho ..uu{f‘ IRIRABIEE ) uences can be any length and their
degree of nawgigmology Candithaslamall 48 eosipgiitiouctentitetfeds ffopanirbaticomailatgenomic point
mutation by ?&&”&%&&%ﬁgﬁ%ﬁ%&%r Qo”g?éf:‘%‘s'@@%r%&%aé%@eo?‘%%ﬂ 2 an h%iﬁ"%'ﬂé‘ es (e.g. for
insertion of a géene at a predetermined ectopic site’in a ¢ romosomesl. wo polynucleotides comprising
the ho2dlogouspositidde ttegksEiUdN cesnEe toriottity threadafeetenigth tFeft@xdmple, an exogenous
Polynucleotige, g fiana‘oimielsotidelabhehiacnAd Al A AURsReq nucleotide pairs

can be used. 10100441 Techniques for determining nucleic acid and amino acid sequence identity are

known in the"ASTpsicansp! sabisapdisensbis prorine Ridingming B sBcR 8l 8 IBGI e of the MRNA

for a gene aggipi detarainingitne AN AGisSRAURNRS: eNcRERR NP MAg-aeprRa¢ng these
sequences to a second nucleotide or amino acid sequence. Genomic sequences can also be

determined RGBSR HAL ¥R fakhion. In general, identity refers to an exact

nucleofige-to-nucleotide or amino

Generatl
[0034] Practice of the methods, as well as preparation and use of the
compositions disclosed herein employ, unless otherwise indicated, conventional
techniques in molecular biology, biochemistry, chromatin structure and analysis,

30  computational chemistry, cell culture, recombinant DNA and related fields as are
within the skill of the art. These techniques are fully explained in the hterature. See,
for example, Sambrook e/ al. MOLECULAR CLONING: A LABORATORY MANUAL,
Second edition, Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001,
Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons,
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acid-to-amino acid correspondence of two polynucleotides or polypeptide sequences, respectively.
Two or more sequences (polynucleotide or amino acid) can be compared by determining their percent
identity. Thewagpoemissiantity of two sequences, whether nucleic acid or apgineoig/seggences, is the
number of exact 20 matches between two aligned sequences divided by the length of the shorter
sequences and multiplied by 100. An_approximate alignment for nucleic acid sequences is provided by

the local hom&RS gy Bigbtith Mo PERAtcHRI AR S dhh3fR A MRS N AN GR A ematics 2:482-489
(1981). This algesttioPessn, SamDpligs to/alfl) CRRiVBEINSTRES DYRESIND thensuonngImiadrix developed
by Dayhoff, Atlas of 25Protein Sequenges a truc Q. 3:353-358,
National Bio éﬁ?gaﬁﬁ%%éndfcﬁrﬁéi?#%n%?ﬁwgs%in&%ﬁ?@%@&%ﬁ@%ﬁﬁ?ﬁ%y Gribskov,
Nucl. Acids REsroldkiti) b(P4A8L6WESs (1986 rnd heReW pldly tdmpleimdtatioPufsthSaalBorghm to determine
percent identity of IS provi LU; q £l 595{3%\4 'i.:son, WI) in the
"BestFit utiliiq%)6 e%p%c:aatlon. gtﬁer éo%%gglf%%%%%foﬁ ca c%;gdtﬁmgo%e Iperce%dentity or similarity
between sedfidhddecken ebnihampnnBiossid ehevart! 98P example, another alignment program is BLAST,
used with default parameters. For example, BLASTN and BLASTP can be used using the following
default parameters: genetic code = standard; filter = none; strand = both; cutoff = 60; expect = 10;
Matrix = BLOSUM@X%IBédeRhtions = 50 sequences; sort by = HIGH SCORE; Databases --
non-redundagba@enBank ThENBis +il8d atiB P Byl faatiBank:C RS tranghationstd Svissupeatein +
Spupdate + FIR. Details of these programs cap be found on the GenBank website. With respect to
cequeriibs AAHERE O A IETA 08 G UCareR G Sg EE b CRBAFR S R HRIE M PeA Hately 580%
to 100% andcanyintegdsrvaltienharé besivieersiipypicaliipthis peroeitliftentitiBsr btwesrwssqiences are
at least 70-73%, preferably 80-82%, more preferabl -90%. even. more e 92% still more
preferably Qgrb/%,pé%ns n?n%é%ygﬁte}%?g%ﬁegtg%ssaer&?gﬁ?g%gg?l?%guﬁ?&fg]‘ﬂ%?ﬁgﬁ%f%g%t eé??eee of
sequence singitgtityrepyberel OPbttsooecidas aandse ldewmirddgvgsyibridizativr sbpdegnifcleotides

under conditign Ihat allews [TMALED b SiA0IS AR I6A&S HEWSRIINAMOIBIRYSGEIES. [pllowed by

digestion with single-stranded-specific nuclease(;), and size determination of the digested fragments.

Two nuldeic BeospRAraNBostIEkBRRE B dudTEES AR dnBetsRlly PrHdien BrEestidsdiotifer when the
sequences exhiib A 1RI8a5! @heUi R4/ 5%, Rrebetrkly 8atBa%. prekeipreferably 85%-90%, even

more preferably 92%, still more preferably 95%, and most preferably 98% se _uenc; idengw over a
defined lengtlBhe moletifde™s RALATHREE U SRR e MGG ATE HAE JUSH EHTA"
substantially theefelegausigiser isfersiio seiduesices sHdwisercamphptdidentityiio aspecfieeBNA or
polypeptide sequence. DNA sequences that 20are substantially homologous can he identified in a
Southern hyﬁ?ig’?ﬁ ion %Qrpglr?r%agarwiﬁr? é;?fi oarree@aerrnnf) g?s ﬁrﬂr(l} e% cont |??ogr?§,18ae§! 4 etbi\ﬁeg Sr that
particul2® systemsiDefiningappibpastertivhagizatisndsonditions is within the skill of the art. See, e.g.,
Sambrook eyglygupra: Muslaie GG bLCIZAYR0 2. BiAFHEAMAPRIOAGD, RiliaLashD- Hames and S.J
Higgins, (1985) Oxford; Washington, DC; IRL Press). 25[0046]Selective hybridization of two nucleic
acid fragmer&tvaPPHBAGEBIPHIREESIS DI Bty cThe 1IetB &t 38yeisicecidentisf BRtween two nucleic
acid moleculf&@ﬁ&%ﬁsm?ﬁﬁmﬁgh@é}%%ﬁﬂg&h 5 beduridizatianievants hekwagawiieh molecules. A
ica

partially iden nucleic acid sequence will at least artiallﬁﬁiqnhibit the hybridization of a completely
identical seqRBHELAS FebifhEs AR A DIRFRERBNS F LG AT AR T30k RIy identical
sequenze cageherssassefcusnghnyisidiziaie arassaysihadiateanelhbwan divdbeaidte.g., Southern
(DNA) blot, Norther ),blet, solution hyhridization, ar the like, see Sambrook, et al., Molecular
Cloning: A L&B%?%Poﬂ%%&g, @cSﬁ%ﬁ%‘.tion&%@g)”‘g%% %é)hr?néguﬂlgr%gr, . .Sl.gSuch assays can be
copducted uﬁmgemhgdi@aéésim@t@m}atod exhmpleeusing conditions varyipg f_rom low to high
stringency. fyggagitions of oy stAngsncy; Are.erplRiRth NS ARSSHEHARAsSRAEHIR Yinding can be

f
assessed using a’'secondary probe%?at lacks even %artlal degree of sequence identi%(for example,

a probe haviRBolass mederalso t DovbiRe arRipiacdRER Qvifer B et MDIScHRIE IRt 514 in the
absencegof neRzspesilitchinding fveaisdngSaRTdALKRIRE MOt AYidiZedRitnmbrast (2

[0047]When utilizing a hybridization-based detection system, a nuclejc acid .
protein-binding protein). In the case of a protein-binding protein, it can bind to itself (to

form homodimers, homoirimers, erc.) and/or it can bind to one or more molecuies of a

different protein or proteins. A binding protein can have more than one type of binding
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probe is chosen that is complementary to a reference nucleic acid sequence, and then by selection of
appropriate conditions the probe and the reference sequence 10selectively hybridize, or bind, to each
other to formsayduplexssiglecule. A nucleic acid molecule that is capable gihybéidisinggelectively to a
reference sequence under moderately stringent hybridization conditions typically hybridizes under
conditions that allow detection of a target nuclejc acid sequence of at least about 10-14 nucleotides in
length havin®f B ¥adios S5 rEsRR=tE1s 99@%‘%&@%&@1’8@&@“@@@% ENéehidinsesi e Stlected
nucleic acidyrahe: Htfingent hybridization conditions typically allow detection of target nucleic acid
sequences ast about, 10-14 nucﬁot' es |n length. haying .a seqyence identity of greater than
about 90-95%;%5\;{/%’5;1 the se’a&@ﬁlg 'BEth Ts\Ié@%fféd%L? et?&na{jl i ?8@@?@98}?3?;51%3}%5%&%% useful for
probe/referedmpase guance laygmigization thuhenreltieNpkdbe saqheafergnoeisanguant ehinaveh 2@a specific
degree of sequence identity, can be determined as is known in the art (see,.for example, Nucleic Acid
A O it R o e e G
DC; IRL Presspsfoong|Cirislitiopisitod Hyborighreriodisgeonell katwivto (Hostsnh gkilt fingee art.
Hybridizatioaj)ﬁtﬂmﬁg 5%%% tQ 5@%9%%&93\5/%0{;&3@5@;@&&&99%% 25disfavor the formation

of hybrids containing mismatched nucleotides, with higher Stringency correlated with a lower tolerance

for mismatch@ftBlbrids. Zaetdiaasitinfeg dpBanntgensy srEpesial dednngriowell-known to those of

skill in the agi-ansdnsinstenRutargnel lised Rl amRaRLEmPES ivnicstengh, and concentration of
organic solvents such as, for example, formamide and dimethylsulfoxide. As is 30known to those of

skill in the aPHPBTIHELH SEAREINE TS FeATREEIHy FIgHI TeMSEPAIFE S I6WBBBnic strength and
lower solveniroricanimiions QAN respectieiaisngansy aonpiinnm ieslydbridization, it is well

- known in the a}tr]tC thaﬁ n%r)n!grg S egui\égil.lentﬁ%nodnigrpgst gﬁan{bie S Iqxg}%ég estla(pg'{sh a Particular
stringency b?/nva}g?nd{, or eg(a]mrﬁﬁe,?he FOIIowilng actors: the eﬁgf‘n and nRBrsorthe seqguences,
base compositisitwidhenarimdsseguarced, atgmnubnisdtiopsofssalgsiafudnethien hybridization solution

componentes B RISASALE A SN3RREC PLEIBRHIg paEAB G bR EAToRAolions (2.0, dextran

sulfate, and polyethylene glycol), hybridization'reaction temperature time parameters, as well as,

varyind SwaskeerglitionBatrite 6dbH8h; of A5gartiiand 86135 Hilbrits ationterthtiofs®s selected

following stagqeg mekndein Hxesabise ey o LuamBieaaa ey 9Bk Bi4ak, Molecular Cloning: A
Laboratory Manual, Second Edition, (1989) Cold Spring Harbor, N.Y,). [00501"Recombination” refers

to a processiBhichange’df Sttt FRGERFIMAIBEReS4RE petyRUREBRILPrE%% purposes of
this disclosusgsdiaipolegauspraaambinatiomEi)riaige destwapecitizedifanayofrtetabtchange that
takes place, for example, during repair of le-strand breaks in cells, This pracess requires
nucleotide sgaﬁgﬁg%§rﬁ%% Huses 5’gd§z%$ﬁrﬁo1ec I§$o€§¥&g%ﬁ%§®?§é arget” molecule (i.e.,
the on@that BXwedientéty the @20hE-S1réitel Yré sk}, 1BED@6LI6AGOLBIPIAYHEES "non-crossover gene

conversion" stﬁz&grﬁct\g@éxﬁo %[S%HOQWE %§6Q%§9§9%ﬁ@ﬁﬁﬁe ﬂgwt‘ic information
ot I

from the donor 6 the target. Without wishing to be boun by any particular theory, such transfer can
involve misnt@éRicorrectibhcorietsasuapiex BIIA hatmiestienibeskecmipobrakemehget and the donor,

and/or "syntQesis-depsOBRA siranghaaeslingedn wkiohrbe2Odananiritsadbieigsynthesize genetic

information that will become part of the target, and/or related processes. Such specialized RR often:

results in anSHifratiER G RE datbirrenes he BsrisErninBel s RsRRhERiHEOG ISP sequence of
the dongr payiupleotideiisiiieasnanaiediionibe ranaabpalyiideotislee OO} 1eiemyage” refers to the

breakage of the cqvalent backbone of a DNA 25malecule, Cleavage can be initiated by a variety of
methods incﬁgméeb et ?féth]t%%ga 8%‘%1? gh%ﬁﬁﬂh?‘ﬁfd%%ﬁg%fvgﬁﬁ%osphodiester bond. Both
single-strandedstesnageathdrdaublesstrafulddicieavageaboatpiddsink | £109¢ doeibbeidisanded cleavage
can occur asg sl alwadistingl Sndle:siranded leaaos avenis R slegyAgscan resultn the
production of efther blunt ends or staggered ends. in certai embodiments, fusion polypeptides are
used for targetelactidapia-snaiided DNA cleavage.

30 [0043] A "homologous, non-identical sequence” refers to a first sequence
which shares a degree of sequence identity with a second sequence, but whose
sequence is not identical to that of the second sequence. For example, a
polynucleotide comprising the wild-type sequence of a mutant gene is homologous

and non-identical to the sequence of the mutant gene. In certain embodiments, the
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[0052]An "cleavage half-domain™ is a polypeptide sequence which, in conjunction with a second
polypeptide (either identical or different) forms a complex having cleavage activity (preferably
double-stranglemavagpeiactivity). The terms “first and second cleavage hedfigoynaingissss and -
cleavage half-domains” and "right and left cleavage half-domains" are used interchangeably to refer to
pairs of cleavage half-domains that dimerize. [00531An "engineered cleavage half-domain” is a
cleavage haﬁ-e&’éﬁ?wSﬁlﬂ’i‘%ﬁl%g%‘@@w@8%‘%&@8%%%‘?8?%%8%5?@ R¥ePSHIRIRRE Rith another
cleavage halicdaiviani{a. herabatheme ndiites edralebvddzh atbdomiam). Jee damlbhGisPatent
Publication Nos.. 30%5/ 06411‘1@?1%&2907}40218%%8 %r]afrja dzt %18r/ %3}3%%hglnqgapng{g%edcggreein by reference
in their entiréfes fOU5 Sfﬂwromatlr?nisetﬁrelynuc%oprotan Stroceture comprising e ceﬁular 10genome.
Cellular chromstialcampiisds mudteiidadicdg pfon eeieOINAe b dgprotedpdm| odilagdristvnes and
non-histone EhETPRAMAb IR SR MAPHUOLANAYO S SRlURNGNIATANY a¥ists In the form of

nucleosomes, Wherein a nticleosome core comprises approximately 150 base pairs of DNA associated
with an octatesTeenpirisEsgeiic: ORITETRIBESRSLOPID AlHP B, P EfEoDae): JhitRlinker DNA (of

15variable 'W&%ﬁ@é&ﬂﬁﬁ%ﬂﬂ@%@c@ﬁ%b@éﬂ%@ RUGI8ReOMR LS thinolecule of
histone H1 is generally associated with the linker DNA. For theé)urposes of the present disclosure, the
I

term "chrom&AR¢ 1§08B8a ki EHEBIFAsS A RSB hREfii R 18 S5t R OBBWERIEH otic and
eukaryotic. Gelhdtareehmnatin dneudesibeidehromesotiilmneg egisamatehromatin. 20100551A
"chrompsome,” js.a chromatin complex comprising all.or a portion of.the genome of a cell. The
genoméoof aFg%‘hills oftenrgﬁggg&g?gg’& §§}?f§lﬂgﬂ%ﬁﬁlgmﬁé¥§ﬁ%{] e"éBI?géi(S)%q% "Sif the chromosomes
~ that compriskithétgeroimevaf theheedtt. Thgpigeiigneechfiectmijcenindmipribscomenorgtiwre chromosomes.
100561An "episome’” is a replicating n Ic.acid, n rotel I r structure
comprising a%ﬁgf)eticeascei%ut ngte %%%%%Blaﬁ?ﬁ(%%ﬁ%ea%ﬁ)gr%%é%&m%? %?%/%%%géb?{an cgl%gééamples of
episomes inskadenpkasridsithdrcbytaindvrahpmimethese [A87HA¢s tacorsordenpstiotdd$n site in cellular
chromatin in which, & JIGELSILE RIESERIITIRGAUEIEIS acirAlheRouad Y Bmexegsnous molecule

which 30recognizes the target site. Without wishing to be bound by any particular theory, it is believed
that an'dccedafeshigglodnBiseatnisertinnisieerage ¢ rAtb I FsERASSIMBICKRALER /P8 2P distinct
structure of aR;a%easSHNEAFRDIORCAR RILBBIS HRQRIRE RIS Gansipalypg aherinase enzymatic
probes, for example, nucleases. WO 2010/05@8PCT/U 2009/005865 £005 LA "target site" or
"target sequETRECTY WhubT O LBIATE SGHMSES R Fa R4S B AiTHPSr AU R % cid to which a binding
molecule wilkbinghrptdvidecsuificigricopeitansdanipndihg wtistinHdesigmplecthe sequence
5'-GAATTC-3'is a target site for the Eco, Rl restriction endonuclease, "exogenous"
molecule is g’e,%%‘i‘é%ﬁrg“{%ﬁﬁ i %%t{]%‘c‘)’rarﬁ%h?fﬁi‘%‘é‘s“é’n%"i‘ﬁ & e , ut gan%@%%%%%xf ﬁlto a cell by one or
more g2fetioniidehédnticatorvoihdgnedtbmpisntiiotimidep asthederiatihed dedi shettstermined with respect
to the paft'%?ﬁi&éﬁé’é’s‘%ﬁ@l‘ﬁﬂ ﬁé%%@%ﬁ.eﬂ}_{'&%mﬁlmﬁle% witipns of e cRlladifus, for example, a

! p

molecule that IS present only during @mbryonic development of muscle is an 10exogenous molecule

with respect secaianaerit provdeddy thsilanaleaolrsictgrsithauebamiinugt Wie@an exogenous

molecule with gespestitoa pos Reahshacked: £23L440 @XQUENDHS HIMEEHE Sarbeapiige, for example,
a functioning version of a malfunctioning endogenous molecule or a {r}salfunc%i ing vergion of a
S0

normally-funRiBRiRg EHASHEIFEGESRY BEhE N T SFOPEE RAER SEASREIS LAy ong other
things, assmalsmpieidesruchmsSsgeneraid Nyasiedhehinatanel chasisitg platess] or a
macromolecyle such as.a protein, nucleic agid, .carboh te, dipid coprgtein,,lipoprotein,
polysacchari%é?‘g% wr%@é?ﬁ% Y eER/% fﬁ\:f‘eg %‘fiﬁzada%’%%%?é’“mgQﬁ%@bﬁ%@"é%‘r%ﬁ%@b omprising one or
more of the dbduskomoldge]|efsciliRisiciAt6dS Tdohed63 M NIBGANd\n exemplary implementation

of this algorithm to determine percent identity of a sequence is provided by the

Genetics Computer Group (Madison, W) in the “BestFit” utility application. Other
30  suitable programs for calculating the percent identity or similarity between sequences
are generally known in the art, for example, another alignment program is BLAST,
used with default parameters. For example, BLASTN and BLASTP can be used
using the following default parameters: genetic code = standard, filter = none; strand

= both; cutoff = 60; expect = 10; Matrix = BLOSUMG62; Descriptions = 50 sequences;
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20 RNA, can be single- or double-stranded; can be linear, branched or circular; and can be of any
length. Nucleic acids include those capable of forming duplexes, as well as triplex-forming nucleic
acids. See, Wwphexampied).S. Patent Nos. 5,176,996 and 5,422,251. Protgingugglugdmsiust are not
limited to, DNA-binding proteins, transcription factors, chromatin remodeling factors, methylated DNA
binding 25proteins, polymerases, methylases, demethylases, acetylases ac% es, kinases,
phosphatasé8riikegialed 36 bfﬂ%\@ggﬁf’g'agggf 8@%@%@?%@% %’cﬁses. An
exogeneouspp@ecoiamBankateis hetersaime Ypiofmeiecuipasiae eMiRganetiismblecule but derived
from a differ%%t species than %he cellé's d%iv&d Eom. Fg}rsetéarﬂpkg, a hurp%nsnu&leic acid sequenced
may be intro 8o v (SRRl Bﬁﬂ? r?g?lnaﬁly Erived from a mouse ¢ reﬁams?gr.efb‘ﬁgl]An exogenous
molecule cadéderiial daram. titpaafgmofabuledsegrendbgrmonse By & myroameakdyenous protein

or nuclels agidy 0! XAMNE ANAKAEPIAHS AUAIBILAGH AR RAMPHRS BRAAIGALRG LAl gerome, a
plasmid or episome introduced into & cell, or a chromosomeé that is not normally present in the cell.
Methods for thevirmodaetimesafrerblresioUs ThtepiatehitotPelid’arerronvalesiin S8 8P <Kl in the art
and include, Joult, 16 batdiniag ielipidimesiaisditiansfesd canliRRsQpes.inakiding neutral and

cationic lipids), electroporation, direct injection, cell fusion, particle bombardment, calcium phosphate
co-precipitatfSAUPENESHBRran- Smediated transfer and viral vector-mediated transfer. An exogenous

molecule calpoalm refer toAqtaﬂg{gjgﬁqigefa@ga@ gifferashenasiasrifohexagaple, a human gene inserted
into a hamster genome. [00621By contrast, an "endogenous.’ molecule i one that is normally present
in a patffoulF°EEMSIR SRR LF é&%18B\ﬁ%&?ﬁéﬂ&gaolgﬂ\?l}eoﬁ‘ﬁghgﬁ?g?%ﬁ?ﬁSrﬁlgg‘éntal 10 conditions.
For example;@niigodo ganelisnitctaitiasidfcabeainpkises dahambsomegthe ganame of a
mitochondrion,.chloroplast or. other.organelle, or a naturally- occurri i al nucleic acid.
Additional en%%%‘é’ﬁ%%% %%ﬁgéﬁevg%asrg}%?: liggn péﬁ?t—es r%gl 834 gggfgﬁg{é?’%ggigné;tion factors and
enzymes. 10863 iinHusion tin digestedisragmenits ulewio whiels asd.or ivar@elypapitdesmolecules are
inked, prefecghi cavalenilysThe.fynilRalsRUIPs.cARRE b sAmAchamicalhimgiohmolecule, or

c

can be different chemical types of molecules. Examples of the first t%g of fusion molecule include, but

are notlimitdeesd 2hestor proine (eberaRingsfe- 22 Hasmrrpaisieshly S0 PINA DifRIMg omain and a
cleavage dog}@f@)aﬁﬁd%i,%lm%@%%&@9%%@@{%@@%%%%8&319 fusion 20protein
described supra). Examples of the second type of fusion molecule include, but gre not limited to, a
fusion betweldEHiEipsk 3G }ﬁ?a@i(9%1@%1rﬁﬂﬁ%“ﬁ&l%éﬁ&?ﬂ‘@}%ﬁ?&%ﬁ’fﬁ%ﬁ%ﬁ ©n a minor groove
binder and aahycleiaciddRE64]Fxpreasianoiafokigsuprdieirferatceiqanaaseibivarp delivery of the
fusion protein to the cell or by delivery of lynucleotide, encoding t sign. 25 in to a cell,
wherein the 68%%%@% fgietyis?é thar s?g%f\é)%idﬁg%%}%ﬁg% n %%Btsiesq}tl%lr%la ed, tge gﬁ%%%gt e fusion
protein 2T ranarsphsitglipbjypeptdecieavade Hedtifsly peplivethgatibybodizalsm ssieveoived in
expression o inJ e - poly j plggy[@ i ivery to cells are
presented elééaSv J’(gfrtogj %Qﬂ}%%,ggﬁ%géggg%%b%% éwgé%%gg?g?% purp%ggg%fgﬁg present disclosure,
includes a DRAfEREPRINOEIAG P EEHa o a0RE LS inffathiadhmsliHADRIA rBfioh& which regulate
the productiog,gfidsi0ane Rigdbchvudisth ARl NobsschHaoulaten:senuensesd edeacent to coding
and/or transcribed sequences. Ac,co_rdinéllﬁg%%ene includes, but is not necessarily limited to, promoter

sequences, BrifTBFS 2K Aslatitsmfte X0 &engleen RE iSs bRt hinding sites and
internabsbospsENtry sitesceivainaaigisitences swinsuliiorscibdrupdesytetambats, replication origins,

matrix attaChggtee%?ﬁteeds 2 '}glllc?wcsl;l.sIcl?enggglr%%%?ggfmence identity between two nucleic acid

molecules affects the efficiency and strength of hybridization events between such
molecules. A partially identical nucleic acid sequence will at least partially inhibit the
hybridization of a completely identical sequence to a target molecule. Inhibition of
30  hybridization of the completely identical sequence can be assessed using
hybridization assays that are well known in the art (e.g., Southern (DNA) blot,
Northern (RNA) blot, solution hybridization, or the like, see Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, (1989) Cold Spring

Harbor, N.Y.). Such assays can be conducted using varying degrees of selectivity, for
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100661"Gene expression" refers to the conversion of the information, 5contained in a gene, into a
gene product. A gene product can be the direct transcriptional product of a gene (e.g., mRNA, tRNA,
rRNA, antisepgedridtAzsRRNAS, micro RNAs (rniRNAS) ribozyme, structurairRibdcenessysother type of
RNA) or a protein produced by translation of a niRNA. Gene products also include RNAs which are

modified, by processes such as capping, palyadenylatjion, 10methylatjon, and editing, and proteins
modified by, FFERENSIRE ﬁ?&ﬂiﬁ}%ﬁovﬁf&%&%‘f?&ﬁ%‘ﬁﬂééh8@%?8%?-%&8&%% sn?gé\%ff’-ribosylation,
myristilation satigly¢asy katisioydd) 06 kidadulafinor-ef geie endiressiorbeefessal aghgage in the
activity of a gene.,Modulatian of expression can include, but is not.limited gtigation and
15gene repr%escsolIci)(ri1a.r %rr?g ?r%é%%%%%%%vr@gfae Sa@%&gggg&é%g u|(L‘ﬁmg:;|eélr1gne%i%?;ree?grs%c%r%%@c’ompared to a cell
that does nopinbiite iagZER tenigsoriiédemincBhoetye va ih dutiaago melasul, s8aiblete (knock-out)
or partia} (e.g¢., A. B.inAubich a geng; exhibitsdessithan ol fxpLesgighdevels or a product
of a mua':éant gne%}%%?l{gtggk%%separt% %dfjctcl%r% In ttlé)e activity it ianu&lﬁg}c‘%g?%s20100681"Eucaryotic" cells
include, but hrbmdesiigitee @2etngal cells (such as yeast), plant cells, animal cells, mammalian cells

and human Ggiige-9.. T-oRlizh (0601  resinn-atiiarast inrpydiegieref sallvisk gitematin, such as,
for example, a gene or a non-coding sequence within or adjacent to a gene, in whi I%%it is desirable to
o

bind an exodBRBYE RS- 15 SORB TR P W%ﬁ%@%cgf?éﬁ%‘éfgﬂ%%ﬁﬂg HVage and/or
targeted recophination oAZggign akicéatest sambprpbesaditie fefiteateasgmeacan episome, an
organellar genome (e.g.,.mitochondrial, chloroplast), ar an infecting viral genqgme, for example. A
region of intéFé%‘E‘b‘”aéﬁt?@’W ?ﬁ’t?fgbgb%ﬁge?g&ﬁigér}?%’f)tg%ggﬁe% é&fﬁfﬁ%‘g&%‘%ﬁ e Hg%i?é%ding regions
such as, for exidmpliecleader seopebicas iyhitel seguelrctvaly introaferorowittinanon trdnscribed
regions, either 30 upstream or, down t i [ el i tgan be as small
as a single nﬁgﬁgﬂg &%zy p%rllrn ?nl} g‘ gﬁig&a&ﬁu%goﬁd%? %sgawgﬁy&ﬁfﬁggégr%&%t%ﬁgﬁvalue of nucleotide
pairs. 100701 Ehel terndsttopenativetdigkhgecleisdcisiremgves Atrdarstabaypébably linked") are used
interchangeaply Wi LEIRTEASH IR AV SARANRR AR T00ES-GRRPONRALSHER @S sequence

elements), in which the components are arranged such that both components function normally and
allow tHe possmiraperiitat lestwIeIiR Lo RIFBRe RS- MRt A A% ARSI is exerted upon at
least one of {ygieiNer.aewReREMNS BYway aidilisuatiorqecienrssriptianabteguidiar sequence, such
as a Spromoter, is operatively linked to a coding sequence if the transcriptigngl fegulatory sequence
controls the I%%F%W?Fﬁﬁ%&?fﬁfgﬁadﬁﬁé’ ég%'fﬁﬂcgéa e 'ﬁrree%f)r(;tnéa% %C(b)oflll:tg %?deéé%gle?h or absence of
one or more {ri@nrsgiatiendl tregelatery faclarsaddipaniserifbridizatul awryiseesde iyenerally

- operatively ipked jacis Wi acodinpuasience. Rthesd fatbaienivadacanhia labor example

an enhancerfis’a anscrlpt?ona regulatory seguence that is operatively linked to a coding sequence,
even thaligh ahseycifie degreonfigumescf00atiwitardspicenyinesion sdppepiads #ei88m "operatively

linked" can refer 10 {08fak ial %%ﬁi‘&fEhﬁiﬁ%ﬂp%Pﬁ&%ﬁ@ﬁ?ﬁéﬁ&?@m@@mﬁpﬂdﬁlw kage to the
other component as it would T it were not so linked. For example, with respect to 15a fusion
polypeptide iARISidhEigams. HNAD Rk adashingatsBl 18R devhge domain, the ZFP DNA-binding
domain and tgMgavage domainadgonBahiMeiniegeil;inche fosiospdypgiidee tre ZFP
DNA-binding domain portion is able tq bind iés tt(%{&et sitegng/ r.its bindin Sit&i‘é"ﬁ‘s"e the cleavage
domain is abﬁ%’éﬁ%‘ﬁﬁ‘ﬂaﬁlﬂﬁ'ﬁ%ﬁﬁf&t F 7SR o ONED BYHE IR T ISR fragment” of a
protein 2golypegtider tinfaeieiti acis Is/arizroteinapohgpepiiteched uctddotaiis, witbdegbeyuence is not
entical to the ful ienalh prafein, RO RRPIE oLAUCIBE AL YRLISIARING: 2agte dypction as the

full-length prg%glrrlﬁeﬁlg ypeptide or nucleic aci unctional fragment’can possess more, fewer, or the

same numbesitfatabitisiss gemthio Coybesitonidingnarisit-fnotae inaheseef skidkin IBCHHAIA one ore more
amino acid og pucleofide substittions  Methadsder defermininghenfungtionahw-nusiaie acid (e.g.,

coding function, ability to hybridize to another nucleic acid) are well-known in the art. Similarly,

methods for @EEaRRiFMNEPICTERH ASnETGH are RdiPmritide rod dimsHpfstfe St A8iliding function of a
polypepiigle qanhe detesiped:fomaxampleybydilieiddRgingasieerophatetty higher

temperatures, lower ionic strength and lower solvent concentrations.

[0049] With respect to stringency conditions for hybridization, it is well
known in the art that numerous equivalent conditions can be employed to establish a

particular stringency by varying, for example, the following factors: the length and
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30mobility-shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel electrophoresis.
See Ausubel et al., supra. The ability of a protein to interact with another protein can be determined,
for examplegyhy ®aeivagaunoprecipitation, two-hybrid assays or complememptatign;daoihgenetic and
biochemical. See, for example, Fields et at (1989)Nature 340:245-246; U.S. Patent No. 5,585,245 and
PCT WO 98/44350. 100731The term "antibody" as used herein includes antibodies obtained from both
polyclonal aRefHFoMoRo Ay S ARG FORONEATRS e BIOWI ST SRIFTEHE] Sftibody
molecules (se8s i exaen pierAiiesredcabii dhadoiey (o) (B4 PiR8e208: anrende DS Pat. No. 4,816,567);
F(ab"2 and %%% fragments; Fv.molecules (nan-covalent heterodimers, see, for mple, Inbar et al.,
Proc Natl Acgj\ &g&%ﬁ{“ﬁ 5’8%'?%%‘”9"—‘%’6? ol e I é‘ﬁf’t‘:ﬁeﬁ%“%@%’ﬁ?@?ﬁ%gr4oge);
single-chaingrcatp legodekz(sion) réaetoioeeparapte, ddd ston garaleRiscablaitiAad Brin0USA (1988)
85:5879-5883):.dimetic and trmeric. anti ragm 1s: mini I eg, e.g., Pack et al.,
Biochens1 (1% ffricg%nkgﬂw%ggﬁ 1%}}%%%%;5%?%?%%%%%?&%%%] !& 889%2%%;6) humanized
antibody motetegled {eleyng exadapianethedsinaha Bt HeeNanFeaDesy BRI ER3 3 2Y; \Verhoeyan et al.,

Science (198 239: 34k 535A ANl PRAEHLE WAGAIST NG GESRR T ghrished 21 15Sep

1994); and, any functional fragments obtained from such molecules, wherein such fragments retain
immunologiéé‘!‘l?ﬁ’?dmd’(p\‘operties of the parent antibody molecule. 10074)As used herein, the term

"monoclonaljgggijody” refatsdanimanbRoehfeo pROsitaRd wviRehaherspgeanreeus antibody population.
The term is not 20limited regarding the speciea or ourggré)f the anég)ﬁ% y (ﬂg}is it intended to be
84

dy,.n
limited Ky thE FRERRST R HHFSR VS ROSARICHR BhetimpaRESEs dise GhSylobulins as well as
fragments subbnas dgahs FKadimBinkiipaiHRtheiféragmbatecamlivell &sehifiect andidngmanized

homogeneous antibody populations that exhibit immunological binding propertie the parent
monoclonal éqn igaé((f)% %&%é%ﬁfe?%%?fsd Hﬁagrr ?Pljaéié};s%ggl%ﬁ gﬁggrsec%gé%%%%éisr{%{?e zinc finger
nucleases (ZEMsjstheluiens beclstidderinentivhtivnlogn GSsgelionZF NwlesiHprisécmpidle finger protein

(2FF) and a,gygiegee (aisaagsldeioaln. 3 oning RgataIieS dORICKHARIMgeRbinding domains

can be engineered to to a sequence of choice. See, for e_xarpplg, Beerli et at (20 .’2) Nature
BiotecHriol. 2081352PHSYAES wh 45 (PO FREH VIRELCTSi SRREHFLON): 31 3910 TRSAISHIet al. (2001) Nature

Biotechnol. d3:658:660b2808! B18ddS300 FareORiReRigteriniatalibR@oBé doheaet al (2000)

Curr. Opin. Struct. Biol. 10:411-416. An engineered zinc finger binding domain can have a novel
binding spedhfiijgeomBiran! 8 shingde R PoEra P g™ iRETHAYEF BEinsHER TR F ethods include,
but are not limvigddeniatinaatdesigiobanskiatiousdyias OfiseletinbdRasiondkdesign includes, for

example, using databases comprising, triplet (or quadruplet) nucleotide sequences.and individual zinc
finger amino a&d gg‘gg}éen%%%?rfng% )?(1:%1 Sggg:&e?grlsp?g{)%l}%urﬁaﬂ?%?e nﬁ%?ggﬁd%s%d{l%aﬁ%ee Is associated
with on20or nienerasiselacittseueimescotiinohingetombasiwiihbetomp aeitafdheripiesior quadruplet

sequence. See [0t XANRle. SSRGS Rienl 8422 30 BEAAia8be gorporated by

reference herein in their entireties. [007 7]Exemplary selection methods, including phage display and

two-hybrid syetasmse Htlenderssenglerds Pt et paBorsdie Hlessaryce oheolsos 013,453;
6,410,248;\/(;7,13 &g@é@gqpigg@b%@e@,%@tﬁ@% : _‘;’i@g'rﬁﬁi\éé@dggl37186? WO 98/53057; WO
00/27878; WO 01/88197 and GB 2,338,237. In addition,
[0051)] "Cleavage” refers to the breakage of the covalent backbone of a DNA
25  molecule. Cleavage can be initiated by a variety of methods including, but not hmited
to, enzymatic or chemical hydrolysis of a phosphodiester bond. Both singie-stranded
cleavage and double-stranded cleavage are possibie, and double-stranded cleavage
can occur as a result of two distinct single-stranded cleavage events. DNA cleavage
can result in the production of either blunt ends or staggered ends. In certain
30  embodiments, fusion polypeptides are used for targeted double-stranded DNA
cleavage.
[0652] An "cleavage half-domain" is a polypeptide sequence which, in
conjunction with a second polypeptide {either identical or different) forms a complex

having cleavage activity (preferably double-strand cleavage activity). The terms “first
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15enhancement of binding specificity for zinc finger binding domains has been described, for example,
in co-owned WO 02/077227. [0078]Selection of target sites; ZFPs and methods for design and
constructionved ftesimrs preteins (and polynucleotides encoding same) are knoweztadhesgsof skill in the
art and described in detail in U.S. Patent Application Publication Nos. 2020050064474 and
20060188987, incorporated by reference in their entireties herein. [0079]In addition, as disclosed in

these and ot} &R Gley agbaliripeiBinainaha/plev aae fal et dic #ier$iotBhs may be
linked togethef: Uring goisidabigdinket sealienGepatachiing fefeexapupleofiokeraef Kalir more-amino
acids in Iengfih. See, alsq, U.S. Patent Nos. 6,479,626; 6,903,185; and 7,153,949 for 25exemplary
linker seque QmaEs %%i’@%nrﬁ?no acids in length. The proteins described herein may include any
combination[6033jitable linker&hgitweed thavaghhdifal@imiringersiafvige patttéomiindhaples of

additional linker,str [ re found.n U.S:. Provisj 3 licatio . -filed May 28,
2008 an% e%ﬁfe%ﬁe o?}'tlrlmé pﬁ%ﬁo%osggg? fIglln |ﬂ§gligﬁ%§§l%?ﬁ§%% ﬁ%@n@% g%%f/é%egoeg%fomains.
30[00801 Tabnkigdsaribawhenardieeeed HestagehBindinpaomanstiatthavBaRien engineered to

bind to nucleqfifie SRAUABCERIS A9 £S99087/02R28 Ak bdk A9 oish, IndsAsidi@w describes a

separate zinc finger DNA-binding domain. The DNA target sequence for each domain is shown in the
first column SFfGHRYSEESREC b ERFHF fRHTEBFMNns show the amino acid sequence of the recognition

region (amin@@sifs -1 W RRKNOEERIBPMELISRNN/Q0RR6R Hhapakinbhwialigspect to the start of
the helix) of each of the zinc fingers (F1 through F4, F5 ar F6).in the ein. Nucleptides shown in
uppercé@e d%%?ri&S@ma% N éf@ﬁ’ﬂfﬁ?%@ﬁﬂ‘gﬁéﬂ%ﬁé\?&@ﬁ%ﬁé?%hown in lower
case denotembadanthiatcare aod doediytdasghtetdyomaipeoficiger Tior mepmipledue to longer linkers
dontifoation U LA S 1 Breot e MRS M LS G5 2P name Targer
sequence Fh2eFDRY FKEF@TPNsSOFHYalTEOTECIEGRTyo{BEA BriGit] ®ESMLSR (SEQ ID
NO:2) octamer comprising two each of histones H2A, H2B, H3 and H4; and linker DNA (of
15 variable length depending on the organism) extends between nucleosome cores. A
molecule of histone H1 is generally associated with the linker DNA. For the purposes
of the present disclosure, the term “chromatin” is meant to encompass all types of
cellular nucleoprotein, both prokaryotic and eukaryotic. Cellular chromatin inciudes
both chromosomal and episomal chromatm.
20 [0055] A "chromosome," is a chromatin complex comprising all or a portion
of the genome of a cell. The genome of a cell is often characterized by its karyotype,
which is the collection of all the chromosomes that comprise the genome of the cell.
The genome of a cell can comprise one or more chromosomes.
{0056} An "episome" is a replicating nucleic acid, nucleoprotein complex or
25  other structure comprising a nucleic acid that is not part of the chromosomal
karyotype of a cell. Examples of episomes include plasmids and certain viral
genomes.
[0057] An "accessible region” is a site in cellular chromatin in which a target
site present in the nucleic acid can be bound by an exogenous molecule which
30  recognizes the target site. Without wishing to be bound by any particular theory, it is
believed that an accessible region is one that is not packaged into a nucleosomal
structure. The distinct structure of an accessible region can ofien be detected by its

sensitivity to chemical and enzymatic probes, for example, nucleases.
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RSDNLRE (SEQ ID NO:3) RSDTLSN (SEQ ID NO:4) RKDVRIT (SEQ ID NO:5) N/A N/A ZFN 9372
gtTCCCAGGAATGGG CTTGGgg (SEQ ID NO:6) RSDHLST (SEQ ID NO:7) QSSDLRR (SEQ ID

NO:8) RSDISR1(SERD NO:9) QSANRTT (SEQ ID NO:10) RSDNLSGAGNDRIKEHEQ ID NO:11)
(SEQ ID NO:12) ZFN 8361 ctGGGTTGATGGTACty

[6058] A "target site” or "target sequence” 1s a nucleic acid sequence that
defines a portion of a nucleic acid to which a binding molecule will bind, provided
sufficient conditions for binding exist. For example, the sequence 5’-GAATTC-3" is
a target site for the Eco RI restriction endonuclease.

5 [0659] An "exogenous" molecule is a molecule that is not normally present in
a cell, but can be introduced into a cell by one or more genetic, biochemical or other
methods. ‘Normal presence in the cell” is determined with respect to the particular
developmental stage and environmental conditions of the cell. Thus, for example, a
molecule that is present only during embryonic development of muscle 1s an

10 exogenous molecule with respect to an adult muscle cell. Similarly, a molecule
induced by heat shock is an exogenous molecule with respect to a non-heat-shocked
cell. An exogenous molecule can comprise, for example, a functioning version of a
malfunctioning endogenous molecule or a malfunctioning version of a normailym
functioning endogenous molecule.

15 [0060] An exogenous molecule can be, among other things, a small molecule,
such as is generated by a combinatorial chemistry process, or a macromolecule such
as a protein, nucleic acid, carbohydrate, lipid, glycoprotein, lipoprotein,
polysaccharide, any modified derivative of the above molecules, or any complex
comprising one or more of the above molecules. Nucleic acids include DNA and

20  RNA, can be single- or double-stranded; can be linear, branched or circular; and can
be of any length. Nucleic acids inciude those capable of forming duplexes, as well as
triplex-forming nucleic acids. See, for example, U.S. Patent Nos. 5,176,996 and
5,422.251. Proteins include, but are not limited to, DNA-binding proteins,
transcription factors, chromatin remodeling factors, methylated DNA binding

25  proteins, polymerases, methylases, demethylases, acetylases, deacetylases, kinases,
phosphatases, integrases, recombinases, ligases, topotsomerases, gyrases and
helicases. An exogeneous molecule can also be the same type of molecule as an
endogenous molecule but derived from a different species than the cell is derived
from. For example, a human nucleic acid sequenced may be introduced into a cell

30 line origirial}y derived from a mouse or hamster.

[0061] An exogenous molecule can be the same type of molecule as an
endogenous molecule, e.g., an exogenous protein or nucleic acid. For example, an
exogenous nucleic acid can comprise an infecting viral genome, a plasmid or episome

introduced into a cell, or a chromosome that is not normally present in the cell.
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gagaaggactg (SEQ ID NO:13) QSGALAR (SEQ ID NO:14) RSDALTQ (SEQ ID NO:15) RSDSLSA
(SEQ ID NO:16) RSAHLSR (SEQ ID NO:17) N/A N/A ZFN 8365 taTACATGGCTTGGact ttctcaccctg
(SEQ ID NOWI@YRERHIST (SEQ ID NO:7) QSSDLRR (SEQ ID NO:8) R&RGisSMy(@E£gsID NO:19)
DNANRTK (SEQ ID NO:20) N/A

Methods for the introduction of exogenous molecules into cells are known fo those of
skill in the art and include, but are not limited to, lipid-mediated transfer {i.e.,
liposomes, including neutral and cationic lipids), electroporation, direct injection, cell
fuston, particle bombardment, calcium phosphate co-precipitation, DEAE-dextran-

5  mediated transfer and viral vector-mediated transfer. An exogenous molecule can
also refer to a nucleic acid from a different species, for example, a human gene
inserted into a hamster genome.

[06062] By contrast, an "endegenous” molecule is one that is normally present
in a particular cell at a particular developmental stage under particular environmental

10 conditions. For example, an endogenous nucleic acid can comprise a chromosome,
the genome of a mitochondrion, chioroplast or other organelle, or a naturally-
occurring episomal nucleic acid. Additional endogenous molecules can include
proteins, for example, transcription factors and enzymes.

[0063] A "fusion” molecule is a molecule in which two or more subunit

15  molecules are linked, preferably covalently. The subunit molecules can be the same
chemical type of molecule, or can be different chemical types of molecules.
Examples of the first type of fusion molecule include, but are not limited to, fusion
proteins (for example, a fusion between a ZFP DNA-binding domain and a cleavage
domain) and fusion nucleic acids (for example, a nucleic acid encoding the fusion

20  protein described supra). Examples of the second type of fusion molecule include,
but are not limited to, a fusion between a triplex-forming nucleic acid and a
polypeptide, and a fusion between a minor groove binder and a nucleic acid.

[0064] Expression of a fusion protein in a cell can result from delivery of the
fusion protein to the cell or by delivery of a polynucleotide encoding the fusion

25  protein to a cell, wherein the polynucleotide is transcribed, and the transcript is
translated, to generate the fusion protein, Trans-splicing, polypeptide cleavage and
polypeptide ligation can also be involved in expression of a protein in a cell. Methods
for polynucleotide and poiypeptide delivery to cells are presented elsewhere in this
disclosure.

30 [06065] A “gene," for the purposes of the present disclosure, includes a DNA
region encoding a gene product (see infra), as well as all DNA regions which regulate
the production of the gene product, whether or not such regulatory sequences are
adjacent to coding and/or transcribed sequences. Accordingly, a gene includes, but is

not necessarily limited to, promoter sequences, terminators, translational regulatory
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N/A ZFN 9076 gaATGGTGCAGGCTgc cataccaacttt (SEQ ID NO:21) QSSDLSR (SEQ ID NO:2)
RSDNLRE (SEQ ID NO:3) RSSALTR (SEQ ID NO:22) RSDALTQ (SEQ ID NO:15) N/A N/A ZFN 9179

ggAATGGTgRAGGGTgcataccaactt (SEQ ID NO23) QSSDLSR (SEQ IPch@s2)iREBHERE (SEQ ID
NO:3) QSSHLTR (SEQ ID NO:24) TSSNRKT

sequences such as ribosome binding sites and internal ribosome entry sites, enhancers,
silencers, insulators, boundary elements, replication origins, matrix attachment sites
and locus control regions.

[0066] - "Gene expression” refers to the conversion of the information,

5 contained in a gene, into a gene product. A gene product can be the direct
transcriptional product of a gene (e.g., mRNA, tRNA, rRNA, antisense RNA,
shRNAs, micro RNAs (miRNAs) ribozyme, structural RNA or any other type of
RNA) or a protein produced by translation of a mRNA. Gene products also include
RNAs which are modified, by processes such as capping, polyadenylation,

10  methylation, and editing, and proteins modified by, for example, methylation,
acetylation, phosphorylation, ubiquitination, ADP-ribosylation, myristilation, and
glycosylation.

[6067) "Modulation" of gene expression refers to a change in the activity of a
gene. Modulation of expression can include, but is not limited to, gene activation and

15 gene repression. Gene inactivation refers to any reduction in gene expression as
compared to a cell that does not inciude a ZFP as described herein. Thus, gene
inactivation may be complete (knock-out) or partial {e.g., a hypomorph in which a
gene exhibits less than normal expression levels or a product of a mutant gene that
shows partial reduction in the activity it influences).

20 [0068] "Bucaryotic" cells include, but are not limited to, fungal cells (sach as
yeast), plant cells, animal cells, mammalian cells and human celis (e.g., T-cells).
[0069] A "region of interest" is any region of cellular chromatin, such as, for
example, a gene or a non-coding sequence within or adjacent to a gene, in which it is
desirable to bind an exogenous molecule. Binding can be for the purposes of targeted

25 DNA cleavage and/or targeted recombination. A region of interest can be presentin a
chromosome, an episome, an organellar genome {e.g., mitochondrial, chloroplast), or
an infecting viral genome, for example. A region of interest can be within the coding
region of a gene, within transcribed non-coding regions such as, for example, leader
sequences, trailer sequences or introns, or within non-transcribed regions, either

30  upstream or downstream of the coding region. A region of interest can be as small as
a single nucleotide pair or up to 2,000 nucleotide pairs in length, or any integral value
of nucieotide pairs.

10070 The terms “operative linkage" and "operatively linked" (or “operably

linked™) are used interchangeably with reference to a juxtaposition of two or more
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(SEQ ID NO:25) N/A N/A ZFN 7858 gaATGGTGCAGGCTgc (SEQ ID NO:1) QSSDLSR (SEQ ID
NO:2) RSDNLRE (SEQ ID NO:3) RSDSLLR (SEQ ID NO:26) RSDALTQ (SEQ ID NO:15) N/A N/A

ZFN 7889 g{T6 GEMBEAATGGC (SEQ ID NO:27) RSDHLSQ (SEQ ID WO Q8ANRET (SEQ ID
NO:10) RSDNLSQ (SEQ ID NO:11) ASNDRKK (SEQ ID

components (such as sequence elements), in which the components are arranged such
that both components function normally and allow the possibility that at least one of
the components can mediate a function that 1s exerted upon at least one of the other
components. By way of illustration, a transcriptional regulatory sequence, such as a

5  promoter, is operatively linked to a coding sequence if the transcriptional regulatory

 sequence controls the level of transcription of the coding sequence in response to the

presence or absence of one or more transcriptional regulatory factors. A
transcriptional regulatory sequence is generally operatively linked in cis with a coding
sequence, but need not be directly adjacent to it. For example, an enhancer is a

10 transcriptional regulatory sequence that is operatively linked to a coding sequence,
even though they are not contiguous. |
[0071] With respect to fusion polypeptides, the term "operatively linked" can
refer to the fact that each of the components performs the same function in linkage to
the other component as it would if it were not so linked. For example, with respect to

15  afusion polypeptide in which a ZFP DNA-binding domain is fused to a cleavage
domain, the ZFP DNA-binding domain and the cleavage domain are in operative
linkage if, in the fusion polypeptide, the ZFP DNA-binding domain portion is able to
bind its target site and/or its binding site, while the cleavage domain is able to cleave
DNA in the vicinity of the target site.

20 {0072] A "functional fragment" of a protein, polypeptide or nucleic acid is a
protein, polypeptide or nucieic acid whose sequence 1s not identical to the full-length
protein, polypeptide or nucleic acid, yet retains the same function as the full-length
protein, polypeptide or nucleic acid. A functional fragment can possess more, fewer,
or the same number of residues as the corresponding native molecule, and/or can

25  contain one ore more amino acid or nucleotide substitutions. Methods for
determining the function of a nucleic acid (e.g., éoding function, ability to hybridize
to another nucleic acid) are well-known in the art. Similarly, methods for determining
protein function are weltl-known. For example, the DNA-binding function of &
polypeptide can be determined, for example, by filter-binding, electrophoretic

306 mobility-shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel
electrophoresis. See Ausubel et al,, supra. The ability of a protein to interact with
another protein can be determined, for example, by co-immunoprecipitation, two-

hybrid assays or complementation, both genetic and biochemical. See, for example,
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NO:12) N/A N/A ZFN 9373 gtTCCCAGGAATGGQC TTGGGgtcaaag (SEQ ID NO:28) RSDHLSQ

(SEQ ID NO:9) RNADRIT (SEQ ID NO:29) RSDHLSQ (SEQ ID NO:9) QSANRTT (SEQ ID NO:10)

(SEQ ID NOwld rRH83bsiSOASNDRKK (SEQ ID NO:12) 10100811As deseribeshhplowsdn certain

embodiments, a four-, five-, or six- finger binding domain as shown in Table | is fused to a cleavage

half-domain, such as, for example, the cleavage domain of a Type Hs restriction endonuclease such
Ahf et

as Fold. oné i5idnere/ 8B iure 12 aBRHE NGormin-AdSiBRE B B¥E&Y for targeted
cleavage, agglisgiaged, for example, in U.S. Patent Publication Nos. 20050064474 and 20070218528.

100821For tgrgeted cleavage, the near edges of the binding sites ¢ eparated hy.5 or more
nucleotide p&@t&nd eacvlﬁgef quasqghosyotgf’n%%gﬁeb%ndl Ifcé))l 3?516%6%%% e %s ra%laegffﬁ%n DNA target. All
pairwise corhbihatityrsontithedorotenksiqwepimaliahieat wall be tsddliowiaggbsdditleavage of a GS

gene. Following the present.discl EN ynaGS . B.
Cleavagge Dvgc%%a?r?g %ei%%%ﬁ‘igp"’;gl[\i% éfseé%gg%ﬁ?ef%r%}g%;egea?éﬁ%?\%%?gglnﬂlqa%, clegt\a/gZe half-

domain). Thé4a@&vatRd donh&irS pBtidvrof kb E&iontiroidinsdif el Jerkmersshlban be

molecules (non-covalent heterodimers, see, for example, Inbar et al., Proc Natl Acad
Sci USA (1972) 69:2659-2662; and Ehrlich et al., Biochem (1980) 19:4091-4096);
single-chain Fv molecules (sFv) (see, for example, Huston et al., Proc Natl Acad Sci
10 USA (1988) 85:5879-5883); dimeric and trimeric antibody fragment constructs;
minibodies (see, e.g., Pack et al., Biochem (1992) 31:1579-1584; Cumber et al., J
Immunology (1992} 1498: 120-126); humanized antibody molecules (see, for
example, Riechmann et al., Nature (1988) 332:323-327, Verhoeyan et al., Science
(1988) 239:1534-1536,; and UK. Patent Publication No. GB 2,276,169, published 21
15 Sep. 1994); and, any functional fragments obtained from such molecules, wherein
such fragments retain immunological binding properties of the parent antibody
molecule.
[6074} As used herein, the term “monoclonal antibody” refers to an
antibody composition having a homogeneous antibody population. The term is not
20  lomited regarding the species or source of the antibody, nor is it intended to be limited
by the manner in which it is made. The term encompasses whole immunogiobuling as
well as fragments such as Fab, F(ab")2, Fv, and other fragments, as well as chimenc
and humanized homogeneous antibody populations that exhibit immunological

binding properties of the parent monoclonal antibody molecule.

25
Zinc finger nucleases
[0075] Described herein are zinc finger nucleases (ZFNs) that can be used for
inactivation of a GS gene. ZFNs comprise a zinc finger protein (ZFP) and a nuclease
{cleavage) domain.
30

A. Zinc finger proteins

[06076] Zinc finger binding domains can be engineered to bind to a sequence
of choice. See, for example, Beerli et al. (2002) Nature Biotechnol. 20:135-141, Pabo
et al. (2001) Ann. Rev. Biochem. 70:313-340; Isalan ef al. (2001) Nature Biotechnol.
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obtained from any endonuclease or exonuclease. Exemplary endonucleases from which a cleavage
domain can be derived include, but are not limited to, restriction endonucleases and homing
endonucleases 2b@asigrsexample, 2002-2003 Catalogue, 15New EnglangBigletss Bexerly, MA; and
Belfort et al. (1997) Nucleic Acids Res. 25:3379-3388. Additional enzymes which cleave DNA are
known (e.g., Si Nuclease; mung bean nuclease; pancreatic DNase |; micrococcal nuclease; yeast HO
endonuclendd: Sk tHo e 4k G000 M- HAtE S elsti Shr Lt CLB/A8ly Press, 1903)
One or morgxithese-erzymes (ot fBndiional fraghents dhereef:cambaninisadiag a source of
cleavage domains andﬁzleavarl[%e fll lf-gomains. 0984 %i]milgr ){b'a cla%gr\@%%gglf-dnom%ilg can be derived
from any nugfggaslg 8?npoar¥i%ﬁ ereot A8&RTYf Igbove,p e re&tﬂres ineFiZation for cleavage
activity. In géngeahrworfudiogmotensaiede quinett foncleanagbnfithitésionnsicteiizm comprise

cleavage half- mal Alternativel | rote ising t leav, F omains can
be used. The' t%\(/-‘)(]) E?Peggvtgaégé;%%}j/egr%%]?h?%g!ﬁ@e%%ﬁeg%%ﬁ ’thni%er\ég%?lﬁ e%hggﬁél%ggg%%r functional
fragments trromapiising &t dRsaragarn Hertraidessmenderived ndvidndirtieingsidonuclease (or
functional fragingnsishetref.dn aoditioneibe tasaebstgsdriiteivriuaionpieteing are preferably

disposed, with respect to each other, such that binding of the twq fusion proteins to their respective
target sites 36T HER RIS RIGRRGAUYBRAEISRAUFRER] TR ARah YO ERLPEHHE that allows the
cleavage haffzelmaingif-femgadunsionabelrryage, dornaiimgsld « Py wHREUZNBaikthtss, in certain
embodiments, the near s qf the target sites are.separated. by 5-8.nucleotides or by 15-18
nucleoﬁaes.iﬁﬁf&gragﬁg%%éggl ’ﬁﬁ?ﬂggf%?‘ﬁgglé%ﬁ% co%e’ﬁ’&f&r@&h%‘é BHEERN intervene between
two target sif@&7(8.g., fronEReiaBinerbeabdenpditslimbrEng plopendispldhersitorofigibadage lies
between the target sites,.[00851Restrigtion le. restricti \ ) present in many
species andsg?({egélépa eIg!(L) %%%%J@ﬁ@ggapg%ﬁ i?%%gﬁg’ﬁ@géﬁé@?gé%i@ﬁ%ﬁ%f5 and cleaving
DNA at or néaltha4Sitedof4diddngd Ceitaia; resticlioh 6tz yaneslay WH/AEITdBeleave DNA at sites

removed frogyiegresonitiansiie ARgdhayR epREieRinding 394 sieavagadagains. For example,

the Type IIS enzyme Fok | catalyzes double-stranded cleavage of DNA, at 9 nucleotides from its
recognitfon SEBaBReIRSHBGRRISPCHIIdtERS BRgstdIREBY B BREPESE other. See, for
example, USidBRpiaNtS 2308702 8:d30nbatand HoAg7:994; as well as Li et aL (1992) Proc. Natl.
Acad. Sci. USA 89:4275-4279; Li et al. (1993) Proc. Natl. Acad. Sci. USA 90;2764- 2768; Kim et aL
(1994a) Prod®MVAk. AcadSEErigB Al S48 51882 0 R 7R EP?EC& 155 9eBR01 2eheIRS BRI 978-31,982.

Thus, in onecgfabiesl prerintusion igtricistiRiredie: cleaypge awair (oatesiski inalf-domain)

from at Ieastﬂ%ne T%edgssc r}bSﬁr %ré%%)gfi%)ép}%%?g ﬁgnqi&rt{no% gilré% ﬂ)r}gﬁ(rj spinding domains, which
may or may not be enginéered. n exemplary type § restriction enzyme, whose cleavage
domair2is seiIsled mtide? BINATRR mmienrim Fokd (b T Hiéeprmaicinl Sreaneytiingins Aetiie-as a dimer.
Bitinaite etad398) Procy NathAged. SRLMSAITAD IR RRACCARGIYeor the purposes of

the present disclosure, the portion of the Fokl enzyme used in the disclosed fusion proteins is

considered dlemraivagadrRnmudinanteTHudnsdingsnatetrns iy Rarinerddesehsa e endr targeted

replacement;gfiaallulak Sedancas UsinzIBGSiNaambRK kikelo 88 stwahibsiampi@tRias igach comprising
a Fokl cleavage half-domain, can be used to reconstitute a catalyticilly actige cleavage 25domain.
i

Alternatively $2&HhgRHdipebirid AR ¥8rtafttiP s HntAndd hifthirg abthain and two Fok |
cleavags halixdpipiainsiaaeralkpiindsed: Rarameiessdalstargeiet. cliamgeanditacgbted sequence

alteration using zinc fin. ger-Fok | fusions are provi Isewhere in thjs disclosure. 100871A cleavage
domain or clg%g\?gigg?ﬁﬁtg Cr%a%rrllyc%on (len%%?/np%oj?%?lﬁc% 21 6?(%%%%%%& e %:“ﬁ‘gscci:{fg%%/%}gce activity, or that
retains the abiliggrsoftuitineiize (Exgmplienefizéditoofolrnkdusictivnelscleafimigd dohain.

[0088]Exemplagy Jyne K3 estistion enaxmessamdaseioad idstaraationad Publication WO

07/014275, incorporated %ereln in its entirety Additional restriction enzymes also contain separable

binding and Elemvagidiensiiarisinking Ab<cRreding Rempniddd |-ty e BasidiRclosure. See, for
examplg; Rofglg et al. (29053} NucleicraciosRssr 31 AdSrhalr 105 ibaritaimamodiments, the

cleavage domain comprises one or more engineered cleavage half—dorgain galso referred to as
dimerizationE@fﬁﬁ]%ﬁ'ﬁ‘ﬂ‘?ﬁfgﬂfg)bmd to nucleotide sequences in thé G5 gene. See, also, Fig. I an
Fig. 3. Each row describes a separate zinc finger DNA-binding domain. The DNA

target sequence for each domain is shown in the first column and the second through

fifth columns show the amino acid sequence of the recognition region (amino acids -1
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5that minimize or prevent homodimerization, as described, for example, in U.S. Patent Publication
Nos. 20050064474; 20060188987 and 20080131962, the disclosures of all of which are incorporated
by referenceanip theaifesntiseties herein. Amino acid residues at positions 44G;rA%tosb/fs4B83, 484, 486,
487, 490, 491, 496, 498, 499, 500, 531, 534, 537, and 538 of Fok | are all targets for influencing
dimerization of the Fok 10| cleava e half-domaijns. 1009Q1Exemplary engineered cleavage

half- domalnétﬁ?‘?-g}ﬁ‘k”i'lﬁtﬁa'lﬂfdﬁﬁ?% gake ﬁé%%mﬁ%ﬁ@‘& GAERCHHF FRGHIBRER At cleavage

half-domain {Relugle B 4NPsatiarne ﬁi&mmmaﬁldN&&mmkﬁﬁsﬂlmﬂ%aaadéiﬁ@emﬁﬁetsI and a second

cleavage halgdtomaén m&ludestr?éj ations a amlno Clddre%?}g sh486 a 046%9 151600911Thus in one
embodiment- B GENEH & H 8B TS SradédE m%ﬁr) e MUtALoN Bt 538 repcfaces Iso (I) with

Lys (K); the bustatioat ate406 deptdgadrizind Q) mhﬁnﬁfﬁm&%hd@@ﬁmohm@ﬂgg replaces
'so (1) with L Ys ecm the et a f ein were prepared
by mutaé ing potéfﬁ)%ns %‘ Canj eﬁ%@ %ﬁ%%%ﬁeggg%gvagg %ﬁ#ﬁv (grﬁgﬁrg{ lt%ct):ﬁ%fcg)}%{roduce an
engineered clelayEyE miﬁa@mmﬁmn@mmmr theguREIBR8K" and by mutating positions 486 (Q-,E)
and 499 (I-+L) in another cleavage half-domain to produce an engineered cleavage half-domain
designated ' Q486E 1499L". As descrlbed |n the examples a palr of ZFNs |n which one ZEN comprises
the "E490K:; ai 2 e 2 in is also
referred to as a{&g&%ﬁ?&é pal are
obligate heterodimer mutants-in e or more

pairs of nuclegﬁeé% U.S.

Patent Publi ,athg D%%%%I% its

entirety 30for all parposes. 0092 e
prepared usirgl &R AERABIERAEt cleavage
half-domain (F g)g%%%&nbe and
200701347 U:x%gw%sﬁp) €: W

nuclease haydpg:a targetcsiteang ere AFor example,
homing endonuclmes%nd medg p sequences, some of which
r1 nonnmn Any

are likely to be pREe MR N Rksta such-nuelease
1%? Aﬁ%ﬁi&&acg ,mﬁm}ﬁddltlopugg a
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[0081]

As described below, in certain embodiments, a four-, five-, or six-

finger binding domain as shown in Table 1 is fused to a cleavage half-domain, such

as, for example, the cleavage domain of a Type IIs restriction endonuclease such as

Fokl. One or more pairs of such zinc finger/nuclease half-domain fusions are used for
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25Gene Therapy 7:49-66. Thus, engineered homing endonucleases and/or meganucelases which are
designed to specifically bind a desired target locus, such as GS, may also be used. Delivery

30100961 ThepZdamsisscribed herein may be delivered to a target cell byanysuiablessseans. Suitable
cells include but not limited to eukaryotic and prokaryotic cells and/or cell lines. Non-limiting examples
of such cells or cell lines include COS, CHO (e.g,, CHQ-S, CHO-K1, CHO-DG44, CHO-DUXB11,
CHO-DUK X eI @Y% BRES MBS OV§ ,%\1/“7@’,‘ gﬁiﬁ?ﬁ?’é‘ é’],[’lé‘ﬁf{?ﬂ—%%; NSO, SP2/0- Agl4,
Hela, HEK29B83e0g44REL29007 (8 E862983-H, HE1C293-T), and perC6 cells as well as insect cells such
as Spodopt iperda Sf)t?{)r ungal cells such cC P i@ @g ted

Schizosacc é?‘ggfyces. 1009 %ﬁ%&%ﬁg‘rg %eﬁ}sgﬁ%geg p%e?rl?s{%g)r\{nﬁg%%n%%nggfingg%%re described,
Sfor exampléyif &y iBoRaentdids pBias 3rRiR2cE SUBe7iUFion BB ¢ OB D28 6pPOTI882; 6,689,558;
6,824,9¢8; %@é?a!#%@ﬁiﬁé@ QDA onbibAdab AR distlasusssaf Alabwhich are

incorporated by reference herein in their entireties. 100981ZFNs as described herein may also be

delivered ushag VerteidedniamipdFisereasrics Ghesting DMVEREIBFP BTN D5 Ny vector systems
may be 10useaiincliding, Rutnes imiteddadelasinisk eators, retroviral vectors, lentiviral vectors,

adenovirus vectors, poxvirus vectors; herpesvirus vectors and adenoassociated virus vectors, etc.
See, also, U.S. Patent Nos. 6,534,261; 6,607,882; 6,824,978; 6,933,113; 6,979,539; 7,013,219; and
7,163,824, incorpomt€tayaaferenatmberein in their entireties. Furthermore, it will be apparent that any
of these vec %]]5 may cqmpyise one or more ZEN ncogi sequences. Thus, when one or more
pairs of %FN@@ introdu?:%lg %g%??ﬁesgéﬁn%ﬁgsfﬁl{igcrﬁ%@e %p%%grar% 8%?%% %}g?ﬁ% vector or on different
vectors. WhenmaidjipEhvetiavsgaréousa peritin wéthorfmimy quotpins dischegd dartreidddding one or

multiple ZFNosftﬁgeo@%k%?%gg;&igmya%'e%@@mqaérgwﬁ%g5519 HansiRidnetheds can be 20used to

introduce nucleic acids encoding engineered ZFPs in cells (e.g., mammalian cells) and target tissues.
Such methotdighrs alsevbes Wssthin edrmhisreraduaridadsapsoling i s (BSHEHRCH vitro. In certain

embodimentg, pyclaic acidsercemingd6Rhe RESAdMNIse ) 20u0-o0@Xvivadgene therapy uses.
Non-viral vector delivery systems include DNA plasmids, naked nucleic acid, and nucleic acid

compleked Wigy ZalendiBarlrbeBeredicMAs sl RS &' pdiSYANBICRI ASHRS delivery systems
include DNAzgk RIN3 34rusa8i Wit kbave-clierenise s iepnates @gn@netiaktesedelivery to the
cell. For a review of gene therapy proced gS, See Anderson Sci?fnce_ 256:808-813 (1992); Nabel &
Feigner, TIBTEE PP BE XSy ?yi‘g‘érﬁf;“ﬁﬂlﬁan%s&asf?e‘i’{“f?é“raéé‘ﬁ 1763186 (1993); Dillon, TIBTECH
11:167-175 €203):RadM,illere AlatirtnBs7 5460282 Y Ve BprinBibdonielyyte(10):1149-1154
(1988); Vigne, Re tive Neurolo N | 30 LERm icaudet, British
Medical Bullg ﬁ%ﬁé(%’?sl@ﬂﬁ ?1-15%3,9%ﬁ%i%gg%%ﬁ{éiﬁ%%gﬁ?%% s?r%rt Microtﬁgl%og%%gnd Immunology
DoerfletandBshwn {sdery pi9BRvagd damainaanGarravAs e dorsups (1994). WO

20101053514 F{US 008 BRRARD A ORMEI PRl APEaH VBTG ibcRdsncocing

engineered ZFPs’include electrofporation, Ipofection, microinjection, biglistics, virosomes, liposomes,
'l

immunoliposBfEy! HsTeatrs s Hf&i?}k?ﬁcYF’ei@%%ﬂﬁﬁﬁ@@?%’&@@ﬁﬁ%i%ﬁ%ﬂ s, and
agent-enhangagdyptaks MDA BARARE FalRIRcU TG &g iTehS anitoar AORssyatemisRich-Mar) can

also be used for delivery of nucleic acids..[0101]Addjtional exemplary nucleic acid deliyery systems
include thoséle?)"r?ﬁﬁ&‘ég( %WX?&W&@#S%&B%%H@%%F&%% ,]ﬂﬁaxgycle?al‘ﬁaée gfkville,

Maryland) aniBdixs MeleeuwssdDalivenySolstengs hlditistomnnh/a) dedEopertpashtGTmerapeutics Inc.,
e ol R T AR A s s el S0 00 s
and derived from a different endonuclease (or functional fragments thereof). In addition,
the target sites for the two fusion proteins are preferably disposed, with respect to
each other, such that binding of the two fusion proteins to their respective target sites
30  places the cleavage half-domains in a spatial orientation to each other that allows the
cleavage half-domains to form a functional cleavage domain, e.g., by dimerizing.

Thus, in certain embodiments, the near edges of the target sites are separated by 5-8

nucleotides or by 15-18 nucleotides. However any integral number of nucleotides or
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Lipofectinlm). Cationic and neutral lipids that are suitable for efficient receptor-recognition lipofection of
polynucleotides include those of Feigner, WO 91/17424, 15WO 91/16024. Delivery can be to cells (ex
vivo administratien)yesdarget tissues (in vivo administration). [0103]The preparsdiososdipid:nucleic acid
complexes, including targeted liposomes such as immunolipid complexes, is well known to one of skill
in the art (see, e.g,, Crystal, Science 270:404-410 t(g:LLr995i)' Blaese gt at, Capcer Gene Ther. 20 _
2:291-297 (THYEYHATRAECAR ﬁfS%ﬂﬁég?é’e@ﬁ'@”n? 8 lﬁje(fgg%?ﬁetr%;gge%%g@gonjugate Chem.
5:647-654 (p9<)r Gareetlatgthens, TinesappXieitaZ@Re(1890kcAlimast gttati«Sancer Res.

52:4817-48 92): U.S. Pat. Nos. 4.18 7,344 485,054,
4,501,728, i@%?OSS, 4,%?%?@?‘%%‘(‘1&3%%%% eﬁg‘*{%‘iﬁﬁf‘ lﬁgﬁi%\é%%?u@l\?ﬁgl based systems
for the delivepycifs2Bthuel eipatidsienaveing wegifie diedimerp PR ddveasagielionisidhly evolved
processes fop Jangaiing BNKUR 1 &9&%@%‘&%@&@0@&%@%%%%&%H@dégy load to the

nucleus. Viral vectors tan be administered directly to patients (in vivo) or they can be used to treat

cells in vitro Eng THD herrieiEONCe pt siies AemomesiErsn s peanemisionsiin ) BYSSRABRY viral based
systems for tSE}ﬁiﬂdg'BfﬁfMLQJ\%EEédﬁﬁtﬁge FaHEARAONAt Tle d sy Fak lenthiifus, adenoviral,

adeno-associated, vaccinja and herpes simplex virus vectors for gene transfer. Integration in the host
genome is pddisatanfcthe sarrssiriONAGtiR L ERRdae 815é§§8%i%13t\1ﬁr‘h§1t§é)ﬁleogr%nsfer methods,
often resultisgaii|gRy tercRxpIessiarofshecnsertacktrans ghnethéd dittenfitysaighldraifsduction
efficiencies have b ryed | ny.diffgcent cell types and farget i S. [ ]The tropism of a
ggt%ﬁése%%%ﬁlééigr%]égbaaﬁ/d%g%[/eggf as #ﬁ?asﬂ ezt algglx%ﬁﬁoa %aqg

retrovirts ¢ rating fareigh’envelope proteins, g the potential target
population afitarySticéld Berviiad Biclare afe(i8fitviraloydattrsithdt See BISHe 28:F¥rfsduce or infect

non-dividing.cels gnd typlealiaradise gl v igis Rslsstemclsaaysal sprwegnsier system

depends onthe target tissu oviral vectors are comprised of cis-acting long terminal repeats with
packaging capiefyCiea368:81197Rb3 b8t e iGhuselusrscanbdamsiti s I QIeMsg LTRs are sufficient
for replicatiog,and pagkaging of ReuaciervIdRMbichiaRthan used o kiadaierthe therapeutic gene

into the target cell to provide permanent transgene expression. Widely used retroviral vectors include
those BasedrefsorAMHOTEREHNBERFUBTIN G IRgBhRiAURR Jemasid Mits &V Bimian

Immunodefig}&r@/@ﬁgﬁ@é@m& human immunodeficiency virus (Firv), and combinations thereof (see,

e.g., Buchscher et at,Virol, 66:2731-2739 (1992); 15Johann et at, J. Virgl. 66:1635-1640 (1992);
Sommerfelt 819 3 Viral. 1‘}8:%)86-’%’@'Jr g@;}e\/&%%ﬁt‘éf%é n IR %’é?fﬁf%ﬁ% fw;lf\/ﬁller etal., J.

Virol. 65:2228p2284 (H29 e PGdmSB4A5T @0Y ofoll OB)in maplickticnsymeviiettiransient expression of
a ZFP fusion,profei R Riele/ e sdenayial Pl ay SEMocRade 41596 hdenoviral based vectors
of very hi 'S icienc nan )es ' not

are 20capable gh transduction efficiency in many cell types and do not require cell division.

With siéh vektossiihih, tie tharplrighercvitbediresqptetissnruray o pertion el hls vector can be
produced in large duaniifies IR SRIAlY LY SRR S ML OR ASSecIRaMIa{afy\V ") vectors are

also used to transduce cells with target nucleic acids, e.g., in the_in vitro produ%tion f nucleic acids
and peptided tp5safa RIgntedideuRR BRamird GeRPEsAUIOr Srorier FERIICT] §F SRIBUFet at, Virology

160:38-47 (1Q8ddnddsusRatemt Magd: 790 30%i W6 93/ Adbshlpisalifs, Hanabdgeiieng herapy 5:793-801
(1994); Muzyczka, J Clin. Inyest. 94:135 %199 ). Constrﬁﬁion of rggfﬂp V vectors are

' t
described inZoRLFABEREST SHERABACARANARTY 19 S PRERIS 539 'Jn%{%gce:ﬁlﬁagtaﬁi Mot Celt Biol.

5:32512326046HR85): SleFraisehing elagleMolyEptidSinbiende 72:208in¢1084); fmmbnding Muzyczka,
PNAS 81:6406-6479 (1% and. e%ﬁgglS&%l@d%%&ﬂ@%a@%f&%?@%ﬁ%?Zga Prd@FO71AL least six viral
al

vector approa%’ﬁ%g}are currently available for gene transfer in cll_nlceil trials, which utilize approaches
that involve cagaiterrientagonnsf taaftedivequentol ibipiphesnasiretniets-heldduseniAss to generate

the tranwucmmlsewhere in this disclosure.
{0087} A cleavage domain or cleavage half-domain can be any portion of a
30  protein that retains cleavage activity, or that retains the ability to muliimerize {e.g.,
dimerize) to form a functional cleavage domain.
{0088] Exemplary Type IIS restriction enzymes are described in International
Publication WO 07/014275, incorporated herein in its entirety. Additional restriction

enzymes also contain separable binding and cleavage domains, and these are
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[0108]pLASN and MFG-S are examples of retroviral vectors that have been used in clinical trials
(Dunbar et al., Blood 85:3048-305 (1995); Kohn et al., Nat. 5Med. 1:1017-102 (1995); Malech et al.,
PNAS 94:2 232 1831524:38 (1997)). PA317/pLASN was the first therapeutevestonuaadsin a gene
therapy trial. (Blaese et at, Science 270:475-480 (1995)). Transduction efficiencies of 50% or greater
have been observed for MFG-S packaged vectors. (Ellem et al., Immunol Immunat her. 44(1):10-20
(1997); DrarfOREPRIAEAIRY, schiesehicdistlasties Pr69P), OB GoTREEDRHiRAN Wfdno-associated virus
vectors (rAAV,) & apiemdesing -altermative gene delivery systems based on the defective and
nonpathogené%é) rvoviru adeno-asst;t)c'ated YI'E}/[i)}(]a %ivgus.eAéJ‘I:)}/neclg%%smargsgsegxggrfxrgggea plasm id that
retains only{ /g\AV 145 pc ‘fﬁ\%’h%fa TR repeea s‘f%nkmg e trar?sgene expression cassette.
Efficient genenpiansfe dedl stalbld ftbmsgjer{el sletbfemed treatodiBan ray ratidoniaio itheagshomes of the
transducged cgll are key f r r this v. [ syst 200e" c : 1702-3 (1998),
Kearns %t at, kenr}g“ %?.% g.}%‘r%%%%ngé%]ﬁ{%%ﬁ@i%%ﬁ%non15%%@%&%{%%3# azéenoviral

vectors (Ad)Rssitssiprdinscd04PPRGH Te? H0S TEERRR anfet QB P AYE: Srudirslemtgertypes. Most
adenovirus ZQvVacioiRiPER SROEEIRA BYchrhalR hanseenaterisaseid il #i !0, and/or E3

genes; subsequently the replication defective vector is propagated in human 293 cells that supply

deleted gen&oifatcH ROHIHE, KA Kot 48 Trafd dkfAe fped 8t &8¢ A0o, including
nondividing, siiffesentitedsels SUelr asithesa faunsi roh veflukidneydndHpussie @anvektional Ad
vectors have a large car{%/ing capacity. An 25example of the use of an Ad vector in a clinical trial
involvel’ polyitrAGRFAREP Y for antitumor immunization with intramuscular injection (Sterman et at,
Hum. Gene T990]7: 1083 2xE0998)) . cAdiisiond b eaangplbs Hitherinse DF akl e favifaswectors for gene
transfer in clinical trials include Rosenecker et at, Infecti 4:1 5- 96); St et al., Hum.
Gene Then & 1%t§£_efg§§1ﬂeé§gf glgﬁa&éﬁ, lﬁ%.aglé%f?ﬁ%%g#%%%ﬁ%g(fggé%e?Alvarez et at,
Hum. Gene Tiuéstien597a808 (299 Tysifiops @tmiémsé%m 5H0T-508 T(ﬁQ@‘a)F;fst?@ﬁ.nan et at, Hum.
Gene Ther. ;10835089 (1238} JELIRACKAAING Gollzals dReriialqus HMiusoparticles that are

capable of infecting a host cell. Such cells include 293 cells, which package adenovirus, and 4.r2 cells

or PA3LY celf%hich packae irerrsauBodimsnicctoraticratin®garelanes sy &b ™iffuarl generated by

a producer cglhling that:naskages ReaeiGAcfWRCIoNI Nt andralparsicls. ABeayaateds typically
contain the minimal viral sequences required for packaging and subsequent inte ra'g% into a host (if

applicable), SHRiPRIREHBERb 0D HiHgURIRc BYP LT prasRIarrt AL Bt BR Gty the protein to be
expressed. HpedMigsinthysatitactd ok aress halisshinitodadibHich padkagirgegikties For example,
AAV vectors used in gene the typicall ly possess inverted terminal repeat (ITR) sequences
from the AA\lPLdtgﬁg e \S/rl\k%?cs %rt%-:tp eal%g}%%%% afg.ﬁ‘élé’ﬁ% ?Let%‘baé{eti%lhﬁ%i[%n%pgl ost genome. Viral
DNA is2fackpgeddn 2 celiitinacdvtich sgntaifisiontripdssigaad (ARG 8RS atiddryAAV genes,

namely rep 3l A, Butdlesking TR peaesses. Fhe sl faedealspinasieghufifiedenovinus as a

helper. The helper virus promotes replication of the AAV vector and expression of AAV genes from the

helper plasniepdrae Hetpainprashiiivayagstiphictogen freigmtrdarR4tABUAY Hue s a lack of ITR

sequences. @%Mﬂﬁti%éy%ﬁgﬁﬁl%xiwﬁ e e RRiEMDY FTGohipaldigmément to which
adenovirus is more sensitive than AAV. 15101121In many gene thergﬂ%)ﬁ applications, it is desirable

that the gene THaPKpY 8 ktof FRY Beti deratmins QTSI URRPEES oREBEEHARY to HPXAREUIar tissue type.
Accordirngly, ayital eatorr-errfiongoifian 1 RaverspedifiCitydfon drgated celiiypetayfexpressing a
ligand as a fusion. prqtein.with a viral coat protein on the outer surface of the virus. The ligand is
chosen to ha%\if)én ﬁﬁﬁ%&?&%%gé%?oarrﬁﬁ%& 3 %%Beetef)?éls%%rtngﬂt%%g ce Cyggegfa f}?terest. For example,
Han et al., PobeaviigilisAnatniBed &f SBo82hoT 4hef THE ¢1 985}, paporfodthestciomeymgrine leukemia

virus can be gadified 0, xRS AR (30l 0070, a0dking.erapmbinagbyirus infects

certain human breast cancer cells expressing human epidermal growth factor receptor. This principle
can be exterided9HthaFSfirusedigstassnesdirghichimisrtrer tiag by celPrensrassés A WSheceptor and the
virus expressesaa fHgiRdarotein comprising a ligand for the cell-

[0092] Engineered cleavage half-domains described herein can be prepared
using any suitable method, for example, by site-directed mutagenesis of wild-type
cleavage half-domains (Fok 1) as described in U.S. Patent Pubhcation Nos.
20050064474 (Example 5) and 20070134796 (Example 38).
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surface receptor. For example, filamentous phage can be engineered to display antibody fragments
(e.g., FAB or Fv) having specific binding affinity for virtually any chosen cellular receptor. Although the
above descriptioniapgiias primarily to viral vectors, the same principles caa-beappliagde: nonviral
vectors. Such vectors can be 30engineered to contain specific uptake sequences which favor uptake
by specific target cells. 101131Gene therapy vectors can be delivered in vivo by administration to an
individual patient, typically by systemic administration (e.g., intravenous, intraperitoneal, intramuscular,
subdermal, or intragcraniaitifuigiongiesdo piedlamppiicaianzgsidescribed below. Alternatively, vectors
can be deliv o cells ex vivo, such as.cells explanted from an individual patient (e.g., lymphocytes,
bone marroﬁg&irates, t%‘g & %%eﬁgfl}ao‘rqﬂ%i% arggaglt %%glr g‘%}ﬁ%ﬁgle i%es 8%%%0%1‘}36, followed by
reimplantatiometifothedcelies tdtbeacpatiBot exsually hftergstedtionciersee isdmbiphurdsadncorporated the
vector. 101141Ex viv Il tr ection for di [ ; ne ther (e.g., via
re-infus%on o] atheevt?gn%ﬁe%‘g%gg‘g%#]ggqtﬁ%enﬁ%’s%%%agnﬁsm g"ﬁ;%\;v%?f rflg(\i/)f/;ngf%p 1‘%%)%%’0 sakill inthe art. In a
preferred ensidgiinditds|meréngdireenfrtipitaengnisie noT s s | arsndRdRIIPWRIIBEZFP nucleic
acid (gene on cRPNAY ianddeniused hagked hintadhe sHbieddraamsT AR Jrgpafient). Various cell
types suitable for ex vivo transfection are well known to those of skill in the art (see, e.g., Freshney et
al., Culture dralsasfalferdreeet ArizesiBaSe F8hnique (3rd ed. 1994)) and the references cited

therein for ajdgayssion othemydnrisalaigangesiiviecelimbioa: paientsrai 101 Podinrene
embodiment, stem cells are used in ex vivo, procedures for. cell transfection and gene therapy. The
advantie tgﬁsﬁiﬁcglgn{"(%ﬁiié'@%{fltﬁé%% nllfgén g#f%i%ﬁﬁ&tféj fﬁ?o%fﬁ}éq' geﬁf ng%ldi?fvitro, or can be
introduced ity HImahein ad(serdh @sstagdoeoselitneswe | Sevaiver & iheBawill lag BA2M 82 bone marrow.
Methods for difeentiaon £pds sells m.itrouniolinisall mporiant mpmung Gelhiypes using 20
cytokines such a GV , IFN2y an " are Known (see Maba et al., Exp. Méd. 176:1693-1702
(1992)). [01 134 Steré i8R ebeokaidd idirhisBadtiver ahd1GPrbinditioncdnBenaddn methods. For

example, stefp,gelis ase j&&@%&?@&%w@mmﬁﬂw R@ﬂﬁ\sﬁ@mﬁ.tz%%gﬂﬂw cells with
antibodies which bind unwanted célls, such as 25CD4+ and CD8+ (T cells), CD45+ (panB cells), OR-|
(granulbtyteBjohR3d@ IdifrepizrEcrarfigEl? prdstedfi e iSP Rt firdradtha NEVExp. Med.
176:1693-1782.{12PB1d1aH kA Meetors (e.g., retroviruses, adenovimses, liposomes, etc.) containing
therapeutic ZFP nucleic acids can also be administered directly to an organism for 30transduction of
cells in vivo. B hatively HEIMEDRACEN 458 SRETTELPE P REPIHOE SRIANLUTAE B She routes
normally useghforistiadueinga maeaue spdidimals teniaat with hlotitentissigeerlisancluding, but
not limited to,.rié%ectgorl; infu‘s/ion topic&llara Iig_%iiizoe(;a agd elgg%) gr%ttiglplédsfgitablg, ”}%h‘)ds of
administerina1 & ﬁﬁc?é?ceag%g e AVAIrABIE Bhd wer Rhown to those of Skill in the §r§l and, although
more tRan ohemngendmidaaseth to@timinisiemg panigielermonipositimgnitipatituldl keute can often

provide a mafe imme 'g%}%mgm{@ssgafﬁ% Bﬁ%ﬂﬁﬂg'ééﬁ‘oﬁﬁa‘%émH&%%ﬁ&!\é&‘é&Ods for

introduction of DNA intd hematopoietic stemcells are Sdisclosed, for exangjp e, in U.S. Patent No,
5,928,638. \RSELBECOEERATRY B H BERORABF #dARISE HES inteen Emarepiie t sesplieietlst’e g., CD34+

cells, include(m?saméé Fype 8393016k Y priasssUitabls fardniroskationokliransgenes into immune
cells (e.g., T-cells) include non-iné%ﬁgratin entivirus vectors, See, for examd)gcmy et at (1996) 10

Proc. Natl. AEKE: SeFyeRb g3 49 @f”%@’ﬁj{ﬂ SRS oBID AR LT PBY BRI Zuffery et at
(1998)p¥Viralz &2 98 é3H8BAFH eTBLSleak(RE06) MNating faaoriidsass 2hd-222.

101201Phamgga%‘ffé%ﬁils)ésaﬁﬁ%ﬁt%@%e%?éﬂ?ﬁoasrgegl 135{{{1}) glezgdlarll c%%{lte ycaghg%t locus, such as

GS, may also be used.

Delivery
30 [0096] The ZFNs described herein may be delivered to a target cell by any
suitable means. Suitable cells include but not limited to eukaryotic and prokaryotic
cells and/or cell lines. Non-limiting examples of such cells or cell lines include COS,
CHO {e.g., CHO-8, CHO-K1, CHO-DG44, CHO-DUXB11, CHO-DUKX,
CHOKI1SV), VERO, MDCK, WI38, V79, B14AF28-G3, BHK, HaK, NS0, SP2/0-
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particular composition being administered, as well as by the particular method used to 15administer
the composition. Accordingly, there is a wide variety of suitable formulations of pharmaceutical
compositiongyavailalkssas described below (see, e.g., Remington 's Pharpaaaisticahdseiences, 17th
ed., 1989). [0121]As noted above, the disclosed methods and compositions can be used in any type of
cell including, but not limited to, prokaryotic cells, fungal cells, 20Archaeal cells, plant cells, insect
cells, anima Iﬁ,%?eﬁ%@%éli&gmm%ﬁ’éﬁ ' uﬁ%@éﬂg)’%ﬁé’ﬁfgéoﬁlﬁﬁ@% for protein
expression aveikaomietoddidsaicd skipbidbealiangeriel (88, bufiaenatiinigdato COS, CHO (e.g.,
CHO-S, CHQ-K1, CHO-DG}QA ,CH(%-LE)%JXBll VERO, MDCK, WI38, V79, B14AF28-G3, BHK, Hak,
NSO, SP2/0 A YRS RS e S PReRDGE BV C293-H, HEK293-T), 25perCe, insect cells
such as Spod@dptera fugipeiethoBiHf delivirmgairottis stwhpesBg ctiafngerces; Ristridehd
Schizosacchar . Pr ranis, ivati 1 1l also be used.
Applica%n@b%%@f%%%%%@%% ﬁ%’tﬁgﬁg ggg’c%t%gg]s%b%%%%%gé%?e%:%’inactivation of a GS

genomic sedu@hceS A $ 48RP abbFe4IAELHATDA IAChYES PRkaPb? bt pretd AéPrédidheof GS gene
expression ig; & celirdoactiMalionRie Sa5p6eRA be Rebisedderexamnpleniyaaingle cleavage

event, by cleavage followed by non-homologous end joining, by cleavage at two sites followed by

joining so ad¥§*Hlete the@éﬁ%@%cﬁﬁ?ﬁ@%‘ﬁ%@%@ﬂ%ﬁQ%?@ﬁ%t&?@@(éd recombination of a
missense OrRARSEIREQ&ARIAPEachRnEasing pRie L iidaENte dyipcombinalenalanynelevant
sequence (i.e., a."stuffer" sequence) into the gene or its regulatory region, so as to disrupt the gene or
regulatbry re‘&ﬁfﬁ‘%@"ﬁ{lpﬁ’a?ﬂgﬁ}?@ ygﬂ%b‘in%% K fva'?céﬁffcé% é’éﬁo‘?‘* %’dﬁ!e}ﬁr&tévgiﬁﬁo an intron to cause
mis-splicing ofdibes featesoriptis[ 42T pusy e methadseand dom positicrsidledenided herein allow for the
generation of GS-deficient cell lines foruse jn r inapt protei ucti example
al-antitrypsina%sﬁgll/%%n‘%ugc S%LSF%E%%OG’:;?*ﬁrjéﬁ'ﬁ%%ﬁﬁg.}ﬁ%ﬁa ’gg]]é?fgéfl %%&%égéUTS may also be
inactivated as$eli8 78 WiRith IR B TBIOIAALLIVAEY2) b dnde 10ardido tieerpertek hibetrsansr effector

function, parychiiy iRdPedRdkelon Rt FXAMRLES Rt sy Oenido Aagbgonstruction o

ZFNs 15A. Glutamine Svnthetase (GS) ZFNs [0124]As the full sequence of the CHO genome is not
availablé, thEXSHOMDESGEHE WABE P YBYIEREITD gES FTEIMENGRISEDIRPAEEquences for

ZEN designs,f rc QreRiRiSddd@i S 1R AMENRE FFRRAWY beklidibnvhicirlsqdesignates introns

and exons. 20[0125]ZFN target sites in exon 6 of the CHO GS gene were selected because this region

encodes amfiio HERenE HATSTor HIE LRRARIE KRGS AR CE RSN BRYSE DR Aable crystal
structures (seguen@e Altnasgyoat al (hA8p) NaAMse 323:304- 309; Gill etal. (2002) Biochem.

41:9863-987@' law et al.é1994 Biochem. 33:675- 681) and, as such,.ZFN-mediated mutation of this
site was exp gt%% to resuftin Ygsgoo %g%lna&aorh%‘ 8@5@0 ?\?f%; gsrtﬁ%qssf%rqnﬁgtr%gl 6f CHO GS exon 6 is
shown Helows@apitabledtersindaedsenodippengperal dEReis rvdlictte imrammseabigence; and ZFN

target sites 9372/904 %a%@(til?s&esl.: ignlh AR ELY A 185D LRLEY IO Gnister nucleic acids

atggcactattctgttccUttect cectct?gdagacttggcacatggggactUggttaacaagggtg‘atgactto _naac%gg 30

ticagggtagadgiadinadadedagetadsadengfuttiiee faBeEgath fyeliartdagtiaacdint
tctactag T CGEARTLGGALY AR GALE A TGARGEANT (G CRAGIEGASY Uelivery
CATCTCTGGGTGGCCCGTTITCATCTTGCATCGAGTATGTGAAGACTTTGG

GTAATAGCRABRTPHRICHNRBES CATH LI EEEAART B R PEE B oxed with
AGGCTECGATAGEARGETE G GAOGAAGE GGABREEH VAGGAGAAIIGET 6y8Bms

Maachoniy: S L NI R TR e

agaattacagctdtgadainggatangelbchtaggtivaagehetns fygoitbicaiyssc ttafiadasamcaag
Science 256:808-813 (1992); Nabe! & Felgner, TIRTECH 11:211-217 (1993); Mitani
& Caskey, TIBTECH 11:162-166 (1993); Dillon, TIBTECH 11:167-175 (1993);

30 Miller, Nature 357:455-460 (1992); Van Brunt, Biotechnology 6(10):1149-1154

(1988); Vigne, Restorative Neurology and Neuroscience 8:35-36 (1995); Kremer &
Perricaudet, British Medical Bulletin 51(1):31-44 (1995); Haddada et al., in Current
Topics in Microbiology and Immunology Doerfler and Bohm (eds.) (1995); and Yu ef
al., Gene Therapy 1:13-26 (1994),
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caagtgggtgacttaattatactgatgggaagaggccagtgatgggggtettoccatccaaaagataattggtattacatgn
gaggactggtctgaagcacttgagacataggtcacaaggcagacacagcctgcatcaagtatttattggtttcttatggaact

catgectgacciggeaigaasgacag-3' (SEQ ID NO:30) [0126]Binding sites for £-iN937xandsésN9075 are
shown in Figure 48, while Figure 40 depicts the target and finger designs of these ZFNs. 101271In

addition, ZFNs targeted to sites in exon 2 were also designed. Partial sequence for CHO exon 2 is

shown beloWf188bital letr&thrdiatauushad dgisme dharieatrs micdne srErre®guence; and ZFN
target sites g3os/admbicléictabiprhiiandipigedibhancidroneslirion, Wolistics, virosomes,

t t tggtet t tt t tatgtctgtt
Aagatana B A LA AT S D e BB e mage
canctaataat@aétithttificiattgitcos cottcagetrotcasadtitpaiggefaitdatatcspatitge cgygegtt 15 ggtggce
acacac%“ta%%c‘%ﬁ@g%‘&t&%96&98%9:%1%&%&9&@39?&%&%&9&9%%qfs%éqgr‘:&a%e%;gg%%ﬁ?&e%@aﬂ

gagtgecagga ggctceaaagctacacggaaa cgtgtctegaaaaacaaaacaaaaaaatadaaaaaaaaat

ccataactagcgeidacctacaagggatgatcmgtetaactatgaactttaaacctettgaaagcagagtgaataatgcactt |

caataatgttg%@@@ﬁaaggag@aﬁﬁsm%a%ﬁsém%@taa tpstacagignRReRsseticag
agtagatgttaatgaaatgacttttgtetctc_CAGAG ACCTTCCACCATGGCCACCTCAGCAA 20

GTTCCCA mrBiosemsCoene firemersr dersrisdecBrekville,
GGTGAGAMBTSEMEBCATBBATIATSTGRATTEAT GRTAGT 360 GG Bernicus

ACTGCGCTGCAAAACCCGC ACCCTG TGAGCCC AAGTGTGT AG AAG
gtgageh%gﬁ%ﬁ?f&ﬁ@éﬁ%agﬁﬁ %‘E@é%ﬁﬁg}%&%ﬂgﬁ SIQé%%%%g cttecttctgttngtttgcaa
agtettteaaaa{gttaugtetcncagg@&magtmgmamtﬁagelgmgagm,gﬁﬁggagig%ﬁa@aaamtmgg 25
sogecttattagsioRaclgyociyalacse gesna o1 slaapalceiniiscaapineKRagt:

agtattgctaacctagécaaccecaggaacctagtttgaaagacc gaatdtgétatcaagmatagagcagtggt
tetcaacctticdapidattactitiGantataaciacioaitiisidgothatiac eenable cooalfoadty ctaasticttaact

gaaatticactactgctacgagtcataatglatctgtquntggatggtettaggtgaccec aaa ' atc
ORI 41 DS N R G A S R ok o o
cacatgéfceaWtagiutetiyygbetggrrattididiogailygyatctutd aanistigtanboasmst dsassdia

aaaaatgcaggaaaaagdangigggggagtgcacgceutaateccagtacttgggaggcagaggeaggeggatetetg
tgagutgagaccagectggtetacaagagctagttccaggacagcctccaaagccacagagaaaccctgtctcaaaacaa

acaaacaaacHi#dhaattaaddwauspriabeneftttadayelefrdthnaaplragigridedng wagritdggaa
gggcagetagifiageaiaagrina nciareidoaaaies3id RERIR MO B Sor il 81 4-Ns targeting the

CHO GS' sequence (for example as shown in Tabl%, were assembled into mammalian expression
/

vectors as de€eribed el Pee APPtad N P21 PHReH3e 4hd48L68H Byt df€lent transfection into
CHO cedls. 40281 DHIFRSEN B idle? A7 ENs: saygeieddnmtiFwers designatkancpsaduced as

2010105351 BB NABOLEOOSHE SN KA cRSigH o AL FA A S T61SAS mcvicual ZFNs
shown in TaBlen2yiwend, SewheT Asle 2 EXSHSZ0Y KA2)fibgBr Fanchas dsl &g éted.td DHER ZFN name
Target sequgnag b4 P2 451 5452 Ns48ka LR a6 LA GRE AL B3| Rl 2.5i) 787).
[0104] The use of RNA or DNA viral based systems for the delivery of
25  nucleic acids encoding engiheered ZFPs take advantage of highly evolved processes
for targeting a virus to specific cells in the body and trafficking the viral payload to
the nucleus. Viral vectors can be administered directly to patients (in vivo) or they
can be used to treat cells in vitro and the modified cells are administered to patients
(ex vivo). Conventional viral based systems for the delivery of ZFPs include, but are
30  not limited to, retroviral, lentivirus, adenoviral, adeno-associated, vaccinia and herpes
simplex virus vectors for gene transfer. Integration in the host genome is possible
with the refrovirus, lentivirus, and adeno-associated virus gene transfer methods, often

resulting in long term expression of the inserted transgene. Additionally, high
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QSGALAR (SEQ ID NO:14) RSDNLRE (SEQ ID NO:3) QSSDLSR (SEQ ID NO:2) TSSNRKT (SEQ ID
NO:25) ZFN 9461 agGGAAGGTCTCCGtt (SEQ ID NO:33) RSDTLSE (SEQ ID NO:34) NNRDRTK
(SEQ ID NGigb)RGR41sSA (SEQ ID NO:36) QSGHLSR (SEQ ID NO:37pZF k8605865
caTGGGTAGCCGCTga (SEQ ID NO:38) QSSDLSR (SEQ ID NO:2) DRSDLSR (SEQ ID NO:39)
QSGALAR (SEQ ID NO:14) RSDHLTT (SEQ ID NO:40) ZEN, 0477 agT CCGGGGGGTGGg (SEQ ID

NO041) ransduction efficiencies have been observed in many different cell types and target
tissues.
[0105] The tropism of a retrovirus can be altered by incorporating foreign

envelope proteins, expanding the potential target population of target celis. Lentiviral
5  vectors are retroviral vectors that are able to transduce or infect non-dividing cells and
typically produce high viral titers. Selection of a retroviral gene transfer system
depends on the target tissue. Retroviral vectors are comprised of cis-acting long
terminal repeats with packaging capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting LTRs are sufficient for replication and packaging of the vectors,
10 which are then used to integrate the therapeutic gene into the target cell to provide
permanent transgene expression. Widely used retroviral vectors include those based
upon murine leukemia virus (MuLV), gibbon ape leukemia virus (GaLV), Simian
Immunodeficiency virus (SIV), haman immunodeficiency virus (HIV), and
combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992);
15 Johannet al, J. Virol 66:1635-1640 (1992); Sommerfelt er al., Virol. 176:58-59
(1990); Wilson et al., J. Virol 63:2374-2378 (1989); Miller et al., J. Virol. 65:2220-
2224 (1991); PCT/US94/05700).
[0106] In applications in which transient expression of a ZFP fusion protein is
preferred, adenoviral based systems can be used. Adenoviral based vectors are
20 . capable of very high transduction efficiency in many cell types and do not require cell
division. With such vectors, high titer and high levels of expression have been
obtained. This vector can be produced in large quantities in a relatively simple
system. Adeno-associated virus (“AAV™) vectors are also used to transduce cells
with target nucleic acids, e.g., in the in vitro production of nucleic acids and peptides,
25  and for in vivo and ex vivo gene therapy procedures (see, e.g., West ef al., Virology
160:38-47 (1987); U.S. Patent No. 4,797,368; WO 93/24641; Kotin, Human Gene
Therapy 5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994). Construction
of recombinant AAV vectors are described in a number of publications, including
- U.S. Pat. No. 5,173,414; Tratschin ez al., Mol. Cell. Biol. 5:3251-3260 (1985);
30 Tratschin, et al., Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS
81:6466-6470 (1984); and Samulski et al., J. Virol 63:03822-3828 (1989).
0107} At least six viral vector approaches are currently available for gene

transfer in clinical trials, which utilize approaches that involve complementation of
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RSDHLST (SEQ ID NO:7) RSAHLSR (SEQ ID NO:17) RSDHLSR (SEQ ID NO:42) DSSDRKK (SEQ
ID NO:43) 5 C. FUT8 ZFNs 101301ZFNs targeted to FUT8 were designed and produced as described
in U.S. Serighdlon1d25348,035. For experiments described herein, FUT8 Zdichigdesigmatesd 12176 and
12172 and shown in Table 3 were used. Table 3: Exemplary zinc finger nucleases targeted to FUT8
ZFN name Target sequence F1 F2 F3 F4 F5 F6 ZFN 12172 AAGGAGGCAAAGA CAAAG (SEQ ID
NO:44) RSDMISSYVeSELPIHINERST BReRTRNC Raire' ks NEerep mestatedly sprdueing

agent.
[6108] pLASN and MFG-§ are examples of retroviral vectors that have been
used in clinical trials (Dunbar et al., Blood 85:3048-305 (1995); Kohn et al., Nat.

5 Med. 1:1017-102 (1995); Malech et @i, PNAS 94:22 12133-12138 (1997)).
PA317/pLASN was the first therapeutic vector used in a gene therapy trial. (Blaese et
al., Science 270:475-480 (1995)). Transduction efficiencies of 50% or greater have
been observed for MFG-S packaged vectors. (Ellem et al., Immunol Immunother.
44(1):10-20 (1997); Dranoff er al., Hum. Gene Ther. 1:111-2 (1997},

10 [0109] Recombinant adeno-associated virus vectors (rAAV) are a promising
alternative gene delivery systems based on the defective and nonpathogenic
parvovirus adeno-associated type 2 virus. All vectors are derived from a plasmid that
retains only the AAV 145 bp inverted terminal repeats flanking the fransgene
expression cassette. Efficient gene transfer and stable transgene delivery due to

15  integration into the genomes of the fransduced cell are key features for this vector
system. {Wagner et al., Lancet 351:9117 1702-3 {1998), Kearns et al., Gene Ther.
9:748-55 (1996)).

[0110] Replication-deficient recombinant adenoviral vectors (Ad) can be produced
at high titer and readily infect a number of different cell types. Most adenovirus

20  vectors are engineered such that a transgene replaces the Ad Ela, E1b, and/or E3
genes; subsequently the replication defective vector is propagated in human 293 cells
that supply deleted gene function in trans. Ad vectors can transduce multiple types of
tissues in vivo, including nondividing, differentiated cells such as those found in liver,
kidney and muscle. Conventional Ad vectors have a large carrying capacity. An

25  example of the use of an Ad vector in a clinical trial involved polynucleotide therapy
for antitumor immunization with inframuscular injection (Sterman et al., Hum. Gene
Ther. 7:1083-9 (1998)). Additional examples of the use of adenovirus vectors for
gene transfer in clinical trials include Rosenecker et al., Infection 24:1 5-10 (1996);
Sterman et al., Hum. Gene Ther. 9:7 1083-1089 (1998), Welsh et al., Hum. Gene

30 Ther. 2:205-18 (1995); Alvarez et al., Hum. Gene Ther. 5:597-613 (1997); Topfet al.,
‘Gene Ther. 5:507-513 (1998); Sterman et al., Hum. Gene Ther. 7:1083-1089 (1998).
[0111] Packaging cells are used to form virus particles that are capable of
infecting a host cell. Such cells include 293 cells, which package adenovirus, and w2

cells or PA317 cells, which package retrovirus. Viral vectors used in gene therapy are

32



NO:9) QSATRTK (SEQ ID NO:47) RSDNLSR (SEQ ID NO:48) RNDNRKT (SEQ ID NO:49) ZFN
12176 AAGAAGGGTCATC AG (SEQ ID N0:50) RSDNLRE (SEQ ID N0:3) NNTQLIE (SEQ ID NO:51)

TSS1LSR (SRE:IRMNG:52) RSDNLSA (SEQ ID N0:53) RKDTRIT (SEQ IRYA:EAMdZEN 12170
taAAGGAGGCAAAG ACAAAGL

usually generated by a producer cell line that packages a nucleic acid vector into a
viral particle. The vectors typically contain the minimal viral sequences required for
packaging and subsequent integration info a host (if applicable), other viral sequences
being replaced by an expression cassette encoding the protein to be expressed. The

5  missing viral functions are supplied in trans by the packaging cell line. For example,
AAV vectors used in gene therapy typically only possess inverted terminal repeat
(ITR) sequences from the AAV genorme which are required for packaging and
integration into the host genome. Viral DNA is packaged in a cell line, which
contains a helper plasmid encoding the other AAV genes, namely rep and cap, but

10 lacking ITR sequences. The cell line is also infected with adenovirus as a helper. The
helper virus promotes replication of the AAV vector and expression of AAV genes
from the helper plasmid. The helper plasmid is not packaged in significant amounts
due to a lack of ITR sequences. Contamination with adenovirus can be reduced by,
e.g., heat treatment to which adenovirus is more sensifive than AAV.

15 (0112} In many gene therapy applications, it is desirable that the gene therapy
vector be delivered with a high degree of specificity to a particular tissue type.
Accordingly, a viral vector can be modified to have specificity for a given cell type by
expressing a ligand as a fusion protein with a viral coat protein on the outer surface of
the virus. The ligand is chosen to have affinity for a receptor known to be present on

20  the cell type of interest. For example, Han et al., Proc. Naitl. Acad. Sci. USA 92:9747-
9751 {1995), reported that Moloney murine leukemia virus can be modified to express
human heregulin fused to gp70, and the recombinant virus infects certain human
breast cancer cells expressing human epidermal growth factor receptor. This principle
can be extended to other virus-target cell pairs, in which the target cell expresses a

25  receptor and the virus expresses a fusion protein comprising a ligand for the cell-
surface receptor. For example, filamentous phage can be engineered to display
antibody fragments {e.g., FAB or Fv) having specific binding affinity for virtually any
chosen cellular receptor. Although the above description applies primarily to viral
vectors, the same principles can be applied to nonviral vectors. Such vectors can be

30  engineered to contain specific uptake sequences which favor uptake by specific target
cells.

[0113] Gene therapy vectors can be delivered in vivo by administration to an
individual patient, typically by systemic administration {e.g., intravenous,

infraperitoneal, intramuscular, subdermal, or intracranial infusion) or topical
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(SEQ ID NO:56) RSDNLSV (SEO ID N0:45) ONATRIN (SEQ ID NO:46) RSDNLST (SEQ ID N0O:57)
QSATRTK (SEQ ID NO:47) RSDNLSR (SEQ ID N0:48) RNDNRKT (SEQ ID N0:49) 10
101311Plaswmigisccenpsising sequences encoding the above ZFNs were eonstgzctedmassentially as
described in Umov et al. (2005) Nature 435(7042):646-651 via fusion to wild-type Fokl cleavage
domains or obligate heterodimer Fokl cleayage domains described in U.S. Patent Publication No.
200810191 G ALE E GESHOT A0Y) UL TE BTHoCREI5 78 ot ESE S S @5, 2N
Modificatiomeid-ndngerels &R4atd2ida deiadinideaivhreitiar(68; iargptedyZdsNsonzodified the

endogenous GS locus.a e?%ect d C%-l mismatfg ass% Isn%@/%/ere‘gerfqrmed ssentially as per the
re

manufacturéP& RSthietone rsélﬁgéo o SURVEY OIJ«}ST 0,p fﬁetgﬁp?rgp(??ésé 5ZFN plasmid pairs

were transfefotéghiatd CiddyKahteiis gfohing dntremdtidntsesuatly edistaaelieniionddiaeller CHO-S cells

growingsin S%ﬁ?c‘?ﬂ?ai%i' msfies. chemically defined medium. [0133]CHO K-I cells were obtained
from the American Type Culture Collection and grown as recommended in F-12 medium (Invitrogen)

supplementd®f 18lvith 109 qaedifiell Fapsifedipsdp i ErosicryERsAEN.CHOI SEEIREIATE purchased

from '_nvitfoqs%.i%r Isbiag o bR WERSIRW AR ChD AR IRNC - 3S-SHaPRNG NG @s i
chemically-defined protein-free and animal component-free CD-CHO medijum supplemented with 8mM

L-glutamine BAeF ATSEbII&hA @Rt 48 hBEIEESA T pRSBFEb GRIR #5 ptlalh R Y 185k  thyrnidine) (all

from InvitrogeRaanlsiatkiected with a ZFP nucleic acid (gene or cDNA), and re-infused back

10  into the subject organism (e.g., patient). Various cell types suitable for ex vivo
transfection are well known to those of skill in the art (see, e.g., Freshney et al.,
Culture of Animal Cells, A Manual of Basic Technigue (3rd ed. 1994})) and the
references cited therein for a discussion of how to isolate and culture cells from
patients}.

15 [0115] In one embodiment, stem cells are used in ex vive procedures for cell
transfection and gene therapy. The advantage to using stem cells is that they can be
differentiated into other cell types in vitro, or can be introduced into a mammal (such
as the donor of the cells) where they will engraft in the bone marrow. Methods for
differentiating CD34-+ cells in vitro into clinically important immune cell types using

20  cytokines such a GM-CSF, IFN-y and TNF-u are known (see Inaba et al., J. Fxp.
Med, 176:1693-1702 (1992)).

0116} Stem cells are isolated for transduction and differentiation using
known methods. For example, stem cells are isolated from bone marrow cells by
panning the bone marrow cells with antibodies which bind unwanted cells, such as

25  CD4+ and CD8&+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and lad
(differentiated antigen presenting cells) (see Inaba er al., J. Exp. Med. 176:1693-1702
(1992)).

{0117] Vectors (e.g., retroviruses, adenoviruses, liposomes, etc.) containing
therapeutic ZFP nucleic acids can also be administered directly to an organism for

30  transduction of cells in vivo. Alternatively, naked DNA can be administered.
Administration is by any of the routes normally used for introducing a molecule into
ultimate contact with blood or tissue cells including, but not limited to, injection,
infusion, topical application and electroporation, Suitable methods of administering

such nucleic acids are available and well known to those of skiil in the art, and,
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15CA) in a humidity-controlled shaker incubator (ATR, inc., Laurel, Maryland) at 125 rpm with 5% CO2
at 37C. 101341Adherent cells were disassociated from plasticware using TrypLE SelectTM protease
(Invitrogen).WFortmansiaction, one million CHO K-I cells were mixed with liggeasasmeodéager nuclease
and 10012L Amaxa Solution T. Cells were 20transfected in an Arnaxa Nucleofector 11TM using
program U-23 and recovered into 1.4mL warm F-12 medium + 10% FCS. 0135r1HGenomic DNA was
extracted fr@iﬁl%mt?rgﬁ{bﬂiﬁéﬂgtﬁ%&%355558?%%%%?%]3?]@%) PHHEY; the target locus
amplified byR&kRulsingitheaapirapsiataderinness: fentiwdingion aidleeGS iocusdaigetbenby the ZFNs,
the PCR 25pr%%e%tso\é\{gre subjected to a melting/annealing step resulting in the formation of distorted
duplex DNAat%rougﬁ random re-annealing of mutant and wild-type DNA. CEL-I enzyme (SurveyorTm
mutation det#dti8h kit, Traviededp micniraipctias tHdPNHY e hespeotictiserenalsiiscDNA duplexes at
the sites of ismatehes i GE klGleavagnamples weie resalisd QR BaEBE.babracrylamide gel,

stained with 30 ethidium bromide, and the DNA bands were quantified using densitometry. The
frequency oPKEARSERRES EarchrmaorEdestrmasissentaRAth Mileresiade odrrnyisthra. Wo
2010/0535188£:1¥4.JS2009/005865 [0136]As shown in FIG. IA and 1B, GS ZFNs modified the
endogenous GS locus. In_particular, the ZFN pair including ZFN 9372 and ZFN 98?72 resulted in
modification 8f 806 (withmﬁgfﬁﬁglfﬁ%}ﬁ\f%g‘%ﬂ\’ﬁﬂfg} DSEINERHH LI SESHfigate heterodimer
forming cleavagayenorias hei-giegraaagmeastiniHe il calbe Jandxabifgiairenadgeaies in CHO-S

cells (FIG. 1B). Similarly, ZFN pait, ingludj 3 nd 83 r dtqae ) resulted in
modificia ion%) 0/(5? %@o%?%%%‘o%@%ﬁgﬁégﬂé@gﬁ%ﬁ%ﬁ% ﬁu@eérgﬁsd?)ﬁ}s%g{'?k]lg%l%ﬁseyorTM Nuclease
Assay (Fig. $8A)] difectese queh 19§ Doh timed730%7(028266 ol linzislelb {20 dvedimutations at 10the
ZFN target s&g '%%gggpjllngﬁ_mediated DNA repair (see, e.g., Weterings et al, (2004) DNA repair

(Amst) 3:1425-’14 9). Importantly, 81% of the sequenced mutations resulted in a reading frame shift

(Fig. 5). Exalipi813: Gendtbtizrrest S acappabla ciaer s SECESBTIEbnaraiebC 1O cell lines lacking
GS, single-cgli-gariyechbingsinsi sdaalaiadisdniing dintianfrom path-the GEELKL3arkEHO-S

transfected pools described in Example 2. Sequencing of the ZFN target region revealed that 17 of 54

CHO-S deriASgnEEatnES eoTm)SHiRT artECBH Y ibUpied B Gunie 8 Yrssi#ePies) were homozygous
for a mutant pliglgaBoNE T sRMPMHG R RIAPYEINiSs ang1ihee28s Iernai b Flwve (ecaetgrozygous (with
one wild-type allele). For CHO-KI-derived cell lines, seq ing analysis identified 18 of 50(36%) had
at least one AF&FHEES & gﬁ@'fé‘fem%ag%ﬁ%fshg%ze)&gggé%r a given mutation. See, also, Fig. IC
showing the [@¢nbrypes ofAhedieintmygotie Msthstlmeshids 30ixdbhpomndygocmirhetsmatlines harbor
GS mutations that.result-in @.shift 25in.the or in N+ tion of critical amino
acids (e.g. Ilﬁne%l%iyq(ejgfeal?rllgﬁi&f% 1<"311r§|ltdn v%%ﬁgl {F?egrqé)f’ogg ex gﬁge%%%mpgﬁgégggﬁg active GS enzyme.

As predittedArdneabtehe, Rimica)iyounsesineiin cainiesiipairiabute sebarsapnaliagyspbus
L-glutamine, jnsgoptrastdnswidibine (i res o bigrelfaxkefllYursiaruhlel analysissksing an anti-GS

monoclonal antibody (BD o
in the art and include, but are not limited to COS, CHO (e.g., CHO-§, CHO-K1,
CHO-DG44, CHO-DUXBI11), VERO, MDCK, WI38, V79, B14AF28-G3, BHK,
HaK, NS0, SP2/0-Agl4, HeLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T),

25  perC6, insect cells such as Spodoptera fugiperda (Sf), and fungal cells such as

Saccharomyces, Pichia and Schizosaccharomyces. Progeny, variants and derivatives

of these cell lines can also be used.

Applications
30 {0122] The disclosed methods and compositions can be used for inactivation
of a GS genomic sequence. As noted above, inactivation includes partial or complete
repression of GS gene expression in a cell. Inactivation of a GS gene can be achieved,
for example, by a single cleavage event, by cleavage followed by non-hemologous

end joining, by cleavage at two sites followed by joining so as to delete the sequence
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30Biosciences) confirmed that all cell lines with frame shifts or large deletions expressed no detectable
GS protein (for example, clone B3, Fig. 1D). Lines harboring small in-frame deletions (B4 and ICA2)
did express @S proteisaghat were detectable by Western blot but, consistentwsithothrsslimination of
amino acids critical for GS catalytic activity, did not support the growth of the cells in the absence of
L-glutamine, (Fi ). Growth of cell line B3 was also SIPE wn to dependent on glutamine
supplement3t ‘i’ﬁ%@.é eﬁt&%& %Xaﬁi)ﬁfffl%bt?u%ﬁ%? L Jn FHehotype, %ree of the

eir enotype,
CHO-KI-derisddrclancheveriiradaptenl tor igroewtd mcsuﬁpeﬂmmfmmm@maﬂyqdeﬁmd serum-free

5medium over a 3 month,period. and_ viabi o) s tegedntensively for a
further 4 We(eeks’ (aFlStu ﬁlﬁaﬁl %N e&ﬁgfa‘lféé gu %F\ﬁﬁg%ﬁ%v Snormal y%%sertfm free
suspension gtnwe@gumewmeldﬁllgmanﬁm@mﬂtmﬁfmg“tm%w]@é%e industry
standard CHOKI SV arovin sndersiaias coneifionshsayhsequent removal 100f L-glutamine resulted in

immediate cessation of cell growth and a rapid loss of viability (see arrows_in Fig. 1E). Transient
transfection @t&¥human I@@“&%@W&%@%Rﬂ%&ﬁéﬁﬂ%ﬁ&%ﬁ?ﬁéﬁrﬁ PRHEY &5 Hifies supported

comparable g&ae%%%ﬁ@@t&éﬁ&éht%@l%testMse@mmsﬁwﬂmmo@H@mwmﬁeﬂe1431Taken

together, these data confirm the successful g eratlon netically ically validated
GS knockouPeHRI T IRESREGLFR 85{“‘@88 éépgta'ﬁﬁ%uﬁﬁé? r%%léi cell lines [0144]To

create a dowaterlaamkwm@thtmﬁbﬁﬁh&sztafgemd:eﬁsthevmuﬁmummenmammmmme background
of the % I|ne ZFN-m Oknockou HER 4 egy described for
GS above |sa88§ JﬁSt %%1 teearﬁ?rF?u |cat|on 2%3(% 5) % i%é? %Example two pairs

of ZFNs targ&tig two distinct regions of the DHFR gene were dellvered S|multaneously with the goal
of eliminating the intervening genomic fragment through the repair of the cleaved chromosomal ends
25via NHEJ. Deletion of a ZFN-specified intergenic sequence was expected to result in a larger and
better defined mutation that eliminates the p smaller in-frame mutation to recover protein
expression &g figd P (belifiengl ebried:cidn ofSAFRKN addition to the previously described ZFN
pair 9461/7844 that target exon 1 of the CHO DHFR gene (U.S. Patent Publication No.
2008/0b75164 3 2laRe S hedDN§enerated which targets a site -240 bp away in the intron
immediately fiifping exonsJﬂ{Efgn&eqaeﬂbE@ftﬁemglgbﬁaaﬁramuemmme,mm&@erformed as
described in Examgle 3 atgged tgansfectlo |th elthe tt)he ZFI}I At\?]&/ZF]I}IB;SM geting exon 1, or
the ZFN9476EN ﬁ?lf"f BRGHE pglr targéi3 & AtTGAIC site alone resulted in allelic
mutation fredaegnseﬁ‘hbt&mmﬁie@&f@ﬁ%@bﬁﬁ%t@oesmlﬁ%m 13%hrels plsetilasignatiie G5-1- cell
line B3 (Fig. 2 tdansf ction of both ZFN pairs into the G5-/- cell line B3 resulted in the
appearance of'a shorter PCR amplification product consistent with the expected -240 bp deletion of

the secﬁﬁ\encﬁ’!ilﬁtween tHE M enesirifiergisirsen Gigf tie CHRP RIS oftidehstidrsevent was
estimated attrﬁs/fﬂe‘ghﬂt'e%ﬁ%&%% anchwas ahsanackonkwhenbotideais of EWS pexsitntroduced into

the cells (Fi
( qbasec? on available crystal structures (see, e.g., Almassy et al. (1986) Nature 323:304-
309; Gill et al. (2002) Biochem. 41:9863-9872; Liaw et al. (1994) Biochem. 33:675-

681) and, as such, ZFN-mediated mutation of this site was expected to result in loss of

25  functional GS activity. Partial sequence for CHO GS exon 6 is shown below. Capital
letters indicate exon sequernce; small letters indicate intron sequence; and ZFN target
sites 9372/9075 (Table 1, Fig. 1A and Fig. 4A) are underlined:

5.
atggeactattetgttccttticciceecictgaagacttggeacatggggacttiggttaacaagggtgatgacitaaaagieg

30 ticagggtagaggtaagtagaacaagctaggagetigagitpgectgaacagtiagtigeecttatictaaaggicaacaigl
tetttctag TGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGAT
CATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGG
GTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGC
AGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTC

35  TGAAgtaagtagettcetctggagecatctttatictcatggggtagcaagggetitgighiagepiigggaaagitggactt
ctcacaaactacatgecatgetcttogtgtttgicataagectategttttgtaccegtiggagaagtgacagtactctaggaat
agaattacagctgtgatatgggaaagttgtcacgtaggitcaageatitaaaggictitagtaagaactaaatacacatacaag
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[0148]Cloning and sequencing of the presumptive deletion PCR fragment revealed the expected
excision of the sequence between the ZFN target sites (Fig. 8). 10The observed minor variations in the
sequence akiipeiynstiansof the rejoined chromosomal ends are consisteniwity i gxagsted small
insertions and deletions characteristic of the NHEJ repair process. (0149[Single-cell derived lines were
isolated fromérg&@ t}(geatgditspc%ggn Fig. 2C Ié%g&mz by limiting dEiniution. PCR%m%g%on and
sequencing ¥ e a1 ¢ B HETARC 88288 dbcsatrpaasabEttaga deletion. Four
of these ceIIﬂﬂ&gg"(%%Eﬁaﬁlﬁcﬁﬁ55@&?@@&8@3%%%4%5%%%%4%%1@ﬁ@f;ﬁaﬁfé?e found to
harbor a blaﬂ@ﬁﬁcﬁ%ﬁfﬁﬁgﬁcﬁ‘it%ﬁﬁﬁﬁq%%9 U&ell line 2B12.8 is homozygous for a 244-bp
deletion of the intervening region between the exonl and intron 1 ZFN cleavage sites. The remainder
of the lides hatka)st one abisléinygititthdo? PR daleBBNMhileathalnihenpRisantéd,classical smaller
NHEJ driven 5\ t tlonsg{: Qee %t(g)ﬁlc and/or In S”e'%chN ta Sit ﬁor example, cell line 1F1.6
contained a ~240-bi5 del&tior in one a e conS| duaﬁsi cﬁeavage and deletion event),
but the othelf®i}&le contalh‘eaﬂéiﬂobpﬂﬁﬁeﬂmﬂtt@mmttsrm@m@|WG€fIdmeimeQ5[0150]Cell lines
1F1.6 and 2B14,8 haddenalyeesersisiontii eaprielegnae laanckatanddus were selected for

further characterization. Western blot analysis revealed no full-length DHFR or GS protein in either of

these singlesegfcaeiviapliiederrigdpls muRRspaTSAEChanth & htgeissesikbiS ¥
fluoresggin-laheled rgﬁmqgemgeaygmmgiﬁg@ to the active site of the DHFR protein, in contrast to
30the parental G5-4 line B3 or wild-type CHO cells. Most importantly, growth of the 1F1.6 and 2B12.8

cell lines was dependent %on the addition of eggggenous %%oxanthlne and th m|d|ne HT) and
L- glutamlne%"fﬁgcéﬁ?ﬁﬁ &e &Hﬁ%@%&ﬂ%ﬁ&% ;?amlne but not

HT, while th&*BRARA2SREAIARRIAE I f "’lt—’i %‘lﬁgﬁ“? lutamine and
the wilgype ﬁ@%ﬂ%&%{%ﬁm el a%a%“ tfi%’ s g{}f@?% ?ﬁ?ﬁw ence on
e e

1F1.6 and 2@5@ gbggg ﬁc%alitﬁﬁ é %% L%%{é%) Styate Sty generation of
genetically 33 AL TR o c&tigg@ a0 %ig L ample 5
Generation gf &S O ER:EHR HIpG Seskontelldes 46 K e  DHFR and
FUT8 was alspianertaeaana-Ne S ABKRKOCH aallt @?&ﬁ@f@@@?@r@mé S. Serial No.
12/218.035, ghgant Al aesytatian esuiing framathe teeofmenhumamneelis A &WEAdN the
expression {praieindhesapesiercanaiectherntercydatAitaamheverdhemuumegenicity of the
protein produei.Hhtisosibags fentipanizing dhe dbeheosylationahpsateinadimangbauman
expression systatosaaigcaigitycaesinileagihincide fii b8 geneds aualbaplngaiansaiag an
al,6-furbsyligpstasaseinniaainiyzesthestimasiengiiuensedioraGDRdponsadateeionre GICNAC of
N-linked oligasatgttazidescPointaugationagitgmiracatithiesighms gnt e dgghite gagesetyetd Fut motif fl
encoded in extomd@ttesulipiritthmigetivatimncofcthgtiftigT @ attirynrea20f0ds4{Ehuerindtaioned and
sequenced tesdionashammigprUuTsgiogtt0itpghfpiiingdirorsfatymGia Oy eegaorte, and
designed ZRKpaaaggggiésiaxonatagll S ematdifieAp plicagdntRglatirraaamalite SPASaREFig. 9).
Transiéft delhreigcEicARS BRI FRRACIsrE 4 e (RIS ESERT U RasaiRr IAASRFANTEaHMTSY 7.5% of the
FUTS alleleS¢F18 S3ERatAtR ERAFSISRE B ERFITRY ShTESapiepeaS eS8 8B onsR BB 2SWIRMIBA S om this pool.
[0155]C. gr|§%W%&@fﬁ%ﬂ%éﬁéﬁ?@%ﬁ@%&?ﬁ%éﬁﬁé?ﬁ%%@%‘fﬁ%&i@éa%% further
assayed al @?ﬁ%ﬁ'@?ﬁ?&ﬁ%ﬁ%@ ARAAGI R RBR BB A5 S SE AL R 8R P T THRL R HABHE agglutin
(F-LEA) bindifeF aaag g epleas HuATRCars i sienssiig dial Yo80%) Bibtehnol Bioeng 87:614-622.
LCAs ?—Jctlvely binds to cells 30that present core fucosylated oligosaccharides on their cell surface.
Cells lacking @& fucosylaiddh dirgeting Ktm@bl@té?ﬁ)mmédébl(ﬁammdmsmbbhmmmabm Screening
of the ZFN-generated cellbllln S Ior their gplllt)é to bind F QA sh d(llr—l %g;‘zr&gmg in 2% of the

[ ).

line (4 of 20 indicating 2 ng a compféfg bsence oPEWgn%frﬁa IC g%%ﬁlt
Application No. 12/218,035 and tested by transient transfection into CHO cells.

f—ﬁ"*

40  B.DHFR ZFNs
(0129} ZFNs targeted to DHFR were designed and produced as described in
U.S. Patent Publication No2008/0015164. For experiments described herein, DHFR
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- WO 2010/053518PCT/US2009/005865 [01561Sequencing of PCR amplicons of genornic DNA
confirmed that both clones possess biallelic compound heterozygous mutations at the FUT8 target
locus (Fig. 3B, whigkserzcode a shift in reading frame in this functionally sgitigahtegimessEhus the
genotype of both cell lines is consistent with the lack of F-LCA binding 50bserved (Fig. 3C) and
35F2 and 14C1.
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0131]

Plasmids comprising sequences encoding the above ZFNs were

constructed essentially as described in Umov et al. (2005) Nature 435(7042):646-651

via fusion to wild-type Fokl cleavage domains or obligate heterodimer Fok] cleavage
domains described in U.S. Patent Pubhication No. 2008/0131962 and Miller et al.

15

(2007) Nature Biotech. 25:778-785.

38



CCRS5 GR AAVSII Total Clones screened 144 144 12* Total KO clones 5 9 3 Single KO clone 1 7 N/A
CCR5/GR dual KO clone 1 1 N/A CCR5/AAVSI dual KO clone 2 N/A 2 GRM14VS1 dual KO clone N/A
0 0 CCR5/GR(MMmEsRle KO clone  * 12 clones that were identified ap@@RmB®/ oK O clones

Example 2: GS-ZFN Modification of Endogenous G5
[0132) To determine whether GS-targeted ZFNs modified the endogenous GS
locus as expected, CEL-1 mismatch assays were performed essentially as per the
manufacturer’s instructions (Trangenomic SURVEYOR™). Briefly, the appropriate
§  ZFN plasmid pairs were transfected into CHO K-I cells growing adherently in serum-
containing medium or CHO-S cells growing in suspension in serum-free chemically
defined medium.
[0133] CHO K-I cells were obtained from the American Type Culture
Collection and grown as recommended in F-12 medium (Invitrogen) éupplemented
10 with 10% qualified fetal calf serum (FCS, Hyclone). CHO-S cells were purchased
from Invitrogen (Carlsbad, CA) and were grown and maintained as suspension
cultures in chemically-defined protein-free and animal component-free CD-CHO
‘medium supplemented with 8mM L-glutamine and HT supplement as necessary
(100uM sodium hypoxanthine and 16puM thymidine) (all from Invitrogen, Carlsbad,
15  CA)in a humidity-controlled shaker incubator (ATR, inc., Laurel, Maryland) at 125
rpm with 5% CO; at 37°C.
[0134] Adherent cells were disassociated from plasticware using TrypLE
Select™ protease (Invitrogen). For transfection, one million CHO K-I cells were
mixed with 1pg each zinc finger nuclease and 100pl. Amaxa Solution T. Cells were
20  transfected in an Amaxa Nucleofector '™ using program U-23 and recovered into
I.4mL warm F-12 medium + 10% FCS.
[0135] Genomic DNA was extracted from the ZFN-treated cells using the
Qiagen DNeasy™ kit (Qiagen, Inc.), the target locus amplified by PCR using the
appropriate primers for the region of the GS locus targeted by the ZFNs, the PCR
25  products were subjected to a melting/annealing step resulting in the formation of
distorted duplex DNA through random re-annealing of mutant and wild-type DNA.
CEL-1 enzyme (Surveyor™ mutation detection kit, Transgenomic, Inc.) was then
added to specifically cleave the DNA duplexes at the sites of mismatches. The CEL-I
cleaved sampies were resolved on a 10% TBE polyacrylamide gel, stained with
30  ethidium bromide, and the DNA bands were quantified using densitometry. The
frequency of NHE] was calculated as described essentially in Miller et al. (2007),

sSupra.
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WO 2010/053518PCT/US2009/005865 10162]Exemplary sequencing data of cells from triple knockout
clone B17 is shown in FIG. 100. The ZFN target sequences are underlined. "-' indicate deletions, bold
letters indicaiainseriiaRs SExample 7: GS-targeted ZFNs are active in medtiple sipecigssand cell types
[0163] GS-specific ZFNs as described herein (designed to human CHO cell GS sequence) were also
evaluated in mouse cells. As shown in FIG. 11A andgllg%é%EN target sites in GS were well conserved

across specid3¢b16417ARSPANE BaE e 34pdidbiEn dﬂoél}fg??d FI8EFO AP eted to 10exon
6) were evaluaigd fppieiaab)ity Krolgavetemdnh BRNPKBE2ndriFMose Maurte?m cells as described

in Example 2 ag ve,. Olq%

hown in FIG. 12, ZFNs designed t éO S seguences were
functional in BEREFRHRTN ?I%t v|f§lets gﬁ[é"fﬁptﬁn‘té‘eeré‘sia ec‘?@?%%@é?&gﬁ)’; ific ?f—gﬁge& N 9075 and ZFN

9372) were eiiﬁgareshadrmiijlfﬂndm@@mhmg@b@h@)HEmeﬂEamd&aiﬁé cmlExam_pIe 2. As
Shown 18 FIgP MR B dsa SRS UUEHOMG TRIZ AR datfeuanidll [RagRROTIC, 100

indicated an occurance rate o 101671GS knockout cell lines were made h a HEK293 cell
background ZEN§Ihk sl d6apprest 4e snasRiDaselisd i maogid uiivie € 37PN (see Example 3). Two
20knockout ¢clppes.glpne g17 and g52, were further characterized. Clone g52 is homozygous for an
11 bp-deletion at the GS locus. Clone 17 has a 169 tl)!gtll-?deletion at one GS allele, and a 4 bp-insertion

at the other &EH] As sholrRFERRAEMTENR Sl olohe BpIReees B lssteiisey Hakrmined by
western blottjng, diResantichothociRnesireauyired esmagine slicHippiementedktgutamine for growth

(see Figure 2514C). [0168]Thus, Z be empl to rapidly knock out multiple genes in a
single ammi é%f&ﬁ%élﬁyt&aareméﬁﬁ%ﬁép?@ﬁ%ﬁ%%%&%%&n%wﬁ%’%%?@“ S§éfes. The results
presented hézé(aneiol egpentent DB tH2céilhelonpthexiyiéé afod Aidsiefhentrelquency of ZFN-driven
biallelic knockgyt(.events ﬂgéaanch mo{%mdm@}%}g e?ﬁgg%fgg), combined with the lack of dependence on

selection markers resuits i the abii i/nt% rapid yl “such genetic lesions and generate complex
multi-gene knockout cell lines previously considered impractical. The high efficiency of gene knock out

_following onlhﬁgﬁgﬁgg'g %é}le%ﬂ@?ﬁf%ﬁﬂ@gﬁlﬁé@ﬂﬁk’iﬁ%étack multiple traits in eukaryotic cells

makes it feasible to perform custom %%]e“c engineering of essentially any cell type. 101691All

patents atdAi 3plicatiods SAETIBdARRAT! et ferfe Hngle-sHEASEY SAABIFFOYATE by reference

in their entirgty; Q4 IO ClissIOs YRS AR BRTHIIQYIOa oM Hekdidapawaytof illustration and
example for the purpases of clarity of understarhdé\gg it will be apparent to t&o%e i”?‘%ln the art that
various charffS&"Rie PhEdmeRlfohs CEmPHReBIa ittt G AepE T YaE 4 a&%lﬂ? or scope of the

disclosure. ACEO dintglyy<d0ibie inerqdtg)dadctiptan srantisexsatples ey foidllie Construed as
limiting. were homozygous for a mutant allele, 2 were compound heterozygous, and the
20  remaining 7 were heterozygous (with one wild-type allele). For CHO-K1-derived cell
iines, sequencing analysis identified 18 of 50 (36%) had at least one disrupted G
allele, with 5 (10%) homozygous for a given mutation. See, also, Fig. 1C showing the
genotypes of the homozygous mutant lines.
[0139] All homozygous mutant lines harbor GS mutations that result in a shift
25  in the open reading frame or an in-frame deletion of critical amino acids (e.g. lines
" B4, KA2, and KA4), and were therefore expected to produce no active GS enzyme.
As predicted, none of the homozygous mutant cell lines grew in the absence of
exogenous L-glutamine, in contrast to wild-type CHO cells (Fig. 1C).
[0140] Western blot analysis using an anti-GS monoclonal antibody (BD
30  Biosciences) confirmed that all cell lines with frame shifts or large deletions
expressed no detectable GS protein (for example, clone B3, Fig. 1D). Lines harboring
small in-frame deletions (B4 and KA2) did express GS proteins that were detectable
by Western biot but, consistent with the elimination of amino acids critical for GS

catalytic activity, did not support the growth of the cells in the absence of L-glutamine
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CLAIMS What is claimed is: 51.A zinc finger DNA-binding domain comprising four, five or six zinc
finger recognition regions as shown in a single row of the following table: ZFN name F1 F2 F3 F4 F5
F6 Target sagiyenfignszsi£FN 9075 gaATGGTGCAGGCTgc (SEQ ID NO da-528abaRsSEC ID NO:2)
RSDNLRE (SEC ID NO:3) RSDTLSN (SEQ ID NO:4) RKDVRIT (SEQ ID

(Fig. 1C). Growth of cell line B3 was also shown to be dependent on glutamine
supplementation (see Figure 6).
[0141] To further validate their GS” phenotype, three of the CHO-K 1-derived
clones were adapted for growth in suspension in & chemically-defined serum-free
5  medium over .a 3 month period. Growth and viability of the cells was then monitored

intensively for & further 4 weeks (Fig. 1E).
[0142] The ZFN-generated GS™ lines grew normally in serum-free suspension
cultures in the presence of L-glutamine (24-27 hour doubling time similar to the
industry standard CHOK 1SV grown under similar conditions). Subsequent removal

10 of L-glutamine resulted in immediate cessation of cell growth and a rapid loss of
viability (see arrows in Fig. 1E). Transient transfection of 2 human IgG antibody
expression construct confirmed all three GS™ lines supported comparable transgene
expression levels to those obtained with the CHOK1SV line.
[0143] Taken together, these data confirm the successful generation of

15  genetically and phenotypically validated S knockout CHO cell lines.

Example 4: Generation of GS-DHFR double knockout cell lines
10144] To create a double-knockout cell line, ZFNs targeted to the DHFR
gene were used on the background of the CHO-S GS™ cell line B3. ZFN-mediated
20 knockout of DHFR using the strategy described for GS above is described in U.S.
Patent Publication No. 2008/0015164.
[0145] in this Example, two pairs of ZFNs targeting two distinct regions of
the DHFR gene were delivered simultaneously with the goal of eliminating the
intervening genomic fragment through the repair of the cleaved chromosomal ends
25  via NHEJ. Deletion of a ZFN-specified intergenic sequence was expected to result in
a larger and better defined mutation that eliminates the potential for a smaller in-
frame mutation to recover protein expression e.g. Fig. 1D (Left Panel labeled “B4”).
[0146] In addition to the previously described ZFN pair 9461/7844 that target
exon 1 of the CHO DHFR gene (U.S. Patent Publication No. 2008/0015164), a
30  second ZFN pair was generated which targets a site ~240 bp away in the intron
immediately following exon 1 (Fig. 2A and Fig. 7A).
[0147] Transient transfection was performed as described in Example 3 and
transfection with either the ZEN9461/ZFN7844 pair {argeting exon 1, or the
ZFN9476/ZFN9477 (See Figure 7B and 7C) pair targeting the intronic site alone
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NO:5) N/A N/A ZFN 9372 TCC CAG GAATGGS CTTGGgg (SEC ID NO:6) RSDHLST (SEQ ID NO:7)
QSSDLRR (SEQ ID NO:8) RSDHLSQ (SEO ID NO:9) QSANRTT (SEQ ID NO:10)
RSDNLSCIASNDRISIBEQ ID(SEQ ID NO:11)NO:12) ZFN 8361 clGCPLHRATGGiTACY
ga9aaggactg (SEC) ID NO:13) ()SCALAR (SEQ ID NO:14) RSDALTQ (SEQ ID NO:15) RSDSLSA

resulted in allelic mutation frequencies at the endogenous DHFR locus of 15% and
18%, respectively in the GS™ cell line B3 (Fig.2B). Co-transfection of both ZFN
pairs into the GS™ cell line B3 resulted in the appearance of a shorter PCR
amplification product consistent with the expected ~240 bp deletion of the sequence
5  between the ZFN binding sites (Fig. 2C). The frequency of this deletion event was
estimated at ~8% of all alleles and was observed only when both pairs of ZFNs were
introduced into the cells (Fig. 2C),
[0148] Cloning and sequencing of the presumptive deletion PCR fragment
revealed the expected excision of the sequence between the ZFN target sites (Fig. 8).

10 The observed minor variations in the sequence at the junction of the rejoined
chromosomal ends are consistent with the expected small insertions and deletions
characteristic of the NHE] repair process. |
[6149] Single-cell derived lines were isolated from the ZFN-treated pool in
Fig. 2C Lane 7 by limiting dilution. PCR-amplification and sequencing revealed 9%

15 (18 of 200) of the cell lines possessed the expected ~240-bp deletion. Four of these
cell lines (2% of all lines screened, 22% of all lines containing the deletion) were
found to harbor a biallelic mutation in the DHFR gene (Fig. 213). Cell line 2B12.8 1s
homozygous for a 244-bp deletion of the intervening region between the exonl and
intron 1 ZFN cleavage sites. The remainder of the lines had just one allele with the

20 240-bp deletion while the other presented classical smaller NHEJ driven mutations at
the exonic and/or intronic ZFN target sites. For example, cell line 1F¥1.6 contained a
~240-bp deletion in one allele (consistent with a dual ZFN cleavage and deletion
event), but the other allele contained a 4-bp deletion in exon 1 resulting in a frame
shift.

25  [0150] Cell lines 1F1.6 and 2B12.8 had genotypes consistent with complete
gene knockout and thus were selected for further characterization. Western blot
analysis revealed no full-length DHFR or (S protein in either of these single-cell
derived lines (Fig. 2E), Furthermore, neither line was stainable with fluorescein-
labeled methotrexate which binds to the active site of the DHFR protein, in contrast to

30 the parental GS” line B3 or wild-type CHO cells. Most importantly, growth of the
1F1.6 and 2B12.8 cell lines was dependent upon the addition of exogenous
hypoxanthine and thymidine (HT) and L-glutamine to the culture medium. In
contrast, the parental GS” line B3 required L-glutamine but not HT, while the DHFR-



(SEO ID NO:16) RSAHLSR (SFQ ID N6:17) N/AN/A ZFN 8365 taTACATCGCTTGGact ttctcaccctg
(SEO ID NO:18) RSDHLST (SEQ ID NO:7) QSSDLRR (SEQ ID NO:8) RSDSLSV (SEO ID NO:19)

DNANRTK 5&a)i1hebi®i) N/A N/A ZFN 9076 gaATGGTGCAGGCT(gc catagoanntih(sks |ID NO:21)
QSSDLSR (SEQ ID NO:2) RSDNLRE (3EO ID

negative CHO cell line DG44 (GS™") required only HT but not L-glutamine and the
wild-type CHO-S required neither supplement for growth (Fig. 2F).

[0151] The dependence on exogenous HT and L-glutamine confirms the
functional loss of both GS and DHFR activity in cell lines 1F1.6 and 2B12.8.
5 {0152] Thus, taken together these data demonstrate the successful generation

of genetically and phenotypically validated GS~ “IDHFR" double knockout CHO cell

lines.

Example 5: Generation of GS-DHFR-FUTS triple knockout cell lines

10 [0153] A triple knockout of GS, DHFR and FUTS was also generated
using the GS”DHFRCHO cell line IF1.6. As described in U.S. Serial No.
12/218.035, aberrant glycosylation resulting from the use of non-human cells e.g.
CHO in the expression of protein therapeutics can alter the potency, half-life and even
the immunogenicity of the protein product. Thus methods for humanizing the

15  glycosylation of proteins in non-human expression systems are highly desirable. The
CHO FUTS gene is such a target encoding an al,6-fucosyltransferase that catalyzes
the transfer of fucose from GDP-fucose to the core GleNAc of N-linked
oligosaccharides. Point mutations of amino acid residues in the highly conserved Fut
motif II encoded in exon 10 result in the inactivation of the FUT8 enzyme.

20 [0154] Thus, we cloned and sequenced the region spanning FUTE exon 10 and
flanking introns from CHO-K1 genome, and designed ZFNs to target exon 10 (U.S.
Patent Application No. 12/218,035; Fig. 3A and Fig. 9). Transient delivery of
ZFN12172/ZFN12176 into cell line 1F1.6 resulted in modification of 7.5% of the
FUTS alleles (Fig. 3B), and single-cell derived lines were obtained by himiting

25  dilution from this pool.

[0155] C. griseus FUT8 was not detectable using commercially available
antibodies, so we further assayed o1,6-fucosyltransferase activity using a FACS-based
fluorescent Lens culinaris agglutin (F-LCA) binding assay, as described in Yamane-
Ohnuki et al. (2004) Biotechnol Bioeng 87:614-622. LCA selectively binds to cells

30  that present core fucosylated oligosaccharides on their cell surface. Cells lacking core
fucosylation due to a complete loss of FUTS activity do not bind to LCA. Screening
of the ZFN-generated cell lines for their ability to bind F-LCA showed no F-LCA
binding in 2% of the line (4 of 200) indicating a complete absence of FUT8 enzymatic
activity (Fig. 3C).
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NO:3) RSSALTR (SEQ ID NO22) RSDALTQ (SEQ ID NO:15) N/A N/A ZFN 9179
ggAATGCTgCAGGCTg ccataccaactt (SEC ID NO:23) QSSDLSR (SEQ ID NO2) RSDNLRE (SEQ ID
NO:3) QSSkbER(BEQID NO:24) TSSNRKT (SEC) ID NO:25) NIA , N/AGERIN2685@)5865
gaATGGTGCAGGCTgc (SECI ID NO:1) OSSOLSR (SEC) ID NO:2)

[0156] Sequencing of PCR amplicons of genomic DNA confirmed that both
clones possess biallelic compound heterozygous mutations at the FUTS target locus
(Fig. 3D), which encode a shift in reading frame in this functionally critical region.
Thus the genotype of both cell lines is consistent with the lack of F-1.CA binding

5  observed (Fig. 3C) and demonstrates the ZFN-driven genetic and functional knockout
of FUTS in cell lines 35F2 and 14C1. Both of the FUTS™” clones also stably
maintained their GS” and DHFR™ genotypes and phenotypes, throughout the multiple
rounds of ZFN transfection and single-cell cloning. Indeed, the generation of a triple
knockout cell line was well-tolerated as measured by growth rate studies in serum-

10 containing medium supplemented with HT and L-glutamine which gave mean

population doubling times of 21.8 and 21.6 hours for clones 35F2 and 14C1,
respectively. Taken together these data demonstrate the successful generation of

single, double and triple gene knockouts in CHO cells using engineered ZINs,

15  Example 6: Generation of GR-CCR5-PPPIRI12( tripie knockout cell lines
[0157] A triple knockout cell line was also generated by concurrent
administration of inactivating ZFNs. In particular, K562 cell lines in which CCRS,
glucocorticoid receptor (GR) and PPP1R12C (also known as the adeno-associated
virus integration site or “44VS7") were inactivated were also generated by

20  simultaneous application of ZFNs targeted to these loct.

{0158] ZFNs targeted to CCRS, GR and A4VS] were generated as described in
U.S. Patent Publication Nos. 20080159996 (CCRJ); 20080188000 (GR) and U.S.
Application No. 12/150,103 (PPPIRI2C/AAVSI). Schematics showing the ZFN
binding sites in portions of these genes are shown in FIG. 10A. The CCRS gene

25  contains 3 exons, the coding sequence (CDS) is located within exon 3, and the CCRS
ZFN target sequence is located in the CDS as indicated. The GR gene contains 9
exons, and the GR ZFN target sequence is located in Exon3. The A4V8I ZFN target
sequence is located in the middie of the 44VS/ region.

[0159] Plasmids encoding pairs of ZFNs linked to either the wild-type, ZFN-

30 FokI(wt) or an obligate heterodimer EL/KK variant, ZFN-Fok (EL/KK} of the
catalytic domain of Fok I were transiently co-transfected into K562 cells, and the
modification frequency at CCRS (left), GR (middle), A4VS] (right) loct was

determined by the Surveyor™ Nuclease Assay 10 days after transfection,
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RSDNLRE (SEO ID N0:3) RSDSLLR (SEQ ID NO:26) RSDAJ_TQ (SEQ ID NO:15) N/AN/A ZFN 7889
gtTCCCAGGAATGGgcC (SE) ID NO:27) RSDHLSQ (SEQ ID NO:9) OSANRTT (SEC ID NO:10)

RSDNLSO ($5@ 1PN 1) ASNDRKK (SEQ ID NO:12) N/AN/A ZFN 9373MEHEAGEAATGG gtgC
TTGGGgtcaaag (SEQ ID NO:28) RSDHLSD (SEQ ID NO:9) RNADRIT (SEQ ID NO:29)

respectively. As shown in FIG. 10B, the target genes were subject to NHE] following
ZFN treatment.

[6160] Single-cell derived cell lines of these triple-knockout cells were also
evaluated by PCR and sequencing of genomic DNA described above. 1n particular,

5 the lane 8 samples in FIG. 10B, treated with CCRS ZFN-Fok I{EL/KK) + GR ZFN-
Fok HEL/KK) + AAVSI] ZFN-Fok {EL/KK) were examined. The PCR primers were
designed to specifically amplify unmodified wild-type (wt) sequences but not
sequences with deletions.

[0161] Results are shown below in the following Table 4. All clones

10 containing wt sequences (wt or heterozygous) had visible PCR bands at predicted
sizes, whereas knock-out (KO} clones had no visible PCR bands. Among 144 single
cell clones screened by CCRS PCR, 5 clones contain CCRS KO. Nine clones were
identified as GR KO by GR PCR. Two of the clones contain both CCR5 KO and GR
KO. AH 12 clones, which are KO clones based on either CCRS PCR or GR PCR, were

15  screened by 44VS] PCR. Among the 144 clones screened, one CCRS single KO
clone was identified, seven GR single KO clones were identified, whereas no attempt A
was tried to identify A4 VS] single KO clones. One CCRS5/GR dual KO clone was
identified. Two CCR5/AAVSI dual KO clones were identified. No GR/AAVS! dual
KO clone was identified among the 144 clones, though it is very likely that a

20 GR/AAVS! dual KO clone might have been identified if more clones were screened.
One CCRS5/GR/AAVS] triple KO clone (B17) was identified.

Table 4: Evaluation of singie cell clones of putative triple knockout cells

CCRS GR AAVSI
Total Clones screened 144 144 12*
Total KO clones 5 g 3
Singie KO clone _ 1 7 N/A
CCR5/GR dual KO clone 1 1 N/A
CCR5/4AVS1 dual KO clone 2 N/A P
GR/AAVS1 dual KO clone N/A 0 0
CCRS/GR/AAVSI tripie KO clone 1 1 1

* 12 clones that were identified as CCRS or GR KO clones
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RSDHLSQ (SEC ID NO:9) QSANRTT (SEQ ID NO:10) RSDNLSQ ASNDRKK (SEQ ID(SEG ID
NO:11)N0:12) 10 2.A fusion protein comprising a zinc finger DNA-binding domain according to claim 1
and at leastwpedesssage domain or at least one cleavage half-domain. @dhedusiemprstein of claim
2, wherein the cleavage half-domain is a wild-type or engineered Fokl cleavage half-domain. 15 4. A

polynucleoti:&'e ncoding the zinc finger DNA-bjinding d in ar.fysion protein ac ing to any of
claims 1 to 3 16621% An is éféﬁprlﬂé %ﬁ?@%dﬁtﬁlpot‘éelrg %?86%?&’9% é’rgl)l)?o(‘)l? é}gPﬁ%Csé);{lqtbSB oras

polynucleotigieanda @Gy taCcldine ZF 8. tArge lbdinennoykic hadatinwh e S yndnetaskl¢@S8)sis partially or
fully inactiv tg%% a fuzﬁiﬁo%proteilqigggording to claim 2 or 3 or a polynucleotide encoding the fusion

protein. 10 teeﬁ%;(%n o |ﬁellré%ﬁ/atlng an endogenous cellular GS gene in a cell, the method

comprising: (a) introducing, into a cell, a first nucleic acid encoding a first polypeptide, wherein the

st polypeniige o ieasidalds 2AAIE LN NS ACRRIIRGSRI A yp&laim 2 or 3 that binds

to a first target site in an endogenous GS gene; an (i) a cleavage domain; such that the

| . C g
polypeptide (8182 pressed F #re<ilR, ¢ iaservsl paptheaimeddatunaychGtesdnd cleaves the

GS gene. 2058 JhadmatheeohrRiRaTudiethe rempiiaingAsttasaingraGudaiearid Bncoding a second
polypeptide, wherein the second polypethide comprises: ,gi%a zinc finger DNA-binding domain that
is engineeredt Bigg {55 LB SonY T LT SREPRTIRE E-EOFRRs hRd (ii) a cleavage domain; such

that the secqarbpplypeptideNspaipEssEiesttergsied ip whereh wil @H7SIHTE Gexgtdl polypeptides bind
and sobn B A b e L A e S i e e . 50 10,
The methodNéwaelzekbkisdectdh 8] fnhenrpdeipaigivg inactivating a DHFR gene in the cell.
[0165}] As shown in FIG. 12, ZFNs designed to CHO GS sequences were
functional in other human cell types and in other species. '
[6166] GS-specific ZFNs (ZFN 9075 and ZFN 9372 ) were also tested in
15  human embryonic kidney HEK293 cells as describe in Example 2. As shown in
Figure 14A, the CEL-I enzyme (Surveyor™ mutation detection kit, Transgenomic,
Inc.) indicated an NHEJ occurance rate of 21%.
0167} GS knockout cell lines were made in a HEK293 cell background using
the same approach as in CHO cells using the same GS ZFNs (see Example 3). Two
20 knockout clones, clone g17 and g52, were further characterized. Clone g52 is
homozygous for an 11 bp-deletion at the GS locus. Clone 17 has a 169 bp-deletion at
one G allele, and a 4 bp-insertion at the other allele. As shown in Figure 14B,
neither clone expresses GS protein as determined by western blotting. Importantly,
both clones required exogenously supplemented L-glutamine for growth (see Figure
25 14C).
[0168] Thus, ZFNs can be employed to rapidly knock out multiple genes in &
single mammalian cell line by sequential or simultaneous inactivation of the target
genes. The results presented here are not dependent on the cell line or the choice of
ZFNs, The frequency of ZFN-driven biallelic knockout events at each individual
30 gene (>1%), combined with the lack of dependence on selection markers results in the
ability to rapidly “stack” such genetic lesions and generate compiex multi-gene
knockout cell lines previously considered impractical. The high efficiency of gene

knock out following only transient ZFN expression and the ability to stack multiple
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11.The method of any of claims 7 to 10, further comprising inactivating a FUT8 gene in the cell. 12.A
method of producing a recombinant protein of interest in a host cell, the 5 method comprising the steps
of: (a) pmading@ahest cell comprising an endogenous GS gene; f)inactivatingsthe
endogenous GS gene of the host cell by the method of any of claims 7 to 10; and (c) introducing
an expression vector comprising a transgene, the transgene 10comprising a se uence encoding a
protein of infEPLS I RIBEHESELEM 8§§b§??§98k?&8i86‘% Sgg%iﬁgﬂﬁ’ﬁr l?gllﬂ?%':?ﬁ‘ Re method of
claim 12, whaketiblie piotain gpinterest comprises al- antitrypsin or a monoclonal antibody. 15 14.A
cell line in which a GS gene is partially or fully inactivated, wherein the cell line is produced by (@)
inactivating the GS gene in a cell according to the method of any of claims 7 to 10; and 20(b) culturing

the cell undd@té¥iditions uiltablentsr ppsersranirigatierslanderiblisfdprhmaBogenbaeeivaatially or fully
inactivated. %@ggg%%g}gtg; %ﬁ@&&é@@@gﬁ%@ﬁ@u is @ mammalian cell selected from the group
S , cell,

consisting of a COS cell, a CH |, a VERO cell, a MDCK cell, a WI38 25cell, a V79 cell, a
B14AF28-03¢ET0la BHK ddibepehiiscisusaiatieliiPagesion sa5aa 4l By v ell, an HEK293 cell,

and a perC6;ghra30R Ak 2hBB2R00E 6 AEHE2T (RN STRINEE FRMNG 110> SANGAMO
BIOSCIENCES, INC. <120> METHODS AZL% COMPOSITIONS FO?#\IACTIVAT NG GLUTAMINE

SYNTHETASRER{E Besssieded ihhe 3 ettt e AL pHraatb 805865 <141>
2009-10-29 pikhfzcf Wk8F606pE12 RON3HEGME <it6Opd 85 thd ddeiFatentiiceerdinglB.5 <210> 1

<2l 11(? the foregoing descriptions and examples should not be construed as {imiting.
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<212> DNA <213> Artificial sequence <220> <223> synthetic zinc finger target sequence: zFN
9075/zFN 7858 <400> 1 gaatggtgca ggctgel6 <210> 2 <211> 7 <212> PRT <213> Atrtificial sequence
<220> <223> chemically synthesized zinc finger binding domain <400> 2 GIn Ser Ser Asp Leu Ser Arg
15 <210> 35@4@ <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc
finger binding 1ain <400> 3 Arg Ser Asp Asn Lee Arg Glu 15 <210> 4 <211> 7 <212> PRT <213>
Artificial sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 4

2009-12-07‘@}25:0066 4@% .ST25 (2).txt Arg Ser Asp Thr Leu Ser Asn 15 <210> 5 <211> 7 <212> PRI-
<213> Artificl %gqﬂgjﬁ%e 220> ‘

5 L A zinc finger DNA-binding domain comprising four, five or six zinc finger

recognition regions as shown in a single row of the following table:

ZFN name F1 F2 F3 Fa F5 F6
Target seguence .
ZEN 9075 QSSDLSR | RSDNLRE | RSDTLSN | RKDVRIT
gaATGGTGCAGGCTge| (SEQID | (SEQID | (SEQID | (SEQID N/A N/A
(SEQ ID NGO NO2Y | NOS) WNO4) NCE)
ZFN 9372 g _ : I T _
| | RSDHLST | QSSDLRR | RSDHLSQ | QSANRTT IRSDNLSQASNDRKK
gx'rccg?géﬁéﬁm@"—" (SEQID | (SEQID | (SEQID | {SEQID | (SEQID | (SEQID
(SEQ 1D NOS) NO7) | NO8) | NO©) | NOMOy | NO:t) | NO2)
ZFN B361 . . ‘ _
QSGALAR | RSDALTQ | RSDSLSA | RSAHLSR|
GIGGGTTGATEBTAS “seqip | (sEQID | (SEQID | (SEQID NIA NIA
(gggaf@?q%_,?a} NO:14) | NO:15) | NOUB) | NOiT)
ZFN 8365 - .
RSDHLST | GSSOLRR| RSDSLSV |DNANRTK|
ETACATGBCTTOEAS (sEQ D | (SEQID | (SEQID | (SEQID NiA NIA
(SEQ D wogxa} NO:7) NO®) | NO:18) | NO:20)
ZFN 9076 .
QSSDLSR | RSDNLRE | RSSALTR | RSDALTQ
QeATGGTBCABGCTEC seqip | (seQD | (SEQID | Sz | VA | A
iﬁcﬁaﬁ D NO:21) NO:2) NO:3) | NOZ2) | NO:tE) -
ZEN 8179 :
| OSSDLSR | RSDNLRE | QSSHLTR | TSSNRKT| |,
QUARTGETICAGECTY “seqp | (seio | (SEQID | (SEQID NIA NIA
(S50 b NOZ3) NO:2) NO:3) | NO:24) | NO25)
ZFN 7BSR QSSDLSR [ RSDNLRE | REDSLLR (RSDALTQ
gaATGGTGCAGGCTge (SEQID | (SEQID | (SEQID | (SEQ D N/A NIA
(SEQ ID NO:1} NQ:2) NO:3) NO26) NO15)
ZEN 7888 RSOHLSQ | OSANRTT | RSDNLSO | ASNDRKK
giTCCCAGGAATGGge, (SEQID | (SEQID | (SEQID | (SEQID N/A N/A
ISEQ ID NO:27) NO:9) NO10} NO:1 1} NO:12)
ZFN 9373 . _ _ _
. . RSDHLSQ | RNADRIT | RSDHLSQ | OSANRTT [REDNLSQASNDRKK
gﬂiﬁg’”{i&‘f‘*‘mggs (SEQID | {SEQID | (SEQID | (SEQID | (SEQID | (SEQID
s2a ngNcg:azaBg; NO9) | NO28) | NO®) | NO10) | NO:t) | NO2)

0 2. A fusion protein comprising a zinc finger DNA-binding domain according to
claim 1 and at least one cleavage domain or at least one cieavage half-domain.
3. The fusion protein of claim 2, wherein the cleavage half-domain is a wild-type
or engineered Fok/ cleavage half~domain.

15
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<223> Chemicallff"Synthesized zinc finger binding domain <400> 5 Arg Lys Asp Val Arg lle Thr 15
<210> 6 <211> 22 <212> DNA <213> Artificial Sequence <220> <223> Synthetic zinc finger target
sequence: ZFN 9372 <400> 6 gttcccagga atgggcttgg gg22 <210> 7 <211> 7 <212> PRT <213>
Artificial SequenceAs220rusR3dd-CGherndinaltisymih 8sigad ne-fngkndihdingndariainm400> 7 Arg Ser
Asp His Leu Ser Thr 15 <210> 8 <211> 7 <212> PRT <213> Avrtificial Sequence <220> <223>
ChemicallyRyNHe S RELHiATEP (i%adlf% ‘d8inain <400> 8 GIn Ser Ser ASp Leu Arg Arg 15 <210> 9
<211> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger
binding dorgf’:un <4188 ?sglated cell comprising a protein according to any of claims 1 to 3 ora

5 polynucleotide according to claim 4.

- 6 A cell line in Whibh glutamine synthetase (GS) is partially or fully inactivated
by a fusion protein according to claim 2 or 3 or a polynucleotide encoding the fusion
protein.

10
7. A method of inactivating an endogenous cellular GS gene in a cell, the method
comprising:
(a) introducing, into a cell, a first nucleic acid encoding a first polypeptide,
wherein the first polypeptide comprises:
15 (1) a zinc finger DNA-binding domain according to claim 2 or 3 that
binds to a first target site in an endogenous GS gene; and
(ii) a cleavage domain; such that the polypeptide is expressed in the |

cell, whereby the polypeptide binds to the target site and cleaves the GS gene.

20 8. The method of claim 7, further comprising introducing a nucleic acid encoding
a second polypeptide, wherein the second polypeptide comprises:
(i) a zinc finger DNA-binding domain that is engineerc'd to bind to a second
target gite in the GS gene; and
(i1) a cleavage domain; such that the second polypeptide 1s expressed in the
25  cell, whereby the first and second polypeptides bind to their respective target sites and

cleave the GS gene.

9. The method of claim &, wherein the first and second polypeptides are encoded
by the same nucleic acid or by different nucleic acids.

30
10. The method of any of claims 7 to 9, further comprising inactivating a DHFR

gene in the cell.
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2009:12:07 8325-0066 40_ST25 (2).txt Arg Ser Asp His Leu Ser Gin 15 <210> 10 <211> 7 <212>
PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger binding domain
<400> 10 Gin Ser Ala Asn Arg Thr Thr 15 <210> 11 <211> 7 <212> PRT <213> Atrtificial Sequence

<220> <223p1 Chermieathyibyxithé sizesf ziamfiner bindintheloroaiprisddindtiragngerASPSAsn Leu ser G
n 15 <210> 12 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized
zinc finger bATAMY $5h55th <400> 12 Ala Ser Asn Asp Arg Lys Lys 15 <210> 13 <211> 28 <212> DNA
<213> Atrtificial Sequence <220> <223> Synthetic zinc finger target sequence: ZFN 8361

12. A method of producing a recombinant protein of inferest in a host cell, the
5 method comprising the steps of:
{a) providing a host cell comprising an endogenous GS gene;
(b) inactivating the endogenous GS gene of the host cell by the method of any
of claims 7 to 10; and
| (c) introducing an expression vector comprising a transgene, the fransgene
10  comprising a sequence encoding a protein of interest into the host cell, thereby

producing the recombinant protein.

13.  The method of claim 12, wherein the protein of interest compri.ses al-

antitrypsin or a monoclonal antibody.

15
i4. A celi ine in which a S gene is partially or fully inactivated, wherein the cell
line is produced by
(a) inactivating the GS gene in a cell according to the method of aﬁy of claims
7 to 10; and _
20 (b) culturing the cell under conditions suitable for generating a cell line in

which the GS gene is partially or fully inactivated.

15. The cell ine of claim 14, wherein the cell is a mammalian cell selected from
the group consisting of a COS cell, a CHO cell, a VERO cell, a MDCK cell, a WI38

25  cell, a V79 cell, a B14AF28-G3 cell, a BHK cell, a HaK cell, a NSO cell, a SP2/0-
Agl4 cell, a HeLa cell, an HEK293 cell, and a perC6 cell.
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<400> 13 ctgggttgat ggtactggag aaggactg28 <210> 14 <211> 7 <212> PRT <213> Atrtificial Sequence
<220> <223> chemically synthesized zinc finger binding domain <400> 14 2009-12-07 8325-0066

40 5T25 (2).txt Gin Ser Gly Ala Leu Ala Arg 15 <210> 15 <211> 7 <212> PRT <213> Attificial
Sequence <220> <223> che @E tp d0 f| 9. domaln <400> 15 Arg Ser Asp Ala
Leu Thr Gin 15 <210> 16 <21 62@\% %ﬁéﬁﬁ%&c _’[IfICIa| uence <220> <223> Chemically

synthestljzed zinc finger binding domain <400> 16 Arg Ser Asp Ser Leu Ser Ala 15 <210> 17 <211> 7

<120>

<130>

<340
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

SANGAMO BIOSCIENCES, INC.

METHODS AND COMPOSITIONS FOR INACTIVATING GLUTAMINE SYNTHETASE
GENE EXPRESSION

8325-0066, 40

PCT/US2009/005865
2009-10-29 .

61/197,600
2008-10-29

185

PatentIn version 3.5

1

16

DNA

Artificial Segquence

synthetic zinc finger target sequence: ZFN 9075/ZFN 7858

1

gaatggtgca ggctgc 16

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

<220>
<223>

<400

2

7

PRT

Artificial Sequence

Chemically synthesized zinc finger binding domain
2

Gln Ser Ser Asp Leu Ser Arg
i 5

<210
<211>
<212>
<213>

<220>
<223>

<400>

3

7

PRT

Artvificial sequence

Chemically synthesized zinc finger binding domain

3

Arg Ser Asp Asn Leu Arg Glu
i 5

<210>
<213i>
<212>
<213>

<220>
<223>

<400

4
7

PRT

Artificia’l sequence

Chemically synthesized zinc finger binding domain

4
Page 1



<212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger binding
domain <400> 17 Arg Ser Ala His Leu Ser Arg 15 <210> 18 <211> 28 <212> DNA <213> Attificial
Sequence <220> <223> Synthetic zinc finger target sequence: ZFN 8365 <400> 18 tatacatggc
ttggactttc tcaccctg28 <210> 19 <211> 7.<212> PRT <213> Artificial Sequence <220> <223>
chemically synthesized zinc fi%g);%%r_b}l%_ |Kg%§§r%‘£§%4 S?[é%zggcé:ffo? 8325-0066 40_ST25 (2).txt
Arg Say Asp 8ep LTdur Ser Va1l BsR10> 20 <211> 7 <212> PRT <213> Artificial Sequence <220>
<223> Chemically syn?hesized zinc finger binding domain <400> 20 Asp Asn Ala Asn Arg Thr Lys 15
<210> 21 <211> 28 <212> DNA <213> Atrtificial Sequence <220>

<210> 5

<211> 7

<212> PRT

<213> artificial Seguence

<220>

<223> Cchemically synthesized zinc finger binding domain
<400> 5

?rg Lys Asp val érg Ile Thr

<210> 6

<211l> 22

<212> DNA

<213> Artificial Ssequence

<220>
<223> Synthetic zinc finger target seguence: ZFN 9372

<400> 6
gttcccagga atgggertgd dg 22

<210 7

<211> 7

<212> PRT

<213> Artificial seguence

<220>
<223> cChemically synthesized zinc finger binding domain

<400> 7

Arg Ser Asp HWis Leu Ser Thr
1 5

<210> B

<21l> 7

<212> PRT

<213> Artificial sequence

<220>

<223> Cchemically synthesized zinc finger binding domain
- <400> 8

Gln Ser sear Asp Leu Arg Arg
1 5

<210> 9

<213i> 7

<212> PRT :

<213> Artificial Sequence

<220>

<223> Chemically synthesized zinc finger binding domain
<400> 9
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<223> Synthetic zinc finger target sequence: ZFN 9076 <400> 21 gaatggtgca ggctgccata ccaacttt28
<210> 22 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized zinc
finger binding domain <400> 22 Arg Ser Ser Ala Leu Thr Arg 15 <210> 23 <211> 28 <212> DNA
<213> Artificial Sequence <220 <223> etic zinc finger_target sequence: ZFN 9179 <400> 23
ggaatggtgc aggctgcecat accaa%%%_zéigfgg%é qééﬁgz% %>5P <Z13> Artificial Sequence <220>
<223scChemicailyHsyntisesized gime finger binding domain <400> 24 GIn Ser Ser His Leu Thr Arg
2008-12-07 8325-0066 40_5T25 (2).txt 15 <210> 25 <211> 7 <212> PRT <213> Artificial Sequence
<220>

<210> 10

<211> 7

<212> PRT

<213> artificial Sequence

<220>

<223> Chemically synthesized zinc finger binding domain
<400> 10

Gln Ser Ala Asn Arg Thr Thr
1 5

<210> 11

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Chemically synthesized zinc finger binding domain
<400> 11

Arg Ser Asp Asn Leu Ser Gin
1 5

<210> 12

<211> 7

<212> PRT

<213> Artificial sequence

<220>

<223> Chemically synthesized zinc finger binding domain
<400> 12

Afa Ser Asn Asp Arg iLvys Lvs

1 5

<210> 13

<211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic zinc finger target sequence: ZFN 8361
<400> 13

ctgggttgat ggtactggag aaggactyg 28
<210> 14

<211> 7

<212> PRT

<213> Artificial Sequence

<220> _

<223> chemically synthesized zinc finger binding domain
<400> 14
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<223> Chemically synthesized zinc finger binding domain <400> 25 Thr Ser Ser Asn Arg Lys Thr 15
<210> 26 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc
finger binding domain <400> 26 Arg Ser Asp Ser Leu Leu Arg 15 <210> 27 <211> 16 <212> DNA
<213> Artificial Sequence <22§)> <_2‘i f§>§ %e_' ing finger. target sequence: ZFN 7889 <400> 27
gttcccagga atgggcl6 <210> 2 31159 ég ;6% Aﬁézrﬁ%SA #ﬁ(‘:i%i%equence <220> <223>
Synthbticemndilingelraargetseguence: ZFN 9373 <400> 28 gttcccagga atgggcttgg ggtcaaag28 <210>

29 <b11> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger
binding domain <400> 29 Arg Asn Ala Asp Arg lle Thr 15

<210> 15 .

<21i> 7

<212> PRT

<213> Artificial sequence

<220> ) o

<223> Chemically synthesized zinc finger binding domain
<400> 15

Arg Ser Asp Ala Leu Thr Gin
1 5

<210> 16

<21l> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> cChemically synthesized zinc finger binding domain
<400> 16

Arg Ser Asp Ser Leu Ser Ala

1 5

<210> 17

<211> 7

<212> PRT

<213> Artificial Sequence

<220

<223> Chemically synthesized zinc finger binding domain
<400> - 17

Arg Ser Ala His Leu Ser Arg
1 5

<210> 18

<211> 28

<212> DNA

<213> Artificial Sequence

<220

<223> synthetic zinc finger target sequence: ZFN 8365
<400> 18

tatacatggce ttggactttc tcaccctg 28
<210> 19

<211> 7

<212> PRT

<213> Artificial seguence

<220> ) - o )
<223> Chemically synthesized zinc finger binding domain
<400> 19
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2009-12-07 8325-0066 40_ST25 (2).txt <210> 30 <211> 819 <212> DNA <213> cricetulus
longicaudatus attcctggga gaggagaatg aagggctttg cgtgtttgtc agaattacag gtaagaacta ccagtgatgg
gaagcacttg cttatggaac actggaatgg gtctgaagta tgttagggtt ataagcctat ctgtgatatg aatacacata gggtcttccc
agacataggt tcatgcctgc tgcagg%g%%%t&g/cté%% %ae%agggsg%ttggg &gcaaagttgt caagcaagtg
atccaaaaga cacaaggcag tcctgccctt Cataccaact tciggagcta gacttctcac ccgttggaga cacgtaggtt
ggtgacitere taatiggtatacacagoctgajaaggacag ggcacatggg agtagaacaa caacatgttc atcatctctg caacctttga
ttagcaccaa tctttattct aadctacatg agtgacagta caagcattta ttcttactga tacatgttga cat caagtat gactttggtt
gctaggagct tttctagtgg ggtggececgt ccccaagecc ggccatgegg catggggtgg ccatgctctt ctctaggaat aaggtcttta
tggga g fyactggtct ttattggttt <210> 31 <211> 1766 <212> DNA <213> Cricetulus longicaudatus
cctt cagatctctg aagctacaca aactagccca gcagagtgaa ccctgtgect gacttttgtc aaaaacatca atctgggttg
gcottgditg teagti€gatpjasapegtod acctacaagg taatgcactt cttacgcaat tctccagagc agcaaatgta atggtactgg
cgaggcfgac caagaataaa gtagttgtat tcttttcagc gatgatctit caataatgtt tcctgcaggg accttccacc cttgtgectg

ag aagqagtg cHlggietgas aggenaagaal taggtogaidilietieanddng domain
<400> 20

Asp Asn Ala Asn Arg Thr Lys
1 5

<210> 21

<211> 28

<212> DNA :

<213> Artificial Sequence

<220>
<223> Ssynthetic zinc finger target sequence: ZFN 9076

<400> 21
gaatyggtgea ggetoccata ccaacttt 28

<210= 22

<21l> 7

<212> PRT ‘

<213> Artificial sequence

<220>
<223> Chemically synthesized zinc finger binding domain

<400> 22

Arg Ser Ser Ala Leu Thr Arg
1 5

<210> 23

<211> 28

<212> DNA .
<213> Artificial sequence

<220>
<223> synthetic zinc finger target sequence: ZFN 9179

<400> 23 .
ggaatggtgc aggctgecat accaactt 28

<210> 24
<21i> 7

<212>" PRT

<213> Artificial Seguence

<220>
<223> Chemically synthesized zinc finger binding domain

<400> 24

Gln Ser Ser His Leu Thr Arg
Page 5



tagcaaggaa acactccaca aagacattct ttaatggata attaaggggt gtcaattatt aataatgaat ttaaaaatcc cagaggcagg
ataggctcca cctcttgaaa ccacaccgtt ttaatgaaat ccacttgaac agccatgtat ggactgtgag cccaagtgtg cagcctgaga
tcaggcctca aggcctttat tatttgtagg tgaaagacct aaatgcttta tgctaacttc gatggtctta tacaggttga tgcaaagcac
cttttaaaac tgcacgcctt accagcc%égﬁa_ ?aggggt;%g!}t %ttggg% t e}%?gtga tttgaccttc gtcagtcacc
ttagatggaa gggtgggagg gtaactagaa cacttgaata ttaactgaaa ggigactcct gacccttttg atgctccaaa ttgcaaagga
taatcccagt tctacaagag aacaaacaaa agttgtggcc aagatgttge 2009-12-07 gcatgggceag cttctgtttt
cgtaggpigc tettgtgtgt ttggagtatt tatgctatca caactcctca tttcactact gtgaaagggt agtgctgtgt gtagtttctc
accaaaaaaaracttgggagg ctagttccag caaaaaaatt tttgttttgg cgtttg 8325-0066 gagcaggaca gtttgcaaag

cgagﬁ@gt g/??*@%%%%? Sequence

<220>
<223> Chemically synthesized zing finger binding domain

<400> 25

Thr Ser Ser Asn Arg Lys Thr
1 5

<210> 26

<Z211> 7

<212> PRT

<213> Artificial Sseqguence

<220>
<223> Chemically synthesized zinc finger binding domain

<400> 26

Arg Ser Asp Ser Leu Leu Arg
1 >

<210> 27

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic zinc finger target sequence: ZFN 78890

<400> 27
gttcccagga atggoc 16

<210> 28

<211> 28

<212> DNA _

<213> Artificial seguence

<220
<223> Synthetic zinc Tinger target sequence: ZEN 9373

<400> 28
gttcccagga atgggctigg ggtcaaag 28

<210> 29
<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> chemically synthesized zinc finger binding domain

<400> 29

Arg Asn Ala Asp Arg Ile Thr
1 5
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gctaacctag agtttataga tgttctggtg gctacgaatc tgtgagacca ttattagtat tgggactggc aaaaaatgca cagaggcagg
gacagcctcc aaaaaaaaaa taggaagggc 40_sT25 (2) tgtgcctgga tctttcaaaa ggaggcatag tgaagaaaaa
ccaaccccag gcagtggttc attaccccca ataatgtatc tcctcaaagg ttatacagtg catttgtttt gaaaaaagga cggatctctg
aaagccacag aaaacttica agetagig. X! pOtgGaCAREIRIgIUs! papacaalag tatigggica gaacctagtt
tcaacctttc tcccaaccat tgtgtttttg ggttgtgacc gaattctggg cgatggggat ggtgggggag tgagtttgag agaaaccctg
aaggatacctigatgagttt <210> 32 <211> 16 <212> DNA <213> Artificial sequence <220> <223>
Synﬁ%agziﬁ%inger target sequence: zFN 7844 <400> 32 ccaatgctca ggtactle <210> 33 <211> 16
<212>1BNAcs2d8euutifitialgequeaces<220> <223> Synthetic zinc finger target sequence: ZFN 9461
<4094>08§ agggaaggtc tcegttle <210> 34 <211> 7 <212> PRT <213> Atrtificial sequence

atggcactat tctgttcctt ttcctceccct ctgaagactt ggcacatggg gacttiggtt 60
aacaagggtg atgacttaaa agtggttcag ggtagaggta agtagaacaa gctaggaget 120
tgagttggec tgaacagtta gttggoctta ttctaaaggt caacatgttc tttctagrgg 180
gaattccaaa taggaccctg tgaaggaatc cgcatgggag atcatctctg ggrggeccgt 240
ttcatcttgc atcgagtatg tgaagacttt ggggtaatag caacctttga ccccaagecc 300
attcctggga actggaatgg tgcaggcetge cataccaact ttagcaccaa ggccatgogg 360
gaggagaatg gtctgaagta agtagcticc tctggagecca tctttattct catggogtgyg 420
aagggctttg tgttagggtt gggaaagttg gacttctcac aaactacatg ccatgotert 480
cgtgtttgtc ataagcctat cgttttgtac ccgttggaga agtgacagta ctctaggaat 540
agaattacag ctgtgatatg ggaaagttgt cacgtaggtt caagcattta aaggtcttta 600
gtaagaacta aatacacata caagcaagtg ggtgacttaa ttcttactga tgggaagagg 660
ccagtgatgg gggtcttcce atccaaaaga taattggtat tacatgttga ggactggtct 720
gaagcacttg agacataggt cacaaggcag acacagoctg catéaagtat ttattggttt 780
cttatggaac tcatgcctge tcctgocctt gaaggacag 819
<210> 31

<211> 1766

<212> DNA

<213> Cricetulus longicaudatus

<400> 31

ggctggcaga tcrccgagrt cgaggctgac ctggtctgaa tagcaaggaa attaagggyr 60
gaggcgtatg tctgttaaag caagaataaa aggcaaagga acactccaca gtcaattatt 120
caagtcttga tggcagtaat gtagttgtat tgggtggatt aagacattct aataatgaat 180
trttrtgtct ttttgttccc tctittcage tttctcaaaa ttaatggata ttaaaaatcc 240
ccttageegg gogttggtgg cacacacctt taatcccagce actcgggagg cagaggcagg 300
cagatctctg tgagttcgag gecagectgg totcecagatt gagtgccagg ataggcerceca 360
aagctacaca gaaaccgtgt ctcgaaaaaC aaaacaaaaa aataaaaaaa aaaatccoctt 420
aactagceca acctacaagg gatgatcttt gtctaactat gaactttaaa cctcitgaaa 480
gcagagtgaa taatgcactt caataatgtt gacttccaaa ggagagacca ccacaccgtt 540
ccctgigect cttacgcaat tccigeaggg gacccccttc agagtagatg ttaatgaaat 600
gacttttgtc tctccagage accttecacc atggecacct cagcaagttc ccacttgaac 660
aaaaacatca agcaaatgta cttgtgcctyg ccccagggtg agaaagtcca agccatgtat 720
atctgggttyg atggtactgg agaaggactg cgctgcaaaa cccgcaccct ggactgtgag 780
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<220> <223> Chemically synthesized zinc finger binding domain <400> 34 2009-12-07 8325-0066
40 _ST25 (2).txt Arg Ser Asp Thr Leu Ser Glu 15 <210> 35 <211> 7 <212> PRT <213> Attificial
Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 35 Asn Asn Arg

Asp Arg Thr Lys 15 <210> 36 p
Chesgcallsegtieszess i Hbirang

1>'7

e

ISequence<220><223>

@@tgﬁg Leu Sgr@la 15 <210>

37 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemlcally synthe5|zed zinc finger
bindfig doHfAA LA683°8TCIT SELET) HiPEEtISEArg ctttcaaaa geaggtetct

tcaggcctca
aggeetttat
tatttotagy
tgaaagacct
aaatgcttta
tgctaacttc
gatggtctta
tacaggttga
tgcaaagcac
Cttttaaaac
tgcacgecctt
accagecetgg
{CtCcaaaaca
gttrtatttt
ttattattect
<210>
<211>
<212>
<213>

<220>
<223>

<400> 32
ccaatgctca

32
16
DNA

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

<220>
<223>

33
16
DNA

<400> 33
agggaaggtc

<210> 34
211> 7

<212> PRT
<213>

<220>
<223>

<400> 34

gtcagtcacc cgtaagctgce cgagtagtct ggaggcatag aaaacaatgg

ttagatggaa
gggtgggagg
gtaactagaa
cacttgaata
ttaactgaaa
ggtgacccct
gaccctttty
atgctccaaa
ttgcaaagga
taatcccagt
tctacaagag
aacaaacaaa
agttgtggcc

aagatgttgce

ggract

tcogtt

tcttgtgtyt
ttggagtatt
tatgctatca
caactcctca
tttcactact
gtgaaagggt
agtgetgtgt
gtagtttcte
accaaaeaaa
acttygggagy
ctagttccag
caadaaaatt
tttgttttgg

cgrtty

artificial Sequence

Artificial Seqguence

Artificial sequence

gctggtacac tgaagaaaaa tattgggtca

gctaacctag
agtttataga
tgrtctgyty
gctacgaatc
tgtgagacca
ttattagtat
tgggactggc
aaaaaatgca
cagaggcagg
gacagcctee

ddadadddad

taggaaggge

synthetic zinc finger target sequence:

synthetic zinc finger target sequence:
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ccaaccccag
gcagtggttc
attaccccca
ataatgtatc
tectcaaagg
ttatacagty
catttgtttt
gaaaaaagga
cggatctctyg
aaagccacag

aaaactttca

gaacctagtt
tcaaccttte
tcecaaccat
tgtgttttty
ggttgtgacc
gaattctggg
cgatggggat
ggtgggggag
tgagtttgag
agaaacccty

aaggagacct

agctagttta ggatgagttt

ZFN 7844

ZFN 9461

Chemically synthesized zinc finger binding domain

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1766

16

16



15 <210> 38 <211> 16 <212> DNA <213> Artificial Sequence <220> <223> Synthetic zinc finger
target sequence: ZFN 9476 <400> 38 catgggtagc cgctga.16 <210> 39 <211> 7 <212> PRT <213>

Artificial Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 39
2009-12-07 8325-0066 40_5T25 (2).txt Asp.Arg Ser ASp Ley Ser Arg 15 <210> 40 <211> 7 <212>
PRT <213> Artificial Sequenc@éiﬁ)gﬁz@lﬁ&@ fca yssizn h@?z‘é:gtzihc finger binding domain
<400>AGKTrASerAspidis tau Thr Thr 15 <210> 41 <211> 16 <212> DNA <213> Artificial Sequence
<226> <223> Synthetié zinc finger target sequence: ZFN 9477 <400> 41 agtccggggg gtggtglé <210>
42 <211>7

<210> 35

<211s 7

<212> PRT
<213> Artificial Sequence

<220>
«223> Chemically synthesized zinc finger binding domain

<400> 35

Asn Asn Arg Asp Arg Thr Lys
1 5

<210> 36

<21i> 7

<21Z2> PRT

<213> Artificial seguence

<220>
<223> chemically synthesized zinc finger binding domain

<400> 36

Arg Ser Asp His Leu Ser Ala
1 5

<210> 37
<21l> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Chemically synthesized zinc finger binding domain

<400>= 37

Gln Ser Gly His Leu Ser Arg
1 5

<210> 38

<211> 16

<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic zinc finger target sequence: ZFN 9476

<400> 38 ’
catgggtage cgctga 16

<210> 39

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Chemically synthesized zinc finger binding domain

‘<400> 39
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<212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger binding
domain <400> 42 Arg Ser Asp His Leu Ser Arg 15 <210> 43 <211> 7 <212> PRT <213> Artificial
Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 43 Asp Ser Ser
Asp Arg Lys Lys 15 <210> 44 < J#> @fiég?“%% <%§3>%\rti icial Sequence <220> <223> Synthetic
zinc finger target sequence: Z 2?7 <400> 06 -15497'8325%0066 40_ST25 (2).txt
aagfggeag agacas@ <@H0rrg5 <211> 7 <212> PRT <213- Artificial Sequence <220> <223>
Chemically synthesized zinc finger binding domain <400> 45 Arg Ser Asp ASrl Leu Ser Val 15 <210>
46

<210> 40

<211> 7

<212> PRT

<213> Artificial sequence

<220> B
<223> chemically synthesized zinc finger binding domain

<400> 40

Arg Ser Asp His Leu Thr Thr
1 5

<210> 41

<211l> 16

<212> DNA

<213> Artificial seguence

<220>

<223> Synthetic zinc finger target sequence: ZFN 9477
<400> 41

agrccgadggd gtgatg 16
<210> 42

<211> 7

<212> PRT

<213> Artvificial sequence

<220>

<223> Chemically synthesized zinc finger binding domain
<400> 42

Arg Ser Asp His Leu Ser Arg
1 5

<210> 43

<211> 7

<212> PRT

<213> Artificial sequence

<220

<223> Chemically synthesized zinc Tinger binding domain
<400> 43

ASp Ser Ser Asp Arg Lys Lys

1 5

<210> 44

<21i> 18

<212> DNA

<213> Artificial Sequence

<220> _

<223> Synthetic zinc finger target sequence: ZFN 12172
<400> 44
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<211>7 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized zinc finger
binding domain <400> 46 GIn Asn Ala Thr Arg lle Asn 15 <210> 47 <211> 7 <212> PRT <213>
Artificial Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 47 GIn Ser
Ala Thr Arg Thr Lys 15 <210> <_% 1>7 <a% 22 PRT < ificial Sequence <220> <223>
Chemigadlyoewathesizesginc fizr?jgggr %n(%gg oj?nglorféi 00> S:trrégsgrﬁsp Asn Leu Sefrg 15 <210>
49 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized zinc finger

bindm@}omﬂn <400> 49

<211> 7

<212» PRT

<213= Artificial sequence

<220> 3 ' . » - I3 ) ¥
<223> Chemically synthesized zinc finger binding domain
<400> 45

Arg Ser Asp Asn Leu Ser val
1 5 '

<210> 46

<211> 7

<212> PRT )

<213> Artificial Seguence

<220> ) o )
<223> cChemically synthesized zinc finger binding domain
<400> 46

GIn Asn Ala Thr Arg Ile Asn

1 5

<210> 47

<21i> 7

<212> PRT

<213> Artificial Seguence

<220> ) ) ) o o
<223> chemically synthesized zinc finger binding domain
<400> 47

ng Ser Ala Thr érg Thr Lys

<210> 48

<21i> 7

<212> PRT

<213> aArtificial seguence

<220> - . . . » - >
<223> c¢hemically synthesized zinc finger binding domain
<400> 48

Arg Ser Asp Asn Leu Ser Arg
1 5

<210> 49

<211> 7

<212> PRT. .

<213> Artificial Sequence

<220> ) _ o .
<?23> chemically synthesized zinc finger binding domain
<400> 49
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2009-12-07 8325-0066 40_5T25 (2).txt Arg Asn Asp Asn Arg Lys Thr 1 <210> 50 <211> 15 <212>
DNA <213> Atrtificial Sequence <220> <223> Synthetic zinc finger target sequence: ZFN 12176 <400>
50 aagaagggtc atcagl5 <210> 51 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>

Chemically synthesized zinc finger '_gﬁg' na <4§§)>%’L Asn. Asn Thr GIn Leu lle Glu 15 <210>
52 <211> 7 <212> PRT <213g}%rti |Cb|na %gegc?t%rr]lggh% s>< 53> h%(%ically synthesized zinc finger

bindimg domainp<480>62 Tiys SerSer lle Leu Ser Arg 15 <210> 53 <211> 7 <212> PRT <213>
Artifitial Sequence <230> <223> Chemically synthesized zinc finger binding domain <400> 53

<210> 50

<211> 15

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic zinc finger target sequence: ZFN 12176

<400> 530
aagaagggtc atcag 15

<210> 5%

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
«223> cChemically synthesized zinc finger binding domain

<400> 51

Asn Asn Thr G¢In Leu Tle Glu
1 5

<210> 52

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> chemically synthesized zinc finger binding domain

<400> 52

Thr Ser Ser Ile Leu Ser Arg
1 5

<210> 53

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Chemically synthesized zinc finger binding domain

<400> 53

Arg Ser Asp Asn Leu Ser Ala
1 5

<210> 54

<211l> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Chemically synthesized zinc finger binding domain

<400> 54
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Arg Ser Asp Asn Leu Ser Ala 15 <210> 54 <211> 7 <212> PRT <213> Artificial Sequence <220>
<223> Chemically synthesized zinc finger binding domain <400> 54 2009-12-07 8325-0066 40 $T25
(2).txt Arg Lys Asp Thr Arg lle Thr 15 <210> 55 <211> 6882 <212> DNA <213> Cricetulus
longicaudatus <220> <221> misc_feature <222> 7% .(15§[€<é§3> nisa, c, g, or t <400> 55
cgactggagc acgaggacac tgac?t%%gé? ?g'gzeggg%%tzaoééga QC“tSCE g g'ci'téfGO cacttcgcct cgttctcgtg

gctegtggce ctgtpcacec agictatcahcccgecggecl20 accgectnnnn nnnnnnnnnn nNnNNNNNNNN nnnnntgggc
aaacatggac agttgcccgt5180 agaaactttg ccactgtact tcagagagtt gcccaagtca ttggaggaga acaatatgtt240
ccctttccag ccatcctggg cgattaggga gggggggaca tttectettg tgttgaagct300 ggttttgtag cttcggattc ttaggatttc
caccetidect cccctg tggcttgtta360 gtcttgecce acatctttat tagaagtggg agttttctac ttaccagaaa
atatté%éﬁ&%%%aaatctt caaatattgc catgtttaca ttgaagtcag agtttgtctg tggagtaatg480 acttttcatc
gcaccrgtga asBgicaet Caaadctygactggaggaac acacactttt540 attcccagea ctggggagge aggtgcaggt

ggatctttgt gatagatgcc tggtctacat600 ggtaccatga tagggctatg tagagacccc catctccaaa aataaataaa
taaataasia660 aataaataaa taaataaatc agcaatgtgc tccttggctt taccttttac caccttggtg720 atagcaaata

Page 13

gtacg%gt ttf%t]'tg%a’.é? (Eﬁtt;gccag gaatatgtta gccttttaaa780

<223> nisa, ¢, g, or t

<400> 55

cgactggagc acgaggacac tgacatggac tgaaggagta gccaatctce tegocgetct 60
cacttcgcect cgttctegty getcgtggoe ctgtccacce cgtccatcat cccgooggcc 120
accgetnnnn nnnnnnnnn nnnnannnan nnnnntgggce aaacatggac agttgoccgt 180
agaaactttg ccactgtact tcagagagtt goccaagtca ttggaggaga acaatatgtt 240
ccctttecag ccatcctggy cgattaggga gggggggaca tttcctettg tgttgaaget 300
ggttttgtag cttcggattc ttaggatttc caccccccct accccccctg tggottgtta 360
gtcttgecce acatctittat tagaagtggy agtitictac ttaccagaaa atattatcta 420
atgaaatctt caaatattgc catgtttaca ttgaagtcag agrttgtctg tggagtaatg 480
acttttcatc gcaccagtga aaagtcagct caaacctgge ctggaggaac acacacttrt 540
attcccagcea ctggggaggce aggtgcagyt ggatetttgt gatagatgoc tggtctacat 600
ggtaccatga tagggctatg tagagaccoe catctccaaa aataaataaa taaataaata 660
aataaataaa taaataaatc agcaatgtgc tccttggctt taccttittac caccttggtg 720
aragcaaata gtracggatct ttittaaaat ttgttcccag gaatatgtta gecttitaaa 780
ccttagtecece cttgtcicac ctitaaatcc aactatggag ccaaggagta gtggcageat 840
acctttaatce ctagecattca ggaagttgag gctggcagat ciccgagttc gaggctgace 900
tggtctgaat agcaaggaaa ttaaggggtg aggcgiatgt ctgttaaagc aagaataaaa 860
ggcaaaggaa cactccacag tcaattattc aagtcttgat ggcagtaatg tagttgtatt 1020
gggtggatta agacattcta ataatgaatt tttttgtctt tttgttccct cttttcaget 1080
ttctcaaaat taatggatat taaaaatcce cttagcecggg cgttggtggc acacaccttt 1140
aatcccagca ctcgggagge agaggcagge agatctctgt gagttogagg ccagectggt 12006
ctecagatty agtgecagga taggetccaa agctacacag aaaccgtgtc fcgaaaaaca 1260
aaacaaaada ataaaaaaaa aaatccctta actagcccaa cctacaaggg atgatctttg 1320
tctaactatyg aactttaaac ctcttgaaag cagagtgaat aatgcacttc aataatgtig 1380
acttccaaag gagagaccac cacaccgtic cctgtgecte ttacgcaatt cctgcaggag 1440
acccccttca gagtagatgt taatgaaatg acttttgtct ctccagagea ccticcacca 1500
tggccacctc agcaagttcc cacttgaaca aaaacatrcaa gcaaatgtac ttgtgoctgc 1560



Ccttagtccc cttgtctcac ctttaaatcc aactatggag ccaaggagta gtggcagcat840 acctttaatc ctagcattca

ggaagttgag gctggcagat ctccgagttc gaggctgacc900 tggtctgaat agcaaggaaa ttaaggggtg aggcgtatgt

ctgttaaagc aagaataaaa960 ggcaaaggaa cactccacag tcaattattc aagtcttgat ggcagtaatg tagttgtatt1020

gggtggatta agacattcta ataatgafé%}l%%tc&; ttégggc&& 8&“5??%?‘-}9 § £}tc%cz%aaat taatggatat taaaaatccc
cc

cttagccggg cgttggtgge acaca aatcccagca ctcgggaggc agaggcaggce agatctctgt gagttcgagg
ccagootggit200 crrvaaitgagigsraggadaygaiseatoagtiatacagsFageegigictiwyaaaaatal 260

aaaspageas. alaasaread eRAlterRRAgiRdtsmR AelRCRaaR Al I A gleactalggacttiaaac

ctcttgaaag cagagtgaat aatgcactic aataatgttg1380 acttccaadd gagagaccac cacaccgttc cctgtgecte
ttacFEHAA Gt i 44 8Ra 68886 e AYSafsGALGORatERER G ECk G iGtetcegagca detfétaccal500

tggceacglc agnargiice £AG0RAGRRAACAIGHRAcRRGIGIaG HglgectarlagRBFage 13 20Q0-12-07
8325-0066 40_ST25 (2).txt cccagggtga gaaagtccaa gccatgtata tctgggtt% tggtactgga gaaggactgc1620

gctg@%ﬁﬁaﬂEE@c%‘?:%%‘i@T@&@tgﬁ@%@‘?ﬁ‘&@ﬁég@@fﬁt’%ﬁ%ﬁb&@%ﬁtgﬁ@égééﬁ@ 8- 9gcagdalht gtgcctggaa
gtg9l@@gﬁgg’g(é@@@m&c@ﬂ@@dﬁ(ﬁ@ﬂt@ﬁ’ﬂ@tﬁ@%@@bQﬁﬁ@@@a@@ﬁ%lﬁ@ﬂ caggeatcag tcagtcacce
gtaagctgec tctg gaggcataga aaacaatgga ggcctttatt ta aat cttgtgtgtg ctggtacact
RC 7 st T S g e e S T e L
gaaa;;a@e@ﬁgcta@aggatgmtamaadﬁﬂﬁagtuatggagtaagbggmheaaccmcacaamttac agtig@aatac

cactielsalghid dicioaiga iacerase cosaacentl oelsaciel iaaciuaagtiepplagla2100,ggcgaatoa

taatgtatct gtgtttttgg atggtcttag gtgacccctg tgaaagggtt2160 gtgagaccat cctcaaaggg gttgtgacct
acaggtigagaicectrgbogajetytgiia PO tadagtal tataesgtig st tctog iageasagthaca tgeitcdaag

tagitifig12280,000aElag5E AltgHS Galogadals HiaaaaRt UEAAAN0RA £5aRARRARA2 340 paaaatgcag
aaaaaaggag gtgggggagt gcacgccttt aatcccagta ctigggaggc2400 agaggcaggc ggatctctgt gagtttgaga

ccagett§g? ttatabayc i g ceAEEFMY achGeCR A Aabf e A ¢ ittt Cicaaaaddd acaaacaaac
aaaaaRAHegds2l AR GARAGHIGRA RUGRERALHY tiatiagHataaeshHEiHOgt258C 40

aaaaatgcag aaaaaaggag gtgggggag:t gcacgccttt aatcccagta cttgggaggo 2400
agaggcaggc ggatctctgt gagtitgaga ccageciggt ctacaagage tagttccagg 2460
acagcctoca aagocacaga gaaacceigt Ctcaaaacaa acaaacaaac aaaaaaatta 2520
aaadaaaaaa aaactttcaa aggagacctg ttttatttta gttgtggeot ttgttttggrt 2580
aggaagggea gctagtttag gatgagtttt tattattcta agatgttgee gtttgagtga 2640
atgaatgacc agatgacagc atataacatg tacttgttac ttggcagaag taggtaggtc 2700
gttctgtttc tgccttcage tcataggtaa ctggggagac aaactggecc caaaécaagg 2760
aaaaggaaca agtggtagga gagcaactgt ttcctcatct acaagagcac agoctgaget 2820
acaacagtca ggcccggaga gagatgagag aagggagggg atgaggtggc ctagtgaggo 2880
agtcagtttt getetgtocce atgagtgict cactcactygg aagtggtgic agaatgactyg 2940
gtgcacagta gacttacaga gaggactcat ctgtttgttg cttggotgat tcttgtgatg 3000
cagtgcetctt gggaacctca gaaggaggaa cataggoata ggtgggeata gacatcagor 3060
Tgtccctaat taatgatgat acatttacat acatgccact cagaagacag agtagarttt 3120
cagtgatgga aatatgatga gaggcetaget gtettgtgtg tatattttta atasattttt 3180
aataaattic atgtgtgtga gtcagtgegt gtgtgegtit gotogeccag tgotgtgeca 3240
gcagagatct gaggagggty tgagaatccc aggaacigaa gttaacagtt gtggttaaga 3300
gtacttatca ctcagttacc agcacctaca tggtggctca caaccatctg taactccaat 3360
ttcaggggct ccaaccccct cttctgcagg catacacttg cacagatata catgcaagta 3420
aaacacccct acacacataa aaataaatac gicttettaa aagttaattt tccatcttta 3480
tttggcccag agttacctga gtggaatttt gatggctcta gtacctttca gtctgagggc 3540
tccaacagtg acatgtatct cagccctgtt goccatgttic gggaccectt ccgceagagat 3600
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aggaagggca gctagtttag gatgagtttt tattattcta agatgttgcc gtttgagtga2640 atgaatgacc agatgacagc
atataacatg tacttgttac ttggcagaag taggtaggtc2700 gttctgtttc tgccttcagc tcataggtaa ctggggagac
aaactggccc caaaacaagg2760 aaaaggaaca agtggtagga gagcaactgt ttcctcatct acaagagcac
agcctgagct2820 acaacagtca °ggaga %%9?%%%%94%399 ?gegg Qt aggtggc ctagtgaggg2880
agtcagtttt gctctgtgcc atgagtgtct cactcactgg aagtggtgic agaatgactg2940 gtgcacagta gacttacaga
gaggactsstetgtitgigrottgggiggtdetyigaly 3eQ0cagiycictisgggatectica ganggaggaa cab@fggata

gotogaralagRGAILAdUINGD talsadiaatinaloalant Acpiacal Apdloceact cagaRoacac,agiagaliiisi 2o

cagtgatgga aatatgatga gaggctagct gicttgtgtg tatatttita ataaatttit3180 aataaatttc atgtgtgtga gtcagtgegt
gtotgeGaeaetégc €A AL CCA3 21D GEabBEREE Gy FAGE T tgaghbteEE W Faactgdd Httaacagtt
0tg0gaaga33an FRGialca:-c1GRgLREEAGCREEIRRA 19199CIca-cRaECalcl iaagipcaat3nh() ticaggggct

ccaaccccct cttctgcagg catacacttg cacagatata catgcaagta3420 aaacacccct acacacataa aaataaatac

gtetttiaPah5ta AR T2 39 8PPt RTCc CAG UGt ARB 1S Yt hagddt HRtadtiéa gtaccRREP
gtctgaggeegdbdl tacaacaota apajgtatet ppgeeaiatt pecatgtiie gooacaecatt cegeagagat3seo Page 14

2009-12-07 8325-0066 40_sT25 (2).txt tggtgttctg tgaagttttc aagt t
200 BHEAE0 RIS SRR SRt Bl G ATHE S Hctaca PO cetgaactty

cctgctpama apcagtgiggrtcegrecettogatggicegt titattggtt3 68 0tataaagaaptyitgagtct tcodistytt tgctgatagg
ggtc cagtct 40 atctgctt ttt glaatt cotactt cattttaggg ttta ct3900
o o T e R e et
gagdcagagtaryctiigaat agby gedtat Cajip ctetgd020agtdaaatit adccgacast @tgtggaate Ayttctctee
toctafasicieoat'dad080 gRaalnads ScR0BliarG Bl0RUEAla AACIAR GAAGEIDN 100qsgigand 140

gccttctgta cetgetcata gaatittgtt tatgecgtgce tatccatact cagttttcag4200 atagcttctt aaacccag g aactctaatt
tacatdeiac T 8fitic GAGE AR TdECagtad gt Adg bty (Yedcirageattadtdcttéigitigaa aagdadgtat

tgttogieradgel geatalging 6lcagtring; sauscalaag gtcsigact tgecactiafeaiataaccABif

Tgggcacgic accaaacacce ctctctcagg gertcatttt ctcatttgtg aaagtgaaga 4440
ttgctaacac tcatctcaaa ctcagttaaa tgataaattg cttttctagec ttgggaattg 4500
ttttcagtta cactcaccte tccctegett tctctctett ttttgtacca gecaatactyg 4560
tgtaatttag cactcagact cacctggaat gtaaacctaa tggacaaatt attctcagta 4620
aaatgacage tctggecotta agtgootacy aaactaggga atacgtttga caagcaggag 4680
cagctgtctt gtgaatagag ggtggaagtyg tctggeatgt ggtacttgga aagtggcecag 4740
cgtgcagata ggatgaacac ttgtittgct ctcactccat tcccatgaga tttcataget 4800
gactttaatt ataaaaagtc tctcagecctt ttectgcaaa tgtactatca ttgettettc 4860
acagtggttg ggcctgagta ggtccagect atgatgactt cagctgtgta agagttgagg 4920
acactactcc ttacagcatg tigatgctit attcctagag accaatttaa ggcactcgtyg 4880
taaacggata atggacatgyg tgagcaacca geaccccetygy tttggaatgg aacaggagta 5040
tactctgatg ggaacagatg ggcacccttt tggttggoct tccaatgget trectgggcec 5100
ccaaggtaag ttccccagyi gaaataaaag cttccteccc ataagttctt actgtcecaga 5160
gacaggagca goteccaaat cagcaaacag actggcaget gaaaataaca gactgtoctt 5220
geatccetca aatccagatg tgcetttgaat ttaaagtgac aggatggtga tgagatggert 5280
cagtgggtaa aggtgcttge caccaggett gacagcccga gtttatccct gagacccata 5340
taagttattc tctgaccate tgeacatgea tgeatataca aaaagtgaaa agetattceag 5400
agtgggcagt agttctacca aggctacage aaagaggaaa gacctagect ¢ctacctgea 5460
ggtgaagaca ggatgtgcga aagcaagtct taggaccttg tcattttctg gotttggggy 5520
gttatggact ctgattcttc actgattgct cttgattctc cttcaggtce gtattactgr 5580
ggtgtyggcy ctatggcagyg gatatcgteg agoctcacta cogegectge 5640

cagacaaagce
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tgggcacgtc accaaacacc ctctctcagg gcttcatttt ctcatttgtg aaagtgaagad440 ttgctaacac tcatctcaaa
ctcagttaaa tgataaattg cttttctagc ttgggaattg4500 ttttcagtta cactcacctc tccctcgctt tetctctctt ttttgtacca
gccaatactg4560 tgtaatttag cactcagact cacctggaat gtaaacctaa tggacaaatt attctcagta4620 aaatgacagc
tctggcctta agtgcctacg aaactagggﬁ atgcgttt )i ggag4 §O ctgfctt gtgaatagag ggtggaagtg
tctggcatgt ggtacttgga aagtggccag4a7{?0 %%t%%%%ﬁ%%g%ga g%’g% c et:é?tﬁgEt ctcactccat tcccatgaga
tttcatage 800 g antitaatt gia avaagiuatoteagettdtgetgraaatigtadiatcadigettetted 860 akagiggttg

t t t tgcttt
A L R T

aacdggageBes 0TIt AFARY gERAICHGALY gERIRLEIRAY (HEJFeSPRIAAIGYRA I ggccHFB0 ccaaggtaag

ttccCeaag9Rea1aaaag: CHEE I AR 851gIGGa03° 1 63 93cR0DALGA ghlECCaaat gggcaaacag
actggcagct gaaaataaca gactgtcctt5220 gcatccctca aatccagatg tgctttgaat ttaaagtgac éaggatggtga

tgagAiGGEEsPEs CHGHFHE RRfBR AL EatRAgHPFRCRIC I Yt A8 GadacccataB390 taagttattc
tctgaceatergaencalgia lgcrtplasgaaaeagiJaae adstricagbdtl agiggesagt @agtctacca@ggctacage
aaagaggaaa gacctagcct cctacctgcas5460 ggtgaagaca ggatgtgcga aagcaagtct taggaccttg tcattttctg
N s e R T T e P T e
cagagalagcwiatggoaggrgabatcgiguraggcteagtay ccgegoctgebbdtt R ageyddr @20Q9-12-51 8325-0066
40_5T25.(2).1xt ttgtatgc fcaagat tacaggaaca aatgct tcatgcctac ccaggtaaats /0 ggcactattc
e B e s e
tagaggtaagteafaacaagtaagpagttgs820 agitigyraigpaategtataigy cottat vigaaggtcatadditgttett
tetagigguanina aficcagals g9aCeRild AagdRAlerd SAtgMdANatatilstaqg dageecatitegd0 catctigeat

cgagtatgtg aagactttgg ggtaatagca acctttgacc ccaagcecat6000 tcctgggaac tggaatggtg caggcetgeca
taccaaB it et dRag §¢Cath G as0Bee g §araEttRt o bR tAst agEREORIGfFag ccatt fitattctca
tg00gtagaRsdaP gaastiotatagaakiu saoaaiiuaa GHCleAcRA: aeiacatasr atagtcttcg6 5880

agcacttgag acataggtca caaggcagac acagectgea tcaagtattt attggittet 6480

tatggaactc
ctcaccttta
caccggtacce
actgggttcc
gccagcatcc
cgeecctety
ctcaatgaga
<210> 56
<Z21i> 21
<212> DNA
<Z213>

<220>
<223>

<400> 56

atgcctgetrc
ctgcitecac
acattcgage
acgaaacgrc
gcartccccg
ccaattgtga

ctggcgacca

ctgcccrtga
caggcacatc
ctacgatcce
caacatcaac
gactgtcggc
cceetttgea

gceccttccaa

Artificial Ssequence

taaagygaggc aaagacaaag t

<210> 57
<211> 7
<212>
<213>

<220>
<223>

<400> 57

PRT

Artificial Seguence

Arg Ser Asp Asn Leu Ser Thr

1

aggacaggtt
gaggaggcca
aaggggggceco
gacttttcty
caggagaaga
gtgacagaag

tacaaaaact

tctagtgaca
tcgagaaact
tggacaatge
ctgogtgtcgc
adggttactt
céatcgtccg

ad

Page 16

aggtcagacc
aagcaagcegg
cegtegtetg
caatcgcagt
tgaagaccgce

cacatgectt

Synthetic zinc finger target sequence: ZFN 12170

Chemically synthesized zinc finger binding domain

6540
6600
6660
6720
6780
6840
6882

21



tgtttgtcat aagcctatcg ttttgtaccc gttggagaag tgacagtact ctaggaatag6240 aattacagct gtgatatggg
aaagttgtca cgtaggttca agcatttaaa ggtctttagt6300 aagaactaaa tacacataca agcaagtggg tgacttaatt
cttactgatg ggaagaggcc6360 agtgatgggg gtcttcccat ccaaaagata attggtatta catgttgagg actggtctga6420
agcacttgag acataggtca caaggf@@(ﬁlg@.{gcggggot&g@gﬂrt@l%tggq%c_tﬁggo tatggaactc atgcctgctc
ctgcccttga aggacaggtt tctagtgaca aggtcagacc6540 ctcaccttta ctgcttccac caggcacatc gaggaggcca
tcgagaaact aagcaagcgg6600 caccggtacc acattcgagc ctacgatccc aaggggggcc tggacaatgce

ccgt 66%Q actgggttcc acgaaacgtc caacatcaac gactttictg ctggtgtcge caatcgcagt6720 geccagcatce
gcattegesg gaetgtcgge caggagaaga aaggttactt tgaagaccgc6780 cgcccctetg ccaattgtga cecctttgea
gtgatikfaag CEHEIdeg CRPsyettBsEs ctcaatgaga ctggecgacca geccttccaa tacaaaaact aa6882 <210>
56 <2k 2k£212> DNA <213> Artificial Sequence <220> <223> Synthetic zinc finger target
sequeneec ZHNY k21702a400> 86 krIaggagecdaagbagagy10sab3ERRe> 7 <2108 PRT <213>
Artifi@@%%g%n%? <220z 52435 @&C%@éé&l hesized zinc finger binding domain £¢00> 57 Arg Ser
Asp Asnleu Ser ?w 15 280 -1%-0 8325-0066 40 _ST25 (2).txt <210> 58 <211> 102 <212> DNA
<213>§gce lus longicaudatus <400> 58 gcaacctttg accccaagcc cattcctggg aactggaatg gtgcaggctg

ccatég‘ c6iptttagcacca aggccatgcg ggaggagaat ggtctgaagt aal02 <210> 59 <211> 32 <212> PRT

<21321Cricemmlus longicaudatus
<213> CricetuTus longicaudatus

<400> 59

Ala Thr phe Asp Pro Lys Pro Ile Pro Gly Asn Trp Asn Giy Ala Gly
1 5 10 15

cys Leu Thr Asn Phe Ser Thr Lys Ala Met Arg Glu Glu %gn Gly Leu
20 25

<210> 60

<211> 89

<212> DNA

<213> Artificial Sequence

<220> _
<223> chemically synthesized CHO-S clone

<400> 60
gcaacctitg accccaagec cattcctggg ctrgotgeca taccaacttt agcaccaagg 60

ccatgcggga ggagaatggt ctgaagtaa 89

<210> 61

<211> 83

<212> DNA

<213> Artificial Seqguence

<220> .
<223> Chemically synthesized CHO-S clone

<400> 61
gcaaccttty accccaagec ggtgcagget gecataccaa ctttageacc aaggecatge 60

gggaggagaa tggtctgaag taa 83

<2310> 62

<211 71

<212> DNA

<213> Artificial sequence

<220> )
<223> Chemically synthesized CHO-S clone

<400> 62
gcaacctttg accccaagec cattccaact ttagcaccaa ggeccatgegg gaggagaatg 60

gtctgaagta a 71
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<400> 59 Ala Thr Phe Asp Pro Lys Pro lle Pro Gly Asn Trp Asn Gly Ala Gly 151015 Cys Leu Thr Asn
Phe Ser Thr Lys Ala Met Arg Glu Glu Asn Gly Leu 202530 <210> 60 <211> 89 <212> DNA <213>
Artificial Sequence <220> <223> Chemically synthesized CHO-S clone <400> 60 gcaacctttg
accccaagcc cattcctggg cttgct taccaac g cggga ggagaatggt ctgaagtaa89
<210> 61 <211> 83 <212> DNA'<2 %‘@yﬁ%@%@%ﬁ%@f gﬁ@ g%gb Chemically synthesized
CHO-S clone <400> 61 gcaacctttg accccaagcc ggtgcaggct gccataccaa ctttagcacc aaggccatgc60
gggé@%@a£§ggtctgaag taa83 <210> 62 <211> 71 <212> DNA <213> Artificial Sequence <220>
<22321CGhemially synthesized CHO-S clone <400> 62 gcaacctttg accccaagcc cattccaact ttagcaccaa
ggccatytyg daggagaalgfe §ieigsagta a71 Page 17 2009-12-07 8325-0066 40 _ST25 (2).txt <210> 63
<2113,43 <212> DNA <213> Artificial Sequence <220> <223> chemically synthesized CHO-S clone
<4082283 gedeevity! dxcepatyct igedatateda ctitagcacc aaggecatge gggaggagaab0 tggtctgaag taa73
<21g§0§é <%%1> 42 <212> DNA <213> Atrtificial Sequence

gcaacctttyg accccaagct gocataccaa ctttageacc aaggccaltge gggaggagaa 60

tggtctgaag taa 73

<210> 64

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Chemically synthesized CHO-5 clone

<400> b4
gcaacctttg accccaagee cattcctgta ccogitggag aa 42

<210> 65

<211> 55

<212> DNA

<213> artificial sequence

<220> "
<223> <Chemically synthesized CHO-S clone

<400> 65
gcaacctttg accccaagec cattcctggg ctrtgtgtta gggttgggaa agttg 55

<210> 66

<211> 75

<212> DNA

<213> Artificial Sequence

<220>
<223> Chemically synthesized CHO-S clone

<400> 66
gcaaccagga atggtgcagg ctgccatacc aactttagea ccaaggecat gcgggaggag 60

aatggictga agtaa 75
<210> 67

<21i> 95

<212> DNA

<213> Artificial sequence

<220

<223> Chemically synthesized CHO-S clone

<400> 67

gcaaccttty accccaagcec cattccagga atggtgeagg ctgccatace aactttagea 60
ccaaggccat gcgggaggag aatggtctga agtaa 95
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<220> <223> Chemically synthesized cHO-S clone <400> 64 gcaacctttg accccaagcc cattcctgta
cccgttggag aa42 <210> 65 <211> 55 <212> DNA <213> Atrtificial Sequence <220> <223> Chemically
synthesized CHO-s clone <400> 65 gcaacctttg accccaagcc cattcctggg ctttgtgtta gggttgggaa agttgs5
<210> 66 <211> 75 <212> DI\%A{;%Z? é\rggg JO%? u%g;:e_éZZ > <223> Chemically synthesized
CHQ-§ glongg<400> 66 gcaac ggg tg)gt gg ggcc da ﬁ?aﬁéﬁ ccaaggccat gcgggaggag60
aatggmga agtaa7s <210> 67 <211> 95 <212> DNA <213> Atrtificial Sequence <220> <223>

Che fly hesized CHO-S clone <400> 67 gcaacctttg accccaagcc cattccagga atggtgcagg
ctgcggtéagc ﬁ?ﬁ%@%%a‘go c(c):ré 1gcgactzJét'f{It‘% aégggaggag aatggtctga agtaa95 2009-12-07 8325-0066
40_8*9@?@2)6.@« <210> 68 <211> 102 <212> DNA <213> Cricetulus longicaudatus <400> 68

gcaat Aty At ARG TR E IS TSR FAMT 895858 g7 AL 50 tftABCacca agfReatgceg

ggaggagaat ggicigaagh aadd g6 attrz@6q2k2> DNA <213> Artificial Sequenge <220>
<223> Chemically synthesized CHO-KI clone

<210> 69

<211> 96

<212> DNA

<213> Artificial Seguence

<220>
<223> cChemically synthesized CHO-K1 clone

<400> 69
gcaacctttg accccaagee cattcectggg aatggtgeag getgecatac caactttage 60

accaaggcca tgcgggagga gaatggtetrg aagtraa 96

<210> 70

<211> 48

<212> DNA

<213> Artificial Seguence

<220>
<223»> Chemically synthesized CHO-K1 clone

<400> 70
gcaacctttg accccaagge catgcgggad gagaatggic tgaagtaa 48

<210> 71

<21i> 94

<212> DNA

<213> aArtificial sequence

<220>
<223> Chemically synthesized CHO-K1 clone

<400> 71
gcaacctttyg accccaagcc cattccagaa tggtgcagge tgcecatacca actttageac 60

caaggccatg cgggaggaga atggtctgaa gtaa 94

<210> 72

<211> 106

<212> DNA

<213> Artificial Sequence

<220> )
<223> Chemically synthesized CHC-K1 clone

<400> 72
gcaacctttg accccaagec cattcctggg aactggetgg aatggtgcag gotgecatac 60

caactttagc accaaggeca tgcgggagga gaatygtctg aagtaa 106

<210= 73
<211> 97
<212> DNA
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<400> 69 gcaacctttg accccaagcc cattcctggg aatggtgcag gctgccatac caactttagc60 accaaggcca
tgcgggagga gaatggtctg aagtaa96 <210> 70 <211> 48 <212> DNA <213> Artificial Sequence <220>
<223> chemically synthesized CHO-K1 clone <400> 70 gcaacctttg accccaaggc catgcgggag
gagaatggtc tgaagtaa48 <210 ié& <%}15794 < 30 IHA <2}§> t|f|C|aI Sequence <220> <223>

5 40%3> acctﬁg accc aagcc cattccagaa tggtgcaggc
tgccatacca actttagcac60 caaggccatg cgggaggaga atggtctgaa gtaa94 <210> 72 <211> 106 <212> DNA
<21§%§§§|flcdﬂ]e§le&qqgcg 52002 gg?ﬁlg%nng“g synthesized CHO-KI clone <400> 72 gcaacctttg
accccaagcc cattcctggd aactggctgg aatggtgcag gctgccatac60 caactttagc accaaggcca tgcgggagga
09-12-07 8 25-0066

Chewmigally syrhesized G&f

o D

one <

&ftaal06 <210> 73 <211> 97 <212> DNA
it 22185 ARificial SEqUERR S 2DHE L2 S9 CREMIEAIT

aﬁt‘h"t&%ed CHQ?

1 clone <400>

73 gcaecwitig@cacoaagerocatigetyyy Baatygigceaggctgecata ccaactttag60 caccaaggc®@atgcgggagg
agaatggtct gaagtaa97 <210> 74 <211> 77 <212> DNA <213> Atrtificial Sequence <220> <223>

Synthetig.oligonucleotide used in DHFR genotyping analysis <400> 74 aacggagacc ttccctggcec
aatggg%ézgg téﬂggctgc agcaccaccc cccggacttg60

<213>

<220>
<223>

<400>

Artificial Sequence

Synthetic oligonucleotide

74

aacggagacc ttccotggec aatgetcagg

catgggtage cgctgag

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

<220
<223>

<400>

75

34

DNA

Artificial sequence

synthetic oligonucleotide

75

aacggagacc ttccctygget gggtagecge

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

<220>
<223>

<400>

76

73

DNA

Artificial Sequence

Synthetic oligonucleotide

76

aacggagacc ttccccaatg ctcaggtact

ggtagccget gag

<210>
<211
<212>
<213>

<220>
<223>

<400>

77

30

DNA

Artificial Segquence

synthetic oligonuclieotide

77

used in DHFR genotyping analysis

tactggetge agcaccacce cccggacttg

used in DHFR genotyping analysis

tgag

used in PHFR genotyping analysis

ggctgcagca €caccocccyg gactrgeaty

used in DHFR genotyping analysis

aacggagacc ttccctggct ccccgctgag -

<210>
<211
<212>
<213>

78

38

DNA

Artificial Seguence

rage 20

60
77

34

60
73

30



catgggtagc cgctgag77 <210> 75 <211> 34 <212> DNA <213> Artificial Sequence <220> <223>
Synthetic oligonucleotide used in DHFR genotyp ng analysis <400> 75 aacggagacc ttccctggct
gggtagccgce tgag34 <210> 76 <211> 73 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic

oligonucleotide used in DHFR otypi QQ?‘!X is. <4 §> 76_aacggagacc ttccccaatg ctcaggtact
ggctgeagica ccaccccccg gacttgzgg%t% gégl}?agccgc?l%gg éE%}j?% 1> 30 <212> DNA <213>
ArtifickaBS e qierite 220319228 Syntheticsekigonucteatiderusa ind kR gesotyp ng analysis <400>
77 agggaagaec ticcetggcet ccecgetgag30 <210> 78 <211> 38 <212> DNA <213> Artificial Sequence

200§ 82 5-0066 4 1S T 25 (ilad < 22021829 3> Synthetic oligonucleotide used igdDHFR
genotyping analysis <400> 78 aacggagacc ttccctggct gcatgggtag ccgetgag38 <210> 79 <211> 76
<212>33NA 213> Artificial Sequence <220> <223> Synthetic oligonucleotide used in DHFR
gen@%ﬁg asalysis <400> 79 aacggagacc ttccctggcet ggccaatgcet caggtactgg ctagcaccac cccccggact60

tgcggtggcc i&gja%?s <210> 80 <211> 35 <212> DNA <213> Artificial Sequence <220> <223>
Synthet|c>oliggnuclg1o%de tsed in DHFR genotyping analysis <400> 80
<220>

<223> Synthetic oligonucleotide used in DHFR genotyping analysis

<400> 79
aacggagacc ttccctgget ggccaatget caggtactgg ctagcaccac cccccggact 60

tgcggtagec getgag 76

<210> 80

<21i> 35

<212> DNA

<213> Artificial sequence

<220
<223> Synthetic oligonucieotide used in DHFR genotyping analysis

<400> 80
aacggagacc ttccctggea tgggtagecg crgag 35

<210> 81

<211> 66

<212> DNA

<213> Artificial seguence

<220>
<223> synthetic oligonucleotide used in DHFR genotyping analysis

<400> 81
aacggagacc ttccctggece aatgetcagg tactggetge agcaccaccc cccggacttg 60

ccetgt 66

<210> 82

<211> 63

<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic oligonucleotide used in FUT8 gene analysis

<400> 82
aaaagagtgt atctggecac tgatgaccet tetttgitaa aggaggcaaa gacaaagtaa 60

gtt 63

<210> 83

<211l> 18

<212> PRT

<213> Artificial seguence

<220>
<223> Synthetic peptide used in FUTE gene analysis
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aacggagacc ttccctggca tgggtagcecg ctgag35 <210> 81 <211> 66 <212> DNA <213> Atrtificial Sequence
<220> <223> Synthetic oligonucleotide used in DHFR genotyping analysis <400> 81 aacggagacc
ttccectggec aatgctcagg tactggcetge agcaccaccce cccggacttg60 cectgtee <210> 82 <211> 63 <212> DNA
<213> Artificial Sequence <220> <223> etic oligon tiéiz used in FUT8 gene analysis <400>
82 aaaagagtgt atctggccac tgazfg)ggc%%tc ?tsg)é?a% é%%%g%%ﬁ%ﬂ%% aezaaafﬁam gtt63 <210> 83 <211> 18
<2124PRT &213> Artificial sequence <220> <223> Synthetic peptide used in FUT8 gene analysis
Pag 71.2009:12107 $325:9066,40,87 25 (2)x! £400-83 Lys /g ¥ T Leu Ala Thr Asp Asp Pro
Ser Leu Leu Lys Glu Ala 151015 Lys Thr <210i» 84 <211> 59 <2123 PNA <213> Artificial Sequence
<220> <223> synthetic oligonucleotide used in FUT8 gene analysis <400> 84 aaaagagtgt atctggccac
tgatggecehicttaaagga ggcaaagaca aagtaagtts <210> 85 <211> 58 <212> DNA <213> Artificial
Sequence <220> <223> Synthetic oligonucleotide used in FUT8 gene analysis <400> 85 aaaagagtgt
atctggccac tgatgaccct tttaaaggag gcaaagacaa agtaagtt58

<210> 84

<211> 59

<Z212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic oligonucleotide used in FUT8 gene analysis

<400> 84

aaaagagtgt atctggccac tgatgaccct tettaaagga ggcaaagaca aagtaagtt 59
<210> 85

<211> 58

<212> DNA

<213> Artificial seguence

<220>

<223> sSynthetic oligonucleotide used in FUT8B gene analysis

<400> 85 '

azaagagtgt atctggccac tgatgaccct Trtaaaggag gcaaagacaa agtaagtt 58
<210> B6

<21l> 64

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic oligonucleotide used in FUTB gene analysis

<400> 86

aaaagagtgt atctggccac tgatgaccct tctttggtia aaggaggcaa agacaaagta 60
agtt 64
<210> 87

<211> &7

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide used in FUTE gene analysis

<400> 87

aaaagagtgt atctggccac tgatgaccct tctttgtttg ttaaaggagg caaagacaaa 60
gtaagtt _ 67
<210> 88

<21l> 518

<Z212> DNA

<213> Cricetulus longicaudatus
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<210> 86 <211> 64 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic oligonucleotide
used in FUT8 gene analysis <400> 86 aaaagagtgt atctggccac tgatgaccct tctttggtta aaggaggcaa
agacaaagta60 agtt64 <210> 87 <211> 67 <212> DNA <213> Atrtificial Sequence <220> <223>
Synthetic oligonucleotide used in FUT8 ge D%%is <400> 87_aaaagagtgt atctggccac tgatgaccct
tctttgtitehttaaggogagg caaagacgggé:oqé:[a%?gt?ge%i > §§‘<55ﬁ>2§8t< 12> DNA <213> Cricetulus
longicrgdgis 22009422207 BI250066 40 gbGs2bA@)dxy=400n 88 agyyigatgagcitaaaadi gttcagggta
939Q‘?gac&‘&géé‘c?&gﬁé‘gg%ggg&a&@(@é@%%% &Q@tﬁ%%tég&%cééa%%&gﬁggg%c%%aac atg%%mc

tagtgggaat120 tccaaatagg accctgtgaa ggaatccgca tgggagatca tctctgg cgtttcal80 tcttgcatcg
agtaf§Raa SRESHYOHY ARy 688 [CagRR CtevaagRteatic40 99959 asntgaiaatgytgca giffigccata

CccaaCiiiag-qRE6AR9A0G /EAGI99209310 faaalagict gaagiaagiagetigelrig gagecatctt tajgtcatg
gggtggaagg360 gctttgtgtt agggttggga aagttggact tctcacaaac tacatgccat gcetettcgtg420 tttgtcataa

gectatGPeRftEe IR tHEEa gy Beatfat Gt AgGahtag a s 2 ey P (Ritat§ggaa agfidicacy

tagoligabdid Al Gaff sslkl> ol cdkx Py c2kIr Artifiaiak Seqepge sdddy <223>§ynthetic
sequence containingggZFNQO?S <400> 89 Jggtaata ca acctt:?acc ccaagcccat tcctgggaac tggaatggtg

cagdthbtaet ta S5 ERPPI R 3185566331 TS L35> BRIA L5 3> Il aP &b quence?€220>

tttgtcataa gccratcgtt ttgtaccegt tggagaagig acagtactct aggaatagaa 480

ttacagctgt gatatgggaa agttgtcacg taggttca 518

<210> 89
<211> 70
<212> DNA
<213> Artificial Seguence

<220>
<223> Synthetic sequence containing ZFN9075

<400> &9
ggtaatagca acctttgacc ccaagcccat tcctgggaac tggaatggtg caggcetgeca 60

taccaacttt 70

<210> 90
<211l> 70
<212> DNA
<213> Artificial Seguence

<220>
<223> Synthetic sequence containing ZFN9372

<400> 90
aaagttggta tggcagectyg caccattcca gttcccagga atgggcttgg ggtcaaaggt 60

tgctattacc 70

<210> 91
<211> 90
<212> DNA
<213> Artificial sequence

<220>
<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells :

<400> 91
gtaatagcaa cctitgaccc caagcccatt cctgggaact ggaatggige aggetgecat 60

accaacttta gcaccaagge catgcgggag 90
<210> 92

<211> 88

<212> DNA

<213> Artificial sequence
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<223> Synthetic sequence containing ZFN9372 <400> 90 aaagttggta tggcagcctg caccattcca

© gttcccagga atgggcttgg ggtcaaaggt60 tgctattacc70 <210> 91 <211> 90 <212> DNA <213> Artificial
Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS locus from
ZFN transfected cells <400> 91 gtaatagca tt C ca caft cctgggaact ggaatggtgc
agyclgreate0 accaacttta gcac(2:]{:31(%"9?(:5 6%29%%%&%8%2%% @1‘13 8 <212> DNA <213> Artificial
Sequehte Z0%H2-07 88REOG66 <) 15TAS @)kt se2ROrcd PR3cTSymthelic sEquenge resulting from
sequencing oFgerfdth &S IRUSHSAIZEN transfected cells <400> 92 gtaatagcaa cctttgacce
caagaegatt cgigggaact ggtggtgcag getgecatac60 caactttagc accaaggcca tgcgggag88 <210> 93 <211>
88 <PURs TYNR <QI B IR Tifici SRBeeférite KXRO9AZR380SYMTIIEHE SsGUenttafesulting #Bm sequencing
of genamic@s-lorus 4 AN tapsigcted cells <400> 93 gtaatagcaa cctttgaccc caagggcatt '
cctgggatgg aatggtgcag gctgccatacoO caactttagc accaaggcca tgcgggac88 <210> 94 <211> 87 <212>
DNA{fﬁ}}b gos,rtificial Sequence <220> <223> Synthetic sequence resulting from sequencing of
genamig-GSglocus from ZEN transfected cells <400> 94 gtaatagcaa cctttgaccc caagcccatt cctgggaaca
atggzgéégg %‘9@? facc_aacttta %% ccaaggccat gcgggag <210> 95 <211> 87 <212> DNA

135 jcial seque

<220>
<223> Synthetic sequence resulting from sequencing of genomic G5 Tocus
from ZFN transfected cells

<400> 93
gtaatagcaa cctttgaccc caageccatt cctgggatgg aatggtgeag getgecatac 60

caactttagc accaaggceca tgcgggac 88

<210> 94

<211> 87

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic sequence resulting from sequencing of genomic GS$ locus
from ZFN transfected cells

<400> 94
gtaatagcaa cctitgaccc caagoccatt cctgggaaca atggtgcagg ctgecatacc 60

aactttagca ccaaggccat gcgggag 87

<210> 95

<?211> 87

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic sequence resulting from seguencing of genomic GS locus
from ZFN transfected cells

<400> 95
gtaatagcaa cctttgaccce caagcccatt cetgggaata atggtgcagg ctgccatacc 60

aactttagca ccaaggccat gcgggag ‘ : 87

<210> 96

<211> 87

<212> DNA

<213> Artificial Ssequence

<220>
<223> Ssynthetic sequence resuiting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 926
gtaatagcaa cctttgacce caagcccatt cctgggaact ggggtgcagg cigecatacc 60
aacttitagca ccaaggecat gcgggac 87
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<213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS
locus from ZFN transfected cells <400> 95 gtaatagcaa cctttgaccc caagcccatt cctgggaata atggtgcagg
ctgccatacc aactttagca ccaaggccat gcgggag <210> 96 <211> 87 <212> DNA <213> Atrtificial Sequence
<220> <223> Synthetic sequ%%eé_rﬁy&t}n?tﬁ%r_rbgggug@%g Sof([%;ep&rrclic GS locus from ZEN
transfected cells <400> 96 gtaatagcaa cctitgaccc caagctcalt cctgggaact ggggtgcagg ctgccatacc
aactttagca ccaaggccat gcgggac 2009-12-07 8325-0066 40_$T25 (2).txt <210> 97 <211> 86 <212>
DNAf<2 [; >%rtificial Sequence <220> <223> Synthetic sequence resulting from sequencing of
genamie-GSlgcus from ZEN transfected cells <400> 97 gtaatagcaa cctttgaccc caagcccatt cctgggaact
gogtedhitygc Ageéataced 60 smtttrifcac caaggcecatg cgggag86 <210> 98 <211> 86 <212> DNA <213>
ArtifigiahSequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS locus
from<ZEN transfactetcceligeh@a>re8ijtaatagtamcetitg@aocd maagcoeatincicigetgjaautggtgcaggce
tgccatacca6d Bt EGcaE Wf§5cedtG e byags6 <210> 99 <211> 86 <212> DNA <213> Artificial
Sequense <g@20> <223> Synthetic sequence resulting from sequencing of genomic GS locus from zFN
transfesteecels c<400s B gtazrageeritcrtiacss taadgeedat aedgghgatt tggtigcaggc tge@atacca

actitageac, GRAY9GEAY 999288036 86

<210> 98

<211l> 86

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> O8
gtaatagcaa ccttitgaccc caageccatt cotgotggaa tggrgcagge tgccatacca 60

actttagcac caaggccatg cgggag 86

<210> 99

<211> &6

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 99
gtaatagcaa cctttgaccc caageccatt cctgggaatt tggtgeagge tgecatacca 60

actttagcac caaggccatg <¢gggag 86

<210> 100

<211l> 86

<212> DNA

<213> Artificial Seguence

<220> .
<223> synthetic seguence resulting from seguencing of genomic GS locus
from ZFN transtected cells

<400> 100

gtaatagcaa cctitgacoc caagcccatt cctgggaaaa tggtgeaggoe tgocatacca 60
actttagcac caaggccatg cgggag 86
<210> 101

<211> 85

<2i2» DNA

<213> Artificial Sequence

<220> '
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<210> 100 <211>86 <212>DNA <213> ArtificialSequence <220> <223> Synthetic sequence
resulting from ZFN transfected cells from sequencing of genomic GS locus <400> 100 gtaatagcaa
cctttgaccc caagcccatt cctgggaaaa tggtgcaggc tgccatacca60 actttagcac caaggccatg cgggag86 <210>

101 <211> 85 <212> DNA ‘25359'9‘{@8?'8%%988&6 28

ST25 (2).txt

<223> Synthetic seguence resulting from sequencing of genomic GS locus

from zEN transtected cells

<400> 101

gtaatagcaa cctttgaccc caagceccatt cctgggaact ggtgcaggct

ctttagcacc aaggccatge ggogag

<210> 102

<211> 85

<212> DNA

<213> Artificial sequence
<220>

<223> Synthetic sequence resulting from sequencing of

from zZFN transfected cells

<400> 102

gtaatagcaa <Cctttgaccc caagcocatt cctgggaaat ggtgcaggct

ctttagcacc aaggccatgc gggag

<210> 103
<211> 84
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic seguence resulting from sequencing of

from ZFN transfected cells

<400> 103

graatagcaa cctttgacce caagcccatt cetgggaatg gtgcaggctg

rttagcacca aggecatgcg ggag

<210> 104

<211> 83

<21?> DNA

<213> Artificial sequence
<220>

«<223> Synthetic sequence resuiting from seguencing of

from zZFN transfected cells

<400> 104

gtaatagcaa cCTttgaccc caagcccatt cctgggatgg tgcaggotgc

ttagcaccaa ggccatgocgg gag

<210> 105
<211> 83
<212> DNA

<213> Artificial seguence

<220>

<223> synthetic sequence resuiting from sequencing of

fram ZFN transfected ceils

<400> 105

gtaatagcaa cctitgacce caageccatt cctggaatgg tgcagoctge

ttagcaccaa ggccatgcgg gag
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2009-12-07 8325-0066 40_ST25 (2).txt <223> Synthetic sequence resulting from sequencing of
genomic GS locus from ZFN transfected cells <400> 101 gtaatagcaa cctttgaccc caagcccatt cctgggaact
ggtgcaggct gccataccaa ctttagcacc aaggccatgce gggag <210> 102 <211> 85 <212> DNA <213> Artificial
Sequence <220> <223> Syntg%i _ﬁgng,‘%ggaHg@%g@pﬂe%gnng of genomic GS locus from
ZFN transfected, cells <400> gtaatagcaa cctttgaccc caagcccatt cctgggaaat ggtgcaggct
gccatéidtaa tdagcacc aaggcecatge gggag <210> 103 <211> 84 <212> DNA <213> Artificial Sequence
<22Q%%223§N§ynthetic sequence resulting from sequencing of genomic GS locus from ZFN
transEded sels 400> $Qduglieatagcaa cctttgaccc caagcccatt cctgggaatg gtgcaggcetg ccataccaac
tttagc gea aggccatgcg ggag <210> 104 <211> 83 <212> DNA <213> Atrtificial Sequence <220> <223>
Syn'}%@ seguanee feswdtingfram-sequenging-eh ganpiaie 49 leeugdiom ZkN trapsfected cells <400>
104 gtaatagtaemcetitgaces sbagertatt ttigggatgg tgcaggcetge cataccaact ttagcaccaa ggccatgecgg gag
<21Qi0]095 431> 83 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence

resudfag figar seqrencingeof genproie GSdopus frogm Zchbtyanstectadc cedlsce400> 10560
tagcaccaag gccatgeggg ag 82

<210> 107

<211> 82

<212> DNA

<213> aArtificial sequence

<220> :
<223> synthetic sequence resulting from seguencing of genomic GS Tocus
from zrFN transfected cells

<400> 107
graatagcaa cctttgacce caageccatrt cctgggtggt gcaggetgec ataccaactt 60

tagcaccaag gccatgcgygg ag 82

<210> 108
<211> 81
<212> DNA
<213> aArtificial Sequence

<220>
<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 108
gtaatagcaa cctttgaccc caagcccatt cctggtggtg caggctgoca taccaacttt 60

agcaccaagyg ccatgcggga ¢ 81

<210> 109
<211> 81
<212> DNA
<213> Artificial sequence

<220> _ .
<223> Synthetic sequence resulting from sequencing of genomic GS Tocus
from ZFN transfected cells

<400> 109
gtaatagcaa cctitgaccc caagcccatt cctgggaact ggggctgeca taccaacttt 60

agcaccaagg ccatgcggga ¢ . 81

<210> 110
<211> 80
<212> DNA
<213> Artificial sequence

<220
<223> synthetic sequence resulting from sequencing of genomic GS locus
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gtaatagcaa cctttgaccc caagcccatt cctggaatgg tgcaggctgce cataccaact60 ttagcaccaa ggccatgcgg gag83
Page 26 2009-12-07 8325-0066 40 5T25 (2).txt <210> 106 <211> 82 <212> DNA <213> Artificial
sequence <220> <223> synthetic sequence resulting from sequencing of genomic GS locus from ZFN
transfected cells <400> 106 g C C aagcccait aatggt gcaggctgcc ataccaactt60
tagcaccaag gesatgENIH-3982- %%Sz_azﬁg%%(?g&é;gz?gklg‘%gfg Artificial Sequence <220>
<223>gs§/£he§ic sequence resulting from sequencing of genomic GS locus from ZFN transfected cells
<40 t A3gcc g tgcc atac tt60 tagcaccaag

gcca acggg%g%ZQ g%@l%é‘&l%[:g%%ﬁ%‘i 81 <§,ic§>§ %%%%Zg%%?a&zﬁﬁgéﬂzw ZaCiZ3> synthetic
seqUEREE F2eYtiRgTI6RYSEuencing of genomic GS locus from ZFN transfected cells €400> 108
gtaatagcaa cctttgaccc caagcccatt cctggtggtg caggctgeca taccaacttt60 agcaccaagg ccatgcggga g81
<2162 B9 <11> 81 <212> DNA <213> Atrtificial sequence <223> synthetic sequence resulting from
seq@ﬂi@g éﬁ /genomic GS locus from ZFN transfected cells <400> 109 gtaatagcaa cctttgaccc

caagercatt cetgganactiogggetgeea taccaacttt60 agcaccaagg ccatgcggga 981 <210> 110 <211> 80
<212<32[())§IA <213> Artificial sequence <220>

<223> Synthetic sequence resuiting from sequencing of genomic GS Tlocus
from ZFN transfected cells

<400> 111

gtaatagcaa cctttgaccc caagcccatt cctggtgcag gotgocatac caacttrage 60
accaaggeca tgogggag 78
<210> 112

<211l> 77

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic sequence resulting from sequencing of genomic G5 locus
from ZFN transfected cells

<400> 112

graatagcaa ccrtttgaccc caagcccaaa atggtgeagy ctgecatacc aactttagea 60
ccaaggccat gcgggag 77
«210> 113

<211> 75

<212> DNA

<213> Artificial Seguence

<220>

<223> sSynthetic seqguence resulting from sequencing of genomic G$ locus
from ZFN transfected celis

<400> 113

gtaatagcaa cctttgaccc caagcccaat ggtgcaggcect gccataccaa ctrtrtagcacce 60
aaggccatgc gggag 75
<210> 114

<211> 73

<212> DNA

<213> Artificial seguence

<220>

<223> Synthetic seguence resulting from sequencing of genomic GS Tlocus
from zZFN transfected cells

<400> 114
gtaatagcaa ccttigaccc ¢aagoccatt ¢Ctgggetge cataccaact ttagcaccaa 60
ggccatgcgy gag 73
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<223> synthetic sequence resulting from sequencing of genomic GS locus Page 27

2009-12-07 8325-0066 40_ST25 (2).txt from ZFN transfected cells <400> 110 gtaatagcaa cctttgaccc
caagcccatt cctgggaacc aggctgcecat accaacttta60 gcaccaaggce catgegggag80 <210> 111 <211> 78
<212> DNA <213> Atrtificial S nce <220> <223> Synthetic sequence resulting from sequencing of
genQe.GSlpeus from ZFN t§§§§Fe1 ot c&ié %%%69 fﬁfts t%\%\tgéz:a?‘&tttgaccc caagcccatt cctggtgcag
gctgegatac caactttagc60 accaaggcca tgcgggag78 <210> 112 <211> 77 <212> DNA <213> Atrtificial
Seq@%%éé <g?@1>ﬁ<21233|> rlljthetgc sequence resulting from sequencing of genomic GS locus from
ZFN Yransfected cells <400 112 gtaatagcaa cctttgaccc caagcccaaa atggtgcagg ctgccatacc aactttagca
cca t gcgggag, <210> 113 <211> 75 <212> DNA <213> Atrtificial Sequence <220> <223>

Synt 'cﬁe%l%%ﬁ%iégﬁﬁtﬁiﬁ%%@é%ﬁn "FoERBRIE EY 1I8ELEHEM ZFN t1ahkfected cells <400>

113 gtaatagcaa cctttgaccc caagcccaat ggtgcaggct gccataccaa ctttagcacc aaggccatge gggag <210>

i%ﬁﬁ;> 5

1149 EE] agzaa cctttgacce ctggaatyggt goaggcigec ataccaactt tagcaccaag 60
gccatgeggg ag 72
<210> 116
<211> 70
<212> DNA
<213> Artificial seguence
<220>

<223> sSynthetic sequence resulting from seguencing of genomic GS Tocus
from ZFN transfected cells

<400> 116

gtaatagcaa ccrtrgacce caagoccatt aggctgecat accaacttia gcaccaagge 60
catgcgggag 70
<210> 117

<21l> 69

<212> DNA

<213> Artificial Seguence

<220>

<223> synthetic sequence resuliting from sequencing of genomic Gs Tocus
from ZFN transfected cells

<400> 117

gtaatagcaa cctttgaccc caagcccgea ggetgecata ccaactttag caccaaggec 60
atgcgggag 69
<210> 118

<211> 69

<212> DNA

<213> Artificial Sseqguence

<220>

<223> Synthetic sequence resulting from sequencing of genomic GS Jocus
from ZFN transfected cells

<400> 118 -

gtaatagcaa cCtttgacce caageccatt cctggecata ccaactitag caccaaggycc 60
atgcggyag _ 69
<210> 119

<211> 59

<212> DNA

<213> Artificial Sequence

<220>

<223> sSynthetic sequence resulting from sequencing of genomic GS Tocus
- from ZFN transfected cells
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<212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of
genomic GS locus from ZFN transfected cells <400> 114 gtaatagcaa cctttgaccc caagcccatt cctgggctgce
cataccaact ttagcaccaa ggccatgcgg gag 2009-12-07 8325-0066 40 _ST25 (2).txt <210> 115 <211> 72
<212> DNA <213> Atrtificial S <220> <223> Synthetic sequence resulting from sequencing of
genomic GS locus from ZFN t?gﬁgfglc é%fc%ﬁ% 552% gsf%sg}%'tétgg%:a‘éx&ctttgaccc ctggaatggt gcaggctgcc
ataced@gtt tag®accaag60 gccatgcggg ag72 <210> 116 <211> 70 <212> DNA <213> Artificial
Seq{EAREALS2B>CLHDIA S RARC SEftierfc@ 65Ty FAGREEatR T AE998Enomic GSYocus from
ZFN transfected cells <400> 116 gtaatagcaa cctttgaccc caagcccatt aggctgccat accaacttta

gca c88®atgcgggag70 <210> 117 <211> 69 <212> DNA <213> Artificial Sequence <220>
<22:{§§¥§ nthglic sequence resulting from sequencing of genomic GS locus from ZFN transfected cells
<4062 13k7 graatdgcaalcsittgacee caagcccgcea ggctgecata ccaactttag caccaaggec60 atgcgggag69
<21Q<>22’ldl>8 <211> 69 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence

resulingroyeeauencingpkgenorin S dgcusdrose &iiNdiagstacteshsgils €4005:418 gtaatagcaa
cctitgacce cdagecéatt deryydeateedcaatittag caccaaggec60 atgcgggag69

<400> 120

gtaatagcaa cctttgaccce caageccatt cctgotttag caccaaggec atgcgggag 59
<210> 121

<211> 58

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic seguence resulting from sequencing of genomic G5 locus
from zZFN transfected cells

<400> 121

gtaatagcaa cctttgacce caagecatac caactttage accaaggcca tgcogggag 58
<210> 122

<211> 41

<212> DNA

«<213> Artificial Sequence

<220>

<223> Synthetic sequence resulting from sequencing of genomic GS locus
from z¥N transfected celis

<400> 122

gtaatagcaa cctttgaccc caagccaagg ccatgcgoga ¢ 41
<210> 123

<211> 90

<Z212> DNA

<213> Artificial seqguence

<220>

<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 123

gtaatagcaa cctttgaccc caagcccatt cctgggaacg tggaatggtg caggetgoca 60
taccaacttt agcaccaagg ccatgcggga 90
<210> 124

<211> 90

<212> DNA

<213> Artificial Seguence

<220>

<223> Synthetic seguence resulting from sequencing of genomic GS locus
from ZFN transfected cells
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<210> 119 <211> 59 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence
resulting from sequencing of genomic GS locus from ZFN transfected cells Page 29 2009-12-07
8325-0066 40 _ST25 (2).txt <400> 119 gtaatagcaa cctttgaccc caagcccatt ccaactttag caccaaggcc
atgcgggagb9 <210> 120 <211> 59 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic
sequepgg reguiting from sequétitig ot Yefidmic LI s from ZENtansfected cells <400> 120

gtaatpgeaaqcitigaceergaageccait cetgetitag appraaggeoigeggonaagoedtdzal 21 <214y 58 <212>
DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequ% cing of

genotnz"iﬁ-’cC %fgﬁBEuasgﬁ%ﬁwc?@Rl &%%%‘-’r‘é%?&é cells <400> 121 gtaatagcaa cctttgaccc caagccatac caactttagc
accaaggcca tgcgggagh8 <210> 122 <211> 41 <212> DNA <213> Atrtificial Sequence <220> <223>
Syntﬁ?%ise %@nce resulting from sequencing of genomic GS locus from ZEN transfected cells <400>
122 gtaatagear, cctttgaccc caagccaagg ccatgcggga g4l <210> 123 <211> 90 <212> DNA <213>
Artifistdi38eqlyehicde <PDSeEgseSynthetic sequence resulting from sequencing of genomic GS locus
from_ZEpl transfected cells <400> 123 gtaatagcaa cctttgaccc caagcccatt cctgggaacg tggaatggtg
caggcigéeabdytadted ettt ageacuaagg Loagr gogao 6 ecRefz 1h24 o2 § 22080 <25 2F0DINA <213> Attificial
Sequence <3568 2593t siREtRIsE§LENCe resulting from sequencing of genomic GS locus from

ZEN4naosfeatzs cells
gtaatagcaa ccittgaccce caageccatt cctgggaact ggtaatggtg caggoeigeca 60

taccaacttt agcaccaagg ccatgcggga 90

<210> 126

<211> 90

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthetic seguence resulting from sequencing of genomic G5 locus
from zZFN transfected cells

<400> 126
gtaatagcaa cctttgaccc caagcccatt cctgggaact ggaaarggtg caggetgcca 60
taccaacttt agcaccaagg ccatgeggga 90
<210> 127
. <211> 93
<Z21i2> DNA
<213> Artificial sequence
<220>

<223> Synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 127

gtaatagcaa cctttgacce caagcoccatt cctgggaact ggtggaatgg tgceaggotge 60
cataccaact trtagcaccaa ggccatgcgg gag 93
<210> 128

<211> 94

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic sequence resulting from seguencing of genomic GS locus
from ZFN transfected cells

<400> 128

gtaatagcaa cctttgacce caagcccatt cctgggaact ggotggaatyg gtgcaggotg 60
ccataccaac tttagcacca aggecatgcg ggag 94
<210> 129

<21i> 94
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2009-12-07 8325-0066 40_5T25 (2).txt <400> 124 gtaatagcaa cctttgaccc caagcccatt cctgggaact
gggaatggtg caggctgcca60 taccaacttt agcaccaagg ccatgeggga90 <210> 125 <211> 90 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS
locus from ZFN transfected cells <400> 125 gtaatagcaa cctttgaccc caagcccatt cctgggaact ggtaatggtg
cagggigscab) faccaacttt agcagggg'gjgzéeétgégég%#<ﬂ§§% 6€219% 90 <212> DNA <213> Avtificial
Sequenge <220Pr4223P SyHtbetic sequence resulting from sequencing of genomic GS locus from
ZFN g%aggfected cells <400> 126 gtaatagcaa cctttgaccc caagcccatt cctgggaact ggaaatggtg

caggcigecatd) fnteaaeitt ageansaaqed neatar9g9a99:tdiAi 1 7 o2 4d 7oA <84 23 PINA <213> Artificial
Sequence <Z26n 222 3tr 8yithetiisegubnce resulting from sequencing of genomic GS locus from
ZFN }%Bg,fe(itg@ cells <400> 127 gtaatagcaa cctttgaccc caagcccatt cctgggaact ggtggaatgg

tgcaggetaegoLataceaaridtagcasgaacggeCcatd686-8a8 9305219531 2852ddan§4:<212> DA <213>
Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS locus

fromZERF faridreCte GBS S AR T YtaSidfcaa cctttgacce caagecceatt cetgggaact gggcdtggaatg

gtgcaggctg60 ccataccaac tttagcacca aggccatgcg ggag94 <210> 129 <211> 94 2009-12-07 8325-0066
40_5%@32)3%? <212> DNA

<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic sequence resulting from sequencing of genomic GS Tocus
from z¢N transfected cells

<400> 130
gtaatagcaa cctttgaccc caageccatt c¢ctgguaaty ggatgggaat ggtgeaggct o0

gccataccaa ctttagcacc aaggccatgc ggga 94

<210> 131
<211> 94
<212> DNA
<213> Artificial Seguence

<220>
<223> synthetic sequence resulting from sequencing of genomic GS locus
from ZFN transfected cells

<400> 131 _
graatagcaa cctttgaccc caagcccatt cctgggetit cactggtgag ccatggtgca 60

ggctgecata ccaactttag caccaaggee atge 94

<210> 132

<Z211l> 94

<212> DNA

<213> Arvificial Sequence

<220>
<223> sSynthetic seguence resulting from seguencing of genomic G5 locus
from ZFN transfected cells

<400> 132
gtaatagcaa cctttgaccc caagcccatt cctgggaact gggggeccca taageectgt 60

ctcatggtgc aggctgececat accaacttia gcac 94
<210> 133

<211l> 572

<212> DNA

<213> cricetulus longicaudatus

<400> 133
gggaagcage gocgggegac tgcaatttcg cgccaaactt gggggaagea cagegtacag 60

gctgectagyg tgatcgetge tgctgecatg gttcgaccgc tgaactgeat cgtcgocgtg 120
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<213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS
locus from ZFN transfected cells <400> 129 gtaatagcaa cctttgaccc caagcccatt cctgggaact ggactggaat
ggtgcaggct gccataccaa ctttagcacc aaggccatge ggga <210> 130 <211> 94 <212> DNA <213> Artificial

Sequence <220> <223> Synt '&s&qwn gL Iéiggdgosmrfse §n%i)p of genomic GS locus from
ZFNirapsiasted cle 640 95@@@@@%@5&@9@%‘@@@9@5 t Geliggasty ggatgggmat ggtgcaggct
gccataccaa ctttagcacc aaggccatgc ggga <210> 131 <211> 94 <212> DNA <213> Artificial Sequence

<22659925 8998y HiRBHEAAEqUEAR IS NG FitASESuERER A BF e iRIE ¥ cus frafi®ZFN
trangfpaieshgelis Q02 ct3} glgatageaarcatiigageanpagectalisetggesitaaniggtgag goatggtgca
ggctgccata ccaactttag caccaaggcc atgc <210> 132 <211> 94 <212> DNA <213> Artit)j ial Sequence
222095 B <SG B E T A PR SRS BF St B beus roMOZEN
transigciesgeelts 5A@aeth38 gtagtagcaaccctitgagec caagecesiy coigggaeaniagagggccccaztaagecctgt
ctcatggtgc ctaccat accaacttta gcac,.<210> 133 <211> 572 <212> DNA <213> Ciri lus
o B e e I omcgc Shgegtacags0
gctgEatagt taRacHetdt tGeriC CRYLGREGRC CORS At IIC ALOGRINEROAPT Fuagas B2 2009402-07

832@-%@9%5{@&%8@4@&%&@%catcgg caagaacgga gaccttccct ggccaatgct gaggtactggl80
ctggattggg ttagggaaac cgaggcggtt cgctgaatcg ggtcgagcac ttggcggaga240

<210> 134

<211> 82

<212> DNA

<213> Artificial sequence

<220=
<223> synthetic sequence containing ZFN7844

<400> 134
gtcgeogtgt cccagaatat gggcatcgge aagaacggag accttcecctg gccaatgcte 60

aggractgge tggattgggt ta 82

<210> 135

<211> 82

<212> DNA

<213> Artificial Sequence

<220> .
<223> Synthetic seguence containing ZFN9461

<400> 135
taacccaate cagcecagtac ctgageattg gcecagggaag gtcotccgtic ttgccgatge 60

ccatattctg ggacacggeg ac 82

<210> 136
<211i> 81
<Z212> DNA
<213> Artificial Seqguence

<220> ) o
<223> Synthetic seguence containing ZFN9476

<400> 136
graaagtccg gtcactggge agcaccaccc cccggacttg catgggtagoe cgctgagatg 60

gagcctgage acacgtgaca g 81

<210> 137
<211> 81
<212> DNA
<213> Artificial Seguence

<220> o
<223> Synthetic sequence containing ZFN9477

<400> 137
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cgcgcegggcec aactacttag ggacagtcat gaggggtagg cccgecggct gcagececttg300 cccatgeccg cggtgatcee
catgctgtgc cagcctttgc ccagaggcegc tctagctggg360 agcaaagtcc ggtcactggg cagcaccacc ccccggactt
gcatgggtag ccgctgagat420 ggagcctgag cacacgtgac agggtccctg ttaacgcagt gtttctctaa ctttcaggaa480
cgaattcaag tacttccaaa gaatgazgacmc1 gc&gc ggg%a %tg?@ttt 99 tt540 aagatgagga ttctagggtt _
tgta@%@ﬁ%&%ﬁﬁ@% ?&g%%g}i | t% Atlita sEouence <220> §323> Synthetic
sequence containing zFN7844 <400> 134 gtcgccgtgt cccagaatat gggcatcggc aagaacggag accttccctg
gccddteetee0%g Gt toattggat ta82 <210> 135 <211> 82 <212> DNA <213> Artfiitial sequence
<220> <223> Synthetic sequence containing ZFN9461 <400> 135 taacccaatc cagccagtac ctgagcattg
gcc aaglgfttcegttc ttgccgatge60 ccatattctg ggacacggeg ac82 <210> 136 <211> 81 <212> DNA
<21 Etific% ﬁsequence <220> <223> Synthetic sequence containing zFN9476 <400> 136

gcaaagicg giedctggyd ageaeeaecc cccggacttg catgggtage cgctgagatg60 gagectgage acacgtgaca g81
<21Q3£03;7 <211> 81 <212> DNA <213> Artificial sequence <220> <223> synthetic sequence

contapyfg ZENAE7iT400qubAle 2Q0Q k20 BR#P-OURRAOLRTEP nbihic oner

locus from ZFN transfected cells

<400> 138

atcggcaaga acggagacct tocctggeca atgetcaggt actggctgga ttgggcactg 60
ggcagcacca ccccceggac ttgcatgggt agocgetgag atggagoctg agea 114
<210> 139

<211> 63

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic sequence resulting from seguencing of genomic DHFR
Tocus from ZFN transtecied cells

<400> 139

atcggcaaga acggagacct Tccctggeoct tgcatgggta gocgetgaga tggagectga 60
gca 63
<210> 140

<211> 62

<212> DNA

<213> Artificial Sequence

<220>
<223> Ssynthetic sequence resulting from sequencing of genomic¢ DHFR
Tocus from ZFN transfected cells

<400> 140

atcggcaaga acggagacct ftcecctggcett geatgggtag ccgctgagat ggagcctgag 60
ca : : 62
<210> 141

<211> &2

<Z212> DNA

<213> Aarrificial sequence

<220>

<223» Synthetic sequence resulting from seguencing of genomic DHFR
ifocus from ZFN transfected cells

<400> 141

atcggcaaga acggagacct tccctggctt gcatgggtag ccgctgagat ggagoctgag 60
ca _ 62
<210> 142

<211> 58

<212> DNA
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ctgtcacgtg tgctcaggct ccatctgagc ggctacccat gcaagtccgg ggggtggtge60 tgcccagtga ccggactttg ¢81
<210> 138 <211> 114 <212> DNA <213> Atrtificial sequence <220> <223> Synthetic sequence
resulting from sequencing of genomic DHFR locus from ZEN transfected cells <400> 138 atcggcaaga
acggagacct tccctggceca atgctcaggt actggcetgga ttgggcactg60_ggcagcacca cccceccggac ttgcatgggt
agcegoigag atggagesty %iaé%ﬁ%)_ﬁ gg’@'%ﬁg%f{%ﬂz’%g Iﬁﬁgx £543> Artificial Sequence <220>

<223> synthetic sequence resulting from sequencing of genomic DHFR locus from ZEN transfected

cells > 139 atcggcaaga acggagacct tccctggect tgcatgggta gecgetgaga tggagectga60 gca63 <210>
140 %%29113 6 % ﬁ%ﬁ%ﬂﬁ%&% rﬁgiﬁ@éﬂ%@ﬁ%&née L E%q&gzggﬁgy'%ﬁecticg%%%uence resulting from
sequencing ofgenomic DHFR locus from ZFN transfected cells <400> 140 atcggcaaga acggagacct
tcce g t <210> <211> 62 <212> DNA,<213>
Artif%%ggggl%nc%%%az%ag%%g%gtcggr?t%e%g %%g%ggr??g rﬁs%%ﬁg ggmggg%ge%‘cing of gen%gmic DHFR
Iocui gﬁt%@ Z&M transfected cells <400> 141 atcggcaaga acggagacct tccctggctt gcatgggtag ccgctgagat
ggagecigag6iycat2 <210> 142 <211> 58 <212> DNA 2009-12-07 8325-0066

40 ST25-(2)mk <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
sequiicing B6F §ERGHd DE®E158us from ZEN transfected cells <400> 142

<220>
<223> synthetic sequence resulting from seguencing of genomic DHFR
Tocus from zZFN transfected cells

<400> 143
atcggcaaga acggagacct tccctggcgg gtagccgaty agatdggagec tgagea 56
<210> 144
<211> 56
<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic seguence resulting from seguencing of genomic DHFR
Tocus From ZFN transfected cells

<400> 144

atcggcaaga acggagacct tcccttgegg gtagocgotg agatggagec tgagca 56
<210> 145

<21i> 54

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic sequence resulting Trom seguencing of genomic DHFR
lTocus from zFN transfected cells

<400> 145

atcggcaaga acggagacct tecciggegt agecgetgag atggagectyg agea 54
<210> 146

<Z211> 50

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic sequence resuiting from sequencing of genomic DHFR
locus from ZFN transfected cells

<400> 146

atcggcaaga acggagacct tccctgagec gotgagatgyg agectgageca . 50
<210> 147

<211> 45

<212> DNA

<213> Artificial sequence

<220>
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atcggcaaga acggagacct tccctggcat gggtagccgce tgagatggag cctgagcasb8 <210> 143 <211> 56 <212>
DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of
genomic DHFR locus from ZEN transfected cells <400> 143 atcggcaaga acggagacct tccctggegg
gtagccgctg agatggagcc tgagc <210>.144 <211> 56 <212> DNA <213> Atrtificial Sequence <220>
<223» Synthglig seaence SRt %@%&mé%%@%ﬁé%@%ﬁﬁmwﬁaﬁom ZEN transfected
cells <400> 1dduatdggraagm acggagasetdooetfgcgg gtagecgcetg agatggagece tgagcas6 <210> 145
<2113 54 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
sequeanrchcafgenapigRdFRdecuscirom e bttgasiegied £ells <400> 145 atcggcaagasacggagacct
tccetggegt ageecgcetgag atggagcectg agcab4 <210> 146 <211> 50 <212> DNA <213> Artificial Sequence
<22Q> 2233 4yNnthetic sequence resulting from sequencing of genomic DHFR locus from ZEN
transfetcted céélls <400> 146 atcggcaaga acggagacct tccctgagec getgagatgg agectgagcas0 <210> 147
<21]f<% ><% PNA 213> Artificial Sequence <220> 2009-12-07 8325-0066 40_ST25 (2).txt

<223> synthetic sequencée?ggﬂﬁ?ng from sequencing of genomic DHFR locus from ZFN transfected

cells?300> 147 tcggcaa aac gagaQict _tccc1g_; ctga atg%gagcc(tgggagca%, <210> 148 <211> 56 <212>
ONAEST3 AR SCARUE Sohe L0, et € (BSOS PfFRsequencing o
genomic DHFR locus from ZFN transfected cells <400> 148 atcggcaaga acggagacct tcttgcatgg
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gﬁag?@%gagaggaqg%ﬂﬁ%égggcagggcatgg gtagccgctg agatggagoec tgagca 56
<210> 149
<21%1> 53
<212> DNA
<213> Artificial sequence
<220>
<223> Synthetic sequence resulting from sequencing of genomic DHFR
Tocus from ZFN transfected cells
<400> 149
atcggcaaga acggagacct tgeatgggta gcecgotgaga tggagoctga gea 53
<210> 150
<211> 35
<212> DNA
<213> aArtificial seguence
<220>
<223> Synthetic seguence resulting from sequencing of genomic DHFR
Tocus from ZFN transfected ceils
<400> 150
atcggcaaga acggagacct taiggggoct gagca 35
<210> 151
<211l> 484
<212> DNA
<213> Cricetulus Tlongicaudatus
<400> 151
aacattcagc tatgttaaag tatttgtgaa gtgttttgaa atgattttat attttctaag 60
gtgagaataa atgagaaaat gttttaatat gtctccagtg cccccatgac tagggatact 120
aattgagtac cagtacatta tcagtgtgct ctccactict ccccagagic catgtcagac 180
gcactgacaa agtgggaaca gaagcagect tccatcccat tgaggaatac atggtacacg 240
ttgaagaaca trtttcagctt ctcgaacgca gaatgaaagt ggataaaaaa agagtgtatce 300
tggccactga tgacccttet ttgttaaagg aggcaaagac aaagtaagtt agaccaacaa 360
gtggttctgt atgggattat ctcttagttg aagaaaatcc ttaattctgg gaactigigg 420
ttcttgttge taactaatag gttccaaaat caaagactac atgtgcaaat attaatctaa 480



<210> 149 <211> 53 <212> DNA <213> Artificial Sequence <220> <223> synthetic sequence
resulting from sequencing of genomic DHFR locus from ZFN transfected cells <400> 149 atcggcaaga
acggagacct tgcatgggta gccgctgaga tggagcectga gcab53 <210> 150 <211> 35 <212> DNA <213>
Anﬁmkﬂsequence<220><22%? yntheti L sulting from _sequencing of genomic DHFR
locugdxgm ZFN transfected ce s0 gﬁgoigligg % (L:J{g%%%aeaéqgsﬁ gjéljrtt:%}ggaEg c<1::tx t%atggggcct gagaemab <210> 151
<211> 484 <212> DNA <213> Cricetulus longicaudatus <400> 151 aacattcagc tatgttaaag tatttgtgaa
gtgttitgaa atgaitttat attitctaag60 gtgagaataa atgagaaaat gttttaatat gtctccagtg cccccatgac tagggatact120
aattgagiac cegtacatta tcagtgtgct ctccacttct ccccagagtc catgtcagacl80 gcactgacaa agtgggaaca
gaaggé et %@at_gccatfga aatac atggtacacg240 ttgaagaaca ttttcagctt ctcgaacgca gaatgaaagt
ggatéa gaaAéécég?g%é?csa gegnccc?actga tgacccttct ttgttaaagg aggcaaagac aaagtaagtt agaccaacaa360
gtgg‘m‘zg% atgggattat ctcttagttg aagaaaatcc ttaattct 9aacttgtgg420 ttcttgttgc taactaatag gttccaaaat
caadgdétac 2XGiqetdat aﬁ‘&aﬂtt%ﬁa&%tﬁb@@%ﬂﬁb%%-fz-07 8325-0066 40_5T25 (2).txt tcaad84 <210>
152 <idil> G& x212> DNA <213> Artificial Sequence <220> <223> synthetic sequence containing

Z FNA R 2400 2 AR St e b araa g tag it atcer §Eeat g alg 2rresranasiaasderiy gcaaad@caat0
agtaggited 210> 153 <211> 68 <212> DNA <213> Artificial Sequence 68

<210> 153

<211> 68

<Z212> DNA

<213> Artificial Seguence

<220> ) o
<223> Synthetic sequence containing ZFN12176

<400= 153
aacttactit gtctrtgect cctttaacaa agaagggtca tcagtggceca gatacactct 60

terrttat 68

<210> 154

<211> 19

<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic zinc Tinger target sequence: ZFN 12176

<400> 154
caaagaaggg tcatcagtg 19

<210> 155

<211> 22

<212> DNA

<213> Artificial Sequence

<220> :
<223> sSynthetic zinc finger target sequence: ZFN 12172

<400> 155
taaaggaggc aaagacaaag ta 22

<210> 156

<211> 80

<212> DNA

<213> Artificial sequence

<220>
<223> synthetic sequence resulting from knockout clone analysis

<400> 156
ctttgotttt gtgggcaaca tgctggtcat cctcatcctg ataaactgcea aaaggctgaa 60

gagcatgact gacatctacc 80
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<220> <223> Synthetic sequence containing ZFN12176 <400> 153 aacttacttt gtctttgcct cctttaacaa
agaagggtca tcagtggcca gatacactct60 ttttttat68 <210> 154 <211> 19 <212> DNA <213> Atrtificial
Sequence <220> <223> Synthetic zinc finger target sequence: ZFN 12176 <400> 154 caaagaaggg
tcatcagtgl9 <210> 155 <211>2288?5 _28> Dé}léf tifici uence <220> <223> synthetic zinc
finger target sequence: ZFN 121 2§<214 6> téé%%g@g’éﬁ%aiggéggg ta22 <210> 156 <211> 80
<2122IONA 713> Artificial Sequence <220> <223> synthetic sequence resulting from knockout clone
analiz%%iﬂ(ﬁa 156 ctttggtttt gtgggcaaca tgctggtcat cctcatcctg ataaactgca aaaggctgaa60 gagcatgact
gacaiziasc8arRagec3d1 200Rriz07 8325-0066 40_5T25 (2).txt <210> 157 <211> 77 <212> DNA
<213>§§gificial Sequence <220> <223> synthetic sequence resulting from knockout clone analysis

<40Q:% 7 CSI!;IEJHWE9&999&@@?@&%@9@%&CFGBFQW%E&C@%&%EQ@%%%O catgactgac atctacc?’/
<210> 158 <211> 68 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence

reS“@ﬁ%@ﬁg%iﬁ%”&%&ﬁﬁ%&%@&ef%?@@é?éat ccrtecctgata aactgcaaaa ggctgaagag 60

catgactgac atctacc 77

<210> 158

<211> 68

<212> DNA

<213> Artificial sequence

<220> :
<223> Synthetic sequence resulting from knockout clone analysis

<400> 158
crttggtttt gtgggcaaca tgctggtcat cctcatcaaa aggctgaaga gcatgactga 60

catctacc 68

<210> 159

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic seguence resulting from knockout clone analysis

<400> 159
ctttggtttt gtgggcaaca tgcrggicat cctcatcctg atctgataaa ctgcaaaagy 60

ctgaagagca tgactgacat ' 80

<210> 160

<211> 80

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic sequence resulting from knockout clone analysis

<400> 160
gaccagatgt aagctctcct ccatccagcet cotcaacage aacaacagga ccacctocca 60

aactctgcect ggtgtgctct 80

<210> 161

<211l> 78

<212> DNA

<213> Artificial Ssequence

<220>
<223> sSynthetic seqguence resulting from knockout clone analysis

<400> 161
gaccagatgt aagctctcct ccatccaget cctcaageaa caacaggacc acctcccaaa 60
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<400> 158 ctttggtttt gtgggcaaca tgctggtcat cctcatcaaa aggctgaaga gcatgactga60 catctacc68 <210>
159 <211> 80 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
knockout clone analysis <400> 159 ctttggtttt gtgggcaaca tgctggtcat cctcatcctg atctgataaa
ctgcaaaagg60 ctgaagagca tg cA180_<210> § < 1>? 2> DNA <213> Atrtificial Sequence
<22Q?c§§g§eg§y{§t@§ggéequgﬁrﬁzgegrgéu |7ngé rgm& ngc%én © g Ea rigfﬁ/%is <400> 160 gagcagatgt
aagctctcct ccatccagct cctcaacagc aacaacagga ccacctccca60 aactctgect ggtgtgetct80 <210> 161
<2113¢8 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
knockaut-clane analysis <400> 161 gaccagatgt aagctctcct ccatccagct cctcaagcaa caacaggacc
acctéecaaaddiPage 38] 2009-12-07 8325-0066 40_ST25 (2).txt ctctgcctgg tgtgetct78 <210> 162
<21T571 <£I§‘3%N‘& <258 R ftfticial Sequence <220> <223> Synthetic sequence resulting from
knockadt-clone analysis <400> 162 gaccagatgt aagctctcct ccatccagct cctcaacagg accacctcce :
aaactetdecoPydigtSicert ey aws W 3168 L9y L3 3Rbificial Sequence <220> <223>

Synthatis seggrence resulting from knockout clone analysis
gaccagatgt aagctetcct ccatccaget cctcaacagg accacctccc aaactctgec 60

tggtgtgctc t 71

<210> 163

<211> 68

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthetic sequence resulting from knockout clone analysis

<400> 163
gaccagatgt aagctctcct ccatccagct cctcaggacc accteccaaa ctctgectgg 60

tgtgctct 68

<210> 164

<211> 80

<212> DNA

<213> Artificial sequence

<220>
<223> synthetic sequence resulting from knockout clone analysis

<400> 164
ctgggtactt ttatctgtcc CCLCcacccc acagtggggc cactagggac aggattggtg 60

acagaaaagc cccatcctta 80

<210> 165
<211> 61
<212> DNA
<213> Artificial Sseqguence

<220>
<223> synthetic seguence resulting from knockout clone analysis

<400> 165
ctgggtactt ttatctgtcc cctccaccec acagattggt gacagaaaag ccccatccrt 60

a 61

<210> 166

<211> 70

<212> DNA

<213> Cricetulus tongicaudatus

<400> 166
tTttgcagegce agtccttcte cagtaccatc aacccagata tacatggctt ggactttcte 60

accctgygoc 70
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<400> 163 gaccagatgt aagctctcct ccatccagct cctcaggacc acctcccaaa ctctgectgg60 tgtgetct68 <210>
164 <211> 80 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
knockout clone analysis <400> 164 ctgggtactt ttatctgtcc cctccacccc acagtggggce cactagggac
aggattggtg60 acagaaaagc cc t <210> <211> 61 <212> DNA <213> Artificial Sequence
<220> <223> Synthetic sequg‘fl(%:&e8 ?tggﬂ(ﬁ?ng %8&]10 %n%c%ko”"u Tg]gn@hgffsis <400> 165 ctgggtactt
ttatctgtcc cctccacccec acagattggt gacagaaaag ccccatcctt60 a6l <210> 166 <211> 70 <212> DNA
<21§ ]ﬁﬁce%ﬁfus long caudatus <400> 166 tttgcagcgc agtccttctc cagtaccatc aacccagata tacatggctt
ggaciitcie60p009-12-07 8325-0066 40_$T25 (2).txt <210> 167 <211> 70 <212> DNA <213> Homo
sapishb3z40081 678itgRRigcge agtccttcte cagtaccate gatccagata tacatggect ggactttctc60 accctgaggce70
<21QzgHa8 31> 70 <212> DNA <213> mus musculus <400> 168 cttgcagcgc agtccttctc cggtaccatc
aaccuagatay tacatggelt ggactticigbf@ecctgggged0at2102cd 699<21 15069128 2> DNA <B13> Rattus sp.
<40g€ ch6c% cagcat agtccttctc cagcaccatt gacctagata tacatggctt ggatttctca60 ccctaa%c69 <210>
170 <2115 70 <212> DNA <213> Canine sp.

<210> 168
<211> 70
<212> DNA
<213> Mus musculus

<400> 168
cttgcagcge agtccttctc cggraccatc aacccagata tacatggett ggactttctc 60

accctggage 70

<210> 169

<211> 69

<212> DNA

<213> Rattus sp.

<400> 169
attgcagcat agtccttete cagcaccatt gacctagata tacatggett ggatttctea 60

ccctaagec : 69

C<210> 170
<211l> 70
<23iZ2> DNA
<213> Canine sp.

<400> 170 '
cttgcaacygt aatccttcte cagtcccgte aatccaaata tacatagett geactitctc 60

gccetgaggc 70

<210> 171

<211> 70

<212> DNA

<213> Didelphis sp.

<400> 171
tttacagcgc agaccctcat cagtgccatc aatccagata tacatagect ggactttgtt 60

geettgaggce 70
<210> 172

<21i> 70

<212> DNA

<213> Gallus sp.

<400> 172
tttgcagcgg aggtgetcocc cagtcccgtc gatccagatg tacatggett ggaccttctc 60

ccectgegge 70
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<400> 170 cttgcaacgt aatcettctc cagtcccgtc aatccaaata tacatagctt gcactttctc60 gccctgagge70 <210>
171 <211> 70 <212> DNA <213> Didelphis sp. <400> 171 tttacagcgc agaccctcat cagtgccatc
aatccagata tacatagcct ggactttgtt60 gccttgaggce70 <210> 172 <211> 70 <212> DNA <213> Gallus sp.

<400> 172 tttgcagcgg aggtgc cagt a g tggctt ggaccttctc60 cccctgegge /0
200945207 $325-0066 40_315%9('?%%%%%%3 1%2%%%% < 8z> NA <213> X. tropicalis <400>
173 ¢t gdda agaccctccc cggtcccatc aacccagatg tacatagcct gcaccttatc60 tceetgtgge70 <210> 174
<21§:%13 <3lZ2% BMaﬁ%Js3> Tetraodon sp. <400> 174 tttgcagcgt agtccttctc ctgttccatc aatccaaata
tacatggcct gaactttatc60 cccetgtggg70 <210> 175 <211> 70 <212> DNA <213> Cricetulus
longiBiftatus ¥400> 175 gctaaagttg gtatggcage ctgcaccatt ccagttccca ggaatgggct tggggtcaaa60
QOIS S GEEFE S5 11 S5 BRALITHE (rRs Sprer 89005 176 getgaditty gtatggeage
ctgcaccatigcgagttccca ggaatgggct taggatcaaa60 ggttgctatc70 <210> 177 <211> 70 <212> DNA <213>
Mus musculus <400> 177 gctgaagttg gtatggcagc ctgcaccatt ccagttccct ggaatgggct tggggtcaaa60

ggttgetass 70174
<211> 70
<212> DNA
<213> Tetraodon sp.

<400> 174
tttgcagegt agtccitcte ctgttccatc aatccaaata tacatggect gaactttatc o0

ccectgtggg 70

<210> 175

<21i> 70

<212> DNA

<213»> Cricetulus Tongicaudatus

<400> 175
gctaaagttg gtatggcagc ctgcaccatt ccagttecca ggaatggget tggggtcaaa 60

ggttgctatt . 70

<210> 176
<211> 70
<212> DNA
<213> Homo sapiens

<400> 176
gctgaagttg gtatggcage ctgcaccatt ccagttccca ggaatgggct taggatcaaa 60

ggttgctatce 70

<210> 177
<211> 70
<212> DNA
<213> Mus musculus

<400> 177
gctgaagttg gtatggcage ctgcaccatt ccagttccct ggaatggget tggggtcaaa 60

ggttgctatc 70

<210> 178
<21l> 70
<212> DNA
<213> Rattus sp.

<400> 178
gctaaaattg atttatcage ctgcactatc accattctca agactcagtc ttggatcaaa 60

ggtcactatt 70
<210> 179

<211 70
Page 41



210> 178 <211> 70 <212> DNA <213> Rattus sp. <400> 178 gctaaaattg atttatcagc ctgcactatc
accattctca agactcagtc ttggatcaaa60 ggtcactatt70 <210> 179 <211> 70 2009-12-07 8325-0066

40 _ST25 (2).txt <212> DNA <213> Canine sp. <400> 179 gctgaagttg gtgtggcagc ctgcaccatt ccagtttccg
ggaatgggct taggatcaaa60 ggt tc70 <21Q> <211> 7Q <212> DNA <213> Didelphis sp. <400>
180 agigaagiig.gtgtggcaac catg(gégégt% E%i;gt%g(%z)%%%éﬁg%%% ?géjé t¢44a60 tgatacaatc70 <210> 181
<2137 <ZXE2s N <213> Gallus sp. <400> 181 gctgaagttg gtgtgacagc cagcaccgtt ccagttccca
gggalgggtt tgggatcgaa60 ggacacaatg70 <210> 182 <211> 70 <212> DNA <213> X. tropicalis <400>
182 getgtagita glatgaggesseagegesothecagiiicts Gicatggast iggegiecaghoeatggccacc 50 <210> 183
<211> 70 <212> DNA <213> Tetraodon sp. <400> 183 gctgaagttt gtatggcagc cagcaccgtt ccagttccct
99933§EFt55Ggtcaaas0 tgaggcaatg70 <210> 184 <211> 70 <212> DNA <213> Fugu' tubripes <400>

184 gé:}’%aagitgogtatggcagc cggcgcecgtt ccagttcceg gagateggtt tggggtcgaab0 ggaggegacg70
< >

<211i> 70
<212> DNA
<213> Didelphis sp.

<400> 180
actgaagtta gtgtggcaac cagctccatt ccagttccca gggattggct tgggatcaaa 60

tgatacaatc 70

<210> 181
<211> 70
<212> DNA
<213> Gallus sp.

<400> 181
gctgaagity gtgtgacage cagcaccgtt ccagttccca gggatgggtt tgggatcgaa 60

ggacacaatg 70

<210> 182
<211>= 70
<Z212> DNA
<213> X. tropicalis

<400> 182
actgtagttyg gtatggcaac cagcgccgtt ccagtttccg gtcatggget tggggtecag 60

cgtggccace 70

<210> 183

<211= 70

<212> DNA

<213> Tetraodon sp.

<400> 183 :
gctgaagttt gtatggcage cagcaccygtt ccagttccct gggattggct tggggtcaaa 60

tgaggcaaty 70

<210> 184
<211> 70
<212> DNA
<213> Fugu rubripes

<400> 184
gctgaagtig gtatggcage €ggegecgtt ccagticccg gagatcggtt tggggtcgaa 60

ggaggcgacy 70

<210> 185
<211> 70
<212> DNA
<213> Danio rerio
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<210> 185 <211> 70 <212> DNA <213> Danio redo 2009-12-07 8325-0066 40_ST25 (2).txt <400>
185 gttgaagtta gtgtggcaac cagcaccatt ccagttgcct gggatcggct taggatcaaa60 tgaagctacc70

2009-12-07 8325-0066 40_ST25 (2).txt

<400> 185
gttgaagtta gtgtggcaac cagcaccatt ccagttgcct gggatcggcet taggatcaaa 60
tgaagctace 70
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