WO 01/ 04288 PCTI EPOQ 06533 METHODS AND COMPGCSI TI ONS FOR DIREC%E@fEEghQ /
AND SUBCLONI NG USI NG HOMOLOGOUS RECOMBI NATI ON 1. | NFRODUCTI ON The present

i nventi*on is directed to nmethods and conpositions #or DNA cloning and
subcl oni g b5e4Rgk bact eri al reconbi nase- nedi at ed honol ogous reconbi nati on-
In a specific enmbodi nent, RecEIT or RedtrlJ3 recornbi nas®CT/EPO0/ea5Y3
functionally equivalent 10 systemfor initiating bacterial honol ogous
reconbi nati on, such as erf from phage P22, are .used. In particular, the

i nvention relates to cloning nethods, diagnostic nethods, conpositions
conpri sing pol ynucl eoti des useful as cloning vectors, cells conprising such

pol ynucl eoti d sitions, and kits useful for RecEIT and Reda/ A nedi at ed
cl oning. 15 ZW&MMSMWDB&E@EDEL@ gbcloning in E

cols arefunmﬁmmﬂ'oloa DNA cloning refers to the
process wher ‘ GO RECQMBINATION 0 a
doubl e-stranded DNA fragment, and propagated in E. cols, or other suitable

host. 20 DNA subcloning refers to the process whereby a doubl e-stranded DNA
fragnent is take, froma DNA nolecule that has already been anplified,
eitheéd in vitro, for exanple by ‘PCR, or in vivo by propagation in E. col
or other suitable host, and is ' an operable origin of

L IRIRIpYCHOR

replication. Coning and subcl on is typically performed by

ligating the endxi-h?}’ I?NA fragnept to the ends of a linearized vector
colnt ait g'lﬂgg an E t;:d? ]'%2 grirege %ﬂ#?@?ﬁodsmdcﬁompﬁﬁﬁeﬁswﬁbbp{mrger. The
sel ect atlbsin SiibdlSnihgd i Séhérﬁ! tor t.o tha e new y clone
. product thga_gl asmd contl%&?nl ng h%g?‘!’é@%ﬁ?"#lgmﬁ& mpotagqueregompbisgtiomt ed when
introdmﬁscmbgdmm%otmpmsﬁaﬂﬁﬂ&imk@&qy&%%euﬁh ds have
tional clonin

certgj jitations. JFor exanple, since conveh res the

use gq‘ rk?é{g?} r%ﬁﬁ@ﬂ”@&?ﬁ?@é&qmﬂommmsbwmﬂaﬁ "%ed by

t he avaistdbin parycuddr | 1 enzype.recognition sitesin the’ region

of - CONET VAT GG sy ks R0 elrstscnpbnis Hognarss aarthomser ost

Rest r i ¢pmpasitipaesomprisindsoliichdtiiats ri of , .ut not within,
t he desi rew fragment. Since msfﬁpuasseélﬁiﬁng%%?ﬁcﬁgW@mW%t fairly
f r equeRPPPUC &Gomposgions,iaad kits usaful MR écEAD ARNR, fnddatdd GQnihhy M t €d. The

i ncreasi ng use of the polynerase chain reaction (PCR) for generdating

15
2. BACKGROUND OF THE INVENTION

DNA cloning and subcloning in E. coli are fundamental to molecular
biology. DNA cloning refers to the process whereby an origin of replication is operably
linked to a double-straqded DNA fragment, and propagated in E. coli, or other sﬁit;ble h;st. |

20 DNA subcloning refers to the pracess whereby a double-stranded DNA ﬁ'agmcnt is taken,
from a DNA molecule that has already been amplified, either in vitro,

i for example by PCR,
01 in vivo by propagation in £, col; or other suitable host, and is then

i linked to an operable
origin of replication. Cloning and subcloning in £, coli is typically performed by ligating
the ends of a DNA fragment to the ends of a linearized vector containing an £, cofj origin of

25 replication and a selectable marker. The selectable marker is included in the vector to
ensure that the newly cloned product, the plasmid comaining the insert, is retained and
propagated when introduced into its £, cofi host cell. |

Conventicnal cloning methods have certain limitations. For example, since
f:onvcntional cloning requires the use of restriction enzymes, the choice of DNA fragments

30 islimited by the availability of restriction enzyme recognition sites in the DNA region of
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5 DNA fragnents presents, a second ngj or dramback to conventiona

subcl oni ng. The ends of - *PCR products are inefficient in |ligation reactions
due to'non-tenpl ated nucl eotides added to the 3' tefnini of anpl i fed PCR
products bYOiW&8#88st abi | e pol ynerase. Furthernmore, the use of PCR entails a
high risk of nutations. Thus, nolecul ar biol ogi sts have sd%T¢HoK06583 new,
nore effective nethods for cIonlng fragnments of DNA, particularly when such
10 fragnents are | onger than those conveniently accessible by restriction
enzynme or PCR net hodol ogi es. Honol ogous reconbination is an alternative
approach for cloning and subcloning DNA fragments. Methods for subcloning

PCR pr odimerssti rRdstriatiohisit¢sihmist becfornd that ﬁhﬁc%ﬁhd&dﬁ@ﬂﬁuﬁﬂ&lﬁﬂﬁzﬁ%m' nation
systens have Eﬁg@ descri ed (C]lveé‘l_et at 1993, 15 Nucleic Acids Res.
21: 5192- ?85{’1&%& ingg g1pst YRl restriction emzames gut f2isty fregsanly, the sizesuch

met hods, f{“ﬂﬁ q{!}@ n term nal sequences honol ogous to
sequences. ﬁ@ at el e en x%aﬁsoﬁtﬂ{]igda” zed vector, are used to anplify a
DNA fragnent of lmehaﬁﬁsmgTﬁkeoPﬁRpB[M&cﬁiﬁlrJabﬁoﬁ(Fm% or are

then introduced into E. coll. ‘Honol ogous reconbi nation’w t E: coil ’
host cel PN*‘eE’%EW@G Presoatser erand mondrewiRCRIOGDyentibnat memumgsvac edis@ft he

plasm d thosh ve been sho to be useful for
subcl onlggﬁ?% P8 %’m{lﬁw éﬂnﬁﬁﬁwgﬁ\ga etidenpdded 19 ong DNA
f ragment e 3ttemhifi 6 LipliAed PYR froda eyt q-%sfaﬁy m#}p

describes an_in vi v‘eﬁgubcl oning nethod 1 n | c]?i&]fﬁ %ﬂmﬁ’ﬁg’gﬁﬁl es, one

of whi cM&EPGleglarh@fmkqmmnmnmmmowmxbmmlmﬂgm&m of 25
honol 0gy,af t t hei nds, .are.us transforman E, coli sbcBC host cell,
IHorol ogon ‘F#'f‘ﬁé{’? F"EW"G%@&P %FWS” ﬁé%meylarlﬁvdmwhan Zation and
pr opaeLt fifpinedfs A Rnp&WhA thiR cBR ] of 296 Gene £0: 45) .
Subsequent ly, the ggl | tym%éfecE - %ﬁfg& g%% 3 te
honol og ¢®¢Qsm nati on has been appli ed to subcl oni ng | arge DNA

fragments from ad owlrus and herpes, virus genomic DNAs (Chartier et al.
1996, 5. Virol. %WW&%&"P&“ Vemamdonhaahd Acad. Sci.

T Aﬁséﬁ?%éﬁ%%@%mwgﬁ#e%ﬁ R gBitpity

honol ogdhsshost’s bemblogeus rewwnibinafion sﬁmﬂh@B&ﬁQﬁkﬂh'(@hﬁ&W&f 999t |east two
prepaga 0 p05|t|on | ong honol'ogy regi'ons 'ei ther side
of a 5 &'D"EYYF%RS&? 81‘?1 I}gfﬁﬁ g-?’l J’EB%AQICIS [NA 2:] BH01RS02N I col i
sbcBC sgﬁ@ytﬁ%g@sfa@gt ,%-%1 éﬁé en ous reconbi nati on,
medi ated by el Eher eg%? cdaJRe s"@f@? E?Psé'l’lomn to be
useful Seuencesiquatediat thy mrmmweeswm ﬁeesé@lm(ﬂmp Alragriei 3 Nature
Geneti CSh 20 Tllz ﬁck 8, ,Muyrexs et al., 1999, a BN il
product and the linearized vector are then introduced imto E. coli.
| Homologous recombination within the £ coli host cell results in insertion of the PCR .
20 product sequences into the plasmid vector. Although these methods have been shown tq be
uscful for subcloning PCR fragments, they have not been applied to subeloning long DNA
fragments, or to cloning DNA fragments of any size, :
Another method describes an in vive subcloning method in which two linecar. -
DNA molecules, one of which has an origin of replication, and which have long regions of
25 homology at their ends, are used to transform an E. coli s5¢BC host cell. Homologous

recombination occurs in vive, and results in circularization and propagation of the newly
formed plasr.md (Degryse, 1996, Gene 170:45). Subsequently, the ability of E. coli sbeBC
host cells to mediate homologous recombination has been apphed 1o subcloning large DNA
fragments from adenovirus and herpes virus genomic DNAs (Chartier er al., 1996, J. Virol.
30 70: 4805; Messerle, ef al, 1997, Proc. Natl. Acad. Sci. USA 94, 14759-14763; He, 1998,
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Nucl ei ¢ Acids Res. 27: 1555-1557). These papers show that, in E.chFB,Zgﬁy
i ntact, = independently replicating, circular DNA nol gcul e can be altered by
RecEl' T 'or Red& 10 nedi ated honol ogous reconbi nation-with a |inear DNA
fragment fWOMLE®SHY short regi ons of DNA sequence identical to regions
present in the circular nolecule. Integration of the Iine8rT/ER/06238gment
into the circul ar nol ecul e by honol ogous reconbi nati on repl aces sequences
between its flanking sequences and the correspondi ng sequences in the
circular DNA nolecule. 15 G tation of a reference herein shall not be

const rued dmg esd tJac ch is prior, art to the present invention.

3. SUWR?@%:%%%W@%O%%M& 83 hriber aee sybsloping by femolegeusods and

conposi t i esmbiiatiéNA £ LSINiLRBC hadde 2D htéks H:QEPQ% b@loni

rcconbi nase- nedi at ed honol ogous reconbi nat| onl%'}ts)'i2 e ggfé&rb?%funggggﬁrbi nase

i s pref er $ppepitioadmghopmlogy reefung githesidh ofian £ awli biiginsErpliatish.one,  subcl one,

pr opagat e Qﬂg ggpb'f.y a.pol yhugl eotj.de .or. m xture of polynucl eoti des of

i nterest . Ful] ng a vgétcé? ‘ﬁﬁlf‘@i‘%ﬁb@ﬁ%ﬁ%%@?‘ ek honol ogous to

sequences flanking m&ﬁlyﬂmmécéﬁbﬁﬂon,%a&]wea&@ﬁ&m? est and an
o/Bhiss

origin Of@{fg li.cation. I n one enbodi nent, the invention provides a nethod
for intro gﬂém& Gegshgem tofasefinl for maniplating NADT i si ng

cul turing g ahn SSES.. a Lonal reconbpi nase, said
bact eri al mglealb_fﬁgcigrﬁ gﬁ;hnq ng E(Jé ? 968? ar geé‘“ﬁif&'%d’]?ﬁi%%ﬂm%‘g& ded
term nus Muclcia Asigls Resl 2001855 55T)r Thetepapers Ko @at, id Bled/Diny3Rsg, Vect or DNA
conpri si Bﬁd mﬁpe fgl I,ovmerilqg'ﬂor r along the vector DNA strand: (i) a first
_\..,)9 FEB 2008 SREPEPFH FPEEUBS O@@?ﬂgﬂ@%ﬂm@ydw%raedg@ arm (ii) an
Jori gi N1®fmédifted BethdlObus ARGmbinkt SRR - [ ed. honol ogy arm
such that the sequence of a%‘%nc;? DNA st rlgﬁgggﬁe?‘ﬁfgngﬁgﬂgtﬁmﬁ gy armis
homol ogouf INA segucrse ddesticab taatgians presgat in DilAirsilsranslieie. hRghtisbdf theer r ai n and

t he sequ . Sst.rand of e second honology armis

honol ogoagsh%%oﬁ%rﬁe egﬁdg‘ﬁf%@%#‘@ﬁfem%s?‘{j%‘tﬁh@m?%%m@mmmd term nus,
such t hatsequeacdsemetn DiNBankbng sbdiead ekeﬁhw&&m&%ﬁ f;&gﬁng% Negn the
honol ogygﬂ{ﬂs. | n, anot her enbodi nent:, a net og‘\ﬁ?s rovi etg'?%or maki ng a
reconbi n BRAeHISt ecul e conprising: a) troducing a doubl e-stranded vector
into ascell, - sai deffiloh of 2 RS Edte AR l.e-stranded target. DNA and
expressing a bacteri al roecggfn‘{qnl nage, ssgigg&fgcm “Edﬂﬁéfg’é??fb‘h% origin of
repl i cat isueh ispdontamso themptsenyimaentian. in the foll owing order from5' to 3

al ong a vector DNA strand: a first honology arm one strand of the origin
of

3. SUMMARY OF THE INVENTION

26 The present invention provides methods and compositiens for DNA clonipg
) and subcloning using bacterial recombinase-mediated homologous recombination. The
bacterial recombinase is preferably RecE/T and/or Reda/B. Methods can be used to clone,
subclone, propagate, and amplify a polynucleotide or mixture of polynucleotides of mterest
using a vector comﬁﬁking short regions of DNA homologous to sequences ﬂaﬂdng a .
25 designated target DNA sequence of interest and an origin of replication,

In one embodiment, the invention provides a method for introducing a
doubie-stranded target DNA into 2 vector comprising culturing a bacterial cell that-
cxpresses 2 functional recombinase, said bacterial cell containing (&) the target DNA
comprising a first double-stranded terminus and 2 second double-stranded terminus, and (b)

30 avector DNA comprising, in the following order along the vector DNA strand: (i) a first

3.



replication, and a second honol ogy arm said target DNA corrpri‘g-i%d:@ tz;gpzbet
DNA sequence and two termni, in the foll ow ng orde from3 to 5 along
a target DNA strand: a first termnus, the target - sequence, and a

second ter‘m)ﬁyg“zs%uch that thc.sequence of 15 the first hqnmlo 1% arm on
said vector DNA strand is honol ogous to the sequence of t%gpr ?{@@3% er m nus
on said target DNA st add hr n, ant e sequence of the second honol ogy
armon said vector DNA strand is honol ogous to the sequence of the second
term nus on said target DNA strand; and b) subj ecting the cell to

T anot heroung tded oo 16 1 o8 b "?'aa'gcg B rge A oo nant . DNA
mol ecul e @Umﬂed&bmglogﬁ)rm,mﬁmﬂﬂm mﬂnﬁﬁgn d%mand first and
said ce

second doqubl Ep_St rapded ol i gonucl eotides into'a ce cont ai ni ng
a doubl e- 2‘95“8 Eﬂigwommmmp@g@m@mmmmmmmme said’
vect or CORJM fhel Rhaly sﬁE!i Shd Q0 and two doubl e- st randed honol ogy
arms, in the foltow ng order fro ﬁggmgllogﬁgmh’sb%?@@%‘hstrand a
first %Wwfﬂ;ewgemamddmﬁpwnamus sadifthR (RALBADONAO! 0gy arm
said target tar DNA sequence and two doubl e- stranded
termni, Fﬁ%gﬁ‘&f W’B@P’e&fmowm& al ong a target DNA strand: a
first termnus, a tjaaestherMbodRHIER ermnu .saldflrst

ol i gonucl eotlde lug a first oli gonuc eotw g, in the

f ol I owi ngDNAdeplecyle eprymising: 3) mmdncmgadmwmed@eammu,%aﬂc@nsecond

t zucl cot i irst cleotide 9 FEB 2004 WO 01/ 04288
_PCT/ EPOO/‘go(éloa?ﬁ'ggequenci : %@ﬁ%ﬁ#@gmsmﬁ @9‘!111 ence of the

Xirst mﬂwmgyompmwm&ﬁi eih oRegfIRGdINAA Bhd Ridsblog S 2 cl eoti de
sequence ti g%%’\ﬂrlol ogous to the -nucleotide 0s querice o?‘ﬂfoh t term nus
on said t 0 #rand cofingt Dmologﬁmlmtmeoﬁmﬁﬁﬁgﬁlofg a second

ol i gonuclﬁaiﬁd&;ﬁ&m&éﬂ% 'sfa tdhgee HRIA lC%‘é”lpnsmg:lﬂrgttDNA
sequence and two termini, in the following order, from 3' to §' along a target DNA strand:a
- first terminus, the target DNA sequence, and a second terminus, such that the sequence of -

15 the first homology arm on said vector DNA strand is homologous to-the sequence of the
first terminus on said target DNA strand, and the sequence of the second homology arm on
said vector DNA strand is homologous to the sequence of the second terminus on szid target
DNA strand; and b) sub_;ectmg the cell to conditions that a.llow intracellular homologous
recombination to occur.

20 . Inanother embodiment, a method is provided for making a recombinant .

) . . DNA moleculc comprising: &) introducing a doublc-stranded vector and first and second
double-stranded oligonucleotides into a cell, said cell contazmng a double-SIIandcd target
DNA and expressing a bacterial recombinase, said vector comprising an origin of
replication and two double-stranded bomoelogy arms, in the following order from 5' to 3'

25 along a vector DNA strand: a first homology arm, the origin of replication, and a second

homology arm; said target DNA comprising a target DNA sequence and two double-

stranded termini, in the following order, from 3'to §' along a target DNA strand: & first
terminus, a target DNA sequence, and a second terminus; said first oligonucleatide

comprising a first oligonucleotide DNA strand comprising, in the following order, from 3'

30 15" afirst nucleotide sequence and a second nucleotide sequence, said first nucleotide

4.



order, from3 to 5 a third nucleotide sequence and a fourth ni‘ﬁ"cpe]c:)gﬁd%ﬂm
sequence, said third nucleotide sequence bei ng hono}ogous to the

nucl eoti'de sequence of the second honology armon said vector DNA strand
and sai d Wamuerdyzseucl eoti de sequence bei ng honol ogous to the nucl eotide
sequence of the second terninus on said target DNA strand,PCE‘f?d""lW6533
subjecting the cell to conditions that allow intracellul ar honol ogous
reconbi nation to occur- 10 In anot her enbodi nent, a method is provided for
maki ng a reconbi nant DNA nol ecul e conprising: a) introducing a

doubl e-stranded target DNA nolecule into a cell, said cell containing a
vect or asuguenterbeiny hoghologoastoahd Akcldotide sdyuaneaf thafidt hdinalofy bl onGeiddr i si ng
a target DNA sequence and two doubl e-stranded termni, in the foll ow ng

order, fyestarPNAstend, andsaid secord gusicopilpsequeneedeing homalegous tartheus, a tar get
SN SE0LERey RO RS SRR L) Qs SRLECKPELSL Qe 2 011011 of
a vect or ol Rfmdks o 8lsecdlTBlifHcROMRe SeiBd chinpfililp,3h theRloGihg On and a

second horol ogy arm Such that the sequence -0 ogy~ arm on
sai d eodrder, fobvh 3 to Sipaithird sacleutidegequentoartdwfonrth naclectide sefinck) gaid thifder m nus
on said ta[?%et DNA strand, anfﬂgt he sequence of the second honol ogy arm on
sai d 20 BRsleoBdc sequence bsing bomolngaus t9dhr Rucieotide sequsneraf the wrond bomelogyd

conai 1 e i vt 3A srard iy 306 Bt B0 M SUBEEE e RoipiOgesaboL, 1 1
anot her teehasdéstiitsequneedfidsccondeRintesh fatd DNA SerarfS gapiyjant  DNA

..ol ecul e conpri si % a) introduting a doubl e-stranded target DNA nol ecul e
Jand a Zubierting thyeell tocondiionsibat sllowtintmneBulaphomologeisaecimisnativmtonacat. | |

sai d [l containiyn vectorn. and expressi n cterial recopbi nase, said
target DNA conpri slflgﬁoqg“t aé’tmeﬁg&?gﬁ'ﬂéﬁc%gvﬁﬁ%??mamwm et he

fol | owi IBNATASIEcul EAPrivingt iﬁ'tromlcﬁiag&& bR DR ?ec;,j Sio 4 €7 M nus,
a target DNA s_eﬁuence, angélg)a secon terurri nus; sal ¥| rstmg |goe£1%?: 5eotide

conpr i sicAld, said ntainigmmvestarand expridsirgstbaatedalrecqnbinasegsaid tarptDNal | owi ng
order, fro to. 5 : a nucl eotide sequence and a ,second nucleotide :

f
sequenc §OMBGFGe A1Est |SERHERERANY tRRE0YRe: ed terninigin the followiog vsda3

sequencgoaesng sh %%%&? ﬁlls?ﬂgh'ﬂ of the first honol ogy
arm on sai ds eesciﬂgﬁrg \ s%gl%g{\wd sal s&%ﬁ%ﬁ@ﬁé&eﬁﬂ"eﬂ%{e Ace bei ng
honl16g serond dertrtinus; suiit feendricdmprisiog en osgialof tdpticitidredndttas HomeloB ars@ th t ar get
DNA strgnd, .said second _oligonucleotide conprising a second

ol i gonuih‘efﬂpf’ﬁ'@ PR 119 81 Aong vector DA stands wifird homolagnyramy, them 3' to 5,

third | ' . i d id third
nuct eor PHEE AR R oo b o et e SR OB i "o ¢ ne
second homologgrmansaidvestor UNAOkiaRd isBithaldgoas tb A dequahét dOME Ritnuc! eoti de

sequence bei ng honol ogous to
. terminus on said target DNA strand, and the sequence of the second homology arm on said _

)

20 vector DNA strand is homologous to the sequence of the second termims on said target,
DNA strand; and b) subjecting the cell to conditions that allow intracellular homologous
recombination to oceur,

In another embodiment, 2 method Is provided fof making a recombinant -
DNA molecule comprising: a) introducing a double-stranded target DNA molecule and a

25 first and second double-stranded oligonucleotide inte a cell, said cell containing a vector
and expressing a bacterial recombinase, said target DNA comprising a target DNA sequence
and two termin, in the following ordet, from 3' to 5' along a target DNA strand: a first
terminus, a target DNA sequence, and a second terminus; said first oligonucleotide
comprising a first oligonucleotide DNA strand comprising, in the following order, from 3'

30 to 5" a first nucleotide sequence and a second nucleotide sequence, said ﬁrst nucleotide
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the nucl eotide sequence of the second termnus on said target DNA str

and said vector g an origin of replication and two hgnol ogy arns, in the
following order from10 to 3' along a vector DNA strand: a first honol ogy
arm the &¥Q@i/i28% replication and a second honol ogy arm_ and b)

subj ecting the cell to conditions that allow intracellul aPCTHBR#PGEbUS
reconbi nation to occur. In another enbodinent, a nethod is provided for
maki ng a reconbi nant DNA nol ecul e conprising: a) introducing a

doubl e-stranded vector and a double-stranded IS target DNA into a cell

expressin cteri al reconb nas aid vector conprising an orjgin of
replicati ?f"ef’fﬁc}’ FCW%W‘F%? I%ﬁﬁgﬁiﬂ* RFY FmEmsad t o 3
along a W%&PDNA%&%&%s&oE ﬂd&f‘ol ohg Pt replicat i on
and a second honology arm sal arget ISI n ar get DNA _

sequenceWﬂ%ﬂ@%ﬂ@eﬁmmmlwwms&mmmﬁ along a

t ar get ran a fi.rst ter ) et .DNA sequence;. .and a 20
second 'It:)’egﬁ Jﬁ]ﬁg &lde FOPriFEE fﬁ@%%@ﬂ”ﬁ?&af%@g%@aﬂ%@ e followang o _
honol 0§y ofdef) fivin smsi' N&ﬁﬁ@bﬂ%c%&@ﬁﬂﬂah&a%@'nﬂ%@e’rs%ﬂ&,%@t i de

sequence of the first termnus on said target DNA st

nucl eot i ¥ e@@emr@fbmaéoeeb:sm to thewreesti ﬁmmcmfrﬂwsmmﬂdmnﬂogy st r.and

i's honol term nu .on said target DNA
st rand; gﬁgwﬁ:@ ubj ec @%&%38%3‘? rb%ftgg‘gcgmgflf Fe&’fgmte 108 BpmaleBeuse acel | ul ar
honol ogousmdcondclso@.mmfms%&ddnmmﬁoﬁtédwmm i shitvectget hod t he

host cel |l further cont . gleotlde sequence encodlng a site-specific
-)r econbi n ‘1? foliewing erder- frém 5t her

conpr 18 e Palbi sbe@:wm&eem SR nbi r&an cific

r econbi nase, héfl rst recognit |aon gllten ocat(rg%rI SH}&’@H&&%&%[ and second

homol ogysesendhemalogyacmrndds) subjeqtiep theicell toxpoditiomathet allowdgrictlie Site | ocat ed

i nsi de t FEB 2004 WD 01/ 04288 PCT/ EPO0O/ 06533 honol ogy
ar s; %&cﬁj O%}ér%gggﬁ%% urb) i nduci ng expression of the site-specific

reconbi nase. In ko buelier BRbGitrient, £HEOEA IHRvIAd thPinsiiHEL Rofmpiblig host cel |

further lﬁ@gﬁ' ns.a nuc) eotlde sequence encoding a srte-specific
endonucl %ﬁqmg | Pimteueigg a double-stranded vector and a double-stranded

I3 target DNA into a ccll expressing a bacterial recombinase, said vector comprising an origin
of replication and two homology arms, in the foilowing order from 5' to 3" along a vector |
DNA strand: a first homology arm, the origin of replication and a second homology arm,
said target DNA comprising a target DNA sequence and two termini, in the following order,
from 3' to 5' along a target DNA strand: a first terminus, a target DNA sequence; and a

20 sccond terminus; such that the nucleotide sequence of the first homology arm on said vector
DNA strand is homologous to the nucleotide sequence of the first texminus on smd target
DNA strand, and the nucleotide sequence of the second homology arm on said vector DNA
strand is homologous to the sequence of the second terminus on said target DNA strand; and
b) subjecting the cell to conditions that allow intracellular homologous recombination to

25 oceur.

In a specific embodiment of this method &c host cell further contains a
nucicotide sequence encoding a site-specific recombinase operatively linked to a promoter,
and the vector further comprises a first and secopd recognition site for the mtc-s;:omﬁc
recombinase, a first recognition site located outside the first and second homology arms,

30 and a second site-specific recombinase recognition site located insidc the first and second
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~pronoter, and the vector. further conprises a recognition site for the
site-specific endonucl ease | ocated inside the first’pnd second honol ogy
arns; and during or aftér step inducing expression-of the site-specific
endonucl| ewsen1/dsmgganot her enbodi ment, the inventions provigﬁ a nethod for
maki ng a reconbi nant -DNA nol ecul e conprising: a) introduci 3“%”wmﬁ33
doubl e- stranded vector, a double- 10 stranded target DNA nol ecule, and a
first and second doubl e-stranded ol i gonucleotide into a cell expressing a
bacterial reconbinase, said vector conprising an origin of replication and
two doubl e-stranded honDLoqﬁ arnms, in_ the followdngﬁ rder frgm5' to 3

al ong a vhemelpgy TRS; Aler sten blg duting SXPEesHPD PHBC Site f replication
and a secgnd E%I ogy arm said target DNA conprising target DNA sequence
and two dBUBTE-Stranded tctnmini, in the 15 fall ow ng order, from3 to 5

al ong a target DNA Igtandthe spegiffci essbiodintent of thin methmd] the bost cElfiuthereutniese, and a
second termnus; said first_ oli-gonuc|eotide conprisi.n first
ol i gonuc| @Bucleptidpequence SRAIRE A3He-Spes ,CWW@SFBPFBW'S@EB‘F%[&?? from3' to

o 814 I ol Ghitld WeoPfifthiERempARd LorctanRil silifol el ddapsaguience, sal d

first nuc I de sequence bel ng | ogous to the nucl eotide sequence of
t he fir steddonudlesyloasted insidsthe first end secoNan@logy tarms;dnd dutingsetiaftessierobixl
nucl eoti de ,sequence bei honnlogous to.t he sequence of the first termnus

on sai d tZAYRIRE BRRFFSSOR gffhe site; ORIt onucl eoti de conprising a second

ol i gonucl eoti de st iy3aghtke? eRbbd mhmmnéP}dvm&am&da%mmmB' to 5, a
third nucl eotide sequence and a_fourth nuc

| cl eati de sequence, said third
_._)nucl eot i drecambjnan DN A miolegule Pmmi%gea)smmiwmamwe@n&@dyeqweﬁé@uhh- t he
Jsecond,honul Ldi vect ' .nucl eoti de
'sequents RpTEY BRDAR sidletle! Bl Hrst bR ot d 10 Bl dopltidal il
t er m nus Dellkprésdingy 9bdcteBAedconitinase naidpctsridompeiting an biginafkdplitstiopondi t i ons
that allow_intracellul ar, honpl ogous .rec inatiqn o cyr.. In a specific
enbodi merfinddyoda °‘ﬁﬁ“ﬁ’6ﬂ?° %r?&%‘f-’ﬂ e&%w&%"ﬁmﬁﬁ\?ﬁeﬂ%%%%ence
encodi n | e Lefp | ; ' |yl I ter, 30
| NG BNAl dun® B hbﬁoﬁgf?g B RPOHckildH shdlal s8R Hothofbgh aHID

and the vector turther co I rst and second recognitiomr site for

t he sit e-sjskteiget ENAGoapricngesect Bhdnssqnenseandiwpidouble seansigd tennini, isithee |.ocat ed

out si dg: t first sacond. h | .apd. a second site-specific
reconbfsnafjé@'V’é‘gSﬂ%?'t%ghﬁg? f'glqn%g %ﬁé%%@q%mﬁ# C % “"honol ogy
ar ns; anCkegitncé)@nds seebhdlerminey) sayd, firstoligonuePotdeongrising adirstt he site-specific
reconbi nase. |In another specific, enpodipent, of this nmethod, wherein the

host cel Ioliggrycieatde B SEQERIsINg, Rt DlRng ardss Frm Bite S5 it i
endonuc! GaRfoRildnkChd d i SubiBoric SARAR i B Sghlce beLLCr

conprises a recognition si or the site ehdonuclease ’nefde the
first andosedagods teahohwlpptide seguenae df the firshbomologf drer orstabvector DNA

20 strand, and said second nucleotide sequence being homologous to the sequence of the first

D}

P terminus on said target DNA strand; said second oligonucleotide comprising 2 second
oligonucleotide strand comprising, in the following order, from 3' t0 5', a third aucleotide
sequence and a fourth nucleotide sequence, said third nucleotide sequence being
homologous to the nucleotide sequence of the second homology arm on's:;\id vector DNA

25 strand and said fourth nucleotide sequence being homologous to the nucleotide sequence of
the second terminus on said target DNA-strand; and b) subjecting the cell to conditions that
aflow intracellular homologous recombination to occur.

In a specific embodiment of this method, the host cell further coﬁtains a
nucleotide sequence encoding a site-specific recombinase operatively linked to a promoter,

30 and the vector further compnscs a first and second recognition site for the sitc-specific
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i nduci ng expression of the site-specific endonuclease. 10 In speEiQiEEB qu
enbodi ments the vector further conprises a selectabef mar ker | ocat ed
out si de the honol ogy arms, that the vector conp in ther of the follow ng
two or der swbrogsuZzs to 3 along a vector DNA strand: i) the first honDIogy
the sel ectabl e marker, the origin of replication and the 5&?%&”@@%%Iogy
arm or ii) the first honology arm the origin of replication, the -

sel ect abl e marker, and the second honology 15 arrn. - In a specific

enbodi nent, the selectable marker confers antibiotic resistance to the

cell contalnlng the vector I n_various enbodi nents, the bacteri al

r ecombi nagecambuRss g fist seogritipasite 1@@!&@)%@%@9@#%@@%@@‘? cﬁh%rnmzdar 1j 3.

Spect {1 ¢ éﬂnﬁﬁahﬁétﬁm?%ﬁﬁm%bﬁ%?an e el B{oe s ] dn ko "
enbodi nenwemotdgemﬁ;hnddnhmmmnqebﬁmﬂhﬁﬁgmﬁbnam&m@emﬁesses RecEf T °

and/ or Reda/ pi rotein. In other specific enbodinments, the nethod further
conpri ses rpcgg}b g a reconbl nant DNA nol ecul e t hat corrprl ses the target

DNA insgrted into tjjenieé shtcificemtd lﬁmﬂi 2V St provi des

a doubl e-stranded DNA vect'or usef uPﬂFgr Irecte on| ng odrysu f(l:n&gﬁl ng ‘of a

t ar get DNéompingg uicicotide aeqnmmdmaa site-@suﬁeendnnudusp bpa-amglgelmm tga n of

repllcat|on and t ho |nthe f.ol | or.der omb5 to 3

al ong a v&YY [ﬁ% %ﬁgﬂé 0315%%"? S ‘bf replication

and a semuhwatmﬁﬁaemsmaﬁﬁoﬁhema aeﬁ:sesdaﬁ%ge&%mo&eeﬁ first
e

honol ogy armon a first vector DNA strand is ogous to th énce of
the fir st induipg rpacseipn ef the sitstspecifieendpppslonse and, and t he nucl eot i de sequence

)of t heygecond honolg r sira | s, honol ogous
to the ?\UC| eoti de se%g%ce Mseggén%ym °ﬂ§’g“%D%%ﬁﬁw FEB 2004
WO 01/ 042wumemmméfﬁﬂﬁwﬁﬁnﬁsﬁﬁeﬁhéﬂoﬁﬂﬁWbOdl ment  of
t he vecto the origjn_of 4 ation i bacterlal orlgln of

replicati B%ﬂ@rﬁ'"?p{e 5%’5‘3‘? f@ﬁ‘t\ h@f“"k’@pﬂ%at i on
functi onsge @elEetaB?@:hbdcer' e &@@ﬁ'ﬁ?fcpﬁ&ﬁﬁh Eﬁh@ﬁ@ﬁﬁu E@rﬂ&log} ﬂl}:@
replication functions in mammal | an cel | e 1 nven er provides

a cell - coh@?lwmﬁﬁmefmk@hm@HMemmmsetmdhtmc&ng)ed cl oni ng
sai d . vect or conpri sing

or subgdo cul.e of rest
an orign repF Mn an thesc FB’@?“EF ers prtibiohic reSisteRgs; rder
fromb5' taﬂ&onﬁinhigghﬂemﬁr:tor DNA strand: a fi rst honol ogy arm the origin
of replication and . . . . )
In various specific embodiments, the bacterial recombinase is RecE/T or
RedalﬂrccombmaseorbothkecEITandRedaID Inotherspecxﬁcembodzmems the cell is
a bactenal cell. In other specific embodiments, the cell is an E. coli cell. Inotherspecxﬁc
20 embodiments, the cell eukaryotic cell that recombinantly expresses RecE/T and/or Reda!ﬁ
) protein. In other specific embodiments, the method further comprises solaunga '
recombinant DNA molecule that comprises the target DNA inserted into the vector.
. Inanother embodiment, the invention provides a double-stranded DNA -
vector useful for directed cloning or subcloning of a target DNA molecule of interest, said

25 vector comprising an origin of replication and two homology arms, in the following order
from 5" to 3' along a vector DNA strand: a first homology arm, the origin of replication and
a second homology amm; such that the nucleatide sequence of the first homology arm on a
first vector DNA strand is homologous to the sequence of the first terminus on a first target
DNA strand, and the nucleotide sequence of the second homology arm on the first vector

30 DNA strand is homologous to the nucleotide sequence of the second terminus on the first
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a second honol ogy arm such that the nucl eoti de sequence of the i?"Eisl:EB 200"
honol ogy armon a 10 first vector DNA strand is honpjogous to the sequence
of the first termnus ofna first tang DNA strand, -anhd the nucl eoti de
sequence wb dile2gzecond honol ogy armon the first vector DNA strand is
‘honol ogous to the nucl eotide sequence of the second terni RGFEBH/AGHE fir st
target DNA strand .In a specific enbodinent, the cell is a bacterial cell.
The i nvention further provides a kit useful for directed cloning or
subclonng 15 of a target DNA nol ecul e conprising in one or nore
containers: a) a doubl e-stranded DNA vector useful for directed cloning or

2‘#?3! o et B targﬁnamﬁ%uﬁeﬁwc I S R R e
64 Og%ﬁ trxﬂ other {ctith cBbFRImEnt, Webrigih of Ripligdtionof
repI I catron an con horm ogy arm such that the nucleotide sequence

of the fishétins mmwgmmpwﬂemm&mmmmmomphmimn@mm m@us to
the sequence of the first termnus on a first target DNA strand, and the

nucl eotheiomalignestce of the second honpl ogy arm on the first vector DNA

The Birst targor EaupR b RARIE SRBHARAGRR s ol DR N Of

r econbiyag@eysdfid fr wdxsmeg;w.nbmgaffatmeknm frivdechizoflimgsespsaid have
sequence homplogy to a BAC, PAC 25 | anmbda | asmi d or YAC based cl oning

vect or .vettor eomptising &penmpﬁr@lmﬁmmdttw@ﬂw g arms, indhe folloving aedes econd

gngl Ie) mggkﬁ%g ol i gonL?ﬁh%@%v&% cI eﬁ:’ft i de s enceﬁ?ggﬁg%m% a
 Jermbodi gy nﬁdﬁ&m@ﬁ&gvéguéh%m% aq.delsagmge Bfth%tﬁlsd 148y dmPon har get

DNA mol“ecule 18 pr conprising in on nore containers: a) .a double
30 stir fiistascidBNA strand is herhologbus todhe sequenteaif dhe figst tombimsival afiistitgrget a
target DNA Ml ecule WO 01/04288 PCT/ P00/ 06533 of mtergélt] sai d vector
conpr i SIN4 strand 2nd the Rrclcotds seguecs P Dirsorans hrsmelogy g opd e ft Yertor

;?lml Owlgw%%&gﬁm%%l%p#% Fgra]éla econé %ogy arm E’?E&tq‘gpml ad

doubl et&gémﬂﬁckuﬁhﬁ.gmwsﬁeaﬁbledﬂmﬂﬁﬁtﬂbc gelf israsbactdriafjeellic| eot i de ‘DNA st r and
conprising, in the followng order, from3 to 51: a first sequence and a

second sequence mumneeﬁrMP@mdcael@éﬁa@h&Mcmv loning ¢ he

and Booh BuRehiRA e Byt Rimdisiit i P AiRge REMariet T % diBbl e B4 A"
sequen%ctefuﬁf&laaidﬁ&temdmﬁng)&ﬁb&e lof @hyget DR moldcule SFemeRdt, said

doubl e-stranded ol i gonucl eotide conprising a second oligonucleotjde strand
conpri srcctgr compmm sworiginofigplication anfl twmhgmolegy &S, in the follovdng gndeeot i de

EE?ﬁS“ o donh e remer IR oS B Romolsdi . S Gl B el R o'
sal Oﬂaﬂﬁlé#ﬁfigot | ghménaawﬁde sByifneO bt iR mmsg,bﬁwsn a

)hom)l ogous t
20 first vector DNA strand is homologous to the sequence of the first terminus on a first target

.q

DNA strand, and the nucleotide sequence of the second bomology arm on the first vector
DNA strand is homologous to the nucleotide sequence of the second terminus on the first
tarpet DNA strand; and b) a cell containing a bacterial recombinase. In a specific
embodiment of the kit, the homology arms have sequence homology to a BAC, PAC,

25 lambda, plasmid or YAC based cloning vector. In another specific embodiment of the kit,
the first and second double-stranded oligonucleotide have nucleotide sequence homology to
a BAC, PAC, lambda, plasmid or YAC based cloning vector.

In another embodiment, a kit uscful for directed clohing or subcloning of 2

target DNA molecule is provided comprising in one or more containers: a) a double-

30 stranded DNA vector useful for directed cloning and subcloning of a target DNA molecule



sequence of a second termnus on said target DNA strand; and d) .ahcgell:ll-;B 200
containing a bacterial recvnbinase_ Ina specific enin{;j)di ment of the kit, the
cell.iss an lwcoli cell.”In 15 another specific enbodi ment of the |dt, the
cell is aWoom488| conpetent for uptake of DNA. In another_enbodi nent, the
‘invention provides a kit useful for directed cloning or RMOF3 of a
target DNA nol ecul e conprising in one or nore containers: a) a :
doubl e- stranded DNA vector useful for directed cloning and subcl oning of a
target DNA 20 nol ecule of interest, said vector conprising an origin of
replication and twy honol ogy, . awns, jn the follow ng order fromY to 3
along a v@%’PWDF@\QSE'ﬂ‘%Frﬁ?WSF‘g%P“M ?"&PRPXM“Y‘%E‘"E&?@ FopAn %&pl i cation
and a sec ' Lt S S : ' ‘ i de
gmwﬁzga "R BnfS b 3 o 4 } 81645 528 86dolog i) B2 AR QF

conprisin I gonucl eot’l de strand conprising, In the-follow ng
order, frmpliGtion @nda seconflhomblogyatm;ob) ddirs depbimstandedioligosendestide nucl eot i de

Pl cot | UEPTEERE AL REPRARORAE PN, Gy ries S SPGB T BP0 1 and

and saigl @SEo\ErsPitgh@Rt hhltfa SRIRE SRRl sall HIRTRERIGASenRncd Rhgnuc! eot i de

sequence of a fast ‘term nus on a target DNA strand;, and c) a second doubl e-
stranded linajegous tothe neileatisiesequencrpfihafimthemolgypom os said veeter INA and

cequence Shata=f 8 poson B AHE Bk e gt o dublebfeliieny. ' ©°
sequence &rifiig iheiRlsUEGHErdcODNAEstiatE; o) i sethnd doablesagnded oligvaudietidad - 10 9

FEB 2004 WD 01/ 04288 PCT/ EP00/-Q6533 honol ogy arm gn. sai d vect or DNA strand
_and sai d Bwrising §seroad clisericlegtids,viond germansing. in the followmg priadromditance of a

Jsecond i ; rﬂ%&ﬁo" [ i1 Lment of the
kKit, t %%D%A%c%lré?as%rl ¥ i ga%r‘lﬁg‘not e!}dceﬁ@ogl r‘re%éh%? the kKit,- the DNA
vect or, tseguehes einghmmidlegots tatiganiclobtidgaegehecifithkesecendchotiology emmondsaid
doubl e-strand oki gpnucleotid L urified. n other ecific
Cohod) moneeouDNA stmd il S i cifietide Bitienda Pelia Homoanut o lbs hrlotiic,

CONpri SeSsebéddf aeconditérdlinud i A thifzet DNARGBAD 2048) RYAI confirghd el specific

bodi nients, the target DNA nol ecul e conprises a genetic nutation or

pol yror pHiastasial measrmbinese; & ¢ embs Sheddethogell is m Kiceoeclledn or- -
S Sceohy ol HSinsBEEAdio B GERPSHTEI P shlh AELGII GRAIINCTS0 15
nmet hods ddNAhe invention may be used in diagnostics. For example, =
Parget 1o detect Potesealpdmey, Foinwpres mpinres ComBlraieie a vi ral DA
present Igfonihgltiistiinisg of a target DNA molecule comprising in one or morc containers: 8) a
double-stranded DNA vector useful for directed cloning and subcloning of a target DNA

20 molecule of interest, said vector comprising an origin of replication and two homology
) . arms, in the following order from 5' to 3' along a vector DNA strand: a first homology amm,
the origin of replication and a second homology arm; b) a first double-stranded. .
oligonucleotide comprising a first oligonucleotide DNA strand comprising, in the following

order, from 3'to §": a first nucleotide sequence and a second nucleotide sequence, said first
25 nucleotide sequence being homologous to the nucleotide sequence of the first homology
arm on said vector DNA strand, and said sccond nucleotide sequence being homologous to
the nucleotide sequence of a first tenminus on a target DNA strand; and ¢) a second double-
stranded oligonucleotide comprising a second oligonucleotide strand comprising, in the
following order, from 3' to 5": a third nucleotide sequence and a fourth nucleotide sequence,
30 said third nucleotide sequence Bdng homologous to the nucleotide sequence of the second
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15 sanple. In one enbodi nent, the invention provides nethods for %egegEPoﬁn
of target DNA known or. suspected to be associated wsth a disorder or

di sease 'when genetically nutated.. |In specific e i ments, the target DNA
is a bactweo @loszggi ral, parasite, or protozoan DNA. In a specific

‘enmbodi nent, a method is provided which further conprise d&CT&EPoMxssrant DNA
nol ecul e that conprises the target DNA inserted into the vector. In 20

anot her enbodi nent, the nmethod further conprises detecting a reconbi nant
DNA nol ecul e that conprises the target DNA inserted into the vector. In

anot her egggtgi ment, the_invention provides a nethod of detecting the
presence Py, et s vectns ONA simnd and saidh fourthseuencefping bomelpgopaed £ rom a

patient s#gsRGILRTe &1&Q%%%:t%é%&éioﬁgﬁgmg%§£&%90ﬁs“§§$pe first and

second honol ogy arns are he®Sequences pre i n DNA of
t he i nf ectmtendiment ofithelkit, thed)NA ivédtar is purifiedi B adother Brabddirm@ bf thblit,ithe der i ved

froma patj.ent suspegte havi,ng .1 he infectious disease, and said second
and four%ﬁJEF‘@bI‘ﬁﬂé“&gﬂﬁ’%ﬂ?gdﬁgﬂ‘gﬁWB%&gd%%%W@Wsent i n DNA
of thesi nfiRehicketids @’ Purifieaot her specific enbodinents, the infectious agent

is a virus, bacteria, protozoa, fungus, or parasite. 30 -1l WO 01/04288
PCT/ EPO0/ 06533 | n dmothieespecifio eohbndimeents af kit providedsbyhoiniveteion, tlertaget ect i ng

t he pres of_a, genetic, conditiqgn, disease, disgrder, or polynorphic

Crait, wismplece %&%&PB&"F@%@W%&‘* ?P&W%ﬁi’%ﬁ? oberspeifiod of

having a m&ﬂ&m;%dﬁ@hmmAﬁamomﬁﬁér%éﬁuﬁwnWlﬁﬁb ish @i t, and
e

the sequence of the first honpl ogy-armis honol ogous to't equence
upst r eamKBOWR ghsuspesteditobis dntcigred Hithadiscsder oo diseasey dmothérapesifioni t h t he genetic

" Jcondi tjgo t.'l"lﬁfeﬁé wdisg ﬂqu'cm I i ait..and the, se ce .of

the sejgo%bﬂorm ogtyearm I'S "hono ogolus#%%?ﬁdé@dﬁgﬁ'g%ﬁ/ﬁg*i&gﬁﬁ?rom a
site knownd Bedadpisyxontbinhsto be associated with the genetic condition,
di sease, di sorder,.[l_grﬂg Ix{m) hic trait. In a specific enbodi nent, a nethod
i s provided for det8% ﬁ’g b F¥entioanaybe pserbindiageosties dior ¢xemplegenet i ¢ di
10 genet phsids of HB¢ar DNA Bab¥ \ ' ymg,g&%fpagpggﬁ I's derived
froma pgtient pect ed o? havigﬁn% t g‘g‘é‘igé%‘?c con |t|on,£g§%§%$g¥§i sease,
geneti c dftedt ity gresenne ip 8isgmple Sivnra subject e.g. anvirdl DINA prseatina pafient’se i r st

doubl ggs | I i I.s _homnl,0q0 t he .seqguenc stream
From &5 FEEPIE 18 ol LBA R ey PR e ol T e e G DN

condi t i okpovgeeratigcttidae bs assogiened Wwith adisoRIcElEr discase WiRh LERGRINy Githtdd t . and the
sequence_of t, 15 second doubl e-stranded ol i gonucl eotide s honol ogous to

the sequ ‘g ths farget ONA isahagisrial vilasemsite dr potgzeandBNACi at ed
Wi th t hejfpgRiite efdodinient 3 méRRAL bovided which further comprise detecting a
recombinant DNA molecule that comprises the target DNA inserted into the vector. In
. 20 another embodiment, the method further compriscs detecting a recombinant DNA molecple
) that comprises the target DNA inserted into the vector.

In another embodiment, the invention provides a method of detecting the
presence of an infectious ageat wherein the target DNA is derived from a patient suspected
of having the infectious disease, and the sequences of the first and second homology asms

25 are homologous to the sequences present in DNA of the infectious agent. In a specific
embodiment, the target DNA is derived from a patient suspected of havmg the infectious
disease, and said second and fourth nucleotide sequences are homologous to sequences
present in DNA of the infectious agent. In other specific embo&iments, the infectious agent
is a virus, bacteria, protozoa, fungus, or parasite.

30
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di sorder, or polynorphic. trait. in a specific enbodinent, the geng'li igc FEB- 2004
condi tion, genetic disease, genetic disorder, or polynorphic trait is or

the patient to can asthma, arthritis, drug resistane€, drug toxicity, or a
neural , nel@®pEYest atric, metabo 20 rruscul ar, cardi ovascul ar or skin

condi tion, disease or di sord 4. DESCRI PTI ON OF THE FI GURESF ?f@‘?%ﬁ@ | A-C
Conmponents of the honol ogous reconbi nati on cloning an subcl oning net hods

A. The vector, conprising an origin of replication (origin), a selectable
marker (Sm, and two honol ogy arms (| abel ed A and B). -12 FEB 2004 WO

01/ 04288 PCT/ EPO0O/ O 533 B t j.onal e-stranded ol j gonucl eoti dc
adaptors. Each adapt OF °‘5’°r'5 %Jn‘sﬂ?""ﬂ&mg g GPF%EPCP@fand B')

to the hompeAdtic RhiG m,@&q disord ﬁﬂ&e

honol ogy (I abel eguagt mg{nd g Sf to gq?er m nui%qu lﬁu&%?&g\lf%r espect ively
| abel ed” C &% op suppested f havinghgenetiiwondidonyidisedsc,disordeq o palymerphiences of
t he targetw &3 IS g ?e homol ogoys t o nucl eotldeﬁgequences of
one of the ogy  ar ne o?th Fﬁ E% TG e ?3%1%“?%‘&“&?’%“%_8) or ..
t o nucl ebt fidt ssiRUPDADr Sispédhe w%m&ﬁt@ﬂmp&e&?eaémm gl di@hdedes

(respectively Jabeled C and D). 10 Figure | perimental outline of
Appr oach 1 \%B?léﬂ” MMyeMlmmpmwmmmgm

I nt roducedy, &, ggg};‘é@ﬁﬁ host . thin which the
target DNA and cEI T or Reda %rg%{ erns a%’pi R‘ e di agram
shows a IlmmmmwmmmgolmmﬁmcM| Iﬁﬁ?&&ﬁ@&mt,gl n, and a

5ot ) oS U5 e n L Sl o BT e B o

10 genetic disorder, or polymorphic trait wherein the target DNA is derived from a patient
suspected of having the genetic condition, genctic disease, genctic disorder, or polymorphic
trait, and the sequence of the first double-stranded oligonucleotide is homologous to the
sequence upstream from a site known or suspected to be associated with the genetic
condition, genetic discase, genetic disorder, or polymorphic trait, and the sequence of the

15 second §ogblc-s&anded oligonucleotide is homologous to the sequence downstream from a
site known or suspected to be associated with the genetic condition, genetic diseave, genetic
disorder, or polymorphic trait. In a specific embodiment, the genetic condition, genetic
disease, genetic disorder, or polymorphic trait is or predisposes the patient to cancer,
asthma, arthritis, drug resistance, drug toxicity, or a neural, neuropsychiatric, metabolic,

_2_0 muscular, cardiovascular, or skin condition, disease or disorder.

4. DESCRIFTION OF THE FIGURES
25

Figure 1A~C. Components of the homologous recombination cloning and
subcloning methods.
A. The vector, comprising an origin of replication (origin), a selectable
marker (Sm), and two homology arms (labeled A and B).
30
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| , y gy ras . e oro ogy.arns, are shown as thick grey bl ocks at&:'t%eFTEB\d@UI*
of the linear DNA nol ecul'e, are short regions of sequence honol ogous to
two regions in the targéf DNA that flank the DNA region to be subcl oned,
called taMyeov@geternmini, are shown as thick lines flanked by the honol ogy
‘arns. Aft transformation, selection for expression of thePSHEPAYR65S

I nposed to identify those cells 20 that contain the product of honol ogous
reconbi nati on between the honol ogy arns of the. |inear DNA nol ecul e and
the target. 25 30 Figure 3. Diagrammatic representation of Approach 2. The

approach is simla .t hat ed in.Fi.gure 1, except jn.this case the

tglroget DNA nol ecul ehl‘ @HS@&P#"Z‘&%{PM%PE?‘M&M%%‘% E’(‘ﬁ_hi“ t, but,

r at her, i&ompﬁs'eetarre@wadmﬂowgyt(ﬁ&lédﬂwB%&ﬁeﬁ%qHﬂhsﬂm%sa The target
m X

DNA can be any source, either, as illustrated, a ure fromwhich the
DNA r egi ofSSBFUVRlY a4 # secand regivn@f hespologyiiabtied C'amd D htock Biowsaifdeul e from

whi ch theﬁ#y? | | smg qﬁs i.n Figure 1, the honology arns are
shown in thre Pg‘? y IF‘%I KS" %‘t}gg@ EB 2004 WO 01/ 04288 PCT/ EPOO/ 16533 .
Fi gure $. Di agr anmeCi Th¢ mpgeeDNAL Mt @imidhl nitleqite SRjubn@l o BPEAGE N  The

cloning o I ncludes an E. coil origin of replication and

s sg%i@&; égctor
a sel ect af ® o5 &, korpaipgous toxkleerids equarsesefnne ofthediomglpgy rnms ofshown as
t hi ck Lt I ' d g i pati
{ar got Ust e deRBEeopeAREl BRI ot 1o Biklelior SRS I el il | "
sel ect abl eligrandleotidge (respedtlysly labetedIG/ and D9, vector is constructed first as a

| inear DNA fragnent as shown in the figure. Upon circul arization, the
second SSRT is |ocated between the honol ogy arns oriented as a direct

PSR 0 | ma lc ARF i 1
by homologous recombination is introduced, ¢.g., by transformation, into an £. coli host
within which the target DNA and RecE/T or Reda/p proteins are already present. The
diagram shows a linear DNA molecule carrying an E. coli replication origin, and a
selectable marker genc (Sm), which is preferably a gene whose product confers resistzmce to

.15 an antibiotic, flanked by "homology armis”. The homology arms, are shown as thick grey
blocks at the ends of the linear DNA molecule, are short regions of sequence homologous to
two regions in the target DNA that flank the DNA region to be subcloned, called target
DNA termini, are shown as thick lines flanked by the homology arms. After
transformation, selection for expression of the Sm gene is imposed to identify those cells

20 that contain the product of homologous recombination between the homology anms of the

) lincar DNA molecule and the target.

Figure 3. Diagmnmat_ic representation of Approach 2. The approach is
similar to that used in Figure 1, except in this case the target DNA molecule is not already |
25 present in the E. coli host, but, rather, is co-introduced with the linear DNA vector
molecule. The target DNA can be any source, cither, as Hlustrated, a mixture from which
the DNA region of interest is cloned, or a highly enriched DNA molecule from which the
DNA region is subcloned. As in Figure 1, the homology arms are shown in thick grey
blocks.
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production of two different circular nolecul es, thereby separatilrgdtheB: 2004
origin and the 10 sel ectabl e marker gene. The circulrized vector is
transformed into an E. coil strain within which ReeEll' or Redal P protejns
I s expres¥&dg1/gesscan be expressed. The E coli strain al so g%rri es an

induci ble site-specific reconbinase (SSR) gene, the produg EPOYREN
recogniz the SSRTs in the vector so that site-specific reconbination

bet ween the SSRTs does not occur until the site-specific reconbi nase gene
i's induced for expression. The E. colt cells 15 carrying the vector and
the regul ated site-specific reconbi nase gene are prepared so that 20 they
contain RccE/ T or Fgdsd 4.3 Diagramimatic popeksemation@iaatekhplk @t Appadash 97 Maki on.
DNA  nol elqu es cqnfaining the region to be cloned is then introduced into a
host cel FloRIREOESU CW Verinr dngludas ag i sali enigin of raplicatiomaand @rsgleoighlear s,

expr essi . | e | LN rotein.ds indyced and

sel ection O%g@%ﬁ?@l??ﬁg%ﬁ%?%gh%ré%% %&%H%?éwﬁgwéﬁm ed. Before
si t e- speAiditiondllys @@ Weaet incladesino recombihation Birgde /it ﬁdgﬂrsraﬁ@mgﬁ ged vector
carrying two SSRTs or the intended honol ogous recohbi nati on product which

carti 8s sentheorigrand theselectablewhanies gena: ddostisimply; tha veaterds consaucttd! et i on
of the | acat ween, t he honol,o arng. After expression of the

o t o op R Ia RO TRt a5 Show R A e | Bort Gronlosightans fgrpessad he

sel ect algsRTRS | etvhe®h F5eih: L Rtbd f

honol ogou%{reclg%dnat lon w | |m‘§§¢’\t/mfaﬁa nc??ﬁ{rgﬁég%%u@{tﬂ%?? %ger a
subst r atfistf 88RT] sosthatsite-spacificr recombintivni betweeh ghi svPSSRFE rékulta gt OF

. oligonucleopti.des_for cloning and subcloning by RecE/T or Reda!]3
Yhorol og Yetiem e Llilfrsent coRulasmg ules.itharebs separetingthe rigin anshthet 30

ADDY R 3R Do) OB B o AORRLEY o) L9 SOL) depy each

one to ovidcloRedBAB ohRedu/P groteinsis efpréshed, vedih Ve &@dsm@c&ﬁ?&ﬂﬁa&k
honol ogy to one of the two termni_ of the target DNA region of Interest.

Gi r cul aFf7sE A dusiblesierspesificorecembinase ¢SSR gene, thi praciuet ofowhiclnreabgningser est i s

acconpl id&rggh . I | nati.an_between the vector he adapters

and bet ween tﬁm%@?g&%tﬂﬁﬁfﬁm%gweﬁ% OB ROt t he

vector - eoehruhel thasigRipebiit rétantbaiast Baeds HAGKATEFRMRIN0 he £ Bl cell® SaUL €
t t y

vector may be used to clone or subclone differen arge Si ng

t iar gd? - syradng the va@ammmwbﬁmmﬁwhmt e (rj
out 11 ol SohARR R, ok 2o Pl itandper ot for mastopRR BB AoT do
st ai nedmlifes Sorilhing P ekiof do BRNIORLAIS el Strdlldobly O Kol 32 g, T oM ©

I ndependent col onies (|l anés 1-9) obtalne
homologous recombination between the homolagy arms, expression of the site-specific

recombinase protein is induced and selection for expression of the sclectable marker gene is
20 imposcd. Before site-specific recombination, cells will contain either unrecombined vector
carrying two SSRTs or the intended homologous recombination product which carries only
onec SSRT, since homologous recombination results in deletion of the SSRT located
between the homology arms. After expression of the site-specific recombinase is induced,
and selection for expression of the selectable marker is irfxposed, ceils containing the -
25 product of homologous recombination will survive, since this product is no longer a

substrate for site-specific recombination.

Figure 5. Use of adaptor oligenucleotides for cloning and subcloning by
RecE/T or Redu/B homologous recombination. The diagram iltustrates a variation of
30 Approach 2, shown in Figure 3, 2bove. Two adapter oligonucleotides each contain two
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experinment. Lane M |1kb DNA size standards (BRL, Bethesda, MD). IIr_'aaeFEB, 2004
coRl digestion of the Starting vector. The experinent is described in
detail *in the Exanple i-n Section 6. 15 Figure TA-B/ Coning of a DNA
region fpagypodb@t @l yeast genomic DNA. A A PCR fragnent made to anplify
“the plSA origin, and flanked by 98 or 102 bp honol ogy ar mcI/EmoA&:9r 102
bps either side of an integrated anpicMn gate in the yeast strain, MiD
353-13D, is illustrated. The PCR product (0.5ng) was mxed 20 with total
yeast genom c DNA (4.0ng) and coel ectroporated into JC5519 E. coli
containing Redrm expressed from pBADcz 3y. Clones were identified by
sel ect i orfegions of hpmelgy, ore B.onAof the homiology &ms of the vetiat melch seeind region@sf i r m t he
correct Rproducts from.1 chosen,. col oni 25 Figure 8A.C _Effect of
repeat's glf’mg%gﬁic'o%"ﬁﬁglth& femaipef ﬁ%ﬁgﬁﬁ%ﬂ’?ﬁ’éﬂ“%‘-i anggionf on ET

subel oni 1Gs voétor HIRIGAHTRRTINA g oA Sdosbiife by il s PR

anplification of the 'linear vector are shown | uence indicates
t he part respmbinatien begmen theortteranditheadapes and between the dddpters da@hectangkd f.i cat i on

of thegli r ther n ept | constijute the -15 WO 01/ 04288
PCT/ EP%O/I%%%S@%WJ og'iyilggﬁﬁﬂcgofﬁéﬁggﬁegﬁﬁéc% ﬁ’éﬁ%"‘ CAYFEHRAT08Y- 1ol d wer e
present Jhus)dielsame vécamatry bt usddieclohs @sibol @ ddfferemttargbt IMSAT B RingP t he
termnal repeats, The linear vectar constructs a-x "have séequence repeats

of vari ofABStSprRsHiradapiroliponusicptides forsack tamePNA. Adapien oligonuciasridesarn on
i gi i i . fl h |
o e, Aol bé B8 GO RRERRCE Aol 1 3h 3.8 offiiSa Wiipy PINCE e 00 PP

. strategy used to test the vector constructs containing the various

' )sequenge repeats qf panel A for efficiency in ET subclgoning the E coil
| acZ ggne. C. Tabﬁrég"&ﬁgmmﬂ @MFW"(WF%‘&?QW Agtigesisthor yI at i on

on 10 c$mheaoqui§dla1£edﬂﬂm§&dc§am&mul a8 Bancd 1195 talnid Bbm! ,kﬁp gy the
vectors containing the repeated seguengaens shﬁm I n g%ﬁerﬁé a?gﬁlgown.
experiment. Lane M, 1kb NA size standards (BRL, Bethesda, MD). Lane 10, EcoR]I
digestion of the starting vector. The experiment is described in detail in the Example in

Section 6.

15

Figure 7A-B. Cloning of a DNA region from a total yeast genomic DNA.
A. APCR fragment made to amplify the p15A origin, and flanked by 98 or
102 bp homology amms to 98 or 102 bps either side of an integrated ampicillin resistance
gene in the yeast strain, MGD 353-13D, is illustrated. The PCR product (0.5mg) was mixed
20 with total yeast genomic DNA (4.0mg) and coelectroporated into JCS519 E. coli containing
Reda/B expressed from pBADafy. Clones were identified by selection for ampicillin
resistance.
B. An cthidium bromide stained gel to confirm the correct products from 10
chosen colonies. '
25

Figure 8A-C. Effect of repeats or 57 phosphates present on the ends of the
 linear vector on ET subcloning.
A. The sequences of the oligonucleotides used for PCR amplification of the
linear vector are shown. Italicized sequence indicates the part of the oligonucleotide which
30 is required for PCR amplification of the liear vector: the other nucleotides constitute the
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Figure 9A-B. ET reconbi nati on subel oni ng usign pBAD-aBy(tct) A -Di ggFan Zﬁﬂll
t he pR6K/ BAD/ aliy plasni.d, which contains the R6K ofigin, the pir-116
rcplicon, the tetracycl+ne resistance gene fromp 22 (tee), and the

ar abi nosewoneg§Rssor (araQ B. Conparison of ET reconbination subcl oning

- using pBAD-al 3y(tet) (ColEl ori) versus pR6K/ BAD/ aBy. a RSA®P0pg63Bc - B.
suhcl oning of a 19kb fragnment of the AF-4 gene present on AL Plasm d

cont st ruct g"’&ﬂ'@BEﬂb‘db@hﬁﬁgaﬁfarﬁgﬁg:y&cf\:eﬁncsm&'@&r&ﬁ%& ﬁnﬂtﬁm ance gene.
s es
ent c

araC, arabj represspr. B. Analysis of 5 indepe ol oni es.

et hi di um b%%é' e"g‘%q%'r ﬂ@&%ﬂ?%@w%mw@i@mmmm@d from5

i ndependenhavesajuestirepe@ls 9N Budtethh &yl |; ector. alone. Correct

subcl ones were confirmed by DNA gequgﬁléut“%{’ﬁﬁ’qujﬂw Aderlicatiqn gur e |

| A-B. ET sftees slusithg chloramphepiend misistaibigeasCrr, Sankied By hihiold <DNA 30 A
CGenorni g %c&éﬂcﬂﬁiﬁﬂé@&@ E. coli was prelinearized by Xhol digestion. '
The linear vector consistéd of the Col E! origin and the kanamnycin

resi stance gene kanB. &l sehdtefic Gi4pRorartie G i irect recombination
to the Iacl/gacz Jocusgprescut on the K coli ¢ ré%g’g#gmfgnﬁmﬁﬁB 200 WO

01/ 04288 Pi DEE9Y° £1GRes repratt of ornehA dorefficierf il BT iubdiogigpdRnt ol oni es.
Lane 17 shkolfacdZipene.| i near vector. M 1 kb DNA | adder. Figure 12A.B.

Subcl oni ng of the neonycin gen neo fromnnouse ES cell genomc DNA A

Di agram of subcl oni Gy Tableshagyg e effers bf repdat RAgA M Lﬁogimggggrryci n

resi st gt ,E%@%Wre 1ﬁ Co%‘?i ation of ET cloning and subcloning. 5.
DETAI LED D TEE _ &‘SW%@%MOH Jenwiningale tepeattidr ect ed to
met hods ascuexwepsidiwhiin panct &areBhwn Cl-ONi ng and subcl oni ng usi ng bacteri al

)r econbi nase- nedi cat ed honol ogous reconbi nati on. The inventor has
di scovered that bacterial reconbinases may be utilized in a particular to

achi eve hi gh-ef 1 cirgaa 9 I TS thoble BBy BSaom Wt een
A Diagram of the pR6K/BAD/afiy plasmid, which contains the R6K origin,
IS the pir-116 replicon, the tetracycline resistance gene from PBR322 (rer), and the arabinase
repressor (araC).

B. Comparison of ET recombination subcloning using pBAD-aBy(tet)
(ColELl ori) versus pREK/BAD/aBy.

20 Figurc 10A-B. Subcloning of a 19kb fragment of the AF-4 gene present.on
aBAC, '
A. Plasmid contstructs and subcloning strategy. rer, the tetracyclin
) resistance gene. araC, arabinose TCpIessor.

B. Analysis of 5 independent colonies. An ethidivm bromide stained gel of
25 Hindlll digested DNA prepared from $ independent, correct colonies and the linear vector
alone. Correct subclones were confirmed by DNA sequencing. M, 1 kb DNA ladder.

Figure 11A-B. ET subcloning using genomic DNA as a source for the
target DNA.

30 ] ' '
A. Genomic DNA isolated from E. coli was prelinearized by Xhol digestion.

The lincar vector consisted of the ColE] origin and the kanamycin resistance gene kan,

flanked by homology arms which dircct recombination to the lacliacZ locus preseat on the
E. coli chromosome.
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Preferably, the bacterial reconbinase used is RecE T and/or Red[['7 ]8 FEBem’f
RccE/ T Pathway in E. colii has been described previ qusly and its conponents
have been Partially characterized (Hall and Kol odmer, 1994, Proc. Natl.
Acad. Sc@ é’y"‘?ﬁk 91: 3205- 3209; Gllen er at., 1981, J. Bacterial.

- 145: 521- ? 98 conbi nation via the RecEIT pat hway reROT/ERONESS3
expression of two genes, reckE and recT, the DNA sequences of which have
been publislied (Rl Resgicth, . Bacterioi.. 175;277-278). The RecE
protein,is functjonall y@?’%nﬁigrgg%ﬂﬁmgwgﬁﬁm‘?} F$ heeed 7showetheReda, and
t he RecllmﬁréngPﬁ M; 1 kbii¥Ailaddet| y sinilar to Redo and erf of phage P22
(Gllen et gL, 1977, J. Mal. Biol. 113:27 41; Little, 1967, J. Biol. Chem
242: 679- 686; Figsri13ArBan Sulgdoniog of the fidomykin Bimaeo foin At BE3LA518; Joseph
argsne@icdaNA: | 1983. Biol. Chem 258:10411-17; Joseph and Kol odner, 1983,

Bi ol . Chem ASBispif Afbcldip staRpy and Radding, 1986, J. Biol. Chem

261: 7472- 74@;;{%@&%@@%—% 1981 | Fi ol . Chem 256:12636-12639;
Pot eete and Fenton, 1983, J. el Igistagteglonsy 575 passy et a[., 3999,
Proc. Natl. Acad. Sci. USA 96:4279-4284, and references cited therein).
Descri bed herein are_nethods and conpositions relating to the nme of
bacterial r &SI sCombisation of KT clendpand kuileningand subcl oni ng. As used

herein, the term "DNA cloning"” refers to the process of inserting DNA from
any source into an -17 9 FEB 2004 WD 01/ 04288 PCT/ EPO0/ 06533 aut ononously

replicating vector so that it can be propagated in the host cell. The term
"DNA subcl oning” refers to the process of shuttling of DNA fragnents

@l ready present % BETAILEDBESCRUFTIGROR HiEWYERRgy Nt o_anot her

Jaut ononously replicating vector, or shuttling Hrrents froma highly

enriched DNA noiTgguhtRent as.a.purified viral genome or a 5 DNA fragnent
previously anplifi gd %@%ﬂgﬁﬁtdé 18 mehedssnd cpmpesitionsdor BNA/ect or . The

t er m clgping@nd gubdenitig asigg badiniat k@BinbRhagng ' efers.to.the use of
hormlfgé/. anus . and, in various enmbodi nent gc?&ig%gp %@g%qsirﬁiﬂm des, to
sel ect "a'™ 5?‘55%,°V§ﬁé%béﬂf@wncomhmmuhﬁma%ﬁ;cwﬁert ion of the
t ar getahp tdNcHi holee. and. th rientatjon of the horology arns. It
shoul d be not%‘%a?h%?p%#‘%%ﬁ%%i£%?@%pq$@1mmdS of present invention
10 apply to netPefiratlythdBidterisl RabRHinadd:s ' he, construction of
t he C‘ﬁg%?ﬁl tions and net hods of th-'ggl nven%%?%%ﬁ&d tA* det ai |
her ei e hPREPRY dyEaroli Ins bermdestitieddeadoushyend M Ebabaitkaf:AEQERLRAL | ON
cl onigags téﬁg&%tcgl%c&@faui n\ﬁ%i&n fagr targeted cloning of ragments by
honol ogous 1 €conbrnatT ot *sEegiesd 984, Prog; Mathwhcade Scir UlfeA. 038084 ti ons of
t he i320%Gillen er kl\Cyo8di NG ; S c desi gned. t arget, capture and
cl oneuthar get DNA f ragneq?éégé T nét:'%ﬁr]ess%’#. kgcom%ma%onnatgc i{“&r

pathway requures the expression of two genes, recE and recT, the DNA sequences of which

| have been published (Hall er af,, 1993, J. Bacteriol. 175:277-278). The RecE protein is
) functionally similarto A exo, which is also called Rede, and the RecT protein is

functionally similar to Redf and erf of phage P22 (Gillen et al,, 1977, J. Mol. Biol. 113:27.

41; Little, 1967, J. Biol. Chem. 242:679-686; Radding and Carter, 1971, J. Biol. Chem.

246:2513-2518; Joseph and Kolodser, 1983, Biol. Chem. 258:10411-17; Joseph and

Kelodaer, 1983, Biol. Chem. 258:10418-24; Muniyappa and Radding, 1986, J. Biol, Chem.

261:7472-7478; Kamiec and Hollomon, 1981, J. Biol. Chem. 256:12636-12639; Poteete and

Fenton, 1983, J. Mol. Biol. 163: 257-275; Passy et al,, 1999, Proc. Natl. Acad. Sci. USA

96:4279-4284, and references cited therein).

Described herein are methods and compositions relating to the use of
bacterial recombinases for directed DNA cloning and subcloning. As used herein, the term

"DNA cloning" refers to the process of inserting DNA from any source into an
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Al so described are nucleic acid nol ecul es encodi ng bacteri al recdﬁtﬁ rfaE.,Basmﬂ
such as RccErT and/or Redac/ji proteins, cells comprising such

conposi tions, and the methods for nstructing such .nbicleic acids and cel|s.
Section 5%®,01belspw, describes the use of bacterial reconbinase-targeted

~ cloning nethods and kits for detection of gone expressi orPGAEPI0RBES38I agnosi s
of disease conditions. 5.1 METHODS FOR CLONI NG AND SUBCLONTNG BY HOMOLOGOUS
RECOVBI NATI ON 25 The various met hods descri bed herein can be used for
efficient and targeted cloning of any DNA of interest by bacterial

reconbi nage- |.at ed ..honmol ogou reconbi nation, K The three p r oaches

descri bediﬁe@dﬁg&ﬁé‘%ggg‘éﬂ?ﬁﬁ% Yhisrrepagatediny °1€‘3§b?°§ acteri al

r econbi naSHNABSIGHiR i8S RO hBS of ARMR of BN &M@Jp@eﬁ% vector
is showmn in figure 1A. The ve%I?or gorrprl ses tt#)ee essenti emalaﬁ

origin ofavtemmwmhmmvmmmthqr reflicating \etion nristohttHA, hereln
called ' h 8 01/.04288 PCT/ EPO /06533 The honol ogy
arnms are spec &ogh ﬁ%ﬁ%ﬁm&ﬁéﬁ lfﬁﬁ‘é’ £33 P EFREME OB t 51 get

DNA of § nmmmwsxy hughpliEDbyOROR, 341850 M&kﬁm{@% nggpion. The
sequence, pogition, and orientation of the honology arns are Inportant for

correct iYEBrdirested” o5 tapgeted? eloning vmeMmofmmymOdl ment, -

wher e thear{aoiﬁqjag o th er target

DA, t he T ianal Sbbmut Gas SERERRATH) s b e BN R R ¢ he

E ar geENE\)I\the oficritaticn pEthe insetion Gﬁthnt@:gnmmatbgdheaawﬁ? uﬁudtﬁe g?é%ﬁb}l oéqgr r Es pondi ng
0 a ce u ro i ndi cat ed as in Figure

1) and + HEURIE Rk R B parflistal aghlicionst e mstheds of Bysonimvegiono. o

)sequentlledpp Mo&m&aﬂhﬁm%ww ngg DNA (indicated as Din Figure

1). The orientation of the two 10 arns Telative to the desired insert nust
be the sane'as is ﬁ@oemmneqﬂhqwmnmmmmmmmmrel ative to

the tar gegfec by r §p BArticUC reca i on between the

honol ogy ar s anaﬁﬁ%e ﬁ lr' %ﬂi&r g%‘{? él H% e reespbipationy i nsert ed

bet ween, cbming metlsidd ef th¢ hﬂemian Gotnarpdidd clbhin &ﬂmh%@h@ﬂi{ bRhdBelofSusUsed _

herein, éﬂ:%ﬂg’ﬂﬁb % gﬁ\’fo‘f eing "Inside' the honology arns if it is

posi tion n&vd) 8 %%Ws@ewaWoa ifdlydieg honol ogy

ari a i1S DNARSHtrbdedSiEhdith f @&ﬁ Fe direction, and
tagéc" &%‘.ngee e oril ’l’némcatlon and

a second. honology armis p05|t|oned be
itself i MM%H@W@WMGF&Q mlwﬂmmmmamﬂmmmsuaﬁislmms bei ng
"outsi deﬂ&/&q{m% %Eﬂscomphsmg such compositions, and the methods for
construeting such nucleic acids and cells. Section 5.3, below, describes the use of bacterial

'recombinase-targeted cloning methods and kits for detection of gene expression and
20 diagnosis of disease conditions.

5.1 METHODS FOR CLONING AND SUBCLONING BY HOMOLOGOUS

RECOMBINATION

The various methods described herein can be used for efficient and targeted
25 cloning of any DNA of interest by bacterial recombinase-mediated homologous
recombination. The three appfuaches described herein have as common components a cell
expressing bacterial recombinase recombination proteins, and a vector. An example of the
vector is shown in Figure 1A. The vector comprises three essential clements: an origin of

replication and two short regions of double-stranded DNA, herein called ‘homology arms’.
30
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I n one direction, neither honol ogy arn1separates itself fromthe or|g|n of
replication. Thus, by definition, the repllcatlon rigin and the

sél ect abl e marker are tocated on the vector ' si de' the honol ogy arns
(see Fi WS so that insertion of the target sequence p es the origin of
replication ané the sel ectable marker on the plasm d. OnPClermioasss band,
the target DNA is, by definition, inserted "inside' the honol ogy arns.
Figure A depicts pictorially the neaning of "inside' and " outside' of the
honol ogy arnms. In an alternative enbodi nent, the honol ogy arns have
sequence honol ogy 25 to a set of doubl e-stranded adaptor oligonucl eotides.
Such adapter ol i gGhriwinedigyciess ark kpesificallysttsignediogliow tie Wetor ke'camureence  of

each ada tor nuckotide c ri ges the ence of Qne of he honol ogy
arras of 8&&%8 m ?Emﬁw”%@ééﬁﬁﬁe@“m a sequence
t hat fl%ls&nkézeosfn%gﬁfdm S of M IRRRRIzy érsamimmpne

adapt or ol'i gonucl eoti de contains honDIogy to sequence of one honol ogy

30 (i ndlafah%‘drsa@mbm@mml)moandn@dmmm@eb glogy amghave eam from

the target F 0. 8 33 |nd| ated as C in
Fi gurg %)Cquefﬁce oge °§H(§°§8lm":"vﬂafgq{o]2ﬁ ‘% gﬁg’pf‘%é to a DNA
Sequenc asc@icntdt® INANarkig the mgemNAmmdusmnBarmnnﬁwwﬁAlnF wel | as a.
nucl eoti de sequence | ocated downstream fromthe target, DNA ndi cat ed as

D in F.tigm@%qmstpﬁwﬁw%awﬁm%mﬁg&ﬁGe@cqudémﬁeatto adapt a
eneric | Pigéx:t &16ca ence of
ignterest Ijg{ﬁ)varyl ng t e sequencé&o 125 gzgi%t grﬁ&%?%nuclgo?ﬁ%gg (see
)FI gure E@o mmﬂb@dﬁaﬁmﬂimb&ﬂ-‘?& t)ag‘hgencmnibntufthbﬁivby out ht he
vario ITEI’I'[ e |1Lnven n are cripe In et.ail erein. The
ot hollb SFES BT IOR i 1ottt et by BE seras i3 BF PYEAESOEAS HEOROIGSouE 1 ect o

cl oni ng s@%wﬂéﬂﬂh%%ﬁm"tﬁﬁ&m&&é PigureAS, s0@SthAt ri@ehHifhtids batwheed@leOW, €ach of

the 10 three approaches has its own advantages that make it preferred for
a parti éemhgtmuan@ﬂummmmmmm&smm%ﬁbcmwm are

Cl o ng. Sy (8 fkure 1S Hen AR r A0 AR BEeAneleSl iR Reb®d S, oy DR o

i nteresmmnghnsdfmesbmwmmd@mmmnwnbmwgyaﬁﬂs;tsadhe an insert
from ne re%qqtcon to anqQt her, w thout fhe need fo@giyrrbersorre restrlctlon

anal Romoalogy, amm s mcmcaqq%%f repHicao #ang

appl i catal Sddad h ggfigb‘.? repl I con
and its fsurt heéhuse regﬂl rsxetghtaﬁ&e subcl oni'n l?)%dgn 5&88% exanpl e,
t he usedUPctwnDIQMbﬁ@h@hn@bhmdoﬁmdcﬁmdmmgi“ouﬁfwg&edmnﬁk@ylm&y is

facilit ub n hosen tJO |noa.ne ctor i.n order to
sequencg%gﬂe&&%%nso ‘Fﬁhg hof8iog) &t tes its® ¢ ofigih of replication. Thus,

by definition, the replication origin and the selectable marker are located on the vector

20 ‘outside” the homology arms (sec Figure 1), ;e.o that insertion of the target sequence
preserves the origin of replication and the selectable marker on the plasmid. On the other
hand, the target DNA is, by definition, inserted ‘inside’ the homology arms. Figure 1A
depicts pictorially the meaning of *inside’ and ‘outside’ of the homology arms.

In an altemative embodiment, the homology arms have sequence homology
25 10 a set of double-stranded adaptor oligonucleotides. Such adapter oligonucleotides are
illustrated in Figure 1B. The sequence of each adaptor oligonucleotide comprises the
sequence of one of the homology amms of the vector, and additionally, a sequence
homologous to a sequence that flanks the target gene of interest (see Figure 1C). .'ﬂ:us, one
adaptor oligonucleotide contains hamology to DNA sequence of one homology arm
30 (indicated as A" in Figure 1), and a nucleotide sequence upstream ﬁoﬁ the target DNA
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to express the protein encoded by the gene. In a second approach,‘:'o%ﬂ‘l-EB a0
in Figure 3, the 20 cloning vector and the target of interest are -~
prepared and then added-together into 3 cell. Atetnatively, as shown in
Figure 4wébpody\ of interest can be added to a cell that al ready’ cont ai ns
" the cloni ng vector. The latter two approaches arc usef ul PCarEPap@dssrat i ons
in which the target DNA is derived fromany external source, such as, for
exanpl e, DNA derived froma cancer cell. 5.1.1 APPROACH 1: | NTRODUCTI ON OF
VECTOR | NTO HOST CELL _ ONTAI NTNC TAWET DNA In one enbodi ment, as depicted
in Figure 2, the target DNA sequence is already present within a host cell
t hat expr@sisstedas ﬁai:ﬂhgliral) r Beosdint adaptorfolipormsRttidecontdies hdtholapydeh DNA may

reside o n |nd e replicating, DNA nol ecul e, such as, but not -20 9
FEB 200 r‘?ﬁ’%"éﬁ@' @eﬁw?ﬂee% ip Figuge b)pa%w&as &pysieatds

bact er i a'scé\[ehéélb@dte’ﬂ doRRSRERIRPHE BAGH oded £50n FRED inan K -
cola host cell. Methods for construct Prill{g ﬁﬂgt ceI I s th ggregs a

bact eri al“’ﬁ)’emr ﬂm“dmﬁesasaMﬁRO(aMQdm hoawtogyictomirg wecor hescr i bed

in det | on iy ctor CO n origin of
replicat |%ﬁ&§ﬁ§&§é\/\£§%m}%’§§/(’gﬁ D%Gﬁe‘ﬁ‘g%?e‘??tgﬁg t%e origin and
the mar kemgomﬁlebﬁuer(mmmmcm&ohﬁ:Iddé Fbsmons'?ﬁﬂi:ﬁ‘ﬁﬁ@ﬁ%dt& \bgetor is a

linear nol ecul e and the honol ogy -arns are [ocated at the respective ends of

t he Imeéﬁ'“ﬁﬂPWW%‘Wﬁﬂ%}M@% AR detpil hereint t er entry into the
cel |, honol ogous rggq HE;QH] Q RS lo ar s he vector. DNA
and the 10 target sequences resu?o%s |lﬁ°l|h§§'5m?’mﬁm%¥ bet ween t he

\)hom)l ogy mclmwmmdmwmmubmwmm&mmmcm eithofmr Cel l's

are t at ed ctive nedia.to select. for the selective narker

prese% 6’%"{ 3"\7’8‘1‘?3‘?’ EWC’EVWEF@FWWA?RW&M% glaning apabl e of

repl i cat igpflicativ. ThbRAncIRlS Sy i‘;&hom&éa%é g?&b gde the cells that
i ne P%cuf es | n

~grow on selective nedia will "Contain reco cl uding the
target Dmpproach, wcmden Eismas the ploning Ivehicln dsintpéducid idte @ eell thatsmhrins B¢\

f ragnment D?@ nodi §i ed .nucl otldes to reduce the nunmber of
events proguced Dy | orhi n'%ﬁt(# ?’H%‘E’é‘h e ‘ﬁg"r@h‘P%y any

means ot frem dnbm):hbmrm Immswitmom‘e h&ﬂtﬂ:ﬂﬂlmbbmﬁmc rbduh@ﬂhfahﬂ%?and in
recon‘anaI i on ch L fied |des ; e. g,. phosphot hi onate :
ol od5! i Shiplpiges 1 sprrsach SR 6o wpplicas nsenmwcqhemqwm the

homo! 09y aiféafly edidlcl dntl it seh Ridh afke s RANGFe REuI-DRL PO A6 go‘}‘ércws%n

ollgonucleotlde synthesis of a priner used t'o construc
part. For example, the use of 2 DNA clone isolated from a cosmid, phage or BAC library is
facilitated by subcloning chosen portions into a new vector in order to sequence the insert or
to express the protein encoded by the gene. In a second approach, depicted in Figure 3, the

20 cloning vector and the target DNA of interest are prepared and then added together into 3

cell. Alternatively, as shown in Figure 4, the DNA of interest can be added to & cell that
already contzins the cloning vector. The latter two approaches are useful for applications in
which the target DNA is derived from any external source, such as, for example, DNA
derived from a cancer cell. |

511 APPROACH I: INTRODUCTION OF VECTOR INTO HOST CELL
CONTAINING TARGET DNA
In coe embodiment, as depicted in Figure 2, the target DNA sequence is
already present within a host cell that expresses a bacterial recombinase. For example, the
30 target DNA may reside on an indcpendently replicating DNA molecule, such as, but not
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vector (see Section 5.2.1, below), or, alternatively, nmay be added.by :
enzymat ic or chemical nodification of the oligonuc)eotide or |inear vector
DNA after synthesis. Methods for such nodification of oligonucleotides and
I'inear D ffiagsents are well known in the art, and are described in
detail in Sectlon 5.2.2, below. 5.1.2 APPROACH 2: CO- | NTROMEPb/6d530F VECTOR
AND TARGET RNA I NTO THE HOST CELL I n another enbodi nent, as depicted in
Figure 3, the vector DNA and the target DNA are m xed invitro and
co-introduced into a cell containing the RecE/ T or 30 Reda/p reconbi nases.
The target DNA may be derived fromany source. For exanple, the 9 FEB 2004
WO 01104288 PCT/ EPOO/ 06533 target DNA can be obtained fr n}za i ol ogi cal
sanpl e, limitedhtona plasmid, Aphage, hathl egificigh sheomasemsdBAS )a&‘rfge Um skin,

cul  or copp@meRE ¢ Fh%ﬁ%%?ﬁl%?%iﬂf%ﬁ%ﬁ@?ﬂ%@ﬁ%ﬁ SRR e or ot

Met hodspdcRiriaPrefiabikde@clPds RAE/T 6PRedd/p HeSsibbianse € Hestpibed kidemi] in0 t hose of

skill in the art (see, e.g., Current Protocols in Ml ecular Biology series
of | aboSmion§.2t2@chni que nmanuals, 1987-1994 Current Pr otocols, 1994-1997.
John Wl ey and s Il nc The vector and the far ar ed,

i xed in vitro, HD}‘WPPB'BHE‘BG“PRF&'&%FWL g Bgmelios

reCO”bié}ﬁé‘fooQ{eﬁto‘i'dﬂﬁ s@dﬁf‘iﬁé‘&ﬁ%ﬁ%& 2 |ﬁ : Orm Ooﬁg'hlést%%ll.

co-cl ectroporation. he vect or I near DNA or a

circul aheﬁka@mtub%wmhwmleﬂc@dmmm@ anhherevlecatedauthea lin DNA
nol ecul e. The source of target DNA is mixed in wei ght excess tpo, Qr excess,

.)rel at | \iEspeciive qnds of eanppolecule, githoughithey may heptemal. Adlep crtepimtethsr ¢t he
o i OG0 ewwgwwm@%’ YR DNICARRbe o) oy ve
medi 20 ti@rgeeieqénctHlestlis'ift iisartion OF tadpd DA betéertthe hofmld ent the 15

vector contains an antibiotic resistance narker, and cells are grown i.n the

pr es encesulent farmatisioaf; :a@uc@u mﬁc@se t Gells aredhernplatndconsselestivemedinigselostich

sel ecti W, onta ofq:t he near, f.ragnent ..l n_one

orbod] nfﬁmh”f*ﬁ‘a“gﬁaag fpf'iSﬁ'a o hE P P ol iR teEAP ERSeuek Brdl'C ) o i o

modi fi edpdHicofrep Q%Mm&ﬂrobmmwuo&é@pmﬁpo?z&éeuswwﬁohor such
o i gonuc

20 m)dlflcatlon of cotides are wel known“in the art, as descri bed
bel ow iselegixstmedia wilb centain retoimbinedomaleculcs inchuling theltargeyDNdef ul where the

'éarkg 0?{\@ ICZ| Fg alpﬂegméo& %dlsouasce{tﬁrz .erna\l{cﬁ I% tglt; guch as yeast or
di agnogfjbdkePWith WG fi¢PnifoRls, I RdBLARE Bambet oﬁu%istﬁrs&ﬁéﬂ Yy¥6inif of

the ends of the Jinear fragments by any means other than homologous recombination, i.e,

illegitimate recombination. Such modified nucleotides , e,g., phosphothionate nucleotides,
may be incorporated into the 5'-end nucleotide of the homology arm. Modified nucleotides

20 may be incorporated during oligonucleotide synthesis of a primer used to construct the ,
vector (see Section 5.2.1, below), or,' alternatively, may be added by enzymatic or chemical
modification of the aligonucleotide or linear vector DNA after synthesis. Methods for such
modification of oligonucleotides and linear DNA. fragments are well known in the art, and
are described in detail in Section 5.2.2, below. |

5.12 APPROACH 2: CO-INTRODUCTION OF VECTOR AND TARGET
DNA INTO THE HOST CELL
In another embodiment, as depicted in Figure 3, the vector DNA and the
target DNA are mixed in vitro and co-introduced into a cell containing the RecE/T or
30 Redo/p recombinases. The target DNA may be derived from any source. For example, the
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25 any bi ol ogi cal specinen. For exanple, the nmethod may be used”td Eﬁae@m
the presence of a specific estrogen receptor or BSEA | allele in a biopsy
sanpl e extracted from a'breast cancer patient In ot her enbodi nent, the
met hod nayOle/csesed to anplify regions of DNA as an alternative to

- anplification by polynerase chain reaction (PCR) techni qf&d7/EP30/06533
Amplification by honol ogous reconbi nation, cloning and propagation in E.
soli offers -22 FEB 2a WD 01/ 04288 PCT/ EPO0/ 06533 several advantages over
PCR- based techniques. First, PCR error can be a substantial drawback for

many pur nbj nati.ons.of pairs of PCR primers tend to generate

spuri ous leggti?}ﬁgoﬁa‘b"%%@‘f‘g&%f‘ wiegical samples sudbes, ot netrlimited to,rwholee f i nal

reacti on bidodfipleima, sHEMEASE | A th the each round of PCR

anpl ifica_tionplafter an error 1s E {'W%Qé‘é‘e\f%‘tnﬁﬁl’@mﬁ%@%ww t he

ot her hartgsuesione tellsamedia, dypoinbiovbiginghuamples SalNdRifSa, Watkr, OF Bk Haag t he

advant ag oél?gr C Il%ar ﬁ& of readi.ng machinery in E. coil and i1s thus at

| east 10 meslﬁ%rmea 4pf} TOMLSHCH AGHITHS 38T We. widtpdhose efiskill intthons on t he

si ze. .S ﬂ(ﬂﬂ-m%bﬁﬁmuﬁésﬁ@k%%%%{%ﬁesem met hod. .
a obas

Arrplificati‘cl)ag*of DNA regions .longer t ew Ki Tﬁreater t han
5-10 kb) magugls, AP8%-19%4 CrsrentProtorols.d8%dl #ifclohn Wilcjaed Soshit), et hod i s

suitable for cloni g !, L,ons, at least to approximtely one

hundred ki | obases.ﬂ%t pr esen%{ ié&ﬁ%ﬁﬁﬁ@%ﬂxﬁ@m%%@@% ous

processegwmm&mmmeﬁbﬁwr%y sorting through
. met hod,

and ordeying individqual, clones. Using this | ogy arnms can be
‘)Idesi gnedﬁﬁ&%%?ﬁﬂh@ﬁ‘hémm%“% r Bl vectop DNA omy bginahe fongasfone i nt o
ar gel10 niixiear PHARG 3 Hircul ' | l.ed. contigs'..Third,. 15 even
‘after DNA is produced Wﬁ&%%%%ﬁ%r‘%ﬂfﬂE%o be
cl oned iPNAmolesule: Thesowroeof tagetdNA is mmm@wwﬁmi ng
techniq ' A fqr the extra subcloning step. The region of
o £ hat B BP R, W38 hedodlce s My st the tsgetiBA e o Bigterest 5. and
t ransf or%@MMWiM@MM%@&@;@IdBP&%ﬁ%MO&% ous
out n Vi

reconmbi nati on ip thi s enbodi nent may be carrie . before

addi t i of O™ {FEICEIYR Teslia iqscleet forcircpiasized paoduicts, I 8 prefened elbodmaacthRec T, OF

cel | 15eXeétafdontaiitthahibibgk BE6H added to the m xture of DNAs. Wen
the reconbination occurs in vf?ro %gggsggﬁ?mqum%@m es may be

acconpl Pgmﬁi%ﬁdmmgn@mglﬁdﬂwmﬁ&&ﬁ&hisaacm%&&iﬁ a suitabl e host

cell and: sglechi sitiye. clgnes as described above. 25 5.1.3
APPROACH 3. NITR s of e linear O HOST

In onc embodiment, the ends of the linear vector DNA fragment may be
blocked with medified nucleotides, as described below in Section 5.2.1. Methods for such

20 modification of oligonucleotides are well known in the art, as described below in Section.
) - 522. |

'Ihjsapproachispuﬁcularlyuscﬁ:lwhmthctarget DNA is obtained from &
source external to E. colf, such as yeast or eukaryotic cells. In one embodiment, this
method may be used for diagnbsﬁc purposes to detect the presence of a particular DNA in

25 any biological specimen. For example, the method may be used to detect the presence of a
specific estrogen receptor or BRCA 1 allele in a biopsy sample extracted from a breast
cancer patient.

In another cmbodim_ent, the method may be used to amplify regions of DNA
as an alternative to amplification by polymerase chain reaction (PCR) techniques.

30 Amplification by homologous xécombinatiory cloning and propagation in £, coli offers
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=
CELLS CONTAI NI NG VECTOR DNA I n anot her enbodi nent, target DNA is i ntgr-oEJE@cgg
into a cell which contai-ns vector DNA. Target DNA may be from any source,
as desc¢ribed in 5.1.2 above, 30 and may be either-{inear or circular in

form As weagnifsed above, once the target DNA is -23 9 FEB 200 WD 01/ 04288

8

PCT/ EPO0/ 06533 i nside the cell, honol ogous reconbi nati on MEVERSEM6I3BE

honol ogy arns and the target DNA results in the insertion of the target
DNA bet ween the honol ogy arnms. However, in this case, counter-selection is
needed to sel ect agai nst unreconbi ned vector since both the desired

product a r econbi vector expresses the sel ectabl e marker gene.

Vari ous b%ﬁ%’é 0555}@%' B@BS [erhnigien; FiIridiGR errarsan beosybistastinl t hi s

count er - sé¢rawbdckdor m 1atel 8 ; & Method that utilizes a
b st ColBhtons O pAAATRIR oo efedeie T <

site-specifi,c reconbinati on and exci Si o reac

appr oach PSRN SFIHER Produsts. gMeecoter, thanumberloferrarshotié fRdl reachidtiptsiit € nucl ease
is i nducqgcrgggg ' aunr gconbi vector. .In both enbodim the
vectors that o%ﬁ&égﬁﬁﬁqee%%%%Wm@ﬂsﬁﬁéﬂ%mﬁimat'ed. to The

vect or Si snfrédused inansDNAGhaled Orth®bBis Hafld, aH}ﬁﬁc;i#aL jnto the host
cell, where.i.t can be %ogagat ed. As shown’'in |gt§?gg'§$g§?1"5 vect or
F

cont ai ns rf‘fo)mbéﬂfulﬂFF’QFﬁ‘i‘g advaptage efshe ¢cllular proofieading shichincsy ia & estf abl e
mar ker (%Eﬁﬁﬁ)ﬂh@oé%&?}e@%ﬁ?%%%gﬁg | a counter-sel ectabl e

mar ker , Sli_lég as, but tz;t ehons pr the siget -

speci f i ¢ of BedihA megien thayrtetamplified/asitg @8 pfesdr® mebal .59 honol ogy
ar s andr%ionﬁonsg?g&% coap) ition site |ocated insi dgﬂ?"ﬁg&ﬁ%’%@g@ arms, or
a recogni t1on site #’3@3 g‘f‘ﬁfb s S-{hkb) lis diffisulesing BGRttechaigbes; t

agai ndf Thepesat irethdd B safabl6lfof ¢ .herein, a site is_ |located
“inside' the horplogy arms if lohid ’%“?’éﬁ.t %%e%@%eﬁmomowmom ogy

arns, sulffhurdredkilpbises. Mamsengsloningra penonrtimives teQedibisGiribeRes HEP! | Cat i on
and it Sgldtig | i On, . and second honol ogy arm’is positioned
bet ween ‘tJ he (i?; lgﬁ%% ‘g‘?‘{"%ﬁ*’g‘&f?@"a‘ﬁ@w Soripg theough and ordering individuadicloget i on.  On
t he . ot he¥'sthg s methpd)dhiomolugy afine@hibe aekifial 34 + é’oq%' 1dXGo HQmmlogy arns if,
in one dél&%gti%re]% nei t her” honol %%y‘ ar n:iaﬁisel}f&%%%m € or?gﬁab‘}’
replicati on. e PSbERMG MR 'aes pon-grdppdent cotiguousipionss oaliddi‘eomtigé’. trhrd,meani ng of
i nsi U’ ever afidtDNAW SibdiRed bY'E nghggé En~@ligin of replication -and the
sel ectabl e marker must be I%cgpgd ou f"}%’?%lg Hels Berd ta prloncddngascr i bed
in Sect | 2 Bropessmg siepo Hemolngohs teharhbinmivarcloniig tedhnighes JLRa8R theSLay gRCce
Preser v afe bt b1 Abp. "TH rhgiBh b BNA Wt 'S be aumpliied s smply inserted

between homology arms and transformed with the vector DNA into a . colf host.

The homologous recombination in this embodiment may be carried out in
before addition of the DNA to the cells. For cxample, isolated RecE and RecT, or cell
extracts containing RecE/T may be added to the mixture of DNAs. When the

recombination occuts in vifro the selection of DNA molecules may be accomplished by.

20 vitro,

transforming the recombination mixture in a suitable host ccll and selecting for positive
clones as described above. ' |
25

5.13 APPROACH 3: INTRODUCTION OF TARGET DN
| A INTO HO
CELLS CONTAINING VECTOR DNA oo

In another embodiment, target DNA is introduced into a cell which already
contahs'vector DNA. Target DNA may be from any source, as described in 5.1.2 above,
30 and may be either linear or circular in form. As described above, once the target DNA is
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sel ect abl e marker on the plasm d. The counter-sel ectabl e marker, - Q_FEB ZUU
endonucl ease site or one. of two site-specific recogbinase target sites is
preferably |ocated “inside’ the honpol ogy see Figure/5), on the ot her si de
of the omgionnass replication and the sel ectabl e marker. _Any met hod known
- in the art that allows for counter-selection against the® ﬁ&#"r"@’@fﬁ%l ned
vector can be used. For exanple, in one enbodi nent, counter-selection -24 9
FEB 20 WO 01/04288 PCT/ EP0O0/ 06533 can t-e acconplished by an i nducible
site-specific reconbi nase (SSR). Site-specific reconbi nases are enzynes
called sit target sites (SSRTs), and act

t hat recq ni,z tWOtar%m

at t hese 18ifgige U@Pahﬁwdendk@h@ndngymand)&cmum et at,
FEMS M er, 994, Cu

Bi ot echnoli&b% k5n2ﬂ115§'\£“§? %@ﬁ%‘wﬁwe}#&%& %%‘%é?m"'fixarrpl es of

site recesdpcmmeselmtbnksmdedmsélbﬁ nkbihm\mﬁfl m&%tﬂth@“ ted to Crc,
Fip, Kw, birt es Duby et al 1998 Nucleic Aid .,-, C S
es. 26: 35‘%‘%? mﬂﬁ?gﬁ m Imwwemewmmz -

Ut d I
at SUS elenibbdime8se amﬁaau@mi e ac BB P Lo MO et |

repeated SSRTs reside on a circular B¥oi nati on 10
bet ween m@o@mmts@m;amﬂs.m mshnmmm@mmﬁﬁmmbmaﬁ ahdéxcRioasr ni ds.

Only th t t d th
col | ol el ve 808 Al irarfisaoided it et Yo bk wmbedieey, sopont cd

SSRTs i nmiuen:reesubmscﬁ& a.aﬁaed thia? EledveS thicnfiebbin@ivech. 1o ce

| ocat ed tween the two SSRTs on the side that does not 1 nclude the origin
of repli WMdomthrmmbmahonpmductsamdmmﬂed. o

) 10 The vector is first constructed as a plasmid, then introduced into the host cell,

where it can be propagated. As shown in Figure 5, the vector contains (i) an origin of
replication (any origin); (ii) a selectable marker (Sm); (iii) the two homology arms; and (iv)
a counter-selectable marker, such as, but not limited to, a pair of recognition for a site-
specific recombinase, a first recognition site located outside the homology arms and a
15 second recognition site located inside the homology arms, or a recogriition site for an |
endonuclease, which can be used to select agzinst the starting plasmid vector. As used
hercin, a site is located ‘inside’ the homology arms if it is positioned between the two
homology arms, such that a first homology arm is between the origin of replication and
itself in one direction, and a second homology arm is positioned between the origin of
. 20 replication and itself in the other direction. On the other hand, a position is defined as
) being “outside’ the homology arms if, in one direction, neither homology arm separates
itself from the origin of replication. (See Figure | for a pictorial representation of the
meaning of ‘inside’ versus ‘outside’ the homology arms.). The origin of replication and the
selectable marker must be located outside the homology arms, as described in Section 5.1
25 above, such that insertion of the target sequence preserves the origin of replication and the
selectable marker on the plasmid. The counter-selectable marker, endonuclease site or ane
of two site-specific recombinase target sites is preferably located ‘inside’ the homology
arms (see Figure 5), on the other side of the origin of replication and the selectable marker.
Any method known in the art that allows for counter-selection againgt the

30 non-recombined vector can be used. For example, in one embodiment, counter-selection
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15 A DNA vector is constructed containing two SSRTs, oriented as dire
repeats, one positioned.inside the honol ogy arns, and a second positioned
odtside the arns and between the sel ectabl e marker-{SM and the origin of
replicatywomofggonbi nation between SSRTs positioned in this way results in
separation of the origin of replication fro the sel ect abCEEP®IUsEI3 (See
Figure 5). Thus, the SSR will act on non-reconbi ned DNA 20 vectors,. which
contain two SSRTs, resulting in the | oss of such plasmds fromthe host
cell. Host cells are then transfornmed with vector DNA by standard nethods.
In this enbodi nent the host cell nust contain: 1) RecE/T and/or Redalp
genes an&aﬁ%%@ﬁbsheéhxwmdgc&h sBSkpecific edcombinkye, (SERR SeRpRERI on of R ecE T
and/or R b‘magé%'é s _inducible, but constitutive expression is also
possi bl e, The gene en %‘H’%‘i@’é"%@fgﬁ’é‘ eopsbiRpset hat
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pronoters. are |l known in the art; netho PP Bhstri ction
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re se

200 WO 0 4288 PCT/ EPQO/ 06533 _cont al ni ng, vect or Fect ed for and
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t ransf or W t h t he ta?g%?o%ﬁ?% %{%?:’gfr?lg gm‘ﬁﬁbfﬁaﬁaﬁ) sour ce,
ﬁF“ Ymtpdsﬁm‘ms:ﬂ&mamﬂaﬁﬂb&mdﬂqe spificSre@ibisathd Ur €d

3br| ef h(y, onbi nation to occur. Honol ogous
r ecombi nat I on resu!l {Es ilér{&g'g "F’Sﬁ’“ﬂ? tiqupf two circylan plasmids. @uely tefprodvotrol ogy
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containing insert targets have onl'y oné
may or r?ﬁ*ﬁmrﬂﬁr%@atmp, nt ai ned throughout this step, but does need to be

| nposgd soon afte ctlo.n of the SSR, i.e., soon after the site-specific
reconbi nati on. takésmgg% I fonstipted eaptaining fwot Wsmnenhéassﬁﬁct esul ts in

sel ect i mg:eato,ronepbﬁﬂmedﬁnﬁdmh@hdlh& I SHeS
al ternatg%‘i/%gnbolﬂ%rﬁnt an endonuc e%%g’a%azﬁ cf'ot“%d?quﬂ ?E“sthe

vect or Wﬁr(ﬁ%@%oﬁghef@hmusmiﬁg@m during, or
aft er hBereQUSSRTS positioned in this way results in separation of the origin of replication from

the selectable marker (see Figure 5). Thus, the SSR will act on non-recombined DNA

20 vectors, which contain two SSRTs, resulting in the loss of such plasmids from the host cell.

) Host cells are then transformed with vector DNA by standard methods. In

this embodiment the host cell must contain: 1) RecE/T and/or Rede/p geneS and 2) a gene
encoding an SSR. Preferably, the expression of RecE/T aad/or Reda/f genes is inducible,
but constitutive expression is also possible. The gene encoding a site-specific recombinase

25 (SSR) that recognizes the SSRTs must be inducible. Inducible and constitutive promoters
arc well known in the art; methods for their use in construction and expression of
recombinant genes are described in Section 5.2. 3, below. If the RecE/T and/or Rcdu:lﬂ
genes require induction for expression, the vector containing cells are grown under

conditions to induce expression immediately before competent cells are prepared. Host ceils
30
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reconbi nati on. Linearization of the vector before reconbination wll select
for correct reconbination products, since a linear—~plasmd will not survive
in the cell unless it -—circularized. After the recénbination, the J
cont i nuedwaaljoyisgy of the endonucl ease will help 20 select for plasnids
- ‘containing inserts because during honol ogous reconbi nati ACWERIOBSR3 del et es
t he endonucl ease recognition site and inserts the target DNA in its place.
Si nce the endonucl ease will cleave only non-reconbi ned vectors, | eaving
plasm ds with target sequences intact, the continued activity of the
endonucl gase fter rﬁgonbl nation sel ect s agai nst non-reconbi ned products.
For t hi s% & sRieried fo5 aed maintuingd % plating andgrewimciageledtiven site
must be fHsgid. so that no other sites will be present in the host cell DNA.
Exanpl es of such "rare-cutters' are known in the art, including, but not
linmted to, the |Gohpaeeéllsdetih cl ease
such as Pl -Scel. The recognition ﬁﬁ?&%ﬂ%ﬁ%uc%ﬁggﬁ% be
cl oned callsaentranstormed wi Wmmmmmmwmmmmmu n by the

o ors WEAEEdo B A otk B8 % e Tl et echmanaton o .622030 Fes
200 WO %ﬁiﬂ@ﬁs%ﬁﬁ%ﬁé@mm@ @%ﬁn@%%@%ﬁ %M L€ protein

expression are discussed bel ow,
embodi rrémuenahb%skc Mhombgpa@nmﬁm@ommmﬂﬁm&mtﬁé% of an

endonuc eari ze.the un onblned vector in vivo (see

at, 199#&?{%[‘& (o f&’g’rﬁég’ ?%ﬂﬁé@f ipducedy TheSSRowill aes ondlet or i s

__const r udirestiyYepEated SERT R heXRitecsin 9&% arnms. An
jexce of oli gonucl eotide retaining a copy’ M@sﬁ%ﬁ@&

ol i gﬁu cquesnyd originfreplicafiarh Rlamitin cmtiniblihsart fhrgets Have BafyQs ne‘s% into the
host w he.t tﬁ*'ENA Preferably, the, oligonucl cotide | Rhort
doubl e-S raEn'%mﬁ%i F‘E’BBP@Y%H&Y@%W enﬂm;tﬁmmemwmm es has an

SSRT 1%&@%%&3 t he e- speci {J c r econbi nase
will linearize t vector at Its ggbélﬁ%m sy aﬁ?"éﬁ‘ Q‘f € supra). In
anot herm@mbmmmkespisccsh thispay,ihdetioe 6P EOR késalls ﬁl"s‘él fb pcl ease

appr oa oo bed .above can be combined. In this case € unreconbi ned'
vect or' gé;m%ﬁﬁgn PIDIRE JRTCT Bt AaRes- an' SSRT and an endonuel ease site inside
t he l$orml ogy' azm&@%@m I s approach, .fhe SSR and the
endonucl ease ‘coul d be co-regulate H{ﬁ g“%’o‘ﬁ‘ggﬁf’sﬁlf to ["16" I nduci bl e
. pr onot MWQ&@WMMerm&&g&:@%f@&ﬁ%@ﬂaﬁn‘h’ﬂ%ﬂggﬁf

| cussed in Section 5 bel ow.

eXPT €S L QA hat T iz N T e before recombination will select for correct
recombination products, since a linear plasmid will not survive in the cell unless it becomes-
- circularized. After the recombination, the continued a;:tivity of the endonuclease will help
20 sclect for plasmids containing inserts because during homologous recombination the SSR.
deletes the endonuclease recognition site and inserts the target DNA in its place. Since the
endonuclease will cleave only non-recombined vectors, leaving plasmids with mscztcd
target sequences intact, the continued activity of the endonucleasc after recombination,
selects against non-recombined proddcts For this embodiment, 20 endonucleass with a
25 Very rare recognition site must be used, so that no other sites will be present in the host cell
DNA. Examples of such ‘rare-cutters’ are known in the art, including, but not limited to,
the lambda cos, yeast HO or an intron-encoded endonuclease such as PI-Scel. The
recognition site for the endonuclease should be cloned between the two homology arms, so
that enzymatic digestion by the endonuclease results in linearization of the vector between
30 the homology arms. The expression of the endonuclease gene must be inducible.
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I n anot her enbodi nent, a conbination of these uses of site-specific
reconbi nation for counter-selection can be enployed. In this enbodi nent,
two paktrs of 20 SSR/ SSRTs are enpl oyed, for exanpl-€ Cre/l ox and Fl p/ FRT.
The vect @fo sk NS two sites f6r the first SSR SSRI, one |ocated inside
the honology arms, and the second | ocated outside the hoReI/EB8p/0s833 t he
origin of replication and the selectable marker. In addition, the vector
contains a site for the second SSR, SSR2, |ocated inside the honol ogy
arms. Another site for SSR2 is | ocated on short doubl e-stranded

ol i gonucl eotides and are 25 added along wth target DNA during cel

t r ansf o€omstructs and metitods foindudible Srotabexph@sibh Gre didudel YR, jd SediofiPeci fi C
enbodiqggé, for exanple, one SSR/ SSRT pair for the linearization step is
Cre/l oxP=and the second one for the deletion step is Fl p/FRT. I.n another

This cace ihe pl AoealiS PEFiEER AT, SGaale, R srrpbubeomp o very
el ot e mute oT oG iledses o Bt (o ReSTmihed B 4118 Pl blileS) G533
suchast ehd 99Raduckic AcidgRes.25258940)s Th diis a6 ate 9Ectéie chustra@ed with' ONosonal
Toukdaiopone ST siloedied i i Somalosy amis. Apsxomesf olgmautlentides cher | chi a
N ednar R Gt G it SR T RO EB0 s Rk v et B &1 i

case, - theransformed inantiediostonish the Girged DNA hPreferatily. :ﬁ@ﬁﬁ@nu&l%ﬁu'e’ is @ short
honol ogy ar ns. §uch

o counter-éél ectapl e gﬁ}ge i s included between the

Ycount e Aoubls-sEanded cONAmpleculye Whisrenne of thewecdmbining ravleculeshas ax8SRTe, t he
snclg | ne keslhstant nes be .used (sce al so. Reyrat
ot ar, b L PSP E o B bR s bppofti rechmmbitas ol Boearks fheapcior ot
count eits SSRT(Mulligs &S 59  hods). The i ntended hanol ogous

reconbi nation 10 reaction wil'l ‘del ete the counts-sel ectable gene so that

cell's carrying t leanatheseadbadimegt; thetsiterapdctfic recanbinttion drid eadsnticle@sainder

\(/:Mpijlnt ggﬁz{cﬁ%ﬁ%gﬁgrﬁgsurel ]\A/ner- as c&l_ S caq&hilgi ng the,_.uqr&gg%%%?bi_silged vect or
SRR, MR O oL L e R REPAR  go ch o

reconbi nati on in the vari ous €scri

t hel2 | embodimentidfabis agpoect, e SRardin érdonicléasd ebuld/be LEEGRAlRBURENT S ar e
a vector carryin two short

! Sl = procSTRrarficint donfels
o) ore SPRERAT sitelt haBeibe SebranSogegacis and cthdaohgiche ool gy 1o
a | 20 haidBle eRARUARE 61 poRERI uisiRGA i sBARLY 2 Fo6liL4) 33 protein pairs or

ot her bacteria

In another embodiment, a combination of these uses of site-specific
recombination for counter-selection can be employed. In this embodiment, two pairs of
) 20 SSR/SSRTsare cn;ployed, for example Creflox and FIp/FRT. The véctor coptains two sites
for the first SSR, SSR1, one located inside the bomology arms, and the seconci located
outside the homology arms, between the origin of replication and the selectable marker. In
addition, the vector contains a site for the second SSR, SSR2, located insidc the homology
arms. Another site for SSR2 is located on short double-stranded oligonucleoticies and- are
25 added along with target DNA during cell transformation, at an amount in excess to the
target DNA. In a specific embodiment, for example, one SSR/SSRT pair for the
linearization step is Cre/loxP and the second one for the deletion step is FIp/FRT. |
In another embodiment, a direct counter-selection against the cell may be
used. In this case the plasmid origin of replication directs single-copy (or very low copy)

30 maintenance in E. coli. Origins of replication of this class include the iteron-class of origins
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reconbi nase; and third, the target DNA sequence. Reconbination between
t hese honol ogous sequenges present on the honol ogy-~arnms and the fl anking
regions of the target dene, nediated by a bacterial/reconbinase, results, in
the targeWODNMAei ng i nserted or "captured between the two honol ogy arns.
~ The conpositions and the methods for their constructi on F&Té&ERSEe35 bed in
detail herein. 5,2.1 T f10MOLOGy (7LON N(Y VECTOR The honvol ogy cl oni ng
vector may be a linear or circular DNA vector conprising an origin of
replication, a selectable marker, and two short regions of DNA 30 designed

t 0 capt ur such gsah dNA arat vepal.. f or of cloning vehicles are

-28 9 FEB_.2004 gﬁé%_/ 045?8“' PC%%%#&%@QE%ﬁsg&b@?m%Mmooﬁ.the

approach Jrf 895@%@?&@&8&1&%&9&?@%&3@%%0\;{& gds for their
e

constructi 26t §6hi- N i gures 1-5, and descri In°detail herein.
52.1.1 THS|ip ? ;’ﬁihﬁﬁd@b%gﬁﬂﬂ%ﬁéwm CeBulamund Majéculaef :
repl i cat i &logyii2tiedition FredeeiellCS NiedHag)! i A pﬁsmsa ropagatjon of- the
pl asm Eﬁgs %i r}g -and propagation !'lt:ér':l%co Iy arﬁﬁ@gﬁg%*ﬁmﬁiln of
Rﬂelo: i ca Ilgﬁﬁrlra.&}meﬁb m%ﬁmmkm%m?@ﬁybgﬁ%khe a;t b(see,'
er, ter. R glendGo ct.eri a netics, pring Harbor

Laboratory Press, NY. ang%re¥eren%ggheg'ﬁw{?gh@mw-wm les of re
dil il bl DAkeegeResargkngyn intheary, faremamle, ghe AacBlccdfol SRl Gl 0821 ©
OOlEl'derééﬁW%&S(s&fa{S{, |ication (Bolivar el al., 'F,’m@ﬁe 2:95-113;

_ , teral, 199 » Infect. Immun. 66:4011-7 for a listing of
. suitable counter-selectable genes and methods). The intended homologous recombination

y 10 reaction will delete the counter-selectable gene so that cells carrying the intended

recombination product will survive under counter-selsction pressure, whereas cells carrying
the unrecombined vector will be killed.

52 . . .
y .2 gg%gsmo&s :&%%[ﬁn\:;; 6&;\!1) SUBCLONING BY
Compositions for cloning by homologous recombination in the various

cmbodiments are described herein.  For each of the cloning methods described in Section
5.2 below, three components are required to coexist in a single cell: ﬁmg a vector carrying
two short regions of DNA (herein called ‘homology arms’), having sequence homology to a

20 target sequence; second, RecE/T and/or Redo/B. protein pairs or ofher bacteria]
recombinase; and third, the target DNA. sequence. Recombination between these
homologous sequentes present on the homology arms and the flanking regions of the target
gene, mediated by a bacterial recombinase, results in the target DNA being inserted or
‘captured’ between the two homology anns. The compositions and the methods for their

25 construction are described in detail herein.

5.2.1 H LONING VECTOR
The homology cloning vector may be a linear or circular DNA vector
comprising an origin of replication, a selectable marker, and two short regions of bNA
30 designed to capture 2 target DNA of interest. Several forms of cloning vehicles are
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see Sanbrook et al., 1989, supra), pl SA origins prat on plasm ds such as
pACYC184 (Chang and Cohen, 1978, 3. Bacteriol. 134:1141-56; see also

Ml lers 1992, p. 10.4-160.1 1), and pSCl01 origin.available for |ow copy
pl asm ds\ﬁ’fﬂ?{ﬁ gjon are an well known in the art For exanple, in one

~ enbodi nent € origin of replication froma high-copy PET{fPageisss i s used,
such as-a plasm d containing a ColEl-derived origin of replication,

exanpl es of which are well known in the an (see Sanbrook et alL, 1989,
supra; see also MIler, 1992, A Short Course in Bacterial Genetics, Cold
Spring Harbor Laborator P NY, and references therein). One exanple is an
origin fd’B?ﬂ bl deryn ‘HIOJFé/lSamacbalmdhadto(Btamclsc'mclawfﬁmdfﬁmsahd 1985, Gene

33:103- 130, ctSX st | s of .300-500, 20 copj.es per cell and
have convem ent c on| ng &Fé‘?%ﬁe‘i&ﬁ‘s}g‘ LS 'g’é Seremor very .

hi gh expression, ) vectors such as Igtl 1 (Huynh et aL 1984, in "DNA
Cl oning Techni quesséx : A Pr act | cal Approach", D. dover, ed., pp
49-78, I RL Press kb A A .:H.' Nhage pronoters in cells

contaiging T7 and 1§p% b%ﬁgﬁ,g xpr essi on t udi er et” at, 1990,

Met hods EnzynolL 18@968*}8 can E’g us gﬁl‘%é ”696!9& 9* “’b‘?“expresm on

i s desi ryuipmgmqng:fﬂxcqﬁasmﬂp%cdﬁwmﬂ’ dmd@ga;pgnﬁlcgmoﬁ égnay be
such %B 22, which

used Medj OIP héa ds are knovvn in the art,

has a Co “ﬁ %ﬂg §H¢%V%WIE@=M3®0W@,W Ael |

( Bol i var Sigint Cdurse ir Bdcferial §Heti supra), or

pACYC184 oneumgf t he pACYCléb seri’égg% P%ﬁ ﬂ? e a pl 5A

= ori gi n &ferenggsi therein). @hnamdmmmphsoﬂw&a&mmlﬁau@&&gmﬂﬂ (Chang and
Cohenyg riQ aI so MIller, -29 FEB 200 WD
01/ 0458%%&?@@@%@ %fl"ﬂé‘ %%@%W&gﬁnlé& are al so

wel | kncsmSmﬂ:rbdileet&I,tl989@£prﬁ A gm,a,%g.g, 1 origin,

and appr,Qxi ﬁ%” copi es p}e(? ceI&Ii ot h pAC?YC g{]‘%ﬂ?%& plasm d

vectors (ﬁgﬂf’@ 8 Bss é??g léﬁﬁb‘él-éﬁdctdsohﬁlcmdﬂﬂz ptmule.lmms cell as

BR and gg,s‘w ati.ble o ns of | ication and
5n| que se etgittlﬁv%(g11 ant Fﬁ‘bgﬁﬁféa‘%@&gﬁﬁ’ﬁiﬂwaﬂpﬁbmww p #&i ns of
replication i ncI uﬁndwn;ﬁnjmmcmhﬁmend?theroﬁginldf baka %op) gg_g?g,) f o\rM

ne 53: 28 en

exa he. erie bsop,eta 1997,
even sggsi“%'$ PZ@’I‘% %PEQWW?‘EH? faeplicionyay be obt ai ned

fromt hex&aﬂﬂﬂ&ifiv&chfﬂmd h'T’f"? ardt,
ed., 10,1987, Escherichia tali %ﬁgnge{: a tyb%@r ﬁ?f@rl can SOCI ety
for M cPMilfrolWayA S %WW@GW%&SM&MM:M@W%W, N. ,

1988, I The Bact 0 R Cal endar, ed.
Pl enumpl?fryeélgdlm @%‘? %\{9) Oncggad’ml'f %5@89&“& its derivatives

(Yanisch-Perron er al,, 1985, Gene 33:103-1 19) PUC vectors exist at levels of 300-500
‘ 20 copies per cell and have convenient cloning sites for insertion of forcign genes. For very -
) high expression, A vectors, such as Agt11 (Huynh et al., 1984, in "DNA Cloning
Techniques:, Vol I: A Practical Approach®, D. Glover, ed., pp 49-78, IRL Press, Oxford), or
the T7 or. SP6 phage promoters in cells containing T7 and Sp6 polymerase expression
systems (Studier et al., 1990, Mcthods Enzymol. 185:60-89) can be used.

Whea a lower level of expression is desired, an erigin of replication from a
medium or 2 low-copy may be used. Medium-copy plasmids are well known in the art,
such as pBR322, which has a ColE1 derived origin of replication and 20-100 copies per cell
(Bolivar et al., 1977, Gene 2:95-113; scc Sambrook ef al., 1989, supra), or pACYC184, onc
of the pACYC100 series of plasmids, which have a p15A erigin of replication and exist at
30 10-12 copies per cell (Chang and Cohen, 1978, 1. Bacteriol. 134:1141-56; sce also Miller,

25
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origins.of replication my be used. 15 5.2.1.2 T HE S LECTABLE I\/AI%KEIEB 12@)0

maintain the plasmid vectoi hll r nt e ce, the yector typically .
contains a sel ectable nmarker. Any sel ectable nmar ker/ known in the art can be

used. Fow@oremsgsucti on of E coil vector, any gene that conveys resi "stance
to any antibiotic effective in E. coli, or any gene that PESAFEYESs3s r eadil y
i dentifiable or sel ectable phenotypic change can be used. 20 Preferably,
antibiotic resistance markers arc used, such as the kananycin resistance
gene. from TN9O3 (Fri edri ch and Soriano, 1991, Cenes. Dev. 5:1513-1523), or

genes thatg I stance to ot her am nogl ycosides (including but not
limted to %%)Ey F%sqﬁép WP%PI”"B’Q?\F&M Enmmthm forexumfld, n and
streptonypS(ﬂmI whieh has-d 3¢t at copnfers resistance to
penicillin (g él udi n but not I m tg% 0 |?P1°Fpﬁ“@a5ﬁhﬂécm hicillin,
peni ci | | i 3pdg Cﬁ |meMmmﬂ¢mn%twmc§-@h§%ﬁ@ J&Nes seq -
I ncl udi ng”ﬁygmgg,h &? sequences encodi ng pol ypep 'des which
confer Zeo?blcir; re bzt ance F—E&ce F"%FPP“UQQ%SEGGWMO:EMMQ Q her
ant i bi &t i slectiveantibiatic inarkets] Oitliee SuifbR pBERR% bof copw%ﬂ s ance 'to
for &xanple, “PRaing

et

9Tor

anpheni coLs as _chl or ani pheni co
chl orarrprpé’ﬁgec%ﬁj h‘l‘ @mbah:m&@'ﬁkoﬁw . 30

1991, Gerss: 1632 98) As will be appreciated by one ski IIed in the art,
other non -30 FEB 200, WO 01/04288 PCTI EPOQ 06533 anti biotic methods to

sel ect for mai ntenﬁmc\&hlﬁha@éﬁﬁm tﬁ&ﬁﬁgﬂ%ﬂ@ﬁ%ngx?m%‘beaslgggr supr a:

exanmpl e gy, hi c markers (se
H)Austjbello se1t98M| ﬁa?‘ﬁﬁé"“'té@pﬂos;m s mukayﬁqdhaf:radnxgluﬁ_onﬁnt of the
vect oriui :dbﬁf ESTORAN Sl /o] erre 0 herein as
" honol ogy, | n gne errbodlmrh::nthtp as é’hcﬁm DE%EW orMicrakiolagxo honol ogy
higon, 0.8, Yarmatiosky, M. and Stemberg, N., 1988, pp. 291438, in Vol. 1 of
The Bacteriophages, R. Calendar, d. » Plenum Press, New York) In addition, synthetic
origins.of replication may be used.

15 52.12 THE SELECTABLE MARKER
To maintain the plasmid vector in the cell, the vector typically contains a
selectable marker. Any selectable marker known in the art can be used. For construction of
an E. coli vector, any genc that conveys resistance to any antibiotic effective in £, coli, or
any gene that conveys a readily identifiable or selectable phenotypic change can be used.

20 Preferably, antibiotic resistance markers are used, such as the kanamycin resistance gene,

| ) from TN903 (Friedrich and Soriano, 1991, Genes. Dev. 5:1513- -1523), or genes that confer
resistance to other aminoglycosides (including but not limited to dihydrostreptomycin,
gcntamycm. neomycm, paromycin and streptomycin), the f-lactamase gene from IS1, that
confers resistance to penicilling (including but not limited to ampicillin, carbenicillin,

25 methicillin, penicillin N, penicillin O and penicillin V). QOther selectable genes sequences
including, but not limited to gence sequences eacoding polypeptides which confer zeocin
resistance (Hegedus ef al. 1998, Gene 207:241-249). Other antibiotics that can be utilized
are genes that confer resistance to amphenicols, such as chloramphenicol, for cxampic, the
coding sequence for chloramphenicol transacetylase (CAT) can be utilized (Eikmauns et af,

30 1991, Gene 102:93- -98). As will be appreciated by one skilled in the art, other non-
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(label ed "A" and "B") arc honol ogous to the sequence of the DNA the target

DNA of interest (labeled A° and B'), one arn1beingﬁgonnlogous to a 10 DNA
sequence upstream fromthe target DNA and the sec arm bei ng honol ogous
to a seqgwenimsdggcated downstreamfromthe target DNA. As used herein, two
doubl e-stranded DNA nol ecul es are "honol ogous" if they JKIEPOHOGSEIMDON
region of identity, optionally interrupted by one or nore base-pair

di fferences, and arc capable of functioning as substrates for honol ogous
reconbination. In a preferred enbodi nent, the honology arns 15 contain

appr oxi r ataetibiottInéthodk Q9 sdda® for BainkSi L L &,0f., conti nuous identity to a
doubl e- stranded regi ons?‘léaﬁaﬁl ng %ﬁ“&é%{mﬁﬁﬁ"ﬂ?n}a}ﬁ#&b’smwia@ﬁgr of
horol ogy E3AMRke2 variesr oflauxatbphioynadess (2 SEREBONRAY | ﬂs@t@%l A.gsg?,_i g}{;s,
provi ded g.,;},%e)_the honol ogy arns are still efficient = substra és or

c

honol ogous “r €éconbi nation. In a preferred embodi nent, for -opti num
reconbi nation efficiency, honology arns are approximately 50 nucl eotides in

Iength,svvith 24 in the range of 20-30 (e.g. 25) base airs of co, p

n. LUuvd, . unin ce é@-’c:%l@ﬂQMMmrter regi ons of continuous
identity are al SO POSShi %”‘ﬁ’g!'i t lcast 6, 8, or 10 pairs), |ower

effici enféﬁs of reco e|“lrzlklz‘iit|o C Of%"é?f&?‘@dh%mﬂ% ublitrstrtnded r egi ons  of
cont i nuousNAgreferied ¥ hdzcin ae‘hosiplogy armé’. R 8nEdiRdini he.langth of

conti nuo e'ggmotky a béﬁ%%hgrt as 6 bp-(Kel rnegsnﬁ}oﬁgr“fﬁg%ﬁgo, .
Structural Bi ol 0gy & 0%ms g3 rgoh. 2o 81 )ard honpiogaus tthesequchdd df e gNgt h of

honol ogy funking the tirge: DA GF fredst fiddSled ACQAH-PUOUS identity to the flanking
- target; equen Nucl eoti de se%uencésﬂ';alda E“.’%‘&“‘m&‘g@fﬂ"mmso are
Jreferred %_Wm%mnmawww%mgam%t arget DNA
e

Wi |1 hav gedudfteliSatids dl LT erm. and second term nus.

ori ent at ilﬁp.& of :Ieg}e M@é"@f %WA( fs used deseingtwordouble-stamied be t he 30
same as meleoniesart dhdnmiogohs ifdicy M40 b O&AYISH lative to the

t ar get %ﬁge 9,FEB_ 200 01/ 04288 PCT/ EPOO%%%E@@%‘%’EF@“"I‘?&Y so that

r econbi nat I DRCASY WEE R PR G§iFreapaseand ar cagublefof fmttidnivgg ;s econd

substrates for hbomologous recombination. Ina preferred embodiment, the homology arms
15 contain §pp:oximately 22 to 100 base pairs or more of continuous identity to a double-
Stranded region flanking target DNA of interest. Regions of homology can be interrupted
by one or more non-identical residues, provided that the homology anms are still efficient
substrates for homologous secombinetion. In a preferred embodiment, for optimum
recombination efficiency, homology arms are approximately S0 nucleotides in length, with
20 in the range of 20-30 {e-g., 25) base pairs of continuous, uninterrupted, sequence ideatity.

) Although shorter regions of continyous identity are also possible (e.g.,atleast 6, 8, or 10
base pairs), lower efficiencies of recambination can be expected usint such shorter regions
of g?nﬁnuous idcnﬁty.. For examplct in one cmbodiment, the length of continuous identity
may be as short as 6 bp (Keim and Lark, 1990, J. Structural Biology 104: 97-106). There is

25 no upper limit to length of homology arms or the length of their continuoys identity to the
flanking target DNA sequence.
Nucleotide sequences flanking a target DNA also are referred to herein as the
“termini" of the target DNA. Thus, a target DNA will have two-termini, a first terminus and
sccond tmmnus The orientation of the two arms relative to the desired insert must be the
30 same as is the orientation of the homologous sequence relative to the target DNA (see
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termni of the target DNA results in the target DNA bei ng |nserted bet ween
the two honol ogy arms. :The sequences of the two hgrnlogy arnms are chosen
according to the expen1nenta| design. The only i ations on the choice
of an howpbogysegmis that it should not be a sequence found nore'than
once within the target DNA and shoul d not be present el $ERFROY06533t he host
cell during the honol ogous reconbi nation reaction. In this the intended
honol ogous reconbi nati on product can still be obtai ned, however anongst a
background of alternative honDIogous reconbi nations events. In 10

enbodi ment Fj q S8 Q4 ibhe.homol agy arms are two_sequences flanking
the polylin f a E%Entf"’rno% fio E“é’ﬂ“& CRglogy pies anddhedfirstand secdad, PAC, YAC

(yeast artlhfmmeflthemjgemm)s,m&b uch as the 1EMBL
, 1GT serles ageni d, pBR322, pgﬁ' }6@‘9&‘%‘ , %ez‘c*'fﬁots?ﬁ% vectors,
VI r,aI vecto S adenovi ral vectors and ad. eno-associ ated viral
vectors. Thus, a S| TH Rqiek f% gosed to si, bclone any 15 that has
be='cl oged in_these vectors eGLOr S CORY AT e crsdiBE tythear ns ar e
Par t i cuParFperimmtal desigs; ﬁq@i@mmoﬁéﬁé%fﬁ%@%%ﬂ%{aﬂe cl ones

library. In

froma DN%(I_,' uch_.as,a AC, . YAC, cosm
vari ous e odcji?nentsse@s'm& E@%@@W%mﬁ@mmmwﬁmare

posi t i onegratnt clsewittela titfhoit cll RGRE k&& Qr WI thin a_linear DNA
nol ecule Qr 20 ¢ir uI ar DNA pl asm d vect o reactian. deghisy i ent ed in

the same §F Ompmmmmmmwom 86@&Jer NUCl eot i de

sequence. amhbngt or ented so the desired DNA sequence is
|nsert§ betvveen the ar e ﬁerﬁwqgmmﬁaﬁésmﬂﬂmre t he

Jhorol o %thﬁdhﬁioniolt@yﬁﬁﬂw%tsﬂﬁgh th serted DNA

25 sequen‘c;fea and erted between the | asmi d.
t her eby creatl ng@t Cl rq %ﬁg’ sych2s a BAC m W&EO‘I’I DE HOMOLOGY

ARMS | n adnwhdrmme)aphagec]aﬂﬁgmgu Li& u nce of the honol ogy
30 is ho ol agou LLJ% nucl eotlde sequences presen id, cosmid,
ol i gonucl®t ETmculgirug vacs, m%&%@ﬂé%am%@%?’?’

adapt or Qi @8éHaCk&Riated $5al e _a nu Ieotlde sequence honol ogous to
nuclegg de sequences presen% ﬁl e‘“ﬁf I"éﬁ%ﬁ%!ﬂm&oncanﬂmecond

regio youﬁanthes;vebtmnlvegwsomlgggwgﬁmh WLdLLmni of the
target DiNoicAOaP bk Qr'sGQpucl eot | des are Bfogy &
T subclonng nserts derived from positive clones from a2 DNA. library

such as a BAC, PAC, YAC, cosmid or lambda Library.

In various embodiments, as described hereinbelow, the homology arms are
positioned at the ends of a linear DNA molecule, or within a linear DNA molecule or
20 circular DNA plasmid vector,

- Homology arms are oriented in the same orientation relative to their -
oricntation in the target nucleotide sequence. In other words, they arc oricnted so the
desired DNA sequence is inserted between the arms after the recombination takes place.
Where the homology arms are positioned at the ends of the linear DNA the inserted DNA

25 sequence is capfured and inserted between the two arms, thereby creating a circular and
replicable plasmid,

52.1.4 ADAPTER QLIGONUCLEOTIDE HOMOLOGY ARMS

In ap alternative embodiment, the nucleotide sequence of the homology arms
3
0 is homologous to nucleatide sequences present on adaptor oligonucleotides. Each of two
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depicted in Figure | . The honol ogy arns of the vector are |abel ed "A'" and
"B", and regions of t he adaptor ol igonucl eotide Qm)l ogous to these
sequentes are labeled A B . The two termni of tdrget DNA are | abeled "C
.and "D', wanel/tpgg correspondi ng honol ogous sequences present on the adaptor
ol i gonucl eotides are labeled C and D . In this enbodi neRET/EPSAO6HBi nat i on
nmedi ated by RecFJT or Redcrlp between the vector honol ogy arns, the region
of honol ogy on the adaptor oligonucleotides, and the f1 10 termni of the
target gene results in the target DNA being inserted or 'cap honology arns
of the y dgctor bet ween the 5.2.15 CONSTRUCTI ON OF THE VECTOR The |i near
fragmen% Bor ElI‘WHF ﬁ“%ﬂ@nmymcleommqﬁdneé RémbRigbas @t,ﬁ}gﬁg&ge | S met hods
known igg ,_r,&@ cfn ﬂig t al., 1989, supra; Ausubel et al.

supra) . Ry exarrp Fiofogy arps, @5 B serond region bbbomology yhatdy be used.

I n onelmrdmwgoﬁgm lebvd E4nini CR anplification. In
this nethod, oli goglﬁtﬁglﬁlg&rlades s%@%ﬁ%‘@éﬁﬁf‘%@ EPW@%@@/ arm
sequené’éBc@Elmﬁ@m 5" Therhomologh drrhd T the Wrar@ﬁbéﬁﬂuﬁmgég § ﬁ'ﬁI&?I r Y ends.

Thes n | are then used as priners I1n a i cation
reac? gérgl‘?‘g iﬁtﬁﬁ%ﬁef%@ usleniide homalogousi toghese sequetes ¢ labgiRl iAo n and a
sel ect @v] ThOGRPhhinlBY odinment, a plasm d may
constructed to . conp&gse *&Fn%%{lﬁor&m "orndthe tesgrnsponingy arm;

f 1 anki hgnahgmrslsgqucnoés Pitiohdkd o t r by
standaﬁ eboonbl nant ﬁtechnlﬁﬁeép?h%ﬁﬁﬁ&%%?%%ﬁ?% y, 1987,

Vol ume EReeo l@%@n@ﬂn&hy@&ﬂhbr ech'E p oning - A
Har

Labor a d E t| o Spring Press w York; and
)Ausggefllﬁfelt Md’.‘fr ?’%‘.‘E §n|'1PF %ﬁl’@éghmmsleobdwanﬁrewl i shing
As tatmini I York). T I th

séei mcwﬁgwcﬁm%g%ﬁwl or ’ ze plasmgd is ggcl ]

| i nearized, for exanple, by res

anot hdiomaiegyams of thefvestomxanpl e, the fol | owi ng net hod may be used to
construct the vector DNA used in Section 5.1.3, above. Two ol igonucl eoti dcs
are -33 WD 01/04288 synt hesi zed, one of which includes, from5 to 3" end,
a restriction siste; §rtan o} honol ogy arm and a PCR
primer. The ot her -f'm__ﬁ_c_g'l'gg%_”m :! 5" to 3" end, the sane
restriction sit to the vector, an SSRT a right hormlogy armand a
P Primer. Themﬁﬁ% R &eﬁmbemﬂmmedhlbﬁg%ﬁiﬂﬁid DNA. The

nmtﬁ:ds&néﬁnﬁﬁﬁ@m peC|f|c recombi nase (SSR) such as
Crc Flp, Kw, or Eﬁng?%‘gg@“ﬁnis f -éF}P@nﬁoteotlde must

be degxagmde Sxmhcﬁmrmdmtﬁnmtm@c@bﬁ,g?w i’x?oﬁ'é&ﬁﬁ fdcheRgats in the

vect o re used anpli
fineal \ﬂQ by P(?R amplification. In ﬂus method, oligonucleotides are

synthesized to include the homology arm sequences at their 5° ends, and PCR primer

one é)

sequences at their 3' ends. These oligonucleotidcs are then used as primers in a PCR
amplification react:on to amplify a DNA region including an origin of replication and a
selectable genetic marker. In another. embodiment, a plasmid may be constructed to |
comprise two appropriately oriented homology arms flanking an origin of replication and a
selectable genetic marker by standard recombinant DNA techniques (see e.g., Methods in
Enzymology, 1987, Volume 154, Academic Press; Sambrook et al., 1989, Molecular
Cloning - A Laboratory Manual, 2nd Edition, Cald Spring Harbor Press, New York: and
Ausubel ef al., Current Protocols in Molecular Biology, Greene Publishing Associates and
Wiley Interscience, New York). The plas:md is then linearized, for example by restriction

endonuclease digestion.

I 1 -
%0 n another embodiment, for exampile, the following method may be used to

construct the vector DNA used in Section 5.1.3, above. Two oligonucleotides are
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DNA tenplate that includes a plasmd origin, a selectable gene and an

I dentical SSRT between the origin and the sel ectable gene. The. product of
the PCR reaction is thén cut 10 with the restricti-on enzyne that .
recogni z®0 otie2gs t es i ncluded at the 5 ends of the oligqnucleotides to
permt efficient circularization by ligation. The circul aCTHFIHBB3 i s t hen
transfornmed into E call for anplification to yield |arge anounts of the
vector. In another enbodinment, a linear fragnment is constructed by taking
plasmd wth selectable marker, an origin and two cloning sites, and

cl oni ng i ynthesiedd, guf dhiatihd@ied FrodP 5 nn_into each cloning site.
Restricti og ﬁnéyé{res are then used tgq(l%(ét g’%ﬂﬁé Jite EAUS g the Yegiote | i near
fragment H6fhg oY i Radia iR primera Mim othithéligolBilBatel iSc S Rk §q, 3f or

const ructgn&qhgm&gg?{écex 'ﬁ)l asHl'eds - e. g %I asm ds contal ni ng~eukaryotic
enhancer P%d promot er el enenL ¢ heesten ar §SREck night keaiolopyath andx pr ssi on
el enent s. prirpéro iThé two honfilé}S armesHd ﬁ@ S..ma bcl oned into the
vectorg %q%The Ve b(?r m af%g cont g?%%? ] |%%P?%ng%t SRdjisances of
i nteredt Mﬁﬂ‘ﬁﬁ RANESKS FReseficareombimasp (BSRY) isach & CREFIp; BWaRGe of the

i nsert ed récamBitasedNfy, fyﬁﬁ,eﬁf ronmt er sequences, enhancer sequences,

transl ation seque_ncees suc @M%WMMMW anscription

f act or r§§3§ﬁwmmw¢dadhe&edm&ﬁwé§ms?%@t?ggﬁmgg termnation

signal s Q&ragcc de‘:ﬁi in the appropriate position In YEPHY 2 For 25

reconbi nat I on CrONPHE W%%Pkgmémmgmmmimummsmr as plant,

i nsect, berwsdn the origiwaiiathd fMect8 l@nc I se ce el enents may be

necesz@r , aj;ch as. speci es-spei(‘;i |cofﬂéwuﬁ‘sq°u§$°§ eclion grthen qudinscri pti on,
Jproce iﬁﬁ’? ARt sz3mie dhat mioognides theSited inclu@sPAithe $Bhds bFiRL UdE, but are

not |i m §ipdnidect LC OrLigins of replication, enhancers, transcription

f act or re?gamt}f’gﬁqéi‘%%‘“,”%ﬁﬂgmwwaanW Fbx ciscul@prodadt i Hen 200! WO

01/ 0428grangforuasioth &5 balBfot AmPRGQEROH) &'!?fgm‘,g | El T and/or Red4 or
o c?ﬁ%e eco% V4%¥om an expr essi on

ot her bacteri al ecopbi nase is pro

plasmid in the ceh@°@ﬁ€“§??dm§adbw(ﬁammisbenmeﬁaby%g\g ;g he

bact er i akith' seleoble BRAAE TINN asm d described in ~Section 5.2.3,

bel o gée f skill iﬁ‘#Egﬁé%@%%lﬁm%ﬁﬁ?dmwgmlmﬁmati bility
5 re% we!%ssawwmd:wmsmmmm%&&%wm%{hg § sipgle cell.
Met hOdSMwMB@HE}“Q” of {,?wo of nmore constructs I n procary cells are
wel | kngovm to those 0 o Wdf%@’@Fﬁpmﬁ@ﬂmsmmmfﬂohssm ni ng
nul ti pl srcoptiuctivnsf af: dogildx}iidhife S8 for .and maintained by
utilizing vectors comprising _appr&o%grég'tpg#‘g‘om gukaryoyr sahageer

repli ca?&cﬁ’f"mﬁﬁﬂe PR DR RN 1o inelidonikenyorly @ipetion el hBkiiGha) - - 1992,
supr a; Wﬁc@é}eﬁémgmmgmwom'mmc vector. .

20

The vestor may also contain additional nucleotide sequences of intercst for
) protein expression, manipulation or maintenance of the inserted target DNA. For example,
promoter sequences, enhancer sequences, translation sequences such as Shine and Dalgarno

sequences, transcription factor recognition sites, Kozak consensus seguences, and
termination signals may be included, in the appropriate position in the vector. For
recombination cloning in cells other thag bacterial cells, such as plant, insect, yeast or
mammalian cells, other sequence elements may be necessary, such as species-specific
origins of replication, transcription, processing, and translation signals. Such elemeits may
include, but are not limited to cukaryotic origins of replication, c;hancers, transcription
factor recognition sites, CAT boxes, or Pribnow boxes.

25

30
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10 supra). 5.2.2 BACTERI AL RECOVSBI NASES The i nvention descri bed hergeiFnEBl S?DU

described mainly with reference to the use of RecF/T and/or Rcdct/O.
However, as will be clear to the skilled artisan, the invention is 15
‘equally‘@ﬁplicable to the use of other bacterial reconbi nases that have the
ability Y8 "t e honol ogous reconbination using a pairpefEh@ERLRIOUS
doubl e- stranded DNA nol ecul es as substrates. As used herein, a bacterial
reconbi nase is a reconbinase that is expressed endogenously iri bacteria,
whet her of phage or bacterial origin, and is capable of mediating

honol ogous reconbi nation, In various enbodi ments, the bacterial reconbinase

i s RecErr 20 and/ighp Refiedib] LN | nqQt her specific enbodi nent, a

functional |y equi val ent séﬁ‘é’ﬁm&%&?‘ﬁfﬁﬁ?@@:ﬁ&ﬁ%ﬂr@u@wmﬁm nation

conpr i Sesombinaspisgproduced rexombliagy B ab[gé i.ndi\vi qual ..protein

components of hacterial reconbi NAS6S. Can eggtt;ﬂ)%]ﬁ}?ﬂtlﬂg‘ﬁ]"‘oﬁfn’@?ﬁ psen

funct i SHEPT BBFHRS Fampatible withshe bavterab rerontbimise bﬂp%iwg}asﬂid'cgg&ﬁ'c 5 _used

hereinseéE&fnqdf fl;é’_é&,,gtug F-kéilgmh’ﬁ e.g., E coli K12, 25 RccE"or ﬂ T. The E

coli ROCEORhelejoh: Ope gt siiilin, a&ﬁ%}ﬂdm depyenc of the compatitilityk nown

(RecE, r@n&%&mﬁym&ﬁ,ﬁw S- PROT . Accessi on No. Pl 5033;

RecT, Ci'eéng.;%k Agcession NO' gﬁ%ﬂ%.%m dethodsofor P33228) .

" Reda" PreRegatpa @ Mﬁﬂﬂmﬂmﬂ&mﬁhm@%mg%@ | RS, has a T

to 3" qﬁ??%gcgease %%iu\{}bty simlar tothe 5 to k@é‘gélﬁictﬂé%s‘ge RecE,

and Redo OTHA™ ontegunpmuhiple rplicHasEBroRthélp be ddlbdad for agjiM | A

t o t hagqaiafaifRagpt- t{}%ﬁig‘%ﬂﬂ'n ..am no_acj d sequences are well known for

_,)both of dt_hese }aunb a-prot %%H%@@W‘A&%&ﬁ@amoﬁmﬁmmz%).

YAs wi |andfiedeperdent seledtiog spdtérhd @ee Milld ENce ol 0 RecE/ T [or Redep

hergin shall also apply to a @onbi ngtsei?c%ﬁi’ %%%r?éﬁ&’%&d&?’/’%gﬂi ess

i ndrrcdt®®/oth 5 explicitly or by context. In a specific enbodinent,

conbi nati on of the two enzyne conplexes has a synergistic effect on the
efficiency of reconbination. Bacterial reconbinases that can be used al so

i nclude al 58.2c TERIALRECOMBIRARERL s of the reconi binases. For
exanpl e, am no acid sequences U n the RecFJT and Redal/p
recombi nati on syt dmention daseribedentin dndesonbed ﬁﬁixﬂEpmiréﬁr%@ RPgdgid 10
sequegpﬁ&gz%gﬁgp%@nﬁ all eli Cgr\xllilri ants of RecE, RecT, Rcda, 5#’Sﬁcdp, as
| ong as such‘a ar194YFVEr: 35 W1k beeleastothe skilled attisan ahe ingastiod i@ t he
extlé nequaligapplieblerts Mhdisk 9@9} conbi nati on acfivity. Allelic
variapts caﬁprouti nely bgbl en?]&?#g%réﬁﬁ%éﬁsﬁﬂmnﬂéqth@%waﬁmm
r econB?RAiAgOUSNEconbihatiopus g (aRbr of Hbmoldfsud bl s HAEY I PN Mol ofad s V0! UTE
substrates. As used herein, a bacterial recombinasc is a recombinase that is expressed
endogenously iri bacteria, whether of phage or bacterial origin, and is capable of mediating
) homologous recombination. In various embodiments, the bacterial recombinase is RecE/T
20 and/or Reda/p recombinase. In another specific embodiment, a functionally equivalent
system for initiating homologous recombination compﬁsés <xf protein from phage P22,

Further, individual protein components of bacterial recombinases can be substituted by
other functional components for use in the present invention.
| "RecE" and "RecT" as used herein, refers first, to £. coli, e.g., E. coli K12,
25 RecEorRecT. The E. coli RecE and RecT nucleotide and amino acid sequences are well
known (RecE, GenBa;xk Accession No. M24905 and SWISS-PROT Accession No. P 5033;
RecT, GenBank Accession No. L23927 and SWISS-PROT Accession No. P33228).
"Reda” and "RedB" refer to the phage lambda encoded proteins. Rede hasa 5'to 3

exonuclease activity similar to the 5' to 3’ exonucicase of RecE, and Redf has a DNA
30 '
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154, Academ c Press; Sanbrook et al., 1989, Ml ecular Coning - A B 2l

Laboratory Manual, 15 2nd Edition, Cold Spring Fbrgyr Press, New York; and
Ausubel et al., Current—Protocols in Mlecular Biofogy, Geene Publlshlng
Associ at egoid k! ey I nterscience, New York), or protein evol ution

- approaches ( eimitus er al . , 1998, Curr. (spin. BiotechnatCr/BrddddsH48). In
general, nucleic acid encoding such allelic variants should be able to
hybridize to the conpl ement of the coding sequence of RecE, RccT, Rcda; or
Redp under 20 noderately stringent conditions (using, e.g., standard

Sout hern bIotting hybridization nditions, wth the final wash in

S i B, M i o e 1
\h\;l/er?/dez a??%norl:ond?t‘lﬂgs:mb? ng?m%. s %ﬁ&%&&hﬁéf ﬁﬁ%{s@g 8?1:‘7&33)

hybr i d| zation condistwiblibs tolhhslaﬂedl Pm’gfle DS at
68C ; % agﬂsgl 3‘%{ RecE RecT Reda an Redp, as Iulgéelﬁerel n
al so i nc es apply 0B AEREEES T lnnd BedyP landBedg/P, dalessindichted Bthidi@idahages -

host &d wplicitly drity contek 1afa s of the fanmly _
Ent er obact eri aclabge. I\/lenberm'pe‘%E t%ﬁ%ﬁﬁ@?#@@mcl ude, but

are not Samplexes has a syyeegisticeefTifct bn e o ?@édﬁ{gﬁi G rrobacter,
i ' ecT, Re adogf RedF3 honol og i s,

Kl ebsi el | ae, andeéo Pt ot eus. Such RecE,
general ly, encod B‘ﬁ?'ag mb;mwﬁéRﬂRaﬂéﬂam&Qﬁﬁﬁg’ present

|nap \ehg%gn parti aIes in a reconbi nati on-nedi at ed
step in the phage I'TTe cycC é(%ogtfﬁf"ﬁlé e-*rﬁtllm:dmtﬁee cycl e. of
Y anbda %E@mmmmmmm@aeﬁpuﬁgeﬂ%nﬁg %Wd .and obt aj ned

I A

usi ngg standard ocaryotic genetic and reco ga8id see

a-g. %W%IF“& bY dny @BFIGF varizatsbf ResEpREcT; Rethr; or RN, nggﬁ%@ nant DNA
~may- beagm &#? enoni ¢ or CDNA [i brary, qb
anplification. For exanpl e % mtﬂnytﬂsﬁephxbddmmblo@usst andard
nol ec urecombimtion iacui leymc%ﬁgn cial, of non
conmer ci a ourges %e genoni ¢ tgrﬁﬁnc +‘P§?éﬁ%ﬁﬁ§ﬁeﬁm&§d§emned by
nucl ei S&% mﬁW%FQ&MMhmqua(k&t@ £ Méthédylih Frefh Rf ﬁ'az %&3‘2‘
(Grunsiﬂ nesiﬂn%gog 61'[ @ 10 Natl. Acad. 3961)
and p05|t|ve Cl o £67atl 889, aleswan Cloning - Ari.abomnﬁmemgxarrple a

Rec 5 02nd-Bdifion(PSIH Sprif I ifie Sal nonel la
t yphi um. cd‘?’he recE and re?{&geﬁhee‘g?gﬂg%é ﬂﬂﬂéﬂ(‘ rpe Protognls dui |

nijgl
:;ii%%%?@gﬁ SS- P I@Od’il Acce55| on No. PlSO%mg g’%@ﬁ%ﬁ’ﬁ fecession

PRAPIACCensOpin. Biotedt%3R 9834as48)k nown;
(see al so Bach TR pend: QuclMc%ﬁbeln%dmg such allelic variants should be able to

hybridize to the complement of the coding sequence of RecE, RecT, Reda; or Redp under -
29 moderately stringent conditions (using, e.g., standard Southcm blottmg hybridization
conditions, with the final wash in 0.2x$SC/0.1% SDS at 42°C; Ausubel er al,, eds., 1989;
Current Protocols in Molecular Biology, Vol. I, Green Publishing Associates, Inc., and John
Wiley & sons, Inc., New York, at P. 2.10.3), or highly stringent hybridization conditions
(using, e.g., standard Southemn blotting hybridization conditions with the final wash in
25 0.1xSSC/0.1%SDS at 68°C : ; Ausubel et al,, supra).

)

RecE, RecT, Reda, and Redp, as used hm:m also includes RecE, RecT,”

Reda, and Red homologs derived from the phages hosted by, or the cells of, procaryotic

cells of the family Enterobacterigeege, Members of the family Enterabacteriaceae include,
but are not limited to species of Escherichia, Salmonella, Citrobacter, Klebsiellae, and .

30 Proteus. Such RecE, RecT, Reda, or Redff homolog is, generally, encoded by a gene
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Rev. 54:130-197; Rudd, 1992, in MIller, 1992, supra, pp. 2.3-2.43). A E
conplete S. typhinucrium genoxnic cosrnid or .X | ijrary may be used. The
S.*typhirmuriumlibrary -then be screened by hybridization with an E. coli

‘RecE or ﬁﬁng@robe utilizing hybridization conditions such as those
descri bed ABR#&2® For exanpl e, since the two genes 20 arecCexpewicass to be
hi ghl y honol ogous, standard noderately stringent hybridization conditions
are preferred. In one enbodi ment, such conditions can include the '
following: Filters containing DNA can be pretreated for 6 hours at 55 Cin
a solution containing 6X SSC, 5X Denhart's solution, 0.5% SDS and 100 g/ mnil

denat ur l. e .2 2D ridi zations can be carried out in the

sane sofu %r@ﬁ?@é@%&o%ﬁ%ﬂﬁmtwmmmmeﬁhﬁkt&ptﬁ; can be

I ncubat e phipdiferdydie? sid ' r. 48- hqurs, at ,55C, and then washed

M ce for 50 i nutdgg atﬁ@r&a%%dpi%#cﬁfﬁ@ﬁP EJ96"-‘??%‘-and.0. 1% SDS.

Filters are then BedEflehbmialpgsicdh oweasebe iden Whdfd . or.adi ogr aphy.
£oe Idtninedud dplaled R s

Q her conditions ency whic | - known

Qf derate strin
in the %’PWWS&%S@?W@&%W@G}@@?@I sgmgrggngg%:i%agﬂ 32 izgg
cont gi \ e t isolation,
PCT/ 2RO 8%&536!5&?&“{1?%’&? ??“é’%b"iﬂ‘gbi@% Y D dbtsfed from delevedgenomicomg t he
S. typleINA librarg cor Y3ePOR/aniplifRAtiod YE ¢, LT | .known in the an (see
Ausubel, et t,m,tysupt?g).. Such squgﬁggggg‘;mbig%%h@gw%%%&“% S
t yphi mP¥isHd lpsulyxbtql@gcaimhnh_qms, pﬁmim@ngﬁiﬁmﬂ,%m §.,1°hypgi‘ ][ruri o
gene c . | from S. t rium A- can be isolated fromcells
_\)vvhi ch gﬁ%@#@%@c&&ﬁ%ﬁ%@m hmmmmmmmwymmmmed by
) ever shybridingtion totd 1Q BB \re s} by . .~ ethods k ih nownn te art,
“suc agyt hose descri Eeelgaabove “or gg&eéﬁl&ﬁgjﬁxﬂﬁlﬁ&ﬁéEﬁ’ﬂ‘ﬁdﬁﬁeﬁ'ﬁﬁmsubel
et a0 Natupead. SchU.8iAd12:3961) and poditivey cléris Eak BN GRA aggaéﬁgﬁéchf i ed by PCR
nds;

t echni ques, such,as RA apid Anplif cation of cDNA usubel et aL
) FPesifc ik

supra 10 usinglg® ) fed gq&@mmmfcmbﬁﬁd%iﬁénﬁﬁ%@-ﬁn
: gf] :J e p‘gcgrgogﬁﬂé %%%étﬁgr % 29%2 e }err:lf ggnacsnemsxggyalr;?a%tc%icé irrlleE. 5colf 32? .?‘;Of the &
the nucleotide and protein sequences of both RecE {GenBank Accession No. M24905 and
. SWISS-PROT Accessior No. P1503 3) and RecT (GenBank At;cwéion No. L23927 and
- 15 SWISS-PROT Accession No. P33228) are known; (see also Bachmann, 1990, Microbiol.
Rev. 54:130-197; Rudd, 1992, in Miller, 1992, supra, Pp- 2.3-2.43). A complete S,
typhimurium genomic cosmid or A library may be used. The S, Yyphimurium library may
then be screened by hybridization with an £, coli RecE or RecT probe utilizing
hybridization conditions such as those described above. For example, since the two genes
20 are expected to be highly homologous, standard moderately stringent hybridization
conditions are preferred.

In one embodiment, such conditions can include the following: Filters
- containing DNA can be pretreated for 6 hours at 55°C in a solution containing 6X SSC, 5X
Denhart's solution, 0.5% SDS and 100 ng/ml denatured salmon sperm DNA.,

25 H?rbﬁdizaﬁons can be carricd out in the same solution and 5-20 X 10¢ cpm *P-labeled probe
is used, Filters can be incubated in hybridization mixture for 18-20 hours at 55°C, and then
washed twice for 30 minutes at 60°C in a solution containing 1X SSC and 0.1% SDS.
Filters are then blotted dry and exposed to X-ray filim for autoradiography. Other conditions
of moderate stringency which may be used are well-known in the art. Washing of filters is

30 done at 37°C for 1 hour in a solution containing 2X SSC, 0.1% SDS. Subsequent imhﬁon,
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prinmer conplenmentary to its 3' end. The PCR product can be veri fi,ngll}.;B, ZUUI’
quencing | subcloned, and used to construct the EJT of the invention.
Such cDNA sequences can also be used to isolate S/ typhinurium genom g
recE or rWemigdzpsences, using nethods well 15 known in the art (Sanbrook et
~aL, 1989, supra, Ausubel et al., supra).' Nucleic acid nmd(d@¢ERoe®633ncodi ng
t he RecEET reconbi nation enzynes of the invention can, further, be

synt hesi zed and/o r constructed accodi tb rngo recom nant and-. synthetic
means-wel |, known to those of skill in the art (See e.g., Sanbrook, supra

and Ausupwificatiobnd chitdblefzati di scussed below, the ability to control
t he exprg&s}%’on of the sequenggépd@u%‘c ME\SR%‘&%@M%MUGMWM abl e
C

(e.g. indichBredreswelldnownintt an (seé ASUBRRES O s gssiOn | eyel s can be
achi eved qiisgd LGl &I‘et‘ﬁ g@%ﬁgrfor nance _oT’ t ‘é)'?é'?% @R i nventi on.
The nucl eic aci d nol ec umRstE/Tsefithe ipvedtionmai nt ai ned 25 . :

e e Al e e 8 e o S

Al terngt Ir%\flﬁllé. g&lﬁﬁ - nucl ei ¢ aci
chromosoie, & FE-N& cag be isolated dmpareliwwhi '*&E@!‘hﬂﬁecéQJR&’fg l.e, ,phage
tranSdUCbmW@SWlh:%P Thus, the RecE/ T coding E&ﬂ‘é‘nﬁes can be
engi neer ed %ﬁnan rd tec Mgwmpvmma,mmw | ow copy or
si ngl e cBsth wa ipabdiart, Sudh as Ahosddek&ibid kfferent regul atory sequences
can be a{ﬁ%‘\%‘[ Z’t%g 30 for driving exprg%é’?g%s&?%as@em i on
proteins: Eac € M’@s&my,rﬂoﬂﬁmmmﬁ%%?%g

PCT/ EPOOtetiifidiids, oapk S5RAOR/ (RS nstr lon_can be mani pufated to yield
..cell slthLbi ting-a wde ra@ﬁsg%&#pﬁﬁﬁwﬁﬁﬁoﬁgﬁ%mhf%mi on |evels.

Nt is 0™ e WersnarydasignediGbm theal Yo/t AED BES! rsions qf .the .

reconbi rlﬁg,in%th%mc% codi nlg%g,,eq ences are addi tionalrl PAMEgeous in
that such a configur e @ﬁ’@s&@dﬁwEmtéﬂTmmA,S@aain&% 2.21
- PROTEI [prExPREsalemdnthiyeo i Gt @4l I nase may be expressed either
const i t%&!oel or, ipducibly i n%‘aﬁ%ﬁ%%‘[’f‘%ﬁm.mmml i an
cells. I'n “f%‘gmé’ﬁﬂﬁﬂmﬂkwf'ﬂ'ofﬂ:e invention. Such cDNA sequences can.

also be used to isolate S. pyphimurium genomic recE or recT sequences, using methods well
15 knownmtheaﬂ(s_ambrook et al, 1989, supra; Ausubel et al, supra).

. - Nucleic acid molecules eacoding the RecE/T recombination enzymes of the
invention can, further, be synthesized and/or constructed according to recombinant and-
synthetic means well known to those of skill in the art (Sce e.g., Sambrook, supra and
Ausubel ez al, supra.). '
20 As discussed below, the ability to control the expression of the sequences
such that expression can be regulateble (e.g. inducibic) and such that a wide range of -
t:xprcs.sion levels can be achieved is beneficial to the performance of the methods of the
invention.
" The nucleic acid molecules can, for example, be maintained
25 extrachromosomally, e.g., on a plasmid, cosmid or a bacteriophage. Aliternatively, the
mfctlcicracid molecules ean be integrated into the chromosome, . &, E. coli cbmm;somc
utilizing, for example, phage transduction or transposition, Thus, the RecE/T coding '
| sr:quences can be engineered by standard techniques to be prcscnt’in high copy, low copy or -
single copy within each cell. A variety of different regulatory sequences can be also utilized

30 for driving expression of the recombination proteins. Each of these aspects of
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reconbi nati on proteins are expressed in a bacterial, nost prefera[bl%/,F%B 20[_“"
colt strain. For 10 exanple, the host cell may corrpri se the reckE and recT
genes l'ocated on the host cell chronosone. Exanples of E coli strains in
whi ch thgygypssssi on of Recur is endogenous are known, for exanple, E.

colt sbc4 strains (Zhang et al., 1998, supra). Alternati VETEPIASSE T nmay be
reconbi nantly expressed from non-chronosonmal DNA, preferably on a plasmd
vector, e.g., pBADETy (Tung et al. 1998 supra) or GETrec (N, , pa 1
rayanan et al., 1999, Gene Ther. 6:442-447. Simlarly Redalli can be

endogenou l.-ns _that. hav i ntegrated | prophage, or expressed from
pl asmi ds, HOT s@%rrp & Pﬁﬁnet(empéﬂ?d@ Yigld cellsieddiditing  vide)randdagE/ T and/ or

Redalp expcembinationp2dein exsibsion fveldCxt § 1cted aceordi to standard
reconbi nant _DNA t echni ques (see‘g.'g{t%%h%ﬁis&?‘rfmﬁffﬁ% somsk7  vol ume
20, 'Acadm honfs T TR T A i St S
orat or B2, . s .Sprjng, Harbor Press, .Ncw York; an
Ausubel et al. ernrﬁéﬁrgn%r 3%%@%?5"%”“3’5? &r Bi ol ogy, G eene Publishing
Associ & es and Wl ey Inierscience, New York, each of which is incorporated

herei n by referencg |nln s entirety). In one enbodinent, RccFJT and/or
Redal t3 is express 42 h-copy plasm d such as a plasmd

containing a Col El;derived origin of replication, 25 exanples of which are
wel | known in the Zhebactstd remmbinewimaytbeakpressédiiher coftitaivegee al S0 Ml ler,

iy o e T
-, (Yani sch-rembunatien prateins arkQRfressed in  bacterial, most preferably, E, coli strain. For
cxample, the host cell may comprise the reck and recT genes located on the host cell
chromosome. Examples of £ coli strains in which the expression of RecE/T is endogenous
are known, for example, E, coli sbed strains (Zhang er al., 1998, supra). Altematively
RecE/T may be recombinantly expressed from non-chromosomal DNA, preferably ona
plasmid vector, e.g., pBADETY (Zhang et al., 1998, supra) os pGETrec (NaraM etal.,
1999, Gene Ther. 6:442-447. Similag!y Reda/B can be endogenous to strains that have |
' integrated A prophage, or expressed from plasmids, for example PBADafy Muyrers er af,
1999, supra). RecE/T and/or Redo/ expression constructs can be constructed eccording to
standard recombinant DNA techniques (see e.g., Methods in Enzymology, 1987, volume
;54, Academic Press; Sambrook er al 1989, Molecular Cloning - A Leboratory Manual,
| 2nd Edition, Cold Spring Harbor Press, New York; and Ausubel ef al. Current Protocols in
) Molecular Biology, Greene Pubhshmg Associates and Wiley Interscience, New York, each
of which is incorporated herein by reference in its entircty), '

: In one embodiment, RecE/T andfor Reda/B is expressed in E. coli from 2
high-copy plasmid such as a plasmid containing a ColE1-derived origin of replication,
examples of which are well known in the art (sce Sambrook et al., 1989, supra; see also
Miller, 1992, A Short Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press,
NY, and references therein), such as PUCIY and its derivatives (Yanisch-Perron ef al., 1985,
Gene 33:103-119). - |

With respect to regutatory controls which allow expression (either regulated
or constitutive) at a range of different expression levels, a variety of such regulatory

15

20

30

-39.



Gene 32:103-119). 'An Wth respect to regul atory controls which aLFI%WEB 200

expression (either or COﬂStItutlve) at a range of elfferent expr essi on
| evel s, a variety of such regulatory -39 9 FEB 200..A00 WD 01/ 04288
‘PCT/EP00h@@53@uapquences are wel | known to arose of skill in the aft The
ability to generate a wi de range of expression is advantP&J&RIe/04583
utilizing the nethods of the invention, as described below Such
expression can be achieved in a constitutive as well as in a reqgul ated, or
i nduci bl e, fashion. Inducible expression yielding a w de range of
expression can be obtained by wutilizing a variety of inducible regulatory

sequencé@qummweﬂkmmoscfﬁ@mmmﬁ ghﬂﬁr gg&{g&\/ea#tgﬂﬁt S ui t ous

i zed to yield induci bl r essi on

i nducer | PTG.can uti
of RccEF Msa i’l?éﬁ‘ﬂgégusé'ﬁ%m%lmmwb%nnmﬁo@ragdmm% Bgd via the
r

| acOP: r 8gsH RecE.and RecT may be expressed
di fferent prénot grﬁggﬁlorwttv#g%ﬁwwm"e%\é’euG%Emﬁmmd,'mrgm:iﬂqay be

express&lmn. a polycistronic mRNA froma single pronoter. Such
het e‘rgol ogous pronpters nmay be inducible or constitutive. Pr ef erably the

expréssion is contndyel ciblgcexprpssion yintding Divide ERERi Rkpress essi on

yi el d| ran of, ,.expressi on can be obtai'ned by t| I | ZI bar vari ety
of i nducr reﬂdtﬁqé?%%g g&@t&é‘? Sgpienpss. bmncenhlmﬂmmtlfori:ﬁmﬂa,ml e, the
| ack gelael ahd fis Gl tilized to yield

i nduci bl e @r?rdgh | evel s expressr o hﬁ'ﬁé’?@?" QFF' ghbevelsefic odi n
such pcﬂ@{?éﬁ?ﬂ@ﬁkc%ﬁ@thamn&t@@nw@gm%ﬂ% EJE %‘:&%{éﬁces

vari et t h,induci bl e pronoter systens ar €of skill

in the ar W T SFAKOCS- be utili zed- Level s of expression from RecEfr or

- RedalBA construct Ree ?&9]‘ r| ed pronoters of different
strengths. Q her regu at ed F’eq'rgs wn:rsa@rattmméw i ncl ude

but ar éhenscE and racTigensk i nduyci.bl e by
ar abi nosc (Ar 3& the TEF sys em (Cel ssen%W%ﬁ%%%W 1990, Appl .
M cr obPBIm Bhstsrolognys pBMAES ymaytbednducibide OFEImSlituti®s. m’a&rﬂﬁy

tz?,g;p erz?;*'*ftﬁf"?}? SRR 3 Bl roGeter msitis capreaon yiekinga ﬂfgﬁm?ﬁ e
7 A Sci USA
73 %EE': S5: mvrar“sne‘fﬁfg?”‘%%”?&%m"%m%i 4E g Bfereeslioiysapmernt o1

bodizagnt, foopamply, tie lodbgeine and itgl waﬁc%, | pp
(NOKatho?#eldeuczglle Igcvg]sog |\/b|_0,161‘|%pFmﬁﬁ whi;qu@?gb?h: T7 genﬁe-

such polypeptides are transcribed via the lacOP regulatory sequences. A variety of other
inducible promoter systems are well known to those of skill in the art which can also be

utilized. Levels of expression from RecE/T or Reda/B constructs can also be varied by
20 using promoters of different strengths,

Other regulated expression systems that can be utilized include but are not.-
limited to, the araC promoter which is inducible by arabincse (AraC), the TET system.
(Geissendorfer and Hillen, 1990, Appl. Microbiol. Biotechnol. 33 ﬁ57-663), the p; promoter

of phage A temperature and the inducible lambda repressor Clyy; (Pirrotta, 1975, Nature 254:

25 114-117; Petrenko er al., 1989, Gene 78:85-91), the frp promoter and #rp repressor system

(Bennett er al., 1976, Proc. Natl. Acad. Sci USA 73:2351-55; Wame etal., 1986, Gene

46:103-112), the lacUVS promoter (Gilbert and Maxam, 1973, Proc. Natl. Acad. Sci. USA
70:1559-63), Ipp (Nokamura et al.,etal, 1982, J. Mol Appl. Gen. 1:289-299), the T7 gene-
10 promoter, phoA (alkaline phosphatase), rec4 (Horii et al. 1980), aud the tac promoter, a

30 up-lac fusion promoter, which is inducible by tryptophan (Amann er 4l., 1983, Gene
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10 pronoter, phoA (al kaline phosphatase), recA (Horii et a!. 1980), and the
tac pronmoter, a 30 trp-lac fusion pronmoter, which is inducible by
tryptophan (Amann et at, 1983, Gene -40 FEB 200 WDO-01/ 04288 PCT/ EPO0/ 06533

1251 167- 7Q)g orfQsggexanpl e, arc all commnly used strong pronoters, resulting
in an accunulated |evel of about 1 to 10% of total cell BCHEPHVGSSI®Ii n for a
protein whose level is controlled by each pronoter. |If a stronger-pronoter
is desired, the tac pronoter is approxinmately tenfold stronger than

|l acUV5, but will result in high baseline |levels of expression, and should

be used o n_overexpression is required. If a weaker pronoter is
required, Bgﬁﬁ‘?gﬂ&é?’éﬁm}%ﬂ-%P&ﬁmn@yasedmaﬂglpr&ﬂm,kmﬁﬂganaﬁt , for exanple,

mal t ose, gahRAGiaRY r i rabl e onot er . (sequences of such

pronoters are ava?fvgg‘ffg%t?gm@%Bgﬁq@f‘gﬁh@’“@?‘ a pytpam whogg devel inci ds Res.

19: 2227- 20@0plledtnt dagh prombist. IF @trdnger 'a&d§dmm%rpﬁsét$ are any cells
Preterably

contai ning_10.RccEIJf' nd/ or Redal reconmbi nases. , the host
cell is a&é’%ﬂﬁ"ﬁ‘é é?‘ﬁf?}gs‘ﬁlééff #‘J{Véebinﬂiﬂ/m@ltigﬂéﬂebammefhost cell is

an entérocﬁpmﬁeiiaa&s&gjdl&i,ggamﬁr g@ g Ener gbacl eri aceae incl ude,
but are not Ilimted to, species oegflgg%H (i c‘%%%ﬁglwm%bacter,
Kl ehsi el |3§&quisedy otheriracterial pi crpare fwel ddubwn inhiee 419 $6r Gathple, @k, Escheri chi a
coli IL .pe, derived fromany organi sm includi ng, but not
limted t(i%ugﬁ;gﬁgf ‘,’& |°%‘R§§PHB’EP§‘E, S%Wr?z\ﬁ“@mn@ﬁ%mmlm can be
engi neer deknbankaBpris 26ala1 99 Nw@D ARids ReQTDh227IRR g5 econbi nase ‘i s preferably

RecF/ T reconbi nas Efgeri ved fromE, coli, or Redalp derived from phage A
.or a functionally jujefpldin themethods dsscribedibierein orerday nellseomyiaingm der i ved from

e 2 R0 o D 95 SR 08 i S S T, O
ressi R ESHF Mprepreferably, thewhast celldsiarehforpbateriahgbll, MhetSRf the TRRily
Enterobacteriaceae include, but are not limited to, species of Escherichia, Salmonella,
Citrobacter, Klebsiellae, and Proteus. Most preferably the host cell 1s an Escherichia coli
cell. Cells can also be derived from any organisa, including, but not limited to, yeast, fly,
15 mouse, or human cells, provided they can be engincered to express a suitable recombinase.
The recombinase is preferably RecE/T recombinase derived from E. coli, or Rede/p
recombinase derived from phage A, or a functionally cquivalent RecE/T or Reda/B
recombinase system derived from Enterobacteriaceae or an Enterobacteriaceae phage,
wherein such systems can mediate recombination between regions of sequence homology.
20 Cells expressing RecE/T and/or Redo/P proteins may be made
) clectrocompetent in advance and stored at -70°C.
Alternatively, the methods of the invention may be carried out in any other
cell type in which msicn of RecE/T and/or Redet/B is possible. For example, a variety
. of host-vector systems may be utilized to express the protein-coding sequence. These
25 include but are not ¥imited to mammalian cell systems infected with virus (e.g., vaccinia
virus, adenovirus, etc.); insect cell systems infected with virus (e.g., baculovirus);
microorganisms such as yeast containing yeast vectors, or bacteria transformed withi
bacteriophage, DNA, plasmid DNA, or cosmid DNA. The expression elements of vectors
vary in their strengths and specificities. Depending on the host-vector system utilized, any
30 one of a number of suitable transcription and translation clements may be used. In specific
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ectroconpetent in advance and stored at - 70C. Al ternatively, the nethods -of
the invention may be carried out in any other cell type in which expression

of RecETI' and/or Redrx/f3 is possi bl e. For exanpl a variety . O,
host - vectwo opygkens may be utilized to express the pr ot ei n- codi ng sequence.
Th 25 include but are not limted to rnanamalian cell sy®CEFEPotdsarted wth

virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systens
infected with virus (e.g., baculovirus); mcroorganisnms such as yeast
contai ning yeast vectors, or bacteria transformeel wth bacte iophage,

DNA, pl asgy, r d ,DNA. The expression el enents of vectors vary in

their st renﬁ’td@@s a‘ﬁﬂg’ M@G’Pﬂw/ﬂmcw bhe sdedce YRR aSYSt em 30

one of aﬁlufdlﬁﬂ] d translation. clenents nay be
In -41 WO 01/ 04 88 errbogl mﬁpgp%%argryﬁ@" theg embediment, Reaam genes

used.

arc ex re@aﬁlfn@f;ﬁ“ f mwemm@dbﬂﬂnéfﬁﬂﬁmwm%ve or]Ell_o(r)\rof-

RecE/ T apgd x% I n yet- anot her enbodi nent
Redal ji conpri si ng a domai-n of the RecErr and/or Red4 proteins .are

e 1Ty S B BElE et el e s *
cont ai ni AYP&V mﬂbwmmﬂm‘*&t&?% eRe - odi
o gtk e it mwﬁmm s
i Qe Tl a2 S5l 5 S e o
gy be r BBURATEE S biensis asnei eumebatory Epresiieairanes stk RecF)1 o
reconbi nan @&%ARQ&?Z W‘?:B‘F“’ M(}@W%i‘m Togulstedby Eftont
nucleic acid sequence so that the RecE/T or Reda/B protein or peptide is expressed in a host .
transformed with the recombinant DNA molecule. For example, expression of 2 RecE/T or
RgmﬂﬂpnndnnmybccmMnﬂhﬂbyanypmmummknbummnﬂmnmnknownhnmmanp--
Promoters which may be used to control RecE/T or Rede/B expression include, but are not.
‘15 limited to, the SV40 carly promoter region (Bemoist and Chambon, 1981, Nature 290:304-
‘ 310), the promoter cantained in the 3' long terminal repeat of Rous sarcama virus
(Yamamoto, et al., 1980, Cell 22: :787-797), the herpes thymidine kinase promoter (Wagner
et al,, 1981, roc, Natl, Acad. Sci. U.S.A. 78: 1441-1445), the regulatory sequences of the
metallothioncin gene (Brinster er al., 1982, Nature 296:39-42); plant expression vectors
20 comprising the nopaline synthetase promoter region (Herrera-Estrellz e al,, 1984, Nature s
303:209-213) or the cauliflower mosaic virus 355 RNA promoter (Gardner, et af,, 1981,
Nucl. Acids Res. 9:2871), and the promoter of the photosynthcnc enzyme ribulose -
biphosphate carboxylase (Herrera-Estrella ef al., 1984, Nature 310:115- ~120); promoter
elements from yeast or other fungi such as the Gal 4 promoter, the ADC (alcohol
25 dehydrogenase) promoter, PGK (phosphoglyeeroyl kinase) promoter, alkaline phosphatase -
promoter, and the following animal transcriptional control regions, which exhibit tissue
specificity and have been utilized in transgenic animals: elastase I gene control region -
which is active in pancreatic acinar cells (Swift ef al., 1984, Cell 38:639-646; Omitz etal,
1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepatology
30 7:425-515); insulin gene contro! region which is active in pancreatic beta cells (Hanahan,
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Rcd& 3 protein may be controlled by any pronoter/enhancer clenent “k,#oﬁga ad)
the art. - Pronpters which may be used to control RecEIT or R edal/p
eXpression include, but-are not 15 linmted to, t he-/SV40 early pronoter
region (%&ﬁ‘i“#s and Chambon, 1981, Nature 290: 304- 310), the pronoter
contained In e 3' long termnal repeat of R aus sarconBCWEPaZ065§3Yamanot o,
et at., 1980, Cell 22:787-797), the herpes thym di ne ki nase pronoter
(Wagner et al., 1981. 'roc. Nazi. Acad. Sci. U S A 78:1441-1445), the

regul atory sequences of the etallothioncin gene (Brinster er al., 1982,
Nat ure 2964 2) 4Pl Xpression vectors 20 conprising the nopalinc
synt het as gg %?%I%D“-‘%egll 911 g%ﬁ %;E' pelobglir gencaiohtzol esgiaxl whicH BRdtiveliiat ur e

303: 209- 21¥ihpheid célBTGrAsth | Lo Vj 35S RNA pronoter (Gardner, et

o D g ymbnetn B CRAUML e 1olIDCR Se 0T R A rarsut e 1983, Natars

phot osynt H8i538-58kAleander sl £987; Mol. mamsmbmﬂmaimpﬂ, i Her: era- Est { ﬁl | a
Fomgedst or ot her

er al., Nature, 310: 115-120); pronoter el enefits

f ungi Zug:tﬁﬁérs"ﬁgywm?%?‘éﬁbﬂ%?%‘”ﬂﬁ@ﬂ@@(kﬁmhyﬁp&ﬁdﬂ%&ﬂ@nase)

pr onot er ,(Lédéed 42 0988 Q) 455485009k ki romot er,, al kali ne phosphat ase
promoter, and the foll ow ng anik)ﬁar)&tﬁi?l%g%?of’g?'irﬁﬂﬁ? tsashveiadivens, which

exhi bi t tFEKeEer gl 1987, Ganes @dmewlm-mxmﬂnemoﬁwg@gcm@gﬁgem c
ani mal s: vwakdh i bhetiy E]%Fg@%gg&%gg} rlgg§ ﬁ‘gl on which is active In pancreatic
aci nar c:lhlgls lvavl gl - > 108 Mol Cella Biod /%1630y 1648; Haptmerler, 1986,
Col d Spr af %ﬁ.r&iuncﬂaﬁﬁ:s-misﬁa.l.ﬁﬁ%ﬁn's& < : . nal d, 1987, ,
Hepat ol Ow"ggfl?: 425- 3;? . _insulin gene co%tg&gﬁpﬁ%g&ggﬁ"%ﬁv??g& ive in
.pancreatic SeY£L ks i—l@l“-ﬂ%&ﬁ‘?n 19t SFEI1 \\B2t8) hlobi S8 BiakbERRQL06533 1985,
Nat ur 40 3¥hich ifachveth myel3id | e ntraol region which Is active in
| ynphoi d_ cel | s Gogsfghed%ﬁgwg .m,& aé8@5$?m%§@ig3%&0%ams et al.,
1985, Nal?Boelell 46:89-94; myelin basic protein gene control region which is active in |
OFgodendzvcﬂe cells in the brain (Readhead et al., 1987, Cell 48:703-712); myosin light
-2 gene control region which is active in skeletal muscle (Sani, 1985, Nature 314:283-
286), and gonadotropic releasing hormone gene control region which is active in the
1S hypothalamus (Mason ef a., 1986, Science 234:1372-137g).
In a specific embodiment, a vector is used that comprises a promoter
operably linked to a bacterial recombinasg (e.g., RecE or RecT)-encoding nucleic acid, one
or more origins of replication, and, optionally, one or more selectable markers (e.g., an
antibiotic resistance gene).

20 The chosen vector must be compatible with the vector plasmid dcscﬁbed in

) Section 5.2.1, above. One of skill in the art would readily be aware of the compatibility
requirements necessary for maimtaining multiple plasmids in a single ccll. Methods for
propagation of two or more constructs in procaryotic cells are well knownq to those of skill
in the art. For example, cells containing multiple replicons can routinely be selected for and

25 maintained by utilizing vectors comprising appropriately compatible origins of replication

aad independent selection systems (see Miller ez af, 1992, supra; Sambrook et al, 1989
supra).
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318: 533-538; Al exander et al., 1987, M. Cell. Biol. 7:1436-1444), nouse

manmary tunor virus confrol region which-is activeyin testicular, breast,

| ynphoi d and nast cells— (Ceder et at, 1986, Cell 43 485-495), al bum n gene
control r¥@ioaj428ki ch is active in liver (Pinkert et al, 1987, Genes and
Devel . 1X68-276), al pha-fetoprotein gene control regi on WACTERPHogesa3t i ve in
liver (Krum auf et at, 1985, M. Cell. Biol. 5:1639-1648; Hamrer er at,
1987, Science 235:53-58; alpha I-antitrypsin gene control region which is
active in the liver (Kelsey et at, 1987, Genes and Devel. 1:161-171),
bet a- gl obi n gmsc% on 10 which is active in nyeloid cells (Mgram
et al , 1985, Nature : -340; Kollias et al., 1986, Cell 46:89-94;

nyel i n basic protei'f?iwQ@ﬁeelbwsmﬂfc@thcrdz,gj@%1 4 Bf 13 pRSL Ve TN '

oli QOdGH%%L:gonC °S°%FH§& brai n (Readhead et at, W"@gmldﬁg: 703-712) :

myosin |i 82; -2 gene W%ﬂi\dﬁchieapmsidsﬂﬁr&aﬁaﬁ%&taﬂh/opuscl e

(Sani, 1984y andacds ;d%e3 ' adot ropi c rel easi ng-hornone gene

controk recL_ii@n whi gt;]n'ilbgo act'iﬁg‘aﬁ"?’ﬁg’hﬂ%“ﬁ?f?@ﬁmwwmmmm ., 1986,

Sci ence FIHIG7BX fmfkwbwmmwe,W%§%F{'ﬁi%g“sed that -
al re

corrprisemﬁ,(,g{rmﬁfy : Ly Linked to a bacteri §‘é(e.g.,

RecE or RecT)-encodi 889%?%11@5 : mghmmmmi@jm@jwb; cation,.

and, opt mﬂl@c@hehmpmﬁhedéﬁﬂxﬁﬁiéglﬁm{clégns ge. . antibiotic

resi st an &%8% qZu% Th@ﬁghosen_ vect or nust D& ?ﬂfgﬂ‘lﬂlelwmmoﬂhe vect or

pl asmi d HESErT pagedimeaty piicdl ivan £ caliovit. EQadplafof Sl 7 90&&81‘;%‘” woul d
y

readi | y that cande asedf TN requi renent s.necessar r mai~
aﬁj@smgﬁg}dc%df‘i &%ﬁﬁ‘?ﬁﬁ&e pHIC 86793pd R 9604ris Béx t wo or rore

Jul ti ?& S‘?&‘l ?s,mg_gs ia{lfaféisn

tonstru * 72 v BTRF Yol € 869alohmprises the\Waltdti h f skill the art.
For exangpl.e4, 166hsSpEQALAI Niing mul ti pl e rgg#%(?%iﬁ%%ﬁ@*yﬂ%& sel ect ed
for an 25 n®i nt ai heg?%f 3 z%'%cﬁwlw%mnm(@@mm@;@l y

conpat i Beld orpsiiigstert), kALY, gt ﬁ@{ﬁﬁ&&l}%gg&%g{%}iﬁg& syst erh_34gs\e/\le)

MIler t. 1992 supra; Samb
01/ ows@"r—"@l’?’tﬂfg‘%‘ﬁ’eﬁ MUt IGATSEELLS The host cell used for the cloning

met hods of the pres§lie e tton and for propagation of the cloned DNA can
be aﬂg &%II whi ch expresses%@?é@@%ﬁﬂ?%@@&@;ﬂaﬂoﬁﬂﬁf&dfi gene
tSS

prod Wﬂdéﬁdmmﬂﬂbd&eﬁ%%&ﬂ?q&f&@ﬁsi on of these genes is
n

thlc. Exaples ssibie cell types that c SESFFHX Gbe but arc not
|t oo paered 10k awm°mbm°r°fﬁncﬁoml equivalents thereof, can be

used. Cell lines derived from human, mouse, monkey, or any other organisin may be used.
.F or example, non-limiting examples of cell lines uscful for the methods of the invention
nclude CHOQ, VERO, BHK, Hels, COS, MDCK, 293, 3T3, and WI38 cells,

- A varicty of host-vector Systems may be utilized to introduce and e'xpfess the
protein-coding sequence of RecE/T, Reda/Bora functionally equivalent system. Such

methods are well known in the art (see Ausubel ef al., Current Protocols in Molecular
Biology, .

20

Greene Publishing Associates and Wiley Interscience, New York). These include
but are not limited to mammalian cell Systems infected with virus (e.g.

. . . . vaccinia virus,
EnovIrus, etc.); insect cell systems infected with virus (e.g., bacu]

e ovirus); microorganisms
such as yeast contaimng yeast vectors, or bacteria transformed with bactcﬁophﬁge, DNA,

Plasmid DNA, or cosmid DNA. Methods for protein expression are also discussed in
Section 5.2.2, above, |
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prokaryotic eukaryotic cells such as bacterial, yeast, plant, rodent 2eUc

human insect , , nmanmalian cells. Ina preferred engoodi ment, the host ceI I
is .a.bacterial cell In-the nbst Preferred enbodi rent, the host cell is an
E. coil diosbReanpl es of specific E. coli strains that can be used are JC

: 1/0

8679 and JC 9604. The genotype of JC 8679 and JC 96(4 i s PEFEPIMB6S3IF r. F+,
F-, or FF'): F-.1C 8679 conprises the nmutations: recBC 21, rccC 22, sbcA 23,
thr ara-14, Icu B 6, DE (gpt proA) 62, lacYl, tsx-33, gluv44d (AS), galk2

(Cc) LAMhi , .. ,, relA1l, rps L31 (strR), xyl AS, itl-I, argE3 (Cc) and
thi-1. 1C 960%& |ses the same nmutations and further the mut ati on recA
56. In an alt ment a eukaryotic cell may be used as a host

cell for 15 the chg t%%‘i’ LQD f hods descrl bed herein. Any cell

t hat exp;desses or can eng| neer e‘cfg?l\f/s'é'ﬁ el deden. and may bedriymase, or

f unct i onaloublgistramded DINA adshivnt of one bask paR o u&ed hetdted' dpfrom
e e

or any ot her organi smnay be us

human, nouse
non- 1 i ni tﬁsﬁ@é‘@&gﬁ%‘é@%mﬁwmﬂh@sw%@sumﬁ WBm%mmdsz aottiehe i nvention

24 |nc5u 3 373, ‘and W38 A variety of
host - vect or systems nay Ee BGt T z%? W‘t ceBAEeset it @ BAC: odi ng
sequence vwomwm@fmnmwwmm?ﬁé %Lﬁj%%ﬁ%ﬁ@l ent

et a

system guﬁP ﬁﬂ%s are. kpown in the art (see Aus
current Proto %‘YBtdW tly eppdispfing pwidcnly sidsnchat es and
W1 ey Inhetrl&mwem%p%’ﬁa,m&r db%ﬁchfaﬁto&@& ‘Hsé et may dhor oo ' °,

manmmal i an: ceII systens Infected with virus
.adenovi nfes °8f‘é“3}3°1¥‘??s<€ &M&@mwmwm:hwﬁ:u &ic, J-

it ORI, 3 YR S, e e o
glt;léixewm mgitic md sqqmtcec MaEbeybRERH %m&h@f&nbﬁrﬂxg%&ﬁ&sﬁnﬁﬂaf%t g °- 2.2,
" bovine, feline, avian, equine, canine, insect (e.g., Drosophila), invenebrate (e.g, C,
elegans), plant, etc. The DNA may be obtained by standard procedures known in the art
(see, e.g., Sambrook et al., 1989, Molecular Cloning, A Laboratory Mamual, 2d Ed., Cold
15 Spring Harbor Laboratory Press, Cold Spring Harbor, New York; Glover (ed.), 1985, DNA
Cloning: A Practical Approach, MRL Press, Ltd., Oxford, UK. Vol.I, II).

U

53 METHODS FOR USE OF THE INVENTION

| 53.1 ODUCTION OF DNA INTO HOST CELLS

20 Any method known i the at for delivering a DNA preparation comprising
the target DNA into a host cell is suitable for use with the methods described above, Such
methods are kncwq in the art and include, but are not limited to electroporation of cells,

. preparing competent cells with calcium or rubidium chloride, transiuction of DNA ‘wiih

target DNA packaged in viral particles. For cukaryotic cells, methiods include but are not

25 limited to electroporation, transfection with calcium phosphate precipitation of DNA, and
viral packaging. In a preferred embodiment, clectroporation is used. Cells containing
RecE/T or Reda/B proteins are treated to make them competent for electroporation by
standard methods (see Ausubel ef al,, Current Protocols in Molecular Biology, Greene
Publishing Associates and Wiley Interscience, New York). Preferably, about 50 ul of a

30 standard preparation of electro-competent cells is used for electroporation by standard
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30 -44 9 FEB 20[ WO 01/04288 PCT/ EPO0/ 06533 5.2.4 TARGET DNA The (L FEBG

I s chosen according to experlnental desi gn, and nai)be any doubl e-stranded
DNA as short as one base pair or over one hundred | obases in length. In

a speci f wp eygs nent, the target is. up to 100, 125, 200, or 300 kb in
length. In another 5 specific embodi ment, the target DNAPFL/ERBO/HES33 00

| dl obases, e.g., as present in a BAC vector. O her specific enbodi nents of
target DNAs are set forth in the Exanples in Section 6. The target DNA may
reside on any independently replicating DNA nol ecul e such as, but not

limted tRoccd r the CO|I chronosone. The target DNA may
al so reside owggny%ng:gé& ﬁE “%dfaHBWPTWEGVF@OT BRA from
any prokaxgymﬂnmof\?eetoﬁfsfﬁﬁ&m el ol mﬁéﬁw EM Xl ral h or
th i w syn et ¢ _or gins. For exarrple nuc elc acl ?L? fces may
be obt ai Pf%ﬁ’i‘% Precontnieg e rasb DNAe 8.3 pgumemnre ippreferably; uselhoFor- f el | ne ‘

2?”eggns) pl ant, Wﬁ@n&ygﬁge&? aﬁg'hdgéf%el Lo troRaaatiso ¢ e%&!res known

in thes apbmmomgmmwaauyenmcmwm&mw s

Labor at o V%&mmwld 15 Sprl ng_ Har bor Laboratory ress Col d

Spri ng W Brcoyey period befars cultasing uBtervondjtios tor act i cal

ﬁ)lplrz o?&hb g@gm@&%g%%ﬂdbytﬂém%kmxml ghine, 53 METHCDS FOR USE OF
| ..

In experiments utilizing site-specific recombination or endonuclease
B cleavage of the vector, expression of the SSR or the endonuclease, or combinations of an
K 10 SSR and an endonuclease or two SSRs, is induced either before preparation of

electrocompetent cells, during the recovery period after electroporation, or during culture to
identify the selectable marker.

Optimally the phenotypic change is resistance to an antibiotic and the cells
are cultured on plates that contain the comresponding antibiatic. - In this case, the antibiotic

15 resistant colonies that appear after overnight culture will predommantly contain the desired
subcloning product.

In another embodiment, DNA is delivered into the host cell by transduction
of DNA that bas been packaged into a phage particle. P1 or A transduction and packaging
protocols are known in the art. A packaging extracts are available commercially (e.g., from

20 Promega, Madison, WI),

5.32 GONUCLEO

The oligonucleoﬁde homology arms, primers, and adapter oligonucleotides
25 used in conjunction with the methods of the invcmiog are often oligonucleotides ranging
from 10 to about 100 nucleotides in length. In specific aspects, an oligonucleotide is 10
nucleotides, 15 nucleotides, 20 nucleotides, 50 nucleotides, or 100 mucleotides jn lexgth, or
up to 200 nucleotides in length. In the preferred embodiment, the oligonucleotide is
approximately 99 nucleotides in length.
30
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5.3.1 I NTRCDU | oN OF DNA | NTO HOST CELLS 20 Any net hod known in the art for
delivering a DNA preparation conprising the target) DNA into a host cell is
sui.table for use with the nethods described above.—’Such nethods are known
.in the akjog)ghkcl ude, but are not limted to electroporation of cells,
preparing conpetent cells with cal ciumor rubidi um chl or PEEEPé/@SssdUCt | On
of DNA with target DNA packaged in viral particles. For eukkryotic cells,
nmet hods i nclude but are not 25 limted to el ectroportation, transfection
wi th cal ci um phosphate precipitation of DNA, and viral packaging. In a
preferred enbodi nent. electroporation is used. Cells containing RecELT or
Reda/ J1 proteins art8eRiciceldesingy bammthesiesd usimgpey eretholidinowh @Cihe@Ror ati on by

st andard L, Rdgard Kbk .al . rr.ent..Protocqgls in Ml ecul ar
Bi ol ogy, gr%teer}e‘ Pli;%??shl ngﬁéAcshsom toggnoéw, FIeysters dPY3PERNA  New Yor k) .
Prefer ablwma%m thmmmtseﬁr&ganmsamrw D%wﬁwe%;sg ctro-conpet ent

cells is =Eg I@r el.ectroporation by standard - procedures.
In _experiérégj"l S ﬁ?ﬂl”‘F‘é‘qui re the transfornmation of a l.inear or circular '
vector$ 0.3 g or ARbHgdabcléide 9f dd sl fhlY ;used. In experinents that

require the transformation.of a %repa?%éﬁ"%‘r‘ﬂﬁf’ﬂl“ﬂ thee target DNA,

0.3 pg oPMW@“ﬂW@E@?@B&WeﬁE&mMrMiQWQ? nts,- the
DNAS are‘gg@fa?rag{ab&cgwﬁ befare el ectroporation. Aft electrfgaration, the
cells are plrngelra y arlt 17T (e avaze somumsavialivievailabla fimieBickercign -
appr oxi neippligd Biosysens, del. fAwaip) ' .e cul turing under
condi tions O?HJ%E ti feﬁ’ej&he p_hen%gﬁ%%ﬁgébgg%%{?éégﬁﬁw sel ect abl e
,..\_}mar ker géﬂgﬁ.“ 'S%H pkSteimiet /{1088, MucleAsipeRed, 116, 33ORNbI nat i on or
Jendonuagl greg] DANREE, . expr.essi on, of the SSR or the
endonuclease,pﬁgr conbll%gﬁcic%ﬁts‘a%%p%%ggh coptrelicdneirglassse or two
SSRs, i sPRHRIEKsIPpasts ($rzin ehef, 4PER, Proe e ALASE US| £ Cd9 P51, cel | s,

during the recover‘%‘@ﬁr!i‘og ‘%Iter el ectroporation, of during Fture to
i dentify the sel eCtabpe © IBHT CHRMIA A% optimadified bases prvileditkat  €Si St ance

to an antbiotiicetundiots it bicfe wititodiiufl- Al 0,1 AL _conain the
correspond(hg%.anti biotic., In T hi s Jgg{s ot euon%‘ﬁg'ﬁ’f’o Prexpmple, spch ant

gol Qn;\sm? &gbuéw_mgp%bm@mﬁghfdhmdkﬂmrﬂ?hﬂl 5—?&)’%@&1}3? : y con'aa! nt the
esi resl s.gu él, 34 n.anot her epbodi nent, 1S delivered into
the host_cell by tr%ﬁ‘%ﬁg’%’h@“ﬁﬁﬂ&% agehideytesing, packaged i nto a phage
par 1 ol G Cromotbyditiy g et ariobgABA by B3 85 0kse ¢ Knove [ the
art. A Uy tragﬂ}z@il re_ayai | able commerclally (e.g”, from 20
Pr omega. > TR R el Gl L e DEslactosylquoosioe, nosing
Né-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methylguanine, 3-methylcytosine, S-methylcytosine, N6-adenine
| 20 7-methylguapiqe, J-methylaminomethyluracil, 3-methoxyaminomethyl.2-thiouracil, beta--
) D-mannosylqueosine, 5 ‘-methoxycarboxymethyluracil, S-methoxyuracil, 2-methylthio-N6-
1sopentenyladenine, uracil-5-oxyacetic acid (v), pseudouracil, queosine, 2—thiocytosii:e,
5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil

-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid (v), S-methyl-2-thiouracil, 3-(3-amino-3-N-2-
25 carboxypropyl) uracil, and 2,6-diaminopurine, -

An oligonucleotide may comprise at least one modified phosphate backbone,
provided that such modification does not interfere with homologous recombination. Such
modification may include, but is not limited to, a phosphorothioats, a phosphorodithicate, a
Phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a methylphosphonate, an

30 alkyl phosphotriester, and a formacetal or analog thercof.. '
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The ol i gonucl eoti de homol ogy arms, prlners and adapt er O|IgOﬂUC|€OgI§E§ ZN
25 used in conjunctlon With, the nethods of the inwvgntion are often

ol i gonucl eotides ranging from 10 to about 100 nucledotides in length In
speci fi cvwopecizgg an ol i gonucleotide is 10 nucleotides, 15 nucl eotides, 20
nucl eoti des, - 50 nucl eotides, or 100 nucl eotides in | engt FCT&P00/0§533 0 200
nucl eotides in length. In the preferred enbodi nent, the oligonucleotide is
approximately 90 nucleotides in length 30 -46 9 FEB 2 WD 01/ 04288

PCT/ EPOO/ 06533 A i gonucl eoti des may be synt hesi zed usi ng any nmet hod known

in the art (GM’DWram dite chem stry on an Applied

Bi osystens 392/ 394 ). Further, reagents for synthesis may

be obt ai ned from a'ﬁl;emlpen@iscw ol i gonucl.eoti de or
Bl PN sl

derivati yg, {9 us&ﬁ ‘Sﬁﬁ onj unct i on W't Yorwith,y ent i on
may be synt SIZ% yed sequrser foom mmte@,zeﬁdsueﬁn@ apohopie of an -

aut omat edr EDNAdBRIIE S (esg&g, co cially availa I e fromBi as
Appl i ed Bi.osyst efr&éﬂ etﬁg&;‘m M&?ﬂ?ﬁ be usedag| eot i des
may be Wﬁé%?@%d I?cm‘:diaftdmmfubs{.seaf@g,:ﬁ{m % £ Igg’élpp ci ds Res.

16, 3209)51m&.Q; ate ol i onucl eot i des can by use of
cont rol I%(;Ic po;ge gl ass @ﬁ%\g p‘éﬂﬂ Wbmndoﬂm&plyﬁfeaﬁe) Nat '
Acad. Sc nye ICACldaEmplm%bJ@-ﬂﬁed E{“I iggotl% {9 m conpri Se at

| east ong. interfere

with hormléolgsj‘ﬁlgtﬁgigﬁ%eaﬁbﬁpl{eg‘\# Clifﬁg fﬁ%ﬁ%@mﬁ%lﬂ%&ﬁ@émﬁ?{

| ud k. gaU ! 3 l
i ncl ude, (s ).gQUSs. F&EmNdI‘J%%gﬁb@&éaB cﬁ&@%h!%@@eﬁg@éé&%ﬂﬁg& osi ne,

.5-chl 4 5-iodouracil
J54car g‘%%‘ﬂ?ﬁ" §R¢e§ﬂyvﬁﬂﬁéc7dsz-ms&mh@xywh 9%1@%@%! (# é %2 ouri di ae,
5-car bom}}g}yl ggg ml&)‘%zﬁ%gb) 1d| hydrouraCI I eta-D-ga g %rl gueosi ne,

I nosi ne, N6- |sopé enyta rnet ylguanlnc 1- et hyl i nosi ne,
2, 2-di net hyl guani ne, 2-net hyl adeni ne, 2-net hyl guani ne, 3-nethyl cyt osi ne,

5- et hyl cyt nsi ne, " N6- adeni ne, 20 7-net hyl guani ne, 5-nethyl am nontt

yI uracil, 5net hoxyam' nonet hyl - 2-t hiouracil, beta- D mannosyl queosi ne,

- met h8xyc N Laci 2_met hyl t hi 0- N6-
| Sopeg; rrtenyl adeni ne uraC|Aff‘?“w%%“s‘iI t éiéb ,§(v) pscndourael [, queosi ne,
2-t hi gcyt osi ne, Tee gﬁ&,jggg a%a aCI I 2-thiouracil, 4-thiouracil,
S-nethyluracil, uracil- -oxy Pﬁ%t@mﬂumﬁsﬁ oxyacct ic

aci d ( v$iaemoserer mphiter varinus infectiohs, c@ndiu%n@ \is28ses; dldlisorders associated with

the presence of a foreign DNA or variant DNA, or monitor the treatment thereof. For

example, as described in Section 5.4. I, below, the methods may be used to detect, prognose,

diagnose, or monitor various infections and diseases, such as diseases associated with a vira]
infection, a bacterial infection, or infection bya protozoan, parasite, or other known
pathogen. As described in Section § 4.2, below, the methods can also be used to detect,
prognose, diagnose, or monitor various mfecuons, conditions, diseases, and disorders
associated with the presence of variant DNA, suchas a genetic mutanun or a single

nucleotide polymorphism (SNP). Methods for such diagnostic purposes are described in

25
detail hereinbelow.

54.1 CTION OF FOREIGN DNA

The methods of the invention described hereinabove can be used to detect
foreign DN
. en A,suchasavxralorbactcnaIDNA,stcmmmgﬁ-omcxpomtoapalhogen,ma
paticnt exposed to the pathogen. The patient may or may not exhibit the symptoms of
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25 carboxypropyl) uracil, and 2, 6-di am nopurine. An oli gonucl eot’ d% ff;%@/ 2004
conprise at | east one modi fied phosphate backbone, . provided that such

nodi fi cati on does not interfere wi th honol ogous reg;bnbl nati on. Such

nodi fication na nclude, but is not limted to, a phosphorothioate, a
phosphor o8P PHPE gﬁc a phosphor ani dot hi oate, a phosphor aniciatmo/nesss
phosphordi anj i date, a nethyl phospbonate, an 30 al kyl phosphotriester, and
a forraacetal or analog thereof.;-47 WD 01/04288 5.3.3 DNA AWPLI FI CATI ON
The pol ynerasc chain reaction (PCR) is optionally used in connection with
the invention to anplify a desired sequence froma source (e.g., a tissue

iﬁ%eseéﬂﬂﬁ“‘ﬁ?‘ﬁ%* e pete o %ﬁu‘bk%%‘*ﬂ?e%#’%%f %ﬁeﬁfﬁf@%‘ out. by
ggley?rfer gs;o&moméhgmwb&iﬁiid of e’myase) The nucl ei (r:rrgilt gbl ©
NA m&aﬂ?

tenplate to be.anpli infeetian. cDNA or

genom c [}Mmblbgmraﬁym Aénce RbQclBER A Fokdi known in
t he :ﬁg%?gnt Nos. o4%;83 202&%?%8?}{%%%%1
oyl | oot P ‘al?w%ﬂe NA eag timuce intresuced inpocandE. @diihostidelBthat explessed §52- 7656;

G ot SR S i b bt et e 24

present i¥eetions. hrabom:y lnen akerdative cbodieient, RESA6Y oligodhdEUiBSTan B MONI tOF

vari ous |d1f LCt. ons ondi tions, di seases and di sgorders assoclated with the
presence 6T Exedcgmp SFaueRse %m?omtoervemnmum:mamm t her eof

F exanpl &eqt&ﬁcedﬁﬁﬁ[dgb&(iohﬁhf‘é&%m be used to
Jdetect, progno 2 diagnose, nonrtor v rl%ﬁé_&)& H%‘p%ﬁdﬂg%ases, such

as di sthods aBoyeoSat tvmlisowt:lqondekscanbéamdm;zrﬁ d@aﬁ:ﬂ'eét,acbgéu&i-mi on, or

I nfectio te, t her _known at hogen. As descri bed

in Secti ?’ g 251@,%8%&3 M‘:ﬂ{i °é1%°6“5@%@g“§ ecReda/flir ognose,

di agnoseprmnhm:amfmed\mmwd%ﬂﬁﬁ&ta&ad W*I%ﬂf‘éﬁagﬁéﬁeéﬁg’é t
netic

di sorder% ﬁsssogmat ed with the presence of wvari ant
nut at i on -6 eetive modis, gsidesambedipSectivh tShioatevd, and @flctharli agnost i ¢

pur poses redisesefleed dak 36 a.ndilﬁe& Fdr Waﬂ&e&% insert of the appropriate size.

15 The target DNA can be isolated from a patient or subject’s biological sample,
such as, but not lintited to, whole blood, plasma, serum, skin, saliva, urige, lymph fluid,
cells obtained from biopsy aspirate, tissue culture cells, media, or non-biological samples
such as food, water, or other material. Methods for preparation of DNA from such sources
are well known to those of skill in the art (see, e.g-, Current Protocols in Molecular Biology

20 series of laboratory technique manuals, 1987-1994 Current Protocols, 1994-1997 John
Wiley and Sons, Inc.). : :

In one embodiment, for cxample, where it is desired to detect or diagnosc a
viral infection or disease, the h.omology arms can comprise DNA sequences homologous to
DNA scquences of known viral DNA. The methods can be used to detect and isolate viral

25 DNA either as a viral DNA strand, or a DNA replicative intermediate of a DNA or an RNA
virus.

In one embodiment, for example, DNA genomes or replicative intermediates
of DNA viruses may be directly targeted using homology arm sequences designed to be
homologous to viral sequences of such DNA viruses including, but not limited to, hepatitis

30 type B virus, parvoviruses, such as a&eno—associatcd vifus and cytomegalovirus,
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SA.1 DE CrlION OF FORE| GN DNA The nethods of the invention described -
her ei nabove can be usedl § o detect 30 foreign DNA, ch as a viral or
bacterial DNA, stenm ng from exposure to a pathogér/ in a patient ,exposed
to the pa¥®oyenss The patient nay or nay-not exhibit the s toms of -48 9
FEB 2004 WD 01/ 04288 PCT/ EP00/ 06533 infection by the pat Hé ROMH653he
presence of a disease or disorder associated by the presence of the.

pat hogen. I n one enbodi nent, for exanple, a target DNA sanpl e can be
prepared fromthe DNA froma patient having or suspected of having such a
di sease_or infection. Honology arns having sequence honology to a foreign

t ar get . PHIXERIHCH S1desingnidlomandns, Jwipnnd eiguses, i S0P %&aﬁc%en be
i ntrodugggel QiR ri]ﬁ%escal I] host cel | that expresses a bacterra
recor nbi nase  and 't eis %Wﬂ@SV&tMR&plmn @ISVLITR, an@t hods

descri tﬁ!kteiﬁ%ﬁﬂ@aﬁdpagmg al.t.ernatj ve enbodi nent, adapt or
ol i gonucl eoti des can be em%;sh&e‘%hggﬁﬁ??lg( ﬂﬂﬂgt"a@‘éﬂmm Imonol ogous to

a vect @%Q@h@ﬁmﬂ&e@ﬁwﬁeiﬂﬂﬂmém o.the foreign target
DNA,SQrd'“g,nt d@descri ed in detail in Section %Ht%“ﬂmﬁamﬂ%h |
adapt or FFSB aBicrg %mwmmmmmwet her with

t he samﬁgng\{am DNA, an tol| host cell that expresses
RecE/ T or Reda/fi, n&&gggaé%g&b WF%S&%@H%BN&WQ,MW bt nobat al r eady

conpr i Yimiteddo bamBhiimantodeRtimy Wik pe! f!ﬁf‘?- t hen. grown, in sel ective
medi a, asgfl ribed in Section 5.1 2@%\; , a;?gh;mgf’? Raqdeficigagwyiruse| ect i on

be VA ¢ JpumaeT-seld byemptwtroicaius BRT(HI 1 i ze. 15
. '(I:'ﬁg t:fyﬁ%hogélﬁic Mﬁﬁ&d@ro% a pamgt orvggg?ﬂgw E%#lgglslcgf
)Saml)ll!/eg’h suc a(s\‘fmﬁu rié dnagothanembodituentrlin riarsdeteqandRol ki N,
| Ao dr i - ed i A Bolat
sal 1¥ athe genomic WM&HW?}I%%EMHE é orn,_ biopsy aspirate, tissue

cul ture cells, nedia, or non- e ENA wat er, or

Riermediate, RYA i \
ot her A memwmﬁ%%mggﬂfmces are wel |l

known ﬁ%gﬂﬁxfs of skill j.n the art (see, e. BPEE| n
Mol ecul ar- Bi oF 599230 2<8rding tamethadswell kngwn Bothe atUSudHDNA 2opikd Ry 1994

Cur r ertle used hoged z W and Sons, Inc.). In one

enbodi ment, for f?fn‘gﬁé, é‘lrw]éﬁl%leq °gggﬁWbﬁé&ﬂu)snmﬁa§nose a viral

i nf ecﬁ%ﬁl%w,mmsmnm iR el rise A. seguences :
horgal gg%agio. DNA seguences of k?own viral Wpf’ﬁg%o can be used to

detéct art a1 oo W@mmﬂ%m]vﬁﬁbd%ﬁ?g@&ﬂmt or a DNA
repl i aRhéls) dngt ' A or an, RNA Y I n one enbodi nent, for
Bfths 16D Aol SREBA A8 il rbovinses, Ak

exanpl e, DNA genones  or iHiafyps A virus.
In another preferred embodiment, where it is desired to diagnose or detect
bacterial infections, the homology arms can comprise DNA sequences homologous to DNA
sequences of known bacteria. For cxample,

in one embodiment, such homolegy arm DNA

} 20 sequences may be homologous to cDNA or genomic DNA of a pathogenic bacteria

including, but not limited to, Streptococcus pyagenes, Streptococcus pneumoniae, Neisseria

gonarrhoea, Neisseria meningitidis, Corynebacterium diphtheriae, Clostridium bortulinum, -
¥

Clostridium perfringens, Clostridium tetani, Haemaphilus influenzae, Klebsiella
pnewmoniae, Klebsiella ozaenae, Klebsiella rhinoscleromotis,

‘ ' Staphylococcus aureus,
25 Vibrio cholerae, Escherichia coli,

Pseudomonas aeruginosa, Campylobacter (V ibrio) fetus,
Campylobacter jejuni, Aeromonas kydrophila, Bacillus cereus, Edwardsiella tarda

ersinta enterocolitica, Yersinia pestis, Yersinia Ppseudotuberculosis, Shigella dysenterige

Shigella flexneri, Shigella Sonnel, Salmonella typhimurium, Trepanema pallidum

Treponema
2P0 pertenue, Treponema carateneum, Borrelia vincentii, Borrelia burgdorferi,

30 Leprospira icterohemorrhagiae, Mycobacterium tuberculosis, Toxoplasma gondii
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of DNA viruses may be directly tar eted usi h | g ng onb ogy armseque’r::%ezsm
desi gned to be honol ogous to viral sequences of such DNA viruses including,
but. not* limted to, hepatitis 30 type B virus, parvoviruses, such as
adeno- as?gﬁ@@@g% virus and cytonegal ovirus, -49 9 FEB 2001 WD 01/ 04288
PCT/ EPOO apovavi ruses such as papilloma virus, poPCBmRIVEGSEEES, and
Sv40, adenoviruses, herpes viruses such Epstein-Barr virus. and poxviruses
such as i | , var o a (smallpox) and vaccinia virus. |In another enbodinent,
the replicative internmediates of retroviral RNA viruses that replicate 5

t hr ough g DNA i nternedi ate may be directly targeted using honol ogy ann

sequenceS™HIGHWE gorini, b"é’amﬂd! aéprersisi Brucéllaadbomes) Brrelhssu Bewally RNA Vi ruses,
(HIV-1),

i ncl udi ngeldhsin man | n d ficiency virus type |
human i m*rﬁnodef’g? g’cy vt ds'c prreyaze ia (n{sugummehicGhipmydigphot r opi ¢

Vi rus tyse.aed Helisvbaytempydoriunan T- cel | Iyrrphotropl c virus type Il
(I'TLV-11). I n another nbo igent, in order to detect and isolate 10 the

genom c or repli cdf tafuch @mﬂmrmm&mhenmap}b@ate through an
RNA 81 riRgicléus Ri\a)mxbrEé‘noh&é)bﬁhf‘o‘% Phiflo ré;’“‘[%zﬁﬁl i nt o tch,cr)llo%/hgf Lhe

RNA using reverse transcriptase acco JL

Such ¢ %ﬁné@mwwmwm@wwmwmm A}%Mﬁ%@ce of RNA

vi ruses enza meas es, virus, rabies virus endai virus,
pi comavi r uses sucﬁaf o/ por Y %‘éf"f’{“i"g““ﬁ’
In another preferred embodiment, where it is desired to diagnose or detect

protozoal infections, the homology arms can comprise DNA sequences homologous to

) 10 DNA scquences of known protozoan. For example, such homology arm DNA sequences
may be homologaus to cDNA or genomic DNA of any known protozoan. Especially
interesting are pathogenic protozoans such as Entomoeba histobtica, Trichomonas tenas,
Trichomonas hom:ms, Trichomonas vaginalis, Trypanasoma gambiense, Trjpanasama
rhodesrense, Trypanosoma cruzi, Leishmania donovani, Leishmania ropica, Leishmania

15 bmz:hen.m, Preumocystis pnewmonia, Plasmodium vivax, Plasmodium falciparum, and
Plasmodium malaria. '

In yet another preferred embodiment, where it is desired to diagnose or

detect parasitic infections, the homology arms can comprise DNA sequences homologous to
DNA sequences of known parasite. For example, such homology arm DNA sequences may

20 be homologous to cDNA or genomic DNA of any known parasite including, such as

} Helminths including, Enterobius vermicularis, Trichuris trichiura, Ascaris lumbricoides,

Trichinella spiralis, Strongyloides stercoralis, Schistosoma Japonicum, Schistosoma
mansoni, Schistosoma haematobium, and hookworms,

25 54.2 E TION POLYM
ORPHIS
CELLULAR DNA

The methods of the invention can also be used to isolate and detect genetic
disorders in a patient’s sample, and to prognosc, diagnose, or monitor various conditions,
diseases, and disorders associated with the presence of variant DNA, such as a genetic
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15 cn r}d~ bi 7 r uoviruses, reoviruses, togaVIruses such as rubel l'a Vi rus
(Germr, neasles) and Sen1|k| forest virus, arboviyuscs, and hepatitis
type. A I n another preferred enbodi nent, where it i-g desired to di agnose, or
detect ambefiaksi nfections, the honnlogy arnms can conpri se DNA sequences
honol ogous to DNA sequences of known bacteria. For exanpPETEPA/BG583

enbodi nent, such honol ogy arm DNA 20 sequences may be honol ogous to cDNA
or genom c DNA of a pathogenic bacteria including, but not limted to,

St rept ococcus pyogenes, Streptococcus‘pneunnniae Nei sseria gonorrhoea,

Nei sseria_nenin |t|d| S, nebact eri um di pht heri ae, C ostridi um botulinum
Clostridiu ﬁ ‘h%“c@ mrulmmésm;qsw&mwmwus gerighié uenzae,

Kl ebsi el | @spositie Hm}m E@B%! 9! enae, Klebsiella rh| noscl eranoti s,

St aphyl ococcus aureus, pﬁ‘? Il e, Escherichia soI i, Pseudonobnas

aer ugi nosa, Canpyl hbm;tembo@ﬁcht; f@bxzﬁﬁ;; g&%g,’c Aer ononas
hydr ophi I arda, ersini gﬁé’gmgp&‘bl Itica,

Ed d I I
Yersinia pesos%‘t#%f’cere‘g gﬂﬂ&%%ﬂp&e@dmmw

Shi gel Pafdisexseasr disordes. I8 b pREGRAS hi, muri um '
Treponerrasgqal | i dum  Treponena perre, Qs#léﬁétﬁ%}iﬁmgmrel i a
vi ncenri i %ﬁ@m@mgam@;g@eoﬁmw }?FEB 2004@%9% 01/ 04288

o] o) SR P Flelted e sk Rl 3 ”%@%swpam@@mnwmcel 2
abort us, rﬁombmhsmﬁluaﬁ{ecmw&ﬁed Iﬁgg%{? Ib@r?ﬁ%?rpémm ckettsia
ia spp

provvazek Ricketfsia tsutsugurmshl Rt er
_pylori. ﬁ?hﬁﬁ ﬁri“ Adaptor oligonacleodRicandwdengry My be

)horml d0 ot %&g at hogeni c fung| i nc d| ng, but not
limted to m&%cm di 0| des 1 mm ‘%,&5"55‘5 ‘f"gg" @sque@ndu da
al bi cans® "B’IMW@EBM&I@W@S&M@ ﬂ@\%ﬁn

ere it is

Hi st opl a s r preferred errbodl ment

desi red ?%Bd&gg'hose orsaé’gtf %wammdwmm;mw arnms can

conpri s@lﬁhﬂosﬂmfe&,&oﬁtﬂi@hﬁﬂmﬁl ggg%ﬁgwﬁi known protozoan.
equerices” nay

For exa | ogy ar m DNA BTYBEESt 0 cDNA or
genomi c%@%ﬁ%ﬁgﬁW%QWM|mmmw Iy} siyasTide i € pat hogeni ¢
pr ot ommq&m if%’é‘&ﬁga Tri,chonwnas tgz?;. 7;éicrzrgormnas

hom ni s, Tr| chormnas vagi nal1s,
used. Cells arc thea grown in selective media, e described in Section 5.1 above, and

cells that resist selection can be analyzed for the presence of an insért of the appropriate -
size. DNA can then be analyzed for the presence of a mutation or DNA vériation of interest
by restriction analysis or sequencing techniques well known in the art (see, e.g., Currmt

20 Protocols in Molecular Biology series of laboratory technique manuals, 1987-1994 Current
Protocols, 1994-1997 John Wiley and Sons, Inc.).

In an alternative embodiment, the homology arm-or adaptor oligonucleotide
may contain the sequence of the genetic mutation or DNA polymorphism of interest. In this
embodiment, recombination will only occur if the sample DNA contains the mutation, - This

25 may be useful for diagnostic screening of a large number of samples for a particular
mutation or DNA polymorphism, since only cells containing a particular mutation will be
resistant to selection.

The target DNA may be obtained from any DNA sample, such as genomic

DNA, cDNA, or mitochondrial DNA. In ope embodiment; for example, the target DNA can
30 be a region of a human chromosome, In another embodiment, the target DNA'is present in
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rhodesi ense, Trypanosoma cruzi, Leishmania donovani, Leishmania troplca

Lei shmani a 15 braziliensis, Pneunocystis_pneunoni a, Pl asnodi um vi vax,
Pl-asnmodi um f al ci parum -and Pl asnodl um el aria. | n-yet another preferred
.enbodine§i where it is desired to diagnose or detect parasitic

i nfecti oR Y4428 0mol ogy arms can conprise DNA sequencesPEDEBOMASIE to DNA
sequences of known parasite- F plc, such honol ogy arm DNA sequences 20 be
honol ogous to cDNA or genom ¢ DNA of any known parasite including, such as
Hel m nt hs including, Enterobins vermcularis, Trichuris trichiura, Ascaris
| unbricoides, Trichinella spiralis Strongylordes stercoralis, Schistosoma

58 Ef?m"&ﬁa?%"éww’% 7EpaRn SATRINR SARNARIRRMBIRPE, o0k 20

t he i nvent4 W@&W%Jmnbmmmmm&s@ﬂmsm@@pr ders in a

patient's ose npnj t or var| ous conditio

di seases, Dﬁﬁ |soﬁ§ﬂr&sﬂ%'§s§% &h“’t‘ﬁ@g Brlé%%% whele Bleed, DNA, such

as a genewlasmaBEhru:E,]skiﬁ,miEEIﬂnaE)Q on or a
mim'as wel |l as to. #;?WB%%‘

tic SItIOI’l

si ngl e .nucl eo ynor phj sm (S
for de?el‘ﬂ'bf"ﬁ Ef)‘g'éa‘gé'&b Mﬂ@iﬁmmmmmrmﬁqnfmmExarrpl e,

t ar get Dl\jﬁe@ aﬁﬁg Iatedf .sa Iefroma
pati ent having or suspectggﬁaf avi ng sucﬁmé"‘a glgll(yp i sorder.

In a pr efm@wegmmwmwbmmmmy&h%ﬂmﬂgmﬁﬂﬁ ha sequence
honol ogo nterest or genom<C region of interest

u I ar gene of
can be d@“&%&g”gﬂdb%f °&Hla: %ﬂ%d&@ewﬂm%n&@&);oll host cel |
~that expresses a bNGi-fk nd/ or, .Red4. The
kanpl DNA can then be .ﬁﬁ’ roduced nto W %@éS@?Mﬁsﬁﬁméfter native
enboditffe mcthoddagiude rmwmmﬂmamm&mw@wcw ng a first
sequence gl .and .a_second sequence honol ogous
e M bl ool R on Pl S Sivoss, ey ebchvpas

to the DNA of the targe in detail.
Secti on Sickle cclhhmm hemophilfy; aderoschcho rrh%&gqamm g 9,;‘{)
ect, together with the

ol i gonucl| eot i de E E sed elther to co-trans
sanpl e c"é’rfmg %WFHWMEMM&M@M& contains the

vect or m&mamﬁr@atowggmlsw suchas hBficifteP §lisease, Packinson’s disease,

15 amyotrophic lateral sclerosis, Hmwon's discase, Wilson’s discase, spinal cercbellar -
ataxia, Friedreich’s ataxia and other ataxias, prion diseases including Creutzfeldt-Jakob
disease, dentatorubral pallidoluysian atrophy, spohgiform encephalopathies, myotonié
dystrophy, depression, schizophrenia, and cpilepsy. Hereditary diseases may also include
metabolic disesses such as, for example, hypoglycemia or phenylketomria. Cardiovascular

20 discases and conditions are also included, non-limiting examples of which include
atherosclerosis, myocandial infarction, and high blood pressure, The invention can further

be used for detection and diagnosis of Lyme disease, tuberculosis, and sexﬁally transmitted
diseases.

In another cmbodiment, the homologous mombinaﬁen cloning methods of -
25 the invention can be used for determining the genetic basis of & disease or disorder. For
example, target DNA can be isolated from 2 sample of a paticat or patients afflicted with a
disorder whose genetic basis is not known. In one embodiment, the cloning methods could
be used to isolate a region of a chromosome known or suspected to be implicated in such a
disease or disorder, from a group of patients known or suspected of having such a disorder.
30 The recovered DNA can then be isolated and analyzed further for the presence of genetic

-53-



=9 FEB 200

15 met hods for honol ogous reconbi nati on cloning described in detail in
Section: 5;1, above; be'wused. Cells arc then grown-{n selective nedia, as
described in Section 5.-% above, an cells that resist selection can _be

anal yzed H@forjolpggpr esence of an insert of the appropriate size. DNA can
then be analyzed for the presence oa nutation or DNA vari BCT/@Poogissiznt er est
by restriction analysis or sequencing techniques well known in the an (see,
e.g., Current 20 Protocols in Ml ecular Biology series of |aboratory

t echni que manual s, 1987.1994 C Protocols, 1994-1997 John WIley and Sons,

Inc.) I'n an.a nati ve .enbodi,nent, the honol ogy arm or adaptor

ol i gonucl eot | (?é?&rﬁgr"é%?h‘%%‘@éﬁwmﬁkgcwhethgert%ﬂmpﬁug&&iﬁamor DNA
pol ynor phissDN&, such e fee@ittion fhoinbd i ment, reconpination will only
occur if'th@ésa | e DNA_c?;lnt g%%q?ﬁ%%&%@?ﬁ%@ﬁﬂﬂﬁwbe useful for
di agnost | #caRAYes 5.8, Nikiiayov etialitlaS. Ratensi, 679, S isched QL1 g Ut ati On of
DNA pol yme%ﬁ@afil’@ﬁfmﬂﬁ%ﬁ CQEJ%&T&S aining a particular’ mitation will be
Si stan';5 tgﬁ%elﬁect 1 dn. e raryet. Decsombnifi 1998pGoaays A sanpl e,
such ag gbab publicaihiWOSSNAG0 TdatediM#q J g | e. enbadi nent, for
exanpl e, W,*ﬁgeu% n 34 be a '(r)l'ggls’og)o eadﬁdﬁgﬁ ERG RS- | n

~anot her ehbéy i aly s»ﬁgﬁlgéplmgsgaégmmﬂd5m&@é&,gﬁg,_wo 01/ 04298
PCT/ EPOO/ Bi6486560Psskix@{ ks RO s e. o ulation of genom c DNAs
derived froma plurali %@%%@%&opﬁﬂggﬁe a ef gk, lﬁgﬁmcdﬂmhubj ects
af f 1 i ct e At IF-2479726-EP6 kirShubes erade1997 30k, ML, Gh, 6.5 @apiulgg' bt ai ned from
a bi ol 0gi@8¥ Res%’éﬁ%ﬁf— .btquot limted to, ol e brood,” plasm,
serum_skin, saltvaurrng: H‘Wgﬁ' p 1796, Natune|Gengh 0:34h342;iDayamdi opsy

Yaspi raiﬂe,Hmmmlmwfmoﬂﬁbjm:mgfg , or non-biol ogi cal sanples such as
food, water, or other material . Methods for preparation of DNA from such

sources are well Wm@ssfmmommmmmﬁm@d&m%”em

Pr ot ocol arthritisMuofigdd, ¥cefh ' of l.aboratory technique nmhuals,
1987-1994 Current Prot oco?‘?, El?ﬁdfgﬁmﬁ%ﬂﬂ‘wmmmhm.m

Non- | i mi B¢ 'memmagggmﬁgqﬂ% ed using this
10 met hofpdsiebisl enibtaki o nd SNPs associated with suc reditary

di seases as Brca-1 assoCI at Ba Auf FRrepachordamn; engiosaptostzj ons i npl i cated in

cyst i &5 f ¢ndptheliosarcamy, IBapiangioiaiems g ' .l anem a, henophilia,

at her osc&gogﬁh%g abg{ es,gll eukg% ’é’f“’%‘r’%ﬁ”}ﬂgﬁ‘?‘éﬁﬁ&% OVighcers, and
obési ty.  Such. ' Wﬁ'mmmwebnhm non

degener gpanvreatieeidiicet, Medabtdhnct), SRARR SanSd G Al zhei ncr' s di sease, Parkinson's
dis 15 qg%agt rophi.c |ater alcg%égl erost s,” F FCEh Stuagousel carcippng,on’ s |

di sease adenpgarcinormysveeat ghind @ekciio! Ak, Scbdcdid Hlardd bfigr ataxias,
pri on- dipsgmegatcliohid PaBflay s3tlobt Ghiltas) SK0D. - ocarcin bl
20 carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoms, bile duct mir;oma.'
choriocarcinoma, scminoma, embryonal carcinoma, Wilms' tumnor, ocfvical cancer
testicular tumor, ,

- lung carcinoma, small cell lung carcinoma, bladder carcinomsa, epithelial
carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
pincaloma, hemangioblastoma, acqustic ncwroma, oligoden&roglioma. meningioma,

25 melanoma, neuroblastoma, retinoblastoma; leukemias, e.g., acute lymphocytic leukemia and
acute myelocytic leukemia (myeloblasﬁc, promyelocytic, myelomonoeytic, monocytic and
erythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) leukemia and
chranic lymphocytic leukemia); and polycythemia vera, lymphoma (Hodgkin's disease agd
non-Hodgkin's disease), multiple myeloma, Waldenstrom's macroglobulinemia, and heavy

30 chain disease. The homologous recombination cloning methods can further be useful in
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di.sease, dentatorubral pallidoluysian atrophy, spongiform encephal opathics,
myotoni ¢ dystrophy, depression, schizophrenia, and epilepsy. Hereditary
di'seases may al so include netabolic diseases such—~as, for exanple,

‘hypogl ycgiy @qessgphcnyl ket onuria. Cardi ovascul ar 20 di seases and conditions
are al so included, non-limting exanples of which incl udBCT/EP#HGEISCI er oSi s,
myocardi al infarction, and high bl ood pressure. The invention can further
be used for detection and diagnosis of Lynme di sease, tuberculosis, and
sexual ly transmtted diseases. In another enbodi ment, the honol ogous
reconbi nati on cloning nethods of 25 the invention can be used for

det er i diagipsingeand dexeiting peadtic r}pf‘é&g’?m&&ﬁ%&k &ﬁgg&gﬁﬁggoﬁauggl e, target

DNA can _be isolated froma sa a patient ted with a
di sor defissapess iclydingtbut et disiitedite, imsulin depatdent diatites meakedi ﬁﬁl‘ﬂEh-. the cl oni ng
met hOdSSdc:f?‘?LdBEQ&WEiEd to.isolate a region of a chrompsonme known or
suspect’&d 15" Ypus erythematasys, Siogren'swyadwm, sdiemdenien, polymywsitis gr oup of
pat i entehrdti®XMi ' kg such a disord. 30 The recovered DNA
can then be ?@glegf%gﬁgﬁg&anal y’%@x?‘%ﬁ@’ﬁﬁw SHEROSES, genetic .53 9
FEB 30(pemiriony meas aROIMmRRAhAORRES, idispithie A dNonR Yided Ry ViRRO SR N

I »)

techniques_wel | known in the art for mapping vari at1ons ~“such as
restri CEFYAYE Y, Ceavsy disgaseymysstiieniagrads, autdinmubiiRedesatd on
t echni | kiforov. et al.., U S Patent No_ 5,679,524 issued
Cct 21‘?&{%&&@& RE: %@é@@%é&%ﬁ’dﬂ%@%ﬁ S pBgsdalgagisDecenber
30, l99atoifmeheinfetilitt] Goodpastirt's AitRideCHIl dated May 11, 1995;
- Wang et_al,, 1998, Sctl?ence 280: 5077- %W%Sﬁ%ﬁgg&@g%’s Nat ur e
" )Bi ot ec ( : cpositaiseade. 998, CGenoD1C Res. 8:549-556; Pastinen
) Hicstatiye colitisgand denssrdepositedis

et g, 1996, Cli&g gi%em rﬁé@%ﬁgﬁiol?’ 7. Chen et al., 1997, Proc. Natl. _
Acad. Sci. 94:1078BYPEIE T ngiongag methgdymapalee bietised fae isolsling37- 347;
Li u et diagnosingl 8Q¥ PR ARSitatids - - livak et 95, Nature Cenet.
9: 341- 342; Ena% and 10 Hunphri es'?“%ggﬁ%ﬁngw&ﬁ%&?gw?ﬁ?% 1368) .
Non- | i Yithidisgassx NopHlismiting examestinelidendR DNA nihtidhsC AleritBhe SShudac! ude
asth rthriti ts:i'grugsor',asi s, excemmn, allergies, drug resistance, drug
t oxi W,ﬁg#ﬁf‘wﬂ NSOTRE FInomye sequaases] arNAdmutations, akteratichisc omas  and
car ci ngifations akkd | &5%5:1: . arconp, .l i posaroma, chondrosarcona,
ost eogeni cogﬁrcowé%ﬁor on&mg‘r@%ﬁ?’_@ﬁﬁ’gﬁ’fg t hel i osar coma,
| yrhangi osar r calma préfymespe opms Giveati b Y f:2thofs oEHATHRIS rmay haye

, on

nmesot hel L%ma'. Ewi ng' s tunor, ieionyosarcoma, rhabdomyosarco

car oi HBFHEVIETEDr Bk iletions detectioncdisgnasisnpmgnoss,ax iteringof hurRii St at ©
Suea: N AMHRIRS, AR SHNATE B onE B Bt hovere e
methods described herein will be useful in isolating, detecting, diagnosing, prognosing, or
monitoring diseases of other mammals, for example, farm animals including cattle, horses,
20 sheep, goat, and pigs, household pets including cats and dogs; and plants including
agriculturally important plants and garden plants,

)

55 KITS
The invention further provides Kits that facilitate the use of the homologous
25 recombination cloning and subcloning methods described herein. In.one embodiment, a kit
is provided comprising, in one or more containers: A) a double-stranded DNA vector useful
for directed cloning and subcloning of a target DNA molecule of interest, said vector
comprising an origin of replication and two homology arms, in the following order from '
to 3' along a vector DNA strand: a first homology arm, the origin of replication and a

30 second homology arm; such that the nucleotide sequence of the first homology arm on a
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papil |l ary carcinoma, papillary adenocarci nozna d cysta s, enoudrui‘ﬁoqn'eEEB 20
gen ¢ carcinoma renllli h ,a ce

medul | ary zu cami nnt bmicho i ,
carcnonm, epatorna, bileé’duct h c oriocarcinonmlL sem noma enbr | ' , yonag
car ci non®&WWis 4288 nsunor, ccrvcal ti testicular tunor, lung carcinoma,

| ung carcinoma, bl adder carcinoma, epithelial PREYEP/96533,

smal | cell
astrocytorna, nedull obl astoma, crani opharyngi oma, ependynonma, pincal oma,

hemangi obl ast oma, acoustic neurorna, oligodendrogliorna, neningiom, 25
mel anoma, neurobl ast oma, retinobl astoma; | eukemi as, e.g., acute |ynphocytic
em a (nmyel obl astic, pronyel ocytic,

| eukem a Heiies: ocvii Gl eu
nmyel ononocyt | c?p?rglﬁocy |€h3’f?8h’gﬁ‘\‘3ttﬂ iseqyrengiofJhe firii tepmings breafistagpef Chr oni ¢

el ocyt iIINA gtradl Arices § tige/kea Bire nic.| hocyti.c | eukeni a); and
% ycy%/h 4 ver.a, Iyrrgﬁ%ercr.a ﬁdgkl ?iﬂgc .@33’&8‘%‘1%%%&%%% di sease),
%@PM&% haggelogaws to therheclontide eqbabelbf e Scand taﬂﬁhuésgme pﬁ«,& chain

urt

mul tiple
er be usef ul

di sease. lé;gﬁm 0 i nat.ion cl gni ng nmethods can
in -54 WO 01/04288 WE@S%@@W&%&%&Wt&&Wgeneuc

di f f er®needogemnislgtiontpeombinamly dipfebsiBt Redtiiiils@Ut 0f MMUNC  di seases, i ncl uding
but ot i mited g, oguliy dependent diabeles mellitus, miltiple
ning or subcloning of a
target DNA molecule in one or more containers is provided, comprising: a) a double-
stranded DNA vector useful for directed cloning and subcloning of 2 target DNA molecule
of interest, said vector comprising an origin of replication and two hoi::ology:arms,-in the
) 10 following order from 5'to 3* along a vector DNA strand: a frst homology arm, the t.:rigin of
replication and a sccond homology arm, such that the nucleotide sequence of the ﬁr-st |
homology arm on a first vector DNA strand is homologous to the scqux:nce of the first
terminus on a first target DNA strand, and the nucleotide sequence of the second homc;logy
@ on the first vector DNA strand is homologous to the nucleotide sequence of the-second.
1S termimus on the first target DNA strand; and b) a first double-stranded oligonucleotide
comprising a first oligomucleotide DNA sirand comprising, in the following order, from 3¢
to 5" a first sequence and a second sequence, said first nucleotide sequence being
homologous 1o the nucleotide sequence of the first homology arm on said vector DNA
strand, and said second nuclestide sequence being homologous to the nu;leoﬁde sequence
20 of a first terminus on a target DNA strand; ¢) a second oligonucleotide comprising a secortd
-) oligonucleotide strand comprising, in the following order, from 3' t0 5'; athixd nucleotide
sequence and a fourth nucleotide sequence, said third nucleotide sequence being
homalogous to the nucleotide sequence of the second homology arm on sz;id ve;:tor DNA -

strand and se}id fourth nuclegtide sequence being liomologous to the nucleotide sequence of
25 a second terminus on said target DNA strand; and d) a cell conta.ix-ﬁng bacterial ret:lombinase
proteins, e.g., RecE/T and/or Reda/P proteins. In a specific embodiment, the cell is an £,
coli cell. |
In another cmbodiment, a kit is provided with one or more containers
comprising: a) a double-stranded DNA vector useful for directed cloning and subcloning of
30 atargct DNA molecule of interest, said vector comprisinng an origin of replication and two
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. . . , ' rﬁﬁazum
sclerosis, system c |upus crythematosus, Sjogren's syndrone, scler&d«f o
pol ynyositis, chronic active hepatitis, mxed connective tissue disease,
primary biliary cirrhosi's, 5 pernicious anem a, autoi mmune thyroiditis,

i di opat h,g;b g)q on's disease, vitiligo, gluten sensitive enteropathy,

G aves' sease myast heni a gravi s; autoi nmune neutro |dF6’H§?WQ§533

t hrombocyt opcni a purpura, rheumatoid arthritis, cirrhosis,

penphi gus-vul garis; autoimune infertility, Goodpast ure's disease, bullous
penphi goi d, discoid |upus, wulcerative colitis, and dense deposit disease.
10 Honol ogous reconbi nati on cl oni ng nethods nmay al so be used for isolating,
di agnosi rﬁj’ olagy agas,ée thedojlavring onderfidnoSizo Yaldng natitornBNAauddataifigs, and SNPs

not asso sgase xanp] es include such DNA
nut at | ongH %Fo%g &"?1 on ng‘{}gﬁel\? ﬂga"dtaaﬁ‘f&“grh%‘°mé@htsu¥wm codi ng genonmi ¢
sequencemucleﬁudalﬂéqmé@éﬂtﬁ\ilﬁmlﬁitﬁtﬁéﬁt&rﬁﬁﬁagﬁé &tm@ aspeﬂf ﬂ}@?% ﬁgsom at ed

with different human bl ood groups erre
i nvent i o@mﬁﬁﬂ%ﬂd@@ﬁtmﬂwrﬂmgmmmd, qdithd midleatideUt i | ity in the

| at t f h DNA
Imsjfaflig(rjls, a erg%ﬁ'ﬁ&;&%ﬁ%&ﬁgﬁ@ rmnl M@%&mgomver
t hat thenuﬂnﬂﬂeda;tﬂmfﬂﬁ%c&mrtahﬁhﬁfohih:tﬁst fNAtP%dnﬁDJ&%fd,ﬁ?o glg! ecting,
0

monitoring di seaseS o

di agnosi n n05|n
exanpl e, ’g@ﬂﬁéﬁﬁﬁ GP@HFW%&!SN mmumymdmgrmﬁw gs

househol nts i agricul turall
| nportan?o%ﬁg%%ragnggh en p é’mﬂcggé ﬂfgoa\“ﬁ 3 giﬂ?‘ﬁ@ﬁ’ provi deg
kKits t hasaul ﬁtsthudimnde sdygencadeinf hblclofsused mlﬂbb‘leouaéséqﬁ&ﬁghftﬂ@ﬁ}s‘ﬁn cl oning

jand szg net hods, desc ed herein. In one enbodinent, a kit is

pr ovi ¥ TR saihvesioe DIYA #one aed srichserendsnucieptide soqueneecheintgr anded DNA
of i nt e‘ﬁﬁ‘?{"“"sﬁ?%"ﬁ"%??%"ﬁm“@ b R RURBRPER {2t DRA St (o
ool ogyseenkslomalensdt ”Wm“’hﬁfﬁ“é’é‘?f“éﬁ*‘ﬁdmﬁ%‘”% B ECN,S\DTU o
arm suc%ﬁ%%eé tﬁ%ﬁ?{}&s cfetgggﬁ'l'fi‘ﬁ@ pﬁﬂ“@ﬁ%aqdﬂ@mhmbéﬂseqmn a g%S-
9 FEB 205604 hG42ffle & Yelrg backdlopduls 36 Y GEAQ nd?%gﬁ,ﬁcc%% gmol ogous

to thg, sequence of the |rst term nu nd, and

t he nitIhosiolesy ampssadecepr PNA srenbard shid fuirthgequense latngtuaﬁmtdgbﬁstmvect or DNA
strand |&Mﬁg&|@iﬁg eot | de sgaquen f e second term nus on
the first target 30?22 H&% "'“%%‘@q‘f’g ﬁi‘g a bacterial
reconbi nase. The ﬁe#dnmﬁpccm@ﬁﬁeﬂﬁﬂﬂﬂ; MheHerge EORARIERR UL i bactiar $Rall Ne
reconbi nase

pamszte, protozoan, or pathogenic DNA. In other specific embodiments, the kit's target

DNA can comprise a genetic mutation or polymorphism known or suspected to be

20 associated with a disorder or disease. In another specific embodiment, in oligonucleotide
adaptor sequences or vector homology arms have sequence homology to BAC, PAC,

larnbda, plasmid or YAC based cloning vectors.

6. EXAMPLE: RECE/T AND RED/B CLONING AND SUBCLONING

25 The Examples presented in this section describe a number of experiments
which demonstrate the successful cloning and subcloning using the homologous
recombination methods of the invention. Different approaches to subcloning methods are
shown. Of perticular note, one example shows the successful cloning of an insert larger

than any described previously - the diréctcd subcloning of a 25 kb DNA fragment from an
30 approximately 150 kb BAC vector.
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I n anot her enbodinment, a kit useful for directed cloning or subcl™om RERRIR
target DNA nol ecule in one or nore containers is prqvided, conprising: a) a
doubl e- stranded DNA vector useful for directed cl eding and subcloning of a
target DNWOmobessl e of interest, said vector conprising an origin of
replication and two honol ogy arns,-in the 10 foll owi ng orf{S/ER0066533' to 3'
al ong a vector DNA strand: a first honology arm the origin of replication
and a second honol ogy arm such that the nucl eotide sequence of the first
honol ogy armon a first vector DNA strand is honol ogous to the sequence of
the firstg1termeivo fl get DNA strand, and the nucl eotide
sequence of the’s M on the first vector DNA strand is

honol ogoudrepmatidreoflirepidninzs Sequence of thasacond. 15 termmnic on the fl
t t ir arget DNA sgra d;_and b) a first double-stranded oligonucleotide
cornpruu: g a first W&&E@@%WMWmMWWﬁmDNm the ,follow ng

order, f ffagndntst Th | i epce and .a second sequence, said first
nucl eoti g%(";se 'honﬁgggg%e%i@gA?ﬁggﬁﬂuﬁ?@@ﬂyﬂé'%%e Aa%93)fom honol ogy
armon”s &vas pnplified Thermligingy10A 306ws R PRk ' uence being
honol ogogc%@“&t? auc eo‘@filgﬁ sequence 20 of a fldyg%gltrbtr#ﬁtué%gﬂtar et
DNA g strand: ¢ Eam'égégﬂ FYBricEbeampatibilitygrowi arigire Bed9B4bp of

f

o

ol i gonuc Fidotanphersi¢ol ¢t Ty Risistaiy %3,, Iy | | owi.ng,.Qrfer, from3 to 5 ; a

third nugé&gtjgi sequence and a ocu]#%tﬁlﬁg‘c%‘gﬁﬁgnﬂggﬁgﬁi‘& said third

nucl eot i d nce honol ogous to the nucl eotide sequence of the second

honol ogy arm on satd ok, % Siha and said fourth nucleotide sequence

- bei ng, horol ogous to_fh%ﬁtr;l%{:oﬁeotl &@58%&@“&%@&%%% nus on said

)t ar gel m&%,leammemmmmmoa@m@m [ a@é?a@%protei ns,
ICc e ,

e. 9., Regklf . L/ .proteins. In a speci odi nen e cell is
an & col i celslﬁ?l %ﬁﬁ%ﬁ%ﬁ homalogos toi the flankp pfthe theget DNA Oone or nore

cont ai nergion.c Feplobg olignucteotidesWaA I IE ; . vector ugeful for directed
cl oni ng @ rﬁ&@% oni ng. of Bgéa t ar ﬁwﬁﬁﬁq&ﬁﬁ%ﬂm@mﬁﬁgai d vector
conprising & Y hP @@b%‘@b?@?ﬂﬁﬁeeﬁﬁnﬂ@hﬁ@ﬁﬂ)&@%&@ﬂ%

PCT/ EPOGBGIHB8. The template DNA was eliminated by digesting PCR products with Dpn 1.

15 After digestion, PCR products were precipitated by ethanol and resuspended in dH,0 at 0.5
pHgful.

Preparation of competens cells
Electroporation competent cells were prepared by standard methods. Briefly,
20 overnight cultures were diluted 100 times into LB medium with appropriate antibiotics. B
coli cells were grown to an optical density of OD ¢4=0.25~0.4 and were chilled on ice for
15 min. Bacterial cells were centrifuged at 7,000 rpm for 10 min at -5°C. The bacterial call
pcllgt was resuspended in ice-cold 10% glycerol and pelleted by centrifugation at 7,000 pm
at-5°C for 10 min. After 3 times washing in ice-cold 10% glycerol and recentrifugation, .
25 the cell pellet was suspended in a volume of ice-cold 10% glycerol equal to volume of cells.
The competent cells were divided into S0 ul aliquots in eppeadorf tubes, snap frozen in
liquid nitrogen and stored at -70°C,
Experiments with the plasmids pBAD-ETY or pBAD-afiy involved:
wransformation of these plasmids into E, coli hosts by standard means, followed by growth
30 ovemight to saturation in LB medium plus 0.2% glucose, 50 pg/m! ampicillin, the cultures
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honol ogy arns, in the following order from5' to 3 along a vect orFEﬂIAFE'B 2
strand: a first honology arm the origin of repl i)j(ijiti on and at second
honol ody arm such that—=the nucleotide sequence the first honol ogy arm
on a firsfoypebey DNA strand is honol ogous to the sequence of the first
termnus on a tirst target DNA strand, and the nucl eoti d®CI/Ereqeessxe of the
second honol ogy armon the first vector DNA strand is honol ogous to the
nucl eoti de sequence of the second termnus on the first target DNA strand;
b) a first doubl e-- stranded ol i gonucl eoti de conprising a first

ol i gonucl eori de DNA strand conprising, in the followng order, from3' to

5': a fiwste thanadilutedi100 fobbintodiR: pluaSChgimbansicitlin wi@l golbds OBEGURTH. 1552 d first
nucl eot i de, Wence bei@ﬁd@m ogous to the nucleotide sequence "of the
first 107°MBABTSIV thens 1o Efinad poropgiration. aFks; cells wescgrows &xODg),

nucl eotidmmu%%mgom]q%qg%% to the nucl eoti de sequence of a first
termnus on a target DNA strand; and c¢ second oligonucl cotidc conprising a

second ol i gonucl eoti de strand conprising, in the followng order, from 3
to 5 5 a é}j,orggmg‘ucl eoti de sequence and a fourth nucl eotide seq said third
nucl eoti de séqu GCe bei ng honol ogous to the nucl eoti de sequence of the

second 15 honol o@ysoRkich FDISA L) Hg’esﬂ%'ni%ﬂf?@gl sal.d, fourth sequence
bei ng h%@% the nuc| eot! 3e sequ e o a@%gﬁng?%PWE% on said
t ar get mafieR, QraAppoNimatale® 3 i1 veatoriDINIA we niote odlf foricallget DNA of
t heki t ilﬁr@ﬁﬁ%ﬁﬁir%ge o\éiaéﬁwg' %Qrﬁi tl?N pr ot ozoan,, or gat hogenic DNA.. In
ot her speciT1e erbod e g k8 RNAgr more cogtgining the tamptforeells genet i c
mut at | ommwmmmmmwmmp&gs%s&upenmm%ed wth a

[

Vdi sorﬂ,er or. disease, |In another specific enbodi nent, 1 n oligonucleotide
adapt or “§E‘E¢ \0 ag jeeirgldi yyetieo Flsrianppration wasparformed usng e BiwoRed Gaye t 0 BAC,

PAC, bdaulsed sesiol { l<ani c s, 6. )LE: RECEIT AND
REDM CLONI NG A%%B@%M%ﬁﬁ{@ séﬁ(@ rR ( mlwaect i on
describéd%dﬁﬁmwemmiopeﬁhmﬂmmmammscmtﬁMSm&gm I cloning
and _subgﬁm@wioﬂﬁ%he hanol &%ous, { econbi nation nethods of the _

i nventi on. er ent ap prudiins e agtibidtipromesponding £q tho selectable matkern. Of
parti cugene imdfearectone exanpl e shows the successful cloning of an insert
Iargqﬁ than any described previously - the directed subcloning of a 25 kb
DNA fFagnment froman 30 approxi mately 150 kb BAC vector. -57 WO 01/04288

PCT/ EPO@_QOG@@L-}SNETI—bn AND MATERI ALS Preparation of Linear fragnenrs
St andard PCR reactton conditions were used to anplify |inear DNA

frr Sgge nts. The 1g‘nﬁlebmmmmﬁz‘z5ﬁ)_:ﬁtﬂcﬁhﬁntﬁ b WhikR OATOUS tRp & T A }eg?mﬂeo?e (from
N903) ffePest were subcloned using different sources of RecE/T or Reda/P expression. The first
column, entitled "ET expression” refers to the source of RecE/T or Reda/P , either
20 endogenous RecE/T in E. coli hosts JC3679 or J C3604, or from plasmids pBAD-recE/T of

PBADafly, as indicated. The second colummn indicates the £ coli host used. The third
column indicates the target genes. :

In the first experiment, the recE/T gene resident in the E. coli chromosome
- Was subcloned in the E. coli strain JC8679, in which cxpression of RecE/T is constitutive,
25 This was accomplished using the strategy cutlined in Figure 2. Oligonucleotides were
designed and synthesized having the following sequence:

$'~TTCCTC TGTATTAACCGGGGAATACAGTGTAATCGATAATT
CAGAGGAATAG
CTCGAGTTAATAAGATGATCTTCTTGAGATCG~3' (SEQ ID NO:1)

30 and

-59.



Experypment ETii t h t héE.pdliasm ds pBAD- or pBAD-cz vol wgg
P Tohi‘ \%

S—

5 pACYC177 was anplified, The origin pl 5A allows this plasm d or -9 FEB 2
reconbinant to co in cefls with other plasmds thatycarry a Col E1
conpatibility group origin. The 1934bp of chl oranphl:ni eol (from Tn9)

resi stanW@eneizgd us pl5A origin was anplified fro pACYC 184. The

ol i gonucl eotides used in the PCR reaction conprised, at PEETEPOGO6SENds, 10
and 18-30 nucl eoti de sequence to serve as a priner on pACYC plasm ds, and
at the-5' ends, a 50 to 60 nucleotidc stretch of sequence honol ogous to the
flanks of the target DNA region. For long oligonucleotides, the PCR
reaction anneal i ng tenperature used was 62C. PCR products were purified by
using Q ﬁfgmcmmmﬂmmmmmmam@dcwwbem The

t enpl at eCOCBAGTS ATAGARAAACTCATCRAGCATCPER §with Dpn'l. 15 After
di gestion, PCR products were precipitat ed by e hanol and resuspended in

dH20 at 0.5 8gl uL Preparation of conpetent cells Electroporation conpetent
cells \/\éf’émﬁ Atﬂﬂgmmhqmﬁd'd%% I@namydiny resist2nt gane pri@ioin cul t ur es

wer e d|| edi um wi th appropriate antibiotics. LI
S vvere gromr;n%%{&g}&s Fe PRz '”(%EG‘W@WM '

cold g 0 =t . wer e
chllled on ice for 15 mn. Bacterial cells were .centrifuged at 7,000 rpm
for 10 mn at -5 C. The bacterial cell pellet was resuspended inice-cold
10% gl ycerol and pelleted by centrifugation at 7,000 rpm at -SC for 10
mn. After 3 tinmes washing in 'Ce’ﬁfﬂL%FO% glycerol and recentrifugation,

25 the cell pellet was suspended i'n a volune of ice-cold 10% gl ycer ol equal
to volunme of cells. The conpetent cells were divided into 50 | aliquots in
eppendorf tubes, snap frozen in |liquid nitrogen and stored at -70C.

“trans ornqirmhnof thnsa pl asm ds intgRes coil host pﬁétan

foll owed_DYy growmim 30 v *""'“"‘"‘—‘—“'—";-—;“*—--———-——-‘-——-—v::; ___________ ws—0 2%

PCT/ EPObY 33 were then diluted 100 fold i nto LB plus 50 pg/m anpicillin
and growh,to OD 6 Qﬂ% 0.15._  L-Arabinosc was then added to 0. 1% of final
concent \r%%ﬁm“ﬁ'he ¢ WAL ig Epli chrgmemsie of 025- 7604 bef 09€ chil | ing on

ice for in. 5 Electroporation A solution of DNA in 1 pl (containing

appr %OPNA or contransformation, or approxinmtely
3% & %)(? mor'e g‘ffld]r"p?tﬁ’hﬁgf’?‘gs""’ﬁar bori ng2Pfe tardP, or

approxma e y 0.5 g DNA or nore containing the target for cells

pBAC- JCss519 Gentamicin in high copy plasmid ~ >3,000 100
recE/T

pBADBy HBIOI facZ. in E.coli chromosome 370 94

pBAD-cBy  HS996 Intron3 of mAF4 in BAC 160 83

20

In the second experiment, the lacZ gene resident in the E. coli chromosome
was subcloned in the E. colf strain JC8679, in which expression of RecE/T is constitutive.
This was accomplished using the strategy outlined in Figure 2. The vector was made by

25 PCR using oligonucléotides of the following sequence:

5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCT CCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3" (SEQIDNO:3)

and
30
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harboring the vector) was mxed with conpetent cells. The cells - EEAQFEB
m xture 10 transferred into an ice-cold cuvette. El ectroporation was
perforned using a Bio- Rid Gene Pul ser set to 25 pPD; 2.3 kV with Pul se
.Control | ayo9ghs28é 200 ohns. LB nedium (I nml) added after el ectroporation.
The cells were incubated at 37C for 1-1.5 hour with shakiWJ/ERH@63hen

" spread on plates containing the antibiotic corresponding to the sel ectable
marker, gene in the vector. is 6.2 RRaULTS Table | summarizes. six
experinments in which various target DNA regions of interest were subcloned

using dif el f EJT R o _ec or eda/p expression., The first
col um, effi Sl EATCAGELSGAAAACCTAGICECATTRATEGGTAGG Reda/ 3

>
ei ther 20 AR FIATCRTETTGAGATEES3'(SEQIDMN04) 7C9604, or from
pl asm ds pBAD-recE/ T of pBADapy, as indicated. The second col um i ndicates

the K col 3 ' . cql LNdi cates the target genes. In the
first expg’ri t‘!:dé 'y %&%@%&%ﬂ‘gﬁﬁ FRICREARCSIBFNCIESAUBoNe was
subc|or}lejdpmvcmBMammﬁmmeZ&ondﬁmmlﬁXpression of RecE/ Tis
constituti 25 Thi .gcconplished -using the strategy outlined in Figure
2. digonucl eoti dei“%gﬁ’é‘%‘%‘eﬁchﬁﬁgwmmbcﬁ Virchrontosohel | owi ng
sequence: wiy subcldnk&ialthd. ﬂ&ﬁ%ﬁ?&@m}@?&@%ﬁ %TTCAGAGGAATAG
CTCGAGTTAATAAGATGATCTI C - GAGATCG- 3" (S %ﬁ;ﬂl an = EPEURYSs o

01/ 04288 PeyVeyacympbisizd using the strategy outlined in Figure 2. The vector was made by

CrocaaTaAT RERIRACEER R Roh st o o)

) 10 o TCAACATTAAA .
- TGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG- 3 (SEQ ID NO:5)

and

to amplify the p15A origin of replication and Tn903 kanamycin resistance gene present
PACYC177. Results arc summarized in the third row of Table .

In the fourth experiment, the gentamicin gene resident on the high copy
plasmid pFastBAC1 (Gibeo) was subcloned in the E. coli strain JCS519 using the strategy
outlined in Figure 3. Expression of RecE/T was provided by the plasmid pBAD-recE/T
) after this plasmid had been transformed into JC5519, followed by arabinosc induction

before preparation of competent cells. The vector was made by PCR using oligonucleotides
of the following sequence: '

20

and

5'-TGCATTACAGTTTACGAACCGAACAGGCTT ATGTCAACTGGGTTCGTGCCTT

30 CAGAATTCTGATTAGAAAAACT CATCGAGCATCAAATG-3 (SEQID NO:8)
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to amplify the pl5A origin of replicati on and Tn903 kanamycin resvst%rFEB 2ﬂ
gene present in PpACYCl .77. The results of this experinment arc sunmari zed
in.the first row of Tabl'e 1. TABLE | ET 10 1S 20 ression E.coli.Target

‘Total 9% cworeg@izsshost genes colonies - (of 18) Endogenou%,({,r%E recE/T
Endogenous JC8679 recl|F Endogenous JC9604 recEl T recEl Yoy
chronpsonme 540 lacZ in E.coli chronpsonme 760 lccZ in E.coli chronpsone

290 89 100 pBAC- JC5519 Genramicin in high copy plasmd >3,000 100 recErl’
pBAD-cBy HB 101 lacZ in E.coii chronosone 370 94 pBAD-aBy HS996 Lrrron3 of
t he secaond, experlnent the |l acZ gene resident in the

MAF4 i n
col i chro@&?@ﬁ@&ﬁ%ﬂﬁé’ﬂ" ’ﬁpLFﬁ%‘mEnégp? Wcmceﬁwwm‘@xpresm on
of RecE/ T A@ygmsg,bm uct WhsmiBFwiar ggﬁt 'ﬂﬁgégﬂiﬁ' Wab g St T at egy
outlined I|Jn Fi gure he vector was ma usi ng oI i gonucl eot i des
of the fotortrausfompatioaoandplating onto gentamicin plus kanamycmcon
TCAACATTAAATGT GAl TTCT ACCGGAATTCTGATTAGAAA
A ATCGAGCATCAAATG-Iés‘EE W@mﬁ'@% %W@%&@B‘Bﬂem _
PCT/ EPGO/ 5b&@ked in the E. coli strain HB101 using the strategy omhnedml’-‘lgm 2. Expression of

Reda/f was provided by the plasmid pBAD«Py after this plasmid had been transformed

into HB101, followed by arabinose induction before preparation of competent cells. The

vector was made by PCR using oligonucleotides of the following sequence:

5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA

) 10
ACGGGAATTCTGATTAGAAAAACTCATC GAGCATCAAATG-3' (SEQ ID NO:9)

and

5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCTT. AATAAGATGATCTTC'ITGAGATCG— 3' (SEQID NO:10)

15 e - :
to amplify the pISA origin of replication and Tn903 kanamycin resistance gene present in

PACYC177. Results of this experiment are summarizad in the fifth row of Table 1.

In the sixth experiment, 2 25kb region of an approximately 150 kb BAC
clone carrying the mouse AF4 gene was subcloned in the E, coli strain HS996 using the
strategy outlined in Figure 3. Expression of Rede/B was provided by the plasmid
pE+.Jafy after this plasmid had been transformed into HS996, followed by arabinose
J induction before preparation of competent cells. The vector was made by PCR using

20

oligonucleatides of the following sequence:

3'-TGTAGCT GAGCCCAGGGGCAAGGCTG CTTTGTACCAGCCTGCTGTCTGCGGG
25 gﬁgg’!l'(l:)ACCT GGAATTCTTAATAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ

and
5'- TGGGTGTCAACCT CAGGCTTTCTCACACGCAATACAGGTAGGGACTTGCACC
CCTACACACCGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQID

NO:12)
30
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F
5' - TCAGGGGAAAACCTTAT FATCAGCCGGAAAACCTACCGGATTGATGGTAGG =9 FEB o
GATCCTTAATAAGATGATCTTCITGAGATCG 3' (SEQ I D NO 4) :@ anplify the pl 5A
origin*of replication and Tn903 kananycin resistanee gene present in
PACYCL7 7y dRRgsskt s are summarized in the second row of Table 1. In the
third experinent, the lacZ gene resident in the E coli EOATSROEGLES
subcloned in the E. coli strain JCO9604, in which expression of .ReeF/ T is
constituti This was acconplished using the strategy outluned in Figure 2.
The vector was nmade by PCR using oligonucl eotides of the foll ow ng sequen
10 5' - TCAACATTAAAT GT GAGCGAGT AACAACCCGT CGGATTCT CCGTGGGAACAA
ACGGGAAWM%@AMMM@E@%&M@@ easm%ném ent in
TCAGGGGA m Tl CCTACCGGATTGATGGTAGG
GATCC! ? peteramizsd with §.5pe mofidBAC DNAdoanpl i fy the pl5A

origin %Mﬁj Boudte Mﬁﬁaﬁ esl sl e _gene ent pACYCLl77.

Results are summrlged |ﬁfthe u rg%/év 0 ab 6{[} f‘ﬁ&t"ﬂ‘g ?i%sl Er

exper i méxho; sho mx@&mmwme@mnbmdemmwm 38117 F aIdBAC |

(G bcg) .t he coli ,strain JC559u5|n the strategy 20

out | i neﬁ@%%&%@&‘g@?&%ﬁ U cplonies (lanes l-ﬁhgbtgpail&mahwmm asmi d

pBADreaﬁeﬁm.eﬂiﬁsﬁgmmd%ﬁ%m W%E'l to JC5519, foll owed
of €O

by arabi nose i nduction ef ore preparation *cells. The'vector
was nmade by PCR &%thqgew@mmtammoﬁgcmhﬂcDMwwaguence: 5'-

TGCACI Tah CLECCA A T GCCGA :
Goarocr G M‘Cﬁ@?ﬂ%wnﬁd using the
TGCATTA@&@WM@E@WA %{ ,g@ ”
)CA %&AﬁA CAmGCATCA AATG 3 (SEé gl}'n % 01/04288 to

iyp 2 P& ax 1 @rbpebnanolo08mis sargenyionhe 98dnd@t ance gene
presentloqz M@ Jrag xed w.th Bai nH _di gested
pFast BAC | lbp? or cﬁgﬁsf or %ﬁ(‘)‘ﬁd an@%‘l"ﬁ?‘?’ﬁ%‘“‘&?ﬁ’:&w}s JFHSEW%I us kanamycin
cont ai MAR3H-43Rs The &, ediksthin 1055 b waphsed, ol xprR&Forli o4 ent in the E
colt c E. roll strain HB101l using the
strat e3’§/ out ?B ne?&ﬁ"iﬁ%‘b&%ﬁﬁ?&‘?ﬂ&ﬂ@m%mmmm ovi ded by the
pl asni grepBAfienlof cafnpetenttdails Bagﬁg N 101,
foll vved by..ar abl nose mduc?l on efi(?g %f%%gé%v@%ﬁﬁﬂa 3 E’?’b‘ﬂt ells. The
vect or i siicegere basibsen wp hgdhdhcmadmnaésmhﬁekﬁd Q‘M:@Em.ﬁ@cwen

vector was made by PCR using ohgonucleondw of the following sequence:

S~TCTTTTACTTTCACCAGCGTTTCT: GGGTGAGCAAAAACAGGAAGGCAAAATG

CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATAACACCC

" CTTGTATI‘ACTG’ITTATGTAAGCAGACAG-3' (SEQ ID NO: 13)

) and

5'-TCCCGTATCGTAGTTATCTACACGACGGGGAGT CAGGC.

AACTATGGATG
GAAATAGACAGATCGCI'GAGATAGGTGCCTCACT GATIAAGCATI'GGTAAT?:E
TAAGATGATCTTCIT GAGATCGTTTTGG-3' (SEQ ID NO: 14)

25 to amplify the p15A origin of replication present in pACYC177. The PCR product was
mixed with 4 pg Neol digested MGD 353-13D yeast genomie DNA for cotransformation in
JC5519 containing Reda/f expressed from PBADafy and plating on ampicilli containing
plates after a 90 minute recovery period of culture in L-broth at 37°C. Clones were

identified by selection for ampicillin resistance. Eighteen colonies were taken for DNA
30
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10 5' - TCAACATTAAATGTGAGCGAGIAACAACCCGT CGGATTCTCCGT GGGAACAA "9 FEB- 20

ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG 3' (SEQ I D\NO 9) 5' -
TCAGGGGAAAACCTTATTTAT CABCCGGAAAACCTACCGGATTGATGGT . .
GATCCTTAAWRY S kSe TCTTCTTGAGATCG 3" (SEQ I D NO 10) 15 to anplify the pl5A
origin of replication and Tn903 kanarnyci n resi s~ gene pr @&mrPoo/@AsYC 177.
Results of this experinent are sunmarized in the fifth row of Table | I n
the sixth experinment, a 25kb region of an approximtely 150 kb BAC cli one
carrying the nouse AF4 gene was subcloned in the E. colt strain HS996
using.th a utlined ipn Fi ure 3. Expression of Rcd / was
provi dede%m%gﬁ AB‘QE%%HEM?]%{PSW%P the tenindich| wessgadrettact shesemint r ansf or med
into HSQ%gurémBJ owed by -arabinose induction before preparation of
conpetent cells- The vector was rrade by PCR u3| ng ol i gonucl eoti des of the
REShA SHicdekd 6T RAEAGhECT GTCTCCCEG -
TTGG3' SEQ IDNO1 1) 5 -
g ; € ofc:rculariargcts

CCTACAEACERAT High @O W@ Rnh9,12) 30 -62 9
FEB 200 WD 01/ 04288 PCT/ EPO0/ 06533 to anplifty tHhe 3%?5\ orirgin or

replication and Tn903 kanamnyci n resi stance gene present in pACYCLl77. The-
PCR product was mxed with 0.5 ig purified BAC DNA for rmation. Results of
this experinment are summarized in the sixth row of Table |I. Also, shown in

Figure 6 is aft et rﬁmsmm@a‘qnammmgwnmmnmmnmw di gest ed

with EcoRl i sol at ée gENO¥ent colonies (lanes 1-9) obtained from
t he mAF4 BAC peri nent, -using EcoRI di gest of the.starting vector as a

eontr & (1ane 10) mcMglcmwdinW@%héﬁad&mb&ihS%M ggnom ¢ DNA

cont ai nlé&dﬁ%ﬁl h*sg?’ ﬁem stﬁa I?L“gene fromthe yeas strarn M 353-13D was

cl oned using the R BLep %“dlﬁb@?wmwww&medhteﬂanel A a

'DNA f r agmendogoanicabmbingt ﬁ@'ﬁ@leﬂ%gﬁ mg%ﬂﬂ‘ﬁﬁﬁg 'F?t | on, nked by 99 or
ps

°8ns of an

102 bp hgm)lo ar ns targeted to
i nt egr at Nﬁ%‘?\é ?@m@énbnmg ﬂlcmgaeaﬂathmmaﬂ The E. colt
strain W&Msm&%%r&ﬁﬁ'l&g&r ehagveryhttleeﬂ'ectond:c

IS5 efficiency of ET cloning.
| First, the effect of repeats on cloning cfficicncy was examined in the

following experiment. As shown in Figure 8, the linear vector used as the cloning vehicle
compriscd the p/5A4 replication origin, the chloramphenicol resistance gene (Cnr'), a
nucleotide sequence required for PCR amplification of the linear vector (italicized in Figure
8), flanked by the homology arms to the £ cofi lacZ gene, and terminal rcpeamd sequences
| of various lengths (indicated in bold), present on both extremes of the lincar vector, The
linear vectors were transformed into JC8679 (endogenously ET proficient; Clark, 1974,
Genetics, 78, 259-271) or JC5519 (Willetts and Clark, 1969, J. Bacteriol. 100:23 1-239)
cxpressing pBADRedw/B (Zhang e? al., 1998, Nat. Genet. 20: 123- -128). The number of
colonies obtained on LB plates (with 50 #g/ml chloramphenicol) after ET subclening using
the indicated oligonucleotides for PCR amplification of the linear vector, is shown in the
table in Figure 8. Of these, 18 were analyzed by restriction digestion. The indicated
efficiency was determined by dividing the number of correct recombinants by the total
number of colonies obtained. Thus, the presence of terminal repeats > 6 nucleotides

20
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provi ded by the plasm d pBADcziy-TET, followed by arabinose i nductt 8n FEB 201
before preparation of conpetent cells. P13ADM }Y-TET is a derivative of
pBADMA3Y in which the I5 , anpicillin resistance genhe has been replaced by
the tetrakgol/issg esi stance gene. The cloning vector was made by PCR using
ol i gonucl eoti des of the follow ng sequen 5 -TCT PCT/EP00/06533

| TAC | TTCACCAGCGT TTCTGGGT GAGCAAAAACAGGAAGGCAAAATG

CCGCAA. AAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTGATAACACCC 20
CTTGTATTACTGITTATGTAAGCAGACAG 3' (SEQ ID NO 13) 5'-
TCCCGTATCGTAGTTATCTACACGA. CGGGGAGTCAGGCAAC TATGGATGAAC
GAAATAGARERRTaty TeiiGeT e ECaGE R Titic AT HeBEAGH - :
TAAGATGA;EQ@"I;WCGTTI TGG 3' (sggﬂfi D NG 14) 25 to a‘ﬁ’ﬁﬂ"i"%%”‘?ﬁ‘e’“%m origin
of replica YGHO% n pACYCL77. The PCR product was mixed with 4 jig

Ncol di gested M3D Fpi:pdl m c for .cofrapsformation in JC5519
cont ai ni ng Redcl p express%%?%hnﬁggﬁﬂws%m&f # results aselshown

cont ai niindigyre 8! cEheadfntie6f e fResr WEEC@(, j te in L-broth
at 37¢. C g}r;es were ident icf%iged ‘%siogel ec .%“f’@%ﬁ%?@&f‘w&m% ce.

Ei ght Bery-8&Pofssbowm inFigutedy; list collnia, n@WoﬁEBﬁR!U&Q&(%?&ﬁx -

PCT/ EPO(#%Q@?;;M%I Ssi,s. An ethidiumbromde stained gel of t e Fen which

were co are's Figure 713. The exanpl e described herein

illustrates the s 1 a/ J3 honol ogoys reconbi nati on

cl oni ng rrq!eﬁtélfotgsﬁgsi ng a '%gaggrl e[%i%gf? iR sequenges@pthe hi gh

copy pl &8¢ of the bneer vestor; oplyctweéigthe ha ki @ﬁn%ﬁ‘ﬂ&g Qeenfif) sl £ EFFECT
CLONI = %%{%’?“Wf

- OF VECTQR REPE&ES AND' PHOSPHORYLATI ON fe Exanpl e
Ypr esent &6 “F-1H€ od@Bof srpligation auskibe selectable maikes résohts B reci@Bigiddons f or

hi gh1ef Wﬁﬁh‘iﬁﬁiﬁ?%{all lr%j:gngE subcl.onj .using, Reck, T or Reda | 3-nedi at ed
honol ogous reconbi ngt ron ( %&‘Hﬁﬁ"ﬂg‘“ﬁgfw gigs. aFhusain aspreferredn Fi gur e

8, el i membediment, te sequpies 6£the 3D 'd}m{jg tor inproved claning
efficiencies, On the other hand,ﬁﬁ’?‘}h%gl pr ‘éerégoce}'%ﬁggprﬁﬂ@%ﬁﬁ'té@gy t he ends
of the TPHUEH SeauEcsof Bxel (Vewymore buses oufside e usddes thi &ibbdethe BRY%iQr ET

clonin fildidh = f e of .repeats on cloning efficiency was~”exam ned in
the fol éévar ngagéglgerﬁ%{%%ﬁe%k%om in Figure 8, the linear vector used as
the cloning vehicle conprised the pl5A replication origin, the
chlo rrpheniﬁgol {Xébstance gene (Cm ), a nucleotide sequence requited for
PCR hplifi &atio TTHANALWEXAMPLES OF RECEA Z8D REDE/PELONIN

AND SUBCYL.ONING b ONING

The Examples presented in this section describe additional experiments
which demonstrate successful cloning and subcloning approaches using RecE/T- or

Reda/Red- mediated homologous recombination.
) 20

The E. coli host
. As described hereinabove, ‘an ET competent host' refers to- any Ecolicell
capable of expressing RecE/RecT and/or Redo/RedB. This may be achieved in a variety of

ways, such as either (i) a strain which endogenously expresses RecE/RecT or Reda/Redf or
25 (i) a strain in which RecE/RecT or Reda/Redf are expressed from ag ¢xogenously

introduced plasmid. This example describes the construction of a plasmid-based expression
vector base.d on the JC9604 and JC8679 and their derivatives (mainly YZ2000 and
YZ2001). For other variations and examples of ET competent hosts, see Murphy ef al.,
2000, Gene 246: 321-330; Yu er al., 2000, Proc. Natl, Acad. Sci. 97: 5978-5983; and

30 Datsenko and Wanner, 2000, Proc. Natl. Acad. Sci. 97 6640-6645.
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20 8), flanked by the honology arnms to the E.coli lacZ gene, and t'ergt EEB 2
repeat ed sequen of various |lengths (indicated in bokd), present on both
extremes of the linear 'vector. The |inear vectors-ere transforned inta
JC8679 (ewndvagyyoss! y ET proficient; Cax ,1974 Cenetics. 78, 259-271) or
JC5519 (Wlletts and Cark, 1969, J. Bacte iol _ 100: 231- 2BGVEPM06533sSi ng
pBAlDRcdar/0 (Zl aang er al-, 1998, Nat. Genet. 20: 123-128). The nunber of
25 col oni es obtained on LB plates (with 50 i.& m chl oranphenicol) after ET
subcl aning using the indicated oligonucleotides for PCR anplification of
the linear vector, is showmn in the table in Figure 8. O these, 18 were

anal yzed by restri Qi[h@lﬁrﬂbae £4. ¢l determ ned
by dividing the nunber of correg?mrecon%%b%?ﬁ&% ﬁﬁlﬁhw& er of
col oni esmyktignaed therefors endégenpushs expres REcE/RecH iﬂ@'Rétﬂp‘{m%(B GilRAGy gn?t | des
FEB 201 MIOiIII?4 881PC3 Pg?ﬁnga%s si,gni ficantly reduces the EI subcl oni ng
ef fici ency ﬁg B ARESAT Gﬁﬁé?%éhﬂcnqd;g@wd | i near
vector. c ‘ s_al,sa and the results
are shovvn rn Fft Elr‘gids e engd h#sgpwggﬂcﬁ‘g?r %"cgﬁtr edy| ated
usi ngSTM:EHuAykwnhxmﬂwnied &Tﬁ'stlﬁ&oéﬁte‘d@ldsﬁ;ﬁo tﬁbsﬂﬁiﬂ; , no effect

i on ‘was Eserve

on ET subcl oni ng_or .on, vector re |Ié npl e

denonst SRSt 2 The disadypatage s sh aéRcc pubRMmcpmum&telyhxﬁtbﬁedendS of the
i near Wﬁ:%@ﬁeut%c?ﬁ&% n- the rml 0 arm gegcﬁik; he e;&eint [ aIbI gl rGramrBEef of

the vector, 1.e

results mmameleaﬂhlra&imlﬁﬂa ¢l and
subcl on effC| enci es. 'I"it?a’s Fﬁﬂé p?%f@g%%djd&%wldfsﬁ‘g Bé’%ﬁéﬁce of
It he horrﬁ'lr']‘% E thmmmﬁdfocmmbnnmgmﬂlmmnﬁdg

sequq@c ﬁ& %F%- noL e ,bases Qut5| de the sequences that enco t he
origin o rep ¢ RAFRYRestHEtG ”A'Q qhyy. congRuEnce DRIy TEBLORE
EXAVPL Ethe¥iliehéy Jf iohbiioRE Iérﬁgng\ﬂl S‘g Exanpl es
presented in thi's fSECtIOI’l descri be a %ﬁlﬁ%@ﬂgﬁﬁ stSwhi ch
denonstrate succeghénhmcéﬁﬁwh@h@wu@uﬂiék&&hﬁ%ﬂpa{&% #g}ﬂgl ecEff - or
Reda/ Reg’&mﬁe %{at ed \t}giolgﬁpus recombi nati on. 20 The coll S

describ Bf Recl/{ qrRedafBrdopends ondlst nature bEthe ciroulanyrdetchloi  cel |

matter which strategy is chosen, the preparation of good competent cells is of crucial
15 importance. If the host strain lacks endogenous ET-cloning potential, the strain needs to be
transforred first with PBAD-afiy or pBAD-ETy. The resulting strain then needs to be
grown induced with L-arabinose to a final concentration of 0.1% and prepared for
electroporation. Empirically, the optimal harvesting point of the cells occurs at an ODygy of
around 0.35, especially when large DNA substrates are targeted. If the cells have reached
) 20 an ODjqy of greater than 0.5, they should not be used. The optimal induction time is around
1 hour. Electmporaﬁon needs to be used, since no other method of DNA introduction has
been found to work. Making good clectrocompetent cells is essential to obtaining ET-
recombinants. During the preparation of clectrocompetent cells, all steps should bc
performed on ice and in precooled buckets and rotors. Electrocompetent cells are
25 concentrated to a high extent: from a 250 ml culturc which is harvested at 0D, = 0. 35 we
routinely prepare no more than 10 aliquots of 50 1 of competent cells, The resulting
transformation efficiency depends greatly on the host strain used, but typically varies
around 10° cfu/ug. A detailed protocol of how to prepare electroc;ompctent cells and how to
perform the electroporation can be obtained from http J//www.embl-
30 hexdclberg de/Extemallnfo/stewart/index.html.
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capabl e of expressing RecEYRecT and/or Redal Redl 3. This may be achi'eQ/eFoEB r2[]
a variety of ways, such.as either (i) a strain whi (ih endogenousl y
expresses RecE/ RecT or ‘Redal Rcd3 or 25 (ii) a strakn in which RecE/ RecT or
Redm Red] &pg1t4gpr essed from an cxogenously introduced plasmd. This
exanpl e describes the constriction of a plasm d-based expP@EEBP@W6sIseCt Or
based on the JC9604 and JC8679 and their derivatives (mainly YZ2000-and
YZ2001). For other variations and exanples of ET conpetent hosts, see

Mur phy et al., 2000, Gene 246: 321-330; Yu et al., 2000, Proc. Natl. Acad.
Sci. 97: 5978-5983; .and 30 Datscnko and Wanner, 2000, Proc. Natl. Acad.
Sci. 97: 6640- 6645. 13 piagmid pROKIBAB4ABictPeinvarp Fipes 24, was consrucied s

category, T aj Wi Y the sbc utation and
therefore én %fg“?ﬁ%ﬁgﬁ?@%% ess ec%&%#ﬂ%%ﬁi°%@ Gllen et aL,
1981, J. BeecombinationgyThighiasnia istagkd of theipBAD2RO6Abohd (CAlHRN of31), 995, gt al .,
supra) baﬁk r%gnd. The advantage of using these strains resides in the
fact that Hg?’ &W=B@%@&J-5Rﬁ%ﬂ&er&q=§)ﬁsmmﬁnm@qlee@bmmmmmw ntroduce

a plasnigd Ea St A oy Qni ent ....rhe [di.sadvant.age is
that RecE %]%)d %eci a?%ﬁ(%e?g??ﬁetcﬂlgl expr&%gﬁ%%ﬁ&ﬁfm°%ole

cl oni ng prOvackprassiombf RérTaelativecie RedEher Rddfiitelativelts ek, c@Baric N REHpAT
reconbi nat i on eigﬁeci al | %@i n.a %PE%IAPP ba?k round. A _second di sadvantage is
that these“HrERy iRm0l gmoyp of ABeieRerplatss). (Eimally tis paswid and
propagat i Ogpnktithvely ckbRYsed the RRAY lofbirdi ' Wi fication
system whi ch by cgne-skgquencg rgg{‘) fﬁ%%ﬁygﬁéﬁ%%?@%%ﬁion of

| ar ge nol e¥hirkis neesssangte inhilis the petiyity bEtbeRtnBEOD enzyhe proshmii mostfcomineinher t o

Juse a hggt i i e ous. or ol Lds..troduced, supgply of
‘RecE/ T %Urs ed!é)%t %@%&s%ﬁ%ﬁ%&"ﬁ'ﬁﬁﬂ Zﬁgfs%&’&r tfoﬁ‘Pb’t““‘f“é'P No matt er
whi ch st r ReBCD compleesdpinhibits ETRIGRE) blaBlY betausdRéleoniNBLE Btivig! | S is of
crucial 15 i nporjance. If the host strain |acks endogenous ET-cl oni ng

pot ent i al ,9°BTEcsSps Unear RNA helforeit gets a ehangsde teombine Thus, pPABR-qf@0ay or
BAD- ETY. chh®inh&Sithbti | wn_ipduced with

E- ar abi %ose tgh afi n&a g’é%%\%gdr??rh ﬁ%ﬁ%&ggﬁﬁﬁrﬂgﬁ%ggﬁgﬁnﬁy&mm

el ect r oportaasformationpf the mg’é% hammpﬁimmdm?eﬁﬁﬁiywm&xpigsﬁén dftreecgel | s
occurs yat nd 0. espec en |arge substrates are

t ar get ed. f&%ﬁ%@‘?&”ﬁﬁwqﬁé‘%ﬂa&%%wwﬁ%‘%hag\eﬁﬂeqndm 0.5, they
shoul d notsysteinsodd co-dkiResaed inbRder fop fuchbiRitioh kd'Becus ol

El ectroporatjon needs to be used, since no other nmethod o i ntroducti on
has been ‘\“’H*.WPH“ fodhe ayabipesg injuasion Sims eod thedwifdifeof the kehdtstable essential to

oDt A 10 ke LN AB e BN 8 R Pl BOESTRELT
rotors. Eksttrbosspilalseithed bexedBOS or a phenocopy of recBC- (due to the expression of

20 Redy), this means that the risk of unwanted intramolecular reombination is greatly reduced.

) A further useful characteristic of pBAD-afy(tet) is that these plasmids tend to be lost
rapidly when they are not selected for during culturing. This is probably due to the
.constitutive cxpression of Redy, and may also vary according to host cell factars., fér .
example the presence. of RecBCD.

25 Replication of pR6K/BAD-aBy requires the REK origin and the Pir-116
protein (Metcalf ef al., 1994, Gene 138, 1-7). The pR6K/BAD/aBy, carries the R6K origin,
which was obtained from pJPS603 (Penfold and Pemberton, 1992, Gene118:145-6), the.
pir-116 replicon gene, which controls R6X ori plasmid replication in bacteria, and the

tetracycline resistance gene fet from pBR322. Pir-116 is a copy-up mutant which allows an
30 R6K origin-containing plasmid to exist in an £. coli strain at greater than 200 copies per
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25 concentrated to a high extent: froma 250 m culture which is *haavFegan(gU
at OD6w= 0.35, we routinely prepare no nore than 10 aliquots of 50 | of
~conpetent cells. The resulting transformation effigiency depends greatly
on the hogboshimgn used, but typically varies around 10 cfu/;ig. A
‘detail ed protocol of how to prepare el ectroconpetent cel |[RCTARIONEEASt O
performthe el ectroporation can be obtained fromhttp : 1/ www. enbl - 30
hei del ber g. de/ EExt ernal I nfo/ stewart/index htm. 9 FEB 21 WO 01/ 04288
PCT/ EPOO/ 06533 The pl asm d pR6KIBAD-al 31(tet), shown in Figure 9A, was
constructed to confer upon the BAC host strain HS996 (Invitrogen) the
abi lity dell. Tae pyr-higtgehd was BCRamiplified fom the Es cqil steiis BW3s4Danskclone t he pBAD24
backbone (Guzman et al., 1995, J Bacterial 177: 4121-4130). Rcda (or RecE)
is expr#&@d&?hﬁi@ﬁ@lﬁfar abi nose-i nduci bl e 5 pBAD pronoter, and Redd (or

roer relat i to. Hadeaiiate MRAHADI MY, e R ER ofiefl BHC 8 SESLGE L o3P o
ef i ci engiodichd {86 ??Aﬁa%ﬁ%eﬁ%rﬂ!}'l%?,mc aeiﬁmhphmﬁﬁ-lsﬁgna' ly,

this plasmd constitutively expresses the Redy protein, in this case from’
t he c8ndiyl EXitecombiliation tiemetyaeplacing thelCalE/ odgiasad the ampicillin resistandeqgeaet i vity

iégireliﬁgﬁzem% EAR o ithesy) PRORHA/E a0 pRARBAD S mEs
Gogr ade e el Tht Sory rRP by AUICHRL0 HiaSRETHAS bl WU BAREYAGI ! T

PBAD- apytinies highet i inigaribaswih theltedpective QotE1 bhsediparatl plashial Inagul at abl e

ET-cl oni ng proficiency upon. transformation of the recipient host strain.

')Gibveln t I5idertyoside mar?omﬁf nmwmtmwﬂﬁhmm, d,C sabg!clmine
. i . ; J, T 3
oyt A8k ket hERBR okl pipi VR ARATE WopingtrHRG ER Y oro s 4B T
reconbi mEgeRbhicatih 35st4hn ipfeskit Bn'tlide pREK Mashidddee 1t &oﬂfhs&ﬁdﬁ?%&iitiﬁ%;and the

hal f-1ife of "the | east stable conponent. Taken together wit facts

t hat r ceequenes homuloty tomther eeplicatiinoriginsuinslidingpl Selaad Coll). Mereevesj the al so

ei t her ecB or, a _phenog .of recBC- (due to, the_expression of 20
redy) NIRRT AT EAR R #i 2% RO BRI AR o IS8R nat | on i s
gr eat |y ofigfi efich as CHIEL 51875 AUSR DY nchlRE Hﬁrﬂ'zﬁiﬂ'&cﬁhﬁﬁ%- SWdiGing | S that
t hese pl ag?#ds tend to ba;ﬁl ost rapidly %en t'hey are not égfec't e@i’%%'r
durid§ culturing. This is probably due to the constitutive expression of
Redy, and may al so vary according to host cell factors, for . exanple the
presence. of RccB CD. 25 Replication of pR6KI BAD- ad3y requires the R6K

origin gadpbe,bir-1 16 protein (Metcalf et al., 1994, Gene 138, 1-7). The
pR6KBAD/ a f/’b car’HFi es the R6K origin, which was obtained from pl P5603

(Penfol d and PenbSububsning 8021 9kE-fraginbfit ibéfadimp,cxbfie2 and 3 of the AF-4 gene
| present on 2 BAC is shown in Figure 10. First, pR6K/BAD-aBy was transformed into the
) 20 BAC carrying strain. Subscquently, the transformed straini was grown on LB medium
containing 15 pg/ml tetracyclin and 12.5 ug/ml chloramphenicol. The growing cells were
induced wrth L-arabinose for 1 hour, after which electrocompetent cells were prepared.

These cells were transformed by electroporation with the linear vector, wfﬁch contained the
pI54 origin of replication and the ampicillin resistance gcne, B-lactamase (bla), flanked by
25 two bomology arms of 50 nucleotides which direct homologous recombination to the target
DNA on the AF-4 BAC. Recombinants were obtained after growth on LB plates containing
50 gg/ml ampicillin. N
As shown in Figure 10B, 5 independent colonies werc selected for analysis.
DNA was prepared from S independent colonies, digested with Hindll, and analyzed on an
30 ethidium bromide stained gel. HindlI-digested correct colonies and the linear vector alone
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pir-J16 replicon gene, which controls R6K ore plasmd replication i n !
bacteria, and the tetracycline resistance gene tet)from pBR322. Pir-116 is
a copy- 'up mut ant which-allows an 30 R6K origin-containing plasmd to exist
in an E. wobiwosksai n at greater than 200 copies per -67 9 FEB 200 WO

01/ 04288 PCT/ EP00/ 01533 cell. The pir-116 gene was PCR afSITYER0O8463380m t he
E. coli strain BW647 and cloned behind the |acZ pronoter. To generate
pR6KI BADI aBy, the R6K origin, pir-116 and ter" were introduced into

pBAD- cd3y (Miuyrers er al., 1999, Nucleic Acids Research, 27:1555-1557) 5

by ET reconbination there rigin an the ampicillin
resi st anc&Feh E&W"‘d}‘%ﬁ ﬁ?@?&‘?ﬁf@g%ﬂéﬁ(@@&gf@m@ hg 5WD/ ETy and
PREKI BADY k8fitmé® b DNA . The copy nunber- of any R6K- based pl asm d was
found to be apprOX| mat el y tvvo .times higher in conparison with the
respective Col E |-based parent aI plasmd. In a side-by-side conparison of
pR6KI BADI %%3@9799 pPBAD-aDy in a standard BAC subcl onin 10" exercise, the
R6K- based ™l asm% was found to work nore efficiently (see Figure 9B). The

R6K rep$ication symmme%aﬁ@%ﬂﬁwww&%%dﬁmqwt ai n.any

significant _sequepce nol ogy taq ot her repllcatlon or| ns |nclud|ng pl 5a
and Co/ El."‘HGB-F’tS’%\}%? Hi m&&%%%&mr [Ehorgip ot her

| [ [ cdcb?r' ﬂ?&b’q d pl 5A
lrogpl Irlgﬁhlcigéia?% ey?%-%%rmé\fect o(%ﬁglsﬁfk ET sﬁ%m n Tgﬂbclponl ngan
Subcl oni n@c@bmﬂmm%l@gfmﬁiommmm@m&mclﬁomﬂ:ﬁ(m Figuee DFAY) gene
t h t f d
ot e Osibelin BN ol s koot Ermiotarizad ol o ogston., s MpeAEtrcle o 1 s

grown ae hﬂdﬁfkhﬂ&ﬂﬁﬂfgﬁmﬂplqk&@ah%d ke docelottropdtated htol 2720000 @hith
CO

chl orarrphenl The grovm ng cells were induced with L-arabinose for 1

hour, aft eﬁﬁ's m%ﬁwlpwm Oﬁﬁé@b cells were
were 88?2{% %gﬁ" ﬂ%ﬂw‘ﬁ? t“%’lﬁi&%@ P%%%nt e e ’/?E&FM e""[‘-‘é’i ins
As shodf I kb DNgladied 85 mbkdr (GOReBRENt col oni es were sel ected for analysis.

DNA was prepared from 5 independent col onies, digested with H ndll, and
anal yzed on an 30 éf Apetheriexamnle of seressiyl FTnecombination-flaving isishewn inFigwer ect

col oni es N Gn HiPerpbetidH, o Highedt wAk BBed directly from mouse ES cell genomic DNA
using 2 homology arm cloning vectar. As shown in Figure 124, which outlines the cloning
~ strategy, 2 neomycin resistance gene (neo) from mouse ES cell genomic DNA was
20 cmployed as the target DNA.  The linear vector consisted of the ColE[ replication origin
) plus the chiéramphenicol resistance gene Cr” flanked by two arms which were homologous
to the Tnj-neo gene. The required mouse ES cell line was gen:rmd by transfecting a
. fragment containing TnJ-neo under control of the PGK promoter plus :.1_ polyA wil.
Genomic DNA was prepared from G418 resistance colonies, and sheared with a needle and
25 by phenol/chloroform extraction, creating linear fragments of about 20-40 kb.

ET cloning was performed by co-clectroporating the linear vector and the
sheared genomic DNA into YZ2000, a JCR679 derivative (Clark, supra) in which the
restriction system, which degrades foreign methylated DNA, is partially impaired by
deletion of the merd, merBC, hsdRMS and mrr genes. Because overexpression of RecT

30 greatly enhances the overall ET recombination efficiency, YZ2000 was transformed with

-69-



_ -9 FEB 2

WO 01/04288 PCT/ EPO0/ 06533 were used as markers, as well as a 1 kb DNA.

| adder (G bco BRL). Correct subclones were confi rrjd by DNA sequenci ng. ET

Cl oni ng" Genomi c DNA can al so be the direct source-éf target DNA, as shown
in the oxpot/mymwnt in Figure 11. In this experinent, the linear vector

consi sted of the Col E! origin and the kananycin resi st an(&/ERspecsskan) ,

fl anked by honol ogy arns which direct reconbination to the laclllacZ | ocus

present on the E. coli chronosone (see Figure | 1A). GCcnonmc DNA was

I sol at ed from E coli prelinearized by Xhol digestion. The |inear vector 10

and the p r nom ¢._DNA were m xed and co-el ectroporated into

YZ2000, vSﬁ %&%ﬁ’ﬁﬁ Fgwe%?ﬁ@@ sells crmyipg pPROKVBABYresh vdishiwege on LB pl at es
cont ai ni Ngdeed [ ﬁrﬂﬁ' ting of the | ad
and | acz enes the Col .m(gﬁluggl ég%&ﬁ‘%éw&b‘%&ﬁﬁsmﬁshom in Figure

11B, rest mﬂy&iyg%e&&mm@ﬂéwmﬂmis&wwkhe correct
product (] anes 1- he_l|inear vector; |lane Mshows a 15 1

kb DNA | &Wgogﬁ?%gnﬁ?gﬁgﬂom °"%8Hﬁ@%5ﬁ@ﬂmsuccessful ET

r eCOMbEN ahiofdingHeMBbINBy résusm»gm&aﬁ&% c{:ﬁlamg a
fragment was cl oned di rectly rom nouse E el T""gen m?WS&ﬁg a

hf)m)l ogy W@’PM‘W&S ommmwww Ezmex%ﬂassidn. mFigkrges t Ih?
cl oni ng C|.n csi st ai 3ce gene rom u e ES ce
gcnoni ¢ vvalg@ err%ﬁ% of ktparayc 'aafm%ﬁ&mi%@m; ér consi st ed

of the Coblﬁmswmfamdaﬁbewaﬁsnm ﬂﬂr@fﬁéﬂ&ﬁ%&t&%ﬁﬁ% stance gene
Cmi flankedﬁgg ﬁ& arng which were honol ogous to thé Tn5-neo gene. The

requi r ed PAB &E7Y njthe pressace of chioramphenien) but failestte gravnig the préserwg e nt

o Efeaayaass wiAd AR A Al BER AV I RbeRb BB L 1,

needl e an 25 by pmmmsmwmgaeembmmmmmmdlcsaaﬁehfragrrents of

vector  aR PR P, e B et o (G004 rratmorsnabs vl v

(d ark, Wﬁnk&xﬂﬂbﬂc@&n&b@r’ EGSH teintih \gﬂ‘,?,gst afg?‘ for ei gn
nmet hylated DNA, is_ partiall y | rrpal red byﬂ%el etion o %?&’Va 7rIn:r BC,
hxdRVE atie 48 2 hemelogy apas: Jdisdomplogy mmmﬂicem-swﬂgﬂmﬂbmnhances

FEB 2004 oL 01/“6’259?“@5’%%8&6‘%%??%%”%“@2é%“ ftBNA 72000 ool I
car ryi ngTiFRerURAE! ofbofiologh amis (eliated by the larger boxes) is homologous to the
lacl-lacZ genes present on the E.coli chromosome.
In' the first subcloning step, the linear vector was co-electroporated with
lincarized A phage target DNA into the ET proficient E. cali strain JC8659AIacZ. This
20 resulted in the subcloning of a 6.7kb ADNA fragment including the exo, bet, gam, rexd and
) cI857 genes, into the linear vector, thereby generating pYZN/A- PR. For the next ET
recombination step, & new linear vector was used, which contained the chloramphenicol
resistance gene cat flanked by mutated foxP sites (loxP*, Araki et al., 1997, Nucleic Acids
Research, 25:868-872), as well as terminal arms which were homologous to the A DNA
25 present an pYZN/A- PR. This lipear vector was co-electraporated with pYZN/A- PR into
the ET proficient strain JC8679AlacZ, resulting in the formation of pYZN/A- PR/Cm. From
ﬂﬁspkmnﬁ¢ihcan4nnmhmm;l[nﬂkﬁagnnuﬂmﬂmdbyﬂmtwohﬂnmmlmnm“mkt
were homolagous to lac/-lacZ was released by BstZ17 I digestion. 'This fragment was med
to target the chromosome of the E. coli strain JC5519 (Willetts and Clark, 1969, J Bacteriol,
30 100: 231-239) which expressed RecE and RecT from PBADRecE/T (Zhang et al., 1998,
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i nduced with L-arabinose for 1 hour prior to harvesting, were § FEB 2
co-transforned by electroporation with 0.5 pg Iinegr vector and 5. Opg
sheared nouse ES cell genomic DNA. An average of -25-35 col onies were

.obt ai nedyaokB,4 ates containing 50 #g/m  chl oranpheni col . By re-strcaking
t hese colonies on plates containing 50 pgltn! kananyci n, PGI/ERI0/0&B3 30
colonies tested were found to grow by assaying TnS-net, expression. In
Figure 12, panel B, restriction analysis of kanamycin resistant col onies
denonstrated that all 6 colonies tested were found to be correct (Il anes
2-7). The restriction pattern of a false positive, which grewin the

pr esenc eNghre Cin@iPONRBL1CE). Afér HToretdibitatiof bl ¢eleatibmfor Rfoatein the of
kanamycin, is shown in lane 1. Al of these fal se positives_contained the

rel i gat quesencenf 28zl shioramphesivoh ¥ Z208\dGmistraini v eonergtrd.sReletionnf g and

cloning. s _sh i Lquee 13 .The |J (o] Si _pe, Col E!
repli cat'f GFP%%\I&Z?B?){H@" é%g%ng'ﬁﬁﬁvcﬂog'%l@a ‘(":’Eﬁggﬁf‘%ﬁ%tgﬁg‘i erm nus
of the lexp@thay Rehfies RNGRYAR refistincBginé Lir) instgad 6f thechicrafaphenicoy arms. The
honol ogy arms present- at the.extrenes of the linear vector 15 (indicated by

t he sfalresistaive geas, and@ictbrddBachholzes ahdR9, dysleic Aejds Resemrcbhage target DNA.

ool ogadc iR YA B Sk e BELANA Sodalin (BTEmIAMRE 2 11 (e

first syhpkiedid® sitkof theldhforhdsomal SheeYZ200HEmCo®s BeitvindiRibi Ofrostibh
i nearized A phage target DNA into the ET proficient K colt strain -

| C8679d PSR A gtncs exx betand gemdit ispopditionally E srefiricntf Agimilarisiategpieaneagnent

f .
e, W i i ety AR S S0 1L

l'i nead vect or was TG dhe étiingles proséntddabevel ddtofitttats SvprabaipaRkhesfersi st ance

gene cat flanked by nutated |oxP sites (laxP''., A.raki et af, 1997, Nucleic
Aci ds  Ruepessiulicloning gegubsioning nsingReqE/ Band:Redaifrmediatedhomplogausper e

honol og : P ;L DNA 25 present on pYZN A- PR This linear vector was
co--el ectnoporated with pYZNI)L- PR into the ET proficient strain

JC8679AlacZ, resulting in the formation of pYaUA- PRRCm From this
pl asm d, the cat-containing, A DNA fragnent flanked by the ,fwo term nal arns

which were honol dgeirveRtpndsseribed and gigimed Rereinderptto bilimited iy soopest i on.

1G5 PR By B el Ghecd Mo L ERBORRE st il © i ch

239) which
expr ess diusRetién off sdvételabpdatsufiticBARIRtof/ Any juivalpntembddimerit® 8 intenddd 9o FEB 2 WO

01/ 04288 PCT/. EPO0/ 06533 .Nat urge netjcs.20:123-128). After ET reconbinati on
and sel ZEWC@EPESW wm%effﬁre@%m mfﬁrﬁwmﬂaﬂwem col ,
YZ200! / Gaitibh # Mo¥hoWR BRY Adsefibed MRl N bedmE lparent to those skilled in the art
from the foregoing description. Such modifications are also intended to fall within the
20 scope of the appended claims. Throughout this application various references are cited, the

contents of cach of which is hereby incorporated by reference into the present application in
its entirety for all purposes.

25

30
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to generate YZ2001 was done by using the 706-Cre plasm d, which i_s“ 9 FEB 20

identical to 705-Cre except that it carries the tetracyclin resistance
gene (ter) instead of the chl oranphenicol sistance gene, as descri bed
(Buchhol z et at., 1996, Nucleic Acids Research, 24:3118-3119). YZ2001 thus
~carried the 6.7 kb t DNA fragment (exo---d857) plus a utated | oxP site on
t he chronpbsone. Since YZ2001/Cm all heat - i nduci bl e expression of the A
genes exo, bet and gam it is conditionally ET proficient. A simlar
strategy can be wused to generate knock-out constructs or to perform BAC
nodi fications, for exanple. 10 Thus, the exanples presented above
denonstrate sSeveral approaches for successful cl.oning and subcl oning using
RecElI T and Reda/ 0- nedi at ed honol ogous reconbi nation. The invention
descwiHer 19%d. SIMEPAS:. herein is not to be limted in scope by 15 the
specifrc enbodrnent s herein disclosed since these enbodi nents arc intended
illustration of several aspects of the invention. Any equivalent

enmbadi ne i nt ed to t he_scope of this invention. |ndeed,
var |q0us %H’i %035 ﬁ@é{lﬁ“&%@q%fﬁ F‘%tmf&?t é@d&q d¥ecter compeisinghown and

des cultini dsectzirial vl ﬂiam@fviﬁesaﬁﬁﬁdﬁeﬂﬁl rERuiHRe, i BacRftal Gl ARtithe T oM Lhe
fore ¢ é{h&[} r&ro flcat S are alsomten ¥I wi t hin
t he %gb o% fﬁ\FAF Bhe ﬁéséi Qe d?ﬁip%ﬂﬂ’r‘l‘éa? & Aecond gpnble-stransdedvar i ous

r ef rmisesanr(b) & veator, DNlﬁe:omnhxgninsth@folleﬁ'ﬁig drtierdiorthe Sediy Blkm Juapgr por at ed

pur U3s St B ole s oo Mo i bl elopticn o [} £ tond bl
i nt Pl 5"1!'36‘71 h@,ma o8y arn.sush thahthe Gequenepcaf aDrgtor BINA strandaifdhe fisnsmslopg
cul st is@s@ﬁlﬂ@&ﬁﬁbﬁiol@h& td fake We%@&sﬂéﬁﬂ%%@@%&e%ﬂ%a&e said

bact conprising a

r cel ont a t target
douft th%f?"é‘ﬁ'&"é:d’ta ﬁﬁ°ﬁk?§%§\'agné°§&waﬂmoéowmdammdmms and (b) a
vechwmol@btlisto therseqienge ofmeitdrgetfﬁwmﬂohﬂmomdﬁcoﬁd &Bﬂuﬁb%u)éﬁpﬁi) '?JN?@ trand:
(1) ﬁAflk ErtgtPfﬁPo S,trg{léﬁﬂg nol o'gg g an origin of repli i on;
(| il %ﬁa secon i hgmpiog ?‘éﬁum such that the sequence
of a vector DNA strand of the flrst honol ogy armis designed to be
honbl ogalFethpdithemsisng arcel containinga rgeamiihitnt DN A mebledutd, kgidimdtdd t er m nus,
ancofmpismpaguence of a vector DNA.strand of the second honology armis
designed,to he Aﬂorml ogous to t he sequence of the target DNA strand of the
second t&r i AYERdUEg: diasecqngsand ofniouble-stranded wettoninm a ¢edl, waidt or DNA

bet ween t he memmm@rmmersn%nm tﬁ%‘ét bra m«e Hasﬁngﬁlblactgrqﬂt aining a
recombi nant Pé\é%ﬂ%%ka%é? LRveRrd compnsmg an ong1 of re rep 18ation and two homology |

arms, in the following order from 5’ to 3’ along said first vector DNA strand: a

first homology arm, one strand of the origin of replication, and a second
homology arm; '

said target DNA comprising a target DNA sequence and two termini, in the
following order, from 3" to 5” along a target DNA strand: a first terminus, the
target DNA sequence, and a second terminus,

such that the sequence of the first homology arm on said vector DNA strand is
homologous to the sequence of the first terminus on said target DNA strand, and
the sequence of the second homology arm on said vector DNA strand is
homologous to the sequence of the second terminus on said target DNA strand;
and -

b) subjecting the cell to conditions that allow intracellular homolo gous
recombination to occur.



-
a) introducing a first and a second strand of a doubl e-stranded vebtngEat%
a cell, said cell containing a double-stranded target DNA and expressing a
bacterial reconbinase, said vector conprising an origin of replication and
two honology arnms, in the followng order from5' to 3 along said first
-vector DNA strand: a first honol ogy3arm one strand of the origin of
replication, and a second honology arm said target DNA conprising a
target DNA sequence and two termini, in the following order, from3 to 5

al ong- a target DNA stmiethdd far nisking a ¢t oBhiitfing 4 RRombALSEHNRNAREILEASE. and
a Se?rfé‘flﬁ)dtc%&[[ﬁin?fﬁ; such that the sequence of the first honology @ mon said
r

vect or DNA st is honologous to the sequence of the first term nus on
sai d targét DNmimducingia fizst and b eccond stemdaf afdotble-seReRE Ve Roral t &4 on said

vect or DNA str ' ) t o t:he: nce of the,second term nus on
sai d target DN%letldr gonuy;i@ %ﬁg@%@gf’l{oﬁ\zShgt_ﬁjé‘%g’gﬁ&st‘@o@&‘? i ¥4 QOREINIREL Pow

intracel I ul ar Wﬁﬂ‘ﬂﬁ’.@é@d ta?@ébﬁ{ﬁ M¢X@rﬂssiogabweﬁalﬁ@n&;na§3, 3. A nethod for
e 51 g ).t cOipfising &8 SRR S tep g b Aoy hfrandd hiiotosst  anded

conprising: a) int.rg}cliu%’iln .a first and’a second
vector and fi rSPSafdselaninenstde m 6t slongseidifisst vobtog DA btenidt des i nto a
-cell, said celfirsiimnicdogy i, the oHpibbAreslida@ts Hd L IEARH REMA! expressing a

bacterial rec .nane.w.5ai d vector. conpri.sing an orrgrn orr’reptication and
two doubl e- st %g@c}g%eﬁ% CRprisyig e st DNAseqvance andhi ot able-strandeds’ to 3
al ong sai d fi teminieitthe fallsiving owder frof 3°it6 St al0RFRLREM N Lgi n of
replication, mlﬂlssﬁfﬂ?éwpm&rgé@% esai { tar&cﬁﬁ%g%onpg}sg%ﬂg agdr%tgr get DNA
sequence and two doubl'e®s{randet  tefii hieCOYHCFRBYE .| | owi ng order, from 3
to 5 along aS¥ddggoliprpcieotide domprising s first blgomucivstidelDNAl H@hd DNA sequence,
and a second tempHaws in 8RBl I GRYcleot i comprij.sing a first
ol i gonucl eoti de c%‘l{f}h%t ran c‘gﬁl tr‘:’lrcg‘l"lhng, ?n{ot éa?‘ﬁfﬂ“&%f}@wﬁaﬂceﬁp m3 to
5 a first nocont Phtedide seanence, wheren said Srinvaledtidotseaienseisuence, wher ein
sai d first nubdmolbgass ts drumehetiieseqhante b® R stHnt |.§,8§akdj§ec§§quence of
the first honghgg%aﬂa%gg %ai d vect%r ..DNA strand, sal d second
nucl eoti de sequénce | - ) \adogdude
| eotid ST Rend e atidrsraraIgs isdesizaed inchahanalogaug

sequence of tHdhg nycleotide seruence afithefistitctmingebn S5 DNA staigl second
o1 gonucl et s a5 oot iy 43RSl S 1 B

compnsing, in the following order, from 3° to 5°, a third nucleotide sequence and

a fourth nucleotide sequence, whg;igit_r;:;aid third nucleotide sequence is

homologous to the nucleotide sequerice of the second homology arm on said

vector DNA strand and said fourth nucleotide sequence is designed to be

homologous to the nucleotide sequence of the second terminus on said target

DNA strand; and '

b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

4. Amethod for making a cell confaining a fecorabinant DNA molecule, said method
comprising:
a) introducing a first and a second strand of a double-stranded target DNA molecule

into a cell, said cell containing a vector and expressing a bacterial recombinase,
said target DNA comprising a target DNA sequence and two double-stranded

termini, in the following order, from 3’ to 5 along said first target DNA strand: a
first terminus, a target DNA sequence, and a second terminus:
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conprising, in the following order, from3 to 5, a third nucleotide
sequence and a fourth nucleotide sequence, wherein said third nucl eotide
sequence is honol ogous to the nucl eoti de sequence of the second honol ogy
armon said vector DNA strand and said fourth nucl eoti de sequence is

-desi gned to be honol ogous to the nygl eoti de sequence of the second
termnus on said target DNA strand; and subjecting the cell to conditions
that allow intracellular honol ogous reconbination to occur. 4. A nethod

for making a cedald mtmabmbﬂeingaﬁ ORI Apiitatih T owe BthyBiog) Ghtk, PO

C D : . ! S i
Forget DA mof SPERRRIE e 5| 3 g s3ior DOV Srenr hareslogy s
eDmr essing a betlé@ eﬂgmlofr@ﬁoaﬁlimd?,sgc@?ihd@ygg%% c](c)nf)lri sing a 'élarge]'g
sequence a - er,mni, in the follow ng order, from
3 to 5 al ong@sgﬁ %?ﬁ?g?dﬁgﬁfeg@ﬂ%%&t Rqmiojpgy arp on said yecior DN A sandsist ar get
DNA sequence, &ﬁﬁ%ﬁ@@@@mn@mw@e&qﬁ&ﬁe%&cﬁsﬁ&hﬁnuﬁﬁ;ﬁ[d §RAPri sing an
fo 3 along b vAERDAN, e BBk B A8 hesoBo bookeY o of peigpecior |
replication and™NA gEnsa desigasddebe homplogonsito theatequenee sfihe etroad edrmida i r st
honmol ogy ar m oen st targ@IHVA s%;%gand”i s designed to be honol ogous to the
seqguence 9$ th%bf.i rst termnus gn sajd first target DNA strand, and the
sequence of the %@8856“%9?%?8@%&&9%*&{aﬂa‘f’dﬂffﬁéélﬂldﬁrhWngsand i s desi gned
t o be honol ogosombintien wagomnce of the second termnus on said target DNA
strand; and subjecting the cell to conditions that allow intracell ular

hono§ 0gOUg mdiRsPfsP k@t r.. 2. et for king a cell
containing a recongl naﬁ?‘{]ﬁ&%‘)ﬁ%ﬁ%&’i‘ E%“"@B‘i“aﬂﬂgﬁﬁda'ﬂ ‘Frﬁ?lgﬁl‘ﬁqu i nt roduci ng
a fif¥MPIHE a second strand of a double-stranded target DNA nolecule and a

Cons i oy a0 odiasi 08| kandadof LAR4P) BOICSe kS ed A el ot ova
conprising a taé‘laﬁ seeandsiquble-strandedligenuiastide into 4 bell, shidlckldwi ng or der ,

from3' to 5 cahlimingawebtsr dndtexprastis a BhMoril FBfjbindsd | TSt terminus, a
b T ST R e S
following order, from 3° to 5” along said first target DNA strand: 2 first terminus,
a target DNA sequence, and a second terminus;
said vector comprising an origin of replication and two homology arms, in the
following order from 5” to 3’ along a vector DNA strand: 2 first homology arm,
the origin of replication and a second homology arm;
said first double—stranded oligonucleotide comprising a first oligonucleotide DNA
strand comprising, in the fo l_lowingj__rdré‘lér,.. from 3” t0 5°; a first nucleotide
sequence and a second nucleotide sé'qiience, wherein said first nucleotide .
sequence is homologous to the nucleotide sequence of the first homology arm 6n
said vector DNA, strand, and said second nucleotide sequence designed to be
homologous to the nucleotide sequence of the first terminus on said target DNA
strand;
said second double-stranded oligonucleotide comprising a second oligonucleotide
strand comprising, in the following order, from 3 to 5°, a third nucleotide
sequence and a fourth nucleotide sequence, wherein said third nucleotide
sequence is homologous to the nucleotide sequence of the second homology arm
on said vector DNA strand and said fourth nucleotide sequence *  designed to be
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follow ng order from5' to 3" along a vector DNA strand: a first honol ogy
the origin of replication and a second honology arm said first
doubl e- stranded ol i gonucl eotide conprising a first oligonucl eotide DNA
strand conprising, in the followng order, from3 to 5 : a first
-nucl eoti de sequence and a second nugcl eoti de sequence, wherein said first
nucl eoti de sequence is honol ogous to the nucl eotide sequence of the first
honol ogy armon, said vector DNA strand, and said second nucl eoti de
sequence desi gneRiNelgEans to Mpbgﬁdsseqmmhefthasémﬂitd!mimﬁweaﬁﬂaxgét the first
term nus on sai ONWadtael: YA strand; said second doubl e-strande
ol i gonucl eoti de conprising a second oligonucleotide strand conprising, in
t he foIIov&pg orgfr. féﬁn]?l to.,b!, a third nucleotide sequence and a
fourth nucteot i ‘YREHRE s cell to,gaaditions thet ellownintraceluler Bompldeoussequence i s
honol ogous t o trhemmhindtionttd decugequence of the second honobl ogy arm on said
vector DNA strand and said fourth nucl eoti de sequence designed to be 9 FEB

201 nol Nucl | de_sequence ,of second term nus on said
o g TP LRl Got EIARE ER L B M i DN Rafeohissd madog | ow

i nt r ZEWPFIENEr honol ogous reconbination to occur. A nethod for nmaking a
cell contagynin ¢ .+ Saj d nethod co i Sing:

i ntroduci nz; a %xtf;b&@%ﬁ 5@@8%@3?&%@da?“glc?mé{éﬂfeamggé%%ﬁtaadand a
first and a s&cenaadsranthef afoubleciandes tatgetANAdintoar cpdtexphodsing h bactes 4l |

expressing a bagbmbimke, reconbi nase,” said doubl e-stranded vector conprising

an origin of r i i Q two hono] o arnms, in the foll ow ng order

from 5'g to 3 gﬂ%Hé&g%{ﬁgmﬁgggﬁﬂwsa%ﬁngﬁ%@mﬁicaﬁm and mdmbn%gqur m

o oot DA COMmRl Bhna Lot tot DN coionr s IR vebir brdR Ui g AN e

fol | owi ng ordglr?{St ﬁé@%ogy%qgé °@€ﬂgm§§|’%‘°ﬁq‘§ﬁsf%ﬁééf’md%}’mand: a first

termnus, a taffifbdoublesstrrmdertiaget DMl camprisimnaltat et DINMISsqueteinlifteb t he

nucl eoti de SeQURMGE i t o s rm.on id vector DNA strand is

desi gned to be honﬁllfggjgufgﬁ?‘ghgﬁgde?fuc egt %ﬁ@é’&ﬁ@ﬁ?@%&f"gﬁ?ﬁhﬁ*ﬁﬁ:fterm' nus

on said tar get THNEMRINAS 3dareet PINArsequrace;cod B decond gererime; of t he second

honol ogy arm anclsﬂiadmemmﬁt_idal%q&neaatﬂthk%:&ﬁééng{g%ga&@ oB%a#&QfggthP@% to the
i _

the cel| Lo colld AR EpFLP bARERIosaR tndhk neRlsatiRspminerafshe ficst -
terminus on said target DNA strand, and the nucleotide sequence of the second
homology arm on said vector DNA strand js designed to be homologous to the
sequence of the second terminus on said target DNA strand; and |
b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

7. A method for making a cell containing a recombinant DNA molecule, said method
comprising:
a) introducing a first and a second strand 6f 2 double-stranded vector, a first and a

sccond strand of a double-stranded target DNA molecule, and a first and second
double-stranded adaptor oligonueleotide into a cell expressing a bacterial
recombinase, '

said vector comprising an origin of replication and two double-stranded homology
arms, in the following order from 5’ to 3° along said first vector DNA strand: a
frest homology arm, the origin of replication and a second homology arm;



reconbi nation to occur. 7. A nmethod for making a cell containing ag FEB 20
reconbi nant DNA nol ecul e, said nmethod conprising: introducing a first and
a second strand of a doubl e-stranded vector, a first and a second strand
of a doubl e-stranded target DNA nol ecule, and a first and second

.doubl e-stranded adaptor oligonucl eotgde into a cell expressing a bacteri al
reconbi nase, said vector conprising an origin of replication and two
doubl e- stranded honol ogy arnms, in the followi ng order fromb5' to 3" along
said first vectaid tdhes DNA&bmprising b itdrgét IOABEQEY cud twhbldoubleisgtuidedf

Compr i i ng a1 PR gk RRTIR e Ao Cim AR Sisfath DR SR R 1 e

f ol | owi ng or detepmimsthetarged DENA s¢quenpeaandor speondAmsiig;and: a first

term nus, the ' p | d first

ol i gonucl eot i dge&(i:gfrsttpP?g@#gﬁgﬁﬁéﬁpr%&%gaﬁlﬁﬁﬁ%g P%gJW{‘F% conpri si ng,
in the fol | owi srynmsising; in thedotlcving ordsr, from 3itos: afictt sveleatidesequesneendin a
second nucl eotiggaoﬁdag&a&ﬁﬁes & @héﬁil?sagdhfg% mmﬁﬁ%é gn&Sguence is

honol ogous to the nucleotide Sequence o I rst honology armon said
vector DNA sthomeiogensdo theimwclealidsseqvaner ebie destdenpelrgyanassisgidoectos be

hO_mgl ogousdt oI DN& ﬁﬁfld,eithﬁ%ai@fseédﬁﬂ_nfubr’eﬁdets%E]tEB'nBé' aeslfi»@aea% Efl.» h@?ﬂggo@yé s:j rand;
sai d second ol jgonucl eotd de.conpri sing a,sec onucl eoti dé stran
conpri sing, i ndlgﬁ%l%‘fel";\lﬁ%@sgg s ?'?W g%i}%ﬁséﬂl hi rd nucl eotide
sequence an csaidsecord oligohadedtite csxlmpnapgesemhe roﬁ'gdmut?btidé Strand N gclheot : de
sequence is : oki de..sequence. of .t he second homol ogy
arm on said &3@%1?% %‘?F%@%‘%%dg’a%’a‘q‘r%oﬁ&? h &8 Blse ¢ SERTAR A dyesi gned
to be honol ogdiurth pueleatidescqusned, ahersimsaidhthirdofuctentidesgequentetiser ni nus on sai d
target DNA Styoaidbgon® th Ak nBdlBtRIe sbq\nbd 6 tﬁ@kécoﬁ@h@ﬂﬂ@ﬁ%hﬂﬂmtﬁﬂg@ﬁt al I ow

I ntracel lul ar hono ous .recomnhination tq occur. . of claim®6
wherein the céPftof mﬁa“é@ﬁgéﬁé“"ﬁﬂ‘rﬂl’éle@B@? sauversgdlesisecdtadsdi ng a
si te-speci fi c hopwivgousaste apdédide cequentd sHBEl sdcon @ PG bl said diget! N vect or

further conpri (i_lir t and second recognition site for the
site-specificbx%ﬁﬁrf &2@ a first recognition site |ocated outside the

first and)seceuyettingshocpll tarcnsditiamthat Alewdntiaciltlar keraclogdows r econbi nase
recognition ?éckﬁxbk&&?i@ﬁ.%’o&c i de the first and second honol ogy arns; and
during or after step b), r1nducing expression of the site-specific
reconbi nase. 9. The nethod of claim6 wherein the cell further contains a
nucBeot i g‘ge method of claim 6 wherein the cell further contains a nucleotide sequence encoding a

site-specific recombinase operatively linked to a promoter, and the vector further comprises a

first and second recognition site for the site-specific recombinase, a first recognition site located
outside the first and second homology anms, and a second site-specific recombinase recognition
site located inside the first and second homology arms; and during or after step b); inducing
expression of the sitc-spec_iﬂc recombinase. o oL

9. L The method of claim 6 wherein the cell further contains a nucleotide
sequence encoding a site-specific endonuclease operatively linked to a promoter, and the vector
further comprises a ' - recognition site for the site-specific endonuclease, located
inside the first and second homology arms; and during or after step b), inducing expression of the
site-specific endonuclease. '

10. L . The method of ¢laim 7 wherein the cell further contains a nucleotide
sequence encoding a site-specific recombinase operatively linked to a promoter, and the vector
further comprises a first and second recognition site for the site-specific recombinase, a first



sequence encodi ng a site-specific endonucl ease operatively |inked t% £EB 200
pronoter, and the vector further conprises a recognition site for the
site-specific endonucl ease, located inside the first and second honol ogy
arras; and during or after step b), inducing expression of the
-site-specific endonucl ease. 10. The,nmethod of claim7 wherein the cel
further contains a nucleotide sequence encoding a site-specific

reconbi nase operatively linked to a pronoter, and the vector further
conprécvgsitiansite breatad dutside dirdfinstaudgacdiddomsiagy drms, e ssédnd-sitpepicific

reco Hﬂ%@’iﬁ %g o i first
and secon Q?ECF%I{IﬁE’%rg@E&t&Pdﬁsaﬂgecon zlsnlﬁ{} 8&?32‘8%’@?‘%5’ d%ﬁgdﬂﬁgé&e
recogﬁtﬂtﬂt@‘b)slﬂtdécmﬁé’énfé‘tﬁlanfﬁlthre'ﬂlctﬁeﬂﬂﬁF sacomhihageecond honol ogy arnms; and
during or after step b), inducing expression of the site-specific

reconpi nagge nib@hodUF@laﬁﬁW%@ﬁﬂ@&!l"ﬂﬁhém@ﬁtﬁhg atntl@le&’ﬁ:léseé Wnbd Elcol %ta‘a' ns a
nucl eot i de l(’fsrﬁﬂgence encodi n 'éﬁ site-specific endonuc e operat|

| i nk¥tpe-thgedicsrdeniclense opcrrtivily lipked b promots, anddhgy sedarfurther cempHsssd on site
L or ftbegrﬁutues@praﬁthfelsne@pamwtdemﬂ ds@tro%h@d insiRel HE fiksh and derid l?d?&oléﬁ?ot”g

ono r after ste nduci.n ression O e

ot et e Aanet ke tRreRi e sl bR oo 2. 11
wherein the vector further conprises a selectable nmarker |ocated outside
the {4 rst v [_.CONPrise in

eit h{er of e.e@%ﬁ?@%ﬂ&%f?ﬁgmﬁer S rﬁ‘%)irrgn{i}'éfl @?%:t%r}ﬁra{]il%% E@%?t%l“‘ﬁﬁl& strand,
i) ttmarkes 10§tteqlmewétde the first andescensiddomabtgy armsicuch thahtheoedtgr comyriseg i i cat i on
and dither §ﬁﬁ@ﬁshomﬂphﬂ9ardatsmonps 1'0'3)' atc}t& af\ﬁeEt%{' DNN%IQ% tRE Bhst h@ﬁoflhgg,g' n of

replication &e se abI £. ker, I he secon ogy ann
et H#E B slegtahle poar replication i asaeed hewRloy aerarii s it
r esilphridegy drm, tHa:emgd:ebfrepmlan rthé gelédidbly @iaikef, and the sEbhd! many one of

Clains 2-11 wherein the bacterl al reconbinase is RecE/ T or edal

rec in I Le es nmet hod of any

one a7 orieaneantib b IR £ bl eSSk SRRRT IR Rbibte ebgfanty b Bt o o
any celheomping@igthawectori1 wherein the cell is an E. coli cell. 17. The net hod
of any one of Clains 2-11 wherein the cell is a eukaryotic cell that

" ecqubi NG ictRPSTang @fe BeCTirs md/»ﬂ{eré%@etﬁ Uae&ﬂmlem&ﬁnaségs RécEFRLROd for
:Pﬁga% rec nbl nanh %E&) r@ t he method of any one of
ri@ e oF aP ?ﬁft*%@gé}' - a recombi nant DNA nol ecul e -
that conprises the target DNA sequence |nserted into the vector. 19. A

doubb.e- sThanddhbdNiany ent of Claied 2H11 fndierein theckH ds £haptdriaQcdll, -subcl oni ng of  a.
target DNA nolecule of interest, said vector corrpri sing an origin of

rephscatfrﬂ@n?emt&@ﬁwaﬂ%f@w{lgﬁtnhﬂere,ttﬁeéeﬂ'ltw iRhger froms to 3

al ong a vector ran ogy arm G gin of replication

and se%ond | ogy arng such that the nucleoti de sequence of the fi rst
n’é .0g of any one of Claims 2-11 wherein the cell JSaeukaryouc cell that

recombmantly expresses RecE/T and/or Redw/f recombinase.

18. A method for making a recombinant DNA molecule comprising the method of any one
of Claims 2-11 which further comprises isolating a recombinant DNA molecule that comprises
the target DNA sequence inserted into the vector.

19. A double-stranded DNA vector useful for directed cloning or subcloning of a target DNA
molecule of interest, said vector comprising an origin of replication and two homology arms, in
the following order from S’ to 3° along a vector DNA strand: a first homology arm, the origin of
replication and 2 second homology arm; such that the nucleotide sequence of the first homology
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73 armon a first vector DNA strand is honol ogous to the sequence of the
first termnus on a first target DNA strand, and the nucl eotide sequence
of the second honology armon the first vector DNA strand is honol ogous to
t he nucl eotide sequence of the second termnus on the first target DNA
.strand. 20. The vector of Claim19 erein the origin of replicationis a
bacterial origin of replication. 217 The vector of Caim 19 wherein the
origin of replication functions in E. colt. . 22. The vector of Caim19
wher eftin ema figstivgitor BNA etpand dstdnariogous od the saquenceo iRt feAfinGSbh a figt: A cel |

CONPr {54 | £ Bh.| . vect usetul, for, directe oni ng or
subcl 9 dﬂnm\g} %@é@b@ggﬁﬂ%@: egiﬂ eggeo -t fesprg homelagyangron g’re%éﬁr}'ﬁ? §ing an
or i gi HNg¥ straggis hernelegous4m thetnielehididroicaugncaofithe seqont harmimisloawhefirspragigt f rom
5" toDRA @428y a vector DNA strand: a first honology arm the origin of

replication and a second honol ogy arm such that the nucleotide sequence
DNA strand is designed to be

of t firsgt honol .armon a first vector DNA | . d

honol gousﬁletvc?“{‘r"ﬁg%)géﬂfﬂéﬁ é'(é)hefﬁm therarigin ofiteplipation isgrbagterinkarigin of get  DNA
st r arrepliation.t he nucl eoti de sequence of the second honol ogy arm on the
first vector DNA strand is designed to be honol ogous to the nucleotide

sequenrce rRLRUsS.on the. first, target DNA strand. The cell of
d ai %ﬁ'23 a\fh[lle?ﬁ&?gggé%%ﬁtlg‘ﬁ%ﬁe% IOPE%HIWHWF?OQJE‘QFWDS%E ek ect ed cl oni ng
or subcloning of a target DNA nol ecul e conprising in one or nore

cont @fner Jhe ypctar efdfelpine 1 8 wharsiretiie Dhginved cephicatimefimttidng in slinamnshlianice, rec c
on ng or subcloning o a target DNA nolecule of interest, said vector

conpedsi ng. @it Rripisiagef dobBRISEAdIIMNAIR ied iy N the
fol l gﬁ%@’%’ or%:ert f}?lg GO %FBI al O%Na ygtgit: gér%f%;ﬁp,&f*s t'r'é?lcﬁ':' 2 #ri rst honol ogy
arm e Y e % mnoleeils o miterest, seidkvster sowbrisiag an arigin of meplicatioxt t he
nuc! sut ixbehaedognamspin théollowisg orlenidm 8 123 G Pvecior NA SELRE 2 ANA strand
IS dﬁ%&g?%{ﬁg g@gﬁh%@u@l t 0 ahe sglgtl!lsnc? of a fi LSt termnpus on a
first targe & FPHRAPHRY A JETORE P B Y FrBn T h that theaisleetidel honol ogy
ar m sequence of the first homology arm on z first vector DNA strand is designed to be homologous

to the sequence of a first terminus on a first target DNA strand, and the nucleotide sequence of

the second homology arm on the first vector DNA strand is designed to be homologous to the

nucleotide sequence of a second terminus on the first target DNA strand.

24, The ce!l of Claim 23 which is a bacterial cell,

25. A kit useful for directed cloning or subcloning of a target DNA molecule cdmplising in
one or more containers: I
a) # double-stranded DNA vector useful for directed cloning or subclonifig 0f 4

target DNA molecule of interest, said vector comprising an origin of replication =~~~ -
and two homology arms; in the following order from 5° to 3’ along a vector DNA
strand: a first homology arm, the origin of replication and a second homology
army; such that the nucleotide sequence of the first homology arm on a first vector
DNA strand is designed to be homologous to the sequence of a first terminus on a
fivst target DNA strand, and the nucleotide sequence of the second homolo gy arm
on the first vector DNA strand is designed to be homologous to the nucleotide
sequence of a second terminus on the first target DNA strand; and
b) a cell containing a bacterial recombinase.



on the first vector DNA strand is designed to be honol ogous to tkﬁag FEB 200
nucl eoti de sequence of a second termnus on the first target DNA strand;
and a cell containing a bacterial reconbinase. 9 FEB 2001 79 26. The kit of
Claim 25 wherein the honol ogy arnms have sequence honol ogy to a BAC, PAC,
.l'anbda, plasm d or YAC based cl oni nggvector. 27. The kit of daim25
wherein the first and second doubl e-stranded ol i gonucl eoti de have

nucl egt i de_sequence. honol ogy to a BAC, PAC, |anbda, plasm d or YAC based

cl oni % ve E%klt of 6lgim 25 wyhereins the liomplogy drmebavedeqticnné hamalogptlarBAGL ng of a

tar gePADl\l%dehgﬂ&Hnﬁd%mG &s@&clbﬁ‘m QBGePr nore containers: a
doubl e- stranded DNA vector useful For directed cloning and subcloning of a

targes 0 rest,. said vector conprising an origin of
repliTati oﬁ%ﬁﬁ%ﬁﬂﬂ %%Wﬁ B&S‘ﬁﬁiﬁiaﬂ secombdquble-ganded olignarcipotidatavet o 3'

al onqugleotide saqueida homtolamydo a BAT, IPAC, h&ﬁ&i@?hﬁsxﬂfﬂr YAe bQ§édQ!1cﬂmgé vl i cation
and a second honol ogy and a first doubl e-stranded adapt or ol i gonuc eoti de

COnMprigSi n f , in the follow ng
or der2I8 fr%\m uk{ﬁf@?hﬁ-&?&\%@&ééﬁj %gﬁfgg%gz?%ﬁ%&g@gﬁ% é@ﬁﬁf‘eﬁ’ﬂf’é‘?ﬂs@/ﬁﬂe‘iﬂei n said
fi r stOPAQENOIR $uaiBEguence i s horml ogous to the nucleotide sequence of the
first ho ogy n ond n cl eotide
sequencerrl%s desa?g?l‘élgg Leﬂ[ﬁ@ﬁ%g%ﬂﬁ rfdr%{e%btﬁgcfom @g%‘gﬁ&@ﬂ%g df a first
termnus on a tHEGLIN W%ﬂtwsbéﬁdwwtmimswm aﬂaplhmmn

ol i gonucl eot i dend:wa)ﬁdmlagy Me&(}ﬂgfolﬁ{ﬁﬁ&)ﬁagﬁ%lsdﬁ) §»tar] &g{gﬁjﬁ ng, in

hir nuc

the follow ng ord qt{fé [ eotide's uence
fourth nucl eot PG R (Gl ﬂ‘eé’ﬁ‘ﬁﬂlq HFI?IEFa“%@FléGtSPQ!@ homologye | s
honol ogous to alhmandcl eoti de sequencé of the second honology armon said

t t i dtob
ool ogous to. £ Raiye R bgs? il dtoRRlertd b a v cligmutieanas ¢ ar get
DNA ' strand; aRdAestesad comprising,in ty fallowingerden) ﬁ'deOtd)s nasfrst séQuentbe kit of

c 25 Z&W I Th t of C 25
or 28 wher ei n e e sedfentfihadin 8 ot BE A cepughth niaelogondios a1 A

kit useful for BPP ﬁ‘i"é‘&sé‘l%ﬁﬁh@ft@? %b@n@hghgmﬁnaalﬂamqmtDNMdeﬁﬁJl e
conprising in saithecedd Miele@tigOtiqabmeiSdestnEER e Rorflologous to the nucleotide

sequence of a first terminus on 2 target DNA strand;

c) & second double-stranded adaptor oligonucleotide comprising a second
oligonucleotide strand comprising, in the following order, from 3't0 5" a third
nucleotide sequence and a fourth nucleotide sequence, wherein said third
nucleotide sequence is homalogous 16 the nucleotide sequence of the second
homology arm on said vector DNA strand and said fourth nucleotide sequence 1s o

~designed to be homologous to the nucleotide sequence ofa second temunus on
- said target DNA strand; and

d) a cell containing a bacterial recombinase.
29.  The kit of Claim 25 or 28 wherein the cell is an £ coli cell.
30.  Thekit of Claim 25 or 28 wherein the cell is a frozen cell competent for uptake of DNA.

31 AKkit useful for directed cloning or subcloning of a target DNA molecule comprising in
one Ot more containers:



a doubl e-stranded DNA vector useful for directed cloning and subcl eni@n§EBf 2
a target DNA nolecule of interest, said vector conprising an origin of
replication and two honology arns, in the following order from5' to 3

al ong a vector DNA strand, a first honology arm the origin of replication
and a second homolo arm a first dgybl e-stranded adaptor oligonucl eotide
conprising a first oligonucleotide strand conprising, in the foll ow ng
order, from3 to 5': irst_nucleotide sequence and a second nucl eoti de

sequence, #her éHlP‘%’Aﬁ WW?%PNAMC%W@E for dinetedeclpring sndbsubgloningtaf at he

nhucl eoti de Seqlt@tyéEDPIfA ﬁabﬁcﬁlebﬂnté}@m&agg%cﬁ%%ﬁ nslﬁ%bﬁioﬂgﬁto?fe ioHf rand,
and sai d second nucl gg uenﬁ,‘ﬁtj‘g@%dem gned to ous _to the
nucl eoti de seq Sii% wing offer Heget’ toRhalang axecter BNAond
doubl e-str andeckttaﬁlapi first ﬁbml@gyl ahf,Ché @fffb?zh&lﬂw a@xd%%@&iﬂﬂ homolo
ollgonucleotldagi‘trand conprising, in the follow ng order, from to 5 : a

third nucleoti sequence and a fourth nucl eoti de sequence, wherein said
third nud)eot |ad‘as!skmbmedeﬂddapmtommchmdmnﬂﬂﬁh@(ﬁﬁﬁ&l figdatrleof the

Zggloggedh?gm ge horm go&? gm\éfeﬁle nu%@é@ggrgg%?fg%ctgs ysr%tgﬁﬂ%gqu:]?nenhg

on said target seqyAceadaRgcoBnucitotidksaquerice Ovhérenasid fx8t nusleoide wher e| n the

vector - the i §afuehte §fomgisallle i ﬁ‘f%’é‘% Siefdt i g ERALEY Aol
doubl e- st r ande &IV FQj Weﬁﬂﬂé@nérsél (Feeand nugleotyde seqpanc is designel wihes 25, 28,

or 31 wherein hhﬂoto@bmﬁo tBNAICTERIEE beqReRRBT I O TeRBRiSdn fargtt DNA Parasite,
" or protozoan The kit of Clains 25, 28, or 31 wherein the target

DNA nol ecul e ¢® i' ds a genetic nutation or polynorphi smknown or
suspect edek o b&smnddmdﬂedtrmdbﬂlaéapabrsﬂngdmxclemddbslﬁﬁﬁﬁng d6ecophe kit of any

one of C ains C Redo’
reconbi nase orgggo%ﬁcl?ec I Wgﬂﬁ&%ﬁ%&%g erefg:;n The 5E t"ﬁBc& of any
one of O ai ms Budlectidgsequenge 351!4@ PW’@MClmeﬁ@quenmh@rensmd)ﬂmded to be
associ at ed Wi t fucheotid S6ceRceds h&h&%?? t\ﬁ@%h&%ghaﬁéiukﬁ(céﬂﬁﬁé &lond= 13 FEB

r

200 81 38, Th metlhod of any,one he target DNA is a
bacterial, virHme 0%?%?? d ygoloy Wal‘h@“rﬂlfﬁ@il%%ﬁéeﬂm@ Qi ns 2,

4, 6, 8, or 1G)whumﬂlogunsttdnﬂie nuckptidesseGuehiet 6£4 kt@nd terReAToh A targBINA
rml ecul e that ﬁﬁﬁpsrtr‘aﬁgs the target DNA inserted into the vect or.

32, Thekit of Claim 25, 28, or 31 wherein the DNA vector is purified. -

33.  The kit of Claim 28 or 31 wherein the DNA vector, the first double-stranded
ohgonucleotlde and the second double-stranded ohgonucleoudc are punf ed.

34. The kit of Clalms 25 28, or 31 whercm the target DNA molecule comprises hactenal
viral, parasm::, or protozoan DNA. :

35.  The kit of Claims 25, 28, or 31 wherein the_target DNA molecule comprises a genetic
mutation or polymorphism known or suspected to be associated with a disorder or disease.

36. The kit of any one of Claims 25-29 wherein the bacterial recombinase is RecE/T or
Redot/f recombinase or both RecE/T and Redodﬁ recombinases.

37.  Tbe method of any one of Claims 2 1 1 wherem the target DNA is known or suspected to
be associated with a disorder or disease when genetically mutated.



40. The nethod of Cainms 3, 5, 7, 9, or 11 which further corrpriseg‘g FEB 201
detecting a reconbi nant DNA nol ecul e that conprises the target DNA
inserted into the vector. 41. A nethod of detecting the presence of an

i nfecti ous agent conprising carrying out the nethod of C aim 39, wherein
.the target DNA is derived froma pa%'ient suspected of having the

i nfectious disease, and the sequences of the first and second honol ogy arns
are honol ogous to the sequences present in DNA of the infectious agent,
42. Agret j 0 eai Rk OSANG KBer j ' t npri sing
carryin .gﬁ% I?%\tggerb}gﬁ{h}lodgﬁgg %ﬂlggrgngg? Eev{/%g}lg%} %i’ #Lgﬂt’{a%:"ta@%ﬁ%’ ivga’deri ved

f r om PEHYE: AnProlqrepR of having the infectious disease, and said second
and fourth nucl eoti de sequences are honol ogous to sequences present in DNA

of f t 188. i nfRetrhebsd 60Chims 43, 6,;!)‘31 or N0 hivh fﬁftttléﬁlcaﬁlﬁﬁéﬁ;;b detectidg W?&b&bﬁ:ah?e "

i nfe us.iagen Vi Ius, ri.a, protozoa ungus, or parasite. :
A rre'?:mlg o(flg%lg? B’@t ?ﬂgpqﬁqgulﬁ}gggtﬁ%ﬁﬁxdpseg%gﬁ% €YeEi8Rdi ti on, genetic di sease,
genetic disorder, or polynorphic trait conprising carrying out the nethod
of Clé8i m Fhe mutkodofiClaims 3, & ¢, oDNAwhichdenther edmprisesidetecting a edbmbinanect ed of
havi i &ﬂl?d I L imddl ol ynorphic trait, and

t he %ﬁgﬁgﬁg ﬁl’? ﬁe |rfrsg$ﬁﬁ(g%%‘f§;m®‘gé¥s%h?§hh%g%Ivgé}gﬂs to the sequence

upst rfam froma, site kpown or suspected to be associated with the genetic

condfti onA ‘HF@'@Q?@?et_G‘F‘"E’«Sr‘%PEBS@Fe pbanyintacipisagentromprising canpingegtace of the
secongthodafiCigin 39, WHefei HERAQSMNALS déried TRAY E PHifent QWDSIE LA z%’igé‘ site
knowpI orioau§£ect ed .t bceuascsoch%t %gtwigqc %‘ggggenetl c condition, dilsease,
di soldEFouy BB AR BRFRUEHCET Pt the Ast and seeppdiheypolagy arws e hpmelogpusionce of a
genethe sequendésifiresent ipdPAiof thti infeatieys agemiet i ¢ di sorder, or polynorphic trait
conprising carrying out the nethod of C aim 40, wherein the target DNA is

et g ou ! € Gt .
i sers, | Aol AR Hing RARECRAL MY an 8L hslaehs B6REHARE RBPRRE e 007 "1 he
firsmethed B? e laim 40, whereinothe taspri SNA 13 drsived fourmpasigousispestedd haeimgdlne e

upst i RRAbky d58age, Sl 821l REMAd Qhd M%Eﬁgﬁﬁ@segﬁ,ngg%ﬂéigé gfogagf&g B?;ﬁgr E“mt 2

the genetic condit , netli ¢, di sease, gen

t r ai FIUER®S ?rﬁ%e"gghh@rﬁlb%ﬁg?"lf%%%@?ﬁﬂ doubl e- stranded ol i gonucl eotide is
honol ogous to the sequence. downstreamfroma site known or suspected to be
assdBi at ekhoeuiethod hEChen di ioc 42 whelrein tha infgetivak agent & SEKBCbacgaNE piofozdasor der ,
or oo MR0EUrssier @i t. 46, The nethod of O ains 44,0r 45 wherein the genetic
condi tion, ‘genetic disease, genetic disorder, or polynorphic trait is or
predi sposes the patjent to cancer, asthma, arthritis, drug resistance,
drud¥toxicity, or o methodiof detectingshe presence of 2 genstigisondition, raenetid disease,

disorder, or polymorph.ic'trait,aand the sequence of the first homology arm is‘-'ﬁbiﬁdlagéﬁs‘:té"%hie" A R
sequence upstream from 4 site known or suspected to be associated with the génetic condition. =~ "
disease, disorder, or polymorphic trait, and the sequence of the second homelogy arm is L

homologous to the sequence downstream from a site known or suspected to be associated with- -

the genetic condition, disease, disorder, or polymorphic trait.

45. A method of detecting the presence of a genetic condition, genetic disease, genetic
disorder, or polymorphic trait comprising carrying out the method of Claim 40, wherein the
target DNA 1s derived from a patient suspected of having the genetic condition, genetic disease
genetic disorder, or polymorphic trait, and the sequence of the first double-stranded
oligonucleotide is homologons to the sequence upstream from a site known or suspected to be



outside the first and second honol ogy arns, such that the vector goﬁpf?%ezs[],[

in either of the followng two orders fromb5' to 3' along a vector DNA
strand: i) the first honology arm the selectable nmarker, the origin of
replication and the second honology arm or ii) the first honology arm
-the origin of replication, the sel egkable marker, and the second honol ogy
arm 48. The vector of Caim47, wherein the sequence of the vector does
nor e rect repegats of a sequence of at |.east flve or

not contain e,or J

mor e ﬂﬁﬁ%{aéﬁtétw@éﬂﬁagg@etwaqonglﬂ@m%ﬂl iscgse, genatig dsgrder, arpelymiqrphip trait, an

repl Itﬁ@ieh%c?%ﬂﬂieh@c@ﬁ'@le%@hﬁld%ﬂroﬂigénucfeoﬁhels% 0§ tAfY sétjiﬁn&; 80| ai gi
erein s an e m or

wher SPRMEREN] i S AnSEE Oh PR t Deareanisiel ith 5 gric SopTian Rsaeii
nucl épeasteg@eticdisorichonpbiygerithic @aiBAC, PAC, | anbda, plasmid or YAC based
cloning vector: 51. A nethod for making a doubl e-stranded DNA vector useful

for 9T eCnfiRldreails PSS Wlefth 86 ol RTR VBN SRS, Ghndt o7 o1

conpr) si ng |ncorporat|£ firs sec

doubFisoxsler, £p pelymompti ssrgredigpesasitite patientdto whnass, ssthiagerthrivtispdrugol ecul e
CO”pfési%.%c@r&nSE ﬂoﬂic&yo& 4Rkl %ﬁoﬁ%ﬁhh&?ﬂé *Pﬁeteib%hb Cﬁ%d& 1P, chdeJaﬁagAéor to 3

al on t.or de first homol ogy arm e ’or |
repl %P? Uonaf#&e%sesf’éé&ﬁ ®honol ogy arm such t hat the nucI eotide sequence
of the first honology armon a first vector DNA strand is honol ogous to

t heI séquemeevenfortolfelﬁm][mwh@exthcwa fierter b&hpﬁ@w@blﬁahlflesﬁirﬁétdoca@éw t he

0 mon the.fi ct or
Gt 7 oS8 e AEMEREFN nopor SRR Sa R B e Rhrsty it BRE AT cr ni nus. on
t he ﬁollﬁﬁ’mgtla'p@édem)m& 'rtaddalong e vedtor DNAGtmad:gb tthe fitdhomblogy b, dherpr i ses a
tar %tec% RERES 'El’i%eor%ﬂﬁi P’éghéag\ﬂ:hﬁﬁ the SQCOtIla?l,angk [g(}rvéfnﬂgoﬁl}qﬁé Fﬁsft rom9 FEB

2004 to 5 aI on e target DNA
seqd’é’mfg"gYa%H‘ es‘%!’t%‘hﬁf"et’ ‘FWPMBE S%@tabk warken and dhe seatnidipreclogysts- st r anded
DNA vector useful for directed cloning or subcloning of a target DNA

mol efgul e Tie ueaﬁaebesmmmnwne@innge scR0aRBioN thelvetoh A5 mxoﬁél%ne%yﬁiaré hat the

seq irst rmis desi o _be ha go

seq%ger % &ease FEeE P ﬁ%ﬁlu%stﬁxegr Iflgffﬁglfgﬁﬁ&éﬁﬁgﬁlas EIg%Hgthﬁ st%gﬁ nce of

t he th%@nmﬂﬁ&rbb@mpmdﬁhesﬂ@%legnwerto be honol ogous to the sequence of a
second termnus on the target DNA strand, wherein the target DNA conprises

a tapget -DNA 394 I E?c‘i}fj s[]gm@gm foll ow ng
order, from 3 tﬁma&gﬂ%@g@?gggg? ﬁ%ﬁ%‘ st rglﬁggﬁg brér?m{:e‘?hm nus, the

tar \ econd termnus; and constructing a vect or by
i nc%ﬁpor atin q‘?‘ﬁg‘ 3;“&?@ gh,qtf{;s tangsgeond double-stranded
ohgonucleotlde have nucleohde sequence homology to a BAC, PAC, lambda, pIasnud or YAC '
:basedclomngvector S R R

h . 51 i . A mcthod for makmg a double-stra.ndcd DNA vector uscﬁll for d:rect‘ed clonmg

or bubclomng ofa target DNA molecule of interest, comprising incorporating first and second
‘homology arms into a double-stranded DNA molecule, wherein the double-stranded DNA

- molecule comprises an origin of replication, in the following order from 5° to3" along a vector
DNA strand: a first homology arm, the origin of replication, and a second homology arm, such
that the nucleotide sequence of the first homology arm on a first vector DNA strand is
homologous to the sequence of the first terminus on a first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is homologous to the
nucleotide sequence of the second terminus on the first target DNA strand, wherein said target
DNA molecule comprises a target DNA sequence and two termini, in the following order, from



nol ecul e conprising an origin of replication in the foll ow ng ordeg FE%ngqg'*
to 3' along a vector DNA strand: the first honology arm the origin of
replication and the second honology arm 53. - The nethod of claimb51 or 52
wherein the origin of replication is a bacterial origin of replication.
54. - The nmethod of claim51 or 52 gsherein the origin of replication
functions in E. coll. 55. The nmethod of Caim51 or 52 wherein the origin
of replication functions in a mamualian. cell. 56, A nmethod for nmaking a

r econi {Adnelonga targetd NAstrandnarfirstiterpinus thedargetddN Al sequehté, and a@edopgt or
accorigipiigud. 0 the nethod of claimb51 or 52, further conprising the steps of
b) introducing the target DNA nolecule into a cell, said cell containing

t he O{,Jecto,r and expressing .a bacterial reconbi nane; and subjecting the cell
to cofditions vhRethodisumaking adevbliersaanded Bii A yetier usefit forhiveeted olontrg occur .

FEB 296ibcshifg/of #target DNA frelectiRlof Rerdst! ip@nt DNA nol ecul e conpri sing
maki ng a doubl e- stranded vector according to-the nmethod of claim51 or 52,

further c rising.the ste of b) introducing the target DNA nol ecul e and
the vect _o?{m)nt %h%o%g@np’oﬁxgg}%iogy S, s@;kbfhé@illeﬁ@q“&n%%ﬁtb? gﬁt hewclogpi nase; and
subj ﬁg_ti ng theameld desigred ndbehanslﬁgm]gmmdse@@éne& bPE Ak rAimilQ Iogouls |

r econbi natj.o . or I ng a reconpl hant mol ecul e
conpri si ngr%f %b?%gg%ﬂ,‘amfﬁess?q%ﬁ%e @3&%%0%8’95&’?%5 $I8nedyonucl eot i des,
wher ei n s kf hamalegous|to thersaquenct ¢ ftesecambirimsians an fietagermbivgonuc! eot i de DNA

oot | Qo ogh e 6 gt DA comprieh BB DIA SRS 3G omol ogous 1o

nucl eoti d equenc sai.d first ni

t he nucl e‘gq'ﬁbieé&'@gﬁfﬁ@%@:dﬂ the following pedns) ey 3atad oalorg atergeor DNA strand and
sai d secODMA smantioht itk taLRNGE tREHTINA QBRSO US4 nucl eoti de
sequence tgltmi?fug'iafﬁt term nus on ag? ar getg%\elA s’ﬁaEnhg,SE%?fg wherein said
second ol rgonucleotide conprises a second oligonucleotide strand

conpri si 3’3 from3' to 5, athird nucleotide sequence and a fourth

nucl eot i sedoesipisting aivectohby thcorpotating thibdwo de ot aurie itg alYR! ogous to

the nucleotid sAle : 3 arJn on. sai ector DNA strand
and s;i d f,o};r '??fﬁnucl % Etgéng;‘%rPﬁg@gf%gﬁ%é{agﬁb%l%‘ﬂEngﬁe{?ﬁ'@%g’épeoti de
sequence SofoLE d¥EERE Fﬁ'@éég‘é rﬁfﬂélpaloimqen, the origin of

replication and the second homology arm.

3. ..~ The method of claim 51 or 52 wherein the origin of replication is a Bacterial
origin of replication.
54. = . The method of claim 51 or 52 wherein the origin of replication functions in E.
coli. L o - = . P
55« Themethodof Claim 51 or 52 wheréin the rigin of replication functions ina
mammalian cell. S :
56, .- A method for making a recombinant DNA molecule comprising making a double-

stranded vector according to the method of claim 51 or 52, further comprising the steps of:

b) introducing the target DNA molecule into a cell, said cell containing the
vector aud expressing a bacterial recombinase; and

c) subjecting the cell to conditions that allow infracellular homologous
recombination to occur.
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DNA strand; wherein said vector conprises an origin of replicati on‘gar‘I:oFBtV\o
honol o arns, in the following order fromb5' to 3" along a vector DNA
strand: a first honology arm an origin of replication and a second
honol ogy wherein said target DNA conprises a target DNA sequence and two
-termini, in the follow ng order, fé%m 3" to 5 along a target DNA strand:
a first termnus, a target DNA sequefice and a second term nus; introducing

the target DNA and the fg{il? and second_doubl e-stranded, ol i gonucl eoti de
into &-cel |, safdneind fof gikimea repmbinat DHYA molpcelesonmpsising makingc dquble-
I econfitandéEvectitdeturBing 89 the rifthGd 68 st 91BrishefusBby cogxgarﬁﬁi%%é steivoft hat al | ow

I ntracel |l ul ar honol ogous reconbination to occur. A net hod for making a
reconbi nant, DNA ecul 0 [,S] ng; a rreparing.first, and second

doubl e- st P@nded“ﬁ?ﬁh‘w&&@aﬁmﬂ%ﬁw@aﬁd?& %Fﬂqgiﬂi‘fgtacsﬂsw&glrﬁf | eot i de
conpri ses expfdssiag abhotepdairedonddingde, aBIA strand conprising, from3' 'to 5, a
first nucl eotide sequence and a second nucl eoti de sequence, said first

nucl eoti de,seq & gteﬂ ' uence of a first
honol ogy gc) m o%ﬁgﬁve_ p?gm%l ?%ﬁ?%ﬁal@oﬁﬁaﬂ%%@@%hgrﬁalé%g\gssi de sequence
bei ng honol ogouscampinationieera: i de sequence of a first termnus on a
target DNA strand, and wherein said second ol igonucleotide conprises a

secorsg, ol i gonuc| pRtHol Fosrhhldng 2 ¢RRLIEhIONAl hoRbde cbBpRsing:d third
nucl eoti de sequence and a fourth rucl eoti de sequence, salfd third nucl eotide

sequence bei ng homal ogous to the.nucleotide sequence of a second honol ogy
arm on saiag veﬁ?yﬁ“ﬁi&ﬁ'@ﬁ?‘;ﬁ%ﬁ@@ -grap Tﬂ?‘?]fg‘)ﬁﬁéf?@&cﬁd@h%a §&fce bei ng
horol ogoudirdteliptmiclustide odmphdses e dine mtigornicleatideDdIAdsitandmi nus on sai d tar get
DNA st rand; s L0t o] et .and..the first and
second dog%?gﬁség’r%ﬁggdbo [ %@ﬁ%é‘?@%‘ﬁdﬁ 5‘;4{1%?%6@%&*%%9&3@%9 a bacteri al
r ecombi nasequengts S@,@ﬁrﬁgﬂﬂn@quwm being boneologiusre thedrarcleatilow i ntracel | ul ar
horol 0gougequl | Fra Horblb sy 8L a vector DNA strand and said second

nucleotide sequence being homologous to the nucleotide sequence of a first

terminus on a target DNA strand, and wherein said second oligonucleotide

comprises a second oligonucleotide strand comprising, from 3* to 5°, a third

nucleotide sequence and a fourth nucleotide sequence, said third nucleotide
sequence being homologous to the nucleotide sequence of a second homology
arm on said vector DNA strand and said fourth nucleotide sequence being
homologous to the nucleotide sequence of a second terminus on said target
DNA strand;

- wherein said vector comprises an origin of replication and two homslogy < T
- arms; in'the following order from 5* to 3” along & vector DNA strand; afirst =~
homology arm, an origin of replication and a second homology arm,

wherein said target DNA co:hpﬁéés a target DNA sequence and two termini,
in the following order, from 3’ to 5” along a target DNA strand: a first
terminus, a target DNA sequence and a second terminus;

b) introducing the target DNA and the first and second double-stranded
oligonucleotide into a cell, said cell containing a vector and expressing a
bacterial recombinase; and
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c) subjecting the cell to conditions that allow intracellular homologous

recombination to occur,

A method for making a recombinant DNA: molecule comprising:

a) preparing first and second double-stranded oligonncleotides, wherein said
first oligonucleotide comprises a first oligonycleotide DNA strand
comprising, from 3° to 5°, a first nucleotide séquence and a second nucleotide
sequence, said first nucleotide sequence being homologous to the nucleotide
sequence of a first homology arm on a vector DNA strand and said second
nucleotide sequence being homologous to the nucleotide sequence of a first
terminus on a target DNA strand, and wherein said second oligonucleotide
comprises a second oligonucleotide strand comprising, from 3 to 5%, athird
nucleotide sequence and 4 fourth riucleotide sequence, said third nucleotide
sequence being homologous to the nucleotide sequence of a second homology
arm on said vector DNA strand and said fourth nucleotide sequence being
homologous to the nucleotide sequence of a second terminus on said target

DNA strand;
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b) intreducing the vector, the target DNA, and the first and second double- ,

stranded ohgonucleonde 1nto acell expressmg a bacterial recombinase; and

c) subjecting the cell to condluons lhat allow intracellular homologous

recombination to occur.



