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METHODS AND CO~fPOSITIONS FOR DIRECTED CLONING · 

AND StJBCLONJ.NG USING HOMOLOGOUS RECOMBINATION 

1. INTRODUCUON 

The present invention is directed to mcihods and compositions for DNA 

cloning and subcloning using bacterial recombinase-mediated homologous recombination. 

In a specific embodiment, RecE/T or Reda/I} reconi\;inases, or any functioually equivalent 
. . 

10 system for initiating bacterial homologous recombination, such as elf from phage P22~ are 
.used. rn panicular, the inVention relates to cloning methods, diapostic methods, 

compositions comprising polynucJeotides·useful as.cloning vectors, cells comprising such 
. -

polynuclcotide. compositions,_ and kits useful for RecFJT and ~p mediated clo~g. 

15 . . 

2. BACKGl\9VND OF THE JNVENTION 

DNA cloning and subcloin. in E. coli arc fundamental to molecular 
. . 

biology. DNA cloning refers to the process whereby an origin of replication is operably . . 
linked to a double-stranded DNA fragment, ~propagated in E. c:oU, or other suitable host. 

20 DNA subcloning refers to the process whereby a double-stranded DNA £ragmc:nt is taken, 

ftom a DNA molecule 1bat bas aheady been amplified, either in vitro,. for example by PCR, 

or in vivo by propagation in E. coli or other suitable host, and is then linked to an operable 

origin of repliQtion. Cloning and su'beloning in E. coli is typically perfoJDled by ligating 

the ends of a DNA fragment to the ends of a linearized vector containing an E. coli origin of 

25 replication and a selectabl~ marker. The selectable marker is inc;Juded in the vector to 

ensure that the newly cloned produc~ the plasmid cozrtain;ng the insert, is retained and 

propagated wh~n introduced into its E. coli host cell. 

Conventional cloning methods have certain limitations. For example, since 

conventional cloning requires the use of restriction enzymes, lhc choice of DNA fragments 

30 is limited by the availabil~ty of restriction enzyme recogDition sites in the DNA region of 
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interest. Restriction sites must be found that cut the boundaries o~ but JlOt within, the 

desired DNA tiagment. Since most useful sestriction enzymes cut filirly frequently, the size 

of the linear DNA fiagmcnt made is also limited.. 

· The im:!msing use ~f the ~lymerase chain reaction (Pelt) for generating 

5 DNA ftaplmts presents a second major drawback to conventional subcloning. The ends of 

PCR. products are inefficient in ligation readions due to non-templated nucleotides added to 

the 3' termini of amplified PCR produds by ~ilc polymerase. Fmihcniioie, the . -

use of PCB. en1ails a high ri~ of mutations. Thus, molecular biologists have ~bed for 

new, mom eft"=tive methods for cloning tiqments of DNA, particularly.when such .. - . 

18 ftagments are longer than those collVCJliendy accessible by restriction .enzyme or PCR 

methodologies. 

. _Homologou_s .~bination is an altemative approach for clo~ and 

subcloning DNA ftagments. Methods for subcloning PCR pioducts in E. ~oli thii"isxptoii . 
the host's homologous ncombination systems have been described (Oliner et al., 1993, 

15 Nucleic Acids Res. 21:5192·97; Bubeck et al., 1993, Nucl. Acids. Res. 21:3601-3602). In 

such methods, PCR primers. designed to contain terminal sequences homologous to 

sequences 1oc:atod at the mids of a~ vector, are used to amplify a DNA fiagment of 

interest. The PCR. product and the lilleariml vector are then introduced into E. coli. 

HomolOFUS recombination within the E. coli host cell tesul1s in insertion of_the PCR . -

20 product sequences into the plasmid vcc:tor. Although these methods have been~~~­

usciUI for subcloning PCR iagments, they have not been applied to subcloning J9111 DNA 

ftagments, or to cloning DNA fiapnents of any si7.c. 

Another method ~bes an in vivo subclcming method in which two linear. · 

DNA molecules, ono of whidi bas an origin of replication, and·wmcb have lq qi.om of 

25 homolo&Y at their ends, are used to transform an E. coli sbcBC host cell. Homologous 

recombination occurs in vivo, and results in Ciicularization and propagation of the newly 

formed plasmid (Degryse, 1996, Gene 170:45). Subsequently,~ ability of E.·colilbcBC 

host cells to mediate homologous recombination has been applied to subcloning large DNA 

fragments fiom adenovirus aiad herpes vbua genomic: DNAs (Chartier et al., 1996, J. Vuol. 

30 70: 4805; Mcsserle, et al, 1991, Proc. Natl. Ac:ad. Sci. 'USA 94, 147S9-14763; He, 1998, 
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Proc. Natl Aead. Sci. USA 9S:2S09·2514). As described, cad1 subcloning by homologous 

m:ombination in E. coli 31JcBC host cells iequin:s at least .two ·preparatozy subcloning steps 

to position long homology zegions either side of an E. coli oriaill of ~lication. 

Furth«~ DNA ~Ding_inE coli sbcBC strains bas not been cleScribed. 
5 Rcccmdy, homologous iecom~ mediatCd by either itccEIRecT 

(RecEfl') or RcclalRedP (JledcrlP) has ·been shown to be usetbl for manipulating DNA 

molecnles in E. coli (Zhang ct al, 1998, Natum Oenetics, 20, 123-128; Muyrers et~-! 1999, 

Nucleic Acids Res. 27: J SSS·lSS1). 1bese papers show that, in E. coll. any imaa, 

independently replicatin& circular DNA molecule can be altered by~ or RedaJP · 
10 mediated homologous· recombination with a linear DNA fragment flaukecl~ by short regions 

' ' 

of DNA sequence identical to Rgions present in the cimdar molcwle. Intcption of the 

liDear DNA fragment into the s;ircular molecule by homologous recombinatJon rephac:cs 

sequc:aces between its flanking sequences and the conespondiDg sequences in the circular 

DNA molecule. 

15 Citation of a refcleuce herein shall not be CODStmed as au admission that 

20 

such is prior art to the piaent invention. 

3. SUMMARY OF THE INVENTION 

The present invention provides methods and compositions for DNA clonU;ag 

and subcloning using bacterial rcc:ombinasc-mediated homologous.m:ombination. The 

bacterial.iecombinase is preferably RecEIT and/or Redllfl'. Methods can be used to ~~one, 

sobclonc, propagate, and amplify a polynucleotidc or :mix.tme of polynucleoticles of interest 

usiq a vector~ short regions of DNA homologous to sequences flanking a 

25 designated taipt DNA sequence of interest and an origin of replication. 

In one embodiment. the invention provides a inethod for introducing a 

double-stranded target DNA into a vector oompri.sing culturing a bac:terial cell that· 

expresses a fimcricmal recombinase, said bacterial cell contafning (a) the target DNA 

eomprising a fizst double-stranded terminus and a second double-stranded tenninus, and (b) 

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

-3-



WOOl/04288 PCT/EP00/06533 

double-stranded homology mm (i11 an origin of replication; and (iii) a second double­

stranded bOmology arm, such tbat the sequence or a vecto~ DNA strand of the first 

homolo&Y ann is homologous to the sequence of a target DNA strand of the first termious, 

amt the~~ of a vector DNA mind of' the second homology~ is hmDologous to the 

5 sequence .of the tziet DNA strind of the secoDd terminus, sUch that the tmget DNA is 

imcited into the vector DNA between the homology arms. 

In ~lher embodiment, a method is pzovicled for malring a recombinant 

DNA molecule comprising: a) in1roducing a double-s1randed vector into a~ said cell 

containia1 a double-stranded tatpt DNA and expnssing a bacterial recomhinase, siicl · 

18 vector. comprising an origin of replk;ation and two homology arms, in the following order 

&om S' to 3' along a vector DNA strand: a first homology arm, one sttand of the origin of 

replication. and a second homology arm; said target DNA comprising a tqet DNA 

sequcncc and two tcnnini, in the following order, from 3' to S' along a target DNA strand: a . 

- first tenninus. the target DNA sequenCe, and a scc:ond terminus, such that the.sequence of · 

15 the first homology arm on said vector DNA strand is homologous to-the seqoence of the 

first terminus on said taraet DNA strand. and the sequence of the second homology arm on 

said .-vector DNA strand is homologous .to 1hc sequence of the second terminus on said·target 

DNA strand; and b) subjectiag the cell to conditions that allow mtracellular homologous 

recombination to occur. 

20 . In another embodiment. a method is provided for maldng a r=ombinant • 

DNA molecule comprising: a) introducing a double-stranded vector and first and secon4 

douhJ.e-stranded oligonucleotides into a cell. said cell containing a double-sttandecl 1lqet 

DNA and expressing a bacterial rccombinase,: said vector comprising an origin of 

replication and two doublc-slralldcd homology mm. in the following order fiom S' to 3' 

25 along a VcdOr DNA strand: a fhst homology ann. the origin of replication. and a second 

homology arm; said tmget DNA comprising a taqet DNA sequence and two double­

stlallded termini, in the following order, from 3' to S' along a target DNA strand: a first 

terminus, a target DNA sequence, and a second temJinuS; said first oligonucleotide 

comprising a first oligonucleotide DNA mand compdsing. in the following order, fiom 3' 

39 to S': a first DUdcotide sequence and a second nucleotide sequence, said first nucleotide 
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sequence being homologous t0 the nucleotide sequence of the first homology arm on_ said 

vector DNA strand. and said second nucleotide sequence~ homologous to the 

nucleotide sequence of the fitst tenninm on said target DNA strand;· said second 

oligonucleotide comprising a~ oli~ ~comprising, ill the toµo~ 

5 order, ftom 3' to S', a third nucleotide sequence and a fourth nucleotide sequence, said tbird 

nucleotide sequence being homologous·to the nucleotide sequence of the second homo~ogy 

arm on said vector DNA strand and said fourth nud~dc sequenee being homologous to 

the nucleotide sequence of the 5"on.d tmninus on said tatget DNA s1rand; aDd b) 

subjceting the cell to conditions that allow intracellular hOmologous rsombinacion-to occur. 

10 In another ~bodiment, a method is provided for making a recombinant 

DNA molecule comprising: a) introducing a.double-stranded target DNA molecule into a 

cell. said_ ccll -eontainina a vectot and expressing a bacterial :recombinase, said target ~A 

comprising a target DNA sequence and twQ doublHtnmded te.rmini, m the following order, 

ftom 3' to S' a1o.oa a target DNA strand: a &st tamilaus, a tazpt DNA sequence, and a 

15 $OCOlld ienniDus; said vector comprising an origin of fC}Jlication and two homology arms, in 

the following onlcr flom ~· to 3' along a wctor DNA sttand: a first homology azm, the 

origin of replication ·and a second homology ams; such that the sequence ~f the first 

homology arm cm iaid vector DNA strand is hm:nologous to the~ of the first 

terminus Oil said target DNA strand, and the seqwmcc of the second homology arm on s;Dd . 

20 vector DNA straDcl is homologous to the sequmce of the second tenninus on said :target • 

DNA strand; and b) subjeetiag the cell to eonditions that allow imraccllular h~lopus 

recombination to occur. 

In another embodiment, a~ is provided for making a recombinant . 

DNA molecule comprising: a) introducing a double-sttandecl target DNA molecule and a 

25 first and second double-stranded oligonuclcotide into a cell, said cell cxmtaining a vector 

and expiessing a bacterial recombinase, said bqct DNA comprising a target DNA ~ 

and two termini, in the following mder, mm 3' to S' along a target DNA strand: a first 

terminus, a tuget DNA sequence, and a second terminus; said first oligonudcoticle 

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

30 to S': a first nucleotide sequence and a second nucleotide sequence. said first nucleotide 
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sequence being homoloaous to the nucleotide sequence of the first homology ann on said 

vector DNA strand, and said second nucleotide sequence~ homoloaous to the 

nucleotide sequence of tb.e first teaninus OD .said 1Bf&9l DNA Slralld; said second 

oligonuclcoticle comprising a second oligcmuc;leotide ·strand coniprising, in the fol~owinl 

5 order, fiom 3' to S', a 1bild nucleotide xquencc IUld a fourth nucleotide sequence, said third 

mdeotidc aequencc being homologous to the nucl~tide sequence of the second homology 

arm on said vc:etor DNA strand and said founh nucl~de sequence being ~logous to 

the nucleotide sequence of the $8Cond terminus on said target DNA strand; and said vector 

comprising an origin of zeplication and two homology arms, in thC following order.from. S' 

10 to 3' along a vector DNA strand! a first homology arm, the origia of ~llcation and a . 

second homology mm; and b) subjcdiag the cell to conditions that allow intracellular 

homologous recombination to oa:ur. 

In another embodiment, a method is provided for me¥ng a recombinant 

DNA moleculc·C0111prising: a) introducing a doublMuanded vector and a doubl~ 

· JS iaiget DNA into a cell expmsing a ~al n:combinase, said vector comprising an oriain 
of sep)kation and two homoJoay ~in the followina order from S' to 3' along a vector 

DNA strand: a first homology arm, the origin of iq>lieation and a second homology mm, 

said target DNA comprising a target DNA sequence and two termini• in the following order, 

l:om 31 to S' along a tarpt DNA strand: a first terminus, a target DNA sequence; and a 

20 · .sec:ond terminus; such tbat the nucleotide sequence of the tiISt homology arm on said vcttor 

DNA strand is homologous to the nudeotide sequence of• first terminus on sai~ target 

DNA strand, and tile nucleotide sequence of the second homolo11 mm on said vector DNA 

~dis homologous to the sequence oftbe ~terminus on said tars~ I).~A .~; and 

b) subjecting the cell to conditions that allow intracellular homolOgous ncombinati~ ~ 

25 occur. 

In a spcelfic embodiment oftbis method the host cell further mntains a 

nucleotide seqwmee ~a lite-specific iecombinase operatively linked to a pomotc:r, 

aDd the vcctor iUrthcr comprises a first and scccmd rcc:ognition site for the sitc-spcdfic 

recombinase, a first recognition site loc:atcd outside the first and second homolol)' arms, 

30 and a second site-specific iecombinase recognition site lcx:ated inside the first and second 
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homology Inns; and during or after step b), inducing expteSSion of the site-specific 

leCOJlllnnase. 

ID another spcdtic. embodiment of this method; the host cell fiuCher contains 

a mdcotidc sequence encoding a Bi~ ~ealfi opeiati!dy linked to a 

5 piomotcr, and the vector Jbrdla' comprises a !CCOpition site for the site-specific 

endonucleuo located inside the first and second homology anns; and during or after step b}. 

ind.nciq 8X]RSSion of the site-specific~ 

In another emlwliment, the inventions plOvides a method for making a 

recombinant DNA molcculc comprising: a) illtroduoing a double-stranded~' a~ 

10 stranded tuaet DNA molecule, and a first and second double-stranded ollgonucleo1ide i;nto 

a cell expcessing a bacterial recombiDase, said~ comprising ID origin of ieplication 

and two doublo-stnnded homolOI)' arms. in the following onlcr from S' to 3' aloq a vector 

DNA strand: a first homolOBY arm, the origin of replication and a second homology~ 

said 1arpt DNA comprisiDg target DNA scquese and two double-slrmlded tcrmild, in the 

15 followhig ender, iom 3' to 5' aloag a l8rgct DNA strand: a first. terminus. a target DNA .. 

sequence, and a .second tmminus; said tint oligonucleotidc comptising a first 

oligonuclcotide DNAsttand;CC>lD]Jlisiag, in the following Older, fiom 3' to 5': a tint 

· nucleotide sequac:e and a second nucleotide sequence, said first nucleotide sequence being 

homologous 10 the nucleotide sequence of tho first homology mm on said 'Veclm DNA 

20 slraDd, and said second nucleotide sequence being homologous to the sequm:e of the first 

tmnhms on said target DNA stlaDd; said second oligonucleotide comprising a~ 

oligonucleotidc stmd comprising, in the tallowing order, from 3' to S', a thild nucleotide 

sequeace and a fourlh nuoleotide sequence, said third nudcodde $eqUeDCe being 

·homologous to the nucleotide sequeilGe of the SCCOAc1 homology arm on"said vector DNA 

25 stzand aud said fourth nucleotide sequence being hcmio.logous to the nucleotide sequence of 

the second termhms on said tarpt DNA sttand; and b).subjecting the eeU to conditions that 

allow iatraccllular homologous recombmation to occur. 

In a specific embodiment of ibis method, 1hc host cell fUrthcr contains a 

Duclcotide sequence aocliDg a·~ iecombinase operatively linked to a promoter, 

30 and the vector 1Udher comprises a first and second rccopition site for the sitc.specific 
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recombinase, a first iecognition site located outside the filSt·and second homology arms, 

and a second sitc-apeciiic m:ombinase regognition site loc;ated inside the first and second· 

homology arms; and during or after step b), inducing expression of the si~tic 

recombinase. 

5 In another specific embodiment of this method, wherein the host cell fUrthCr 
concaim a auclcotide sequence en.coding a site-specific endonuclease operatively linked to a 

. . 
promoter, and the vector fbrther com.pdses a · recogni~ sitc fbr the site-speCjfic · 

endonuclease located inside the tint mad second homology arms; and during or after ·siep bh 
indueing expnssion of the a-specific Cildonuctcase.· 

10 In specific embodillicnts the vector tUnher comprises a sclCWlble m~ 

located oU1sidc the homology arms. sw:h that the vector~ in either of the . 

following two oidcrs from s• to 3' along a vector DNA strand: i) the first homology arm. 
tbe selemble marker, the oripi of Rp~OD and the second homolCJIY arm, o~ ii)~ first 

homology ann; the origin of replic:ation, the selectable marker, and the second homology 

15 ·arm.·· In a specific embodiment, the selectable marker confers ~biotic .iesi~ce to the 

cell containiq the vector. 

·Iii various specific embodiments, the bacieria1 recombinase is R.ecElT or 

Redu/P recombinase or both RecEf'f and R.eda/P. In other spccilic embodiments, the cell is 

a bacterial cell. In other specific embodiments, the cell is an E. coli cell. In other specific 

20 embodiments, 1he cell eukaryotic c:ell tbat rccombinantty expresses RecFIT and/or Redw1' 
pzotein. In other specific embodiments, the method &rd= comprisCs isolating a 

iecombinant DNAmolcc:ule that comprises the mget ~A imerted into the vector • 

. Ia another embodiment, the invention provides a clOUble-stranded DNA 

veetor usefill for dira;ted doning or subcloning of a 1arget DNA molecule of interest, said 

2S vector comprising an origin of replication and two homology anns. in the following order 

·~ s• to 3' along a vector DNA strand: a first homology arm, the origin of ieplication and 

a second homology BllD; such. that the nucleotide sequence of the first homology arm on a 

first vector DNA straDcl is homologous to 1he sequence of the :first terminus on a first 1argCt 

DNA strand, and the nucleotide scquonce of the·SQXQ1d homol0gy arm on the first vector 

31 DNA strand is homologous to the nucleotide seq\ience of the second tenninus on the first 
. . 
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target DNA strand. In a specific embodiment of the Vector, thC origin of ieplication is a ... 

bacterial origin of replication. In another specific embodiment, the oriain of replication 

funclicm in E. coli. In another specific embodiment, the origin of ieplication fimctions in a 

mammalian Gell. 

1be invention turther ptl7\'ides a cell comprlsing a double-stranded DNA 

vector us~ for directed cloning or subcloning of a target DNA molecule of interest, said 

vector comprising an origiJl of replication and two homology arms, in the following order 

iiom ~ to 3' along a vector DNA Sl?$lld: a first boinology arm, the orip of .replication and 

a second homolol)' arm; such that !be nucleo1id&t sequenco of the first homology mm on a 
. . 

10 first vector DNA strand is homologous to the sequence of the first terminus on a first target 

DNA~ and the nucleotide sequcncc of the second homology arm on the fiat vector 

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

target DNA strand. .In a specific embodimmt, the cell is a bacterial cell. 

The invention fbrther'providcs a kit useJW for directed cloning or subcloning 

15 of a target DNA molecule comprbjng in one or mqrc contaim:m: a) a double-stranded DNA 

vector usefial r~ directed cloning or subcloning ~fa target DNA molecule of interest. said 

vector comprising an origin of rcplieation and two homology arms, in the following order 

from S' to 3' along a vector DNA strand: a first homology arm, the origin of replication and 

a ~ond homology mm; such tbai the nucleotide sequence of the first homology arm oa a 

20 first vector DNA strand is homologous to the sequence of the first tcnninui 011 a first ~get 

DNA s1raad, and the nucleotide sequence of the second homology ann on the r~ vector 

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

target DNA strand; and b) a cell contaioing a bacterial recombinasc. In a speciti~ 

embodiment of the kit, the homology arms have sequeilce homology to a BAC, PAC. 

2S lambda. .plasmid or YAC based cloning vector. In another specific embodiment of the kit, 

the first and second double-stranded oligonucleotide have nucleotide seq\ien.ce homology to 

a BAC, PAC, lambda, plasmid or YAC based c1c;ndng vector. 

Ill another cm~ a kit useful for ctimcted clohing or subclOniag of a 

target DNA moleoule is piovided compiising in one or more containers: a) a double-

30 stranded DNA vector useful for diftcted elonistg and subcloning of a target DNA moleeule 
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of interest, said wctor comprising an origin of ieplication and two homology aims, in the 

fallowing onlcr &Om 5' to 3' along a vector DNA strand: ~first homology arm, the origbl of 

nspllcadon aud a second homology arm; b) a fizst doublc-stnmded oligonucJeotide 

comprisina a first oliaozwcleotide DNA strand~ in the following order, flam 3'· 

5 to S': a first sequence and a second sequence, said first nucleotide sequence beins 
. homologous to the nucleo1ide sequence of the first homolol)' mm on said Vector DNA 

strand, and said second nucleotide seqwmce being ~ologous to the nucleotide sequese 

of a first tcrminm on a target DNA strand; c) a second clouble-Stlmded oligonudeotidc 

comprising a second oligOuucleotide straUd c:ouapriaiDg, _in the following order,.~ 3' to. 

10 S': a third nucleotide sequence~ a fourrh nucleotide sequence, said thUd uucl~de . 

sequence being homologous to the nucleotide sequence of the second homology mn ~n said 

vc:gtor DNA strand and said fourth nucleotide sequenee being homologous to the nucleotide 

sequence of a second tenniaus on said target DNA strand; and d) a cell~ a. 

bacterial m=Omtiinase In a specific embodiment of the kit, the cell is an.£ coli cell. Jn 

15 another sPocific mibodbnent of 'the ki~ ·the c:cll is _a ioze.11 cell competent tbr uptake of 

DNA. 

In another embodiment, the invcAtion pi0vidcs a kit usetul for directed 

cloning or subdoning of a target DNA molecule comprising in one or m.oni containers: a) a 

double-stranded DNA vector useful for directed cloning and subcloning of a target DNA 

20 molecule of interest. said veetor GOmprisiDg an origin of n:plicatiou and two homology 

arms, in the following order &om 5' to 3' along a vector DNA sttand: a first homolo1Y arm, 

the origin of repJicatioa and a second homology mm; b) a fint doublHtrandccl .. · . 

oligonudcotidc wznprising a first oligonudcotide DNA strand COD':'prisina. in the.foll~ 

Older, from 3' to S': a first nucleotide sequenGe and a second nucleotide sequence, said~ 

25 nucleotide scquenc:c being homologous to the.nucleotide sequence of the first homology 

arm on said we1or DNA strand, llld Said second mdcotide sequcace being homoloaous to 

the nucleotide scqUCACC of a tint tennimis on a target DNA strand; and c) a second double· 

stranded oligonucleotide comprising a second oligonuclcotidc strand comprisiq, in the 

following order, ffom 3' to S': a thUd nuc1c0ticle.sequeiice and a fourth nucleotide sequence, 

30 said third nucleotide sequence being homologous to the nucleotide sequence of the second 
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homolol)' ann 0n said vector DNA.stnmd ~d said fourth sequence being homoloaous to 

the nucleOtide sequence of a second tenninus on said tarP.t DNA strand. ·In a specific 

embodiment of the kit, the DNA vector.is purified. In another embodiment of du: kit, the 

DNA vector!! the first cJouble-~ed oligonucleotidc. and the second double-stranded 

S oligcmucleotide are pudficd. 

· ID other specific. embodi"ents of kits provided by the inveralion. the tmpt 

DNA molecuJe comprises bactaial, .viral, pmsi~ ~ pmto20an DNA. In other speei1ic 

embodiments. the taiget DNA molecule comprises a genetic mutation or po1ymorpbism 

knoWn or suspected to be usociated with• disorder or disease In other~ 

10 embodimentS.1be bacterial.m:ombimse is R.CGflr or lledcr/P m:ombinase or bothRCcErr 

and Redrl!P icc:onibiDases. 

The methods of the invention may be used in diapostics. For cxampl~ 

plasmids or linear DNA fragments may be designed to capture a specific DNA target to 

detect ies presenc:c iD a sample·ftom a subject e.g .• a viral DNA piaent in a patient.ts 

15 sample. ·1a one embodiment, the ~vention provides methods for detection of target DNA 

known or suspected to be associated with a disorder or disease when genetically mutated. 

In specific embodiments, the taqet DNA is a bactedal. viral, paruite. or pmtomaa DNA.· 

bl a Specific embodiment. a method is provided.which further comprise detecting a 

recombinant DNA molecule that ~prises the target DNA inserted iato 1he wctor. Jn 

20 another embodiment. the method further c:omprisa detecting a iecombinant DNA molecJJle 

that oomprises the target PNA inseded into the vector. 

In another embodiment, the in.Yention provides a method of detec:tin11he 

piaence of an .infectious ageat whaein the target DNA is derived 1iom a patient suspected 

of having the in!Cctious cliscasc, and the seqm of the ftat and second bom.ology arms 

25 are homologous to the sequeaces piesent in DNA of the infectious agent. In a specific 

embodiment, the target DNA.is derived 1iom. a patimt luspcctcd of having the infec:lious 

disease, and said second and fourth nucleotide seque.aces arc homologous to sequences 

present in DNA of the infectious agenl In otb&:r specific embodiments, the infedious apnt 

is a virus, bacteda, protozo' tUngus, or parasite. 
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In another embodiment, a method is provided for detecting the presence of a 

gaaetK; condition, disease, disoider, or polymcnphic trait. .wherein the target DNA is derived 

from a patient suspceted of having a genetic condition, disease, disorder, or polymorphic 

ti.it, and the sequenc;e of the first homology arm is homoloaous to the seq~ ·upsUCam 

5 fiom a site known or suSpectcd to be assoc:iatecl with the pnetic c:oadition, disease, 

disorder, or polymoipbic trait. and the sequence -of the second homology arm is homologous 

to tbe sequence downstream from a site known or~ to be associated with the 

genetic condition, disease. dbordcr, or polymOrpbic trait. In a speciftc em.bodimmt, a 

method is pl'OYidcd for detecting the pnscncc of a genetic ~tion, genetic disease, 

10 genetic disorder, or polymoiphic trait wherein the target DNA b derived ftom a patient 

suspected of having the genetic condition, genetic disease, genetic disorder, or polymoiphic 

trait, and the sequmc:c of the first doubl•stranded oligonuclcotide is homologous to the 

sequc:nGC upstream fi-om a site DOWD or Suspected to be associated with the aenebC 

condition, genetic disease, genetic disonfer, or polymorphic uait, and the sequence of the 

15 second do1_1blc-stranded oligomdeo1ide is homologous to the sequence downstream from a 

site known or suspected to be associated with the genetiG condidoil, gmedc disease,, genetic 

disorder, or polymorphic tra In a specific embodiment, the genetic condition, genetic 

disease, genetic disorder, or polymorphic trait is or predisposes the patient to c:an=, 

astluna, arthritis, drug n:sistance, drug toxicity; or a neural, neuropsychiatric, metabolic, 

28 muscular, cardiovascular, or skin coadition, disease or disorder. 

25 
4. Dl'.SCIUl'nON OF THE l'IGURES 

Flpre lA-C. Components of the homologous·iecombination cloning and 

subcloniq melhods. 

A. The vector, comprisina an origin of ieplication (origin), a sclectable 

marker (Sm), and two homology arms (labeled A and B). 
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B. Optional doubte-scnnded ~ligomdeotidc adaptors. Each adaptor 

comprises a legion of homology .(labeled A' and B') to~ homology anns (A and B, 

respectively); and a second iqion of homology (labeled C' and D') to a terminus of the 

tarpt DNA (n:spectively labeled C and D). · 

c. The target DNA. The terminal nucleotide sequenc:es of the tarPt DNA 

C and D) can either be homologous to nucleotide sequences of one of the homology anm of 

the vector (~vcly labeled A and B), or to nucleotide sequences of the optional adaptor 

oligonudeotides (respectively labeled c· and D'). 

J'ipre 2. Ex.perimental outline of Appmach l. ·The vector for subcloning 

by homologous m:ombiaation is imroduccd,.e.g., by tnmsformation, into an E. coli host 

within which the 11rget DNA and RecEIT or RedulP proteins me ahady piescnt. The . 

diagram shows a liaear DNA molecule cmyiAg an E. coli replieation origin. llld a 

se1ectablc marker gene (Sm), which is prefaably a gene whoio product confen resistance to 

15 an antibi~, flanked by ."homology armsn. The homoloSY annS. are shown as thick~ 

blocks at the ends of the linear DNA moleeul~ are short regions of sequcngc homologous to 

two regions in the target-~ tbat flank the DNA region to be~ called target 

DNA termini, me shown. as thidt tines tlanked by the homolo&Y arms. After 

transformation, selection tbr expessicm of the Sm gene is imposed to identify those cells 

20 that contain the product of homologous m»mbination between the hoinology arms of-

linear DNA molecule and the target. 

Fipre 3. DiagrammaDc rcpcscntation of Approach 2. The appioach is 

similar to that used in Figure l, except in this case the target DNA molecule is not already 

2S pnsent in the E.. t;Oli host, but, rather, is co-introduced with the limar DNA vector 

molecule. The tmget DNA can be any source, either. as illustmtcd, a mixtule fiom which 

the DNA region of interest is cloned, or a highly enriched DNA molecule from which the 

DNA region is subclonCd. As in Figure 1, the homology arms are shown ill thick giey 

blocks. 

30 

-13-



WOOl/04288 PCTJEP00/06533 

Jlgu~ 4. Diagrammatic n:presemation of an example of Approach 3. The 

clonmg or subcloning vector includes an~ coli origin of.replication &Del a selectable 

marker gene (Sm) flanked by two short homology arms, shown as thick grey blocks. 

Additionally; the vector incl~ two leCOIDbination ~t si~ (SSRTs) one of which is 

5 between the origin and the selectable marker pne. Most simply, the vector is CODS1rUCted 

first as a linear DNA fragment as shown in the figure. Upon circularimtion, the second 

SSRT is located between the ho~logy anm ori~ as a direct repeat with respect to the 

f&st SSRT, so that site-specific iecombhlation between the two SSRTs iesults in the 

pmduction of two different circular molecules, thm:by separating the origin and the 

10 selectable marbr gene. The cim11arized vector is transformed into an E. coli strain within 

which RccEfI' or R.eda/P proteins is ex.pressed, or Can be expressed. The E. coli strain also 

carries an inclucible site-specific; recmnbinase (SSR) ·gene, the product of which recognizes 

the SSRTs in the vector so that sitwpecific iecombination between the SSR.Ts does not 

occur until the site-specific recombinasc- gene is induced for expression. The E. coli cells 

15 carrying the vector and the mgulated site-specific rccombimse gene are.prepared so that 

they contain RecEIT or RedczljS proteins and are c:ompetent for transfonnation. DNA 

molecules wmaining the iegion to be cloned is then in1loduced into a host cell. After 

homologous recombination bctwccn the homology arms. ex~ssion of the site-specific 

iecombinase protein is indu=l and selection for expression of the selectable marker gene is 

20 imposed. Before site-specific :recombination, cells will contain either umecombined vector 

carrying two SSRTs or the intended homologous m:ombination product which canies only 

one SSRT, since homologous recombination results in deletion of the SSllT located 

between the homology mm. After expression of the si.-spec:ific recombinase ii indileed, 

and seledicm for expression of the selectable marker is imposed, cells containing the · 

25 pmduct of homologous mrombination wilJ. surviw, since this product is no longer a 

substrate for site-specific recombination. 

Figure S. Use of adaptor oligonucleotides for QClning and subclomag by 

RecEIT or Redcz/I) homologous n:combinatioa. Tho diagram illustrates a variation of 

30 Approach 2. shown in Figure 3, above. Two adapter oligonucleotides each contain two 
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regions of homology. one to one of the homology arma of the vector _and a ~nd region of 

homology to cmc of the two ...UU of the target DNA region of interest~ Circularir.adon of 

the veotor and cloning of the DNA region of interest is aecomplisbecl by homologous 

n:combinatiOA betWeeA 1he vec:tor and the adapters and between the.adapters IDd thO target . 

5 DNA. In this embodimmt. the_wctor and the target DNA do not.mans~ homology. 

18 

15 

Thus, the 181118 vector may be used to ~one or subclone dllferent target DNAs by usiDa 
target-specific adaptor oligonucleotides for eaGb. target DNA. Adapter oligoDUCleotides can 

also be ll5CCl in the Jllethods of Approaches 1 and 3, is outlined iD Figures 1 aad l, above. 

Ji'ipre '· An ctbidium bromide stained agmose gel depicting DNA digested 

with !coll isolated tiom 9 independent colonies (lanes 1-9) obtaineclfrom tbe mAF4 BAC 

experiment. Lane M. Ikb DNA size Standards (BRL. Bethesda, MD). Lane 10, EcoRI 

digestion of the starting vector. lhe experiment is described iD de1ail in the Example in 

Section 6. 

Yagare 'iA·B~ Coning of a DNA iegion fiom a total yeast genomic DNA. 

A. A Pell fragment made to amplify the pl SA orisiD. and fJanked by 98 or 

102 bp homology mm to '8 or 102 bps either side of an integrated ampicillia resisbmce 

gene in the yeast strain. MGD 353-130, is illustrated. The PCR product (0.Smg) was mixed 

20 with total yeast genomic DNA (4.0mg) aDcl c:oe1ccUoporate into JCSS19 E. coli containing 

25 

Reda/ll expressed iom pBADupy. Clones .weie identified by selection f'or ampicillin 

misumce.· 

B. An etbidium bmmide stained gel to confirm the c:onect pmclucts from JO 

cbosen·coJoaies. 

.Fi&Ure IA-C .. EtJect of iepeats_ or S' phosphates present oa tbe ends of 1hc 

linear vector on ET subcloning. 

A. The sequences of the oligonucleoddes used for PCR amplitieation of the 

linear vector are shown. Italicized sequence indicates the part of the oligonucleotide which 

3t is required for PCR amplifi~tion of the linear vectar; the other nuc:leotides coastmm: tho 
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bomoloSY arm to the E. coli lar:Z gene. Sequences in bold were present on both cmemes of 

the linear vector, and thus make up the terminal repeats. -pie linear vector constnwis a-x 

have sequence repeats of various lmgths. The linear vector contains the pl 5'4 replication 

origin plus the chlorarnphenicol resistance gene Cm', flanked by hoa_iology arms and the 

S indieated terminal repeats. 

B. A schematic diagram of the strategy used to test the vector constructs 

containing the various sequence repeats of panel A for efficiency in ET subcloning the E. 

~Ii lacZ gene. 

C. Table ~bowing the effect of repeat length and phosphorylation. on 

10 cfticiency of BT subcloning. The results of tests using the vectors containing the repeated 

sequences shown in panel A are shown. 

Figare 'A-B. ET recombination subcloning usign pBAD-dy(tet) 

A. Diagram of the pR6KJBAD/dy plasmid. which contains the R6K origin, 

15 the pir-116 mplicon, the teUaCyc1ine resistance gene &om pBR322 (ret), and the arabinose 

repiessor (araC). 

20 

B. Comparison of ET :recombination subcloning using pBAD-«By(tet) 

(ColEl mi) versus pR6KlBAD/dy. 

Fiprc lOA-B. Subcloning ofa 19kb fragment oftheAF4 gcnepreSent.on 

aBAC. 

A.. Plasmid contstrucis and subcloning strateay. ier. the tetracyclin 

miistance gene. araC, arabinose zepessor. 

B. Analysis of S independent colonies. An etbidium bromide stained gel of 

25 HindIII digested DNA pepmd ftom S independent, correct colonies and the: linear vector 

alone. Conect subcloncs were confinned by DNA sequencing. M, l kb DNA ladder. 

Pipre llA-B. ET subcloniag using genomic DNA as a souzce for the 

target DNA. 

30 A. Genomic DNA isolated from E. colt was prelinearized by Xhol digestion. 

The linear vector consisted of 1he ColEl ·origin and the ~yein resistance gene kair, 

flanked by homology arms which direct i=ombination to the laclllftlCZ locus present on the 

E. coli chromosome. 
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B. Restriction analysis of 16 indepeadent colonies. i.anel7 shows the 

linear vector. M. 1 kb DNA ladder. 

Figure lZA-B. Sulx;lcmiag of the neomycin gen neo &am mouse ES cell 
~DNA. 

A.. Diagram of subGlcmfng strategy 
B. Rcstdction aaa1ysis ofbumycin iesistarit colonies. 

l'ipre 13. Combination otET cloning and subdomag. 

5. DETAILED DESCRIPTION or THE INVENTION 

The present invention is directed to methods and Q>mpositions for DNA 

cloning and subclouing using.bacterial recombinase-mediated homologous recombination. 

The inventor bas discoven:d that bacterial recombinases may be utilized in a particul:ar 

manner to achieve high-efficiency targeted cloDing and subcloning. 

Preferably, the bacterial JCCOmbinase used is :RecEff and/or Redu!p. The 

llecEIT pathway in E. coli has been described previously and its components have been 

partially~ (Hall and Kolodner, 1994, Proc. Natl. Acad. Set U.S.A. 91: 3205-

3209; Gillen et al., 1981, J. ,BaeterioL l4S;S21-S32). Recombination via the RecBIT 

pathway ,requires the expce:ssion of two genes, recE and recT, the DNA sequences of which 

have been publish'ed (Hall et al.,, 1993, J. Bacteriol. 175:277-278). The RecE protein is 

functionally similar to A exo, which is also called Red~ and the RccT piotein is 

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

41; Little, 1967, 1. Biol. Chem. 242:679-686; Radding and Carter, 1971, J. Biol Chem. 

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

Kolodncr, 1983, Biol. chem. 258:10418-24; MuniyappaandRadding, 1986, J. Biol. Chem. , 

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

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

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

Described herein are methods and compositions relating to the use of 

baeterial n:combinases for directed DNA cloning and subc1oning. As used herein. the term 

"DNA cloning" refers to the process of inserting DNA from any source,into an 
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autonomously replicating vector so that it can be propagatecl in 1he host cell. The tam 

•DNA subcbring" iefers to the process of sbuttliDg of ~A fragments akcady present in an 

autonomously replicating vector into another autonomously ieplieatiag vector, or shuttling 

D~A 1iagments fiom a highly~ DNA molecule, such as a purified viral gen_ome ~a 

5 DNA 1iapnent prniously amplitiecl by PCR, into an autonmnously replicating vector. The 

tam "directed" or "targeted" clonina and subcloning rr:fen to the use of homology anns 

and, in various embodiments, adaptor oligmmcleotides, to select a tBraet DNA, and to direct 

tbe orientation of the insertion of the Uqet DNA by 1he choice and the orieu.iation of tho 

homology arms. It should be noted that all applications of the methods of present invention 

18 apply to methods for both cloning and subcloning DNA. 

The construction of the compositions and methods of the invention are 

described in~ hmein. In particular. Section 5.1 deKribcs mediated recombination 

cloning methods of ~e invention for targeted cloning of DNA fragments by homologous 

ICCOmbination. Section S.2, below, describes compositions of the invention, including 

15 DNA constructs designed to target. capture and clone target DNA fragments of interest. 

·Also descn'bed are nucleic acicl moleculn em:oding bacterial recombinases such as R=FJT 

andlor Reda/P proteins, cells comprising such compositions, and the methods for 

constructing sud1 nucleic adds and cells. Section S.3. below, dacribes the use ofbaeterial 

recombinase-tmg cloning methods and kits for detection of gene expression and 

20 diaposis of disease conditions. 

S.1 MITJIODS FOB CLONING AND SUBCLOgiG BX HOMOLOGOUS 

QCOMRJNATIQK 

1be vario\Js methods dcscn"becl haem eaD be used for efficient and~ 

25 cloning of any DNA of interest by bacterial iecombinase-mediated homologous 

recombination. The three approaches dam"bcd hemin have as common components a cell 

expressing hacteria1 recombinase recombination proteins,. and a vector. AD example of the 

vector is shown in Figme lA. The vector comprises three essential clements: an origin of 

replication and two short regions of double-stranded DNA. herein called 1iomology arms'. 

30 
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The homology anns are specifically designed to allow.the vector to •capnue' 

a 1arget DNA of inteiest between the homoloo arms by homc>loaous m:ombination. The 

sequem:e. positiOD, and oriemadon of the homology IUDS arc in1pomDt ~ c:omct insertion 
. . 

oftbe tarpt-DNAbetweanhe anns. In one embodiment_, wheie the homology~ have 

5 .sequence homology to .the tamini of target DNA, the two homolol)' arms c:ouespond in 

scqwmee to DNA tlanlrina the 111get DNA of interest, one ann C:mclicaled as A in Fipre 1) 

conesponding to a DNA sequeace upstream from. target DNA fmdicated as C in Figme 

I) and tbe second um (indicatecl as B in Figure 1) conesp>Dding to a sequc:ncc located 

downstream from the uqct DNA (indicatld as D in Yipre 1). The orientation of 1he two 

10 aims relative to the desiml insert must be the samo as is the orientation of the homologous 

sequence relative to 111c target DNA (see F'ipre 1), such that ~on between the 

homology arms and the target DNA results in the target DNA being inserted between, or 

•mdc' (see Figure 1), the two .bomolo11 arms. As used herein, a position is defined as 

behJg 'inside' the homol0&7 arms if it is posidcmed between the two homoloa anm. such 

15 that a first homology ann JS between the origio of replicatioo and ilSelf in one dhecdon, and. 

a second homolo1111111 is pOsitioncd between the~ of replication and itaelf in tJac a.a 
dlmcaion. On the other band, a ~on is dctined as bdn& "outside" the homology anns it 
in one direction. neither homology lilm separates itself 1iom the od&in of replication. Thus. 
by definition, the replication origin and the a_etcctable.markci- aze located on the vector 

28 'outside• the homology arms (see Figum 1), so that insertion of the target sequence 

preserves the origin of ieplication and the selectable marker on the plasmid. On the~ 

hand. the target DNA is, by de1iuiticm, inserted 'inside' tbe homology arms. Figure IA 

dq>icts-pictmially the meaning of'inside' and 'outside' of the homology arms. 

In an altcmativc embodiment,. the homology arms have sequence homo!Og)' 

25 to a set of double-stranded adaptor oJigonucleotides. Such adapter oligonucleotides are 

illustrated in Figuie lB. 1he scqumc:e of each adaptor oligonuc1co1ide com~ the 

sequence of one of the homology anm of the wctor, and additioatally, a sequence 

homolo&0us to a sequence that tJanks the target gene of m.. (sec ripe IC). Thus, one 

adaptor oligonudeotide eontains homology to DNA sequence of one homology arm . 

30 (indicated as A' in Fi~ 1). and a madcotide sequcnc:e upstnmn tiom the target DNA 
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(indiaded as C' in figure 1). The second adaptor oligonucleotide contains homology to a 

DNA sequence of one homology mm (mdicated as B" in 'igure 1), as well as a nucleotide 

sequence located downstream !Mm. tho target DNA (indicated as D' in Figure I). In this . 

way, adaptor oligonucleotides may be used to adapt a generic homology cloning vector~ 

S tarpt a specific gene sequence of intaat by varying the sequence of the adaritot 
oligomdeotide {see Fsgure S). The methods and compositions that can be used to carry out 

the mom embodiments of the invention axe dcscril?ed in detail herein. 

The methods descnDcd below include three akcmative approadles to 

directed cloning by homologous recombination. As described in detail below, each of the 

10 tine approaches bu its own advmdageS that make it piefened for a particular cloning 

application. These methods and applications are described in ddail belO"'. In one 

appioacb, depicted in F"igure 2, the clOiliq vehicle is intnJchad into a cell that contains the 

target DNA of interest. This first approach may be used to convenieat1y shuttle an insert 

fiom one zeplicon to BDOther, wi1hout the rad for cumbersome restriction analysis and In 

15 11itro maidpulatiom. This approach is usefiil.for applications in which the target DNA . .· 
Dady exists bi an E. coll replicm and its tunhr:r use n:quires the subcloning of a chosen 

part. For example, the \1Se of a DNA clone isolated ivm a cosmid, phage or BAC library is 

facilitated by subc1oning chosen ponions into a new vector in Older to sequem:e the insert or 

to express the pmtein encoded by tbc pue. In a second approach. clcpicted ill Fipre 3, the 

20 cloning vector and the target DNA of inteiat me piepan:d and then added topther into e. 
cell Alternatively, as shown in Fipre 4, the DNA of ia.tmst am be added to a Gell that 

ahady c:oncaim the cloning wctor. The laacr two approaches are w5Cftd for applications in 

which the target DNA is derived~ any cxtemal sou.rec, such as, for example, DNA 

·derived tom a c:anccr c:elL 

5.1.1 APPROACll 1: INTRODUCTION 01' VECTOR INTO BOST CELL 
CONJAINJNG TAR.GR DNA 

In one embodiment, as depicted iD Figure 2, the target DNA sequence is 

already pzcsent within a host cell that expmsscs a bacterial recombinase. For example, the 

30 target DNA may reside on an bidependently replicatiag DNA moleeule, such as, but not 
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limited. to, a plumid, a phage, bacterial artificial chromos0me (BAC) Or the E. coli 

chromosome in an E. coli host cell •. Methods for constructing host cells that express a 
. . . 

bacterial recombinase sudi ~ RecEIT or Reda/p iecombinase arc descn"bed m detail in 

Scctioi1 s.2.2 ... 

The vector DNA, cmnprisina_an origin of replication and two homology 

arms located on either si~ of the origin and the marker, is intmduccd into the host cell. 

Pseferably, the vector is a lincat molecule and the homology arms are Jocatecl at the 

respective ends of the linear molecule, althcnagh they may be _intcrDal. After entry into the 

cell. homologous leCOmbiaation between the homology arms of the vector.DNA and the 

10 targot sequences iwsults in insertion of target DNA between the homology~ and the 

resUltant formation of a circular epjsome. Cells are then plated ·on selective media to select 

for the selective marker piesent on the vector. Since only Mularized molecules are 

ci.pablc of repliCating and being •satccted for iD the host c:ell, many of the c;ells that grow on 

selective media will CODtain recombined molecules inclucUna.the tarcet DNA. 

15 Ill one embodiment, the ends Of the linear vector D~A fia&m~ may be 

blocked with modified nucleotides, to reduce the number of events produced by joining of 

the ends of the linear flagments by any means other tban homologous recombination, i.e11 

illegitimate zeeombimlioa. Suc:h modified nucleotides , •!g., phosphothionatc nucleotides, 

may be imnpol1lted into the S'-end auclcotide of the homology ann. Modified nucleotides 

20 may be incorporat£d during oligonucleotide synthesis of a primer used to construct the • 

vector (see Section S.2.1, below), or, alternatively, may be added by enzymatic or chemical 

modification of the oligonuclcotide or llnar vector DNA after synthesis.· Methods for such 

modification of oligonucleotidcs and linear DNA Dagmeats me well known in the art, and 

are described in detail in Section S.2.2, below. 

5.1.2 ·APPROACB2: CO-INTJlODUC110N OF VECTOR AND TARGET 
DNA INTO THE HOST CELI, 

In another embodiment, as depicted in Figure 3, the vmor DNA and the 

target DNA are mixed in vitro and co-in1roduced into a:cell containing the RecE/T or 

30 RedCli'P m:ombinases. 1be target DNA may be derived ma any source. For example, the 
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target DNA can be obtained &om a biological sample, such as, but not limited to. whole 

blood, plllS!Dat serum, skin, saliYa; urine, lymph fluid, cell!' obtained ftom biopsy aspirate, 

tissue cultme cell~ media, or non.;biological samples such as food, water, or other material. 

Methods for~ of DNA ftom ~ sC>ureeS _.,well 1aJown to those of skill in the 

5 art (see, e.g., Cunent Protocols in Molecular Biology series of lahoratory technique · 

manual~ 1917-1994 Current Protocols, 1994-1997 John Wiley and Som; Inc.). 

The vector and the target DNA me pepand, mixed in vitro, and then co­

introduced into cells expressing bacterial iecOJDbinase proteins. peferably by 

transformation ia B. coli by co-cleotEoporation. The vector DNA m8f. be in the fonn of 

10 linear DNA or a circular plasmid DNA. In a prefmed embodiment, the .vector is a~ 

DNA molcc:ule. The soun:e of target DNA is mixed in weight exc:ess to, or excess, relative 

to the vector DNA, in o¢er to introcluc:e as many copies·of the targct·DNA regiou.of iAte1'est 

into the cell as possible, thereby maxiznj'ling the yield of recombinant poducts. Cells are 

grown in selective media to select for circularized products. In a preferred cmbodimmt the 

15 vector eontafns an antibiotic iesistance madcer, and~ are~ in the piesence of 

aat1"biotic. Coloriics that are capable of powth under such selection will contain 

cUcWarized, zecombblecl f'onDS of the Hnear·ftasment. 
In one embodiment, the ends of the linear vcetor DNA fragment may be 

blockcd with modified nucleotides.. as described below in Section S.2.1. Methods for such 

20 modification of oligonuclcotides are well known in the an, as described below in Section, 

5.2.2. 

'Ibis approach is particularly· usct\11 where the target DNA is obtained from a 

source external to E. coli, such as yeast 0r eulcaryotic cells. In one embodiment. this 

method may be usc:d for diagnostic purposes to detcc:t the pzescnce of a particular DNA in 

25 any biological specimen. For example, the method may be used to detect the piesence of a 

spc:dfic estiogen teeeptor or BRCA 1 allele in a biopsy sample cxtraetcd from a bmst 

cancer patient. 

In another embodiment, the method may be used to amplify regicms of DNA 

as an altemative to amplification by polymerase chain reaetion (PCR) techniques. 

30 Amplification by homologous recombination, ~oning and pmpagation inE. coli o&s 
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several advaatages over PCR·bmc:d techniques. First. PCR. error can be a substantial . 

drawback for many purposes. CombiDatiODS of pairs of PCR primers tend to gcncrate 

&pllrious reaction pzoducts. Moreover, the number of emn in the final reaction pmc1uct 

~ ~Y with the each round of~ amplification after anmor is 

5 introduced into a DNA sample. On the other~ mnplilication by homologous 

n:combinatloa cloning has the advantage of the cellular proofieadtng madlinery in E. coll 

and is thus at least 1000 thnes more faithfial. · Second_, there aie ~~~the~-· . 

of the DNA iegion lbat may be amplifted using the pzescatm~ Amplification of DNA 

regions.longer than a few Jdlobases (pater than 5 .. 10 kb).is ~using PCR techqiques. 

18 The.~~ is. suitable for cloning much larger regions, at least to approximate~~ 

one hundred kilobases. At present. cloning a genome involves the tedious pmccssc:s of 

creating a larp, random hlnry foJiowcd by soding through and ordering indi~ clones. 

Using this.method, homology arms can be designed and vccrnrs com1IUcted to din:ct _, 
. . . . .. . . . .. . . .. 

cloning or a genome into ~e, non-mlundant, contiguous clones,.called 'c~gs·. Third,. 

15 even after DNA is produced by a PCR tedmique, ~ PCR products need to be cloned in an 

cxtia PnxasiDa step. Homologous iw:combination cloning tcdmiques o\Mates the med for 

the extra subcloning step. The zeaion of DNA that is~ be amplified is simply inserted . 

bmwcn · homology arms and ·transfoaned with the vector D?-JA into a E. tiall host. 

1be homologous m:ombination in this embodiment may be emried out in 

20 Wlro, before addition of the DNA to the c:clb. For eumple, iso~ JlecE and R.ccT, or cell 

eldlads ~ning RecEIT may be added to the miXtUre ofDNAs. When the 

iec:ombiaaticm occurs in 11ib'o the selection of DNA molcculcs.may be accomplished by. 

111DSforming the RCOlllbination mimR in a suitable host cell~~ for po~ve 

c1oms as deseribed above. 

25 

S.1.3 APPROACR3: INTRODUCUON OP TARGET DNA INTO BOST 

CILLS CONTAINING YECl'ORDNA 

In another embodiment. target DNA is introduced into a cell which aheady 

contains vector DNA. Target DNA may be iiom any souice, as described in S.1.2 ~ 

JO and may be either linear or cizcu1ar in form. As described above, once the target DNA is 
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inside the cell. homologous m:ombiDation between the homology anns and the target DNA 

results.in the inseltion of the tarp& DNA ·between the homology arms. However, in this 

case, counter-selection is needed to selcC:t against umccombined vector sinee both tho 

dcsiled prOduct and the umeeombined vector expresses the selectable~ gene. Varipus 

5 embodiments aie described in detail herein to accomplish this counter-selection. In one 

embodhnent, for example, a method that utilizes a site-specific recombination and excision 

reaction can be used. This approach is depicted in Figure S. In another embodiment, an 

indua"ble nuclease is induced that cleaves the umecombined vector. In both embodimmts, 

the vectors that do not c:on1ain recombination pioducts are eliminated. 

10 The vector is first C011Stl'UCtcd as a plasmid. then intloduccd iDto the host cell, 

whcft it can be pmpagatcd.. Aa shown in Figure S, 1he vector contains (i) an origin of 

replication (any origin); (ii) a selectable marker (Sm); (lh") the two homology mm; and (iv) 

a counter-selectable marker, such as, but not limited to, a pair of recognition.for a site- . 

specific recombinase, a first n:cognition site located outside the homology anns and a 

15 · second nic:ogDmon site 1~ inside tlie homology arms, or a iecogriition site for an 
. . . 

endonudcase, Which can be used to select apiDst the starting plasmid vector. As used 
. . . 

herein, a site is located 'inside' the homolosY arms if it is positioned bctwccn the two 

homology arms. such that a first homol0gy arm is between the ori&iD of replication and 

itself in one direclion, and a second homology amt is positioned between 1be origin of 

20 iq>lieation and itself in the other direction. On the other band, a position is deftnecl as 

being 'outside' the homology arms i( in one direction. neither homology arm separates 

itself &om the origin of ieplication. (See Figure 1 for a pictorial ieprcsmtation. of lhe 

IM8!!ing of ~irJside' versus 'outside' the homolOBY arms.) The. oriain of replication and the 

selectlble marker must be located outside the homology anns, as described in Section S.1 

25 above11 such that inseltion of the target sequence pzaerves the origin of replication aud the 

sdectable marker on the plasmid. 1bc ccnmter-seleetable marker~ endonuclease site or one 

of two site-specific recombin•sc target sites is pefezably located 1inside' the homology 

arms (sec Figme S). on the other side of the .origin of.ieplication and the selectable marker. 

Any method known in the art that allows for counter-selection against the 

30 non-rec:ombined vector can be used. For example, in one embodiment, counter-selection 
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. iargct sites (SSRTs), and act. these sites to mediate a DNA straad exchange and cxcisim 
:rUction (Hallet et al, FEMS Mlcmbiol. Rev., 1997, 21:157·78; Sauer, 1994, Curr. OpiD. . . . . . . . .. 

5 BiotecbnoL 5:521-7; Stark ct al., 1~ Trends Genet., 8:432-9). Evmplesofsite-apecific 

recombinnes are known in the art. induding. but not limited to~ FJp, Kw, or R 
. . 

rccombinascs_(Nuncs-Duby et al., 1998, Nucleic~ Res. i6:~91-406; ~ct al., 

1997, Eur. J. Biocbem. 248: 903-912; U1ats\letal., 1917,J. Ba&:teriol. 169: SS37·SS4S). 

Wbea two directly repeated SSlt.Ts reside on a clrcalar plasmid. site-specific iecombination. 

10 bctwm1: ~ ~ SSRTs results in the fonnation of two cilcular plasmids. Qnl11be J>IOduct 
containing the origin of ieplicatkm is maintainccl in the cell. Thus, ~c 

n:c:omb~ ~two directly repeated SSRTs in a cUcular plasmid resul1s in deletion 

of the DNA sequence loated between the two SSRTs on the side that does not include the 

origin of :replication. ... 
15 A DNA. vector is constructed containina two SSRTs, oriented ·as dU8ct 

iepeats, one pgsidoned ·inside .die homology mms, and a second poiitiom:d outside 1hc arms 

and between the selectable marker (SM) and the origin of ieplication. Rec:ombination 

bJtween ·ssRTs positioned in this way JCSUlts in .epa1ati04 of the origin of nplication iom 

the selectable marker (see Figure S). Thus, the SSR will act on non-n:combimi DNA 

28 vectors. which contain two SSRTs, resulting in the loss of such plasmids ium ibc host c:dl. 

Host cells me then transformed with vector DNA by stamlald methuds. tD 

.this embodiment the host cell must col11ain: 1) RecEIT and/or R.e&zlfl genes-and 2) a gene 

encoding an SSR. Preferably, the expiession of RecEIT and/or RemJp genes is inducible, 

but c:oi1stitutivc _cxpiasion is also possible. 1bc pm cneodiag-a sito-spccliic recombinasc 

25 . (SSR) that JCCOgnizes the SSRTs must be inducible. Inclucible and constitutive pr0moten 

m: well a.iown in the art; methods for their 11SC in cOmtruction and cxpmsion of 

recombinant genes are described in Section S.2.3~ below. If the R_ecEIT and/or llcda/11 

genes require induction. for expression. ti. vcc:tor containing cells as glUwn under 

conditions to induce ~on immediately before competent cells aie piepated. Host cells 

30 
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containing vector DNA are selected for and ,maintained by ,plating and growing in sclccUve 

media. 

Competent cells are then prepared mm the host cells containing the vector. 

Cells~ transformed with the target DNA, ~ch can be prepmd fron_i any scn.uce, e.g. 
. . 

5 total genomic DNA prcparcd tiom any cell. The cells are cultured briefly, to allow 

homologous zecombination to oc:cur. Homoloeous rewmbmation ralllts in deletion of the 

sequence between the homology arms containi~g ~ SSRT, and the insertion of the target 

gene sequence. The expression of the SSR is then induced. The SSR will act on the 

direedy repeated SSRTs in the Wl·recombined vector, separating 1he selectable mar1cer fi'om 

10 the plasmid origin of replication. Plasmids containing insert targets have only one SSRT 

and remain intact. Selection may or may not be maintained throughout this step, but does 

need ~ be imposed soon after induction of the SSR, i.e., soon after the site-specific 

rccombinadon takes place .. In this way, induction of the SSR iesults in selecting for 

plasmids containin1 insert target genes. 

15 In an altemative embodiment, an c:adonuclease can be used to linearize the 

vector between the homology inns in vivo, either just befme, during, or after homologous 

recombinatioa. Lineariation of the vector before recombination will selm tbrcomct 

recombination products, since a linear plasmid will not survive in the cell unless it becomes· · 

. circularized. After the recombination, the continued activity of the endonuclease will help 

20 select for plasmids containing inserts because during homologous recombination the SSR• 

deletes the endonuclease rea>pition site and inserts the taraet DNA in its place. Since the 

endomJc1ease will cleave only non-m:ombincd vectors, leaving plasmids·with ins~ 

tarpt sequences intact, the continued activity of the endonucleaso after recombination. 
. . 

selem against non-m:ombined pl'Oducts. For this embodiment, an endonuclease with a 

25 very rare m:opitiou site must be used, so that no other sites will be present in the host cell 

DNA. Examples of such 'rare-cuttm' are known in the art, including, but not limited to, 

the lambda cos, yeast HO or au inuon-enc:oded endonuclease such as PI-8cel. The 

recopition site for the endonuclease should be cloned betwem the two homology anns, so 

that enzymatic digestion by 1he cndonuclease results in lliiearimion of the vector between 

30 the homology anus. The expiession of 1he endonucleasc gene must be inducible. 
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Constructs and methods ·ror inducible'protein expression me discussed below, in Section 

S.2.3. 

In another embodiment, anSSR, for example. the Cre zecombinase can be 

used. i:Dstc:ad of an endonuclease, tO lilicarizc the umecombined ~in vivo (see M~ 

5 et al, 1997, Nucleic Acids Res.25:2539-40). In this case, the vmor is constnacted with 

only one SSRT si~ located inside the homology anns. An excess of oligonucleotide_ 

containing a copy of the same SSRT is oligonucleoti~ is mixed with the tatgct DNA and 

. co-transformed into the host with the target DNA. Preferably. the oligonucleotide is a short 

double-stranded DNA moJecule. Where one of the recombining molecWes has an SSRT 

10 residing on a short oligonucleotide, the site-specific recom.binase will~ the veQC>r at 

its SSRT (Mullins et al., 1997, 1Upra). 

In another embodiment, the site-specific· recombination and cndonuclease 

approaches deScribed above can be combined. In this case, the umecombiliecfve~tOfli 

made to eontaiD both an ·ssR.T and an cndonucleasc site inside the homoloay'.aimS: in one 

~5 embodiment of this approaCh, the SSR and the endonuclease could be co-regulated .under 

the contn>J of a single inducible pn>moter. Constructs and methods for such co-regulated, 

inducible. expession of prot_eins in cliscussed in Section S.2.3, below. 

In another embodiment, a combination of these uses of site-specific 

RCOmbination for counter-selection can be employed. In this embodiment, two pairs of 

20 SSR/SSRTs arc employed, for example Crellox and Flp/FRT. The veetor eoptaim two sites 

fOr the first SSR, SSRI, one located inside the homolo&Y anns, and the second located 

outside the homology arms, between the origin of replication and the selectable marker. In 

addition, the vector contains a site for the-=ond SSR. SSR2. located ~e ~homology 

ams. Another site for SSR2 iS locatCd on short doublo--ltranded oligonucleOtides and are 

25 added along with target DNA during cell tnmsformation, at an amount in excess to the 

1ariet DNA. In a specific embodiment, for example, one SSR/SSRT pair for the 

linearimion. step is CrelloxP and the second one for the deletion step is FlplFRT. 

In another embodiment, a direct counter-selection against the cell may be 

used. In this case the p~d origin of rcpliCation d~ single-copy (or very low copy) 

30 maintenance in E. coli. Origins of replication of this class imilude the itc:roJH;lass of origins 
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such as the phage Pl origin, 8lld plasmids based on the E. coll chromosomal origin. oriC. 

For suitable origins of replication. sec Helimki, D.R, Toukdarian, A.E., Novick, R.P. 

Chapter 122, pp 2295-2324 in "Escherichia coli and Salmonella. Cellular and Molecular 
. . 

Biology" 21111 edition Fmterick C. Ni~ Ed. ~M Press, Washington, 1996, ISBN 1· 

5 55581-084-5. In thiS case, the vector can be ccmsuucted without any SSltTs, rather a 

CO\Ulter-selcctable gene is ineluded between the homology arms .. Such counter-selectable 

marker genes are known in the art, for example, the~' ccdB or tetrac)'cline mist.ant 

aenes may be used (sec also, Rcyrat et al., 1998. lnfcc:t. lmmun. 66:4011-7 for a listing of 

suitable counter-selectable pnes and methods). The intended homoJ.osous recombination 

10 zeaction will delete the counter-selectable gene so that cells canying 1hc intended 

recombination pmduct will smvive under counter-selection pressure, whereas cells caaying 

the uarecombined vector will be killed. 

5.2 

15 

COMPOSmONS"l'OR CLONING AND SVBCLONING BY 
HOMQLOGQUS BECOMBJNAIION 

Compositions for cloning by homologous m:ombiiiatioa in the "8rioU5 

anbodimellts ace described herein. For each of the cloning methods described in Section 

S.2 below, 1bzee componmts an nquiml to coexist in a single cell: first, a vector canying 

two short ngions of DNA (hmjn called •homology arms'). having sequeace homoloay to a 

20 target sequcncc; second, RecEIT and/pr RcdcrlP protein pairs or other bacterla1 

n:c:ombinue; and third. the target DNA sequence. Recombination between these 

homologous sequenCes pamt on the homology anns and t_he flanking regions of the target 

gene, mediated by a bacrtezial ieeombinase, results in the 1arget DNA beinc inserted or 

'captured.' betwcm the two homology mns. The compositions and the methods for their 

25 coastruction are descn"bed in detail haein. 

5.2.1 TJIE HOMOLOGY CLQNJNG VECTOR 

The homolol)' cloning vector may be a linear or circular DNA vector 

comprising an origin of IqJ)ication, a selectable marker, and two shon Rgiom of DNA 

30 designed to capture a 1arget DNA of intmest. Sevmal forms of cloning vehicles are 
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possible; depemting on the approada or method to be used. ·The piefcuecf" forms and· . 

methods for their construction are depicted. in ·Figures 1-S,. and descnDed in detail heiein. 

5.2.1.1 TUE <;JBIGJN OF BIPLICADON . 

The vCctoJ' RqUirc:s an origin of tcplic:ation, which is -needed for tcplication 

and propagation of the plasmid. For cloning and piopaaatioa iii E. coli. ID)' E. t:Oli origin of 

replication may be used, examples of which are well~known in the art (sec, Miller, 1992, A 

Short Course in Bactaia1 Genetics, Cold Spring Harbor Laboratory Press. NY. and 

~therein). Non-limiting exalllplcs of readily available plasmid origbis of 

10 zeplication me ColEt-clmived origins of replication (Bolivar et al .• 1977, acne 2:9S-t 13: 

see Sambrook eta/., 1989, "'1J"!l),plSA ori&im pnseatouplasmids such as pACYC184 

(Chang and Cohen, 1978, J. Bacterio1. 134:1141-56; see also Miller; 1992. p. 10.4-10.lJ), 

and pSC101 origin available for low-copy plasmids ~n are all well known in the art. 

For exam• in one embodimCnt. 1he origin of repllcadoa from a b1p..copy 

15 plasmid is used, such aa· a plasmid containiua aColBl-deriwd origin of replic:ation, 

examples of which are well known in the art (see Sambrook et al., 1989, supra; see also 

Millet, 1992; A Short Course in Bacterial Genetics, Cold Spring Harboz Laboratory Press, 

NY, a.id refcmlces therein). One example b an origin tiom pUC19 ad.its derivatms 

(Yanisch-Pcmm et al., 1985, Gene 33:103-119). pUC vecton exist at levels of300.500 

20 copies per cell aDd have convenient cloning sites for insenioD of fotdgn genes. For very • 

high expression, 1 vectors, such as 1gtl l (Huynh et al., 1984, in nDNA Cloning 

Techliiques:, Vol I: A Practical Approach", D. Glover. ed., pp 49-78, IRL Plat, Oxfon:t), or 

is T7 or. SP6 phage promoters in cells containing 1i and Sp6 polymmase expression 

25 

systems (Studier et al., 1990, Mriiods Enzymot 185:60-U) can be used. 

When a lower level of expiessioli is desired, an ori8in of ieplication fiom a 

medium or a low-wpy may be used. Medium-copy plasmids are well known iD the art, 

such as pBR322, which has a ColEl derived origin ofreplicatioa aad 20-100 copies per cell 

(Bolivar et aL, 1911,. Gene 2:95-113; sec Samb.rook et aL, 1989, supra), or pACYC184, one 

of the pACYClOO series of plasmids, which have aplSAOrigin of replication and exist at 

30 10-12 copies per Qd1 (Chang and Cohen, 1978, J. Bacteriol. 134:1141·56; sec also Miller, 
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1992, p.10.4-10.11). Low-copy plasmids are also well known in the art, for example, 

pSClOI, which has a pSCIOI origin. and approximately S copies per cell. Both pACYC 

and pSClOl plamrid vecton have convenient cloning sites and can~ in the same cell 
. . 

as pPR and pUC plasmids, since they hive mnpatl'blc origins of ieplication and unique 
. . . 

5 selective anu11iotlc markers. Other suitable plasmid origins of replication include lambda or 

phage Pl rcplicon based plasmids, for eX&mplc the Lorist series (Oi"bso.n et al., 1987, Qene 

53: 283-286). 

When ~ less expression is desired, the origin of teplicalion may be 

obtained iom the bacterial duomosome (see Miller, um, .ftf'l'O; Nicdbmdt, F .C., ed., 

10 1987, Eschaichia c0li anti StzlmtJalla lyplrilarhlm, American Society for Microbiology, 

Washington. D.C.; Yannolinsk)o, M.B. and Sternberg, N., 1988, pp. 291-438, in Vol. 1 of 

The Bacterlophaga, R. Calendar, ed., PlCllUID Pn:ss, New York). In addition, synthetic 

origins.of replication may be used.· 

15 5.2.1.2 THI Sl!LE(;TABLI MAJOOm 
To maintain the plasmid vector in the cell, the v=tor typically contains a . 

selectable marker. Any selectable marker known in the art can be used. For construction of 

an E. coli vector, any gene tbat conveys raistancc to any antibiotic effi:ctive in E. coli, or 

any gene that conveys a readily identifiable or selectable phcnotypic change can be used. 

20 Plefcrably, antibiotic resistance markers are USed, such as the bnamyGin msistancc gene. 

trom. TN903 (Friedrich and Soriano, 1991, Genes. Dev. S:IS 13-1523), or genes that coniCr 

resistance to other aminoglycosidcs (incluctina but not limited to dihydiostreptomyciu, 

gentamycin, neomycin. pmomydn and stnsptomycin), the P·1ac:tamasc gene fi'om 181, that 

confas resistance to penicillins (including but not limited to ampicillin, carbcnicillin, 

25 methicillin. pmicillin N, penicUlin 0 and penicillin V). Other se1ectab1e genes sequences 

including, but not Jimitcd to gem: scqumccs cnc:oding polypeptides which confer zeociD 

mistance (Hegedus et al. 1998.. Gene 207:241-249). Other antt"'biotics that can be nti1i!"6 

are cencs tbat co.afer resistance to ampheaicols, 111ch as dilommphcnicol, for example, ~c 

coding sequence for c;hloramphenicol mmsacetylase (CAT) can be utilized (Bi1ananns et al. 

30 1991, Gene 102:93-98). As will be appaeciated by one skilled in the art, other non-
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anta"biotic methods to.~ for maintenance of the. plasulid Illa)' also tie~ such as, for 

example a variety of auxotropbic marlcas (see Sambrook et al.. 1989, supra; Ausubcl et al., 

. .supra). 

5.2.1.3 THE HOMOLQGJ ARMS 
A required component of the vector is two short resfoas of double-stranded 

DNA. refmed to hcmn as 'homoloo anns'. In one ~t, as shown in Figure 1, 

the two homology arms (labeled "A• and "B") are homologous to the sequence of the DNA 

thmJcing the target DNA of iDte:est (labeled A' aad B'), one ann beiaa homologous to a 

10 DNA sequence upstream fmm the target DNA and the second arm-being homologous to a 

sequence located downstream tiom the rarga DNA. As used herein, two clouble-stran4cd 

DNA molecules me "homologous" if 1hey sbme a common 191ioa of ide.atity, optionally 

interrupted by one or more base-pair~. and are capable of :ftmctionin& as 

substrates for homologous reco~binarion. In a prefened embodimmt, the homoJosy aans 

15 contain approximately 22 to 100 base pain or more of coatimaous identity to a double;. 

stranded region flanking target DNA of imaest. Regions of homology can be intmuptcd 

by one or moJC non-identical residues, provided tbat the ~logy anns are still efficient 

substrates for homologous recombination. In a prcfened embodimeAt, for optimum 

recombination efficiency, homology arms me approximately 50 nucleotides in length, with 

20 in the range of 20-30 (e.g., 2S) base pairs of continuous, unintemJpted, sequence identity. 

Although_ shorter ICgions of continuous identi1y are also possible (e.g.,. at least 6, 8, or 10 

base pairs), lower efficiencies of m:ombimdion c:an be expected using such shorter iegions 

of continuous identity._ For example, in one embodiment, the length of ~uous identity 
-. . 

may be as shoit as 6 bp (Keim and Lark, 1990, 1. StnKilural Biology 104: 97-106). There is 

25 no upper limit to length of homology anm or tbe length of their continuous identity to the 

tlanking 11rgct DNA sequeacc. 

Nucl~ sequences flanJcing a 1llJel DNA also~ refared to heiein as the 

"temlini" of the~ DNA. Thus, a target DNA will have twoetcrmini, a first tmninus and 

scconcl terminus. The orientation of the two arms relative to the dcsinlcl insert must be the 

38 same as is the orientation of the homologous sequence rdative Jo the target DNA (sec 
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Figure 1), so that recombination between the homology arms and the first and second 

termini of the target DNA nsults in the taraet DNA being insenecl between the two 

homology anns. 

1bc sequences of the two homology anns arc chosen acconting to the 

5 experimental design. The only limitatiom on the choice or an ~logy arm is that it 

should not be a sequence found more than once within the .-.et DNA and should not be 

present clscwhcic in the host cell during the homoloaous ~bination teadion. In this 

case, the intended homologous iecombhmion pmduct can still be obtained, however 

amongst a backgmund of altemative homologous. reoombinations events. In one 

10 embodiment, the aequeuce of the homolo&Y anns art two scqucnc:cs flanJdni the polylinkcr 

of a commonly used cloning vehicle such as a BAC, PAC. YAC (yeast mtificia1 

chromOisome), phage cloning vceton such as the lBMBL or 1GT ser.ieS, phagcmid, cosmid, 

pBR322, pGEM, pGEX. pET. baculovirus vectors, viral vectors such as adenoviral vectors 

·and adeno-associate viral vectolS.. Thus, a single vector CID be used to subcJonO· any ia.sClt -

15 that hai becn"cloned in 1hesc vectors. Vectors containing such homology arms me 

particularly useful for subcloniD& iD5Cl1S derived from positive clones from a DNA h"brary, 

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

In various embodiments, as descrlhcd hercinbclow,, the homolo17 arms arc 

positioned at the ends of a linear DNA molecule, or within a linear DNA mi>lecule or 

20 circular DNA plasmid vector. 

· HomoJoo arms are oriented in the same Orientation relative to their · 

orientation in the 1arget nucleotide Sequence. hr. other wonts, they are oriented so the 

desired DNA sequence is inscdcd bctw=n the arms after the 1CC01Dbination takes place. 

Where the homology arms are positioned at the ends of the linear DNA the inserted DNA 

25 sequence is captured and inserted bctwetm the· two arms, thcn:by mating a cimllar and 

replicable plasmid. 

5.2.1.4 APAPJEROLIGONJJg.EOTIDE BOMOLOGYABM§ 

Jn an altemativc embodiment, the nucleotide sequence of the homoloBY arms 

30 is homologous to nucleotide sequences present on adaptor oligoaucleotides. Each of two 
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adaptor oligOnucleotkkii comprise a nucleotide sequae h0mologous tO nucleotide 

sequences present on one of the homoloay arms, ml a sccs>ncl rcgiOn ofmmology that is 

homologous to one of the two tamini of the target DNA. Adaptor oligonucleotides are 

depicted:in Figure. i. 1be homology arms of the ~or - labeled "An and "B" II and 

5 regions of the adaptor oligonudeotide homologous to these sequences are labeled A' and 

B'. The two termini of taraet DNA are label~ "C" and "D"11 and the cones~ 

homologous scqucn"8 pmcnt on the adaptor oJi&on':)Cleotides are labeled C' and D'. In 

this embodiment, recombination mediated by RecE/l' or Redcr/P between the: vector 

homology arms, the region of homolOI)' on the adaptor oligonucleotides, and the flanJdng 

10 tennini of the target gene mutts in the tmaet DNA being inserted or 'captured• between the 

homoloaY arms of the vector. 

5.2.1.5 CONSIBUCDQN or THE VECTOR 

The linear fragment or circular vector may be constriac:ted using stand8rd 
15 . . . ·. ·. . . •.. 

methods known in the art (see Sambrook et al., 198911 .mpra; Ausubel et QI .• supra) •. For · 

20 

example:, synthetic or recombinant DNA technology may be, used. In one embodUDent, the 
. . . 

linear :ftagment is made by PCR amplification. In this method, oligonucJeotides are 

synthesized to include lhe homology mm sequences at their~· ends, and PCR primer 

sequences at 1heir 3' ends. Thc:sc: oligonucleotides are that used as primers in a PCR 

amplification reaction to amplify a DNA region including an origin of mplication and a 

selectable.genetic ~-· In another.emboclimmt, a plasmid may be constructed to . 

comprise: two appropriately oriented homology anns :flanJcjng an origin of replication and a 

selectable geiletic marker by standard recombinant DNA techniques (see e.g.11 Methods in 

Enzymology. 1987. Volume 154, Academic Pn:ss; Sambrook et al .• 1989. Molecular 
25 Cloning- A Laboratory Manual, 2nd Edition, Cold Spring Harbor Press, New York; and 

Ausu'bel et al., Current Protocols in Molecular Biology, Greene Publishing Associates and 

W"iley lntersciem:e. New York). The plasmid is then linearized, for example, by restriction 

endonuclease digestion. · 

In another embOdiment, for example, the following method may be used to 

· 30 construct the vector DNA used in Section S.1.3, a~. Two oligonudeotidn are 
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synthesized, one of which includes, ftom S' to 3' end, a .restriction site unique to the vector, 

a left homology amt and a PCR primer. The other oligonucleolide includes, from S' to 3' 

end, the same restriction site unique to the vectoa-" an SSR.T, a right homology ami and a 

PCR primer. The~ homolog)' ~are choRn to~ the1'qet DNA The SSRT is a 

5 site ICCOgnizccl by any site specifio m:ommaas., (SSR) such as Crc, Ftp, Kw, or R . 
rec:ombiaases. 1be synthesis of '119 oligonuclcotide must be desipecl so that the two 

SSR.Ts arc orientated as dhected repeats iii the veotor. Two PCR primers me used amplify a 
DNA tempi• that includes a plasmid origin. a selectable gene and an identical SSRT 
between the origin and tho selectable gene. The product of the PCR ieaction is then cut 

10 with the lalricdon enzyme that rccogniza the sites included at the s· ends of the 

olipuclcotidcs to pamit etlicieat dn;ularimion by ligation. The circular pJ'Oduct is then 

transformed into E. call for amplification to yield large amo\Ults of 1he vector. 

In another embodiment, a linear &apnent is constructed by taking plasmid 

with selectable maiker, an ongin and two cloning sites, and dcmiilg in an olisOmideotidc 
15 homology arm into each cloning site. Restriction enzymes are then used~ curthe p-.nd 

DNA to poduce linear &agment bounded by the homology arms. This method is prefened 
for co.nsUUCtiou of mom complex planids -. e.g. plasmids containing eukaryotio enbancer 

and pmmoter elements in Older to include eukaryotic expression elements. Additioually. 
other sequence clements may be subcloned into the vector. 

20 The ~may also CODtain additional nucleotide sequences of interest fot 
protein expmssion, manipulation or maintenanoe of the inserted target DNA. For example, 
promoter sequences, eobancer sequmca, translation sequences such as Shine and Dalgamo 

sequences. transc:ription factor iecognition sites, Koz.ak coDsensus sequc=es, and 

tamiDatioa sipals may be included, in the appropriate position m the vmor. For 
25 m:o.mbinalion cloning in cells other than bacterial eel~ such as plant, inSect, yeast or 

mammalian cells, other sequeia elements may be necasmy, such as species-specific 
o1igins of replication, transcription, processin& and translation siJl181s. Such elemanta may 
include, but are not limited to cukatyotic origins oCnplication. cntuineers, 1taDSC!iption 

factorn:mgnition si~ CAT boxes. or Pn1moWboxcs. 
30 
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ID an embodiment wherein·RecE/T and/0r Redu/P or other bactaial 

recombinase is poducecl recombinantly :&om an expression plasmid in the cell, tbe chosen 

vector must be compatible with the baeterial recombinasc expression p~ described in 

Section S.2.3, below. One of skill in the an~ ieadily be aware of the compatibility 

S requirements necesay for expressing multiple plasmids in a single cell. Methods for 

pmpagatlon of~ or more constructs in procaryotic cells me well known to those of s1cill 

in the art. For example, cells mntaining multiple ieplicons can routinely be selected for and 

maintained by utilizing vectors comprising appmprjately compatible origins of replication 

and independent selection systems (see Miller et al., 1992, ..nq.n: Sambrook et al., 1989, 

10 .np-a) • 

. 5.2.2 . BACIERIAL RICOMBINAQS 

.· The invention described heiein is described main! with referei2ce to the use . . . . . . . y. 

of RecFJT and/or Reda/JS. llowner, as will be clear to the skilled artisan. the .invention is 

15 equally applicable to the use of other bacterial recombinases that~ the ability to mediate 

homologous recombination wag a pair of homologous double-stnm.ded DNA molecules as 

subs1ratcs. As used herein, a bacterial iecombinasc is a m:ombinase that is expressed 

endogmously bi bacteria, whether of phage· Or bacterial origin, and is capable of mediating · 

homologous recombination. ln various embodiments, the bacterial recombinasc is R.ecEtr 

20 ancllor Redcz/P recombinase. In another specific embodiment, a ftmctionally equivalent 

system for initiating homologous leCOmbination comprises erf protein fto1'll phap P22. 

Further, individual protein components of bacterial recombimses can be substituted by 

other fbncdonal components for use in the present invention. 
11RlcE".ad "Reel"' as used herein, nfers first, to E.coli, e.g., E.coli K12, 

25 RcGE or ReoT. The E. coli RccE and RecT nuelcotidc and amino acid sequences~ well 

known (llccE, GenBank Accession No. M24905 and S~SS-PROT Accession No. Pl5033; 

ReGT, GalBank Accession No. L23927 and SWISS-PROT Accession No. ~33228): . 

•itedcz" and "RedP" refer to the phage lambda encoded proteins. Rem bas a 5' to 3' 

exonuclcasc activity similar to the S' to 3' exonuclease of Rec:E_ and Red.Ii has a DNA 
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annealing activity similar to that ofRecT. Nucleotide and amino acid sequences are well 

known for both of these lambda proteins (see GenBank Accession Nos. J024S9; Ml 7233). 

As will be clear to the skilled artisan. reference to RecE/T and/or Redcx/P 
herein shall also apply to a combination of.RecE/T.and RedalP. unless indicated otherwise 

5 explicitly or by context. Jn a specific embodiment, combination of the two enzyme 

complexes has a synergistic effect on the efficiency of recombination. . 

. Bacterial recombimses tbat QD be~ also include allelic variants of the 

components of the recombinases. Por example, amino acid seciuences utili7.cd in the 

Rec:FJT and Reclatp recombination systems of the invention can alsO comprise aiDino acid 

10 sequences encoded by any allelic variants ofRecE, RccT. Rcdcz, or Redp, as long as such 

allelic variants are fimctional variants, at least to the eXtent that they exhibit homolo1ous 

recombination activity. Allelic variants can routinely be identified and obtained using 

standm:l rec:om.binant DNA techniques (see e.g., Methods in Enzymology, 1987, volume 

154, Academic Piess; Sambrook et al., 1989, Molecular Cloning· A Laboratory~' 

15 2nd Edition, Cold Spring Harbor Press. N~ Y~; and_ Ausubel et al., Cunent Protocols bi 

MoleculBr Biology, Greene Publishing Associates and Wiley Interscicnce, New York), or 

protein evolution approaches (Jermutus et oL, 1991; Curr. Opin. Bioteehnol. 9:534-548) .. 

In general, nucleic acid encoding such allelic variants should be able to 

hybridize 10 the complement of the coding sequence of RccE, RecT, Rcclc&;·or ~under · 

20 moderately .stringent c:onditions (~, e.g., standard Southern blotting hybridization 

conditions, with the final wash in 0.2xSSC/0.1% SDS at42°C; Ausubcletal., eds:, 1989; 

Cunent Protocols in Molecular Biology, Vol. I, Green Publishing Associates, Im;., and Jobn 

Wiley le sons, Inc., New York, at p. 2.10.3), or hiahly stringent hybridiation conditi0ns 

(using, e.g., standard Southem blottinl hybridization conditions with the final wash in 

25 O.lxSSC/0.1 %SOS at 68-C ; Ausubel et al., npra). 

RccE, RccT, bk, and RecfP, as used here}n also includes RecE. R.Cct,. 

Red«, and RedP homologs derived from the phages hosted by, or the cells of, procafyotic 

cells of the family Enterobacteriaaoe. Members of the tamlly Enterobacteriaceae include, . . 

but arc not limited to species of &cllerichia, Salmonella, Cilrobacter, Klebsiellae, and . 

30 Proteus. Such RccE, RecT, Reda, or RedP ho~olog ~ generally, encoded by a gene 
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. . . 

present in a phage genome whose product participates in a recombination-mediated step in 
. . 

the phage life cycle, such as Redu and Red.P in the life cycle of lambda phage. 

RecPJT homologs can routinely be identified and obtained usina standard 

~ pnetic and n:combiaant_DNA. techniques (see e.g., Sambiook et al., sUpra., 
5 and Ausubel et al., supra). Recombbmt DNA may be obtained from a cloned genomic or 

cDNA library, or by PCR amplification. For example, a genomic library may be produced 

by standard molecular bioloaical techni~ or obtained tiom commercial or non­

commercial soun:es. ~genomic or cDNA libraay may then be screened by nucleic acid 

hybridirarion to a labeled E. coll recE or recTprobe (Grunsteiu and Rogness, 1975, Proc. 

10 Natl. Acad. Sci. U.S.A. 72:3961) and positive clones can be isolated and sequmccd. 

In a specific example, a RecE or RecT homolog can routinely be identified in 

Salmonella typltimlll'irall. 1be ncE and recT aencs are well characterized in E. ·coli K-12; 

the nucleotide and protein sequenecs.ofboth Rec:E (GenBank Accession No~ M24905 and 

SWISS-PR.OT Accession No. P1S033) and R.ec:T (GeaBank Accession No. L23927 and 

15 SWISS·PROT Accession No. P~3228) are~; (see also Bachmann, 1990, Microbiol. 

Rev. 54:130-197; Rudd, 1992, in Miller, 1992, S"JR'O, pp. 2.3·2~43). A complete.! 

IJlphimllrlwn genomic cosmid or 1 Ji~ may be used. The S. l)'phimuriwis libiary may 

then be scmmed by hybridimion with an E. coli hcE or RecT probe utilizjng 

hybridiation conditions such as those described-above. Por example, since the two genes 

20 are expected to be highly homologous, standard moderately stringent hybridization 

conditions are prefer1ed. 

In one embodiment, such eonditions can islude -the following: Filtczs 

· CODtaiaing DNA can be petreated for 6 hours at SS°C in a aolution containing 6X SSC, SX 

Deahart's solution, O.S% SDS and 100 pglml denatured salmon sperm DNA. 

25 Hybridizations can bo carried out in the same solution and S-20 X 1 O' cpm JZ}>-labeled piobe 

is used. FJlters can be incubated in hybridbration mixture for 18-20 hours at S5°C, and then 

washed twice for 30 minutes at 60°C in a solution containing lX SSC and 0.1% SOS. 

Filters are then blotted dry and exposed to X-ray film for autoradiography. Other conditions 

of moderate stringency which may be used are well·knowD in the art. Washing of filters is 

30 done at 37°C for 1 hour in a solution containing 2X SSC, 0.1 % SOS. Subsequent isolation, 
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Pmmc:ation and c)maoterization of clones containing the S. typhimuri11111 can be performed 

by procedures well known in the art (see Ausubel et aL, supra). Such sequences can be 

used to CODStluCt the S. typhi111111'iron Rec:BITs of the invention. 

Alternatively, the S. typhbnurlrim· gene am be isolated ftom S. typhimuriups 

5 mRNA mRNA.can be isolated iom cells which express the RecB or RecT proteia A 

cDNA liblary may be produced by reverse transcription of mRNA, and screened by 

methods known in the art, such as those descdbed 1lb9ve for scmmiDg a genomic library 

(see Ausubel et al., supra). Alternatively,.recE or recTcDNA can be identified by PCR 

teclmiques, such as RACE (Bapid Amplification of sDNA Ends; Ausubel et al., supra), · 

10 using two primers designed ftom the E. colt 1'flcE or ncT sequence: a "forward" primer 

having the same sequence as the S' end of the E. coli recE or ret:T mRNA, and a "reverse" 

primer complementary to its 3' end. 1bc PCR produGt am be verified by sequeacing, 

subcloned, and used to construct the RecE/T of the invention. Sueh cDNA sequences cazi. 

also be used to isolate S. typhlmurlwn genomic recE or recT sequences, using methods well 

15 known in the art ~brook It al., 1989. supra; Ausubel et al., supra).. . 

Nucleic acid molecules encoding the RccE/T ncombination enzymes of the 

invention can, fbrthcr, be synthesized and/or constmcted accordina to secombinam anc1-· 

S)'Dtbetic means·well known to those of skill ia the .art (Sec e.&, Sambrook, mpra and · 

AUSQbd •t al. 11 supra.). 

28 As discussed below, 1be ability to COD1rol the expression of the sequences 

such that expression can be iqulatable (e.g. inducible) and such that a wide range of· 

expression levels can be achieved is bmdicial to the perfonmmcc of the mediods of the 
invention. 

· The nuolcio acid molecules~ for example, be maintained 

25 extrachromosomay, e.g.. on a plasmid, cosmid or a bacteriophaae. Alternatively, the 

mdeic acid molecules can be intepatcd into the Cbromo.lomc, e.g., E. coli chromosome, 

utilizing, for example, phage tnmschldioZl or mmsposition. 11ms, the RecEIT codina -· 
sequences can be engineered by standard techniques to be piescnt in high copy, ·low~ or -

single copy within each cell. A variety of different ieplatory sequences can be also utiliad 

30 for driving expasion of ~e recombination pmteins. Each of these aspects or 
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exp:ession/stnin construction can be manipulated to yield cells exhibiting a wide range of 

recombination protein expression levels. It is to be n0teci that siag1e copy chromosomal 

versions of the recombination protein cOctins sequcnces me additiomlly advantageous in 

that .such~ configuration facilitates coustruction of strains. 

5.2.2.1 PRQDIN EXPRESSIQN 

The bacterial 1CC01Dbinase may be expiessed either constitutiVcly or 

iaclucl.bly in bacterial, yeast, bisect. or mammalian cells. In a ptefimed embodiment, 

m=ombination proteins me expmssed in a bacteriaL most preferably, E. coll strain. For 
10 . .i._ ... ~ . example. 1he host "11 may compnse Ulli re~ and ncT genes located on the host cell 

chromosome~ Examples of E. coli strains in which the expression Of R.ecE/T is endo1enous 

are Icnown.. for exampl0t K coli sb~ strains (Zhang er al., 1998, .lllJllYI). Alternatively 

RecEIT may be ·recombinantly expiaied from non-chromosomal DNA, preferably on a 

plasmid vector, e.g., pBADETy (Zhang et al., 1998, 6Upl"tl) or pGBTne (Nmayanaa et al., 

15 1999, Ocnc Thcr. 6:442-447. SimiJ8!1y Reda/P QR be endogenous to strains that haVe 

iDtcgtatcd A. prophage, m·cxpiascd fiom plasmids, for example pBADcijly (MuyreJS et al., 

um, 8flJ!JW'). RecE/T andlorR.eda/11 expression eoasl1Ucts can be coastructed according to 

staaclald RCOJDbinant DNA techniques (see e.g., Methods in Em.ymolol)', 1987,· volume 

154, Academic Press; Sambrook et al. 1989, Molecular Cloning ·A Labomtory Manual, 
28 2nd Edition, Co1cl Spring ffarbor Pless, New York; and Ausubel et al. ·eumm Pmtoc:ols in 

Molecular Biology, Greene Publishing Associates and W'Jley lmerscience, New York. each 

of which is imDporated herein by reference in its emirety). 

ID one cmbodimcnt. llccE/T and/or Reda/JJ ii~ in E. cali from a 

high-copy plasmid such as a plasmid conrainiog a ColEl-derived orisin of ieplic:a1ion,. 
25 examples of which me well known in the art (see Sambmok et al., 1989, .supra; see also 

Miller, 1992, A Short Comse in Bamrial Genetics, Cold Spring Harbor Lahoratmy Pless. 

NY, and references therein), such as pUC19 and its derivatives {Yanisch-Pmon er 01., 19~S, 
Ocne3l,:103-119). 

W"lth respcc:t to iqulatory controls which a11ow expression (either regulated 
30 

or ccmstitutive) at a range of diffenmt expiassion levels, a variety of suduegulatory 
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sequences are well known to those of skill in the art. The ability to generate a wide t111ge of 

expression is advantageous for utilizing the mc1hods of the invention, as described below. 

Such expnssioa can be achic:vcd in a constitutive as well a in a regulated, or inducible, 

fashion. 

Inducible expression yielding a wide range of expression can be obtained by 

utilizing a variety of induciole regulatory sequences. In one embodiment, for example, the 

loci gene and its ~tous indueer IPTG cani. utilized to yield ind~"ble, hip levels of. 

expression of RecFJI' when sequences encoding such polypeptides are 1raDscribed via the 

lacOP JelU]atory sequences. 

RecE and RccT may be expressed from different promoters, or alternatively, 

the rccE and recT genes may be expressed on a polycistmnic mR.NA from a smgie 

pzomoter. Such heterologous promoters may be inducible or constitutive •. Preferably the 

expmsion is controlled by an inducible promoters. Inducible expiession yielding a wide 

range Of expiasion can be obtained by utilizing·• variety of indUC1ole regulatory sequmccs. 

15 In _OJIC embodiment, for example, the lac/ gene and its gratuitous inducer IPTG can be" 

utj)incf to yield inducible, high levels of expression ofRecEIT when scquenm encoding 

such polypeptides are transcribed via tbe lacOP regulatmy sequences. A variety of other 

inducible promoter systems a.: wdl known to those of skill in the art which can also be 

utilized. Levels of expression from RecEII' or llcdu/fS ~can also be varied by · 

20 using promoters of dift'erent strengths. 

Other regulatccl expression systems that can be utilized inelude but are not- · 

limited to, the araC promoter which is inducible by arabinosc (AraC), the TET system. 

(Geissendorfer and Hilleii, 1990, Appl. MicrobioL Bioteclmol. 33:657-663)1 the PL~ 

of phage l tempcntun: and the induet'ble lambda repressor Cl157 (Phroua, 19759 Natuze 2S4: 

25 114-117; Petmlko et al., 1989, Gene 78:85·91), the11ppromoterandtrpmpressor system 

(BCDDCtt et al., 1976. Proo. Natl. Acad. Sci USA 73:2351-SS; Wame et al., 1986, Gene 

46:103-112), the lacUY5 promoter (Gilbert and Maxam, 1973, Pf9c. Natl. Acad. Sci. USA 

70: 1559-63), lpp (Nolaunura et ol.1 et al., 19821 J. MoL Appl. Gen. 1 :289-299), the T7 gene-

10 promoter, phoA (alkaline phosphatase). rccA (Horii et 01. 1980), and the tac promoter, a 

30 ttp-lac fusion promoter, which is indUclble by trypto~ (Amann et al., 1983, Gene 
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2S: 167-78), IOr example; are all commonly used strong promoters, resulting in aa 

accumulated level of about 1 to 10% of tolal cellular protein for a potein whose level is 

controlled by each pomoter. If a stlODgcr promoter is desired, the tac promoter is 

approximately tenfold SUODgcr than lacUVS, bUt :will result in high baseline levels of 

5 expmsion, and should be used only whm ovaapression is required. If a weaker pomoter 

is required, other bacterial plOIDOtels are well known in tho 11\ for cuaiplo. maltose, 

galactosc:, or other desirable promoter (sequences of such promoters are available from 

Genbank (Burks et al. 1991, Nucl. Acids Res.19-.2227-2230). 

Cells usetbl for the methods dmcaibcd haein n an:y ceJls containing 

10 R.ecEIT andfor Redu/P ICCOlllbimscs. Preferably, the host cell is a pain-negative bacterial · 

cell. More prefmably, the host cell ism cntem-bru:terial cell. Members of the family 

Enterobat:tuillceae include, but me not limited to, species Of Escherichia, Salmonella, 

Cttrabact~, Klebaiellae, and Protem. Most peferably the hoSt cell is an Escherichia coll 

cell. Cells ean also be dcrived.ftom any organism, includiq, but not limited to, ~ fly, 

IS mouse, or human cells, proYided they can be enainceml to expri:ss a suitable tee0mbimse. 

The: iecombinasc is pJefcrahJy Ra:Etr ICCOIDbinase derived from E. coli, or RcdczlP · 
m:ombinase derived fimn phage 1. or a f\mWonally equivalent RecE/T or .RcdcrJP. 
m:ombinase system derived from Entero~eriaceae or an EnlerobactD'itlt:eoe phage, 

whe!ein such syslCmS ean maliate recombination between ngions of sequence homology. . 

20 Cells cxpmsing RccEIT and/or Re&xlfS piotcim may be mmle. 

electtocompetcnt in advance and storm at-70°C. 

Altanatively, the methods of the invention may be carried out in any other 

cell type iD which cxpRSSion ofllccEIT and/ot R.edafP is possible. F~ example, a variety .· 
of host-vector system may be utiliicd to expms the protein-codina sequence. These 

25 include but are not limited to mammalian cell syst.c:mS infected with virus (e.g., vaccinia 

virus. ~ etc.); insect cell syStems lnfc:eted 'with vims (•.g.. baculovirus); 
' 

ilaicroozpnisms nch 11 yeast containing yeast vectors. or bac:teri>a transformed wit1i 

bactaiophagc, DNA, plasmid DNA, orwsnid DNA. The expn:ssion demems of vectors 

vary in their S1mlglbs and specificitleL Depending on tho host.;.vector system utill7.ed, any 

30 one of a number of suitable transoription and imnslation clcmcnts may be used. In spceiliG 

-41-



5 

WOOl/04288 . . . .. ~ PCT/EP00/06533 

cmbodimcnts, the RecEfT and/or Reda/IS genes are expiesscd, or a sequence mcoding a 

fimctionally active portion ofReCP/r and/or Redec/P. In yet another embodiment, a 

fragment of llecEff or Reda/IS colnprising a domain of the RecE/T and/or RaicrfP proteins . . 
are expressed. 

Any of the methods previously described for the insertion of DNA fiagmems 

into a vector may be used to constructexp1ession vectors c:Ontlining a chimeric gene 

consisting of appzopriatc tnmcriptionalhransJational ccmtto1 sipals and the. protein coding 

sequences. These~ may include in vitro ICCOmbimmt DNA and synthetic •lmiqucs 

and ill vivo recombinants (genetic recombination). Expression of nucleic acid sequence . 

10 encoding a R.ecEIT or Redullt protein or peptide fiagmcnt may be ngulated by a second 

nucleic acid sequcnc:e so that the RecEIT or RedafP protein or peptide is expmsc:d in a host . 

transformed with the recombinant DNA molc:culc. For example, expression of a R=FJT or 

Redulfj protein may be contzollecl by any promoter/enhalicer elemC:nt known in the art .. - . 

Promoters :wbida may .be used to comrol RecF/I' or Redcx/fJ expression include, but are ilOt-

15 limited to, the SV40 early promoter n:gion (BemoiSt and Cbambon. 1981, Natme 290:304-

310), the promoter Contamed in the 3' Iona terminal tepeat of Rous .. sarcoma virus 

(Yamamoto, et al .• 1980, Cell '22:787-797), the herpes ·thymidinc kinase promoter (Waper 

•t al., 1981, P.roc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory sequences of the 

mctlllotbionein gene (Brinster et al., 1982, Natme 296:39-42); plant expression vcc:tors 

20 comprising the nopalinc: synthetaSe promoter Rgion (Harma-Estiella el al., 1984, Natme, 

303:209-213) orthe..utlowermosaic virus 3SS RNA promoter(Gardner, etal.. 1981, 

Nucl. Acids Res. 9".2871), and the promoter of the photosynthetic enzyme ribulose . 

biphosphatc earboxylase (Hcrreni-Estrella et al., 1984, N~ 310:115•120); promOter 
elements ft'om yeast or other fimgi such as the Gal 4 promoter, the ADC (alcohol 

25 dehydrogenase) promoter, PGIC (phosphoglycrmyl kinase) promoter, allcaHne phosphatase· 

piomotcr, and the following aniina1 traascriplional control regions, which exhibit tissue 

specificity and have been utilizccl in transgenic animals: elastase ~.sene con1r0l regidn . 

which is active in pancreatic; acinar cells (Swift et al., 1984. Cell 38:639-646; Omitz et al., 

1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepatology . 

30 7:425-Sl S); insulin gene control region which is acti~ in pancmdic beta cells (Hanahan, 
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1985, Nature 315:115-122), immunoglobulin gene control~ which is active in 

lymphoid cells (Grusschedl et aL, 1984, Cell 38:647-658; Adames et al .• 1985, Nature 

318:533-538; Alexander 11 al., 1987, Mol. Cell. Biol. 7:143~1444), mouse mammary 
. . 

tumor·virus comzol region which is adi~ in testicular, breast. lymphoid and mast cells . . . 
5 (Leder et al., 1986, Cell4S:48S-49S), albumin gene control repcm.which is ac:tive in liver 

(Pinkert .et al, 1987, Oeaes and Devel 1 :268-276), alpha-fetoprotein gene control region 

which is active in liver (ICnun1auf et al., 198', Mol. Cell. Biol. 5:1639-1648; Hammer et 

al., 1987, .Sciaa 23S:S3-S8; alpha 1-andteypsin p.ae control zqion which is active in 1he 

liver (Kelsey a aL, 1987, Genes and Devel. I :Uil-171), beta-&Jobin gene control region 

10 which is active in myeloid cells (Mogram et al, 1985, Nature 315:338-340; Kollias et al., 

1986, CeU 46:89-94; myelin basic piotein sene control region which is active in· 

oligodenckocyte cells in the bmin (Readbead et al., 1987, Cell 48:703-712); myosin light 

cliain-2 gene control :region which is active in sbJ.etal m~ (Salli, 1985, Nature 314:283-
216), and gonadolropic rclening hmmonc gene comol n:gion which is active in the 

15 hypothalamus (Mason et al, 1986, Science 234: 1372-1378).. 

In a specific embodiment, a wctor is UICd that comprises a promoter 

operably linked to a bacterial recombUJasc: (e.g., RecE or RecT)-encoc:llng nucleic acid, one 
or more ori.- of replication, and, optioually, one or more selectable markers (e.~, an 

antibiotic resistance pne). 

20 The chosen vector must be compatible with the vector pJasnUd described in 

Sa:tion S.2.1, above. Qne of skill in the art would readily be awme of the compatibility 

requirements necessary for maintaining multiple plasmids ill a siaglc c:cll. Methods for 

pmpagation of two or more ccmsmac:ts in~ cells are well known to those of skill 

in the art. For example, cells containing multiple replicoas ean routinely be selected for and 

25 maintained by Dtillzina vectors comprising appropriately compatible origins of replication 

and independent selection systems {sec Milt.eta!, 1992, 8UJR'"'I; Sambrook •tal., 1989, 

supra). 

30 
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5.2.3 HOST CELLS 

The host ccll used for the cloning methods of the present invention and for 

propagation of the cloned DNA can be any cell which expresses the ncE and recT and/or 
. . 

.reda and ~ed/J gene products, or any cell in which heterologo~ expression of these g~ is 

S possible. Examples of pos"sible eell VP•tbat can be used include, but 1n not limited to, 

prokaryotic ev.karyotic cells such as bacterial. Yeast. plant, rodent, mice, human, insect, or 

mammalian~· In a prefeued embodimait, the host cell is a bacterial cell. In the most 

prcfem:d cmbodimellt, the host cell is an E. coli cell. Examples of speGific E. coli strains 
that can be used me JC 8679 and JC 9604. The genotype of .JC 8679 and JC 9604 is Sex 

10 (Hfr, F+, F-, m F'): F-.IC 8679comprises1he mutations: m:BC 21, m:C 22, sbcA 23, thr-1, 

ara-14, leu B 6, DE (gpt-proA) 62, lac YI, tsx-33, gluV44 (AS), galK2 (Oc), LAM-his-60, 

.relA 1, rps LJ 1 (strll), xyl AS, mtl-1, argE3 (Oc) and tbi-1. JC 9604 comprises the same 

mutations and fhrthet the mutation recA 56. 

Jn an alternative embodiment, a cukaryotic cell may be ~ as a host ceil for 
15 the clcmiug and subcloning methods describecl"Jmein. AD,y cell that expresses or can be 

cagineen;d to expicss a bacterial m:ombinase, or fum:tional equivalents thereot can be 

used. Cell lines derived &om hnman, mouse, monkey, or any other organism may be used. 

For example, non-Iimitina examples of cell lines usetUl for the methods of the invention . · 

include CHO, VERO, BHK, HeLa, COS, MOCK, 293, 3n, and WDI cells. 

21 . A variety of host-vector systems may be utilized to iiltnxluce and expiess tile 

piotein-coding sequence of RecPJT, Reder/JS or a functionally equivalent system. Such 

methods am well bown in the: art (see Ausubel et al., Current Protocols in Molecular 
Biology, Greene Publishing~ and Wiley Interseience, New York). 1bese include 

but are not limited to mammalian cell systems iDfcctCcl with virus (e.g., vaccinia virus, 

25 admovims, etc.); insect cell systems infected with virus (e.g., baculovirus); microorganisms 

such as yeast ccmtahring yeast va:tors, or bacteria lranSfonned with bacteriophage, DNA, 

plasmid DNA. !JI' cosmid DNA. Methods for protein mqm:ssion ~ also discussed m 
Section 5.2.2, above •. 

30 
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5.2.4 IARGUDNA · 

lbe target DNA is cboscn acccmting to·~ design. and may. be any 

double-stranded DNA as short as one base pair or over one hunched lcilobases in length. In 

a specific embodiment, ·tbetar,et· is. up to 100, 125, 200, or 300 kb in~ Jn.-
5 apccific embodiment, the target DNA is 2S to ·100 kilobases,·e.g.. as psesent in a BAC 

vector. Other specific embodiments of taraet DNAs aie set forth ia-Examples in Section 

6. The tazget DNA may RSide on any hidcpcndcntly ~lic:ating DNA molecule such as, but 

not limited 10, a plasmid, BAC or the E. coli chromoSome. 1be •tazpt DNA may also 

reside on any souice of DNA including, but not limited to, DNA &om any prokaryotic, 

10 archaebaetcrial or eukaryotlc cell. or fiom viral, phage or synthetic origins. For example, . 

nucleic acid sequences may be Obtained from the followin& soun:es: human, porcine, 

bovine, feline, avian, cq• canine, insect (11!.g., Drosophila), invenebmle (e.g., C 

elegans), plant, etc. The DNA may be obtained by s1ai:ldard pmcedma known in the art 

(• ~g., Sambrook et al., 1989, Molecular Clonlilg, A LaboratOly Manual, 2d Ed., Cold 

15 Spring Harbor LaboratoJy Pless, Cold Spring Harbor, New-York; Glover (ed.), 1985, DNA 

Cloning: A Plactical Apploach, MRL Pms, Ltd., Oxfcri, U.K. Vot I, ll). 

5.3 . METBQDS fORUSE·OFIBJ INDNTION. 

5.3.1 INIBODUCTIONOFQNA nm> BOST CE1U 

20 Any niethod knowa in tho art for delmring·a DNA prcpamti.on compdsinlJ 

- tarpt DNA into a host cell is Suitable for use with the methods described above. Such 

methods arc b.own in the art md im:luclc. but arr: not limited to electroporadcm of cells, 

prCparina ~cells with calcium or .rubidium chloride, tzamrdUction of DNA With 

target DNA packaged in vital particles. For eukmyotic cCl1s, mc:thods include but are not 

25 limited to dectmporation.11811Sfection with calcium phosphate precipitation of DNA. mid 

Wal paekaaing. In a pi~ embodiment. elecaroporation is used. Cells wntaining 

RecEIT or Reder/I' proteins are treated to make them tolilpetcllt ~ electtopmatioa by 

standard methods (sec Avaubcl et aL, ClllmU Protocols in Molecular Biology, Grc:aic 

Publishing Associates and W'slcy Intascicncc, New York). Preferably, about SO µ1 of a 

30 staDdard preparation or electro-competmt cells is ~for dectroporatiOll by siaudanl 
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proccclurcs. In cxperimems that require the uamfonnation of a linear or circular vector, 03 

Ill or mole of vector is preferably used. In experiments that Rquire the transformation of a 

DNA prepandion c:cmtaining the target DNA, ·0.3 ·Ill or more is preferably used. For co-
. . . 

transformaUon experiments; the DNAs are preferably ~d before electroporation. After 

S elecuopmation. the eells are prefaably diluted in cultuie medium and incubated~ an 

appJOXimately 1 and a half hours recovery period~ allturing under c;onditions to 

identify the phenotypic change conveyed by the scleGjable marker acne. 
Jn expedm.ents utilizing site-specitic recombination or endonuclease 

cleavage of the WGtor. cxpiession of the SSR or the endonucleasc. or combinations of an 

10 SSR and an endonuclcasc or two SSRs, is induced either before prepmation of 

electrocompetent cell~ during the recoveay pedocl after eleclloporation. or during culture to 

identify the selcc:tablc marker. 

Optimally the phenotypie dmngc is resistance to an antibiotic and the cells 

are cultmed on plates that oontain the corresponding antibiotic. . In Ibis case, die antibiotic 

JS rrsislaat colonies that appear after· overnight culture will pedomimntly contain the desired 

subcloning pladuct. 

Jn another embodiment, DNA is delivcml into the host cell by traasclucticm 

of DNA that bas been pacbgccl into a phage particle. Pt or 1 trausduction and paekaging 

protocols are known in the art. A packaging extracts me available commercially (e.g., 1iom 

20 Promega. Madison, WI). 

S.3.2 OLJGQNUCLIOTIDES 

The oligonuclcoticle homology arms, primers, and adapter oligonucleotideS 

25 used in conjunction with the methods of the invention are often oligonucleotides ranging 

fiom 10 to about 100 nucleotides in length. In specific aspects, an olig01WCleotide is 10 

nucleotides, 15 nucleotides, 20 nucleotides, SO nucleotides, or 100 nucleotides in leugth, or 

up to 200 nucleotides in length. In the prefencd embodiment, the oligonucleotide is 

appioximately 90 nucleotides in length. 
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Oligonuclcotidcs may be synthesized using any method bown in the art 

·(e.g.,~ phosphoramidite chemistry on ·Ill Applied BiosyStans 3921394 DNA 

synthesizer}. Further, reagents fOr synthesis may be obtained ftom an>: one of lilany 

~supplien. 
S · An oligonuclcotide ot deri'YBtive thereof used in coqjunction with the 

methods of this invention may be synthesized using any method known in the an. e.g;, by 

use of an automated DNA synthesizer (such as are ~Y available 1iom Bioscarcb, 

Applied Biosystems, etc.). As examples, pbosphorotbioatc oligonuclcotidcs may be 

synthesized by the method of Stein« al. (1988, Nuol. Acids Res. 16, 3209), 

18 methylphosphonate otigoaudcotidcs can be prepmed by use of comrolled pore glass 

polymer suppotts (Sarin et al., 1918, Ptoc. Nat'l Mad. ki. U.S.A~ SS, 7448-7451), etc. 

An oligonucleotide may comprise at least om modified base, provided that 

such moclification does not interfere with homologous ~bination. For example, such 

modifications may_inc:lude, but arc:. not limited·to S-fluorouracil, S-blomouracil, 

IS .5-chlorouracil, 5-iodouracil. hypoxaathin~ xantbine, 4-acetylcytosine, 

. S-(carboxyhydroxylmethyl) uracil, S~)'D1Cthylaminomethyl·2·thiouridine, 

S-c:arboxymethyJaminomcthylmacil, dihydrouncil, ~D-p1actosylqueosine, iuosine, 

N6-isopentenyladene, 1-metbylguanine, 1-mcthylinosine, 2,2-dimcthylpanine, · 

2-methyladenine, 2 .. mcthylguanine, 3-methylcytOSine, S-metbylcytosine, Nkdenine, 

20 7-methylguanine, S·methylaminomethyluracil, S·methoxyaminomethyl-2-thiouracil, beta-• 

D-mannosylqueosine, 5' -methoxycarboxymeyluracil, 5-methoxyuraci~ 2-methylthio-N6-

isopentcnyladenine, uracil-5-oxyacetic acid (v), pscudouracil, queosinc, 2-tbiocytosine, 

S-methyl-2-thiouracil, 2-thiouracil, 4-~ouracll, S-methylmacil, uracil·S-oxyacetic acid 

methylester, Ul'IGil-S-oxyacctic ac;id (v), S-methyl-2-tbiouracil, 3-(3-amino-.3-N-2· 

25 c:arboxypropyl) uracil, and 2,fi.diaminopurinc. 

An oligonuc;lcotide may comprise at least one modified phosphate backbone, 

provided that suCh modification does not intafere with homologous recombination. ·suc1a 

modific:rdion may inc:lude, but is not limited to, a phospholothioatc, a phosphoroditbioate, a 

phosphonmidothioate, a phosphoramidate, a pbosphmdimindatelt a methylphosphonate, an 

30 alkyl phospbotriester, and a formacctal or analog thereof.. 
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S.3.3 DNA illPLD'JCADQN . 

ne polymerase chain zaction (PCR) is opticmally med in connection with 

the iDYention to amplify a desired sequence ftom a source (e.g., a tissue sample, a genomic 

or cDNA library). Oligonucleotide primeis repmeming ·known sequences Gan be used as 
. . 

S primers in PCR. PCR. is typically c:arried out by use of a thcnnal cycler (e.g., from Perkin-

Elmer Cetus) and a ~stable pol,mc:rase (e.g., Gene Amp1M brand ofTaq pol)'IDel8&C}. 

The: nudeie ac.id template to be amplified may include but is not limited to mRNA, cDNA 

or genomic DNA 1iom any species. The PCR. amplification method is well known in the art 

(see, e.g.. U.S:PatentNos. 4,683,202, 4.683,l9S and4,889,818; ~llemtein etal., 1988, 

10 Proc. Nat'l. Acml. Sci. U.S.A. 85, 7652·1~6; Ochman et al., 1988, Genetics 120, 621-623; 

Loh et al ... 1989. Science 243, 217·220). 

15 

20 

5.4 M£TllOQS EOB DIAGNOUJC APPLIQTIONS 
. ..... 

1be methods· of the prcsmt invention may be used to detcd, prognose, 

. diagnose. or monitor various lnfectio.as. GODdilions, diseases, and disorders associated with 

the presence of a foleip DNA or variant DNA. or monitor the tieatment thereof: For· 
example, as clcscribed in Section S.4.1, below, tho methods may be used to deia:t,; propose, 

diapose. or monitor Ylll'ious infections and diseues. such as diseases assodated with a viral 

infection, a bacterial infeaion, or infection by a pmmom, ~or other lmown 

pathogen. As desc:nW in Section S.4.2, below. the methods can also be used to detect, 

propose. diagnose, or monitor various infections, conditions, di~ and disorders 

usoeiatecl with the prosaa of variant DNA, such as a gmeti~ ~on or a single 

nucleotide pOlymorpbism (SNP). Methods for such diagnostic pmposes are described in 
25 

detail haeinbelow. 

5.4.1 DEDCl'ION Ol mBEIGN DN6 
The methods of the invadicm described heft:inabove can be used to detect 

foreign DNA. audi as a Yiral or bacterial DNA, ncmnring from exposure to a patho~ in a 
30 padcnt aposed to the pathogen. The patient may or may "not ex!u"bit the symptoms of 
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infection by the .pathogen or the piesence or a diseise or-disorder associated by the piesence 

of the pathogen. In one embodiment, for example, a taraet DNA sample can be piepered 

mun the DNA i'om a patient having or suspected of bmng such a disease or infectic:m-
. . 

HomoiosY arms having sequenee homology tc a foreign target.DNA cali be~ and 

s prcpared. 1be sample DNA Cail tbeu be introduced intO an E. coll host cell that expresses a 

bacterial recombinaie and that contains the vector DNA. by any of the methods described in 

Section S.1,. above. · In an alternative embodiment, adaptor oligonucleotides can be 

designed comprising a first sequence homologous to a vector sequence and a second 

sequence homoloBOUS to the foreign target DNA, oric:nted as described in detail iD Seetion 

10 S.I, above. Such adaptor oligonudeotides can be used either to co-tramfcct, together with 

the sample DNA and the \'CCtor DNA, an E._ col; host cell that expresses RecEfl' or ReclalP, 

or Can be tramfected directly into cells that almady comprise· vector DNA and sample DNA 

Cells me then grown in selective media. u described in Section S.1 above, and cells that 

resist solcction em be analyztd for the presence of an insert of the appropriate size. 

15 The target DNA All be isolated &om a patient or ~·s biological aamplc; 

such as, but not limited to,. whole blood, plasma; serum, skin, saliva. urine, lymph fluid, 

cells obtained ft-om biopsy aspirate, tissue culture cells. media,. or noa-biolo&ical samples 

such as food, water,. or other material. Methods for piepatation of DNA &om such soun:es 

aze well known to those of skill in the mt (see, e.g., Current Piotocols in Molecular Biology 

20 seriesoflabontorytechniquemanuals.1987-1994CummtPl'otocols, 1994-1997 John · 

Wiley and Sous,~). 

Jn one embodiment,, for example, ~ it is desired to detect or diagnose a 

viral iofection or disease, the homology ams can c:omprlse DNA scqucnc:c:s homologous to 

DNA acqucnces of known viral DNA. The methods can bC ·Used to detect and isolate Vual 
25 DNA either as a viral DNA strand. or a DNA teplicative iatemiediate of a DNA or an RNA 

In one embodiment, for example, DNA genomes O! ieplicative intemiediates 

of DNA viruses may be din:ctly targeted using homology mm sequences designed to be 

homologous to viral sequences of such DNA viruses including. but not limited~ hepatitis 

30 type B virus, parvovirusa, sudi as adeno-associated ~ and cytmneplovirus, 
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papovaviruses such as papilloma vhus, polyoma viruseS. and SV40, adenoviruses, herpes 

viruses such as helpes simplex type I (HSV ·I}, herpes simplex type II (HSV ·II), and 

Epstein-Barr virus, and poxviruses, such as variola (smallpox) ~ vacdnia virus. In . . 

another embodiment, the replicative intermediates of retroviral RNA viruses that replicate 
. . 

5 . through a DNA intennediaie may be directly targeted using homology ann sequences 

. designed to be homologous to viral sequences of such RNA viruses, including but not 

limited to human immunodeficiency virus~ I (HIV·l), human immunodeficiency virus 

type D (HIV -11), human T-cell lym.photropic virus type I (HTL V-1), and human T-cell 

lymphotropic vims type D (HTL V-D). In another embodiment, in order to detect and isolate 

10 the genomic: or replicativo iDteimediates of RNA virus that rq>licate through an RNA 

intermediate, RNA may be isolated and transcribed into a cDNA copy of the RNA using 

reverse transcri~ according to methods well known in the art. Such cDNA copies may 

be used as target DNA to detec:t the presence of RNA viruses such as influenza virus, 

measles virus, rabies virus, Seadai vims, picornaviruses such as poliomyelitis ~ 

15 coxsackieviruses, rhinovimsr:s, imviruses, togaviruses such as rubella viaus (Gennan 

mCasles) and Semlild foiest virus, arboviruses, and hepatitis type A virus. 

In another preferred~ whae it is desirCd to diagnose or detect 

bacterial infections. the homology arms can comprise DNA sequences homologous to DNA 

sequences of known bacteria. E:or example, in one embodiment, such homology ann DNA 

28 scqua1"S may be homologous to cDNA or genomic DNA of a pathogenic bacteria 

including. but not limited to, Streptococcus pyagenu, Streptococcus pneumoniae, Neisseria 

gonorrhoea, Nei81eria meningitidis, Corynebacterium diphtheriae, Oo1tl'ldl11111 botullnum, · 

Closlrldlum perfringens, Cloatrldlum letoni, Haemophilus itiflwnzae, Klebsiella 

pnaanonlae, Klebaiella azaenae, Klebsi•lla rltintm:leromoti8, Staphylococcus aurna, 

25 Y"lbrio choleroe, &clrerit:hia coU, PHUdomonas aeruglnosa, Campylobacttr (Vibrio)fetus, 

Campylobactu jejuni, A.eromorm ltydrophila, Bacillus cereu1, Edwal'tJsie/la tarda, 

Yeninia entuocolltlca, Yer.rinla p11tis, Yer.sinla psadotuberculosls, Shigella dysenteriae, 

Shigella/lanNi, Sldgella sonnei, Salmonella typhimurium, Trepanemapallidum, 

Tnponema pertenue, Tr~nema caratenaan, Bon'llia vincenlll, Borrelia burgdorferi, 

30 Leptospira icterohemon-hagiae, Mycobacteriwn tuba-culosis, Toxoplasma gondii. 
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PllnnH:ptis .ctll'inii, F~~ella tulanMi.s. Brucella tµJortus, Jrucella suis, Brucella 

melitensis, Mycoplasma app., Riclr.en.sia FOwazeld. Ricatt1ia lsfltsqrnmlShi. Chlamydia 

spp., and Hellcobamr pylori. 

In another embodiment, such homology ann DNA scquenccs may be 

5 homologous to cDNA or l~C DNA of a pathogenic fbngi including, but not limib:d to, 

Coct:idioidu immitis, bpergillm fomigahU, Candida albiClllll, Bltatomyca der1'1tllilidi$, 

Cryptococt:m rt«1f0rman$, and Histtiplosma capsulatt.1m. 

In anothCr piefmcd embodiment, whme it is desired to diagnose or detect 

protozoa! infectiods, the homology arms ean comprise DNA sequences homoloaous to 

10 DNA scqucnccs of known pmtozoan. For example, such hmDology arm DNA sequonoes 

may be homologous to cDNA or genomic DNA of any known protozoan. Especially 

interesting are pathopnio pmtozoans such as Entomoeba histolytica, Tric~ tnll8, 

Trichamonas hominb,. Triclaomonas wzgtnolts. Tlypana.rolira gtimbieme, T'7J1"110sama . . . -
rhoda;ense, ~ cnai, uWunania donowmi, Leillunania lrJlpica, Uialunania 

lS brazilienrir, Pnnmot:y.nir pneumonia. Plasmodium Yivar, PIGmoditun/alclJ111111M, and 

PltlSlllOdtwn malaria. 

In yet another piefared embodiment, where it is desired to cliapolC or 

detect parasitic infections, the homology arms can comprise DNA scqucm:cs bomoloaous to 

DNA~ '!f .known parasite. For example, such homoloSY 111111 DNA sequences may 

20 be homologous to eDNA or genomic DNA Qf any known parasite including. auch as 

Hdminths includins, Enterobtus 11mnlcularll, Trichuris lrlt:hiura • .bcaria.lumbricoidu. 
: . . . . 

Trichinella spiralls, SIJ'ongyl~ida stercoralts, Schistosomajaponicum, Schistoloma 

lilalllOni, Sclliato.oma htzonatobium, and hookwonns. 

25 5.4.2 DIAQNQSll or MJJTATIONS AND POLYMORIDSMS IN 

30 

AI.!.JJl.UDNA 

The methods of the invention can also be used to isolate and detect geiletic 

disoiden in a padent's sample, and to PJOIDOSC, diagnose, or monitor Yarious conditions, 

diseases, aud disonten associated With the presence of variant DNA, suCh as a gcnelic 
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mutation or a single nucleotide polymorphism (SNP). u well as to detect a genetic 

disposition for developing a disease or discxder. . 

In one embodiment, for example, a tlqet DNA sample can be prepared from 
DNA iso1-d ~a.sample fi'om a patient having or suspectecl of having such a gf:netic 

I 

5 disease or disorder. In a prefmecl embodiment, a vector comprising homology arms~ 

sequence homologous to a particular gene of intaat or genomic region of interest can be 

.designed and prepared, and, hmocluc:ecl into an E. coli host·ecll that c:xpiascs.a bacterial 

rccombinase such as llecEfl' and/or Redu/IS. ·The sample DNA can then be introduced into 

the host cello In analiemative emhodiment, adaptor o1igonucleo1ides can be designed· 

10 comprising a first sequence homologous to a vector sequence and a second sequence 
homolopus to the DNA of the target gene of inteleSt. oriented as described in dotail.in. 

Section S.1. above. In a pd'med embodiment, such adaptOr oligcmucleotides can.be used 

either to co-transf=t. together with the sample DNA, an E. coli ·host·cell that eXpresses: 

RccEIT and/or Redll/Ji and contaim the vector DNA. Altemad.vely, ..; of.the other. 

15 methods fm: homologous n=mb.ination doning descn"bed in detail in Seotion S.-1, above,· 
can be used. Cells arc then lfOWD in selective media, as clesc:ribed in Section S.I above, and 

cells tbat iesist selection can be anal)'zec:l for the presence of an insCrt of the appropriate · 

size. DNA can then be analyzed for the. presence of a mutation or DNA Wriation of interat 

by iesuiction analysis or seqlJeJldng techniques well known in the art csee, e.g.. Cum::nt 

28 Protocols in Molceular Biology series of laboratory technique 1D1111Wlls, 1987-1994 Cwrent 

Piotocols, 1994-1997 John W-dey and Som, Inc..): 

In an altcmativc embodiment, the homology aon·or·adaptor oligonuck:otide 

may contain the sequence of the genetic mutation or DNA polymorphism of interest. Jn this 

embodimmit, iecombination will only ocwr it the sample DNA contains the mutation. -This 

25 may be useful for.diagnostic saecning ofa large number of samples for a particular 

mutation or DNA polymorphism, since only cells containing a particular mutation will be 
resistant to selection. 

The taqct DNA may be obtained from any DNA sample. such as genomic 

DNA, cDNA, or mitochondrial DNA.· In one embodiment; for eXample, the target DNA can 

30 be a aegion of a human chmmosomo. Jn another embodiment, the tarpt DNA is present in 
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a mixed population. e.g., a populaeio.n of genomic DNAs derived hm a plurality of 

subjects of interest, for example, subjects afflicted with a particular disorder. Sum target · 

DNA call &e ob1ained Imm a bioloaical sample, ·such as, but not limiu:d to, whole blood, 

plasma, scrum, skin, saliva, urine. lymph fluid, .ceus obtained fiom biopsy aspirate, tissue. 
. . 

S cultme cells, media, or non-bioJoaical samples such as food, water, or o1ber mmiaL 

Methods for Jnp1&ation of DNA from.such soun:a are well known to those of slcill in the 

aat (sec, e.g.. Current Pro10COls·in Molecular Biology.saia oflaboratory technique 

manuals, 1987-1994 cunmt Pmtocols, 1994-1997 John Wiley~ Sons. Inc.). 

Non-limiting examples of genetic disordas tbat can be tested using this 

18 method include mutations· and SNPs associated with such hereditary diseases as Brca-1 

aaociated with 1Rut cancer, mutations iq:;licated in Cystic fibrosis, Tay-Sachs disease. 

sickle cell anemia. hemophilia, atberosclemsis, diabetes. leukemia, plVStlate and other 

cancas, and obesity. Such hercdital)' diseues may indUde degenerative and non­

degeneratiw neurological diseases such as Alzbeimcr's disease. Parkinson's disease. .. 
15. ~c lateral sclaosis, Huntington's disease, Wilson's disc:a9e, spinal =bcllar · 

ataxia, Fdedleich's ataxia and other ataxias, prioli diseases in.eluding Creutzfeldt-Jakob 

disease. clentatorubral pallido1uysian atrophy, spoqiform encepbalopathies, myotollic 

dystmphy, depression, schizopbtenla, and epilepsy. Hmditary diseues ~ also iacludc 

metabolic diseases such as, for examp~ hypoglycemia or phcnylketoauria. Cardiovascular 

20 disea• and conditions me also included, non-limiting examples of which include 

atherosclerosis myocardial infiuUion, and hip blood pessure. The invmlion c:an ful1ber 

be used fOr detec:tion and diagnosis of Lyme disease, tubemdosis, and sexually transmitted 

diseases. 

In another cmbocliment, the homologous n:combiaation clo.uing methods of · 

25 the invention can be used for dcb:iminina the genetic basis of a disease or disonter. For 

example, target DNA can be isolated from ·a sample of a patient or patients aftlictec1 with·a 

disorder whose genetic basis is not known. In one embodiment, the cloninc·methods Could 

be used to isolate a region of a chromosome known or suspecmd to be implicated in such a 

disease or disorder. timn a poup ofpatients known or~ ofbavina such a disolder. 

30 1he recovered DNA can then be isolatccl and analyzed tbrther for the~ of genetic 
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mutations or polymoipbisms. usiq tedmiqw:s well known in the art for mapping variations 

in DNA. such as restriction fragment length pol~ or other SNP detection 

techniques (see, e.g., Nlldforov et al., U.S. Patent No. 5,679,524 issued Oct 21, 1997; . . 
Mcintosh et aL, PCT public:alion ~O 98159066 dated December 30, 1998; Goelet et al.; 

S PCT publication WO 95112607 dated May 11, 1995; Wang et al., 1998, Science 280:1077-

1082; Tyagi et al., 1998, Nature BioteclmoL 16:49-5_3; Chen et al., 1998, ~Res. 

1:549-556; Pastinen et al., i996, Clin. Chem. 42:1391-1397; Chen et al., 1997, Pioc. Natl. 
. . . 

AGad. Soi. 94:10756-10761; Shubcr ct al.~ 1997, Hum. Mol. Oen. 6:337-347; Liu et al., 

1997, Genome R.es. 7:319-398; Livak et al., 1995, Natme Oenet. 9:341-342; Day and 

10 Humphries. 1994, Annal. Biocbem. 222:319-395). 

Non-limiting cxamp1cs of llrpt clismdm of clinical interest include asthma, 

arthri~ psmiasis. excema, aneaps, drug ICSis1ance, drug toxicity, and mic:en such as, but 

not limited to, human smcomas and carcinomas, e.g., fibrosarcoma, myxoacoma, 

liposarcoma, chondrosarcoma. ostcopic: sm:oma, chordoma, angiosm:oma, 

~5 endotheliOSIROJDll, ~ lymphangioendotheno.co. synovioma, 

mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosmcoma. colon carcinoma, 

pancreatic cancer, brea$t cancer, ovari~ cancer, postate cancer, squamous cell carcinoma, 

basal ccl1 carcinoma, adenoc;arc:inoma. sweat gland~ sebaceous gland caicinoma, 

.papillary~ papWmy adenocarcinomas, ~ medu1lary 

20 carcinoma. bronc:hogenic carcinoma. IClllll cell carcinoma, hepatoma, bile duct earciaoma,• 

chorioGmeinoma, scminoma, embryonal caioUmma, W"dms' tumor, cervim cancer, 

testicular tumor, lun1 carcinoma. small cell lung carcilaoma, bladder can:inoma. epithelial 

carcinoma, sli~ astrocytoma. medulloblastoma, craniopbaryngioma. epemt~ 

pim:aloma, hmumgioblastoma, acoustiG neuroma, oliaodendroslioma. meningioma. · 

ZS melanoma, neuroblastoma, rednobl.astoma; leukemias, e.g., acute lymphocytic leukemia aml 

acute myelocydc leukemia (myeloblastic, pomyelocytic, myclomonocytic, monocytic and 

aydnoleukcmia); c:hmnic leukemia (chraaic myclocylic (gnmulog'lic) leukemia and , 

c1uonic fymphocytic leukemia); and polycytbemia wn, lymphoma (Hodgkin's disease and 

non-Hodgkin's disease), multiple myeloma, Waldcnstriim's macroglobulincmia, and heavy 

30 chain disease. the homologous m:ombination cloning methods em fiJrther be uselUI in 
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diagnosing and detecting genetic diffen:Dces and diagliOsis of patients with autoilminmc. 

diseases .. meludina but not limited to, insulin dependent diabetes mclli• multiple 

sclerosis, systemic lupus crythcmatosus, Sjogren's syndrome, scleroderma, polymyositis, 

chronic active liepauds, mixed comaoctivo tissue disease, primary biliary cirrhosis, 
. . 

5 pernicious anemia. autoimmune thyroiditis. idiopathic Acfdjson's disease, vitiligo, ilutcD-
. . . 

sensitive enteropathy, Omves' disease, myasthenia gravis; autoimmune ncutropenia, 

idiopathic thrombocytopenia purpura, rheumatoid arthritis., •hosis, pemphipi. wlgaris; 

autoimmune infatility, Goodpastuze's disease, bullous pemphigoid, discoid lupus. 

ulcemtive colitis, and dense deposit disease. 

10 Homologous recombination cloning methods may also be used for isolating, 

diagnosing. and dmcting DNA~ alterations, variadons, and SNPs not associated 

with disease. Non-limi1ing examples· include such DNA mutations, alterations, variatiom; · 

and SNPs present in non-coding genomic sequmces, or DNA mutationS, alh:ndions, 

variatiODS9 and SNPs associated with diffeieut human blood groups. 

15 In a piefared aspect of the invention, the methods of the invmtion may· have 

particular utility in the isolation, detf:dion, diagnosis. prognosis, or monitoring of human. 

DNA mutations, altaations, variations, and SNPs. It is appRCiated, however, that the 

methods descn"becl herein.will be uiciUl in iSolating, detecting. diaamsin& prognosiag, or 

monitoring diseases of other mammals, for example, farm animals mcludina cattle, horses, 

20 sheep, goat, and pigs, hoUsehold pets including cats and dogs; and plants including 

api.culturaUy important plants and garden plants. 

s.s ma .. 
The invention fi1rdu:r prOvides kits dud filcilitatc the use of the homologocis 

25 recombination cloning and $Ubclollillg methods descn"bed herein. Jn.one Cmbodiment, a kit 

is provided comprising, in one or mo.re wntaiac:rs: A) a double-stranded DNA vector useful 

for directed cloning and subc1oning of a target DNA molecule of~ said vector 

comprising au origin of icplication and two hOmology arms. in the following order from S' 

to 3' along a vector DNA strand: a first homology arm, the origin of rcplicadon and a 

30 second homology arm; su~h that the nucleodde scqucm:c of the first liOD?logy arm on a 
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first vector DNA strand is homologous to the sequence of the fiJSt terminus on a first target 

DNA strand. and 1he nucleotide sequence of the second homology ann on the first vector 

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

target ~NA strand; and b) a ·cen containing a bacterial recombinase. The cell can 

5 cndopnOusly or recomhinantly expess 1he teeambinase.. 

·In illl01hcr embodiment. a kit use.tUI for direc:tcd cloning or subcloning of a 

target DNA molecule in one or more containers is provided. eomprisina: a) a doubl~ 

stnmdcd DNA vc=r U$C1Ul for din:cted cloning and subcloning Qf a target DNA molecule 

of inteJest, said vector comprising an origin of replication and two ho!nology:anns,-in 1he 

10 fo~owins ~ fi'om S' to 3' along a vector DNA strand: a first homology 8IJll, the_origin of 

·replication ancl a seeoncl homology arm. such._ the nucleotide~ of the first 

. homology mm on a filSt vector DNA strand is homologous to the sequence C)f the_first. 

terminus on a fjlSt target DNA strand, and the nucleotide sequence of the second 1Jo1J1ology 

arm on the first vector DNA Sll8nd is homologous to the nucleoti~~ ~~~ C#fllc·sccond. 
15 termbms on the fint 1arpt DNA stnmcl; and b) a first double-stranded oligonuclcotide 

comprisiaa a first oligonucleotidc DNA S1raDd .:omprising. in the following order. tiom 3' 

to 5': a first sequence and a second sequence. said first nucleotide sequence being 

homologous to 1he nucleotide sequence of the first homology mm on said vector DNA · 

strand. and said second nucleotide SCC)1ICDC:C being homologous to 1he DUClcotide sequence 

20 of a first tenninus on a target DNA strand; c) a second oligcmucleotide GOmprising a secodd 

olig~!lucleotide strand comprising. in the following order, from 3' to S.': a third nucleotide 

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

homologous to the nueleotide sequence of the second homology arm on said vector DNA 
. . 

strand and ~d fourth nucleotide sequence being homoloaous to~ nucleotide~ or 

25 a second taminus on said target DNA strand; and d) a cell containing bacterial iecombinasc 

proteins, e.g., RecEll' atJ4/or 1ledcrlP proteins. In a specific em~dimc:m, the cell is an E. 

coll cell. 

In anodicr embodiment, a kit is pmvided with one or moic CODtaineis 

comprisina: a) a double-stranded DNA vector useful for directccl cloning and subcloning of 

30 a target DNA molecule of interest, said vector comprising an origin of ieplication and two 
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homology arms, in the following order from S' to 3' alOilg a vector DNA strand: a first , , 

homoloSY -.., the orip of replication and a second homoJOsy arm; such that the 

nucleotide sequence of the fint homology arm on a first vector DNA stmnd is homologous 

to the sequence oi,the &st tenninus on a first target DNA strand, amt the nucleotide 
. . . . 

5 sequence of the second homology arm on the first vector DNA strand is homologous,to the 

nucleotide sequu.ec of the second tenninus on 1he first target DNA sttand; b) a first double­

stranded oligcm.ucleotide comprising a first oligonucleolide DNA strand comprisin& in the 
. . 

following Older, fiom 3' to S': a first nucleotide sequcnee and a second nucleotide secpaena; 

said first nucleotide sequence being homoloaous to the nucleotide sequenGC of the first 

10 homology arm on said veetor DNA·stranc1, and said second nucleotide sequence being 

homologous to the nucleotide· sequence of a first termiiluS on a target DNA strand; and c) a 

second oligonuclco1ide comprising a second oligonucleotide strand comprising, in the 

followiq orcter, from 3' to S': a tbircl DUCleotide sequence~· a fourth n~tide seq~. 

·said tbild nucleotide sequence ·being homolog0us to the l1Udcotide scquem:c of the second 

15 homology arm on said vector DNA strand and said fourth sequence~ homologous to 

the nucleotide sequence of a secmid terminus 0n said target DNA-strand. 

In various specific embodiments, the target DNA of the· kit is bacterial, viral, 

pmasite, protozoaD, or pithogenie DNA. In other sp8cific embodimems, the kit's target 

DNA can comprise a genetic mutation or polymmphism km>wa or suspectecl to be 

20 associated with a disorder or disease. In another specific embodiment, in oli&omdcotide • 

adaptor sequem:es or vector homology arms have sequenQ7 homology to BAC, PAC, 

lambda. plasmid or YAC based clonin& vectors. 

6. EXAMPLE;. RECEtr ANPBIDd CLQNING AN»SUBCLQNJNG 

25 The Examples presented in 1his section describe a number of experiments 

which demonstrate the successftil cloning and subcloning usiDc the homologous 

recombination methods of the invention. Diffamt appn>acbcs to. snbcloning methoas me 

shown. Of partiwlar- one example shows the succ:essfiil clonilig of an inSert larger. 

than any descn'bed pmiously- the directc:d subclcming of a 2~ kb DNA fiagment fi'om an 

30 approximately ISO kb BAC vector. 
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6.1 MITBQDSANU MATIBJAII 

Preparation a/ Linear fragments 

Standard PCR ieactioa condidons wae used 10 amplify linear DNA 

~~ The 1m bpofpl5AodaiJlplus~-~ gene (iom.Tn90l) iom 
. . 

S pACYCl 77 was amplified. The oriain pl SA allows this plasmid or recombinant to co-exist 

in cells with other plasmids that cany a ColEl compat1Dility sroup origin. . The 1934bp of 

ddoramphenicol (from Tn9) RSis1ant acne plus pl SA origin was amplified from 

pACYC184. 

The oligonm:lcotidcs used ill the PC1l ~ complised, at their 3' ends, 
. . 

10 and 18-30 nucleotide sequence 10 save as a primer on pACYC plasmids, and at the S' ends. 

a SO to 60 nudCotide 5UetCh of~ homologous to the flanks of tlle target DNA 

region. For long oligcmucleotides, the PCll reaction annealing tempeiabn used was 62°C. 

PCR products wen: purified 'by using QIAOEN PCR. Purification Kit (QIAOEN) and eluted 

with dH10. 1be template DNA was elimillllled by digesting PCR. products with Dpn I. 

15 After digestion, PCR pmduds wens precipitated by ethanol and~ in dHi0 at O.S 

prful. 

Preparation of. comperent celll 

Electropmation competent cells were prepmed by standard methods. Brietly, 

20 overnight cultures were diluted 100 times into LB medium with appmpriate antibiotics. R. 

call cells were grown to an oplical density of OD .=t>.2S-0.4 and were ehillecl on ice for 

15 min. Bacterial cells were centrifiaged at 7,000 rpm for 10 min at-5°C. The bacterial cell 

pellet was rcsuspcnclccl in ice-cold 10% gl~ and pelleted by CCD1rilbgation at 7,000 tpm 

at-S°C for 10 min. After 3 times washing in ice-cold 10% glycerol and n:centrifilgation, . 

25 the cell pellet was suspended in a volume .of icc-colcl 10% sJycerol equal to volume of cells. 

The competent cells wm: divided Udo so pl aliquots in eppenclorf tubes, snap frozen in 

liquid nitrogen and stored at -70°C. 

Expaimmts with the plasmids pBAD·ETy or pBAD-4y inyolvcd 

transfolmati.on of these plasmids into B. coli hosts by standard~ followed by growth 

30 overnight to saturation in LB medium plus 0.2% gl~se, 50 l'Wm1 ampicillin, the cul-
-SI· 
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were then diluted 100 fold into LB ,plus SO 1&8'ml ampicillin and growth ·to OD •of 0.15. 

L-Arabinose was then added to 0.1% of final c:onccntratioD. The cells we= grown to ODa 

of 0.25-0.4 before chilling on ice for IS min. 

5 El«:troparation 

A solution ofDNA in I pl (containing appmximatdy O.S pg DNA or~ 

for contransfonnatio.n, or approximately 0.3 Pl vector DNA or more only for cells 

harboring the tmget, cw appmximate)y 0.5 pg DNA or more containins the target for cells 

harboring 1hc vector) was mixed with competent cells. the cells- DNA mixture was 

10 1nlDifenecl into an ice-cold Cl1Velt& Blectroporation was perfmmed usilig a Bio-Rad Gene 

Pulser set to 25 11FD, 2.3 kV with Pulse Controller set at 200 ohms. LB medium (1 ml) was 

added after electroporation. The cells were incubated at 37°C for 1-1.S hour with sbaldng 

and then spread on plates containing the antibiotic corresponding to the selectable marbr · 
gene in the vector. 

15 

6.2 RESULTS 
Table l summarizes. six experiments In which wrious taraet DNA regions of 

interest wae subcloned using cliffenat somcei ofRecEIT or Reda/II expression. The first 

column, entitled "ET expiasio11" sefen to the: source ofitccPJT or RalalP , either 

10 enclogenous RecEIT in E. coli hosts JC8679 or JC9604, or from plasmids pBAD-recP.IT ot 

pBADupy, as indiCatcd. The second cohmm. indicates the E. coli host used. The third 

c:olumn indicates the target geaa. 

ID the first experiment, the rccEIT gene resident ill lhe E. all cbIOmosomc 

. was subcloned in the E. coli S1rain JC8679, in wbiCh ~ ofRecElf is constitutive. 

25 This was ac:complishcd using the strategy outlined in Figure 2. Oli1onucleotides wen 

clesipcd and syntbesi7.ed having the following sequence: 

S'-ITCCTCTGTATIAACCGGGGAATACAGTGTAATCGATAATl'CAGAGGAATAO 
CTCGAGTTAATAAGATGATCI lCI IGAGATCG-3' (SEQ m NO:l) 

30 and 
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S'-CAGCAATGTCATCGAGCTGAGACTfACTGATACCGGOACCCGCGTGGTAAIT 
CTCGAGTGAlTAGAAAAACTCATCGAGCATC-3' (SEQ m N0:2) 

to amplify the pl SA origin of replication and Tn903 bnamycin resistant gene present in 

pACYC177. 1be reiu1ts Of this. experiment am summarized in the first row of Table J. 

TABLE I. 

ET E.ceB Target Total %correct 
espnsslan hoat paes eoloaies : (oftl) 

Endogenous JC8679 recPJT in E.coli chromosome 540 19 
recF.fl' 

Endogenous JC8679 lacZ in E.coli chromosome 760 94 
recE/T 

.. 

.. 
Endogenous JC9604 . l«Z in E.coli cluomOIOJDe 290 100 
ieoEIT 

pBAC- JC5519 Gcntar*ln ill high copy plasmid >3,000 100 
recEIT 

pBAD-uBy HBIOI lad. in E.coli chromosome 370 94 

pBAD-dy HS996 lntron3 of mAF4 in BAC 160 83 

Jn 1he second experiment, the lacZ gene resident in the E. coli chromosome 

was subdoned in the E. coli stmin ~C8679, in which apn:ssiOD ofllecFJT is amstitutive. 

lhis·was accomplished using the strategy outlined in Figure 2. The vector was made by 

25 PCR using oligonucleotides of the following sequence: 

5'-TCAACATrAAATGTGAGCGAGTAACAACCCGTCGGA1TCTCCGTOOGAACAA 
ACGGGAATI'CTGA1TAGAAAAACTCATCGAGCATCAAATG-3' (SEQ JDN0:3) 

and 
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·5'-TCAGGOOAAAACCTTATITATCAGCCGGAAAACcr.A.CCOGATIGATGGTAGG 
GATCCITAATAAGATGATCTICITGAOATC0-3' (SEQ1I)N0:4) 

to amplify -the pl SA origin of replication and Tn903 bnamycin resistance ~ pn:sent in 

pAcYCl 71 .. Results an SUIDlll81imd in the second mw ofTable 1. 
5 In the thild expcrimmr, the lacZ gene .msidm in the E. coli chmmosome 

was subcloned in the E. coll strain JC9604, in which expiession of RecPJT is constitutive. 

1bis was accomplished using the Sbategy outlined in: Pigure 2. The vector was made by 

PCR using oJiaonucleolides of the fi>llowing sequence: 

lO S'-TCAACATI'AAATGTGAGCGAOTAACAACCCGTCGOATfCTCCGTOOGAACAA 
ACGGGAA1TCTGATIAGAAAAACTCATCGAGCATCAAAT<i-3' (S:SQ ID NO:S) 

and 

S'-TCAGGOOAAAACCTTATITATCAOCCGGAAAACCTACCGGATTGATGGTAGG 
l5 GA~AATAAGATOA~ ICITOAOATC0-3' (S~Q IDN0:6) .. 

to amplify the plSA origin of icplicatioD and TD903 lamamyejn mistancc gene paaem 

pACYCl 77. Results me sUIDQIBrized in the tbild row of Table 1. 

In the fourth experimmt. the gmtamicin gmc resident OD the high copy 

plamrid pFastBACl (Gibco) was subo1oned in the E. coli strain JCSS19 using the atratc&Y 

20 outlined in Fp 3. Expression of llecBIT was pmvided by the piasfuid pBAD-recEIT • 

after tbis plasmid had bcaa transComaed into JCSS19, foll~ by arabinose induction 

befcn prepandicm of competent cells. 1be vector was made by Pell using ol.igonudeotides 

of the following scqucm:c: 

2S S'-TGCACI J lGATATCGACCcMGTACCGCCACCl'AACAATI'CG1TCAAOCCGA 
GGATCCTTAATAAGATCATCTTCTGAGATCGTTITGG-3' (SEQ ID N0:7) 

30 

and 

5'-TGCATTACAGTITACGAACCGAACAGGCITATGTCAACTGGGTTCGTGCC1T 
CAGAAITCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ m N0:8) 

·61-



WOOt/04288 PCTIEP00/06533 

to amplify the plSA origin of replication andTn903 kanamycin rcsistanc:e gene present in 

pACYCl 77, the PCR produe_t was mhccd with Bamlll digested pFastBACl for 

cotmmfonnatioa and plating onto p.atamicin plus lamamycin CODfaining plates. 

In the fifth example, the lacZ gmc rtlident in the E. coli chromosome was 
. . 

5 ·subcloned in tbe E. coli strain HBl 01 using the strategy outlined in Figure 2. Expiasion of 

Rcda/P was provi~ by tho plasmid pBAD.py after this plasmid had been transformed 

into HBl 01, followed by arabinose induction beftm: preparation of competent cells. The 

vector was made by PCR using oligonucleotides of the following sequence: 

· 5'-TCAACATIAAATGTGAGCGAGTAACAACCCGTCGGATI'CTCCGTGGGAACAA 
JO ACGOGAATICTGATIAG.AAAAACTCATCGAGCATCAAATG-3' (SEQ ID N0:9) 

S'-TCAGGGGAAAACCITATITATCAGCCGGAAAACCTACCOOA'ITGATGGTAGG 
OATCCITAATAAGATGATCTICTTGAGATCG-l' (SEQ ID NO:lO) 

15 U, amplify the pl SA origin of ieplic:ation and Tn.903 lamamydn JeSistance gene present in 

pACYCl 77. Results of this experiment are summarized in the fifth row of Table 1. 

In the sixth cxperimcDt, a2Skb region of an approximatdy ISO kb BAC 

clone carrying the mouse AF4 gene was subclonecl in the E. coli strain HS996 ming the 

strategy outlined in Figure 3. Expiession of RedcEllJ was provided by the plasmid 
28 

pBAD«Py after this plasmid had been transformed into HS996, followed by arabinose 

induction bcfoze pzeparation of competat cells. The vector was made by PCR using 

oligonucleotides of the fo~ sequence: 

5'-TGTAGCTGAGCCCAGGGGCAAGGCTGCTITGTACCAQCCTGCTGTCTGCGGG 
2S OOCATCACCTGGAATl'CITAATAAGATGATC1TCTIGAGATCGTITTGG-3' (SEQ 

IDNO:ll). 

30 

and 

5'-TGGGTOTCAACCTCAGGCTITCTCACACGCAATACAGGTAGGGAC1TOCACC 
CCTACACACCGAA1TCTGATI'AGAAAAACTCATCGAGCATCAAATG-3'(SBQID 
N0:12) 
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to amplify the plSA origin of zeplication and Tn903 kan&mycin .resistance gene present in · 

pACYC177. ·The PCR. produc;t was mixed with O.S til purified BAC DNA for 

cotransformatioD. Results of this experiment arc summariml in the sixth row of Table I. 

Also;~ in Figure 6 is ao.ethidium bromide stahied aprose gel depicting DNA digested 

s with EcoRI isolated &om 9 independent colonies (lanes .t-9) obtained from the mAF4 BAC 

ex~ using Ec:oRI digest of the starting vector as a control (lane: 10). 

In the seventh experiment, a region of genomic DNA containing an 

ampicillin sesistance gene from the yeast strain MOD 3S3-13D was c;loned using the 

sttatcgy outlined in Figure 7. As dcpic:tcd in panel A, a DNA fragment containing the 

10 pl SA origin of replication, flanked by 98 or 102 bp homology mms targeted to the 98 and . 

102 bps flanking regions of an integrated ampicillin resistance gene in the yeast sttain, 

MGD3S3-13D. The E. call stlain JCSS 19 was· used, and expression of RedaiJP was 

provided by tile plasmid pBADulJy-TET, follOWed by •arabinose induction before 

piepamtion of c:ompeteat c:ells. pBADuPy-TET is a derivative of pBADupy in wbidl the 

15 · apicillin resistance gmc has been replaced by the tetracyc)in ~gene. The oloning 

vector was made by PCR using oligonucleotidcs of the foJlowins sequence: 

20 

S-TC'l l I l:ACTITCACCAGCGTITCTGGGTGAGCAAAAACAGGAAOOCAAAATG 
CCGCAAAAAA.GOGAATAAGGGCGACACGGAAATGTTGAATACTtATAACACCC 
CTrGTATTACl'GTITATGTAAGCAGACAG-3' (SEQ ID N0:13) 

and 

5'-TCCCOTATCOTAOTTATCTACACGACGGGGAGTCAGGCAACfATGGATGAAC 
GAAATAGACAGATCGCTGAGATAGGTGCCTCACTGAlTAAGCATTGGTAATI"AA 
TAAGATGATC'ITC'JTGAGATCGTTIT~-3' (SEQ ID N0:14) 

25 to amplify the pl SA origin of replication )JlaeDt in pACYCl 77. The PCR. product was 

mixed with 4 JLI Ncol digested MGD l53-13D yeast genomic DNA for cotransfonnatim in 

JCSSl 9 ccmraining RedalJJ expessed tiom pBADcic(Sy and plating on ampicilliu eoniaining 

pla1es after a 90 minute m:ovay period of cultun: in l,.;broth at 37~C. Clones were 

identified b)' selection for ampicillin resistaace. ·Eighteen colonies were taken for DNA 

30 
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analysis. An etbidhun.bromicle stained gel of the ten which wen: conect are shown in 

Fipie78. 

The example described herein illastratcs the success of the RecEIT and 

Reda/P homoJ,ogous ~on ~g methods usiD.g a wide variety of cireu:1ar targets 

5 - from a high copy plasmid, to a low copy large target (a BAC) to the E. coli chromosome. 

7. En'ECT OPvECl'OR.REPEATS ANDPBOSPBORYLADON ON 
CLQNING PflCllNCX 

18 The Example pmsentcd in this section describes the opdmimjon or 

conditions for high-ef&ciency of doning and subcloniag using RecE/T or ltedclP-medtated 

homologous recombination rBT doniq"). ID particular, as shown in Figme 8, elimination 

of sequence repeats in the vector implOved cloning cfticicncics. On the other band, the 

pmmce of S" phosphates at the ends of the linear vector bad very little effect OD the. 

15 efticiency of ET cloning, 

First, the effect of mpcats on cloning cf1icicney was cxanrined ia the 

following experiment. As shown in Figure 8, the linear vcctm used as the cloning vehicle 

~piiscd the pl SA replication origin, the.Ghlorampheniwl mistaace gene (Clll')t a: 

nucleotide sequence mauircd for PCR ampli&ation of the linear vector (i1alicized in Piguns 

20 8), flanked by the homology anns to the E.coli ltacZ gene, and termiDa1 rqated Sequalces 

of various lengths (indicated in bold), present on both anmcs of the linear vector. The 

linear vectors were ttansformcd into JC8679 (emlogmously ET plOficient; Claik, 1974, 

Generics. 78, 259-271) or JC5'19 (Willetts and aart. 1969, 1. BacterioL 100:231~239) 

expiessing pBAD~ (Zhang er al., 1998, Nat. Genet. 20: 123-128). The number of 

25 colonies obtained on LB plates (with SO µa/ml chloramphenicol) after ET subcloaing using 

the indicated oligomlcleotldes for PCR amplification of the linear vector, is shown in 1he 

table in Figure 8. Of~ 18 wes analyzccl by icstrietion dig-on. 1bc indK:atcd 

efliciency was determined by dividin& the number of eonect *Olllbinants by the total 

number of colonies obtained. Thus, the pmsence of terminal iepeats > 6 nucleotides 
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significantly reduces the ET subcloning efficiency. All the background colonies contained 

rc-lipted linear vector. 

The efi'ect of phosphorylation was also examined. and the results are shown 

in Figme 8.. The ends of the linear vector were phosphorylated using T4 DNA kinase and 

S y-ATP. As shown iD figure 8, last column, no effect on BT subclouing or on vector re. 

ligation was observed. 

This Example demonstrates that the picscnce of repeated sequences at the -

ends of the linear vector. or bctwccn the homology arm and the eSsential elements of the 

vector~ Le. the origin of replication and the selectable marker, results in iecombination 

10 which dramatically reduces ET cloning and subcloning efficiencies. Thus, in a pref med 

embodiment, the sequence of the hOmology cloning vector, does not contain any clirecdy 

repeated sequence of five (5) or moie bases outside the sequences that encode the oiigin of 

xeplication and. the selectable marker~ 

15 

20 

8. ADDMONAL EXAMPLES OF REClff AND REDalJS CLONING 
AND SUBCJ..ONING .. 

The Examples presented in this section describe additional experiments 

which demonstrate successful cloning and ~oning appioaches using RecEIT· or 

Redcx/Red- mediated homologous recombination. 

The E. coli "host 

As described hereinabove, 'an ET competent host' refers to any E.coli cell 

capable of expressing RecPJRecT and/or R.cdcx/RedB. This may be adlleved in a variety of 

ways, such as either (i) a strain which endogenously expiesses RecE/RecT or R.edalRcdP or 

25 (ii) a strain in which R.ecE/Rec:T or RedllllledP are expm;sed from an exogCllO\ISly 

introduced plasmid. This example describes the constniction 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 et al, 2000, Proc. Natl Acad. Sci. 97: 5978-5983; and 

30 Datsenko and W~er, 2000, Proc. NatL Acad. Sci. 97: 6640-664S. 
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In the first categoey, tWo strains have been used, which cany the sbt:A 

mutation and therefore ~dogenously express R.ecE/ReCT in a RecA: (JC9604; Gillen et aL, 

1981, J. Bacteriology 145: 521-532 or in a RecA• (JC8679; Gillen et al., lfl/J"a) 
. . 

background. 'Ihe advantage of using these strains resid_e"s in the fact that they c~ be ~ 

5 dire"ctly, without the need to first intIOduce a plasmi~ to make the strain ET-cloning 

cOmpetent. The disadvantage is that RecB and RecT are constitutively expressed 

throughout the whole cloning procedure, which entw.ices the risk of undesired 

intramolecular recombination, especially in a recA • background. A second disadvantage is 

that these JC strains have not been modifiecl for use as cloning and propagation hosts. They 

10 contain a fUlly active IeStrictionlmodification system which by consequence peatly mtuces 

the efticiem;y of introduction of large molecules such as BACs into these hosts. 

The choice of Whether to use a host strain wi~ an ~genous or a plasmid­

intmduced supply of llecEIT or Redcz/P depends on the nature of the circular target. No 

matter which strategy is chosen, the preparation of pd competent cells is of crucial 

15 importance. If the host strain lacb endogenous BT.clcmiag potential, the stmin needs to be 

transformed first with pBAD-upy or pBAD-BTy. The resulting strain then needs to be 

grown induced with L-arabinose to a~ amcentration of 0.1 % and prepared for . 

electroporation. Empirically, the optimal harvesting point of the cells occurs at an ODa of 

around 0.35, especially when large DNA substrates are targeted. If tbe cells have zcaehed 

20 an ODoao of gRater than O.S, they should not be used. The optimal induction time is alound 

1 hour. Elect:roporation needs to be used, sinee no other method of DNA introduction bas 

been found to work. Making good electmcompetent cells is essential to obtaining ET­

recombhumts. During the pieparation of clec1mcompetent cells, all stepS should be 

pl:d'ormed·on ice and in JJICGOolcd buckets and mton. E1ectrocompeten cells are 

25 concentrated to a high extent: &om a 250 ml Qdture which is harvested at OD.,• 0.35, we 

routinely .ptepare no more than 10 aliquots of 50 µI of competent cells. The mulling. 

· ttansformation efficiency depends patly on the host strain used, _but typically varies 

around 10' cfil/µg. A detailed protocol of bow to prepare electrocompeteDt cells and how to 

paform the electroporation am be obtained fiom http ://viiww.embl-

30 heidelbq.del.Extemallnfolstewartrmdex.html. 
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the plasmid pR6KIBAD-dy(tet), showD ~ Fipre 9A, was constnJcted to 

eonfcr up0n the BAC host strain HS996 (Jnvi110pn) the ~ty to cmy out ET 

recombination. lbis plasmid is based on the pBAD24 back~ (Guzman et at., 1995, J 

Bacteriol 177: 4121-4130). Reck (or Ri:cE) is expiesscd from the L-arabinose-indm:ible 
. . . . . . 

5 pBAD promoter, and RedP (or RecT) iS cxpn:sscd fi'om th9 constitutive EM-7 promote?. 

Ovaexpression o(RecT relative to RecE, or R.edP relativ8 to Red«, enhances ET-cloning 

efficiency (in terms or amount of coloDiea on selcdi:m plates). Finally, tbis plasmid 

constitutively e.xpiesSes the Rc:dy protein. m this cue fiom the comtitutive TaS prOlnoter, 

whh;h is ncccssmy to inlu"bit the activity of the RdCD enzyale present in most commQD.ly 

to used host mains (Mmphy, 1991, J. Bacteriology 173: SIOS-5821). If not inactivated, 

RecBCD completely .inhibits ET-cloning, pmbably because its ·exonuc1easc activity 

depades 1he linear DNA bCrcn it gets a chance to rceombinc. 1bus, pBAD-uPJ(~) 

consdtmes a mobile system which can confer rcgulatablc ET-clorrins p!Oficiency upon_ 

ttaasfoimation of the JeCipient host S1nin. Given the irlducl"bility of the expression_ ~f.RccE . 

15 or Reda, and the absolute requizement for both compoiaents of the recE/T and redall! 
systems to be~ in Older for m:ombination to·occui, the m:ombinogenic 

window is limited to. the irabinoK induction time and the half-life of the least stable 
' ' 

component. .Taken together with the facts that 1CcA hosts will.most commonly be used, and 

that the hosts will also either be zccBC·, or a phenocopy ofrccBC (due to the expression of 

20 hdy), this means that 1he.ri.sk of unwanted inuamolecular ~bination ls greatly~­

A fudher usefW cbarac;teristic o£pBAD41Sy(tet) is 1bat these plasmids tmd to be lost 

rapidly when they are Jl9l selected for during culturing. This is probably due to ~­

.constitutive expression ofRedy, and may also vary according to host cell factors, for . 

example the piesence. ofRecBCD. 

25 Replication of pll6iCJBAD-«By requila the R6IC. origin and the Pir-116 

protein {Metcalf et al., 1994, Gene 138, 1-7). The pR6klBAD/dy, cmrics the RIK origin. 

which·was obtaiDed from pJPS603 (Peofold and Pemberton, 1992, Genet ~8:145-6). the_ 

pir-116 rcplicon gene, which controls R6K od plasmid ieplication in bacteria,_ an~ the 

tctracyclinc iesistanco pnc tet froJn pBR.322. Pil'-116 is a copy-up ~t which allows an 

30 R6K origin-contaimng plasmid to exist bl an E. coll Strain at greater than 200 copies per 
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cell. The pir-116 gene was PCR amplified from the E. coli strain BW3647 and cloned 

behind the lacZ promoter. 

To generate pR6K/BAD/dy, the R6K. origin,plr-116 and ~f were 

introd~cd into pBAD-~ (Muyrers et al., 1999, Nudeic Adds R.escarch, 27: ~SSS-1SS1) 

s by ET recombiDa1ion, thereby replacing the ColEJ origin and the ampicillin resistance gene 

originally present-on pBAD-dy. Similarly, pR6KIBAD/BTy and pR6K/BAD/recT wae . . . 
generated. The copy number oflny R.6K.-based p~d was found to be approximately two 

. times higher in comparison with the respective ColE1 ·based pmental plasmid. In a 

side-by-side comparison of plt6K/BAD/«8y andpBAD-dy in a standard BAC su~loning 

10 · exacise, the R6K.-based plasmid was found to work more efticiently (sec figure 99). the 

R6K replication system present on thac pR.6K plasmids does not contain any significant 

sequence homology to other replication origins, including plSa and Col!;l. Moreo:ver, the 

MK baSC:d plasmids-ire Q>mpatible with any ot1u:r replication .origin. ThJIS.. ~licati.on . 

~ such as Co/El and pl 5A. can be illduded in the linear vcc:.tor used·for..:ET-subclomng. 

15 

ET Subcloning 

Subcloning o~ a 19kb :&agment including cxons 2 Biid-3 o{the AF-4 gene 

piesmt OIJ: a.~:AC is shown in Pilme l 0. Fint, pR6KIBAD-dy Was transformed. into the 

20 BAC carrying strain. Subsequently, the transformed straUi was grown OD LB memum 
containing lS pg/ml tetracydin and 12.5 pg/ml d!J0mm~col The growing cells were 
. . . . . 

induced with L-arabinosc for 1 hour, after which elcctlOCompetent cClls were Prepared. 
. . 

These cells w= transformed by electioporation with the linear -vector. which contained the 

pl jA origin of replication and the amplciuht rcsia1ance ~~. 8-1~ (hla), ftaDked ~ 
· 25 two homology arms of SO nucleotides which dim:t hoJQ.ologous. ~binaticm to the tatget 

DNA o1i the AF-4 BAC. Recombinants were obtained after growth on LB plates ~g 

SO p.g/ml ampicillin. 

As shown in F~gure lOB, 5 independent crol~es were _selected for analysis.. 

DNA was prepued from S inGepcndent colonies, dig•d whh Hindll. and analyzed on an 

30 ethidium bromide stained gel. HindIII-cllgested correct colonies and the linear vector alone 
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weie used as markers, as well as a 1 kb DNA ladder (~bco BRL). Corra:t subcl~s MN 

confirmed by DNA sequmcing. 

EI' Cloning · . . . 
5 Genomic DNA ea also 'be the ·direct source o£tatget DNA. as shown in the 

oxpedment in Figure 11. In this experiment. the linear vector eoDSisled of the ColEl origin 

and the kanamyc:in resistanc:c pm (ion), flanked by. homology arms which dhect 

iecombination to the iaclllacZlocus present on the E. coli chmmosame {see Figure 1 lA). 

Ocnomic DNA was isolated hm. E. coli pre1ineari.zed by XJw/ digestion. The linear vector 

10 and the preJinearized genomic DNA were mixed and co-electmporate into YllOOO, which 

endogmously cxpzesses hcEIR.ecT. -By selecting on LB plates contabring SO /11/ml 
kammycin, the desired subclonc comisDng of the loci and laeZ genes. the ColEJ origin and 

kan was obtailll!d. As shown in Piprc 1 lB, iestriction analysis ot 16 independent colonies 

c:ontaiDed the conect pioduct (lanes 1·16). Lane 17 shows tbe linear vector; lam: M shows a 

-15 1 kb DNA ladder asa marker (Gibco BRL}. 

Another example of~ ET recombimdioa·cloning is shown in Figure 

12. In this experiment, a fiasment was cloned directly fiom mouse ES cell genomic DNA 

using a homology arm c~ing 'YCdOf. As shown m Figme 1~ which outlines the cloning 

strategy, a neomycin resistance gene (neaJ ftom mouse ES cell genomic DNA was 

20 cmployccl u tbt; target DNA. The linear veetor comisted of the ColEJ rCplication odA 
plus the dJIOrampheDicol rcsistaDce pnc Cm' flanked by two arms which wae homoJosous 
to the TnS..,.,o gene. The n:quired mouse BS cell line was generated by transfmina a 

OeAomic DNA was pepared &om ·0411 resjSbmc:c colonies, and sheared with a necdte and 

2S by phcnoJ/dllon>folm extraction, c:natiag linear fi'agments of about 20-40 kb. 

ET dcmina was pmfonncd by co-clcctloporating the linear vector am the 

sheared gaomic DNA into Y'Z2000, a JC8679 derivalivc (Clark, aupra) in which d:ae 

rc:stric;tion S)'stcm. which degrades toniga methylated DNA, is partially Ullpaired by 

deletion of the mcr..4, nu:rBC. lut1RMS and,,,,.~ genes. 1'ec:ausc OVCRXpleSSion of ReoT 

30 peady enlvmc:es the~ ET rccombimtion efficiency, YZ'2000was1raDSformed with 
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11u: pR61<JBAD/JecT plasmid. . YZ2000 cells canying plt6lCIBADlrccT. which were 

induced with Lcabino$e for 1 hour prior to barvcsting, ~ co-uansfotmed by 

eleGtroporatioD with 0.5 /II linearvcdor and S.O Pl sheared mouse ES cell genomic DNA. 

· AA~ 0£25-35 colonies Win obtained on LB plates containing SO prJml . . . 
5 · .chloramphcnitol. By re-streaking thac coJoniei on plates containing 50 pr/ml kanamycin, 

6 out of 30 colonies tested were found to grow by assaying TnS-neo exprcssiOD. In Piple 

12, panel 8, wslrimon amdysis ofkammycin raistant colonies demonstrated that an 6 

colonies tested were found to be comet (lanes 2-7). The mtriction pattern 9f a false· 

positive. which grew in the pmence of chloramphenicol but tailed to grow in the pmence 

10 ofkanamycin, is shown in lane 1. All of these false positives amfaincd the te1lgated vector. 

· An experiment showing a combination of BT subcloning and cloning is 

shown in F'igure 13. The linear vector consisted of the Co/El replication. origin plus the 

kanamycin iaistance gem 16tf. Each terminus of the linear vector consisted of a BstZl 71 

site and 2 ~~~IY arms. 1be homology arms p.ment at 1ho exuancs of the tincar vector 

15 (indic:ated bf the smaller boxes ill Fipe 13) are homologous to the 1 phage targCt.DNA.= 
Tue second set of homology anns (indicatecl by the laqer boxes) is homologous to tho 

lacl-lat:Z genes present on the E.coli ~some. . 

In: the first subeloahag step, the linear vector was co-e1cctropOrat with 

linearized 1 phage target DNA into the ET pxoficient E. coli strain JC867941acZ. This 

20 resulted in the subc:lcming of a 6.7kb lDNA fragment including the ao, bet. gam, rex.4 apcl 

c18S1 genes, into the limarwctor, thereby perating p'YZN/1· PR. F'ortbe next ET 

n:combination step, a new linear vector was used, which contained the chlmampbmiicol 

iesistanc:c gene cat flanked by mutated lmP sites (loxJ'•, ~et al., 1991, Nucleic Acids 

ResealdJ. 25:868-872), as well IS tc:ani°'I arms which Wenl homoloaous to 1he 1 DNA 

25 present on pY'ZN/1-- PR.. This linear vector was co-e1edmporatec with p'YZN/A- PR. into 

the ET pmficient strain JC8679AlacZ. tesulting in the formation of p 'YZN/1- PR/Cm. From 

this plasmid, the cat-containing A DNA fragment flanked by the two temiDa1 arms which . 

were homologous to lacl-lacZ was releasccl by BstZl 7 I digestion. ·This fragment was llSCd 

to target the duomosome of the E. coll strain JCS519 (\V'lllctts and Clark. 1969, J Bacterial. 

38 100: 231-239) which cxpressecl RccE and RecT from pBADR.ecPJT (Zhang et al., 1998, 
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Nature Genetics 20:123-128). Afmr ET recombination and selection for growth in the 

P'eseDCIC of 20 py/ml chlorampheaicol, VZ2001/Cm .-was generated. DeJetiOJl of cat 

to genera1e YZ2001 was ctone by 'OSiDg the 706-Cre plasmid, which is identical to 705-0e 

. exeep1 ~tit carries the tetracyclin resistance aeDe (tef'J instead of the cbloramphenicol . .. 
5 iesislance gene, as describCcl {BUcbholz et aL, 1996. Nucleic Acids Research. 

24:3111-3119). YZ20011huscanicd the 6.7 kb .l DNAftagmmt (ao--c/8S1)J>lus a 

mutated 10%1' site on the du'omosome. Since Yl2001/Cm allows i.t~iblc exiuessi9n . . ..... 

of the l genes ao. bet and gam, it is eonditicmally ET proficient. A similar strategy can be 

used to generate knock-out constructs or to pafOIDl BAC modificatioD$, ~ c;xamp\e~ 

10 Thus, 1he examples paCmed above clemomtnte.scvcral approaches for 

successtbl cloaing and subcloning using RecEIT and Rcdutp-mediated ho.lnologous , . 

recombination. 

lbe.inY.ention described and claimed hemin is not to be liiDited in ~'.b)! 

is the speci1ic embodimclits herein disclosed since these embodiments-arc int~ded u 

illustration ot sevaal aspects of the inVeation. A:JJ.y cqUivalent embodime;llrs me iDtended to . . -·· 
be within the scope of this mYention. ~various modifications of the invmtion in 

addition~ those shoWJ1-and-desc:ribed henin will becoJllC apparent to those skilled in~~ 

from the foiegoing ~ption. Such ~odifications rue also intended to fBll witbbi the . 
. .·. 

20 scope of the appended claims. Throughout this application various reterenc:a ~ cit8d,_ \he 

content$ of each of whic;h is had1y inc:mponlted by rcfcrc:ace into the presaat apelic:ation in 

its entirety for all purpoaes. 

30 
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)!BAT IS CLAIMED IS: 

1. A method for hmoclueing a doublHtranded tqct DNA into a vector comprising 

cultming a bacterial cell that expases a fimctional mc:ombinase. said 1*terial cell . 

5 contairiiae (a) ihe ·target DNA ooinprlsiag a first double-stranded terminus and a second 

doublo-stranded terminus, and (b) a vector DNA comprisin& in tbe following order along 

the vector DNA Strand: (i) a first doublc-stnnded ~lo&Y arm (ii) an origin ~f 

replication; and (iii) a second double-S1ral1ded homology mm, such that the sequence of a 

vector DNA stnnd of the first bouioloJY mil is homologous to the sequence of a target 

10 DNA SllaDd of the first terminus. and the sequence of a vector DNA strand of the second 

homology arm is homologous to the sequence of the target DNA strand of the second 

terminus, sueh that tbe target DNA iS inserted into the vector DNA between the homology 

arms. 

15 2. . A method for making a iecom.bimmt DNA molecule comprising: 

10 

25 

a) introducing a double-stranded wctor into a cell, said cd1 containing a· 

double-stranded target DNA and iexpleSSing a bacterial recombinase, said 

vectol' comprising an origin of replication and two homology anns, in the 

followina order tiom S' to 3' along a vector DNA strand: a tint homology 

· arm, one stranc1 of the origiD of n:plicati~ and a second homology mm;~ 

said taraet DNA comprising a taraet DNA sequence and two termini, in the 

following order, limn 3' to ~ lllong a taqet DNA strand: a first tmninus, the 

target DNA sequence, Bd a second tennin113. 

such"tbat the seq,uence of the fiat homology mm on said vector DNA strand 

is homologous to the sequence of the first terminus on said tatget DNA 

strand, and the sequence of the second homology mm on said veotor DNA 

stmnd is homologous to the sequence of the second terminus on said 111rget 

DNA strand; and 

b) subjectillg the cell to conditiom that allow intraeellular homologous 

30 recombination to occur. 
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3. A method for making a recommnant DNA moi.ule ~ing: 
a) introdudng a clouble-strallded vector and~ and second double-stranded 

oligonucleotides into a cell. said eell containing a ,double-strmldcd target 

DNA IUld expressing a bacterial rec:om~ · . 

said vector comprising ail origin of ieplicatioa ~two doublwiranded 
homology arms. in the following~ ftom 5' to 3' along a vector DNA 

wd: a first homology arm, the origin of zeplica1ion, and a sec4J1d 

homolOI)' arm; . 

said target DNA comprising a target DNA sequence and~ doublo-stmnded 

termini, m Che following order, ftom 3' to s along a tmpt DNA strand: a first 

termin~ a target DNA scqueace, and a sccoml:tenninus; 

said first oligonuclcodde compdsing a Int oligcmucleotide DNA sllalld 

comprlsing, in the following order, t!om 3' to S': a first mldcotide sequence 

and a seconcl nucleoticle sequence, said fiat nuc1eotide sequence being 

homoJoaous to the nucleotide Hq1ICID of the fizst homology am1 OD saiii 

vector DNA strand, and saicl MODd nucleotide ·secpleDCC being homologous 

to the nucleotide sequence of the first terminus on said target DNA strand; 

said secoad oligonucJeotide comprising a scc:oncl oligonucleotide strand 

· comprisiDg. in the following Older, 6om 3' 1o S', a third DUCleotidc: sequence 

aad a fburth nucleotide sequmce, said tbhd mdeotide sequence being 

homologous to the auc1eotidc sequence of the~ homology arm on said 

vector DNA SlraDd and said fodlth nucleotide sequence bein& homolOIOUS to 

the nucleotide sequmce of the ~econd terminus on.said taraet DNA strand; 
and. 

25 b) subjecting the cell 10 ~nditions that allow intracellular homologous 

recombination to occur. 

4. A method for making a ftCOlllbioant DNA molecule comprisjng: 

a) inttoducing a double-stranded target DNA molecule into a cell. lllid cell 

30 contabring a vedor and expiessing a bacterial n:combinase, 
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said target DNA mnprlsing a target DNA sequence and twO double-stranded 

-temliai, in the following order, flOm 3' to ~· along a target DNA strand: a 

first terminus, a~ DNAsequ~ and a second terminus; 

said wc:tor comprising an origin of rq>li~Qn and _two homology arms, in 
. . 

the following onlet &om S' to 3' along a~ DNA strand: a first homology 

arm. the origin of RJJlication and a second homology mm; 

such that the sequence of the &st homology arm oa ~ ve_ctor DNA strand 

iS homologous to ·the sequence of the first termillus on said target DNA 

~and the sequence of the sceoml homology arm on said v~or DNA 

10 strand is homolopus to the sequence of the second tenninus on said target 

DNA suand;. and 

b) subjecting the c:eU to conditions that allow imracellular homologous 

ft!COJDbinadon to occur. 

15 5. A method for mlldng a iecombinant DNA molecule com.prising: 

20 

25 

30 

a) hdroduciDg a double-stranded 1arpt DNA molecule and a· first aacl ICC01ld 

double-stranded oligonucleotide into a cell. said cell containing a vector and 

apn;ssing a bacterial rccombinasc, said taqet DNA c:omprisiDg a target 

DNA sequence and two tmaiDi, in the followina order, from 3' to 5' along a 

-tarpt DNA strand: a ftrsttenninus, a target DNA sequence, and a secomJ 

'tenniuus; 

said first oligonuclcoticlc eomprising a tint oligonuclcotide DNA strand 

compriRDg, in~ followiag Older, from l' to S': a fintauclcotidc ~ 

and a second nucleotide sequ=ce, said int nucleotide secpaence bebig 

homologous to tho nucleotide sequence ~f the first hamoloSY mm on said 

vector DNA strand. add said secoACl .nucleotide sequence being homologous 

to the nuc1c:otide sequence of the first tenninus on saicl target DNA strand; 

said second oligonucleotidc comprising a second oligoaucleo1ide strand 

comprisiDg, in the following Older, ftoni 3' to S', a third nudeo1ide sequence 

and a fourth ll\lClcotide sequence. s8id third nucleotide sequence being 
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hom.olopus to the nucleotide sequence of the second homology azm on said 
· · vector DNA Sbmlcl and said fourth~ scqueace being homologous to 

the aucleotide .sequence oftbe .second taminus on said 1afgct DNA strand; 

and 

5 said vector com.prising ID origin of replication and two homology lllDS, in 

the foll~ order from S' to 3' along a vector DNA S1raDd: a first 

homology arm.·tlaeorilia of~ and a aecoml homology arm; aod 

11 

b) subjecting the cell 10 conditions that allow intr:acellular homologous 

n:oombinadon to occur. 

6. A method rormaJciq a m:ombinant DNA molecule comprisiDg: 

a) intlOduda& a double-stranded vector and a double-suandc:d tmpt DNA into 
a c:ell expRSlipg a bacterial reeomblnue. 

said vector comprising an odgin of replication and two homoio11 arms, in 

15 the following order &om S' to 3' along a vector DNA strand: a first homology 
. . 

arm, the origin of replic:ation and a second homology 11111,· 

said target DNA comprising a target DNA sequence and two termini, in the 

tbllowiD& order; .6om 31 to S' along a target DNA strand: a first terminus, a 
target DNA xquence; and a second terminus; 

such that the nucleotide sequence of the first homology mm on said vcctoJ 
DNA slr8Dd is homologous to the nucleotide sequence of the first terminus 

on said tallCl DNA strand. and the nUclcotide SC<)UCDCe of the second 

homolog)' mm on Jaid vector DNA strand is homologous to the sequence of 

the second terminus on said mpt DNA strand; and· .. 

25 b) subjccdna the cell to conditions that allow bmacellular homologous 

iecombination to occur. 

I lllllll lllllf 111111111111 1111 
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7. A method for making a recombinant DNA molecule comprising: 

a) introducing a double-stnndcd vector, a ~le-stranded tarset DNA 

molecule, and a first and second doublO:stnmdcd oligonucleotide into a~ 

expressing a bacterial recombinase, 

b) 

said Vector comprising ID origin of replication and two double-stranded 

homology arms, in the following order from S' to 3' along a vector DNA 

strand! a tint homology ams, the orig~ of replication and a second 

homology um; 

said target DNA comprising target DNA sequence and two double-stranded 

tmDini, in the following order, fmm 3' to S' along a target DNA strand: a 

first terminus, a target DNA sequence. and a second tcnninus; 

said first. oligonucleoticlc c;omprisiq a first oligonudcotide DNA strand 

comprising. in the following order, from 3' to S': a first nucleotide sequence 

and a second nucleotide sequence, said fhst nucleotide seq~ being 

homologous to the nucleotide sequence of the first homology arm on said 

vector DNA strand, and said second n1icleotide sequence being homologous 

to the sequence of the first terminus on said target DNA strand; 

said second oligonucleotide comprising a second ollgonuclcotide strand 

comprising, in the following Older, from 3' to S', atbkd nucleotide sequence 

and a fourth nucleotide sequence, said third nucleotide sequence being 

homologous to the nucleotide sequence of the second homology mm on said 

vector DNA suand amt said fourth nucleotide sequence being homologous to 

the nucleotide~ of the second tamimas on said --DNA stmd; 

and 

subjecting the cell to conditions tlJ&t allow intracellular homologous 

recombination to occur. 

. 
8. The method of Claim .6 whemn the host Gell fiutber contains a nucleotide sequence 

encoding a site-specific recombinase operatively linked to a promoter, and the vector further 

30 comprises a first and second recognition site for the site-specific teCOJDbinase; a first 
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recognition site located outside the first and second homology arms, and a second site­
specific reoombinase recognition site Jocated inside the tint and'. second homology arms; 

and during or after step b), inducing expression of the site-specHic recombinase. 

S 9. The method of Claim 7 wherein thC host cell tbrther contains·a nueleotide sequence 

encoding a site-specific n:combinase operatively linked to· a·promoter, and the va:tor further 

comprises ·a· firSt ~ second.recognition site for the site-specific· iecombinase; a first 

recognition site located outside the first and second homology inns. and a second site­

spedfic reeombinase recognition site located inside the first and· second homology anns; 

10 and during or after step b), inducing expression of the site-specific recombinase. 

1 o. _The method of Claim 6 wherein the host cell fUnhcr contains a nucleotide sequence 

encoding a site--spcci6c endonuclease opcratiVdy linked to a prOmotet, and the vector 

fbrther comprises a recognition site for the ~~specific endonw:lcase located inside the 

·· 15 first and second homology arms; and during or after step b), inducing expression of the site­

. spedfic cndcmuclease. 

11. The method of Claim 7 Wherein the host cell further contains a nucleotide sequence 

enoodiug a site-specific endonuclease operatively linked to a prontoter. and the vector 

28 further comprises a recognition site for the si•specific endonuclease located inside the 

first and second homology arms; aild during or after step b), inducing expression-of.the site. 

specific mdonuclease. 

12. The method of any one of Oaims 2-11 wherein the vector fui'thei' comprises a 

25 selectable marker located outside the fint and second homology arms, such thit the vector 

comprises, in either of the following two orders &om S' to 3' aldng a vector DNA strand: i) 

the first homology arm, the seleetable marker, the origin of replic:ailon amt the second 

homology arm, or ti) the first homology~ the origin of tepli~a, the selectable marker, 

and the ·second homolog)' arm. 
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13. The method of Claim 12 wherein the seleotable marker confers antibiotie resistau.ce 

to the cell containing the vector. 

14. ne method of.any one of~laims 2-11 wherein the bacterial ~binase is RecEtr 

5 or &eda/P ~or both Rd.IT and Reda/P rCcombinases. 

1 S. Tiu: method of any one of Claims 2-11 · wbefe:in the cell is a bactcria1 tell. 

. . 
16. The method of any one of Claims 2-11 wherein the cell is an E. ·'Coli cdl. 

10 
. . . .. ... .. . 

17. The method of any one of Claims 2-11 whaein the cell is a eukaryouc cell that 

recombinantly expresses RecEIT and/or Reda/P recombinase. 

18. The method of any one of Claims Z-11 which further comprises isolating a 

. 15 recombinant DNA molecule tbat comprises the target DNA inserted into the vector. 

19. A double-stranded DNA vec:tor usetUI for directed cloning or subclcming of a target 

DNA molecule of inteEat, said v.:ctor comprising an origin of icplication.aml two 

homology arms, in the following Older ftom 5' to 3' along a vector DNA strand: a first 

20 homology mm, the origin of replication and a second homology arm; such that the 

nucleotide sequence of the first homolo17 arm on a first vector DNA strand is homologoW1 

to the sequence of the first terminus on a first tarset DNA strand, and the nucleotide 

sequence of the seeoud homology arm on the first vector DNA strand is homologous to the 

nucleotide sequenee of the second tenninus on the first target DNA stiand. 

20. The vector of Claim 19 wherein the origin of replir.ation is a bacterial origin of 

replication. 

21. The vector of Claim 19 wherein the origin of replication fimctiom in E. coli. 

30 
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· 22. The vector of Claim -J9 Wherein the origin of leplication functions in a mammalian 

cell. 

. . 
23. A cell~ a double-stranded l)NA vector usdUl for~doning or 

S subclOnfug of a target DNA molecule of iiiteresa, said vector comprising an origin of· 
replication and two homology arms, in the following Older from 5' to 3' along a vector DNA 

strand: a first homology~ the origin of replication and a secoad homology ann; such 

that the nw:lcotidc sequence:Of tbe first homology arm on a first vector DNA strand is 

homologous to the sequence of the first tamiDus on a filst target DNA straud, and the 
. . . 

10 iaucleotide sequence of the second homology arm on the first vector DNA s1raDd is 

15 

homologous to the mclcotidc scqucncc of the second terminus on the first target DNA 

strand. 

24. The cell of Claim 23 which is a bacterial cell. 

25. A kit usefil1 for directed cloning or subcloniag of 11 target DNA molecule comprising 

in one or morc.COldaimn: 

a) a double-strallclcd DNA m:tot useful for directed cloning or subc1oning or a 

target DNA molecule of intaest, said vector comprising an migin of 

nplk:adon and two homology arms, in the foJlowiD& Older fi'om ~to 3' 

alq a vector DNA stland: a first homology mm, the origin of replication 

and a second homology mn; such that the nucleotide sequence of the &st 

homology arm~ a first vector DNA~ is homologous to the scqucn= 

of the fint teiitduus on a first 1arget DNA straad, and the nudeotide 

25 sequence of the second homology· arm on the first vector DNA SlraDd js 

homologous to the nucleotide sequence of the second tenninus on the &st 

target DNA strand; and 

b) a cell containina a bacterial rccambinase. 
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26. . . The kit of Claim 2S whaein the homolOIY arms have sequence homology 10 a ~AC, 

PAC, lambda, plasmid or YAC based cloning veccor. 

27. 1bc kit of Claim 25 wherein the fitst and second double-~ecl olipuc:leotide 

S have nucleotide sequence homology to a BAC, PAC, lambda. plasmid or YAC based 

clmdng vector. 

10 

28. A kit useful for directed cloning or subcloning of a target DNA molecule comprising 

in one or more contaiam: 

a) A double-stranded DNA vectol' usdbl for directed cloning and subclonin.g of 

a target DNA molecule of interelt, said vcdor comprising a origin of 

replication and two homolOIY arms, in the following order fmm 5' to 3' 

along a vector DNA strand: a first homology mm. the origin of replication 

and a scconct homology mm; and 

15 b) a fitSt double-stranded oli~ comprising a &st oligonucleotide 

25 

DNA strand comprisiD& iD the following mdcr, from 3' to S': a fitst 

sequenc:c and a second sequence, said first madcotide sequence being 

homologous to 1bc nucleotide sequence of tbe filst homology arm on said 

vector DNA strand, and said seconcl.nuclcoticle sequence being homologous 

10 the nuclc:01ide sequmcc of a first teaninus 0J1 a target DNA strand; 

e) a secoml.douhltHtlaDdacl oligonucleotide comprising a second 

oli&onucleotide strand compdsing, in the following Older. from 3' to S': a 

~ nucleotide sequence amt a fourth nucleotide sequence, said thhd 

nucleotide sequence being bomOlogous to the nucleotide sequence of the 

second homology ann on said vector DNA strand and said fourth nucleotide 

sequence being homologous to 1bc nucleotide sequence of a seconcl temrinus 

on said target DNA strand; and 

cl) a cell GOJJ.taining a bacterial m:ombinase. 

30 29. The kit of Claim 2S or 28 wheaein tbe cell is ail E. coll cell. 
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30. The kit of Claim 2S or 28 wham the cell is a 1iozai cell competent for uptake of 

DNA. 

31. A kit useJUI for directed cloning or subcloning of a target DNA molecule comprising 

S in one or more containers: 

a) a double-stranded DNA vector usefUl for directed cloning and subcloning or 
a target DNA molecule of intaest, ~vector comprising an origin of 

replication and two homology anns, in the following order &om 5• to 3' 

along a vector DNA strand: a tint homology arm, the origin of replication 

10 and a.second homology mm; 

b) a first double-stranded oligonucleotide comprising a first oligonucleotide 

DNA stmnd QJIDp.risina, in the following order, &om. 3• to 51
: a first 

nucleotide seciuence and a ~nd nucleotide seq1ICllCe. said &st nucleotide 

scquencc being homologous to the nucleotide sequence of the ftrst homology 

IS arm OD 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 

20 

25 

30 

o) a second double-stranded ollgonucleotide compdsing a second 

oligonuclcotidc strand comprising, in the following order, 1iom 31 to s•: a 

third nucleotide· sequenve and a fourth nucleotide sequcnc:c. said thinl 

nucleotide sequence btina homologous to the nucleotide sequence of the 

second homology mm on said vector DNA strand and said fourth sequem;e 

being homologous to the nuc:leodde sequence of. a second terminus on said 

target DNA stland. 

32. The kit of Claim 25, 28, or 31 wherein the DNA~ is purified. 

33. The kit of Claim 28 or 31 wherein~ DNA vector, the first double-stranded 

oligonucleotide. and the second double-stranded oligonucleotide are· purified. 
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34. The kit of Claims 25, 21, or 31 wherein the tarRd DNA molecule comprises 

baderial, viral, parasite, or proto1Vlll DNA. 

· 35. ·ne kit of Claims 2.5~ 28. or 31 wbaein-targct DNA molecule comprises a 

5 ·genetic mucation or polymorphiSm known or~ to be assoeiated with a clisozder or 

disease. 

36. The kit of any one of Claims 2>29 wheJein the bacterial nicombinase is ltecPJT or 

Reeler/IS mcombiDasc or bolh RecErr and ·RcdalP recombinases. 

11 

37. The method of any one of Claims 2-11 wbmcin thetarpt DNA is known or 

suspected to be assooiatcd with a disoider or disease when genetically mutated. 

38. The metbocl of any one of Claims 2-11. wheJein the lalpt DNA is a bacterial, viral, 

15 parasite, or protOZOID DNA. 

39. The method of Claims 2, 4, 6. 8, or 10 wbida funher comprises detec:tina a 

recombinant DNA molecule that comprises the target DNA inserted iDto the vector. 

29 40. The method of Claims 3, S, 7, 9, or 11 which filrther comprises detecting a 

rccombimnt DNA molCGUlc tbat comprises the target DNA inserrecl into.the vector. 

41. A method of detec:ting the pesence of an infectious agent comprisina ~out 

. the method of Claim 39. whcrciD tbc tmgct DNA is derived from a patimt suspected of 

25 having the iDfcctious diseale, mad the sequcmccs of the first and second homoloay anns are 

homologous to the sequences present in DNA of the infedious agent. 

42. A method of dcCecdDg the ptamce of Ill infectious agent comprising eanying out. 

tht method of Claim 40, wherehs the target DNA is derived iivm a patient suspccaed of· 

38 
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having the infectious disease. and said second and fourth nucleotide sequences are 

11omologous to sequenCes presCnt in DNA of the infectious agent. 

43. . lbe method of Claim 41 or 4~ whelein the ~ectious age:$ is a vin1s, bacteria, 

~ protOZOa. fimgus, or parasite. · 

44. A method of detecting the presence of a gm• condition, disease, discmter, or 

pol)'lllOIPhic trait comprising c:mying out the ~.of Claim 39, whexein the target DNA 

is deri\'CCI 1iom a patient suspected ofbavin& a genetic condition, disease, discmlcr, or . 

18 pol)'lllOIPhic tmit, and the sequence of the &st homology arm is homologous to the 

sequence upstream fivm a site.known or suspected to be associated with the genetic 

condition, disease, disorder, or polymmpbic 1rlit. and the sequence of the second homology 

arm is homologous .to·thc scqucnce downstieam fiom a site known or suspected to~- · 

associated with the genetic _condition, disease, disorder, or pol~c trait. 

15 

45. A mctbocl of detecting die pmence or a genetic ~don, genetic disease, genetic 

disorder, or polymorphic trait comprising canyiaa out the method of Claim 40, wherein 1he 

tmget DNA is derived :fiom a patient suspected of having the genetic condition, genetic 

clisease, genetic disonler, or polymo!phic trait, and the sequence oftbc first double-stranded 

20 oligonuclcotide is homologous to the sequence u)J$tlam fiom a site known or suspected to 

be associated with the ... ~ genedc disease, pnetlc disorder, or pol)'IDOlphic 

trait, and the sequence ofthe-=ond double-stranded oligoaucleoticle is·hOmotoaous to the 

sequcnce downstteam fiom a site known or~ to be associatecl with the genetic 

c:ondition, genetic disease, genetic disorder, or polymorphic 1rait. 

25 

30 

46. The method of Claims 44 or 4' whaein the: genetic condition. gcm:dc diseD; 

. geaetic discmler, or polymosphic trait is or pzedisposes the patient~ cancer,. asthma.~ 

arthritis, drug resistance. drug toxicity, or a neural. neuropsycbiatri metabolic, muscular,. 

cardiovascular, or skin condition, disease or ctisoldcr. 
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47. The vector of Cl~, l 9 whereln the vector lUrtbc:r co~ a selectable marker 

located outside the first and second homology arms. sw;h that 1hc ~comprises, in either 

of the following two ordels from S' to 3' along a wctor DNA strand: i) the first bomolol)' 

arm, the selectable marker. tbe origin of replication and the second homology arm. or ii) the 

5 first homology arm, the origin of replication. the selectable marker, and the second 

homology arm. 

48. The vector of Claim 47, whcrdn the sequence of the wctor docs not contain one or 

mom direct repeatS of a sequence of at least five or more nucleotide base pairs either S' or 3' 

10 to both the origin of replication and the selectable marker. 

15 
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