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METHODS AND COMPOSITIONS FOR DIRECTED CLONING
'AND SUBCLONING USING HOMOLOGOUS RECOMBINATION

" 1. INTRODUCTION

The present invention is directed to methods and compositions for DNA
cloning and subcloning using bacterial recombinase-mediated homologous recombination.
In a specific embodiment, RecE/T or Reda/B recoribinases, or any functiopally equivalent
10 System for initiaﬁng bacterial homologous recombination, such as erf from phage P22, are
used. In particular, the invention relates to cloning metheds, diagnostic methods,
compositions comprising polynucleotides useful as.cloning vectors, cells comprising such
polynucleotide compositions, and kits useful for RecE/T and Reda/B medisted cloning.

' 2. BACKGROUND OF THE INVENTION
DNA cloning and subcloning in E. coli are fundamental to molecular
biology. DNA cloning refers to the process whereby an origin of éeplication is operably .
linked to a double-stranded DNA fragment, and propagated in E. coli, or other suitable host.
20 DNA subcloning refers to the process whereby a double-stranded DNA fragment is taken,
from a DNA molecule that has already been amplified, either in vitro, for example by PCR,
or in vivo by pmpagatibn in E. coli or other suitable host, and is then linked to an operable
origin of replication. Cloning and subcloning in E. coli is typically performed 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 selectable marker. The selectable marker is included in the vector to
ensure that the newly cloned product, the plasmid containing the insest, is retaiged and
propagated when introduced into its E. coli host cell.
Conventicnal cloning methods have certain limitations. For example, since
conventional cloning requires the use of restriction enzymes, the choice of DNA fragments
30 is limited by the availability of restriction enzyme recognition sites in the DNA region of
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interest. Restriction sites must be found that cut the boundaries of, but not within, the
desired DNA fragment. Since most useful restriction enzymes cut fairly frequently, the size
ofthe lmearDNAﬁagmexﬁmadexsalso hmned.

" The increasing use ofthe polymerase chain reaction (PCR) for generating
DNA fragments presents aseeondmajordrawbackto conventional subcloning. The ends of
PCR products are inefficient in ligation mcuons due to non-tunplated nucleotides added to
the 3' termini of amplified PCR products by Wﬂe polymerase. Furthermore, the
use of PCR entails a high risk of mutations. Thus, molecular biologists have searched for
new, more effective methods for cloning i'ragments of DNA, parhcularly when such
fragments are longer than those conveniently accessxble by restriction enzyme or PCR
methodologies.

Homologous recombination is an alterative approach for cloning and
subcloning DNA fragments. Methods for subcloning PCR products inE coll that explon
the host’s homologous recombination systems have been described (Oliner ez al., 1993,
Nucleic Acids Res. 21:5192-97; Bubeck ef al., 1993, Nucl. Acids. Res. 21:3601-36&). In
such methods, PCR primers, designed to contain terminal sequences homologous to
sequences located at the ends of a lincarized vector, are used to amplify a DNA fragment of
interest. The PCR product and the linearized vector are then introduced into E. cofi.
Homologous recombination within the E. coli host cell results in insertion of the PCR . .
product sequences into the plasmid vector. Although these methods have been shown 1q be
useful for subcloning PCR fragments, they have not been applied to subcloning long DNA
fragments, or to cloning DNA fragments of any size.

Another methed describes an in vivo subcloning method in which two linear -
DNAmolecules,mofwhxchhasanongmofrephcanon, and which have long regions of
homology at their ends, are used to transform an E. coli sbeBC host cell, Homologous
recombination occurs in vivo, and results in circularization and propagation of the newly
formed plasmid (Degryse, 1996, Gene 170:45). Subsequently, the ability of . coli sbcBC
host cells to mediate homologous recombination has been apphed to subcloning large DNA
frapments from adenovirus and herpes virus genomic DNAs (Chartier ez al., 1996, J. Virol.
70: 4805; Messerle, et al., 1997, Proc. Natl. Acad. Sci. USA 94, 14759-14763; He, 1998,
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Proc. Natl Acad. Sci. USA 95:2509-2514). ‘As described, cach subclomng by homologous
recombination in E. colf sbcBC host cells requires at least two preparatory subcloning steps
o position long homology regions either side of an E. col origin of replication.
theunore,DNAclonmng. coli sbeBC strains has not been described.

Recently, homologous reeombmanon, mediated by either RecE/RecT
(RecE/T) or Reda/Redp (Rede/B) bas been shovm to be useful for manipulating DNA
molecules in E. coli (Zhang ct al, 1998, Nature Genetics, 20, 123-128; Muyrers et al,, 1999,
Nucleic Acids Res, 27: 1555-1557) These papers show that, in E. colf, any intact,
mdependenﬂynphmg,mulatDNAmoleuﬂecanbealtuedbyRecEfrorReddﬂ
medmedhomologous :ecombmauonthhahnearDNA&agmmﬂankedbyshonregmns
of DNA sequence identical to regions preseat in the circular molecule. Integtation of the
linear DNA fragment into the circular molecule by homologous recombination replaces
mummmxmﬂmhngseqmmdﬂwcmspondmgmcesmthcmum
DNA molecule.

CMOnofamfexencehmmsha!lnotbcconsh’uednsanadmmonthat
such is prior art to the present invention,

3, SUMMARY OF THE INVENTION

- The present invention provides methods and compositions for DNA clonipg
and subcloning using bacterial recombinase-mediated homologous recombination. The
bacterial recombinase is preferably RecE/T and/or Reda/B. Methods can be used 1o clone,
subclone, propagate, and amplify a polymucleotide of mixture of polynucleotides of interest
using a vector comprising short regions of DNA homologous to sequences flankinga .
designated target DNA sequenceofmtem:tandanongmofreplmm

In one embodiment, the invention provides amethodformdumnga
double-stranded target DNA into a vector comprising culturing a bacterial cell that-
expresses a functional recombinase, said bacterial cell containing (a) the target DNA
comprising a first double-stranded terminus and a second double-stranded terminus, and (b)
a vector DNA comprising, in the following order along the vector DNA strand: (5) a first
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double-stranded homology arm (ji) an origin of replication; and (jii) a second double-
strandedhomologyarm,suchthatthesequenceofavectorDNAsuandoftheﬂtst
'homologyarmxshomologauswthesequcnceofatargetDNAsuandoftheﬁrsttermmus,
andthesequemeofavectorDNAstrandoftheseeondhomologyamxshomologoustothe
sequence of the target DNA strand of the sccond terminus, such that the target DNA s |
inserted into the vector DNA between the homology arms.
Inanotherbodment,amethoduprowdedformakmgamombmant
DNA molecule comprising: 2) mtroducmgadouble-strandedvecmnmoac:ll, said cell
conﬂiningadonblemdeduxgaDNAmdexpmsing'abamdﬂmomhinm,sﬁd :
vector comprising an origin of replication and two homology arms, in the following order
from 5 to 3' along a vector DNA strand: a first horology arm, one strand of the origin of
replication, and a second homology arm; said target DNA comprising a target DNA
sequence and two termini, in the following order, from 3' 10 §' along a target DNA strand:a .

- ﬁmmmhus,themgetDNAsequence,mdasewndminus.mhmatmmuemaof-
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the first homology arm on said vector DNA strand is homologous to-the sequence of the
first terminus on said target DNA strand, and the sequence of the second homology arm on
said vector DNA strand is homologous to the sequence of the secand terminus on said target
DNA strand; and b) subJectmg the cell to conditions that allow intracellular homologous
recombination to ocour. '

" In another embodiment, a method is provided for making a recombinant .
DNA molecule comprising: a) introducing a double-stranded vector and first and second
double-strandsd oligonucleotides into a cell, said cell containing & double-stranded target
DNA and expressing a bacterial recombinase, said vector comprising an origin of
replication and two double-stranded bomology anms, in the following order from 5’ to 3'
along a vector DNA strand: a first homology arm, the origin of replication, and a second
homology amm; ssid target DNA comprising a target DNA sequence and two double-
snandedtem:m,mthefonomngotd«,ﬁomS'wS'alongatargetDNAmd afirst
termmus,atargetDNAscquence,andasecondmnus, saldﬁrstohgomwleoude
comprising a first ohgox_:mleonde DNA strand comprising, in the follomng order, from 3'
to 5" aﬁ:stnucleoﬁdesequenccandasecond nucleotide sequence, said first nucleotide
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sequence being homologous to the nucleotide sequence of the first homology arm on said
vector DNA s&énd. and said second' nucleotide sequence being homologous to the
nucleotide saquenceoftheﬁrsttemnnusonsaxdmgetDNAstrand, said second
ohgonucleoude compnsmg a seoond oligonucleotide strand comprising, in the following
order, from 3’ to 5', a third mxcleoude sequence and a fourth nucleotide sequence, said third
nucleotide sequence being homologous to the nucleotide sequence of the second homology
arm on said vector DNA strand and ssid fourth nucleotide sequence being homologous to
the nucleotide sequence of thc second ferminus on said target DNA strand; and b)
subjecting the cell to condmons that allow intraceliular homologous recombination to occur.
In anotherembodment, _amethod_xsp_rouded forma.hngargcombmant

DNA molecule comprising: a) introducing a double-stranded target DNA molecule into a
cell, said cell containing a vector and expressing a bacterial recombinase, said target DNA
comprising a target DNA sequence and two double-stranded texmini, in the following order,
from 3'to 5" along a target DNA strand: & first terminus, a target DNA sequence, and
second terminus; said vector comprising an origin of replication and two homology arms, in
the following order from §' to 3' along a vector DNA strand: a first homology arm, the
origin of replication and a second homology arm; such that the sequence of the first
h@ology arm on said vector DNA strand is homologous to the sequence of the first
terminus on said target DNA strand, and the sequence of the second homology arm on said
vector DNA strand is homologous to the sequence of the second terminus on said target ,
DNA strand; and b) subjecting the cell to conditions that allow intraceliular homologous
recombination to ocour. _

In another embodiment, a method is provided for making a recombinant -
DNA molecule comprising: a) introducing a double-stranded target DNA molecule and a
first and second double-stranded oligonucleotide into a cell, said cell containing a vector
and expressing a bacterial recombinase, said target DNA comprising a target DNA sequence
and two termini, in the following orde, from 3'to 5' alang a target DNA strand: a first
terminus, a target DNA sequence, and e second terminus; said first oligonucleotide
comprising a first oligonucleotide DNA strand comprising, in the following order, from 3'
to 5: a first nucleotide sequence and a second mucleotide sequence, said ﬁrst nucleotide
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sequence being homologous to the nucleotide sequence of the first homology arm on said
vector DNA strand, and said second nucleotide sequence being homologous to the
nucleotide sequence of the first terminus on said target DNA strand; said second
oligonucleotide comprising a second oligonucleotide strand comprising, in the following
arder, from 3' to 5, a third mucleotide sequence and a fourth mucleotide sequence, said third
aucleotide sequence being homologous to the nucleotide sequence of the second homology
arm on said vector DNA strand and said fourth nucleotide sequence being homologous to
the nucleotide sequence of the second terminus an said target DNA strand; and said vector
comprising an origin of replication and two homology arms, in the following order from 5°
to 3' along a vector DNA strand: a first homology arm, the origin of replicationand a
second homology arm; and b) subjecting the cell to conditions that allow intracellular
homologous recombination to occur.

In another embodiment, a method is provided for making a recombinant
DNA molecule comprising: a) introducing a double-stranded vector and a double-stranded
target DNA into a cell expressing a bacterial recombinase, said vector comprising an origin
of replication and two homology amms, in the following order from 5' to 3' along 8 vector
DNA strand: a first homology arm, the origin of replication and a second homology arm,
said target DNA comprising a target DNA sequence and two termini, in the following order,
from 3' to §' along a target DNA strand: a first terminus, a target DNA sequence; and a

 second terminus; such that the nucleotide sequence of the first homology arm on said vecgor

DNA strand is homologous to the nucleotide sequence of the first terminus on said target
DNA strind, and the pucleotide sequence of the second homology arm on said vector DNA
strand is homologous to the sequence of the second terminus on said target DNA strand; and

' b) subjecting the cell to conditions that allow intracellular homologous recombination to

occur. :
In a specific embodiment of this method the host cell further contains a
nucleotide sequence encoding a site-specific recombinase operatively linked to a promoter,
and the vector further comprises a first and second recognition site for the site-specific
recombinase, a first recognition site located outside the first and second homology arms,
and a second site-specific recombinase recognition site located inside the first and second
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homologyanns,anddmngoraﬁetstepb), inducing expression of the sme-specxﬁc
recombinase.

Inanotherspeciﬁc'-bodimentofthismethod.thehostcenﬁmhercontains
anucleondesequence encodmgasn&spectﬁc endonuclease operatively linked to a

promoter, and the vector further comptises a rccogmnonateforthesue-spec:ﬁc
endonuclmehcatedmdeﬁeﬁrstandseemdhomologym.anddmnguaﬂe_rstepb),

inducing expression of the site-specific cndonuclease,

In apother embodiment, the inventions provides a method for making a
recombinant DNA molecule comprising: a) introducing a double-stranded vector, a double-
stranded target DNA molecule, and a first and sccond double-stranded oligonucleotide into
a cell expressing a bacterial recombinase, said vector comprising an origin of replication
and two double-stranded homology amms, in the following order from 5' to 3' along a vector
DNA strand: a first homology arm, the origin of replication and a second homology arm;
said target DNA comprising target DNA sequence and two double-stranded termini, in the
followirig order, from 3'to ' along a target DNA strand: a first terminus, a target DNA .
sequeme,andasecondte'rminﬁs; snidﬁrstoligonucleotidecomprisingaﬁrst‘

 oligomucleotide DNA strand comprising, in the fiollowing order, from 3'to 5" a first
" nucleotide sequence and a second nucleotide sequence, said first nucleotide sequence being

20

25

homologous to the pucleotide sequence of the first homology arm on said vector DNA
sumd,andsaidsemhd'mdmﬁdeseqmmbeinghomohgousmmesequemoﬁheﬁm_
terminus on said tasget DNA strand; said second oligonucleotide comprising a second
oligonucleotide strand comprising, in the following order, from 3' 1o 5', a third nucleotide
sequence and a fourth nucleotide sequence, said third nucleotide sequence being
‘homologous to the nucleotide sequence of the second homology arm on'said vector DNA
strand and said fourth nucleotide sequence being homologous to the nucleotide sequence of
the second termimus on said target BNA-strand; and b) subjecting the cell to conditions that
allow intraceilular homologous recombination to occur. -

In a specific embodiment of this method, the host cell further contains a
nucleotide sequence encoding a site-specific recombinase operatively linked to a promoter,
and the vector further comprises a first and second recognition site for the site-specific
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recombinase, a first recognition site located owtside the first and second homology amns,
and a second site-specific recombinase recognition site located inside the first and second. -
homology arms; and during or after step b), mducing expression of the site-specific
Inmoﬁ:erspecxﬁcembodlmmofthismethod,whmthehostceuﬁmhu
wnnhsanudmodesequmemwdmgam-specxﬁcendonudmeopmnwlyhnkedma
promoter, andthevectorﬁmheroompnswa recognmonsxtefoﬂhesue-spectﬁc '
cndonucleoselooatedmsxdctheﬁrstandsecondhomologyarms,anddmngoraﬁersupb),
inducing expmsxon of the site-specific endonuclease.
Inspectﬁcembodxmentsﬁlevecmﬁmhcrcompnsosasclectablemarku
located outside the homology arms, such that the vector comprises, in cither of the
following two orders from 5' to 3' along a vector DNA strand: i) the first homology arm,
the selectable marke, the origin of replication and the second homology arm, or ii) the first
homology arm, the origin of replication, the selectable marker, and the second homology
am.” Ina specific cmbodiment, the selectable marker confers antibiotic resistance to the
cell containing the vector. -
Invmousspemﬁcembod:ments,thzbacteualmombmasexskechfor
Reda/P recombinase or both RecE/T and Reda/P. Inoﬂlerspocxﬁcembodunents,theccnxs
a bacterial cell. In other specific embodiments, the cell is an £. coli cell. In other specific
embodiments, ﬂxeeeueukaryonceelhhatmombmanﬂyexpmsseskecﬁfrandlorkeda/ﬁ
protein. Inoﬁxetspec:ﬁcembodtments,memethodﬂmhetoompnmxsolaunga )
recombinant DNA molecule that comprises the target DNA inserted into thie vector.

. In another embodiment, the invention provides a double-stranded DNA -~

vector useful for dirccted cloning or subcloning of a target DNA molecule of interest, said
vector comprising an origin of replication and two homology arms, in the following order
from 5 to 3* along & vector DNA strand: a first homology arm, the origin of replication and
a second homology arm; such that the nucleotide sequence of the first homology armon a
first vector DNA strand is homologous to the sequence of the first terminus on a first target
DNA strand, and the nucleotide sequence of the second homology arm on the first vector
DNAsuondiohomologoustothenucleoﬁdesequenoeofthe second terminus on the first
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target DNA strand. Inaspecxﬁcembodmentofthevector the origin of replicationis a.
bacterial origin of replication. Inanother specxﬁc embodiment, the origin of replication

functions in E. coli. Inanotherspemﬁc embodiment, theongmoftephcanonﬁmcuonsma

mammalian cell.
The invention further prmndesacell compnsmgadouble—stmnded DNA

vector useful for directed cloning or subcloning of a target DNA molecule of interest, satd
vecwreompnsmgmongmoprhcamnandtwohomologyams,mthefonomngordu
from 5 to 3' along a vector DNA strand: aﬁtsthomolqua:m,ﬂzeongmofrephcanonand
a second homology arm; such that the nucleotide sequence of the first homology arm on a
first vector DNA strand is homologous to the sequence of the first tcrminus on a first target
DNA strand, and the nucleotide sequence of the second homology amm on the first vector
DNAstrandmhomologomtothenmleoudesequmceofthesecondmnnsontheﬁtst
target DNA strand. In a specific embodiment, the cell is a bacterial cell.

The invention further provides a kit useful for directed cloning or subcloning
of a target DNA molecule comprising in one or more containers: a)a double-stranded DNA
vectormefxdforduectedclomngorsubclomngofamgetDNAmoleculeofmetest,smd
vector compnsmganongm ofmphcauonandtwohomologyarms,mﬂwfonomng order
ﬁomS‘toE!'alongavectorDNAstrand a first homology arm, the origin of replication and
asccon_dhomologyarm,suchthatthenucleoudesequenceoftheﬁrsthomologyamona
ﬁrstvectorDNAstrindis'homolbgoﬁstothesequmoft'heﬁrsttenﬁinusonaﬁrsttarget
DNAsn-and,andthenucleoudcsequenceofthesecondhomologymonthefmtmtor
DNA strand is homologous to the nucleotide sequence of the second terminus on the first
wgetDNA-strand,andb)acellcoMmmngabactenalmombmasc. In a specific
embodiment of the kit, the homology arms have sequeace homology to a BAC, PAC,
lambda, plasmid or YAC based cloning vector. In another specific embodiment of the kit,
the first and second double-stranded oligomucleotide have nucleotide sequence homology to
a BAC, PAC, lambda, plasmid or YAC based cloning vector.

" Inanother embodiment, a kit uscful for directed cloning or subcloning of a
target DNA molecule is provided comprising in one or more containers: a) a double-
stranded DNA vector useful for directed cloning and subcloning of a target DNA molecule
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ofmﬂmsgsndmumxcmmpﬁdnganqﬂgnofmpﬁaﬁnnamdnwohmmdhgymnmﬁnﬂw
fo!lowmgorderﬁomS'toS'alongavecmDNAsuand a first homology arm, the origin of
replication andaseeondhomologyarm. b) a first double-stranded oligonucleotide
cumpnmngaikmuﬂuummchmmdeIﬂt&sﬂandcqmpnmn&un&heﬁMkwmngonkmﬁmmz$
uoS:aﬁmﬁaqpumzandasummdsmmunmamﬁdﬁnnmmmnﬁdesqwumebdmg

. homologous to the nucleotide sequence of the first homology arm on said vector DNA

strand, and said second nucleotide sequence being homologous to the nucleotide sequence
of a first terminus on a target DNA strand; ¢) a second double-stranded oligonucleotide
comprising a second oligomucleotide strand comprising, in the following order, from 3' 10
5’: a third nucieotide sequence and 2 fourth nucleotide sequence, said third nucicotide
snuumcbmnghmnm&nmmsmnhemmwmmdesmnuweofﬂwsamndhnmohgyannonsad
vestor DNA strand and said fourth nucleotide sequence being homologous to the nucleotide
sequence of a second termimus on said target DNA strand; and d) a cell containing &
bacterial recombinase. In a specific embodiment of the kit, the cell is an E. coli cell. In
another specific embodiment of the kit; the cell is a frozen cell competent for uptake of
DNA. S

In another embodiment, the invextion provides a kit useful for directed
cloning or subcloning of a target DNA molecule comprising in one or morc containers: a)a
double-stranded DNA vector useful for directed cloning and subcloning of a target DNA
molecule of interest, said vector comprising an origin of replication and two homology
arms, in the following order from $' to 3' along a vector DNA strand: z first homology arm,
the origin of replication and a second homology arm; b) a first double-stranded. -
oligomucleotide comprising a first oligonucieotide DNA strand comprising, in the following

order, flom 3" to §'; a first nucleotide sequence and a second nucleotids sequence, said first

nucleotide seguence being homologous to the nucleotide sequence of the first homology
arm on said vector DNA strand, and said second aucleotide sequence being homologous to
the nucleotide sequence of a first ténminus on a target DNA strand; and c) a second double-
stranded oligonucieotide comprising a second oligonucleotide strand comprising, in the
following order, from 3' to §': a third nucleotide sequence and a fourth nucleotide sequence,
sﬁdﬂﬁdnuduﬂﬁbsuuwmxbdmghummhgmmtqﬂmnudmansamwmmof&wsamnd
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homology anm on said vector DNA strand and said fousth sequence being homologous to
the nucleotide sequence of asecmldtminu_;onsaidmg_e;DNA strand. In a specific
embodiment of the kit, the DNA vector is purified. In another embodiment of the kit, the
DNA vector, the first double-stranded oligonucleotide, and the semmd double-stranded
oligonucleotide are purified. _ '

Inothnspeaﬁcembodxmentsofhtspmwdedbythcmmuon,ﬁetuget
DNA molecule comprises bacterial, viral, parasite, or protozoan DNA. Inotherspecxﬁc
embodments,ﬂwmgetDNAmolmlccompnsesagmmMonwpolymorphm
knownonuspectedtobeassouatedthhadxsorderwd&mhothﬁspmﬁc
embodiments, the bactesial recombinase is RecE/T or Reda/P recombinase or both RecE/T
and Reda/P reconibinases. _ |

The smethods of the invention may be used in disgnostics. For example,
plastaids or lincar DNA fragments may be designed to capture a specific DNA target to
detect its presence in a sample from a subject e.g., a viral DNA present in a patient’s
sample. In one embodiment, the invention provides methods for detection of target DNA

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

In specific embodiments, the target DNA is a bacterial, viral, parasite, or protozoan DNA..
In a specific embodiment, a method is provided which further comprise detecting 2
recombinant DNA molecule that comprises the target DNA inserted into the vector. In
another embodiment, the method further comprises detecting a recombinant DNA molecule
that comprises the target DNA inserted into the vector. o

. In another embodiment, the invention provides & method of detecting the
presence of an infectious agent wherein the target DNA is derived from a patient suspected
of having the infectious discase, and the sequences of the first and second homology arms
are homologous to the sequences present in DNA of the infectious agent. In a specific
embodiment, the target DNA is derived from a patient suspected of having the infectious
disease, and said second and fourth nucleotide sequences are homologous to sequences
present in DNA of the infictious agent. In other specific embodiments, the infectious agent
is a virus, bacteria, protozoa, fungus, or parasite.
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In another embodiment, a method is provided for detecting the presence of a
geaetic condition, disease, disorder, or polymorphic trait, wherein the target DNA is derived
from a patient suspected of having a genetic condition, discasc, disorder, or polymorphic
trait, mdthesequeneeoftheﬁmhomologymmxshomologoustomesequenoeupsn'eam
ﬁ'omastteknownorsuspectedwbemomatedthhﬂlcgmeucwndmon. disease,
disorder, orpolymozphtc frait, and the sequence of the second homology amn is homologous
totheseqﬁence downstream from a site known or suspected to be associated with the
genetic condition, disease, disorder, or polymorphic trait. In a specific embodiment, a
method is provided for detecting the presence of a genetic condition, genetic disease,
genetic disorder, or polymorphic trait wherein the target DNA is derived from a patient
suspected of having the genetic condition, genetic disease, genetic disorder, or polymorphic
trait, and the sequence of the first double-stranded oligonucleotide is homologeus to the
sequence upstream from a site known or suspected to be associated with the genetic
condition, genetic disease, genetic disorder, or polymorphic trait, and the sequence of the
second double-stranded oligonucleotide is homologous to the sequence downstream from a
site known or suspected to be associated with the genetic condition, genetic discase, genetic
disorder, or polymorphic trait. In a specific embodiment, the genetic condition, genetic
disease, genetic disorder, or polymorphic trait is or predisposes the patient to cancer,
asthma, arthritis, drug resistance, drug toxicity, or a neural, neuropsychiatric, metabolic,
muscular, cardiovascular, or skin condition, disease or disorder.

4. DESCRIPTION OF THE FIGURES

Figure 1A-C. Components of the homologous recombination cloning and
subcloning methods. '

A. The vector, comprising an origin of replication (origin), a selectable
marker (Sm), and two homology arms (labeled A and B).

«12.
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B.Cnmmmddmﬂmwnnmkdohgmmdumﬂea&uMMs.Emha&mma
comprises a region of homology (labeled A’ and B°) to the homologyarms(AandB
xcspecnvcly), and a second region of homology (labeled C’ and D) to atetmmus of the
targetDNA (respectively labeled C and D).

'nwtargetDNA. ThetamnalnucleoudeseqmofthgmgetDNA
¢DaMIDcmuMhubehmmﬂngmwunmdancﬂqmmusofmuufﬂuﬂmnmkgymumof
the vector (respectively labeled A and B), or to nucleotide sequences of the optional adaptor
oligonucleotides (respectively labeled C’ and D). |

Figure 2. Experimental outline of Approach 1. The vector for subcloning
by homologous recombination is introduced, €.g., by transformation, into an £ coli host
within which the target DNA and RecE/T or Rede/P proteins are already present. The |
diagram shows a linear DNA molecule camying an . coli replication origin, anda
-selectablemarkergm(Sm),whichisprefmblyagenewho'sepmductconqutesimgeto
an antibiotic, flanked by "homology arms". The homology arm, are shown as thick grey
-blocksattheendsofthc'linearDNAmolecule,ue;hMregiomofseqmcehomologousw
two regions in the target DNA that flank the DNA region to be subeloned, called target
DNA termini, are shown as thick lines flanked by the homology arms. After
transformation, sélection for expression of the Sm gene is imposed to identify those cells
thuconninﬁ:eprodmofhomologommmbinaﬁmbﬂwemthehomnloym§fm ,
linear DNA molecule and the target. |

Figure 3. Diagrammatic representation of Approach 2. The approach is
similar to that used in Figure 1, except in this case the target DNA molecule is not already
present in the E. coli host, but, rather, is co-introduced with the linear DNA vector |
molecule. The target DNA can be any source, either, as illustrated, a mixture ﬁom which
theDNAregionofintermiscloned,orahighlyentichedDNAmoleqﬂeﬁ'omwkichthe
DNA region is subcloned. As in Figure 1, the homology amms are shown in thick grey
blocks.

-13-



10

18

20

25

WO 01/04288 R Ted PCT/EP00/06533

Figure4. Diagrammatic representation of an example of Approach 3. The
cloning or subcloning vector includes an E coli origin of replication and a selectable
markergene(Sm)ﬂankedbytwoihonhomblogyams,shmasﬂﬁckgreyblocks.
Adaditionally, the vector mcludes two reoombmauon target sxtcs (SSRTs) one of which is
between the origin and the selectablemark:rgene. Most sxmply,thevectonsconsn'ucted
ﬁrstasahnearDNAfragmemashownmthe figure. Upon circularization, the second
SSRT:sloca&dbﬁweenthehongohgymonmteﬂasadueﬂmpeathhmpectwthe
first SSRT, so that site-specific recombination between the two SSRTS results in the
production of two different circular molecules, thereby separating the origin and the
selectable marker gene. The circularized vector is transformed into an E. cofi strain within
which RecE/T or Reda/P proteins is expressed, or can be expressed. The E. coli strain also
carrics an inducible site-specific recombinase (SSR) gene, the product of which recognizes
the SSRTs in the vector so that site-specific recombination between the SSRTs does not
occur until the site-specific recombinase gene is induced for expression. The E. coli cells
carrying the vector and the regulated site-specific recombinase gene are prepared so that
they contain RecE/T or Reda/f proteins and are competent for transformation. DNA
molecules containing the region to be cloned is then introduced into a host cell. After
homologous recombination between the homology arms, expression of the site-specific
recombinase protein is induced and selection for expression of the selectable marker gene is
imposed. Before site-specific recombination, cells will contain either unrecombined vector
carrying two SSRTs or the intended homologous recombination product which carries only
one SSRT, since homologous recombination results in deletion of the SSRT located
between the homology arms. After expression of the site-specific recombinase is induced,
and selection for expression of the selectablematkuisixﬁposed, cells containing the |
;mmﬂmﬁofhmmdogmmxumnmuumonwdlmrwmasumeﬂnspnﬂmdusnohnmpra
substrate for site-specific recombination.

Figure 5. Use of adaptor oligonucleotides for cloning and subcloning by
RecE/T or Redu/P homologous recombination. The diagram illustrates a variation of
Approach 2, shown in Figure 3, above. Two adapter oligonucicotides each contain two
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regxonsofhomology,onetooneofthehomologymofthevecmrandasecondregmnof
homologytooneofthetwotermmofthetargctDNAzcgmnofmterest Circularization of
thevectormdclonmgoftheDNAngmnofmﬁmstuamomplwhedbyhomologous
recomhnmmbetweenthevecwrmdtheadapmmdbetweentheadaptmmdthewga .
S DNA. Indlisembodmentﬂ:evwmrandthcurgetDNAdonotshmsequeneehnmology.
' Thus.thesamevemrmaybeusedmcloneormbchnedxffmmmgetDNAsbyusmg
target—specaﬁcadaptorohgonucleoﬁdesforeachtargctDNA Adapter oligonucleotides can
alsobeusedm:hemeﬂwdsofA_ppmacheslandB as outlined in Figures 1 and 3, above,

10 Figure 6. An cthidium bromide stained agarose gel depicting DNA digested
with EcoR1 isolated from 9 independent colonies (lanes 1-9) obtained from the mAF4 BAC
experiment. Lane M, 1kb DNA size standards (BRL, Bethesda, MD). Lene 10, EcoRI
d:gmonofthemrhngvector 'Iheexpenmennsdescnbedmdetaﬂmﬁ:e&amplem
Sestion 6.

15 | - S |

Figure 7A-B. Cloning of a DNA region from a total yeast genomic DNA.
A. APCR fragment meds to amplify the p15A origin, and flanked by 98 or

102 bp homology arms to 98 or 102 bps either side of an integrated ampicillin resistance

gene in the yeast strain, MGD 353-13D, is illustrated. ThePCRpmduct(O.Smg)wasmxed

20 w:thtonlyastgenomchNA(40mg)andeoelecmporatedmtoIC§519£ coli containing
Reda/B expressed from pBADapy. Clones were identified by sclection for ampicillin

B. An cthidium bromide stained gel to confirm the correct products from 10
chosen colonies. ' o

Figure 8A-C, EffectofrepeatsorS’ phosphates present on the ends of the
linear vector on ET subcloning.
A. The sequences of the oligonucleotides used for PCR amplification of the
linear vector are shown. Italicized sequence indicates the part of the ohgonucleohde which
30 xsmqmredforPCRamphﬁeauon of the lmvector the other nuclcotides constitute the
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homology arm to the E. coli lacZ gene. Sequences in bold were present on both extremes of
the linear vector, and thus make up the terminal repeats. The linear vector constructs a-%
have sequence repeats of various lengths. The linear vector contains the p/54 replication
origin plus the chioramphenicol resistance gene Crnr’, flanked by homiology arms and the
§ indicated texminal 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.
coli lacZ gene.
| C. Table showing the effect of repeat length and phosphorylation on
10 cfficiency of ET subcloning. The results of tests using the vectors containing the repeated
sequences shown in panel A are shown.

Figure 9A-B. ET regombinatiou subcloning usign pBAD-aBy(tet)
A. Diagram of the pREK/BAD/aBy plasmid, which contains the R6X origin,
15 the pir-116 rcplicon, the tetracycline resistance gene from pBR322 (fer), and the arabinose
repressor (@aC).
| B. Comparison of ET recombination subcloning using pBAD-uBy(tet)
(ColE1 ori) versus pREK/BAD/aBy. | .

20 Figurc 10A-B. Subcloning of a 19kb fragment of the AF-4 gene present.on
aBAC. ' SR
A. Plasmid contstructs and subcloning strategy. fer’, the tetracyclin
resistance gene. araC, arabinose repressor.
B. Analysis of 5 independent colonies. An ethidium bromide stained gel of
25 Hindlll digested DNA prepared from 5 independent, correct colonies and the linear vector
alone. Correct subclones were confirmed by DNA sequencing. M, 1 kb DNA ladder.

-~ FigurellA-B. ET subcloning using genomic DNA as a source for the
target DNA.
3 A. Genomic DNA isolated from E. coli was prelineaized by Xol digestion.
The linear vector consisted of the ColE! origin and the kanamycin resistance gene kan,
flanked by homology arms which direct recombination to the lacHlacZ locus present on the
E. coli chromosome.
- 16 ~
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'B. Restriction analysis of 16 independent colonies. Lanel7 shows the
linear vector. M, 1 kb DNA ladder. '
Figure 12A-B. SubclomngOftheneomycmgenﬁ‘om monseEs cell
genomic DNA.
. A. Diagram of subcloning strategy :
B. Restriction analysis of kanamycin resistant colonies.

Figure 13. Combination of ET cloning and subcloning.

S. DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to methods and ooxoposiﬁons for DNA
cloning and subcloning using. bacterial recombinase-mediated homologous recombination.
The inventor has discovered that bacterial recombinases may be utilized in a particular
manner to achieve h:gh-efﬁmency targeted cloning and subcloning.

Preferably, the bacterial recombinase used is RecE/T and/or Reda/B. The
RecE/T pathway in £, coli has been described previously and its components have been.
pastially characterized (Hall and Kolodner, 1994, Proc. Natl. Acad. Sci. U.S.A. 91: 3205-
3209; Gillen er al., 1981, J. Bacteriol. 145:521-532). Recombination via the RecE/T
pa:hyvay requires the expression of two genes, recE and recT, the DNA sequences of which
have been published (Hall ez al., 1993, ). Bacteriol, 175:277-278). The RecE protein is
functionally similar to A exo, which is also called Rede, and the RecT protein is
functionally similar to Redf and erf of phage P22 (Gillen et ai., 1977, J. Mol. Biol. 113:27-
41; Little, 1967, J. Biol. Chem. 242:679-686; Radding and Carter, 1971, J. Biol. Chem.
246:2513-2518; Joseph and Kolodner, 1983, Biol. Chem. 258:10411-17; Joseph and
Kolodner, 1983, Biol. Chem. 258:10418-24; Muniyappa and Radding, 1986, J. Biol. Chem. -
261:7472-7478; Kmiec and Hollomon, 1981, J. Biol. Chem. 256:12636-12639; Poteete and
Fenton, 1983, J. Mol. Biol. 163: 257-275; Passy et al., 1999, Proc. Natl. Acad, Sci. USA
96:4279-4284, and references cited therein). .

Described herein are methods and compositions rehmng to the use of
bacterial recombinases for directed DNA cloning and subcloning. As used herein, the term
"DNA cloning” refers to the process of inserting DNA from any source into an
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autonomously replicating vector so that it can be propagated in the host cell. The term
*DNA subcloning” reflrs to the process of shuntling of DNA fragments already present in an
mnmmmmuﬂynuﬁmnhgvumnﬁnoamﬂmmmmmmmmmdynmﬁanhgvumuundhnNMg
DNAﬁagmeulsﬁomahighlyemichedDNAmolecule,suchasapnﬁﬁcdvi:algmomeora
Ewutﬁagmmupnwmmﬂyanuﬂﬁhdby?(mkumnananmmmnumﬂynqﬂunhngvannr The
term “directed” or "targeted” clomnsandsubclomngrefmmthcuseofhomologyms
md,mvmommbodmcnts.adaptuohgonudmdm,mseleaametDNA,mdmdm
the orientation of the insertion of the target DNA by the choice and the orientation of the
homology arms. It should be noted that all applications of the methods of present invention
apply to methods for both cloning and subcloning DNA.

" The construction of the compositions and methods of the inventionare
described in detail herein. In particular, Section 5.1 describes mediated recombination
cloning methods of the invention for targeted cloning of DNA fragments by homologous
recombination. ‘Section 5.2, below, describes compositions of the invention, including
DNA constructs designed to target, capture and clone target DNA fragments of interest.
"Also described are nucleic acid molecules encoding bacterial recombinases such as RecE/T
and/or Reda/P proteins, cells comprising such compositions, and the methods for
constructing such nucleic acids and cells. Section 5.3, below, describes the usc of bacterial
recombinase-targeted cloning methods and kits for detection of gene expression and
diagnosis of disease conditions. '

The various methods described herein can be used for efficient and targeted
cloning of any DNA of interest by bacterial recombinase-mediated homologous -
recombination. The three approaches described herein have as common components a cell
expressing bacterial recombinase recombination proteins, and a vector. An example of the
vector is shown in Figure 1A. The vector compriscs three essential clements: an origin of
replication and two short regions of double-stranded DNA, herein called *homology arms’.
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The homology arms are specifically designed to allow the vector to ‘capture’
a target DNA of interest between the homology arms by homologous recombination. The
sequence, position, and orientation of the homology arms are important for correct insertion
of the target DNA between'the anms. In one embodiment, where the homology arms bave
sequence homology 1o the termini of target DNA, the two homology arms correspond in
sequence to DNA flanking the target DNA of interest, one arm (indicated as A in Figure 1)
corresponding to a DNA sequence upstream from the target DNA (indicated as C in Figure
1) and the second arm (indicated as B in Figure 1) corresponding to a sequence located
downstream from the target DNA (indicated as D in Figure 1). The orientation of the two
arms relative to the desired insert must be the same as is the orientation of the homologous
sequence relative to the target DNA (see Figure 1), such that recombination between the
homology arms and the target DNA results in the target DNA being inserted between, or
“inside’ (see Figure 1), the two homology arms. As used herein, a position is defined as
being ‘inside” the homology arms if it is positioned between the two homology arms, such
that a first homology arm i between the origin of replication and itself in one direction, and
a second homology arm is positioned between the origin of replication and itself in the other
direction. On the other hand, a position is defined as being "outside” the homology arms if,
in one direction, neither homology arm separates itself from the origin of replication. Thus,
by definition, the replication origin aod the selectable marker are located on the vector
‘outside” the homology arms (sce Figure 1), so that insertion of the target sequence
preserves the origin of replication and the selectable marker on the plasmid. On the other
hand, the target DNA is, by definition, inserted inside’ the homology arms. Figure 1A
depicts pictorially the meaning of *inside’ and ‘outside’ of the homology arms.

In an alterative embodiment, the homology arms have sequencehomology
10 & set of double-stranded adaptor aligonucleotides. Such adapter oligonucleotides are
illustrated in Figure 1B. The sequence of each adaptor oligonucleotide comprises the
sequence of one of the homology arms of the vector, and additionally, a sequence

" homologous to'a sequence that flanks the target gene of interest (sec Figure 1C). Thus, one

30

adaptor oligonucleotide contains homology to DNA sequence of one homology arm
(indicated as A’ in Figure 1), and a nucleotide sequence upstream from the target DNA
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(indicated as C’ in Figure 1). The second adaptor oligonucleotide contains homology to a
DNA sequence of one homology arm (indicated as B* in Figure 1), as well as a nucieotide
sequence located downstream from the target DNA (indicated as D’ in Figure 1). Inthis

way, adaptor oﬁgonucleoﬁdsﬁaybeusedtoadapiagcneﬂc homology cloning vector to
tazgetaspemﬁcgeuzsequemeofmhmstbyvuymgthcsequ:nceoﬂheadapﬁor
oligonucleotide (see Figure 5). 'l‘hemethodsandcomposznonstha:canbeusedtomyout
thevanousembodxmemsofthemvmmnmdescnbdmdeuﬁlhcrein

The methods described below include three alternative approaches to

directed cloning by homologous recombination. As described in detail below, each of the
three approaches has its own advantages that make it preferred for 2 particular cloning
application. These methods and applications are described in detail below. Inone
approach, depicted in Figure 2, the cloning vehicle is introduced into a cell that contains the
target DNA of interest. This first approach may be used to conveniently shuttle an insert
from one replicon to another, without the need for cumbersome restriction analysis and in
vitro manipulations. Thsapmoachuuseﬁ:lforapphcanonsmwmchthemgetDNA
already exists in an E. calireplieonandusﬁmhuusereqmthembclomngofachosen
part. For example, the use of 2 DNA clone isolated from a cosmid, phage or BAC library is
facilitated by subcloning chosen portions into a new vector in order to sequence the insert or
to express the protein encoded by the gene. In a second approach, depicted in Figure 3, the
cloning vector and the target DNA of interest are prepared and then added together into ¢
cell Alternutively, as shown in Figure 4, theDNAofmerestcanbeaddedtoaeellthat
already contains the cloning vector. 'l‘he!menwoapptoachamuseﬁdforappheanonsm
which the target DNA is derived from any external source, such as, for example, DNA
derived from a cancer cell.

51.1 APPROACH 1: INTRODUCTION OF VECTOR INTO HOST CELL
CONTAINING TARGET DNA '
In one embodiment, as depicted in Figure 2, the target DNA sequence is
already present within a host cell that expresses a bacterial recombinase. For example, the
target DNA may reside on an independently replicating DNA molecule, such as, but not
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fimited to, 8 plasmid, a phage, bacterial artificial chromosome (BAC) or the E. coli
chromosomemanE.cohhostcell Methodsforeonstrucnnghostcellsthatexpmsa
bactenalmmhnasesuchaskecﬂfmkeddbrecombmasearedesm’bedmdenﬂm
Section 5.2.2. , :
o ThevectorDNA,compnsmganongmofrephennonandtwohomology
arms located one:ﬂ:ersxdeofthcongmandthemaxker xsmnodueedmtothehostcell
Preferably,thevectorwahmumoleculeandthehomologyarmsareloca!edatthe
xespechveendsofthelmmmolemﬂe,althaughtheymnybemtemal Aﬁeremrylmothe
cell, homologous recombination between the homology arms of the vector DNA and the
mgetsequemesmultsmmsunmofmgaDNAbe!weenthehomologyams,mdthe
resultant formation of a circular episome. Cells_are__thgnp!ateqonselecnvemedlato select
for the selective marker present on the vector. Since only circularized molecules are
capable of replicating and being selected for in the host cell, many of the cells that grow on
selective media will contain recombined molecules including the target DNA.

" In one embodimient, the ends of the linear vector DNA fragment may be
blocked with modified nucleotides, to reduce the number of events produced by joining of
the ends of the linear fragments by any means other than homlogous recombination, i,
ﬂlegmmm recombination. ‘Such modified nucleotides , e.g, phosphothicnate nucleotides,
maybemcorpomtedmtothe?-end nucleotide of the homology arm. Modified nucleotides
maybemcmpmateddmmgohgonucleondesymhesxsofapnmerusedtoconsmwtthe .
vector (see Section 5.2.1 below) or, alternatively, may be added by enzymatic or chemical
modxﬁcauon of the oligonucleotide or linear vector DNA after synthesis. Methods for such
modification of oligonucleotides and lincar DNA. fragments are well known in the art, and
are described in detail in Section 5.2.2, below. |

512 "APPROACH 2: cq-mmontmnon OF VECTOR AND TARGET
DNAINTOTHE HOST CELL, _
In another embodiment, as depu:tcd mFxgure 3, the vector DNA and the
target DNA are mixed i vitro and co-introduced into a cell containing the RecE/T or

30 Reda/p recombinases. The target DNA may be derived from any source. For example, the
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target DNA can be obtained from a biological sample, such as, but not limited to, whole
lﬂomtlﬂﬂme&Hunhdhn.9mwanuumatwthﬂuuLcensobumnﬂihnnbunmyasﬁnmg
tissue culture ccl!s, media, or non-biologicat samples such as food, water, or other material.
Methods for preparstion of DNA from such sources are well known to those of skill in the
art (see, e.g., Current Protocols in Molecular Biology series of laboratory technique
manusls, 1987-1994 Current Protocols, 1994-1997 John Wiley and Sons, Inc.).

" The vector and the target DNA are prepared, mixed i vifro, and then co-
introduced into cells expressing bacterial recombinase proteins, preferably by
transformation in £. coli by co-clectroporation. The vector DNA may be in the form of
linear DNA or a circular plasmid DNA. In a preferred embodiment, the vector is a linear
DNA molecule. The source of target DNA is mixed in weight excess to, or excess, relative
to the vector DNA, in order to introduce as many copics of the target DNA region of interest
into the cell as possible, thercby maximizing the yield of recombinant products. Cells are
grown in selective media to select for circularized products. In a preferred embodiment the
vector contains an antibiotic resistance marker, and cells are grown in the presence of
antibiotic. Coloriies that are capable of growth under such selection will contain
cuculanzed,:ecombmedfonnsofthelinwfragmem ..

In one embodiment, the ends of the linear vector DNA fragment may be
blocked with modified nucleotides, as described below in Section 5.2.1. Methods for such
modlﬁcauonofohgonucleoudesarewe!lknommthemt,asdscnbedbelowmSecuon. :
5.2.2.

Thkammmmhkpuﬁmﬁﬁbhmﬁﬂv&mnﬂmnngnDNAjummmudﬁmma
source external to E coli, such as yeast or eukaryotic cells. In one embodiment, this
nmdmdnmybcwndﬁndhudmﬁcpmqm&:todﬂunﬂmqmummxofapuﬁmﬂmﬂnmAh:
any biological specimen. For example, the method may be used to detect the presence of a
specific estrogen receptor or BRCA 1 allele in a biopsy sample cxtracted from a breast
cancer patient.

In another embodiment, the method may be used to amplify regions of DNA
as an alternative to amplification by polymerase chain reaction (PCR) techniques.
Amplification by homologous recombination, cloning and propagation in E. coli offers
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several advantages over PCR-based techniques. First, PCR error can be a substantial
drawback for many purposes. Combinations of pairs of PCR primers tend to generate
spurious reaction products. Moreover, the number of errors in the final reaction product
increases exponentially with the each round of PCR amplification after an error is
introduced into a DNA sample. On the other band, amplification by homologous

_ recombination cloning has the advantage of the cellular proofreading machinery in E. coli
" and is thus at Jeast 1000 times more fuithful, Second, there are fewer restrictions on the size..

of the DNA region that may be amplified using the present method. Amplification of DNA
regions longer than a few kilobases (greater than 5-10 kb) is difficult using PCR techniques.
The present method is suitable for cloning much larger regions, at least to approximately
one hundred kilobases. At present, cloning a genome involves the tedious processes of
creating a large, random library followed by sorting through and ordering individual clones.
Using this method, homology arms can be designed and vectars constructed to direct the
cloning of a genome into large, non-redundant, contiguous clones, called ‘contigs’. Third,
even after DNA is produced by a PCR technique, the PCR products need to be cloned in an
extra processing step. ‘Homologous recombination cloning techniques obviates the need for
the extra subcloning step. The region of DNA that is to be amplified is simply inserted -
between homology arnms and transformed with the vector DNA into a E. colf host.

The homologous recombination in this embodiment may be carried out in
vitro, before addition of the DNA to the cells. For example, isolated RecE and RecT, or cell
extracts containing RecE/T may be added to the mixture of DNAs. When the
recombination occuss in vitro the selection of DNA molecules.may be accomplished by.
transforming the recombination mixture in a suitable host cell and selecting for positive
clones as described above. '

8.1.3 APPROACH3: INTRODUCTION OF TARGET DNA INTO HOST
CELLS CONTAINING VECTOR DNA
In another embodiment, target DNA is introduced into a cell which already
contains vector DNA. Target DNA may be from any source, as described in 5.1.2 above,
and may be either linear or circular in form. As described above, once the target DNA is
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inside the cell, homologous recombination between the homology arms and the target DNA
results in the insertion of the target DNA between the homology arms. Howeves, in this
case, counter-selection is needed to select against unrccombined vector since both the

mmmmmmmmmmmmmmmgm Various  ~

embodimentsmdescﬁbedindmﬂhaeintommpﬁshthiscom-sdecﬁon Inone
embodiment, for example, a method that utilizes a site-specific recombination and excision
reaction can be used. This approach is depicted in Figure 5. In another embodiment, an
inducible nuclease is induced that cleaves the unrecombined vector. In both embodiments,
tbevectorsthatdonotoomamrecombmahonpmdmtsmehmmmd
' Theveotorisﬁtstoonmctedasaplasmd.thenmuoduoedinmmehostcem
whueitcanbepopagmd. As shown in Figure 5, the vector contains (i) an origin of
rephcanon (any ongm). (ii) a selectable marker (Sm); (iif) the two homologyauns,and(iv)
a counter-selectable marker, such as, but not limited to, a pair of recognition for a site- _
speonﬁorecombmase,aﬁntmgnmonmehmedoutsxdethehomologymmda
seoondmogmuonawloootedmsxdethebomologyams,orarecogmuonmeforan
endonuclease,wh:chcanbemedmseleotmnstthesmnngphmdvm Asused
h:rem,asxtexslocated ‘inside’ thehomologyarmsxfxt:sposxhonedbetweenﬂ:cm
homology arms, such that a first homology arm is between the origin of replication and
melfmonedlrecuon,andasooondhomologyalmxsposxtlonedbetweenﬁxemgmof
xepl:cauonmditselfmtheothctdnmnon. Onﬁxeoﬂwrhand,aposnionnsdeﬁnedas
being ‘outside’ thehomologyarmsxf monedltectxon, neither homology arm separates
itself from the origin of replication. (S«Figmelforap:ctomlrepxmtauonofﬂm
meaning of ‘iaside’ versus ‘outside’ the homology amms.) The origin of replication and the
selectable marker must be located outside the homology arms, as described in Section 5.1
above,wchmuhse:ﬁonofthemsequmemmsﬁnoﬁginofmpﬁaﬁmwdtho
selectable marker on the plesmid. The counter-selectable marker, endonuclease site of one
of two site-specific recombinase target sites is preferably located ‘inside” the homology
arms (see Figure 5), on the othes side of the origin of replication and the selectable marker.
Any method known in the art that allows for counter-selection against the
non-recombined vector can be used. For example, in one embodiment, counter-selection
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can be accomplished by an inducible site-specific recombinase (SSR). Site-specific .
.'targetsim(SSRTs).andactatthesesiﬁestomediateaDNAshandexchmgeandexcisidn
reaction (Hallet ef al., FEMS Microbiol. Rev., 1997, 21:157-78; Sauer, 1994, Curr. Opm.
Biotechnol. 5:521-7; Starketal. l992,TrendsGenet. 8432-9) Examplesofsm-specxﬁe
recomb:msesareknownmmeart,mcludmg.butmtlmtedmoe,ﬂp,Kw orR
recombinases (Nunes-Duby et al., 1998, Nucleic Acids Res. 26:391-406; Ringrose et al,,
1997, Eur. J. Biochem. 248: 903-912; Utatsu et al., 1987, J. Bacteriol. 169: 5537-5545). .
When two directly repeated SSRTs reside on a circular plasmid, site-specific recombination
between the two SSRTs results in the formation of two circular plasmids. Onlyﬂwpmduct
eonlnmngtlwongmohephahonxsmamﬂnedmtheceﬂ. 'I‘hus,swe-spectﬁc
mmmbmuionbetwmtwodimcﬂynpmedSSRTsmacucularphsmdmﬂmmdelmon
oftheDNAsequencelocatedbetweenﬂietwoSSRTsonthesxdethatdoesnutmcludethe
miginofrephcauon.

_ ADNAvecwruconsmtedeoanngthSRTs,onenMasdnr_e&_
repm,dmpoauomdmide.&;homologyms,mdasmdmmedomdﬂhems
and between the selectable marker (SM) and the origin of replication. Recombination
between SSRTs positioned in this way results in separation of the origin of replication from
the selectable marker (see Figure 5). mus,m'ssnwmmcnnmbimdnm
vectors,wlnchcontamtwoSSRTs,mdungmthelossofmhphsmdsﬂomthehosteeu

Hosteeusueﬂ;enmnsfomedmthvectorDNAbystMmdmethods In
_th:scmbod:mentthchosteellmusteomm. l)chEfrmdlorReddﬁgensandz)agene
encoding an SSR. Preferably,them&presswnofRecEfrandlorRedngmxsmdlmble,
bmmsumuveexpmomsalsopossxble ’lhegcnemeodmgas:te-specxﬁcmombmase
(SSR) that recognizes the SSRTs must be inducible. Inducible and constitutive promoters
mweuknownmthean,methodsforthexrusemconsmonmdexpmsmof '
reeombmantgenesatedmnbedeecuonSZJ below. IftheRecEfl‘mdlorReddﬁ
gmmqumemducuonformon.thevemrcomceusmmm
mwmdmexpmsammedmmybefmeompemoelkmpmpmd.ﬂostcelk
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containing vector DNA are selected for and maintained by plating and growing in selective
media. :

Competent cells are then prepared from the host cells containing the vector.
Cellsa:etransformedwimthemgetDNA.wh_ichcanbepmpaiedﬁ'om any source, e.g.
total genomic DNA prepared from any cell. The cells are cultured briefly, to allow
homologous recombination to occur. Homologous Mme results in deletion of the
sequence between the homology arms containing one SSRT, and the insertion of the target
gene sequence. The expression of the SSR is then induced. The SSR will act on the
directly repeated SSRTSs in the un-recombined vector, separating the selectable marker from
the plasmid origin of replication. Plasmids containing insert targets have only one SSRT
and remain intact. Selection may or may not be maintsined throughout this step, but does
need to be imposed soon after induction of the SSR, i.¢., soon after the site-specific
recombination takes piace. .In this way, induction of the SSR results in selecting for
plasmids containing insert target genes. .

_ _ Inanaltematxvccubod:ment.mendonucleasecanbeusedtohnmzethe
vector between the homology _arms in vivo, either just before, during, or after homologous
recombination. Linearization of the vector before recombination will select for comect
recombination products, since a lincar plasmid will not survive in the cell unless it becomes- -

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

select for plasmids containing inserts because during homologous recombination the SSR.
deletes the endonuclease recognition site and inserts the target DNA in its place. Since the
endomuclease will cleave only non-recombined vectors, leaving plasmids-with inserted
target sequences intact, the continued activity of the endonucleasc after recombination,
selects against non-recombined products For this embodiment, 2n endonuclease witha
verymemcogmuonsmmustbeused, sothatnootherateswxllbepresmtmthehostce!l
DNA. Examples of such ‘rare-cutters’ are known in the art, including, but not limited to,
the lambda cos, yeast HO or an intron-encoded endonuclease such as PI-Scel. The
recognition site for the endonuclease should be cloned between the two homology arms, so
that enzymatic digestion by the endonuclease results in lincarization of the vector between
the homology arms. The expression of the endonuclease gene mdst be inducible. |

«26-



WO 01/04288 PCT/EP00/06533

Constructs and methods for inducible protein expression are discussed below, in Section
5.23. - - , - :

. In another embodiment, an SSR, for example, the Cre recombinase can be
used, instead of an endonuclease, 1o lincarize the unrccombined vector in vivo (see Mullins
et al,, 1997, Nucleic Acids Res.25:2539-40). In this case; the vector is constructed with
only one SSRT site located inside the homology arms. An excess of oligonucleotide
containing a copy of the same SSRT is oligonucleotide is mixed with the target DNA and

. co-transformed into the host with the target DNA. Preferably, the oligonucleotide is a short
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double-stranded DNA molecule. Where one of the recombining molecules has an SSRT
residing on a short oligonuclectide, the site-specific recombinase will linearize the vector at
its SSRT (Mullins er al., 1997, supra).

In another embodiment, the site-specific recombination and eadonuclease
approaches described above can be combined. In this case, the unrecombiried vectoris
made to contain both an SSRT and an endonuclease site inside the homology aims.” in one
embodiment of this approach, the SSR and the endonuclease could be co-regulated under
the control of a single inducible promoter. Constructs and methods for such co-regulated,
inducible expression of proteins in discussed in Section 5.2.3, below.

" Inanother embodiment, a combination of these uses of site-specific
recombination for counter-selection can be employed. In this embodiment, two pairs of
SSR/SSRTS are employed, for example Cre/lox and FIWFRT. The vector cogtains two sites
for the first SSR, SSR1, one located inside the homology arms, 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 second SSR, SSR2, located ms;de the homology
amms. Another site for SSR2 is located on short doblo-strauded oligomucleotides and are
added along with target DNA during cell transformation, at an amount in excess to the
target DNA. In a specific embodiment, for example, one SSR/SSRT pair for the
linearization step is Cre/loxP and the second one for the deletion step is FIp/FRT.

In another embodiment, a direct counter-selection against the cell may be
used. In this case the plasmid origin of replication directs singlé-copy (or very low copy)

30 maintenance in E. coli. Origins of ieplimtioh of this class include the iteron-class of origins
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such as the phage P} origin, and plasmids based on the E. coli chromosomal origin, oriC.
For suitable origins of replication, sce Helinski, D.R, Toukdarian, A.E., Novick, R.P.
Chapter 122, pp 2295-2324 in "Escherichia coli and Salmonella, Cellular and Molecular
Biology" 2 edition Frederick C. Niedhardt, Ed. ASM Press, Washington, 1996, ISBN 1-
55581-084-5. In this case, the vector can be constructed without any SSRTs, rather a
counter-selectable gene is included between the homology arms. Such counter-selectable
marker genes are known in the art, for example, the sacB, ccdB or tetracycline resistant
genes may be used (sce also, Reyrat et al., 1998, Infect. Immun. 66:4011-7 for a listing of
suitable counter-selectable genes and methods). The intended homologous recombination
reaction will delete the counter-sclectable gene so that cells carrying the intended
recombination product will survive under counter-selection pressure, whereas cells carrying
the unrecombined vector will be killed.

52 - ﬁgmosmonsron CLONING AND SUBCLONING BY
HOMOLOGOUS RECOMBINATION

~ Compositions for cloning by homologous recombination in the various
embodiments are described herein. For each of the cloning methods described in Section
5.2 below, three components are required to coexist in a single cell: first, a vector carrying
two short regions of DNA (herein called *homology arms’), having sequence homology to a
target sequence; second, RecE/T and/or Rede/P protein pairs or other bacterial
recombinase; and third, the target DNA sequence. Recombination between these ,
homolagous sequentes present on the homology arms and the flanking regions of the target
gene, mediated by a bacterial recombinase, results in the target DNA being inserted or
‘capturcd’ between the two bomology arms. The compositions and the methods for their
construction are described in detail herein. | |

521 TYHEHOMOLOGY CJ.ONING VECTOR _
The homology cloning vector may be a linear or circular DNA vector
comprising an origin of replication, a sclectable marker, and two short regions of DNA
designed to capture a target DNA of interest. Severalfomsofcloning vehicles are
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possible,‘dependingonthc'hpp:oachormethodtobeused."I'heprefeued‘fonnsand-_ o
methods for their construction are depicted in Figures 1-5, and described in detail herein.

S2.1.1 THE QRIGIN OF REPLICATION

The vector requires an origin of replication, which is needed for replication
and propagation of the plasmid. For cloning and propagation in £ coli, any E. coli origin of
replication may be used, examples of which are well-known in the ast (see, Miller, 1992, A
Short Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press, NY, and
referénces therein). Non-limiting examples of readily available plasmid origins of
replication are ColE1-derived origins of replication (Bolivar ef al., 1977, Gene 2:95-113;
see Sambrook et al., 1989, supra), p1SA origins present on plasmids such as pACYC184
(Chang and Cohen, 1978, J. Bacteriol. 134:1141-56; see also Miller, 1992, p. 10.4-10.11),
and pSC101 origin availsble for low-copy plasmids expression are all well known in the at,

For example, in one embodiment, the origin of replication from a high-copy
plasmid is used, such as'a plasmid containing a ColE1-derived origin of replication,
examples of which are well known in the art (see Sambrook er al., 1989, supra; see also
Miller, 1992; A Short Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press,
NY, and references therein). One example is an origin from pUC19 and its derivatives
(Yanisch-Perron ef al., 1985, Gene 33:103-119). pUC vectors exist at levels of 300-500
copies per cell and have convenient cloning sites for insertion of foreign genes. For very - -
high expression, A vectors, such as Agt11 (Huynh et af., 1984, in "DNA Cloning

Techniques:, Vol I: A Practical Approach”, D. Glover, ed., pp 49-78, IRL Press, Oxford), or

the T7 or. SP6 phage promoters in cells containing T7 and Spé polymerase expression
systems (Studier ef al., 1990, Methods Enzymol. 185:60-89) can be used.

When a lower level of expression is desired, an origin of replication from a
medium or a low-copy may be used. Medium-copy plasmids are well known in the art,
such as pRR322, which has a ColE1 derived origin of replication and 20-100 copies per cell
(Bolivar et al., 1977, Gene 2:95-113; sce Sambrook ef al., 1989, supra), or pACYC184, one
of the pACYC100 series of plasmids, which have a p1SA origin of replication and exist at
10-12 copies per cell (Chang and Cohen, 1978, J. Bacteriol. 134:1141-56; sce also Miller,
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1992, p. 10.4-10.11). Low-copy plasmids are also well known in the art, for example,
pSC101, which has a pSC101 origin, and approximately $ copies per cell. Both pACYC
and pSC101 plasmid vectors have convenient cloning sites and can co-exist in the same cell
as pBR and pUC plasmids, since they have compatible origins of replication and unique
selective antibiotic markers. Other suitable plasmid origins of replication include lambda or
phage P1 replicon based plasmids, for example the Lorist series (Gibson et al., 1987, Gene
53:283-286). - -

When even less expression is desired, the origin of replication may be

-obtamed ﬁomthebactenalclnomosome(seehﬁllu, l992,wpra,N1edhatdt,FC ed.,

1987, Escherichia coli and Salmonella lyphimrium American Society for Microbiology,
Washington, D.C.; Yamolinsky, M.B. and Stemberg, N., 1988, pp. 291-438, in Vol. 1 of
The Bacteriophages, R. Calendar, ed., Plemnanm NewYork) In addition, synthetic
origins.of replication may be used.

§.2.1.2 THE SELECTABLE MARKER

To maiotain the plasmid vector in the cell, the vector typically comsinsa
selectable marker. Anyseleétablemarkarknownihﬂxeancanbeused. For construction of
an E. coli vector, anygenetlmtconvcysmshncetoanymbmuceﬁecnvemﬂ coli, or
anygeneﬂutconveysamdllyldenuﬁableorselecnblephenotyplcchangeunbeused.
Preferably, mbxoucmstmmukasmused,mhasth:kmmymmmgm
from TN903 (Friedrich and Soriano, 1991, Genes. Dev. 5:1513-1523), or genes that confer
resistance to other aminoglycosides (including but not limited to dibydrostreptomycin,
gentamycin, neomycin, paromycin and streptomycin), the §-lactamase gene from IS1, that
confers resistance to penicillins (including but not limited to ampicillin, carbenicillin,
methicillin, penicillin N, penicillin O and penicillin V). Other selectable genes sequences
mcludmg.bmnmhmmdmgeneseqmmcnoodmgpolypepndmwhchconﬁrm

_ resistance (Hegedus et al. 1998, Gene 207.241-249) Other antibiotics that can be utilized

-mgen@sﬂnteonfausisuneebamphmieok,wchucMomphenimLforexamplqtpe
coding sequence for chloramphenicol transacetylase (CA'.l')unbeuﬁlimd(Eildnannseml.
1991, Gene 102:93-98). As will be appreciated by one skilled in the art, other non-
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antibiotic methods to select for maintenance of the plasmid may also be used, such as, for
example a variety of auxotrophic matkers (sec Sambrook et al., 1989, supra; Ausubel et al.,

.supra).

52.1.3 W :

, Arequnedcomponentofthevectonsmslbnregxonsofdouble-strmded
DNA, referred to herein as *homology arms', lnoneembod:mcnt,asshownmﬁgml
the two homology arms (labeled A" and_"B")atehomologon_stOth#Mm of the DNA
flanking the target DNA of interest (labeled A’ and B'), one arm being homologous to
DNA sequence upstream from the target DNA and the second arm being homologous to a
sequence located downstream from the targét DNA. As used herein, two double-stranded
DNA molecules are "homologous” if they share s common region of identity, optionally
mmpndbymemmebas&pairdiﬁ‘ewnces.mdmmﬁbl:ofﬁmﬁoningas
substrates for homologous recombination. In a preferred embodiment, the homology arms
contain approximately 22 to 100 base pairs or more of continuous identity to a double-
mmnmmmDNAofM"wmofmmymmW
byommmmmmﬁmﬂcdm&m,mdedmmehomloymmmueﬁmm
subs&atuforhomologmmmbmaﬂon. Insptefemdembodmem.ﬁuropum
recombmauon efficiency, homologyarmsmapprmnmtely 50 mucleotides mlength,vmh
in the range of 20-30 (e.g., 25)basepmrsof¢onnnuous,umntenupted,sequme_zdenmy
Although shorter regions of continuous identity are also possible (¢.g., at least 6, 8, or 10
basepaim),law«efﬁcmsofmmbmﬂmmbeexpec&dusmgmhshmhrmgxm
of continuous identity. Formmple,moncmbodlmm,thelmgthofconhnuonsxdemq
maybeasshoxtasGbp(Ke:mandLark,l”ﬂ,I Structural Biology 104: 97-106). There is
no upper limit to length of homology arms or the length of their continuous identity to the
flanking target DNA sequence. |

NucleoﬁdesequencesﬂankingamgetDNAalsomnfemdtohuzinasﬂ:e
"tenmm"ofthemgetDNA Thus, ahrgetDNAwﬂlhwetwo-mm,aﬁmmmand
sccond terminus. Monentahonofthctwommlanvetothedesmdmmmbeme
same as is the orientation of the homologous sequcnec relative to the target DNA (sce
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Figure 1), so that recombination between the homology arms and the first and second
terminiofthemgetDNAmmsinthemgetDNAbeinginsemdbmvcenthem
homologyarms.

_ nesequemesofthctwohomologymmsmchosenaccordmgtothe
experimental design. Theonbdnnmnnnmonﬂnnmnmcofanhommkmyananﬂutn
should not be a sequence found more than once within the target DNA and should not be
present elsewhere in the host cell during the homologous recombination feaction. In this
case, the intended homologous recombination product can still be obtained, however
anunuptabsdquoundofdhqmuﬁvehnnkmmynu;uxnnbhmﬁnuseweMb.Ihone
embodiment, the sequence of the homology arms are two sequences flanking the polylinker
of a commonly used cloning vehicle such as a BAC, PAC, YAC (yeast artificial
chromosome), phage cloning vectors such as the AEMBL or AGT series, phagemid, cosmid,
pBR322, pGEM, pGEX, pET, baculovirus vectors, viral vectors such as adenoviral vectors
and adeno-associated viral vectors. Thus, a single vector can be used to subcloné any insert”
that has been'cloned in these vectors. Vectors containing such homology arms are
particularly useful for subcioningmaeﬂvedﬁomposi_ﬁve clones from a DNA library,

such as 2 BAC, PAC, YAC, cosmxdorlambdahbrary

20

25

In various embodlments,asdactibedhcrembelow,ﬂxehomologya:msarc
posifionedatﬂleendsofahnearDNAmolecule, or within a linear DNA molecule or
circular DNA plasmid vector. ) '

- Homology arms are oriented in the same oriemation relative to their -
orientation in the target nucleotide sequence. In other words, they are oriented so the
desired DNA sequence is inserted between the arms after the recombination takes place.
Where the homology arms are positioned at the ends of the linear DNA the inserted DNA
sequence is captured and inserted between the two arms, thereby creating a circular and
replicable plasmid.

In an altemnative embodiment, the nucleotide sequence of the homology arms
is homologous to nucleotide sequences present on adaptor oligonucleotides. Each of two
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adaptor oligonucleotides comprise a nucleotide sequence homologous to nucleotide
sequences present on one of the homology arms, and a second fegion of-honielogy' that is
homologous to one of the two termini of the target DNA. Adaptor oligonucleotides are
depicted in Figure i, The homology arms of the vector are labeled "A" and "B", and
reglons of the adaptor ohgonucleonde homologous to these sequences are labeled A’ and
B'. The two termini of target DNA are labeled "C” and "D", and the corresponding
homologous sequenees present on the adaptor ohgonucleotndes are labeled C'and D’. In
this embodiment, recombmatxon med:ated by RecE/T or RechB between the vector
homology arms, the region of homology on the adaptor oligonucleotides, and the flanking
termini of the target gene results in the target DNA being inserted or ‘captured’ between the
homology arms of the vector.

- $2.1.5 CONSTRUCTION OF THE VECTOR

Ibelmearﬁagmentorcmularvecmrmaybeeonstmetedusmgsmndard
methodslmownmtheart(seeSambmoketaI. 1989 supra'AusubeletaI supra) For -
example, syntheuc orrecombmam DNA technology maybeused. In one embodiment, the

' hnearﬁ'agmentlsmadebyPCRamphﬁcmon In this method, ohgonucleondesm

symhesazedtomcludethehomologyamsequeneeaattheﬁ'ends andPCanmer
sequences at their 3' ends. 'meseohgonucleonde:a:ethenmedaspnmersmaPCR
amphﬁcauon reaction to amplify a DNA region including an origin of repheanon and a
selectable genenc market In another.embodiment, 2 plasmid may be constructed to .
comprise two appropriately oriented homology arms flanking an origin of replication and a
selectable genetic marker by standard recombinant DNA techniques (see ¢.g., Methods in
Enzymology, 1987, Volume 154, Academic Press; Sambrook ef af., 1989, Molecular
Cloning - A Laboratory Manual, 2nd Edition, Cold Spring Harbor Press, New York; and

_ Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates and

Wiley Interscience, 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
construct the vector DNA used in Section 5.1.3, above. " Two oligonucleotides are
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synthesized, onc of which includes, from S° to 3 end, a restriction site unique to the vector,
aleﬁhomologya:mandaPCanmet The other oligonucleotide includes, from 5' to 3'
cnd,thesamerestnchonsnteumquetomevector an SSRT, aright homology armand a
PCR primer. Thetwqhomologyamgs_md_mentoﬂankthemgetDNA. The SSRTisa
site recognized by any site specific recombinase (SSR) such as Cre, Fip, Kw, or R
recombinases, mmumisofme'ougmmﬁdemustbedesimsommhm
&Hﬂkmmomummﬂasmnnhdnmumnnﬂmvamu TwoPCanmmsmnmndamﬂdya
DNA template that includes aplasmxdongxn.aselectablegeneandanxdenncal SSRT
between the origin and the sclectable gene. The product of the PCR reaction is then cut
10 mthmemmcnonenzymethatmogmmthesitwmludedatthz?endsofthe
1nmamdumdutoymnnaﬂkmeummumnmnbyhgmum.Themnmhrpmdmnmﬂmn
transformed into E. coli for amplification to yield large amounts of the vector.

In another embodiment, a linear fragment is constructed by taking plasmid
with selectable maiker, an origin and two cloning sites, and cloning in an oligomicleotide
15 homology arm into each cloning site. Restriction enzymes are then used to cut'the plasmid
DNA to produce linear fragment bounded by the homology arms. This method is preferred
for construction of more complex plasmids — e.g. plasmids containing eukaryotic enhancer
mdpmmomrelemmumoxdermmcludeeukuyancexpresuone!emcms.Addmonauy
other sequence clements may be subcloned into the vector.

20 Thcvecwrmayalsoeontamaddmonalnucleondcsequmesofmtcmfor
pmtemexpmssmn,mampulauonormmntenmceofthemsemdmgetDNA. For example,
mmmsequmcu,mhmseqmees,mhuonsequenc&ssuchasShmeandDalmo
sequmces,hmuipﬁmﬁcmr;ecogniﬁonsim,_mmseqmcés,md
termination signals may be included, in the appropriate position in the vector. For

2S recombination cloning in cells other than bacterial cells, such as plant, insect, yeast or
mmmﬂhnceﬂs,othersequeﬁcedemcmmybgnecessaxy,suchasmcies-speciﬁc
origins of replication, transcription, processing, and translation signals, Such elemeits may
include, but are not limited to cukaryotic origins of replication, enhancers, transcription
factor recognition sites, CAT boxes, o Pribniow boxes.
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In an embodiment wherein RecE/T and/or Rede/ or other bacterial
recombinase is produced recombinantly from an expression plasmid in the cell, the chosen
mrmmbeMpaﬁbhthﬂnbadcﬁalmombmmcxprssidnyhsmiddcscﬁbedin
Section 5.2.3, below. Oneofshllmthemwouldmduybeamofth:compmbmty
:equuementsnecessaryfonxpwssmgmumpleplasmdsmasmglece& Methods for
propagauonoftwoormoreoonstructsiumryouccellsatewellknowntothoseofsklll
mthe_art. Forexample,ceus;onnmngmumple;ephconscanmmmlybeselected-forand
maimtained by utilizing vectors comprising appropriately compatible origins of replication
and independent selection systems (see Miller ef al., 1992, supra; Sambrook et al,, 1989,
supra). |

52.2 BACTERIAL RECOMBINASES

.. Theinvention described herein is described mainly with reference to the use
of RecE/T and/or Reda/B. However, as will be clear to the skilled artisan, the invention is
equally applicable to the use of other bacterial recombinases that have the ability to mediate
homologous recombination using a pair of homologous double-stranded DNA molecules as
substrates. As used herein, a bacterial recombinase is a recombinase that is expressed
endogenously ini bacteria, whether of phage or bacterial origin, and is capable of mediating
homologous recombination. In various embodiments, the bacterial recombinase is RecE/T
and/or Reda/p recombinase. In another specific embodiment, a functionally equivalent
system for initisting homologous recombination comprises erf protein from phage P22.
Further, individual protein components of bacterial recombinases can be substituted by
other functional components for use in the present invention. |

"RecE” and "RecT" asusedhemn,tefersﬁtst,toE. coli,e.g., E. coli K12,

RecE or RecT. The E. coli RecEdeec’l‘nucleondeandammo ac:dseqnenoesmwell
known (RecE, GenBank Accession No. MZ4905 and SWISS-PROT Accession No. P15033;
RecT, GenBank Accession No. 1.23927 and SWISS-PROT Accession No. P33228).
"Reda” and "Redp" refer to the phage lambda encoded proteins. Reda hasa 5'to 3'
exonuclease activity similar to the 5' to 3° exonuclease of RecE, and Redf has a DNA
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annealing activity similar to that of RecT. Nucleotide and amino acid sequences are well
known for both of these lambda proteins (see GenBank Accession Nos. J02459; M17233).
- As will be clear to the skilled artisan, reference to RecE/T and/or Redo/B

. herein shall also apply to 2 combination of RecE/T and Reda/B, unless indicated otherwise
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explicitly or by context. In a specific embodiment, combination of the two enzyme
complexes has a synergistic effect on the efficiency of recombination.

' Bacterial recombinases that can be used also include allelic variants of the -
components of the recombinases. For example, amino acid sequences utilized in the
RecE/T and Reda/p recombination systems of the invention can aiso comprise amino atid
sequences encoded by any allelic variants of RecE, RecT, Reda, or Redp, as long as such
allelic variants are functional variants, at least to the extent that they exhibit homologous
recombination activity. Allelic variants can routinely be identified and obtained using
standard recombinant DNA techniques (see e.g., Methods in Enzymology, 1987, volume
154, Academic Press; Sambrook ef a!., 1989, Molecular Cloning - A Laboratory Manual,
2nd Edition, Cold Spring Harbor Press, New York; and Ausubet ef al., Current Protocols in
Molecular Biology, Greene Publishing Associates and Wiley Interscience, New York), or
protein evolution approaches (Jermutus ef al., 1998, Cusr. Opin. Biotechnol. 9:534-548). .

In general, nucleic acid encoding such allelic variants should be able to
hybridize to the complement of the coding sequence of RecE, RecT, Reda, or Redp under -
moderately stringent conditions (using, e.g., standard Southern blotting hybridization
conditions, with the final wash in 0.2xSSC/0.1% SDS at 42°C; Ausubel et al., eds., 1989;
Current Protocols in Molecular Biology, Vol. I, Green Publishing Associates, Inc., and John
Wiley & sons, Inc., New York, at p. 2.10.3), or highly stringent hybridization conditions
(using, e.g., standard Southemn blotting hybridization conditions with the final wash in
0.1x8SC/0.1%SDS at 68°C ; Ausubel ez al., supra).

RecE, RecT, Reda, and Red§, as used herein also includes RecE, RecT,
Reda, and RedP homologs derived from the phages hosted by, or the cells of, procaryotic

cells of the family Enterobacteriaceae. Members of the family Enterobacteriaceae include, - -

but are not limited to species of Escherichia, Salmonella, Citrobacter, Klebsiellae, and -
Proteus. Such RecE, RecT, Reda, or Redp homolog is, generally, encoded by a gene
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| present ina phage genome whose pxoduct pamcxpates ina rccombmanon-medlated step in
thephagehfe cycle, such es Reda and Redf mthehfecycleoflambdaphage

RecE/T homologs can rouunely be identified and obtained using standard
pmmyoncgeneucandmombmantDNAtechmqms (seee.g, Sambrook etal. supra
and Ausubel et al., supra). RecombmmDNAmay be obtained from aclonedgenomlc or
cDNA library, or by PCR amplification. For example, a genomic libraty may be produced
by standard molecular biclogical techniques, or obtained from commercial or non-
commercial sources. The genomic or cDNA library may then be screened by nucleic acid

hybridization to a labeled E. coli recE or recT probe {Grunstein and Hogness, 1975, Proc.
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Natl. Acad. Sci. U.S.A. 72:3961) and positive clones can be isolated and sequenced.

~ Inaspecific example, a RecE or RecT homolog can routinely be identified in
Salmonella typhimurium. The recE and recT genes are well characterized in E. coli K-12;
the nucleotide and protein sequences of both RecE (GenBank Accession No. M24905 and
SWISS-PROT Accession No. P15033) and ReeT (GenBank Accession No. 123927 and
SWISS-PROT Accession No. P33228) are known; (see also Backmann, 1990, Microbiol.
Rev. 54:130-197; Rudd, 1992, in Miller, 1992, supra, pp. 2.3-2:43). A complete S,
typhimurium genomic cosmid or A library may be used. The S. yphimurium library may
then be screened by hybridization with an E, coli RecE or RecT probe utilizing
hybridization conditions such as those described above. For example, since the two genes
are expected to be highly homologous, standard moderately stringent hybridization
conditions are preferred. |

In one embodiment, such conditions can include the following: Filters

- containing DNA can be pretreated for 6 hours at 55°C in a solution containing 6X SSC, 5X

Denhart’s solution, 0.5% SDS and 100 pg/ml denatured salmon sperm DNA.

Hybridizations can be carried out in the same solution and 5-20 X 10° cpm *P-labeled probe
isused. Filters can be incubated in hybridization mixture for 18-20 hours at 55°C, and then
washed twice for 30 minutes at 60°C in a solution comtaining 1X SSC and 0.1% SDS.
Filters are then blotted dry and exposed to X-ray film for autoradiography. Other conditions
of moderate stringency which may be used are well-known in the art. Washing of filters is
done at 37°C for 1 hour in a solution containing 2X SSQ 0.1% SDS. Subsequent isolation,
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purification and characterization of clones containing the S. typhinturium can be performed
by procedures well known in the art (see Ausubel et al, sypra). Such sequences can be
used to construct the S, yphimurium RecE/Ts of the invention.

Alternatively, the S. typhimurium gene can be isolated from S. typhimurium
mRNA. mRNA can be isolated from cells which express the RecE or RecT protein. A
¢DNA library may be produced by reverse transcription of mRNA, and screened by
methods known in the art, such as those described above for screening a genomic library
(see Ausubel et al., supra). Altematively, recE or recT cDNA can be identified by PCR
techniques, such as RACE (Rapid Amplification of cDNA Ends; Ausubel ef al, supra), -
using two primers designed from the E. coli recE or recT sequence: a "forward® primer
having the same sequence as the 5' end of the E. coli recE or recT mRNA, and a "reverse”
primer complementary to its 3' end. The PCR product can be verified by sequencing,
subcloned, and nsed to construct the RecE/T of the invention. Such cDNA sequences can.
also be used to isolate S. eyphimurium genomic recE ot recT sequences, using methods well
known in the art (Sambrook e¢ al., 1989, supra; Ausubel et al., supra). ,

Nucleic acid molecuies encoding the RecE/T recombination enzymes of the
invention can, further, be synthesized and/or constructed according to recombinant and™
synthetic means-well known to those of skill in the art (Sec e.g., Sambrook, supra and
Ausubel ¢t al., supra.). L

As discussed below, the ability to control the expression of the sequences
such that expression can be regulatable (e.g. inducible) and such that a wide range of -
expression levels can be achieved is beneficial to the performance of the methods of the
" The nucleic acid molecules can, for cxample, be maintained .
extrachromosomatly, e.g., on a plasmid, cosmid or a bacteriophage. Alteratively, the
nucleic acid molecules can be integrated into the chromosome, e.g., £. coli chromosome,
utilizing, for example, phage transduction or transposition. Thus, the RecE/T coding
sequencescanbeengineeredbystanﬂardtechniquestobepxcscntinlﬁghcopy,'lowcopyor :
single copy within each cell. A varety of different regulatory sequences can be also utilized
for driving expression of the recombination proteins. Each of these aspects of
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expression/strain construction can be manipulated to yield cells exhibiting a wide range of
* recombination protein expression levels. Itis to be noted that single copy chromosomal

versions of the recombination protein coding sequerices are additionally advantageous in
that such a configuration facilitates construction of strains. '

5.2.2.1 PROTFEIN EXPRESSION

The bacterial recombinase may be expressed either constitutively or
inducibly in bacterial, yeast, insect, or mammalian cells. In a preferred embodiment,
recombination proteins are expressed in a bacterial, most preferably, E. coli strain. For
example, the host cell may comprise the recE and recT genes located on the host cell
chromosome. Examples of E. coli strains in which the expression of RecE/T is endogenous
are known, for example, E. coli sbeA strains (Zhang et al., 1998, supra). Altematively
Recmmaybemombimﬂyexmsedﬁomm-chmmosomalDNA,lpmfaaMyona
plasmid vector, e.g., pPBADETy (Zhang et al., 1998, supra) or pGETrec (Narayanan et al.,
1999, Gene Ther. 6:442-447. Similarly Reda/p can be endogenous to strains that bave
integrated A prophage; or expressed from plasmids, for example pBADxpy (Muyrers et al.,
1999, supra). RecE/T and/or Redo/ expression constructs can be constructed according to
standard recombinant DNA techniques (see e.g., Methods in Enzymology, 1987, volume
154, Academic Press; Sambrook er al. 1989, Molecular Cloning - A Laboratory Mannal,
2nd Editian, Cold Spring Harbor Press, New York; and Ausube} e¢ al. Current Protocols in
Molecular Biology, Greene Publishing Associates and Wiley Interscience, New York, each
of which is incorporated herein by reference in its entirety).

In onc cmbodiment, RecE/T and/or Reda/p is expressed in £. coli from 2

' high-copy plasmid such as a plasmid containing a ColE1-derived origin of replication,

examples of which are well lmow_ninthean(see Sambrook ez al., 1989, supra; see also
Miller, 1992, A Shoit Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press,
NY, and references therein), such as pUC19 and its derivatives (Yanisch-Perron ef al., 1985,
Gene 33:103-119). | - L
With respect to regulatory controls which allow expression (either regulated
or constitutive) at a range of different expression levels, a variety of such regulatory

-39.




10

20

WO 01/04288 i P PCT/EP00/06533

sequences are well known to those of skill in the art. The ability to gencrate a wide range of
expression is advantageous for utilizing the methods of the invention, as described below.
Such expression can be achicved in a constitutive as well as in a regulated, or inducible,
Inducible expression yielding a wide range of expression can be obtained by
utilizing. a variety of ihdut_:ible regulatory seqnences In one embodiment, for example, the
lac] gene and its gratuitous inducer IPTG can be utilized to yield inducible, high levels of
expression of RecE/T when sequences encoding such polypeptides are transcribed via the
lacOP regulatory sequences. o . .

' RecE aid RecT may be expressed from different promoters, or alternatively,
the recE and recT genes may be expressed on a polycistronic mRNA from a single
promoter. Such heterologous promoters may be inducible or constitutive. - Preferably the
expression is controlled by an inducible promoters. Inducible expression yiclding a wide
range of expression can be obtained by utilizing a variety of inducible regulatory sequences.
In one embodiment, for example, the lacl gene and its gratuitous inducer IPTG can be
utilized to yield inducible, high levels of expression of RecE/T when sequences encoding
such polypeptides are transcribed via the lacOP regulatory sequences. A variety of other
inducible promoter systems are well known to those of skill in the art which can also be
utilized. Levels of expression from RecE/T or Reda/B constructs can also be varied by -
using promoters of different strengths. |

Other regulated expression systems that can be utilized include but are not -
Jimited to, the araC promater which is inducible by arabinose (AraC), the TET system.
(Geissendorfer and Hillen, 1990, Appl. Microbiol. Biotechnol. 33:657-663), the py, promoter
of phage A temperature and the inducible lambda repressor Clys; (Pirrotta, 1975, Nature 254:
114-117; Petrenko e? al., 1989, Gene 78:85-91), the #rp promoter and frp repressor system
(Beanstt ez al., 1976, Proc. Natl. Acad. Sci USA 73:2351-55; Wame et al., 1986, Gene
46:103-112), the lacUV'5 promoter (Gilbert and Maxam, 1973, Proc. Natl. Acad. Sci. USA
70:1559-63), Ipp (Nokamura ef al., et al., 1982, J. Mol. Appl. Gen. 1:289-299), the T7 gene-
10 promoter, phoA (alkaline phosphatase), recA (Horii ef al. 1980), and the tac promoter, a
trp-lac fusion promoter, which is inducible by tryptophan (Amann et al., 1983, Gene
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.2_5:167-78), for example, are all commonly used strong promoters, resulting inan -

accumulated level of about 1 to 10% of total cellular protein for a protein whose level is
controlled by each promoter, Ifasu'ongupromotensdesmd,thetacpromotans
approximately tenfold stronger than lacUVS, bit will result in high baseline levels of

_ expmsxon.andshoul_dbeusedonly whenovqupmonxsrequu'ec_l. If a weaker promoter
 is required, oﬁxerbacﬁenalpmotersmwenknownmﬂman,fot examiple, maltose,

galactose, or other desirable pmmm(seqm ofsuchpr'omom are available from
Genbank (Burks ef al. 1991, Nucl. Acids Res. 19:2227-2230).

Cells useful for the methods described herein are any cells containing
RecE/T and/or Redo/P recombinases. Preferably, the host cell is a gram-negative bacterial *
cell. More preferably, the host cell is an entero-bacterial cell. Members of the family
Enterobacteriaceas include, but ave not limited to, specics of Escherichia, Salmonella,
Citrobacter, Klebsiellae, and Proteus. Most preferably the host cell is an Escherichia coli
cell. Cells can also be derived from any organism, including, but not limited to, yeast, fy,
mouse, or human cells, providedﬂuymbeengimcredtoapiessamﬁnblembinase. -
The recombinase is preferably RecE/T recombinase derived from E. coli, or Reda/p
recombinase derived from phage A, or a functionally equivalent RecE/T or Redo/B.
recombinase system derived from Enterobacteriaceae or an Enterobacteriaceae phage,
whuunsuehsysumscmmd:mteeombmanonbetweenregmnsofsequenoe homology.

_ Cellsexmmgkacmandlorkedalﬂpmtemsmaybemade :

electrocompetent in advance and stored at -70°C, _ _

Alternatively, the methods of the invention may be carried out in any other
cell type in which expression of RecE/T and/or Reda/f is possible. For example, a variety

) ofhost;vectorsystmumaybeuﬁﬁzedmexpimmeproteimdingseqme. These

25

include but are not limited to mammalian cell systems infected with virus (e.g., vaccinia
vuus,admovmn,m}msectceﬂsystemsinfectedmmvuus(eg.,baculomus),
mmmmmmhuymmgymmmeam&medm
bacteriophage, DNA, plasmid DNA, or cosmiid DNA. The expression clements of vectors
vary in their strengths and specificities. Depending on the host-vector system utilized, any

30 oneofammberofsuitablen'anscﬁpﬁonandmht_ionelemmumaybeusei In specific
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embodiments, the RecE/T and/or Reda/B genes are expressed, or a sequence encoding a
functionally active portion of RecE/T and/or Rede/B. In yet another embodiment, a
ﬁamemofRaeEfrorReda/ﬁ eompnsmgadonmnoftheRecEfrandlorRednlbpmtcms
AnyofthemelhodsprevxonslydescnbedforthemsernonofDNAﬁagmems
into a vector may be used to construct expression vectors containing a chimeric gene
consisting of appropriate transcriptional/translational contiol signals and the: protein coding
sequences. These methods may include in vitr recombinant DNA and synthetic techniques
and in vivo recombinants (genetic recombination). Expression of nucleic acid sequence
encoding a RecE/T or Rede/p protein or peptide fragment may be regulated by a second
nucleic acid sequence so that the RecE/T or Reda/P protein or peptide is expressed in a host .
transformed with the recombinant DNA molecule. For example, expression of a RecE/T or
Reda/p protein may be controlled by any promoter/enharicer element known in the art. . .- .

Promoters which may be used to control RecE/T or Redo/B expression include, but areinot. - .

limited to, the SV40 early promoter region (Bemnoist and Chambon, 1981, Nature 290:304-
310), the promoter contained in the 3' long terminal repeat of Rous sarcoma virus

' (Yamamoto, ef al., 1980, Cell 22:787-797), the herpes thymidine kinase promoter (Wagner

et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory sequences of the
metallothionein gene (Brinster ef al, 1982, Nature 296:39-42); plant expression vectors
comprising the nopeline synthetase promoter region (Herrera-Estrella ef al., 1984, Nature- |
303:209-213) or the cauhﬂowermosalc virus 35S RNA promoter (Gardner, et ol., 1981,
Nucl. Acids Res. 9:2871), and the promoter of the photosynthetic enzyme ribulose -
biphosphate carboxylase (Herrera-Estrel!a et al., 1984, Nature 310:115-120); promoter
elementsﬁ'omyeastorothzrﬁmgxsuchutheﬁaupmmom, the ADC (alcohol
dehydrogenase) promoter, PGK (phosphoglycetoyl kinase) promoter, alkaline phosphatase :
promoter, and the following animal transcriptional control regions, which exhibit tissue
specificity and have been utilized in transgenic animals: elastase I gene control region -
which is active in pancreatic acinar cells (Swift ef al., 1984, Cell 38:639-646; Omitz et al,,
1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepatology
7:425-515); insulin gene control region which is active in pancreatic beta cells (Hanahan,
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1985, Nature 315:115-122), immunoglobulin gene control region which is active in
lymphoid cells (Grossched! et al., 1984, Cell 38:647-658; Adames er al., 1985, Nature
318:533-538; Alexander et al., 1987, Mol. Cell. Biol. 7: 1436-1444), mouse mammary
mmorvxruseonmlregxonwhmh:sacnve in testicular, bmst.lympho:dandmastcells
(Leder et al, 1986, Cell 45:485-495), albumin gene control region which is active in liver
(Pinkert ef al., 1987, Genes and Devel. 1:268-276), alphs-fetoprotein gene control region

- which is active in liver (Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer er

al., 1987, Science 235:53-58; alpha 1-antitrypsin gene control region which is active in the
liver (Kelsey er al., 1987, Genes and Devel. 1:161-171), beta-globin genc control region
which 1s ac_tive in myeloid cells (Mogram et al,, 1985, Nature 315:338-340; Kollias ez al,,
1986, Cell 46:89-94; myelin basic protein gene control region which is active in
oligodendrocyte cells in the brain (Readhead ez al., 1987, Cell 48:703-712); myosin light
chain-2 gene control region which is active in skeletal muscle (Sani, 1985, Nature 314:283-
286), and gonadotropic releasing hormone gene control region which is active in the
hypothalamus (Mason et al, 1986, Science 234:1372-1378).
lnaspemﬁcembodnment,avectonsusedtlntcompnsesapmmoter _

operably linked to a bacterial recombinase (e.g., RecE or RecT)-encoding nucleic acid, one
or more origins of rephcauon, and, optionally, one or more selectable markers (e.g, an
antibiotic resistance gene),

| | Thechosenvectormustbecompaublemththevecﬁorplasmddescnbadm
Scction 5.2.1, above. Oneofskxll mtheanwouldreadlly-beawareofﬂlecompaubxmy
reqmremenmmessaryformmnhmmgmtﬂnpleplumdsmasmglccell. Methods for
propagation of two or more consmmsmpmcatyouccellsarewenknowntothoseofshn
inthe art. For example, cells containing multiple replicons can routinely be seiccted for and
maintained by utilizing vectors comprising appropriately compatible crigins of replication
and independent selection systems (sce Miller et al., 1992, supra; Sambrook et al., 1989,
supra).
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523 HOST CELLS
The host cell used for the cloning methods of the present invention and for
propagation of the cloned DNA can be any cell which expresses the recE and recT and/or
reda and redf gene products, or any cell in which heterologous expression of these genes is
possible. Examples of possibie cell types that can be used lnclude, but are not limited to,

- prokaryotic eukaryotic cells such as bacterial, yeast, plant, rodent, mice, buman, insect, or

mammalian cells. In a preferred embodiment, the host cell is a bacterial cell. In the most
preferred embodiment, the host cell is an E. coli cell. Examples of specific E. coli strains
that can be used are JC 8679 and JC 9604. The genotype of JC 8679 and JC 9604 is Sex
(Hf, F+, F-, or F'): F-.JC 8679 comptises the mutations: recBC 21, recC 22, sbcA 23, thr-1, -
ara-14, leu B 6, DE (gpt-proA) 62, lacY1, tsx-33, gluV44 (AS), galK2 (Oc), LAM-his-60,
relA 1, 1ps L31 (strR), xyl A5, mtl-1, argE3 (Oc) and thi-1. JC 9604 comprises the same
mutations and further the mutation recA 56.

In an alternative embodiment, a eukaryotic cell may be used as a host ceil for
the cloning and subcloning methods described herein. Any céll that expresses or can be
engineered 10 express a bacterial recombinase, or functional equivalents thereof, can be
used. Geﬂﬁnudaivodﬁomhuman,monse,monkey,oranyoﬂmwganismmybeused.
For example, non-limiting examples of ceil lines useful for the methods of the invention -
include CHO, VERO, BHK, HeLa, COS, MDCK, 293, 3T3, and WI38 cells.

. A variety of host-vector systems may be utilized to introduce and express the
protein-coding sequence of RecE/T, Reda/B or a functionally equivalent system. Such
methods are well known in the art (see Ausubel er al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, New York), These include
but are not limited to mammalian cell systems infected with virus (e.g., vaccinia virus,
adenovirus, etc.); insect cell systems infected with virus (e.g., baculovirus); microorganisms
such as yeast containing yeast vectors, or bacteria transformed with bacteriophage, DNA,
plasmid DNA, or cosmid DNA. Methods for protein expression are also discussed i
Section 5.2.2, above.-
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S24 TARGETDNA
The target DNA is chosen according to-experimental design, and may be any
double-stranded DNA as short as one base pair or over one hundred kilobases in length. In

" a specific embodiment, the target is up to 100, 125, 200, or 300 kb in Jength. In another

10

15

specific embodiment, the target DNA is 25 to 100 kilobases, ¢.g., s present in a BAC
vector. OtherspeciﬁcembodhneMsofmgetDNAsatesetfonhin;heExamphsiuSecﬁqn
6. The target DNA may reside on any independently replicating DNA molecule such as, but
not limited to, 2 plasmid, BAC or the E. coli chromosome. The target DNA may also
reside on any source of DNA including, but not limited to, DNA from any prokaryotic,
archacbacterial or eukaryotic cell, or from viral, phage or synthetic origins. For example, .
nucleic acid sequences may be obtained from the following sources: human, porcine,
bovine, feline, avian, equine, canine, insect (e.g., Drosophila), invertebrate (e.g., C.
elegans), plant, etc. The DNA tnay.be obtained by standard procedures known in the art
(see, e.g., Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York; Glover (ed.), 1985, DNA

Cloning: A Practical Approach, MRL Press, Ltd., Oxford, UK. Vol.L1I). -

20

the target DNA into a host cell is suitable for use with the methods described above. Such
methods are known in the art and include, but are not limited to electroporation of cells,
preparing competent cells with calcium or rubidium chloride, transduiction of DNA with -

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

limited to electroporation, transfection with calcium phosphate precipitation of DNA, and
viral packaging. In a preferred embodiment, electroporation is used. Cells containing
RecE/T or Reda/B proteins are treated to make them competent for electroparation by
standard methods (see Ausubel ef al., Current Protocols in Molecular Biology, Greene
Publishing Associates and Wiley Interscience, New York). Preferably, about 50 ul of a
standard preparation of electro-competent cells is uscd for electroporation by standard
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procedures. hutpeﬁmcmthatrequiretheuaﬁsfomaﬁonofaﬁnearorcirctdarvector,os
g or more of vector is preferably used. In experiments that require the transformation of a
DNA preparation containing the target DNA, 0.3 pg or more is preferably used. For co-
transformation experiments; the DNAS are preferably mixed before electroporation. After
electroporation, the cells are preferably diluted in culture medium and incubated for an
approximately 1 and a half hours recovery period before culturing under conditions to
identify the phenotypic change conveyed by the selectable marker gene.

In experiments utilizing site-specific recombination or endonuclease
cleavage of the vector, expression of the SSR or the endonuclease, or combinations of an
SSR and an endonuclease or two SSRs, is induced either before preparation of
electrocompetent cells, during the recovery period after electroporation, or during culture to
identify the selectable marker. _

Optimally the phenotypic change is resistance to an antibiotic and the cells
are cultured on plates that contain the corresponding antibiotic. - In this case, the antibiotic
resistant colonies that appear after ovemnight culture will predominantly contain the desired -

In another embodiment, DNA is delivered into the host cell by transduction
of DNA that has been packaged into a phage particle. P} or A transduction and packaging
protocols are known in the art. A packaging extracts are available commercially (e.g., from
Promega, Madison, WI). '

- 832 QLIGONUCLEOTIDES . S
| The oligosucleotide homology arms, primers, and adapter oligonucleotides
used in conjunction with the methods of the invention are oficn ofigonncleotides ranging
from 10 to about 100 nucleotides in length. In specific aspects, an oligonucieotide is 10
sucleotides, 15 nucleotides, 20 nucleotides, 50 nucleotides, or 100 mucleotides in lexgth, or
up 1o 200 mucleotides in length. In the preferred cmbodiment, the oligonucleotide is
approximately 90 nucleotides in length.



10

15

20

25

30

WO 01/04288 PCT/EP00/06533

‘Oligonucleotides may be synthesmd using any method known in the art
‘(e.g., standard phosphoramidite chemistry on an Applied Biosystems 392/394 DNA
synthesizer). Furﬂxer,reagenlsforsymhmsmaybeobtamedﬁomanyoneofmany
commercial suppliers. o

An ohgonucleonde or derivative thereof used in conjunction with the
methodsofthnsmvennonmybe-symhesmd-usmg any method known in the art, e.g:, by
use of an sutomated DNA synthesizer (such as are commercially available from Bioscarch,
Applied Biosystems, efc.). As examples, phosphiorothioate oligonucieotides may be
synthesized by the method of Stein et 2l. (1988, Nucl. Acids Res. 16, 3209),
methylphosphonate oligonucieotides can be prepared by use of controlled pore glass
polymer supports (Sarin ef al., 1988, Proc. Natl Acad. Sci. U.S.A. 85, 7448-7451), erc.

An oligonucleotide may comprise at least one modified base, provided that
such modification does not interfere with homologous recombination. For example, such
modifications may include, but are not limited to 5-fluorouracil, S-bromouracil,
S-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetyicytosine, _
 §-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminometiyl-2-thiouridine,

5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, 1-methyiguanine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine,
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-+
D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-
isopentenyladenine, uracil-5-oxyacetic acid (v), pseudouracil, queosine, 2-thiocytosine,
S-methyi-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-
carboxypropy}) uracil, and 2,6-diaminopurine.

An oligonucleotide may comprise at least one modified phosphate backbone,
provided that such modification does not interfere with homologous recombination. “Such
modification may include, but is not limited to, a phosphorothioate, a phosphorodithicate, a
phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a methylphosphonate, an
alkyl phosphotriester, and a formacctal or analog thereof.. '
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533 DNAAMPLIFICATION - -

The polymerase chain reaction (PCRY) is optionally used in connection with
the invention to amplify & desired sequence from a source (e.g., a tissue sample, a genomic
or cDNA library). Oligonucleotide primers representing known sequences can be used as
primers in PCR. PCR is typically carried out by use of a thermal cycler (e.g., from Perkin-
Elmer Cetus) and a thermostable polymerase (e g., Gene Amp™ brand of Taq polymerase).
The nucleic acid template to be amplified may include but is not limited to mRNA, cDNA
or genomic DNA from any specics. The PCR aruplification method is well known in the ant
(see, e.g., U.S. Patent Nos. 4,683,202, 4,683,195 and 4,889,818; Gyllenstein et al., 1988,
Proc. Nat'l, Acad. Sci. US.A. 85, 7652-7656; Ochman étal., 1988, Genetics 120, §21-623;
Loh et al., 1989, Science 243, 217-220). '

The methods of the present invention may be used to detect, prognose,

. diagnose, or monitor various infections, conditions, diseases, and disorders associated with

the presence of a foreign DNA or variant DNA, or monitor the treatment thereof. For:
example, as described in Section 5.4.1, below, the methods may be used to detect, prognose,
diagnose, or monitor various infections and diseases, such as diseases associated with a viral
infection, a bacterial infection, or infection by a protozoan, parasite, or other known
pathogen. As described in Section 5.4.2, below, the methods can also be used to detect,
proguose, diagnose, or monitor various infections, conditions, diseases, and disorders
associated with the presence of variant DNA, such as a genetic mutation or a single
nucleotide polymorphism (SNP). Methods for such diagnostic purposes are described in
541 DETECTION OF FOREIGN DNA

The methads of the invention described hereinabove can be used to detect
foreign DNA, such as a viral or bacterial DNA, stemming from exposure to a pathogen, in 2
patient exposed to the pathogen. The patient may or may not exhibit the symptoms of
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infection by the pathogen or the presence of a disease or disorder associated by the presence
of the pathogen. In one embodiment, for example, a target DNA sample can be prepared
from the DNA from a patient Kaving or suspected of having such a disease or infection.
Homology arms having sequence homology to a foreign target DNA can be designed and
prepared. The sample DNA ¢ain then be introduced into an E. colf host cell that expresses a
bacterial recombinase and that contains the vector DNA, by any of the methods described in
Section 5.1, above. * In an altcrnative embodiment, adaptor oligonucieotides can be

 designed comprising a first sequence homologous to a vector sequence and a second

sequence homologous to the foreign target DNA, oriented as described in detail in Section
5.1, abave. Such adaptor oligomucleotides can be used either to co-transfect, together with
the sample DNA and the vector DNA, an E. coli host cell that expresses RecE/T or Rede/p,
or ¢an be transfected directly into cells that already comprise vector DNA and sample DNA.
Cells are then grown in selective media, as described in Section 5.1 above, and cells that
sésist selection can be analyzed for the presence of an insert of the appropriate size.

The target DNA can be isolated from a patient or subject’s biological sample,
such as, but not limited to, whole blood, plasma, serum, skin, saliva, urine, lymph fluid,
cells obtained from biopsy aspirate, tissue culture cells, media, or non-biological samples
such as food, water, or other material. Methods for preparation of DNA from such sources
are well known to those of skill in the art (see, e.g., Current Protocols in Molecular Biology
series of laboratory technique manuals, 1987-1994 Current Protocols, 1994-1997 John
Wiley and Sous, Inc.). | -

In one embodiment, for exampie, where it is desired to detect or diagnose a
viral infection or disease, the homology arms can comprise DNA sequences homologous to
DNA sequences of known viral DNA. The methods can be tsed to detect and isolate viral
DNA cither as a viral DNA strand, or a DNA replicative intermediate of a DNA or an RNA
virus.

In one embodiment, for exarmple, DNA genomes or replicative intermediates
of DNA viruses may be directly targeted using homology anh sequences designed to be
homologous to viral sequences of such DNA viruses including, but not limited to, hepatitis
type B virus, parvoviruses, such as adeno-associated vifus and cytomegalovirus,

-49-



10

15

20

WO 01/04288 2 R PCT/EP00/06533

papovaviruses such as papilloma virus, polyoma viruses, and SV40, adenoviruses, herpes
viruses such as herpes simplex type I (HSV-I), herpes simplex type I (HSV-ID), and
Epstein-Barr virus, and poxviruses, such as variola (smallpox) and vaccinia virus. In
another mbodiment, the replicative nuermediates of retroviral RNA viruses that replicate

: dn'oughaDNA mmumedxmmaybeduecﬂytargetedusmghomologyaansequences
. designed to be homologous to viral sequences of such RNA viruses, including but not
- limited to human immunodeficiency virus type I (HIV-I), human immunodeficiency virus

type II (HIV-II), human T-cell lymphotropic virus type I (HTLV-I), and human T-cell
lymphotropic virus type II (HTLV-II). In another embodiment, in order to detect and isolate
the genomic or replicative intermediates of RNA virus that replicate through an RNA
intermediate, RNA may be isolated and transcribed into a cDNA copy of the RNA using
reverse transcriptase according to methods well known in the art. Such cDNA copies may
be used as target DNA to detect the presence of RNA viruses such as influenza virus,
measles virus, rabies virus, Sendai virus, picoraviruses such as poliomyelitis virus,
coxsackieviruses, rhinoviruses, reoviruses, togaviruses such as rubella virus (German
measles) and Semliki forest virus, arboviruses, and hepatitis type A virus.

In another preferred embodiment, where it is desired to diagnose or detect
bacterial infections, the homology amms can comprise DNA sequences homologous to DNA
sequences of known bacteria. For example, in one embodiment, such homology arm DNA
sequences may be homologous to cDNA or genomm DNA ofa pathogemc bacteria
including, but not limited to, Streptococcus Pyogenes, Streptococcus pneumoniae, Neisseria
gonorrhoea, Neisseria meningitidis, Corynebacterium diphtheriae, Clostridium botulinum, -
Clostridium perfringens, Clostridium tetani, Haemophilus influenzae, Klebsiella
preumoniae, Klebsiella ozaenae, Klebsiella rhinoscleramotis, Staphylococcus aureus,
Vibrio cholerae, Escherichia coli, Pseudomonas aeruginosa, Campylobacter (Vibrio) fetus,
Campylobacter jejuni, Aeromonas hydrophila, Bacillus cereus, Edwardsiella tarda,
Yersinia enterocolitica, Yersinia pestis, Yersinia pseudotuberculosis, Shigella dysenterige,
Shigella flexneri, Shigella sonnei, Salmonella typhimurium, Treponema pallidum,

. Treponema pertenue, Treponema carateneum, Borrelia vincentii, Borrelia burgdorferi,

30

Leptospira icterohemorrhagiae, Mycobacterium tuberculosis, Toxoplasma gondi,
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Pneumocystis carinii, Francisella tularensis, Brucella abartus, Brucella suis, Brucella
melitensz‘s, Mycopla:ma spp., Rickettsia prowazeki, Rickettsia tsutsugumushi, ddmydia
spp., and Helicobacter pylori.

!namﬁhnemmomnnngamhhmmohgyannrﬁh\snmmmznuwbe
hmndhgmmtocDmHkorguummcrnukofapmhmynmihmﬁuwhmnm hnnmdmmudur
Coccidioides immitis, A.vpcrgxllus fimigatus, Candida albicans, Blastomyces dematmdts
Cr}ptawccus negformans, and Histoplasma capsulatum.

!nanotherprefenedembodment,whe:e 1txsdes|redmdxagnoseordetect
pmﬂnaudhﬁhﬁmm&dhehmmdhgyannsuuummqnwnIﬂh&s&vmumshmmnk@msto
DNA sequences of known protozoan. For example, such homology arm DNA sequences
may be homologous to cDNA or genomic DNA of any known protozoan. Especially
interesting are pathogenic protozouns such as Entomoeba histolytica, Trichomonas tenas,
IthnmwmwhmnudaThkhmmmmuuqﬂmdk.nmpmnunmngumbuunaIkmmmmoma
rhodesime, ﬁ:panosom cruzi, Leishmania donovani, Leishmania tropica, Leishmania -
braz:hcm, Pneumocystis pneumonia, Plasmodium vivax, Plasmodium falciparum, and
Plasmodium malaria. _

Inyaammhxpnﬂmwdaﬂwdmungwtmenunhmnﬁmo&qmmnor _
detectparasmc infections, the homology arms can oompnse DNA sequences homologous to
Iﬂh&supwmusofkmmwnpmaﬂma!kwexunph;mmhhmuwhmyannrﬂhksumuuusnuq
hehmnuwmynutocDmu&orgummmcInmAcﬁamyknownlnnmnenummhm;smdum
Helmmths mcluding, Enterobius vermicularis, Ihchum trichiwa. A.scaris lumbricoides,
Tnchuwlla sp:ralis Stmngylaxdes stercoralis, Schistosoma japonicum, Schistosoma
mansoni, Schistosoma haematobimn and hookworms.

The methods of the invention can also be used to isolate and detect geitetic
disorders in a patient’s sample, and to prognosc, diagnose, or monitor various conditions,
diseases, and disorders associated with the presence of variant DNA, such as a genetic
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mutation or a single nucleotide polymorphism (SNP), as well as to detect & genetic
disposition for developing a discase or disorder.

lnoncembodiment,-forexample,awgetDNAsamplecanbeprepmdfrom
DNA:solatedfmmasampleﬁomapahemhavmgormpectedofhmngsuchagmuc
disease or disorder. In a preferred embodiment, avectoroompnmghomologymhavmg
sequence homologous to a particular gene of interest or genomic region of interest can be
designed and prepared, and, introduced into an E. coli host cell that expresses.a bacterial
recombinase such as RecE/T and/or Redot/B. The sample DNA can then be introduced into
the host cell. In an alternative embodiment, adaptor oligonucleotides can be designed:
comprising a first sequence homologous to a vector sequence and a sccond sequence
homologous to the DNA of the target gene of interest, oriented as described in detail in-
Section 5.1, above. In a preferred embodiment, such adaptor oligonucleotides can be used
either to co-transfect, together with the sample DNA, an E. coli ‘host cell that expresses:
RecE/T and/or Rede/ and contains the vector DNA. Alternatively, any of the other
methods for homologous recombination cloning described in detail in Section 5.1, above,
can be used. Cells are then grown in selective media, as described in Section 5.1 above, and
cells that resist selection can be analyzed for the presence of an insert of the appropriate -
size. DNA can then be analyzed for the presence of a mutation or DNA vériation of interest
by restriction analysis or sequencing techniques well known in the art (see, ¢.g., Current
Protocols in Molecular Biology series of laboratory technique manuals, 1987-1994 Current
Protocols, 1994-1997 John Wiley and Sons, Inc.).

In an altemative embodiment, the homology amy or adaptor oligonucleotide
may contain the sequence of the genetic mutation or DNA polymorphism of interest. In this
embodiment, recombination will only oceur if the sample DNA contains the rautation. . This
may be useful for diagnostic screening of a large number of samples for a particular
mutation or DNA polymorphism, since only cells containing a particular mutation will be
resistant to selection.

mmgetDNAmaybeobtamedfmmanyDNAsample,suchasgcmmc
DNA, cDNA, or mitochondrial DNA. In onc embodiment; for example, the target DNA can
be a region of a human chromosome, In another embodiment, the target DNA is present in
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a mixed population, e.g., 8 pobulati_on of genomic DNAS derived from a plurality of

subjects of interest, for example, subjects afflicted with a particular disorder. Such target
DNA can be obtained from a biological sample, such as, but not limited to, whole blood,
plasma, serum, skin, saliva, urinc, lymph fluid, cells obtained from biopsy aspirate, tissue
culture cells, media, or non-biological samples such as food, water, or other material.
Methods for preparation of DNA from such sources are well known to those of skill in the
art (see, e.g., Current Protocols in Molecular Biology series of laboratory technique
manuals, 1987-1994 Current Protocols, 1994-1997 John Wiley and Sons, Inc.).
Non-limiting examples of genetic disorders that can be tested using this
method include mutations and SNPs associated with such hereditary diseases as Brea-/
associated with breast cancer, mutations implicated in cystic fibrosis, Tay-Sachs disease,
sickle cell anemia, hemophilia, atherosclerosis, diabetes, lewkemisa, prostrate and other
cancers, and obesity. Such hereditary diseases may include degenerative and non-
degenerative ncmlogucaldismessuchas Alzheimer’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis, Huntington®s disease, Wilson®s discase, spinal cercbellar -
ataxia, Friedreich’s ataxia and other ataxias, prion diseases including Creutzfeldt-Jakob
disease, dentatorubral pallidoluysian atrophy, spongiform encephalopathies, myotonic
metabolic diseases such as, for example, hypoglycemia or phenylketonuria. Cardiovascular
diseases and conditions are also included, non-limiting examples of which include
atherosclerosis, myocardial infarction, and high blood pressure, The invention can further
be used for detection and diagnosis of Lyme disease, tuberculosis, and sexually transmitted
In another embodiment, the homologous recombination cloning methods of -
the invention can be used for determining the genetic basis of a disease or disorder. For
example, target DNA can be isolated from 2 sample of a patient or patients afflicted with a
disorder whose genetic basis is not known. In one embodiment, the cloning methods could
beusedtoisolatearegionofachromosomeknownorsuspemdtobeimplicmdinsuchh
disease or disarder, from a group of patients known or suspected of having such a disarder.
The recovered DNA can then be isolated and analyzed further for the presence of genetic
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mutations or polymorphisms, using techniques well known in the art for mapping variations

. inDNA,suchasmuicﬁonﬁagmentlengﬂ:polymomhism.oroﬂmSNPdmﬁon

10

15

techniques (see, e.g., Nikiforov er al., U.S. Patent No. 5,679,524 issued Oct 21, 1997;
Melntosh ef al., PCT publication WO 98/59066 dated December30 1998; Goelet et al.;
PCT publication WO 95/12607 dated May 11, 1995; Wang et al., 1998, Science 280:1077-
1082; Tyagi ef al., 1998, Nature Biotechnol. 16:49-53; Chen ef al., 1998, Genome Res.
8:549-556; Pastinen et al., 1996, Clin. Chem. 42:1391-1397; Chen et al., 1997, Proc. Natl.
Acad. Sci. 94:10756-10761; Shuber ef al,, 1997, Hum. Mol. Gen. 6:337-347; Li et al.,
1997, Genome Res. 7:389-398; Livak ef al.,, 1995, Nature Genet. 9:341-342; Day and
Humphries, 1994, Annal. Biochem. 222:389-395). )

Non-limiting cxamples of target disorders of clinical interest include asthma,
arthritis, psariasis, excema, allergies, drug resistance, drug toxicity, and cancers such as, but
not limited to, human sarcomas and carcinomas, e.g., fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,

_ mm&dmﬁmﬁsmmw,luomyomomzhabdmyommlmcmmm

20

30

pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma,
bwuummdmmmmglmdmumnbmusglmdmmm
papillary carcinoma, pap:llary adenocarcinomas, cystadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct catcmoma,
chonomcmoma.semmoma,embtyonalcamnoma,Wﬂms tumor, cemulmncer,
testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma. epnthel:al
carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymvma, |
pincaloma, hemangioblastoma, acoustic ncuroma, oligedendroglioma, meningioma,
mehnomgmmobhsbmremobhsma,leukmu,cg,amlymphocynclmkemand
acute myelocytic leukemia (myelobinsnc, promyelocytic, myelomonocyhc, monocytic and
erythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia); and polycythemia vera, lymphoma (Hodgkin's disease and
-Hodgkin's discase), multiple myeloma, Waldenstrdm's macroglobulinemia, and heavy
chain discase. The homologous recombination cloning methods can further be useful in
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diagnosing and detecting genetic differences and dxagnos:s of pauents with autoimmunc
diseases, including but not limited to, insulin dependent d:abetos mellitus, muitiple
sclerosis, systemic lupus erythematosus, Sjogten's synd.rome scleroderma, polymyosms
dmmc active hepatitis, mixed connective tissue dxsoase, primary blhary c:rrhos:s,
pemicious anemis, autoimmune thyroiditis, idiopathic Addisons disease, vitiligo, gluten-
sensitive entempathy, Graves' dtsoase, myasthoma gtavns, autoimmune neuttopema,
idiopathic tlu‘ombocylopema purpura, rheumatoid arthritis, cmhosxs pemph:gus vulgans,
autoimmune infertility, Goodpastme’s disease, bullous pemphigoid, discoid lupus,
ulcerative colitis, and dense deposit disease. "

Homologous recombination cloning methods may also be used for isolating,
diagnosing, and detecting DNA mutations, alterations, variations, and SNPs not associated
with disease. Non-limiting examples include such DNA mutations, alterations, variations,”
and SNPs present in non-coding genomic sequences, or DNA mutations, alterations, -
variations; and SNPs associated with different human blood groups.

In a preferred aspect of the invention, the methods of the invention may have
particular utility in the isolation, detection, diagnosis, prognosis, or monitoring of humsn.
DNA mutations, alterations, variations, and SNPs. It is sppreciated, howevex, that the
methods described herein will be useful in isolating, detecting, diagnosing, prognosing, or
monitoring diseases of other mammals, for example, farm animals including cattle, horses,
sheep, goat, and pigs, household pets inchuding cats and dogs; and plants including
agriculturally important plants and garden plants.

sSKIS | |

The inveation further provides kits that facilitate the use of the homologous
recombination cloning and subcloning methods described herein. In one embodiment, a kit
is provided comprising, in one or more containers: A) a double-stranded DNA vector useful
for directed cloning and subcloning of a target DNA molecule of interest, said vector
comprising an origin of replication and two homology arms, in the following order from '
to 3' along a vector DNA strand: a first homology arm, the origin of replication and 2
second homology arm; such that the nucteotide sequence of the first homology am on a2
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first vector DNA strand is homologous to the sequence of the first terminus on a first target
DNA strand, and the nucleotide sequence of the secord homology arm on the first vector
DNA strand is homologous to the nucleotide sequence of the second terminus on the first
target DNA strand; and b) a cell bontainingabncterialmombinasc. The cell can
endogenbuslyormombimﬂ:fexpmssthe recombinase,

‘In another embodiment, a kit useful for directed cloning or subcloning of a
target DNA molecule in onc or more containers is provided, comprising: a) a double-
stranded DNA vector useful for directed cloning and subcloning of a target DNA molecule
of interest, said vector comprising an origin of replication and two homology-arms,-in the
following order from ' to 3 along a vector DNA strand: a first homology amm, the origin of
'replicationmdasecondhomologyarm.mhthqtthenucleoﬁdesequehqeoftheﬁm
_homology arm on a first vector DNA strand is homologous to the sequence of the first
terminus on a first target DNA strand, and the nucleotide sequence of the second homology
arm on the first vector DNA strand is homologous to the nucleotide sequence of the-second.
terminus on the first target DNA strand; and b) a first double-stranded oligonucleotide
comprising a first oligenucleotide DNA strand comprising, in the following order, from 3'
to 5" a first sequence and a second sequence, said first nucleotide sequence being
homologous to the nucleotide sequence of the first homology arm on said vector DNA
strand, and said second nucleotide sequence being homologous to the nucleotide sequence
of a first terminus on 2 target DNA strand; ¢) a sccond oligonucleotide comprising a secortd
oligonucleotide strand comprising, in the following order, from 3’ to 5*: a third nucleotide
sequence and a fourth nucleotide sequence, said third nucleotide sequence being
homologous to the nucleotide sequence of the second homology arm on said vector DNA
strand and said fourth nucleotide sequence being homologous to the nucleotide sequence of
a second terminus on said target DNA strand; and d) a cell contsining bacterial recombinase
proteins, e.g., RecE/T and/or Reda/p proteins. In a specific embodiment, the cell is an E.
coli cell. _ _

 Inanother cmbodiment, a kit is provided with one or more containers
comprising: 2) a double-stranded DNA vector useful for directed cloning and subcloning of
a target DNA molecule of interest, said vector comprising an origin of replication and two

-56-



10

15

20

WO 01/04288 - PCT/EP00/06533

homology arms, in the following order from 5' to 3' along a vector DNA strand: a first -
homology arm, the origin of replication and a second homology arm; such that the
nucleotide sequence of the first homology arm oa a first vector DNA strand is homologous
to the sequeneeoftheﬁrsttermmusonaﬁrsttargetDNA strand, and the nucleotide
sequemeofthe secondhomology armonthe first vector DNA strand is homologous to the
nucleotide sequence of the second terminus on the first target DNA strand; b) a first dmgble-
stranded oligonucleotide comprising a first oligonucleotide DNA strand comprising, in the
following order, from 3' to 5"; a first nucleotide sequence and a second nucleotide sequence,
said first nucleotide sequence being homologous to the nucleotide sequence of the first
homology arm on said vector DNA strand, and said second nucleotide sequence being
homologous to the nucleotide sequence of a first terminus on a target DNA strand; and ¢) a
second oligonucleotide comprising a second oligonucleotide strand comprising, in the
following order, from 3'to 5" a third nucleotide sequence and a fourth nucleotide sequenoe,
‘said third nucleotide sequence being homologous to the nucleotide sequence of the second
hmndbgyannonsudvemnrtnm\suandandsmdﬁmmﬂ:sunummebdnghonwhugnmtn

" the nucleotide sequence of a second terminus on said target DNA strand.

In various specific embodiments, the target DNA of the kit is bacterial, viral,
pmtozom,orpathogemcDNA. Inotherspectﬁcembodnmems,theht s target
DNA canoompnseagenehcrmxtaum orpolymoxphxsmknownorsusyectedtobe
assocxatedmthadxsordetordme Inamtherspeclﬁcembodxment,mohgonwleoﬁde'
adaptor sequences or vector homology arms have sequence homology to BAC, PAC, |
lambda, plasmid or YAC based cloning vectors.

TheExamplesprcsemedmthmsccnondssmbeanumberofacpmmmts
WmdmmeﬁemﬁmWMw&mWhmbgm '
recombination methods of the invention. Different approaches to subcloning methods are
shown. Of perticular note, one example shows the successfl cloning of an insert larger
than any described previously — thcduectedsubclomngofaZSRbDNAﬁ'agmemﬁoman
approximately 150 kb BAC vector.
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61 METHODS AND MATERIALS
Preparation of Linear fragments
SundardPCRmcuoneondmonswmusedmamphfyhneatDNA _
ﬁagments. The lWprofplSAongmpluskanamycm -resistance gene (from Tn903) from
pACYClﬂwasampllﬁed 'l‘heongmplSAallowsthmplamdorrecombmanuoeo-enst
in cells with other plasmids that carry a ColE1 compatibility group origin. . The 1934bp of
chloramphenicol (from Ta9) resistant gene plus p1SA arigin was amplified from
pACYC184. .
The oligonucleotides used in the PCR reaction comprised, at their 3' ends,
and 18-30 nucleotide sequence to serve as a primer on pACYC plasmids, and at the §' ends,
a 50 to 60 nucleotide stretch of sequence homologous to the flanks of the target DNA
region. For long oligonucleotides, the PCR reaction annealing temperature used was 62°C.
PCR products were purified by using QLAGEN PCR Purification Kit (QIAGEN) and cluted
with dH,0. ThetemplateDNAwaseliminatedbydigesﬁngPCRproduétsm’ﬂxDpnI. _
After digestion, PCR products were precipitated by ethanol and resuspended in dH,0 at 0.5
ughul.

Prcparaﬁon of compemu cell:

Electmpmauonpetentoellswereprepm'edbystandardmethods. Bnd!y,
ovemtghtculnneswemdalmdlmnmesmwmedmmmthappmpmhanubmncs B
cah‘cellswetegmwnmanopncalc_lmnyofODw—O.ZMAandwcrgchllledonlcefor
1S min. Bacterial cells were centrifuged at 7,000 rpm for 10 min at -S°C. The bacterial cell
pellet was resuspended in ice-cold 10% glycerol and pelleted by ceatrifugation at 7,000 rpm

3t-5°C for 10 min. Afer 3 times washing in ice-cold 10% glycero! and recentrifugation,
the cell pellet was suspended in a volume ¢ of;ee-cold 10% glycetolequaltovolume of cells.
The competent cells were divided into 50 ut ahquotsmeppcndorfmbu,snapﬁ'omm
liquid nitrogen and stored at -70°C.

Experiments with the plasmids pBAD-ETy or pBAD-afy involved
transformation of these plasmids into E. coli hosts by standard means, followed by growth
overnight to saturation in LB medium plus 0.2% giucose, 50 pg/ml ampicillin, the cultures
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were then diluted 100 fold into LB plus 50 pg/ml ampicillin and growth to OD ¢ 0f 0.15.
L-Arabinose was then added to 0.1% of final concentration. The cells were grown to ODg -
of 0.25~0.4 before chilling on ice for 15 min.

Electraporaﬁat'x

A solution of DNA in 1 pl (containing approximately 0.5 ug DNA or more
for contransformation, or approximately 0.3 ug vector DNA or more only for cells
harboring the target, or approximately 0.5 pg DNA or more containing the target for cells
harboring the vector) was mixed with competent celis. The cells - DNA mixture was
transferred into an ice-cold cuvette. Electroporation was performed using a Bio-Rad Gene:
Pulser set to 25 uFD, 2.3 kV with Pulse Controller set at 200 ohms. LB medium (1 mi) was
added after electroporation, ‘The cells were incubated at 37°C for 1-1.5 hour with shaking
mdﬂzenspmadmplamscmmngthemﬁb:oucmpondmgwﬂwselemblemker
gene in the vector.

62 RESULTS

Table 1 summarizes six experiments in which various target DNA regions of
interest were subcloned using different sources of RecE/T or Reda/B expression, The first
eolmennﬂed”ETexpmsxon tefmtothesomceofkecﬁfrorkedalﬂ either
endogenous RecE/T in E. coli hosts JC3679 or JC9604, orﬁomplasrmdspBAD—recFll‘of
pBADafy, as indicated. The second column indicates the E. colf host used. The third
colmdxmthemgetgm :

Intheﬁrstexpenmcnt,therecEJTgenemdentmtth coli chromosome

- was subcloned in the E. coli stC_8679,mwhlchqxprmmofchthsconsnnm“. :

This was accomplished using the strategy outfined in Figure 2. Oligonucleotides were
designed and synthesized having the following sequence:

5'-TTCCTCTGTATTAACCGGGGAATACAGTGTAATCGATAATTCAGAGGAATAG
CTCGAGTTAATAAGATGATCTTCTTGAGATCG~3' (SEQ ID NO:1) -

and
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5'-CAGCAATGTCATCGAGCTGAGACTTACTGATACCGGGACCCGCGTGGTAATT
CTCGAGTGATTAGAAAAACTCATCGAGCATC-3' (SEQ ID NO:2)

wampliﬂtheplSAoﬁginofmpﬁcationandTm kanamycin resistant gene present in
pACYCI77. The results of this experiment are summarized ixt the first row of Table 1.

Endogenus  JC8679  recE/T i E.coli chromosome 540 89

recE/T

Endogenous  JC8679 lacZ in E.coli chromosome 760 94
1§ Endogenous JC9604 . lacZ in E.coli chromosome 290 100

pBAC- JC5519 Gentamicin in high copy plasmid  >3,000 100

pBAD-aBy HBIOl  lacZ inE.coli chromosome 370 94

pBAD-aBy HS996  Inmon3 of mAF4 in BAC 160 83

20

In the second experiment, the lacZ gene resident in the E. coli chromosome
was subcloned in the E. coli strain JC8679, in which expression of RecE/T is constitutive.
This was accomplished using the strategy outlined in Figure 2. mvectorwasmndeby

28 PCR using oligonucleotides of the following sequence:

5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3’ (SEQ ID NO:3)

and
30
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.§'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCTTAATAAGATGATCTTCTTGAGATCG-3' (SEQID 'N0:4)

toamphfytheplSAongmofrephcanonandTn903 hnamyunmstame genepresmtm
pACYCl‘I"I Reaﬂmmsummzedmﬂtesecondmwof'rablel

Inthethndupmmmt,ﬂ:elaclgenemsdentmthe& cahchmmosome
was subcloned in the E. coli strain JC9604, in which expression of RecE/T is constitutive.
This was accomplished using the strategy outlined in Figure 2. The vector was made by
PCR using oligonucleotides of the following sequence:

'5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATI‘CTGA'ITAGAAAAACT CATCGAGCATCAAATG-3' (SEQ ID NO:5)

and

 §_TCAGGGGAAAACCTTATITATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCC'ITAATAAGATGATCITCTTGAGATCG- 3 (SEQ IDNO: 6)
tomphﬁrthepISAongmofrcphcatmnandTwO?« kanamycin resistance gene present
pACYC177. Results are summarized in the third row of Table 1.

mmefommmeﬁmmcmmcingmmidm@mmmpy' |
plamd pFastBACl (Gibco) was subcloned in the E. coli strain JCss19 using the stm:gy
omlinedmﬁgure:i ExpressnonofRecEfrwaspmvxdedbytheplasnndeAD-tecm
after this plasmid had been transformed into JC5519, followed by arabinose induction
before preparation of competent cells. The vector was made by PCR using oligonucleotides
of the following sequence: '

5'-'I'GCAC’ITI’GATATCGACCCAAGTACCGCCACCTAACAATI‘CG‘ITCAAGCCGA
GGATCCTTAATAAGATCATCTTCTGAGATCGTITTGG-3' (SEQIDNO:7)
and

§-~TGCATTACAGTTTACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCIT
CAGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO:8)
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to amplify the p15A origin of replication and Tn903 kanamycin resistance gene present in
pACYC177, the PCR product was mixed with BamHI digested pFastBAC! for
cotransformation and plating onto gentamicin plus kanamycin containing plates.

In the fifth example, the lacZ gene resident in the E. coli chromosome was
subcloned in the E. coli strain HB101 using the strategy outlined in Figure 2. Expression of
Reda/B was provided by the plasmid pBADaBy after this plasmid had been transformed
into HB101, followed by arabinose induction before preparation of competent cells. The
vector was made by PCR using oligonucieotides of the following sequence:

5-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3 (SEQ ID NO:S)

and

5'-TCAGGGGAAAACCTTATITATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCTTAATAAGATGATCTTCTTGAGATCG-3' (SEQID NO:i0)

to amplify the p1SA origin of replication and Tn903 kanamycin resistance gene present in
PACYCI77. Results of this experiment are summarized in the fifth raw of Table 1.

In the sixth experiment, a 25kb region of an approximately 150 kb BAC
clone carrying the mouse AF4 gene was subcloned in the E. colf strain HS996 using the
strategy outlined in Figure 3. Expression of Reda/B was provided by the plasmid
pBADGpY after this plasmid had been transformed into HS996, followed by arabinose
induction before preparation of competent cells. The vector was made by PCR using
oligomucleotides of the following sequence:
5-TGTAGCTGAGCCCAGGGGCAAGGCTGCTTTGTACCAGCCTGCTGTCTGCGGG

GGCATCACCTGGAATTCTTAATAAGATGATCTTCTTGAGATCGTTITGG-3' (SEQ
IDNO:11) " R

and
§-TGGGTGTCAACCTCAGGCTTTCTCACACGCAATACAGGTAGGGACTTGCACC

CCTACACACCGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQID
NO:12)
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to amplify the p1SA origin of replication and Tn903 kanamycin resistance genc present in-
pACYC177. The PCR product was mixed with 0.5 ug purified BAC DNA for
cotransformation. Results of this experiment arc summarized in the sixth row of Table 1.
Also, shown in Figure 6 is an ethidium bromide stairied agarose gel depicting DNA digested
with EcoRl isolated from 9 independent colonies (lanés 1-9) obtained from the mAF4 BAC
experiment, using EcoRI digest of the starting vector as a control (lanc 10).

" Inthe seventh experiment, a region of genomic DNA containing an
ampicillin resistance gene from the yeast strain MGD 353-13D was cloned using the
strategy omlmedexgure‘l AsdeplctedmpanelA,aDNA &agmentcomamngﬁxe
plSAongmoftepheauon,ﬂankedby 98 or lOprhomologyatmsmrgetedtoﬂ:e% and .
102 bps flanking regions of an integrated ampicillin resistance gene in the yeast strain,
MGD353-13D. The E. coli strain JC5519 was used, and expression of Reda/p was

 provided by the plasmid pBADaBY-TET, followed by arabinose induction before

preparation of competent cells. pBADaB‘y—TBT is a derivative of pBADeafly in which the

'ampmﬂmresmeegenehasbeennphcedbymemcychnmxshncegene. Thcclonmg

vector was made by PCR nsmg ohgonucleondes of the followmg sequence:

S'-TC'I'ITTACTIT CACCAGCGTITCTGGGTGAGCAAAAACAGGAAGGCAAAATG
CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATAACACCC
CITGTATTACTGTTTATGTAAGCAGACAG-3' (SEQ ID NO:13)

and

5-TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAAC
GAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAATTAA
TAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ ID NO:14)

to amplify the p15A origin of replication present in pACYC177. ‘The PCR product was
mixed with 4 pg Neol digested MGD 353-13D yeast genomic DNA for cotransformation in
JC5519 containing Reda/p expressed from pBADafy and plating on ampicillin containing
pl&saﬁua%mmmvuypmodofculmmbhothamrc Clones were
identified by selection for ampicillin resistance, - Eighteen colonies were taken for DNA
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analysis. Anethidiumbromidestainedg_dofthctenwhichmeareshownin

_ Theexampledwcﬁbedhmmusmmesmessofthenecmm
Reda/p homologousrécombinaﬁmcmningmc&odsnsingaﬁdevaﬁetyofdmulumgcts
-from_ahighcopypla_snﬁd,toalowcopylaxgemget(aBAC)mmeE. coli chromosome.

7.  EFFECT OF VECTOR REPEATS AND PHOSPHORYLATION ON
CLONING EFFICIENCY
The Example presented in this scction describes the optimization of
conditions for high-efficiency of cloning and subcloning using RecE/T or Rede/p-mediated
homologous recombination ("ET cloning”). In patticular, as shown in Figure 8, elimination
of sequence repeats in the vector improved cloning efficiencics. On the other hand, the
presence of S’ phosphates at the ends of the linear vector had very little effect on the.
efficiency of ET cloning.

' Fxrst,theeffectofrepensonclonmgeﬂic:encywasmmdmthe
follmngetpenment. As shown in Figure 8, thchneatvectoxusedasthaclomngveh:cle
oompnsed the plSA repltcatmongm,thechloramphemcolns:mncegene(cm,
mcleondemummqmrodfor?CRamphﬁmhmofthehan(mlmudexgm
8), flanked by the homology arms to the E.coli lacZ gene,andt«mmalrep&edsequences
of various lengths (indicated in bold), present on both extremes of the linear vector. The
linear vectors were transformed into JC8679 (endogenously ET proficient; Clark, 1974,
Genetics, 78, 259-271) or JC5519 (Willetts and Clark, 1969, J. Bacteriol. 100:231-239)
expressing pBADReda/B (Zhang e? al., 1998, Nat. Genet. 20: 123-128). The number of
colonies obtained on LB plates (with 50 ug/mi chloramphenicol) after ET subcloning using
the indicated oligonucleotides for PCR amplification of the linear vector, is shown in the
table in Figure 8. Of these, 18 were analyzed by restriction digestion. The indicated
efficiency was determined by dividing the number of correct secombinants by the total
number of colonies obtained. Thus, the presence of terminal repeats > 6 nucleotides
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significantly reduces the ET subcloning efficiency. All the background colonies contained
re-ligated linear vector.

" The effect of phosphorylation was also examined, and the results are shown
in Figure 8. The ends of the linear vector were phosphorylated using T4 DNA kinase and
4-ATP. As shown in Figure 8, last column, no effect on ET subcloning or on vector re-
ligation was observed.

This Example demonstrates that the presence of repeated sequences at the -
ends of the linear vector, or between the homology arm and the essential elements of the .
vector, i, the origin of replication and the selectable marker, results in recombination
which dramatically reduces ET cloning and subcloning efficiencies. Thus, ina preferred
embodiment, the sequence of the homology cloning vector, does not contain any directly
repeated sequence of five (5) or more bases outside the sequences that encode the origin of
replication and the selectable marker..

8. ADDITIONAL EXAMPLES OF RECE/T AND REDa/B CLONING
The Examples presented in this section describe additional experiments
which demonstrate successful cloning and subcloning approaches using RecE/T- or
Redo/Red- mediated homologous recombination.

The E. coli host _

~ Asdescribed hereinabove, 'an ET competent host' refers to any E.coli cell
capable of expressing RecE/RecT and/or Reda/RedB. This may be achieved in a variety of
ways, such as either (i) a strain which endogenously expresses RecE/RecT or Reda/Redf or
(ii) a strain in which RecE/RecT or Redo/Redf are expressed from an exogenously
introduced plasmid. This example describes the construction of a plasmid-based expression
vector based on the JC9604 and JC8679 and their derivatives (mainly YZ2000 and
YZ2001). For other variations and examples of ET competent hosts, see Murphy et al.,
2000, Gene 246: 321-330; Yu et al., 2000, Proc. Natl. Acad. Sci. 97: 5978-5983; and
Datsenko and Wanner, 2000, Proc. Natl. Acad. Sci. 97: 6640-6645. '
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In the first category, two strains have been used, which carry the sbed
mutation and therefore endogenously express Re¢E/RecT ina RecA™ (JC9604; Gillen et al.,
1981, J. Bacteriology 145: 521-532 or ina RecA” (JC8679; Gillen et al., supra)
background. The advantage of using these strains resides in the fact that they can be used
directly, without the need to first introduce a plasmid to make the strain ET-cloning
competent. The disadvantage is that Rcc!-: and Réc‘l‘ are consﬁtutively exptessed :
throughout the whole cloning procedure, which enhances the risk of undesired
intramolecular recombination, especially in a recA” background. A second disadvantage is
that these JC strains have not been modified for use as cloning and propagation hosts. They
contain a fully active restriction/modification system which by consequence greatly reduces
the efficiency of introduction of large molecules such as BACs into these hosts.

The choice of whether to use a host strain with an endogenous or a plasmid-
introduced supply of RecE/T or Reda/P depends on the nature of the circular target. No
matter which strategy is chosen, the preparation of good competent cells is of crucial
xmportance If the host strain lacks endogenous ET-cloning potential, the strain needs to be
transformed first with pBAD-afy or pBAD-ETy. The resulting strain then needs to be
grown induced with L-arabinose to a final concentration of 0.1% and prepared for . -
electroporation. Empirically, the optimal harvesting point of the cells ocours at an ODjg of
around 0.35, especially when large DNA substrates are targeted. If the cells have reached
an ODjy Of greater than 0.5, they should not be used. The optimal induction time is around
1 hour, Electroporation needs to be used, siuce no other method of DNA introduction has
been found to work. Making good electrocompetent cells is essential to obtaining ET-
recombinants. During the preparation of clectrocompetent cells, all steps should be
performedonxceandmprecooledbucketsandmots Electrooompetenteellsare
concentrated to a high extent: from a 250 ml culture which is harvested at OD..,, =0.35, we
routinely prepare no more than 10 aliquots of 50 y of competent cells. The resultmg

transformation efficiency depends greatly on the host strain used, but typically varies

around 10° cfu/ug. A detailed protocol of how to prepare electrocompetent cells and how to
perform the electroporation can be obtained from http ://www.embl-
heidelberg.de/Externalinfo/stewart/index.html.

66~



WO 01/04288

10

15

20

PCT/EP00/06533

The plasmid pREK/BAD-afiy(tet), shown in Figure 9A, was constructed to
eonferupontheBAChostsm:nHS”G (lnvurogen)theab:htyto canyoutET
recombination. Thlsplasmxd is based on the pBAD24 backbone (Guzman et al., 1995, I
Bacteriol 177: 4121-4130). Reda (or RecE) i is expressed from the L-arabinose-inducible
pBAD promoter, and Redf (orRecT) mexpmxdﬁommemanVeEM'lpromom
Ovcrexpxemonofkec'l‘rehuvetnkec&orkedﬂ relahvetoRedu,enhancesE‘r-clonmg
efficiency (in terms of amount of colonies on sc!ectmn plates) Finally, this plasmid
consnnmvelympresss theRedvpmmn.mt!nscaseﬁommemnmuve TnS promoter,
which is necessary to inbibit the activity of the RecBCD enzyme present in most commenly
used host strains (Murphy, 1991, . Bacteriology 173: 5808-5821). If not inactivated,
RecBCD completely inhibits ET-cloning, probably because its exonuclease activity
degrades the linear DNA before it gets a chance to recombine. ‘Thus, pBAD-afy(tet)
constitutes a2 mobile system which can confer regulatable ET-cloning proficiency upon.
tansformation of the recipient host strin. Given the inducibility of the expression of RecE
or Reda, and the absolute requirement for both components of the recE/T and redo/p
systems to be co-expressed in order for recombination to'occur, the recombinogenic
window is limited to the arabinose induction time and the half-life of the least stable
component. Taken together with the facts that recA hosts will most commenly be used, and
that the hosts will also either be 7ecBC, or a phenocopy of recBC- (due to the expression of
Redy), this means that the risk of unwanted intramolecular reombinstion is greatly reduged.
A further useful charactesistic of pBAD-afy(tet) is that these plasmids tend to be lost
rapidly when they are not sclected for during culturing. This is probably due to the

.eonsﬁtuﬁveexpresﬁonofmdy,andmhyalsovgryaccordingtohostoenfactdrs, for .

example the presence. of RecBCD.

Replication of pR6K/BAD-aBy requires the R6K origin and the Pir-116
protein (Metcalf ef al., 1994, Gene 138, 1-7). mpRGKIBADIaB'f, carries the R6X origin,
which-was obtained from pIPS5603 (Penfold and Pemberton, 1992, Genel18:145-6), the
pir-116 replicon gene, which controls R6X ori plasmid replication in bacteria, and the
tetracychnc resistance gene fet from pBR322. Pir-116 is a copy-up mutant which allows an
R6K origin-containing plasmid to exist in an £ coli 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/aBy, the R6K origin, pir-116 and fef” were

. introduced into pBAD-afy (Muyrers ef al., 1999, Nucleic Acids Research, 27:1555-1557)

10

18§

20

by ET recombination, thercby replacing the ColE! origin and the ampicillin resistance gene
originally present on pBAD-aBy. Similarly, pR6K/BAD/ETy and pRSKIBADIrecT were
generated. The copy number of any R6K-based plasmid was found to be approximately two

times higher in comparison with the respective ColE1-based parental plasmid. Ina

side-by-side comparison of pR6K/BAD/aBy and pBAD-aBy in a standard BAC subcloning
exercise, the R6K-based plasmid was found to work more efficiently (sec Figure 9B). The
R6K replication system present on these pR6K plasmids does not contain any significant
sequence homology to other replication origins, including p15a and ColEJ. Moreover, the
R6K based plasimids-are compatible with any other replication origin. Thus, replication .
origins such as ColE] and p]54 can be included in the linear vector used for ET-subcloning.

ET Subcloning __
' Subcloning of a 19kb fragment including exons 2 and'3 of the AF-4 gene
present on a BAC is shown in Figure 10. First, pR6K/BAD-aBy was transformed into the
BAC carrying strain. Subsequently, the transformed strain was grown on LB medium
containing 15 sg/ml tetracyclin and 12.5 #g/m] chloramphenicol. The growing cells were
induced with L-azabinose for 1 hour, after which electrocompesent cells were prepared.
These cells were transformed by clectroporation with the linear vector, whxch contained the
p154 origin of replication and the ampicillin resistance gene, B-lactamase (bla), flanked by
two homology arms of 50 nucleotides which direct homologous recombination to the target
DNA ori the AF-4 BAC. Recombinants were obtained after growth on LB plates containing
S0 pg/ml ampicillin, B
As shown in Figure 10B, 5 independent colonies were selected for analysis.
DNA was prepared from S independent colonies, digested with Hindll, and analyzed on an
ethidium bromide stained gel. HindIII-digested correct colonies and the linear vector alone
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weie used as markers, as well as a 1 kb DNA ladder (Gibeo BRL). Correct subclones were
confirmed by DNA sequencing. ’

ET Cloning g o | _ .
" Genomic DNA can also be the direct source of target DNA, as shown in the
experiment in Figure 11. In this experiment, the linear vector consisted of the ColE] origin

" and the kapamycin resistance gene (kan), flanked by homology arms which direct

secombination o the iacHllacZ locus present on the E. coli chromosome (see Figure 114).
Genomic DNA was isolated from E. coli prelinearized by Xhol digestion. The lincar vector
and the prelinearized genomic DNA were mixed and co-elestroporated into YZ2000, which
endogencusly expresses RecE/RecT. By selecting on LB plates containing 50 pg/ml
kanamycin, the desired subclone consisting of the lact and JacZ genes, the ColE! origin and

kan was obtained. As shown in Figure 11B, restriction analysis of 16 independent colonies

conuih.edﬂie'eon-ectpm(lml-lﬁ). Lane 17 shows the linear vector; lane M shows a
1 kb DNA ladder as a marker (Gibco BRL). o :
Anoather example of successful ET recombination cloning is shown in Figure

12. In this experiment, a fragment was cloned directly from mouse ES cell genomic DNA

20

~ using a homology ammn cloning vestor. As shown in Figure 12A, which outlines the cloning

mmgy,amomycintesisance_gene(m)_ﬁpmmopse ESgeﬂgenomicDNA“ris

employed as the target DNA. The linear vestor consisted of the ColE! replication origip

plus the chioramphenicol resistance gene Cm” flanked by two arms which were homologous

| to the TnS-neo gene. The required mouse ES cell line was generated by transfecting a

30

. fragment containing IhS-munderconuol of the PGK promoter plus a poly4 tail.

Genomic DNA was prepared from G418 resistance colonies, and sheared with a needle and
by phenol/chloroform extraction, creating lincar fragments of about 20-40 kb.

ET cloning was performed by co-clectroporating the linear vector and the
sheared genomic DNA isto YZ2000, a JC8679 derivative (Clark, supra) in which the
restriction system, which degrades foreign methylated DNA, is partially impaired by
deletion of the mcr4, mcrBC, hsdRMS and mrr genes. Because overexpression of RecT
greatly enhances the overall ET recombination efficiency, YZ2000 was transformed with
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the pREK/BAD/recT plasmid.  YZ2000 cells carrying pR6K/BAD/recT, which were
induced with L-arabinose for 1 hour prior to harvesting, were co-transformed by
elecmporaﬁonwiﬂxosyglinearvectorandso;cgshearedmouseESeellgenomicDNA.

" An average of 25-35 eolomuwereobtamndonLBplatescontammgSOpglml

' chloramphenicol. By re-streaking these colonies on plates containing 50 ug/m lcanamycm,
6 out of 30 colonies tested were found to grow by assaying Tns-mexprcssxon. In Figure
12, panel B, restriction analysis of kanamycin resistant colonies demonstrated that all 6
colonies tested were found to be correct (lanes 2-7). The restriction pattern of  false
positive, which grew in the presence of chloramphenicol but failed to grow in the presence
of kanamycin, is shown n lane 1. All of these false positives contained the religated vetor.

- An experiment showing a combination of ET subcloning and cloning is
shown in Figure 13, The lincar vector consisted of the ColE] replication origin plus the
kanamyein resistance gene Km’. Each terminus of the linear vector consisted of a BstZ171
site and 2 homology arms. The homology arms present at the extremes of the lincar vector
(indicated by the smaller boxes in Figure 13) are homologous to the A phage target DNA.
The second set of homology arms (indicated by the larger boes) i homologous to the '
IacIJacden«pmntontheE.coIichomosome _ |

Inﬁxeﬁrstsubcloningstep.thehneawectormsco-ehctxopomedmﬂx
linearized X phage target DNA into the ET proficient £ coli strain JC8679AlacZ. This
resulted in the subcloning of a 6.7kb ADNA fragment including the exo, bet, gam, rex spd
¢I857 genes, into the linear vector, thereby generating pYZN/A- PR. For the next ET
recombination step, 2 new linear vector was used, which contained the chloramphenicol
resistance gene cat flanked by mutated /oxP sites (loxP*, Araki ef al., 1997, Nucleic Acids
Research, 25:868-872), as well as terminal arms which were homologous to the A DNA
preseat on pYZN/A- PR. This linear vector was co-electroporated with pYZN/A- PR into
the ET proficient strain JC8679AlacZ, resulting in the formation of pYZN/A- PR/Cm. From
this plasmid, the car-contsining A DNA fragment flanked by the two terminal arms which
were homologous to lacl-lacZ was released by BstZ17 I digestion. - This fragment was used
to target the chromosame of the E. coli strain JC5519 (Willetts and Clark, 1969, J Bacteriol,
100: 231-239) which expressed RecE and RecT from pBADRecE/T (Zhang et al., 1998,
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Nature Genetics 20:123-128). After ET recombination and selection for growth in the
presence of 20 pg/m! chloramphenicol, YZ2001/Cm strain was generated. Deletion of car

| togenﬂmmomwasdonébyusihgthﬂo&-c:eplasuﬁd,whichisidenﬁcalto705-c:e
' .exeeptthatxtenmstheteuacychnmsmgene(tet')msteadoflhzchloumphmeol

msmeegene,asdesmbed (Buchholzetal. 1996, Nucleic Ac:dsReseatch. .
24:3118-3119). YZZOO!thuscamedtheG?kleNA&agment(m—-—chnplusa

" mutated JoxP site on the chromosome. Since YZ2001/Cm allows heat-inducible expression

10
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ofthe?.genecxo.betandgam nlscondmonallyETproﬁclmt. Asumlarstratezycanbe
usedtogmmwh:ock-outconmnctsormpafomBACmodxﬁcauons,fowmple

Thus,&eexamplespremdabovedemonst:atesevqalappmachesﬁnr
sucoessﬁ:l clonmg and subclomng usmg RecE/T and Reda/ﬁ-medxmd homologous
recombmauon.

Theuumnhundeﬂxﬂnﬂamdckmmndhmnnnnnmntobehnnuﬂlnanpehy
thcspemﬁcembod:mentshmmdmbsedsxmthmembodmtsmmdedas '
illustration ofsevemlaspectsofthe invention. Anyeqmvalentembodxmentsarcmendedto
bemthmtheseopeofﬂnsmvenhon. lndeed,vanousmodzﬁwuonsofthcmvmonm
addmontothoseshownanddescnbedhemnvnllbwomeappumwthoseshnedmtbean
ﬁomthefoxegomgdqsenpnon. Suchmodxﬁcauonsaxealsomtendedtoﬁllwuhmthe
seopeoftheappendedglmms. Thmughomthxsapphcanonvanou_srefe:mesagecned,_&e
contets of cach of which is hereby incorparated by reference into the present application in
its entirety for all purposes. | - |
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WHAT IS CLAIMED IS:

1. A method for introducing a double-stranded target DNA. into a vector comprising
culturing a bacterial cell that expresses a functional recombinase, said bacterial cell
containing (a) the target DNA comprising a first double-stranded terminus and a second
double-stranded terminus, and (b) a vector DNA comprising, in the following order along
the vector DNA strand: (i) a first double-stranded homology arm (ji) an origin of
repheanon,and(xu)aswonddm:ble—stmdedhomologyum.&mhthattheseqmceofa
vector DNA strand of the first homology arm is homologous to the sequence of a target
DNA strand of the first terminus, and the sequence of a vector DNA strand of the second
homology amm is homologous to the sequence of the target DNA strand of the second
terminus,suc‘hthatthemgetDNAisimutedintothevectoxDNAbGMecnthehomolqu

15

20

25

30

2. A method for making a recombinant DNA molecule comprising:
a) introducing a double-stranded vector into a cell, said cell containing a’
~ double-stranded target DNA and expressing a bacterial recombinase, said
 vector comprising an origin of replication and two homology arms, in the
following order from $' to 3' along a vector DNA strand: a first homology
" am, one strand of the origin of replication, and a second homology arm;,
said target DNA comprising a target DNA sequence and two termini, in the
following order, from 3' to 5' along a target DNA strand: aﬁrsttenmnm.the
mgetDNAsequence,andasecondtermmus, .
smhﬂmmesequznceoftheﬁrsthomologya:monsmdvectorDNAsuand
" is homologous to the sequence of the first terminus on said target DNA
strand, and the sequence of the second homology amm on said vector DNA
strand is homologous to the sequence of the second terminus on said target
DNA strand; and
b)  subjecting the cell to conditions that allow intraceliular homologous
recombination to occur,
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3. A method for making a recombinant DNA molecule comprising:

a)
.5.
10
18
20
25 v

introducing a double-stranded vector and first and second double-stranded
oligonucleotides into a cell, said cell contsining a double-stranded target
DNA and expressing a bacterial recombinase, -
smdvectorcompnsmganonmnofmphmonandmdouble-strmded

' 'homologyarms,mthcfoﬂomgogderfrom?to}?alonxamm

m-ammxoymmeoﬁginofupuéaﬁon,mum
homology arm;

said target DNA comprising a target DNA sequenee and two double-stranded
termini, in the following order, ﬁ'om3'to5alougamgetDNAstand.a.ﬁrst
mmmw,amgetDNAseqmandasecmdmmmus,

said first oligonucleotide comprising a first oligonucleotide DNA sn'and
comprising, in the following order, from 3'to 5": a first nucleotide sequence
and a second nucleotide sequence, said first nucleotide sequence being

“homologous to the nucleotide sequence of the ﬁxsthomologyammnsaia

vaNA-md,agdsaidmondmleoﬁde'sqqmebeinghomologoﬁs '
tothenmleotideseqmoftheﬁrsttemimsmsaidhrgetDNAmand:

 said second oligonucleotide comprising a second oligonucleotide strand
‘comprising, in the following order, from 3' to 5, a third nucleotide sequence

and a fourth nucleotide sequence, said third nucleotide sequence being
homologous to the pucleotide sequence of the second homology arm on said
vector DNA strand and said fourth nucleotide sequence being homologous to
the nucleotide sequence of the geeondmminuson.said targetDNAstrand;
and

subjecting the cell to conditions that allowmtmellular homologous

_ mombmauontooecur

4.  Amethod for making a recombinant DNA moleculc comprising:

. 3
30

introducing a double-stranded target DNA molecule into a cell, said cell
containing a vector and expressing a bacterial recombinasc,

<I3-
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b)
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said target DNA comprising a target DNA sequence and two double-stranded
termini, in the following ordes, from 3' to $' along a target DNA strand: a
first terminus, a target DNA sequence, and a second terminus;

s;ici vector comprising an 6riginofr_eplicat,iqn and two homology arms, in
the following order from 5' to 3' along a vector DNA strand: a first homology

-'arm, the origin of replication and a second homology arm;

such that the sequence of the first homology arm on said vector DNA strand

is homologous to the sequence of the first terminus on said target DNA

strand, and the sequence of the sccond homology arm on said vector DNA
strmdxshomologoustomeseqmceoftheseeondmnusonmdtatget
DNA strand; and '

subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

A method for making a recombinant DNA molecule comprising:

a)

mmduemgadm:ble-strmdedmaetDNAmlecu!eandaﬁrstandmd
double-stranded oligonucleotide into a cell, said cell containing a vector and
expressing a bacterial recombinase, said target DNA comprising a target
DNA sequence and two termini, in the following order, from 3' to §' along a

target DNA strand: a first terminus, a target DNA sequence, and a second
 said first oligonucleotide comprising a first oligonuclcotide DNA strand

comprising, in the following order, from 3' to §": a first nucleotide sequence
and a second nucleotide sequence, said first nucleotidé sequence being
homologous to the nucleotide sequence of the first homology arm on said
vector DNA strand, and said second nucleotide sequence being homologous
1o the nucleotide sequence of the first terminus on said target DNA strand;
said second ofigonucieotide comprising a second oligonucleotide strand
comprising, in the following order, from 3' to §', a third nucleotide sequence
and a fourth nucleotide sequence, said third nucleotide sequence being
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homologous to the nucleotide sequence of the second homology arm on said

E vectorDNAsuandandsaidfour&muc!eotidesgqumebeinghomologousto

the nucleotide sequence of the second terminus on said target DNA strand;
said vector comprising an origin of replication and two homology arms, in
the following order from $' to 3' along a vector DNA strand: a first
homology arm, the origin of replication and a second homology atm; and
subjecting the cell to conditions that allow intraceilular homologous

. recombination to occur.,

6. A method for making a recombinant DNA molecule comprising:

5

b)
10

a)
15
20
25 b)

introducing a double-stranded vector and a double-stranded target DNA into
a cell expressing a bacterial recombinase, ' ' .
said vector comprising an origin of replication and two bomology arms, in
thefollowmgorduﬁ'omS'to?alongavecmDNAmd a first homology
mn,theongmofreplmhonandamndhomologym

said target DNA comprising a target DNA sequence and two termini, in the
following arder; from 3' to 5' along a target DNA strand: a first teyminus, a
target DNA sequence; and 8 second terminus; ,

such that the nucleotide sequence of the first homology arm on said vectoy
DNA strand is homologous to the nucleotide sequence of the first terminus
on said target DNA strand, and the nitcleotide sequence of the second
homology arm on seid vector DNA strand is homologous to the sequence of
the second terminus on said target DNA strand; and

subjecting the cell to conditions that allow mtraeellular homologous
recombination to occur.

NI
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7. A method for making a recombinant DNA molecule comprising:
a) introducing a double-stranded vector, a double-stranded target DNA
molecule, and a first and second double-stranded oligonucleotide into a cell
_ expressing a bacterial recombinase,

5 said vector comprising an origin of replication and two double-stranded
homology arms, in the following order from 5 to 3' along a vector DNA
strand: a first homology arm, the origin of replication and a second
homology arm; _
said target DNA comprising target DNA sequence and two double-stranded

10 termini, in the following order, from 3' to §' along a target DNA strand: a
first terminus, a target DNA sequence, andaswomm;
said first oligonucleotide comprising a first ofigonucleotide DNA strand
comprising, in the following order, from 3' to 5" a first nucleotide sequence
and a second nucleotide sequence, said first nucleotide sequence being

15 homologous to the nucleotide sequence of the first bomology arm on said
vector DNA strand, and said second nucleotide sequence being homologous
to the sequence of the first terminus on said target DNA strand;
said second oligonucleotide comprising a second oligonucleotide strand
comprising, in the following order, from 3' to §', a third nucleotide sequence

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

' homologous to the nucleotide scquence of the second homology amm on said
vector DNA strand and said fourth nucleotide sequence being homologous to
the nucleotide sequence of the second terminus on said target DNA strand;

and
25 b)  subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

8.  The method of Claim 6 wherein the host cell further 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 recombinase; a first
-
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recognition site located outside the first and second homology arms, and a second site-
specific recombinase recognition site located inside the first and second homology arms;
and during or after step b), inducing expression of the sne-speciﬁc recombinase.

9. Themethod of Claim 7 wherein the host cell frther contains‘a nucleotide sequence
encoding a site-specific recombinase operatively linked to'a~promoter, and the vector further
comprises'a first and second recognition site for the site-specific recombinase; a first
recognition site located outside the first and second homology anms, and a second site-
specific recombinase recognition site Jocated inside the first and second homology arms;
and during or after step b), inducing expression of the site-specific recombinase.

10.  The method of Claim 6 wherein the host cell further contains a nucleotide sequence
encoding a site-specific cndonuclease operatively linked to a promoter, and the vector
further comprises a recognition site for the site-specific endonuclease located inside the
first and seeondhomo!ogyarms, anddunngoraﬁerstepb), mducmg exptessxon ofthe sxte-

- spevific endonuclme

11.  The method of Claim 7 whercin the host cell further coritains a nucleotide sequence
encoding a site-specific endonuclease operatively linked to a promioter, and the vector
further comprises a recognition site for the site-specific endonuclease located inside the
first and second homology arms; and dunng or after step b), mducmg expression-of-the site-
specific endonuclease.

12.  The method of any one of Claims 2-11 wherein the vector fuither comprises a
selectable marker located outside the first and second homology armus, such that the vector
comprises, int either of the following two orders from 5' to 3' along a vector DNA strand: i)
the first homology arm, the selectable marker, the origin of replication and the second
homology arm, or ii) the first homology amm, the origin of replicatwn, the selectable marker,
and the second homology arm. :
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13. The method of Claim 12 wherein the selectable marker confers antibiotic resistance
to the cell containing the vector.

14.  The method of any one of Claims 2-11 wherein the bacterial recombinase is RecE/T
or Reda/B recombinase or both RecE/T and Reda/B recombinases.

15.  The method of any one of Claims 2-11 wherein the cell is a bacterial cell.
16.  The method of any one of Claims 2-11 wherein the cell is an £. éoli cell

17.  The method of any one of Claims 2-11 wherein the cell is a eukaryotic cell that
recombinantly expresses RecE/T and/or Reda/B recombinase.

18.  The method of any one of Claims 2-11 which further comprises isolating a
recombinant DNA molecule that comprises the target DNA inserted into the vector.

19. A double-stranded DNA vector useful for directed cloning or subcloning of a target
DNA molecule of interest, said vector comprising an origin of replication and two
homology arms, in the following order from §' to 3' along a vector DNA strand: a first
homology arm, the origin of replication and a second homology arm; such that the
nucleotide sequence of the first homology arm on a first vector DNA strand is homologous
to the sequence of the first terminus on a first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is homologous to the
nucleotide sequence of the second terminus on the first target DNA strand.

20.  The vector of Claim 19 wherein the ongm ofrephcauon is a bacterial origin of
replication.

21.  The vector of Claim 19 wherein the origin of replication fimctions in E. coli.
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22, Thevector of Claim 19 wherein the origin of replication functions in a mammalian
cell '

23, _Amnmptisingnr;!bnbie-smdedDNAmuse-ﬁﬂfmdimctedﬂoningm
subcloning of a target DNA molecule of interest, said vector comprising an origin of
replication and two homology arms, in the following order from 5'to 3' along  vector DNA
strand: aﬁ:sthomologyann,theongmoftzphcanonandasecondhomologyatm,such
thatﬁwnucleohdeseqmceoftheﬁxsthomologymonaﬁrstwctorDNAmndm
homologouswth:sequeme:gfthcﬁmmmonaﬁmmgetDNAsmnd,mdthe
nucleotide sequence of the second homology arm o the first vector DNA strand is
homologous o the nucleotide sequence of the second termins on the first target DNA
strand,

24.  The cell of Claim 23 which is a bacterial cell

25. AknusefnlforduecmdclonmgorsubclomngofamgetDNAmolecnleeompnsmg
in one or more containers: '
a) adouble-smdedDNAvectormﬁxlforduectedclomngorsubclonmgofa
" target DNA molecule of interest, said vector comprising an origin of
replication and two homology arms, in the following order from 5 to 3'
along a vector DNA strand: a first homology amm, the origin of replication -
and a second homology anm; such that the nucleotide sequence of the first
homology arm on a first vector DNA strand is homologous to the sequence
of the first terminus on & first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is
homologous to the nucleotide sequence of the second terminus on the first
target DNA strand; and
b)  acell containing a bacterial recombinase.
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26. .. Thekit of Claim 25 wherein the homology arms have sequence homology to a BAC,
PAC, lambda, plasmid or YAC based cloning vector.

27.  Thekit of Clain 25 wherein the irt and second double-stranded oligonucleotide
have nucleotide sequence homology to a BAC, PAC lambda, plasnud or YAC based

cloning vector.

28. Akztuseﬁ:l for directed clonmgorsubclomng of atargetDNAmolecnleoompnsmg
in one or more containers:

a)

Y-

A double-stranded DNA vector useful for directed cloning and subeloning of
a target DNA molecule of interest, said vector comprising an origin of
replication and two homology arms, in the following order from 5'to 3'
along a vector DNA strand: a first homology arm, the origin of replication
and a second homology arm; and

a first double-stranded oligonuclcotide comprising a first oligonucleotide
DNA strand comprising, in the following order, from 3' 10 5 a first
sequence and a second sequence, said first nucleotide sequence being
homologous to the nucleotide sequence of the first homology arm on said
vector DNA strand, and said second nucieotide sequence being homologous
to the nucleotide sequence of a first terminus on a target DNA strand;

a second double-stranded oligonucleotide comprising a second

 oligonucleotide strand comprising, in the following order, from 3’ to 5*: a

d

third nucleotide sequence and a fourth nucleotide sequence, said third
nucleotide sequence being homologous o the nucleotide sequence of the
secondhomologyumonsaidvectorDNAstmndandsaidfomthmcleoﬁde
sequencebeinghomologoustoﬂnemcleoﬁdesequeﬂceofasecondteminus
on said target DNA strand; and

a cell containing a bacterial recombinase.

29.  Thekit of Claim 25 or 28 wherein the cell is an E. colf cell.

-80-
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30.  The kit of Claim 25 or 28 wherein the cell is a frozen cell competent for uptake of

DNA.

-31. Akntusem!forduectedclonmgorsubdonmgofatargetDNAmoleculccompnsmg
5 inone or more containers:

a)
10 ,
b)
15
20
25

a double-stranded DNA vector useful for directed cloning and subclonmg of
a target DNA molecule of interest, sa;_:lvectorcpmpnsmganongmof
ieplication and two houiology arms, in the following order .ﬁ'om S$t03

_ alongavectorDNAstrand: aﬁrsl;homologya;m_,theoriginofreplicaﬁon
. and a second homology arm;

a first double-stranded oligonucleotide comprising a first ohgomxclnde
DNA strand comprising, mtlnfollomngorder,--ﬁ'om?_tost a first
nucleotide sequence and a second nucleotide sequence, said first nucleotide
sequence being homologous to the nucleotide sequence of the first homology
arm on said vector DNA strand, and said second mucleotide sequence being

-homologousmthenucleoudesequenceofaﬁrstmmmusonamgetDNA

strand; and

a second double-stranded oligonucleotide comprising a second
oligonucleotide strand comprising, in the following order, from 3'to 5" a
third nucleoﬁde'sequence and a fourth nucleotide sequence, said third

‘nuclectide sequence being homologous to the nucleotide sequence of the

second homology a:moosmdvecﬁorDNAsuandandsmdfourthsequenoe

~ being homologous to the mxcleonde sequence ofa second terminus on said
| targetDNAstrand.

32.  Thekit of Claim 25, 28, or 31 wherein the DNA vector is purified.

33.  Thekit of Claim 28 or 31 wherein the DNA vector, the first double-stranded
oligonucleotide, and the secand double-stranded oligonucleotide are purified.

30
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34.  The kit of Claims 25, 28, or 31 wherein the target DNA molecule comprises
bacterial, viral, parasite, or protozoan DNA.

35, “Thekit of Claims 25,28, or 31 wherein the target DNA molecnle comprises a

10

15

genetic mutation or polymorphism known or suspected to be associated with a disorder or
disease.

36.  The kit of any one of Claims 25-29 wherein the bacterial recombinase is RecE/T or
Reda/p recombinase or both RecE/T and Reda/p recombinases.

37. The method of any one of Claims 2-11 wherein the target DNA is known or
suspected to be associated with a disorder or disease when genetically mutated.

38.  The method of any one of Claims 2-11 wherein the target DNA is a bacterial, viral,
parasite, or protozoan DNA.

39.  The method of Claims 2, 4, 6, 8, or 10 which further comprises detecting a
recombinant DNA molecule that comprises the target DNA inserted into the vector.

40.  The method of Claims 3, 5, 7, 9, or 11 which further comprises detecting a
recombinant DNA molecule that comprises the target DNA inserted into the vector.

41. A method of detecting the presence of an infectious agent comprising carmrying out

_the method of Claim 39, wherein the target DNA is derived from 2 patient suspected of

having the infectious disease, and the sequences of the first and second homology arms are
homologous to the sequences present in DNA of the infectious agent. |

42. A method of detecting the presence of an infectious agent comprising carrying out
the method of Claim 40, wherein the target DNA is derived from a patient suspected of
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havmgthemfecnousdlsease, mdmdseeondandfomhnucleondz sequences are
homologous to sequences present in DNA of the infectious agent.

43. ThemethodofClmm4l or42whmmthemfecnousagenusanms,bactma,
protoma.flmgus orparasne. '

44, Amedmdofdetecﬁngthepresenceofaﬁeueﬁc condition, discase, disorder, or
polymorphic trait comprising carrying out the method of Claim 39, whesein the target DNA
is derived from a patient suspected of having a genetic condition, disease, disorder, or .
polymorphic trait, and the sequence of the first homology arm is homologous to the
sequence upstream from a site known or suspected to be associated with the genetic
condition, disease, disorder, or polymorphic trait, and the sequence of the second homology
mishomdogousmﬂw::qme'downsnem&omasiteknownorsuspectedmbq :
associated with the genetic condition, disease, disorder, or polymorphic trait.

45. A method of detecting the presence of a genetic condition, genstic disease, genetic
disorder, or polymorphic trait comprising carrying out the method of Claim 40, wherein the
target DNA is derived from a patient suspected of having the genetic condition, genetic
disease, genetic disorder, or polymorphic trait, and the sequence of the first double-stranded
oligonucleotide is homologous to the sequence upstream from a site known or suspected to
be associated with the genetic condition, genetic disease, genetic disorder, ot polymorphic
trait, and the sequence of the second double-stranded oligonucleotide is homologous to the
sequence downstream from a site known or suspected to be associated with the genetic
condition, genetic disease, genetic disorder, or polymorphic trait.

46.  The method of Claims 44 or 45 wherein the genetic condition, genetic discase,

. genetic disorder, or polymosphic trait is or predisposes the patient to cancer, asthma,;

arthritis, drug resistance, drug toxicity, or a neural, neuropsychiatric, metabolic, muscular, -
cardiovascular, or skin condition, disease or disorder.
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47.  The vector of Claiitt 19 wherein the vector further cotiprises a selectable marker
located outside the first and second homology arms, such that the vector comprises, in cither
of the following two orders from 5" to 3' along a vector DNA strand: i) the first homology
arm, the sclectable marker, the origin of replication and the sccond homology arm, or ii) the

§ first homology arm, the origin of replication, the selectable marker, and the second
homology arm. '

43.  The vector of Claim 47, wherein the sequence of the vector does not contain one or
more direct repeats of a sequence of at least five or more nucleotide base pairs either §' or 3'
10 1o both the origin of replication and the sclectable marker.
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