
;e3eRXFFGTLlO\W6WTRX?jdWO 01/04288   PCT/EP00/06533  METHODS AND
COMPOSITIONS FOR DIRECTED CLONING AND SUBCLONING USING HOMOLOGOUS
RECOMBINATION  I. INTRODUCTION  The present invention is directed to
methods and compositions for DNA  doping nail subcloning using bacterial
recombinase-mediated homologous recombination In a specific embodiment
RecFl t or Reda/~i recombinases or any functionally equivalent to system
for initiating bacterial homologous recombination such as erf from phase
P22 are .used. in particular, the invention relates to cloning methods,
diagnostic methods compositions comprising polynucleotides useful as
cloning vectors, cells comprising such polynuclcotide. compositions, and
lilts useful for RecE/T and Reda/p mediated cloning. 15 2. BACKGROUND OF
THE INVENTION DNA cloning and subcloning in ~ call arc fundamental to
molecular biology. DNA cloning refers to the process whereby an origin of
replication is operably . linked to a double-stranded DNA fragment and
propagated in E. cola, or other suitably host. 20 DNA subcloning refers to
tile process whereby a double-stranded DNA fiagmeat is taken from a DNA
molecule chat has already been amplified, either tn vitro) for example by
PCR, or In vivo by propagation in E roll or other suitable host, and is
then linked to au operable origin of replication. Cloning and subcloning in
E. roll is typically performed by ligating the ends of a DNA fragment to
the cads of a linerized vector containing an E. roll origin of Z5
replication and a selectable marker. The selectable marker is included in
the vector to ensure that the newly cloned product, the plasmid containing
the insert, is retained and propagated when introduced into its E. roll
host cell. Conventional cloning methods have certain limitations. For
example, since conventional cloning requires the use of restriction
enzymes, the choice of DNA fragments 3p is limited by the availability of
restriction enzyme recognition sites in the DNA region of CONFIRMATION COPY
9 FEB 2004  V"` WO 01104288  PCT/EP00/06533 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 of the linear DNA frament made is also limited. The increasing use of
the polymerise chain reaction (PCR) for generating 5 DNA fragments presents
s second major drawback to conventional subcloning. The cads of PCR
products are inefficient in ligation reactions due to non-tinplated
nucleotides added to the 3' termini of amplified PCR products by
thermostabile polymerise. Furthermore the . use of PCR entails a high risk
of mutations. Thus, molecular biologists have searched for 



new mote eve methods for cloning fragments of DNA, particularly when such
10 fragments are longer than those conveniently accessible by restriction
enzyme or PCR methodologies. Homologous recombination is an alten3ative
approach for cloning and subcloning DNA fragments Methods for subcloaing
PCR products in ~ coli that exploit the host's homologous recombination
systems have boon described (Olincr at a1.,1993, 15 Nucleic Acids Res.
21:5l92-97; Bubeck et at;,1993) Nucl. Acids. Res. 21:3601-3602). In such
methods) PCR primers designed to contain terminal sequences homologous to
xq~xncxs located at the ends of a linearized vector art used to amplify a
DNA fragment of interest. The PCR product and the liaeanized vector are
then introduced into E coli. Homologous rtcoatbination within the E coll
host cell results in insertion of the PCR .  20 product sequences into the
plasmid vector. Although these methods have bean spawn to be. useful for
subcloning PCR fiat, they have not been applied to subcloning long DNA
fragments, or to cloning DNA fiagnaents of any sire. Another method
describes an In vivo subcloning method in which two linear. DNA molecules,
one of which has an origin of replication and which have long regions of 25
homology at their ends ere used to transform an E. coli sbcBC host call.
Homologous recombination occurs in vivo, aid results in eircularization and
propagation of the newly formed plasmid (Degryss,1996, Ceae 170:45).
Subsequently, the ability of W coli sbr.$C host cells to mediate homologous
recombination has been applied to subcloning large DNA fragments from
adenovirus aid herpes virus genomic DNAS (Chartier et a1.,1996, I. Virol.
30 70: 4805; Mcsserle, et a1.,1997, Proc Natl. Acid. Sci. USA
94,147S9-14763; He) 1998, _ . ~_ ~_~. _~-:._    9 FEB 2004 } ,. ._. . _ __
WO 0l/04288 PCT/EP00/06533 Proe. Natl Acad. Sci. USA 95:2509-2514). As
described, each subeloning by homologous recombination in ~ coli sbcBc host
calls requires at least two preparatory subckoning steps to position long
homology regions either side of as ~ coli origin of replication.
Fucthumore, DNA cloning in 8 coli sbcBC strains has not boen described. 5 ~
Recently homologous recombining mediated by either Ra:F/RecT (recE/T) or
RedalRed~ (Redccl~) bas bear shown to be useful for manipulating DNA
molecules is ~ coli (Zhang et a1,1998) Nature Genetics, 20,1Z3-128; Muyrers
et al.) 1999, Nucleic Ands Res. 27:155S-155'n. These papers show that) in ~
toll, any intact) independently replicating, circular DNA molecule can be
altered by RecE/T or RedarJ~ 10 mediated homologous recombination with a
linear DNA fragment flamkod by short rrgions of DNA sequence identical to
regions in the circular molecule. Integration of the linear DNA fiat into
the circular molecule by homologous recombimtion replaces sequences between
its flanking sequences and the corresponding sequences in the circular DNA
molecule. 15 Citation of a reference herein shall not be construed as an
admission Hurt such is prior art to the t invention 3. SUMMARY OF TJE
INVENTTON ZO The present invention provides methods and compositions for
DNA clonuog ,) and subcloning using bacterial recornbinase-mediated
homologous rocombination. The bacterial reoona~binate is preferably RecFIf
and/or Redal~i. Methods can be used to clone, subclonc) propagate) and
amplify a polynucleotide or mixtrue of pokynucleotides of intact using a
vector composing short regions of DNA homologous to sequences flanking a IS
designated target DNA sequssace of interest and an origin of replication In
one embodiment, the invention provides a method for introducing a
double-stranded target DNA into a vector comprising collating a bacterial
cell that expresses a functional recombinase, said bacterial cell
containing (s) the target DNA comprising a first double-stranded terminus
and a second double-stranded terminus, and (b) 30 a vector DNA comprising,
is the following order along the vector DNA shared: (i) a first 



-3   '~ _ 9 FEB 2004 _. . WO 0I/04288 PCT1EP00/06533 double-shandtd
homology arm (ii) au origin of replication; and (iii) a second double
stranded homology arm such that the sequence of a vector DNA strand of the
first homology arm is homologous to the sequence of a target DNA strand of
the first terminus and the soqueace of a vector DNA strand of the second
homology arm is homologous to the 5 since of the target DNA strand of the
second terminus, such that the target DNA is inserted into the DNA between
the homology arms. In another embodiment a method is provided for making a
recombinant DNA molecule comprising: a) introducing a double-stranded
vector into a coil; said cell containing a double-sttandcd target DNA and
expressing a bacterial rxombinasc, sad 10 valor comprising an origin of
replication and two homology arms, in the following order tom 5' to 3'
along a vector DNA strand: a first homology arm, one strand of the origin
of replication, nerd a second homology arm; said target DNA comprising a
target DNA sequence and two termini, in the following order, from 3' to 5'
along a target DNA strand: a first terminus, the target DNA sequence) and a
second terminus, such that the..~oqua~ of 15 the first homology arm ors
said vector DNA strand is homologous to the sequence of the first terminus
on said target DNA strand) and the sequenx of the second homology arm on
said raetor DNA strand is homologous to the sequence of the second laminas
on said target DNA strand; and b) subjecting the cell to conditions that
allow intracellular homologous recombination to oar. In another method is
provided for making a recombinant . DNA molecule comprising: a) introducing
a doublc-stranded vector nerd first and sdcosid double-attended
oligonucleatides into a cell, said cell oontaining a doublcsuanded target
DNA and expressing a bacterial rccombiuase, said vector comprising as
origin of replication and two double-stranded homology arms is the
following order from f to 3' 25 along a vector DNA strand: a first homology
arm, the origin of replication) and a second homology arm; said target DNA
comprising a target DNA sequetue and two double stranded termini, in the
following order) from 3'to S along a target DNA strand: a first terminus, a
target DNA xquence) and a second rocrminus; said fsrst oligoaucleotide
camprismg 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 -4.   ~- 9 FEB 200  1 WO 0l/04288
PCT/EP00/06533 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 S order) from 3' to 5',
a third nucleotide sequence and a fourth nucleotide seqiunce, said third
nucleotide sequencx being homologous w the nucleotide soqucnce of the
second homology arm oa 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 b) subjecting the cell to conditions that
allow intracellular homologous recombination to occur. 10 In another
embodiment a method is provided for making a recombinant 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
termini is the following order, from 3' to 3' along a target DNA strand: a
first terminus) a target DNA sequEnce, and a 



15 second terminus; said vector comprising an origin of replication and two
homology arms) in the following order firora 5' to f along a vector DNA
strand: a first homology arna, the origin of replication and a second
homology um; such that the sequence of the first boaiology arm on said
vector DNA strand is homologous to the soqutaoe of the first terminus oa
said target DNA strand, and the seguence of the second homology eras on
said TO 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
another embodiment, a method is provided fox malting a recombinant DNA
molecule comprising: a) introducing a double-stranded target DNA molecule
and a ZS first and second double-stranded oligonucleotide into s cell, said
cell containing a vector and expressing a bacterial recombinase) said
target DNA comprising a target DNA sequence and two termini, is the
following order, from 3' to 5' along a target DNA strand: a first terminus,
a target DNA sequence, and a second terminus; said fast oligonucleotide
comprising a first oligonucleotide DNA strand comprising, in the following
order) tom 3' 30 to 5': a first nucleotide sequence and a second nucleotide
sequence) said first nucleotide ."5.   9 FEg zoos  WO 01/04288
PCT/EP00/06533 sequence being homologous to the nucleotide sequence of the
first homology arm oa said vector DNA strand, and said second at~cleotide
sequrnce being homologous to the nucleotide sr~t~nce of the first tamiau:
oa said target DNA strand; said second oligoaucleotide comprising a second
oligonucleotidc strand comprising) in the following 5 order, from 3' to 5',
a third nucleotide soqtunce and s fourth nucleotide aequenc~ said third
nucleotide sequence being homologous so the nucleotide segueace of the
ma~ad haatology arm on said vector DNA sand and said fourth nucleotide
sequence being homologous to the nucleotide sequence of the second terminus
oa said target DNA sttaod; and said vector comprising an aaigin of
replication and two homology arms, is the following o~!der_from S 10 to 3'
along a vector DNA strand: a first homology arm, the origin ofreplication
and a second homology arm; and b) subjecting the all to conditions that
allow intracellular homologous recombination to occur. Ia another
anbodimeat, a method is provided for making a recombinant DNA
molxule~comp~rising: a) introducing a double-stranded vector and a
double-stranded 13 target DNA into a cell expressing a bacterial
rccombiaase, said vector comprising as origin of replication and two
homology aims, 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 targd DNA comprising a target DNA seqtieace and two
termini, in the following order, from 3' to 5' along a target DNA strand: a
first terminus, a target DNA sequence; and a z0 .second terminus; such that
the nucleotide sequence of the fast homology atza on~ said vet~or DNA
strand is homologous to the nucleotide sequcacx of the fast teamiaus oa
said target DNA stisad, and ttte nucleotide seqtuxtce of the second
homology arm on said vector DNA strand is homologous to the sequence of the
sxond terminus on said target DNA strand; gad b) subjecting the cell to
conditions that allow intracellular homologous ra:ombination to 25 occur In
a specific embodiment of this method the host cell ftathcr contains a
nucleotide sequence encoding a site-specific cecombinase operatively linked
to a promoter, gad the vector further comprises a first and second
recognition site for the site-specific recombiaase, a first recognition
site located outside the first gad second homology arms) 30 and a second
site-specific recombinase recognition sift located inside the first gad
second -6   ~= 9 FEB 2004 ~_...' WO 01/04288 



PGT/EP00/06533 homology amps; and during or after step b)) inducing
expression of the site-specific recombinase. In another spocific anbodimeat
of this method, the host cell further contains a nucleotide sequencx
encoding a sift-specific eadonuclease operatively linked to a 5 promoter)
and the vector cmnprisa a mognition site for the site-specific endonucleaac
locatod inside the first and second homology alms; and during or after step
b), inducing expression oftlse site-specific etrdonuclesise. In another
ecnbodim~t) the inventions provides a method for making a recombitraat DNA
molecule compa~ising: a) introducing a double-straraled vector, a doublc10
st:aaded target DNA molecule) and a first and second double-swnded
oligonucleotide into a cell expressing a bacterial recombinase said valor
comprising as origin of replication and two doublo-straaded homology aims,
is the following order fiozn 5' to 3' along a vector DNA strand: a &st
homology arrn, the origin of replication and a second homology arm; said
target DNA urmprisiag target DNA sequence and tyro double-stranded termini,
in the IS following order, from 3' to S' along a target DNA strand: a first
terminus) a target DNA . . sequence, and a second terminus; said first
oligonucleotide compering a first oligornrcieotide DNA strand comp~iag, in
the follovviag order, from 3' to 5': a first nucleotide sequence and a sand
nucleotide sequence, said first nuslcotide sequence being homologous to the
nucleotide sequence of the first homology arm on said vector DNA ZO strand)
and said second nucleotide scqueaoc being homologous t4'the sequence of the
first t~ ~ said target DNA strand; said oligonucleotide comprising a second
oligonucleotide strand comprising, in the following order, from 3' to S, a
third nucleotide sequcuce and a fourth nucleotide sequence, said third
nucleotide sequence being homologous to the nucleotide sequence of the
second homology arm on said vector DNA ZS strand and said fourth nucleotide
sequence being homologous to the nucleotide sequence of the second terminus
oa said target ~d; and b) subjecting the cell to conditions that allow
irn7raccllular homologous recombination to occur. In a specific embodiment
of this method, the host cell futthcr contains a nucleotide sequence
encoding a site-specific rxombinase operatively linked to a promoter, 30
and the vector further comprises a first and second recognition site for
the site-spaific    1- 9 FEB 2004 -- .J WO 01/0288 PCT/EP00/06533
tecombinase) a 5rst recognition site located outside the fast and second
homology anus) and a second sift-specific rccombinase tccoguition site
located inside the first and second homology arms; and doting or atber step
b)) inducing acpression of the si~spaific recombinax. 5 la spxi5c
embodiment of this method, whet~a the host cell froths cortains s
nucleotide sequeax encoding a site specific endonaclsase operatively linked
to a promoter, and the vector further cotapsixs ~ recognition site for the
site-specific eado~nuclease located inside the first sad second homology
ums; and during of after step b)) _ iuduciag Gcpnssjoa of the site-spy
endonuclease. 10 ~ In specific emboditneats the vector fiuther comprises a
selectable marker located outside the homology arms, such that the voctor
comprises) is either of the following twv 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 arm; the origin of replication, the selectable marker, and the
second homology 15 arm. ~ In a specific embodiment, the selectable marker
Loafers antibiotic resistance to the cell coatainiag the vector. In various
specific embodiments, the bctctial recombiaase is RecFIT or Redatl~
recombinax or both RecFlT sad Redacl~i. In other specific embodiments, the
cell is a bacterial cell. Ia other apecif c embodiments) the cell is as ~
cola cell. In other specific 



Z0 embodime~: the ce1! eukaryotic cell that ra~mbinantly Wcpresses ReclJr
andlor Redal~i . ~ protein. Ia other spcciSe embodimeab) tho method further
comprises isolating a recombinant DNA molecule that comprises the target
DNA inserted into the vector. . . In another embodiment, the invention
provides a double-stranded DNA vectar useful for directed cloning or
subeloning of a target DNA iaolecule of interest, said ?.5 vector
comprising as o~rigia of replication and two homology arms) in the
following order from 5' to f along a vector DNA strand: a E~rst momology
arm) the origin of replication and a second homology acm; such that the
nucleotide sequence of the first homology arm on a first vector DNA strand
is homologous to the sequence of the first terrniaus oa a first target DNA
strand) sad the rrucleo~tide sequence of the second homology arm oa the
first vector 30 DNA strand is homologous to the nucleotide sequence of the
second terminus on the first _g.   l 9 FEB 200 ,, - WO 0l/04288
PCT/EP00/06533 target DNA strand. In a specific embodiment of the vector,
the origin of replication is a bacterial origin of replication. jn another
specific embodiment, the origin of t~eplicatioa functions in ~ coli. In
another specific embodiment, the origin of replication functions is a
mammalian cell. 5 The invention furtherpiovides a cell comprising a
dout~le-shaadtd DNA vector useful for directed cloning or subcloniag of a
target DNA molecule of interest, said vector comprising an origin of
replication and two homology aims) in the following order fioin 5' to 3'
along a vector DNA strand: a fast homology arno., the origin of replication
and a second homology arai; such that the nucleotide scqumcx of the fi=st
homology arm on a 10 first vector DNA strand is homologous to the sequence
of the first tcnninus on a first targrt DNA strand) and the nucleotide
sequence of the second homology arrn oa the first vector DNA strand is
homologous to the nucleotide soqueace of the second terminus on the first
target DNA sdand. .Ia a specific embodiment, the cell is a bacterial cell.
The invention further pro idts a kir useful for directed cloning or
subcloning 15 of a target DNA molecule comprising in one or more
containers: a) a double-stranded DNA vector useful for directed cloning or
subcloning of a target DNA molecule of interest, said vector comprising as
origin of replication and two homology arms) in the following ardor from f
to 3' along a vector DNA strand: a first homology arm, the os;gin of
replication and a second homology arm; snob that the nucleotide sequence of
the first homology a~ on a ZO first vector DNA strand is hoa:ologous to the
sequence of the first terminus on a first target DNA strand, urd the
nucleotide sequa~e of the second homology arln 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 cdl containing a bacterial
recomblnax. rn a specific embodimept of the kit, the homology arms have
sequence homology to a BAC, PAC, ZS lambda, plasmid or YAC based cloning
vector. In another specific embodiarent of the kit, the first and second
double-stranded oligonucleotida have nucleotide sequence homology to a BAC,
PAC, lambda, plasmid or YAC based cloning vector. Itt another catbodiznent,
a kit useful for directed cloaictg or subcloaing of a target DNA molecule
is providtd comprising in one or more containers: a) a double 30 stranded
DNA vrctor useful for directed cloning and subcloning of a target DNA
molecule -9   -a .. 



9 FEB 2004 _ WO 01/04288 PCT/EP00/06533 of interest) said vector comprising
an origin of replication and two homology araLS, in the following order
from 5'to 3' along a vector DNA strand: a first homology arm) the origin of
replieatlon and a sx~ond homology atm; b) a first double-stranded
oligonucleotide comprising a first oligonucleotide DNA strand comprisitlg,
is the following order, from 3` 5 to 5': a first soqae~oe arid a saond
seqr~ said fast nucleotide s~aoe bang . homologous to the auclaotide
s~es~oe of the fast homology arm on said vector DNA . strand) and said aid
mrcleotide xqueace being homologous to the nucleotide scquexe . of a Srst
mnminus on a target DNA stand; c) a secaaxi doublo-straaded oligoaucleotidc
_ comprising a xeond oligonuekotide wand comprising) is the following
order) fi~om 3' to , 10 5': a third nucleotide a and a fourth nucleotide
sequeace, said third nucleotide . sequence being homologous to the
nucleotide sequeace of the se~ad homology arm on said vector DNA strand and
said fourth nucleotide sequence being homologous to the auclootide soqucace
of a second terminus on said target DNA strand; and d) a cell Wing a
baaoedal r~abiaase. In a specific embodiment of the kit, the cell is an E
toll cell In 15 another spoclfic embodiment ofthe kst, the cell is a
fi~omea cell competent for uptaioe of DNA. In aaotha embodiment) the
invention provides a 1dt useful for dirated cloning or subcloning of a
target DNA molecule comprising in one or more containers: a) a
double-stranded DNA vector useful for directed cloning and subcloning of a
target DNA Z0 molecule of iataest) said valor comprising an origin of
replication and two homology arms, in the following order froru 5` to 3'
along a vector DNA strand: $ 5rst homology atm, the origin of replication
and a s~orrd hotnology arm; b) a first double-stranded.  oligonucleotide
co~rising a first oligonueleotide DNA strand comprising, in the-following
order, from 3' to 5': a first nucleotide sequencx and.a second nucleotide
sequenu, said first Z5 nucleotide s~u~x being homologous to the nucleotide
sequence of the first homology arm on said vector DNA strand, and said
second nucleotide seducace being homologous to the nucleotide soquence of a
first terminus on a target DNA strand; and c) a second doublesttanded
oligonucleotide comprising a second oligonucleotide strand comprising) in
the following order, fxom 3' to S: a third nucleotide.sequerice and a
fourth nucleotide scqurnce, 30 said third nucleotsde sequence being
homologous to the nucleotide sequence of the second -10   ~. 9 FEB 2D04 _..
WO 01/04288  PCT/EP00/06533 homology arm on said vector DNA strand and said
fourth seqttence being homologous to the nucleotide sequence of a second
terntinus on said target DNA strand. In a specific embodiment of the kit,
the DNA vector is purified. In another embodiment of the lcit) the DNA
vector) the fast c~oublo-stranded oligonucleotide, and the second
dovible-stranded 5 oligonucleatide are purified. In other specific
embodiments of kits provided by the invention) the target DNA molewle
comprises bacterial, viral, parasite, or pmtoman DNA. In other specific
e~nbodimestts) the target DNA moIecnle cwnprises a genetic mutation or
polymorphism 1own or suspated to be associated with s disorder or diseax.
In other specific 10 embodiments, the bacterial rrcombiaax is RecFlT oT
Redal~ rxonrbinase or both RecPlT and Redal~3 zecombinases. ?he methods of
the invention may be used in diagnostics. For example, plasmids or linear
DNA may be designed to capture a specific DNA target to detect its presence
in a sample from a subject eg., a viral DNA prcxnt in s ms's iS sample. In
one embodiment) the invention provides nnethods far detection oftarget DNA
known or suspected to be associs~ with a disorder or disease what
genetically mutate. In specific embodiments) the target DNA is a bacterial)
viral) parasite) or protozoan DNA. In a specif c embodiment, a method is
providtd which further comprise detecting a rccambinant DNA molecule that
comprises the target DNA mscrted into the vector. In 



ZO another embodimttrt, tlic method further caaapriscs detecting a
recombinant DNA rnolecpla that cwaprises the target DNA inserted into the
vector. In another embodiment) the invention provides a method of detecting
the ptt.sence of an infectious agent wherein the target DNA is derived from
a patient suspected of having the infectious discas~ and the sequences of
the first and second homology arms ?.5 are homologous to the sequences
present in DNA of the infe~ous agent. In a speci5c embodiment) the target
DNA is derived fiom a patient suspected of having the infectious disease,
and said second and fourth nucleotide sequences are homologous to
sequiencxs present in DNA of the infectious agert. In other specific
embodiments) the infectious agent is a virus, bacteria, protozoa, fungus)
or parasite. 30 -11   ._ ~ _., WO 0l/04288 P= - ~ FEBv 20U  PCT/El'00/06533
In another embodiment, a method is provided for detecting the presence of a
genetic condition) disease, disorder, yr palymorphic trait, wherein the
target DNA is derived from a patient suspected of having a genetic
condition, disa~se, disorder, or polynsorphic trait) and the sequence of
the first hodnology arm is homologous to the saltlence upstream 5 from a
site known or suspected to be associated with the genetic conditio4 disax,
disorder) err polymorphic font) and the xqumoe ~of the saxmd ltoology arm
is homologous to the sequence downseeara from a site known or suspected to
be assoaated with the genetic condition) diseaa~ee, disorder) or
polymorphic trait. In a specific embodiment, a method is provided for
detesting the p~aa~ of a genetic condition, genetic disease) 10 genetic
disorder, or polymorphic trait wherein the target DNA is derived from a
patient suspoctod of having the genetic condition, genetic disease) genetic
disorder, or polymorphic trait, and the sequence of the fast
doable-stranded oligonucIeotide is homologous to the sequence upstream from
a site lmown or suspected to be associated with the getxtic condition,
genetic disease, genetic disorder) or polymorphic trait) and the scqueuce
of the 15 second double-stranded oliganucleotide is homologous to the
seqweace downstream from a site lmown or suspected to be associated with
the genetic condition) genetic disease) genetic disorder) or polymorphic
trait. Ia a specific embodiment, the genetic condition; genetic disease)
genetic disorder, or polymorphic trait is or predispose the patient to
cancer, asthma) arthritis, drug resistance) drug toxicity) or a neural)
neumprychiatrie) metabolic, 20 :uuseular, cardiova~eulat, err skin
condition) diseax or disorder.  4. DESCRif TTON Op' TAE FIGURES ZS Figure
IA-C. Components of the homologous recombination cloning and subcloning
methods. A. 'Ihc vector, ootnprising an origin of replication (origin)) a
selectable marker (Sm)) and two homology arms (le~beled A and B). 30 -12
9 FEB. 2Q04 



1 ' i ~`.r, _. 1 WO 01l04288 PCT/EP00/06533 $. Optiopal double-snaaded
oligonucleotide adaptors. Fach adaptor comprises a region of homology
(labeled A' and H') to the homology arms (A and B, respectively); and a
xooad region of homology (labeled C' and D') to a terminus of the target
DNA (rapeMively labeled C and D). ~ . . ~ . . 5 C. The target DNA. The
tam>nal nucleotide xquenca of the target DNA O nail D) can either be
homologous to mxleotide sof one of the homology army of the veeto~r
(respectively labeled A and H), or to nucleotide sequences of the optional
adaptor oligonucleotides (respectively labeled C' and D'). IO Fignre Z.
Fxpaimental outline of Appznach 1. The vector for subcloning by homologous
rao~mbination is introduced, e.g., by transfomnoion, into as ~ coli host
within which the target DNA and RaFIF or R~edal~i proteins are already
present. The diagram shows a linear DNA molecule carrying as E, coli
replication origin) and a seltetablc marker gene (Sin), which is preferably
a gene whose product coafea resistance to IS un anb'biotic, flanked by
"hoomology ass: The homolo;y arm's, are shown as thick grey blocks at that
ends ofthe linear DNA molecule, arc sbaat regions of s~u~x ho~mologaus to
two regions in the target DNA that flank the DNA region to be subeloned,
called target DNA tamim, are shown as thick lines flanked by flue homology
arms. After transformation, selection for expression of the Sin gene is
imposed to identify those cells ZO that contain the product of homologous
rxombination betvv~een the homology arms of the j linear DNA molecule and
the targot. Figure 3. Diagrammatic representation of Approach 2. 'Ihc
approach is similar to that used in Figure l) except in this case the
target DNA molecule is not already ZS present in the ~ coli host, but,
rather) is co.introduced with the linear DNA vector tnoleeule. The target
DNA can be any source, either, as illustrated, a mixture from which the DNA
region of interest is cloned, or a highly enriched DNA molecule tom which
the DNA region is subclonod. As in Figure 1) the homology arms are shown in
thick grey blocks. 30 .I3   ~- 9- FEBv 2004  WO 01/04288 PCT/EP00/06533
Figure 4. Disgram~alatic rcptesentation of an example of Approach 3. The
cloning or subcloning vector includes an ~ cold origin of replication and
a.sefectable marker gene (Sm) flanked by two short homology arms, shown as
thick grey blocks. Additionally; the vector includes iwo recombination
target sites (SSRTs) one of which is 5 between the origin and the
selectable madctr gene. Most simply, the vector is consvucted first as s
linear DNA fragment as shown in the figure. Upon circula~ation, the second
SSRT is located between the homology arms oriented as a direct repeat with
rrc,lspect to the fast SSRT) so that site-specific recombination between
the two SSRTs rcsalts in the. production of two different circular
molecules) thereby separating the origin and the 10 selectable mar>cer
gene. The circularized vector is transformed into an E. toll strain within
which RecEff or Redalj3 proteins is expressed, or can be expressed. The ~
coh strain also caries 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 masnbinsse gene is induood for depression. The E toll cells
IS carrying the vector and the regulated site-specific rccombinase gene
are.prepared so that they oontaia RecFlf or Redar/~ proteins and are
comprteat for transfon~ion. DNA molecules watainiag the region to be cloned
is then introduced into a host cell. After homologous recombination between
the homology arms, acp~ression of the site-specific recombinase protein is
iadW and selection for expression of the selectable marber gene is .~ ZO
imposed Before site-specific recombination,~cells will contain either
uarecorabined vector carrying two SSRTs or the intended homologous
recombination product which caries only ono SSRT) since homologous
recombination results in deletion of the SSRT located bttwe~n the homology
arms. After expression of the site-specific recombinax is induced, and
xlcctioa for expression of the selectable marker is iuiposed, cells
containing the ZS product of homologous recombination will survive, since
this product is no longer a substrate for site-specific recombination.
Figure 5. Use of adaptor oligonuclcotides for cloning and subcloning by 



RecFaf or Rcda,!(3 homologous recombination. The diagram illustraics a
variation of 30 Approach 2, shown in Figure 3, about. Two adapter
oligonucicotides each contain two -14   9 FE.B 2004 _..' ., - WO 01/04Z88
PCT/EP00/06533 regions of homology, one to one of the homology arms of the
vector and a second region of homology to one of the two termini of the
target DNA region of interest. Cittularization of the vector and cloning of
the DNA region of i~t is accomplished by homologous recombination between
the vector and the adapters and between the adapters and the taiga S DNA.
In this embodiment the vector and the target DNA do not share soqueace
homology. Thus, the scare vector may be used to clone or subclone differtnt
target DNAs by ~ target-specific adaptor oligom~cleotides for cacti target
DNA. Adapter oligonueleotides can also be used is the methods of Approaches
1 and 3) as outlined in Figures 1 and 3, above. 10 Figure b. Aa ethidium
bc~omide stained agarose gel depicting DNA digested with EcoRI isolatod
from 9 independent colonies (lanes 1-9) obtained from the mAF4 BAC
experiment. Lane M) Ikb DNA sire standards (BRL) Bethesda, IVm). Lane 10)
LcoRI digestion of the s:arang vector. The experiment is described is
detail in the Example in Section 6. 15 ~'igare ~A H. Cloning of a DNA
region from a total yeast geaomic DNA A. A PCR fiagmmt made to amplify the
plSA origiir, and flanked by 98 or 102 by homology arms to 98 or l02 bps
either side of as integrated ampicillin resistance gene is the yeast
strain, MGD 353-13D, is illustrated. The 1"CR product (O.Sn~ was mixed ZO
with total yeast gcaomic DNA (4.Omg) and cotlectroporated into 1C5519 ~
coli containing Redarl~i acprased from pBADapY. Closes were identified by
selection for ampicillin B. Aa ethidium bromide stained gel to confirm the
correct products from 10 chosen colonies. Z5 Figure 8A-C. Effect of repeats
or 5' phosphates present oa the cads of the linear vector oa ET subcloniag.
A. The sequences of the oligonucleotides used for PCR aneplificatioa of tht
linear vector are shown. Italicized sequence indicates the part of the
oligonuclcotide which 30 is required for PCR amplification of the linear
vector, the other aucleatides constitute the -15   9 FEB : Z0.04 _ : J . .
WO 01/04288 PCT/EP00/06533 homology arm to the ~ call lacZ gene. Sequences
in bold were present on both extremes of the Iincar vector) and thus make
up the terminal repeats. The luaear vector constructs a-x have stquence
repeats of various lengths. The linear vector contains thePISA replication
origin plus the chlora>nphenicol resistance gene Gn', flanked by hoaialogy
arms and the 5 indicated terminal repeats. B. A schematic diagram of the
strategy used to test the vector constructs 



containing the various sequence repeats of panel A for efficimcy in I;T
subcloaing the E wli lacZ gene. C. Table showing the affect of repeat
length and phosphorylatioa on 10 efficiency of ET subcloning. The results
of tests using the vectors containing the repeated sequences shown in panel
A arc shown. F'igare 9A-B. ET reoombinatioa subcloning nsign pBAD-aBY(tct)
A. Diagram of the pR6KJHA,D/alsy plasmid, which contains the R6K origin, 15
the pir-116 rcplicon, the tetracycline resistance gene from pBR322 (tet'y,
and the ar~binose repressor (araG~. B. Comparison of ET recombination
subcIoniag using pBAD-aBY(tet) (ColEl ori) versus pRbK/BAD/a.BY. 2g Figprc
10A-B. Subeloning of a l9kb fragment of the AF.4 gene prcsaitoa a BAC. A.
Plasmid contstructs and subcloning strategy. reP) the cetracyciin
resistance gene. araC, arabinost repressor. B. Analysis of 5 independent
colonies. Aa ethidium bromide stained gd of 25 N~ digatod DNA prepared
firnn 5 independent) correct colonies and the linear vector alone. Correct
subcloncs were confirmed by DNA sequencing. M,1 kb DNA laddtr. Figure 11A
B. ET subcloniag using genomic DNA as a source for the target DNA. 3g A.
tsenomic DNA isolated from K coli was prelincarized by Xhol digestion. The
linear vector consisted of the ColEl origin and the kanamycia resistance
gene kan) flanked by homology arms which dirt rocombination to the
laclllacZ locus present on the coli cluomosome. - 16    C- 9 FEB 200  WO
01I04288 PCTlEP00/06533 $. Restriction analysis of 16 independent colonies.
Lanel7 shows the linear vector. M,1 kb DNA ladder. Figtttt 1ZA-B. Subclos~g
of the neomycin gen aeo firom mouse ES cell gcaotnic DNA. A- Disgmm of
stsbcloning strategy H. Restriction aastyais of ka~reia rasist~t colonies.
Figure I3. Combination of ET cloning and subcloning.  5. DETAILED
DESCRIPTTON OE THE INVENTION The present invention is directed to methods
and compositions for DNA cloning and subcloning usiag.bacterial
recombinaSe-mediated homologous recombination. The inventor has discovered
that bacterial recombinases may be utilized in a particular manner to
achieve high-efficiency targeted cloning and subeloning. Preferably, the
bacterial recombinase used is RecErT aadlor Redal~i. The RecflT pathway in
~ coTf has been described previously and its components have been partially
characterised (Hall and Kolodner) 1994, Pros. Natl. Aead. Sei. U.S.A. 91:
32053209; Gilien et al.) 1981, J. 8acteriol. I45:521-S32). Recombination
via the RecFIT pathway requires the expression of two genes) recE nerd
recT, the DNA sequences of which have been published ():Iall et a1.,1993,
I. BacterioI. 17S:277 278):` The RecE protein is functionally similar to ~,
exo, which is also called Reda) and the RccT protein is functionally
similar to Reds and erf of phage P22 (Gillen ct a1.,1917, J. MoL Biol. I
13:2741; Little) l967) J. Biol. Chew, 242:679-686; Radding and Carter)
I97I, J. Biol. Chcm. 246:Z513-2518; Joseph and Kolodner,1983) Biol. Chem.
25$:10411-17; Joseph and Kolodner, 1983, Biol. Chew. 258:10418-24;
Muniyappa and Radding) 1986, J. BioI. Chetn. 261:7472-7478; ICmiec and
Hollomon, 1981, J. Biol. Chem. 256:12636-12639; Poteete and Fenton, 1983)
J: Mol. Biol. l63: 257-275; Passy et a1.,1999, Proc. Natl. Acad. Sci. USA
96:4279-4Z84, and references cited therein). 



Described herein arc methods and compositions relating to the use of
bacterial recombinases fox directed DNA cloning and subcloning. As used
herein, the term "DNA cloning" refers to the process of inserting DNA from
any source into an - I7   9 FEB 2004  WO 01I04288 PCT/EP00/06533
autonomously replicating vector so that it can be propagated is the host
cell. The term "DNA subcloaiag" refers to the proocss of shuttling of DNA
5agments al:rady present in an autonomously r~eplirating vector into
another autonomously npliating vector, or shuttling DNA 5agrnaus frrom a
highly enriched DNA molecule, such as a pacified viral genome or a S DNA
bag~m~mt previously amplified by PCR) imo an autonomously replicating
vector. The team "dire~d" or "targeted" cloning and su6cloniag rcfas to the
use of homology arms and) in various embodiments, adapter oZigonucleotides)
to select a target DNA, and to direct the orientation of the insertion of
the target DNA by the choicx and the orientation of the homology arms. It
should be noted that all applications of the methods of praeat invention 10
apply to methods for both cloning and subcloning DNA The ~constnution of
the compositions and methods of the invention are described in detail
herein. In particular Suction 5.1 descn'bes mediated recombination cloning
mctbods of the invention for targeted cloning of DNA fragments by
homologous recombination. Section 5.2) below, describes compositions of the
invention, incladiag 15 DNA coasts designed to target) capture dad clone
targrt DNA fragments of interest. Also desctibed are mtcleie acid molecules
encoding bacterial rtwmbinases such as RecEIf and/or Redal~i protons) cells
comprising such compositions) dad the methods for constructing such nucleic
acids and cells. Section 5.3) bdow, des~ibes the use of bacterial
recombiaase-targeted cloning methods and kits for detection of gene
expression and 20 diagnosis of disease conditions. 5.1 The various methods
described heroin can be used for e~cient add targeted 25 cloning of any DNA
of ingest by bacterial ncombinasc-mediated homologous recombination. The
three approaches descn'bcd htrein have as common components a cell
acpnessing bacterial recombinase recombination proteins) and a vector. An
example of the vector is shown in Figure lA. The vector comprises three
essential elements: ari origin of replication and two short zzgivas of
double-stranded DNA, herein called `homology arms'. 30 -18   .-- 9 FED 200
WO 0l/04288 PCT/EP00/06533 The homology arms are specifically designed to
allow the vector to ' capture' a target DNA of interest bavreea the
homology arms by homologotu recombination. The sequence, position, and
orientation of the homology arms arc impor~i for coinct insertion of the
target.DNA betvvxa~the sans. In one embodiment) where the homology arms
have S sequence homology to the termini of target DNA, the two homology
arms correspond in soquenoe to DNA flanking the target DNA of iat~s~ one
arm (iadicaited as A in Figtme 1) coctespondiag to a DNA s~oqucace upstream
fmm the target DNA ('mdieaied as C in Figure I) and the second grin
{'indicated as H in Figure 1) ending to a sequence located dowttstrcam from
the taiga DNA ('mdicat~ as D in Figuro 1). The orimtatioa of the two 



10 amts relative to the desired inset must be the same as is the
orientation of the homologous sequecux relative to the target DNA {see
Figure 1), such that recombination behween the homology arras:od the target
DNA results in the target DNA being inserted betvrxn, or 'inside' (see 1
figure 1), the two homology areas. As used hueia) a position is defined as
being `inside' the homology arms if it is positioned between the two
homology arms) such 15 that. a first homology arm is-betwccn the origin of
replication and itself in one direction) and a second homology grin is
positioned between the origin of replication gad itself is the other
direction. an the other hand, t~ position is de5ned 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
and the selectable markci are located on the vector ZO 'outside' the
homology atras (sec Figure 1 ), so that insertion of the target sequence
preserves the origin of replic~atio~n and the selectable marker oa the
plasmid. t'3rt thc'other head, the target DNA is, by defittitioa, inserted
`inside' the homology arms. Figure lA depicts~pictorially the meaning of
`inside' and `outside' of the homology arms. Ia an alteinativo embodimcut,
the homology arms have sequence homology Z5 to a set of double-stranded
adapter oligonucleotides. Such adapter oligonucleotides are illustrated in
Figure 1B. The sequence of each adapter oligonucleotide comprises the
sequence of one of the homology amps of the vector, and additionally, a
sequence homologous to a sequence that flanks the target gene of interest
(sec Figure 1 G~. ~ Thus, one adapter oligoaucleotide contains homology to
DNA sequence of one homology arm 30 (indicated as A' in Figure 1 ), and a
aucieotide sequence upstream from the target DNA -19   9 . FEB 2004 S WO
01/04288 1'G"f/EP00/06533 (indicted as C' in Figure 1). The second adapter
oligonucteotide contains homology to a DNA sequence of one homology arm
(indi~ as B' in Figure 1); as well as a nucleotide sequence locked
downstream from the target DNA (mdica~od as D' in Figure 1). Ia this way)
adapter oligoaucleatides may be used to adapt a generic homology cloning
vraor to 5 target a specific gene sequence of interest by the sequmoe of
the a~dapto~r oligoaucleotide (nee F'iguer 5). The methods sad compositions
that can be used to cxmy out the various ewbodimeats of the invention are
descn'bed is detail ha~ein. The m~hods desen'bed below include three
alternative approaches to directed cloning by homologous recombination. As
described is detail below, each of the 10 three approaches has its own
advantages that make it ptekrred fvr a particular cloning spplicativn.
These u~ethods and applications are described in detail below In one
approach, depicted in Figure Z) the cloning vehicle is introduced into a
cell that contains the targct,DNA of interest. This first approach may be
used to conveniently shuttle as insert born one replicon to another,
withOtit the need for cumbersome restriction analysis and in 15 yimo
manipulations. This approxh is useful for applications in which the target
DNA aheady adsts in as E c~nli rep4eoa and its further use requires the
subcloniag of a chosen . part. For example, the use of a DNA clone isolated
from a cosmid, phage or BAC library is facilitated by sabcloning chosen
portions into a acw vaxor is order to sequence the iase~t or to acpress the
protein aided by the gcrx. In a second approach, depicted in Figure 3) the
ZO cloning vector and the target DNA of interest are prepamd and then added
together into a ceu. Alternatively, as shown is Figure 4) the DNA of
interest cau~be added to a ctll that already contains the cloning vector.
The latter two approachd are useful for applications in which the target
DNA is derived fi~om any rxtcrnvat source) such as) for example, DNA . ~
derived fiom a cancer cell. ZS 5.1.1 APPROACH 1: INTRODUCTION OF VECTOR
INTO HOST CELL CONTAINING TARGET DNA In one embodiment, as depicted in
Figure 2, the target DNA sequence is akeady present within a host cell that
expresses a bacterial recombinase. For example, the 30 targrt DNA racy
reside oa as independently replicating DNA molecule, such as, but not -20
9 FEB Z004 



WO 01/04288 PCTIEP00/06533 limited to, a plasmid) a phage, bacterial
artificial chromosome (BAC) or the E. coli cummosome in an ~ coli host
cell. Methods for constructing host cells that express a bacterial
recombinase such as ReeEff or Reda!(1 recombinax arc described in detail in
Section 5.2.2. S . . 'Ihe vector DNA, cromptising as origin of replics3tion
nerd two bornology arms located on either side of the origin and the
madcer) is intmdueed into the host cell. preferably, the vector is a linear
molecule and the homology arms are located at the rive ends of the linear
molecule) although they may be internal. After entry into the toll,
homologous rxoiabination between the homology amps of the vector. DNA and
the 10 target sequences results in insertion of target DNA between the
homology arms, and the resultant formation of a circular episome. Cells are
then plated on selective media to select for the selective marker present
on the vector. Since only circularized molecules arc capable ofrcplicating
and being selected for in the host cell, many of the calls that grow on
selective media will contain rocombiaed molecules including the target DNA.
15 In ono embodirneat, the ends of the linear vector DNA fsagment 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
homologous recombination, i.e, iilegitianate reoombiaation. Such modifred
nucleotides , e;g_, phosphothionate nucleotides, may be incorporated into
the S-end nucleotide of the homology arm. Modified nucleotides ZO may be
incorporated during oligoaucleotide synthesis of a primer used to construct
the . vector (see Section 5.2.1, below)) or, alternatively, may be added by
enzymatic or chemical modification of the oligonuclcotide or linear vector
DNA after synthesis. Methods for such modification of oligonucleatides and
linear DNA fragments are well known in the art, and arc described in detail
is Section 5.2.2, below. 15 5.1.2 APPROACH Z: CO-INTRODUCTION OF VECTOR AND
TARGET DNA INTO THE HOST CELL In another embodiment, as depicted in Figure
3, the vector DNA and the target DNA are mixed in vitro and co-introduced
into a cell containing the RccF~t or 30 Reda/~i rccvmbinases. The target
DNA may be derived from any source. For example) the -21   ,~ 9 FEB 2004 r
WO 01I04288 PCT/EP00/06533 target DNA can be obtained from a biological
sample) such as, but not limited to) whole blood) plasma, 9anen, skin)
saliva) urine, lymph fluid) cells obtained from biopsy aspirate) tissue
culture calls, media, or non-biologial samples such as food, water, or
other anataial. Methods for preparation of DNA from such sources arse well
known to rhea of skill in the 5 art (see) eg.) Currant P:otocols is
Molecular Biology series of laboratory technique ma~auals, I987 1994 Cur~mt
Protocols) 1994-I997 John Whey acid Sons, Iac.). The vector sad the taurget
DNA are prod, mixed in vitro, acrd then co introduced into cells g
bacterial recombiaase protrins, preferably by transformation in .~ coli by
oo-elotroporation The vector DNA may. be in the form of 10 linear DNA or a
circalar plastttid DNA. In a prcfeaed embodimart, the vector is a linear
DNA molecule The source of target DNA is mixed is weight cocas to, or
excess relative to the vector DNA, in order to ir~odttce as many copies of
the target DNA region of interest into the call as possible, thereby
maximising the yield of recombinant products. Cells are grown in xleetive
media to select for circularized products. Ia a preferred embodiment the 15
vector contaiaas as antibiotic resistance madoa) and cells arc grows in the
presence of anh'biotic. Colonies ttrat are capable of growth under such
selection will contain chcularixed, recombined forms of the linear
fragment. In one embodiment, the rods of the linear vector DNA fiagment may
be bloclccd with modified nucleotides, as described below in Section S.Z.I
. Methods for such 20 modific~Gioa of oligonucleofiides are well lmowa in
the art, as described below is Section. 5.2.2. This approach is
particularly useful where the target DNA is obtained >iom a 



source external to ~ coh, such as yeast or eukatyotic cells. In one
embodiment, this method may be used for diagnostic purposes to detect the
prcs~cc of a particular DNA in ZS say biological spximen. Fot example, the
method may be used to detect the presence of a specific estrogen trceptor
or BRCA 1 allele in a biopsy sample extracted frrom a breast cancer
patient. In another embodiment, the method may be uxd to amplify regions of
DNA as an alternative to amplification by polymetase chain reaction (PCR)
techniques. 30 Amplification by homologous recombination, cloning and
propagation in E. coli offers    C 9 FEB 200 WO 01I04288 PCT/EP00/06533
several advantages aver PCR-based techniques. First) PCR error can be a
substantial drawback for many gutposes. Combinations of pairs of PCR
primers tend to generate spurious reaction products. Moreovrr) the number
of errors is the feral reaction product incrcasa wcponentially with the
tack round of PCR amplification after as error is S iatroducod i~o a DNA
sampler. On the other hand) amplification by homologous reoombintaioa
cloning has the adva~age of the cellular proo:6readlng machinery in ~ colt
and is thus at least 1000 times more faitbfirt. Seconds there are fewer
restrictions on the sire.. of the DNA region that may be amplified using
the praeat method. Amplificavon of DNA regions longer than a few ldlobases
(gna~tac than 5-10 kb) is difficult using PCR t~echaiques. 10 The.presmt
method is_suitable for cloning much larger regions) at least to
approximately one hundred kilobases. At presort) cloning a genome imrolves
the tedious pmcecses of creating a large, random library followed by
sorting through and ordering individual clones. Using this.method, homology
arms can be designed and vectors constructed to direct the cloning of a
geaome into large, non-raduadant, contiguous clones, called `contigs'.
Third,. iS even aAer DNA is produced by a PCR tecinxitque, the PCR products
need to be clonod is an extra proocssiug step. Homologous nxombimtion
cloning techniques obviates the need for the extra subcloaing step. 'fher
region of DNA that is to be amplified is simply inserted between homology
arms and transformed with the vector DNA into a ~: colt host. The
homologous recombination is this embodiment ally be carried out in ZO
vitro) before addition of the DNA to the cells. For example, isolated RecE
and R,ecT, or cell _ ~ extracts containing Reclrlf may be added to the
mixdue of DNAs. When the rccombinativon occurs is~ vitro the selection of
DNA molecutcs.may be accomplished by. transfonaing the rcoombiaation
mixtume in a suitable host cell sad selecting for positive w . clones as
descn'bod above. ZS 5.1.3 approach 3: INTRODUCTTON OF TARGET DNA 1NT0 HOST
CELLS COlYTAIN1G VECTOR DNA In another embodiment, target DNA is introduced
into a cell which already contains vector DNA. Target DNA rosy be from any
source, as described in 5.1.2 about, 30 and may be ther linear or circular
in form. As described above, once the target DNA is _ 23 _   9 FEB 2004  WO
01I04288 PCT/EP00/06533 



inside the cell) homologous recombination between the homology areas and
the target DNA raults.in the insertion of the target DNA betw~a the
homology arms. Howwer, in this case, coontervselectioa is needed to a~lect
sgainst unrecombined vector since both the desired product and the
uarecombined vector expresses the sdc~ctable marker gene. Various S
embodiments arc described in derail herein to axomplish this
oouow-sde~ction. In one embodiment, for example, a method that u4ilius a
site-specific recombination and excisioat reaction can be used. This
approach is depicted is Figure 5. In another embodiment, ao induu'ble
nuclease is induced that cleaves the unrrcombined vector. In both
embodiments, the recwrs that do not caantasa ra;ombiaation pmduds are
eliminated) , . 10 The vector is first constructed as a plasmid, then
introduced into the host cell) where it can be pcopagatcd. As shown in
Figuc~e 5, the vector contains (i) an origin of r~eplicatioa (nay origin):
(ii) s selectable marker (Sm); ('rii) the two hoaaology amts; and w) a
county selectable marker, such as, but not limited to, a pair of
tecognitian.for a site- . specific recombinase) a first recognition sift
located outside the homology cams and a 15 second reeogmtioa site located
inside the homology arms) or a reeogriitioa site for as endomrclease, which
can be~used to relax against flu starting plasmid vector. As used herein, a
site is located `inside' the homology areas if it is positioned between the
two homology arms) such that a first homology arm is between the origin of
t~eplication and itself in one direction, and a second homology arm is
positioned between rtes origin of 20 replication and itself in the other
direction. On the other hand, a position is defined as being `outside' the
homology arms if) in one direction, neither homology arm sepstaLa itself
from the origin of replication. (See Figure 1 far a pictorial reprcseamtion
of the meaning of `inside' versus `outside' the homology arms.) W, origin
of replication and the selectable marker must be located outside the
homology arms, as descn'bed in Section 5.1 25 above, such that insertion of
the targtt sequcaix prrsrnreS the origin of npGcation and the xlectable
marker on the plasmid. The counter-selectable marker, endonuclease site or
one of two sito-specific rarombiaax target sites is preferably located
`inside' the homology amts (see Figure 5), on the other side of the origin
ofreplication and the xlectablc mariner. Any method known in the art that
allows for counter-selectian against the 30 non-recombined vector can be
used. For example, in one embodiment) counter-selection -Z4   ~ t-t~ ZU04
WO 01l04288 PCT/EP00l06533 can be accomplished by an induci'ble
site-specific ncombinase (SSR). Site-specific iecombinases are enzymes that
nxognize two target sites) celled sitcspecific reoombinase target sites
(SSRTs), and act at these sitrs to mediate a DNA strand exchange and
excision reaction (Iiatlet et al., FEMS Microbiol. Rev.) l997, 21:1S7 78;
Saucy) 1994, Curr. t')pin. 5 Bill. 5:521-T; Stark et aL,1992, Treads
Genet., 8:432-9). Fxamgles of sito-spccific rxambinaxs are known in the
art, iucludias, but not limited to Ck, hlp, Kw) or R rccombinases
(Nuns-Duby a al.) i998, Nuelric Acids Res. 26:39i-406; Riagrooe et ai.,
1997) Eur. J. Biochenr. 248: 903-912; Utatsu et crl., l987, J.
Bacteriol.169: 5i37 5545). ~GVbm two directly SSRTs reside oa a circular
plasmid, site-specific rxombination i0 between the two SSRTs results is the
formation of two circular plasmids. Only the product cant:iaing the origin
of replication is maintained in the cell. Thus, site-specific recombinattoa
bttwcca two directly repcatod SSRTs is a circular plasmid raults in
deletion of the DNA sequence located between the twa SSRTs on the side that
does not include the origin of rrp4catioa IS A DANA vector is coasrsuctcd
coataimag two SSRTs, orimied~as diiiect repeats, one positioned inside the
homology arms) and a sxond positioned outside the arras and between the
selectable marker (S11 and the origin of replication. Recombination between
~SSRTs positioned in this way results in stparation ofthe origin of
replication from the selectable marktr (see Figure 5). Thus, the SSR will
act on non-recombined DNA 20 vectors, which contain two SSRTs, resulting is
the Ions of such plasaiids from the host cell. . ~ Host cells arc then
transformed with vector DNA by staQda<d methods. In this embodiment the
host cell must contain: I) R~ecF,JT aad!or Redacl~3 gene3 and 2) a gene
encoding as SSR Pnfaably) the expiression of RecFIT aad/or Redalp genes is
inducible, but constitutive expression is also possible. The gene encoding
a site-specifrc racombinax Z5 (SSR) that recogaius the SSRTs must be
iaducible. Inducible sad constitutive promoters arc well known in the art;
methods for their use is coastrucoion and acprcssion of recombinant genes
are described in Section 5.2.3, below: If the RecFJf aadlor Reda/~i genes
rtquire induction for ocpression) the vector containing cells arc grown
under conditions to induct expression immediately before competent cells
are prtpared. Host cells 30 - 25    ~ rte ZCO! 



,. L WO 01/04288  PCT/EP00/06533 containing vector DNA arc selected for and
maintained by plating and growing in selective media. _ Competent oeUs are
thin prepared fi~om the host cells containing the vector. Cells are
traasfornred with the target DNA, which can be prep~ntd from any source)
ag. 5 total gawmic DNA prepaid from nay cell. The cells are cultured
briefly) to allow homologous recombination to oaur. Homologous
secotnbination results in deletion of the sequence betvreea the homology
arms containing one SSRT) aced the insertion of the target gene soq~ace.
The expression of the SSR is then induced. The SSR will act on the dinctty
SSRTs in the nn-ra~mbiaed vector) separating tb~e selectable marker from 10
the plastaid origin of replic~stion. Plasmids containing insect targets
have only one SSRT and remain intact. Selection may or may not be
maintained throughout this step) but does need to be imposed soon after
induction of the SSR, i.e.) soon aRet the site-specific recomb'snation
takes place. .Ice this way) induction of the SSR results in selecting for
plasmids containing insert target genes. 15 In an altcrneaive embodiment,
an eadonuclease am be used to liaearize the vector bctvveca the homology
aeons in vivo, either just before, during, or after homologous
rtcombination. Linearization of the vector before raombination yvill select
for correct recombination products, since a linear plasmid will not survive
is the cell unless it becomes circularized. After the recombination, the
continued activity of the endonuclease wdl help 20 select for plasmids
containieg insects because during homologous recombination the SSR dtletts
the eadonuclease recognition site and inserts the target DNA in its place.
Smx the ettdonuelease will cleave only aori-recombined vectors, leaving
plascnids with inserted target sequences intact) the continued activity of
the endonuclease after recombination) selects against non recombined
products. For this embodiment, an eadonucleasc with a Z5 very rare
recognition sibs must be used, so that no other sites will be ptesmt in the
host call DNA. Examples of such 'rare-cutters' are known in the art,
including) but not limit~cd to, the lambda cos) yeast H4 or an
intton-eacodod endoauclease such as PI-See 1. The recognition site for the
endoauclease should be cloned between the two homology tines, so that
enzymatic digestion by the endonuclease results is li~iearization of the
vector between 30 the homology arms. The expression of the eadonuclease
gent must be induciblc. -26   ~~ 9 FEB 2004 WO 01/04288 PCT/EP00/06533
Constructs and lntthods for inducible pmtein exprossion are discussed
below, in Section S.2.3. In another embodiment) an SSR, for example) the
Crc raombinase can be used, instead of an endonuclease, to lincari~e the
unrecombined vector in vivo (sec Mullins 5 at a1.,1997, Nucleic Acids
Res.25~539-40). In this csssc, the vector is eonsbnaxed with only one SSRT
site located inside the homology arms. An excess of oligonucleotide
containing a copy of the sane SSRT is oligonucIeotide is mixed with the
target DNA and co-transfonned into the host with the target DNA.
Preferably) the oligouucleotide is a short double-stranded DNA molecule.
Where one of the recombining molecules has an SSRT IO residing on a short
oligoaucleotide, the site-specific recombiaase will lincarize the vector at
its SSRT (Mullias et a1.,1997, supra). In aaother embodiment, the
site-specific recombination and eadonuclease approaches described above can
be combiaed. In this case, the imrecombiried~wector is made to contain both
as ~SSRT aad an endonucleaSC site inside the homology arms: In one ZS
embodiment of this approach, the SSR and the endonuclease could be
co-regulated wader the control of a singly induct'ble promoter. Constructs
aad methods for such co-regulated, inducible. expression of proteins in
discussed in Section 5.2.3, below. In another embodiment, a combination of
these uses of site-specific recombination for couater-selection can be
employed. In this embodinzeat, two pairs of 20 SSRISSRTs arc employed, for
exunplc Cre/lox and FIpIFRT. The vector contains two sites for the first
SSR, SSRl, one located inside the homology amps, and the second. located
outside the homology arms) between the origin of replication and the
selectable marker. In addition, the vector coataias a site for the second
SSR, SSR2) located inside the homology arms. Aaother site far SSR2 is
located on short double-stranded oligonucleotides and arc 25 added along
with target DNA during cell transformation) at as amount in excess to the
target DNA. In a specific embodiment, for example, one SSR/SSRT pair for
the 



linearization step is CrrJloxP and the second one for the deletion step is
FIpIFRT. In another embodiment, a direct counter-stiection against the cell
may be used. In this case the plastnid origin of replication directs.
single-copy (or very low copy) 30 maintainance in E cell. Origins of
replication of this class include the iteron-class of origins -27   9 FEB
2004  wo ovoa2ss PCT/EP00I06533 such as tha phage PI origin, and plasmids
based on the ~ coh chromosomal origin) oriC. For suitable origins of
replication, see Helinski, D.R, Toukdarian, A.E., Novick, R.P. Chapter 122,
pp 2295 2324 is "Iaehaichia cola and Salmonella) Cellular and Molecular
Biology" 2' edition Fredezick C. Niedhardt, Ed. ASM Press, Washington,
I996) ISBN 15 55581-084-5. In this case, the vector can be canstmctcd
without any SSRTs, rather a counter-selaxnble gene is included between the
homology arms. Stbch counter-selectable marker geaa are Ia~own in the art,
for example, the sacB, ccdB or tetracycline resistant genes roay be used
(sec also, Reytat at m,1998, Infect. Innmva. 6b:40I I-7 for a listing of
suitable county sdatable gases and methods). The intended homologous
re~inbiaatioa 10 ration will delete the co>mta-selectable gene so that
cells canyiag the mended recombination product w~l survive under
counter-selection pressm~e) whereas cells c~rryia8 the unrecombined vector
wr~l be lolled. 5.Z ~ COMFOSITiONB'FO for  CLONING AND SUBCLONING BY 15
HOMOLOGOUS RECOMBINATION . Compositiaos for cloning by homologous
recombination in the vatioeu embodimwts ace described haain. For each of
the cloning methods described in Section 5.2 below, three compon~s sre
required to coexist in a single yell: fast) a vector cariyiag two short
regions of DNA (herein called `homology arms) having sequence homology to a
I0 target sequctux; aeoond) RccF,ff and/or Redal~ protein pains ar other
ba~tterial re~anbiuasc; and third, the forgot DNA sequence. liecombmation
betwcra these homologous spt'eseat on the homology arms and the flanlring
regions of the target gene, mediated by a bacterial recombindse) results in
the target DNA being insericd or captured betvraen the two homology arms.
.The compositions and the methods for their 25 coasttuction are described
in detail herein. 5.2.1 T~ HOMOLOGY CLONITiG Vh,CTOR The homology cloning
vector may be a linear er circular DNA vector comprising an origin of
replication) a selectable marker, and two short regions of DNA 30 designed
to capture a target DNA of interest Several forms of cloning vehicles are
- 28    ~- 9 FEB 2004  WO 01I04288 PCT/EP00/06533 possible) depending on
the approach or method to be used. The preferred forms and methods for
their construction arc dtpicted in Figturs 1-5~ and described in detail
hes~ein. 5.2.1.1 ~~ORIGIN OF REPLICATION 5 The vextor requires as origin of
replication, which is needod for replication and propagation of the
plasmid. For cloning arLd propagavon in ~ eoli, any ~ colt oripn of
replication may be usexl) eecamples of wlveh are well-lmown is the art
(see, Miller) 1992, A Short Course in Bacterial Genetics, Cold Spring
Harbor Laboratory Pros) NY) and r~cfcrcnces therein). No~limiting eccamgles
of readily available pluarid origins of 10 rtpliarioa are ColEl-derived
origins of replication (Bolivar tt al.) 1977, Geese 2~5-113; see Sambrook
et al..,1989) supra), plSA origins present vn plasraiels such as pACYCI 84 



(Chang and Cohea) h978) J Bactaiol.134:1141-56; see also Irfilla) 1992) p.
10.4-I0.1 I), asd pSC101 origin available for low-copy plasnuds expression
are all weU lmowa is the art. For acample, in one embodimetn" the origin of
npiicadoa from a high-copy 15 piasmid is used, such as~a plasmid containing
a CoIEI-derived ~igia of replication) exatopla of which are well known in
the art (see 5ambrook et al,1989, supra; see also IvUllex) 1992, A Short
Covrse in Hactcrial G, Cold Sptiag Harbor Laboratiory Press, NY) sad
references thacin). Gae example is au origin from pUC I 9 and its
derivatives (Yanisch-Perroa et aL,1985) Gene 33:103-I 19). pUC vectors
exist at levels of 300-500 ZO copies per ceU and have convenient cloning
sites for insertion of foreign genes. For very _ ~ high atpressioa~) ~
vectors, such as llgtl 1 (Huynh et aL,1984) in "DNA Coning Techniques:) Vol
I: A PraIMieal Approach") D. Glover, ed.; pp 49-78,1RI. Press) Oxford), or
the T7 or. SPfi phage promoters in cells containing T7 and Sp6 polymecase
expression systems (Studier et aL,1990, Methods Eazymol.185:60-89) can be
used. ZS When a lovhar level of expression is dashed, as origin of
replication from a medium or a low-copy may be used. Medium-copy plasmid
are well known in the art) such as pBR322) which has a ColEl derived origin
of replication and 20-100 copies per cell (Bolivar et af,1977, Gene
2:95-113; sec Sambrook tt af.,1989, supra), or pACYC184, one of the
pACYC100 series of plasmids, which have a plSA origin of replication and
exist at 30 10-12 copies per sell (Chang and Cohen, l978, J.
Bacteriol.134:1141-56; sec also  Miller -29   C 9 FEB 2004   WO 01/0d288
PCT/EP00/06533 l992, p.14.4-10.11). Lowcopy plasnuds ate also melt known in
the art, for example) pSC 101, which hits a pSC 101 origin; and
approximately 5 copies per ccll. Both pACYC and pSC101 plasmid vectors have
convenient cloning sifts and can co-exist in the same cell as p~R and pUC
plasmids) sinoc they have oompatibIc origins of icplication and unique 5
selective antibiotics msrkas. t3tha suitable plasmid origins of replication
include lambda or plugs PI replicon based plasrnids, for example the
Y.orist seriCr (C3i"hsa~a et a1.,1987, Gene 53: 283-285). When eves less
acprcssion is desired) the origin of replication may be obtained from the
bacterial c~taomosome (see Mt~ler,199Z, supra; Niodbatdt) F.C., ed., 10
19d'1, Eseheridiia toll and Salnioatlla typHurrro Trait) American Society
for Hficrobiology, Wsshiagtoo, D.C.; Yanaoliasky, M.B. and Stanbe:g)
N.,1988, pp. 29l-438, in VoL l of Tlu Bactt~fopJiages) R Calendar, od.)
Plenum Pras, New York). In addition) sy~cric origins-of replication may be
used. 15 THE SELECTABLE MARKER To maintain the plasmid vaxor is the cell,
the vector typically contains a selectable market. Any selectable.marka
lamwn is the art can be used. For consbiructiosi of as E colt vecoor, any
gene that cotta eys r~sismacc to any antibiotic cffcMivc in E cell, or any
gene that conveys a rtadily identifiable or selectable phenotypic chaagc
can be used 20 Preferably) antibiotic resistance matlcas atr used, snch as
the kaaamycin rrsistaacx gene. y .~ froaa TN903 (Friedrieh and
Soriano,1991) limes. Dev. 5:1513-15Z3), or genes that confer resistmme to
other aminoglycosides (iaclud'sng but not limited to dihydrosoeeptomycin)
gentamycin, neomycin, paromycin sad streptomycin), the [3-lac:amase gene
from ISl) that confers resistance to penieillins [meluding but not limited
to ampicillin, carbenicillin, 



25 methieiuin, penicillin N, penicillin O and penicillin ~. Other
selectable gores sequmees including, but not limited to gene sequences
cacoding polypeptides which confer resistantx (Hegedus et al. 1998, Geese
207:241-249). Other antibiotics that can be utilized arc gapes ttrat confer
resistance to amphenieols, such as chloramphenicol, for cxnmpIc, the coding
sequence for chloramphenicol transacetylase (CAT) can be utilized (Eikmanns
et al. 30 1991 ) Gene l02:93-98). As will be appreciated by one skilled is
the art, other non -30   ~~ 9 FEB 200  WO 01/04288 PCT/EP00/06533
antibiotic methods to select for maintenanx of the plasmid may also lie
used, such as, for example a variety of auxotrophic nnarjcas (see Sambrook
et oL) 1989, supra; Ausubcl ct al., 5 . S.Z.1.3 THE ~It~MOLOGY ARMS A
rrquired compontni oftlye vector is taro shot! regions of donblestr~aded
DNA) rcfetrtd to herein as'hvmology acres'. Ia one embodiment, as shoves is
Figure 1, the two homology arms (labeled "A" and "B") are homologous to the
sequence of the DNA flaslang the target DNA of iat~a~at (labeled A' and
B'), one arm bring homologous to a 10 DNA sequence upstream from the target
DNA cad the sooond arm being homologous to a xquenx Iotated downstream from
the tncgtt DNA. As used herola) two double stranded DNA molecules are
"homologous" if they share a common region of identity, optionally
interrupted by one or more base-pair differarces, and arc capable of
fuartioning as substrata for homologous rccomb'matioa In a preferred
embodiment, the homology attms 1S contain approximately 22 to 100 base
pairs or mme of coatiauoWS idartity to a doublcsrtaaded region flaoldag
target DNA of iacaesr. Regions of homology can be iatemipted by one or more
non identical residues) provided that the homology arms are still e~cierrt
substrates for homologous recosnbiasuon. Ia a prcfernd ecnbodimeat) for
optimum rccombiaation efficiency, homology arms arc approximately SO
micleotides in lrngth, with ~0 in me range of 20-30 (e.g.) 25) base pairs
of coatimtous) uninterrupted sequeaoe identity. Altltougti shorter regions
of continuous identity are also possible (e.g.) at Icast 6, 8, or 10 b~ ~)~
lower e~ciencies of r~ombination can be expocbed using such shorter regions
of oontinuot~s identity. For ~np~Ie) in one emboditacat, the length of
continuous identity may be as short as 6 by (Keim and Lark,199t?) J.
Structural Biology 104: 9?-10~. There is 25 no upper limit to Length of
homology arms or the length of their ooatinuous identity to the flanking
target DNA sequence. Nucleotide sequences flanking a target DNA also are
referrrd to herein as the "termini" of the target DNA. Thus) a target DNA
will have two-termini, a first tcrtainus and second terminus. The
orientation of the two arms relative to the desirai insert must be the 30
same as is the orientation of the homologous sequence relative to the
target DNA (sec -31   ~- 9 FEB 200  WO 01I04288 PCT/EP00l06533 Figure 1),
so that recombination between the homology arms and the fast and second
trrmini of the target DNA results is the target DNA being inserted betvvecn
the two homology areas. The sequences of the two homology arms are chosen
according to the s experimental design. The o~oly limitations on the choice
of an homology arm is that it should not be a seqnetxx fo~md more than
orroe within ttte tugd DNA and should not be present dsevvhece is the host
cell during the homologous recombination t~caction. 1a this case, the
intended homologous recombination pmduct cam still be obtainod, hov~r~ever
saaoagst s background of alternative homologous ra~binations events. Ia one
'~ 10 embodiment) the sequence of the homology arms are two soqueaocs
flanlaag the polylinlecr of a commonly used cloning vd~icle such as a BAC,
PAC, YAC tyeast artificial 



d~romosoa:e), phage cloning vators such as the ~L orlGT series phagcrmid,
cosmid pBR322) pGEM, pGEX, pET. baculovirus vectors) viral vectors such as
adenoviral vectors and adeno-associated veal vectors. Thus, a single vector
can be used to subclone nay insert' 1S that has been cloned is thex
vectors. Vectors containing such homology arms acre pazticularly useful for
subcloning inserts derived 5om positive clones froaa a DNA Gbraiy, such as
a BAC, PAC) YAC, oosmid or lambda library. In various embodiments) as
describad hereinbelow) the homology arms are positioned at the ends of a
linear DNA molxule) or within a linear DNA miolecute or ZO circulu DNA
plasmid vector. Homology arms are oriented is the same orimtation relative
tv their orientation in the target nucleotide sequence. In other vrords)
they are oriented so the desired DNA seqtuaoe is inserted beh~r~ecn the
aims after the recombination talccs place. Where the homology atm~ ere
positioned at the cads of the linear DNA the inserted DNA IS sequence is
cap2tard and inserted betarem the~two aims, thereby creating a circular and
rcplicablc plasmid. 5.Z.1.4 ~D"~L1GONIICLEOTIDE HQ,MOLOGY ARMS In m
alternative etnbodimeat) the nucleotide sequence of the homology arms 30 is
homologous to nucleotide sequences present oa adaptor oligonucleotide~s.
Each of two -32   ,- ~ rcrs cuu~ ,, _ WO 0l/04288  PCT/EP00/06533 adaptor
oligonucleotidcs comprix a nucleotide sequence homvlvgous to nucleotide.
sequences present on one of the homology aims, and a second region of
homology that is homologous to one of the tvv~o termini of the target DNA.
Adaptor oligonucleotides are depicted in Figure 1. The homology arms of the
vactoi are labeled "A" and "B", and 5 regions of the adaptor
oligonucleotide homologous to thcx soquences arc labeled A' and B'. The two
termini of tarEet DNA arc labeled "C^ and "D^, and the corresponding
homologous sequences present an the adaptor oligonucleotides arc labeled C'
and D'. In this embodiment, recombination mediated by ReclrJT or Redal~i
between the vector homology arms, the region of homology on the adaptor
oIigonucleotides, and the $anlang ZO termini of the tar$ct gene results in
the target DNA being insertod or 'captured' betwrea the homology arms of
the vector. 5.2.15 CONSTRUCTION OF THE VECTOR The linear Iragmeut or
oircular vector may be constructed using standard !5 m~o~ ~ ~ ~ ~~ s~~ok ct
a1.,1989, supra; Ausubel et al., supra). . For example, synthetic or
recombinant DNA technology may be used In one embodiment, the linear
fragment is made by PCR amplification. In this method) oligonuclcotides are
synthGtiud to include the homology arm sequences at their 5' ends, and PCR
primer soqueaccs at their 3' ends. These oligonucleotides are then usod as
primers in a PCR ZO amplification reaction to amplify a DNA region
including an origin of replication and a selectable genetic marker. In
another.embodiment) a plasmid may be constructed to . compriss two
appropriately oriented homology arms flanking as origin of replication and
a selectable genetic marker by standard recombinant DNA techniques (see
e.g.; Methods in Etlzymology) 1987, Volume 154) Academic Press; Sambrook et
al.) I989, Molecular Z'' Cloning - A Laboratory Manual) tad Edition) Cold
Spring Harbor Press, New York; and 



Ausubcl et al., Current Protocols in Molecular Biology, Greene Publishing
Associates and Whey Intcrscicnce, New York). The plasmid is then
linea<izal) for example) by restriction eadonuclease digestion. In another
embodiment) for example, the fohowing method may be used to 30 00e vector
DNA used in Section 5. I .3, above. ~ Twa oligonuclcotidcs arc -33   9 FEB
zaa4  WO 01/04288 PCT/EP00/06533 synthesized, one of which includes) from
S' to 3' end, a restriction site unique to the vector, a left homology arm
iad a PCR primer The other oligom~cIeotide includes, from 5' tn 3' end, the
sntiu restriction site unique to the vector, an SSRT, a right homology arm
and a PCR pier: The two homology mms ae~e c6oxn to flank the target DNA.
?he.SSRT is a S sift rooognizod by any site spea5e icooaabi~se (SSR) such
as Cre) Flp, Kw, or R rxannb~es. The synt~is of the oligomicleoti~ must be
died so that the two SSRTs are orientated ss directed repays is the vector.
Two PCR pria~a~s are used amplify a DNA templt~e that includes a plauaid
origin) a selectable geese and an identical SSRT between the origin and the
xlectable gene. The product of the PCR reaction is rhea cut t0 with the
restrictia~n mzyane that recogaiza the sites included at the 5' ends of the
otigonucleotides to permit effeient circalarization by ligatioa. The
circular.pt~oduct is then transforaned iabo E colt far ampli5catioa to
yield large amounts of the vector. In another embodiment, a linear fragmcat
is ooastructcd by taking plasmid with selectavle marker, ap origin and two
cloning sites, and cloaiag in an oligonucleotide 15 honmlog~r arm into each
cloning site. Rest:iction enzymes ere then used to eut'the plasmid DNA to
produce linear fisgmeat bouadod by the homology. arms. This method is
pre>~rOd for constivetioa of mare complex plasmids - Wig. plasmids comaimng
eulcaryotic enba~sc~ and promoter elements in order to include eukaryotic
exprGUion elcmarts. Additionally) other sequence elements may be subcloned
into the vector. ZO The vector may also contain additional nucleotide
sequences of interest for protein expression, manipulation or mau>tenance
of the inserted target DNA. For example) promoter scqueaces, mhaaar
sequeacas, translation seque~s such as Shine and Dalgarao sequences, ion
fatter recognition sites, ICozak consensus sequences) and _ termination
signals may be included, in the appropriate position in tke vector. For 25
recombination cloning is cells other than bacterial Celts, such as pleat)
insect, yeast or mammalian cells, other sequence elements rnay be
necessary, such as species-specific origins of replication, transcription
processing, and translation signals. Such elemehts may include) but are not
limited ~ eukaryotic origins of replicatio0. eahancers, transcription
factor recognition sites, CAT boxes) or Pribnow boxes. 3d -34   9 FEB 20d4
., (, , WO 01I04288 PCTIEPOOIOG533 In an embodiment wherein RecFJT andlor
Rodalp or other bacterial recombinase is producod rccombinaatly from an
expression plasmid in the cell, the chosen vector raust be compatible with
the bacterial rccombinase cacpression plasmid described is Section 5.23,
below. Oac of skill in the art would readily b~e aware of the
cxtaspatibility 5 , roquirecaents nfor expressing multiple plasmids in a
single oeU. Methods for propagation of two or more coa~ucts in procaryotic
cells are we ll known to those of skill in the art. For example) cells
containing multiple replicons can routinely be xlected for and maintained
by utiliz'sng vectors comprising appropriately eompati'ble origins of
replication and independent selection systems (see Nhller er of , I992,
supra Sambrook et al., 1989, 



x0 supra). 5.2.Z ~~ ~COMRINASES The invention described herein is described
mainly with reference to the use of RteFJT and/or Reds. Homcva~, as will be
clear to the skilled artisan, the invention is 15 equally applicable to the
use of other bacterial rxombinases that hare the ability to mediate
homologous recombination using a pair of homologous double-stranded DNA
molecules as substrata. As used hec~ein, a bao~riat recombinase is a
recombinase that is exprcsxd endogenously is bacteaa, whether of phage or
bacterial origin) and is capable of mediating homologous recombination. In
various embodiments, the bacterial recvmbiaase is RecFlI' w ~ Z0 andlor
Redal~i rxomb'u~ax. In another specific embodiment, a functionally
equivalent system for initiating homologous reevmbinatioa comprises erf
protein fi~ora phage P22. Furtbar, individual protein components of
bacterial recombinases can be substituted by other functional components
for use in the present invention. "RecE" and "RecT" as used herein, refers
first, to ~ cola e.g., E. coli K12, 25 RecE or RecT. The K coli RccE and
RecT nucleotide and amino acid sequences arc well known (Reel:, GenBauk
Accession No. M24905 and SWISS PROT Acxcssion No. PI5033; RccT) Ge~Bank
Accession No. L23927 and SWISS-PRAT Accession No. P33228). "Reda" and
"Red~3" refer to the phage lambda encoded proteins. Recta has a f to 3'
exonuclcase activity similar to the 5' to 3' exonucicase of RecE, and Redp
has a DNA 30 -35   9 FEB 200  WO 01/04288 PCT/EP00/06533 a~aealing activity
similar to that of RecT. Nucleotide tied amino acid sequences are Well
known for both of these lambda proteins (see GcaBank Accession Nos. J02A59;
M17233). As will be clear to the stalled artisan, reference to RecFIT
andlor Redal~3 ~herain shall also apply to a combination of.R~JT'.and
Redarl~i, unless indicated otherwise 5 explicitly or by context. In a
specific embodiment, combinatfon of the tvvo e~yme complexes has a
syaeigistic eR'ect ofl the efficiency of recombination . Bacterial
rxotnbiaases that can be used also include allelic variants of the
components of the rxombiuases. For example, amino acid soqueaces utilized
in the RecFIT and Reda>a reeombInatioa systems of the invention can also
comprise aiainv soid 10 sequences encoded by any allelic variants of RecE,
RecT, Reda) or Rcd(i) as long as such allelic vuiants are functional
variards, at least to tha extent that they exhibit homologous rxombimatioa
activity. Allelic variants can covtiaely be idcntifiod and nltained using .
. . standard recombinant DNA techniques (see e.g., Methods is Enzymology,
1987, volume 1i4, Academic Picas; Sambtook ct a1.,1989; Molexular Cloning ~
A Laboratory Manual, 15 2nd Edition, Cold Spring Haa~bor Press) Nrw Yorl~
and.Ausubel et al., Current Protocols in Moleculi~r Biology) Cnoene
Publishing Associates and Whey Interscieacc, New York)) or protein
evolution approaches (Jcranutus et o1.,1998, Curr. Opin. Biotechaol.
9:534-548). . In general, nucleic acid encoding such allelic vacrants
should be able to _ hybridize to the complement of the coding sequencx of
RecE) RccT, Redac;~or Red~i under ZO moderately stringent conditions
(using, e.g , standard Southern blotting hybridization conditions, with the
final wash is O.ZxSSG0.1% SDS at 42C; Ausubel et al.) eds:, I989; Current
Protocols in Molecular Biology) Vol. I, Cmcn Publishing Associates, Iac.,
and John Whey & sons, Inc., New York) at p. 2.10.3), or highly striage~
hybridization conditions 



(using, e.g., standard Southern blotting hybridization conditions with the
final wash is 25 O.IxSSG0.1%SDS at 68C ; Ausubel et ol., supra). RecE,
RecT, Redac) and Reds) as used herein also includes RocE) RecT, Redo) and
Red~i homologs derived fiom the phagrs hosted by, or the cells o~
pzoc~iyotic cells of the family Enterobacteriaceae. Members of the family
Fnterobacteriaceae include, but arc not limited to species of Escherichia)
Salmonella, Citrobacter, Klebsiellae, and . 30 Proteus. Such RecE, RecT,
Rods, or Red~3 homolog is) generally, encoded by a gene -35   r 9 FEB 20U4
WO 01/0428S PCT/EP00/06533 present in a phage genome whose product
participates in a recombination-mediated step in the phage life cycle, such
as Reda sad Redp in the Life cycle of lambda phagc. Recfi~I' homologs can
routinely be identified and obtained using standard pmc~yotic genetic snd
ztcombinant DNA techniques (see eg., Sambtook et at , supra, 5 and Ausubd
et al.) supra). Recombinant DNA may be obtained from a cloned genomic or
cDNA library, or by PCR amplification. For example) a geaomic library rosy
be produced by standard molecular biological techniques) or obtained from
eonmaereial or sioncommercial sources. The genomic or cDNA fbracy may then
be screened by nucleic acid hybr'idi~ation to a labeled ~ coli. recE or
recT probe (Crnmsteia and Hogness) 1975, Pros. 10 Natl. Aced. Sci. U.S.A.
7Z:3961) and positive clones can be isolated and sequenced. In a specific
example, a RecE or RecT homolog. can routinely be identified is Salmonella
typlrinruriunr. The recE and recT genes arc well characterized in E coli K
11; the m~cleotide and protein sequences of both RecE (CenBank Accession
No. M24905 and SWISS-PROT Accession No. Pl 5033) and RecT (GenBank
Accession No. L2392 arrd 1S SWISS-PROT Accession No. P33228) acre kaov~n;
(see also Hachmann,1990, Microbiol. Rev. 54:130-l97; Rudd,1992, in Miller)
199Z, supra, pp. 23Z.43). A coatplete S typhimurium genomic cosmid or ~,
library may be used. The S typhimuri~rrr library may then be serxned by
hybridization with an L~. coli Reef or RecT probe utilizing __
hybridization conditions such as those described above. For example, siricc
the two genes 34 are mcpectad 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, SX
Denhart's solution, 0.5% SDS and l00 pg/ml denahucd salmon sperm DNA. 25
Hybridizations can be carried out in the same solution and 5-20 X 106
cpm'~P-labeled probe is used. Filters can be incubated in hybridization
mixtiu~e for 18-z0 hours at SSC, and rhea washed twice for 30 minutes at
60C in a solution containing 1X SSC and 0.1% SDS. Filters are then blotted
dry aird exposed to X-ray film for autoradiography. Other conditions of
moderate stringency which may be used arc well-knows in the art. Washing of
filters is 30 done at 37C for 1 hour in a solution containing 2X SSC) 0.1%
SDS. Subsequent isolation, -37   L 9 FEB 2004  



wo oi/oazss PCT/EP00/06533 purification and characterization of clones
containing the ~ typhinruriur~ cau be performed by procedt>res well lcnowa
is the att (see Ausubel et aL) sr~ra). Such sequences can be used to
coasf:uct the ~ typhi~mrri~an ReeE,fl's of the invention. Alternatively,
the S typhfinurium gene can be isolated from S. typhimurium 5 mRNA. mRNA
can be isolated from cells which s the ReeB or RecT prateia: A cDNA L'brxcy
may be ptoduad by rew~e t~rtuascaption of mRNA, and xby meti~ods known in
the nit) such as those dcscribod above or x~,aing a geaomic fbcaty (see
AusubrI et c~) supra). Alternatively, recE of r~eeT eDNA can be identified
by 1'CR txhniqua, such as RACE (~,apid $mpliiiation of c_DNA dads; Ausubel
ct af) supra)) 10 using twv primers designed from the ~ coh recE or acT
sequence: a "forward" primer having the same xqucace as the S and of the E
coli rtcE or recT mItNA, and a "reverse" primer eompleme~ to its 3' end.
The PCR product can be verified by sequencing, subcloned, and used to
comtrvct the RxFlf of the invention. Such cDNA sequrn~ can. also be used to
isvlato S typhinttrriunt genomic recE or recT sequenea) using axtbOds well
!5 lc~wn in the art (Sambsook et al.) 1989, supra; Ausubei et a~; supra).
Nucleic acid moloaula Hooding the RaFJI' rxombinatioa enzymes of the
invention can, further; be synthesized andJor caast:ucted according to
ncombmant aad~ synthetic means yell lanown to those of skill is the art
(See eg., Sambrook, supra and Ausubel et al.) supra). ZO As discussed
below, the ability to control the expression of the sequences suds that
expression eau be regulable (eg: inducible and such that a wide range of"
expressson levels can be achieved is bal to the performance of the of the
invention. The nucleic acid molecules can) for example be maintained 25
extrachromosomally c g.) on a plasmid cosmid or a bacteriophage
Altemvativcty, the nucleic acid, molecules can be integrated inm the
chromosome, Wig., E. coli chmmosomc) utilizing, for e~cample) phage
transduction or transposition. Zhhus) the RecFlf coding sequences can be
engineered by standard techniques to be present in high copy, low copy or
single copy within each cell. A variety of different regulatory sequences
can be also utilized 30 far driving expression of the recombination
proteins. Each of thcx aspects of 38   ~= 9 FEB 200 WO 01/04288
PCT/EP00/06533 expnssiodstrain construction can be manipulated to yield
calls exhibiting a wide rau~e of recombination protein ac~a~ion levels. It
is to be noted that single copy duomosoatat versions of the recombination
pmtein coding sequences arc additionally advantageous in that such a
configuration fadlitates constrvw~tion of strains. S 5.2.1 E$I~EXPRESSrON
The bacterial rcvombimse may be eatprtssed either coastitutivcly or
inducibly in bacterial, Yast, insoct) or mammalian cells. In a prefx~ed
embodiment, recombination proteins are acpressod is a bacterial, most
preferably, ~ colt strain. For 10 mph ~ host cell may comprise the rec~E
and recT' genes located on the best cell chromosome. Examples of E coli
strains in which the expression of RecFIT is endogenous 



are known, for exacaple, !~ call sbcA sprains (Zhang et a1.,1998, sera).
Alternatively RecFn' may be rxombiaaculy txprrssed from aoa-diromosomal
DNA, preferably oa a plasmid vector, eg., pHADETY (Zhaag et a1.,1998,
supra) or pGETrec (Nacayanan et al.) iS 1999) Gene Then. 6:4424T. SiaOiIuly
ltada/(1 can be endogenous to strains that have ia~tod,1 prophage, or
acptGSSed from plasmids, for example pHADa~Y (Muyrers et ai, I999, supra).
ltecFlT andlor Reda/~ acpression constructs can be constricted according to
s~dard recombinant DNA techniques (see e.g.) Methods is Enrymology,198T)
volume 154, Academic Press; Sambmok a aL 1989, Molecular Cloning - A
LsboraLaay Manual, 20 2ad.Edition, Cold Spring I~rbor Press) New York; and
Ausubel et al. Clurcnt Protocols in `) Molaular $iology, Orcene PubLshing
Associates aid Whey Iacerscieace, New York) each of which is incorporated
hetrin by reamce in its wtirnty). Ia one csnbodimeat, R~ecFJT andlor
Redal(3 is exprdsed is E call from a high-copy plasmid such as a plasmid
containing a ColEl-derived origin of replication,. ~ examples of which arc
wel! known in the art (see Sambrook et a1.,1989) supra; see also
Miller,1992) A Short Course in Bacterial Genetics) Cold Spring Harbor
Laboratory Press) NY, and references th~eia~ such as pUCl9 and its
derivatives (Yanisch-Perron et a1.,1985) Gcnc i,:103-119). With respect to
regulatory controls which allow expression (either regulated 30 ~ ~mti~) at
a range of different expression levels, a variety of such regulatory -39
C- 9 FEB 2004  WO 0l/04288  PCT/EP00/OG533 sequences are well known to
those of skill in the art. The ability to generate a wide range of
expression is advantageous for 'utilizing the methods of the invention, as
described below Such expression can be achieved is a constitutive as well
as in a regulated, or inducible, fashion. 5 Inducible lion yielding a wide
rangt of exp~on can be obtaiaal by utilizing a variety of indua'ble
regulatory sequences. In one embodiment, for oxaanple, the IacT gone and
its gratuitous iaducer IPTG can by utilized to yield induc~'ble, hiplt
Itvels of~ expression of RecElf when sequences encoding such polypeptides
arc transcrilxd via the lacOP regulatory sequences. 10 ~ ltecE and RxT may
be ~ from different promoters, or altan~atively, the r~ccE and recT genes
may be acprested on a polycistronic raRNA from a singly promoter. Such
heterologous promoters may be inducibie or constitutive. Pr~ably the eon is
eontrotled by an inducible promoters. Inducible expression yielding a wide
range of expression can be obtained by utilizing a variety of induci'ble
regulatory sequences. 1S Ice one embodiment, for example, the lacl gene and
its gratuitous irlduca 1P'TG cam be utilized to yield inducible, high
levels of expression oR,xElf when soquencas encoding such polypeptides arc
transcribed via the lacUP regulatory sequences. A variety of otha inducible
promoter systems are well known to those of skill in the art which can also
be utilized,. Levels of expreuioa from RecEfT or Redal~i cod can also be
varied by . Z0 using pcnmoters of drat strengths. Other regulated ion
systems that can be utilized include but are.not. . limited to, the araC
promoter which is inducible by arabiriosc (AraC), the T1r f system.
Geissendorfer and Hillen Appl. Iu~crobiol. Hiotcchnol. 33:657-663), tire
pt, promoter of phage ~1 termperature and the inducible lambda repressor
CIrs, (Pirrotta,19?5; Nature Z54: ZS 1 I4-117; Petrcako et al., l989, Gene
78:85-91)) the trp promoter and trp repressor system (Benaett et a1.,1976,
Pros. NatI. Aced. Sci USA 73:2351-55; Wamc et al.,198G, Gene 46:l03-112),
the IacUi3 pronootex (Gilbect and Maxam, 1973 Pros. Natl. Acad, Sci. USA
70:1559-63), Jpp (Nokamura et al.) et al , l982, J. Mol. Appl.
Gen.1:Z89-299), the T7 genc IO promoter) phoA (alkaline phosphatase)) recd
(Horn et al. 1980), and the tae gromoter, a 30 trp-lac fusion promoter,
which is inducible by tryptophan (Amann et a1.,1983) Gcnc -40   



9 FEB 2004 WO 0l/0428$ PCT/EP00/06533 25 :167-?8)) for example) arc all
commonly used strong promoters, resulting is an accumulated level of about
1 to 10'i6'of total cellular protein fer a protean whose level is
controlled by each promoter. If a stronger promotes is desired, the tae
promoter is approximately tenfold stronger then lacUVS) birt will result is
high baseline levels of 5 boa, and siuould be used only when ovaExpression
is required. If a weaker pro~mota is required, atlas basxaial promoters are
well lmown is the art) for exauiplc, maltose) galactosc, or other desirable
promotrr (sequences of such pmtnoters tre available from Geabank (Barks et
a~ 1991, Nucl. Acids Res.19:2Z2~ 2230). Cells usethl for the methods
dcsca'bed hcc~cia are any cells coamiaing 10 RccEIT andlor RodaJ(i
roootabinascs. Preferably) the host cell is a gram negative bacterial '
cell. More pnfaabty, the host cell is as eatao-bacterial cell. Members of
the family Enterobacterlaceae include but are not limited to, species of
F,scherlchtcr, Salnwnella) Cttrobactu, Klebstettae, and Pmteus. Most
preferably the host call is an Fscherichia coli cell. Cells can also be
derived from any organ, including) but not limited to, yeast, fly, 15
moecu) or human cells, provided they ran be to expri~ss a suitable
reoombinase. The rocombinasc is preferably rxombiaase derived from E. coh,
or RodaJ~i reoombinase derived from phage ~, or a fuactioaelly equivateat
RecFlT oz Redo:J~ . rcoombinase systean derived fmm,Enterobacteriac~eae or
an Errtirobacterlaceae phage, wherein such systems can modiate
recombination bctwoen regions of sequence homology. Z0 Cells expressing
RccFJT aadlor R,edal~3 proteins may be made _ ~ ~~ ~vanoe and stored at
-70'C. Alternatively, the methods of the invention may be carried out is
any other cell type in which Qcprcssion of RccFIT andlor Redcl~i is
possible. For example, a varitty -. _ of hoes.-vector systdas may be
utilized to acgras the protein-coding sequence. ?here ZS include but arc
not limited to mamnmaliaa cell systems infected with virus (e.~) vaccinia
virus, adenovims) etc.); insert cell systems infected with virus (e.g.)
bacalovirus); microorganisms such as yeast containing yeast vectors, or
bacteria transformed with bactaiophasc, DNA, plasmid DNA, or wstnid DNA.
The expression elements of vectors vary in their strengths and
specificities. Depending oa the host-vector system utilized, nay 38 one of
a number of suitable tzanscriptioa and translation elements may be used..
In specific _41 _   v ~ CD LUU1  WO 01/04Z88 PCT/EP00/06533 embodiments,
the RecFlr' and/or R,edorJ~ genes are expresscd, or a sequence encoding a
functionally active portion of RocEn' andlor Redal~i. In yet another
embodiment, a of RecFIT or Rsdal~i comprising a domain of the RecFJT and/or
Radalp pmtcins are expressed. 3 Any of tha methods previously described for
the insertion of DNA fragments into a valor may be need ro construct
expression vectors coataiaiag a chimeric gave consisting of appropriate
hanxxiptioaallaauslational control signals and tlx.protein coding
sequences. These mtthOds may include tn tro recombinant DNA and synthetic
techniques and in viva re~nbinants (genetic recombination). Expression of
nucleic acid shoe . l0 encoding a RecFIT or Redala protein or peptide
fiaganent may be regulated by a second nucleic acid sequcace so tlsst the
ReeFlf or Redai~i protein or peptide is expensed is a host . transformed
with the recombiaaat DNA molecule. For example, expression of a RecEIT or
Reda/ protein may be coatrnllcd by any promota/enhauoer element known in
the art. . . _ Promoters which maybe usod to control RecFlT or Radal~3
exprasioa include, but are itot. I5 limited to) the SY40 early pmmotsr
region (Bernoist and C~amboa,1981) N~ure 290:304 310)) the promoter
contained in 'the 3' Tong terminal repeat of Rous sarcoma virus (Yamamoto,
et a~) 1980, Cell 22:787 79'i, the bmpes thymidiae lanesc promoter (Wagacr
et a1.,1981. roc. Natl. Aced. Sci. U.S.A. 78:l441-1445)) the regulartory
sequences of the metallothionedn gene (Brinster et m:,1982, Nature
296:39-42); plant expression  vectors 



20 comprising the nopaliac sythetase promoter region (Hcna~a Estrella et
a1.,1984) Nature 303 Q09-2I3) or the cauliflower mosaic virus 35S RNA
promoter (Gardsux, et a1.,1981, Nucl. Acids Res. 9:287.1), and the promoter
of the photosynthetic enzyme n'bulose biphosphate carboxylase (Httzrxa
>at<ella et u1.,1984) Natura 310:115=I20); promoter elements from yeast or
other fungi such as flee Gal 4 promoter) the ADC (alcohol 25 dchydragenase)
promoter) PGK (phosphogtYcao f1 kinase) promoter. tae phosphatase promoter,
sad the foUowiag animal haascriptional control regions) which exhibit
tissue speci5city and have been udli~od is tcaosgenic animals: elssta~e
Lgene control region which is active as pancreatic acinar oetls (Swift et
a1.,1984) Cell 38:639-64b; Omitz et al., 1986) Cold Spring Harbor Symp.
Quaut. Biol. 50:399-409; MacDonald, 1987, Hepatalogy 30 7:425-515); insulin
gene control region which is active in pancreatic beta cells (Hanahan, - 42
~` .g FEB zoo J WO 01I04288 PCT/EP00/06533 1985, Nature 315:115-I22),
immuaoglobulia gene wntic~oi region which is active in lymphoid cells
(Gmsscbedl et al ,1984, Cell 38:647-658; Adames et a1.,1985, Nature
318:533-538; Alacander et e1.,1987) Mol. Cell. 8iol. 7:1436-1444), mouse
mammary tumor virus control rcgian which is alive is tcstict>lar, breast)
lymphoid aad mast cells 5 (Leder st al.) 1956, Cell 45:485-49.i, albumin
gene control region which is active is lives (Piakert et af) 1987, Genes
and Devil. I :268 27t7, alpha fetoprotein gene eoalrol rtghan which is
active is liver (Krtunlauf ct af,1985, Mol. CeII. Biol. s:I 639-I648;
Hammcar et al.) Z98?, Scimee 235:53s8; alpha I-aatitrypsin gene cotrsroi
region which is active is the lives (Kelsey a a~) 198?, C3enes and Bevel.
I:161-171), beta-giobia gene control regioa 10 which is active in myeloid
earls (Mogcam et aL,1985) Nature 315:338 3d0; Kollias ct al.) l986) Cell
46:89-94: myelin buic paoteia gene eonbnol region which is active is
oligodendrpcyte calls is the brain (Readlu;ad ct a~, l987, Cell
48:T03-7l2); myosin light chain 2 gene control region which is active is
skeletal muscle (Saai,19$5, Nature 314:283 286)) and goaadotropie releasing
hormone gene control region which is active in the IS hypothalamus
(ll~Iason et ai;) 1986, Science 23.4:13T2-1378). In a specific embodiment,
a voctar is used that comprises a promoter operably 1'snked to a bacteria!
rxombinase (c.g.) RecE or Rec'T).encoding nucleic acid, one or mon origins
of replication, and, optionally, one or more seleet2~bla raarlcers (e.&, an
antibiotic mistance gave}. Z0 The chvxa vector must be c~tnpatiblo with the
vector plasruid described in ._ ~ ~~ 5~1, above. One of s)ull in the art
would readily be aware ofthe compatibility nquiranents necessary for
maintaining multiple plasmids in a single cell. Methods for propagation of
two or more constructs in proearyotic cells are well laLOwn to those of
skill in the act. for exsatple, cells containing multiple replicons can
routinely be selected for and ZS maintained by utilizing vectors comprising
appropriately campaxt'b!e origins of replication and independent selection
systems (sec Miller et a~) 1992, supra; Sambrook et a1.,1989, supra). 30 -
43    _~. 9 FEB 200  WO 01l04288 PCT/EP00/06533 5.Z.3 FIO~ST G~ ?he host
cell used for the cloning methods of the ptes~t invention and~for
propagation of the cloned DNA can be any cell which expresses the reeB and
recT aadlor redaarul red~dgcae products, or any exll is whichheterologous
esio~n of these genes is s pouible. Exsmaples of possiible cell types that
can be used include, but are not limited so, prokaryotic eulauyotic cells
such as b~ctaial, ya~t) plant,) rodeax, mice) human) insect, or maamaslian
cells. In a preferred embodiment, the host cell is a bacterial cell. In the
most prefemd cmbodima~t, tlu host au is an ~ call cell. F,xamplcs of
specific ~ cell a:raim that am be used are JC 8679 and 1C 9604. The
genotype of JC 8679 and JC 9604 is Sex 10 (~ifr) F+; F-, or F~: F-.TC 8679
comprises the mutations: recBC 2l, rceC 22, sbcA 23) tbr-I, ara-14, leu B
6) DE (gpc proA) 6Z, lacYI, tsx 33, gluY44 (AS), galK2 (Oc), LAM-his-b0)
relA l) rps ir3l (strR), xyl A5) mtl-1, argE3 (Dc) and thi-I. JC 9604
comprises the same mutations and further the mutation rccA S6. 1a as
alternative embodiment, a eukaryotic xll may be used a a host ceD for 15
the cloning and subcloning methods described'ha~ein. Any cell that
expt,ases or aan be caginarcd to a badaial rccombimse) or functional
equivalents thereof can be used. Cell lines derived fmm human) mouse,
monkey, or any other organism may be used. For example, non limiting
examples of vdl lines useful for the mctlrOds of the invention include CHO)
YERO, BHK, HeLa, COS,114DCK, 293, 3T3) and WI38 cells. Z0 A variety of
host-vector systaas may be utilized to introduce and express tde __) p~~ ~~
of RecFlT) Redadji or a functionally equivalent system. Such methods arc
well kaQwn is the art (see Ausubel et ol., Cumeat Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience New York).
Thaw include but are not limited to mammalian cell systems infected with
vine (e., vaccinia  virus) 



Z5 adenovirus, ete.); insect cell systems infected with virus (eg.,
baculovirus); microorganisms such as yeast containing yeast vectors, or
bacteria transformed with bacteriophage, DNA, pIasmid DNA, or eosmid DNA.
Methods for protein expression are also discussed its . Section 5.2.Z)
about. 3U    9 FEB 2004 __ WO 0l/04288 S.Z.4 TARC1~T DNA PCT/EP00/06533 The
target DNA is chosen according to expaimeatal design) a~ may be any
double-stranded DNA as short as one hue pair or over oar hundred kilobases
in length. In a specific embodiment, the target is,up to 100,12S, 200) or
300 kb is length. In another 5 specific embodiment, the target DNA i' 25 to
100 ldlobases, e.g.,,as p~seat in a HAC vcaos: Other specific anbodiments
of target DNAs are set forth in the Examples is Section 6. The target DNA
may t~eside on nay independently replicating DNA molecule such as) but not
limittd to) a plasmid, BAC or the E roll chromosome. The target DNA may
also reside on any aouroe of DNA including, but not limited to, DNA fiwm
any prokaryotic) i) 10 arehaebactaial or eukaryotic a11, 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., Drosophile), imrertebrate (eg.) ~ elegmrs),
Plant) etc. The DNA may be obtained by standard procedures known in the art
(set, eg., Sambiook et arl) I989, Molecular Cloning) A Laboratory Manual,
2d Ed., Cold 15 Spring Harbor Laboratory Prep, Cold Spring Harbor) NewYork;
Glover (od.), l985, DNA Cloning: A Practical Approach, MRL Press, Ltd.)
Oxford, U.K. Vol. I, In. 53 METHODS l~"OR USE OF THE INVENTION 53.1
INTRODUCTION OF DNA YN'1~0 ',COST CELLS ZO Any method known in the tat for
delivering a DNA ptcparation compaisiag the targrt DNA into a host cell is
suitable for use with the methods described above. Such methods are known
in the alt and include, but are not limited to electroporation of calls,
preparing conxpeteut cells with calcium or rubidium chloride, traction of
DNA with - ~ target DNA packaged in viral particles. For cukuy~otic cells)
methods include but are not 2S limited to electroporation, traasfection
with calcium phosphate precipitation of DNA, and viral packaging. In a
prefeed embodiment, eleetroporation is used. Cells coadaining Reel:If or
Reda!(i proteins are treated to make them competent for elcctroporatioa by
standard method' (ace Ausubel et a~, Gurxcat Protocols in Molecular
Biology, Graac Publishing Associates and R~ilty Iateaciencn, New York).
Preferably) about 50 pl of a 30 standard preparation of electro-competent
cells is used for electroporation~ by standazd - 45    9 FEB .200  WO
0l/04288 PCT/EP00/06533 procedures. In acperiments that require the
transformation of a linear or circular vector, 0.3 ~cg or more of vector is
preferably used In experiments that require the traasforrnation of a DIVA
prepa~ion containing the target DNA) 0.3 ug or more is pieferabiy used. For
cottaasformation acperiments; tha DNAs are preferably mixed before
ele~choporation. After 5 eleccroporation, tba cells arc prcferablp dilated
in culture medium and incubated for an approximately 1 and a baithours
recovery period before culturing tmda conditions to identify tire
phenotypic change conveyed by the selectable marker gene. In experiments
utiliring site-specific r~cambination or eadanucleasa cleavage of the
vector) a~oa of th~e~SSR or the endonuelease, or combinations of an 



10 SSR and as eodostuclease or two SSRs) is induced either before
preparation of electmcompetent cells, during the recovery period after
elecoroporation, or during culture to identify the xlectable marker
Optimally tht phenotypic change is resistance to an aatrbiotie and the
cells an cultured oa plates that contain the corresponding antibiotic. .In
this case) the antibiotic 15 resistant colonies that appear afta'oveszright
culture will predominantly contain the desired subcloning product. In
another earbodimau, DNA is delivet~d into the host cxll by transdr~cri~ of
DNA that has been packaged into a phage particle. P1 or ~ tcansduction and
paclt~tng protocols are known in the ant. ~. packaging attracts a~
available commercially (e:g.) $om 2Q Prnmega, Madison, Wn.  5.3Z OLIGONUCLE
ES - The oligonuclcotide homology arms, primers, and adapter
oligonucleotides z5 used in conjuiaction with the methods of the invention
tine often oligonucleotides ranging fmm I O to about 100 nucleotides in
length. In specific aspects) an oligonucleotide is 10 nucleotides,15
nucleotides) 20 nucleotides, 50 nucleotides, or 100 nucleotides in length)
or up to 200 auclcotidcs in length. Ia the preferred tmbodimcnt, the
oligonuclcotide is appro~dmadoly 90 micleotides in length. 30    ,- ~ rtri
LUU't WO 01/04288 PCT/EP00/06533 Oligonucleotides may be synthesised using
any method known is the art (e.g.) standard phosphoramidite chemistry on an
Applitd Biosystems 39?J394 DNA synthcsiar). Furihei, rageats for synthesis
may be obtained from any, one of many commercial suppliers. 5 An
oligonaclootide or derivative thereof used iri conjunction with the nxthods
of this invention may be sync using any method lrnown in the art, e.g.) by
use of as urtomated DNA syath~a (such as are commercially available from
Biosca~h) Applied Biosystems) etch As ales, pboaphomthioate
oligomtciaotides may be syathesiud by the mctttod of Stain et al (1988,
Nncl. Acids Res.16, 3209)) 10 mathylp6ospho~te oligonucleotides can be
prepazed by use of controlled pore glass polymer supports (Sarin et
cd,1988, Pros. Nat'1 Acad. Sci. U.S.A. 85, 7448 9451 ), ate An
oligonucleotide may comprise at least one modified base. Pm~~ ~ such
modification dots not iatarfere with homologous recombination. For acample,
such modifications may include, but arc not limited to 5-fluorourecil,
5-bromouracil, I5 5-chloaouracil) 5 iodouracil. hypoxan<hine, xaathine,
4-acetylcytosine) 5-(carboxyhydroxylmethyl) uracil,
S~boxymcthylaminomethyl-2-thioucidine, 5-carbo'xymethylaminomethyiuraril,
dihydrtruracil, beta-D-galactosylqueosiue, inosine,
Nfr~isopentenytadenine,1-methylguanine) 1-mcthylinosine,
~,2-dimethylguanine) 2-methyladenine) 2-mcthylguanine, 3 methylcytosiae,
5-methylcytosiae, N6-adenine, 20 7-methylgumiae) 5-methylaminomcthyluracil,
5-methoxyamiaomethyl-2-thiouraciI) beta D-m~oaylq~teosine)
5'-methoxycarboxymethyluracil, 5 methoxyuracil, 2-methylthio-N6
isopcntcayladeaine) uraa!-S-oxyaaetic acid (v), pseudouracil, queosine)
2-thiocytosiae) 5-methyl-2-thiouracil, 2-thiouraeil, 4-thiouracil)
5mcthyluracil) uraciI-5-oxyacetic acid methyleater, uracil-5-oxyaatic acid
(v), S-methyl-2-thiouraciI, 3-(3~amino-3 N-2 ZS carboxypropyl) uracil, and
2,6-diaminopuiine. An oligonucleotide may comprise at least one modified
phosphate backbone, provided that such modification does not interfere with
homologous recambinatioa. 'Such 



modific~tioa may include, but is not li~itcd to, a phosphorathioate, a
phosphorodithioatc) a phosphoramidothioate, a phosphoramidate, a
phosphozdiannidate) a methylphosphonate, an 30 alkyl phosphotriester) and a
formacetal or analog thereof.. -47   ~= 9 FEB 200 _v WO 0l/04288 5.3.3 D~1A
AMPLIFICATION  PCTlEP00/06533 The polymaasc chain reaction (1'CR) is
optionally used in coitnucctioa with the iavartioa to amplify a desired
soqu~eacx fmCn a source (eg , a tissue sample, a genomic or cDNA library).
Oligonucleotide primes rcpnseadag ~knowa seqtseaces cam be used as S p:imas
in PCR. PCR is typically carried out by use of a thmmal cycler (e.g., from
Palacr F.Lma Cet~) and a thermostable poll (e.g., Gene Hmpt"" brand of?aq
palymerax). The nucleic acid tcaiplate to be ampiised may include but is
not limited to mRNA, cDNA or geaomic DNA from say species. Tlve PCR
a~uplification method is wrll brows in the art (sea, r.&) U.S: Patent Nor)
4,683,202, d,683,195 sad 4,889,818; GyDeasteia at af,1988, 10 Pros. Nat'1.
Aced. Sri. U.S.A. 85) 7652-9656; Ochman et ah, 1988, tmxtics 120) 62I-6Z3;
Loh et a1, I989) Science 243, 2I?-220). 5.4 ~~THODS FO~t~IAGNOS'TIC
APPLIC.~,TION~ 15 ~ of the pramt invention may be used to detect, pc~na~r)
. diasnose) or monitor various infections) conditions) diseases, and
disorders associated with the g~mce of a foreign DNA o~ variant DNA) or
monitor the tr~tneat thaeo For example, as dacribcd in Sativn 5 4. I,
bclovr, the methods may be used to detect) pmgnox, dia~tose, or monitor
various infections and diseases) swch as diseases a~ssoci~ded with a viral
~0 infection, a bactQial infearon, or infection by a protozoan, parasite,
or other lmowa patha6en. As desai'bed in Sadoa 5.42, below) the methods
ca~a also. be used Lo detect) pnognosc) diagnoss, or monitor various
infections, conditions, diseases, and disorders associated with the pres~ce
of variant DNA) such as a gon~etic mutation or a single nucleotide
polymorphism (SNP). Methods for such diagnostic purposes are described in
ZS detatillaa~beloai. 5.4.1 OE'fEGTION OF FOREIGN DNA The methods of the
invention described hcresaabove can be used to detect foreign DNA) such as
a viral or bacterial DNA, stemming from exposure to a pathogen, in a 30
~ti~ ~~sed M the pathogen. 'Ihe patient may or nnay~not exhibit the
symptoms of - as    9 FEB 2004  WO ~1IQ4288 PCTlEP00/06533 infection by the
pathogen or the presrnce of a disease or disorder associated by the
presence of the pathogen. In vac embodiment, for example, a target DNA
sample can be prepared from the DNA from a patient having or suspected of
having such a disease or infection. Horoolo~ aims having sequa~ce homology
to a foreign targat.DNA can be designed sad 5 pr~ared. The sample DNA can
then be introduced into an E colt host cell that acpressa a bacterial
rrcrombinase and that oo~ins the vector DNA) by any of the a~Ods dGSCn~d in
Section 5.1, above. 1n an alternative embodiment) adaptor oligonucleotida
can be designed comprising a first sequeaoe homologous to s vector sequence
and a second sequence homologous to the foreign target DNA, oriented as
described in detail in Stction 10 5.1) above. Such adaptor oligonucleotides
c8a be used either to co-traasfect, together with 



the sample DNA and the vector DNA, as E toll host cell that acpresses
RecF.~T or Rcdarl~i, or can be transfocted directly into cells that already
comprix~ve~ctor DNA and sample DNA. Cells are then grown is selective
media, as desalted is Section S.I about) and cells that resist scloctioa
can be analyzed for the presence of an insert of the appropriate size. 15
?he tasget DNA can be isolated fmm a patient or subject's biological
sample,, such as, but oat limited to, whole blood, plasma) serum) skin,
saliva, mine) lymph fluid) cells obtained from biopsy aspin~ tissue cultura
cells) media, or non-biological samples such as food, water, or other
material. Methods for preparation of DNA from such sourcxs arc well known
to those of sltill is the art (see, e.g., Ctnrcnt Protocols is Molecular
Biology ZO series of laboratory technique manuals) 1987-199 Current
Protocols. l994-1997 John Whey and Sons, Iac.). Ia one embodimaxrt) for
example, where it is desirod to detect or diagnoac a viral infection or
discs9e, the homology areas can comprise DNA sequeaas homologous to DNA
sequences of known viral DNA. The methods can be used to deteet awd isolate
viral ZS DNA eitha as a viral DNA stand) or a DNA replicative iattrmediate
of a DNA or as RNA In one embodiment, for example) DNA genomes or
rtplicative inteariediatts of DNA viruses may be directly targeted using
homology arm sequences designed to be homologous to viral seqof such DNA
virusts including, but not limited to, hepatitis 30 type B virus,
parvovirusts) such as adeno-associated virus and cytomegalovirus, -49   J
FEB Z004 v WO 01/0288 PCT/EP00/06533 papovavinucs such as papilloma virus,
polyoma venues) and SV40) adenoviruses) herpes vines such as herpes simglex
type I (HSV I), herpes simplex type II (fiSV-II), and Epstein Haa virus,
and poxviruses, such as varivla (smallpox) and vaccinia virus. In aaothet
eanbodimeat) the replica~ive intermediates of r~roviral RNA venues that
replicate 5 . through a DNA imeaaediate may be directly targeted using
homology arm seguaaxs designed to be homologous to viral seqtam~s of such
RNA vin>ses, including but not limited to human immuaodeficiency virus type
I (HIV-n, human immunodeficiency vines type Ii (HIV-iI), human T-ettl
lymphotropic virus type I (HTLY-n; and human Z'-cell ) IYmP~~Pic vitas type
II (HTLY II). In another embodiment, in order to detect and isolate 10 the
gammic or replicaiivc intermediates of RNA vitas that replicate through an
RNA intermediate) RNA may be isolatod and transcn'bed into a cDNA copy of
the RNA using reverse t:aasaiptase accordiavg to methods well Imown is the
art. Such cDNA copies may be used as target DNA ro detect the presence of
RNA vinrses such as inflacnzs virus, measles vines, rabies virus, Sandal
virus) picornaviruses such as poliomyaliti' virus) 15 coxsaclaeviruses,
rhinovinases, reoviruses, togavirases such as rubella virus (German
measles) and Semliki forest vine, arboviruses, and hepatitis type A virus.
In another preferred embodiment, where it is desired to diagnose or detect
bacterial infections) the homology arms can comprise BNA sequences
homologous to DNA soque~s of known bacteria. For example, in one
embodiment, such homology ann DNA ZO sequences msy be homologous to cDNA or
genomic DNA of a patlzogeaic bacteria including) but not limited to,
Streptococcus pyagenes, Streptococcus pneumoniae, Neisscria gonorrhoea,
Neisseria merringitidis, Corynebacterlum diphtheriae, Clostridium
botulinr~nr, Clostridium perfringens, Clostridium lateral, Haemophilus
influemae) Klebsiella pneumonioe, Klebsiella ozaencte, Klebslella
rhinoscleromotls, Staphylococcus aureus, 2S Yibrio cholerwe, Escherichia
role) Pseudornonas aeruginosa) Carnpylobacter (Vibrio) fetus, Campylobacter
jejune, Aeroronas hydrophita, Bacillus cereus, Edwardsietla larder,
Yersirria enteroeolitica, Yerslnia pastes) Ytrsinia pseudotuberculosis,
Shigelle dysenteriae, Shigella Jlexnetz, Sltigella sortttei, Salmonella
lyphimurium, Treponenra pallidwn, 



Treponema pertenue, Treponenea carateneunt, Borrelia vincentii, Borrelia
burgdorferi, 30 Ixptospira icterohemorrhagiae, lt~yeobaeterium
tuberculosis, Toxoplasrna gondii, -50   .- 9 FEB 2004 WO 01/04Z88
PCT/EP00/06533 Prreumocystis cariii) Francisella tularensis) Brucella
abortus, Brncella suis, Brucella melltensis) My~coptasma spp., Ricxettsia
prowareki, Rickensia tsutsuganushi) Chlcrnry~dia spp.) and Helirnbader
pylori. In another eiabodimcat) such homology arm DNA sequences may be 5
homologous to cDNA or genomic DNA of a pathogenic llutgi including) but not
limited to) Coccidioidts bmniHs,.IspergillusJuneigat~rs, Caadida olbicans)
Blostomyces dermatitidit, t:ryptoeoeeus neoJornearer, and Histoplasma
capsulatran. In another prebcrrod embodiment, where it is desired to
diagnose or detect pratomai infections, the homology arias can visa DNA
s~uences homologous to 10 DNA scqucaces of known protozoan. For example)
such homology arm DNA sequeacas may be hoanologous to cDNA or gcnomie DNA
of any known gmtozoan. Especially interesting are pathogenic pmtozoe~s such
as F.rrtomocba histolytica, Triclromonas tenors) ?Y ic3tomonas hominis)
Tricfiomonas vagtnalis, ?lrypmrosoma gambierrse, Trypanosoma rhodesierue)
?l~ypanosoma cruii) Leishmarria donovani) Zeishmmria tropics, Leishmania 15
braziliensis) Pneumocystls pneumonia, Plasmodium vivca`) Plasmodium
Jalaparum) and Plasmodium malaria. In yet another preferred e~abodimatt,
where it is desired to diagnose or dctoct parasitic infections, the
homology arms can comprise DNA soquences homologous to DNA sequcaeGt of
known parasite. Far example, such homology aim DNA sequences muy 20 be
homologous to cDNA or gtaomic DNA of any known parasite including, such as
Helnninths including) F.rucrobisis vermiculatis) Trfd~rrris trichiura)
~tcaris.lurbricoidt~) Trichinella spiralLs, Strongyloides stercoralis,
Schistosoma japonicum) Schistosoma manroni, Schistosoma haearatobium, and
hookworms. 25 5.4.2 DIAGNOd ISQ,~A~ONS AND POL~ORPHISMy IN CELLULAR D The
methods of the invention eau also be used to isolate and detect genetic
disorders is a patient's sample, and to progaose, diagnose) ar monitor
various conditions) diseases, and disorders associated with the presence of
variant DNA, such as a genetic 30 -51    a. WO 01J04288 PCT/EP00/06533
mutation or a single nucleotide polymorphism (SNP)) as wdl as to detect a
genetic disposition for developing s disease err disotda: In omc
embodisacat) for example) a target DNA sample can be prepared from 



DNA isolated from a sample firm a phaving or suspected of having such a
genetic S disease or disorder. In a preferred aabodimert) a vector
comprising homology arms baring soquence homologous to a particular gene of
int~aat or c raglan of interest can be dasigned and prepared) and)
in4roducod into sn l~ call host ocll that acpressa.a bac:,~al rcoombinase
such as R~ecFIf and/or R~edaJj3. The sample DNA can than be introduced into
the host cell: In as altemativo embodiment, adaptor oligonucleotides can be
designed 10 comprising a fast sequence homologous bo a vector seqtunct and
a saxrad sequence homologous to the DNA of the target gene of iate~t,
oriestted as described is detail-in Soctivn 5.1, above. In a prefeaod
embodiment) such adapto~r oligonucleotides caa.be used either to
co-transfect, together with the sample DNA, as E coli ~hosrcell that
expicsses.RccFJ'T and/or RedaJ~i and cot>mins the vextor DNA. Altcmativdy,
any of the other 1S ~Ods for homologous recombination cloning descn'bed in
detail in Section 5:1, abav~e; can be used. Cells are thw in selective
media, as descn'bed is Section 5.1 above) and cells that tcsist selection
can be anatyxed for the pox of an insert of the appropriate size. DNA can
then be analyzed for the of a mutation o~r DNA variation of interest by
tastrietion analysis or sequencing techniques well known is the art (see,
e.g.) Current ZO protocols in Molecular Biology series of laboratory
tachnique manuals) 1987-l994 Current Protocols) 1994-1997 Ioha Whey and
Sons, lac:). Itt as altetnative embodiment, the homology arm or adaptor
oligonucleotide may contain the sequence of the genetic mutation or DNA
polymorphism of interest. Ia this embodiment) recombination will only occur
if the sample DNA .contains the mutation. - This ZS may be useful for
diagnostic saecaing of a large member of samples for a particular mutation
or DNA polymorphism) since only cells containing a particxrlar mutation
will be resistant to selection. The target DNA may be obtained from any DNA
sample) such as gcnomic DNA, eDNA) or mitochondrial DNA. In one embodiment;
for example;, the target DNA can 30 be a region of a human chromosome. 1a
another embodiment) the target DNA' is present in - SZ    ~- 9 FEB 2004 .;
_ WO 01/04288 PCT/EP00/06533 a mixed population) e.g., a population of
genomie DNAs derives! from a plurality of subjects of int~t, for example)
subjects afflicted with a particular disorder. Such targot DNA can tie
obtained from a biological sample, such as) but not limited to) whop blood)
plasma, sert::a, skin) saliva) urine) lymph fluid, cells obtained fi~oca
biopsy aspiraae, tissue S culture cells, media, or non-biological samples
such as food, water, or other material. Methods for potion of DNA fmm such
sores are wrll !mown to those of stall in the art (sae, e.&) Current
Protocols in Molocular 8iokogy.series of )aboratory technique manuals)
198?-l994 Cutreat Protocols) 1994-199? Joha Whey sad Sons, Ine.).
Non-limiting examples of geaetlc disorders that can be tested using this 10
method include mutations and SNPs associated with such hereditary diseases
as Brag 1 sssoGated with breast cancer, mutations implicated in cystic
fibrosis) Tay-Sacks disease, sickle cell anemlat hemophilia,
atherosclaosis) diabetes. lcukaaia, prostrate and other cancers) sad
obesity. Such hereditary diseases may include dcgcnaative and non
degenerative neurological diseases such as Alzheimer's disease, Parkinson's
disease) 15 amyot:ophic lateral sclerosis) Huntington's disease, Wilson's
discasG, spinal ceicbcllar ataxa) Friedreich's ataxia sad other ataxia:)
prion diseases including Craz~'eldt-Jaloob disease, dbral pallidoluysian
atrophy, spongifotm encephalopathies, myotonic dystrophy, depression,
schimphrenia, and epilepsy- Herreditary diseases may also include meabolic
diseases such tis) for example, hypoglycemia or phenylketonuria
Cardiovascular ZO diseases sad conditions are also included, non-limiting
exaaaples of which include antherosclerosis myocardial infacrtion sad high
blood pressure. The invention can further be used for detection and
diagnosis of Lyme disease, tuberculosis) and sexually transmitted diseases.
In another embodiment) the homologous recombination cloning methods of 25
the invention can be used for determining the genetic basis of a disease or
disorder. For example, target DNA can be isolated from a sample of a
patient or patients afflicted with a disorder whose genetic basis is not
known. In one cabodimeat) the cloning methods could be used to isolate a
region of a chromosome !mown or suspoctod to be implicated is such a
disease~or disorder) from a group of patients known or suspected of having
such a disorder. 30 Zhe recovered DNA can then be isoiatcd sad analyzed
further for the presence of genetic - 53    ~- ~ rte ZU04 ,. WO 01/04288  



Pf:TIEP00/06533 mutations or polymorphisnns) using techniques well known in
the art for mapping variations in DNA) such as restriction firagmeat length
polymorphism, or otlut SNP ddation techniques (see, e.g.) Nikiforov et al.)
U.S. Patmt No. 5,679,324 issued OGt 21) 1997; McIntosh et ol) PGT
publication WO 98159066 dated De~ber 30) 1998; Goclet at al.; 5 PCT'
publication WO 93l12607 dated May 11,1993; Wang et a1.,1998, Science
280:I077 108Z; Tyagi a ol, I998, Nature Blot~l. l6:49-53; (3~ a aL) 1998)
Gmo~e Ra. 8:349-S36; Pastinan a a1,1996) Clip. (Z~em. 42:I391-1397; C~en et
a1.,1997, Proc. Natl. Aced. Sci. 94:107i6-l0961; Sherbcr a a1.,1997, lium.
Mol. C3ca. 637347; Liu et a~) 1997, GenomEe R,e~. 7:389-398; Livak et aL)
l995, Nat<u~e 9:341 342; Day and 10 Humphries) 1994) Annul. Biocbem.
222:389-395). Non-limiting rxamples of targCt disorders of clinical iataest
include arthritis, psoriasis, dcc~aa, allergies, dmg resistaac~ drub
toxicity, aid cancers such as, but not limited ta, human sarcomas and
carcinomas, eg . fibmsatroma, myxosarcoma, liposaromaa) chondrosarcoma)
osteogenic sarcoma, chordoma, aagiosarcoma, 13 endotheliosarcoma)
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma) mesothelioma;
Ewing's  tumor, leiomyosarcoma, rbabdomyosarcoma, colon carcinoma,
pancreatic , breast cancer, ovarian cancer prostate c~neer) squamous Belt
carcinoma) basal cell carcinoma, adenocarcinoma, sweat glend carcinoma)
sebaceous gland carcinoma) papillary PaP~~Y adenocarcinomas,
cystadenocarcinoma medullary 20 c;areinoma, bronchogenic  earciao~ma, renal
cell careiaoma, hepatoma, bile duct carcinoma" choriocarcinoma) seminoma
embryonal carcinoma, Wilms' tumor) cervical cancer) testicular tumor, lung
carcinoma, small cell lung carcinoma) bladder car~oma) epithelial
carcinoma, glioma, a~ytome) medullablsstoma, craniopharyagioma, epeadymoma,
pinealoma, hcmangioblastoma, acoustic aenroma, oligodcudmglioma,
maningioma, 25 melanoma, ne~a~oblastoms) zetinoblastoma; leukemias e.g.,
acute lymphocytic leukemia, and acute myelocytie leukemia (aryeloblastic)
promyclocytic) myelomonocytic) monocytic and crythroleukemia); chronic
leukemia (chronic myclocytic (graaulocytic) leukemia and chronic
lymphocytic leukemia); and polycythemia vera, lymphonsa (HodP"kia's disease
and non-Hodgkia`s disease)) multiple myeloma, Waldmstrom's
macroglobulinemia, and heavy 3f1 chain disease. The homologous
recombination cloning methods can further be useful is    ~- 9 FEB 2004 .'
_ _.' WO 01/04288 PCT/EP00/06533 diagnosing and detecting genetic diffennca
and diagnosis of patients with autoimmune dises~ses, including but not
limited to, insulin dependent diabeta mellitus) multiple sclerosis)
systemic lupus erythematosus, Sjogren's syndrome, seleroderma,
poIymyositis, chronic active hepatitis, mixed connative tissue disease)
primary biliary cirrhosis, 5 pernicious anemia autoimmune thyroiditis,
idiopathic Addison's disease, vitiligo, glutca sensitive enterapathy,
Craves' disease, myasthenia gravis; autoimmune neutropenia, idiopathic
thrombocytopenia purpura, rheumatoid arthritis, cirrhosis, pemphigus.
vulgaris; autoimmune infertility Goodpasture's disease, bullous pemphigoid,
discoid lupus, ulcerative colitis, and dense deposit disease. 10 Homologous
recombination cloning methods may also be used for isolating) diagnosing)
and detccang DNA mutations, alterations, variations, sad SNPs not
associated with diseax. Non-limiting exempla include such DNA mutations)
alterations) variations; and SNPs present is non-trading genomic sequences,
or DNA mutations) alterations, variations; and SNPs associated with
different human blood groups. 15 In a preferred aspect of the invention,
the methods of the invention may~have particular utility in the isolation,
d~tioae" diagnosis, prognosis, or mozaitoring of human DNA mutations,
alterations, variations, and SNPs. It is appreciated) however, that the
methods described herein will bra uxful in isolating, dete~ng) diagtnosing)
progaosing, o~r monitoring diseases other mammals for exarnplc) farm
animals including cattle) horses, ) ZO sheep, goat, sled pigs) household
pets iaeluding cats and dogs; and plants including 



agriculturally important plants and garden plants. 5.5 I s Zhe invention
further provides kits drat facilitate the nse of the homologous 25
recombination cloning and subcloaing iucthods described herein. Ia. one
embodiment, a kit is provided comprising, m otLe or more containers: A) a
double-stranded DNA vector useful for directed cloning and subcloaing of a
target DNA molecule of interest, said vectoi comprising an origin of
replication and two hornolvgy atrns) in tht following ordct fi~om 5' tv 3'
along a vector DNA strand: a f rst homology arm, the origin of replication
and a 30 second homology arm; such that the nucleotide sequence of the
first homology arm on a -55   - 9 FEB 200' ,. ,~ ._ WO Ol/0~288
Pt:T/EP00/06533 fast vector DNA strand is haawlogous to the sequence of the
first terminus on a first target DNA strand, and the msclootide sequence of
the second homology um on the first vector DNA strand is homologous to the
auclootide sequence of the second terminus on tha fast target DNA str$nd;
sad b) a~cell conmining a bacterial recombinasc. The cell cs~n S
endogenously err recombiasnily express tha re~xnbinase. In aaotba~
embodiment, a 1dt useful for directed cloning or subcianing of a target DNA
molecule in one or more containers is pmvidcd, comprising: a) a doubIc
stranded DNA vector useful for diratcd cloning and subcloning Qf a target
DNA molecule of interest, said vector carnprising as origin of replication
and two hoatology:ar~ms,-in the 1 O following order from 5' to 3' along a
vector DNA strand: $ first homology arm, the origin of rzplication and a
second homology arm, such that the nucleotide sequeaa of the first 6oawlogy
um on a first v~tor DNA strand is homologous to the soqueace of the fast,
tumiaus oa a first target DNA strand, and the nucleotide sequence of the
second homology arm oa the fast vectaar DNA strand is homologous to the
nucleotide sequence of ti~e.sccoad. 1S tcrmiuus on the first target DNA
strand; and b) a first double-suaudod oligonucleotida comprising a first
oligoaucleotida DNA strand comprising) is the following order, from 3' to
S: a first sequeacx and a second sequence) said first nucleotide soqueoae
being homologous to the nucleotide soquence of the 6uat homology arm on
said vector DNA strand, and said second nucitotide saquencc beirq;
homologous to the nucleotide sequence 20 of a fast terminus on a target DNA
strand; c) a second oligonueleotide comprising a seoor~d oligonucleotidc
sttrtnd 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 soqucuvc of the second homology
arm oa said vector DNA _ strand and said fourth nucleotide soquencc being
homologous to the nucleotide space of 25 a second terminus ort said target
DNA strand; and d) a cell oonvirriag bacterial reeombiaase proteins, ~.g.,
RecF,JT aadlor Roda!(3 proteins. In a specific embodiment, the cell is an ~
~pr~ all. In another cmbodimeat) a icit is provided with one or more
containers comprising: a) a double-stranded DNA vector useful for directed
cloning and subcloning of 30 a target DNA moloeuIe ofinterest, said vector
comprising an origin of replication and two -56   - v . f.VV :- g FEB 200
.' . ., WO 0!/0288 PCT/EP00/06533 homology arms, is the following order
fi~om S' to 3' along a vector DNA strand: a first homology arm, the origin
of replication and a second homology arm; such that the nucleotide setp~nce
of the first homology artn on a first valor DNA strand is homologous 



to the sequence of the first terminus oa a first target DNA strand, and the
m~cleotide 5 scquenve of the second homology arat on the first vector DNA
strand is homologous to the nucleotide xquence of the second teaninus an
the first target DNA strand; b) a first daublestranded oligonucleotide
comprising a first oligonucleotide DNA strand comprising, in the following
order, from 3' to S': a first nucleotide sequence and a second nucleotide
sequence, said first nucleotide sequtnce being homologous to the nucleotide
sequence of the first 10 homology arm on said vector DNA strand) and said
second nucleotide sequence being homologous to the nucleotide sequence of a
fast terminus oa a target DNA strand; and c) a second oligoaucleotida
comprising a second oligonuckotide strand comprising) is the following
order) from 3' to 5': a third nucleotide sequence and a fourth nucleotide
sequeax) said third nucleotide sequence being homologous to the nucleotide
sequence of the second 13 homology arm on said vector DNA strand and said
fourth sequence ring homologous to the nucleotide sequence of a second on
said targtt DNA strand. In various spoafic embodiments, the target DNA of
the~kit is bacterial, viral, parasite) protozoan, or pathogenic DNA. In
other specific embodiments, the kit's target DNA can oamprisc a genetic
mutation or polymorphism known or suspected to be 20 associated with a
disordtr or disease. In another specific embodiment, in oligonucleotide'
adapter soqt>a or vector homology amts have sequence homology to HAC) PAC)
lambda, plasmid or YAC based cloning vectors. 6. E?~ANIPLE: REG"IrJT ANb
REDa/~CLON1NG AND SUBCLONIrIG ZS The Examples presented in this section
dessxibe a number of experiments which demonstrate the successful cloning
and subcloniag using the homologous recombination methods of the invention.
Diffenat appmachcs to. subcloning methods arc shown. Of particular note)
one example shows the suarssful cloning of an insert larger than any
described previously - the directed subcloning of a 25 kb DNA fragment from
an 30 approximately i50 kb BAC vector. -57   _ '= 9 FEB 2004 . WO 01/04288
PCT/EPOOJ06533 6.1 METHODS AND MATERIALS Prepararlon ojlluem~Fagmerus
Standard PCR reaction conditions were used to amplify linear DNA fiagmcats.
The 197Z by of plSA origin plus kanamycin-resistance gme (fi~om Tn903) tom
5 pACYC177 was amplified. The origin plSA allows tbi' pla~mid or
recombinant  to co-exist is cells with otltetplaswids that carry a ColE1
compatibility group origin. .The 1934bp of chloramphenicol (from Tn9)
resistant gtne plus plSA origin was amplified from pACYC184. The
oligonucleotides used in the PCR ruction comprised) at than 3' mds) 10 and
18-30 nucleotide sequence to serve as a primer on pACYC plasmids, and at
the S cads, a 50 to 60 nucIootide stretch of sequeaoc homologous to the
flanks of rive target DNA region. For long oligonucleotides) the PCR
reaction annealing temperahar tt9od was 62C. PCR pcaducts was purified by
using QIAC1EN PCR Ptuification Kit (QIAQEN) and elutod with dHiO. The
template DNA was efimiaatcd by digesting PCR products with Dpn I. 15 Afkr
digestion, PCR ptndu~cts were precipitated by ethanol and ~speadod is dH=O
at 0.5 itglul. Preparation of compettnt allt Electroporation competent
cells were prepared by standard methods. Briefly, Z0 overnight cultures
were diluted 100 times into LB medium with appropriate aan'biotics. ~ colt
cells were grown to an optical density of OD ~=025-0.4 and were chilled on
ice for 15 min. Bacterial cells was centrifuged at 7,000 rpca for 10 min at
-5 C. The bacterial cell pellet was rauspended in ice-cold 10'!. glycerol
and pelletcd by centrifugation at 7,000 rpm 



at -5 C for 10 min. After 3 times vrashing in ice-cold I0! glycerol cad
recentrifugation, IS the cull pellet was suspended is a volume of ice-cold
10! glycerol oqual to vohune of oclls. The competent cells were dividod
into 50 pI aliquots in eppendorf tubes, swap roun in liquid nitrogen and
stor~od at -TOC. Facperiments with the plasmids pBAD-ETY or pHAD-air
involvod~ transformation ofthese plasaaids into >r. eo4 hosts by standard
mesas) followed by growth 30 overnight to saturation in LB medium plus 0.2!
glucose, SO ~~ml ampicillin, the cultures -58 T   C' 9 FEB 200 ~. ,~ WO
Q1/04288 PCT/EP00/06533 were then diluted 100 fold into LB plus 50 Itg~ml
ampiciliin and growth to OD ~ of 0.15. L-Arabiuose waS then addtd to 0.1!0
of 5aa1 concentration. The cells w~c grown to ODD of 0.25--0.4 before
chilling oa ice for 15 min. 5 Electroporation A solution of DNA in 1 pl
(ea~ining appmximatdy 0.5 pg DNA or mono for contransformation, or
approximately 03 pg vector DNA or mare only for cells harboring the target)
oa approximately 0.5 ~tg DNA or more containing the target for cells -
harboring the vector) was miucod with comp~t cells. The cells - DNA mixture
was I O ~fcrrcd into an ice-cold cuvette. Elxtraporation was perfo:aned
using a Bio-Rod Gene PuLser set to 25 OFD, 2.3 kV with false Controller set
at 200 ohms. LB medium (1 ml) was added niter electroporatioa The cells
were iaasbated at 37C for 1-1.5 hour with shaking and then spread on plates
containing the antibiotic cornsponding to the selectable her gene in the
vector. 15 6.2 Tablc 1 summarize. six acpaiments is which variotu target
DNA regions of inteccst were subcloned using different sources of RecFJT or
Reda/~i expression. The first column) entitled "ET expression" rcfas to the
source of RocFn' or RedarJp , eithex 20 endogenous ~ in ~ coli hosts 1C8679
or 1C9604) or from plasmids pBAD-recFlf o! pBADa~Y) ss indicated. The
second column indicates the ~ coli host uxd. The third colunm indicates the
target genes. In the first experiment, the recFJ'f gene resident in the ~
coli chromosome was subcloned in the E. call strain 3C8679, in which
expression of RecFlT is constitutive. IS This was accomplished using the
strategy outlined in Figure 2. Oligonucleotidcs were designed and
synthesized having the following sequence:
5'-TTCC'TCTGTATTAACCGGGGAATACAGTGTAATCGATAATTCAGAGGAATAG
CTCGAGTTAATAAGATGATCITCTTGAGATCG~ 3' (SEQ ID N0:1 ) 30 and -59   ,'-~ 9 FEB
20( . . :.-~. .~.~ . , - WO 01/04288 PCT/EP00/06533
5'-CAGCAATGTCATCGAGCTGAGACTTACTGATACCGGGACCCGCGTGGTAATT
CTCGAGTGATTAGAAAAACTCATCGAGCATC-3' (SEQ ID NO:Z) 



to' amplify the pl SA origin of replication and Tn903 kanamycin resistant
gme pt~at is pACYC I ~'!. The results of this acpaioneat are su~anmuri~ed
is the fast mw of Table 1. 5 TABLE I ETF..coliTugetTotal'/. correctIO
a~prwionboat=saescolonies~ (of I~FudogeaousJC86?9r~ecErr in E.oofi
duomosomes40a9~E~EndogenousJC8s79lacZ is E.coli ehromosoerie76094ZS
~~$~us1C9604 .lacZ is E.coli chromosome -290l00~F~pBACJCS519Gintansirirc is
high copy plasmid>3,0001 ~pBAD-aBYHB 101IaeZ is E.coli
chromosome37094pBAD-aHYHS996Irrtr~on3 of mAF4 is BAC160$3io  In the second
expeJriment, the lacZ gene resident is the E toll chromosoumc was subcloncd
in the E toll strain 1C8679) is which expression of ReeFJT is constitutive.
Tltis~was eCCOdnplished using tho strategy outlined in Figure 2. The vector
was made by PCR using oligonucleotides of the following xqueacx:
s'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACT~CATCGAGCATCAAATG-3' (SEQ ID N0:3) and 30 -60   - ~
9 FEB 20 L.. WO 01/04288 PCT/EP00/06533
S'-TCAGGGGA.AAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCT'TAATAAGATGATCTTCTTGAGATCQ-3' (SEQ ID N0:4) to amplify the plSA
origin of replication and Tn903 lcaaamyan resistance gene present in
gACYC177. . Results are suauaarixed in the second row of Table 1.
experinreat, gene nsideut in the ~ coti cbro~osotne ~ the ~a w~ l~z was
subcloned in the ~ coli strain 1C9604, is which acprasiotr of RecFlf is
constitutive. 'ILis was accomplished using tlx strategy outlinod iri Figure
2. The veenor was made by PCR using oligonucleotides of the following
saquanoe: 5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO:S) and
5'-TCAGGGGAAAACCTTATITATCAGCCGGAAAACCTACCGGATl"GATGGTAGG 15
GA'~AATAAC'ATGATCTTCTTGAGATCG-3' (SEQ ID N0:6) to the plSA origin of
replication and Ta903 kanamycin resistance gene prexat pACYC 177. Results
arc summati~cd is t6c third row of Table I . In the fourth experiment, the
geatamicin gene resident on the high copy plasmid pFastBACI (Gibco) wss
subcloned is the E. coli strain JC5519 using the strategy ZO outliaad in
~guce 3. Expression of RccEIT was provided by the plasmid pHAD-trcFJf aftsr
this plasmid had been fed into 1C5519) followed by arabiaosE induction
befo~c~e preparation of competent celU. The vector was made by PCR using
oligonucleotides of the following scqucncx: ~
S-TGCACTTTGATATCGACCCAAGTACCGCGACCTAACAATTCGTfCAAGCCGA
GGATCC'ITAATAAGATCATCTTCTGAGATCGTTITGG-3' (SEQ iD N0:7) and
5'-TGCATTACAGTITACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCTT
CAfIAATTCTGATTAGAAAAACTCATCGAGGATCAAATG-3' (SEQ ID NO:S) 30 -61   - ~=~ 9
FEB 200  WO 01/04288 PCT/EP00/06533 



to amplify the plSA origin of replication and Tn903 kaaamycin resistance
gene present in pACYCl77) the PCR product was mixed with BaatIil digested
pFastBACl for cotraatformation and plating onto gammicia plus lcanamycin
containing plates. 1a the bfth exaenpIe, the lacZ gene rtsident is the E
coli chromosome was S subcloned in the ~ cbli strain HB 101 using the
strategy outlinod in Figure 2. Fxpx~on of RcdocJ~ was provided by the
plesmid pBADa~Y after this plasmid had boea ttanso~d into HBlOi, followed
by atabinose induction before pr~aratioa of coaapeteat cells. The vector
was made by PCR using oligonucleatides of the following soquencx: l0
s'-TCAACATTAAATG'hCAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID N~:9) and
5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCG(3ATTGATGGTAGG
GATCCITAATAAGATGATCTTCTTGAGATCG-3' (SEQ iD NO:10) 1$ to amplify the plSA
origin of replication and Tn903 kanamycin resistao~ce grne praeat in
pACYC177. Results of this experiment are summarised in the fifth row of
Table 1. In the sixth experiment, a 25k6 region of as approxymately 150 kb
BAC clone carrrng the mouse AF4 gene was subcloned in the E. coli strain
HS996 using.the s~tegy outlined in Figure 3. F~rcssion of Reda/(i way
provided by the plasmid ZO pE. :Jac~iy after~this plasmid had been
transformed into I3S99b) followed by arabiaose indactioa before preparation
of competent cells. The vector was trade by PCR using oligo~m~cleotides of
the following scqtxncc:
5'-TGTAGCTGAGCCCAGGGGCAAGGCTGCT~TGTACCAGCCTGCTGTCTGCGGG 2S
~TCACCTGGAATTCTT'4`ATAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ ID NO:11) ' and
5'-TGGGTGTCAACC'TCAGGCTITCTCACACGCAATACAGGTAGGGACTTGCACC
CCTACACACCGAATT~C'TGATTAGA,A,AAACTCATCGAGCATCAAATG-3' (SEQ ID N0:12) 30 -62
-'= 9 FEB 200 WO 01/04288 PCTlEP00/06533 to amplify the p 15A origin of
replication and Tn903 kanamycin resistance gcac pra~nt in pACYC177. The PCR
product was mixed with 0.5 pg purified BAC DNA for ootraosfOrmation.
Results of this acpaiment ate summarized in the sixth row of Table I .
Also; shown in Figure 6 is an. ethiditun bromide stained agarose gel
depicting DNA digested 5 with EcoRi isolated front 9 iadepmdmt colonies
(lanes 1-9~ obtained fiaQa the mAF4 BAC expait~t, ~inB F.coRI digest of the
stating vector as a c~atml (lane 10). In the seventh expaimeat, a region of
genomic DNA containing an nmpiciUin nsistaaee gene frown the yeast strain
MGD 353-13D was cloned using the strategy oudinod in Figure 7. As depicted
is panel A) a DNA fingmeat containing the 10 plSA origin of replication,
flanked by 98 or 102 by homology arms targeted to the 98 and . I02 bps
flmxing regions of an integi~ted anagicillia resistance gene is the yeast
strain) MGD353-13D. The ~ colf strata JCSS 19 waswsed, and ~pression of
Rodal~i was provided by the plastnid pBADac~Y TET) followed by arabiaox
induction be5ore prtparadon of competent cells. pBADoc~iy-TET is a
derivative of pBADa(3Y in which the 15 ~ ampicil>in resistance gene has
bees replaced by the tctracyclin resistance gene. The clvaiag voctror was
made by PCR using oligonucleotides of the following sequenve:
5'-TCTi'ITACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATG CC
GGGAATAAGGGCGACACGGAAATGTTGAATAC'I~ATAACACCC
CTTGTATTACTGTTTATGTAAGCAGACAG-3' (SEQ ID N0:13) IO and .
5'-TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAAC
GAAATAGACAGATCGCTGAGATAGG'hGCCTCACTGATTAAGCATTGGTAATTAA
TAAGATGATGAGATCGTTTTGG-3' (SEQ ID N0:14) 25 to ao~plify the plSA origin of
replication prat in pACYCl?7. The PCR product was mixed with 4 pg NcoI
digested MGD 353-13D yeast geaomic DNA for cotransformatian in .JC5519
containing Redacl~i rxpressat from pBADay and plating, on ampiciUin
containing plates after a 90 minute rxovrry period of culture is Irbroth at
37C. Clones wen identified by xlectioa for ampicillin resistance. Eighteen
colonies were talcta for DNA 



30 - 63    - 9 FEB 200l  WO 01/04288 PCT/EP00/06533 analysis. An ethiditun
bromide stained gel of the ten which were correct are shown in Figure 7B.
The example described herein ~lnst~es the success of the RaFJT amd Rcdal~i
homologous recombination cloning methods using a wide vatitty of circular
targets 5 - 5nm a high copy phtsmid, to a low copy large target (a BAC) to
the ~ coli chroauosomc. 7. EFFECT OF VECTOR REPEATS AND 1'HOSPHORYLATiON ON
C1~OL~1NG EFFICIENCY 10 The Example p~tod is this section describes the
optimization of conditions for high-e~cierrcy of cloning and subclonia~
using RecFlf or Rodal~i-mediated homologous tabmbinarioa ("ET cloning'. Ia
particular, as shown is Figure 8) elimination of scqueace ~peats is the
vector improved closing e~cicacics. Oa the other had, the praenve of 5'
phosphates apt the cads of the linear vector had very little~effect oa the
IS c$ci~cy of ET cloning. First, the effect of on cloning elEcieacy was
awmiaed is the following expuiment. As shows in Figure 8, the linem vector
used as the cloning vehicle comprised the pl3A replication origin,
the.cbloremphenico! ~sistaace gene (Crrr~, a nucleotide sequence requited
for PCR amplification of the linear vector (italicized in Figure ZO E~
flan>ced by the homology arms to the ~cali lack gene, and terming! repeated
~umeos of various lengths (indicated in bold), pr~esait on both extremes of
the linear vector. The linear vectors were traasformcd into 1C8679
(endogenonsiy ET pmo~CCient; Clark) i974) Genetics, 7a, 259-Z71) orJC5519
(Willetts sad Clarlc,1969) J. Bacxeriol.100:231-239) expressing pBADReda!'~
(hang et af) I998) Nat. Genet. 20: I23-128). The number of 25 colonies
obtained va LB plates (with 50 pg/ial chloramphenicol) after ET subcloning
using the indicated oligonucleotides for FCR amplification of the linear
vector, is shown in the table in Figure 8. Of thesc,18 were analyzed by
restriction digestive. The indicated e~cieacy was determined by dividing
the number of connect recombinants by the total number of colonies
obtained. Thus, the presence of taminal > 6 nucleotides 30    '9 .FEB 2004
~) WO 01/042S8 PCT/EP00/06533 significantly reduces the ET subcloning
effrcicncy. All the background colonies contained re-ligated linear vector.
Tha ei~'ect of phosphorylation was also examined, aced the results are
shown in Figure 8. The ends of the linear vector mere phosphorylated using
T4 DNA kinase and 5 r ATP. As shown is Figure 8) last coluaan, no e~CCt oa
ET subcloning or on vector re ligation was obxrved. 



This Example demonstrates that the presence of rrpeated sequeaccs at the
cads of the linear vector, or b<tvveen the homology arm and the essential
elements of the vector) i.e. the origin of replicarion and the xlectable
marker, t~esults in t~ecombination 10 which dramatically reduces ET cloning
and subcloning ci$cieacies. Thus, in a preferred embodiment) the sequence
of the homology cloning vector, dots not contain any directly repeated
sequence of five (5) or more bases outside the scqucnxs that encode the
origin of replication arid. the xlectable marker. 15 8. ADDTIIONAL EXAMPLES
OF R~CElI' AND REDaf~3 CLONI1~TG AND SUBGT.OMNf,L The Examples prcseated in
this scctioa describe additional experiments which demonstrate successful
cloning and subcloning approaches using RecFlr or Reda/Red- mediated
homologous recombination. J Zo TJse ~ call host As described hereinabove;
'an ET competent host' refers to aay E.coli cell capable of expressing
RecEIR~ecT and/or Redalliedfi. This may be achievod in a variety of ways)
such as either (i) a strain which endogenously expresses ltechlRecT or
RedaclRcd(i or Z5 Ci) a strain in which RecElRecT or Redoc/Rod~3 arc
expressed from as exogenously introduced plasaiid. This example describes
the consttu~ction of a plaanid-based expression vector based on the 1C9604
and 1C8679 snd their derivatives (mainly YZ2000 and YZ2001). For other
variations and examples of ET competent hosts) sre Murphy et al., 2000,
Gene 246: 321-330; Yu et al.) 2000, Proc. Natl. Acad. Sci. 97: 5978-5983;
and 30 Datsenko and Wanner, 2000, Proc. Natl. Aead. Sci. 97: b640-6645. -65
.- 9 ~ FEB 20  wo oi/oaiss PCT/EP00/06533 In the first category) two
strains have been uxd) which carry the sbc~ mutation and thcnfore
crtdogenously express R,aFlRecT in a RecA (1C9604; Gillcn at a~, 1981, J.
Bacteriology 145: 521-532 or in a RecA' (1C8679; Gillen ct al.) supra)
background. The advantage of using these strains resides is the fact that
they can be used 5 directly) without the need to 5rst intcnduce a plasaaid
to make the atraia ET-cloning competent. The disadvantage is that Recfi and
RecT are constitutively acpressed throughout the whole cloning procedure)
which ea6ances the risk of undairod iiitramolecular recombination,
espocially in a recA' background. A second disadvarnage is that these JC
strains have not been modified for use as cloning cad propagation hosts.
They IO contain a fully active rGSericbion/modification system which by
consequence greatly reduces the efficiency of inhnduction of large
molecules such as BACs into these hosts. The choice of whether to use ghost
strain with an endogenous or a plasmid introduced supply of RecF.lT or
Reda/~i depends on the nature of the circular target. No matter which
strategy is chosen) tha preparation of good competent cells is of crucial
15 importance. If the host strain lacks endogenous ET-cloning potential,
the strain needs to be transfornned first with pBAD-a(3y or pBAD-fiTy. The
resulting st:aia then needs to be graven induced with L-arabinose to a
final concentration of 0.1% and pr~epand for 



electraporation. Empirically, the optional harvesting point of the calls
ocxtus at an ODD of around 0.3S) especially when large DNA substrates are
targeted. If the cells bave reached Z0 an ODD of greater thaw 0.5) they
should not be used. The optimal induction time is ai~ou~nd 1 hour.
Electropor~ion needs to be used, since ao other method of DNA introduction
has been found to work. Making good elcctrocompetent cells is essential to
obtaining ET recombinants. Dung the preparation of elccorocompeteat cells,
all steps should be perforroed~ori ice and in prccooled buckets and rotors.
Elcctrocompeteat cells arc 25 concentrated to a high extent: fi~om a 250 ml
culture which is harvested at ODD = 0.35, we routinely prepare no more than
10 aliquots of 50 ~,1 of comQetent cells. The t~csulting . transformation
tfftciency depends greatly on the host strain used) but typically varies
around 109 cfu/pg. A detailed protocol of how to prepare clectrocompetent
cells and how to pcrfoim the clectroporation can ba obtained from http
://v~i~,rw.embl 30 heidelberg.delExternallnfolstewart/index.html.  -66   .-
9 FEB 200 - ) - WO 01l04288 PC"f/EP00/06533 The plasmid pR6KJBAD-aBY(tct))
shown in Figure 9A) was constructed to coafcr upon the BAC host stein HS996
(Invi:togea) the ability to carry out ET recombination. This plasenid is
based on the pBAD24 backbone ((ittanan et aL, 1995) J Bacteriol 177:
4121-4130). Redo (or RccE) is cxpressod from the L-arabinose-induaible 5
pBAD promoter) and Redp (or Rec'1~ ~ is ~presxd from the ootsstitutive EM-7
promotei. Ovaracpressioa of RecT rdstive to RecE) or R~edp relative to
R~eda) enhances ET-cloatiag e~cicncy (in terms of aacwunt of colonies on
sdedion plates). Finally) this plasraid coastitutively expresses the RedY
protein, in this case from the constitutive Ta5 prowoter, which is
necessary to inhibit the activity of the RecBCD enzyme preset is most
commonly 10 used host strains (Murphy) 1991 ) J. Bacteriology l73:
5808-5821 ). If not inactivated) RtcBCD completely inhibits ET-cloning)
probably because its exomiclease activity degrades the linear DNA before it
gets a chance to rccombiae. Thus, pHAD-apY(tet) copstitutes a mobile system
which .cxu confer regulatable ET-cloning pro5ciency upon. tmasformation of
the recipient host strain. Given the inducibiIity of the cxprcssion of.RccE
, TS or Rada, and the absolute rcquiremcat for both components of the
recEIT and redalp systaas to be co-expressed in order for recombination
to'occur, the recombinogeaic window is limited to the arabir<ox induction
time and the half life of the least stable component Taken together with
the facts that recA hosts will most commonly be used) and that the hosts
will else either be recBC', of a phenocopy of recBC' (due to the expression
of 20 Redr)) this mesas that the risk of unwanted intramolecular
reombitisation is-grcatly reduGod. A further useful characteristic of
pBAD-a~Y(tet) is that these plasmids tend to be lost rapidly when they are
not xlectod for during culturing. This is probably due to the constitutive
expression of.RedY, and may also vary according to host cell factors, for
example the presence. of RecBCD. 25 Replication of pR6KBAD-ally requires
the R6K origin and the Pir-116 protein (Metcalf et al.) 1994) Gene 138)
1-~. The pR6KlBADJaBy, cariics the R61 origin, which~was obtained firm
plP5ti03 (Penfold and Pemberton) 1992) Geael 18:145-~) the. pir-116
replicon gene) which controls R6K on plasmid replication in bacteria, and
the tetraeycline resistance gene tee from pBR322. Pir-116 is a copy-up
mutant which allows an 30 R6X origin-containing plasmid to exist in an ~
coli slain at greater than 200 copies per -67   9 FEB 2004  wo oiroazss
PCT/EP00/06533 cell. The pir-1l6 gent was PCR amplified from the E. coli
strain B1~V3647 and ctoncd behind the IacZ promoter. 



To generate pR6K/BADIotBY, the R6K origin) pir-116 and ttt' were .
introduced into pBAD-oeSY (Muyrecs et m,1999, Nucleic Acids R~arch)
27:1555-1S57) S by ET rccoanbinatioa) t6atby replacing the ColEl origin and
the ampicillia resistance gene ~B~Y P~~ PB~Y. Similarly, pR6KBADIETY and
pR6KBAD/recT ~rer~e gencratod. TILe copy number of any R6K-based ptassaid
was found to be approximately two braes higher is comparison with the
respective ColEl based p~ure~al plasmid. In a side-by side coanparison
ofpRSKIBAD/acaY and pBAD-a8Y in a standard BAC subeloning 10' exercise, the
R6K based plasmid was found to work more e~ciently (see Figure 9B). Tbc R6K
replication system present on these pR6K plasmids does not contain any
significant seqncnce hontology to other rep4eation origins, including pl5a
and ColEl. Moreover, the RbK based plasanidsara compatible with any other
replication origin. Thus,.replication . origins such as Coll and pl SA can
be ineludod is the linear vector. uscd-for_~E'f-subcl9ning. 15 ET
Subcloning Subcloning of a l9kb fiagmeat including cxons 2 and 3 ofthe AF-4
gene present on a BAC is shown in Figure 10: First, pR6K/BAD~IiY was
transformed into the Z0 BAC curyins strain. Subsequently, the transformed
strain was grown. on LB medium containing 15 pglral tetracyclin and 1Z.5
pg/ml chloramphenicol. The growing cdls were induced with L-arabiaose for 1
hour, after which elcctrocompetent cells were prepared. These cells were
transformed by electroporation with the linear vector, which co . .stained
the pISA origin ofrcplicaaon and the atapicillin resistance gent,
~-lactatnase (bla), flankod by 25 two homology anus of 50 nucleotides which
direct homologous recombinatiop to the target DNA on the AF-~ BAC.
Recombinants were obtained after growth on LH plates containing 50 pg/ml
ampicillin)  As shown in Figure 10H) S independent colonies were selected
for analysis. DNA was prepared tom 5 independent colonies, digested with
i~n,dII) and analyzed on an 30 ethidium bromide stained gel.
HindIII-digested correct wlonics and the linear vector alone -b8   - 9 FEB
20i  WO 0l/04288 Pt':T/EP00/06533 wrie used as uaa~rkcrs, as well as a 1 kb
DNA ladder (Gibco BRL). Correct subclones were confirmed by DNA sequencing.
ET Cloning 5 Geaamic DNA cam also be the dircct sourcx of targd DNA,. as
shown is the mcpaimeat is Figure 11. Ia this aqx:imeat, the linear vector
~istod of the tolEl orxgia and the kanamycin resistance gene (kan), flanked
by homology arms which direct reoombinatioa to the laclllacZlocas pracat on
the ~ coli chromosome (see Fig~ae 11A). Gcnomic DNA was isolated from E.
enll pceliaeari~ed by Xhol digestion The liar vector 10 and the prelineuiud
geaomic DNA was mixed and co-elcelroporated into YZ200Q) which
tndogasausly.exptasscs RccFJRocT. Hy selecting on LB plates icing 50 pg/ml
kaaamycia, the des>sed subclone ooasisting of the lacl and IacZ gears) the
ColEl origin and ka~e was obtained. As shown is Figure 11H, restriction
analysis of 16 indepeddent colonies coamined the correct (lanes 1-1 ~. Lane
17 shows the linear vector; Iaac M shows a 15 1 kb DNA ladder as a marker
(Gibeo BRL~ Aaotha Ie of suul ET recombination cloning is shown is Figure
12. In this expaimeat) a fragtaeat was cloned directly from moose ES cell
genoznic DNA using a homology arm cloning vecto . As shown in Figure 1?A,
which outlines the cloning srrateglr, a neomycin ttsistance gene (nee) from
mouse ES cell genomic DNA was Z0 employed as the target DNA. The linear
vector consisted of the ColEl replication origiJp plus the chloramphenicol
resistance gene Ci' flanked by two aims which were hvmologons to the
Tnf-aeo gcae. 'Ihe rapdred mouse ES cell line was gena~l by traasfccting a
. fi~gmeat oontairriag Tnf-ireo wader eonkd of the PGK promoter plus a
poly.4 tail. Genomic DNA was prepared fmm.G418 resistance colonies) and
with a needle and IS by phcaol/chloroform extraction) creating linear
fi~gateau of about 20-40 kb. ET cloning was performed by coelectroporating
the linear vector and. the sheared genomic DNA into YZ2000, a JC8679
derivative (Clark) ss<pra) in which the rcstrictioa systan, which degrades
foreign methylatad DNA, is partially impairrd by deletion of the rncr~l,
mcrB~ hsdRMS and nrrr gents. Because ovctacpression of RecT 30 greatly
enhances the overall ET~recombination efficiency, YZ2000 was transformed
with 



-69   . ~ rtti ~u~  WO 01/04288 Pt:T/EP00/06533 the pRf KJBADIrecT plasmid.
YZ2000 cells carrying pR6KBADJrccT, which wet~e inducod with L-arabinose
for 1 hour prior to 6arvutitlg) w~a~e ~fozm~i by electroporation with 0.5
trg linear vector and 5.0 pg sheared ES cell geaomic DNA. An average of
25-35 colonies mere obtaiacd on LH plates containing 50 pglml 5 ~
chloramp)uaicol. By roa~g these colonies on plates coining 50 pglml
kanamyan, 6 out of30 oolanies testod weK found to grow by assaying Tn3-ncv
exprasio~n. In F'~gore 12, panel B) restriction analysis of kmamycia
raistaa~ colonies demonstrated that a116 ooloaies Lesoed were famd to be
oortect (lanes 2-~. The restriction pattern of a false positive) which grew
is the pc~sence of chlorampheaicol bust tiled to grow m the pe~cuace 10 of
ksoamycia, is shoara in lane 1. All of these fade positives oo~iaod the
religatod valor. An cxpaimart showing x combination of E? subcloning and
cloning is shorova in Figure 13. The linear vrdor consisted of the ColEl
repIicxtioa origin plus the kaaamyan resistance gem Km : F-sch ta~alaus of
the linear vector coassted of s BstZl7 I site sod 2 homology arms. The
Homology arms present atthe extrcmss ofthe linear vector !5 ('=ndicatod by
the smaller boxes in Figure 13) are homologous to the ~l phage target DNA.'
?he second set of homology amts (itrdicated by the largo boxes) is
homologous to the lacl-lacZ genes present on the ~coli chromosome. Iai the
first subcloaiag step) the linear vector was co-electmporatod with
liaearized ~ phase target DNA into the ET proficient E coli strain
JC8679a1aeZ. This ZO resulted in the subcloning of s 6.?kb 7lDNA frsgment
including the exo, bet, gam, raA spd c137 genes, into the linear vector,
thtreby generating PYT~t/~ PR. For the next ET rec~ombinatioa step, s new
linear vector was used, which the chloramphoniool resistance geese tree
flanked by mutated laxP sifts (IoxP', Araki et a~ ) 1997) Nucleic Acids
R~s~rch, 25:868-872j, as well as taminal arms which were homologous to the
~t DNA 2S present on pYZNIJI- PR This linear vector was co-electrnporsted
with pYZN/x- PR into the ET proficient strain JC8679~1acZ, resulting is the
formation of pYZNJX- PRlCm. From this plssmid, the cat-containing ~ DNA
fragment flanked by the two tmmiaal arms whirr . was homologous to
tact-IacZ was released by BstZl7 I digestion. ' This >~eat was uxd to
target the chromosome of the ~ coli strain 1C5519 (WllleOs and Clark, I969,
J Bactcriol) 30 100: 231239) which expr~sod RecE and RecT from pBADRecFl'f
(Zhang et a1.,1998, -70   - 9 FEB 200  WO 01l04288 PCT/EP00/06533 Nature
Genetics 20: l 23-128). After ET recombination and selection for growth in
the presence of 20 Nglml chloramphenicol, YIZ001ICm strain was generated.
Deletion of cat to genrrate YZ2001 was done by using the 706-Cre plasmid)
which is identical to 705-Cre . except flat it carries the tetracyclin
resistance geese (tet') instead of the chloramphenicol 5 resismnce gene) as
desaibvd (Buchholz et a1.,1996) Nucleic Acids Rest, 24:3118-3119J. YZ.Z001
thus carried the 6.7 lcb ~l DNA bragm~ent (exo-.--cI83~ ph~s a mutated
lao~P site on the chromosome. Since YZ2001lCm allows heat inducible
acpressioa of the ~t genes exo) bat and gam, it is conditionally ET
proficient. A similar strategy can be used to generate laiock-out
conservats or to perform HAC modifications, fob example. 10 Thus, the
examples prated above demonstrate several approaches for successful closing
and subcloning using RecFlf and Rodal~-mediated homologous , recombination.
The.inxeation described and claimed herein is not to be limittd in
scope:by. 



15 the specific embodimcuts herein disclosed since these embodiments are
intended as illustration of several aspeMs of the invention. Any equivalent
embodiments arc intended to be within the scope of this invention Indeed,
various modifications of the invention in addition to those shovi~a -and
described herein will become apparcat to those skilled in the art from the
foregoing desaiptioa. Such modifications are also intended to fall within
the ZO scope of the claims. Iluvughout this application various rrfereaces
are cited, the conbcuts of each of which is hereby incorporated by
reference into the presait applic~ttioa is its entirety for all purposes. _
ZS 30 -71   '- 9 FEB 2004 72 W~"AT IS_ CLAIMED IS: 1. A method for
introducing a doublo-strandod target DNA into a voctor comprising culturing
a bacterial cell that oxpreases a ~ft~nctional recombinasc, said bacterial
ceh containing (a) tho target DNA comprising a first double-stranded
torminus and a second double-stranded terminus) and (6) a vector DNA
comprising, in the following order slang tho voctor DNA strand: (i) a fast
double-stranded homology arnn; (ii) an origin of replication; and (iii) a
second doublcstrandcd homology arm, such that the sequence of a vector DNA
strand of the first homology l) arm is designed to bo hoawlogous to the
soquence of a target DNA strand of the first terminus, and the sequence of
a vector DNA strand of the second homology arm is designed to be homologous
to the sequence of the target DNA strand of the second terminus, such that
the target DNA is insortcd into the vector DNA betweon the homology arms.
2. A method for making a cell containing a recombinant DNA molecule, said
method comprising: a) introducing a fast and a second strand of a
double-stranded vector into a cell, said cell containing a double-stranded
target DNA and expressing a bacterial reco~nbinasa, said vector comprising
an origin of replication and two homology arnns) in the following order
from 5' to 3' along said first vector DNA strand: a first homology arm, one
strand of the origin of replication, and. a second homology arm; . said
target DNA comprising a target DNA sequence and two termini, in the
following order, from 3' to 5' along a target DNA strand: a first terminus,
the target DNA soquoace, and a sexond te:minus, such that the sequence of
the first homology arm on said vector DNA strand is homologous to the
sequence of the first terminus on said target DNA strand, and the sequence
of the second homology arm on said vector DNA strand is homologous to the
sequence of the second terminus on said target DNA strand; and b)
subjecting the cell to conditions that allow intracellular homologous
recombinat'ron to occur.   ~ 9 FEB 200 73  3. , -method comprising: A
msthod for malting a cell containing a recombinant DNA molscule, said a)
iniFOdueing a first and a second stand of a double-stranded vector and fast
and second double-stranded adapter oligoriucleotides into a call, said cell
containing a double-stranded target DNA and expressing a bacterial
racombinase, said vector comprising an origin of replication and two
double-stranded homology arms, in the following order from S' to 3' along
said first vector DNA strand: a first homology arm, the origin of
replication, and a second hotrrology arm; said target DNA comprising ~
target DNA sequence and. two double-stranded termini, in the following
ardr; froth .3' to 3' along a target DNA strand: a first terminus, a tarsal
DNA seqticnce, and a second torminu:; said ~t oligonucleotido comprising a
first oligonuclcotide DNA strand comprising, in the following order, from
3' to 5': a first nucleotide sequence and a second nucleotide sequence,
wherein said first nucleotide sequence is homologous to the nucleotide
sequence of the first homology arm op said vector DNA strand, and said
second nucleotide saqucnce is designed to bo homologous to the nucleotide
sequence of the first terminus on said target bNA strand; said sGCOnd
oligonucleotide comprising a ascend oligonucleotide strand comprising, is
the following ordar) froth 3' to 5', a third nucleotidt sequence and a
fourth nucleotide sequence, ,~ihopr~~,said third nucleotide sequence is
homologous to the nuclcolidc. s~ue~ice of the. second homology arrn on said
vector DNA strand and said fourth nucleotide sequence is designed to be
homologous to the nucleotide sequence of the second terminus on said target
DNA strand; and b) subjecting the coil to conditions that allow
intracellular homologous recombination to occur) 4. A method for making a
cell contaiiiiri~ a tecoinbinant DNA molecule, said method comprising: a)
introducing a first and a second strand of a double-stranded target DNA
molecule into a cell, said cell containing a vector and expressing a
bacterial rccombinase) said target DNA comprising a target DNA sequence and
two double-stranded termini, in the following order, from 3' to 5' along
said first target DNA strand: a first terminus, a target DNA sequence) arid
a second terminus;   . 9 FEB 2004 74 said vector comprising an origin of
replication and two homology arms, in the following order from S' to 3'
2vlong a vector DNA strand: a first homology arrn, the origin of
replication and a second homology arm; 



such that the sequence of the first homology arm on said vector DNA strand
is designed to be honnologous to the sequence of the first taminua on said
first target DNA strand, and the sequence of the second homology arm on
said vector DNA strand is designed to ba ~toidologous ~to the sequence of
the second terminus on said target DNA strand; and b) subjecting the cell
to eottditions that allow intracellular homologous recombination to occur.
5. A method for making a cell containing a racombinant DNA molecule, said
method comprising: a) introducing a first and a second strand of a
double-stranded target DNA molcxule and a first and second doublo-strandcd
oligonucleotide into a cell, said cell containing a vector and xpreasing a
bacterial recombinase; said target DNA comprising a target DNA sequence and
two tannini, in the following order, from 3' to 5' along said first target
DNA strand: a first terminus, a target DNA scqu~nce, and a second terminus;
said vector comprising an origin of replication and two homology arms, in
the following order from 5' to 3' along a vector DNA strand: a first
homology arm, the origin of replication and a second homology anm; said
first double-stranded oligonudcotidc comprising a first oligonucleotide
DIVA strand comprising, in the followirag.:or~er,.from 3' to S': a first
nucleotide sequence and a second ttueleotide sequence, wherein said first
nucleotide sequence is homologous to the nucleotide sequence of the first
homology arm on said vector DNA strand, axed said second nucleotide
sequence designed to be homologous to the nucleotide sequence of the first
terminus on said target DNA strand; said second double-stranded
oligonuclcotide comprising a second oligonucleotide strand comprising, in
the .follovvisig order, from 3' to 5', a third nucleotide sequence and a
fourth nucleotide sequence, wherein said third nucleotide sequence is
homologous to the nucleotide sequence of the second homology arrn on said
vector DNA strand attd said fourth nucleotide sequence designed to be   ~
rtti ~uu4 75 homologous to the nucleotide sequence of the second terminus
on said target DNA strand; and b) subjecting the cell to conditions that
allow intracellular homologous recombination to occur. G. A method for
malting s cell containing a recombinant DNA molecule, said method
cotnprisirg: a) introducing a first and a second attattd of a
doublsstranded vector and a first and a second strand of a double-stranded
target DNA into s cell expressing a bacterial rccombinase, said
doublo-stranded vector comprising an origin of replication and two homology
arms, in the following order from 5' to 3' along said first vector DNA
strand: a first homology artn, the origin of replication and a second
homology artn, said double-stranded target DNA comprising a target DNA
sequence and two termini) in the following order, from 3' to 5' along said
first target DNA strand: a first terminus, a target DNA sequence;. and a
second terminus; such that fife nucleotide sequence of the first homology
arm on said vector DNA strand is designed to be homologous to the
nucleotide sequence of the first ternzinus on said target DNA strand) and
the nucleotide sequence of the second homology arm on said vector DNA
strand is designed to be homologous to the sequence of the second tenainus
on said target DNA strand; and b) subjecting the cell to conditions that
allow intracellular homologous recombination to occur. 7. - A method for
making a cell containing a recombinant DNA molecule, said method
comprising: a) introducing a first and a second: strand of a
double-stranded vector, a first and a second strand of a double-stranded
target DNA molecule, and a first and second doublo-stranded adaptar
oligonuclcot'ide into a cell expressing a bacterial recombinase, said
vector comprising an origin of replication and two double-stranded homology
amts) in the following order from 5' to 3' along said first vector DNA
strand: a first homology aim) the origin of replication and a second
homology arm;   - 9 FEB 200 76 said target DNA comprising a target DNA
sequence and two double-stranded tenrrini, in the following order, from 3'
to 5' along a target DNA strand: a first terminus, the target DNA sequence,
and a second terminus; said first oligonucleotide comprising a first
oligonucleotide DNA strand comprising, in the following order) from 3' to
5': a first nucleotide sequence and a second nucleotido sequence, wherein
said first nucleotide sequence is homologous to the nucleotide sequence of
the first homology arm on said vector DNA strand, and said second
nucleotide sequence designed to be homologous to the sequence of the first
terminus on said target DNA strand; said second oligonucleotide eompricing
a second oligonueleotide strand comprising, in the following order, from 3'
to 5', a third nucleotide acqucnce and a fourth nucleotide sequence,
wherein said third nucleotide sequence is homologous to~ the ntuleotide
sequence of the second homology arm on said vector DNA strand and said
fourth nucleotide sequence designed to be homologous to the nucleotide
sequea~ce of the second terminus on said target DNA strand; and b)
subjecting the ceU to conditions that allow intracellular homologous
recombination to occur. 8: The method of claim 6 wherein the Cell further
contains a nucleotide sequence encoding a site-specific recombinase
operatively linked to a prori~roter, and the vector further comprises a
first and second recognition site for the site-specific recomhinase) 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 homology arms; and dutyng~or after step b); inducing `)
expression of the site-specific recombinase. ~ - .. . . -. 9. . . The
method of claim 6 wherein the 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 second homology arms; and during
or after step b), inducing expression of the site-specific endonuclease.
10. . . . . The method of claim 7 wherein the cell further contains a
nucleotide sequence encoding a sit~specific reeombinase operatively linked
to a promoter, and the vector further comprises a fist and second
recognition site for the site-specific recombinase, a ft~rat   -~ 9 FEB
2004  recognition site located outside the first and second homology arms,
and a second site-specifi c recombinase recognition site located inside the
first and second homology arms; and during or after step b)) inducing
expression of the site-specific recombinase. 



11. The method of claim 7 wheroin the tell further contains a nucleotide
sequence encoding a site-specific endonuolease operatively linked
to'a"praimotor, and the vector further comprises a mcognition site for the
site-specific endonuclease located inside the first and second homology
arms; and during or after step b), inducing expression of the site-specific
endonueleaae. 12. The method of any one of Claims 2-11 wherein the vector
further comprises a selectable marker located outside the first and second
homology arms, such that the vector comprises, in either of the following
two orders from 5' to 3' along a vector DNA strand: i) the first homology
ann, the selectable marker) the origin of replication and the second
homology arm, or ii) the first homology arm) the origin ofreplication, the
selectable marker) and the second homology arm. 13. The method of Claim I2
wherein the selectable marker confers antibiotic resistance to the cell
containing the vector. 14. The method of any one of Claims Z-11 wherein the
bacterial recombinase is RecE/T or Reda/iS recombirtase or both RecE/T and
Redali3 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 Z-1.1
wherein the cell is an E. coli cell. .,:.,..:. v 1~7. ~'he method of any
one of Claims 2-11 ~rhercin the cull is'aveukaryotie ccll'that -~w~ =
recombinantly expresses RecEn' andlor Redad/3 recombinasc. 18. A method for
making a recombinant DNA molecule comprising the method of any one of
Claims 2-11 which further comprises isolating a recombinant DNA. molecule
that comprises the target DNA sequence inserted into the vector. 19. A
double-stranded DNA vector useful for directed cloning or subcloning of a
target DNA molecule of interest) said vector comprising an origin of
replication and two homology arms, in the following order from 5' to 3'
along a vector DNA strand: a first homology arm, the origin of replication
and~a second homology arm; such that the nucleotide sequence of the first
homology   :~ 9 FEB 2004 ~a arm an 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 wharoin the origin
of replication is a bacterial origin of replication. 21. The vector of
Claim 19 wherein the .origin of replication functions in E. colt. . 22. The
vector of Claim 19 wherein the origin of replication functions in a
mammalian call. 23. A cell comprising a double-stranded DNA vector useful
for directed cloning or subcloning of a target DNA molecule of interest,
said vector comprising an origin of replicarion and two homology acme, in
tbo following order from 5' to 3' along a vector DNA strand: a first
homology inn, the origin of replication and a second homology arm; such
that the nucleotide saqucnce of the first homology inn on a first vector
DNA strand is designed to be homologous to the sequence of a first terminus
on a first target bNA strand, and the nucleotide sequence of the sECOnd
homology arm on the first vector DNA strand is designed to be homologous to
the nucleotide sequence of a secopd terminus on the first target DNA
strand. 24. The cell of Claim 23 which is a bacterial cell. 25. A Idt
usoi~l for directed cloning or subcloning of a target DNA molecule
comprising in one or more containers: a) at double-stranded DNA
vector.useful for directed cloning or subcioliirig of a target DNA molecule
of interest; said vector comprising an origin of ~rep~lication and two
homology arms; i11 the falloWing order from 5' to 3' along a vector DNA
strand: a trSt homology atm, the origin of replication and a second
homology arm; such that the nucleotide sequence of the first homology arm
on a first vector DNA strand is designed to be homologous to the sequence
of a first terminus on a first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is
designed to be homologous to the nucleotide sequence of a second terminus
on the first target DNA strand; and b) a cell containing a bacterial
recombinase.     26. The ltit of Claim 25 wherein the homology arms have
sequence homology to a BAC) PAC, lambda, plasmid or YAC based cloning
vector. 7. The kit of Claim 25 wherein the first and second double-stranded
oligonuclcotide have nucleotide sequence homology to a BAC, PAC, lambda,
plasmid or YAC based cloning vector. 28. A kit useful for directed cloning
or subcloning of a target DNA molecule 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 S'
to 3' along a vector DNA strand; a first homology arm, the origin of
replication and a second homology . . b~ a first double-stranded adapter
oligonucleotide comprising a first oligonueIeotide DNA strand comprising,
in the following order) from 3' to 5' : a first sequence and a second
sequence, wherein said first nucleotide sequence fa homologous to the
nucleotide sequence of the first homology arrn on said vector DNA strand
and said second nucleotide sequence is designed to be homologous to the
nucleotide sequence of a first terminus on a target DNA strand; c) a second
doubl~sttanded adapter oligonuclaotide comprising a second oligonuclcotide
stsand comprising, is the following order) from 3'to 5': a third nucleotide
sequence and a~ fourth nucleotide sequence, wherein said third nucleotide
sequence is homologoi~s't~ the nucleotide sequence of the second homology
arm on said vector DNA strand and said fourth nucleoti~c sequence is
v,dcsigr~ed~to' bcvhomologous to the nucleotide sequence of a seeond'fi~~
`ri~ii~us~o'rir Y'f saidtar~et I3NA'strand; and d) a cell containing a
bacterial recombinasc. 29. The kit of Claim 25 or 28 wherein the cell is an
E. coli cell, 30. The kit of Claim 25 or 28 wherein the cell is a frozen
cell competent for uptake of DNA. 



31. A kit useful for directed cloning or subcloning of a target DNA
molecule comprising in one or more containers:   - 9 FEB 2~ so a) a
double-stranded DNA vector useful for directed clotting and subclonihg 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; b) a first double-stranded adapter
oligonuclcotidc comprising a first oligonucleotidc DNA strand comprising)
in the following order, from 3' to 5': a first nucleotide sequence and a
second nucleotide e~quance, wherein said first nucleotide sequence is
homologous to the nucleotide sequence of the first homology arrn on said
vector DNA strand, and said second nucleotide sequence is designed to be
homologous to the nucleotide segucnce of a first terminus on a target DNA
strand; and c) a second double-stranded adapter oligonuclcotidc comprising
a second oligonucleotide atcand comprising, in the following order) fiom 3'
to S': a third nucleotide sequence and a fourth nucleotide sequence)
wherein said third nucleotide sequence is homologous to the nucleoside
soyucnce of the second homology arm on said vector DNA strand and said
fourth sequence is designed to be homologous to the nucleotide sequence of
a second terminus on said target DNA strand. 32, The kit of Claim 25, 28)
or 3l wherein the DNA vector is purified. 33. Z'hc kit of Clairn 28 or 31
wherein the 1)NA vector, the first double~stranded oligonuclcotidc) and the
second double-stranded oligonucleotide arc ~piirifled. .~v 34. .,. The kit
of Claims 25, 28; or 3l wherein theaatget DNA mv~lecule comprises
bacterial; viral, parasite, or protozoan DNA. 35. The kit of Claims 25, 28,
or 31 wherein the target DNA molecule comprises a genetic mutation or
polymorphism laiown or suspected to be associated with a disorder or
disease. 36. The kit of any ono of Claims 25-29 wherein the bacterial
recombinase is RecEIT or Reda/,B recombinase or both ReeEIT and RedcY/~
recombinases, 37. The method of any one of Claims 2-11 wherein the target
DNA is laiown or suspected to be associated with a disorder or disease when
genetically mutated.   ~: ~ EEB 200 81 38, The method of any one of Claims
2-11 wherein the target bNA is a bacterial, viral, parasite, or protozoan
DNA. 39. The method of Cla~it~as 2, 4, 6, 8) or 10 which ftuther 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 detesting a recombinant DNA molecule that comprises the target
DIVA inserted into the vector. 41. A method of detecting the presence of an
infectious agent wmprising carrying out the method of Clauxt 39, wherein
the target DNA is derived from a patient suspected of having the infectious
disease, and the sequa~ces of the fast 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 ohaving the infectious disease, and said second and
fourth nucleotide sequences are homologous to sequences present in DNA of
the infectious agent. 43. The method of Claim 41 or 42 whoTein the
infectious agent is a virus, bacteria, protozoa, fungus, or parasite. 44. '
A method of detecting the presence of a genetiic condition,
genetic_disease; genetic disorder, or polymorphic trait comprisitvg
carrying out the method of Claim 39) wherein the target .DNA is derived
from:a patient suspected of having a genc~tid dondiaidn, disease; ~'~- = ~
v'' v ~ ~ ~ w w disorder,:or polymorphic trait, and the sequence of the
first homologyaiziui~ honinldgous~torlli~e =;: : ~y~: . ,. sequence
upstream froih ~a= sife~'kizovv~i or'suspeoted to be associated w?th`-'tlie
genetic condition; `~ ~ ' "' disease, disorder, or polymorphic trait, and
the sequence of the second homology arm is homologous to the sequence
downstream from a site lmown or suspected to be associated with the genetic
condition, disease, disorder, or polymor~hic trait. 45. A method of
detecting the presence, of a genetic condition) genetic disease, genetic
disorder) or polymorphic trait comprising carrying out the method vf. 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 oligonueleotidc is
hOrlIQIOBouS to the sequence upstream. from a site known or suspected to be
~- 9 FEB 2004 82 associated with the genetic condition) genetic disease)
genetic disorder, or polymotphic 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 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. 47, The vector of Claim 19 wherein the vector further
comprises a selectable marker located outside the first and second homology
anus) such that the vector comprises, i wither 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 ann,
or ii) the first homology arm, the origin of replication, the selectable
marker, and the second homology arm. 48. The vector of Claim 47, wheroin
the sequence of tha vector does not contain one or more direct repeats of a
sequence of at least five or more nucleotide base pairs either S' or 3' to
both the origin of replication and the selectable marker. 49. - ~ The
method of any one of claims 2-9 wherein the cell is an embryonic cell. 



50. . The kit of claim ~28 ~ or:31~ wherein the first and second
double-stranded oligonucleotide have nucleotide sequence homology to a BAC)
PAC, lambda, plasmid or YAC based cloning: vecxar:. ;~: ;;;.:; :: :;.;
;...:::. _ .,,.:. . . , . _ ,. ~; .;, ~,: . . : ~ . ,. .. $1.; : , , ~ , A:
method for making a double-stranded DNA vector useful for diiected cloning
or subcloning of a target DNA molecule of interest, eotnprising
ineorpor~tir<g first and second homology anus into a double-stranded DNA
molecule) wherein tha double-stranded DNA molecule eoiniprises an origin of
replication, in the following order from 5' to 3' along a vector DNA
strand: a Frst homology arm, the origin of replication, and a second
homology arm, such that the nuclaotide 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
sec;oatl homology arm on the first vector DNA strand is homologous to the
nucleotide sequence of the second terminus on the first target DNA strand,
wherein said target DNA molecule comprises a target DNA sequence and two
termini, in the following order, from   `- 9 FEB 2004 83 3' to 5' along a
target DNA strand: a first terminus) the target DNA sequence, and a second
terminus. SZ. . ~ A method for making a double-stranded DNA vector useful
for directed cloning or subcloning of a target DNA molecule of interest,
comprising: a) choosing two homology arms, such that the sequence of the
first homology arm is designed to be homologous to the sequence of a first
terminus on a target DNA strand) and the sequence of the second homology
arm is designed to be homologous to the soquence of a second terminus on
the targot DNA strand, wharein the target DNA comprises a target DNA
sequence and two double-stranded termini, in the following ocrda, from 3'
to S' along a target DNA strand: the first terminus, the target DNA
sequonce, and the second terminus; and b) constructing a vector by
incorporating tho two homology aims into a DNA molecule comprising an
aright of~replication in the following order froth 5' to 3' along a vector
DNA strand: the first homology arm, the origin of replication and the
second homology artri. ., 53. : . -. The method of claim 51 or 52 wherein
the oTlgin of replication is a Bacterial origin of replication. . ~: . 54.
. ~: The method of claim 51 or 52 wherein the origin of replication
functions in E. coli. : .. ,. ; .. , ;.. : . ,; ; . , ,,, . . . , . , , . .
. . ~i . 55. . .. 'fhc.nacthod=of Clainn SI:..or~52~,vlu~ein the origin
ofreplieation functions'ia'a ~ , , mammalian cell. 56, ; . : A method for
making a rocombinant DNA molecule comprising making a doublestranded vector
according to the method of claim S1 or 52, further comprising the steps of
b) introducing the target DNA molecule into a cell, said cell containing
the vector and expressing a bacterial recotnbinase; and c) subjecting the
cell to conditions that allow intracellular homologous recorabination to
occur.   - 9 FEB 2004 84 57. ~ . . A method for making a recombinant DNA
molecule comprising making a doublestranded vector according to the method
of claim 51 or 52, further comprising the steps of b) introducing the
target DNA molecule and the vector into a cell, said cell expressing a
bacterial recombinase; and c) subjecting the cell to conditions that allow
intracellular homologous recombination to occur. 58. - A method for malting
a recombinant DNA molecule comprising: a) preparing first and second
double=stranded oligouucleotides, wherein said first oligonucleotide
comprises a first oligonucleotide DNA strand comprising, from 3' to 5', a
first nucleotide sequence and a second nucleotide sequtnce, said first
nucleotide sequence being homologous to the nucleotide sequarice of a first
homology arm on a vector DNA strand and said second nucleotide sequence
being homologous to the nucleotide sequence of a first terminus on a target
DNA strand, and wherein said second oligonucleotide comprises a second
oligonucleotide strand comprising, from 3' to 5', a third nuclcotidc
sequence and a fourth nucleotide sequence, said third nucleotide sequenve
being homologous to the nucleotide scqucnce of a second homology arm on
said vector DNA strand.and said .~'o~t'.ih nucleotide sequence being
homologous to the nuoIeotide sequence of a second terminus on said target
DNA strand; .. wherein said vector comprises an origin o;f replication and
two hoinology~, , ;y arnis~` in'~tli~ yfo`Il'evirlrig order from 5' to 3'
along a vector DN'A strand: a ~fi~rst horooto~y arn~, an origin of
replication and a second homology arm, wherein said target DNA comprises a
target DNA sequence and two termini, in the following order, from 3' to 5'
along a target DNA strand; a first terminus, a target DNA sequence and a
second terminus; b) itttroducing the target DNA and the first and second
double-stranded oligonucleotide into a cell) said cell containing a vector
and expressing a bacteria! rccombinase; and  



9 FEB 2004 85 c} subjecting the cell to conditions that allow intracellular
homologous recombination to occur. 59. A method for making a recombinant
DNA molecule comprising: x) preparing first and second.double-stranded
oligonucleotides, wherein said first oligonucleotide comprises. a tYrst
oligonucleotide DNA strand cpmprising, from 3' to 5', a first nucleotide
sequence and a second nucleotide sequence, said fit~st nuelotide sequence
being homologous to the nucleotide sequence of a fu~st homology arm on a
vector DNA strand and said second nucleotide sequence being homologous to
the nucleotide sequence of a first terminus on a target DNA strand, and
whexein said second oligonucleotide comprises a second oligonuclootidc
strand eomprlsing, from 3' to 5', a third nucleotide sequence and.a
fourth~riuclcotid~~sequence, said third nucleotide saquence being
homologous to the nucleotide sequence of a second homology arm on said
vector DNA strand and said fourth nucleotide sequence being homologous to
the nucleotide sequence of a second terminus on said target DNA strand; .
b) introducing the vector, the target DNA, and the first and second
doublesfranded oligonucIeotide into a cell expressing a bacterial
recombinase; and c) subjecting the cull to conditions that allow
intracellular homologous recombination to occur: . .A.AF.Ay.A.A3.A,.A h.A
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