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COVPOSI TI ONS FOR DI RECTED CLONI NG AN%\MWM‘W“MM I NG HOMOLOGOUS
RECOVBI NATION 5 1. | NTRODUCTI ON The p on i’s dlrectedto

met hods and womp@siggi ons for DNA cl oni ng anrdsssubcl oni ng usi n% bacteri al

r econbi nase- nedi at ed honol ogous reconbination. In a specific EREBO0/6E3 |
ReE/ Te or Reda/ B reconbi nases or any functionally equivalent 10 system for
initiating bacterial honol ogous reconbi nati on such Zs erf from phage P22,
are .used. In particular, the invention relates to cloning nethods,

di agnosti c nmethods, conpositions conprising pol ynucl eoti des. useful as

cl oni ng vectors, nprising such nucleotlde conposi tions, cad
kifs useful for R@&,ﬁ'{é &Lﬂf &EORDWCFH@%\E SON DNA
cl oning and subcl OGh&m al,i , to_nol ecul ar bi ol ogy. DNA
cloning refers té ; REM&INMmNoperably

| inked to a doubl e- stranded DNA fragment cad propagated in E.coli, or

other suitable host. 20 DNA subcloning refers to the process vvhereby a
doubl e-stranded DNA fragnent- is take froma DNA nol ecul e that has already.
been anplified, either in vitro, for exarrple by PCR, . or in vivo by
propagation in E coli or other suiyapy is then linked to an

operabl e origin of repllcatlon Clonl ng and SUbe! oni ng in E.coli is
typically performed a DNA fragnent to the ends of . a

tltn the £ ds 0
| i neari zed vector con % “'6?‘? p@@hweﬁpmanomfoabwﬁa

sel ect abl ecmmkgaﬁndTgm,c e vector,  to_ensure
that ‘the new y cloned product, tﬁe p| as W%ﬁﬁﬁf‘ﬂ BPysseepqmbination.
rétdined ad@a Mgmdmnmmmmm@nbmg&% Wp%qg*
Convent i @ngym%ng.n qrgéa! Ms gt% certain limtations. For exa '%ﬁ“ﬁce
convent it W&‘ A W%m@@Mmlmmepmmwe of
DNA fragnegpied. 36 p ﬁ&%ﬁﬂM&gﬁﬁg bil f restrl ctl on enzyne

e

recognition sites in the regron o 1/04288 -

9 FEB 2004meﬁmmuuMEmeag§@H“”d t m)st

cut the bouridarl es% but, not within, the de

useful resPPYBYqieeH rF?WPé’?t’eB%-’«FéMySeﬁﬂémRmWandM ﬁhﬁbdﬁitcdél&nb#near

DNA fragnent rrade is also limted. The increasing use of the polynerase
chain reaction (PCR) for generating 5 DNA fragnments presents a second naj or
drawbacksto conventional subcloning. The ends of PCR products are

inefficient in |igaiton raaga W ucl eoti des added to
the 3" term ni of arrpllfled PCR products %ﬁﬂma pol ymer ase.
Furthernore the . usg R&I héﬁ %_1 }sk of nutations. Thus, :
“ ol ecul ar bi ol ogi sts-have 8 coli prs fundamental ty moleetlands f or

cl oni ng f rbiglogyt DMcBN&g!BﬁtitoQHé ¥ss\Wileh tS are Ionger
t han thosg @ Rvenlﬂgntly accessi.bl e% restrlgpﬁ &&‘I;ﬁé °%mebl

o g “‘*’M‘W e e Lt e 0 Bl
clodi n ment s ods for subc onlng products is
E. col %@mﬁﬁﬁﬂ%ﬁqﬁ@ﬁ?é § dpghlenstsanded DNA fipgimentis ke been
descri bed ftozh e DNA@holecul 192- 97 Bubeck et
al 1993) Nucl. Aci ds, Regw%sé%'gﬁj @%E‘&P@ﬁ*“gﬁﬁﬁﬁﬁﬁt‘w@ rm loby RGR,,
desi gned t%i'!:t‘}m&b'lrmmnﬁomin&eqﬂeﬁoﬁﬁrﬁﬁm%ﬁﬂﬁ,%dtlgm%& ocabg;:l at

t he ends % rized yector, are used to anplify a

i nterest H@‘Vgﬁ‘@? GHae: Cioning Wﬁbmgmawbasqmaﬂ?péﬁbmm gd into
E.coli. Hexdndg n,the E, coli host cell resutsm

i nsertion of thggggg &(Egﬁb'%ﬁ{pfro gﬁfjg&sgé&&@ﬁ?é%d Y‘?ﬁ‘?f ORtaining anEdcoliarigin of

Al t hou@B mmsxmm%smﬁ kudf r"bﬁ,&bel oni ng PCR
fragnents, the&hgﬁe not been applied to sub on| ng ﬁg Vit tr"hsnts) or

to cl oni nGAHRR loncdprpdudtAbe plasmidie n vivo
ecu es one o %m %hd

subcl oni ng"gg ljn has an
origin of #ﬁgawgﬂvgﬁb‘cﬁfﬂfﬁ@ﬂh@ﬁ&u -egi ons of 25 honol ogy at their

ends, arc used to tCRa% MEEE BC host .cel l,, Honol ogous :
reconbi nati on occurs | n&gl va, an ﬂcgﬁ? VF§°@‘F¢1,‘HFQPP§%@Q§'WC since

nggggﬁenﬂnm?m?cw of E cﬁel sbc cégﬁos%s ce1]ﬁ%g§?%%g§?éﬁeﬁ€%¥?ﬂ%gous
r econbPhats |léﬁ“4‘£‘§' ﬂ&%&nwwwmnmmmmgﬁe@n%ﬁmgm tféﬁl gn .
Iro

adenovirus and her pes virus genomc DNAs (Chartier et al., 1996
30 70: 4805; Messerle, et al.,199?, Proc. Natl. Aced. Sri. USA

o AR = % Zonemuaroveoey
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95: 2509- 2514) . As descri bed, *each subcl oni ng by honol oggus reconbi nati on in
E.coli sbcBC host cells requires at | east two preparatory subcloning steps

to position | ¥MYOMMRA® ogy regions either side of an E colt ori
replication. . Furthenore, DNA cloning E.coli sbcBC strains hag%ﬁ@tl’g@ggﬁ

described. 5 Rccently, honol ogous reconbi nation, nediated by either RecE
(RecE/' |l ~ or Reda/ RedB (Reda/B) has been shown to be useful for

mani pul ati ng DNA nol ecules in E coli Zhang et al, 1998, Nature Genetics,
20, 123-128; Muyrers et al., 1999, Nucleic Acids Res. Z7: 15551557,. These
papers show intestst. Restiction $ites mugt herfounsd thati cutithp bouidatiey of, & nat afithiig the

circul ar nol ecul e _can be_altered hy RecE/Tr Redaa/ B 10 nedi at ed
homol ogou%’éﬁoﬁ &W%%W“%‘PM&&?%F?W‘#?‘BMHWM@:M
regi ons of %’Q"%?H‘eﬁ ﬁ' ?ﬁﬂ&* ﬁﬁh: qgh:0ns present in the circular |
nol ecul e. In.egralonﬂ(?f e |nea{rs Tragnent into tire circular

nol ecul e by honol 0gouSTheds@eisingaist ofthé PolyeRse R REATRT em&&gaaﬂ-%
fl anki ng sequences and the co_ir“rgespondiggl sequences i.s th‘g circdl ar

mol ecul e. S 19DNAfragmentspresants a sesond majos drasibacictoxonvensionalsubclaning. The erslsf
adm ssion t sugh is prigar. act,.tq.the nresent invention, 3. SUMVARY OF
THE | NVENTI %ﬁﬂ"é’ ﬁ’é&@ﬁf“ﬁ'ﬁ%ﬁﬁ% 8% dig o fen-frmplated quclentides added to,
for DNA cl ohe'y téfifiniof Qilphified PCR prodiichd dY UiinhaitabiRGioKzh aﬁéeﬂfﬂ E
honol ogous reconbi nase Tr?g.ﬂbacteri al rgganbi gi;gﬂe I's "preferab y&ﬁfé’g%fﬁ‘
and/ or -Redafss ofiRCR enkails a highsisk of uiutations. s, maleculanbiologists havrdearched for

ampl ify a polynucleatide or nixture .of polynuc tides of iinterest using a
vecor conpPf¥i mgre ’F"'?’E&h%"fﬁbm 13 A, patiswladdy when suchnki ng a
nt

25 desi.gngt ale 16D 964 —Geoﬂicniegﬁ' Rl &P‘rﬁﬁ' L [ S:Iliication.
In owe enbo?iq , the mven't@gn provi e’géa rrem or P% (ﬂrﬁ
doubl e- st r ambtibdplogiesst DNA i nto a vector conprising culturing a bacteri al

cell that expresses a#gg{r&:tional recombi,nase, said bacterial cell

containing (a) the ta Q8RS rEERrpbination s an 3licmmative appreach foreloning aed 11 nus

and a secongy,ytaixi rg.fwst ' : ‘ r A G Lt.Si-ng,
in the foll guvvi ng (?%ﬂa.a ong f%%%?%ﬁ%@?g%ﬁ@%@%ﬁgﬁhﬁ 9
FEB 2004 WhethossixBaolegols ErRombIBERS systenis havebeendéedibed (Oling vr o, 1903 ) an -
origin ofereplication, apd (iji) secon hl e stranded honpl ogy arm such
Chat 1 no 18 cHliplsEAqd Bed 815k b Bbseicet ol i85 Finiet; Ackde Ravcr G301 ke, dn
honol ogous L h&h ?ﬁnﬁ{.sl Eﬁé EFB% i term nus,
and the seqtg}g:#ce ofgpgg tor f@t%?g&n 0 %@Mﬁ%@ég‘“ﬁ? S

honol ogous  sesuesives lncsted atthe endsiof nllincirized eéctdoNbe atedtohniplify H DNE

term nus, such th?,!t1 # t af get .is jinserted into the vect or %néto\t/.veen
t he honol ogiP*f¥hs '8¢ B&Tﬂﬁ?‘iﬁ'gf‘”é’ vegtoparethep introdiiced irte &. ¢adi: maki ng a

r econbi nant L3 | ' ubl e- st.r d valor
into a cel |§Q§§fd§9w§3%‘?%ﬂg* OSBIFE&S?#‘%‘%‘%&&P arg _°“|5§5:!" o
exprlessi #Y profjutisequentesrinto dhriplasmid venord Altloughdiess netitids have e showd |ive Of

replication angd . wo, honpl roms, ig the follow ng order fromb" to 3™
along a vecl"?ﬂn‘ﬂ W“EYWP%’HSQ’%X‘ %Wh@'ﬁblﬂﬂjf%m appliedstorsybrloning long DINA gi n
of replicatj gﬁgg ﬁ%ﬂ&&’s ;sai d target DNA conprising a
target DNA se%u%aﬁi{:’lgrgbn t ﬁyggm I, |‘$fr&§*1§§‘fqol | owi ng order, from3' to 5
along a target DNA stAncther method describet e Mivivessubélbfing 35dieid iRWhi@AWAegr - and
a second tegm.nus, such thﬁt the. sequence of ZS the first honology aria on
sai d vect orDUIQﬂPS‘ﬁF‘&ﬁ%I one of whish basanerigin efireplication, and whichrhave long regionsofon

said target %: qﬂgl h ecaond ho ar on said vector
DNA st ra% l|‘s o@o#ogougﬁ?’gm% H%dg%ﬂ%g@ﬁfﬂgsé&@ﬂ@@ﬂﬁﬁ%@%?ﬂ%ai d
target DNA wtsmbidaticiistes i6140b, 268 rddalts ARire@hlizatie iobh%% ' w
intracel | ul ar honol ogous reconbination to occur.ngﬂfg. anot ﬁg?ﬁl% rrek hod is
provi ded f oformedplagmid (Deewyat 1A% Gene 170:45). Subsequently, the ability of E. coli sbeBC
host cells to mediate homologous recombination has been applied to subcloning large DNA
fragments from adenovirus and herpes virus genomic DNAs (Chartier et al., 1996, J. Virol.

30 70:4805; Messerle, et al., 1997, Proc. Natl. Acad. Sci. USA 94, 14759-14763; He, 1998,
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, DNA nol ecul e conprising: a) introducing a doubts-stranded vector and

first ,acid,second doubl e-stranded ol i gonucl eoti des |nto}a cell, said cell
cont ai ni'ng “a doubl e- stranded target DNA and expressing a bacteri al

reconbi nase sWOPIPEBBor conprising an origin of replication ap ?n& y
doubl e- st randed honol ogy arms, in the following order fromb5' ga)%%P3

al ong a vector DNA strand: a flrst honol ogy arm the origin of replication)
and a second honology arm said target DNA conprising a target DNA sequence
sad two double stranded termni, in the followng order, fromf to 5 along

ot et CNARRLE Naach S5 A SR 510 A B M SRR e o

strand compr lré‘doﬁﬂndaﬂoﬁ 1 ol RO Yseellefequitds Qs P ppaiatdeysib:Knig RO | e |

sequence and a second nucl eoti de sequence said first nucl eotide

FEB 2004 i Wrperitioajongchomologyregionsaitber ambccoliorigip dfovplicgtippus to t he

Thd oo o SecdERREroDNA okl & %Qgﬁ‘é‘@?%gaﬁ%npe%hﬁm?ﬁfeiﬂ Go
sequence 8 the first megmﬂagmlmmmmaﬁb?mmwond
S

ol i gonucl eotide_conprising a second ollgonucleotlde rand conprising) in

the fol | owi nGREEST)9ERede/Redf RedeP) bas besn showmdo farmanipylatiog DPNAand a

UL e R RS bl 908 e ﬁ"&" 0P B e R A

strand and shiuclefcAvidsiRes 2% QMMEWWMW firitact,he

nucl eoti de sequen e of the, secon on said target DNA strand; and

) S b POEPRE e eI, (e PRIA ROIEuIe Fhabe aRrasa by Resiid or Redodd |
) Iogou;ormma&bﬁ dsqe&ﬁwanéﬁwhﬂ KRk DR, E%ﬁ&k m&b@ js -

provi ded for making a rg?:onbl nant DNA rrg | ecul eA rising: ‘é? I-ntr gnim ng a

doubl e- st r aneiNAsequenceriputical te gions present in thetitculas miottculel Integrationiofithey a

ar oot Dna SRRERNA Sagbfbat B BRI Buhiapes rotBinstbtirBipong |

order, from siquéntesberwdentig flankisg @Qiicriobtand ticdfespanding &huén%éﬂh'iné?cuéulh@r get’

DNA sequence - and a 15 second termnus; said vector conprising an origin of
replication DNA molscyle; o ogy arms) in the fol | ow ng order from35' to 3

al ong a vestor DNA st Qgﬁh nof i cation
and a secgﬁd honol ogy Cgiraﬁ]ongfuéthkﬁh eg%glc?g{eé?cehgﬁm? |dip§'fs'%§$ﬁl ogy arm
on said vectmmosmmmepmm:n!hmgmus to the sequence of the first
termnus on said target DNA strand, and the sequence of the second honol ogy
armon said 20 vector DNA strand is honol ogous to the sequence of the
second term nus on said target , DNA strand; and b) subjecting the cell to
conditions that allow intracklSUMMARYOF PHEINVENPION Nation to occur. In
anot her enbodi nent; a method is provided for naking a reconbi nant DNA

gggegulzg %gﬁr;ihngecond%w&'&st ré’?"%m ] gonu?@%ﬂ"%@bﬁgﬁ?’w ecggled._ o

cel 1) cont ai m@@lmm@a&mﬂm@m-&eﬁmmﬁmmbm qakd target <

DNA conpri si,ng, a ar t. d ter n the foll ow ng

order, from ﬁ%ﬁ%&%@ &‘%A’%PWGS“‘% arget
DNA Sequencesubaaﬂe dnd@ﬁ;mfjﬁu 1y§@1émae sing
a first ollgonucleotl DNAstrandggo rising, in the %}ﬂow ng order, tom -

3 30 to 5 mw&aa‘@swhmmborsme NAdomologoustd stquetcenflinkingzequence)

said firsjg Wgﬁ%ﬂ 04 PCT/ EPOO/ 06533
sequence bei ng gousAtseq‘?ﬁ ‘gﬂ&%tmg\g'g% ﬁ%ﬁh T he first honol ogy
armon sai d vector Dmmdmmmﬁmﬁnﬁmﬂm%amdﬁﬁmﬁew bei ng
honol ogous t Ge nug eoti de sequence of the first term nus on said target

DNA strand:; HhHhinte 2 wacior somprising oslturinga bactegalee ietyonucl eot i de

ﬁﬂL?QSthS"égquenceﬁ%ﬁﬁ FSpfeR aft AR ol Botos (o] gl VA ©

comprising a first double-su'anded terminus and a second double-stranded terminus, and (b)
30 avector DNA comprising, in the following order along the vector DNA strand: (1) a first
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nucl eoti de sequence being honol ogous to the nucleotide of the secLo’ng FEB 20.0!'-_
honol ogy armon said vector PNA strand and said fourth fucl eoti de sequence
bei ng hoenvl oq? ﬁ t o the nucl eoti de sequence of the secohd term nus on said
target DNA st é f%428%4 said vector conprising an origin of r epbi/ERfoleRL ;N0
two honology arns, in the followng order fromb5' 10 to 3' along a vector
DNA strand: a first honology arm the origin of replication and a second -
honol ogy arm and b) subjecting the cell to conditions that allow

i ntracel | ul ar honol ogous reconbi nation to occur. In another enbodi nent, a

met hod 1S pr QaLRies ' Ls Jmol ecull.e co | s{,ng a)

i nt roduci ng ?gggbl e-st ggﬁg@gy\%?@%hﬁ&ttﬁeg%@’&&&”&m@é%" et DNA
into a cell otmdedhomglogy aan,istch thht the Seitice afvec@PDNA/ Sah®6f BOFRP! | Si NG an
origin of replication and two honology arns, in the follow ng order fromb5'
to.3'. along WM?%@%?WHMNMQf&W,
replication apgiR sseRQbLFAVERD: )qagugh? ' coppri-si ng a target
DNA sequence and twO t-erm ni iﬂﬁt I#e 0 ﬁ%%&g@rw;%@o k?gg““gl%g a
target DNAS ssequenke of the tanget DNArstrandsof the scesrgiaérmbié, suckithaf W targdDNA 40 second
term nus;, such,t he nu i de s ence of the fast honol ogy arm on
sai d vector W‘?{%ﬁb‘f@?ﬂmm&g oEX®MEot | de sequence of the
first term nus on sai dlntﬁbﬂ&tuﬁm@ixﬁéni%hmﬁ?&hggf IEQ{] | eguence of
the second honol ogy arm on _said vector DNA stran |§’9 ono gg%%? he
sequence of DA me cempriging) sa) ointrediicithgtazdogisié-stiindedstecton tt@acb1 3aidedl €Ct i Ng

25 oceur . | nE ook R aBuE SRt Brke ENA R ooresiingd Verentl osombioess, mid  ner |

condai ns 20 Avevtaricemipiising arorigin 6 freplictioh Bl o ShislogP sl inthe BHGWIRE DALE

operatively él@g e&}tto a pronoter, and the vector ?’Srther conprises a first

and second r én qﬂﬂ%??@?’@"@ﬁ@‘%‘#?@@mmﬂ ancbofehe arigln ofs t

recogni tion ﬁbﬁaﬁbﬂfﬁaeded&u&ﬁw&og}]ﬁni;iIaﬁft?r?&‘bﬁ 'hon%?t'a,%ﬁggﬁé”’s’ 30 and
on site |

a second site-specific reconbl nas€ recogni e the

first ang Zm and twogerpiia, i!(!bﬂb follomiry d ordieA, ms'm(aﬁagewggf hm@ mh_o,gy_f_
arns; and ¢ t t i nducj ng expression-of the site-specific
r econbi nase%{r}gﬁéﬁtgf %@ﬁ{‘ dﬂﬁéﬁcwem’m,‘h%mmof cel |
further cimtthe fisst hornology@id sifsaibvbdp DNA ffdishSmdlopblisio MRGEhdehds of

endonucl ease, 0 erativeléi linked to a 5 pronoter aﬁgb%{%&&g'ﬁ%&fogﬁﬂer
conposes a fﬁe“é‘%gmmv ditareptdPNAstrand, erd Gesequdnice ofthe sevomd lommbogyaertond

i nsi de the fsaidVecRPDNACHRARS'; lBe ing ar _after step b),

i nduci ng expression yf% t heggﬁutaﬂ%g)c‘f ?’itg&gﬂ%g%f%a?gﬂ%l'mﬂﬁ%“
enmbodi ment tWiM_ andb)subjectingdbes cﬁlmodmnimmgmwiagaca;mmmgj@a%t DNA

nol ecul e conpl i 8 @ | ntroduci ng a doubl e-stranded vector a doubtelO
stranded tar gé’k’ﬁ’ “ROI E&tfre and a first and second doubl e- st candod : :

ol i gonuel2ot i de i Nt 0 P snotHer PSRRIt nibtHdd Biedvi | hase ;sai d vector

conprising an, origin of replicati _oﬁh'a_nd tmg&%@g-fg’ %ﬁ"ﬁ‘%ﬁ‘?ﬁ%‘gy ar s,

in the fol:l SNAgp [compEsing a)intrgiuciag @ dguble-strndet vebhiPard! firftaeld seofid T St

honol ogy ar Strilded)] ' | | on, an second honmpl ogy arm said

target DNA %“rr%?’. si ng {’%%é?‘% g‘ﬁqh%@c?"ﬁﬁﬁ coRiainmg fsjorble-siranderb@racer i ni |

in the 15 f &NAwhdexpressing a bicterinl Ricotbinbie, AldVgofcduiy %ﬁ%{fand: a first
S,

termnus a target DNA . quence,  and a second term nu aid first .
ol i gonucl eoﬁpz‘gawm EF' Wé@hﬂ“?%mmﬂld&lbwihutdmﬁdwmi si ng,
in the f@5 anpg fsfrail: 2. | kst .nucleoti de sequence .and a
second nucleot?dggés‘g'%béﬁce, s’%%*‘?ﬁ'?&t"ﬁﬁ{‘;‘l%%@&? m& RFEF98 ol ogous
to the nucl &emplegy emmjussidtergef DNAohiprising b ciiget DNA sbiiiendlarddive dygHid.0r DNA 20
st rand) andﬁdgﬂsecond H‘u%lfot.i de ,sequence bei ng honol ogous to the
d in the follo

sequence of FEE wing order, from 3710 5" along a target DNA strand: a first
terminus, a target DNA sequence, and a second terminus; said first oligonucleotide

comprising a first oligonucleotide DN A strand comprising, in the following order, from 3'
30 05" a first nucleotide sequence and a second nucleotide sequence, said first nucleotide
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termius on sold target DNA strand; said second oligonucleotide conprising

a secqnd ollgonucleotlde striand conprising, is the follbmﬁng order, from 3'
to 5, a third nucleotide sequence sad a fourth nucl eotide sequence, said
third nucl eoWa@lel/srsgience bei ng honol ogous to the nucl eoti dew&gﬁgf

t he second honol ogy armon said vector DNA ZS strand and sai ourt

nucl eoti de sequence bei ng honol ogous to the nucl eoti de sequence of the
second term nus on said target and b) subjecting the cell to conditions
that allow intracellular honol ogous reconbination to occur. In a specific
enbodi nent of this nethod the host cell further contains a nucleotide
sequence engstieng beiny omolegous td the necleotidesequencepatithe fivst hymbloglyagmt on said
pronoter, 30 and the vector further conprises a first and second

recogni t i onvestardDN4r strand, and said sesond pqueouylc sequenes being bomologeysdptheogg

First and SBUTRIGRORBIaR P pEart EbinkS GL R b VA S il 10

recouni ti onopgye Jn%cieeﬁ@%@ﬁ;ﬂﬁg@esee&e dht&ﬁﬁclc%ﬂde SRERISmpridAEDInALY fllWingand

during or r step I nduci ng expression of-the site- speC|f|c
r econbi nzsseoﬁeﬂﬁ-m?tmé‘g a thirdoiucleotideriequence and o fourthi ructestitioskquedne) s4id ehipd s t

cell further contains a oti de sequence encoding a sjte speC|f|c
endonucl eas@"‘(‘ﬂ%&d&m?%eﬂﬂiwq?‘éﬂ%s \i1 ﬁﬂ?@wﬂd&ﬁmmee 9 &FMr

it ana suBbisdif et PNA-EaaP s sl G AN PE 3Ende BN | ‘F*%éﬁ%"ﬁ%%

expression ménhmOGaﬁqubfmmd@mﬁsﬁmdwFétmﬁn%mﬁdQmﬂ ngpdi ment s

t he vector further corrﬁrl ses a sel ectable marker |ocated outside the

hondl ogy. argsubjecting theraeli to eanditinns that aliyintreecliylar houtolagois srombination to wiewy.

arm "t helel eot an e npeer SRR, Amghdd EbRaia it mhitie ot B %

honol ogy arpNAOmoleculelchfpfisingta) tso aaaﬁmc-s:he.deawg&mun&a&xﬂg%mg the
sel ectabl e marker, -sad t second honmology 15 armIn a specific e i ment,
the sel ect mﬂesﬁdycdtmgsvmonmdmmmmwhﬂsqehHmBMng
the vector. In various s =(‘|f|c enbo t he,bacterial .recomi, nase |s
ReccE/ T or QRPISHES A srapincs g wa.aquple-stranded tesmisl, i the llowing.

enbodi ment S&oﬂlbetoCS’Nong t?gamﬁrshﬁid s%mdﬂmtm%égﬁw%@ ﬁeﬁe 4k lnts

the cell is en E col I'n other specific 20
eukar yot1& seeddd mmmlmdnwyrmmprsmﬁguﬁtmonmdmhmologymhhwm

specific e nts further c rises. isglating a reconbi nant
DNA nol eculn‘g‘§l H‘ﬁﬂf Sﬂqgi glopgay ﬁs‘é??@c?‘ a@@%@ aapcthe

anot her en%gg | oSPeR ector
useful for ect%ﬂ%ﬁ?ﬁﬁgg%&gﬁ c onFﬂg‘%}i? a ta#%g?&%@ﬁ%% of

interest, drmblagy amromsaidverioriDNA gtrand 1shoxgol|ogo.is toaid seqaénoe f dixdfifsto
honol ogy arns,, in the follow ng order, from5' ? 3" al ong a vector DNA

strand: a fmmhm@wee&m strandgand fhe segpence of the-ser gz:semnusaxd

nom! 0o ek 10 il s RmBHEbR3b i SRALE BB oo ggs@ Pl e R T
termninus ornnﬁm mwmbjamgﬁaanmmmﬁbwmwm‘am Qs t he

second honol ogy armon the first vector 30 DNA strand is honol ogous to the
nuel eot | de rSeqMBIRARONIP OEAB. second terninus on the first g - 9 FEB 2004

cniisd rent. of ¢ vedR PO A GBS R AR o b DEEb o

of replicatpRa: mbl%cﬂ@ Géxhﬁz'isxﬁ% aym&baueﬁ@edémmuww@ ONA aioléaﬂé afpfih | ON
functions in E.coli. In another specific enbodi nent he origin
repl i cat3Sorfirstanct secorsl double-stramded lofigomuwidotide into a cell, said cell containing a vcctor
' and expressing a bacterial recombinase, 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

tenminus, 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



Y reB <Uud

5 The invention further provides a cell conprising a double-stranded DNA "~
vector useful for directed cltoning or subcloning of a tayget DNA nol ecul e

of interest said vector conprising an origin of replication and two . '
honol ogy ar n8YOPHO428% fol | owi ng order from5' to 3' along a VBEL %\IA

strand: a first honology arm the origin of replication and a ge@g‘ﬁl 6533

honol ogy arm such that the nucl eotide sequence of the first honology arm

on a 10 first vector DNA strand is honol ogous to the sequence of the first
terminus on a first target DNA strand) and the nucl eoti de sequence of the

d honol on the first vector. DNA st is_h to.th
uc! ot i do. SEANRARE BRBH bdmlordu 1w B aitidr et AEMe s AORBIGE RERREA { and.
In a specifivecREDNA SEAY, anlll35id S&ohd hicl@tileshyficncebeifg hbmolbpusitsitent i on

further provides a kit useful for directed cloning or subcCloning 15 of a

target DNA ravcleptidescgunnee ofithefrst tenninus o saidsaegetdINA strand; said sycond

doubl e-stra . . f f.ok. djr | pni na. or subclani ng of a
Corget D AERmBOnde Gty ddeont etk BRI il Hinlitishly SlpCofighgg ©' °
r Iepl i cati sntm.ﬁm3tmrsqguﬂnﬂmnf : t'dd'hnqidneel dndlal fowthghcldott e ¢ selgieige, ; ,Fahidlttﬁ:&_ t _

al ong a vector, DNA strand: ,a fir ono| o arm e origin of replication
and g secon(!"‘l‘n'ﬁgi%A Fpeingho mﬁé@@qme Mﬂhﬂ&lﬂﬂ st

L u§ :
honol ogy ma : ' \ e guence
of "the i 1 af ndai becuod B SRk ind 318 i iEleboe 18 Rbel bl e i
ﬁequ?ance of thmrcheﬁwqhnnal _ bﬁgymnmmm‘fh@r?‘ﬁrdmgvgmummm ,aﬁdmlﬁbctcﬁh 'f_ '

onol ogous to the nucleaqtigde sequence of t secongd ternmi nys on the first
t_e}[_get DNA mﬂ?s%ww*’%@qaﬁog %P#mgl%ay Bns, &f"rﬂ“mmy In a
spegi fi c 10mgpstialongta vettot DRAKstland:! & firsRSHRdL r Sficfivagndgno! 0gy to
a BAC, PAC, 25 | anbda, plasm d or YAC base )h(r:‘lﬁ’otﬁleggéﬁi}?gtﬁ%g Inggﬂgt her
speci fic c atrondhemelogy,rrmy;and k) subiceting the eellito conditinas thatialitwintracelinlaanded

ol i gonucl eot g‘xﬁew | uence honology to a BAC, PAC, |anbda,
pl asm d or %S{ggse C orﬁéh\%%%g‘?. I n anot her enbodi nent a kit useful for
directed cloning or skntanbther enthodiment,tnaneiiid iEprovided for'sheliniga rREMYIARSE

conpri sing (W, 0ne, or m)re_contgj ners.a) a double 30 stranded DNA victor

useful for- mpolsguleicomprising; 4)\ntgucing 3 doyblsstrapded veeter andia deublesimnged 9 -
0 FEB 2084 wiffen BNAMRS S celPbchicRinDh ORI RbonitHaSE, S3d)vesidt Rl en SRER | 51 N0

an origin of I’EE_H’CatIOI’l and two honol ogy arns, W g order from

5 to 3' al ofrgplicatien and tworhamologysoms, dn the followingmrieardionn s'ty 3tdhmgarvegion of |

replication EQF’] . a f.irst doubl e-stranded

ol i gonucl eot | 'es%gﬁr%rcl S| n#éyﬁ%&%%ﬁgkﬁﬁé %M qwmy ng,

in the fol | sd tagget DINA corbiprising® target DNA sequendeiand two R G R TollAvisE 664
sequence sajd f'_,ri%aj&%cl eot | w%ﬁ‘r}f being . honol m%us to the

nucl eoti de ég'&#e B £ 1Bt ; gﬁﬂ"‘ﬂ’ﬂ‘f‘oﬁ“&'ﬁﬂ‘@ sqquencengrd @t r and,

and sai d26 eee6aH #HANEE shdhahR M MRESHIReiEn m@gm}na é,hgm Qebede
seqsence of a‘fiat termnus on a target DNA stand; c (g.o eco%%wg '
doubl e- st r aRNestnd Qgous Wihe mplnotids sequenceefitbe firsvicnyinnsion wdd tagget strand
conpri Si Ng Hyal | . de 0 ' 10,10 5°: a third,nucl eotide
sequence an ﬂé" %ﬂ%qﬁh%cﬁglgﬁé%e%%% e#éé‘, s‘%"éﬁ"#ﬂ?ﬁ% arm op sy Verter DNAquence
bei ng honol agad és komdlogountahe séqueite S0 86t68] @iminliCo® S6PRENDNAl Hadand" ON
satd vector Dl\ﬁ\ strapd d sajd fourth nucl eotide sequence being honol ogous
to the nucI@cﬁ'H@"@e‘EﬁEﬁﬁ@ ittons that allpw inprageHular hemelagousrepomb ost r and;
and d) az2seddecucOntai ning a bacterial reconbinase In a specific enbodi nent

of the kit, the cell is an E coli cell. In 15 another specific enbodi nent
of the kit the cell ilsaaspdcifisambodizhdnt ofthis aiethod thehiostillfithed corflthiAs a | N

th mbodi t he i ti | d kit ful f di t ed
oni ng.or SUABRAR Psbs cBLeR e pofe PRSP Eines< By MR OBy o
cont ai ni ng ﬁd@e%'i&t&%ﬁ%@&@ﬁnﬂﬂ@é&ouﬁ%g&h&&ﬁf. r fhk QY- Gicip d

subcl oning of a target DNA 20 nol ecule of intefest said vector conprising
as origin ofecormbinaseaa firshrecopmitionwith incatedontsidetherfirst and seoend lmmodogyragmsyr der

from5 tgy3. gl yectar DNA strand: a.firsf hopol the origin of
epl 1 cat Port RS RRec s Onast Houpiton sif locpted g shtirimdaeond ©
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ol i gonucl eotide conprising a first ollgonucleotlde DNA strand conprising, .
in the, follomﬁng or der, fronf3 to S': a first nucleotlge sequence anhd a -
second nucl‘eoti de sequence, 'said first ?s nucleotide sequence bei ng

honol ogous t wa twos2eg| eoti de sequence of the first honol ogy ﬁ PO

vector DNA strand, and said second nucl eotide sequence bei ng ogous to

t he nucl eoti de sequence of a first terminus on a target DNA strand; and c)

a second doubl.eshanded ol i gonucl eoti de conprising a second oIigonucIeotide
strand conprising, in the followng order, from3 to 5 a third

nucl eoti de. sequence and a, fourth pucle sequence saj d th;rd

nucl eot i de sbomelegy %ﬂgdﬁml%gﬂﬂ 3’31‘%&‘ gf‘%‘ﬁ?‘?‘ii’e"%g]é {3 PElf the

second 10 - 9 FEB 2004 .. WD 01/04288 PCT/ EPO0/ 06533 honology armin

sai d vector FFR f1d and said fourth sequence béi ng honol ogous to the

nucl eoti de sequence of Wemb@mmfﬂmﬂe&ed,gkhmlbmmpn&ma

specific _ enbodiment of the kjt, the DNA v tor urifieo anot her
embodi nent- of nupleotidéseqyenge %f‘t?r“l’"f‘ﬁ'éqq% 3¢ *yﬁ%ﬂ*ﬂég’

ol i gonuct egt g, S h & vl doésx&'ﬂbﬂme!ﬁé-aﬂdﬂie' are
purified 1%) er épecﬁ?lc e Jg ments of Kkils provided by the invention,
the target Ditidommtlesss/lecatediigsideshafisstandsecand homelogy agms; and or aferstepdan
DNA. I n other sp,eC|f|c enbadi nent s et. DNA ol ecul e conprises a.
genetic nut afRdyR Wﬁm %@%“8% %gﬁéct ed to be associated with a
di sorder or disease | Nydirdfiier énildinherk, the ihVertichaysiovides methed Poraiakingad

reconbi nase is RecE/ T or Reda/B reconbi nase or both RecE/T and Reda/ B

r econbi nases rétombinantDNA ro¢lequiecomprising; Q)rmrﬁycmn deuble-stranded,yectar; 3 dapble=q

ROPH e R Ryl DROR ol (BN TR b Mo RN oAy

a viral DNA piels expressing auaatm!ﬁcombihisesmﬁpmbmphnm&ephuhm

i nvention provides nmethods faor tectlon et kn phL _SUS ected

to be associ SabHvedqub 2’8 'géf‘bﬁgﬂ‘gg‘g%%&%%ﬂﬂ

specific enb m Mloﬁgﬁ&meiﬁoalmdxa&ahahmmgym or
n a

prot ozoan sp eC|f|c enbodlnent a nethod is provided which further

conpri se det wdmge@mmmmmmwmdmmgdm,aﬂg@t DNA

compr | ses e EeHRRY SR rom 15 AP fct PRUC LRI ol Bl AR NN,

DNA i nsertedwhﬁw&emmamummmdmwmmnmr i on provides

a met hod of detectln the presence of an ctj ous, agent_wherein the
target DNA i Sligeucise ﬁ %‘%ﬁ‘i@m&@yf’ﬁ %"Fﬂft‘“g arﬁ"‘é‘ctious

di sease and {f G:E}Feﬁ& @f alsB@nd hﬁ&éotﬁ@geqﬁﬂﬁe %d%@ﬂ&%u&é ¥uchee Béiflg

honol ogous to the se ces present in the infectious agent In a

speci fi ¢ enbhdinotagoys mhbemlegﬁemﬂhﬁmmﬁmmm ted of

Qg\éhg%cteg | W%B %sequenc%W| nw Wec?’gous

agert. In ot Wmlsimmamm)ma secondbligohiclentide gemprisinsg asecondis
D Ol e aleotidessiiind coprichg-f the following order, from 316 5 2 S nucleotide

sequence and a fourth nucleotide sequence, said third nucleotide sequence being

homologous to the nucleotide sequence of the second homology arm on said 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
allow intracellular homologous recombination to occur.
In a specific embodiment of this method, the host cell further contains a
nucleotide sequence encoding a site-specific recombinase operatively linked to a promoter,
30 and the vector further comprises a first and second recognition site for the site-specific

.7-
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I n anot her enbodi nent, a nmethod is provided for detecting the presence 0
genetic condition, disease, disorder, or polynorphic trgit, wherein the
target DNA is derived froma pati ent suspected of haV|n3 a genetic ,
condition, diwWeaMm4zhssorder, or polynorphic trait, and the se nce of the
first honDIogy armis honDIogous to the sequence upstrean15 f 0416533
known or suspected to be associated with the genetic condition, disease,

di sorder, or polynorphic trait, and the sequence of the second honol ogy um’
i s honol ogous to the sequence downstream froma site known or suspected to
be associ ation mnth t he geneti ¢ CQﬂdItIOﬂ di sease, disor

pol yror phi ¢ t¥eeqmbinasg, mm%ﬁ%ﬂpr*%! 095}%%'1%‘ Seon ggﬁ@"k’@?%-ecti ng
e pC® it el Sid £ fA0Hob Alad S LB 298 fra MRiBPRE B afld SoE" O

pol ynmor phic trai e target erlve froma patien
suspect ed of mxmmsmmmmmpbnmdwmwnﬁmwcc

di sorder, or polynorphic trait) and the sequence of the first
doubl e- st r andEePRAREEBNuUC| eoti de S homel ogous to the sequence upst ream from

a site knogn or suspectmgﬁgsﬁg?ﬂ@ 'ln&ﬁ@ii
geneti c di sease, genetic er, or poﬁﬂrmrphl c trart, aﬁamﬁe sequence -

of the 15 seWuMﬂtMWMMMMImw&MM
seqguence dovvnstream m a, si.t knovvn or suspecte SSOL, at ed with
the genetic FEPRAPES %m 8&‘@%9‘?37'&87 fymor phi ¢
trait. In a %amle&emedmameﬂxhwmmsoﬁa%mwm k oFaftbr SRPHS;

genetic disorder, or polymorphic trait is or predi sposes the patient to
cancer, ast hrinducingtenpression of the aite: sresific eademuclease-ig toxicity, or a neural

U opsychit 1 e aﬁ%‘?‘&%ﬁ%&é&ﬁ?%@@ﬁ%ﬁﬁé@%& e

| A-C mnponemfommmmmmmwmmmmm oni ng
nmet hods. A T vector, .copprising . an o of repljcation (origin), a
sel ectabl e md? E‘BY‘"Q mﬁ%v‘\&ﬁ V“&Fﬁ%“(?"éﬂ&l thlomeem,lz -

9 FEB 2004 emmwwﬁ&%ﬂﬁm&ﬁ%&ﬁ%&%%&% 04y

ol i gonucl eoti de adaptors. Each adaptor conprises a regi

(1 abel ed A Xonholegy amm; theiesiginafotpligation; the selectablemekes, msmaayommga

DA (1 cspagt M Jb F AR R mpodiin e Selechibic ok BpBs sl estug B 0T

nucl eot i de - s eelliesitsiningthe vixtort ar get DNA C and D) can either be honol ogous to

nucl eoti de sequences one of | ogy, af m. OJ‘ the vector (respectively
| abel ed A and H)) or ﬁﬂ%éﬁ‘é@@@%& "Gﬁ‘ﬂ"&ﬂ%‘s (il

ol i gonucl eot R@é&/p&é&ﬂ%ﬁﬁ&d&%ﬁﬂéﬁmmmnﬁ%&sﬂ&ﬁghﬁ%ﬁm&u the cell is

Expericrmental outline of Approach 1. The vector for subcl oni-ng by

honol ogous r 8dbasterial gell. dnomgmﬁ@mm@g#ﬂumﬁwamtmm E

' gflreagssi)rzység%| agram S ovvs %nea%ﬁﬁ?@ﬁ?yﬁ@fmﬁel coI i

repl)i cation mmmmmmwmmhmmdwm pr ef ér abl y
a gene vvhoseFéomguct sistance to IS an antibiqtic, flanked by

"honol ogy ar comprises the prget DNA insereddntehesvestars at t he
ends of the linear mﬁn%ﬂt&?!&ﬁo&ﬁ@ﬁ&ﬁ?%ﬁﬁoﬁm@d ;ﬁ(gg&b | ogous-’

to.two regions is the target DNA th regl o e subcl oned,
called tar geWA&@MMFbWM@MDE&W@W&MM olf ntedest, saidol ogy

arns. Aft Qr ely) Ctyi a8 f or. ex |on of ene i S
i nposed to | ?ﬁ%& %‘ “86‘%? %"B’Fo&fgff@ A¥genous
recombi nat i Olﬁohﬁ'm moh@evmmy aifst hmolbgm&f. M%Pbﬁ%ﬁix&u‘%ﬂ%d he

target. Figure 3. Di aglrarmatlc repr esent ai on of Approac he approach is
sinmlar to tBaecondhome the augleotide sequrnrre of the wamma

nol ecul e is but . rat is .
CO-i n?rodhce% %&Wxﬁearﬁw& L‘Egﬁgﬁl %{)ﬂﬁgﬁﬁs u“&’éton c'@lrlﬁ“oe
any source, BNheﬁmda&dmelnudmnkeehmwofmtrsec&ahmmgybnﬁbﬁtﬂ‘i&s{ﬁgto@n of

I nt erest iﬁ cl.oned, or g enri ched DNA nol ecul e tom whi ch the
DNA strand is homo]og to the nucleotide scquence of the second terminus on the first
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DNA region is subcloned. As.in Figure 1) the horml ogy arnms are shown In
thick grey blocks. 30 ri3. - 9 FEB 2004 WD 0l /04288 PET/ EPO0O/ 06533 Fi gure’
4. Di agram‘mtlc represent at’i on of an exanpl e of Approach 3. The cloning or
subcl oni ng weotoam4igecl udes an E cola origin of replication agg & ﬁel ect abI e
mar ker gene (Sm) flanked by two short honol ogy arns) shown a Ty

bl ocks. Additionally; the vector includes two reconbination target si tes
(SSRTs) one of. which is 5 between the origin and the sel ectabl e marker
gene. Most sinply, the vector is constructed first as a |inear DNA fragnent
as shown in the figure. Upon circularization the second SSRT is | ocated

fir 2’?923%280%3%3 4 g‘éé'eﬁ% AR et Rorihd prepRRRER R e

results | the ?’Péﬁ? oﬂf ﬁ\mogg%mtwﬁm the ﬁﬂglofﬁplkmmby

separat i n 10 sel ect'abl e marker gene. circularized
vector is ﬂ;ﬁ&i&%ﬁﬁiﬂ%ﬂ ﬂh@namuﬁpeaﬁcembodmmw ﬂnlonmpﬁmpmmﬂqnémm

proteins is expressed) or can be expressed. The E.coli strain also carries
an i nduci bhmahmeqﬂemflc reconmbi nase (SSR) gene ‘the product of which

recogni ges the SSRT n L% 88%3?&‘&&@ bffy Spg@%m@ggﬁg@gﬁq&n

bet weenvt he SSRTs d the si I C reconbi nase gene

i's induce Absing of Slticloning of o tGrget DNA neplédute ofintecest,zaid t he

regul ated site- SpECI?I C reconbi nase gene are prepared sQ tha}t t hey contain
RecE/ T or vettor séBprising en origiard replicatiampst twothomplogy ares, & the

nol ecul es containing the re oned i,s then intr ost
cell. Aft fom&ield %aﬂéﬁeﬁtﬁ}hﬂ'&a Bﬁ"ﬁ@@m mn#’ @%ﬁ&ﬂé’%o@:e I on

{
of Y he site SRS HIbEY A s1AP GaPhe B Rotide defifce SrMYIRALhARLIORY afBion a

expre55| off gene is 20 i nposed. Before
site- smlwmmhmwgsmmsqmmﬁhethmmtor

carrying two. SSRTs or the i ntended honp ous i nati on ct _which .
carries oPNAstandamd mumgﬂggmﬂﬁiﬁ r’é@lﬂ“t'&ﬁf#ﬂﬁ'@fl on

of the SS ocat femihiednthe fife
site- spec:ﬁNé M%ﬁg@gﬁﬁé%]ﬁguce ﬁ %&ﬁ%ﬁ%é&expr essi on‘= of the
sel ect abl qm?fbnmmanmsmlﬂﬁdimmtathemljahbaﬂ&nﬂmﬂuct of honol ogous
r econbi nat

wi |l survive, since this_ praoduct .is nq, | onger a sub trate for
site-specific recontFheinventionfurther prayi b\’“&&fﬁf&"‘&?‘?@ $or
clonin subc]| ecEl T
di agrag‘ﬁa Iqq. @@%’%W Wﬁﬁnﬁgﬁsﬁ%%k%&wﬁgwﬁ &)&%wure , about
Two adapt ey, &% SESlofiAg br SEbRL éWDNAxﬂolEﬁﬂe&mm:md ")
01/ 04288 P 0 06533 regi ons of horml ogy) one to one _of the honol gy
arms of t heectoecomprising an oginsfgcplicati MWRSPQ’Q £8n% iR therfolle

termni of_ th DNA re L t tor
and ol oni EPBE" o 4R 3 vegior AN sPangt AL B ol bk 08I oprclon Kk
“reconbi naty ﬁ@g&ﬂ,%&# Biffn;\<QEH thiat tieGhucleotideisuqenice offtble Best hemologh enada er s
and)the target -S n this enbodi nent the vector and the target -DNA do

not sha2® ﬁsqvmd)MAmnn@ys homelegous ta:the sequepee pbthe fisst tsanigusen @ Sratigget or

o1 T omoc) cONATmotod i peitge Svayaee e sBhg R Bl A8 B yecor

DNA strand is homologous to the nucleotide sequence of the second terminus on the first

target DNA strand; and b) a cell contzining a bacterial recombinase. In a specific
embodiment of the kit, the homology arms have sequence homology to 2 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 besed cloning vector. |

In another embodiment, a kit useful for directed cloning or subcloning of a

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
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al so be used is the nethods, of Approaches 1 and 3, as outlined in Figures 1-
and 3, above. = f ~~ 10 Fi ggre 6. An et hidium brom de st)al ned agarose gel
depicting DNA digested with EcoRl isolated from9 independent col onies. ‘

(l anes 1-9) O¥OAQI/MLRE8from the mAF4 HAC experinent Lane M | k %.%ﬁ{@i %Zﬁ%
standards (HRL) Bethcsda, IviD). Lane 10, EcoRl digestion of e e RS ng
vector. lhe experinent is described is detail in the Exanple in Section 6.

15 Figure 7A-H. doning of a DNA region froma total yeast genom c DNA. A

A PCR fragnent made to anplify the pl5A origin and fl anked by 98 or 102 by

honol ogy arns_to 98 qr 102 bps either side. o |nt L ci.l

resi stance g@h@"ﬁﬁfﬂé%wwwm%%@l ?%PSWE&PQE u#{g PCR
product (0:5 m&g&mn FHrst Hohiol a@@;ﬁgﬂmf
coel ectropl awﬂgfﬁﬁﬁ P"“@gﬁtﬁr ni ng Reda/ B expr eos&ged from
pBADaBY. C Ofﬁpﬁaﬁﬂﬁ&nddwmmhww iadirstidoublesstrandedl pligonpelectide et hi di um
brom de stained gel to confirmthe rect, products fr 10 _chgse

col oni es. ZSCWW (i‘ M%Wﬂwﬂg& b‘é'gmé 5@5‘3@%3% t he

cads of the ﬁ%‘ said firsthhi]ldotide fRgidie béing he
ol i gonucl eotr s used T or QER anplifi cat | on of the linear vector_are shown.
ltalicized shmulogmumﬂhaadmddmm bomolgey:arm ensmidiecaPNA 30 i s

required for PCR anpl.,fica M% @@@%E‘ﬁpﬁﬁ‘l’&% i des
constitute t : g‘p ﬁé%%‘bﬁ] B%% ogy arm
to the E col pfd frstichifings onSetrgel DNA Strdndt ¢) mmmmwmndedmmmﬁme of

the linear vector) and thus nmake up the t er m_nal ‘a]i Th nesl; vect or
constructs acommm ligop l‘%ﬁ&[ plowing, r Pect or

con) ai ns g&hﬂﬁ“’ RhifPluclesidest ance
gene Cm , wl e@% ?og arms an t he ieﬁ_ 5 i'ndi cat ed termrnal .
repeats. B. kqﬁahemg honiohgou!mole suicleotide seuenge afthe second homologyarmeuisaid

OIS onty peetor DA o S SRR eSS e bag hosfiPEcus i b huylecride
effect of repgainch 8N PicBomlErilias Bh i tidjdt DN trahd; £id d)Cd @il Cumiihina

subcl oning. The results of tests usin the vectors cont ai ni ng he repeated

sequences shbasterinlregimiinase. In

cont ai ns. Efcukiitr BRCCA i’ § r*f‘{%gré{,r. W@Wymﬁ e

resi stance gbNa.from pBR322 (tet')) and the arabinose repressor (araC. .
Conmpari son of ET reconbination  subclonjing usin BAD- t .CoJ El ori)
ver sus pRbKJBADI aBY. 'B’r'é“?‘@ﬂ“%“- W%ﬁ‘&‘f“&ﬁé&ﬁ%’é‘é‘@& of the
AF-4 gene prg o%béoﬂﬁ@oféM&'MMﬂbl@&l&&%ﬂﬁhﬁM&mw a)a
strategy. tet') The tetracycl in _) resistance gene. araC) arabi nose

repressor. Bioublesstsanded DN Wm sloning ang subcloming of atasg PNA

stained g ﬂﬂ! !!t ﬁﬁﬁ'{gﬁfio ERatiod AHAGRE correct.
col oni es g‘r’rd f’lr?éafr near sgior a one rec su%#onegﬂwere g‘g‘ﬁ I T'’med by
DNAJsequenci s, iithe foklowitig/ortierdiien S' to 3' along a vector DNA strand: a first homology arm, -

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 sequettcc of the first homology
arm on said vector DNA strand, and said second nucleotide sequence being homologous to
the nucleotide sequence of a first terminus on a target DNA strand; and c) a second double-
stranded oligonucleotide comprising a second oligonucleotide strand comprising, in the
following order, from 3' to 5" a third nucleotide sequenice and a fourth nucleotide sequence, -
30 said third nucleotide sequence t:eing homologous to the nucleotide sequence of the second

.10-
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Figure 11A B. ET subcloning.using genomic DNA as a source for the target

DNA. 30 A CGenomic DNA isolated fromE coli was preli ner)zed by Xhol

di gestion. 'The linear vector consisted of the Col El origin and the

kananyci n r eMNG01#09288 gent kan. fl anked by honol ogy arnms which direct
reconbination to the laelllacZ | ocus present on the E coli c HTOIPRAMES33- 16
- 9 FEB 2004 WO 01104288 PCTI EPOO/ 06533 B. Restriction analysis of 16

i ndependent col onies. Lane 17 shows the |linear vector. M 1 kb DNA | adder.
Fi gure 1ZA-B Subcl oning of the neonycin gen neo from nouse ES cell genomc

DNA. A. D f bcl R t K
resi st ant. ol OGR! K P FeE: N i o A Feri R PRTaE RSP S.
DETAI LED DESGRARRLAM: Goqukee oMM bl i SRRt OBt et 6 £

met hods and conpositions f.or DNA cl oni ng and subcCtoni ng using bacteri al
r econbi nase- mmwﬁmnwmmsmﬁw InMerm::dlmenMﬂmhtsthevered

t hat bacteri reconmj be u | Lize rticul nner,
achi eve hi gh* ﬁfYWéﬁb‘flﬁf‘gﬁﬁ'ﬁ gﬁ?@ﬁwa%wmm , t he
bacteri al & mRecE/T and/ or Reda/B The RecE/ T pathway in E

coli has bees ‘described previously and its conponents have been partially
characterized (Hal | ardd other sphcificiemtodimentsof&kits pravided By thel inveation, thie Grget 91:

3205 3209; en 981 acteriol. I45 521- Rec ITbI ation
via the Rec%#kﬁ?a?lmgg? M%P@g‘ “uff %e@ ﬁI‘é d reel)
t he DNA sequeitodinents, !ﬁ!tﬁi‘gehﬂbﬂ:h&b&dﬁbﬁlﬁpr&b@dgﬁﬂéhuﬁhoﬂr

Bacteriol. 17S:277 278):. The RegE F‘Ir?gﬁ ein |s I funct | onal I y sim I ar to A

exn, which i °H’P§6 hal ly si m I ar

Lo Reads andagel W«éﬁ*%@ﬂg?n@%o Qngan Bl Rt 27

Bi ol . Chew. aﬁdazdﬂﬁaeﬂﬁnﬁnasimseph and Kol odna, I983) Biol. Chem

258:14411-17; Joseph d ,1983) Bi ol m ,.258:10418-24; Muni yappa
and Raddi ng) 1986, J. qﬁF %’%H@ %@7’2’ M‘&m&?& Fes cxusmple,

1981, 1. Bi olp Mw@%ﬂﬂﬁ%ﬁ%@%&%&ﬁ&%@%ﬁ' :

Biol. | 63: 257-275; Passy et al 999 Nat |
96: 4279- 428M§MWI%WPH@U@ﬁx,aMN6Mmm net hods

DA o oni 0 S ef Seibddbitsl, 0 dofnlh prRdehcoat B SRR B BN o7 s

to the prochmbrwm@mmwmmmm%mﬂyw 2004

WO 01/ 04288,PCT/ 00/0 533 aut ono licating vector so that it can

be propagat &% lﬂ? %@r‘fﬁ%’g PR or rRe9tazoan DNA.he

process of ghal immtjmmmwmm &%ﬁﬂﬂ%@omusly
bpec cati vect o

replicating vector into another autononously repl |
shuttling - TSRM maagm}rﬁ@okﬁéﬂﬂmmw targt N Iumdieeyctemdh as a

ggr;];lt ggggloméy repl. izt ng vect o%&e‘%&txﬁﬁxﬁ Ifl'@%&e%gggﬁ" o

cl ohi ng andMMm@MﬂENM imethevetarol ogy arns and, ‘i n wvarious:
R O TR SRR IEENE R T e L L
t h_? Or i ent aptcoéhce bf ddifectious agent wherein the target DNA is derived from a patient suspected
) of having the infectious disease, and the sequences of the first and second homology arms
25 are homologous to the sequences present in DNA of the infectious agent. In a specific

cmbodiment, the target DNA is derived from a patient suspected of having the infectious

disease, and said second and fourth nucleotide sequences are homologous to sequences

present in DNA of the infectious agent. In other specific cmbo&imcnts, the infectious agent

is a virus, bacteria, protozoa, fungus, or parasite.

30
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honol ogy arns. It should be.noted that all appl i cations_of the net hoars ofFEB 200
present invention 10 apply to nethods for both cloning d subcl oni ng DNA

The construction of the conposi tions and methods of thé&”invention are -«
described in WO %WM2¥erein. In particular, Section 5.1 descri ? %)%t

reconbi nati on cloni ng net hods of the invention for tar geted c on{'{%

fragnments by honol ogous reconbi nation.. Section 5.2,. bel ow) describes
conpositions of the invention, includi ng 15 DNA constructs desi ghed to

target, capture and cl one target DNA fragrrents of interest. Al so described

arc nucleic acid nol eculhig?%gc ter . reco es s h as RecE/ T
and/ or RedoJp proteins é’ﬂmfgg t*hods
for construct igagetitdbditivs, disease ryeﬂdqﬁnc &Q%&em%&mbﬂbnms derived

descri bes the use of bacteri al reco i nase-targeted cloning nethods and
kits for dete ngmmd@imglmsdwdmosmbmmhc

apafienyy

condi tions. | N

RECOV! AT O\ o skgbeie bt Ay natbogd: ot bimfosain I e trfuence

ef ficient #hdfions gsitekholif ot smspecia 10be asuciktbiwith thic'pemdtie conditon! bas&ﬁrl al

reconbi nase- nedi af ed hopol ogous ,reconbi nati on. The three appr oaches
lameaﬁ»ﬁimmp%

described her \PE PQ mcaoeb@mmm ischomologous

reconbi nase 1 gE@ERRRhLHbWAS Naf £m 'Fﬁ’ o B& ag&! Ged vect or
is shown in Figure A. The vector. corrprl ses ree essen Ial &\ enents: an
origin of repgeneticicondition] disease,slimorder, or golgmerphic titu It £spetific exibslidlbi, a her ei n

call ed "homol o . 7B FEB 20 4 W) 01/,04288 PCT, EPOO/ 06533
The_honol ogy W m&f %@ﬁﬂ"ﬁ PG"?&‘FBW‘E 5‘96‘?"(5“

capture' 1Ot @engtic disbiliedfor potiabRic daatmw RrgtPDNAGS %ﬁaﬁgml ogous

reconbi nat i on. The sequence, posi t| on, and ori ent ation o
areas arc i npBwpestede ﬁheasmmemommwmmwmumm

I'n one enbodigh e!reﬁélgiﬁ e _honol o to the
termni of targgt % %ﬁg&(‘by sgrﬁnr#gg&qn@ C‘W“@ t%”‘Eo DNA
f1 anki ng t he sequgmwﬁmaammmw@wsemmw edetigur e 1)
correspondi ng, DNA sequence streamfromthe tar, i ndi cated as
Cin Figure 13“9‘&??8'5% %&éﬁﬁ% 9?‘%?’ £ opolymorphisy ‘M&&P@W"fﬁe

cor r espondis GsebondPddubii-fiasaed d&&’!ﬂﬁ&ﬂ:& &W&%@ 18%5“%%

(indicated as D .is-Figure |) he orientation of the

to the desi rewemg&mormcct@éo essgemdwhm;m:mmumgmmmgmm

honol ogous s t e Fi gur e such, t hat
recomnbi nati on Eeg wéerﬁﬁ;eiwéo gg’ a L’ﬂ%&ﬁ’jﬁb@gﬁ\ﬁ“ﬁﬁgﬁl% ®n the

t arget DNA behsag.sé m@&omtmpammpmmmumpr@sp&& the\pakeni fo cahde®, WO
honol ogy arns. P"ﬁ‘g hgg‘glf%gfﬁé‘ﬂg%@itl qn 1s defined as being "inside the
homol ogy ar néStoma, BB AeA RNl RS HOPDghiatie, mstabalieh 15
that. a fllﬂstmmmi’r%&faﬁaulé o SkIMRBAHIRAIS diSdakJor' bidkdef.€P! | cation and i tsel f
in oné direction) and a second honol ogy armis posi t| ‘oned between the
orléln of .replication and itself is the other direction. On the other hand,
a position is defined as being "outside" the honology arns if, in ane
direction) neither honol ogy arm separates itself fromthe origin of
replication. Thus, by definition, the replication origin and the sel ect abl e
mar ker are | ocated on the vec* é&é&uéﬁé*de t he hom)l os[gy areas (see Figure
1), so that insertion of the he origin of :
replicati @§ and the sel ectabl e narker on t he pI asmd On the other head, the
target DNA is, by definition, inserted "inside the honology areas. Figure
1A depicts pictorially Figure 186 Sgmpénentsiof thehomalegousqetombitatiornélonifg and

honol ogy ar . ternati ve enbodi nent) the honol ogy arns have
sequence hom%%gwgq%gmg“set of doubl e-stranded adapter oligonucl eotides.
Such adapter ol i gonucl eqt Titactar, Gomprisisd in?irigth dfFeplicionForig), d iechbfilience of
each adapter ollgonucleotlde conpri ses the sequence of one of the homol ogy
arns of the Wke{Smlandivehemelagy arns (abelediyandB).horol ogous to a sequence
that flanlgg the target gene of interest (see Figure 1 C). . Thus, one
adapter oligonucl eotide contains honol ogy to DNA sequence of one horml ogy
arm 30 (indicated as A in Figure 1), and a nucl eoti de sequence upstream
fromthe target DNA -19 - 9 FEB 2004 .-._ WD 01/04288 PCT/ EPO0/ 06533
(indicated as C in Figure 1). The secondladapt or oligonucl eotide contains

honol ogy to a DNA sequence of one honology arm (indicated as B in Figure
1); as well as a nucl eotide



sequence | ocated downstreamfromthe target DNA indicated as D in éiau‘:gB-mn"Il
1). Inp this way, adaptor oli'gonucleotides may be used t¢ adapt a generic
honDIogy cfonlng vector to 5 target a specific gene seuence of interest by
varyi ng the ¥Q0uM288 of the adaptor ol i gonucl eotide (see Frg?q%é%p The

met hods and conpositions that can be used to carry out the var 0/06533

enbodi nents of the invention are described in detail herein. The nethods
descri bed bel ow i nclude three alternative approaches to directed cloning by

- honol ogous reconbi nation. As described is detail below, each of the 10

par 1 cut ar ¢l oni ng- app s CHORA 6 EREed b eRiie o Erdiipondt, °
descri bed i ncomprisds alregionof ibmvicgyabelabatund BeRb edemblbgh lafitis (A Zd B,he

cloning vehicle is introduced into a cell that contains the target, DNA of

i nterest. Thirespestively);and @avendmoqfé' %@&H@Wﬁ@eﬁd&'ﬂﬁy‘lmﬂ#dlﬁs i nsert
honme one rep ?ggmﬁ e need for cunbersone restriction
anal ysi s andurgaww( rr'#\%&rr ons hi s approach is useful for

appl i cati &s in whi ch Chdhs g DNA/TIR!térmbe]nuelebtideSequienses of iz @hrget TRNAI CON
and its further use re%rgres the subclonrggﬁof a chosenfpart For exa | e,

the use of a“mdR)an &r hemmplogousio pucies

Sequence. { he i nREDF tRBeriey IARER Rl 11280 il enﬁﬁ%ﬁ%@ﬁaﬁﬁ%

second appr oelignnucleptides (uispectivelyglabeledd]’ anhD’)20 cl oni ng vector and the target
DNA of interest arc prepared and then added together into a cell
Al ternatively, as shown in Figure 4) the DNA of interest can be added to a

cél) that 18l ready contPpigase %, ExpeliRentiGuiitsfHpproblie].| Thd Fctdr ¥t Wmﬁfﬂhed

arc useful for applrcatrons i n"which the target DNA I's derive
ext ernal soubyhomelggeussecombination izigtroducetie/g. ey mmuoaarﬁ:mhhmtl ZS

BNA I one ottt e e h i ReeE/ 1ot bl i arsarepay bt Db once 1

al ready pr esdmgramdhbwauanmmqﬁﬁiolmﬂbadnyﬁtgﬁhcs&a&@m‘g{gﬁlmdgconbi nase
For exanpl e tEt Sﬂ: tagget DNA st y. reside on an independently replicating
DNA ol ecul e3¢ '&%‘5‘% h is prefy 9‘1?*1533%0‘!!!0%94‘!“9%3@@“*0

ot ompsomy bty b H ﬁmloQﬁ? ﬁ st ce| ?L‘YNEt hods

chr onosone (BAC) or the E. col ronosone i n a5 E G0

for const r ucklpeks attherendeofithe m DEMQ!@%MDM@#@@S of eqnmnerhaslologuna‘noas

RecE/ T or in.de c :

" he vect or"imeioaE TR ARBEORASLARRE! be Biva sl sybcloned cal oot ogy ar
| ocated on eDNhamnﬂamhomaMckgh&ﬂtﬂﬁd‘bb'&dmﬂébqatﬂs i At¢roduced into the
host cell. pref rabléﬁge vecgtor is_a |inear nole e _and the honol ogy arns

are | ocat ed ectipn for sxpressipp of the MWW%W'@*‘D@@R&Wt hey
may be i r sy h&thol réehth gﬁj,g% t| o
bet ween tniho; tﬁ%r%?%ﬁg?ﬁr@ﬁ%wt he \?éégltgor W t ﬁ&gtar?m ue ces

resdl ts in ilincar PNAnmoleculeanghe trgethet ween t he homol ogy arms, and 't he
resultant formation of a circular episome Cells are then pl ated on
selective nedia to select for the selective marker present on the vector.

Since only ci rcuI ari zﬂgmbewmmaﬁhﬁn@ ﬁ@hﬂi@t TR apbachch ¥ NO

setected for, ] the host_,cell, many of the calls that grow on sel ective

medi a will WMMMMMM Jegele ismapalreaagy | n one

enbodi mengsg l%rb&nﬁg Bf colih6 :ml glg ocked with
nodi fi ed nucl eot tcg'reﬁh%%’e'aﬁ f%'g\ifen S pro uce L@xﬁor ni g of t he
ends of the moleade. nalgrgemHAtopnbmmmmemchesﬂhhﬁwdn

reconbi natio itinma tiqgn. . Such nodified nucI eotl des ,
c, 9., phosph‘gﬂ?m nrﬂ?g'l %‘ggﬁcsrﬂintﬁggl%%ﬁ%@e °F‘|4?§°F’rﬂ§h-‘5h'he

nucl eoti de OhNhegibR YuBNnca! MsR Highicq P Hsrhél %ﬁ? rporat ed
during oli gonuc:}g%ltr de synthesis of a priner %J to construct Hch vect or
(see Sectiorblecks. 1) below)) or) alternatively, may be added by enzymatic or
chem cal 3dmd| fication of- the oligonucleotide or |linear vector DNA after .
synt hesis.” Methods for such nodification of oligonucleotidcs and |inear DNA
fragments are well known in the art, and are described in detail in Section
5.2.2, below Z5 ‘ 13




5.1.2 APPROACH Z: CO-| NTRODUCTI ON OF VECTCR AND TARGET DNA | NTO THET8sFEB- 2004
CELL In another enbodi ment, as depicted in Figure 3) thy vector DNA and the
target DNA are mixed in vitro and co-introduced into a~Cell containing the -
RecE/ T or 30Wel#4B88 econbi nases. The target DNA may be deri \%@%ﬁ@@gy
source. For exanple, the -21 - 9 FEB 2004 r WO 01/04288 PCT/

target DNA can be obtained froma biological sanple) such as, but not

limted to, whole blood) plasma, serum skin) saliva, urine, I ynph fluid,

call s obtained from biopsy aspirate, tissue culture cells) nedia, or

non- bi ol ogi cal sanpl es such as food, water, or other material. Mthods foe
preparation ‘of DNA fr Biguse4h Disgramnsatia represetatiémefian examplensfoA piroadhi 3. The

the 5 art (see) e.g., .Current ProtqQcols_in Mlecuyl ar_ Biol ogy sal es of
| abor at ory €loRINGioF Sebcleniag, vecstoriggly SWGGFPB&‘P‘%F@W%‘P%‘“ @?i‘%@q John

Vit and ke B ) At Bl bifo %rengéfc?‘Eiféﬁ‘?ﬂ bi nase.

proteins, pagfioatlly tevettopintludesiid RBombinktioathigetsi teS(SSR'ﬁQbh@BPWdhqg The

vector DNA may- be in the formof 10 linear DNA or a-circular plasm d DNA.

In a pr eﬁerbﬂﬂmﬁodnmﬁﬂﬁﬁslw@lmﬁkgm|Moa¢51mﬁyAthmmisaconmerburce
of target e n vvel Ccess cess, ,relative to the

vect or DNADﬁﬁLgH &ﬁa’& %‘h’&r‘é‘ PoR cirgplanzan ’ng"P@gl on
of interestg %h,&smp mﬁjﬁf &w, W

reconbi nant progsufggg S are QOWI n selective ned a o% e o%e

circulari zeﬁrsptssm?;kcsthatmeapmﬁémmmbmmwmmeh&o SSRTs aesultsdfhicai Nns an

antibiotic re |s_tan rker gnd _cells arc_grown in the presence of

ant Pbi ot i c m f‘ﬂ%l t ircylar ol ﬁr@ﬂ[‘h}’ seraeating theonginand then i | |
contain ggr wc% Eéﬁg,kE %ﬂm?g Mmﬁg f.

enbodi nent # e en I near vec O%cl%ﬁﬁ ragne ““ﬁg 50%FG§§‘§'%WW
nodi fi ed nuwhieh Rec®T, or RedaBgso uchsdasbejnemd,ror&‘asue@r&sed 1M\Et&wﬁkhaixp uch
20 nodification of oli onucl eotldes are well known in the art, as descr| bed
bel ow i n Sccammieen indusibje spterspeqifip repambinase (SSR) gene, the Rroduss pfiwhighareognizes

EE‘L%?;OF.NQth%ﬁ?@%%&%&@%%ﬁcﬁ%% SSREF Bofios |
pur poses t Qe @il tHefiite BHeReR hé {sGatdvded RiVexpressiom THY EDEA Qiis €2

speci rren For exa l e, the mnet hodmay be used to detect the presence of a

speci fi.d mmwmmﬂtamﬁgmn@mm ase preipered so thatt ed :
froma bre t cance enbodi ITe t h hod be used
to anplify g@&ﬁ”é“w&@%’hﬁ@ﬁ FB‘%{}I&’ ?’Hf&l‘ ynerise -
chai n r eacthéleclBhtatring e mwﬁumm@mww N A

reconbi nation, cloning and propagation in E. coli offers
PCT/ EP00/ 0d®e®legous resbmbination beyweenthe homokagy amus expressinmpfitbe siF6-sperific°CR

pa 1 o PaRIHIR ERTEN P PG AR '%%BE%”%%?&S f@ea%”%@@a“ Bubenasmai or)

t he, nuntmr,ﬁ?o r iRk | Y
with the eac ﬁu?&kﬁ%&c%%%?ﬁmatmn Pper an error IS mtroduceg
into a DNA caayingdwo SSRTk er the intendedhdmotopoiis Mmbmmouwmma only

reconbi nati on |nc has .t he advantage of the cel | ul r Qof r eadi_ng

maghi ne in @‘@gh SiptF B W‘WWF@’&‘?&EMB“%‘P&@ gthcgﬁﬁ&ﬁ lﬂmcgecond)
there are fb@Wémr be
anplified using t{éﬁc{%&e{é%nt rreﬁgo%l !i ﬁ f°| catl o%sg&%&r eql ons%‘fﬁéﬂ'

t han a fewahdlsdbmsfm(gapwwuofihemlﬁe&ﬂehh}keris idhigoked; bélls dogt
t echni QLie 1o The present nethod is suitable for cloning chh arger

regi ons, 5, produgt ef hosm o(immgay% 1 shvide.sincgithis proslust is no lengscant |
cloning a ) proesses of creaking a |arge, random
library, fo%ﬁ'aweacfgg sogrh g%ﬁ#@%sgnd ordering individual clones.

Figure 5. Use of adaptor oligonucleotides for cloning and subcloning by

RecE/T or Redw/{} homologous recombination. The diagram illustrates a variation of
30 Approach 2, shown in Figure 3, above. Two adapter oligonucleotides each contain two
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Using this nethod, honol ogy arns can be designed and vectors constructgegElBoznm
direct the cloning of a genone into |arge, non-redundagt, contiguous

clonés, called “contigs'. -Third,. !'S even after DNA is’produced by a PCR
techni que, WigofifsBsg’r oducts need to be cloned is an extra processing step.
Honol ogous reconbi hati on cl oni ng techni ques obviates the neeRCT/BP00{0RE33e Xt I a
subcl oning step. The region of DNA that is to be anplified is sinply

i nserted between honol ogy arns and transformed with the vector DNA into a

E, colt host. The honol ogous reconbination is this enbodi rent may be

carried out in 20 vitro, before addition of the DNA to the cells. For

exanpl e, i scegions®f Remblogy;@netecdfic ofthe boinblogy amswf sheverstoniand agedRdatyidn oty be

added to th ture of When ere nati o occur viftro the
sel ecti on 01‘3’o %?%Qﬁﬂfgg%‘ &F%&W%@ E"F‘H%!‘mmdl

reconbi nat i vectok éringofihé DA regibRe { Mﬁ?ﬂkﬁ‘&l sitive .
cl ones as dggbcrl bedﬁdzictgove ﬁk! HR&APP%% RODUCH‘F ‘B‘CI)'ARC;ET DNA
| NTO HOST mmmmm mﬂmwmpmmdahgmgem is

i ntroduceg i d n Tar may be
from any go&?ﬁ Wﬁ n g& °Qﬁﬂ£ ﬁﬁ‘%’ﬁ@‘@ﬁﬂ@ F?'near
or circul ar Mﬁwmeﬂ&m%heﬁﬁbMDrmmimmwﬂm

9 FEB 2004 Wo oi / ga2ss PCT/ EP00Q/ 06533 i nside the cell) honol ogous
reconbi nat i &¥8% mm%d fﬁ‘e“&h&?’&%@%r@é&?‘maﬂdﬁme

insertion of }BF W ﬁ? gg@w thls
case, count e'PBx ect|oa IS neeg1E to sel’ec rﬁggﬁ% unr econbi ned ve

since both the desired product and the unreconbi ned vector expresses the

| #ct abl k d { des bed det ai |
SRESER et TGP R e M RN e R
exanple, a mfmdmmhwhblnlszis&pan&ht&i&m aLésCl-Qf‘dlﬁiIHédﬂuk e nd¥s BX 'S' on

reaction can be used. This approach is depl cted I's Figure 5. I'n anot
enbodi ment , experiment claseM.Jkb MM%MIM&L@@)&M#I&&D&]:OWM ned

o oduci . ar Do 8 R Yo N SR Hehol 2Pt Blaehih B B BSRE) 011 O

t hen mtrodﬂeminﬁnto the host cell, where it can be propagated. As shown in
Figure 5, .the vector contains (i) an origin of rceplication (any origin):
(i) a sél"’ectable marker (Sm); ('iii) the two honol ogy arns; and [v) a

count er - sel ect abl e rrm,ﬁﬁ&7A$HCblo%Eg&Hbﬂl@kgﬁdnrﬁdn?gt&ﬂye%g&bm TONA. .

recognition for a site- . specific reconbi nase i rst

| ocat ed outS| de the Wnﬁf%ﬁmﬁmmﬁdﬁammm&mmdﬂmwesmcat ed

i nside the ?Efrﬁl : for end nucl.ease, which
can be used sﬂﬁwec agal ns lﬁfé’%ﬂrz I ng ‘g ' her ein,
asiteis | gaatm.thcyhmslﬂai, MGB 3m;m,dgmm I'II‘heIBCIlﬁroﬂQﬁ(ﬂ.sxﬂg)%slﬁﬂwen

o repi | it PoR e sl i Tacie) rdontinamie sl s vl smyeaion
posilti oned M%&M Q&hggmbYZwaMﬁ%gﬁwsél&ﬁ%fmmp% ot her

di rection. ot her head, a position is defined as el ng side' the
honol ogy ar Mesis@Ace. i n one direction, neither honol ogy arm separates itself

fromthe origin of rgpljc on e i.quce, 1 for a pictorial
representation of th:d?rﬁ&e%m dﬂ%&%ﬁs%&?&?&%ﬁ%wg&wpm%%ﬂggy
arnms.) The clds@i doldaiess epl i cati on and the sel ectabl e marker nust be | ocated

out si de It?ts]e honol ogy arns, as described in Section 5.1 25 above, such that
i nsertiof”of the target 'sequence prescerves the origin of repl i cation and

t he sel ectable mar ker fl lma Ik

endonucl ease site or- o%n‘h?&g e- peci thgL &%%gé ‘%r%‘gf @ﬁes is
preferably lmaﬁeﬂbronﬁﬁ'sdhdlomtge horml ogy arns (see Fi gure 5)) on the other
side of the origin of | i cation ggd t he sel ectabl e marker. Any nethod

known in the art thatA‘a GRRUCRESS Of HPE?““S’@?'&?FF&‘F%%SPPHW%“W
non- r econbi ns&rv&df% s8Wn. DRalitiBdlseqlitoe SARATR the paht 0P B o‘ﬁgmgteaﬁ‘détwmch

counter - selectlon - V ~ ~U cuu
is required for PCR amplification of the linear vector; the other nucleotides constitute the

.l
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WO 01/ 04288 PCT1EPO0O/ 06533 can be acconplished by an inducible &8 FEB'ZOM
site-specific recombi nase (SSR). Site-specific reconbinases are enzymes

that recognize two target sites, called site-specific-feconbi nase target

sites (SSRTswD oapgaegct at these sites to nediate a DNA strand exchange sad
excision reaction (flatlet et al., FEMS Mcrobiol. Rev.) 199‘?(,:1"53‘?01‘5?3378;
Sauer) 1994) Curr, Opin. 5 BiotechnoL 5:521-7; Stark et al.) 1992, Trends

Gene)~ $: 432- 9 pompleaypmetaghe £ qobleqZgrnd. | Sequenera i bola Wofe pésent /68 BV ekRerhddGra! -
i ncl udi ng, buhxcﬂﬁ:tcfnj\i ng'o;ed Q‘o Cr é%%t@ Kw, or R reconbi nases (Nurses-Buby
et al. T gogteilEetos, ghd hismake upshatoqminal oqpeats; Fanloness voctontonstnicBas Eur
J. . Biochem Zhfve so@ien&blrépeats oivan cn@%s, ifearyec ial.. 169; 5i.37, 5545).
When two directly ?feéseat%eda SSI%T%??Z& e %h(r%qé Ci rc%%é‘?ﬁ?%@h“nm

si te- speci fi cORGIE Blusithirphlaszmpleniselrexistance gre Cor, MRAKEBbyHOGidloRP arkdlt bl fhe
formation of {WRafel il mds. Only the product contalining the origin
of replication 1's malntaln I'n the cell. Thus, site.specific reconbination

between two directly rdheat schedifiididiagrdin of thé sttt sdd 18l 1l Ve Htduimhcd ,
del etion of the DNA &gguence | ocat ed between the two ggliqgs onp%m%sde t hat

does act i nclPRERIRRE U sequence seneats of panel A1 fr efficlescyia BT aobdonimpaRe Er uct ed
cont ai ni ng t Qi igeneOri ented as direct repeats, one positioned inside the
honol ogy arns, and a second positioned outside the arns and between the

sel ectabl e marker (SM GanBalilighosiriggheeffett of eqpleitdaiptiind phapRIFRGR 40N Det ween
SSRTs posi {g 0.;!&?& i n i.gjgs %‘{es%lﬁts i n g‘ggar_ati on of the origin of
feplication fiomine: gl & T rosults of tests using the veeyprs camaining theeepsaid wi | |
act_on non-r seqencesehowaNA paicl\¥esit sHown. Whi ch contain two SSRTs) resulting in

tHe)l oss of such plastids hot the host cell. Host cells are then
transfornmed with vector DNA by standard nmethods. In this enbodi nent the

host cell nust cont ai ng; T . enet. an gene encodi ng
an SSR. Preferably, tg%ﬁéﬁi%ﬁ%W%gthggﬂ“@ s is

i nduci ble, ' but constA-tMimwem&mmﬁﬁl&mi@.@ﬁﬁéhtﬂoﬁmiﬂﬁé%'
encodi ng qssgﬁeﬁiﬁp}a{ifhc rﬁgonbi n@ge 25 (SSR) that_recogni zes the §f51’s
must be induci Ble: 1 NAUEThHE HErTan 8642 £ pBRA22(rex), and ke krakinosen i n

the art; met rpassde@araliiei r use in construction and axpression of

reconbi nant genes are gescri bed in Section 5.2.3, below If the RecFIT

and/ or Rcdor J~ genes rRqbPmparisprioiT rombisation pybsloningvsing pBADexdy(tet)

containi ng CetdIB1 afifvetsus WREKIH nditions to induce expression

i mredi at el y before conpet'ent cg'Pf@qare prepared. Host cells 30 - 25 ~ ~u
tut . . WD 01/04288 PCT/ EPO0/ 06533 contai ning vector DNA arc selected for

2re then o eparcd [r o PR AL Shigund bR ToRt baprent ot AL ssaretan
transforned aBAK.t he target DNA, which can be prepared from any source eg.

t5 tolt ?I gﬁnorr:_c DNA p‘rﬁe:pﬁ[ed, {qroom an @gg&l_onﬁe cel | aga:)g cul _tu_rte_d bri ef__I_y)
o .al 'ow honol ogous ré&to eﬁuw\ . IFEREZ0 Ues, thedetratyliat i on
resdlts in ciebigtahd@pehl. Mg.mﬁ&%mgﬁ}_ween t he honol ogy arns containing

e

one SSRT) and the insertion of t target gene sequence. The expression of
the SSR is then i nduc&d AmplysisSfRindepindent tolonies. hn ethidived Brymide RembEpe] SPRTS | N
t he un-regongj : 1N the sel ectable marker fromp gmrep g
targets havermonl yd'é%g&g%%#gm%' W‘r@?’ﬁ“@‘%%ﬁfmvmm ds
cont ai ni ng im&mdsubelmmeaﬁmcﬁ@mmse@mg_m, l%g)ﬂ]@fadﬁ’ég mai nt ai ned
t hroughout this step, but does need to be inposed soon after I nduction of
the SSR i.e., soon after the site-specific reconbination takes place. .In
this way) induction oFidype T j L r plasmds, containi ng
insert target genes. 1 Inlggﬁal?g%%%ﬁg eﬁ%g%%#eﬁﬁxﬁgém Pase can
be used to IRB&PNAe the vector between the honol ogy arms in vivo, either
just befogge, during, or after honol ogous reconbi nation. Linearization of
the vector before redofGenomiciDNA ivolated SRKEE. kol as Srelineafiied b KR g2aEdrON

products, s a_linear .pl asim d | .not survive in the cell unless it
becones . w%ﬁ?ﬁ%ﬁ“ﬁf@?ﬂﬁgwﬁéeﬁ%ﬁﬂdﬁBﬁ‘,‘mﬁ’ﬂémw"@cti vity of
t he endonufiusad by heinbloge kfin?Rhisleliveet rebdMbimlias (0 88 1 PRER o 1esk SR es
because dur ng_ onol ogous reconbi nati on t“%ea%SF\gﬂdel e@fé%lo?#}s@:@:gh@?ﬁ&el ease
recognitioﬁ'%‘ﬂ Ofi§serts the target DNA is its plane. Since the

endonucl ease will cleave only nog-{gzc_onbi ned vectors, l|leaving plasmds with
i nserted '
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target sequences intact, the continued activity of the endonucl easet'{;f-g
recombi nation) sel ects agai nst non-reconbi ned productsy For this

enbodi nents, as endonuCl ease with a 25 very rare recognition sift must be
used, so th er sites will be presort in the host cell DNA Exanples
of such ‘ra@@ﬁ’f‘?ées}r]s' are known in the art, including, butPGIERNAIBE t o,
the | anbda cos, yeast HO or an intron-encoded endonuel ease such as PI-Scel.
The recognition site BoRetthetigy ¢l oned tween,the two
homol ogy ansts, so that enz%matic @l ge@??g% Eyﬁ%{e&te&i n[}gﬁnﬁgiéh?"&%f’ts in

| i neari zat i*9Raro¥ectate MalklbbNscladdem 30 t he honol ogy arms. The expression of
the endonucl easg, gene nust be inducible. -26 ~ yr t ti zuo4d WO .

0l / 04288 PCT/ EPBigrE334~Bo finbrloning ofitke neotriyoitrgehaeo Gt mblitccESkell €i n
expr egspiogpe BINA.di scussed bel ow, in Section 5.2.3. In another enbodi ment, an

SSR, for exanpl A, Dibgrafdl f subélofilngiaaegFan be used, instead of an

endonucl ease, tp, IReSQR&b . ' r.is vivo (sec Mullins 5
et al.) 1997, BNuch:ll el c A%%yﬁg%%%g#?%ﬁ% case, the vector is
constructed with only one SSRT site | ocated inside the honol ogy ains. An
excess of oligqpuclegtide containing a copy of the sane SSRT is

ol i gonucl eot i demf raJeningand subdloaingt r ansf orned into the
host with the target DNA. Preferably, the oligonucleotide is a short.

doubl e-stranded DNA nol ecul e. Where one of the reconbining nol ecul es has an
SSRT x0 residing on a short oligonucleotide; the site-specifie reconbinase
will linearize the vector at its SSRT (Mullins et al., 1997, supra). In

anot her embodi ment, Shammmmsmmggwamﬁww* onucl ease
apgpdoaches described above can be conbined. In this case, the unreconbi ned
vector is nmade t0 CPRE Beben? AWdcddd an, endonucl ease site inside the
honol ogy arms: In one J%S enbo |€r619hnxt§ 0 ?‘Eﬁ%‘n Gﬂgﬁ‘?mﬂfé’%@fﬂﬁ he
endonuci «lening and shtichoning usiny ibartezidl koskabinida Qné&i&ié&ﬁmﬂfwg%%m b%n%g.uc' bl e

pr onot er.cmace)onstru ts and nethods for such co-regulate

d
SRVt cpyerer it hactenial recqabinasenmay be Brilied|inwpattieuapot her

expr essi .

enbodi Meanngr KR} ' . es of si,te-specific reconbination for

counter-sel ection ﬁﬁ%%‘ﬁ%\‘é%%&‘@‘f%%@ﬁm-, two pairs of xO0

SSR/ SSRTs ar e enpl dreférably) thechartapiabrettibi w ct _

cont ai ns t\/\ggsi tes for th)g first SSR, %“S@R%‘ onesmwionWt h‘gﬁ‘horml ogy

arms, an&FHI Rathwayin B«welihas beensdeseritietl previvwslyagy its cofiporeais MAPEbddpe OF i gi N

of repli i ct | n,addi tion, the vector contains a situ

far the gecongc@g&w&g%ﬁmaagg FRs- NatkoAedy Sel US.A/H08R05- site

f or SSR23269;|Gilleh efalqr1981Jr Bastendl! ﬁﬁ$fl%3§§dkgéohﬁﬁ{&i8£%&%€'ﬁ§c d arc 25
transformation, at an

added al ong W th target DNA during cell unt in
excess t BMBYBY feguires Tession of pYexgenes; rexfandireadl the DA seqtRaBsOf

vilich
SSR/ SSRT i - 3@ .| I,zathon step.i.s Cre/l oxP and the second one for
t he dd el eltulp'%nt;es',:'{l ggbfu‘gs?‘%ﬂ F%ﬁﬁ?é“’ : %hbgn{)%@%‘@n{ﬂeﬁm&) TheReckcprotein is
count er - imkctodallysimilad h H a!F@&ll@ d, . hi.s case.the plasnd
origin of replication tgia:;ﬂex‘(i:) gl.hﬁgil#lg e-cogy@grq?e‘ﬁflkﬁm $’¥ 30 P
mai nt enaRgetionally simiju to Redp gind erfalf phaselF22 4Glllen £p4l, 11577 ngﬁsmg%g%gg_ t he

iteron-c S,.Qf | gilps, - 27 rya_cuu~t ; wo onoai ss PCI/EPO
AR LI 1967, 9! Bt Chtm. 243:275.686; Redding and Coner, 1971. 1. Biol, Checn

246:2513-2518; Joseph and Kolodner, 1983, Biol. Chem. 258:10411-17; Joseph and
Kolodner, 1983, Biol. Chem. 258:10418-24; Muniyappa and Radding, 1986, J. Biol. Chem.
261:7472-7478; Kmiec and Hollomon, 1981, J. Biol. Chem. 256:12636-1263 9; 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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such as the phage Pl origin, and plasnmds based on the E~ coli chrormsoma
origin, oriC. For suitable origins of replication, secyHelinski, D. R
Toukdari.an, A E., Novick, R P. Chapter 122, pp 2295- 2324 in "Escheri chja .
coli and Salworalkms Cel | ul ar and Ml ecul ar Bi ol ogy" 2 editlp Fr ederl ck C.
Nredhardt, Ed. ASM Press, Wshi ngton, 1996, |SBN 15 55581- 084- PprQeR33s
case, the vector can 1x constructed w thout any SSRTs, rather a ’
counter-sel ectabl e gene is included between the honology arnms. Such
counter-sel ectabl e marker genes are known in the art, for exanple, the sacB

7608) 1 nf cct biphdlly EeRA VeclE B Yot ke B prtpfeict B s ot B8 ot et
genes and merDNGSsubclddifg" refens! e phiEss lof Siitittfing SIINRifAgRS albdddy Hrodnt frilagi | |

delete the counter-selectable gene so that cells carrying the 1ntended
r ecombi nat i onmpnmlymhmnsqum'bcrmnm mhmmmmggshuﬂmher eas

cells carryi W vect kllled QS| TI O\IS
FOR CLONI NG % E’%ﬁ%ﬂf&@ 1‘ H%NP

cl oni ng bys hpNA et Oiﬁyﬂﬁéliﬂwbjr?ckbmd/ﬁrduﬁﬁ&n LRthe vethet. The
descri bed herein For each of the, cloning nethods descri ed in Section 5.2

bel ow, .t hr eetesmgigectsd! or “argeted: Gloming and subeloning sefers o the ysenfibomelogy amns rst a

havi ng seque i 4 ReR il Mg@ﬁ‘;ﬂquﬁe sec?gr&JWan 3

Redac/ ~i pr othsioniegation®f the insehion ofithe target AINA by therchoieesmngl tienatichiatiomlof thee

L?é?ihf’?ﬁfﬁ@mﬁ”"e 30 o o plices L he R Sépusseah gwAcignc,

méd) at ed by ppiyeinidthods for 86 EiniiigeRd ﬁdtdgsmﬂ the tar get DNA being
i nserted or captured' between the two honol ogy arns. The conpositions and

the nethods for their mswpemmeﬂhenowmmlmhbdsnmemmmel n.

i mear or ci Fepoe i e, BeRubR SO, it el el Freobisghte . °

sel ectabl e ndaﬁegMn&dfﬂanﬁbnfwgmomeMﬁe@h nommeg&.y e a
target DNA of t.er est e forms cl oni .ng vg&tcl es.are - a rDbD
LUU~f n'U%’Q Epgéi %W“B@ﬁ@ P@"BW”@WE‘"&P& oach or
met hod t 018 eDNAGnstrlioR dbsighie® td elsnﬁ rrnya uctlon
arc depicted in Fiqures 1@@& ﬁg descri bed |nt‘§gt ail A her el t£°ﬁ.ﬁ THE

ORI G N OF Rammm:smm@mmmmmmmmmw whi ch

or opagat i on 1P E Rl bl Gl BN P Bt BB mpppstlor 0 "0 ™

exanpl es of cmmcwmcmwa«md&ushaeaﬁﬁniaﬁehwwﬁbﬂsm&oﬁm

Course in Bacteri.al Genetl CoI d Spr ggtj—lar bor, oratory Press) NY, and
ref erence t HEFUER ﬁ'ﬁ BEdcf%EEH‘P B expranrRag asni d
origins ofo ]&,@gg_kb Q,oﬁﬁemgol El-derived origins of replication (Bolivar

‘et.al., 1977, Gene 2:95-113; see Sanbrook et al..) 1989) supra) pl5A
orli Ql ns present on plasni ds such as pACYC184 (Cbang and Cohen) 1978, J.

Baci esi ol . 134411 X eSS Mﬁé R g cLo? 6 pSC101
originavailéle . N wn in the
art. For exanple, ui ment; the origin of replication froma

hi.gh- copy 15 plasmd used as I asm d cont ai ning. a CoI El- der| ved
origin of replicati on ‘E?H‘EA;dﬁFF‘gFFP ientand tergeted

Sanbr 0ok ¥ @dnigg Jﬁg@ ﬁ%&%l =ﬂp§{bﬁi§# urse |n
Bacteri al Genetlcs d Sprl ng 2lar or %oratory%ess . and references
t herein). Orrecmhmpba Tlmthmewhnsfdzmmbpim&nhndastmﬂenwﬁdnmaccn

(Yani sch-Perron et .al 985, , Gene 33:,103-119 p vector exi s | evel s
of 300- 500 fﬁp‘%‘p‘fﬁe‘?"ﬁ%ﬁj“ %2inpinass reqpmpination profe GRagg o the

insertion ofvet®f BisBwitia Fafre ﬁormee\rzmmaﬁu&wee Lém}éx% lofigindfCh as
Agt 11 (Huynh et al) 1984, in "DNA él oni ng Techni ques: ) Vol 1: A Practi cal

Appr oach", [meplicptinpand twshmmmoféoubk_mné@d?NMm)anedrhmﬂm SP6
phage porqoters in cells containing T7 and Sp6 pol yneri se expression

syst ens (Jgfudi er et al, 1990, Methods Enzynol 185:60-89) can be used 25 Wen
a lower |evel of expression is desired, an origin of replication froma
medi um or a | ow copy may be used. Medi ur’rfscopy pl asm ds are well known in
the art, TEes




: .- 3 TCD LUUS
such as pBR322, which has a Col E1 derived origin of replication and 20-100
copies per cell (Bolivar et. al,1977) Gene 2:95-113; sey Sanbrook et
al ., 1989, ssupra), or pACYCi84 one of the pACYCLO0 s es of plasmds,
whi ch have (é%&)gﬁrl gin of replication and exist at 30 10-12 copies per
cell (Chang an en) 1978,1. Bacteriol. 134:1141-56; sec XCIEPWN453T) -
29 ~y rtti zoos , WO 0l /04288 PCT/ EPO0/ 06533 1992, g.10.4-10.11).
Low copy plasnids arc also wall known in the art) for exanple, pSCl01,
whi ch has a pSCl01 origin; and approximately 5 copies per cell. Both pACYC
and pSCl41 plasmd vectors have convenient cloni ng sites and can co-exist

in_the sane cell as ﬂﬁﬂamdogtﬁnphmd&wxdmdmlmmematw .
origins of repI| t|on end, uni qu ectlv nt| i otic her

sui tabl e pl &B‘Fﬂ"&l IAI Mﬂ#“i“@%&’eg‘?‘i‘ﬁ 3’(71'51’ qee BF Jmhageip Feplicon
based pl

ased p as"%é{ﬁwa Vaiﬁ@less fiﬁo&@tﬂ;@hoﬁ&&%é@ﬂ%@&&foﬁbm&%&mﬁene

53: 283 286 lon is desired, the orlgln of repllcatlon may
be obt ai nedoﬂthemgetmth:ehmdiem ohmmqummm
Ni edbar dt

Ameri can 550%9‘13?”?‘ gﬂ?dWc,‘P]&fB ?%%Pm@t 3%3%%910 ar mﬁ%% gur aﬁ?
St er nber g, W%Dﬂ’ﬂﬂaﬂﬂg the Garget DNADOE interest] one wemtdicated ap Acip Figurd1)

Cal endar, : | enum Press, New York). In addl tiQ ynt heti ns. of
replicati oncnmypdndma NA sequegceupstreany frpm thet %m g‘%&?&%‘[‘al n the

pl d t he,cel flcgfed 20!
ar kor - Any RS 558 #*%*%"%n%&‘ﬁﬁ“‘nﬂ‘ﬁ@"’é?“ﬂ*‘ tFd Buchop focifed 201 ©
constructi Odbvﬁfm%Emﬁﬂielmgamm(mmegﬁmmmmdh\fﬂmmmhenafmbet\m any

afitybiotic effective in , ene th conve a

i de)nt : fi i%l%r’ds‘:‘é'\éé‘t'lﬁ"a ﬁlw% %6 gé"éz‘ﬂ’%“é&éﬂ &Eﬁgﬁf‘g‘lf’g‘?‘ﬁbl Y,
tibiot thé

Cone. {1 om RBEE! R %ﬁ&gﬁ’zﬂeﬁﬁa@”&ﬁ“‘éﬁﬁ‘g‘éﬁmm e e . or

genes t hat mlmmmmmmmm@smsm DNAsingirsrgted Betwest, oFi m t ed

the ~i | nct e gt Fisae 5 R S S5kRloe? R ChLoorl BLARLE it BehimLE T 1 1)

(i ncl udi ng m.ig aide! théfh&ﬁdoé)omﬁlﬁmxﬂﬂpbhﬁonedbém me Hvo hom&lBgymmbl, sichl i n,
penicillin penicillia O and penl cllin Q her t abl nes

sequencelSi MQM ology apR Frplication ©a8 _

pol ypepti de 554%' :ﬂﬂ Bratwelad gag;n SwEe

207: 241- 249? er %%%@%&%ﬂat canﬂ%e uti-lised ar eﬁagﬁéelgﬁ'?jh%t conf er
resi stance divectionh@nthemitter handchpesitiontis definedtscheingloutside’ the hamplogy ampsif.c odi ng

f hi | d k
ot al g0 1Ee SRR 150 Bmlib G GOl poR ok B SpUbRLRE This, (P01
the art, otﬁyedeﬂamn,méﬂpumunom aﬁdlhesuhctable\lﬁrﬁérl Ned6:06533

anthIOtIC.ITEthOdStO sel ect for l&, nce of the plasmd rra% al so be

useg sué®h ‘gutside the komalogyams (556 'BW B‘P?’B?)‘h? $ e Sambrook
et al 1989 selectable thEpiakhial

r equi red co%ponenpmoﬁﬁ? F‘J\?elgngék?%mtlm shorltgu?‘g;blnons lof do%e st randed
DNA, refer rhzindnhehegeeDNAas. Hytdoﬁmhmgynsmuis‘insxdbhhchmethnﬁmslAshom in

Figure 1, e.twq ho arms (Ia el Wormlogous to the
sequence of‘? W“H‘Bé‘?ﬁ% b&gﬂﬁﬁ’%f ﬂﬂfg?%%l? &Ted A and B'),
one arm bei ng honol om&ﬂmmembﬁ&a%mwmwwww&mt ar get

DNA and the second arm bein horml ogous to a sequence | ocated, downstream

f r om t he2¥ alogeset afidaublengtrand eoligenucigotides, Sueh adapten aligpnppigotidss &%yl es are

"honol ogous A rEEﬁtih
i nterrupt edﬂ%&gﬁgﬁgﬁﬁﬁrﬂe& @a%&r‘r g&??ﬁ?ﬂémegﬁﬂkl &aere apabl e of
f unct i oni ngseqterts bfdue of the hﬁﬁblobpﬁﬁis@@du&eﬂ&;mdhddaiondly alsequengr ef aced

enbodi nent, the honol ogy arns 15 contain apprQxi mat

22 to 1 bass pairs
or more of bomelpgausies scaneneq that flagks the tygst geng o m 5}5&’? *@a&gﬁg“farget

DNA of i nte {zﬁ!&é nor e '
non-i dentic rOégﬁ%u{écg&%gg%mggﬁ%% ?&ﬁehﬁ‘oﬁ ogyblt:f?n(rér(s?1 g‘}se&?%% ef ficient
substrat 88 {indicdid e A0 §oFigure 47, afida Radléotide sequene ppsteimifroarithe tdrget DAL, f or
opti mum reconbi nati on efficiency, honology arns are approxi mately 50

nucl eotides in length, with 20 in the range of 20-30 (e.g., 25) base pairs
of continuous, uninterrupted, sequence-i®lentity. Although.shorter regions
of continuous identity are also possible (e.g., at least 6, 8, or 10 base
pairs), lower efficiencies of reconbination can be expected using such
shorter regions of continuous identity. For exanple, is one enbodi nent, the
| engt h of continuous identity may be as short as 6 by (Keimand Lark, 1990)
7. Structual Biology [04: 97-10t7. Three is
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25 no upper limt to length of honology arns or the length of their
continuous identity to the'if | anki ng target BNA sequenc Nucl eot i de
sequences flanking a target DNA also are referred to- rein as the .
"term ni " ofweo bpos2eg get DNA. Thus, a target DNA wll have two-tcrmai, a
first termnus and second ternminus. The orientation of the tR(F/EROGH6533
relative to the desired insert nust be the 30 sane as is the orientatien of
t he honol ogous sequence relative to the target DNA (sec -31 ~~ ~rte ~uu
WO 01/ 04288 PCT/ EPO0/ 06533 Figure 1), so that reconbi nati on between the

honol ogy arnms and the first and second termni of the target DNA results in
t he target I:Mdmmdrlgﬁ' isEgure d). b'@hc/\seondtddcptwdxghmld!kougycmmhdﬁlrﬂogemaences

The onl y 11 ioNRePARESHs ooh e A SLiien 8] BOEUF 28 Y % A PYCIGUE o noi

be. a sequencaqﬁemﬁu@ﬁnbww&ﬁammmwem% ngm%ig not be

present el sewhere in the host cell dining the honpl ogous reconbi nation

reaction. |nmmaw@asbsomﬁdm@mmémwmmlm¢lmmm can
till be @bt S honol ogo

fel:onbl nag’l '%? d?ﬁ%ﬁ @%g&%%ﬁgpﬁé%n@g@ e horm?o;;sl
arns are tmwﬁds(sédﬁmw Theanetieidy kind ¢onipositions et G be Yissd6 darfy 6iiti NY

vehicl e such as _a BAC PAC, YAC (yeast artificjal chrompsone), phage
cl oni ng vectt®® m oy describedin %&dﬁﬁ“&i; cosm d, pBR322,

pGEM pGEX, PET, bacu \@g@w @ﬁ EHFQBV'””
vectors and adeno- assom ate vira vbeeé%%?@“dzf'ﬂﬁ S| ng1il vector can be
used to subodmueddnmgbsml@mmmhmdnemdzhmbdmdhwhhdmmﬁme

R e LT T AR “';Je?n% such. as

a BAC, PAC, affifcatiéf SThesk m&&riaﬂl dpplicioRS ¥re destribad inUetaiFBERAA | IRRE

descri bed herei nbel ow, the honol og arm; are positioned at the ends of a

| i near DNA m&héem@dwﬁm% oning vehigh mtr@dmmmu&ntmmm
pl asm d vect BHIQF& t el ative
to their or |&hf'at | on I n e‘f@sarg nuc egfl d%eégbgﬁ%%@ #ﬁe‘b%

t hey are or ifemi et replicoh & mbether, mmmmmmmmmwsmm ar s
after th econbi nat,i on tal.es he hom;)l 0 a osi tioned
at the entfs WWWerglf%a ﬁéﬂ?@%%ﬁ Bured and
inserted bet Eb&@i;ﬂh&fﬁﬂﬁ?ﬁiﬁ&&ékﬂé‘d&bﬂ&mﬂﬁgﬂwsé&am €
plasm d. 5.2.1. ADAPTER QLl UCLEOTI DE  HOMOL ARMG I n as alternative

enbodi nent , mﬁeanh@ew@qemdmmﬂM&mwmmmmﬁmous
91! <0t RSB RO LSBT A8 S i b,
nucl eot i de semsmewwbmmmammmmmmsemm e of
the homol A0y ANl Shathe QS INA SHisiies? hre pomared Bhd Bt adlic together into 3
) cell. Alternatively, as shown in Figure 4, the DNA of interest can be added to a cell that
already contains 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.

51.1 APPROACH 1: INTRODUCTION OF VECTOR INTO HOST CELL
CONTAINING TARGET DNA

In one 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 independently replicating DNA molecule, such as, but not
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honol ogous to one of the two termni of the target DNA. Adaptor . '

ol igonucl eotides are depicted in Figure 1. The honol og)/ arns of the vector

are l'abel ed "A" and "B", and 5 regions of the adaptor-oligonucl eotide

honol ogous wb{,{;@%gﬂ sequences are |l abeled A and B'. The two term ni of

target DNA are | abeled "C' and "D') and the correspondi ng hoPelT/BBWP§SI3
sequences present on the adaptor oligonucleotides are labeled C and D. In
this enbodi ment) reconbinati on nedi ated by Reel =I T or Redtu/ (3 between the

vect or honol ogy arns, the region of honol ogy on the adaptor

ol i gonucl eotides, and the flanking 10 termni of the target gene results in

the 5§£?§$ n&r’?@é&’oiég?fgiémme”ed %&p??ﬁ%«ié'@mbet winons (BEG) of edital or L
art(see SHpRRHERR L HEbeHCRE MO 15 ARSEHEGE RO LOR hat S a" | e
exanpl e) Syg %oﬁﬁﬁgﬁmwwmmammmﬁmd ihrdetaiicin

enbodi ment,  the linear fragnent is made by PCR anplification. In this
met hod, ol BemienSlEAti.des are synthesized to include the honol ogy arm

sequences at their 5. ends PCR prinmer . .seguences at ' ) ds.

Thgge ol gonuel eijt i d@eﬁﬁ‘@z"t‘ﬂg& M’%HLG%?%P& #M%?‘%ﬂ"?gt i on
Ci ; . i ] . > . P . : q

oot aby o S TBdddofeilbf'sing 6f €8 ofipfl difl PPkl isGntiodiiced B0 BFRO Beltc &

sel ect abl e n anot ment, a plasm d may be

const r uct egreférably ahepedtords b lineamolequi¢ and-thy homologycaimisare lesgsedat the f | anki ng
an origin of repfi cation and a sel ectabl e by.st andar d

ti k
r ecombi nantesprative endsof farlineasmoleguls, although eneql#': ﬁ%ﬁ%g&?‘lﬁm,m\?&ﬁm

154) Acadeni.c,Press: Sanbroak.et ! Q‘I\@J’b q‘g:ﬁhc

Labor at ory%ﬁ%?&ﬁ%%%& M?ﬁ%”%ﬂ’ﬁ%@?f w%r ; and

Ausubel gt ﬂawéaa&umﬂm@bwtmmmmwmmuiMi ng
e

Associ at es ahd y Interscience) New York). The plasmd jis_then_

i near i zedpestltant Socaaion:of dyirquias episemieo rCallscwn thenaiated an gelectiva media ta seleste

enbodi nent . for ex l e, the foll aw ng, nethod S struct
t he vectorf%l@fﬁ@@gg?m?ﬁem?g?%ﬁfg%bégccomcgﬁlgérﬁclﬁglgﬁg e%garc - 33
J1lw' abit/o® feptidatiiigldndBRipQeleditd Tor Ihltké héa dell Oany6f thieicells that groveen

from5 to 3 end, a restriction site uni que to the vector, a |left honol ogy

arm and a FbEtive media willrontsinrecombingd medeculnsiineluding thejtazget DN 5 1o 3
end, the_.sane restrigtion §ite unigue {o e..vect or [
honol ogiisari a and a °MW%&@°%%B€%W%M%€%§§%@8%I ank

the target iné?l%o | foediRe Werd:BBerOf eveits Préduced 09 jdining of
r econbi nasgB?%gR sﬂ?ﬁﬁagg e,gaF.Tib, Kw, or R reconbi nases. -The?gg/.nt he,gsi s of
t he ol i gontmlends ofthe linetr flagments byany trivans othestREhomalogaus secambination, i,

di d f is th . «Juo P ' L f .
Lompl ate t ARENbE TRIRUDEaNP APeh BRIl moEleeBietne sy ByanEamp i i den o
SSRT bet ai gﬂl r%éﬁ%ﬁb@%@%ﬁﬁw%ﬁ%&%ﬁe HéiRolegydHA! Nodifitd rdeldotides

readtion the restriction enzyne that recognize the

sites i 0l uthybedicotprrattd denimisoligonuctieotidei syathesisefiai plirsertused to ennstrustithe j ent
circularization by ligation, The circul af product i en transforned.into
' o | T or veGigA (564 Seeting 5410 bloWDor et e RS o et By Saramacs o hecifal
enpodi nent et ' e | QﬁH@, MiVfethibe

sel ect abl emr@ﬂ%??&é%ﬁ‘é?.ﬂgﬁ& lefrblgd‘fpm c#loﬁ%cﬁgt %ﬁpxe?,&ta %ﬁg'ni ng |arft}‘gflsu‘:h
ol i gonuc! eegiddifatid® of Gligvineelyotidesmbd lineat DINA Eagrients dre well Jewvar inthe an, and
enzynmes are then used to cut the plasnmid DNA to produce |inear fragnent

bounded by aterdes¢rihed limdstail in Sestion §i22,eloved is prefferred for construction

of nore . conplex plasmds - e.g. plasnm ds containing eukaryotic enhancer and
pronot er~el ements in order to include eukaryotic expression el enents.

Additional Iy, ohe APPIRIACHEICONINTRBDUCTION OFPECTOR AND TARGET The
vector may al so cont A I A gﬁbﬁ?tﬂ de sequences of interest for

protei n expression, 0 Mce of " TNe T nserted target DNA
For exanpl e) pronoter sequences,, enhancer, sequences, transl|atj sequences
such as Shine and Dallga® 5999%,“@%?@%&3%3?%%?%@5%

sites, Kozak c nsus.segquences n ] 1.00S m%hﬁ B&erryz! uded,
in the appr"?*'ﬁf‘i(iﬂté %&ﬁ%ﬁggﬁ”‘?’ﬂﬁ“ﬁﬁ}gﬁwg‘?’aﬁ%ﬂﬁé’& |ﬁaq?‘|¥%n cl owril'i ng in

cel ' s otjie'RddRATrebartibifhied! TRO abfet DNIE haybeldedived flons a8y souren sForamipleytie an
cells, other sequence el enments nmay be necessary, such as species-specific
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origins of replication, transcription, procreesing, and translatioh 9 FEB 200"
signals. Such elenents may ¥ nclude, but are not limteq to eukaryotic
origins.of replication, enhancers, transcri ption fact recognition sites) .
CAT boxes, &OBLAOiZs®W boxes 34 - 34 ~rtri cuuy WO 01104288

PCT/ EPOO/ 06533 In an enbodi ment wherein RecE/ T and/ or Rai a/ pP(Hf’E’Eﬂ”f‘?éf?”
bacterial reconbinase is produced reconbi nantly from as expression plasmd

in the cell, the chosen vector nust be conpatible with the bacteri al

reconbi nase expression plasm d described is Section 3.2.3, below One of

necessary. { SFEETRA fut b SHtined BvE o Hlusselsacanic, sudh dighus notlimicdvo wtle, {or
P Thoce of b?ﬁﬂ”ﬁ“ﬁ‘?ﬁ"‘éﬁ?@%@%ﬁ%ﬁﬁ‘@”“@ﬁwﬁmﬁﬁ Bl e """
replicons caissucsultm etl!&mdmraombwldmlamblmucnﬁfe&ﬂ%t&bmeﬁwct ors
Ot on s MR e HeatyeR B BNAhim S St on el kv tsghose o il o) 10
3252?? be05I5 ﬁaﬁnﬁfﬁ%‘m to the use W %’%%ﬁ IeLg 'S

However, asmappals, 19871994 Current Protachls) 198¢-1997 Joha WiléynmdiSous; hic)on is 15
equal |y applicable t hg e t h acterial ,reconbi nases t hat have the
ability to mediate homﬁ ogou%%ﬁgﬁi |"F"' %Mus

doubl e- st rawmmwesmm a bacteri al

r cconbi nase a reco, IS expresse endo enously I s bacteria,
whi t her of BT‘P&M"“O‘& éngY orationy iThe thm&efmof

horrbl 00018 KEREPDNANG W& ﬂmﬁ% 4 cteri aI ecorrbi nase
Is RecE/f 20 and/or RcdaI ~l reco nase n angﬁ% nt, a
f unct i onal | PNAguelocule nThesspurce of farget DNAtis afikeddn height r@m W‘Qn

2. Furth d dual t
Component s Bt ieEoE DA, p Bl 8 iRnadues o o o o he eusi D vosim et oncl
conmponent s nhmnhueuﬂaslpowilﬂe,pheagnﬁm&ﬂ@tw; o??&:gmb Fgl@ % ﬁe ]
ect or RCCI.” The E

herein, refers fir cell g., E cell

coi| RecE FOWRMLTE {iYﬂ'E Hh“!ﬁﬁﬁf"& Mdna@mfmadmtbbﬂmkﬁom
(ReCE, G5 Rabior &mtsSinCinibiot ‘gggi %% PROT Acce i on No 15033,
RccT) Gecn$ank Accessi on No. cg%%%gé % 33228) .
"Redo" and =ntibigtis. quﬁg@mwmmwmm&ammm&hﬁ& Rcda has a
5" to 3 SI r the 5° to 3' exonucl ease of RecE,
and Red~i h&‘*as"“%“%ﬁz&%ﬂ%‘s?f %ﬁsmsnm/ 04288 PCT/ EP00/ 06533
anneal i ng acti vi ty smde&inbb&xﬁebﬁthe%dfﬁ‘iﬂ'eh&uﬂ&%' A ?{ZH} cid
sequences for both of these | anbda prl%'fel n% ace9 nBank
Accessi on %Efgk %%ﬁ?ﬂ@g’u , as described below in Section 5.2.1. Methods for such

20 modﬁmm_: of oligonucicotides are well known in the art, as described below in Section,

' ) 52.2. . ' '
This approach is particularly useful where the target DNA is obtained from a
source external to E. coli, such as yeast or eukaryotic cells. In one embodiment, this
method may be used for diagnostic 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 embodim'ent,thcmcthod mey be used to amplify regions of DNA
as an alternative to amplification by polymerase chain reaction (PCR) techniques.
30 Amplification by homologous recombination, cloning and propagation in £, coli offers
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As will be clear wthe skilled artisan, reference to RecE/ T and/or Redal ~i
herein shall also apply to a conbination of.RecE/T. and Reda/~i, unless

i ndi cat ed "ot herwi se 5 explicitly or by context. In a specific embodi ment ,
conbi nati on w0 dila28s3wo enzyne conpl exes has a synergistic effect on the
efficiency of reconbination. Bacterial reconbinases that canPH&ERe¥EHs3a3 so
i nclude allelic variants of the conponents of the reconbi nases. For

exanpl e, am no acid sequences utilized in the ") RecE/ T and Reda/ ~i
reconbi nati on systens of the invention can also conprise amno acid 10

sequences en al | nfs of RecE, RecT, Reda, or Red~i, as
| ong as such%?&%ﬂg&ﬁ E&gﬁﬁs‘a} 9Y¢sal %Pp&ﬂrcmhlmbmthe

extent that idhebackfor Riahy Qgpfl}gg.g Al | eI
variants can routi.nely bebl dent i fi ec1 d obtai nﬂg"ﬁ%&stﬁ&gr‘
recombi nant EReEonsreRetian preductse Mareayer, moﬁmﬁﬁm&hﬁ& dugpl ume

kﬁﬁﬁaf*ca‘i?,mmﬁ%ﬁﬁé’%@@%"@&rﬁﬁhw@w%&w@ﬁ' SR s aRdumets of ol .

Current Prit introsced intd/a DNAIkanpl&i Oh Gdoth bkl W&"éﬂé@ ates and
Wley Interscience,, New York), or protein evoI uti on approac E‘%Jerrrut us et
al ., 1998) GuFcFombination cloninghas the advansage of ie) procfesading mackinery ¢ E, cyid

encodi Ng suckhdat ik s le.t h br| d| ze to the
cropl enent of the cgﬂfﬁgigequeﬁﬁ&gMﬁg‘gégﬂg QM&EFWZO

moder at el y sefithegNiA region thiat inap be anplifie, using Squ%lmég‘gp ,H

hybri di zati g r\g' ti w&t} #‘S% i.nal vvash i'n 2x SSA). 1%

Ausubel et a‘P i?“a Beer p than 51 0ikh) MMIMGRqul 1,
Gre n Pubt0 sth W Q L nc. Yor k) at
p. % 10. 3), y hi sﬁ?%‘e@aﬁ?{mgmgﬁzatl]#}goﬁ%ﬁ ‘g%s' )

st andard Soﬁ%biﬂfgﬁélqm ﬁymmtﬂnwlmmemmuhﬁ:mw&@/vash in
25 O. | xSSsCl us Reef, Reel, Redo, gad
Red~i) as u%@r ‘eﬁ#’% %@“ﬁ% “S’?e'&ﬂ prdering § dmmggs

deri ved frorﬂmdgahplmm,h@ﬁﬁedyh‘m:c@ﬁb&h& a&i&mfm QEW@ Jg‘s of
thefamly Eteroog.acterlacea Venber s of thefamly nt er obaci-er r aCeae

i ncl ude, . 3 F50ONS 17te ‘2eee; Rensrsdundany. eomtigenus clonescalled Sohtigs e Thied,

ci t r obactisr &MDNAQM Rx Qr Rcd 3
honol og i s, mg;eneral ly, encog%hdbygp&geneﬁm’m% c%@ﬁiﬂ’ﬁ@zﬁ
PCTJEPOO/ 065520 PIPEassing Siep: Hopnbgeusgmhmmbmsbnhgw&lﬂ Bbiiates RS 39
reconbi nati gp t life cyc uch as Reda and Red(i
inthe life cy&g&q}%ﬁﬁ%&'m é@ ipsimplydnsertod

i dentified mwwywadmﬂdﬁWG%%m&ﬁggﬁ Weconbi nant
an usube e

DNA t echni ques (see % rook et_al , supra) 5 t al
supra). Reconbi nant %%W%Wmmmmeﬁan
li brary, 20r view, RKEsreattitiod b8E DNA may be
produced by st andar d_ ol ecul ar  bi gr@%f%mw 8‘32‘9%‘%

comer ci al mm MMMMWWDMCWHHMMW may then

be screenedRymbidk di. zat a | abel ed ~ toll reef or
recT probe (Grunstel n an bﬁﬁﬁﬂg}s/“fj E°°l°fbl°?@PY fesomplissed by | 3. S. A
72:39b 1) qummgmdmcmhhﬂﬂ&nmnb@m'asﬂhﬁl@ﬂ% g}@g% moggl@ﬁzggﬂ ;' c

exanple) a RccE cT. honol og can routinely

t yphi mur i urﬁ%ésﬁgéMYfecT genes are well char acterl zed in E coli K 12;
the nuclgetide and protein sequences of both RecE (GenBank Accessi on No.
M24905 and SW SS- PROT Accession No. P15033) and RecT (GenBank Accession No.
123927 and |'S S\&E3- MRPROACE:: INTRODURISOREOF AAREEP HNA NP6 HOS?
Bachmann, 1990, M crotﬂﬂLﬁCONTAINNGVECI’ORDNA

In another embodiment, target DNA is introduced into a cell which already
contains vector DNA. Target DNA may be from any soutce, as described in 5.1.2 above,
30 and may be cither linear or circular in form. As described above, once the target DNA is
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Rev. 54:130-197;, Rudd, 1992, in Mller, 1992, supra, pp. 23-2.43). A . ce
conpl ete S typhi nurium genom c cosmd or .Alibrary may} be used. The S
typhimuriumIlibrary may then be screened by hybridi zat¥on with an E) toll .
Reef or Recwonobessitilizing hybridization conditions such .{, 6533
descri bed about. For exanple, since the two genes 20 are exported toO :f)e
hi ghl y honol ogous) standard noderately stringent hybridization conditions
are preferred. In one enbodi nent) such conditions can include the
following: Filters containing DNA can be pretreated for 6 hours at 55 Cin
a solution containing 6X SSC) 57C Denhart's sol utlon 0.5% SDS and 100
ug/ m denat Ungide thy Frﬁ omologrisyesombinatiqabeiwers WMQQMEUA in

Lgei frgggafgl nehy%?%%s%& on mm Wﬁgggﬁg &2 , an ﬁre?r -

washed tw cwaﬁqnoﬁﬁambﬂmsmﬁummanm”dmﬁmc&&tﬁﬂﬁ and 0.1%
SDS. Filters _are, then blptted dry,.a exposed to X- filmfor .
aut or adi ograﬁ?ﬁ?"ﬂ?‘ﬁﬁ“@g‘&fﬂ bB&d E l‘#‘-’r%[fé%@ Wﬂ%wwuirsed
are vel | - sNQihodindniCard E&gﬁ ?“f‘? 1 hour

I's a solution containing 2X SSC) 0 1% SDS Bsequent I solatr.0 IL%&'? ~

rtri cuu~t MMIWEPWMMinW&MmbMWrMMOH of

cl ones contalnln e E hlrrurlu C yfor rogequres wel |

known i s thé‘%clnf' W@ ?H] @?&ﬁ)ﬁswﬁq&éﬁ%@%e&%%sed to
const r uct t@@ﬂaﬂmam@&%@w&ﬁﬁw totoRpéhbiitentd, he S.
typhtrnurium gene can be isolated fromsS ty; h| a3urium5 nRNA. nRNA can be

i sol at ed fr dh§ vestorssthakanot eoniain secombinatie Meln A cDNA library

a1 MaCart Y suck B erigaat &‘E‘?‘.‘%@ﬁ‘e% L

Ib' b'rgryt'(fsSa d b gm’ 3 !h!'atm"sm'ﬂw)'mhm‘lFIg i Ra! TR f CaBNA
e rtdentirtile . ec I. es as mplirication o C

ends; Ausubéfplﬁg" Ca? r}ﬁlﬁ legta R%&'B}@‘ hemeleey ams: addivk col a
reck or reela&mmem&%vwcﬂuwmnmhedwsﬁerp” RitA ISR, 25 the S

end of the E cots rsck or recT nRNA, and a "reve conplenentary

toits 3 eﬁWWMWMS%W¢mmmeGI oned,
and used g0 (LN E#U@’ Ifgggi eguences
can. al solrsbe used tO IS0 typﬁn rrurl ur gea’oma?‘q"?oﬁml‘izi F’h%ﬁ%’

scquences, usdonyclnae.hwish canl be usEd torselect againstitie starting flasrhid vedtors t A8lised1989,

supra; Ausubel, et a l-ei.c acid J ecyl.es .encodi ng the RecFJT
reconbi nat i gﬁ‘rf@‘*ﬁ‘ﬁﬁgﬁﬁ%ﬂ"%ﬁmr ispartioned #&ityad and/ or

construct edhaﬁem@salm mhr:marmstmbl drob is betWeth the'Ripiror WEglicakdut O
those of skill in the art (Sec ang anmbr ook, supra and Adsubel et al

supra.). 20itelfigioge diseaion;sar vsecond homplogy am is positionaddictwece thegsiginefi on of

Such ¢ nara pien sl MR ERR e, Y B BeT b Sposficljuitigting ) O

to thhe per f being foneside’ theltonwhigyatins xﬂmtohedwantmehlﬂerhmloﬂyl

Seipatates :
mol ecul es can or .ex | e nai niai ext rachronosonal |y, e.g., on a
pl asnid, oo BRIEEG 1 %ﬁ%ﬁ*ﬁ@m a B ﬁwymﬂmmm%@r

ol ecul &5 ¢ Bitalifg bf"iRiHen varShs ‘BisSidh e BREAGRSRAE ?aaonﬁn lmﬁ %mﬁ
utilizing, far exanpl e) phage transduction or transp tion. us e
RecFI T codi B} B he Insated gitside thechomplogy armis; asideserited iin Setion 5. 1be

Of a1 1 eranti P thes i SUGRADlrt: A fock PR it i Slimson B, *'

expressi on séledtdbie makendn theplasimidp The eoutfler-sEidctible matiee wadnublesde $it®br onad
' of two site-specific recombinasc 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 against the

30 non-recombined vector can be used. For example, in one cmbodiment, counter-selection
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y rte zuU4 WO 01l 04288 PCT/ EPOO/ 06533 expression/strain construction can be
mani pulated to yield cells exhibiting a wide range of neconbination protein
expressiol levels. It is t6 be noted that single copy-~thronpbsomal versions
of the recowp eyialshggn protein codi ng sequences are additional I&yr advant ageous
in that such a configuration facilitates construction of st P&TfEP00/865332. 2. 1
PROTEI N EXPRESSI ON The bacterial reconbi nase nay be expressed .either
constitutively or inducibly in bacterial, Yeast, insect" or manmal i an cel |'s
In a preffered enbodi ment, reconbination proteins are depressed'is a
bacteri al, rms pr ef er abl E coil strain. For iQ exanple, the host cell
may conpri se3® ‘;]PFG esrndg&%smeammmmm) Sid-dpecifit VTDS ONE.

ar e Rnoun, 1 cr it £ <miel e o Hese SirargUEd sy spreiderm g o)

Al t er nat i veltgrgRoites (SSM‘)S),land act QOWlBser3itey th nedibi a DN A Strbh PRchinpe %@gmal
o ot o ol ﬁ”rﬁmﬁmwollqusg%;}smwﬁm

Simi| ar| ySReiotereds: 520 R SRPLE/ aﬂqu p% tegrated A
prophage, or expressed fromp %920 %r exa @5 A% ?@F@"et al ,
1999, supr a)recopshinas mﬂ@hﬁr&muhﬂmgehﬁuwlmwﬂ&bw&

oﬁ@
constructed dar r nant DNA techn ues "(see eg.)
Met hods i n r“@%ﬁ#@'feﬁ% 9§g “‘k&a@éﬁ’% 540% ah of

1989) Ml ecub9g, Buk.JlBidghem. 24B2903L m al Spri ng
Har bor Pres New Yor k: and Aﬁ?&b%ltzogt al PHO&?%%%%‘FFZ%# g?i‘] *ecul ar

o}ogy) ( MmWsm onadiruterplisaid site-sRBise rechi@biny@ik)
eac

of Woi eétween ref rence. s.its.entirety). In one
enbodi nent , RecFJT and? E{egag?{'%&o% 2 crrulgr plasmidy IQB"M the praghctc opy
pl asni d sucmmmmmwmmhmm&wv &if

repli catronmmmb s of ich are viel | known is e art- (see Sarbr ook
et al., 1989, sup epeatsd SSRs ’Smmdmulﬁanﬁdmmi

Genet i cs) CaﬂHeBNA f@uﬁ%&l&&te&%ﬁﬁh@ﬁ%@nﬁye sxﬁé%&rt{rogﬂer en&ﬁe theggs.

therein), sucgch as-pUCL9 and its derivati ani sc
Gene 33: 1039‘!ﬂ§5’f’°ﬂ'@#°%espect to regulatory controls which allow

expressi pg (either rqg ?_’or cOo trtu.trvg‘zmgg % range.. of elrff-f erent
expression levels, a vari e Rls,

01/ 04288 R@#@O@ﬂmﬁmmﬁewmyw ddébo%ﬂ@ in the
art. The abjl,i btgen raﬁk‘l g? ran of expression IS aglvawingﬁus f or
utilizing t hﬁéfﬁ sﬁﬁ“‘? %@&mmlmmnexpr essi on
can be achrhmnrssna's SiGidriel h thYSwa)Sreliiils égi %fﬂ: et uci bl e.

f ashi on. %Le ggpressr on i eI ding a e range ‘gdffﬂj ®an be
obt ai ned b 8‘§l‘°§) m&ﬂkwdhmbnhwmmg 1n one

errbodr ey mt_@,rs and., i at ous. | nducer | PTG can
titr lized to Vi eid I N é l?‘%BF Frqg‘ﬁﬁ“s P&E‘Bf B thsdpost cellhen
seq ences encodi ng sbbﬁtpﬂtgtpd&hrtﬂﬂgomeevhma,@&gmm *ﬁg&P ogsac[?:’
sse rom rent

regul atorymsig uengces 4’ é %CE a~ RecT na%//a_be expr e

pronot er s, at the st cell must contging b Ree mé'enBsdndﬁgmmapraeg&ﬁed on a

pol yci strommﬁﬂ%ﬁsmm e?‘gégg t e rormters may

be i nduci bl e or constrtutrvelynlg{ree ragq&&még%w WF% leed by an

i nduci bl e ﬁPﬁﬁP&gg‘%‘“ q“nmvlbis@lstemsdﬂs iThe gquc%hd:f[dﬁ% a?mtﬁisg&xﬁcgle&%xb‘?ﬁas? .

expr essiygn g N a, varie i nduci bl e regul atory

sequencezg I'n cr)g%mrlfﬁetg %ﬁf ?"é‘%&ﬁ'ﬂlee %ﬂ%qaaémrgsmvemmpm

gratuitousmmommmmmmaﬁr}u&@m%@ﬂei d&ﬁ]ﬁ'&é&tﬂo h levels of
suc

expressi on_of cE/ T when sequence encodi ng are
transcri beFeomImapteepssarpdeseribadin § F%ﬂoaé@.iabdw IﬂhuRéchr!ndkfrmm

I'nduci bl e &ﬁ?ﬁ&ﬁ&g &tﬁﬂi? nown to those of skill in the art
whi ch can ‘%;o be utilize Pé%r%? 5'#( ‘é% F eR0Ening Fellsorogews wndst Redal ~3
const r uct scanditions swintece\eapiessioniynmedthtel$ bétere I

strengt . . $ béTBre REMPRER cS1Ohre fefh. B3 ceits
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Q her regul ated expression systens that can be utilized include but are
not. . limted to, the aranromter whi ch is induci blt'® by arabi nose
(AraC)) .the TET system (Ger'ssendorfer and Hillen) 199 Appl . M crobiol.

Bi ot echnol . W8:(18428863), the pL pronotor of phage A terrper at E&&a@%‘r}ld t he
inducible | anbda repressor Cl 857, (Pirrotta, 1975~, Nature 25 006333 | 7;
Pct nako et al., 1989, Gene 78:85-91), the trp pronmoter and trp repressor
system (Benaett et al., 1975, Pros. Natl. Aced. Sci USA 73:2351-55; \Wane et
al., 1986, Gene 45:103-112)) the lacUv3 pronoter (G| bert and Maxam 1973,

Pnrc. Natl) . SC . 70: | Nokarrura et al.) et _al.,1982,1.
Mol . Appl . W@@?@A F’P‘?éﬁ%“g?‘;{@é atingnd gaavag imaslective

phosphat asempdigecR (Horn et al. 19807, and the tae prom)ter a 30 trp-lac
fusion pronoter, which is inducible by tryptophan (Arann et al , 1983, Cene

~a0  ~ ~ r-tas LUUACOpettntoelSsre kel thehost ells th l e,
arc all co ’Psl used, stro‘&&@somters “resulting is.an accunufated | ével
of about 1 %% target N, 6r\!hlehmn‘brpr@papdc&mnmy\bmm kgvel is

controll ed ter desgired, the tac .
pr onot ergl stBap F OXI ma{ ﬁgﬁﬁﬁ;%ﬁggﬁn ¥ Wiallow; esul t i n
hi gh basel |Mdlm&mwmwmnaﬁ&o®w aw{eﬁ of the

ot

over expression 1 s reqU|red If a weaker pronDter IS require

baf:t eri al MEWWPWSMMMSSRT mdahmir:]munbfmsm
Si‘af‘ftaﬁfif B S Dl B TR 856 053 T S8Rl avtomiey 5050
Cel | s usef diretdy rdpesed SSRTE tn 6 G rédonibikkdIvel ywﬂ%ost aeﬁaﬁl atk i 10

RxF)ll Zad/ or Redal ~i -reconbi nases. Prefera ram
nedativ id osigin of replicatipn e Plasmidsyconteining!inwtt targéts have diily one SSRT

but ar e nofd Fapfoe. SRRy o Bey nite dpimanel Rrimubon e cp: b dover
Kl ebsi el | ammawmmammﬁa%?mgsh?xé%knm#mé  SueibeipEn o] oK 0

coli cell. Cells can-also be derived fromany ofrgani sm but not
limted torcopmbinationitgkes pircersinghis vy, indnnmnmﬂﬂeSSSRmeﬁ.ﬂtsdﬂdel ediiig fam be

engi neer ed bl reconblnase The reconbi nase I's preferably
RicE/T recgkgmgasggmggcé ol i, err Rodal ~3 reconbi nase deri ved
from pht§e A or a f lnah alehidtivié effbddining mEé Ea{ﬁd‘?/ &rg% a
system-derived fiomF. nterobacterl aceae or an Errternbactertace ﬁ’ﬁ
wherein suEWW@ahOWGHMWMJWMyWWb uence

h I ElT R b d
ol sot 1 ovorisePERafiafl B Eakailn oF 6 e yhufftrere spcmd SR f3gcoma ot nods

of the i nvmcbinbinatddy pRucE) sidced lidiehr plisnd "sfnﬁvf%xh
expressi on of RecE/ Tp angt/a’or Rednt / ( Ib |sa)g£sab or exandiﬂieesxvﬂm%ety .
of host - veSirgianzed: Afks: Mm@aﬁonzﬁfc?Mmﬁmmybfmepfmm?fﬁu t
sequencgy ar 0 | e manmral i an ce st ens
i nf éct ed Wt ﬁ wél?%g"? H@Hf‘@’@ﬁ' ‘{n ﬂ%&%&“’@@ SRee| |
syst ens mamme\mamwm uﬁ;&nme d &qﬂi%ﬁ s?"%%@b

or ne ac age

yeast containin yeast vectors or bacteria tran
DNA, pl as o MGMamon-mmdummMmdomm vary in

et ot B A B o Lt BRSO S OB oSt o Svst e |
el enment s neelectragdingtnod-rcémbinkd bﬁ)du&& For thxscmbodﬁﬁ@nt? i Qndﬂ%gﬁclease with a
25 very rare recognition site must be used, o 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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Pt : T/ EP00106533 enbodi nents, the RecE/ T and/or Redal ~i genes arc expressed)

or a sequence encoding a functionally alive portion ofyRocFlI T and/or
Redat~i .. bn yd anot her enbodi nent, a fragment of RecF}T or Redal ~3

conpri sing g Of the RecFJT and/or Reda! (3 proteins are expressed s
Any of the 3g?ﬂg§2a%reviously described for the insertion(ﬁPQ9@&#@§§ﬁents
into a vector may be used to construct expression vectors containing a
chimeric gene consisting of appropriate::aasaiptionaUtranslational cortrol
signals and the protein coding sequences. These nethods array include in
vitro reconbi nant DNA and synthetic techniques and in vivo reconbi nants
(geneti c r Constuctsaindangthodefor idatible ppdtein ekprossfontaie disc@EALEPASW, inHRcok 0di ng
a RecFJr or Redal ~i protein or peptide t nay be regulated by a second
nucl ei ¢ acP@-3sequence so that the RaFI T ar Reda!<i protein or peptide is

dinah f | th el ' DNA nq| le., F
exbrrpl o) expr assi on 1y ethE eopaapethaf SR fot BPn o G meBAReoRR LS by
any bronn! esedHR8A 6f arfoddiRiléledsd W hneabizt S ihickombimed vedb B (ot Muditind ™Y

be used to control RecFI T or RedaJ(i ecpression |

| i i t ed St oet @l h 99y Audleic| Acids Res252539-40). OIn thReas) tht! vestor isdoastaniod wif 1,
Nat ure 290: 304 3%&{ the promoter contained is "the 3' long term nal repeat
of Rous safEhHREe G’§l.t(=mmdaﬂsl=@9ha@91,ome@s-@mxcmqfsmgmciqoudne hopes

UG 75 RS PP bl fhe s SIRIR) oioppiclgoldt iyl il s RIS gene

(Brinster cttraisfobfhed intbahe/hcst Wb tedtarhé) DNAL FiéfeRbE ﬁ:%%l&ﬂnﬂ&ﬁtﬁE?T %met

conprising the nopaline synthetase promoter region (Herrera Estrella et
alfr%)1984) doublerstrapded INAmolpcule. Where oneiof the esombininguinoleculesibas2mS SR

p.r"&')rmt ( ol al. ~1981 . Nuel .. Acids Res.,9:287.1), and_ the pronoter
of thee{)oho%é@g? h(_aaﬁ%gne ﬁ’égﬂngﬁ;tg%gmmﬁgﬁg‘w%? egage the vector at
(Herrer a- B!SSRT @M6llinsler 41, 199%, suplRHUr € 310: 115=120); pronpter el ements from
yeast or other fungi such as the' Gdl 4 pronoter) the ADC (al cohol 25

d(r:]hyd[]otgenase, pr?ndnmptmmb?ﬁ?rwhﬁgbm-medﬁrr:donﬂﬁMch%: i ne
phosphat ase pr qnoter., ..a e oW N i m ranscriptional contro

regi ons) MP@ﬁaﬁiﬂgﬁ@Qi‘E@m @%@?ﬂl%ﬁ%vﬁewmwdnmm
transgeni Gpgzyai Sain¥ 1 o0 | [ S=act kve in
pancr eg’tg i C acitﬂgér’ C?Iﬂ;?%%\%sﬂrag?ggr@ﬂﬁgﬁc Elg| i 9535%2%%%%“;“&

al ., 1996 embotlimedpof this approach, thy SSR aqu thetendliusleasesddulPbe ¢ gulkedRmdat d,
1987, Hep oI%g_é SP 7. 4@5- 13).; insuIiEo ene control region which is active
" paner ol et of 3 Snet T pmoter; Cofliugs sndmethods Foksveh Foarsisted,
PCTJEPOO/ Gfifudible &8ress 4.S: 1352 %ggu %P””‘"" n gene control

regi on which ié act évﬁfpﬁgﬁ%ﬁﬁ ce Iagn? osgﬁé et al., 1984, Cell

38: b47-658; Adanes dn anttherlemtdirhent o comibirhtion of thask use oftsieckpecifical. , 1987,
Mol . Cell. Bim%l,. 2. #436- 1444), pouse manmary tunor virus cont rof‘ regi on
which is X ndergquatpr-gelectignean be employeds I this ambadiment twe pairg of der et

l_ ,) 19 . _ . . . . . t . .
[ ver (B ARRPSIEPs 4 ptbyeq, Bk Bl OR1G, SOPRBART, TR e chrland sipoes n
gene cont férithe figgt SSRYSERN, éufe Iocdted inisiisthie hbmblogy Keohs)aid the@bcoi located?85) M .

Cell. Biol. 5 1639-1648;, Hamer et al.) 1987, "Science 235:53-58; al pha

| - aat i uypQMaidgdhrhemplogyrrms draweentheoniginof seplication andithe séléctable fitltescin et

al) 1987, v .1 -l 7 bel sl by orse control region 10
whi ch is 3@?%’2 ‘?ﬁ"#@ﬁ %ug’b“’%’eﬁl ﬁq‘é '%m%%?w%@ﬂ%ﬁ% @#%M@LS 83’.‘13 340;
Kol I'i as e, . AnckB&iGitc $6f $SRBisH8catdlonSHSH boubstinded B nﬂcﬂ@ﬁ%‘aagu@
region which is active in oligodendrocyte cells in the brain eadhead et

m 1987 25 Cadded adpnposithy tazpet DA siuring cejttransfoanation, geaneansount indxcésego iz Whi ch i s

active in_sk | .muscl e, (Sani, 1985, Nature 314:283286), and gonadotropic
rel easi ngqﬁgﬁhﬁf& IR g specifis smbodimentofor examnle, pae SSR/SSRT peir foothes

hypot hal aimélr&%ﬁg) y Science 4.,1372-.1378) . J.C specific

enbodi ment, a vec %}Fﬁlissellﬁlsl%’gggﬁda °5%%£?¥§§’%°§F%ﬂﬁ?#b‘£?@gﬁy linked to a

bacteri al recombi nasaiebor euffoeindi, adedcoRlOeINiBH iphd tilefl mal, O 1OT &
e r

origins of regliqation, and, optionally, one or nore Selectab ers
(e.g:, asud: inthis fasetheplosmidasigirefatplicaiondirectsisimplercopyqboveryiow copy)
conpatip)hl e with the vector pl.asmi d.described jn Section 5.2.1, above. One
of ski FP WW@&?PM% Ql%émrpmsmwwfémaﬁlafmdeeﬁgmcmww of origins
requi renents necessary for maintaining nultiple plasmds in a single cell.
Met hods for
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propagation of two or nore constructs in procaryotic cells are well knomn-
to those of skill is the art. For exanple, cells contdaiyning nmultiple
replicons can routinely be selected for and 25 nmi ntai-#ed by utilizing, ]
vect ors conpWPgil¢es8appropri ately conpati bl e origins of repllgatlon and
i ndependent sel ection systems (sec MIller et al, 1992, supr HERM/09833 ot
al, 1989, supra). 30 - 43 vV ~ wcuu ;. _ W 01/04288 PCT/EP00/06533
5.2.3 HOST CELLS The host cell used for the cloning nethods of the present
invention and for propagation of the cloned DNA can be any cell which

expresses t hesueleadthepithgé PEdright) dAdpladnfile 80 " ts, or any cel |
‘in. which het oI 0] ous expres%lon of these gentgegglcgﬁggtﬁg’é’ Ies of
possi bl e ceI %Wwe&mﬂmonssdﬁeﬂm}kum Toukdagiag, ALL N tl@ﬂ to,

'ELﬁéﬁry."%LerﬁE@b Pfﬁﬁ% 2 BeBBieh Mﬁ%@aﬁ@ﬁqmﬁﬂéa ot
b 1 " 2™ editioh Fredenick hati ‘Wés{‘w
IEscgl I agtefag 35%3% Bohh‘ eci f:chIiE coI i Eg't'ral ns ha@%ﬁb@ggg%g{t e &

8679 and J anySSRT3, rahef 41 T , |:+

F-, or F): Fcouffter361é&all ns:. recBC recC 22, sbcA 23
thr-l ar a- 129 | eu BGQ@E(gpt eré% é"h selegtahle gal K2
(Cc), LAM hi mgmmb)owmsmm(osmaple,wka@s“m . :) and

thi-I. 1096 th nut ations and further the mutatlon recA
56. In an al Per ng’?? %ﬁf"‘% @ﬁl@ﬁg mmmwmameﬂsmoa host
cell for 15 siiablelcoutitdiGeladtabl Iagahﬁg, Mfegﬁ’ d here| Any cel |
t hat expr be to expr ess oa%terl a reco rl”ﬁ'ﬁﬁﬁ’&tl onal

Eses prcwﬁ\g
equ) vab en %l Wlmletmwmuy MM nouse,
nonkey, or ajerorBihdii g,g,r}"?ﬁy exa e, non limting
exanpl es of cell i nes usefu or me%?‘ﬁr'ﬁ V@!ﬁﬂs mee CHO,

VERO, BHK. %ﬁmmrmahu&s) and W 38 ceI |s. ZO A variety of
host-vector systems may be utilized-to introduce and express the
prot ei n-codi ng sequence of RccFl T, Redal ~ or a functi onaI | y equival ent

system SucH.dret I(zmesumsmeomamsﬂn el et al., Current
Pr ot ocol s{d N M| HOMOLOEQ SMIE I ng socl at es and Wl ey
I ntersci ence, New York). These 1 ncl ude out are not rrmrted to mammal i an

cel | systens infectedCyhdoRiths tisclé by %&q nia virus .Z5 denovi rus,
i s

etc.); insect cell systems infecte \YP’P%)

m cr oor gani Mmtsasdwa bs@ltt-al-‘cnen@qfela&!lmﬁ%(‘thah&s %
d DNA t hods

transf or ned sy geipw hu?g]ngﬁ asmi d DNA ~or cosm

for protein expre55| on are al'so 'ﬁ%& Ftipa smsieeslil Mrcabone 30

~rtti LII uiwmomﬁgjmssbﬁmmmmm Wﬂg?e;gﬁﬁu {f DNA is
be ou

chosen aggo Xper i gp,. and may ftied DNA
as short asw#w?#%% ‘p%?"f'd'gf“ éP MMM@D&:@W ength In a

speC|f| c en‘u@dmbhﬁraﬂdhﬁrd&&& q%co qW: or 300 kb in
| en th ggot her specific enbod nt, t ‘2’ g‘%"{n §h°2‘5 to 100
ki | obases ‘B°°3°é§’ﬂ‘9§§rm0&mm&zymﬂlﬂw u‘% oFiRdgR" s Of

target DNAs aﬁem,g&;u.é g&rdﬂq'l s Sectl e target "DNA may
resi de on any i ndependent rm’F |h‘§‘ f’é’%h@mweém not
| i ted to) eaptptedsbmmmmmmwm ’l'hes?&b G6HSand & BR%A

from may

al so res %lnqludl ng, but not lTimte
prokaryotlc %5 are ag karyotic cell, or from V|raI, phage or

synthetic origins. For exarrpl e, nucleic acid sequences may be obtained from
the foll owi ng squrces: human por oi ne, bovine, feline, avian) equine)
cani ne, insect ( b oot set b 0L NGCMECTOR(e.g.) C. elegans), plant)

etc. The DNA may be tan rd dores known is the art (see;.
c g., Sambrook et aL?‘p W r‘?a')“ﬂ%&’éﬂﬂﬁtwy"mal 2d Ed.
cm d 15 Sprmnﬁagmonmafaeﬁmon, Pﬁmuhﬁ%aﬁlké Wﬁﬁﬁ%' G d over

), 19 oni n A Pr ctlcal Appr oach, I\/RL Press ford, U K
VO| 8?" %l\l@“%é %ﬂg‘ Of inpenest,| meammwmﬁla ON OF DNA

HOST CELLS ZO Any met hod known in the art for delivering s DNA preparation
conprising the target DNA into a host cell is suitable for use wth the

met hods descri bod above. Such nmethods-38e known in the art and include, but
arc not limted to electroporation of cells) preparing conpetent cells with
cal cium or rubidiumchloride, transduction of DNA with target DNA packaged
in viral particles. For eukaryotic cells, nmethods include but are not
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2S limted to electroporation, transfection with cal ci um phosphate :
precipitation of DNA sad viral packaging. Ia a pref RLed enbodi nent ,

el ectroporation is used. Cells containing RecFJI' da/p proteins are
treated to Rpk@hagsn conpetent for el ectroporatlom by standard net hods (see
Ausnbel et al, (errent Protocol s in Ml ecul ar Biology, (G edfd/ERM8/06833i ng
Associ at es and Wl ey Interscience, New York). Preferably, about 50 ul -of a
30 standard preparation of electro-conpetent cells is used for

el ectroporation by standard - 45 Cy FEB :20( r WO O1/ 04288

PCT/ EPOO/ 06533, roceolllgr es. In experinments that require the transformation
of. a |inear Pssikle.depg PEPEQFGPm@h@thmmcd;fw&mdbnpsm‘derabI y

used. In ex nsfor n of reparation
cont ai ni ng t emtar ge %c‘pg.fed 4‘&9?"&3 %ﬁ!ﬂﬂn—

cotransformati on experi rrents t he are preferably m xed before
el ectroporation. Afte 5 eI ectrooratlon the ceps arc preferably diluted
is culture nedium an : 3 @l y 1 and a half hours

recovery geriod beforg, q@‘gﬁw@gim%é @ & ons t |degt 4 t he '

phenot ypi ¢ me conve e se c§ HX 'b@PPﬁents
utilising s Mﬁdnofdw&ph:miﬂ.rmc Jxea%cﬂr BY%oli )ghhf}‘
vector, expre SI on of the SSR r tSS nd ucl ease, or coqnfi)*natlon an 10
SSR and au BRUGHS eﬁ-&e@v@m #ﬁ@eﬁ.bﬁﬁﬂpl%x&at i on

of el eCtrOCSH&?ﬁC&ﬁéﬂﬁ%&t&m ﬁ-@g
el ectroporation, or during gﬁdtuure to W%@ I}gﬁég?emﬂar ker.
091| mal |y t reécrensestberpin). mmwgmmumnpmnauapmubnmaf and the

cél) s anggu al . co prrespondl ng antibiotic. .In
thi's caseG {'h &gg'fggléo&i@&? B afﬁseﬂ%ver ni ght
cul ture w |seesmsmtmtlss9 I sAfaﬂ pres&it of P Qﬁhﬂ? é’ﬁ:g

anot her enbodi ment i S e |vg)ed |ﬁfﬂ§ t he host ce Pﬂg ?rans uctlon of

DNA t hat ha‘scgﬂmd&?@g Mg'é“b'&ﬁi#eeﬂbomcml”z p.104<l0ud1),i on and

ackagi a ‘;gm ide kaai n xtr.acts ,are
Vel | abl & caepSCIEafisyk “‘,‘f° F’#n%@es%%e P T o i i ar
OL| GONUCLEOTI DES ThemeqummMIMﬁﬂmdeﬁ@awgﬁpt er
ol i gaaucl&ot,i i.n con unctlon he pethods of the invention
are oft e*r‘lfcé"‘%d‘iﬁ&’%%ﬂ"g %ﬂﬂoé%ﬁﬁ?“%e m’eqaew des | n
length. In &ommtvmm'n%uﬂ% sde%b%k'e?azl%wﬂgﬁ
(fes I n I engt h,

nucleotldes 20 nucl eoti des, 50 nucl eotides, or 100 'nucl

olr up toI 2 Otfilley, A 9% 4 Shor Goprse Wmﬂm @M&nneﬂaﬂmbb:homryh e Pg&she

ol 1 gonucl e t 4 ro.

4WgV\D 01l %%%@%& @J’é&"?‘% nuc g’sﬂgémﬁ%‘feied usi ng

anyI ma'élhod (wah—l’fermnhfn;ng%éﬁier@ 3B: lﬁldhﬂar}iﬂ!@?ﬁ:ﬁﬁﬁsﬁml&dﬁfgb@?b@t ry on-an
e Q s t hesi zer urther, reagents for

'sb\sgt hem@| r%é%ﬁf?%ﬁé‘ﬂ’?ﬁfm igs Kt Bnﬁ&wmc%smfprwem 5 An

ol.i bonucl e Qi gh®RprR§siohs A vikcidrs, qukﬁ«pmﬁﬁ% 1‘995”:#'%1‘1& h the net hods

of this inyvention may be synthesized using any n the art,

e.g., by ugecmq"&ﬁ YelloABracicabApproscht, T3 Silover, dds ppl49 s, Md’tm,rmﬂbﬁd),a&gl

g\t;glslpﬁglrgt];n oate ol %W 2‘2%@%@%%@2@%%0d of Stern

et al. (198&tm(sm¢mdslm,§\d&ﬁodsm&1.mWshwmonate

ol i gonu eotldes ca red by use of controlled pore glass pol yner
supportsq (Sarin et M 3?‘8 of expaessionyis desired,an origingf replisgtion fevata 7451),

ec An ol i gaRdhfsa 6% Dﬂaﬁmg%nt?érf d bas ovi ded
t hat- such nodifi caat I on 'does not I nt er?ﬂl'%gﬁwl?%gﬁg%g% nat i on.

For exanpl &ychsspBR322, which has a ColE] derived origin of replication and 20-100 copies per cell
' (Bolivar ez al., 1977, Gene 2:95-113; sce Sembrook ef al., 1989, supra), or pACYC184, one
of the pACYC100 series of plasmids, which have a p15A origin of replication and exist at
30 10-12 copies per cell (Chang and Cohen, 1978, J. Bacteriol. 134:1141-56; sce also Miller,
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modi fications may.include, but are not limted to 5-fluorouracil, L .
5-bronmouracil, 15 5-chlarouracil, 5 iodouracil, hypoxanthine, xanthine,-

4- acetyl cytosine) 5-(car bax'yhydroxyl nct hyl) uracil, .

5- csboxynct WO arew2eonet hyl - 2t hi ouri di ae, . 5-carboxynet hyl am aomahyl uraci |,
di hydrouracii, beta-D- gal actosyl queosi ae, inosi ne, PCT/EP00/06533

N6=i sopeat eayI adeni ne, 1- met hyl guani na, 1-nethylinosi ne, ‘
2,2-dimethyl guawi tie, 2-nethyladeninc) 2-methylguanine) 3-methyl cyt osi ne,

5- et hyl ayt osi nc, N6-adeni ne, ZO 7-net hyl guaai ne) .

5- et hyl ' 5 t h thyl -2-thi ) bet

> Eaaﬁogﬁhaﬂg%@”d’ L@*%M&%eaommm}pmmw b the ah doyxamgie)
2- t t ARR - 5. t

psghgour/acr : pS(c?fjl\()ellr')sr ne Ehl ocyt gsr' ﬂﬂ%&éb f!?&ﬁ#%&@c% {thCYC

2- 1 hi our aci | ‘“MPS Vec®rshave ponvegiedt eloniaf m%@m%%‘ahﬂceu
2-t hi our acl

iy gygﬁfﬁﬁrs“#@“‘?”@%‘? %%rﬁ?' Fig? e el ot oot Fantosnant g
ol i gonucl éot selietivesntibiatp hisflers Oth& bt adR sl eré@%’w bat. e“@%ﬁﬂ&k ofe.

provi ded that, such nDdlflcatlon does not

r econbi nat i opbage B, rep! mm:&m.ﬁummdmmzmaw 1989, Gete 2
phosphor ot hldgﬁggr;. agg)Phosphor odi t hi oate, a ghosghor am dot hi oat e, a
phosphor am Bhosphor di am date, a nethyl phosphonate an 30 al kyl

tti ~uu~ WO

‘phosphotriester, and mw&%& 1308 Hed, 85 dpigin of
01/ 04288 PCT/ E*F‘%(y 65@3 533 %@9 LI FI CATI ON The p07 ’?erase A’fn reaction
(PCR) is opt?b $9ues (ses Miller, hmmrmxedhm larmbd,f y a

desbred ST0) VI8P, EscheticRiatd | eq.a. gepopi.c or. cDNA
library). Qi go%cl eati deyg‘r‘;r&rsréal?ggerlgp %9’%@5&1@ S)@gveahax,e used
as IS prl( mer sWhshingigm, DigrY mdmccgnmswtnuusmwmms?nwﬁml (
cycler (e.0.m, u a thernos | e pol ynerase (cg ,
Gene AnpTM br ar?'&‘)'%?igé %8? ﬂfﬁ‘ﬁ"gﬁﬁg] ptuta'nﬂm be
anplified nmpmofuﬂwbﬁm?wﬁgedl imted to nRNA, cDNA or gnom c DNA from
say species. The PCR anplification nethod is well known is the art (see,
e.g., US Patent Nos 4 683, Z02, 4,683,195 and 4, 889, 818; Gyllenstein et
al, 1988,1810 Proc. -‘,., : . . 4/ 0529656; Ochman et al.)

1988, Genetics 120) 621 AEa - “4939 =8| ence 243, 217-220). 5.4
METHODS FOR DI Amosrlbmﬁmcmpmm:omw&mmm%m Eitdthd LN MRY be

used to det nos nonrtor various infectlons,
condi ti ons, gl se:ases a?ﬂ”&F‘g‘é‘% ae %%W%FMG

f orei gn DNAamEcaﬁrveanf,%e w aEbud SfRERRin EOLEXaMP! €,
as described in gnglon ) o] t he net hﬁgs maymlbe tsed. F%age?ect

bl
prognose, dFYAFIS ?ﬂn"%ﬁlwy #ﬁewmlem&bphmamccﬂmambemh as
di seaseszesm %Bﬁbﬁsﬁ’thﬁﬁ bacteri.al {(nfection, or
i nfection b rfet ozoan, par asi te %@P@ 3%%&’(‘%5 EeFistange geaecr i bed

in Section By ﬁﬂél(ﬁwdnchudﬁnrhnd,g”mﬁeﬂ&sswg :1535:9537), &@L&gma{ nose,
di agnose, OW&'[ or var| Ooug i nJ‘ eci.i gns, .conditions, diseases, an

di sorders assocl 52 wling:bu Tv%ﬂtlhﬂledmhymlmmyan,genet ic
mut at i on orgamyam,wh,e @@Qﬁﬁ '@Ni thods h

di. agnostic urposes are descrl d In 1 ére] % OF -
FOREI GN DNA' Cwmsbnnddmmheénbenmmau an be used

to det ecnsfm ?Nﬁémﬁﬂqhb:gg ’ﬁ stenmi ng from
exposure to a pathdgen, in'"a qingﬁfm m ’f‘ G%Q%Hm‘me

pati ent naymdndmg)bmmmnuhdmgmb mﬁm?&d%gsence O?ggpéoé@ oi / oazss

ase or

PCT/ EPOO/ 06533 i nf ct | on b at hogen or

di sor der .asSUTRYE Yﬁ&@sﬁ%@é Qﬁq 4t1+269)aeﬁth@nbmu¢s that earcienailivatent , f or
exanpl e, a&a&egug% are mth froma patient
havi ng or sus%ect ed of havi ng suca%?’ E'ilasi”e &"FDI\Iﬁf""I%WE) dbe ar ns
havi ng seqlmdme mmdwmmpﬁmrwlmw Cmﬁﬂﬁdﬁwﬁfﬂbﬂ@ﬁﬂ d 5
prepare @g s@% @ % then be introduced’into an E. col &t cell -
t hat expres L A% é‘&'gr?ﬁl"ﬁm%qmahﬂsd)mthcm othe noi-ct or DNA) by
any of the nethods described in
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Suction 5.1, above. In as alternative enbodi nent, adaptar oligonucl eotides
can be designed conprising a first sequence honol ogousjto a vector seguence
and a.second .~ sequence honol ogous to the foreign target DNA, oriented as
described i nyg@hidggi N Section 10 5.1) above. Such adapter ollaonucleotides
can be used either to co-transfect, together with the sanplef SBhe
vector DNA, an E. coli host cell that expresses RecE/T or Rcdeld~i, or can
be transfected directly into cells that already conprise vector DNA and
sanple DNA. Cells arc then grown in selective nedia as described is

Sect 5.1 ahewt al d f th
oresence of s oseriiodilpsded Sl mdibids of s Bind hayalio iy wibee i ho
i sol ated f romniaamuydamwm@w&bkﬁﬂlmﬁg ﬁﬁg‘pﬁq’%‘ﬁbﬁﬁaﬂ not

limted to, whole blood, plasma, serum skin, saliva, Ui d,
cells obt ai n&&F }’om bi opsy aspirate, tissue cuI ture ceI | s, media, -or
non- bi ol ogi cal sanples such as food, water, or other material. Methods for
preparation of DNA from such sources are’ wel | known to those of skill in
the art (ste, e.g., Cf2-b3tTHEHOMOLOGY ARMScul ar Bi ol ogy Z0 seder of

| abor at ory techni que 1987-1994 Cur.r ent Protocol s. "1994-1997 John
whey and Sons, Inc.). r}?{etqg'ﬁ%is $hertsegians of double-strendedsi r ed

to detect orDMAaferd tohbteinak Hoﬂidw‘gyllﬂﬂ ohd&%m# af ms can
conpri se DNA se ences honol ogous t o DNA sequences o r]'Enown Vi The

met hods can QIeEY: A"spd 'éﬁ'émhombloﬁs%aqhhﬁéoﬂﬁenm r al

DNA strand, of a 0, RNA virus. In

one enbodi rrent) or exarrp{qﬁ‘)q;fﬁéﬁ&hSl%gJi 8#58 ﬁ‘?ﬁ&?ﬂ%@i'at es of

DRA) vi rt ullh W&mwmwﬁﬂm&d@i&mh@ dqgsi gned
ng,

t 0" be honol sequepces, of such DNA Vi ruses |n ut not
linited to) %%JM%WMWM Mdatd:le-

adeno- associDNAsholécules arMHomdlbadiR HabtSa
0~J04288 PCT/ EPOOIN6533 papovavr ruslgss}ysuch ea)?n%ap Toma vr%&%‘wyyoma

viruses, and™t&¥Red bY.Ans e moreskase-priediffersn mquommmgas si npl ex type
I (HSV- 1) Rebshaes for V- st.ei n VI rus, and
poxvi ruses, such as \l/igirulergf&kz srra|bl pox$ %@%@’ﬁ%ﬁ%& '
enbodi merdS, cpmtain mmwuwdmmmamwomwr&% Mbiblis €S t"'at -
replicate5 ﬁg%fﬂagélélnw .ate. .be dlrectlytargeted usi ng
honol ogy ar m sequefices W&] waqanbeqmnd of such

RNA vi r uses by boodrumbre goibitentival relsidiis] f rus type
| (HV-1), i type ““?Wﬁ?‘#rmﬁ%

h q nodefi ci enc I
| ynphot r opi & %ﬁ’s@% ¥,mu dp $prefemredembetiiment; frtoptisnagi C Vi rus
type Il (|li|3cbﬁablﬁaudnfbtﬁél % g&ﬂﬁﬁww t&r.g:l ﬁée‘:tm| ate 10
t he genogh mﬁL\crepllcatlve|nterrrla|ates 8 p ) _

t hr ough b&onmh&admﬂwaaﬁﬁ&h&ﬂﬁtzmo a
ase cordi ng to met hods wel I

CDNA copy o tﬂ?h c
“known in thjél ar WE%ECW& possible (¢.g.et leasy6, Brd@t ect t he

presence othﬁLﬂmMe&anﬁﬂMlb& w éx%gs' es
Vi rus, Send&r Vi I US i corﬁaw ruses such _as poli onyel I'tI's virus,
coxsacki evi T SEEU0 Pid P‘E-d%P?&E@deg&v mubefomhnhomidmuyus

(German rreaah)eae)asamh I titis type
A virus. #n anot her referred errb \r/rleg?gl§ V@é@@yl Oﬂfggi%?j/d@g) %’agnose
or detec p&molwmmmmrlmmammm Qﬂf“
sequences W%% sgguences of known bacteria. For exanple) is
one enbodi nent) ono y arm DNA Z0 sequences nay be honol ogous to

cDNA or genonic DNA thhoﬁmfsmﬂwsﬂubﬁ@ta & DNICAIUed forerillto AQLin bi gt €0 TO,
St r ept ococ;gs ,p‘%e%e é eptococcus preunoni ae, Nel SSeria gonortNoea,
Nei sseri a er’ﬁ"% i é'B'&%t‘é#fm '\pﬂhhawmacuﬁizmﬁmmmam i num

Clostrldi uwaimmnm ni i ]us, inf uerrzae
Kl ebsi el ] a pneunonl ae, ﬁ)m e a ozaen&gsr%neﬁgﬁggg ‘I'sé bethst i S,

St aphy| womsmammmemm PR quelscrelativ donmonas
aer ugi nosa, Canpyl obacter (Vibrio) fg'et us, Canmpyt ﬁ??é?gf‘ej u"gl&gyAer ononas
hyrdrophila, Bacillus cereus, Edwardsi el I a tarda, Yersirda enterocolitira,
Yer sini a pesos, Yersirria pseudotubercughosis, Shigella dysenteri ae,
Shigella flexneri, Shigella soruzei, Salntonella |yphinmurium Treponerna
pal | i dum Treponena perrerrue, Treponena carateneunt, Borrelia vincentii,
Borrelia burgdorferi) 30 Leptospira icterohernorrhagi ae, M/eoboeteriunr

t ubercul osi s, Toxoplasma gondii) -50
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J 1-CD LW WO 01/04288 PCT/ EPO0/ 06533 Pneunocystis carl nii, Franci seI la~ -
tularensis, Brucella abortiis, Brucella suis,-Brucella welitensis,

Mycopl.asma spp., Rickettsi#a prowazeld) Ri ckettsia tSsur ugt anushi, Chl anrydi a.
spp. , and Hayp® er pylori. la another enbodi ment, such honol o ar m DNA
sequences mayot ghgﬁ?\orml ogous to cDNA or genomc DNA of a pa'f‘l’n"c‘f&gﬁ%lﬁf’?%ngl

I ncl uding, but not limted to, Coccidioides inmtis,

Aspergil | us, furni garus, Candi da al bi cans, Bl astormnmyces dermatitidis,

Crypt ococcus neof ormans, and Hi stopl asma capsul atum In another preferred

nmbodi t t t det ect t | infecti ,
erood et B8de Lo BB e&gﬂ%ﬁ@"ﬁ%«ﬁ&nvﬁéﬁn afstobscond of

known. pr ot 0z eniini bfthe G¥EDNA reslts h dioBR @W nay be

honol ogous to, cDNA or genomi ¢ DNA of any knovvn otazoa g% glly

I nteresting aP%‘“ﬂ&%Bﬁ%m C protozoans such as Entormeba hi stol ytica, -

Tri chonmonas tenas, Tri Tri chononas_ vagi nalis, Trypanosona

ganbi ense, Trypanosomoﬂ&%{@@e%? Weﬁm‘é?‘&b?mﬁmmtbcdonovam

| ei shmani a & rmmmmbmanm.ﬂwaslohmﬁx% m ni a,
I'a yet

Pl asnmodi um vi snmodi um fal ci parum and Pl asnodi um I ar
anot her prefe %PE@”@F&H ‘t"mm‘“ aathin theitarget BNAgandshowld ndtbe C t

parasitic i nfﬁﬁieh@ﬂ&wh&'%%{l@ﬁwt ﬁ@gi M
honol ogous to DNA sequences of Eﬁ%% %arasl éﬁﬁg ?"e'% ﬁ:hﬁm)l ogy

arm DNA sequefst sherjaipnded lnmmgnhnmpmam@msmmm@m,wny known
parasite incl cl udi ng, , Ent er obi us verm cul ari s,
Trichuris trlﬁﬂdngra%@gmw‘f'&?mgg

Strpngyl 0i He eattodintent, the ssquesice!vl e B5MbRgy aﬂg Wgﬁfﬂ@m '
Schi st osonma h?.emat obi um and hookworms ZS 5.4.2 AND

POLYMORPHI SMS! g gemmonly used cloning desmmawm.mms (msmdﬁmlf t he

oAt font 3 S mouone) HRES bling Molo el he SAMEL oD ROT srapREmO L TR ons

di seases) an®BR33BRGEM, DE'E.tbadﬂmmhv&hs vitad veciore sadh 2% adérdRiralYetors UCh

as a genetic ;m:: WD 01104288 PCT/ EPQO/ 06533, nut ati on” or
a single nucﬂ%dtae po ym)vﬁ rﬁ'fs-"\}lpf’) © YEFiPr c3a be ysedde subclone gay insers
di spositi d& ﬂmhﬁdxddmedgnwweaas,evm such heMBlo m nt, for

sol ate

exanple, at reparedfroth DNA 1 froma
sanmpl e from 'ﬁ‘?&l@"ﬁg@ﬁ%@m Yrd Srom pasitivg cloges from g HNA. librdry,

di sease or dinshrag@BAC, PAT, WAC, adshifortitadis Gﬁg a vector conprising
honmol ogy arns hati ng sequence honol ogous to particul ar gene of interest

or genomc reg| on of ilnterous embodiments mtd:elu%ph&lﬁhol@@dmmsm oduced
into au E co bacteri ase such as
RecE/ T and/or Redan3 ﬁ&sanp e ﬁ'@%ﬁ'ﬂ%ﬁéﬁ" qﬁ’ﬁ" pern he host
al |1 1n aRr0 atirqulan DNA plasmiid vetitorent |, adapt or oligonucl eoti des can be desi gned

"~ Z0 conprising a fir e uenc QnD us to s vector sequence and a
secdnd sequence honol g%‘ﬂ@& @Fg&ﬁé@hw relatiye to theirrest )

oriented as dmubhmiheﬁrgieﬁﬁl tide I eferred
enbodi nent &E’:i pt or ol |g£ucls§q§¢|ﬁé&esw%§er§?r&b&%gm°gwg Ih

sequence is inserted between the arms after the recombination takes place.
Where the homology arms ere positioned at the ends of the linear DNA the inserted DNA

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

52.1.4 ADAPTER OLIGONUCLEOTIDE HOMOLOGY ARMS

In an alternative embodiment, the nucleotide sequence of the homology arms
30 is homologous to nucleotide sequences present on adaptor oligonucleotides. Each of two
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either to co-transfect, together with the sanple DNA) as E coli host cell
that expresses. RecF.! f and/or Redal ~i and contains the vector DNA

Al ternatiVely, any of the other. 1S nethods for honoldgous reconbination
cl osi ng desavo birak2gsn detail in Section 5.1, above; can be uggi. %"h@ arc
rhea grown in selective nmedia, as described is Suction 5.1 a (Fé’ 3.cel S
that resist selection can be anal ysed for the presence of an insert of the
appropriate size. DNA can rhea be analyzed for the pre of a nmutation or DNA
variation of interest by rcstriction analysis or sequencing techniques well
known in the art .(see. e.g., Currentt 20 Protocols in Ml ecul ar Biol ogy
series of f@glﬂr gl ?‘9“!’8@ icqmpnisrAnucieotidd oRrerkehondlogmssto nucleotide

Prot ocol s, = y | nd.Sons, Inc;). in as alternative
enbodi nent %e%taﬁnec %ﬁ%ﬁg §§°¥r ?ﬁ%er ﬁ%‘ﬁw&mﬁ# melsseeond region ofhpmalegythat ishe
sequence oOhorhélopdis i¢ bhco | termni ﬂ%a%h pRi f..interest. In this
enbodi nent ,o [eg%nbi nat | oﬂr?gvmﬁlﬁo: ona{? occure Pﬁﬁiekwghmg{fﬂﬁa%ﬁ% t he

mut at i on. depiviedsinFigure.j. Fhe homdlogy drnts of tiR0ReRE e 1BBAEE AN Sh "B ghd' 9€
nunber Qf san&l]e for a pgrtlc#leaé mut ati on or DNA pol ynorphi'sfy since only
cells c3nt™SHT ‘bﬁa"ﬁéﬂ’fqr& gopuclegiuda hosmplogaus totheseseiquences atedabeled AY iagd. The
t ar get e S | e,...suUC s genom ¢ DNA, CcDNA,
or m tomg??éﬁ%@'&?%é@%%@@ W;Q?ymng frIrespeRding DNA can 30
be a regi doanlo uhsm&:eehﬂemsm @ﬂg{ﬁb ' e et DNA is
present in, -52 & ~ rats Ur WO 05/%%588 #&@%@gﬁgdméx#%p ation,
e.g., a pdiscmbodimest, resombinatioromediated by RecE/M orRedorB bétwbeed thefeckzh) ect s of
intent, fqr =3 ubjectg, afflicted with a particular disorder. Such

t &r Yet ﬁ%%&ﬁ%&% °? mlamb%&egﬁmr ofigopneleotidashandsthe fanking

i 1 cclOt il thcthpecens b 1RSI DRV Bing LY o i) IR 1 L1 .
cells obtained fromDbi opsy aspirate, tIsSsue UPEUT ot 54 ) n%ngic

non- bi ol o§pmalogy arms efthevectoras f ood, water, or other material. Methods for

ion of DNA from such sources are well known to those of stall in the art
(see, e.g., Current Protocols in Ml eculer Biology.series of |aboratory

t echni que manual s) EQ?SWQ -1997 John Wley and
Sons, Inc.).. Non-ITa'mti ng ex § m ders that can be tested
using this 10 net hoﬂgis‘ncl ude nmutations and SNPs associated with such

her edi ésry di seases ' et At ArcHiag Meskprimayhbe-constructed using standasdons

i npl i cat eghethodSktowCinithd4rPG s S16H , aSl.GKkle gell apem a,
herophi | i a, -exlatlﬁk;eroscl etlrlétir??fsi abe kesgﬁr leﬁ?é%’%%l%ﬁ "M"&-E‘@
cancers, examply,syithstic opaecombinartDNArtychsio BeRied.n éﬁgeaggaﬂﬁ Lye and
non degenﬁéat Lve é)gurogu% [ di seécses sﬁgﬂ.&gg Al zhe_r?rier' s di seagégtdlé/

Par ki nson “ﬂm sy mgﬁ‘ﬁﬂh afign.cnthisquethed aligonuelentideg aren’ s

di sease, s)httesidedtoGhdiGdthe | A%l a.,. Fri igh's ataxia
and ot herwgt axi as, q%?l or dlllqsc‘g%]g s%%‘géﬁfﬂf'&m Bl ease,

dent at or vssAuéncessit theird' epds, These bliganpleotides ags thex Redak R PORS, nyotonic
hreni a, and epilepsy. FHereditary di seases may

dyst)r oy ression) schizo
al so i nclﬁﬂg%‘ﬁb‘&?‘?&?nd‘? §%M§l}lﬂclﬂdwmo_ﬁmﬁghﬁmcba or
el uded, naatf gebelic hit @ e pliher BubbhZR5F A pliinad ok esoprmicomt 1, -
my.ocar di abmiprisetwyd af ; diieaited I ﬂgﬁn’n% pventian can fuyrhter
be used fO{e' det ect i%?pgﬁg@di agnoglbgﬁ(;'otggljﬁng | S€ Eggh%bm%gf’g,maﬁd
sexual | y Seiegtabisgenatic renrkes by standard recombinant PNAOwElmiqies (5o, #OMRRSIRYS
reconbi ngd, ' t ho o) 5 the invention can be used for
det er %WH@E@;‘#@% ﬁﬁﬁ‘gﬁg“'o‘{“i"ﬂi‘ Sabraek et 4l 198%Moleeulapl ) t ar get
DNA can I®loniap!l At ﬁ,ﬁ{, : [ ,pati en affljcted with a
di sorder @é\gh:()é:% ge?egiénﬂgasi gﬂfn%i not %ﬁg\g\ﬁ& Sﬁ n%ﬁ%’bgﬁﬁ ) tr?i‘ﬂ'i’)pfr - oni ng
net hods wbel etaly rowcdlsireMeletslar Bidlapy, Greéeh Eﬂﬂﬁ‘g P?.Qieﬁh- :
suspect e%&lﬁe | ppl i teg s _such a di seads:gg or diég“('i)irB er, from égsgr;ar%p of
patients L rexample] by résti@icH €

i temcgasgfcc\t erk)The plasmig is dhen lineaiizeds, firrexample] by d DNA

can then ' t d anal yzed further for the presence of genetic - 53
can t ~Ve§£g§uy BIR4R digbs

In another embodiment, for example, the following method may be used to
construct the vector DNA used in Section 5.1.3, above. Two oligonucleotides arc
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i WD 01/04288 PCT/ EPO0/ 06533 nutations or pol ynorphisns, using techniques
wel | known is the art for mapping variations is DNA s ch as restriction
fragment | ength pol ynorphism or other SNP detection téchni ques (see) e.g.,*
Ni ki forov eW@b1/M4288 S: Patent No. 5,679,524 |ssued Cct 21, 19198 fENIE)O@%SBSh et
al, PCT publication WO 98/39066 dated Decenber 30) 1998; Goe e¥ ;-

PCT publication WD 95| 12607 dated May 11, 1995; WAng et al., 1998, Science
280: 1077. 108Z; Tyagi a al ) 1998, Nature Biotechnol. |6:49-53; Chen et al)
1998) Cenene Res. 8:549556; Pastinen et al, 1996, din. (hum 42 | 391- 1397,

[ ., ' hub
Hum NDL - Gom e 330 Sy L nana SR 5. 80" H, afeseddhon el the focin o)

al , 1995, Nat%ukg%semagﬂ mm ‘Ete@dwohgmbrebﬁa.;h% ABRY 1o 3

Bi ochem 22 exanpl| es of target di sorders of

d t
clinical inter @?% cuonl #g?‘mﬁhr?ﬂrd‘{] tor, 28 SSRels jngi harology &l andgi es,

drug resi stmmwmmmmaaﬂﬁswm i ghhed to,
human sar omas and .car.ci nonas) eg fi bros%r@ggnékﬁgn%&?@m g eonma,

chondr osa Wﬁ%“ WWRMOSWMK\%&R
endot hel i os%&%“&y ?,@Qﬁ ngi o ndot hel i osarcoma
synovi onma, nesot hel i oma; "Ewn ﬁ’?&ﬁ% Marcoma

col on carci ﬁWmm b li;eﬁs}vra&nwopek ostate
cancer, squ C car asal _cell carcinoma, a enocar cr n

sweat gl and%iﬂ?ﬁ% %H@% W%MMmddnadmmdrssnmrm
papillary a@eumﬂ,eroﬁmﬁd r 0 car.ci nona,
bronchogeral C carC| nong, retrltxgﬁl arcﬁhgﬁr‘gsuﬁgg%oéﬁ Qn i then cut

carll nomd mmmethatrmm{dw&lﬁe 50 BRds o W*JTB t unor,
cervi cal cagﬁ%l%&ﬁ%@ul ar. t carcr norra smal | cel.l..'ung

car ci noma '&g%f"t m Thei cinoular product dsthers,

medul | obl as tranmsformed &ito Eof Tor diphifftation )Hfg:?ﬁ
hemangi obl ast oma, acqustic neuorra ol i gg%en 0 %k%‘iwﬁtﬁforra ZS
mel anonma, neur obl ast 31\’&“ !bmr&m‘m;ed plassRihocytic

| eukem a angih saléctableifiiRér H{fﬁ‘vﬁ] eloblastic, Loc tic,
nyel om)n?gyt ic, m)nocyt | c a er yt hr ol etﬁ'é% ‘?ﬁf‘mﬂdﬁ %Qﬁ#r oni ¢

myel ocyt mmm@chrmmanmmrmm c{,ﬂﬂggg%@d; and
]

pol ycyt hem %ﬁﬂw dgﬂlease and non- Hodgki n' S di sease))
mul tiple mye %@W qrlogyarms, Thissaethodis poéferred

.di sease. Trﬁrmﬂmﬁusmm lgg khgmsgle%ggg‘?{% wn fur her be usef ul
in or~t3,LUKf WD 0l/04288 PCT/EPOO [ agnosr ng
genetic di fand pEmater %nﬁrllammmdepakmmﬁmﬁoﬂw&ﬁﬁﬁses

I ncl udi ng tuq;e, bh ndent d| abetes mellitus, nulti pl e
sclerosisli systemc Iupus cryt erra osus @f 'S syndrorre scleroderrra

pol ymyosttis, chr on.&mmmmmmﬁmi ' ‘QBS c?.se
prinary bil erni cLous aneni a, autor nmune t rol

i di gpat hi ¢ l"ﬁé‘x%é@g@ QfMlM@M Enmantp}g,
Graves' di peamster soqiitfides,dnhincer soy )ﬁi i di ﬁﬁ@t hi c

t hronmbocyt gpeni a purpur a, rheurrator d art r|t cr r

~vul gari s; mrw@smrwmamwamw hed!S

penphi goi d terfhirafion Bﬁam#a, colitis) sad dense deposit disease.
10 Honol ogous reconDdi nat I-on c‘ﬁ&‘?ﬁ%h‘a\‘ﬁ%’f W’%&@%VM Kagr i sol ati ng)

di agnosi&¥g recamtringtitreatdriingin GBS dthér s Vasteriad chIR, m}ﬁ%t&%@ and SNPs
not associ af ed |\I‘vrth di sease. Non limting exanple ude

mut at i ons, WM&N“&?G@%MYSNMS&&QM asspecies-SRificy genoni C

sequences, o&ﬁ@f%ﬁﬂ&@&m ri ations: NPs associ at ed

with different human bl ood group? %“F@‘&XW pgb‘fshﬁfm%may

i‘nvent i on, inchde, bt aro dotdimitetigo cmanhcoﬂgmfrhma@rwgﬁr% in the
0 man-

mtat | on, a0t SEopitled AT Yores, B Plimovetones. 11| < appr aci at od. however

that thd0nmet hods described herein will be useful is isolating, detecting,

di agnosi ng, prognosing, or nonitoring diseases of other manmals, for
exanple, farmanimals including cattle), horses, ZO sheep, goat, and pigs,
househol d pets including cats and dogs; 4and plants i ncluding agriculturally
| nportant pleats and garden piano.
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ss KITS The invention further provides lilts that facilitate the use “of the
‘honol ogous 25 reconbi nati on, cloning and subcl oni ng nethods descri bed
hereif. . I . one enbodi nents- a kit is provided conprisi-Ag, in one or nore
cont ai ners.ﬁ ;) g ubl e-stranded DNA vector useful for directed cloning and
subcl oni ng %74 sget DNA nol ecul e of interest, said vect orPCIVEBBOGS3NG an
origin of replication and two honology arns) is the follow ng order fromb5'
to 3' along a vector DNA strand: a fast honology arm the origin of
replication sad a 30 second honol ogy arm such that the nucl eoti de sequence
of the first honology armon a -55 .- 9 FEB 20~ - ) ._ WD 01/04288

PCT/ EPOO/ 06533 fi rst U ot uence of the
first term nus on a Pllrzis:% t ar get W#‘%@?@Aﬁ%’h g‘?fﬁ%&“&’équence of
t he secondrebembinaspis prodused tebembinttly Fomtaa xﬁ{%g rg{gﬁ? Lo the
nucl eoti de se uencg of. the second teyrm nus eo Irs krge@b%

ang b) a c¥ctor st Be mmaat&lmm&mbmcnﬁmbm:gc eﬂiiressﬁjlﬂ lilagiﬂta dascnbcdm
endogenaou S conhi nase. | n anot her

enbodi rrenféc&%?ﬁ@gp’ﬁ{ %Xfﬁg‘@ttﬁg% Hy beewaranfithe cimpatibilitget DNA

g?lr:ﬁglag | vector usef ul Wﬁdgb lﬁg’ﬁ%&‘ﬂn%a dfgy'?la(raget

(prepaghti BN@Q iconstra protaiio &"@%‘E‘F’g
% {mwloeﬁ% ﬁ:‘; r)m?ﬁe r ~,Emiﬂo foll g\?\nlcﬁlgh%?d‘géu% om M ong
eqlis ceptining m

a vector ultiple replicons-¢agirautiriely bpteletéd forag@d a

honol ogy. o istaited bk sﬁém‘ﬂhﬁﬁé@?%%ﬁ% g pgeioh of relicatione of
the)first and independentseleetibn systenmis (s Mil2r a1 ' B WE ch% Jgﬁg

sequen @ of the second honplogy armon the fi rst *Véct br

honol 03 uS¥f8/)-t he nucl eoti de sequence of the second. 15 terminus on the
first target DNA strand; and b) a first. doubl e-stranded ol i gonucl eoti de
conprising a fast oligonucleotide DNA strand conprising) |athe follow ng

order) from 3' §2@ Sgﬂm#w% second sequence, said first
nucl eoti de sequence_bel ng honol 6goU nuel eoti de sequence of the fast
honol ogy arm on sai ﬁvmommmmﬁﬁﬁmﬁ%ﬁ%ﬁ%&%éwence
bei ng hg@ %%*Paw/ e,n c otide Sﬁﬂgggce 20 of a first termnus on a
tar get St an 8& (ool o lﬂgaatbemmhonls |
ol i goalf| epialldapplivabled a
third nucl eot?dgﬂsequeﬁggﬁgpg%urtﬁw% g“ﬁﬁ%“ﬁé& g‘?‘hﬁ"?lﬂ’?"d’“
nucl eot i d&@@qmmm@m@moﬁhmmmd@m&ﬁﬁnae&m ufu?ﬁa

eot I de

second ho arm on, sai.d vect oy trand and said fourth nucl ‘
soquence %oﬁél 6%@?“5’0‘ mmombmsedxammmr m nus

orot o ﬁstmﬁﬂﬁgﬁﬁ?%“?%?“ﬁ*%@"ﬁ%%% Hel 2835 Gp ﬁperfme“’”b' gent )

t he cel I hosmgﬂedﬁsttmndﬂon. Ilnv&fioﬁdlaﬁb&ﬂﬁ%mtbac K!m th
one )or nt,a onpri si ng a) a_doubl e- stza vector asef ul
for dif ecﬂ“gld" Mﬁ*ﬂgﬁc‘gﬁgmﬁfb qﬂbm @rfiinctivneltybquivilent

i nt er est |n of catlo ndtwo Sh -
9 FEB 2UKt °Y§E%§F§§qu ﬂSﬂ'BPBgif phage P21 ng

order f rcﬁwﬁbr irodid@duall prowginccoxtpohérits B Wactdrial fedo .ﬁés&#ﬂ :&{@JP t he
origin of ’I cation and a g?gond honol ogy arny suc g‘%’fﬁ eot i de
sequence E‘HE" t°°m¢%§0ramndhcprersentsnvemhor DNA strand is

2??2113?0;?1 dt fhihﬁﬁWﬂ@ 'Qéec{‘haes Jslea tercEn? rrent]'elr']suﬁsrs?,r;o %‘ fc;l;,setg tEa rc%?thIEZ)NA
25 RecE or RecT. The E. coli RecE and RecT nucleotide and amino acid sequences are well

known (RecE, GenBank Accession No. M24905 and SWISS-PROT Accession No. P15033;

RecT, GenBank Accession No. L23927 and SWISS-PROT Accession No. P33228).

"Reda” and "Redf" refer to the phage lambda encoded proteins. Reda hasa §'to 3'

exonuclease activity similar to the 5' to 3' exonuclease of RecE, and Redp has a DNA

30
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5 sequence of the second hgnology armon the first vector DNA strand.is -
.honol ogous to the nucl eoti de sequence of the second ténm nous on the fast
target. DNA strand; b) a fiTst doubly stranded ol i gonuetfeotide conprising a .
first oligonwelegelizsde DNA strand conprising) in the follow ng order) from
3" to S§: a first nucleotide sequence and a second nucIeotidgC§@€WHW§@3
said first nucl eotide sequence bei ng honol ogous to the nucl eoti de sequence
of the first 10 honology armon said vector DNA strand, and said second
nucl eoti de sequence bei ng honol ogous to the nucl eotide sequence of a first
termnus on a target DNA strand; and c) a second oligonuclcotide conprLsing_

a second olangahughe@h Sinfilaf faollow,ng order) 'from
3 to 5: athird nuclt)gotlde‘y;gquence a’gﬁHe‘#&ﬁ ﬁ%ﬂ?éﬂ#ﬁ%ﬁ-‘c&%ﬁmwﬂ

said thir dkngwn&nboabﬁémehmbdbpmdnh(sa@mﬂam A&é&ls dmasgleqdzmnce

of-the second 13 ho @’é‘ ar on sal d _vector DNA stran said
sequence bei ng honnrgbso lﬂmfmtomwwnus
t

of fﬁédkf?hﬁﬁb%er.ﬁ%rﬁﬁ% SF BBSEJ1 0 Kol iqsn ivdisgood atheniest 1

ot her secexplicithnirdsi comeexs., Ini H'speksific ﬁoaﬁﬂﬁh C e a enetlc
mut ati on or poI ymor phi sm known 0OX suspecte %@3@%@
di sorder oforplexasdasa |memm@¢cmcm@mmmﬁoﬂl | gonucl eot ' dC

adapt er sequence or ns have sequence honol ogy to BAC)
PAC) | anbda) pl asni dﬁiﬁeﬁﬂmﬁ@aﬁé% beasedalso intludeellelic Rar RS theAND

REDA/ B. CL (3dmiponéhib oSRGetdbibhases. aﬁ"gﬁﬁ resented in this section
describe a unber of experi nents !Fﬂ%ﬁ‘lqp i d'@il‘@%‘i mthec| oni ng

and subcl Mﬂe‘etmnhthr of e Tatértion Qﬁgﬁn&&n% i on.
Di ffer oaches sub n| ng met hods are shg%nh aﬁ‘f’ﬁ’r e‘ﬂ%
one exarrplsg8 ﬂ?@% W. RecT/Redd, obazgp,r.suw,ggw,

descri bed mw% bcl.onj ng. of 2 DNA fregment from
an 30 approxi nat el y 50D gBﬂ vec oarw b 8“ &MW@N@GQ&

6. 1. METHODS otttindtientactinits Rﬂdixﬁvaian&ruﬁfmﬂﬁdg ﬁmﬁn W%SSS o
St andar d PCR actlcin col tlons were used to anpli I near gnents.

The 1972 (s;eegﬁrMeihsdsahnEnmmoﬁ 1987, Vodide from

e o i Y B o, A e
7t ot e AR b ot

SA ori
ol i gonuc| MAlsqulas Bie @mgmhmsmswwmm@gm@yﬂp
and 18- 30g%11 0 _ser a pri m.on pACYC pl asm ds and at
the 5 end gg‘ht og%gﬁgﬂ%lﬁgﬁﬁ €S ‘F'c—ﬁ’cig@q Meglﬁm%gﬁﬁﬁ%s) he
fl anks of the targemwwa& engoq{%%u,
reaction enperature use%l) was W&E&%k*&@hed by

[ t
u5| ng Q 4%810&??9 Mmfmmgﬂﬁﬁh&mmmm WT%”H :

di gels??@enawgrwm %@Eﬂ&séé?% r‘!%g:&bsl@%\gdé ?mhu&mtmied in

dH20 at Ocdmditivhs|| witiP@RFHabivesH %@t ra co etent
cells were pregcp red by standarlczlmrr'zeJI wnéll)g%hz%‘o&'ﬁ'@?ﬁﬁ

were dil u® Mmm@lasmddmmoummm\m&bﬂgq\%s@, ‘iﬁé]cﬁd g, olt
cells vvasgﬁlro?totﬁg %ﬁgh‘bden3|by of OD e.25-0.4 and weré cht

ice far 1 SWB3cEr { &t Ry Smhxgmmgmmtﬁmmpmmma& mn at
-5 C. Th “gxggt | ,Rﬁ&.h spended J.n i ce-cold 10% gl ycer ol
and pel | etcd ba} cﬂ%?dr\a??ugatlon aeﬁﬁéhg%cog@ ons with the Mglmter 3
ti mes AadhlxB$0/0.194SDS at 68°C O Huglidvel of i, ,ap,q?recent rifugation, . ZS the cell

pel | et was suspend%bn a voI ure of ice-cofld 10/ gl ycer ol equal to vol une
of cells. cE, RecT, Reda, and Redp, as uscd herein also includes RecE, RecT,”

Reda, and Red homologs derived from the Phages hosted by, or the cells of, procatyatic
cells of the family Enterobacteriaceae, Members of the family Enterobacteriaceae include,
but are not limited to species of Escherichia, Salmonella, Citrobacter, Klebsiellae, and -

30 Proteus. Such RecE, RecT, Reda, or Redfl homolog is, generally, encoded by a gene
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The conpetent cells were divided into 50 ul aliquots in eppendorf tubes '
snap frozen in liquid nitrogen sad stored at -70C. Experinents with the
pl asm.ds pBAD-ETy or pBAD-a~i ~ involved~ transformation of these plasm ds
into E. coI (;1@ 4Z%gby standard neans, followed by growth 30 overnight to
saturation I'n di um pl us 02% gl ucose, 50 ug/m anpicil | iBCT/ERPB/0653Bt ur es
_$8_ r 9 FHB zoo WC 01, 042%g PCT/ EPO0O/ 06533 were they diluted 100 fold
into LB plus 50 ug/m anpicillin and growh to OD ~ of 0.15. L-Arabinose
was thin added to 0.1'/0 of final concentration. The cells were grown to
ODD of 0.250.4 before chiIIing on ice for 15 mn 5 El ectroporation A

| ut i t el DNA f
cont r anst oP'Saritan L Phatk, perl %9%%”&039'3%@ Pt i 2 pmbiuaro eiedioied stpria
cel I's har btheiphgpé fife éﬁlﬂ%eh&”REJ’@WRVE@}I ‘g‘ ﬁfe%ygﬂ %H’IP re containing

the target for cells - harboring the was ‘N X et-ent

tolls. The cells - Dmmhmelogasaﬂ&mmdy%ﬂdiﬁﬁedﬂﬁd)oﬁﬁnb&&i%f%% ette.
El et roporati on was %eqrﬁf&mged usjing a Bio-Rad Gene Pul ser set ) 2.3

KV with PJ‘?M‘E ¢, 1Samibyrooloer abfldpra af t er

el ectrogor Cer -=1.5 hour w-th
Shaki ng and then spreadHé&azEk es cigg@t@qﬁ%’y ‘&Tmmmng
to the selcDNAHibranypokby POR&mplificdtiony Fof &fample, & = -3
sumari zes. SiX experl ments in which various tardet 3 B?&ER #“%rest
wer e subclh!rﬂ@%ﬁ'g m@@nameummwmwmwmsu on. The
first col essi o refers to the source of RecFn or
Rodar | p %%Mﬁo?@!ﬁf@"%ﬁ of QDE RAY; then besereened by medeia peidr
oI pl as tybfdiBdeh 5 RbElA E RBARRR or ASTI géhf‘rﬂte Tﬁgew”%%g&

col g ot germ

i ndi cates the E coli host used. The thi rd

In tHE Natk AcadSaii tifA, 725861 urid positiye clonescantRiisolited bitPseudiobd.
chronpbsone . was su Ionedld;gthe E\,‘égecl strain 1C8679, in which expression
xgmple,

of RecFlf is constit h@rnebgmmmndybsndahﬁg&m
outlined iSplndelh xmg'wpnfﬁ‘é%baqa%éﬁeéeﬁesdarévgﬂeg and % d hav' ng

the follow ng seq

5' - TTOCT W@Mﬁm&mﬁ OABEAAL
CTCGAGTTA%%@%CTTG TCAGH (053, (SRO LD NO:1 30"‘\‘5;!‘sxcm No- M24905 agd; -y
. gacqsasiop 833) and RecT (GenBank Accession No. L23927 and

oA A M S R A R Flitig, 1990 Mispish

origi n_of ReeS4:130-197; Runtd, T992,3n MIRMIHI, sk5r, pp. 212995 CARbERRILS | 1 ¢
I'rs row o

pPACYCL177. The results of this_ experinent are summari zed T's

Tabl e 1. FRAMEFUITECRYPIC cpamidon dlibrary maybemeed. TThe pypbdmirtnblibiary may

o emooor i b e UGN of B Gk S rebesbisisge 7600415

endogenoquﬂonmidiﬁ%nEsﬁ&idstﬁbﬁﬂ&i&im !
recB/ q1C5519 Gentamcin is hl%h copy pl asr% %‘2% %%ﬁ%ﬂoﬁfﬁ acZz
21 FRBTRRRD s s hlyham

is E cB derstelyf stringedt hybrRAGESGS320! n t he
second expent ‘{%QEE%’Q? Z gene resident is the E coli chronosonewas _
subcloned 1nt rain JC8679, in which . expression of RecE/T is

cgnstitutive. This \A@ﬁqwggmm é&ﬂf | ined.is Figure 2.
The vector was made byPCR usi ng O%Pg?)nuc dg@?:@{es f(‘)’?gﬁ?guﬁ%m\/\fﬂ equence
5' - TCAACAPRiiging DCan B pdroatad foT 6BoAE BT CCTHI XMoo tmmngGX X §SC, 5X

ACGCGGAATT; GCATCA, AATG 3 SEQ I D NO: 3
DeBar’s solution, 0.5% SDS and 100 pg/ml denatungd sa(l?mon sperm I%NA

25 Hybridizations can be carricd out in the same solution and 5-20 X 10° cpm »P-labeled probe

isused. 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 film 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 imhﬁom
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5' - TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTA '
GATCCT' TAATAAGATGATCTTCTTGAGC ATCG- 3" (SEQ m NO: 4) to lify the pl5A.

origin of reWOWE4¥?288n and Tn903 kananycin resistance gene present in
PACYCL77. . Results arc sued in the second row of Table 1. ﬁéT’ﬁBO‘Wfﬁ??d
experiment, the lacZ gene resident in the E coli chronpsone was subcl oned

in the E coli strain JC9604, in which expression of RecE/ T is constitutive.
This was acconplished using the strategy outlined in Figure Z. The vector

was made by PGHicatiomagndiliafRttciRalr e ol L Ng sequence: ~~
5' TCAACATTTGT GCGAG'I'AACAACCCG'I'CG&% ium can be performed

ACGGGAATTCTGA : DR Lsed AUsibel ¢f Neuch) ‘

e %%W@g e

c' ATCCTT' AATAAGATGA &of e jayemtion; 0 anplify the pl SA

origin of replication Altethabively xhk s resent pACYC 1

T7. Resul quat%@ su ri Zegel g@t he thir ?‘g{vﬁ#% |‘§"§°J]§?£ h@’mwvm

experi ment, o Mﬁﬂmwhnh Rﬁp‘& d pFast BACI
t

f)uGt Ib?gZad\A?rS\ Fi gure § Eﬁpr@gd%ﬁ%g Bt s 1%533 USI ng ' as% go
p13A17- recchthodskaommmhm,mwagg? t 0. 1C5519), fol | owed by
ar abi nose i pdugt] bef ore Jor eparati on copr.i)‘;ee?gn#pﬁ'ﬂ ‘“ﬂ‘?é L featYor was
made by PCRUSH lew”mmmmmmmmeuym

&X%TTTM@T%TUTU@WQC@W%“ al., supra), -

g{:GJAATTCT A P SEQ m NO' 8) Mlm“ ~=~ 9

FEB 201 WO oilﬁ%ﬁgw G@gg g"‘?ﬁ%[ﬂ orrect RN, agl W rferse”

re L?S&L?[‘"‘“‘" “@ﬁ%ﬁ%ﬁﬁ?&?@%&eﬁ by edpao: ot | o

and pl ating %ﬁ%ﬂf &9 epnstrups theReck /¥ of the duvehtige)i SiﬂhEbﬁh%équglugs?gﬁ fifth
Su

anpl e, the dabe Eed'H Gol i chrom)sorre was ed in
the E ¢ #n strain HB i) us% %ngﬂ"ﬁl‘%’ BUE‘F rieguengessingmeetiinds well

Expr essi M&%m(ﬁmhpnbudewwy %%~Y after this
plasm d hard ban tra?ﬁwprrre to HB 101 foI | owe r abi nose i nduction

before preparation o mbummaewmggl ng
ol i gonucl e@;muummmci bt byithelteFRGE %@m&

5~- TCAACATT. 4AATGTGA AACAACCCGT CGEA &pxcombinant and”
ACGGGAATT @%ﬁ Terccthest of skitlia the art (Seele.io: k2, BadiBro8R, s34 and

S' - TCAGEGCCAAAYel df CTEW GCCGGAAA, ACC~ ACCGGATTGATGGT AGG

GATCC | TAAGATGATohs "GAGATCG-3' (SEQ ~D NO 10) 15 to anplify the pl5A
origin repl i cat i dmmuamammbwm t&g&ﬁ‘a ‘ﬁﬁff‘ resent is
ze malt

PACYCL77. QKef\d xper t are sunmari ow of
Tablle | _ In the ?é’{’ﬁ} ﬁ’w Q&M“F@!ﬂmﬂmhdmam@aﬁggafely 150 kb
BAC cxpression levels can be achieved is beneficial to the performance of the methods of the

" The nucleic acid molecules can, for example, be maintained
25 extrachromosomally, e.g., on a plasmid, cosmid or a bacteriophage. Alternatively, the
nucleic-acid molecules can be integrated into the chromosome, e.g., E. coli chromosome,
utilizing, for example, phage transduction or transposition. Thus, , the RecE/T coding
sequences can be engineered by standard techniques to be present in high copy, low copy or
~ single copy wuhm 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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clone carrying the nouse AF4 gene was subcloned in the E. coli strai n H8996
using the strategy outlined in Figure 3. Expression of JRedal ~i was provided
by the plasmid - ZO pS_ .Jec~iy after this plasm d had been transforned
into HS996, wobi/eues by arabl nose induction before preparatlon of co etent
cells. The vector was node by PCR using oligonucteotides of FOTER0Q/0653
sequence: f- TGTAGGT GAGCCCAGGGEGECAAGGCTGCTTTGTACCAGCCTGCTGTCTGCGEG ZS
~TCACCTGGAATTCTTAATAA, GATGATCTTCTTGAGATCGITTTGG 3" (SEQ TD NO 11) ' and

5' - TGGGTGTCAACCT CAGGCTTTCTCACACGCAATACAGGTAGGEGACTTGCACC

@gcé%m%gzm mﬁ%@%@%ﬁ%‘@%&yw 4 <pls SR vidotange of ﬁfi b
Infiixih CYCL7 T

PCR product vas m ég'i‘f?ﬁw“”l%‘*?ﬁ‘???ﬁb%%@%ﬁ%’%mﬁ tion.

Resul ts of tHKfeo ?ﬁéﬁ G INeam dequmﬁchsead&h&naﬂpﬂvﬁiugéab&ﬁ 1.

Al so; shown thit oWy EShfipulao umfﬁr . Stai ned agarose gel

depi cting DNA di gested 5 V\n@ﬁcﬁcgﬁgél SO 3?@%15 m 9 independent col onies
(I anes 1-@ obt ai ned fromthe mAF4 BAC experinment) using EcoRl di gest of
the starting vector a 0 In the seventh Experinment; a

regi on of genom c DNA o LR ~"- prYfes i N resi stance gene fromthe
yeast strain M3 3S3-13D was, cloned using the _ strategy outlined is Figure
7. As depleted is pan Wteaﬂmm b&xxmmed:ﬂgrtdmﬁﬁvcw origin of
repllcatlon,mj lo tedtothe 98 and .
102 bps flankl ng regi ons ? anﬂ%egnr’%nﬁ%ﬁ F‘E @tgene is the
yeast strai nwou&agenmmwh ng&ﬂ NgeEXPressi on
of' )?oda/pl 194 b 1 the | as d p ADac~f Y-TET ) fol | owed by arabi nose
i nducti on beftor 'pﬁ ?ﬁ eghandrecT &%Bmthiﬂﬁsteﬂa

derivative Mmmnﬂm%bﬁh&h%ﬁ&mmw &SW% dape-nas been
repl aced by the tet acycljin_resi stance gene. cloning vec FES ade by
PCR usi ng off% beiag Ef“{ HMM c@um&mcpra) Altcmauvcly

5' - TCTI TTA
CC&AAAAAA%%AA R pEhiomos ol DA, peferably on a

e’
CTTGTATTACTMMGGAGBGM @edagQal 998, &ﬁ)a) wpre (Narayanan et al,,

A A Kol em o shamem s s that bave
CTIE AU OPHRgE UoSritaskd iR bkt
origin of 1 A il %‘ﬂ')“%@& 8"@9@? b5 Eéé ih 4

i cati.o sent
pg Neol di g@? W W@OWMWW

. 1C5519 conétaidaid ¥ecinstimintDR at| arrp| CI I1in
cont aining plates after a 90 mn e% %%g' Ver%ﬁ?% ﬁg?'e‘“’?‘ﬂn‘f_ broth
at 37 C. O s\m FrowsnSamimeok asgl msvemleuuaxfmbnmgmmhbd ,ﬂ,ance

Ei ght een®€ ol -t 1uo WD’0l / 04288
PCTI, EPOO/ 06533 ané'r ySl s‘*’ﬁﬁﬁﬂ%ﬁ'%%%xm@% ev&@mm@bm whi ch

werd corr edummam,lmmmum“wwmymﬁe&%ﬁgud I's the

success of tﬂqﬁ;RECFJfrpwedhmnbymfmemmm)

In one embodiment, RecE/T and/or Reda/ is cxpressed in E. coli from 2
hxgh-copy plasmid such as a plasmid containing a ColE1-derived origin of replication,
examples of which are well known in the art (see Sambrook er al., 1989, supra; see also
Miller, 1992, A Short Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press,
NY, and references therein), such as pUCI9 and its derivatives (Yamsch-Permn etal, 1985,
Gene 33:103-119). -

With respect to regulatory controls which allow expression (either regulated

30 . .
or constitutive) at a range of different expression levels, a variety of such regulatory
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Redc/ d honol ogous reconbi nation cl oni ng net hods using a wde variety of
circular targets 5 - from a\hl gh copy plasnmid, to a | oWy copy |arge target
(a BAC) - to the E coli chronpsonme. 7. EFFECT OF VECTOR-REPEATS AND
PHOSPHORYLAWQRI/@g8€L ONI NG EFFI Cl ENCY 10 The Exanple pr esent$$ in this
suction describes the optim zation of conditions for high-ef 591’5&?54%

cl oning and subcl oning using RecE/ T or Redal (i-nedi ated honol ogous -
reconbi nation ("ET cloning'). In particular, as shown is Figure 8,

el imnation of sequence repeats is the vector inproved cloning
efficiencies. On the other hand, the presence of 5 phosphates at the ends

of . the |i ndSHuPEEs B¢ Welldnownyo thosa ofskill incthe aron Therahilify 18 Eh&kt%%d%r%'é
cl oni ng. Flc;( ff ct of ats on cloning efficiéency was exa n88 S
the foll ow né’%ﬂ{'}g Bﬁﬁm&ﬂmw@ds@f%hmmmmmmww a

t he cl oni nguwb*pﬂ,&m | i cati.on.origi
t he. chl or anpheni‘col resi st ance ggﬁglzw h Mﬂ@@lﬁﬁﬁeﬁb@dﬂﬂmﬂ red

for PCR amnfashioncati on of the |inear vector (|taI|C|zed in Figure 20 8})
fl anked y the honol ggy arns to the E coli |acZ gene, and term nal repeated

sequences of vari ous %Q‘Pmyﬂédgammgeomﬁbn% ﬁ%i%& mes
of the lin E%nﬁ Wr vectors weretransforrredlnto JC8 W

(endogenous pro °§'9’Fﬂ“% ions empgdinrnt farexample, the5519

Wllett bwﬂ e its Pestui ADRd | ~

EZhang etS al , g‘I§3998 l%lat %ﬁet 3%%8)&%%%2?&8%‘2& et

obt ai ned ommswpaf mwhcu'ﬂqngbed Fi{ hﬁnl ng
? i cation o

usL ng the éﬁﬁé ﬁg ol i gonucl eoti des for PCR arrpl [ I Near
vec or, is'S is Figure 8. O these, 18 were anal yzed by
restri clo on di gest i ORecE/4H Red |‘£§,t det erm ned by di vidi ng
t he cunber of cerrect reconblg %&@@%mmm rAltematively,
obt ai ned. UmtrsE and eeqT genenmay bt expressed ?e # é . 30 _6q. _

Si gni f| cantly re

.'= :9 .FEB 200 V\g I OaZSS PCT/ EPOO/ 0653 the ET
subcl oni nPrERPteL W@th eterplogousprometets maybe inducibieer constiutives Prefetab

esults aaPeRions @ %ﬁ@ﬂ@i@“@n&ﬁ%?ﬁw&é&%@%ﬁhi%ﬁ e

phosphorymmfmmdbtmw& ?,j}ﬁﬁ? ure 8 Iast
col um, effec n ET subcl oni ng or on vect re I'ga fégﬁhgﬂg
Thi s B}gn&

for expmple; the Msmxuwwwmwt the
EPﬂieﬁIsto‘*&"*“f P skt Bl et el sy 5507 LT o avicnsrs coaading 2
gﬁ(rjkglrjbclrgmu ef?g?enmes Thus %@%fe%erreg%%nalﬁn%g‘ggl 82:122
of the ho eﬁkmmmgmwwweudmmmmomm@maﬁ t ed
ori'ai 0 of Mt Eeeld of YrplfRi6e B THeskrL o1 Bdris rameimurs can aloobt vartaity EXAVPLES

oF CR20 TusidiDpieniotérs o WUBCLO\H NG The Exarrpl es presented in this
section describe additional experinents which denonstrate successful

cl oni ng and subcl on ion systenethat af be BEH2LIRR ﬂuﬁgﬁw %g{
honol ogougmf, gﬁm néé#’.o ME'&'&C’)“ host As descri be er ei nabove, ' an

ET. conpet ent Gible by jarabinsise (Arac), thﬁmm

N e R R G o R o e

Redal Rcd-¢f phege mmmmdahmdmm lahbdasefredser €10 PRAAR! TPAP NG 254

CXP €538 Y 1417, BetecakS U af, 198Y, Gene 78:85-91), the i promoter and trp repressor system
(Bennett et al., 1976, Proc. Natl. Acad. Sci USA 73: 2351-55; Wame er al., 1986, Gene
46:103-112), the lacUVS promoter (Gilbert and Maxa.m, 1973, Proc. Natl. Acad. Sci. USA
70:1559-63), Ipp (Nokamura et al., et al, 1982, J. Mol. Appl. Gen. 1:289-299), the T7 gene-
10 promoter, phoA (alkaline phosphatase), rec4 (Horii ef al. 1980), and the tac promoter, a

30 up-lac fusion promoter, which is inducible by tryptophan (Amann er al, 1983, Gene
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I ntroduced plasm d. This exanpl e describes the construction of a e
.pl 'asmi d- based expression veetor based on the- JCO604 anq JCB8679 and their
derivatives (mainly YZ2000 and YZ200 i ). For other vafiations and exanpl es

of \ET compe{jdydaggt s, sec Murphy et al. , 2000, Gene 246: 321-330; Yu et
al., 2000, Proc. Natl. Acad. Sci. 97: 5978-5983: and 30 Dat FETEPOMAEHS3
Wanner, 2000, Proc. Natl. Acad. Sci. 97: 6640-6645. -65 ,- J I-tli LU WO

A /0.~288 PCT/EPO0/ 06533 In the first category, two strains have been used,
which carry the sber4 nutation and therefore cndogenously express RaEi RecT
in a RecA (é%?p@ i || en et al, 1981, J. Bacteriology |45: 521-532 or in
a .RecA' (1C867 )» o sxample, jare )ljmud@pwm:noﬁemdunpme of using

t hese strai nsccq,ﬁ%’ Parst t can he_ used 5 direct wi t hout
the need to first int ?%egaitc%s%t S‘Pé%mgi‘t‘%%%%"&ﬂmv 8?‘61’:‘!‘%15
conpet ent . Teentwglledbiveach pyectes. Ifaatrofgespromards Bﬂ@éu'ea.rtﬁe 0 Pinioter'td Vel v
expressed th t ttg(étl?hol e ‘hﬁf grocedure ch enhances the risk
of undesired ll*ﬂ'é"l’%ﬁ‘ﬁ* P stre “Igéf ﬁm‘@gﬂé%lhalllh@b#ehnﬂewof
background. mﬁmdndmw X~ ‘% have not
bet a ITDdIflgg for use as cloning andhép?roopa atlon%@'&d‘ %‘evaiﬂ
fully activ F&‘t‘?@mww&ﬁmm}&nmwﬁemeﬁﬁg great I y
reduces the ﬁﬁfk %QSMJ %{Jfﬁéc‘t |%a{ﬁg& nol ecul es suchma@’BACs into
these hosts.* the €holcg or et prompgersareavailablefremdogenous
or a pl asni dGenbamio@Buelescr all pIsi1yNGd!. Eﬁ&ﬂd&ﬁ%ﬁ%l p depends on the nature
of the circular targe éﬂ?tter whi ch strat tela%!/\ I s chosen, the
_rgefar ation of good chﬁ'ﬁe‘l‘ ltémympﬂntomhﬁxg If the

st rai MMW%EI,&&QHM%WE@%#ﬁuthe strain ngagg%dto be

transformed first with pBAD-oc~ly or p hen
needs to be %Mmmmwmmmmmwmammhmmmmyon of 0.1%

and prepare I ti harvestl ng poi nt

of the cell ?%%ﬁbrﬁ %% an Wﬁ?"g@%ﬁ% 5 Mf’é‘lr};af“j flaar ge DNA

substr at es &ikobazten,Klebkiellut, and Protés) MoStpreteri e reat er

than 0.5, th ¢§§”' d noé ge, &sed The opti ma? | ndﬁt(?éta}lgthtl rregiflggg?fgund 1
0

hour. El ect ioamalse mmmhnmmmd,mw

i nt r oduct1S0mokss oPR@han M) Provid %EH&'%?% ctr nt cells is
essential tg obtaining ET reconbl nant S. ring &ﬁ?%"g’f‘""

el cct rocommm@mﬂmeﬂQmem thalv&bﬁ-m(ﬂ odli, of

ot Rechlp |
D R oh ot ooy apmalltlal el Mt et 1 dra HitRBmLY Saviiale Bedh T o R Se“%%atﬁg“)

routinely pmbmmdaiwdﬁombﬁumuﬁioﬁ&bhﬂbm&&%ﬂig cell's. The

resultlngt t|o1 ef ficjenc epends greatly on the host straln
used, but typi cal m%&ﬁ’ &W@& efiseqneneechopiology. how t o

prepare BOectrocorrpetcamw Q&MS f oporation can
be obtained fromhttp ;//ww. enbl Wﬁ%ﬂﬁyﬂ%

hei del berg.ﬂmmmﬂd&mmwﬁdwmm .66 .-. 9 FEB 20( - | WO

01/ 04288 PCT/ EPOO/ 06 3@ mEely! BAD- at 3Y( t.et hown in Fi gure 9A,
was construct ed to A ly&%ﬂoﬁ%&mvmumm(” ")"‘)ﬂci"mmln)'o ther

cell type in which exprcsswn of RecE/T and/or Redet/p is possible. For example, a variety
. of host-\_rector systems may be utilized to express the protein-coding sequence. These
25 include but are not limited 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 clements 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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confer upon the BAC host strain HS996 (I nvrtrogen) the ability to carry out ’
ET reconbination. This plasmd is based on the pBAD24 Backbone (Guznan et

al ., 1995) J Bacteriol 177 4121-4130). Redo (or RecEy’is expressed from

t he L-arabi neeoi/osmssici ble 5 pBAD pronoter, and Redp (or RecT}= is ex ressed
fromthe constitutive EM7 pronotes. O/erexpressr on of RecT FEVERN

RecE, or Red~i relative to Rada, enhances ET-cloning efficiency (in terms

of amount of colonies on selection plates). Finally, this plasmd
consitutively expr esses the RedY pr otei n, inthis case fromthe

constitutiveeh w @2 necessary to inhibit the activity of
t he RecBCD enzyrre présen ‘9‘@6" Sy atsequences emsodifgis phy,

1991, J. Bacfimtticrallguctivé gortiokd é-lj#f)- tivated) RecBCD
conpletely iphibits ET-cl oni ngf,gkpro A%YJ'E%Q%E L‘%’ﬁg cfﬁh’é’#%éaact ivity

degrades t hefragmengef ReqF/ Tt mgma@mtammm I}ﬁ;@o
pBAD- apY(tetheWut es a nobile systemwhich can- confer regul ‘51”5

ET' -cl oning proficrency upon transforrratlon of the recipient host strain.

G ves theSinduci bili t YAng of the eneidds HoFi &%ut?ﬁa edo
absol ute requj rement for both corrponents 0 W gﬁM%stems

to be co-ex s’s‘@&q mmmmmmmmﬁ, Eggbl nogeni c
wi ndow i s | idghtiah Féﬁﬁﬂiwm“m andthe hal f fe of the
| east stable corrpgne Frntro signaly ansk the protirhamiirg Wi | |
most commnlsqusmm&oﬂhﬁh i&ﬁd@ﬁﬁ&ﬁa% e.recBC) or a
phenocopy of recBC (due to the expression "é@‘@?@%ﬁ'@% 1‘2?&
;‘}e ri sk oftndfityiya recem WMEM&MlB@M&b&@WﬂWed A

her uaet._yéodg;ga‘rm Em; AD- a t et hat these plasm ds tend
to be | ost rapidly \Ahggrthey ""%P’E‘a%@ ﬁ'ﬁﬁ“&’!ﬂnalﬂ& regylated bywrseeapd This is

probabl y duewlqcmdwmmmemesm "‘% %@SO va y
accordi ng tQ_mP‘ ﬁE ﬁ; b actors, r exanpl e ?Be pr esence. eC

Repl i cation éml om@m.mm&awcm 0t ein

Met cal f tReda/ Ritein condd > t he R6k
(()I’I ::a h h vvg? obtgrﬁﬁgg fro%%bP%w%w E/OC Mar I’.%ESQQZ ? :
Gene118 145 motarewhich may be used 8 contrl RezEA) ondled /B s ﬁmmbqpmg gemd

replicati® d the tetracycline resrstance gene tet trom
pPBR322. Fi ks lﬁll%d ia%sgg%ﬁ}&%?‘ oist prsl Shambepo 198K Nature 290:304-

copres. Egpmwwmﬁﬁﬁ?‘%'hﬁ? St e R G e 200
pir-116 gen& *’W&g"’rst-:ﬁaénb?qos Cell22: VW%Mthynﬂqhna Zte?éwa@EDHEd

behi nd the drafA981.0%8¢ Natt. AQdIEL! W the R6K ori gl n, pir-11I

G and tet' vvere e i ntroduced mtgégﬁl?)?at % eé’F%“l oy sequenoespf thaucl ei ¢

Aci ds Resedpepllo mem@)ﬁitdd;{lﬂE,NMGﬂm H@'ﬁrﬁ'ﬁ%n {,.@C' ng the
presen

Cold ori wWCillia resistance gene or| i na

pBA achYu 'Lgﬁi%ﬂf,}.#‘ gﬁﬁé‘ﬁ PYEsistase promoter fﬂ&@%r(ﬁmra@gmumdgmwmm, The

cop) nunbeBOBﬂOMYB)HS&eWﬂI%ﬂ&%%M% éwg”@f’%’ ((g%g{é%x' gft el LI two .
Y

ti mes high arlson with the respec
pl asmi d. ﬁ'f ié"rca’g% Mapmmmofmpﬁmfd@ﬁdﬁm&ﬁz?ﬁé AR aBY in a

\?\:)?Edﬁrr)?eB%; cl ;g%ace%%ﬁéf Fﬁﬂ?‘%grﬂésghme:nogpgs;gt
on these p epts from yeast@o other Rahgi S0dh &3 it MXQE%D%?%%C@&ECW honol ogy

to ot hehgr cation origins |nclud|ng pl 5 t he R6K
based pl as%@%’&ﬂﬂfﬁ‘g PEKAP cspﬂdunasémmm @lkalifid gHoBphatadd1US,
.replicati pRomot dnd! 15A an, be incl uded in the linear
vect or . usgdn%oor suBﬁ?WF gféﬁécppg g@&mmﬁ@l@?ﬁsaﬂel%b
f ragment |m@xmgx®mmmm édi@anﬁﬁalél mgﬁpg gg BAC is
rans nme mfo

shows in F e alcg First, pRGK/ BAD- aI was t We ZO BAC
carrying. s ¥ W panatic qulésﬁs effab; 1884, Cell 38:6394646; Orlvder @)

o owt g oot e %‘???ﬂ%ﬁé%ﬁ‘%ﬁ ki By oo M L glrr"?ng%%m e
el ect r o2 nPa2EALS)ciosilin genr enpolapgioe thic M%ﬁ’vcf-iﬁbﬁm‘!ﬁ&%a{a cﬁ (!JSS(;!@ %d by
ed t

el ectroporation with the linear vector, which Contain I gi n of
replication sad the anmpicillin resi st ance gene, a-lactaraase (bla), flanked
by 25 two honol ogy arns of 50 nucl eotiggs which direct honol ogous

reconbi nation to the target DNA on the AF-4 BAC. Reconbi nants were obtained
after gromh on 1.B plates containing 50 ug/m anpicillin. . . . As shown
in Figure 10B, 5 independent col onies were selected for anal ysis.




= 3 FEB 209

DNA was prepared From S i ndependent col onies, digested with H ndll, and
.analyzed on an 30 ethidium brom de stained gel. H ndllh-digested correct
colonies sad the linear vector alone i -GG - ~rtti~ 01/ 04288

PCT/ EPOO/ O659¢ oY¥5{-§s Used as narkers, as well as a 1 kb DNA | adder (G beo
BRL). Correct subclones were confirmed by DNA sequenci ng. EFCE/ERPAGS3Z
Ghom ¢ DNA can al so be the direct source of target DNA as shown in the
experiment, is Figure | 1. In this experinment, the linear vector consisted
of the Col EIl origin and the kananycin resistance gene (kan), flanked by

honol ogy ar [ £ v hscombinatjiaon to the laclllacZ Locus present on
the E coli gﬁ?%!qﬁobg%h(s ?gé ’@gmwﬁx}%mmbmmwmdmu fromE

coi | prel i nelynphoid dells (Grosedhedl 2851} Jei L avector 10 t he

prelineari zegtggq omic DNA were m xlleggﬂacgggg'g?@?z%ﬁﬂgﬁ'ﬁ%ft‘%tilq}ﬁt 000, |
whi ch endogeftis r}ygékﬁké@ﬂefsﬂ MBRM.CWBMJEmmmpmb&,Mﬁ&YW ni ng 50
ug/ M kananygi Vﬁ'&ecogﬁoﬁﬁéj uggjaone consisting of the lacl an acZ
genes, th(eﬁCo ori gl - “o‘§'§} 3cHyG i besticylar, heeasthlymphoid afd masteells 1B,
restricti duedéryes ol 1086, Cell 45:4852199%) Wi b a! t ai ned I he. correct
product (tang, -16}11.S$ Lanes 17 shows the #@Egglrﬁm\?/ge&"&&“ tyedmlbive o4 15 1
adde ¥ . téin :
kb DNA | add & 9fa 1984y Genes padDeyel. 1 :268206) alphaeferpritéin géneTotidt ET

reconbi nat i i ' o : ' ' .hj's experinment, a fragment
was cl oned gf?g?%@r%gnﬁ use ‘c%?wﬁe%h‘%ﬁémi a'slﬁ?élﬁshﬂmgt ar%

cl oni ng vect@s 198%sSeitnsed3s:53-58; glphe I-dititrypeiligeit Ontrdlindion hilizh &2 . |
strategy, ajneo in S| ce gene (neoj from m)use&t ce?l%%rﬁ% DNA
was_ ZO enpl oyedf%gs'?#eﬁt @QMA Devel. 1:16:471), ket globin gersd cotrtes! réfios he Col El

répdi cat i M0 veiiéholis Botive Stm ' i stane e. Cm f1 anked by
two arms which wart horm*éc')(gggglsggﬁ ?ﬁ%ﬁ%a?g%%mspﬁwq&mwﬂﬁose ES
cel | Iine wd¥8g &l 688894 mydindasi¢ potingenecdatoleEos whthifddiveg TS neo under
cont col of BBFOWQ er us | yA tail. Genom c DNA was prepared
from G418 resfstance€ coO ﬁ"é&"ﬁr‘g’ﬁ?ﬁ‘é‘lném’geﬁﬂﬂﬂﬂiwa;myosinligm
phenol / chl orkHim? gemdontrd répish wIGEIER bétive i 4 f \1300 340 kb.
ET" cl oning s perfo rredgz)bhqo-el ectrodp%regtﬁliﬁwz% rn%ﬁ%é?’%gﬁﬁ t he
shear ed gen%ﬁtmgﬁﬂ%?@“’r‘z hosmomsEsaecantiol regibh whichGh sdtive inxhr ) i N

whi ch t haSr Bgdotlatemve (Massa bA4D. 194% ei gn nethylated DNA, is
partially inpaired by deleti c')rllwc?fggﬁlgg?rjc?@aﬁéﬁéc hsdRMS' and nmrr gents.

Because over expr essi 3MMMBW%EE%3%%JFETL V L111

reconbi nat i EGlenc £2000 s trangformed wt

WO 01/ 04288 P WE@%‘?@M% A (65 95 ResT)-encoding owdeicadid, one ar r yi ng
PREK/ BAD/ r ewrmorehtigihs ofeepticativdl) Gefloptiobdlly oo B our prior to

har vesti ng, @ﬁrg co: t r ansf or med bypegl i gn W t Eioge?%ﬁﬁ%g{ein#gg?s@‘ggtaﬁr and 5.0
ug sheared 19 °E§s@%‘felg%om c DNA. An average of 25 35 col onies were

obt ai ned2®n LB pl at esye eiiséd vchad nil chl oranpl eni col . By

re-streaking these col oni es on pf“gaé’g%‘@!w % ¥etoymlasmiddeserhedin 6 out

of 30 col o&%oq%%i@ommmmmmmwamaaﬁwmm&éwm ssion. In
' I st'ant

Figure 12, iectiaon anal ysis of kananycin res ol oni es
denonst r at edi t hai‘%ﬁf‘%é?'d?ﬂ‘@%ﬁ@@wmm#Wn@mammum fatl anes
2-7). The rpespagativhioftwoli ices consthuct ik ARSehid Wﬂich rew ip the
presence of, @fe}l Qr heni col but fai Igllgéf% gro@é#ﬁ“&e e %@éﬁ%‘é°€ﬂ“ﬁf
kananysi n, T §€8fospr sxample,cslls confainingshultiple seplitais<an ratihdly besleRatlel 24@d t he
religat 2% viritdhed Whtifkns vd ko ﬁp W ng a conbination of ET subcloning and
cloning is shown Int? Fi gu?g 95 e?WMWNHEiWOMHMMI El
repl i cat i oAadbindegendent sefectidnesyktems (syeMille 8515 | H)C h m nus of
t he Iinearnye;_ tor consisted of a BstzZl7 | si te'&gﬁ?gﬁ%Fgé“;’-'éé The
honol ogy ar %g)present at the extrenes of the linear vector 15 (indicated by
the smal |l er boxes in Figure 13) are honol ogous to the x phage target DNA

The second set of honology arns (indicated by the | argo bootee) is
honol ogous to the

30
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| acl -1 acZ genes present on the ~coli chronmosone. In the fast subcloning
.Sstep, the Linear vector wasi co-electroporated with |ingarized A phage
target DNA into the ET proT|C|ent E call strain | C867 aaZ. This ZO . '
resul ted i n WA81/84288| oni ng of a 6. 7kb a, DNA fragnment incl udi n t he exo,
bet, gam rexA ;pd c1857 genes, into the linear vector, ther® Wﬁ%ﬁatl ng
pYZl\V L- PR For the next ET reconbi nation step, a new | i near vector was’
used, which contai ned the chl oranphenicol resistance gene cat flanked by
nmutated | axP sifts (laxP') Araki et of, 1997) Nucl eic Acids Research)
25:868-872), as 2.3 (8, ] arnms whi ch were honol ogous to the A DNA Z5
present on pYZN L- PR _This [inear vector was co-electroporated with pYZN JI

PR into the ET profl cﬂ@hhossmlhlsndtbeﬁﬁiﬂﬁihg(i&h tion of
PYZNht - Jfﬁléd%eam he cat - contdglgﬁ?ir%w% 3?(&%?
cellevhicht rspreis

flankeddb% twa\:\g ;;;;ng iy sgthe?ééhdd&a}rdn%?hwas
rel eased by e gm,a@ bioiRss dsed Lo target the
“”‘J’cs?,?b“{‘@???%t’t

chr onosong of the strain 0 OUS exprassioncof thayggeney is

Bact eri oln§3 Qﬁ“ﬂ% E‘BP possiblesill trpes thatan bR iihsi %E 8@%‘ DKecFJ' f
(Zhang et aprokk98c ““Ef&ﬁgém vO 0170 04288 “BCT EB Nat ur e
CGenetics Z0:123-128) te Mdmnimrmswuﬁh in .
t he presencM@%knhzﬁrbﬁhWah&EHﬁh \ﬁ,gpgy, ‘W? generat ed.

Del eti on OL%Q@WQ eper at@f= 72001 was done by u%‘% 'HS'F‘asm d,
which is i ?mﬁ%ﬁ% celbis apE. ttdiaelllﬁxmp‘lesa&' J@mctgggM| n

resi st ance thstvan bé aéed)ard JTS ora he L col resi stance gene) as
iﬁﬁgggcﬁbﬁ] é@ﬁm:qmma 19) .

cri beﬁhg&&a?hol z et al.
i1)01 t ?‘1%‘d°€ﬂb%ﬁ861homp%tﬁer "f#@ 7% a
I aa~P site 014 I]ghg?rﬁ Sg nceYYZZOOII t. mallows hed rB’Fé
expression of the ﬁﬁ@’ql’é‘i&b 2 Fﬁf’ aﬂPVH(AS),m(M)pmMLM
profici ent relA lsmﬂ.ﬁr(stsxy,ﬂﬂewnﬁpp

construct of m BAC nodi fi cat o dé,@rgg?nerate kag‘;ﬁq (hgt
structs ar. i fi [ s .
et}%g“da%‘ﬂbﬂ"g'eﬁm

exanpl es pres jenroeASGever al approaches for successful

nut at ed

cl oni ng and subcl oni d R docl ~i - medi at ed honvol ogous ,

r econbi rlgtl on. The. |Ir?\%gnt| on ‘?esc?#'llg' beysed assa host cefldorbe
limted"™ wm&:ldescﬁmn %osedg‘m nce

t hese enbogjwéa 5%% nded.as iJlustration of sever of the
i-nvention. Any equlV FeTeR mﬁmmwvmmmbghe scope.
of this inued: iGoll linenderived g HuRids, the invention in

addi tion te t hose, shovyn, .and descrl bed erel I%mﬂﬁdr"ewo t hose
stalled in THEZEPE ?‘IH“P% Gf@hmﬁﬁﬁr@hbnﬁﬂ&d&o?ﬁﬂﬁk&@&d ons are

al so i nterudaddgg}{baw.: ‘@ B &E&&ﬁ ng themj) ended cl ai ns.

Throughgut this appl i cation vari’ous” %@HSt he contents of

each of ichis hen’ebpuymfhomm@naysﬁ, ﬁ-,_r he present
appl i cati wﬁgg&\gentl r et f [ aI pur poses. &Q%W ?‘&‘H’F ssifg 72

WHAT 1S C 5P onaifumctiosallyceqaivilentah et Sapded tar get

DNA i nto anetiseds are wellBiows'ifl theaH! cierial_cell that expresses a
functi onal I‘ECOEI nase, said °§§c{’% !P“@ép‘? Bﬁ?‘&lpmtﬁﬁﬂ(laﬂqlmhtarget DNA

conpri si ng?"al Mmmmdnawmym&sa %I randed
term nus, batde bdd %cgg&rlsm |nthefoII long the
vector ﬁNQdSt ran(j"ﬁz“)% hmm(mwmmvhu,) an origin

repl mnmxam.)(wwam §£§.a<? honol rm such that
the sequegﬁg f a vectqr DNA strand of t"ﬁ %t %“Sm-t-m gned

to be ho smrmmmowm%%ha&a PHNAS st

t er m nus h.ﬁdxdfl'.b or DNA strand of the seécond "honol ogy
armis dep ned I?%’%gﬂﬁgﬂomgo%@ E‘W%WM@WMDI\IA strand
of the se f&%dbays, such that the target DNA is inserted into the
vector DNA between the honol ogy arns. 2. A nethod for making a cell
containing a reconbi nant DNA nol ecul e) said nmethod conprising: . . a)
introdd®ing a first and a second strand of a doubl e-stranded vector into a-
cell, said cell containing a double-stranded target DNA and expressing a

bacterial reconbi nase, said vector conprising an origin of replication and
two honol ogy arns, in the follow ng Q@Qer-fron15' to 3' along said first
vector DNA strand: a first honology arm one strand of the origin of
replication, and a second honology arm . said target DNA conprising a
target DNA sequence and two termni, in the followng order) from3 to 5
along a target DNA strand: a first term nus) the target DNA sequence, and a
second term nus,
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such that the sequence of the first honol ogy armon said vector DNA strand
.i's honol ogous to the sequence of the first termnus on)sai d target DNA
strand, -afd t he sequence of the second honol ogy arm ol sai d vector DNA
strand is heyopémaess to the sequence of the second term nus on said target
.DNA strand; and b) subjecting the cell to conditions that alFQFFF00/06533

i ntracel | ul ar honol ogous reconbi nation to occur. ~~ 9 FEB 201 73 3. A

met hod for naking a cell containing a reconbi nant DNA nol ecul e, said nethod
conprisi-ng: a) introducing a first and a second strand of a doubl e-stranded

vector and first m&%ﬂgl e-stranded adapter oligonucleotides into s
cail, said cell ai bl e-stranded target DNA and expreaasing a
bacterial reconbinase, hrdet 64 8 I S yigjpn,of replication and
two doubl e-shrandcd holrf-h;el ogy ar @“ﬁ@%@%%@@%ﬂﬁwﬁmﬂg
T e e P MR SR,
DNA Sequencé’?ﬁﬂﬁf\ﬁﬂgﬂﬁmﬁﬁa‘gt’?&%‘é’a‘? 890y 2%, 200,0r 30Q@ kb i length. 1y avother , f r ont
13" to 5 5al PeGfidenBodifint e : i {ol: j pys,. a targe
sequence, and a second term nu ;B%?gzids{gbyp%ag?mﬂw
conpri si ng avertor.sOthet specific embodiments &ftixgetDNAsIare setifortisin'ts Exathples $n §QkibaW NY
order) from@ﬁ&&é‘ibﬂ%gst. nucl eat { de sequenge .an secorll,}j nu%fuggtai de
sequence) Whérern Sai Mﬁﬁ%‘?@@ﬂ'&ﬁéﬁ“ﬂgﬂ B&)‘P@Bﬂ%ﬂ&b%m
nucl eoti de setlimitedtopi plaksid] BAC or the EDLSIEhréHh . S qa,#gﬁ,rx trand,
and sai d second nucl eo?i dedgque;cg is desi g‘?\ggggt Zﬂ%e ono oﬁ@g@"?o t he
ngg_lb eoti de SeUraniDYspurenel PNAdncluding byt ot limited:to,DNA fipat anplpéolatyotiad; Sai d
secgnd oljoggmgébq&%-g LS ond (ol i gonucl eotj do strand
conprising, In the ol%fovm ??g % r é?{a&ﬁgﬁl@mﬁ)g’ OIEHG 91ty i"ﬂf:ml‘de
sequence andudeihudﬂtshqumodsaﬁyibdebﬁﬁm&eM%@M&{oﬁ%ﬁ’c' eoti de
con

sequence i s,hanmol qgous .t o the nucl eoti de sequence of the: s honol ogy

armon sai db%E?Jaﬁﬁhﬁ“%"e FIHRF campeiaseqt (e gy drpsophide)ciovensbrate(ege e i s

designed toek L (plkiit, Q@O 'Q,est%@gu J.he secon

term nus on-sg‘i"gyt ar get Bﬁlﬁtvs}ﬁgﬁ’é?é?nd %l) su jec%&gﬁfnﬁﬁmq

condi ti ons f{i&re-8d§ ot ab. 9B MglechlanGloning, 4 Labaratoky Mainial) 2d(Bd., @ofdir . 4. A

met hod f i LG @l e i Rant | ecul sai d net hod

conpri si 23 g? q n?'rsglcdum %@W?ﬁﬂﬁa"ﬁ SY%E&‘?%EM DPNA 1 anded

target DNA Qidnimg:AcPractical Appredch, MREPféss; Etd., G:E6idaUNK. Vb1, HpCt or and

expressing a bacterial reconbi nase, said target DNA conprising a target DNA

sequence and two doubl e-stranded termni, in the follow ng order, from3

to 5 al ongssai ' SHOR U PiEIRE jjgSt termnus, a target DNA

sequence, and a secon erm nus, ~ S~ 1.~ r.< . 74 said vector

conpri sing an or$.§l-iln NLRQY WONAE BNA X NOSY GELIS ns, in the foll ow ng

order fr 5" to 3 - K trand:, a tirst honplogy arm the

origin o?énr eplication an QM%&%?‘B IRe 2 PEPARUONOMBRESIARNCce Oof

the /first hibetdrgesPDNA intoa hest icell iv auitable fdohSe with tHeGnédtBodd ARG bb ¢, Rich-

honnol ogous_t he sequence of the first term nus on said first target DNA

st rand, anomf‘ﬁ%&%'éﬁg'éﬂﬂb‘n_ dhe artaad include, butiare net limijed o plectroporation ofxellsyr DNA

strand is Oepedin 3 c@ﬂk’W{HP%&% Re sa C . t.he ngd.term nus

on,sai d target Dﬁl%og??gﬁd; an Htsalu%ﬂgg{’:l. mﬁ‘g""ﬁ‘gﬂt%n?éﬁcé%m&vﬂﬁs t hat

al | ow i nt r ctexget BNArpackeged inydubparticin nBornakirgotic 6ells,aictiods Sclufe BRtahOsbtf O

mal ti ng ontaj ni ng. a reconbi nant DNA nol ecul e, sai d net hod

conpri si %%MRFMM% Fdlion with calcimm phegphste paeripitstion of DNA, and

doubl e- st raﬁﬂﬁﬁa*ﬁéiﬂﬁh%%&&&ﬁéa@:&d;&&%@ﬂ%&@ﬂgcg ubl e- st randed
tai or “an

ol i gonucloqgtide into a cell, said cell con ning a vec pressing a
bacterial rieEfnes Rade/P pecieins aretrepted tosiakethom chmpetent fort shrcgepordtioh bye quence
and two terdy. Bied ol | | owy der,.from3' 1 ' along said first

t ar get DNA’@%“?%’H&*%@?%%@“P@PW%&MW@@EHW &ielaey, Srerng second
term nus; SublishimrAssociaspid Wﬂ%&&cﬁﬁwmwozfo&)?wfaaw%@m,ﬁp{aa honol ogy
arms, in the followng order from5' to 3" along a vector Strand: a
first hotfolstggardp an of ¢leptm-compatenp kéllyas isod farmelbctomenion by Sandrd gy ar M
said first doubl e-stranded oligonucl eotidc conprising a first

ol i gonucl eoti de DNA strand conprising, in the foll ow ug,order,.from3" to
5':. a first nucleotide sequence and a4%cond nucl eoti de sequence, wherein
said first nucl eotide sequence i s honol ogous to the nucl eotide sequence of
the first honol ogy armon said vector DNA strand, and said second

nucl eoti de sequence designed to be honol ogous to the nucl eotide sequence of
the first termnus on said target DNA strand; said second doubl e-stranded
ol i gonucl eoti de conprising a second oligonucleotide strand conprising, in

v — o, o -

0t
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a) introducing a first and a second. strand of a doubl e-stranded vector
first and a second strand of a doubl e-stranded t ar get nol ecul e, and a
first .and second doubl e~stianded adaptor oligonuel eoti-de into a cell .
expressi ng awdagbesgal recornbinase, said vector conpri si ngﬁm i n_of
sreplication and two doubl e-stranded honol ogy anus, in the f & Sder
from5 to 3" along said first vector DNA strand: a first honology arn) the
origin of replication and a second honol ogy arm . ~.~ ~nn~ ,, , 76
sai d target DNA conprlslng a target DNA sequence and tmo doubl e- st randed

termni, in tq S' .alo atar et DNA strand: a
first tarm rius, the target {ﬂ%i‘hs'éé{l% rmation. §V°§¥ﬂr(9$|rst

ol i gonucl eotushrmmpfv&dﬁ@;ﬁefdabﬁtusaillﬂ {ﬂﬁe@ﬂ% ng,
in the follgjg&m order, frgqm3' to 5. a flrst nucl otlt%ée sequence afr;lid

second nucl %M#W%@%mmhg&fuﬂﬂa@%w s

honol ogous #Qntf lﬁ%gs 0 fast, honol o armon said
vect or DNA stran an 'second nuc %E)ttﬂz@ ?P&e on.t Aftse

horol ogou§ Wm&mmwmmmmw&a% W strand;

sai d second _oligon de rising a second ol i gonuel eot1 de strand
conpri si ng, gﬁ'@#é fm F OVEY Pericsl befose elturing wider conditions ¢ i de

sequence angdeatifyoe i’mm% Wﬁ}% m@ﬂ said third nucl eotiide
sequence i s horml ogous t he "nucl edt1 de sequ § §%E second honol ogy

armon said vect or MW&MM&MMMWE desi gned

to be honol t he_ nucl eot.i de of. the second term nus on said
target DNA Stra g?W)W%%?ﬁtﬁ@gﬁ srdonyclcass, o combinationsief ad | ow

i nt)acel B0l ssnmwmcs&wdwawu&ﬁ% &pd of claimé
whierein the cell further contains s nucleotide seqlefce encoding a

site-speci f¥ Eﬂﬂﬂ?&ﬁl@-émwwmw&ﬁudmmwdmm teect or

further con;a@;l Shesefebinbile m&,second recognition site for the site-speci5e
reconbi nase, |rst recognition site located outside the first and second

honol ogy ar ms, and awumwcwﬁmwa@amm&ham
| ocat ed insilge ] 1e first @d sectpg honol ogy arms; and during or after step

b): induci nfc Y pFEd mﬁbhﬁymwmunet hod

of clai % mﬁm&lmwiﬂpe&mﬂw !,%a ,@g encodi ng
a site-spe wac endonucl ease operatively I|nke to a prorm &%‘ﬁ
vector furt 1 a [f| rst and second] recognltl on site for the :

site-specific endonug{ i.de.the, first, and . second hopol ogy |
arnms; and durin g or after ste E&gitmguc'?d%%% S fb‘?f' t@’@1"‘?‘%‘°§pemf|c
endonucl easf DN, thnhasbfhepwhmmaphigapmﬂamﬁaﬂd&u&?ﬁd#ﬁﬁé

i nase

oper at 1 vel PHeRIEke KT R ETEE o ke ssdiuny avelinie ormmersioi .o om 1 1 st

and secd®d Premegy)Madisen, Wl)e for the site-specific reconbinase, a first -~
~ Htti LUU 77 recognition site located outside the .first and second
honﬁlogy arns, and a second site-specifrc reconbi nase recognition site
located inside the first and second honol-ogy arns; and during or after step
b)) inducing expression of the site-specific reconbinase. 11, The nethod of
cl ai m 7 wher ei nSt3% Wal ns a nucl eoti de sequence encoding a

si.t e-speci fic endonu se 0 vel Ilnked to a pronDter and the vector
further conprises a ﬁé‘c‘g F‘ﬁ? 3%*‘ ¥@' pé@tﬂ'lob ase

Iocat ed mme&qﬁmmhmn@a&m%ﬂﬁ%ﬁtﬂ%ﬂ p&lm @&fﬁﬂagftef st ep
i nduci e&oresm on of the site-specific endonucfeas met hod
of any onegl?f” aheut 109 nuclgetides in langth. ﬁemﬁcispea&)anongdmckm;aleel ect abl e

k | h | h that th
Dattor o abcottl, s dicbdifed 2b SheiBides S0 Mcotieioor I8 miciecrides indeath a ) ong
a vector Dhpa200ammlcotides ilength/ Biﬁtﬂﬁ%&h@&%n&ﬁﬁheg&,'iﬁcaﬁbﬁgd{aﬁhggar ker, the

W

origin of replication and the second honol ogy arm or

honol ogy aPPRFO¥iR@tely $0smuslegtidesémlengthi i on, the sel ectabl e marker, and the

second Rgnol ogy arm 13. The nethod of Claim 12 wherein the sel ectabl e

mar ker confers antibiotic resistance to the cell containing the vector. 14.

The nmet hod of any ono of Cains Z-11 wherein the bacterial reconbinase is

RecE/ T or Redal i 3 recomnbi nase or both QECE/T and Redal | 3 reconbi nasos. 15.
wh

The net hod of any one of Cains 2-11 rein the cell is a bacterial cell.
16. The nmethod of any one of. Clains 2-.11 wherein the cell is an E. coli
cell. 17. The nmethod of any one of Clains 2-11 vvhorcin the cell is a

eukaryotic c€ll that reconbinantly expresses RecErf and/or Redor/j9
reconbi nase. 18. A nmethod for naking a reconbi nant DNA nol ecul e conpri sing
the rrethod of ~any one of Clalms 2 11 whi ch further corrprlses |soI ating a

R I 1 - M M I 1
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24. The cell of Caim23 which is a bacterial cell. 25. A kit useful for- -
diregted cloning or subcloning of a target DNA nol ecul § conprising in one
or nore containers: a) a doubl e-stranded DNA vector.useful for directed
cloning or swdolpnssg of a target DNA nol ecul e of interest; said vector
-conprising an origin of replication and two honol ogy ar ns; i BCT/RRO0/085330 i ng
order from5' to 3 along a vector DNA strand: a first honology arm the
origin of replication and a second honmol ogy arm such that the nucleotide
sequence of the first horml ogy armon a first vector DNA strand is designed

to be honol ogous to t qbl! ge of a first termnus on a first target DNA
strand, and the nucl eo Hﬁ’@“ m%%‘hg@éwm%mdhehhe first

vect or DNA S(d,’m g sequence
of a second term nus on he f| rst tar ge{ Wﬁﬁgﬁ ﬁw&&

cont ai ni ng aSYsehesiaw sagiatsforsynthesis miy beubtalddror? aryp é‘ﬁg%lg of daim
ZS wherein t Mﬁgﬁmgﬁrm have sequence honology to a° BAC | anbda)
ase

pl asm d or ng vector. 27. The kit of C aim 25 wherein the

on

first and$Second dOmeﬁbm‘&idm“ﬁ%éﬂﬁem nucle g sequence

honol ogy to lSF‘E#M‘:PAS | anbda) plasmd or ase or. 28. A
f

kit useful mvwmmgmmmmpmmmm@tg Chyp €

conprising i e a doubI e-stranded DNA Vett or

useful for d'llglgggtﬂl%‘o%nl ng %&fﬁ'q’%‘ﬁﬁ) semmercially svaitable fromRoscarch;

i nterest, sahmpliedBiosystensypee.).sAsexaniplep lﬂ%dnoﬁfhlcfmu@ﬂﬁ&%%g&a&‘ﬂg horml ogy
0 an

al ong a vector

th | I f 5 '
]alrlr:rgt Ih(r;m)l M%m&éﬂﬁrs%ﬂébMQ&W%mRu.stﬁzanw)hom)l ogy b) a

first doutd endikyl Waa [ a first
ol i gonucl eotxde stran orrprl SI ng, %@gn@ ‘ﬁﬁ’lﬁgﬁ‘WWom 3" to

5'; a first Pelymee @G@éom!*s%qu@ademdm{QIS.ASQSWMW’SI&'&F& eotide
sequence is honol ogoug, & Jondl ogy arm

l?otngcﬁa:r@c' eot i de, sequence o first

on said vector DNA stTanc S Y SUmise ﬁ’é?%tm%ﬁgebﬂ;mwdeddmm gned

to be honol ammmﬁcmwdmmw&mmuﬂmgo@kcamﬁ, f 1 ar get
I gonuc 8%6‘}?3

DNA strand; Fﬁ) second bl e~st randed adapt er rising
a second ol M%ﬂ?%ﬂ‘dé“ ptimitad te)5-flnorottacil fSeb:bmerder from3'
to 5' alshs.rcd] og,;djsmsﬁg rth nucl eptl de sequence, :
wher e| n sai d th| rd nucleoti fsl'equencé I s'Ltﬁ% 36 t he nucl eoti de

sequence of 3 mmnmammw R iR and said

sequence o %‘%M?% gl Aot e Dopvectogimesi b () o
o gt vt ﬁﬁﬁﬁmxﬁifiﬁn !
Slrecﬁidﬁﬁh?ﬁﬂifw?wp’%‘%“%%% S B R 2 iR "

useflul. for Rimassesylgueqsing ﬂmammmymfs.wm 1888 Of
interest) W%ng%f n n er‘gln of i)llcatlon and two honol ogy
arnms, in the oW ng ‘or ’pg‘ﬁﬁ%g 96 ME‘H@ auvmuﬂ-thiwytemm a
first hormli;g:;thgrmmmllpz.mmf h‘t ﬁpﬂdﬁp nd hoerPglay arm b)
a.first doubllgﬂstranded adapt or oI i"gonucl eo e conprt

Wrsqdr%mmwm €V)n§rmethyl-2-thdouradil) wslw-z- from3' to

ollgonucle
S: a flzsstmr:y,; ‘i nd a.second nucl eot| de sequence, wherein
said first nucI eot1'de se uenbe I'S B‘ﬂﬁeogous to the nucl eoti de sequence of

the first honol ogy aAnwbigonseledlide @i @6m afledse b

nucl eot i de des t1 ned toybe ml ogous x%lgcﬂtﬂ &Bﬁﬁ(g)?&m%ence
of a first p%ﬁ%@s‘gﬁ %t'é‘g dogppot sﬂtﬁmﬂam«ﬂygmmmhuhaﬁoubseclﬁt randed
adapt or ol ingsdifitatiPhnbyiiic C nucl eoji de strand
conprising, in the fo}ﬁﬂol\?m&nrgﬂolf Mﬁd&mggﬁjos&b') oate, & RR9sp ﬁ?f'&éﬁ“@@#ﬂb
sequence adPhogh mmlm&pmmmm phufdfn@ddle Sh ﬂhﬂg 5§ ggtide
sequencey IM % tg?éﬁ]ﬁ nucl eoi i sequence oOf onol ogy
arm on sai e@%%@ I %raeﬂpmthsmf sequence is designed to be
honol ogous to the nucl eoti de sequence of a second term nus on said target
DNA strand. 32. The kit of Caim25) 28, or 31 wherein the DNA vector is
purified. 33. the kit of Caim28 or 347wherein the DNA vector, the first
doubl e- stranded ol i gonucl eoti de) and the second doubl e- stranded

Q igonucleotide are purified. ,.~v 34. |I. ~ The kit of Cainms 25, 28; or 31
wherein the target DNA nol ecul e conprises bacterial; viral, parasite, or

protozoan DNA. 35. The kit of Cains 25, 28, or 31 wherein the target DNA’
rml ecul e corrprl ses a genetl c rrut at| on or poI ymor ph| sm knovvn or suspect ed to

o S - . L o
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DNA nol ecul e that conprises the target DNA inserted into the vector. 40 0
_The nethod of Clains 3, 5, ¥, 9, or 11 which furthemrpri ses detecting a
reconbi nant ANA nol ecul e that conprises the target inserted into the
vector. 41. WOpHeasel of detecting the presence of an inf ectrl? e

.conprising carrying out the method of Caim39, wherein the @5@ ENA IS
derived froma patient suspect ed of having the infectious disease) and the
sequences of the first ,and 'second honol ogy arns are honol ogous to the
sequences present in DNA of the infections, agent.- 42. A nethod of detesting

t he presence of 333 nb_pmi’%npri sing carrying out the nmethod of

Cl.aim40, wherein the targe rived froma patient suspected of

havi ng the i nf ecti ousThsi shain actibn {PCRY i optichdlly Ustd's Eﬂc?f?&{
|nDNAof tﬁel I ous

sequences aj equ nces esent
agent. 43. T e #ng%ﬁmg‘a? éﬁm(%.ﬁhmesamplsamcr s a

Vi rus, bactercDNAﬂrbni—y)zmgoﬁumg& a@&ﬁ@uh% A et hocLaof det ecting
t he presegce . .0f -3 g@ﬁ‘gtr c .condition, genetic seas e “§?S'rﬂ§er or

pol ynor pht ¢ PEREEde PCRiiygypicall )rmomhyushefrw eletley. MrordPedifaer i N

t he target %r&m t s of having a genctic
condition, disease, disorder —or&lp%:zbﬁ Q,, hrado Pﬁm) of the
first homal Mu@kmnc@thuphteogm Bﬁeﬂhﬁﬁmmﬁwﬁﬁﬁ e Onm@él te

G sor dor , o S Eh¥ REm3ey frecies the Hck saplfismion bt wet koo iy ar m

i s honol ogo(ue &.g., ULS: PRRAINGICA 6EIMIDS or ected to
“‘W o Redo 1kl e of, 138K, rophi ¢

be. associated t he genetr c condition,

Lot a0 e Nl Aot SOCDEA 8876500 656x03chamn e o, 1988306l 20711400
genetic di Ik¥Ral 39 tskﬁﬂ r pol ynmorphic trait conprising carrying
out the nmethod of Clggr %2%9 ﬂ’?&zﬂ)ot he target DNA is derived froma .

pati ent suspected of having the genetic condition, genetic disease, genetic
di sorder) or polynorphic trait, and the sequence of the first

doubl e- stranded ol i gonucl eot i de i s honol ogous to the sequence upstream from
a site knodd or MEFHODSFOR DI TICAPR 82 associated with the
genetic gondition, genetic di sease, gen der, or pol ynor phic trait,
and t he Sequence of THe@neARQP9 BfkKLE ol i ugl eotide is

horol ogous o the sequence downs ream M.‘F@%ﬁg KO8t ed to be
associ at ed%ﬂ%@%@@ﬂ%@.m&mmm | aftP@ECord&s Rabdigeviy" der .

or pol ym)rmerpgsuc@ of Clains, 44 or 45 wherein the
genetic condition, bgaeneté’%ﬁ‘mz g‘“p@g’ Pﬁ'W‘E’G“Wthr c trait
is or pr edpmhgdmmmwodmtmw theandthé®: m{@éﬁt‘ s,

[ at ri c

resi stance . of .a _neural . neuropsyc

nuscula cagl d\?é\ ”’5 ‘B’FWHWMMWWMaM The

vect or o ﬁfmm,iw-mﬁf&u Qr iféchi ises el ect abl e mar ker
?ﬁ%’#ogy‘%r"%“‘%ﬂ&ﬂ% he vector -

| ocat ed out si de tne fi rst a secon
combri ses, &t lmmmethodsdahﬁmoic&a@deté&,ong a

vect or DNAw§griosd) dzagﬁdsetd? .the sel ectabl e marker, the
origin of repI i caton and oillhe secoyeﬁ%l% hgﬁfhsaases,,ay f‘lﬁ@"mr st

honol ogy AsHRcIatad avitly theprescoée ofoptiant BNA) suchtali @ g8 QEB{] and the
second ho T r .of O ai m47 V\/nerer n e sequence of
the vecy rH?‘Ldoes ﬂ’%’"’gﬁ‘t‘ﬁ{ﬁﬁe% %&éswbﬂmmw@mwmce of at
| east frveietulhmmbelawcleotrde base pairs either S or 3" to both the origin
of replication and the selectable marker. 49. The nethod of any one of

clainms 2-9 wherein the cell is an enbryonic cell. S0. ~ The kit 4f claim 28
or 31 wherein §89 fPEFECTIONGS l -stranded ol i gonucl eoti de have
nucl eoti de sequence honot ogy | A PAe, | anbda, plasmid or YAC . based

¢l oni ng vector . SITMnmﬂtddsdfth’etxrvcﬁ{ﬁkrdagnge %Mmeye“t or

useful fo ed | oni n supcl oni ng of a target nolecul"e of

i nt er esjy % é’rﬂ‘@&' 3?’% hﬁ‘ﬂ'&‘ NAs stemming fommiphowstoampsthopetsin N1t 0 a
doubl e- stpmdedpmtdmh tranded DNA erI ecul e
conprises an origin of rgggél’gracg'atl a(iilmlﬁn r?g 3’|’1°gﬁflﬂ SFR¥mplomsefs to 3

al ong a vector DNA strand: a first honology arm the orrgr n of replication,
and a second honol ogy arm such that -#%e nucl eoti de sequence of the first
honol ogy armon a first vector DNA strand is honol ogous to the sequence of
the first termnus on a first target DNA strand, and the nucleotide
sequence of the second honology armon the first vector DNA strand is

honol ogous to the nucl eotide sequence of the second termi nus on the first
target DNA strand, wherein said target DNA, nolecul e conprises a target DNA
sequence and two termni, in the foIIovvr ng order from ;- g FEti 1UU4 83

. — oy, RN I A o, o, o I e
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_conprising nmaki ng a doubl estranded vector according toythe nmethod of claim
51 or* .S2, «further conprising the steps of b) introduci~rzg the target DNA
nol ecul e anckvbpﬁm %gt or into a cell, said cell expressing a bacteri al
-recombi nase; XZ) subjecting the cell to conditions that aPCHHEP0/06533
i ntracel | ul ar horol ogous reconbination to occur. S8. A nethod for naking a
reconbi nant DNA nol ecul e conprisingr a) preparing first and second
doubl e- stranded ol i gonucl eoti des, wherein said first oligonuclaotido
conprises a first oligonucleotidc DNA strand ) conprising, from3 to S, a

first nucl eotinféetiondytenatogarorahefeante tfiditatd sHisRas AR ated By thel fd“%é# t
Irs

nucl eoti de se ﬂﬁgms bei E‘g honmgl ggous to the nucl eotide se uence 0
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DA St rand, S PNl pafis biing GIGIRER BLn b bl el BV el O

ol i gonuel eoéﬁa;@gyamkhsmwg;hoﬁ@my&o atfae?nt ax dDNrAQiaHBtEh%iHnbdi&d
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honol ogy arnﬁ in the foll ow or der 3" along a vector DIVA

strand: a fi : ﬁ%%&?%%? ‘8?5?“6@*%%‘9’6&ﬂﬁ’@ﬁemsaco§écond
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A met hod for Sestion 5diahgye, mdopﬂsatbm'r ng
first and sm&nﬁwuﬁw&r%' Bhitl o eotmigﬁ Bﬁgﬂ.@%% first

u

ol i gonucl gsot i de conprises. first. oI | mpri si ng,

from 3' afir stl'hmtaeéamdranbe @ patisns ©o subjent’s bistdgicdbsample,
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sequence of ?Hé‘f‘t"n : ogy’ ‘g%r%téon g%%%‘?b%% i oid ond
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termnus on a tarfg‘xi5 D% st rand erei_n said second_ ol igonucl eot I dc
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mp g fod, R s Methrds £05 mqvgl FONAfigm such

third nuclemdmm&aaﬂs%ﬁkﬂm% Wﬁﬁ &gﬂ{
nucl eotrde sequence bei ng honol ogous to thgenuc e sequeoz #ﬂgggecond

rTBI ogy 4 ifeaes of bﬁbqratpactcehmmm!anmada%ﬁmmtdwhumBmwmm equence
g honol ggf %’S‘é‘k éil ucI eoti de sequence of a second term nus on said
target DNA str 'I'nt’f oduci ng the vector, the target DNA, "and the first

and second doubl est r alndae embodimentcfor exdrsisle, whtdit is ddired R\ RIREG dRENG: &
bacteri al reco%hnase and c ubj.ecting the cell to condi tions at all ow

intracel | ul & ?'ﬂ PWG%W NA sequences homologous to

Ty gﬁ\“ﬁtﬁ"%\s Ry A R TP A B

Ay. Af . Ay. & mnd,mnmmqmcaﬁx@m&me&&re oﬁxDMA”orASMEQ A@ A
yp. AyN. An%%AE AfuY . Af .Afh .Ay. A9!L. AN?. Ay. Af . A . Af~ :
AT (116 ~xsnf " [ VPU] ca] ca] cTaU] ca W] cal] ca]cal ca W] caU] ca

In one embodiment, for example, DNA genomes or replicative intermiediates
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 adeno-associated virus and cytomegalovirus,
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a] caU] caU] cal] cal] daldnotidr preférecd dncliuldicaaie) %L,& &M é{l Cagl %Jéca cal] caU
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&Y com DNA
SpeRTp P Uond pnse o ol lﬂcalﬁfcalfcamw

s SR ﬁ%‘?ﬂ*ﬁ“#%& et C&umm

3] e et e,
~xrlf>ZT mmu&makw %ﬁgﬁ‘%a t'JvJ ca

UV’J‘ g%\lﬁ] Cgmm&?%%% E%@ﬂ%&‘gw ‘gg] Cag']eggg] C(':lg:ﬁ]ndmm botulinum, -
1 emmptrae o AR bl

&/]/J g:ﬂ cﬂﬁf@g’af @ hﬂ%a%e}bgb&@%&@!&&ﬁ}ﬁabﬂaﬁ%&%w aureus,
a] ca] ca] ¢ ’%]' g’% %@U}W b gpliF. rmmwwcrmm wmwaaew Eﬁﬁﬁﬂl}] ca
M ggwﬁﬁ]ﬁ@’ﬁ]@ga R A A A A S S oo e o o2

XZeyt
Xreytol ﬁ%ﬁgﬁmﬁmgﬁ e R T e
Wv] calj tkstopwe) Saltonella oy

VT by e TR eeferi) e oreptau aieugion Hontsy Céﬁ%a%féi‘,téﬁﬁgﬁ‘?a] cavte
a] caldc deprsphr QMW%E&E Mycobacterium tuberculosis, Toxoplasma gondii,
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N pW' #$ d” XRk caV] cal] caU] caU] ca s
[]Jv]gg z7iL<J]7§ ;u} f:”éi’if’%’%‘lé &f’d"‘é]"&“%‘{f? Bruselid abartus/Beadelja siif, Beuckla " a

U c”al] caU] malifbmsas My f@& ?goflgggflg tsutsugumushi, Chlamydia
gb]xg;b]nggb]ugﬁq Cagfcaﬁggﬂadmca] caﬁﬁ ca}vi:aU] ca] cal] ca] caU] caU] cal] ca] caU ca

3% TWr{ unhb\ Ul cal ca U\/] cal] cal] cal] ca .
3\/]/] gg%] C%U] calLJJ]ncaU] ;:oaiém%%)%ﬂl[ %fﬁﬁ’@%‘zﬁfﬁ L@na}aﬁgnylgga ca] calf ca
a\chﬁ]chwqczgl gaql:}ca] ca! ca] C a c a] C%M@ﬁ%% ﬂ,lﬁ’é!f; xcal] ca
WV] cal] cau am&,aem U
mza%zawgﬁ%%ww E’H%‘ i %f%a“czaqcéf‘ca&at’]a&%af Solyenl ¢
aU] ca] caU] caU] cal] ca mwm&mgwmﬁmg Saddep

Ui/] CgH zgfv?ﬁa gﬁtﬁﬁ‘gﬁﬁhﬁ’m?wm&%wmmoﬁmw caU] cau

] cal ca WSW%%%Ma%% s 72
}wpj c] WX a Uﬁw biyroinis) Teichdrhionad Jagina o gfnbmue, Trypanosoma

C a Bi C
& 22 :ﬂ g:} ﬁi%c %?a ’% %ﬁqgﬂ%ﬂ Cﬁ ja danovam Leishmania tropica, Leishmania

1S braziliensis, Preumacystis pneumonia, Plasmodium vivax, Plasmodium falciparum, and
Plasmodium malaria. '

In yet another preferred embodiment, where it is desired to diagnosc 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 mcludmg, Emerobm: vermicularis, Trichuris trichiura, Ascaris lumbricoides,

Trichinella spiralis, Srrangquide: stercoralis, Schistosoma japonicum, Schistosoma
mansoni, Schistosoma haematobium, and hookworms,

25 542 OL RPHIS
LL DNA
The methods of the invention can also be used to isolate and detect genetic
disorders in a patient’s sample, and to Progrosc, diagnose, or monitor various conditions,

diseases, and disorders associated with the presence of variant DNA, such as a genetic
30

-51.



: ' J
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ca cal] ca] ca
af]c’? :ﬂ gZ]U]C;%Hﬂ Mﬁ%@ﬁlﬁ%‘;@% poLf]ymozphxsm (SNP), as well as to detect a genetic

" #] ##zt nhdispdsiiie Ml cal] cal] cal] cal] caU] cal] cal] cal] ca
] caU] ]ca] ianU] cal caﬁ]\{ca U c*a W%ﬂ] cal] ca UWV] cal ca

UV] cal] ca#$n$v$$$$$Foilnosseadodinient, (f6) exhmple/ swrsit DA callc
al] cal] cal] ?’%ﬁ%@fgﬁ%ﬂ%ﬁ amLiJ]l’chaU] c%%@%ﬂdﬁ%caq C

ay] cay ca] c MWWNMWZ@&E&S 1111{t

rl]J]gg’% gg]g ggU] cag! ca&L{d! Wg“?{wwﬁmmwmm

4 4 4444444 b\ V! l.c ca ca] cadf?a?‘ca ca] cal] ca
U]rcgU] cay ca{éé %i E gi g%%‘”w‘”& mlbactmal
W] cal] cal] anemwaw %@M zﬁ Hﬂh?’e fuafs
<<< >npe>?7? sni Q] V\RUU| ] 1 caU] ca ca ] é‘}t@g teay cau
U] cal c%‘% @@L‘i @daptor oligonucleotides can be
aU] cd0] cabfrisirg N N Vo1 ,-,,- CoC: CACJB%CXC[OC DDD EEFFF/ G

dG} G uoi c] \PKI ! ca %! ca U] c’a
Ucoa e Y detsibedin draiin
uVv] cay CaUJS&HlEJ\/? %Cﬁkﬂﬁ&%&fm rrHI 1] ald;lltgl HI JIMII K4Li Lj LLM

MM up] d] Vi oroligonucleotxdcscanbeused caU ca
15 memods for homologous recombination cloning described in detail in Section 5.1, above,
| can be used. Cells are then grown in selective media, as described in Section 5.1 above, and
cells that resist selccnoncanbeanalyzedforthcpresmoeofanmmtoﬂheappromate
size. DNA can then be analyzed fortheprmofamumuonorDNA variation of interest
by restriction analysis or sequencing techniques well known in the art (see, eg,Cum:nt
| 20 Protocols in Molecular Biology series of laboratory technique mnnuals, 1987-1994 Current
) Protocols, 1994-1997 John Wiley and Sons, Inc).

: : In an altemative 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 screcning 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 obtamcd from any DNA sample, such as genomic
DNA, ¢DNA, or mitochondrial DNA. In one cmbodxment, 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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Rc UU] caU] cal] cal] ca UV] caU ca W]cal ca W] caU ca WV]cal] cal] cal cal ca

UV] cal] ca WV] caU ca W] calU]ca UWV] cal] cal] ca] caU] cal] ca

DZzzZ[[Q\]]]] )] 8] u] 111 ] ] M &SN Nerr A m | uohb\ VP d] WRe
0L cal) cal s nidedpo ﬂbﬂmﬁ&eﬁ&m@ﬂmﬁma@wﬁmaw ca
WV] cal] cal cgg] ca] ca] ca] ca cal] ca aU] cal cal| cam r tcI::',aL OT
“““ s aaaaaBRIeraf nterest i csts Bfficted yaloapsraculardisosdet.
U caul ca U fagse Wﬁ a%xsawl LG 55 S w%%?o%]cfa
WV] cal] ca ca Caaaaab
bbbabbbbccccp:la.(mxt mmmmwwwu\wmm aspum,ussue
W cal calg] Uhg%cagnm-h%cgd%g\g&au%cm moﬂmmmml

Methods for preparation of DNA from such sources are well known to those of skill in the
art (sce, e.g., Current Protocols in Molecular Biology series of laboratory technique
manuals, 1987-1994 Current Protocols, 1994-1997 John Wiley and Sons, Inc.)..

o Non-limiting examples of genetic disorders that can be tested using this

") 10 method include mutations and SNPs asocised with such hereditary diseases as Brea-1
associated with breast cancer, mutations implicated in cystic fibrosis, Tay-Sachs disease,
sickle cell anemia, hemophilia, atherosclerosis, diabetes, leukemis, prostrate and other
cancers, and obesity. Such hereditary diseases may include degencrative and non-
degenerative ncumlogic_:al diseases such as Alzheimer’s disease, Parkinson’s disease,

15 amyotrophic lateral sclerosis, Huntington's discase, Wilson’s discase, spinal cechellar
ataxia, Friedreich’s ataxia and other ataxias, prion diseases including Creutzfeldt-Jakob
disease, dentatorubral pallidoluysian atrophy, spohgiform encephalopathies, myotonic
dystrophy, depression, schizophrenia, and epilepsy. Hereditary diseases may also include
metabolic diseases such as, for example, hypoglycemia or phenylketomiria. Cardiovascular

20 diseases and conditions are also included, non-limiting examples of which include

) ~ atherosclerosis, myocardial infarction, and high blood pressure, The invention can further
be uscd for detection and diagnosis of Lyme disease, tuberculosis, and sexually transmitted
diseases. _

_ In another embodiment, the homologous recombinaticn cloning methods of -

25 the invention can be used for dctcimining the genetic basis of a disease or disorder. For
example, target DNA can be isolated from 2 sample of a patient 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
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a]U]ca% ca{J] cguﬁgﬁ%ca%%ﬂa@m %‘ﬂ%%%? ke, wpg]&%\qbfatmmgommm

UV] car ss7t tMDHWMMWWW caV] ca] caV] ca]
cal] caV] ca] ca;i aﬁ\ﬂ cal] calcal cal] caV] calc M%ﬁ cal] cal] ca
UV cal] cal] ¢ 969y 54y U :By Razdne Wpr 5,679, S247sduledl Uit 21; 1999€._YSgb\ WRU

Llﬂwc;awc;ach@}ﬂ% cglU] tﬂ“”"‘fﬂ]“f%ﬁi %\%ﬂ%’ﬁmm 30,1998/ Goslptetvd ca] cal ca
V] ca] caV] du] BET pablicatisn WI0 95752667 dad M&ST1, 1995; uf“&ﬁfaatﬂ”’tﬁ%%ﬁ"é&ﬁca

mogguvgach%&feg&%ﬂﬁ&caw ca] ca ca
V] cat ) - 00258 Shcsdes Pl o) iﬂy@é&&a&&#ﬂﬁaﬂﬁahﬁﬂ a?Uls%"‘}] Caukca
] GaU] Sal] oAt Sa 07 LPA6i Smbeical 1557, Haiac MGKRS, G35 L¥E L ol ca] C
alc alc a] crgyh abdoid et 48530k Mi63 2 57 1804 REdSaLEaY. 341U442 Day and
2t ) 10 Humphries, 1994, Annal. Biochem. 222; 389-395).
on-limiting examples of target disorders of clinical interest include asthma,
arthritis, psoriasis, excema, allergies, drug resistance, drug toxicity, and cancers such as, but
not limited to, human sarcomas and carcinomas, .z, fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,

15 endotheliosarcoms, lymphangiosarcora, lymphangioendotheliosarcoma, .synovioma,
mesod:e_ﬁom Ewing'’s tumor, Ieiomyos'areoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma,
basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, scbaceous gland carcinoma,
papillary carcinome, papxllary adenocarcinomas, cystadenocarcinoma, medullary

| 20 carcinoma, bmmhogemcwcmoma.mleellcammma, bepatomn,b:le duct carcinoma,*

) choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer,
testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial
carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
pincaloma, hemangioblastoma, acoustic necuroma, oligodendroglioma, meningioma,

25 melanoma, neurcblastoma, rctinoblastqma; leukemias, e.g., acute lymphocytic leukemia and
acute myelocytic leukemia (myeloblastic, promyelocytic, myelomonocytic, monocytic and
erythroleukemisa); chronic leukemia (chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic levkemia); and polycythemia vera, lymphoma (Hodgkin's disease and
non-Hodgkin's disease), multiple myeloma, Waldenstrém's macroglobulinemia, and heavy

30 chaindisease. The homologous recombination cloning methods can further be useful in
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UV] cal] cal] cal] caU] cal] cal] cal] caU] cagz( - mdf | bzuoi b\ VPkU] U] U] caU] call ca
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(L:J?)/]hczl\i/yg\r:]gb yg U]dgj\éth] ca ca] cmggﬁgg %gﬁj‘éa %%ﬂ%‘éqﬁ] cal] ca

] ca] caU] c dissapesaicludingtu potlimited to, insulin dependent diabetes mellitus, multiple

UV cal call:%:@g%sd H ca.U] ca8e u&<>n ~xgke ZTNUBI cal ca] cag]mc,altm ycn?)%]sft?s
0)Y)| /(EaU] ca 517@581%@7 U
2 cau M%WW%%%%MM B8 calj cal ca

W] cal] § a peifliciet aneblis, alfobamihé tyididids, idibpahit A¥disoH wm&uugm“ a
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sensitive y, Graves' _ yasthenia gravis, autoimmune neutropenia, _
1dxopath1c thrombocytopenia puxpm'a, theumatoid arthritis, cirrhosis, pemphigus. vulgaris;
autoimmune infertility, Goodpasture’s disease, bullous pemphigoid, discoid lupus,
M ulcerative colitis, and dense deposit disease.
' 10 Homologous recombination cloning methods may also be used for isolating,
diagnosing, and detecting DNA mutations, alterations, variations, and SNPs not associated

with disease. Non-limiting examples include such DNA mumﬁons, alterations, variations,"

and SNPs present in non-coding genomic sequences, or DNA mutations, altmtions,
variations, and SNPs associated with different human blood groups.
15 In a preferred aspect of the invention, the methods of the invention may have

particular utility in the isolation, detection, diagnosis, prognosis, or monitoring of human

DNA mutations, alterations, variations, and SNPs. .It is apprccxaxed, however, that the

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.

5.5 KITS
The invention further provides kits that facilitate the use of the homologots
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 5
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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UV] cal] cal caU] ca] ca W]calUca W]ca W]ca W]ca U\/j ca

: ca U c”al] ca aU] cal ca W]ca
% g:aqiﬁ 1 %%3& L‘Jt%m Ummiqsaahﬂ]ﬁmwyhcaU] ca
W] cal ca U\‘I’NAWW %Wwﬁdhfsemum@%%%&%o S e Hstvedo

&qu g:ﬁ ggﬂ aU] Caugf@]aca%&;guwm}aphmwmwkﬁﬁﬂiﬁﬁﬁgmﬂ

55/1"33&”9;1&%%% e S el s atmais repebiopsaicaslca) cal calj cal
ca] caUl ca8] cadlgeadily oF rédombidantif e Mt lookasall ca W] cal]
&IJ/] g:ﬂ EZU] cal cal] CMWWWWEMSM calfca
ot e YA s eyt crepdiog s gobi o o
UV] caU] ca Usiranded Aveotoruseful fordnectedclomng and subcloning of a target DNA molecule
of interest, said vector comprising an origin of replication and two homology arms,-in the
) 10 following order from 5' to 3' along a vector DNA strand: & first homology arm, the origin of
replication and a second bomology arm, such that the nucleotide sequence of the first
homologyaxmonaﬁrstvectorDNAsuandisbomologoustothesequcnce 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.
1S terminus on the first target DNA strand; and b) a first double-stranded ohgonucleonde _
comprising a first oligonucleotide DNA strand comprising, in the fo!lowmg 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 saxd vector DNA
strand, and said second nucleotide sequence being homologous to the nucleoude sequence
- 20 of a first terminus on a target DNA strand; c) a second ohgonncleoude comprising a secogd
) | oligonucleotide strand comprising, in the following order, from 3’10 §': a third nucleotide
sequence and a fourth nuclcotide sequence, said third nucleotide sequence being
homelogous to the nucleotide sequence of the second homology arm on said vector DNA -
strand and sald fourth nucleotide soquence being homologous to the nucleotide sequence of
25 & second terminus on said target DNA strand; and d) a cell containing bacterial recombinase
proteins, e.g., RecE/T and/or Rede/B proteins. In a specific embodiment, the cell is an £,
coli cell.
In onothcr embodiment, a kit is provided with one or more containers
comprising: a) a double-stranded DNA vector useful for directed cloning and subcloning of
30 atarget DNA molecule of interest, said vector comprising an origin of replication and two
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e Caegloﬁ esL!JL@P epmprising afirst oligonuelegtide DNA stranglicofnptifing, frcthe

UV] cat++++,

M cal EZ]“La o o, gy 31 9 ot s A s kit R o

cay] ca] caV] distinneleatidesiq MCWOWWEEE& ueluj]ccctg theC%r]stC al ¢
~ ca
2]6 ¢ aa]GC gr o YRl L?g;%gﬁ;}?vglg g%ql }Lﬂlx sgaucclij1 anltJ!Wsal%asg]co%g lx{]uc(igoltJ:]de sequence

0 callca sasbpprbgmdepiogi Bk e 2. u%%%ms 0] cas

cal] ca] cal] seohd eligonucleotide comprising a second oligonucleotide strmd

caP==8>>>=77? 79@@@@2AAAA\NB
oo DD %@y&%&“&g&&%ﬁ?{f@éﬂa@é]ﬁ% &mfmmm cal
lCJ(\aqU]cgaU]U]ccacL:Jg?gaU] ca] cahu? cal ca ca% B lJ"Bt\‘("EﬂllEeE‘IxzulglE"’lgtI% Fseﬂ?%g(}qtﬁnmﬁ—ﬂ “1GJ
zsnf® zswﬁb hemplogy am ea ayid mg smdfomthsequmbemggc{ﬂmzl;gousm
3\/]/] g:ﬂ ggiﬂcg%]l%lg%i ca%i k %I ca%i %J‘ﬁ?ﬂ%%&ﬁﬁ&%m N~NNNNZOOO@’hPPPPD
Qzupkf * ZTca UU] cal] calpwanous ific embodiments, the target DNA of the kit is b viral,

~a] ca] ca] cagca%carb al] ca?]l %L%%ﬂ-c?nlﬂtﬁg]spmﬁca] caj.ca] ca&aU] ca ca] C

a] caU] cal] c
DNA can comprise a genetic mutation or polymorphism known or suspected to be

- 20 associated with a disorder or discase. In another specific embodiment, in oligonucleotide*
adaptor sequences or vector homology arms have sequence homology to BAC, PAC,
lambda, plasmid or YAC based cloning vectors. '

6. EXAMPLE: RECE/T AND RED/3 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 particular note, one example shows the successful cloning of an insert larger

than any described previously ~ the directed subcloning of 2 25 kb DNA fragment from an
30 approximately 150 kb BAC vector.
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Uca ] callca (V] caUr BatrE FOR pacissop i wer s ity liness DNA.

Pigaithga rrrerrrrrssCshMsdsi ssgsstitt Quuu~wg
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M call ca’ e e D o this B l“\l;nd zzz’>zzzzz{tnga[
WV] cal] cay %&%@% auvVvVvWIWPWWX " X * XX YXXXHYyyy iababt L) oo
UPKe] ¢ a] ca?j?czg%] M‘!Eﬁ%m&
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1 & 4: A ysng' Z ngaZTCc
f*) 10 and 1 30mxcleondeseqnencetoscrveasapnmeronpACYCplamds,mdauth'ends

* 2 50 to 60 nucleotide stretch of sequence homologous to the flanks of the target DNA
region. Il'-'or long oligonucleotides, the PCR reaction annealing temperature used was 62°C.
PCR products were purificd by using QIAGEN PCR Purification Kit (QIAGEN) and cluted
with dH,0. 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
Hg/ul.

Preparation of competen: cells
Electroporation competent cells were prepared by standard methods. Briefly,
20 ovemight culturcs were diluted 100 times into LB medium with appropriate antibiotics. B
o coli cells were grown to an optical density of OD ¢,;=0.25~0.4 and were chilled on ice for
) 15 min. Bacterial cells were centrifuged at 7,000 rpm for 10 min at -S°C. The bacterial cell
pellet was resuspended i in ice-cold 10% glycerol and pelleted by ceatrifugation at 7,000 rpm
8t -5°C for 10 min. After 3 times washing in ice-cold 10% glycerol and recentrifugation, -
25 the cell pellct was suspended in 2 volume of jce-cold 10% glycerol equal to volume of cells.
The competent cells were divided into 50 pl aliquots in eppeadorf tubes, snap frozen in
liquid nitrogen and stored at -70°C,
Experiments with the plasmids pBAD-ET: Y or pBAD-afly involved-
transformation of these plasmids into E. coli hosts by standard means, followed by growth
30 overnight to saturation in LB medium plus 0.2% glucose, 50 pg/ml ampicillin, the cultures
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and then spread on plates conta:mng the antibiotic corresponding to the selectable marker-
gene in the vector.

15
62 RESULTS

Table 1 summanzcssxx experiments in which various target DNA regions of
interest were subcloned using different sources of RecE/T or Reda/B expression, The first
column, entitled "ET expression” refers to the source of RecE/T or Reda/P , either

20 endogenaus RecE/T in £. coli hosts JC8679 or JC9604, or from plasmids pBAD-recE/T of
PBADafy, as indicated. The second column indicates the E. colf host used. The third
columm indicates the target geaes. :

In the first experiment, the recE/T gene resident in the E, coli chromosome

- was subcloned in the E. coli strain JC8679, in which expression of RecE/T is constitutive,
25 This was accomplished using the strategy outlined in Figure 2. Oligonucleotides were
designed and synthesized having the following sequence:

5'~TTCCT CTGTATI'AACCGGGGAATACAGTGTAATCGATAATTCAGAGGAATAG
CTCGAGTTAATAAGATGATCTTCTITGAGATCG~3' (SEQ ID NO:1)

30 and
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TABLE I
) e ET E.coli Target Total % correct
’ expression host geues colopies - (of 18)
FEudogenous JC8679 recE/T in E.coli chromosome 540 89
recE/T
Endogenous JC8679  lacZ in E.coli chromosonie 760 94
15 Endogenous JC9604 . lacZ in E.coli chromosome 290 100
recE/T
pBAC- JCSS19  Gentamicin in high copy plasmid ~ >3,000 100
recE/T
pBAD-cBy HBI01 lacZ in E.coli chromosome 370 94
2 pBAD-aBy HS996 Intron3 of mAF4 in BAC 160 83

In the second experiment, the lacZ gene resident in the E. coli chromosome
was subcloned in the E. coll 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 oligonucleotides of the following sequence:

5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO:3)

and
30
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109 ()-1,"10% 1 & () - GDDDDDDDDE] Y . .
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10% & () 1'3!§%éﬂ%%@ﬁ%@é&brumccc&rmmﬂmCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG- 3 (SEQ ID NO:S5)

and

5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
15 GATCCTTAATAAGATGATCTTCTTGAGATCG-3' (SEQIDNO:6) .

to amplify the plSA origin of replication and Tn903 kanamycin resistance geae present
© PACYC177. Results are summarized in the third row of Table 1.

In the fourth experiment, the gentamicin gene resident an the high copy
plasmid pFastBAC1 (Gibco) 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 "
L ) after this plasmid had been transformed into JC5519, followed by arabinose induction

| before preparation of competent cells. The vector was made by PCR using oligonucieotides
of the following sequence: '

20

5'-TGCACTTTGATATCGACCCAAGTACCGCCACCT. AACAATTCGTTCAAGCCGA
GGATCCTTAATAAGATCATCTTCTGAGATCGTTTTGG-3' (SEQID NO:7)

and

5'-TGCATTACAGTTTACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCTT
CAGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO:8)
30
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vector was made by PCR using oligonucleotides of the following sequence:

"y 10 5-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO-9)

and

5'-TCAGGGGAAAACCTTATITATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCTTAATAAGATGATCTICTTGAGATCG-3' (SEQ 1D NO:10)

*> o amplify the p15A origin of replication and Tn903 kanamyein resistance geae preseat in
PACYC177. Results of this experiment are summarized in the fifth row of Table 1.

In the sixth experiment, a 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 Reda/B was provided by the plasmid
o pBE+.Dafy after this plasmid had been transformed into HS996, followed by arabinose
- ) induction before preparation of competent cells. The vector was made by PCR using

oligonucleotides of the following sequence:

20

5'-TGTAGCTGAGCCCAGGGGCAAGGCTGCTTTGTACCAGCCTGCTGTCTGCGGG
25 GGCATCACCTGGAATTCTTAATAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ
IDNO:11)”

and
5'- TGGGTGTCA;ACCTCAGGCTI'TCTCACACGCAATACAGGTAGGGACTT GCACC
CCTACACACCGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQID

NO:12)
30
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PACYC177. The PCR product was mixed with 0.5 ug purified BAC DNA for
cotransformation. Results of this experiment are summarized in the sixth row of Table 1.
. Also, shown in Figure 6 is an cthidium bromide stairied agarose gel depicting DNA digested
S with EcoRl isolated from 9 mdependeut colonies (lanes 1-9) obtained from the mAF4 BAC
experiment, using EcoRI digest of the starting vector as a control (lanc 10).
. In the seventh experiment, a region of genomit DNA containing an
ampicillin resistance gene from the yeast strain MGD 353-13D was cloned using the
strategy outlined in Figure 7. As depicted in panel A, a DNA fragment containing the
ki ) 10 p15A origin of replication, flanked by 98 or 102 bp homology arms targeted to the 98 and .
102 bps flanking regions of an integrated ampicillin resistance gene in the yeast strain,
MGD353-13D. The E. coli strain JCS519 was used, and expression of Reda/p was
provided by the plasmid pBADaBy-TET, followed by arabinose induction before
preparation of competent cells. pBADafy-TET is a derivative of pBADafly in which the
15 - ampicillin resistance genc has been replaced by the tetracyclin resistance gene. The cloning
vector was made by PCR nsin-g oligonucleotid.n of the following sequence: S

3~TCTTTTACTTTCACCAGCGTTTICT! GGGTGAGCAAAAACAGGAAGGCAAAATG
CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATAACACCC
CTTGTATTACTGTITATGTAAGCAGACAG-3' (SEQ ID NO:13)

20 o :

5'-TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACT ATGGATGAAC
GAAATAGACAGATCGCTGAGATAGGTGCCT CACTGATTAAGCATTGGTAATTAA
TAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQID NO:14)

25 to amplify the p15A origin of replication present in PACYC177. The PCR product was
mixed with 4 pg Ncol digested MGD 353-13D yeast genomic DNA for cotransformation in
JC5519 containing Reda/f} expressed from pBADafy and plating on ampicillin 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,
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7. EFFECT OF VECTOR REPEATS AND PHOSPHORYLATION ON
)10 The Example presented in this section describes the optimization of
conditions for high-efficiency of cloning and subcloning using RecE/T or Rede/B-mediated
homologous recombination ("ET cloning™). In particular, as shown in Figure 8, elimination
of sequence repeats in the vector improved cloning efficiencies. On the other hand, the
presence of 5* phosphates at the ends of the lincar vector had very little effect on the
1S efficiency of ET cloning.

First, the effect of repeats on cloning cfficiency was examined in the
following experiment. As shown in Figure 8, the linear vector used as the cloning vehicle
comprised the pJ5A replication origin, the chloramphenicol resistance gene (Cnr'), a
nucleotide sequence required for PCR amplification of the linear vector (italicized in Figure

20 8), flanked by the homology arms to the E.coli lacZ gene, and terminal repeated 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. 100:231-239)
expressing pBADReda/$ (Zhang ef al., 1998, Nat. Genet. 20: 123-128). The numbet of

25 colonies obtained on LB plates (with 50 j1g/ml chloramphenicol) after ET subcloning using
the indicated oligonucleotides for PCR amplification of the linear vectar, is shown in the
table in Figure 8. Of these, 18 were analyzed by restriction 'digcs_ti_on. The indicated
efficiency was determined by dividing the number of correct recombinants by the total
number of colonies obtained. Thus, the pmsmcé of terminal repeats > 6 nucleotides
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-10%&' ()- inFigure8. The ends of the linear vector were phosphorylated using T4 DNA kinase and
5 Y-ATP. As shown in Figure 8, Jast column, no effect on ET subclomng or on vector re-
ligation was observed.
This Example demonstrates that the presence of repeated sequences at the :
ends of the linear vector, or between the homology arm and the essential elements of the
vector, i.e. the origin of replication and the selectable marker, results in recombination
10 which dramatically reduces ET cloning and subcloning cfficiencies. Thus, in a preferred
embodiment, the sequence of the homology cloning vector, does not contain any directly

s
o

repeated sequence of five (5) or more bases outside the sequences that encode the origin of
replication and the selectable marker.

15 8. ADDITIONAL EXAMPLES OF RECE/T AND REDa/f CLONING
AND SUBCLONING

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.

The E. coli host
As described hereinabove, 'an ET competent host' refers to any E.coli cell
capable of expressing RecE/RecT and/or Reda/RedB. This may be achieved in a variety of
ways, such as either (i) a strain which endogenously expresses RecE/RecT or Reda/Redp or
25 (ii) a strain in which RecE/RecT or Reda/Redp are expressed from an exogenously
introduced plasmid. This example describes the construction of a plasmid-based expression
vector based on the JC9604 and JC8679 and their derivatives (mainly YZ2000 and
YZ2001). For other variations and examples of ET competent hosts, see Murphy et al.,
2000, Gene 246: 321-330; Yu ef 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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101 - 10%& () .hm%n%%fi‘& (tlgc_rcfon: endogenously express RecE/RecT in a RecA™ (JC9604; Gillen ef al,
1981, J. Bacteriology 145: 521-532 or ina RecA* (JC8679; Gillen er al., supra)
. background. The advantage of using these strains resides in the fact that they can be used
5 directly, without the need to first introduce a plasmid to make the strain ET-cloning
competent. The disadvantage is that RecE and RecT are constitutively expressed
throughout the whole cloning procedure, which enhances the risk of undaued )
intramolecular recombination, especially in a recA* background. A second disadvantage is

‘“) that these JC strains have not been modified for usc as cloning and propagation hosts. They

10 contain a fully active restriction/modification system which by consequence greatly reduces
the efficiency of introduction of large molecules such as BACs into these hosts.

The choice of whether to use a host strain with an endogenous or a plasmid-
introduced supply of RecE/T or Reda/P depends on the nature of the circular tarpet. No
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
transformed first with pBAD-ay 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 hatvesting point of the cells occurs at an ODgy, of

| around 0.35, especially when large DNA substrates are targeted. If the cells have reached
) 20 an D of grester than 0.5, they should 5ot be used. The optimal induction time is around
1 hour. Electroporation needs to be used, since no other method of DNA introduction has
been found to work. Meking good clectrocompetent cells is essential to obtaining ET-
recombinants. During the preparation of clectrocompetent cells, all steps should be
performed ori ice and in precooled buckets and rotors. Electrocompetent cells are

2 concentrated to a high extent: from 2 250 ml culture which is harvested at ODjgn = 0.35, we
routinely prepare no more than 10 aliquots of 50 y1 of competent cells. The resulting
transformation efficiency depends greatly on the host strain used, but typically varies
around 10° cfi'pg. A detailed protocol of how to prepare electrocompetent cells and how to
perform the electroporation can be obtained from http //www.embl-

30 heidelberg.de/Extemallnfo/stewart/index.html
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- recombination. This plasmid is based on the pBAD24 backbone (Guzman et al., 1995,
Bacteriol 177: 4121-4130). Reda (or RecE) is expressed ﬁ'om-the L-arabinose-inducible
5 pBAD promoter, and Redp (or RecT) is expressed from the constitutive EM-7 promotet,
Overexpression of RecT relative to RecE, or Redf} relative to Rede, enhances ET-cloning
efficiency (in terms of amount of colonics on sclection plates). Finally, this plasmid -
constitutively expresses the Redy protein, in this case from the constitutive TnS promoter,
. which is necessary to inhibit the activity of the RecBCD enzyme present in most commonly

i) 10 used host strains (Murphy, 1991, J. Bacteriology 173: 5808-5821). If not insctivated,
RecBCD completely inhibits ET-cloning, probably because its exomuclease activity
degrades the linear DNA before it gets a chance to recombine. Thus, PBAD-aBy(tct)
constitutes 2 mobile system which can confer regulatable ET-cloning proficiency upon.
transformation of the recipient host strain. Given the inducibility of the mpm;iOn_qf_RecE _

15 or Reda, and the absolute requirement for both components of the recE/T and rede/p
systems to be eb-expresscd in order for recombination to-occur, the recombinogenic
window is limited to the arabinose induction time and the half-life of the least stable
component. Taken together with the facts that recA hosts will most commeonly be used, and
that the hosts will also either be recBC;, or a phenocopy of recBC- (due to the expression of

20 Redy), this means that the risk of unwanted intramolecular reombination is greatly reduged.

) A further uscful 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 t.hc'
.constitutive expression of Redy, and may also vary according to host cell factors, for .
example the presence of RecBCD.

25 Replication of pR6K/BAD-aBy requires the R6K origin and the Pir-116
protein (Metcalf er al., 1994, Gene 138, 1-7). The pR6K/BAD/«By, carries the R6K origin,
which-was obtained from pJP5603 (Penfold and Pemberton, 1992, Genel 18:145-6), the.
pir-116 replicon gene, which controls R6K o plasmid replication in bacteria, end 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 E. coli strain at greater than 200 copies per
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. introduced into pBAD-aB8y (Muyrers er al., 1999, Nucleic Acids Research, 27:1555-1557)
5 by ET recombination, thercby replacing the ColE! origin and the ampicillin resistance gene
originally preseaton pBAD-«By. Similarly, pREK/BAD/ETy and pREK/BAD/recT were
gen.cnted. The copy number of any R6K-based plasmid was found to be approximately two
times higher in comparison with the respective ColE1-based parental plasmid. Ina
) side-by-side comparison of pR6K/BAD/eBy and pBAD-aBy in a standard BAC subcloning
10" exercise, the R6K-based plasmid was found to work more efficiently (sec Figure 9B). The
R6K replication system present on these pR6K plasmids does not contain any significant
sequence homology to other replication origins, including p15a and ColE!. Morcover, the
R6K based plasmids-are compatible with any other replication origin. Thus, replication -
origins such as CalE! and pi54 can be included in the linear vector used-for ETsubcloning.
15

ET Subcloning
| Subcloning of a 19kb fragment including exons 2 and'3 of the AF-4 gene
. present on a_B._AC is shown in l'-'i'_gum 10. First, pREK/BAD-aBy was transformed into the
) 20 BAC carrying strain. Subscquently, the transformed strain was grown on LB medium
containing 15 sg/ml tetracyclin and 12.5 pg/ml chloramphenicol. The growing cells were
induced with L-arabinose for 1 hour, after which electrocompetent cells were prepared.
These cells were transformed by clectroporation with the linear vector, wfﬁch contained the
p154 origin of replication and the ampicillin resistance gene, 8-lactamase (bla), flanked by
.25 two homology amms of S0 nucleotides which direct bomologous recombination to the target
DNA on the AF-4 BAC. Recombinants were obtained after growth on LB plates containing
50 pg/ml ampicillin. N
As shown in Figure 10B, 5 independent colonies were selected for analysis.
DNA was prepared from S independent colonies, digested with HindIl, and analyzed on an
30 ethidium bromide stained gel. HindMII-digested correct colonies and the linear vector alone

hL,
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ET Cloning . _ ,

5 " Genomic bNAmalso be the direct source of targetDNA..-ls shown in the
experiment in Figure 11. In this experiment, the linear vector consisted of the ColE] origin
and the kanamycin resistance gene (kan), flanked by homology arms which direct
recombination to the lacl/lacZ locus present on the E. coli chromosome (see Figure 11A).
Genomic DNA was isolated from E. coli prelinearized by Xhol digestion. The lincar vector

) 10 and the prelinearized genomic DNA were mixed and co-¢lectroporated into YZ2000, which
endogenously expresses RecE/RecT. By selecting on LB plates containing 50 ug/ml
kanamycin, the desired subclone consisting of the lac/ and lacZ genes, the ColE! origin and

' kan was obtained. As shown in Figure 11B, restriction analysis of 16 independent colonies
contained the correct product (lanes 1-16). Lane 17 shows the linear vector; lane M shows a

15 1 kb DNA ladder as a marker (Gibeo BRL).

Another example of successful ET recombination cloning is shown in Figure
12. In this experiment, a fragment was cloned directly from mouse ES cell genomic DNA
using & homology arm cloning vestor. As shown in Figure 12A, which outlines the cloning

_ strategy, 2 neomycin resistance gene (neo) from mousc ES cell gecnomic DNA was

20 cmployed as the target DNA. The linear vector consisted of the ColE] replication origip

) | plus the chicramphenicol resistance gene Crr” flanked by two arms which were homologous

to the Tn5-neo gene. The required mouse ES cell line was generated by transfecting a
. fragment containing TnS-neo under control of the PGK promoter plus a poly4 tail.
Genomic DNA was prepared fram G418 resistance colonies, and sheared with a needle and

25 by phenol/chloroform extraction, creating lincar fragments of about 20-40 kb.

ET cloning was performed by co-clectroporating the linear vector and the
sheared genomic DNA into YZ2000, a JC8679 derivative (Clark, supra) in which the
restriction system, which degrades foreign methylated DNA, is partially impaired by
deletion of the mer4, mcrBC, hsdRMS and mrr gencs. Because overexpression of RecT

30 greatly enhances the overall ET recombination efficiency, YZ2000 was transformed with
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" An average of 25-35 colonies were obtained on LB plates containing 50 xg/ml
5 chloramphenicol. By re-streaking thesc colonies on plates containing 50 ug/m! kanamycin,
6 out of 30 colonies tested were found to grow by assaying TnS-neo expression. In Figure
12, panel B, restriction analysis of kanamycin resistant colonies demonstrated that all 6
colonies tested were found to be correct (lanes 2-7). The restriction pattern of a false
‘ positive, which grew in the presence of chloramphenicol but failed to grow in the presence
1) 10 ofkenamycin,is shown in lane 1. Al of these fulse positives contained the religated vector.
- An experiment showing a combination of ET subcloning and cloning is
shown in Figtire 13. The linear vector consisted of the ColEJ replication origin plus the
kanamycin resistance gene K. Each terminus of the linear vector consisted of a BstZ17 1
site and 2 homology arms. The homology arms present at the extremes of the .linm vector
15 (indicated by the smaller boxes in Figure 13) are komologous to the A phage target DNA.
The second sct of homology arms (indicated by the larger boxes) is homologous to the
laclHacZ 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. coli strain JC8679AlacZ. This
20 resulted in the subcloning of a 6.7kb ADNA fragment including the exo, ber, gam, rexd and
) cI857 genes, into the linear vector, thereby generating pYZN/A- PR. For the next ET
recombination step, a new linear vector was used, which contained the chloramphenicol
resistance gene cat flanked by mutated loxP 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 on pYZN/A-PR. This linear vector was co-electroporated with pYZN/A- PR into
the ET proficient strain JC8679AlacZ, resulting in the formation of pYZN/A- PR/Cm. From
this plasmid, the cat-containing A DNA fragment flanked by the two terminal arms which
were homologous to lacl-lacZ was released by BstZ17 [ digestion. * This fragment was used
to target the chromosome o_f 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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109& () - S0uesistanceigeng, as descrilpd Buckhelne/@l., 1996, Nucleic Acids Research,
24:3118-3119). YZ2001 thus carried the 6.7 kb A DNA fragment (exo——cl857) plus a
mutated loxP site on the chromosome. Since YZ2001/Cm allows heat-inducible expression
of the A genes exo, bet and gam, it is conditionally ET proficient. A similar strategy can be

7y uscdtogenerate knock-out constructs or to perform BAC modifications, for example.
10 Thus, the examples presented above demonstrate several approaches for

successful cloning and subcloning using RecE/T and Reda/B-mediated homologous ..

recombination.

The invention described and claimed herein is not to be limited in scope:by
15 the specific embodiments herein disclosed since these embodiments are intended as
illustration of several aspects of the invention. Any equivalent embodiments are intended to
be within the scope of this invention. Indeed, verious modifications of the invention in
addition to those shown and described herein will become apparent 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 citéd,_ the

contents of each of which is hereby incorporated by reference into the present application in
its entirety for all purposes.

25
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1. A method for introducing a double-stranded target DNA into a vector comprising
culturing a bacterial cell that expresses a finctional recombinase, said bacterial cell containing
(a) the target DNA comprising a first double-stranded terminus and a second double-stranded
terminus, and (b) a vector DNA cdmprising, in the following order along the vector DNA strand:
(i) a first double-stranded homology anm; (ii) an origin of replication; and (iii) a second double-

_ stranded homology arm, such that the sequence of a vector DNA strand of the first homology

3 arm is designed to be homologous to the sequence of a target DNA strand of the first terminus,
and the sequence of a vector DNA strand of the second homology arm is designed to be
homologous to the sequence of the target DNA strand of the second terminus, such that the target
DNA is inserted into the vector DNA between the homology arms.

2. A method for making a cell contammg a recombmant DNA molecule, said methed

comprising: P
a)  introducing a first and a second suand of a double-stranded vector into a cell, said
cell containing a double-stranded target DNA and expressing a bacterial _
recombinase, said vector comprising an origin of replication 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; I
) said target DNA compnsmg a target DNA sequemnce 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 homologous
recombination to occur.
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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 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’ to 5”: a first nucleotide sequence and
a second nucleotide sequence, wherein said first nucleotide sequence is
homologous to the nucleotide sequence of the first homology arm on said vector
DNA strand, and said second nucleotide sequence is designed to be homologous
to the nucleotide sequence of the first terminus on said target DNA strand;
said second oligonucleotide comprising a second oligonucleotide strand
comprising, in the following order, from 3’ to 5, a third nucleotide sequence and
a fourth nucleotide sequence, \\éhcygig_:_.said third nucleotide sequence is
homelogous to the nucleotide ;eqﬁeﬁcb: 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 saxd targct
DNA strand; and

) b) subjecting the cell to conditions that allow intracellular homologous

recombination to occur.

4. A method for making a céli coritaining 2 fecombinant 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 2 second terminus;
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10%& ()-! ) f &100& Qlc'h thS t;ig sequence of the first homology arm on said vector DNA strand is
designed to be homologous to the sequence of the first terminus on said first
target DNA strand, and the sequence of the second homology arm on said vector
DNA strand is designed to be homologous to the sequence of the second termmus
on seid target DNA strand; and

b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

5. A method for making a cell containing a recombinant DNA molecule, said method

comprising: .

a)  introducing a first and a second strand of a double-stranded target DNA molecule
and a first and second double-stranded oligonucleotide into a cell, said cell
containing a vector and expressing a bacterial recombinase,
said target DNA comprising a target DNA sequence and two 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;
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 arm;
said first double-stranded oligonucleotide comprising a first oligonucleotide DNA
strand comprising, in the followmg orﬂer from 3’ t0 5" a first nucleotide

) sequence and a second nucleotide sequence wherein said first nucleotide .

sequence is homologous to the nucleotide sequence of the first homology arm on

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 -follo'Wing' 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 [is] designed to be
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a)  introducing a first and a second strand of a double-stranded vector and a first and
a second strand of a double-stranded target DNA into a cell expressing a bacterial
recombinase, o
said double-stranded vector comprising an origin of replication and two homology
arms, in the following order from 5° to 3’ along said first vector DNA strand: a
first homology arm, the origin of replication and a sccond homology arm,
said double-stranded target DNA comprising a target DNA sequence and two
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;
such that the nucleotide sequence of the first homology arm on said vector DNA
strand is designed to be homologons to the nuclcotide sequence of the first
terminus on said target DNA strand, and the nucleotide sequence of the second
homology arm on said vector DNA strand is designed to be homologous to the
sequence of the second terminus on said target DNA strand; and '
b) subjecting the cell to conditions that atlow 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 of a double-stranded vector, a first and a
sccond strand of a double-stranded target DNA molecule, and a first and second
double-stranded adaptor oligonucleotide 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
first homology arm, the origin of replication and a second homology arm;
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homologous to the nucleotide sequence o hc first homology arm on smd vector
DNA strand, and said second nucleotide sequence designed to be homologous to
the sequence of the first terminus on said target DNA strand;
said second 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 anm on said
vector DNA strand and said fourth nucleotide sequence 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.

8. The method of claim 6 wherein the el fitfther 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 arms, and a second site-specific recombinase recogmtmn
site located inside the first and second homology arms; and durmg or after step b); 1nducmg

) expression of the site-specific recombinase. ST T

9, - 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 [first and second] 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. e .. '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
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109 ()mar er locate outside the first and second homology arms, such that the vector comprises, in
B either of the following two orders from 5’ to 3 along a vector DNA strand: i) the first homology
o arm, the selectable marker, the origin of replication and the second homology arm, or ii) the first
homology arm, the origin of replication, the selecteble marker, and the second homology arm.

13.  The method of Claim 12 wherein the selectable marker confers antibiotic resistance to the
cell containing the vector.

14.  The method of any one of Claims 2-11 wherein the bacterial recombinase is RecE/T or
Redo/f3 recombinase or both RecE/T and Redo/ recombinases. '

15.  The method of any one of Claims 2-11 wherein the cell is a bacterial cell. -
16.  The method of any one of Clai_ms .2-11 wherein the cell is an Z. coli cell.

"“17.© The method of any one of Claims 2-11 wherein the cell is eukaryot.tc cell that
) recombinantly expresses RecE/T and/or Red/§ 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 5° to 3 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
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22.  The vector of Claim 19 wherein the origin of replication functions in 2 mammalian cell.

- 23. A cell comprising 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, m the following order from 5’ to 3” along a vector DNA strand: a first
homology arm, the origin of replication and a second homelogy arm; such that the nucleotide
sequence of the first homology arm on 3 first vector DNA strand is designed to be hbmologous
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 cq!l of Claim 23 which is a bacte_rial_cell.

25. A kit useful for directed cloning or subcloning of a target DNA molcculc compnslng in
one or more containers: _
_ a) - adouble-stranded DNA vector useful for directed cloning or subclomng ofa SRS
) - 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
arm; 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 2 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; and
b) a cell containing a bacterial recombinase,
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1 Vst 1 100 (2 ?‘?‘“@%392‘%&%? F@Bé%fﬁﬁc]@fm*% et R0 ool somerisiog i <1

10@100/&“6)0"@5%0 gaipers) - | ms/ " 10% (& ()-!; | ) | .
" 109 () - 4y, a{lO%’a doublel i éd DRA ek Ge for @fted dloning Pvclontry di () -

1098 ()-G)" Lo%ErBE arget ISI)WA 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
~ arm: and cooee TR

b) a first double-stranded adaptor oligenucleotide comprising a first oligonucleotide
DNA strand comprising, in the following order, from 3’ to §'; a first sequence
and a second sequence, wherein said first nucleotide sequence is honiologous to
the nucleotide sequence of the first homology arm on said vector DNA strand, and
said second nucleotide sequence is designed to be homologous to the nucleonde
sequence of a first terminus on a target DNA strand;

c) a second double-stranded adaptor oligonucleotide comprising a second
oligonucleotide strand comprising, in the followmg order, from3'to 5" a th1rd
nucleotide sequence and a-fourth nucleotide sequence, wherein said third
nucleotide sequence is homélogous't the nucleotide sequence of the second

| homology arm on said vector DNA strand and said fourth nucleotide : sequence 1s"f'
RS -1 designed:to be Homologous to the nucleonde sequencc of a second _ rmnius oh LA
) v sald tarbet DNA strand; and S ‘
d) a cell containing a bacterial recombinase.

29, Thé kit of Claim 25 or 28 wherein the cell is an £, coli cell,
30.  Thekit of Claim 25 or 28 whcrcin the cell is a frozen cell competent for uptake of DNA.

31, Akit useful for directed cloning or subcloning of a target DNA molecule comprising in
one or more containers:
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10! s(! 10% & (B)- ' Slofisskdquyble-suiedadaptdr oligonucleotide comprising a first oligonucleotide

DNA strand comprising, in the following order, from 3' to 5”: a first nucleotide
sequence and a second nucleotide sequence, wherein said first nucleotide
sequence is homologous to the nucleotide sequence of the first homology arm on
said vector DNA strand, and said second nucleotide sequence is designed to be
homologous to the nucleotide sequence of a first terminus on a target DNA

.,) . strand; and |

h c) a second double-stranded adaptor 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 sequence is designed to
be homologous to the nucleotide sequence of a second terminus on said target -
DNA-_ strand. '_ o :

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
- ol:gonuolcotndc, and the second. double-strandcd ohgonucleotlde are pu‘nﬁed

| | 3:4 The kit of Clalms 25 28 or 31 whcrcm the target DNA molccule compnscs bactenal
viral, parasm:, or protozoan DNA. L :

35.  The kit of Claims 25, 28, or 31 wherein "die_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 Re¢E/T or
Redco/f recombinase or both RecE/T and Redwﬁ recombinases.

37.  The method of any one of Clalms 2 1 l wherem the target DNA is known or suspected to
be associated with a disorder or disease when genetically mutated.
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sequences present in DNA of the infectious agent.

&9 HEB U

43  The method of Claim 41 or 42 whcrem the infections agent isa vuus, bacteria, protozoa,
fungus, or parasite. :

44, " Amethod of detecting the presence of a genetic condition, genetic disease,
genetic disorder, or polymorphic trait comprising carrying out the method of Claim 39, wherein
the-target DNA is derived from.a patient suspected of having a genetic: 'b;oﬁ'di'tion, disease; > 8108

- dlsorder, or polymorphxc trait .and the sequence of the first homology: nrm is homoldgous 1the

- sequence upstream frofh a site known or suspected to be associated With'tlie genct:c condmon -

disease, disorder, or polymorphic trait, and the sequence of the second homology armis ~~ *; '
homologous to the sequence downstream from a site known or suspected to be associatéd with  **
the genetic condition, disease, disorder, or polylnorphic-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 is 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 homologous ta the sequence upstream from a site known or suspected to be
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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
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54 = - Themethod of claim 51 or 52 wherein the origin of i'eplication functions in E
T L coli, - o e T P P e
>) E T The method of Clalm 51 or 52 wherem thc origin of rcphcanon functlonsm a
mammalian cell R
56. .. Amethod for making a recombinant DNA molecule comprising making 2 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
veclor and expressing a bacterial recombinase; and

c) subjecting the cell to conditions that allow intracellular homologous
recombination to ocour,



MUAO0%K=+KE ()- 1Y+310%+& ()- y) #10%=+k& ()- f3(1 10%+& ()- h| obusto’ TEB AV

f@10%& ()-Y10=+10=+10=+ fS; 10%+& ()- f@ 10%+& ()- f6 10%+& ()- f5S
10%+& ()-B|[:bU410 f f & 10%& ()- f 10%& ()- fFL0%& ()- f#10%& ()-
f,110%& ()- F@LO0%& ()-FLN[:bU410 f fLI10%& ()- fY I'10%& ()

-f310%+& ()- f410%& ()- /@@10%-*&' ()-. f° "10%& ()-FNx| [ : bu410 f
f9910%& ()- f9F110%& () - 10%-& B4 ) 90w +*& ()- 9 10%& ()-
f"110%& 5) M/U410 , f M 10%;+& ()- s10%+& ()-Y f10%+& ()-

_(y10%:+&-() - 10+10ATnethed fyymakitg a gembingnt- DMA:mqleGul@ SomiprigingméaRing qouble-

&10%
(L 109 a e Yectoraberdiigio g method ?4%‘% ot fur %%%é% Stp80f) g
f10%+& ()- f] (u10%:+& ()-10=+10=+d"v| [ : A410=+ stHl 10%=+&' (
f9-110%+& ()9 + intred ‘targetD &m@man@e yedgor into alwbmcgn $
C 109 & () - Sempréeding albacteRiRPMBE hBinage; ard0%0' & () ff10%(& ()-
, &109=( T& ()- 10=+10=+10=+ 1$10%;+& ()-1/ MN[:vU410 f f° 10%(& () ff

ot th & 3. w 9B bessliasmils %MS i cothlardoprelogoys ¢

10%:(& ()- f 10%redirthinatioh tb @b, OVpll1: bU410f 0#109% & () VH#10% & (). - f
f'110% & ( "MBL0% (1 & ()-@f @10%& ()-f f10% & ()-[8ji TU|[:-410(f

) f
*$109% &g() - L L * / #10% &
#10%4 §)U\/WI Wﬁ@h@%}%@n&%ﬁ f\#&”["ﬁ’}" m&glO%j*(B& ()-z
fyf10% *- & (3 As' 10% *& () - 10(10 @15 AL10(f f +t$10%'* & ()-

(10% C&- & () B SF mg firg'ang swon &awmoﬁgmmoko@wwwn(sm&

£ 510% & & ()l'nét%k@nﬁo@ﬁhﬁ%bgmﬁﬁscsfa\/ﬂﬂ%@oﬁﬂd cckidc DNA §irdng F10-) - 10-) - 10-) -

f 5)$10% & % W10 f f -#10%&' f fyl0%& L
£3° $10%+&)() “i‘B%fé?'t‘g E? sﬁﬁ&&&%‘gﬂ‘i%@%& mtﬁ? catide ) +1 0
f @1 $10%& §dqubhcd Suid fitdimicleptide Seqiente beiky %ﬁ%&ﬁda&nﬁx#lo% & ()-

10918 (). %*f“%@%ﬁ?*%fﬁffﬁ%&%ﬁf% ax%fi%f% DRt eiond, 1 0 v () -

y, M 10%9* +o&me91cotldre#§mwbqrps hotologogsite thid nucldotids Safhewc(of affirkt4 10

o 109 qel TS VBN i e il )

t Hf 9F( 109 & f‘)glpl?seiﬁ &?'69 nugleotide strand comprising, foom 32tq 5, amhqq - 410=+f
f yy2z#10%+&fclecfliic kequlekdddr aStotth nuélediftfidstduchis, sdid3hifd mlY&stidd

R T e

:/3: 10(;/&5& () - #muarosgidyveéctor DNAIdeid 8hd Jaid fduoﬁh)tilblé&‘i&*s&q@nce béing' 10%& () -
f }Diml/dgcyﬁ E&) (%‘Lf w&gg‘%mg&g@gg%qﬁfw ?“ﬁﬂ\%ﬂ’i%‘g‘f ﬁ%&ﬁ‘%&% )-y f

g10%+& () - f1109%+& ()- T @L0%+& ()- £3(10%+& ()-Y
<| [ “NA41010 fy  §- &10%1)& ()-yfy "GLO%+& ()- fy $10%+& ()-Z
f @#10%A+& () - fWH@émz&ild&?c(:ﬁor cOmpASes akofiyin ALTSKpEL)

10=410=+10= +a{§n R ?Jdgééﬂf/ﬁé ag%aggje(ﬁ@,égé@%)a]%t-_:lo%-& ()-

\y& G+10%) &
f Sf #10%s +s & Homodpgy: &y 98 o gin(of replicatiaranmtcsicend htnalegy Ay 1010s+s10s+s510s+s

ffl $10%+s& ()-- fy0- 10%+s& ()- fO(y) 100/60/6& - & %%WO0WwW*& ()-

F OS#10%s( S& () - <Kilgk &
£3" 10%¢G<(&S()()s { sl /hh%&jgb JaiDN ocy?'g’/#'ﬁ Zﬁ F?\?Pﬁig%ﬂ&gé(%%ﬁ -
bP3" I, 10%&&' () - ol 3(‘)’ @‘ﬁ)% Siaalong tgang) a first

y S, 3°/<10°/G( &r(ﬁmus,afarﬁéﬁmq’ﬂ&e@encé and 95dddddtetmikdsd & () - Y10#, 10#, 104,
155GL0%, & ()-z fY110%, & ()-g ff,s$10%, & ()- M b3 |, 109&& ()-,/L9|[:bua10

f fsQLO% & Fle"Jc £ 10% Z fS$ %&'()-y
f,10% & () - %’% 'Lgp /’6%&(‘% e, W@&f@“‘g&? w&@“d&d ) 10%.9
1& ()" fSY"" 10vphgonucleotid® 06 o8l (spid cell containing a vector and expressing a

) bacterial recombinase; and




, $10%84 % & ()- T|obU410 f'"10%/, & ()-310*10*10* f63 10% & ()- =9 FEB 2004
1,,&310% Ot& ()-z f @10% & ()- 6@ 10%*p& ()-Al[:bU4l0 f fSs!10%, & ()-°
j T$10% & ()- PF$1I0%7, P& () - Pf$10%{&() ?f$1098 *3 & ()--
fS10%/, & ()-|[: bW10 f fSs!10%, & ()- F810% & () -7 PESLOWP7, P& () -
-Pf$100/¢( & ()-" 1" &109Y#& () - 0 Ss! 109 ) - Nor mal " Headi ng 13] c"

"Headi ng 23] c" "Headi ng 33]c" "Headi ng ]c" "Heading 53]c" "Heading 63]c"

"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font x#. 8A0KU_t)p: y 2subjectitg thbmeﬂ&@lcﬂdmom that 348 iptdcellwlavidirologous

"$&(*, . 02468: <>@BOEEM QEF? o fh] | nprtvxz| ~ s +b5; DKU] emNF} .~ Uo$um
ai-#K, 16@5NR$VDZm aelrnr< ﬁ "I'(+/ 36P=\ DIDQV*"%%9kpuzB TpS
I"#S9R () *+,-./0123456789: < >’?@\ #ax \ Bpl" % s(+. 114s6Q0; #;
<W?6BDE| HmeMmmommakjnammmtﬂH@md@ule comprising:
En2" HS& QCLS3TgOun[ 2c/ K'5 ::e! $$&6) +- F-/12; AN66( 9=@ @A\CEG, | CJ4L;
CI?BSTU\/\DZ\ )] "gvcef lsago

Sl +K++++3 f ﬂ?qbdﬁi@%&@ﬁﬂ 5 4%@%%@%&%&05@@%&%&5 wherein said

P=27?A( D\ DEHKLIiE® 1@5‘-’1@9@]@ °BE@H%§5E@F&9§E{1MPW@H&@<() 9TBCDEFGH JKLMN
OPQRSTUVWKYZ[cohrprisinge Heindiito BY, arfirtaiuslentideeégidnke and a second nucleotide
" #PU& ()*+ -. /012345,
<=>? @\BCDEFGH WW&%@W&?? Joquengs baing molqsens inthe pukleptide | 1 ~6Ti nes
New RomanAr i ab@mcc efa ﬁm\hd)mEhgy afron yWectodEDNA®Rh and said second

<23 @acber P STTRCRRNDRs beipe bpmolosous to fhe nycleqtide gequenes oFASY (| -

| #SUE () * +, jeqml;_s t DNA strand, and wherein sald second oligonucleotide

fﬁz %BE:)DEEG_&.);. YRR AN dtide BRI @nHsing) FORPATS sUKya (|~

L b TR R CARIYe A BN uClsgdtoghngss b vl | -

I #BUR () * +, seq’ueﬂ&w{‘gﬂﬁﬁnologous to the nucleotide sequence of a second homologg'l )

<= >"@\BCDEFG!{4["\] Wg%c? Tb%.lk\xs\{ra[n}i]ast 9 I urthmc eol'lcrircn ge%ﬂér?cg emg

homologous to the nucleotide sequence of a second terminus on said target
DNA strand;

b) intreducing the vcctor, the target DNA, and the first and second double-
stranded ohgonucleotxde into a cell expressmg a bacterial recombmasc, and

c) subj ceting the cell to co_ndmons lhat allow intracellular homologous
recombination to occur.



