WD 03/ 002725 PCT/ US02/ 20349 CENE TARGETI NG METHODS AND VECTORS FI ELD OF
THE | NVENTI ON The present invention relates generally to the manipul ation
of cells {@yostdoer2spur poses of nodifying genetic |oci. Mrecpewhinaal |y,
the invention relates to vectors and nmethods for generating genetic

nodi fications in cells. BACKGROUND Stable introduction of foreign genetic
material into the genoGENPDTARGATING MEFTHODSCANDIWVEGCHORSt i ¢ or gani sns
has been successfully acconplished in a variety of instances for various
pur poses such as the expressi o r .or the disruption of
an endogenous locus. It is ac E@ﬁl@ﬁ%§ﬁ§%$§§5§lgsthrough ei t her Pandom
genom c insertion or site-specific honmol ogous recombination. Random
integration i nvolmgs,bdat ind&fidhireRtedfgeRerhili@Aht ARApLNLioh b gellyfor thet 0 t he
genone of 10 the host cell at |locations which are, for the nost part,

non- si t e- speauirpéses ofhedifying gensticilems Masp apacifically.dhe Hyepiion Fefaigsdo yectors

concat eners and ) ften do esub.t- i i sruption and
i nactivati or?ngﬁngﬁ?)éfr’ﬁ %e[ﬂeg%nggg{ﬁest{c @ﬁ&éhﬁ%@gf E)I?%Hg y al so exists that
endogenous | oci may be disrupted by the randominsertion event, thus often

maki ng anal ysis of the exogenous BAREKGROUAMD s on the cell or organism
derived fromthe 15 transforned cell difficult. In addition, a significant

range of exogenou ronoter.. activi.ty may be observed dependi pon the
region of integr a§t?€1ﬁ Intfqqughion _O{ﬁlg%ﬁﬁ‘eﬁﬁ%t%imﬁ%@te %gé; ﬁ%&i{/}g}éﬁ
site-speg f 'ﬁroﬂﬂ%ﬂi@ﬁﬂ%kaﬁy%ﬁ@ BRlaRRhisHAs BédnQecekstully Becohdplightd ing: wiiety
particular regions of the host genonme for single copy integration of the
exogenous DN ingtemsk Sgousonspnesicn sadhns theearession pf ap FEoREPLERYE Obfhe
significantly simlar nucleotid q j f
specific rec%ﬁ@?ﬁé%8f%H¥§ﬂ§§puE§Fﬁg ggg%&?ﬁ%ﬁ?%Hgg%%gﬁ%gﬂggakgﬁfguIate
cel lul ar  engdagen@esorfR e tior MAitEegefic RsmulopbusaxagabinatiorDNRendnma

site-specific manner, focused on yeast, as, a el system Reconbi nati on was
denonst r at edintreraeainyaiees the msertigh ob adngatired ﬁ\g& g@%‘%‘ﬁﬁ%‘nﬁﬂ § PPN oduced
via trans{or [ . : : 2 j iRlsnadific , Proc.
Nt pc. SRRyl oRBigR SR RN b RN sphiicl FED)
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the disruption and inactivation of a particular locus. The possibility also exists that

endogenous loci may be disrupted by the random insertion event, thus often making
analysis of the exogenous gene’s effects on the cell or organism derived from the
15  transformed cell difficult. In addition, a significant range of exogenous promoter

activity may be observed depending upon the region of integration.

Insertion of DNA into the host genome via site-specific homologous
recombination allows for the targeting of particular regions of the host genome for
single copy integration of the exogenous DNA. Homologous recombination involves

20 the exchange of significantly similar nucleotide sequences through the function of
specific recombinase enzymes. Early experiments designed to manipulate cellular
endogenous genomic DNA sequences with exogenous DNA in a site-specific manner
focused on yeast as a model system. Recombination was demonstrated between the
yeast genome and an exogenous plasmid introduced via transformation at the leu2.sup’

25  locus (Hinnen et al. (1978), Proc. Natl. Acad. Sci.»U.S.A., 75, 1929)More recently the
utilization of mammalian cellular homologous recombination capacities has allowed

for the generation of specific mutated DNA sequences within the cellular endogenous



for the generation of specific nutated DNA sequences wthin the cellular
endogenous WO 03/ 002725 PCT/ US02/ 20349 2 genom ¢ DNA. Both

gai n- of - fwoasioaa12:and | oss-of -function all el es have been @emarsat/zad49 n stem
cells and aninmals generated fromsaid cells (see below). In addition, the
application of positive-negative selection vectors and nethods has

accel erated the generation and study of cells and animals containing

nmut at ed DNA 5 sequences (Capecchi et al.2(1997) U S. Patent # 5,631, 153).
To date, primarily two types of vectors have been designed which allow for

targeting of eﬁo%?l\ﬁﬁi\]f& CB&tﬁgiaﬁatb QfinctiddEndoQNE- fiRdtichSRLRS AR YeeRf endogenous
%JS S.

W th exogeno sequenc These vectors have proven to be sufficient
for the genegeatiatd infstem eedlsiand gniofals gangeteddirah kel eslls see kelowhblar of

different cell.types. 10 l.nsertion vectors contain two regi.0 of honol ogy
{1 anki ng. an A4HitEnER PARAB O] bR CERRHBE SC0EN NG 2 oef BIRABF E%ar ker . The
vector is |iQ8aeifRith¥obithRionANE sy bP Bellsd ARnAé cHTRING Gutatbd HNWI e
crossover event and honol ogous reconbination results in a partij al

dupl i cat iSon ssfugeanapeedelertdd827) U.Ht Paierifohtilohtd). rlscdniopimardntet t en
i eadvant aoo5e hRRoR s Bp S SSRRBR R Yo BRLile PO PRI rosfon of

di sadvant ageW%?q h vec I"ack negati ve

sel ect abl e g kekoré1iog hepMveh@niod fleddo fedbus ivithick d gomotis BN seynants. f Oliese
correctly targeted events through elinmnation of cells which corlg??i n
backbone or Xee®rvhaveguayrie bs suffigieatir thoseneratiqa of ¢ yaisty AL tHssidele!ssegi on

of honol ogy - GO . 1 DNA sequence avail abl e for honol ogous
reconbi nat i 01%%,[ us rrtggglgfl%?%v?ﬂetyg S'opportuni ty for strand exchange (Thomas

et al. (1986), Cell, 44, 49). Finally, intrachronosomal reconbination nust
occur wiltthi n a deliseréidn vegors cowtrinrtegangioas ¢Orwmalegy fanking an migyeal

organi zation of the | ocus may..occur, | aceme vect or s. 01 gi .

regi ons of ‘1055139 STEATETS %pc%{ﬁhgg'ﬁis?llactg&%&agf g \%‘ esvg‘fcte%ltsaltr)lf%%&r?gr"‘ateﬂr‘%{ws uch as
the gene encgl d}ghéﬂ%gwﬁio@h@mﬁg%ow@gggé Efodsver evdlt Adraadlogrissel ect abl e
maker is often | ocated external but adjacent to qgne of the regions of

homol ogy to Iseoubietisnreseliripemsinl doplicetipr eEETYMIGFYEPUEScel | in the total
popul ation tprouah el i mlNatd A QfontHeh Sk R i Rinfktbn' SHend RN Sel ect abl e

cassette..
15  duplicated sequences. A disadvantage to this type of targeting vector is the lack of'a

negative selectable marker which would allow for significant enrichment for correctly
targeted events through elimination of cells which contain backbone or vector
sequences. In addition, linearization within a region of homology reduces the amount
of DNA sequence available for homologous recombination thus reducing the

20  opportunity for strand exchange (Thomas et al. (1986), Cell, 44, 49). Finally,
intrachromosoinal recombination must occur within a defined region or regeneration

of the wild-type organization of the locus may occur.

Replacement vectors contain two regions of homology usually flanking a
positive selectable marker, such as the gene encoding neomycin phosphotransferase.
25 A negative selectable maker is often located external but adjacent to one of the
regions of homology to provide for enrichment of corrected targeted cell in the total
population through elimination of cells containing the negative selectable cassette..
Introduction of a replacement vector into cells followed by simultaneous or stepwise
positive and negative selection results in the isolation of cells which have perhaps an

30 eight to twelve-fold enriched probability of undergoing site-specific homologous



I ntroduction of a replacenent vector into cells followed by sinultaneous or
stepwi se positive and negative selection results in the isolation of cells
whi ch hawwopanbeaps an 30 eight to twelve-fold enriched pr@oahiso2/2os4of
under goi ng site-specific honol ogous WO 03/002725 PCT/ US02/ 20349 3
reconbi nation due to application of the negative selectable marker. In
perhaps the first successful gene targeting experinents in mamralian
cells, Capecchi et al. have denonstrated targeting of the nouse HPRT and
int-2 loci via the use of replacenment vectors (Capecchi et al., (1997),
U.S. Patent #5.631,d530u. 0 BbeiN6H Bf Bk pbofiivela¥aaBleshes. NEBansMagessT ul |y
target ed, sorrgmﬁ@{ ilnserqtei or?%ec?tors ancri1 ?‘ﬁgen% ofllﬁltey Egy regl a%%rcrtent
vect ors. Manfirsofuctdsefib gbrmavergeting exednmnisay atanwealsa cells, ALHpecametiedrhave
posi ti oned external ei .t her. or bot t he. reqi ans of honpl o whi ch
of ten T esul {THTSTalAY PREFmEGE R mOte FTET ROy o Rafgereh Shremstt
I denti fi cati@prory&apRedhi BPAL, (P§972,Q'J.S§iﬂe\f@1ﬁ%%§,168).SA_p\I\é_tﬁ$}aro?§)I@?§etvet o the
method and utility of replacement vectors and 10 positive-negative
sel ectiorf.  Uindeibean sensessfully targetads savfe bieigaertioe vedbsand heamaigslydit es  such
as HSV thym di pe kinase requires.the,additian,of . LRLot [. selective
agent, gachBﬁfﬁW?n F8F O Ifye?ft&?ﬁeélﬁgerﬁ&?iugg%ggega Elgggélte &é@é lrI{%(I)lgrhe cells
and unwant edpdaitionBll eR@inal & &ihkf 61ty bfthe espiodsofhdeidiogynwhivhl ofieh rasnltofn cel | s
for enrichnment with a negative sel ectabl e narker takes considefable tine
to al | ow f oran isereass indhe efticieney, e tangstediallels idenfidicrian sY gicB @RS Phe drug due
to absence of;: E . . I 1 |

theYRetBl land ulilk§ FREJISINRN vdoiird S
typically ob 13%&%213‘[%%5%&?2&‘1%,{ gg@lgogy gre 3{1 lrlmfsll? betﬂween e\il 5ht to
t wel ve- f t d. positiveeidgatitehelartiont Utitizafonpd sinnimber mtupeafivesebastabla dassetioect or s

is often strategi ly difficult and tj nme:consum ng... The technol o
descri bed i ns%chég k’%r% 1ding fmasq ’Q?ﬂulé‘?srd&%?ﬂfﬁm%"fg]aé]c‘ﬁmgfontcﬁé5?36({%]5\/5 &gg’?@ 20 A
nunber of an%m&aom\*& & 31 ABhGhAASA5E frd BHREPIoNRAESIsHe W ettt othi ch

have particular loci nmutated through site-specific honpbl ogous,
r econbi nat i oprentihwe differentiatioe I addition; setecsion ofesllsfererichmeahviteras produced

by injection_of bl ast St s Lth. e b C.: ough
honol ogous r BEESHET ﬁej?c?%%e g{aﬂbe\émgatkl %ﬁ§H§¥d¥Pal'ﬂ(i)ectllrﬁE E{)%&g&iéioz%ﬁaéeegﬁﬁ%ﬁ%%% t he p53
and paraxss bLagh Habenshanmes tethediug duk98 @Dsen2bofVat selectatdd Markkt SAs Betlgess et

al. (1996), Nature, 384, 570). Pigs have al so bﬁen
the enrichment factors typically obtained by this methodology are at most between

eight to twelve-fold. As well, the creation of positive-negative selection vectors is
often strategically difficult and time-consuming. The technology described in the

present invention circumvents each of these issues.

20 A number of animals have also been created from embryonic stem cells which
have particular loci mutated through site-specific homologous recombination. These
include mice which are derived from chimeras produced by injection of blastocysts
with embryonic stem cells targeted through homologous recombination at particular
loci. Some examples include the p53 and paraxis loci (Donehower et al. (1992),

25  Nature, 356, 215; Burgess et al. (1996), Nature, 384, 570). Pigs have also been
derived from embryonic stem cells modified by homologous recombination include

pigs (Butler et al. (2002), Nature, 415, 103).

SUMMARY OF THE INVENTION

Methods are provided for the modification of genomic DNA sequences

through homologous recombination of vector DNA with target DNA in eukaryotic



derived fromenbryonic stemcells nodified by honol ogous reconbi nati on
include pigs (Butler et al. (2002), Nature, 415, 103). SUWARY OF THE

| NVENTI O\NWWbBloaaiss ar e provi ded for the nodification of geRCmUSOIRA49
sequences through honol ogous reconbi nati on of vector DNA with target DNA
in eukaryotic WO 03/002725 PCT/ US02/20349 4 cells. The first nethod
entails first the transformation of a cell capabl e of undergoi ng

honol ogous reconbi nation with a vector, yeferred to herein as a
positive-positive selection vector (PPS) containing sequences

substantial | yi &1 fipl i’i?stﬁrfé{[}?ot%hoéh?ﬁfé?ﬁst%@&&%tfomi’é&%%?a Ea?c%gﬂgmﬁaer%&ggce' !

(FIG 3). The majority o e vector 1ntegration into t geno t he
host cell wi hémalogurs recondrinasmenith alveotorn; safeloed todheredn as apoditivieposiiivef er ence
for particul ar r.egions he genone. It is.reasonably suggested, however,
that "a cer  ariegR PRSP AE s ORI SEBIP S RO enom
of the host wagiy thé’Féhoﬁietcﬁ”‘tﬁé)@éH (FIG, O MHeQRG Sty F HRRICRA M@ BratiSl! RS Hee Nt
sel ection of the cells wll allow for the i'sofation and ideéentification of
cel | s whih genomesafdloelsst edll willlgecun teanggseentiglly tandpaaningt, witbh®gous

reconbi nation. .The selection is bas upon the. organi.zation d

Conpost ¢ on BETHEe AU asfion St B mer I is PRy el oy aen o
first DNA seguene@tahipéitentfzesifgid PPS asdtdryvilliorplaediaustht getorae ol testpr esent
within the host cell genone. In addition, the vector includes a third DNA

sequence whi edll vig sii¢-gpeeticdiomalgsays wenopthnationy Sybpruertsgirster el ths cglls hin t he
host cell ge : LA il he vect or
cont ai ns bet Qv(glgﬁl lgﬁgggﬂﬁgﬂ{#%?ﬁ@% Sec1§%g?%v§%%%ﬁ%§ﬂ%?ﬁll S not

si gni fi cent | ynddngumelsagepezifichardugncascqmidsaitn. iThetsblectiosits bgsadapen dred
confers the abiljty to, identilf | 1.s which haye vector sequences
integrated i H’tg@nléé’i){%l ad’ér?BP?é’.OSlﬂO%Bﬁﬁ{erﬁsﬁma% HE2% s present within the

vector positioned either 5 or 3" to the first or 20 second sequences which

i's not significanthyvhesms eaapssell Of 8 FHHENAE SeqicfSEWhichis §ibgifichaBt genone
and confers a separate unique nethod to identify cells which have these

sequences i nhewekeeds toatsequasice prgsensmthin theihestaell sgpome.z By adslitiors theryector
icgreﬂrﬂ In ? ;[ Lg? i %};clzh% § a gﬁfdgﬁ% s%ﬁgenfcg Wik i%ﬁﬁ%ﬁ?ﬁ&ﬁofo@@ﬁs t%lcjt%eit%ﬁcéshe
15  within the host cell genome downstream or upstream of the first sequence. The vector
contains between these two regions a second DNA sequence which is not significantly
homologous to sequences present in the host genome and confers the ability to
identify cells which have vector sequences integrated into said genome. A fourth
DNA sequence is present within the vector positioned either 5’or 3 to the first or
20  second sequences which is not significantly homologous to sequences present in the
host genome and confers a separate unique method to identify cells which have these
sequences integrated into said genome. It is the utilization of the combination of the
second and fourth DNA sequences that allows for the identification of cells which
have undergone homologous recombination of the vector with endogenous sequences.
25 A second procedure comprises the simultaneous or sequential cotransfection of
vectors containing separate selectable markers for the purpose of creating and
identifying cells which have vector sequences integrated into the host cell genome via
site-specific homologous recombination. In addition, the invention includes cells and

organisms generated from cells with specific genetic alterations through the

30  implementation and use of provided procedures and vectors.



have under gone honol ogous reconbi nati on of the vector wth endogenous
sequences. 25 A second procedure conprises the sinultaneous or sequenti al
cot r ansf ewDI0BM002E5 vect ors contai ni ng separ ate sel ect abl e Pearise?/s03fior t he
pur pose of creating and identifying cells which have vector sequences
integrated into the host cell genone via site-specific honol ogous
reconbi nation. In addition, the invention includes cells and organisns
generated fromcells with specific genetgc alterations through the 30

i npl enentati on and use of provided procedures and vectors. WO 03/002725

PCT/ US02/ 20349 I bt St Is : : i i met hod
for identifying gna‘tnf;ugtnéslj%ﬂg(?&nrg é@l i Flglhbﬂ)gédeg\ré erg%pgc%%ﬂelg?pgé%i fic
honol ogous rtensfonined celdbwhidhtliak nzdengore sRESpe@fit bomolblgeusvetdmbinatival udes a)
transformng cells wth a PRS vector. signed to undergo .site-specific
ool ogous. rENGHE HaLS S hde ik BErLS BereriBeeeavi § B Bfgior
sequence Whi hish&d w@ﬁeﬁ%bt difdlsp¥cilO HBBRRYSs fefoPina®RPNEGBRAURe G8AGT C
sequence present within the host genone; a second DNA sequence which

encodes & posflufdese sel ection characteristic in said cells and is
non- honol ogous to cel |l ul ar endogenous genom c 10 sequences and therefore

i ncapabl e of undergoin It [ £ . | Lon. a third

DNA sequence which is %&%@F@ﬁ?ﬁ%@#@bﬁgﬂﬁﬁgg%%%ﬁﬁgﬂéﬁ&gﬁﬁéggéﬁgﬁg genom ¢

sequence pr es@dgensiut labmorhio@edieate wresebwithinckthe dostigeh@nent from the first

DNA sequence; and 15 a fourth DNA sequence which encodes a positive

selection characteristic i id cells and is  non-homol ogous to a cellular
&R W

endogenous genonic sefyiEAR SYAHEREAERED PROAERB PRI SGRGEPYo0i ng.

si t e- speci f i & RRMIAISid EQRANR NI B0 1VESs8b Bell g r865Rbud SerfoaRabl e of
under goi ng site-specific honol ogous 20 reconbi nation in cells through
strand eXchasegecrises awbiherefiere friqapablOpumistgoang dtenipepific Aamolpeabus t ar get

sequences and thg. tpi rd DNA sequence with endogenous target
recomoimartion,

a third DNA sequence which is substantially homologous to an
endogenous genomic sequence present within the host genome and is different from

the first DNA sequence; and

15 a fourth DNA sequence which encodes a positive selection
characteristic in said cells and is non-homologous to a cellular endogenous genomic
sequence and therefore incapable of undergoing site-specific homologous

recombination;

wherein the vector is capable of undergoing site-specific homologous
20  recombination in cells through strand exchange between the first DNA sequence with
endogenous target sequences and the third DNA sequence with endogenous target

DNA sequences;

wherein the organization of the DNA sequences in the PPS vector is: the first
DNA sequence which is substantially homologous to target DNA sequences, the
25  second DNA second which encodes a positive selectable marker, the third DNA
sequence which is substantially homologous to target DNA sequences, the fourth

DNA sequence which encodes a positive selectable marker;



DNA sequences; wherein the organi zation of the DNA sequences in the PPS
vector is: the first DNA sequence which is substantially honol ogous to
target DNWOggquetes, the 25 second DNA second whi ch enco®€3/tsopasit i ve

sel ectable marker, the third DNA sequence which is substantially

honol ogous to target DNA sequences, the fourth DNA sequence which encodes
a positive selectable marker; WO 03/002725 PCT/ US02/ 20349 6 b) propagating
cells to select for or enrich for those which have been successfully
transfornmed with said PPS vector by selecting for the presence of the
positive selecta ence, and c
separati ng cellsqahPHﬁaéﬁ{ qggg %ﬁ%ﬁﬁ% %hgﬁéfgﬂgﬁgg&gﬁbo |%§£§ positive é
sel ectabl e nam&sﬁhﬂymmnﬂbhhedmﬂhsﬁdﬂ&@ams@rﬁytﬂaﬂm@faNAe$eﬂmmnaﬁﬂ&ncod|ng a

positive sel ectable ma The net hod y. furth ncl ude d
characteri zi H%Sltl%éeleﬁ@h@@%rkﬁi\ﬂﬁnﬁﬂ”%d% rsbidsecengdp Arfgqvwes%léond DNA

sequence encoding a positive selectable marker but not carrying the fourth

DNA sequence encogi §gafhtin@etlld wﬁmh%@b@&&@@c@n@m@qheﬂceteh@o@hg gpsieed fic
honol ogous reconbi nati on events which allow 10 for nodification of t he

cel lular Yar geé@etabwamr Gbiveesils yhichhavp said donrth P¥dmequence sneadling dvi de
Site-specifi Cosq Ve s]ef)egﬁ% 19%% Cmfﬂ na’;‘%&? 1;11%? r}'?rh 1rfc?d’d @ chta?afc%%tz %?hé)

specific regPon genon e 'pur poses o
endogenous n glﬁioﬁﬁé DURA 8 £6HIE b€l BScarrlyingithe saondBN A0 qaeice@hcddigg ppeﬁ’@\rﬁ
invention to provide novel nethods for the 15 selection and detection of

cel |'s which pagstablmarkss et thP@I%lB%@leffPEth%‘sr SRpyERCce %E@%Pﬁﬁﬁlﬁn It is a
f h bj h
urther obj egdecfoid AEnRE FRAL sildNRBIH: ArlofogBLOYLARLRAKE VAR DEith by t e

application escr stil er obj ect 8¥ t he
present 10vefirinonificatipn of ildtecetielal argdt DNA.have 20 been nodified by
site-specific honol ogous reconbi nation methods described. It is yet another

enbodi mrent of the,pr nvention t v eni mal s and
ol ant's i ch hayeABeBrhbnE PEReRyaroR TS rEute ARHRAG noflrRls
recombination methods for the targeting of specific regions of eukaryotic genomes for

the purposes of modifying endogenous nucleotide séquences.

It is another object of the present invention to provide novel methods for the
15  selection and detection of cells which have undergone site-specific homologous

recombination.

It is a further object of the present invention to provide novel vectors for the

application of the described methods.

It is still a further object of the present invention to provide cells which have

20  been modified by site-specific homologous recombination methods described.

It is yet another embodiment of the present invention to provide transgenic
animals and plants which have been modified by the site-specific homologous

recombination and detection methods described.



reconbi nati on and detecti on nethods descri bed. WO 03/ 002725 PCT/ US02/ 20349
7 BRIEF DESCRIPTION OF FIGURES FIG 1 is a diagrammatic illustration of PPS
t ar get i ngwofosmy2pt ch2 locus. FIG 2 is a diagrammatic i PCHgatSozazizen of
cotransformation targeting of the paraxis locus. FIG 3 is a flowhart
representation of the strategy for the generation and 5 identification of
targeted cells utilizing PPS vectors and net hods descri bed herein. FIGS.
4A and 4B are exanples of the cell sorting density plots obtained upon the
utilization of GFP and CFP, respectlvely FIGs. 5A and 5B illustrate a

t heoretical | ocus and corr gspafg Je? b\ may be utilized to
target said locus. 10 FIGs. ' QﬁﬁFl ‘Bﬁ% 0 types of possible
i ntegration observed upon cotransfornatlon of cells with DNA vectors.

DETAI LED DESCRI PTHION1 @2 JielEraniivaEidTillaNraTios ofi@PH datgettngcb ke piok3lodescri bed in
the present invention are utilized for the purpose of introducing

nodi fications int .l ul.ar endqge e . ces via
site-specific ho o] 6ﬁ%dm%E8H%¥%hpﬁ§ﬁ“% %?gh%m%%Pﬁg&gﬂyﬁﬁpggggﬁlogenous
genom ¢ DNA sggyienseas. i s defined herein as nucl eotide sequences present

wi thin the cellular genone which are capable of undergoing site-specific

honol ogous reconbi nati.on _and may be utjliz as a target for. nodj flcation
by the PPS vector% Gdded ﬂB@Hh%’f‘iB?eﬁemM %%tratt‘i’%?’lfgﬁg’ﬂ SRETRtioN

definiti 30 IRRRLGR Sﬂ%ﬁ%&)‘l eRdigzing PPS’%&QL‘s'&ﬁd h%%d&@%le&hb%@ﬁ&ﬂefd c genes
present 20 mnt In the cellular genone. Genes encodi ng such protein products

as structural proteins, secreted proteins, hornones, receptors, enzymes,
transcription facEléiss4Amed 4Bract excheplesofithe eclbioring dansity piprechinisedindices may

al so repres | at qr ent ty such as pronoters, enhancers or
r epr essor elgﬁghf%ﬂo?ﬁgcﬁngﬁqgﬁigawec\m)he cel | ul ar endogenous genom ¢
target DNA sequence is generally simlar to specific WO 03/002725

PCT/ US02/ 20349  FIGs. 5A and 5B illustrate a theoretical locus and corresponding PPS vectors

which may be utilized to target said locus.

10 FIGs. 6A and 6B illustrate the two types of possible integration observed upon

cotransformation of cells with DNA vectors.

DETAILED DESCRIPTION OF THE INVENTION

The methods and vectors described in the present invention are utilized for the
purpose of introducing modifications into cellular endogenous genomic target DNA

sequences via site-specific homologous recombination.

15 The term “cellular endogenous genomic DNA sequence” is defined herein as
nucleotide sequences present within the cellular genome which are capable of
undergoing site-specific homologous recombination and may be utilized as a target
for modification by the PPS vectors described herein. Sequences included within this
definition may represent any coding or noncoding regions of specific genes present

20  within the cellular genome. Genes encoding such protein products as structural
proteins, secreted proteins, hormones, receptors, enzymes, transcription factors are
included in this definition. These sequences may also represent regulatory element
identity such as promoters, enhancers or repressor elements. The organization of the

cellular endogenous genomic target DNA sequence is generally similar to specific



8 sequences present within the PPS vector. That is, it contains sequences
whi ch are substantially honol ogous to sequences present within the PPS
vect or t D oaloboes f or site-specific honol ogous reconbi natcarushp2merur. The
vector is conposed of a first DNA sequence which is significantly 5

honol ogous to a sequence present within the host cell genone. In addition,
the vector includes a third DNA sequence which is significantly honol ogous
to other sequences wthin the host cell ggenonme downstream or upstream of
the first sequence. The vector contains between these two regions a second

DNA sequenc ese%@ng% Oﬁr%sé?l@ tyithiriRE fPP% ereétbly TR 1D § QIR s B RBBLENE resent in

t he host geno confers the ability to 1Q identify cells I ch have
vect or sequenbsisntiahlydpnetiegbuis ha seqsericds presatrevithin the PPShvecolhasaltprefwe i s
present within the ositioned.either 5"or 3" to the first or second

{ .
sequences MﬂtgﬁpF%ﬁ¥§§m§{°§EF§’ieﬁ%fﬂli’lfl 088 ous to sequences present in the

host genone and confers a separate unique nethod to identify cells which

have these sequeTiesciolie@mdsed by Arss BN grense. wiith issigdifcatitlyy| i zat i on of
t he conbi nation of the 15 second and fourth DNA sequences that allows for

the i denti f ioaqlegpustio aspquenggpresent Wi thabrest gelhaenwsirol '8 gedision.dbe Nestorat i on
of the vectqp \hidy ﬁﬁﬁ‘iﬁ@{&g@@gﬁ&s&ﬁf&ﬁ%ﬁﬁmﬁfaﬁ Oy SRS T bR CRREARES the

si mul t aneous or sequenti a ectlo ector s~ contal ning separate
sel ect abl e mitlkiertise fiast c¢lhgenpuephsasinéant veaistragmaitithe firdesetjudnge.nghe eédter whi ch

have vector seguences integrated.into the t cell nane vjia 2
site-speci fi®n e&ﬁ%??sth?%é?yﬁﬁ?%%ﬁ W?Ol?drﬁgscfﬁeﬂ%qﬁeq’ferﬂ& ’isﬂ\%ﬁg‘i“giﬁal}ﬂﬂcl udes

cells and  q{31bshR 19 SAREALR PrdstRTh BRIHost YnbiheSRaCbAfcfs tﬁ@ﬁ'ﬁﬁtgﬁtom terations
t hrough the inplenmentation and use of provided procedures and vectors. The

t er m " sille- sigewtifyicellhwhish bgoevectasequsnesstintgaratedanior Rid genomeaddioartbhange
crossover event,s bet ween DNA. seguences .substantially .si m, [ cl eoti de
25 conposi t i QNZ> SPABNLE iF BEsal &t g\/@ﬁ?’ ECt?rreR/OSFWga Bllt%%es Jbre@[ \I;[\(gglﬁ fis?‘setqnogences
cont ai ned i nsechhiBsciénosewhh iaAet eglifidanfly hemdREeuOtsSsegesRes freddNAirsguences.
In addition, it is possible that nore than one site-specific_honmpl ogous

r ecombi nat i dipstgdemenang copfany 2 separaifEnqusncthed troidsntlysells which have thesepps

vector and cgllul Al FAAR0FIAYS.GEORAIE 1t AGALRAGARONIE AT} bRibHibR Bt 1 2
r epl acenment Svent 1 N whi ¢ séquences
15 second and fourth DNA sequences that allows for the identification of cells which
have undergone homologous recombination of the vector with endogenous sequences.
A second procedure comprises the simultaneous or sequential cotransfection of
vectors containing separate selectable markers for the purpose of creating and
identifying cells which have vector sequences integrated into the host cell genome via
20  site-specific homologous recombination. In addition, the invention includes cells and

organisms generated from cells with specific genetic alterations through the

implementation and use of provided procedures and vectors.

The term “site-specific homologous recombination” refers to strand exchange
crossover events between DNA sequences substantially similar in nucleotide
25  composition. These crossover events may take place between sequences contained in
the PPS vector and cellular endogenous genomic DNA sequences. In addition, it is
possible that more than one site-specific homologous recombination event may occur
between DNA sequences present in the PPS vector and cellular endogenous genomic
sequences which would result in a replacement event in which DNA sequences

30  contained within the PPS vector have replaced specific sequences present within the



30 contained within the PPS vector have repl aced specific sequences present
within the WO 03/002725 PCT/ US02/ 20349 9 cellul ar endogenous genom c
sequenceswOAB/003R3 , a single site-specific honol ogous re®cmhiisnazidan event
may occur between DNA sequences present in the PPS vector and cellular
endogenous genom ¢ sequences which would result in an insertion event in
which the majority or the entire PPS vector is inserted at a specific

|l ocation within 5 the cellular endogenous) genoni ¢ sequences. The term
"cotransformation" refers to the process of either sequentially or

si mul t aneous j ' enges.l i M1 for
the purpos egaﬁﬁ%?%éﬁggg%@%Fg%ﬁg%%géﬁgﬁg ’ g%ﬁglr?‘isg %R%Adlfé%g%gﬁlggé&vi a

si t e- speci f i cecombimptiagewsnt may ovturbatwean DNA sdquentasrpresehi msthe PRB\vsagoguence”
refers to DNA sequence resent wi.thin the . PPS vector which are

Subst ant © al | PHGTBID GOIRPO PTG TBA GRS SO At T SLdeaticRerent 1 | s
these sequengehithieinfbatyRans chiid PPS WAELIkestd &t é%@iﬂc‘ 16catidR FRILAYOUS
reconbi nati on upon thei'r i'ntroduction into cells capabl e of undergoi ng

sai d recohbi HetoelwaggridoBerayaganomisispiueaecessequences. 15 The term "second DNA
sequence" refers to sequences encoding a positive selectable marker which
Ry or may not be}rﬁé‘gehﬁs%é? Pt %899{%%4@/ toqge §1%'c!a#' Feithd gﬁemigﬁ%le”ces due
to the presence of absence of a profnoter an egu é{ory el"'ement’ s’ "upstream
of the posi t siveiliasdorslydhireduthigexiogenidue DN kéqueRces éhte ¢ivaty eellsdorkie | S

positi oned between the first_and third DNA sequences which arge X

subst ant i al | PUPESE SEBIVERBECetiBlag gndogengus grpRIBiE SEEHIsTLViDRIEe-gRssifences.
The positi Vehéﬁbﬁ%&?s%@o bRL&S, 1S nonhonol ogous to cellular endogenous
genom ¢ DNA sequefices aﬁa therefore incapabl e of site-specific honol ogous
reconbination with this sequences. The term"third DNA sequence" refers to
DNA sequéhces pre$batermi‘finstDNAsequrmss nsfroio INNAciequaneesprissanawithen thy

honol ogous t el l.ul ar. endogenou nom.c 25.se nce t are di.fferent
but possi bl y PR vk hish Ay Tbr Ro palimdipesns o celturat shdodenopfuchoftic | *f | o
DNA sequencesechltendes. IthegRss aQuenes svhidh LhpRaRtdartedingérgd site-sputiey go

site-speci fic honol ogous reconbi nation upon their introduction into cells
capabl e of homologousrecombination upon their introduction into cells capable of undergoing

said recombination which contain similar sequences.

15 The term “second DNA sequence” refers to sequences encoding a positive
selectable marker which may or may not be expressed independently of cellular target
sequences due to the presence of absence of a promoter and regulatory elements
upstream of the positive selectable marker. The positive selectable marker is
positioned between the first and third DNA sequences which are substantially

20  homologous to cellular endogenous genomic DNA sequences. The positive selectable
marker is nonhomologous to cellular endogenous genomic DNA sequences and

therefore incapable of site-specific homologous recombination with this sequences.

The term “third DNA sequence” refers to DNA sequences present within the
PPS vector which are substantially homologous to cellular endogenous genomic
25  sequences yet are different but possibly adjacent or within reasonable proximity to
those of the first DNA sequence. It is these sequences which are predicted to undergo
site-specific homologous recombination upon their introduction into cells capable of

undergoing said recombination which contain similar sequences.



under goi ng said reconbi nati on which contain simlar sequences. WO 03/002725
PCT/ US02/ 20349 10 The term "fourth DNA sequence" refers to a positive

sel ect ablwomaizes positioned external to the first and tRCTAISDM0349
sequences. The positive selectable narker encoded by the fourth DNA
sequence contains its own pronoter and regulatory elenents and therefore
its expression is independent of regulatory elenments 5 present wthin the
cel l ul ar endogenous genom c target DNA sgyuences. The positive selectable
mar ker i s nonhonol ogous to cellul ar endogenous genom ¢ DNA sequences and

t herefore i ncapabi Sk ighd | ' ith this
sequences. In a re%i gggne&r‘ll?hPP R\fg %ggeﬁﬁﬁgﬁﬁgésgﬁ%gggﬁ%?k?ﬁ??&j and fourth
DNA 10 sequepsgdnad exierighto the firss enhthitdddNAseqeacen d Haaskivg seaceblewhi ch

encodes a positive selectahle er, is posjitioned between the first and
Third Dua sofurEEEoRghEy R Tol PN e bafotne e RESE etr 5 or 3
of the firstrephlaidty ERnIH and BRHTBRAE exbhe@bibR islintiédeHddnt 8F Rspulaliy Qla@tszat i on
of two PPS vectors utilized for site- specific honol ogous reconbination. 15
The ext ernal prpesst within the celbtlarisndograpkegenento thaget BINA Bequieaesst hIIBNosEBGuence

ext erinal prpes it e NAResies B
coquonces cUURREHLitEE iBRbbER Rl f ok SRkl Bihok s ShUFRfES. g

downstream grinkeridry incepadlsoftisiteIpedfic hboloighsd reamdbibitisrwithihisequences in
a vector which has both the first and third DNA sequences in an

ori entation ¥R to that of cellular 20 endogenous genom ¢ sequences. |t
isto be clarified that 5 and 3' refer to the first and third DNA

sequences respectmvaﬁlegmcaﬁ&ﬁ PPKARBIoE 3hd Bt BRIHRIS BVISna 6881 BRATENt  vector.
It is possible that the second DNA sequence, which encodes the internal

posi ti velGel equervies arcenrgavizedsugh thet thavesond dNAshquessp adiich encodes & i r st and

third DNA seguence still.retain ressabid it nd ctionality. In
addi tion, itP9 ét“f?o?gelcggge Iﬁ%rk?rhgtpoﬁﬁlrofl\acgﬁgtwg?n ﬁﬁé{r?ti%g?mé%gwl}h?eﬂ&erécgauences
in the PPS vae@e f@irth DRNWech@shcWid flace SBBEST ortD 0B IR fASArhikitd DA ONpari son

to simlar sequences in the cellular target DNA. _This type of organization
represents asedreresst Fighire/bilusirates the ergantzatiguet Byo Rfenwsciar ytilized for Site-

specific homologous recombination.

15 The external positive selectable marker encoded by the fourth DNA sequence
may be positioned either upstream or downstream of the first and third sequences
contained in the PPS vector. Upstream generally refers to 5° and downstream
generally refers to 3’ of the first and third DNA sequences in a vector which has both
the first and third DNA sequences in an orientation similar to that of cellular

20  endogenous genomic sequences. It is to be clarified that 5’ and 3’ refer to the first
and third DNA sequences respectively. This organization represents a replacement
vector. It is possible that the second DNA sequence, which encodes the internal
positive selectable marker, may be inverted with respect to the first and third DNA
sequences and still retain expressability and functionality. In addition, it is possible

25  that portions of the first and third sequences in the PPS vector are inverted with
respect to one another in comparison to similar sequences in the cellular target DNA.
This type of organization represents an insertion vector. Insertion vector generally
incorporate the majority of the vector sequence into the cellular genome upon site-

specific homologous recombination.



incorporate the majority of the vector sequence into the cellular genone
upon site- specific honol ogous reconbi nati on. WD 03/ 002725 PCT/ US02/ 20349
11 An adawoiooned72e&xt ernal positive sel ectabl e narker nay PeTdrsonzisgy such
as by a fifth DNA sequence, which is placed in a position opposite that of
the fourth DNA sequence encodi ng a separate positive sel ectabl e marker.
The term "opposite" refers to a position external to either the first or
third DNA sequences and | ocated on the 5 pther side of these sequences,
i.e. either 5 or 3 inrelation to the positive marker encoded by the

fourth DNA sequengg.q4ifiofil e'xg:?ﬁg ggﬁﬁ\{f%ﬁc%’aﬁgé r,?lhrke} Hﬁszli reﬁéodeﬁ,%ﬁ&{'gs @pd

third sequences are organi ze I rd sequence has an i‘nverted
5' to 3' orizifthiNd sequence, edpecis plased ea pdsitict oppesjtecthaiso fithofoutth MMAI zat | on

of the vector. Said inverted orientation al]o for_,10 the insertion of the
Vector at - a SRV SRS FRuRs B ROR e R EER (THE HORRIGH Teles

recombi nat i of RRIWRARxtdHEa FF it Hetirsedidh2€ DNA 88quRRGRA8A Rttt SAME C DNA
sequences. In the majority of the cases the entire vector will be inserted

and port iSonsotherfsidenef thefsseaurmices, i.¢. eitbercl’ oyl & PNbios de themoskivelmatkezat ed. The

fourth DNA sequence.encodi a paositive selectable marker may or may not
be i ncl uded ?I}?g?%d;b}i%leg%’g%@g{pb?‘e% € ength of the PPS vector will vary

dependi ng upon the choice of positive selectable markers, the presence or
absence of pronotkrs insptabt BP®iedon, tHerfirst, bezond xpd gl soquedited die opasized ve
sel ect abl e marker encoded by the second sequence,,gvhaﬁ%l engt h, of the

first and thi'ch dmBuihesBtd spausscs BgdniRtrrer Mpprspifaics RSG0adI20 _
reconbi nati offust {digetlcafpoR k41065 S%tﬁg%&Br.?S‘ﬂd tRRredGli&RSidlloRg!isCt i on of

the plasmd vectior in bacteria such as anpicillin resistance and the size
of the ol githeaiserteqml afdhe vetor at arsite-brecificdscativnpok Isiderepecific hiomalegnsisnabl y

esti mat ed, however, .based upgn e sjzes kno | asm ds . ositive
sel ect abl e nﬁF%ﬁ@?tl?ﬁ?WFﬂg%&ﬁgrve@c{%8?%?§{}ﬁlﬁrlen@%e§‘9us $eé18§]féa]§g{/ r al

ki | obasepai r gqhéhde€NBL the ndforith @1 HRIoesibi&dtiroDadtor Wl bishbdied ah@peitionyv t h
respect to positive selectable markers as conferring the ability of

mar kers to aff thostbstantinBy HemelogpenDNACGenuwIcat duplicafed.” The fourth DNA

sequence encoding a positive selectable marker may or may not be included in the

15  PPS vector

The length of the PPS vector will vary depending upon the choice of positive
selectable markers, the presence or absence of promoters capable of driving the
expression of the positive selectable marker encoded by the second DNA sequence,
the length of the first and third DNA sequences required for appropriate homologous

20 recombination, the size of the base vector and the choices for selection of the plasmid
vector in bacteria such as ampicillin resistance and the size of the origin of replication
for the plasmid backbone. It is reasonably estimated, however, based upon the sizes
of known plasmids and positive selectable markers, that the entire vector will be at

least several kilobasepairs in length.

25 The term “functional” is defined herein with respect to positive selectable
markers as conferring the ability of markers to allow for the detection and isolation of
cells containing DNA encoding the positive selectable marker and to allow for the
differentiation of these cells from cells which contain either no positive selectable
marker or a positive selectable marker which is unique in comparison to the first

30 positive selectable marker. A number of selective agents may be utilized for the



cells contai ning DNA encodi ng the positive sel ectable marker and to al |l ow
for the differentiation of these cells fromcells which contain either no
positive woloawozaki e marker or a positive sel ectabl e nmar keCcTwsori3iss uni que
in conmparison to the first 30 positive sel ectable marker. A nunber of

sel ective agents may be utilized for the WD 03/002725 PCT/US02/ 20349 12

detection of positive selectable marker presence within cells. These
include, but are not limted to, G418, fwypoxant hi ne, bl eonycin,
hygronyci n, puronycin and blasticidin, for exanple and are listed in Table

I. I'n addit id%'i:bctlgﬁ’%]‘f' %ds‘ﬁ?vess% eBabRAnSrke é%‘ﬁ&?wﬁngfrnkﬁllg%ﬂ&k HAMY b e

addition of agents the 1denti |ca presence are
consi dered fnotditiited &d, G418¢ hmoxazhtltmw, bleomydir, hygodmydimmpuodmygeh bsd cont ai ni ng

ca o0l o0t L Rt et SoL e ST SO0 SR el o sl

mar kers or
limted to, hiRedkhIRSEESERrequtfedh hitiéH b a forthEideRiRcattbaRER ARG HCRED,
Positive Selectable Markers Uilized in

also listed in Table |I. Table I.
PPS Vect 8r s mPesshed are cmdmd @@p@@nal dhthexgalew fois theogolpiden olqedls comainingeoR

Kananycin Cel | CI n Cell

Sur vi val hi s]ﬂ:f%ﬁcya%) %rlégie@fl%ég}ﬂ\gﬁ \ll/1 cpf?ia&d#’t?{g l%{%éa%@é%r Vi vaI Bl eoR
Bl eonyci n Cedelecﬁure\mamér SdnRTextatipesandlide) BuiCGet hotJirnitéd/l the@ridrddverdti ght

Fl uorescence CFP UV _Light Fluorescence YFP UV Light Fluogrescence RFP W

Li ght FI uor e¥eEHs &P SREDYED, EFBh@SHﬂ%%H&%E\EeaIS%ﬁEbWMbm

Fl uorescence 10 The PPS vector includes two regi ons of honol ogy, DNA
sequences ong Pogitive Selectable Markers Utilized in PPS Vectors

Positive Marker Selection Agent Method for Detection
NeoR Kanamycin Cell Survival
NeoR G418 Cell Survival
HygroR Hygromycin Cell Survival
hisDR Histidinol Cell Survival
GPT Xanthine Cell Survival
BleoR Bleomycin Cell Survival
HPRT Hypoxanthine Cell Survival
GFP UV Light Fluorescence
CFP UV Light Fluorescence
YFP UV Light Fluorescence
RFP UV Light Fluorescence
dsRED UV Light Fluorescence
HcRED UV Light Fluorescence

10 The PPS vector includes two regions of homology, DNA sequences one and

three, which are substantially homologous to regions of the host genome. Typically,

the vector has lengths of homology for the first and third DNA sequences which are



three, which are substantially honol ogous to regions of the host genone.
Typically, the vector has |lengths of honology for the first and third DNA
sequenceswatiBot7as e WO 03/ 002725 PCT/ US02/ 20349 13 bet we®oTAlS020359D base
pairs and 50,000 base pairs. It also includes DNA sequences tw and four,
whi ch encode two positive selectable markers that allow for the
identification of the presence or absence of the PPS vector integrant and
portions thereof within the host genonej3z The second DNA sequence encodes a
positive 5 sel ectable marker, such as, but not limted to, cyan fluorescent

protein (CFR)e0n a&?ﬁf%é&e.ﬁﬂ?aﬁS@@@j ﬁdﬁg%ﬁ s.%%ﬁ@%l&d@gyﬂfs ﬁ]?lglsl s of

honol ogy, thus it wl i'nc dint ost genone |1 ntégra oul d
si t e- speci f i vohomidug ehsclhr encoddiwnaidsitive selectable ridrkerf chat alboviDith thequence

encodes anot her .positi sel ecti on, mar ke h as,. but not limted to,
green fluor e@&%thfcaﬁf)’&?)éf PERSERS® O Ghselee fhgi%;n"c?c% infeaapntiagd @artieys out si de

of the regi ogredf witRFhO UYst3BEbrA IBL M Lbnd BN P& GLAKRIRYRE §Joéint® t he host
genome upon honol ogous recombi nati on. The sel ection process involves

sorting of sebdctableinatker, sueldes but oot dimotsd dpeyan flndnesnggtprateEBNCEFPIdd1 sorting
apparatus which will ..allqwf the sinultaneous..and,separate ..ol ati on of
celI's which %:Xgﬁfp\zg%’r?ng hseposf’gg’gﬁ(gﬁew ﬁ’ggﬁgﬁ%gnse?%]@ olog aﬁl‘b%étivi“:u\jjg sel ection
mar ker from @ehlded Gothe Absti gagorhHintéRaritishoulld s@'@p&ﬁﬂi@ﬁﬁﬂ@%du@ Gédedibaghtione
second positive selectable marker. Cells may subsequently be propagated in

tissue cul t UPSUBNELGONER RN segienegencades 3§1i°¥h@f By selectippmsrksy sush as,
i . . ee: Bpel f o
reconbi nat | %t%%pﬁmﬁt%gc? i Sfﬁll‘éf'e%e%t pﬁéggﬁ:i;j ongfeséﬁH%Q anf9s <§e§r1ﬁg’o%ed

sel ectabl e markers for tle 1solation ave un one
si t e- speldi f i cutsilenbithegegisns efdhonmvlomt dndihe Widlsot be incarpordisd aind thalhost

i mprovenent over existing. 20 nethodol agies, for gene targeting. The PPS
vectors uti wqgwqqpophlgn%}orgg{ls PR H’aﬁgn'tﬂ]ée iﬁleé’g%ﬂ%?eﬁg’%‘é‘ﬂ?’ SarmeRlent i on

are organi zegh)g4ahet b 4 Hﬁc_r§é%|69@9r ¥ ef QAURNG eelmrﬁlth%gﬂpgpﬂﬁsswﬁeﬁ wiRosi tive

sel ectabl e marker is operatively positioned between wo regions of

honol ogy andallavefdrdhg simubpigove spieseparaithiselhtiemefowdls whirbtchntaipibs isedond
pelectabl o 2oNREkShys RBS LYSlcRERAAL PAFREE BT i SR Lo
be posi tipnepNAsdueited ifchshmOthe 88con@ positive selectable marker. Cells may

subsequently be propagated in tissue culture and genotyped for correct site-specific

homologous recombination gene targeting events. The utilization of positive

selectable markers for the isolation of cells which have undergone site-specific

homologous recombination allows for a substantial improvement over existing

20  methodologies for gene targeting.

The PPS vectors utilized in the first method of the presently described
invention are organized such that the second DNA sequence which encodes one
positive selectable marker is operatively positioned between the two regions of
homology and the fourth DNA sequence which encodes another positive selectable

25  marker is operatively positioned externally or outside of the two regions of homology.
It is possible that the second DNA sequence may be positioned in such a fashion as to
disrupt or replace exonic or coding sequences of the endogenous region of the
genome at which site-specific homologous recombination may occur thus rendering

the endogenous locus inactive and thus nonfunctional (FIG 5).



di srupt or replace exonic or coding sequences of the endogenous region of
the genone at which site-specific honol ogous reconbi nati on may occur thus
render i ngwotoheoEeztiogenous | ocus i nactive and thus nonfuncPCcoenesb2/tdBis 5). WO
03/ 002725 PCT/ US02/ 20349 14 In one aspect, the second DNA sequence may be
positioned such that it replaces or inserts into regions of the genone

whi ch do not confer exonic or coding sequences such as introns,

untransl ated regi ons of exons or regul atldry el ement regions such as
pronoters. In this scenario it nmay be possible to select for cells which

have 5 under gone Igich€asiRet ifd sechRINMNAGRYSntE &RFYePRbBReBduch Bfat {tocus
wi t hout inactivating that particul ar |ocus. |In another aspect, the second

DNA sequenc &eieses g sweithiteiersions @i thetaspgme sihighedn wot ganfgtexanis ertvatlingequence

and may be I L. ?!gap i i.ntroduce vel requl atory
el ements w It% E&dr?h%%e%%?%é?gﬁ%gg e é%%%re n)g% g%’foélﬁ f 5%“?%”&‘3?6&?%56&?%50
reconbi nat i anch d@oimdveent inohisi soedatid ésmbiee PRSIbIER @lest fbe sells wideh hare t he

pur poses of perform ng site-specific honp|l ogous reconbination and

subsequent deEens siteatnesificdrmalogoss yaepPRRINIHOR af the docys Wathewy ipactivating
reconbinatiq&npghﬁug&gﬁﬁgﬁly descri bed invention al so includes cells which
have undergone” site-specific honol ogous reconbination in accordance with
the PPS vectors and 15 nethods for identification described herein. In
addi tion, the prédsenothgr abpeds thbeetond N sesuehcecnaylelso incdusisgeguilatoryon- hunman
ani mal s whi ch have been rived fromcells which have. underqgope, .

1t e spect f 1 mlaTp eI B ipeh R B bE piTUg TBPERCRBREMEN et hods
descri bed hangddhceshGRl rdpalastsdicnicntswitiin dRegionloTHeSzenbme Relbarv@fdreen
derived fromcells which 20 have undergone site-specific honmpl ogous

reconbi ik i oHeupediiicrergmbpstiorc tldednvention studetitheddSovecinasdesenibadrior teant s
have previ 0ga%}ﬁ’osgsegﬁe@;ﬁ%{%sfiéisggciﬁgh&ﬂgl%g&?s I%bérfi*?i\l}ﬁt?&céﬂd b UGl 0g0us

reconbi nati on ‘as we gehe targeting viFa posi e-negative " sel ection
and ar e t herigémifeatiorendzlle which e BREry@etsaidsreesdbinetidrods descri bed herein

(Siebert et al. (2002), Plant Cell, 14, 1121; Hanin et al. (2001), Pl ant
J.. 28, 671 25 )Sf,hanpr]gslenﬁ;’ dgslci'ibgc? glgg'lztionea&s%%hchzlgezs’ ceﬁés1 \gx)hich have undergone
site-specific homologous recombination in accordance with the PPS vectors and

15  methods for identification described herein.

In addition, the presently described invention includes transgenic non-human
animals which have been derived from cells which have undergone site-specific

homologous recombination utilizing PPS vectors and methods described herein.

Also included are transgenic plants which have been derived from cells which
20  have undergone site-specific homologous recombination utilizing PPS vectors and
methods described herein. Plants have previously been demonstrated to undergo site-
specific homologous recombination as well as gene targeting via positive-negative
selection and are therefore amenable to the PPS vectors and methods described herein
(Siebert et al. (2002), Plant Cell, 14, 1121; Hanin et al. (2001), Plant J., 28, 671;
25  Xiaohui et al. (2001), Gene, 272, 249).

The second method, herein referred to as the “cotransformation” method,
involves transformation of a cell capable of undergoing homologous recombination

with a first DNA vector containing sequences substantially similar to sequences



The second nmet hod, herein referred to as the "cotransformati on" nethod,

i nvol ves transformation of a cell capable of undergoi ng honol ogous

reconbi nawoDmn/002i h a first DNA vector containing sequenc@sTAsbye@mt i al ly
simlar to sequences WO 03/002725 PCT/ US02/20349 15 present within the
genone of the cell followed by or sinultaneously with a second DNA vector
(FIG6). The majority of the vector(s) integration into the genone of the
host cell will occur in an essentially rﬁmdon1nanner wi th no preference
for particular regions of the genone. i s reasonably suggested, however,

that a Ce”ﬁ!é%ﬂ%ﬁﬁ%ﬁ&%e&n&fofttﬂ@céﬂ foftb P@‘ﬁ% EGhRtatidubl g'v(r‘i't}?a%&l)ﬁd' nto the

genone of t ost cel i a S|te-speC| ogous reconbl nati on
Subsequent sBNActecton (BHG 6)helheahdjerityi dﬂthairécﬂm(m) ortegrition intothatgemomaonfihe

identificati.on of, cell s whi ch have,successfull der e-specific
ool ogous. Bb HtGogH T ARG SB BT 1T e 3 BOrP I REeraF GRS and
conposi ti on @fichber he tgéﬁonl;é\wmﬁ%a%aﬁ ugéb@teaq{o%tv&bk@t HREKSR peft@ifabd Y 10

the second 10 DNA vec first vector includes two regi ons_of
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sel ection process involyves s cell | der a cope or
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cells containing said DNA

but not limited to, neomycin phosphotransferase for example, and is positioned
between the two regions of homology, thus it will be included in the host genome
integrant should site-specific homologous recombination occur. The selection process
involves sorting of cells either under a microscope or through a FACS cell sorting

20  apparatus which will allow for the simultaneous and separate isolation of cells which
contain DNA sequences encoding the positive selection marker of the first DNA
vector from cells containing DNA encoding selectable marker of the second DNA
vector. The selection process may alternatively or in conjunction with the first
selection process involve the utilization of a negative selectable marker (see Table II)

25  in the second DNA vector which allows for the killing of cells containing said DNA
vector. Cells may subsequently be propagated in tissue culture and genotyped for
correct site-specific homologous recombination gene targeting events. The utilization
of selectable marker cotransformation for the isolation of cells which have undergone

site-specific homologous recombination allows for a substantial improvement over

30  existing methodologies for gene targeting.



vector. Cells may subsequently be propagated in tissue culture and
genotyped for correct site-specific honol ogous reconbi nati on gene

t ar geti ngwewanoz2s The utilization of selectable marker cecramsst/zmssation
for the isolation of cells which have undergone site-specific honol ogous
reconbi nation allows for a substantial inprovenent over 30 existing

nmet hodol ogi es for gene targeting. WO 03/002725 PCT/ US02/ 20349 16 The first
DNA vector utilized in the cotransformati®@n nethod of the presently
described invention are organi zed such that the second DNA sequence which
encodes one posithe/frst DINGC VAR GMBEK R th SotBREFRbNS Ye Qﬁ'oer{%’lﬁgseHﬁ ween
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untransl at ed 10 . e o | epent reqi h
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have under gaagosiul énspeddeting tHeasidb ggous locas mabthiviedndahusatonfiliRtibeaius wi t hout
inactivating that particular locus. In a third scenario, it is possible

that the second sequ may al so 15 include r | at ory el enents uni que
to that sequence S qﬁﬁﬁ&p%ﬁ?ﬁc&M%W%Hwe‘gsuﬁ%aﬁﬂé?r@%ﬁ?s UNSSHSr oduces
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site-specific reconbination. The sequence conposition 6f the second and
fourth DNA sistjoencetanddtehregons ofiexqneor réguinterylckamenbregionasker as ar e

general |y nonhonol og .tao cell.ul ar. 20 endogenou enom sequences a"nd
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result of the first and third DNA sequences which encode regions that are
subst ant i al | {ratRAEeEYIASS 0 cel | ul ar endogenous genonmi ¢ DNA sequences

In a third scenario, it is possible that the second DNA sequence may also
15  include regulatory elements unique to that sequence and may be positioned in such a
manner that it introduces novel regulatory elements within the region of the genome

selected for site-specific recombination.

The sequence composition of the second and fourth DNA sequences which

encode positive selectable markers are generally nonhomologous to cellular

20  endogenous genomic DNA sequences and therefore are not capable of undergoing
site-specific homologous recombination. Thus all site-specific homologous
recombination is the result of the first and third DNA sequences which encode regions
that are substantially homologous to cellular endogenous genomic DNA sequences
and therefore capable of undergoing the strand exchange crossover process. In

25  addition, the second and fourth DNA sequences which encode the positive selectable
markers may be positioned in an orientation-independent manner with respect to each
other and with respect to the cellular endogenous genomic DNA sequences. Such a
positioning for the second DNA sequence, however, requires expression of the
positive selectable marker which is independent of cellular endogenous genomic

30 DNA regulatory elements.
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ori entation-independent manner with respect to each other and with respect
to the cellul ar endogenous genom c DNA sequences. Such a positioning for
the second DNA sequence, however, requires expression of the positive

sel ect abl e marker which is independent of7cellul ar endogenous genom c 30
DNA regul atory el enents. WO 03/002725 PCT/US02/ 20349 17 A nunber of
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are not |3 ni sedagtable markgretiligeden theowgeorfddPNAlstegugnce en¢ades thsinspmpieis, pur omyci n

resi stance, bl in i st an nd hvaronyci n . resistance (FIG 5).
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use of PPS vigekabad DNAseqeenspieiddecoud arsalod iglitd k6 ahsseiwldéh eddeifor pl ants. In
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net hodol ogy descrike@rhiehegdtive dclBstable madifernBRAldey nPRiraeilabicae NKEr S may
be utilized to enhance _or enrich for the possibility 20 of identifying a
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15  population through the act of cell killing.

The term “negative selection” refers to the act of selecting against cells

through the implementation of methodologies which allow for the killing of said cells.

With respect to the cotransformation methodology described herein, a number
of negative selectable markers may be utilized to enhance or enrich for the possibility
20  ofidentifying a cell which has undergone site-specific homologous recombination.
These include, but are not limited to, thymidine kinase, diphtheria toxin A chain, hprt
and gpt and see Table II.

Table II. Negative Selectable Markers Utilized in Cotransformation Methodologies

Negative Marker Selection Agent Method for Detection
Diphtheria Toxin None Cell Killing
Ricin Toxin None Cell Killing
HPRT 6-Thioguanine Cell Killing




and gpt and see Table Il. Table Il. Negative Sel ectable Markers Uilized in
Cotransformati on Met hodol ogi es Negative Marker Sel ection Agent Method for
Det ect i orwoDBpbt7Reri a Toxin None Cell Killing Ricin Toxi nPRorEsZed3he Ki |l |ing
HPRT 6- Thi oguani ne Cell Killing WO 03/002725 PCT/ US02/ 20349 18
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whi ch changes the nucl eoti de conposition of cellular endogenous genomc
DNA sequences. _Sai d change mayjresutt—1m am rnacttvatitomof —the—functi onal
capacity of t&é%&hymi@ine%iw s dipmeydevir, Sedydloghiange neyelbKdbngnhance t he
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vectors. |t |i sSCgesies Beirginasy i Ci patEdofob@ytosité at ed ONA seglugitas wil || be
gener at ed upon—site-speci-fi-c-homlogousreconbinatilon between the PRES
vector and cellular endogenous genom ¢ DNA sequences. "Mitated target
cells" are cells capable of undergoing site-specific honol ogous

recombi nati on which have a nutated DNA sequence established within 15 the
cel lul ar genone thrBytkng RINA seucast’| 1o Aot 1e{prte ffo as PVScqaeee N pr esent
in the PPS I i -l i, | | ogous
DA 1ot or s Fa T R il Bl B e Ee b A e e
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. _ . f . | 'r 1 1 . . .
site-s pegl ']SNROSréEu& 8u§a1decﬁgnré%|rrr1]g}; 2150 enhande the finctional capacity of the cellular

DNA sequence or it may have no effect on the functional capacity of the cellular

DNA sequence.

A “mutated DNA sequence” is herein referred to as any cellular endogenous
genomic DNA sequence which has undergone alteration through the utilization of
10  PPS vectors. It is generally anticipated that mutated DNA sequences will be
generated upon site-specific homologous recombination between the PPS vector and

cellular endogenous genomic DNA sequences.

“Mutated target cells” are cells capable of undergoing site-specific
homologous recombination which have a mutated DNA sequence established within
15  the cellular genome through the application of mutating DNA sequences present in

the PPS vectors described herein.

The term “substantially nonhomologous DNA” refers to DNA sequences
which do not contain nucleotide sequences similar enough to target DNA sequences
to allow for the process of site-specific homologous recombination to occur.

20  Dissimilar sequences of this capacity fail to undergo site-specific homologous
recombination with target DNA sequences due to the mismatch of base pair

composition between the two sequences.



20 Dissimlar sequences of this capacity fail to undergo site-specific
honol ogous reconbination with target DNA sequences due to the m snmatch of
base pai rwomanmIzi ti on between the two sequences. WO 03/ 0@2TAB02/20349
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refers to the ability,to significantly increase the Il.ikel.ihood of

dent  fying BEromensy MiRy pinEPhessehgchae LSRNt Byt erdunngr altren

between e URGIINg @R Stlin PYANE FHUBICEST reVid® see Hutchinson et al. (2000),
Oncogene, 19, 130). Use of the PPS vectors and methods described herein efficiently
allow for both loss- and gain-of-function studies in embryonic stem cells as well as

transgenic animals derived from these cells.

PPS vectors and methods as well as cotransformation methods are utilized for

20  the purposes of creating and identifying cells which have undergone site-specific
homologous recombination between the vector and cellular endogenous genomic
target sequences. The vectors substantially enrich for the identification of cells which
have undergone said process. To “substantially enrich” refers to the ability to
significantly increase the likelihood of identifying cells for which site-specific

25  homologous recombination between the vector and cell DNA sequences. The
significant increase in likelihood is at least two-fold of homologous recombination
events when compared to nonspecific insertion or integration events, preferably at
least 10-fold, more preferably at least 100-fold and even more preferably at least
10,000-fold. Substantially enriched cell populations derived from the use of PPS

30  vectors include around 1%, more preferably 10%, and even more preferably 99% of
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15 the positive selectable marker between the first DNA sequence which is substantially
homologous to cellular endogenous genomic target DNA and contains a promoter and
portion of a 5” untranslated region, and the third DNA sequence which is substantially
homologous to cellular endogenous genomic target DNA and contains a portion of an
intron and a downstream exon. Site-specific homologous recombination between the
20  PPS vector and cellular endogenous genomic target sequences results in the

positioning of the positive selectable marker under the control of endogenous

regulatory elements.

A variety of scenarios are possible for the positioning of the second DNA
sequence encoding the positive selectable marker which may result in a number of
25  phenotypes with respect to the function of the gene targeted for modification. Itis
possible, for example, to achieve site-specific homologous recombination between the
PPS vector or the cotransformation vector and cellular endogenous genomic target
sequences without disruption of endogenous loci. This is accomplished through the
positioning of the second DNA encoding the positive selectable marker within an

30 intron or noncoding region such that introduction of said positive selectable marker
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of endogenous loci. This is acconplished through the positioning of the
second DNA encoding the positive selectahl e marker within an 30 intron or
noncodi ng regi on such that introduction of said positive sel ectabl e marker

WO 03/002725 Pcﬁl;é g&%ﬁ@&%ﬂghos%%eﬂ A& dof is %gﬁla?ckxt%nﬁ (’frtcoﬁ LI does not

di srupt regu Fat or exoni ¢ or coding sequ exanpl e 5t he
or gani zat i orseqfiensesc Mmexmmla pf t}& or genfirasibh bHsuch hevestoe srid poEiNAn slesgueencle

encoding th itive eI ween the first eque
ohon 1 CorRR s SR fe e R Ao AT D JEHIRA tar gt 5

DNA and cont@pisic@WhRKas s@wanﬁany h&ﬂol%%o&rto IcBliW18endB Béhoul @eddhhit darERHA
sequence which is substantially honol ogous to cellular endogenous genonic

target DSA apbA a@dr@paﬁam aa egon endpordibn ghan mtroo andribe ﬁnmldmgt se@agncexon.

endagenous. guNBRTe paR ey EERTAIEL R iEREn et By PRt ™! 11 21

posi tioni ng (Sbfntaﬁﬂs(%t RGO biVsh Bebe ahd BldewnBirdserexbl. \Mt&iapémﬁbﬁommbgm and thus
not disrupting critical exonic_coding sequences. A requirement is that the

posi tive sel@eminativarhesveanibe PBS vigeigeand sdulapmadageneyss senewin tatest y el enent s
present wit héeHEéng% JtD §r§q\e(1%ﬁttl>9 eisuﬂ_&‘(?:l échgg{sgtﬁjcg]?ﬁ%&gh@ otivEdeRdch g B&{%feé equence
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expr essi on Ofgou Rk LieMbAtk pFREAUW in SRAPESRRUE. | oci targeted by
site-specific horml ogous recorrbl nation to novel tissue- and/or
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cot r ansf or me¥Fan: e I es ose a or an ability to
dictate & creation of a loss-of-function or gain-of-function allele. It is possible, for example, to

introduce exogenous regulatory sequences for the purposes of driving expression of
particular cellular endogenous loci targeted by site-specific homologous
recombination to novel tissue- and/or cell-type-specific regions within cells or
transgenic animals or plants created from cells targeted by PPS vectors or

20  cotransformation methodologies. The use of PPS vectors and methodologies as well
as cotransformation methodologies for this purpose allows for an ability to dictate or
control the spatial and temporal expression pattern of virtually any gene‘which is
capable of undergoing site-specific homologous recombination. An example of the
application of the technology described herein for this purpose would be to introduce

25  the promoter and regulatory elements from the Piz-/ locus upstream of sequences
coding for the proto-oncogene c-myc. Such a scenario would allow for ectopic
expression of c-myc in somatotrope, lactotrope and thyrotrope cells of the developing
and adult pituitary and provide a model for pituitary tumorigenesis (Rhodes et al.
(1996), Mol. Cell Endocr., 124, 163; Baxter et al. (2001), 75, 9790). Table III lists a

30 number of characterized regulatory sequences which may be utilized to drive the

expression of endogenous loci through PPS and cotransformation methodologies.
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Such a scenario would allow for ectopic expression of c-myc in

somat otrope, lactotrope and thyrotrope c&ls of the devel oping and adult

pituitary and provide a nodel for pituitary tunorigenesis (Rhodes et al.

(1996), Mol .78l 11 BRERStory Fidflent H3mpRaxt er et al. (2001), 75, 9790). Table

11 lists a 30 nunber of Characterized regul atory sequences which may be

utilized to dgrivette—expressionm of endogenoustoci through PPS—and

cot r ansf or mat RegulatetshBegibwgi es. WO 03/ QEXPREsiACPALB02/ 20349 22 Taple 111.

Regul at ory Efement—Exanptes—Regutatory—RegronExpresstonPattern| Pit-1

Pituitary PrBitdctin Pituitary Lactotropésitar® owt h Hornone Pituitary

Somat ot r opes—Mrogentn—Sketetal—Miseter—Apha—€rystat-ta—tens—of—the eye

Prot am ne TesPesactiR-|1i m Rat|i ke's Pouch PitaitirgrLaoetropess GATA- 3 Li viler
Al

I
I nsul i n PancfFeas—GAaRHHypoet-halarmus—Dbystrophi-n—Cardi-ac—and—Sketetjal Miscl e
It is underst I
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and net hodol Jg/yyo%gninv\ell as by cot r ansfl &eRtdl 8Musplet hodol ogy for the
pur poses of putating cellular 5 endogenous genom ¢ DNA sequences—Cells

capabl e of uhdenRatRSafint €- speci fic homphegpe ey&combi nation may be

derived fronma variéty of arganisns and species

S
g
%

type thatPifuiagdoaii@ropts under goi ng

Protamine Testes

P-lim Rathke’s Pouch, motor neurons
GATA-3 Liver

Insulin Pancreas

GnRH Hypothalamus

Dystrophin Cardiac and Skeletal Muscle

It is understood that any cell type that is capable of undergoing site-specific
homologous recombination may be manipulated by PPS vectors and methodology as
well as by cotransformation methodology for the purposes of mutating cellular
5 endogenous genomic DNA sequences. Cells capable of undergoing site-specific

homologous recombination may be derived from a variety of organisms and species
including, but not limited to, human, murine, ovine, porcine, bovine, simian, canine
and feline. In general, any eukaryotic cell capable of undergoing site-specific
homologous recombination may be targeted successfully for the generation of a

10 mutated DNA sequence within the cellular endogenous genomic DNA by PPS vectors

and methodology as well as by cotransformation methodology.

When the creation of a transgenic non-human animal containing modification
produced through the utilization of PPS vectors and methodology or cotransformation
methodology is desired, the preferred cell type is embryonic stem cells. These cells

15  are generally derived from the inner cell mass of preimplantation embryos and
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15 The PPS and cotransformation vectors and methodology described herein may

be utilized for the purposes of correcting specific genetic defects in humans. It is
possible, for example, to generate a mutated DNA sequence in human stem cells
through site-specific homologous recombination between a PPS vector and cellular
endogenous genomic DNA sequences and subsequently transplant those cells into

20  patients for the correction of a specific genetic disorder or supplementation of a
particular gene product. A similar scenario may apply for cotransformation
methodologies. Another potential use for gene inactivation is disruption of
proteinaceous receptors on cell surfaces. For example cell lines or organisms wherein
the expression of a putative viral receptor has been disrupted using an appropriate

25  PPS vector can be assayed with virus to confirm that the receptor is, in fact, involved
in viral infection. Further, appropriate PPS vectors may be used to produce transgenic
animal models for specific genetic defects. For example, many gene defects have been
characterized by the failure of specific genes to express functional gene product, e.g.
.alpha. and .beta. thalassema, hemophilia, Gaucher's disease and defects affecting the

30  production of .alpha.-1-antitrypsin, ADA, PNP, phenylketonurea, familial

hypercholesterolemia and retinoblastemia. Transgenic animals containing disruption



20 patients for the correction of a specific genetic disorder or

suppl enentation of a particular gene product. A simlar scenario may apply
for cotrawefoanmxEes on et hodol ogi es. Anot her potential usecCTarsozeises
inactivation is disruption of proteinaceous receptors on cell surfaces.

For exanple cell lines or organisns wherein the expression of a putative
viral receptor has been disrupted using an appropriate 25 PPS vector can be
assayed with virus to confirmthat the r2keptor is, in fact, involved in
viral infection. Further, appropriate PPS vectors nay be used to produce
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(FI G 5).15  cells which contain sequences encoding this marker from cells which do not contain

sequences encoding this marker (FIG 5).

In addition, it is preferable that the PPS or cotransformation vector be
linearized prior to its introduction into cells for the purposes of mutating cellular
endogenous genomic DNA sequences as linear vectors exhibit significantly higher

20  targeting frequencies than those circular (Thomas et al. (1986), Cell, 44, 49). Itis,
however, possible to successfully utilize PPS vectors for these purposes without

linearization.

For the purposes of targeting different alleles, it may be necessary to utilize
different regulatory elements for the expression of the positive selectable markers,
25  specifically the marker encoded by the second DNA sequence which is positioned
between the two regions of substantial homology in a replacement vector. By
manipulating the levels of expression of the positive marker alleles which are
sensitive to these levels due to heterochromatic organization or adjacent regulatory
elements that may affect the expression of the positive marker or may affect the

30  process of site-specific homologous recombination may be targeted successfully.



In addition, it is preferable that the PPS or cotransformation vector be
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037002725 PCT/ USO?R%Q@I&&ryR@ igable IV lists the mgugueommon regul at oy
regi ons whi ch-nay be utill 7¢=ri inthe presently described invention|Table

V. Regul ato ypﬁggjhggg,céﬁ%ﬁgse@g Sel et abl evMBnBian EXpr essi on

Regul atory Region (rigin Phnqnhonl ycerate Kinase (PGK) Manmmalian SV-40

(early) Nammal IS@MOY&%?# Cyt orregal ovirus (Cl\/k/)l\,l\gh{rﬁghago‘q%lsar coma Vijrus
(RSV) Viral |Mloney ine leukemia virus Viral ( Mol Viral |[The

| ength of the mat i on vecfor regifed for successful |site-
5 specific hono yg)qlg%% %@gggmtion is a pritical paraneter that is often

dependent upon Ougsg)r%ﬁliag%éa&{%ne target ed forvﬁrapatl ng a nutated DNA
sequence. Vector

Moloney murine leukemia virus Viral
(MMLYV)
MC1 Viral

The length of the PPS or cotransformation vector required for successful site-
5  specific homologous recombination is a critical parameter that is often dependent
upon the particular gene targeted for creating a mutated DNA sequence. Vector
length is dependent upon several factors. The choice of the DNA sequences encoding
the positive selectable markers will affect the overall vector length due to the
variation of sequence composition for different markers. In addition, in a replacement
10  vector the lengths of DNA sequences one and three, the two sequences which are
substantially homologous to cellular endogenous genomic target DNA sequences are
crucial parameters that must be correctly addressed for successful gene targeting. In
general, one region of homology may be as small as 25bp (Ayares et al. (1936),
Genetics, 83, 5199), although it is recommended that significantly larger regions of
15 homology be utilized. Up to a certain length, an increase in the amount of homology
provided in the PPS vector increases targeting efficiency (Zhang et al. (1994), Mol.
Cell Biol., 14, 2404). In most cases the entire vector length will be a minimum of 1kb
and usually will not exceed a maximum of 500kb, although vector length is also
~ dependent upon the technology utilized to construct the vector. It is possible, for
20  example, to construct a PPS vector with a cosmid, BAC, or YAC as the provider of

the two regions of substantial homology thus generating a significantly large vector



| ength i s dependent upon several factors. The choice of the DNA sequences
encoding the positive selectable markers will affect the overall vector
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which encode positive selectable markers are generally nonhomologous to cellular
endogenous genomic DNA sequences and therefore do not undergo site-specific

recombination with these sequences.

In certain cases it may be advantageous to remove DNA sequences encoding

20  positive selectable markers which have been incorporated into the genome of cells
upon site-specific homologous recombination between PPS or cotransformation
vectors and cellular endogenous genomic target DNA sequences. This is due to the
potential negative effects expression of the positive selectable marker may have on
cellular or organismal viability and survival. Alternatively, regulatory elements

25  introduced into the genome of the host cell may adversely affect the expression of
endogenous loci juxtaposed to these elements. The removal of sequences encoding
positive selectable markers and corresponding regulatory elements is possible by a
number of methodologies. The Cre-Lox technology may be successfully applied for
the removal of specific sequences introduced into cellular endogenous genomic DNA

30  via PPS or cotransformation vectors and technology (for review on Cre-Lox see
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human gene therapy, the positive selectable marker and corresponding regulatory

elements may be removed after completion of site-specific homologous

recombination between the PPS or cotransformation vector and host DNA.

The PPS and cotransformation vectors and methodology described herein may

20  also be utilized for the purposes of mutating DNA sequences in plants. Indeed,
several examples of homologous recombination in plant lineages exist (Siebert, et al.
(2002), Plant Cell, 14, 1121 and for review see Schaefer, D.G. (2002), Annu. Rev
Plant Physiol. Plant Mol Biol., 53, 477). In addition, said homologous
recombination has been exploited utilizing positive-negative selection technology to

25  target several plant loci including the alcohol dehydrogenase and protoporphyrinogen
oxidase (PPO) loci (Xiaohui et al., (2001), Gene, 272, 249; Hanin et al., (2001), Plant
J, 28, 671). It is postulated that there are a number of resistance markers which may
be utilized for the purposes of implementing PPS and cotransformation methodology
to generate mutated DNA sequences via sité-speciﬁc homologous recombination.

30  These include neomycin phosphotransferase as well as any herbicide or insecticide

resistance loci which may allow for a positive selectable characteristic upon
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and 15 EMBO J., 3,2717). MlCI‘Oln_] ection may also allow for the successful introduction of

the PPS or cotransformation vector into plant cells (De la Pena et al. (1987), Nature,

325, 274; Crossway et al. (1986), Mol. Gen. Genet., 202, 179). In addition, it is

possible to introduce the PPS or cotransformation vector into plant cells via liposome-

mediated transfection (Deshayes et al. (1985), EMBO J.,, 4, 2731). Upon successful

20  introduction of the PPS or cotransformation vector into plant cells site-specific
homologous recombination may allow for the mutation of cellular endogenous
genomic DNA sequences according to the construction and organization of the PPS or

cotransformation vector.

The cell separation strategies described in the present invention include cell
25  sorting through the utilization of a FACStar Plus cell sorter as well as manual
separation techniques, but the invention is not limited to this apparatus or to these
separation techniques. Other cell sorting apparatuses may also be implemented for
the effective separation of cells which express one selectable marker verses another

selectable marker or no selectable marker. These include, but are not limited to, the



met hodol ogy to introduce an exogenous gene or coding region into an
endogenous 10 locus. Introduction of the PPS or cotransformation vector

i nto pl anwo®alodz2sraybe acconplished by a variety of net heds/usewbazad ng

t hose previously devel oped for the insertion of exogenous DNA into
protoplasts (Hain et al. (1985), Mdl. Gen. Cenet., 199, 161; Negrutiu et
al. (1987), Plant Mdl. Bio., 8, 363; Paszkowski et al. (1984), 15 EMBO J.,
3, 2717). Mcroinjection nmay al so all ow p@r the successful introduction of
the PPS or cotransformation vector into pl ant ceIIs (De la Pena et al.
(1987), Natu %%gav 202,
179). In add?ﬁcgr%%gef%yI ngiégl%b eraﬁ:tEr%)I((fljﬂce t a!}%k%c%%g}ggﬁgansgornml on
vector into pﬁtlmr’wsadeipbnnmthaodmctewﬂmﬂmttmdiresbﬂdnvmm ection (Deshayes et
al. (1985), EMBO J., 4, 2731). Upon successful 20 introduction of the PPS

o oL ranetor Tt B HE Rl B8 PES R EeBATL S NS94

DNA sequencegor&ifig dhdsbsitd/elsBRcEMEafies ISueR p Qdiﬁv@?&ib?ﬁk*ezﬁldcﬁ@n plfoc&dl@esPPS or
cotransformati on vector. The cell separation strategies described in the
present ihvepttisgatialhoangieh ferthpse pmsismed ﬁﬁggqtﬁplé%‘ghel’@mélomqlpgozlatu on of a
FACSLar Pl S, Gelbiafhl I @udel A ARCIRONAL "o BERALALLANASEEIVES, 18 the
invention is i ea I'§ Tappar at’us or o these Separat 1 on

t echni ques. @hh@foldéhﬂclﬁ@éﬁbﬂ@a@@m@lttmge&dﬁays edrﬁparhbtdtfmlraemmﬂ ed for the

effective se arat| on of cells which exgress one sel ect abl e %ar ker verses
anot her sel %1”1“8 IS HADR ts ygrsue e hepplosons s formpais preigEablya 10yt are

not limted g M&uﬁé&%rggpa&%bﬁgidéﬁ%i@&%ﬁmegﬁmﬁécﬁem P9¢0,9601 . and

FACS Vant age SE [l or any a ratus capabl e of sorfiing cells based upon
met hods tescfolearidhmenhe.eptiEsmbio off trassfoinmd. tarfhiecelP® rasfamedsells dusdme t he

PPS nethod to foor transfor dtar et cel. cont a t he 03|t|ve
celecti on mREPEoE TeRuEIS N LopRLEny RS EpEEiod e Rde bt dledshiol S

subst anti al | yf @@bkdeh of Olin | OB iha0HEREI¥Eds foar &€t irCH),A0D tdisfoeBd BEED| ogous
reconbi nati on has occurred. As used herein, "substantial enrichnment" refers

to at |east The swhstanbalensighmenirabirinestby the RES yeeters andmerthodscf ke inyentionpar ed

to the ratio

oﬁgn result in cell populations wherein about 1%, and more preferably about 20%,

15  and most preferably about 95% of the resultant cell population contains transformed
target cells wherein the PPS vector has been homologously integrated. Such
substantially enriched transformed target cell populations may thereafter be used for
subsequent genetic manipulation, for cell culture experiments or for the production of

transgenic organisms such as transgenic animals or plants.

20 The following Examples are presented by way of example and is not to be

construed as a limitation on the scope of the invention.



honol ogous transformants versus non-honol ogous transformants, preferably a
10- fold enrichnent, nore preferably a 1000-fold enrichnment, nost

pr ef er ablwoa3a®@7¢00 10 fold enrichnent, i.e., the ratio ofCrasnytoined
target cells to transforned cells. In sone instances, the frequency of
honol ogous reconbi nati on versus randomintegration is of the order of 1 in
1000 and in sonme cases as lowas 1 in 10,000 transforned cells. The
substantial enrichnment obtained by the PRS vectors and net hods of the
invention often result in cell popul ati ons wherein about 1% and nore
preferably gbouhipPiks 15 and nost preferably about 95% of the resultant

cel l popularTﬁﬁ“CUﬂTalns transforned target cells wherein the PPS vector
has been honol ogously integrated. Such substantially enriched transfornmed
target cell popul ati ons may thereaf tEXADPLEdd for subsequent genetic
mani pul ation, for cell culture experinents or for the production of
transgeni c or gani S| The fol | ow ng
Exanpl es are presehtedby ey e SHS
limtation on the scope of the |nwﬁamba§nlzﬁkeﬁy002725 PCT/U802/20349 30
EXAMPLES EXAMPLE 1 Inactivation of the ptchZ2 [ocus through the utilization
of PPS vectors nmethods in ES cells 5 1. ptch2 targeting vector

const ructi on': pqtéﬁzztaf@tlégt"fz%‘iﬂ"s??é‘ﬁtﬁ‘ﬂ%ﬁ’é domai n receptor speculated to play a
role in the nodul ation of hedgehog signaling during enbryonic devel opnent
and post nat gJ:bn {sMatR¥RABRbrade dohindkee (&%ﬁ&)ulat&ﬂfo pléeh®le in th8 molthtion
Carpenter, D. et al., PNAS, 95, 13630 f e ptch2  targeting vector, terned
P2TVG, was cfistgehogsitnplingluingamtsonh dgeslonuens andpepsrasatyc ambdary

til ng a ont ' e nce
gp;nhfhggexo S?gﬁ?%bgﬂé GTfnnigl%ﬁ %%%Ret%gﬁr%ﬁ@hgﬁ§53%%Q%§&§Lﬁ%§ %g?hroﬁgh
8 of the ptchgelifg @pdtor, tdintdP2 TV G, Bk ednsyructed frofkdladibdh pBaggmeiise honol ogy

was arrpllfled from D%]enomc DNA i sol ated fromthe gtchZ phage clone &3- 11
by PCR dfid fgeaamécDRA Hbrpratilizitg aphage slangsternreeGerld girRigh cigfaingdpel oned

I nto genomic sequences spanning exons 5 through 11, which contain transmembrane

domains 2 through 8 of the ptch2 receptor (FIG. 1). Briefly, a 1.7kb 3’ region of

homology was amplified from genomic DNA isolated from the ptch2 phage clone G8-
11 by PCR and flanked with Kpn1 and Not1 sites. The fragment was subcloned into
15  the pPolylinker plasmid and the plasmid therein after referred to as pPolylinkerl.7. A
5’ region of homology containing exons 5, 6 and the most 5’ region of exon 7 was
removed from the genomic clone with the restriction enzymes BamH1 and Ncol,
filled in with Klenow fragment DNA polymerase and blunt subcloned into an Hpal
site of pPolylinker1.7 and the plasmid therein referred to as pPolylinkerl.7upper. A
20 DNA fragment encoding the antibiotic resistance marker neomycin
phosphotransferase under the control of the phosphoglycerate kinase (PGK) promoter
was inserted between the 5° and 3’ regions of homology to replace coding regions for
transmembrane domains 2, 3 and 4, thus inactivating the receptor, and the plasmid
designated P2TV. A DNA fragment encoding green fluorescent protein (GFP) under
25  the control of the cytomegalovirus (CMV) promoter was subcloned upstream of the 5’

region of homology and the vector therein referred to as P2TVG (FIG. 1).



15 the pPolylinker plasmd and the plasmd therein after referred to as
pPolylinkerl.7. A 5 region of honol ogy containing exons 5, 6 and the nost
5' regi orwofo3esons 7 was renoved fromthe genom c cl one WPCA/UShZE20349
restriction enzynes BanHl and Ncol, filled in with Kl enow fragnent DNA

pol ymerase and bl unt subcloned into an Hpal site of pPolylinkerl.7 and the
plasmd therein referred to as pPol ylinker1l. 7upper. A 20 DNA fragnent
encodi ng the antibiotic resistance markegineonycin phosphotransferase
under the control of the phosphoglycerate kinase (PGK) pronoter was

i nserted bet " ' i Zagall to replace coding

regi ons for %?gﬁgﬁnﬁgﬁlgﬁgpﬁ%ﬁ%llﬁsﬁ\gh}gm%?gaﬁ%%ﬁ V'?%ég i nactivating the
receptor, and the plasmd designated P2TV. A DNA fragnent encodi ng green
fl uorescent pridetdisre pEEeNt attiget’ epé of the targetingotectol jush dowysteamgdlition3’r us ( CW)
pronoter was_subclqned. upstre of .t he 5. regi.on of -honol o and the
vector ther el Fer el rs yowgssl?tgﬁq/@r?ﬁe@zaﬁpgw @?f%%%%s%ﬁe S02/ 20349

31 2. Transf ehnsiéineitionf 166uLet P WE Voot dideafi et bhehoVeklbfforth Safactedsi t e
present at the 3' end of the targeting vector just downstream of the 3

regi on of 3 hofibpen) preginitated andZespspended imwberile Zidteredrivater ab e copcaarbligoefl ¢ st em
It f tion. : i i
Shenol 1 oh or opE R to BN s FUARRT Blau 40 St O e ropasatenay 37,

sterile filtaeed, 68 €0, ah galadairzeénbdnaplates tobpproxigiatdly p0Yeadontloene i Wi C
stemcell transgformation. St cells were propagated at. 37 deg. C, 5% CO2
on gel ati ni zg’(?alf(?é)ﬁlaﬁ}l% égitlzceé%&p*‘%%%teé??nﬁ @Bﬁﬂd&elr’i’&v ﬁoﬁluW&S medi a
cont ai ni ng 1594,G4S, 169%1\1@\4&%?&,%%5615 ;ﬁhlvﬁﬂ]fmalﬁﬁieg%u MaRdimMs sy at e,
10- 4M B- ner capt oet hanol,” 2mM L- gl ut am ne, 50ug/m penmcillin, 50ug/m 10
st rept ony¢i nstrep0@DY¥ing 10008/ mhLBuindadeescs’s miinimel lesseatiamédabmBNMENM).( DVEM) .

Cel | i.nsed in.nedia-fr. d L j ' 0
olate of - ESCEN e HFOGuRENarE TGS At Gots BeF |G Mfsekcr ani ne
Reagent accokdicBls int@dhdtRl \}T@Hyéi@&idﬁrt@dhhﬁluép_Gz@thfﬂiﬁ@feét@ﬂii&e(R@FEﬂtra@élﬁ‘&i,ng| nc.).

24-48 hours post transfection cells were either harvested for separation
in a FACSt ar tortha gnegefactuser’ ¢ snecidications (vieagensnant 248 hoursepidenpisation

descr i bed bebo (ELE Rl nalfikled T8 Y5 HAACIEALYE PR LA i) uribe T ||

filtered phosp e buffered salrlne y trypsinization in Im
of 15 antibiotic selection as described below (FIG 2). Cell harvesting included two rinses in

sterile filtered phosphate buffered saline (PBS) followed by trypsinization in 1ml of

0.05% trypsin/EDTA per 10cm plate for 15 minutes. Excess trypsin was removed

and cells resuspended in cell sorting buffer containing ImM EDTA, 25mM HEPES,

pH 7.0 and 1% dialyzed FCS in PBS at a density of 10%10° cells/ml. Cells were kept
20 omice in 5% CO, prior to sorting.

3. Separation of prch2 targeted and nontargeted ES cells

a) ES cells transfected with P2TVG were put under selection in 200ug/ml geneticin
(G418) to select for cells which had incorporated the positive selectable marker
neomycin phosphotransferase stably. Cells were selected for 12 days, harvested as

25  described above and bulk sorted in a FACStar Plus cell sorter to separate cells not
expressing GFP from those which express it (FIG. 4). Sorted cell populations
excluding GFP as well as unsorted cells were replated at a density of 10¥10°
cells/10cm plate and propagated to 80% confluency for subsequent isolation of DNA
and genotyping.



0. 05% trypsi n/ EDTA per 10cm plate for 15 m nutes. Excess trypsin was
renoved and cells resuspended in cell sorting buffer containing 1nv EDTA,
25mVI HEPBS0 03062775 0 and 1% di al yzed FCS in PBS at a densi PgTafSod/3196
cells/m. Cells were kept 20 on ice in 5%CO2 prior to sorting. 3.
Separation of ptch2 targeted and nontargeted ES cells a) ES cells
transfected with P2TVG were put under selection in 200ug/m geneticin
(418) to select for cells which had incgpporated the positive sel ectable
mar ker neonyci n phosphotransferase stably. Cells were selected for 12

days, har VesBF%lﬁ?maﬁ@el eﬁ§ riall&exgel%lﬁ%s%&ﬁ% gﬂ%éﬁ%ﬁés?&tlo v@tfoﬁ&ﬁ ar Plus

cell sorter to separa S not expressin rom t hose I ch expr ess
it (FIG 4). iSpementatiel of aipidtiatselanton ddulidsargd GER FAC St Pluaselliststor toed

N | at ed d 06 cell's/l |
o1 opagat cd 1 BB0% tAPPUBHEg R CLLeR R REbrEPSH GRODRASoRHieel
genot ypi ng. M@é(&@%%&édlﬁgawgﬁe%&ﬁét%d at3a2dt91)51tya‘bf ?(5*1@5 bé’lfs/b()cnﬁﬁat‘é%hlis wer e

harvest 48 hours post-transfection w thout the i npl enentation of
anti bi oti% spropegatethtodilie berflueney fozdsolatioa aﬁd\@fﬁaan@gwtmmg Sodter to

|l P fr h G 3)
Sortea cel | PREBISD GO TRIER B PR urE RO BT RRER dehel ) or 10+ 106

celI's/10cm pl@as %@@ﬁbl&t BorQRBY dhesh Had 118&%&&@61 tnéqmmvte@électa@lle@iarm and DNA
and genot ypi ng. propagation was inplenmented with cells under

sel ecti on i nnoWOYR phosybefEaristarase stablyr dynsoged eglisgyere gropastted tagi%eh had
d
i ncor porate {)ﬂﬁleﬂgfl:’&tln\é&l?o%c?ééf%t%ﬁ8(?%[6%&%% neonyci n phosphotransferase

st abl y. Unsor S wWere % confluency but not subjected
to 418 selection. 10 4. Genotypl ng confirmation of ptch2 nutation by
site-spetdfid. IGEnuﬂypmgwsnﬁrmﬁmemﬁZanutmrby siteBidaciia homobdgatied from
either sorted ES cel.l populations or unsorted negative control cells by
the fol | owi n&FSPEIBE 81F Cells were grown in 10cmplates to approximtely
80% confluence and Il |ysis buffer containing 100mM sodi um 15 chl ori de,

S0mMM Tri s- HOGen®hlic™EA WA bb1EST Avoni 6 tier S#I0RR ¢61) slglieaiphs stiuisatted

negative control cells by the following protocol. Cells were grown in 10cm plates to
approximately 80% confluence and 1ml lysis buffer containing 100mM sodium

15  chloride, 50mM Tris-HCIL, pH 7.5, 10mM EDTA and 0.5% sodium dodecyl sulfate
(SDS) added directly to the plates. Cells were incubated for 15 minutes at room
temperature, transferred to 1.5ml Eppendorph tubes and incubated at 55 deg. C
overnight with gentle shaking. Lysates were extracted two times with an equal
volume of 1:1 phenol/chloroform and one time with chloroform. Genomic DNA was

20  precipitated with an equal volume of isopropanol. After centrifugation at 15000XG

genomic DNA pellets were resuspended in 300ul sterile filtered water.

Genomic DNA from each sample was genotyped by PCR utilizing an oligonucleotide
primer specific for sequences in the PGK promoter and an oligonucleotide specific for
sequences just downstream of the 3’ region of homology (FIG. 1). 20pmoles of each

25  oligonucleotide were mixed with 100ng genomic DNA in the presence of 200uM
final concentration of each dNTP, 2.5mM MgCl,, 1X PCR buffer and 1U Taq DNA

* polymerase (Invitrogen, Inc.). Amplification was performed through application of

the following cycling parameters: 94.0 deg. C for 2 minutes followed by 35 cycles of
96 deg. C for 30 seconds, 58 deg. C for 30 seconds and 72 deg. C for 2.5 minutes.

30  Reactions were electrophoresed in parallel with 1kb ladder molecular weight



(SDS) added directly to the plates. Cells were incubated for 15 m nutes at
room tenperature, transferred to 1.5nml Eppendor ph tubes and incubated at
55 deg. Gwomsm0212gtht with gentl e shaki ng. Lysates were exPcaaiseziawo ti nes
with an equal volume of 1:1 phenol/chloroformand one tine with

chl oroform Genom c DNA was 20 precipitated with an equal vol unme of

i sopropanol . After centrifugation at 15000XG genom c DNA pellets were
resuspended in 300ul sterile filtered wag®er. Genom c DNA from each sanple
was genotyped by PCR utilizing an oligonucleotide priner specific for

sequences | : I
sequences j&é%r{ag%dvomgéta%am ?{Of'ﬁg‘gfﬁat@ %%ﬁgj&%{ﬂ% @?H@lﬁis&%pml es
of each 25 mat@unnofﬁdﬂpiedum%m&bd’(mpﬂmdﬁﬁm dgtotediudilibNA DA tiven
presence of 200 M flnal con entr ac P, 2 12, .1X PCR
buffer and ™. Wloﬁﬁ)F Q3 §%C H‘b%&ﬁ? rfﬁ‘gl@rtrh Cawwl)wh b@fﬁ?\{?lefl\l/ggﬁﬁeéﬁl was
performed t Hglgh I i I nmeters: 94.0
deg. C for EG ?n nut%ggfa%%rl agg%@ sortfnﬁgr;/%ll@zgsrfg‘(’)&teggé‘d{ﬁé h&HOIB? o 30 seconds, 58
deg. C fdér 36cembinaiion mqiobuc‘zf@smlggen@tdrgctl@ H\Iwrpmdu@swasztbsmatutﬁlmisg wer e
el ectr ophor n parall.el wt.h | add nol ecul ar wei ght WO 03/ 002725
PCT/ US02/ 202@@9‘ %%msu[ng%aeélrc&gs 8'hméle§a ‘f%cé) ﬁP]SSe gel and the gel stained with
et hi di um brom de for U/ detection of PCR products. A 1.7kb PCR product was
detected utilizing DNA from sanpl e PRAMPBRLE®S sorted to exclude G-P for
both cells which had been selected in 418 prior to as well as
post-sorting indicating S|te s-eC|f|c honglo.ou 5. reconbi na |on and
successful gendifghividionof thepscis? loeus thrgugh the iization,of\cotrar Ky
unsorted cells or in negatl ve contﬁlgih%ds@(ﬁyPcleﬁsZ Inactivation of the pt ch2
| ocus through the utilization of cotranstormation nethods in ES cells 10
1. Cotransformation of ES cells with ptch2 targeting and CFP The
cot r ansflér nat.i GatransforoRtPogyED e¢liscwitlppich A dargeing atﬂﬁ&ﬁ’PtV\D types of
integration may occur upon transformation. Type | is site-specific
honol ogous r L.oR: \whi | i I i
genore of th’gﬁég aﬂ%%glﬂmﬁgodrdéﬁ%{) %ﬂ%&?th@ £5de MM Bwd Wp@gE)f’lfﬁeg'r&Io?l rhaﬁ
occur upon transformation. Type I is site-specific homologous recombination which

introduces a single integrant into the genome of the cell. Type Il is random
concatemeric integration which introduces vector multimers (FIG. 6). Embryonic

15  stem cells grown to approximately 50% confluency were cotransfected with 4ug each
of linearized P2TV (no fluorescent protein cassette) and a separate linearized vector
encoding cyan fluorescent protein (CFP) under the control of the CMV promoter.
Cotransfections were accomplished via lipofection protocols as described above
according to manufacturer’s specifications (Invitrogen, Inc.). Cells were harvested 48

20  hours post-transfection and resuspended in cell sorting buffer as described above.
2. Separation of ptch2 targeted and nontargeted ES cells

Cells were bulk sorted in a FACStar Plus cell sorter to separate cells not expressing
CFP from those which express it (FIG. 4). Sorted cell populations were replated at a
density of 10*10° cells/10cm plate and propagated to 80% confluency for isolation
25 and DNA and genotyping. Said propagation was implemented with cells under
selection in 200ug/ml geneticin (G418) to select for cells which had incorporated the
positive selectable marker neomycin phosphotransferase stably. Unsorted cells were

propagated to 80% confluency but not subjected to G418 selection.



concateneric integration which introduces vector multinmers (FIG 6).
Enbryonic 15 stemcells grown to approxi mately 50% confl uency were

cot r ansf ewDad/ovd7ehh 4ug each of l|inearized P2TV (no fl uor @swarsv2/pi3ed ei n
cassette) and a separate |inearized vector encoding cyan fluorescent
protein (CFP) under the control of the CW pronoter. Cotransfections were
acconplished via |lipofection protocols as descri bed above according to
manuf acturer's specifications (Invitrogey Inc.). Cells were harvested 48
20 hours post-transfection and resuspended in cell sorting buffer as
descri bed a Q6. ted ES cells
Cells were Eﬁl ]g%ﬁ?%%%&ﬁﬁﬁh' ?d?ﬂéﬁﬂaa%gp ggg Per t@agggéggte cell's not
expressi ng r&@liingmnt hose which express it (FIG 4). Sorted cel
popul ati ons were replated at a density of 10*106 cells/10cm plate and

o1 opagat | on GRS aire Fowefthd sodd FS Ellarbuio SSHRlal i o

geneticin ( %é&)veldbn&@i €dlls of @BsceiBbd Soovb] CRnbaft DRAOKHA A IESnipkewaPOsi tive
sel ectabl e marker neonyci n_phosphotransferase stably. Unsorted cells were

propagat éd t&sneopsEeny dizing an dligenualetislemsianar speeafiaios seaendes in thap

03/ 002725 P f ch2 tati on
by site- specczls-%k@@(ﬁ%l ?%gdo%nséhgb ggonﬁl naB %égﬁc @3% ﬁe%%&mﬁgn?téoﬁ? “from
ei t her sort &d r&on ef horpolpgy FICHNE Réactios ooluads ané gaidivenseoddsidekeriteldl s as

descri bed abgve. Genomic DNA from each sanple was_ 5 not yped_ by PCR
utilizing arfPers gRFRFEPBYIFEIShtioRRoressHdR PF‘iaHelfWh é@ﬁ%@ﬁ@égolpwl%rmémgmm

pr onot er an%&aﬂww%%ﬂs ga%ﬁ& kifd gl Eﬁ{nea%ﬂpﬁaﬁﬁﬁlﬂl RImidoypsHy eam of

the 3' region of honvol og Reacti1on volunmes and conditions are as
descri bd@ alstection REBCRI pméuqm r& 16ke COROplodne yes detecwdnmﬂllzmg DafA Hfrotk b

| adder nol ecul a ar n %. rose d the gel

St ned i ¢ AP AR TR P oroiu GEP ditetinB S Sttt A 1. 7io
PCR product réasmslahest £ subddsfal g@le@higetiﬂ But RAFMBLECt AR Wb @NgilSagt ed to
exclude CFP indicating site-specific ogous reconbi nation and

successful deNa fromgasoreg, ceBeor ngiegrtpiasrontrlis observed utilizing DNA from
unsorted cells or in negative controls.

EXAMPLE 3

15 Inactivation of the ptch2 locus through the utilization of

cotransformation methods in 3T3 cells

1. Cotransformation of 3T3 cells with ptch2 targeting vector and GFP

NIH 3T3 fibroblasts were cultured in 10% FCS in DMEM containing 1mg/ml
ciprofloxacin on 10cm plates to approximately 50% confluency and cotransfected

20 with 4ug each of linearized P2TV (no fluorescent protein cassette) and a separate
linear vector encoding green fluorescent protein (GFP) under the control of the CMV
promoter. Cotransfections were accomplished via lipofection protocols as described
above according to manufacturer’s specifications (Invitrogen, Inc.). 24 hours post
transfection cells were selected in 1.0mg/ml G418 for 14 days to allow for the

25  selected survival and manual isolation of clonal colonies expressing the neo resistance

marker.



EXAMPLE 3 15 I nactivation of the ptch2 |ocus through the utilization of
cotransformati on nethods in 3T3 cells 1. Cotransformation of 3T3 cells with
pt ch2 t argetmne72ect or and G-FP NIH 3T3 fi brobl asts were celcrarsez2a3m 10% FCS
in DMEM containing 1ng/m  ciprofloxacin on 10cm plates to approxi mately
50% confl uency and cotransfected 20 with 4ug each of |inearized P2TV (no
fluorescent protein cassette) and a separate |linear vector encodi ng green
fluorescent protein (G-P) under the contg®l of the CW pronoter.
Cotransfections were acconplished via |ipofection protocols as described
above accordhn [ (4 ogen, Inc.). 24
hours post ?rgdnaglﬁ @%&ﬁﬁ S l\z@tﬁ? selaégt ggfap%%f%ﬁ eti %418 for )14 days
to allow for the 25 selected survival and nanual |soI ation of clonal

col oni es ex p#&seibmigs whehrbad suséi'edt@mﬁaelenﬁmkwere mmy@tma,ar@aﬁiw&w 20349

35 2. Manual arati gh2 tar and nt ar 3 | 1.s 48

col oni es whi & %fﬁn%etﬂqli}(){}{eﬁa% rF et &qﬁ :c[)(e@'ﬁomes

trypsini zed gRre subfqRegsesenab céleﬂﬂegcpﬁl&& pte@aide o@nd)nsgﬁh @488 ahd 35T

plates (FIG 3). Colonies were subseq uentl%5 grown to confluency in the
ng

presence of Qbsyn@ﬂrfvr eAiBsign aﬁﬂugremefr stexpvelsngthaicersivent otitt GEOr @%thée at
wavel engt hs 1e§a QlIth n% Fll;‘l?"\%?lore.#:enc fls%F (\Tgblg v?/esrh%g@ ct,lg)neq darff‘ ur t her

observabl e f uor 8Scerice {see esé ones ursue

to determ ne uﬂ@@édfmﬁhartom@tenaiﬂeewls@l@srlof heét sﬁtergpé@ﬂ@hsmbbgomeaahmmonhad
occur at the ptch2 | ocus between endogenous genom ¢ sequences and t he
P2TV vect or. qcboc&ur dhe Pieh? ferus SRR ERJOSRNQIF SsHeHIE %Aaeﬂwcaw the

si te-speci fi grppnplggous reconbination Cells were grown to confluency,

| ysed and genom c was isolated fromeach <clonal |ine as described
above. Genomic DNA from each sanple was genotyped by PCR utilizing an

ol i gonucl@ot Bdé&epotypimg copfundtion dfgrc/genuiatinney site-spheifip@Grmolagons er 15 and an

ol i gonucl eot |redcgm%%aﬁ| fic for sequences just downstream of the 3' region of

Cells were grown to confluency, lysed and genomic DNA was isolated from each
clonal line as described above. Genomic DNA from each sample was genotyped by
PCR utilizing an oligonucleotide primer specific for sequences in the PGK promoter

15  and an oligonucleotide specific for sequences just downstream of the 3’ region of
homology (FIG. 1). Reaction volumes and conditions are as described above.
Reactions were electrophoresed in parallel with 1kb ladder molecular weight
standards on a 0.8% agarose gel and the gel stained with ethidium bromide for UV
detection of PCR products. A 1.7kb PCR product was detected in 2 out of the 13

20 lines indicating site-specific homologous recombination and successful gene targeting
and a targeting efficiency of approximately 15.3% (see Table V). No product was

observed utilizing DNA from negative controls.

Table V.
Number of Colonies Isolated 48
Number of Isolated Colonies not 13
Fluorescing
Number of Nonfluorescing Colonies 2
Undergoing Homologous Recombination




homol ogy (FIG 1). Reaction volunmes and conditions are as described above.
Reacti ons were el ectrophoresed in parallel with | kb | adder nol ecul ar wei ght
st andar dswon3ao028% agar ose gel and the gel stained wth @Chiusoumsky onm de
for W detection of PCR products. A 1.7kb PCR product was detected in 2 out
of the 13 20 lines indicating site-specific honol ogous reconbi nati on and
successful gene targeting and a targeting efficiency of approximately
15.3% (see Table V). No product was obseggved utilizing DNA from negative
controls. Table V. Nunmber of Colonies |Isolated 48 Nunber of |solated

Col oni es not 13 Fl uoresci ng Nunber Mﬁ%@r escing Col onies 2
Under goi ng Honol ogous Reconbi nati on 25 PCT/ US02/ 20349 36 EXAMPLE

4 Inactivation of the paraxis |ocus through the utilization of

cotransf or mati on net Hosdiviatiokof ¢tled zl_usmxis loarsadhranghaheatilingionceft or

construction 5 paraxis is a b?sm hel i x- Ioc% - hel i trfamscrl ption factor
inplicated in the control of€2 Srrammal i an
enbryogenesis (Burgess, R et al., (1995), 168, 296; Burgess, R et al.,

(1996), Natuge a;@&%ta@@ﬁlg\%ﬁd}%&nstﬁchonﬁ al. (1997), Dev. Biol., 189,
95). The construction of the paraxis targeting vector has been previously
descri bed (Bur ess, E et al 1996), Nature, 384, 570).. The araX| S
genoni ¢ 10 op@raﬁﬁz%% %ie hebixdlpap-gelfy trpgstipbichiactopimpliceted lwleaf:oa Bl ¢fnt r on.

A i R S N o S R DR
di neri zat i on29GhBurgesssR. amn(mé)_, Nadme,rﬁ&%ﬁ% dBalresj @A eoalr élr?ev)e lbsquences
nact | vati ngtide. Bark SR LR Brter %@%ﬁﬁ%ﬁﬁ?ﬁo@% Rdsbe 15
g ][ldg; O; hi coa&srcﬁbe(péBlﬁge%s RGet BL. QTG Nvkse, BBi | I70R ATAOp 48Rk @6forhide maj ority
10  organization consists of two exons separated by a 5kb intron. The first exon contains
the initiating methionine codon and the basic helix-loop-helix (bHLH) domain
responsible for DNA binding and dimerization. The first exon was chosen for
deletion to remove sequences including the initiating methionine through the bHLH
domain, thus inactivating the paraxis protein product. Neomycin phosphotransferase
15  under the control of the PGK promoter was utilized to replace the majority of exon 1
as well as 5’ regions of intron 1 (FIG. 2). Note: The HSV-thymidine kinase cassette
was removed from the existing PTV-1 vector and thus no selection for the presence of

this marker was implemented.
2. Cotransformation of ES cells with a paraxis targeting vector and CFP

20  Embryonic stem cells grown to were grown to approximately 50% confluency and
cotransfected with 4ug each of linearized PTV-1 (no fluorescent protein cassette) and
a separate linear vector encoding cyan fluorescent protein (CFP) under the control of
the CMV promoter. Cotransfections were accomplished via lipofection protocols as
described above according to manufacturer’s specifications (Invitrogen, Inc.). 48

25  hours post-transfection cells were harvested without the implementation of antibiotic
selection as described above and bulk sorted in a FACStar Plus cell sorter to separate
cells not expressing CFP from those which express it. Sorted cell populations

excluding CFP were replated at a density of 10%10° cells/10cm plate and propagated



as well as 5" regions of intron 1 (FIG 2). Note: The HSV-thym di ne ki nase
cassette was renoved fromthe existing PTV-1 vector and thus no sel ection
for the pwessme2df this marker was inplenented. 2. Cotr@&esfusonaBiuobn of ES
cells with aparaxis targeting vector and CFP 20 Enbryonic stein cells grown
to were grown to approxi mtely 50% confluency and cotransfected with 4ug
each of linearized PTV- 1 (no fluorescent protein cassette) and a separate
| i near vector encoding cyan fluorescent protein (CFP) under the control of
the CW pronoter. Cotransfections were acconplished via |lipofection

rotocols a (3 f t
(i tr ogen. o502 SABHERRUEIAEE SR by PBIIRRL Sl pdpBRREh AT O
wi t hout the impimened aitheslloindansdldzitioh i 20Ge)mEgémsticiagGdERdo séled fabove and

bulk sorted in a FACStar Plus cell sorter to separate cells not expressing
CFP from t ho%&s Whighhadiperparated thegpsitivg SE@Fﬁab%dgﬂi‘%\rtl?eBH’é’mnexcl udi ng CFP

were repl at
031 002755 PO TRIEEEEE el Magiitters Hﬁé}%@@%@é@&%oﬁ%ﬁh RS

genot ypi rig. Shjadtadrtofddtseloctionas. i npl enented with cells under selection in
200ug/ m geneticin (G418) to select for cells which had i ncorporated the

positive sel abl.e .mar ot L& Unsorted
cells were ? g OtY%IHg C8H%W%?8gﬁ¥; ‘lzjreaﬁgvy %Q{]on %?B%SS%G {n%P gt¥) 418

sel ection. 3recélmbiﬁaﬁ@ﬁ ypi ng confirmati on of paraxis rrut atl on by
site-specific honol ogous reconbination Genom c DNA was isolated from
either sorted ES cell popul ttlp(ﬁ)ns or, unsorteEg,S ve control cells as

descri bed ab&§RoMICd NS gﬁ’i“eeé@ﬁr%‘HWB pg UGS Yy PCR

utilizing an, %ah loge llsdc{% dREdBRd a§&%c'dén%ﬁ1@bb§@99ﬁ%@§sdnﬁblé has bovi ne
growt h horno eny atton signal 3" of neo coding sequences and an

ol i gonucl®ot gedmtyppé byAGR ﬁtnlnz1@a}udlgmsclpme rionerspecfiefasfsequeace in thgyi on of
ction v and. co e as descr d above

honol ogy jtd ons
W th Che excRRVTGHONR TR A NBIORTHOR A ciipes aplPE sEieBis b *s dog
C. Reacti onsoN®m@cibstidd tﬁfé&l‘ﬁ@ FOOgeRded fustiivaistredm of the 3t kdpidestiermdtogecul ar
wei ght standards on a 0.8%

(FIG. 2). Reaction volumes and conditions are as described above with the exception

of the primer annealing temperature which was 55 deg. C. Reactions were

15  electrophoresed in parallel with 1kb ladder molecular weight standards on a 0.8%

agarose gel and the gel stained with ethidium bromide for UV detection of PCR

products. A 1.5kb PCR product was detected utilizing DNA from sample populations

sorted to exclude CFP indicating site-specific homologous recombination and

successful gene targeting, but no product was observed utilizing DNA from unsorted

20  cells or in negative controls.

Having described the preferred embodiments of the present invention, it will
appear to those ordinarily(skilled in the art that various modiﬁcation§ may be made to
the disclosed embodiments, and that such modifications are intended to be within the
scope of the present invention. Although the invention has been described with

25  reference to the above examples, it will be understood that modifications and variations
are encompassed within the spirit and scope of the invention. Accordingly, the invention

is limited only by the following claims.



agarose gel and the gel stained with ethidiumbromde for UV detection of
PCR products. A 1.5kb PCR product was detected utilizing DNA from sanpl e
popul ati owe 03m027exl t o excl ude CFP indicating site-specifi @Charsot/agaeus
reconbi nation and successful gene targeting, but no product was observed
utilizing DNA fromunsorted 20 cells or in negative controls. Having
descri bed the preferred enbodi nents of the present invention, it wll
appear to those ordinarily skilled in tisg art that various nodifications
may be made to the disclosed enbodi nents, and that such nodifications are
intended to be within the scope of the present invention. Although the

i nventi on ha¥WHEAS (JAMVIEINIS:i t h 25 reference to the above exanples, it
wi |l be understood that nodifications and variations are enconpassed

wi thin the shiri tA arthosiciopaleofifytitga iransémied well Aoy Iehis ngtigrgonermteispeafici on
is limted gnly.,by the fql.l ow ng..clai 03/ 002725 PCT/ US02/ 20349 38
VAT 1'S LA TEsus fecortiaaieh Kian B FLS verpr RBTt P Bins  or mea cel | whi oh
has undergone si tf- spegdnkfogmidposelk S UPHEER Y dRsizhatoUindbigs siigspecRS
vector conprising: a) transformng cells with a PPS vector designed to

under go Si t d108}BRFRIS EcCOmbARAIONISTAN e ST BAPBIPSwher ei n t he vect or
3 : fi ; C ¥
conprises: a first DNAA %&W’Q%ﬂ%‘gﬁwk‘ﬁhﬁyﬁéﬁﬁﬁo@1&9%‘%]338@3%%5 to an

endogenous genom c sequence pres I ;a second DNA
sequence whiakdogmoasgsnomip esquensteprsehewithiarthe héstipawdmee;i stic in said cells

and i s non-honol ogous to ce ar endogenqus nom c..10 sequences and
therefore incapable of? %8%4 éﬁ%&qg?%cs%&?mggemﬂtw&& U@ conbi nat i on;
a third DNA ggoueRct: WVafdcdlR 88 RStAMonflbdbul WTRIREAUSAS Stk gRBRARIENOUS
genom ¢ sequence present within the host genone and is different from the

first DNA seggesnces amgrierefora irfcapatihoiidergoingsitcspotific howalogdess a positive
sel ection ch%%ﬂﬁﬁgﬁ&ﬁtic in said cells and is non-honol ogous to a cellul ar
endogenous dgﬁ ¢ ’

a third DNA sequence which is substantially homologous to an
endogenous genomic sequence present within the host genome and is different from
the first DNA sequence; and

15 a fourth DNA sequence which encodes a positive selection
characteristic in said cells and is non-homologous to a cellular endogenous genomic
sequence and therefore incapable of undergoing site-specific homologous
recombination;

b) propagating cells to select for or enrich for those which have been

20  transformed with said PPS vector by selecting for the presence of the positive

selectable marker gene product of said second DNA sequence; and

c) separating cells which have said second DNA sequence encoding a
positive selectable marker from cells which have said fourth DNA sequence encoding
a positive selectable marker.

25
2. The method of claim 1, further comprising d) characterizing the genomic
DNA of said cells carrying the second DNA sequence encoding a positive selectable
marker but not carrying the fourth DNA sequence encoding a positive selectable
marker for the site-specific homologous recombination events which allow for

30 modification of the cellular target DNA



sequence and therefore incapabl e of undergoing site-specific honol ogous
reconbi nation; b) propagating cells to select for or enrich for those which
have beerwO2B/0027ahsf orned with said PPS vector by sel ecti mgTfusn2/2d43¢9
presence of the positive selectable marker gene product of said second DNA
sequence; and c) separating cells which have said second DNA sequence
encoding a positive selectable marker fromcells which have said fourth
DNA sequence encoding a positive select§ | e marker. 25 2. The met hod of
claim1l1, further conprising d) characterizing the genomc DNA of said
cells carryigg the,secgn .sequence encodi ng a .pqositive sel ectable

mar ker but ngt carf§ PWB‘W%H’?WEW saickfifenvestas rdudas goaitive s¢leqtatde

sel ectabl e ks adietialb8y sidifioR BEGHTHi G WIRALAMSe! ecOmbi nati on event s
which allow for 30 nodification of the cellular target DNA WD 03/ 002725
PCT/ US02/ 20349 39 3. The nethod of claim1l wherein said PPS vector

i ncl udes posi;tive.sel egt able, .markers. det bl e by .addition of antibiotics
to cell cultdres. ?Wﬁ?%ncg%ﬁbﬁaloyg%@ﬁi %ﬂdﬁﬂi\éﬁqr X‘g‘éﬁije& p@?’@"%é@?‘iﬁﬂ’l‘? ncl udes
positive Sel egileddd which nidy hetdetectdl BN INGYscBRcedRhEEhadioRy f | uorescence |ight
em ssion. 5. The nethod of claim 1 wherein said positive sel ectable markers
allow for the separation of cells containing DNA encodi ng one marker from
cell's contaiging Bjé\, i J i 6..,1h t hod of
claim1 wher gi n said gé{&ﬁ?ﬂ'g%%m?&%%%ﬁ% Sg{d Iﬁ)gﬁrrlglsgg%%}gﬂlgrr%%ger Flrll%vf'?cgﬁﬁe 7. The
met hod of cl a¢pmationto cdisrconaining BINA eacodidy cnngarked frara eblladcataighg@Nsm 15
8. The method of.claiml %eé%;?g]@%ai d cells are fromplants. 9. The net hod
of claim 1 wHRSNE 20gihgT REqt S:under gone mul tiple rounds of

10
6. The method of claim 1 wherein said cells are capable of homologous
recombination.
7. The method of claim 1 wherein said cells are from a multicellular organism.
15
8. The method of claim 1 wherein said cells are from plants.
9. The method of claim 1 wherein said cells have undergone multiple rounds of

site-specific homologous recombination for the purposes of multiple modifications of

20 the endogenous cellular genome.

10.  The method of claim 1 wherein said cells may be utilized to create a

multicellular organism.

25 11.  The method of claim 1 wherein said cells are embryonic stem cells.



site-specific honol ogous reconbi nati on for the purposes of nmultiple
nodi fi cations of 20 the endogenous cel lular genone. 10. The net hod of
claim| wwerogiose73di d cells may be utilized to create a mrcCriuset/tashar
organism 25 11. The nmethod of claim 1l wherein said cells are enbryonic
stemcells. WO 03/002725 PCT/US02/ 20349 40 12. An isolated PPS vector for
site-speci fic honol ogous reconbination in cells capable of undergoing
honol ogous reconbi nation, the vector conpgising: a first DNA sequence which
is substantially honol ogous to cellular endogenous genom c sequences and

i s capabl e ofz.undghqmgc}]mf%&&%sireg%gg@ﬁﬁrﬂ%&r(bygogggércem% lfof &l Letts 2

second DNA sequence whi I's nonhono us toc endogenous genom ¢
sequences, i eapable of apddrkaing homolbgbagoicogmbimmidm gersectoe combiisiagi on in sai d
cells, and encodes _.a jtive selectable marker capable of allow ng for the
i dentification ofagésitbg\ﬂé@)‘?ﬂuﬁ?‘?ﬁ‘ﬁ cééﬁ %‘%E)t&%‘i‘ati*y\}\é’“?i??é’éﬁ fpedlulgy ker, 10 a

third DNA seglipBafuihbidinicteqithsdsamtii@bdpibRATLageMA: homeRIcbil ar
endogenous genom ¢ sequences and is capable of undergoi ng honol ogous
reconbi nat i orecombinaiion wedaldscells, f ourth DNA sequence whi ch i's nonhonol ogous

to cellul ar endogenous om ¢ seguences, .i S not capahl.e of. under goi ng
homol ogous r econbf ﬁeactop%}?%epgse@gf’ © %%@éﬁ fephomg ggxhsct8&g§ulgr PUOEERIE

sel ect abl e nggregtic Yhyjuehiced) ik Q¥Ecabale bh endegih@hb@blogbusaetdbiaMibfinkhidg sai d
positive selectable marker fromcells not containing said positive

sel ect abl e néalketndgaepdssi PORE Ve sefaripblamasker sppablg of apwingfrdic in 5 to 3
orientation ﬁg@g{“}aﬁﬁ%@"“é E%oﬁi!afrﬁﬁg %g@m&g&% fhxkks substantially

honol ogous to r er% ogenous sequénces, the second DNA
sequencelOahi ch eng ddekDE Apegudncy evhichl ie stlssntialiphdmaclogbisotchiluldr DNA sequence

which is substantially honpl ogous tq. ceIL I?r &ndq enous, genonm ¢ DNA
sequences, afff'CERAOUS GERUACSRRICEE dee ]g’f? UBfEBYE8 "gMPEE S ve sel ect abl e

mar ker ; recombination in said cells,
a fourth DNA sequence which is nonhomologous to cellular endogenous
genomic sequences, is not capable of undergoing homologous recombination in said
15  cells, and encodes a positive selectable marker which allows for the separation of cells
containing said positive selectable marker from cells not containing said positive
selectable marker
wherein the organization of said PPS vector in 5° to 3” orientation comprises:
the first DNA sequence which is substantially homologous to cellular endogenous
20  genomic DNA sequences, the second DNA sequence which encodes a positive
selectable marker, the third DNA sequence which is substantially homologous to
cellular endogénous genomic DNA sequences, and the fourth DNA sequence which
encodes a positive selectable marker;
wherein the vector is capable of undergoing site-specific homologous
25  recombination resulting in modification of cellular endogenous target genomic DNA

sequences.

13.  The PPS vector of claim 12 wherein said cellular endogenous genomic target
DNA is comprised of exons and introns.

30



wherein the vector is capable of undergoing site-specific honol ogous 25
reconbi nation resulting in nodification of cellular endogenous target
genom ¢ DNMao3sexjeences. 13. The PPS vector of claim 12 wheceiusoyaido
cel l ul ar endogenous genomic target DNA is conprised of exons and introns.
30 WD 03/002725 PCT/ US02/ 20349 41 14. The PPS vector of claim 13 wherein
said vector contains all or portions of exons and introns which are
substantially honol ogous to cellular target genom c DNA sequences. 5 15.
The PPS vector of claim 12 wherein said vector contains all or portions of
regul atory elgnen ¢ ] ial | 'JHQQHr % 4 t ar get
genomni ¢ DNAhgequgﬁgggSQ?%sf%%%M%ggagg%?%#ﬁ%f C a?%?%%sa g?g#ﬁugg?% vect or
cont ai ns al t excgisiand sntians whichsare suhistasaihhaholageusstolostivdat thrget geroariol ogous to
cel lul ar targ %enonic DNA sequences including del etions, substitutions,
addi ti ons or E%} Y %8t i ons. 17. The PPS vector of claim 12 wherein said
positive selection marker encoded by said fourth DNA sequence is selected
from DNA sequences encoding fluorescent 15 proteins including GFP, CFP,

YFP, RFP,5 dsRED odheiPREDectonof claim FPghereist serd vsfotog icontaing 211 whpewsions ghi d
positive sel i [ I on nce | el ected
From & or oup SRR el ERER ARt R Do e S s R B RE Zeb RS heo.
puro, bl astiDNA sequeh&@nycin, zeocin or hygro. 20 19. The PPS vector of
claim 12 wherein said positive selection marker encoded by said second DNA
sequence is selected froma group of DNA sequences encoding fluorescent
proteins inckudin Y :The PPS
vector of cl gtly'm 1gh%gr8g?§€g%flégﬁele?f§?ergg§§? nﬁe{&ﬁog?(% lgiﬁggg%?ta ﬁ%hsal fifth DNA
sequencel@hi sdquiscen ovitidnat ogstemntinldy bethblogaus tervddgentargst gaoaric ONINA

n i it r nal .said fir. n hi rd DNA n n
ts ﬁgue ces, sseq%ggcets 1190 1? 1ng(,a élgtlon%, su gtlt%lﬁlOIgS, a(lic{lagnsaor%o}nt mugatlons. sequences o

17. The PPS vector of claim 12 wherein said positive selection marker encoded by
said fourth DNA sequence is selected from DNA sequences encoding fluorescent
15  proteins including GFP, CFP, YFP, RFP, dsRED or HcRED.

18. The PPS vector of claim 12 wherein said positive selection marker encoded by
said second DNA sequence is selected from a group of DNA sequences encoding

resistance markers including neo, puro, blasticidin, bleomycin , zeocin or hygro.

20
19. The PPS vector of claim 12 wherein said positive selection marker encoded by
said second DNA sequence is selected from a group of DNA sequences encoding
fluorescent proteins including GFP, CFP, YFP, RFP, dsRED and HcRED.

25 20.  The PPS vector of claim 12 wherein said vector may include an additional

fifth DNA sequence which is nonhomologous to cellular endogenous genomic DNA
sequences, is positioned external to said first and third DNA sequences on the
opposite side containing said fourth DNA sequence which encodes a positive
selectable marker and encodes a positive selectable marker.

30



opposite side containing said fourth DNA sequence which encodes a positive
sel ect abl e marker and encodes a positive selectable nmarker. 30 WO 03/002725
PCT/ US02/\2034802742 21. The PPS vector of claim 12 wherei nPsarusot/znine h and
fifth DNA sequences may encode positive sel ectable markers which allow for
the separation of cells containing DNA encoding said selectable markers
fromcells which do not contain DNA encoding said selectable nmarkers. 5
22. The PPS vector of claim 12 wherein sgd vector has |engths of honol ogy
for said first and third DNA sequences which are between about 50bp and

e e e R

results in the no I cation of ogenous genom c
sequences. 2dncodbpoftie scbatable mbrketsaitic 2llow ésrehd sepatation @€ teélls dontairdagices

exogenous r | atory ele ts_ jnto the cellul ar, endogenous genom c target
DNA sequence %i@@égsﬁcﬁﬂg%Pé dBRtkes %F%ﬁ@?ml&g?%tcﬁﬁmﬁi\@d t hrough a
met hod accorg{{cggiﬁg%ai@ezécﬁgg&%?&%jn said cells have undergone

site-specific honol ogou nation. 26. A non-human transgenic ani nmal
generated by the method of claim1 wherein 20 said ani nal has been

enerated fr cells ich h . ergone Site- cific, h | ago
?econbi nat i off" 27l.rhipiggé’ﬁ%81é$ﬁ/°§alun&nwgaglﬁesraﬁ‘éeﬁ%@‘a% Iggth‘%i)ﬁg%nglggg?% m |
wher ei n sai dsAd éfst ah@ehirdORA BeDed WHich bRIBEREdrSaboli SUbphad SoWodehgone
site-specific honol ogous 25 reconbi nation. 28. A nethod for identifying a

transforned B8 whi ch has undergone site-specific honol ogous
reconbi nation conprising: a) propagating cells so that they are capabl e of
undergoi ng transformation 30 with exogenous DNA and

10 23. The PPS vector of claim 12 wherein said vector results in the modification of

cellular endogenous genomic target DNA sequences.

24, The PPS vector of claim 12 wherein said vector introduces exogenous

regulatory elements into the cellular endogenous genomic target DNA sequences.
15

25. An enriched population of cells generated through a method according to

claim 1 wherein said cells have undergone site-specific homologous recombination.

26. A non-human transgenic animal generated by the method of claim 1 wherein
20  said animal has been generated from cells which have undergone site-specific

homologous recombination.

27. A transgenic plant generated by the method of claim 1 wherein said plant has
been generated from cells which have undergone site-specific homologous

25  recombination.

28. A method for identifying a transformed cell which has undergone site-specific
homologous recombination comprising:
a) propagating cells so that they are capable of undergoing transformation

30  with exogenous DNA and



WO 03/ 002725 PCT/ US02/ 20349 43 b) transformng cells with a first DNA
vector designed to undergo site- specific honol ogous reconbi nation, the
vect or cowprod®d21g3 a first DNA sequence which is substant iparlusonzmsed ogous
to endogenous genom ¢ DNA sequences present within the host genone, 5 a
second DNA sequence whi ch encodes a positive selection characteristic in
said cells yet is nonhonol ogous to cellul ar endogenous genom c sequences
and therefore incapabl e of undergoi ng si#&-specific honol ogous

reconbi nation, a third DNA sequence which is substantially honol ogous to 10

endogenous genoni g) DNAGSRAYSNRE el RAABER irsMDNU RedtBddiRRbd SPNRIEARE. | S
different fromthe first DNA Sequence, wherein the vector 1s capable of

under goi ng sfRegifigdrmmalpgousaravmbyeation, the yeetbr erawprising:n cel |'s through strand
and thectnird oua sequirie RNA GRS fur SRIRHERRALETIE coor Wher o n
t he organi zaendogendust oot DNAGIQIEREs prsenb &/ithBCthe hodt Befomé,0 3’

orientation conprises: the first DNA sequence which is substantially
honol ogous to target BRECOBAENNNseeneewhich eaepdeprROsiBERIRdEdliANCh encodes a

positive sel : er . b hi ' ' antially
honol ogous t%%i@%rgsttlcwéﬁg%Hsts}te%gﬁe@%@%oﬁﬁ%gpgﬁm%agggug gtg:llél 1J[sc wth a
second DNA vsmuencesiahd drerefaierindapalrie ofishdergoing eitpigpecifalHoynalogouel ati on t o
transfornationo%%.the first vector, the second vector conprising: a DNA

sequence whi EOPREBYHEY a uni que sel ection characteristic in 25 said cells

yet i s nonhonol ogous t @ tiGRl DMNIABIeqRAROFBRALS RN IHaly BERABRBEESIANd
t herefore incapabl e of undergoi ng site-specific honbl ogous reconbi nati on.

d) propabat i eieflogenous genomisl RNA sequenges prasant Withoy the host genvine mndisviefityenin
successful ly tr f-or with the first DNA vector by selecting for the
presence of fibin3E ﬁ?strﬂel\cIiA se&uence,

wherein the vector is capable of undergoing site-specific homologous
recombination in cells through strand exchange between the first DNA sequence with
endogenous target sequences and the third DNA sequence with endogenous target

15  DNA sequences; ‘

wherein the organization of the DNA sequences in the vector in 5’ to 3’
orientation comprises: the first DNA sequence which is substantially homologous to
target DNA sequences, the second DNA second which encodes a positive selectable
marker, the third DNA sequence which is substantially homologous to target DNA

20  sequences.

c) transforming said cells with a second DNA vector either
simultaneously or sequentially in relation to transformation of the first vector, the
second vector comprising:

a DNA sequence which encodes a unique selection characteristic in
25  said cells yet is nonhomologous to cellular endogenous genomic sequences and
therefore incapable of undergoing site-specific homologous recombination.

d) propagating cells to select for or enrich for those which have been
successfully transformed with the first DNA vector by selecting for the presence of

the positive selectable marker gene product of the first vector, and



the positive sel ectable marker gene product of the first vector, and WO

03/ 002725 PCT/ US02/ 20349 44 e) separating cells which have sequences
encodi ng wWopasI27eve sel ectable nmarker of the first DNA vectrarsoi/esm cell s
whi ch have DNA sequences encoding a unique selectable marker from said
second DNA vector. 5 29. The nethod of claim 28, further conprising f)
characterizing the genomc DNA of said cells carrying the DNA sequence
encoding a positive selectable marker o44the first vector but not carrying
DNA sequences encodi ng the uni que sel ectable narker of the second DNA

vector for the sige- spephfdigg Bam%ms@mersﬁi@éﬂeiam{cb@m a8k e s¥bitghlcal | ow
for nodification of the cellular target .10 30. The nethod of claim?28

wher ei n sai dnpdsr of the fiset N Aiveeior framaelle whishi have PN/Abeiiuefides sncadi’g ¥ ect or s
all ows for F&hq%tfee%ﬁ%&%tbilé)& - ﬁg}nls %fs%ggﬁg%e% encodi ng one marker from
g o)

cells containi encodi ng anot her ~or markers. 15 31. The net hod of
claim 28 wherein said cells are capabl e of honol ogous reconbination. 32.

The nethod of claim 28 wherein said cells are froma nmulticellular
organi sm> 24-33. Thowmethofipd glayn 284 farthereonypiising £ charagteraing shegenoptiom

plants. 34. pgia %@@El@%aﬁ%@%?ﬂl%ﬁ&é&e %ﬁéﬁi%#&sitm\’sglegﬁgﬁar rﬁ&’&@r

mul tiple rounds of site-sp ogous rec nation tor the purposes
of multipl e ofitte first atctonbutafot carhengeDUFgsqoesces ehdodirgrthgemquesel@Fatds. The
met hod of cl ai

28 erei i,d cells may be utilized to creaie a
mul U1 cel | ul APagPRanE oo DHhderiat i boh ecperifi Dt aiepty ireSaPEefen s are
embryoni ¢ st &h&8Ihieh alldh fAGhOBHOARADT RCHAIMRR rg@IA9A. 45 37. The first DNA
vect or alcocor ding to claim?28 for site-specific honol ogous
30.  The method of claim 28 wherein said positive selection characteristic in said
first DNA vectors allows for the separation of cells containing DNA encoding one

marker from cells containing DNA encoding another or both markers.

15 31.  The method of claim 28 wherein said cells are capable of homologous

recombination.
32.  The method of claim 28 wherein said cells are from a multicellular organism.
20 33.  The method of claim 28 wherein said cells are from plants.

34,  The method of claim 28 wherein said cells have undergone multiple rounds of
site-specific homologous recombination for the purposes of multiple modifications of
the endogenous cellular genome.

25
35.  The method of claim 28 wherein said cells may be utilized to create a

multicellular organism.

36.  The method of claim 28 wherein said cells are embryonic stem cells.

30



reconmbi nation in cells capabl e of undergoi ng honol ogous reconbi nation, the
vector conprising: a first DNA sequence which is substantially honol ogous
to cel | ulao 03B0BRElogenous genoni ¢ sequences and i s capabl @cefusoneiBrgoi ng
honol ogous reconbination in said cells, a second DNA sequence which is
nonhonol ogous to cel lul ar endogenous genom c sequences, is not capabl e of
under goi ng honol ogous reconbination in said cells, and encodes a positive
sel ect abl e marker capable of allowing fogsthe 10 identification of cells
containing said positive selectable nmarker, a third DNA sequence which is

substanti al | y7 homphogrupN © vERbl dth@tingAPARaaNRS: ARIILGBANRGES and | S

capabl e of undergol ng honol ogous rec erein the
or gani zat i onreoémbimmiation ir ceils Cipablesuftundergning hohml@oue récombatation thd Bector
conprises: the first DNA sequence which is substantially honol ogous to

cel lular endOYRHYE genonic DNA sequences, the second DNA sequence which

encodes a positiy&iSEhRA R|héhcEWhidis shtieantifily HokbBSRA eBERamhi Ch 1S
substantially honologous to cellul ar endogenous genom ¢ DNA sequences;

wher ei n the slegerous gepeipisscauantesandas eapablg ofiundergpiag hpinglagons| ogous 20

reconbi natio 1.1 iR ification of cellular endogenous target
genom ¢ DNA &Sé‘g‘ﬁ%lﬁﬁ%lggl%é@gaﬁe first DNA vector of claim 28 wherein said

cel | ul ar endogenoase@atd ONA sedueh@ekhibhlfs nshesblzose® Rflukxeiganshsi nt rons.
25 39. The first DNA vector of claim28 wherein said vector, contains all or
portions of S@WEHS Seaygneest waRtcapable Rf pderaqing hamelogpys repIHpinaiiILE spid

cel I ular tar cigk, SR fes FABREIUBHS mAQO3HAIZRTIREN KOG/ 20349 46 40.

The first DNA vector o erein said vector contains all or
porti onslO of idertifidatibnoy cell ssrvptairsngwdid hositiee sldestbiamidkeet,y honol ogous to
cellular target 98 HS{H ]SNA sequence which is substantially homologous to cellular
endogenous genomic sequences and is capable of undergoing homologous
recombination in said cells,
wherein the organization of said first DNA vector in 5’ to 3’ orientation
15  comprises: the first DNA sequence which is substantially homologous to cellular
endogenous genomic DNA sequences, the second DNA sequence which encodes a
positive selectable marker, the third DNA sequence which is substantially
homologous to cellular endogenous genomic DNA sequences;
wherein the vector is capable of undergoing site-specific homologous

20 recombination resulting in modification of cellular endogenous target genomic DNA

sequences.

38.  The first DNA vector of claim 28 wherein said cellular endogenous genomic
target DNA is comprised of exons and introns.

25
39.  The first DNA vector of claim 28 wherein said vector contains all or portions
of exons and introns which are substantially homologous to cellular target genomic

DNA sequences.



DNA sequences. 5 41. The first DNA vector of claim 28 wherein said vector
contains alterations in sequences which are substantially honol ogous to
cel | ul ar wearog®o27genom ¢ DNA sequences incl udi ng del eti on®CTAISbT2G38Ut | ONS,
additions or point nutations. 42. The first DNA vector of claim 28 wherein
sai d second DNA sequence encodes 10 a positive selection marker is

sel ected from DNA sequences encoding fluorescent proteins including G-P,
CFP, YFP, RFP, dsRED or HcRED. 43. The fjgst DNA vector of claim28 wherein
sai d second DNA sequence encodes a positive selection marker is selected
from DNA segugnce | ' rkers includin eo ur o,

bl asti ci di n,% eo?whgpgﬁﬁwz‘ggéﬁﬁﬂ @C?aﬁ@?r%‘%h%g‘ns? evegg’ES a’ﬁﬁ%ﬂﬁ%@?@@%f

cl ai m 28 wheofiegulatirg eBhitnsachicnme substaiiallg Re@dREo8s tolbclbar GEleR GEadilic
characteristjic in said cells is selected from DNA sequences encoding

fl uor escent iﬁ’f\{ﬁ‘\%‘?‘lﬁgn‘ieﬁcl udi ng GFP, CFP, YFP, RFP, dsRED or HcRED. 20 45.
The second DNA vector of claim28 wherein said DNA sequence which encodes
a unique selection characteristic in said cells is selected from DNA
sequences efbodi e fitty DINA sectel drldim 8ehdeein spidoteeionsontaiat bithragodspnit , gpt ,
HSV-tk, Diphtheria toxin ricin toxin or cytosjne deam nase._25 46. The
first DNA vetYEre6e W&‘ﬂ%\%ﬁ%"%ﬁlgfl@\{ OIE%IPSOVéBPSf#‘Hﬁ%@IgeEWHEC Qg\ahorml ogy
for said firshuands iftiludn et LBBGRAHMY SdiRSR PEbIRRRARALL S0bp and
50,000 base pairs. 30 47. The first DNA vector of claim 28 wherein said
vector results in the nodification of cellular endogenous genom c target
DNA sequence A7 A48, T i\r st DNA vect or of
cl aim 28 vvhe@e’i \rﬁ\ogg?gps\?e%g’éoy Eﬁé#ﬁ%ﬁ%@%ﬁ% ssec?nrea(ge%llhéts(ggvng? EHRREY into
the cel | 10 ara podtigeseiecsiog enekerds sebscgdt frddADNL QeRRAES . enBodiBs fIAdresseni ched

popul ations of cells generated by the nethod of_claim 28 erein said
cell's have u%&l%ﬁﬁl”g}r{geé%%eécjﬁpﬂ PhBfB1 8t o BeREDB: nat i on.

43.  The first DNA vector of claim 28 wherein said second DNA sequence encodes
a positive selection marker is selected from DNA sequences encoding resistance

15 markers including neo, puro, blasticidin, bleomycin , zeocin or hygro.

44.  The second DNA vector of claim 28 wherein said DNA sequence which
encodes a unique selection characteristic in said cells is selected from DNA sequences

encoding fluorescent proteins including GFP, CFP, YFP, RFP, dsRED or HcRED.

20
45.  The second DNA vector of claim 28 wherein said DNA sequence which
encodes a unique selection characteristic in said cells is selected from DNA sequences
encoding negative selection marker proteins including Hprt, gpt, HSV-tk, Diphtheria
toxin, ricin toxin or cytosine deaminase.

25

46.  The first DNA vector of claim 28 wherein said vector has lengths of homology
for said first and third DNA sequences which are between about 50bp and 50,000

base pairs.

30 47. The first DNA vector of claim 28 wherein said vector results in the

modification of cellular endogenous genomic target DNA sequences.



50. A transgeni c non-human ani mal generated by the nethod of claim28
wherein said aninmals have been generated fromcells which have undergone
si t e- specwbiog/oD2honol ogous reconbi nation. 51. A transgeniPCTalsSanto3gener at ed
by the nmethod of claim28 wherein said animals have been generated from
cell s which have undergone site-specific honol ogous reconbination.

10

47

48.  The first DNA vector of claim 28 wherein said vector introduces exogenous

regulatory elements into the cellular endogenous genomic target DNA sequences.

49.  An enriched populations of cells generated by the method of claim 28 wherein

said cells have undergone site-specific homologous recombination.

50. A transgenic non-human animal generated by the method of claim 28 wherein
said animals have been generated from cells which have undergone site-specific

homologous recombination.

51. A transgenic plant generated by the method of claim 28 wherein said animals
have been generated from cells which have undergone site-specific homologous

recombination.



