
;e3elZZ[T`xck64lTlBlk . WO 01/04288  PCT/EP00/06533 - METHODS AND
COMPOSITIONS FOR DIRECTED CLONING AND SUBCLONING USING HOMOLOGOUS
RECOMBINATION 5 1. INTRODUCTION The present invention is directed to
methods and compositions for DNA cloning and subcloning using bacterial
recombinase-mediated homologous recombination. In a specific embodiment,
ReE/Te or Reda/B recombinases or any functionally equivalent 10 system for
initiating bacterial homologous recombination such Zs erf from phage P22,
are .used. In particular, the invention relates to cloning methods,
diagnostic methods, compositions comprising polynucleotides. useful as
cloning vectors, cells comprising such polynucleotide. compositions, cad
kits useful for ReeE/T and Reda/B cloning. 15 Z. BACKGROUND OF TAE SON DNA
cloning and subcloning  in E.coli arc fundamental to molecular biology. DNA
cloning refers to the process whereby an origin of replication is operably
. linked to a double-stranded DNA fragment cad propagated in E.coli, or
other suitable host. 20 DNA subcloning refers to the process whereby a
double-stranded DNA fragment is take from a DNA molecule that has already
been amplified, either in vitro, for example by PCR, . or in vivo by
propagation in E coli or other suitable host, and is then linked to an
operable origin of replication. Cloning and subcloning in E.coli is
typically performed by ligating the cads of a DNA fragment to the ends of a
linearized vector containing an E.coli 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.coli host cell
Conventional cloning methods have certain limitations. For example, since
conventional cloning requires the use of restriction enzymes, the choice of
DNA fragments 30  is limited by the availability of restriction enzyme
recognition sites in the DNA region of CONFIRMATION COPY    WO 01/04288  -
9 FEB 2004 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 fragment made is also limited. The increasing use of the polymerase
chain reaction (PCR) for generating 5 DNA fragments presents a second major
drawback to conventional subcloning. The ends of PCR products are
inefficient in ligaiton reactions due to non-templated nucleotides added to
the 3'termini of amplified PCR products by thermostabile polymerase.
Furthermore the . use of PCR entails a high risk of mutations. Thus,
molecular biologists have starched for new. , more effective methods for
cloning fragments of DNA, particularly what such 10 fragments are longer
than those conveniently accessible by restriction enzyme or PCR
methodologies. Homologous recombination is an alternative approach for
cloning and subcloning DNA fragments Methods for subcloning PCR products is
E. coli that exploit the host's homologous recombination systems have been
described (Oliner et a1.,1993, IS Nucleic Acids Res. 21:5192-97; Bubeck et
al 1993) Nucl. Acids. Res. 21:3601-3602). In such methods, PCR primers,
designed to contain termiral sequences homologous to sequences located at
the ends of a linearized vector, are used to amplify a DNA fragment of
interest The PCR product and the linearized vector are then introduced into
E.coli. Homologous recombinatian within the E.coli host cell results in
insertion of the PCR . . 20 product sequences into the plasmid vector.
Although these methods have been shown t4 be . useful for subeloning PCR
fragments, they have not been applied to subcloning long DNA fragments) or
to cloning DNA fragments of any size. 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, arc used to transform an E.coli sbcBC host cell, Homologous
recombination occurs in viva, and results is circularization and
propagation of the newly formed plasmid (Degryse,1996, Gene 170:45).
Subsequently, the ability of E coli sbcBC host cells to mediate homologous
recombination has been applied to subcloning Iarge DNA fragments from
adenovirus and herpes virus genomic DNAs (Chartier et a1.,1996, I. Virol.
30 70: 4805; Messerle, et a1.,199?, Proc. Natl. Aced. Sri. USA
94,14?59-14763; He) 1998. _2_   
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95:2509-2514). As described, each subcloning by homologous recombination in
E.coli sbcBC host cells requires at least two preparatory subcloning steps
to position long homology regions either side of an E colt origin of
replication. . Furthemore,DNA cloning E.coli sbcBC strains has not been
described. 5  Rccently, homologous recombination, mediated by either RecE
(RecE/'I~ or Reda/RedB (Reda/B) has been shown to be useful for
manipulating DNA molecules in E coli Zhang et al,1998, Nature Genetics,
20,123-128; Muyrers et al., 1999, Nucleic Acids Res. Z7: 15551557,. These
papers show that, in E.coli, any intact, independently replicating,
circular DNA molecule can be altered by RecE/Tr Redaa/B 10 mediated
homologous recombination with a linear DNA fragment flanked_ by short
regions of DNA sequence identical to regions present in the circular
molecule. Integration of the linear DNA fragment into tire circular
molecule by homologous recombination replaces sequences between its
flanking sequences and the corresponding sequences is the circular DNA
molecule. 15 Citation of a reference herein shall not be construed as an
admission that such is prior act to the present invention. 3. SUMMARY OF
THE INVENTION 20 The present invention provides methods and compositions
for DNA cloning and subcloning using bacterial recombinase-mediated
homologous recombinase The bacterial recambinase is preferably ReeE/T
and/or Reda/B. Methods can be used to clone, subclone, propagate, and
amplify a polynucleotide or mixture of polynucleotides of interest using a
vector comprising short regions of DNA homologous to sequences flanking a
25 designated target DNA sequence of interest and an origin of replication.
In owe embodiment, the invention provides a method for introducing a
double-stranded target DNA into a vector comprising culturing a bacterial
cell that expresses a functional recombinase, said bacterial cell
containing (a) the target DNA comprising a fast double-stranded terminus
and a second double-stranded terminus, and (b) 30 a vector DNA comprising,
in the following order along the vector DNA strand: (i) a first -3   _ 9
FEB 2004  WO 01/04288 PCT/EP00/06533 double-stranded homology arm (ii) an
origin of replication; and (iii) a second double stranded homology arm such
that the sequence of a vector DNA strand of the first homology arm is
homologous to the sequence of a target DNA strand of the first terminus,
and the sequence of a vector DNA strand of the second homology arm is
homologous to the 5 sequence of the target DNA strand of the second
terminus, such that the target DNA is inserted into the vector DNA between
the homology arms. In another embodiment) a method is provided for making a
recombinant DNA molecule comprising a) introducing a double-stranded valor
into a cell; said cell containing a double-stranded target DNA and
expressing a bacterial recombinase said  10 vector comprising an origin of
replication and two homology arms, is the following order from 5' to 3'
along a vector DNA strand: a first homology arm, one strand of the origin
of replication, and a second homology arm; said target DNA comprising a
target DNA sequence and two termini, in the following order, from 3' to 5'
along a target DNA strand: a - first terminus, the target DNA sequence, and
a second terminus, such that the.sequence of ZS the first homology aria on
said vector DNA strand is homologous to.the sale of the fast terminus on
said target DNA strand, and the of the second homology arms on said vector
DNA strand is homologous to the sequence of the second terminus on said
target DNA strand; and b) subjecting the cell to conditions that allow
intracellular homologous recombination to occur. d _ . another a method is
provided for making a recombinant . 



. , DNA molecule comprising: a) introducing a doubts-stranded vector and
first acid second double-stranded oligonucleotides into a cell, said cell
containing a double-stranded target DNA and expressing a bacterial
recombinase said vector comprising an origin of replication and two
double-stranded homology arms, in the following order from 5' to 3' ZS
along a vector DNA strand: a first homology arm) the origin of replication)
and a second homology arm; said target DNA comprising a target DNA sequence
sad two double stranded termini, in the following order, from f to 5' along
a target DNA strand: a first terminus, a target DNA sequence and a second
terminus said first oligonucleotide comprising a fast 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 2004 i  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 5 order, from 3' to 5', a third nucleotide sequence and a
fourth nucleotide sequence, said third nucleotide sequence being homologous
to the nucleotide sequence of the second homology arm on said vector DNA
strand and said fourth nucleotide sequence being homologous to the
nucleotide sequence of the second terminus on said target DNA strand; and
b) y ~ ) 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 5' 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 from 5' to 3'
along a vector DNA strand: a first homology arm, the origin of replication
and a second homology arm; such that the sequence of the first homology arm
on said vector DNA strand ix homologous to the sequence of the first
terminus on said target DNA strand, and the sequence of the second homology
arm on said 20 vector DNA strand is homologous to the sequence of the
second 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 for making a recombinant DNA
molecule comprising: a) introducing a double-strandod target DNA molecule
and a 25 fast and second double-stranded oligonucleotide into a cell, said
cell containing a vector and expressing a bacterial recombinase said target
DNA comprising a target DNA sequence and two termini) in the following
order, from 3' to 5' along a target DNA strand: a first terminus, a target
DNA sequence, and a second terminus; said first oligonucleotide comprising
a first oligonucleotide DNA strand comprising, in the following order, tom
3' 30 to 5': a fast nucleotide sequence and a second nucleotide sequence)
said first nucleotide -s   - 9 FEB 2004  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 5 order, from 3' to 5', a third
nucleotide sequence and a fourth nucleotide sequence, said third 



nucleotide sequence being homologous to the nucleotide of the second
homology arm on said vector DNA strand and said fourth nucleotide sequence
being homologous to the nucleotide sequence of the second terminus on said
target DNA strand; and said vector comprising an origin of replication and
two homology arms, in the following order from 5' 10 to 3' along a vector
DNA strand: a first homology arm, the origin of replication and a second
homology arm; and b) subjecting the cell to conditions that allow
intracellular homologous recombination to occur. In another embodiment, a
method is provided for making a recombinant DNA molecule comprising a)
introducing a double-st<anded vector and a double-stranded i5 target DNA
into a cell expressing a bacterial recombinase, said vector cornprising an
origin of replication and two homology arms, in the following order from 5'
to 3'. along a vector DNA strand: a first homology arm, the origin of
replication and a second homology arm, said target DNA comprising a target
DNA sequence and two termini in the following order) from 3' to 5' along a
target DNA strand: a first terminus, a target DNA sequence; and a 10 second
terminus;, such that the nucleotide sequence of the fast homology arm on
said vector DNA strand is homologous to the nucleotide sequence of the
first terminus on said target DNA strand, and the nucleotide sequence of
the second homology arm on said vector DNA strand is homologous to the
sequence of the second terminus on said target DNA strand and b) subjecting
the cell to conditions that allow intracellular homologous recombination to
25 occur. In a specific embodiment of this method the host cell further
contains a A nucleotide sequence encoding a site-specific recombinase
operatively linked to a promoter, and the vector further comprises a first
and second recognition site for the site-specific recombinase, a first
recognition site located outside the first and second homology arms, 30 and
a second site-specific recombinase recognition site located inside the
first and second 6   - 9 FEB 2004  WO 0l/04288  PCT/EP00/06533 homology
arms; and during or after step b)) inducing expression of the site-specific
recombinase. In another specific embodiment of this method, the host cell
further contains a nucleotide sequence encoding a site-specific
endonuclease operatively linked to a 5 promoter and the vector further
composes a recognition site for the site-specific endonuclesse located
inside the first and second homology arms; and during or after step b),
inducing expression of the site-specific endonuclease. In another
embodiment the inventions provides a method for making a recombinant DNA
molecule comprising: a) introducing a double-stranded vector a doubte10
stranded target DNA molecule and a first and second double-stcandod
oligonueleotide into a cell expressing a bacterial recombinase said vector
comprising an origin of replication and two double-stranded homology arms,
in the following order from 5' to 3' along a vector DNA strand: a first
homology arm, the origin of replication and a second homology arm; said
target DNA comprising target DNA sequence and two double-stranded termini,
in the I5 following order, from 3' to 5' along a target DNA strand: a first
terminus a target DNA . . sequence, and a second terminus; said first
oligonucleotide comprising a first oligonucleotide DNA strand comprising,
in the following order, from 3' to 5': a first nucleotide sequence and a
second nucleotide sequence, said first nucleotide sequence being homologous
to the nucleotide sequence of the first homology arm on said vector DNA 20
strand) and said second nucleotide sequence being homologous to the
sequence of the first 



termnius on sold target DNA strand; said second oligonucleotide comprising
a second oligonucleotide strand comprising, is the following order, from 3'
to 5, a third nucleotide sequence sad 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 on said target and b) subjecting the cell to conditions
that allow intracellular homologous recombination to occur. In a specific
embodiment of this method the host cell further contains a nucleotide
sequence encoding a site-specific recombinase operatively linked to a
promoter, 30 and the vector further comprises a first and second
recognition site for the sift-specific -7-   - 9 FEB 2004 WO 0l/04288 '
PCT/EP00/06533 recombinase, a first recognition site located outside the
first and second homology arms, and a second site-specific recombinase
recognition site located inside the first and second _ homology arms; and
during or after step b)) inducing expression of the site-specific
recombinase 5 14 another specific embodiment of this method, when the host
cell further contains a nucleotide sequence encoding a site-specific
endonuclease operatively linked to a promoter, and the vector further 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 In specific embodiments
the vector further comprises a selectable marker located outside the
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
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, sad the second homology 15 arm In a specific embodiment,
the selectable marks confers antibiotic resistance to the cell containing
the vector. In various specific embodiments, the bacterial recombinase is
ReccE/T or Reda/B recombinase or both RecE/T and Reda/B In other specific
embodiments, the cell is a bacterial cell. In other specific embodiments
the cell is en E.coli cell. In other specific 20 embodiments, the cell
eukaryotic cell recombinantly expresses RecE/T and/or protein. In other
specific embodiments the 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 vector
useful for directed cloning or subcloning of a target DNA molecule of
interest, said 25 vector comprising an origin of replication and two
homology arms, in the following order from 5' to 3' along a vector DNA
strand: a first homology arm, the origin of replication and a second
homology arm; such that the nucleotide sequence of the first homology arm
on a first vector DNA strand is homologous to the sequence of the first
terminus on a first target DNA strand, and the nucleotide sequence of the
second homology arm on the first vector 30 DNA strand is homologous to the
nucleotide sequence of the second terminus on the first _g_   - 9 FEB 2004
, ._ ,, WO O1/0288 PCT/EP00/06533 target DNA strand. In a specific
embodiment of the vector, the origin of replication is a bacterial origin
of replication. In another specific embodiment, the origin of replication
functions in E.coli. In another specific embodiment, the origin of
replication functions in a mammalian cell. 



5 The invention further provides a cell comprising a double-stranded DNA
vector useful for directed cloning or subcloning of a target DNA molecule
of interest said vector comprising an origin of replication and two
homology arms, in the following order from 5' to 3' along a vector DNA
strand: a first homology arm, the origin of replication and a second
homology arm; such that the nucleotide sequence of the first homology arm
on a 10 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.
In a specific embodiment, the cell is a bacterial cell. The invention
further provides a kit 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 an 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 such that the nucleotide sequence of the first
homology man on a 20 first vector DNA strand is homologous to the sequence
of the first terminus on a first target DNA strand and the nucleotide
sequence of the second homology arm on the first vector DNA strand is
homologous to the nucleotide sequence of the second terminus on the first
target DNA strand; and b) a cell containing a bacterial recombinase.  In a
specific embodiment of the kit, the homology arms have sequence homology to
a BAC, PAC, 25 lambda, plasmid or YAC based cloning vector. In another
specific c embodiment of the kit) the first and second double-stranded
oligonucleotide have nucleotide sequence homology to a BAC, PAC, lambda,
plasmid or YAC based cloning vector. In another embodiment a kit useful for
directed cloning or subcloning of a target DNA molecule is provided
comprising in one or more containers a) a double 30 stranded DNA victor
useful for directed cloning and subcloning of a target DNA molecule _9_   -
9 FEB 2004  WO 01/04288  PCT/EP00/06533 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
oligonucleotide comprising a first oligonucleotide DNA strand comprising,
in the following order, from 3` 5 to 5': a first sequence and a second
sequence said first nucleotide sequence being . homologous to the
nucleotide sequence of the first homology arm on said vector DNA strand,
and said second nucleotide sequence being homologous to the nucleotide
sequence of a fiat terminus on a target DNA stand; c) a second
double-stranded oligonucleotidc comprising a second oligonucleotide strand
comprising in the following order) from 3' to 10 5': a third nucleotide
sequence and a fourth nucleotide sequence, said third nucleotide . sequence
being homologous to the nucleotide sequence of the second homology arm on
said vector DNA strand and said fourth nucleotide sequence being homologous
to the nucleotide sequence of a second terminus on said target DNA strand;
and d) a cell containing a bacterial recombinase In a specific embodiment
of the kit, the cell is an E coli cell. In 15 another specific embodiment
of the kit the cell is a frozen cell competent for uptake of DNA. In
another embodiment, the invention provides a kit useful for directed
cloning or subcloning of a target DNA molecule comprising in one or more
containing a) a double-sDNA vector useful four directed cloning and
subcloning of a target DNA 20 molecule of interest said vector comprising
as 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: 



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 ?s nucleotide sequence being
homologous to the nucleotide sequence of the first homology arm on said
vector DNA strand, and said second nucleotide sequence being homologous to
the nucleotide sequence of a first terminus on a target DNA strand; and c)
a second doubleshanded oligonucleotide comprising a second oligonucleotide
strand comprising, in the following order, from 3' to 5: a third
nucleotide.sequence and a fourth nucleotide sequence, 30 said third
nucleotide sequence being homologous to the nucleotide sequence of the
second 10   - 9 FEB 2004 _.. WO 01/04288  PCT/EP00/06533 homology arm in
said vector DNA strand and said fourth sequence being homologous to the
nucleotide sequence of a second terminus on said target DNA strand. In a
specific _ embodiment of the kit, the DNA vector is purified. In another
embodiment of the kit, the DNA vector, the first double-stranded
oligonucleotide, and the second double-stranded 5 oIigonucleotide are
purified 1n other specific embodiments of kits provided by the invention,
the target DNA molecule comprises bacterial viral, parasite, or protozoan
DNA. In other specific embodiments, the target DNA molecule comprises a
genetic mutation or polymorphism known or suspected to be associated with a
disorder or disease In other specific.  10 embodiments the bacterial
recombinase is RecE/T or Reda/B recombinase or both RecE/T and Reda/B
recombinases The methods of the invention may be used in diagnostics. For
example, plasmids or linear DNA fragments may be designed to capture a
specific DNA target to detect its presence in a sample from a subject e.g.
a viral DNA present in a patient's 1S sample. In one embodiment, the
invention provides methods for detection of target DNA known or suspected
to be associated with a disorder or disease when genetically mutated. In
specific embodiments, the target DNA is a bacterial, viral) parasite" or
protozoan DNA. In a specific embodiment, a method is provided which further
comprise detecting a recombinant DNA molecule that comprises the target DNA
inserted into the vector. In 20 another embodiment, the method further
comprises detecting a recombinant DNA molecule that comprises the. target
DNA inserted into the vector. In another embodiment) the invention provides
a method of detecting the presence of an infectious agent wherein the
target DNA is derived from a patient suspecting of having the infectious
disease and the sequences of the first and second homology arms 2S are
homologous to the sequences present in DNA of the infectious agent. In a
specific embodiment, the target DNA is derived from a patient suspected of
having the infectious disease, and said second and fourth nucleotide
sequences are homologous to sequences present in DNA of the infectious
agent. In other specific embodiments) the infectious agent is a virus,
bacteria, protozoa, fungus) or parasite. 30 -11-   - 9 FEB 2004  WO
01/04288 PCT/EP00/06533 



In another embodiment, a method is provided for detecting the presence of a
genetic condition, disease, disorder, or polymorphic trait, wherein the
target DNA is derived from a patient suspected of having a genetic
condition, disease disorder, or polymorphic trait, and the sequence of the
first homology arm is homologous to the sequence upstream 5 from a site
known or suspected to be associated with the genetic condition, disease,
disorder, or polymorphic trait, and the sequence of the second homology um
is homologous to the sequence downstream from a site known or suspected to
be association with the genetic condition, disease, disorder, or
polymorphic trait. In a spec embodiment, a method is provided for detecting
the presence of a genetic condition genetic disease 10 genetic disorder, or
polymorphic trait wherein the target DNA is derived from a patient
suspected of having the genetic condition, genetic disease, genetic
disorder, or polymorphic trait) and the sequence of the first
double-stranded oligonucleotide is homologous to the sequence upstream from
a site known or suspected to be associated with the genetic condition,
genetic disease, genetic disorder, or polymorphic trait, and the sequence
of the 15 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. In a specific embodiment, the genetic condition; genetic disease,
genetic disorder, or polymorphic trait is or predisposes the patient to
cancer, asthma, arthritis, drug resistance, drug toxicity, or a neural,
neuropsychiatric, metabolic, 20 muscular, cardiovascular, or skin
condition, disease or disorder. 4. DESCRIPTION OF THE FIGURES 25 Figure
lA-C Components of the homologous recombination cloning and subcloning
methods. A. The vector, comprising an origin of replication (origin), a
selectable marker (Sm), and two homology arms (labeled A and B). 30 -12   -
9 FEB 2004 _.. WO 01/0a288 PCT/EP00/06533 B. Optional double-stranded
oligonucleotide adaptors. Each adaptor comprises a region of homology
(labeled A' and H') to the homology arms (A and B) respectively and a
second region of homology (labeled C' and D') to a terminus of the target
DNA (respectively labeled C and D).  . 5 C. The target DNA. The terminal
nucleotide sequences of the target DNA C and D) can either be homologous to
nucleotide sequences of one of the homology arm of the vector (respectively
labeled A and H)) or to nucleotide sequences of the optional adaptor
oligonucleotides (respectively labeled C' and D'). 10 Figure Z.
Expericmental outline of Approach 1. The vector for subcloning by
homologous recombination is introduced e.g.) by transformation into an E
coli host within which the target DNA and RecE/T or Reda/B proteins are
already present The diagram shows a linear DNA molecule carrying an E.coli
replication origin) and a selectable marker gene (Sm), which is preferably
a gene whose product confers resistance to IS an antibiotic, flanked by
"homology arms: The homology arm's, are shown as thick grey blocks at the
ends of the linear DNA molecule, arc short regions of sequence homologous
to two regions is the target DNA that flank the DNA region to be subcloned,
called target DNA termini, are shown as thick lines flanked by the homology
arms. After transformation, selection for expression of the Sm gene is
imposed to identify those cells 20 that contain the product of homologenous
recombination between the homology any of the linear DNA molecule and the
target. Figure 3. Diagrammatic representaion of Approach Z. The approach is
similar to that used in Figure 1, accept in this case the target DNA
molecule is not already 25 present in the E coli host, but, rather, is
co-introduced with the linear DNA vector molecule. The target DNA can be
any source, 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 subcloned. As in Figure 1) the homology arms are shown in
thick grey blocks. 30 r13   - 9 FEB 2004  WO 0I/04288 PCT/EP00/06533 Figure
4. Diagrammatic representation of an example of Approach 3. The cloning or
subcloning vector includes an E cola origin of replication and a selectable
marker gene (Sm) flanked by two short homology arms) shown as thick grey
blocks. Additionally; the vector includes two recombination target sites
(SSRTs) one of. which is 5 between the origin and the selectable marker
gene. Most simply, the vector is constructed first as a linear DNA fragment
as shown in the figure. Upon circularization the second SSRT is located
between the homology arms oriented as a direct repeat with respect to the
first SSRT, so that site-specific recombination between the two SSRTs
results in the.  production of two different circular molecules) thereby
separating the origin and the 10 selectable marker gene. The circularized
vector is transformed into an E.coli strain within which RecE/T or Reda/B
proteins is expressed) or can be expressed. The E.coli strain also carries
an inducible site-specific recombinase (SSR) gene, the product of which
recognizes the SSRTs in the vector so that site-specific recombination
between the SSRTs does not occur until the site-specific recombinase gene
is induced for expression. The E coli cells IS carrying the vector and the
regulated site-specific recombinase gene are prepared so that they contain
RecE/T or lteda/B proteins and are competent for transformation. DNA
molecules containing the region to be cloned is then introduced into a host
cell. After homologous recombination between the homology arms, expression
of the site-specisc recombinase protein is induced and selection for
expression of the selectable marker gene is 20 imposed. Before
site-specific recombination, cells will contain either unrecombined vector
carrying two SSRTs or the intended homologous recombination product which
carries only one SSRT, since homologous recombination results in deletion
of the SSRT located between the homology arms. After expression of the
site-specific recombinase is induced, and selection for expression of the
selectable marker is imposed, cells containing the 25 product of homologous
recombination will survive, since this product is no longer a substrate for
site-specific recombination. Figure 5. Use of adaptor oligonucleotides for
cloning and subcloning by RecE/T or Reda/B homologous recombination. The
diagram illustrates a variation of 30 Approach 2, shown in Figure 3, about.
Two adapter oligonucleotides each contain two -14   - 9 FEB 2004 . , _.. WO
01/04288 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. Circularization of the vector
and cloning of the DNA region of interest is accomplished by homologous
recombination between the vector and the adapters and between the adapters
and the target S DNA. In this embodiment the vector and the target DNA do
not share sequence homology. Thus) the same vector may be used to clone or
subclone different target DNAs by using target~specific adaptor
oligonucleotides for each target DNA. Adapter oligonucleotides can 



also be used is the methods of Approaches 1 and 3, as outlined in Figures 1
and 3, above. ` f ~~ 10 Figure 6. An ethidium bromide stained agarose gel
depicting DNA digested with EcoRI isolated from 9 independent colonies
(lanes 1-9) obtained from the mAF4 HAC experiment Lane M, I kb DNA size
standards (HRL) Bethcsda, IvID). Lane 10, EcoRI digestion of the starting
vector. Ihe experiment is described is detail in the Example in Section 6.
15 Figure 7A-H. Cloning of a DNA region from a total yeast genomic DNA. A.
A PCR fragment made to amplify the pl5A origin, and flanked by 98 or 102 by
homology arms to 98 or l02 bps either side of an integrated ampicillin
resistance gene in the yeast strain, MGD 353-13D, is illustrated. The PCR
product (0:5mg) was mixed 10 with total yeast genomic DNA (4.Omg) and
coelectroplated into JC5519 E.coli containing Reda/B expressed from
pBADaBY. Clones were identified by selection for ampicillin B. An ethidium
bromide stained gel to confirm the correct products from 10 chosen
colonies. 25 Figure 8A-C. Effect of repeats or 5' phosphates present on the
cads of the linear vector on ET subcloning. A. The sequences of the
oligonucleotides used for PCR amplification of the linear vector are shown.
Italicized sequence indicates the part of the oligonucleotide which 30 is
required for PCR amplification of the linear vector, the other nucleotides
constitute the -15   - 9 FEB 2004  WO 01l04288 PCT/EP00/06533 homology arm
to the E.coli lacZ gene. Sequence in bold were presort on both extreme of
the Iinear vector) and thus make up the terminal repeats. The linear vector
constructs a-x have sequence repeats of various lengths. The linear vector
contains the pl 5A replication origin plus the chloramphenicol resistance
gene Cm', flanked by homology 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
efficiency in ET subcloning the E coli lacZ gene. C. Table showing the
effect of repeat length and phosphorylation on 10 efficiency of ET
subcloning. The results of tests using the vectors containing the repeated
sequences shown in panel A arc shown Figure 9A B. ET recombination
subcloning using pBAD-aBY(tet) A Diagram of the pR6KlBAD/aBy plasmid, which
contains the R6K origin, 15 the pir-ll6 replicon, the tetracycline
resistance gene from pBR322 (tet')) and the arabinose repressor (araC). B.
Comparison of ET recombination subcloning using pBAD-aBy(tet) (CoIEI ori)
versus pRbKJBADIaBY. 20 Figure l0A-B. Subcloning of a l9kb fragment of the
AF-4 gene present on a BAC. A.. Plasmid contstructs and subcloning
strategy. tet') the tetracyclin _) resistance gene. araC) arabinose
repressor. B. Analysis of 5 independent colonies. An ethidium bromide
stained gel of Z5 HindIII digested DNA prepared firm 5 independent, correct
colonies and the linear vector alone. Correct subclones were confirmed by
DNA sequencing. M, I kb DNA ladder. 



Figure 11A B. ET subcloning using genomic DNA as a source for the target
DNA. 30 A Genomic DNA isolated from E coli was prelinerized by Xhol
digestion. The linear vector consisted of the ColEl origin and the
kanamycin resistance gent kan. flanked by homology arms which direct
recombination to the laelllacZ locus present on the E coli chromosome. - 16
- 9 FEB 2004  WO 01I04288 PCTlEP00/06533 B. Restriction analysis of 16
independent colonies. Lane 17 shows the linear vector. M, 1 kb DNA ladder.
Figure 1ZA-B Subcloning of the neomycin gen neo from mouse ES cell genomic
DNA. A. Diagram of subcloning strategy B. Restriction analysis of kanamycia
resistant colonies. Figure I3. Combination of ET cloning and subcloning S.
DETAILED DESCRIPTION OF THE INVENTION The present invention is directed to
methods and compositions for DNA cloning and subcloning using bacterial
recombinase-mediated homologous recombination. The inventor has discovered
that bacterial recombinases may be utilized in a particular manner to
achieve high-efficiency targeted cloning and subcloning. Preferably, the
bacterial recombinase used is RecE/T and/or Reda/B The RecE/T pathway in E
coli has bees described previously and its components have been partially
characterized (Hall and Kolodner) 1994) Proc. Natl. Acad. Sei. U.S.A_ 91:
3205 3209; Gillen et a1.,1981, J. Bacteriol. I45:521-532). Recombination
via the RecE/T pathway requires the expression of two genes, recE and reel)
the DNA sequences of which have been published (Hall et al., 1993, J.
Bacteriol. 17S:277 278):` The RecE protein is l functionally similar to A
exo, which is also called Reda and the RecT protein is functionally similar
to ReadB and erf of phage P22 (Gillen ct al.) 1977) J. Mol. Biol. I 13:27
41; Little, I967, J. Biol. Chem. 242:679-686; Radding and Carter,197I) J.
Biol. Chew. 246:2513-2518; Joseph and Kolodna, I983) Biol. Chem.
258:14411-17; Joseph and Kolodncr,1983) Biol. Chem. 258:10418-24; Muniyappa
and Radding) 1986, J. Biol. Chem. 261:7472-7478; Kmiec and Hollomon,
1981,1. Biol. Chew. 256:12636-12639; Poteete and Fcnton, 1983 ) J: Mol.
Biol. l 63: 257-275; Passy et al., I 999, Pmc. Natl. Acad. Sci. USA
96:4279-4284) and references cited therein). Described herein are methods
and compositions relating to the use of bacterial recombinases for directed
DNA cloning and subcloning. As used herein, the term "DNA cloning" refers
to the process of inserting DNA from any source into an -17   - 9 FEB 2004
WO 01/04288 PCT/EP00/06533 autonomously replicating vector so that it can
be propagated in the host cell. The term "DNA subcloning" refers to the
process of shuttling of DNA fragments already present in au autonomously
replicating vector into another autonomously replicating vector, or
shuttling - DNA fragments from a highly enriched DNA molecule, such as a
purified viral genome or a $ DNA fragment previously amplified by PCR, into
an autonomously replicating vector. The tam "directed" or "targeted"
cloning and subcloning refers to the use of homology arms and, in various
embodiments, adaptor oligonucleotides, to select a target DNA) and to
direct the orientation of the insertion of the target DNA by the choice and
the orientation of the 



homology arms. It should be noted that all applications of the methods of
present invention 10 apply to methods for both cloning and subcloning DNA.
The construction of the compositions and methods of the invention are
described in detail herein. In particular, Section 5.1 describes mediated
recombination cloning methods of the invention for targeted cloning of DNA
fragments by homologous recombination.. Section 5.2,. below) describes
compositions of the invention, including 15 DNA constructs designed to
target,capture and clone target DNA fragments of interest. Also described
arc nucleic acid molecules encoding bacterial recombinases such as RecE/T
and/or RedoJp proteins, cells comprising such compositions, and the methods
for constructing such nucleic acids and cells. Section 5.3, below,
describes the use of bacterial recombinase-targeted cloning methods and
kits for detection of gene expression and 20 diagnosis of disease
conditions. 5.1 METHODS FOR CLONING AND SUBCLONING BY HOMOLGOUS
RECOMBINATION The various methods described herein can be used for
efficient and targeted 25 cloning of any DNA of interest by bacterial
recombinase-mediated homologous recombination. The three approaches
described herein have as common components a cell expressing bacterial
recombinase recombination proteins, and a vector. An example of the vector
is shown in Figure I A. The vector. comprises three essential elements: an
origin of replication and two short regions of double-stranded DNA, herein
called `homology arms'. 30 -18   - 9 FEB 2004  WO 01/04288 PCT/EP00/06533
The homology arms are specifically designed to allow the vector to
`capture' a target DNA of interest between the homology arms by homologous
recombination. The sequence, position, and orientation of the homology
areas arc important for correct insertion of the target DNA between arms.
In one embodiment, where the homology arms have 5 sequence homology to the
termini of target DNA, the two homology arms correspond in sequence to DNA
flanking the target DNA of interest one arm (indicated as A in Figure 1)
corresponding to a DNA sequence upstream from the target DNA ('indicated as
C in Figure 1 ) and the second arm ('indicated as B in Figure 1 )
corresponding to a sequence located downstream from the target DNA
(indicated as D is Figure I). The orientation of the two 10 arms relative
to the desired insert must be the same as is the orientation of the
homologous sequence relative to the target DNA (see Figure 1), such that
recombination between the homology arms and the target DNA results in the
target DNA being inserted between, or `inside' (sea Figure 1), the two
homology arms. As used herein) a position is defined as being `inside' the
homology arms if it is positioned between the two homology arms) such 15
that. a first homology arm is between the origin of replication and itself
in one direction) and a second homology arm is positioned between the
origin of replication and itself is the other direction. On the other hand,
a position is defined as being "outside" the homology arms if, in one
direction) neither homology arm separates itself from the origin of
replication. Thus, by definition, the replication origin and the selectable
marker are located on the vector 20 `outside the homology areas (see Figure
1), so that insertion of the target sequence preserves the origin of
replication and the selectable marker on the plasmid On the other head, the
target DNA is, by definition, inserted `inside' the homology areas. Figure
1A depicts pictorially the meaning of `inside' and `outside' of the
homology arms. In an alternative embodiment) the homology arms have
sequence homology 25 to a set of double-stranded adapter oligonucleotides.
Such adapter oligonucleotides are illustrated is Figure 1B. The sequence of
each adapter oligonucleotide comprises the sequence of one of the homology
arms of the vector, and additionally, a sequence homologous to a sequence
that flanks the target gene of interest (see Figure 1 C'). . Thus, one
adapter oligonucleotide contains homology to DNA sequence of one homology
arm 30 (indicated as A' in Figure 1), and a nucleotide sequence upstream
from the target DNA -19   - 9 FEB 2004 .-. WO 01/04288 PCT/EP00/06533
(indicated as C' in Figure 1). The second adaptor oligonucleotide contains
homology to a DNA sequence of one homology arm (indicated as B' in Figure
1); as well as a nucleotide 



sequence located downstream from the target DNA indicated as D' in Figure
1). In this way, adaptor oligonucleotides may be used to adapt a generic
homology cloning vector to 5 target a specific gene sequence of interest by
varying the sequence of the adaptor oligonucleotide (see Figure 5). The
methods and compositions that can be used to carry out the various
embodiments of the invention are described in detail herein. The methods
described below include three alternative approaches to directed cloning by
homologous recombination. As described is detail below, each of the 1O
three approaches has its own advantages that make it preferred for a
particular cloning application. T&esc methods and applications are
described in detail below in one approach, depicted in Figure 2) the
cloning vehicle is introduced into a cell that contains the target,DNA of
interest. This first approach may be used to conveniently shuttle as insert
home one replicon to another, without the need for cumbersome restriction
analysis and in 15 vitro manipulations This approach is useful for
applications in which the target DNA already exists is as E coli replicon
and its further use requires the subcloning of a chosen part. For example,
the use of a DNA clone isolated from a cosmid, phage or BAC library is
facilitated by subcloning chosen portions into a new vector is order to
sequence the insert or to expresss the protein encoded by the gene In a
second approach, depicted in Figure 3) the 20 cloning vector and the target
DNA of interest arc prepared and then added together into a cell
Alternatively, as shown in Figure 4) the DNA of interest can be added to a
cell that already contains the cloning vector. The latter two approached
arc useful for applications in which the target DNA is derived from any
external source, such as) for example, DNA derived from a cancer cell ZS
5.1.1 APPROACH 1: INTRODUCTION OF VECTOR INTO HOST CELL CONTAINING TARGET
DNA In one embodiment, as depicted is Figure 2, the target DNA sequence is
already present within a host cell that expresses a bacterial recombinase
For example the 30 target DNA stay reside on an independently replicating
DNA molecule, such as) but not -20   - 9 FEB 2004 WO 01l04288
PCT/EP00l06533 limited to, a plasmid, a phage, bacterial artificial
chromosome (BAC) or the E. col i chromosome in as E.coli host cell. Methods
for constructing host cells that express a bacterial recombinase such as
RecE/T or Reda/B recombinase are described in detail in Section 5.2.2. 5 .
. The vector DNA, comprising an origin of replication and two homology arms
located on either side of the origin and the marker, is introduced into the
host cell. preferably the vector is a linear molecule and the homology arms
are located at the respective ends of the linear molecule; although they
may be internal. After entry into the cell, homologous recombination
between the homology arms 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 are capable of replicating and being
selected for in the host cell, many of the calls that grow on selective
media will contain recombined molecules including the target DNA. 15 In one
embodiment, the ends of the linear vector DNA fragment may be blocked with
modified nucleotides) to reduce the of events produced by joining of the
ends of the linear fragments by any means other than homologous
recombination, i.e, illegitimate recombination. Such modified nucleotides ,
c,g., phosphothionate nucleotides) may be incorporated into the 5'-end
nucleotide of the homology arm Modified nucleotides 20 may be incorporated
during oligonucleotide synthesis of a primer used to construct the . vector
(see Section 5.Z.1) below)) or) alternatively, may be added by enzymatic or
chemical  modification of the oligonucleotide or linear vector DNA after
synthesis. Methods for such modification of oligonucleotidcs and linear DNA
fragments are well known in the art, and are described in detail in Section
5.2.2, below. Z5 



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
RecE/T or 30 Reda/B recombinases. The target DNA may be derived from any
source. For example, the -21   - 9 FEB 2004 r WO 01/04288 PCT/EP00/06533
target DNA can be obtained from a biological sample) such as, but not
limited to, whole blood) plasma, serum skin) saliva, urine, lymph fluid,
calls obtained from biopsy aspirate, tissue culture cells) media, or
non-biological samples such as food, water, or other material. Methods foe
preparation of DNA from such sources are well known to those of skill in
the 5 art (see) e.g., Current Protocols in Molecular Biology sales of
laboratory technique manuals, 1987-1994 Currant Protocols, 1994-1997 John
Whey and Sows, Inc.). The vector and the target DNA arc prepared, mixed ire
vitro, and then co introduced into cells expressing bacterial recombinase
proteins, preferably by transformation in E coli by co-electroporation. The
vector DNA may- be in the form of 10 linear DNA or a circular plasmid DNA.
In a preferred embodiment) the vector is a linear. DNA molecule. The source
of target DNA is mixed in weight excess to, or excess, relative to the
vector DNA, in order to introduce as many copies of the target DNA region
of interest into the cell as possible, thereby maximizing the yield of
recombinant products. Cells are gown in selective media to select for
circularized products. In a preferred embodiment the 15 vector contains an
antibiotic resistance marker and cells arc grown in the presence of
antibiotic Colonies that are capable of growth under such selection will
contain circularized recombined forms of the linear fragment. In one
embodiment the ends of the linear vector DNA fragment may be blocked with
modified nucleotides, as described below in Section 5.2.1. Methods for such
20 modification of oligonucleotides are well known in the art, as described
below in Section. 5.2.2 This approach is particularly useful where the
target DNA is obtained from a source external to E earl, such as yeast or
eukaryotic cells. In one embodiment this method may be used for diagnostic
purposes to detect the presence of a particular DNA is 7,5 any biological
specimen For example, the method may be used to detect the presence of a
specific estrogen receptor or BRCA 1 allele in a biopsy sample extracted
from a breast cancer patient. In another embodiment) the method may be used
to amplify regions of DNA as an alternative to amplification by polymerise
chain reaction (PCR) techniques 30 Amplification by homologous
recombination, cloning and propagation in E. coli offers    .  WO 01l04288
PCT/EP00/06533 several advantages over PCR-based techniques. First, PCR
error can be a substantial drawback for many purposes. Combinations of
pairs of PCR primers tend to generate spurious reaction products. Moreover)
the number of errors in the final reaction product increases exponentially
with the each round of PCR amplification after an error is S introduced
into a DNA sample. On the other hand, amplification by homologous
recombination cloning has the advantage of the cellular proofreading
machine in E coli and is thus at least 1000 times more faithful. Second)
there are fewer restrictions on the size. . of the DNA region that may be
amplified using the present method. Amplification of DNA regions longer
than a few kilobases (greater than 5-10 kb) is difficult using PCR
techniques. !0 The.present method is suitable for cloning much larger
regions, at least to approximately one hundred kilobases. At present,
cloning a genome involves the tedious proesses of creaking 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 genome into large, non-redundant, contiguous
clones, called `contigs'. Third,. !S even after DNA is produced by a PCR
technique, the PCR products need to be cloned is an extra processing step.
Homologous recombination cloning techniques obviates the need for the extra
subcloning step. The region of DNA that is to be amplified is simply
inserted between homology arms and transformed with the vector DNA into a
E, colt host. The homologous recombination is this embodiment may be
carried out in 20 vitro, before addition of the DNA to the cells. For
example, isolated RecE and RecT, or cell extracts containing RecE/T may be
added to the mixture of DNAs. When the recombination occurs in vitro the
selection of DNA molecules be accomplished by. transforming the
recombination mixture in a suitable host cell and selecting for positive  .
clones as described above. ZS 5.l.3 APPROACH 3: INTRODUCTION Op' TARGET DNA
INTO HOST CELLS CONTAINING VECTOR DNA In another embodiment, target DNA is
introduced into a cell which already contains vector DNA. Target DNA may be
from any source, as described in 5.1.2 above, 30 and may be either linear
or circular in form. As described above, once the target DNA is _ 23 _   -
9 FEB 2004  wo oi/oa2ss PCT/EP00/06533 inside the cell) homologous
recombination between the homology arms and the target DNA results the
insertion of the target DNA between the homology arms. However, in this
case, counter-xlectioa is needed to select against unrecombined vector
since both the desired product and the unrecombined vector expresses the
selectable marker gene. Various 5 embodiments are described in detail
herein to accomplish this counter-selection  In one embodiment, for
example, a method that utilizes a site-specific recombination and excision
reaction can be used. This approach is depicted is Figure 5. In another
embodiment, an inducible nuclease is induced that cleaves the unrecombined
vector. In both embodiments, the vectors that do not contain recombination
products are diminated. . i0 The vector is first constructed as a plasmid,
then introduced into the host cell, where it can be propagated. As shown in
Figure 5, the vector contains (i) an origin of rceplication (any origin):
(ii) a selectable marker (Sm); ('iii) the two homology arms; and [v) a
counter-selectable marker, such as, but not limited to, a pair of
recognition for a site- . specific recombinase, a first recognition site
located outside the homology arms and a 1S second recognition site located
inside the homology arms, or a recognition site for an endonuclease, which
can be used to select against the starting plasmid vector. As used herein,
a site is located `inside' the homology arms if it is positioned between
the two homology arms, such that a first homology arm is between the origin
of replication and itself in one direction, and a second homology arm is
positioned between the origin of 20 replication and itself in the other
direction. On the other head, a position is defined as  being `outside' the
homology arms if, in one direction, neither homology arm separates itself
from the origin of replication. (See Figuce 1 for a pictorial
representation of the meaning of `inside' versus `outside' the homology
arms.) The origin of replication and the selectable marker must be located
outside the homology arms, as described in Section 5.1 25 above, such that
insertion of the target sequence prescerves the origin of replication and
the selectable marker on the plasmid. The counter selectable marker,
endonuclease site or one of two site-specific recombinase target sites is
preferably located `inside' the homology arms (see Figure 5)) on the other
side of the origin of replication and the selectable marker. Any method
known in the art that allows for counter-selection against the 34
non-recombined vector can be used. For example, in one embodiment,
counter-selection -24   v ~ ~u cuu 



WO 01/04Z88 PCT1EP00/06533 can be accomplished by an inducible
site-specific recombinase (SSR). Site-specific recombinases are enzymes
that recognize two target sites, called site-specific recombinase target
sites (SSRTs)) and act at these sites to mediate a DNA strand exchange sad
excision reaction (flatlet et al., FEMS Microbiol. Rev.) 1997, 21:157-78;
Sauer) 1994) Curr. Opin. 5 BiotechnoL 5:521-7; Stark et al.) l992, Trends
Gene) $:432-9). Example of site-specific recombinases are known in the art,
including, but not limited to Cre, 17p, Kw, or R recombinases (Nurses-Duby
et al., l 998, Nucleic Acids Res. 26:391 r406; Riagrose et al., l997, Eur.
J. Biochem. Z48: 903-912; Utatsu et a1.,1987, J. Bactaiol.169: 5i37 5545).
When two directly repeated SSRTs reside on a circular plasmid,
site-specific recombination IO between the two SSRTs results in the
formation of two circular plasmids. Only the product containing the origin
of replication is maintained in the cell. Thus, site.specific recombination
between two directly repeated SSRTs in a circular plasmid results in
deletion of the DNA sequence located between the two SSRTs on the side that
does act include the origin of replication. 15 A DNA vector is constructed
containing two SSRTs, oriented as direct repeats, one positioned inside the
homology arms, and a second positioned outside the arms and between the
selectable marker (SM) and the origin of replication. Recombination between
SSRTs positioned in this way results in separation of the origin of
replication from the selectable marker (see Figure 5). Thus, the SSR will
act on non-recombined DNA 20 vectors) which contain two SSRTs) resulting in
the loss of such plastids hot the host cell. Host cells are then
transformed with vector DNA by standard methods. In this embodiment the
host cell must contain:1) RecE/T and/or Reda/B genet and 2) a gene encoding
an SSR. Preferably, the expression of RecE/T and/or RedaJ~i genes is
inducible, ' but constitutive expression is also possible. The gene
encoding a site-specific recombinase 25 (SSR) that recognizes the SSRTs
must be inducible. Inducible and constitutive promoters arc well known in
the art; methods for their use in construction and axpression of
recombinant genes are described in Section 5.2.3, below If the RecFIT
and/or RcdorJ~ genes require induction for expression, the vector
containing cells are grown under conditions to induce expression
immediately before competent cells are prepared. Host cells 30 - 25    ~ ~u
tut ._. WO 01/04288 PCT/EP00/06533 containing vector DNA arc selected for
and maintained by plating and growing in selective media. Competent cells
are then prepared from the host cells containing the vector. Cells are
transformed with the target DNA, which can be prepared from any source eg.
5 total genomic DNA prepared from any cell. The cells are cultured briefly)
to allow homologous recombination to occur. Homologous recombination
results in deletion of the sequence between the homology arms containing
one SSRT) and the insertion of the target gene sequence. The expression of
the SSR is then induced. The SSR will act on the directly repeated SSRTs in
the un-recombined vector, separating the selectable marker from p gm rep g
targets have only one SSRT  10 the plasmid orgin of replication. Plasmids
containing insect 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 after the site-specific recombination takes place. .In
this way) induction of the SSR results in selecting for plasmids containing
insert target genes. 15 In as alternative embodiment, an endonuclease can
be used to linearize the vector between the homology arms in vivo, either
just before, during, or after homologous recombination. Linearization of
the vector before recombination will select for correct recombination
products, since a linear plasmid will not survive in the cell unless it
becomes . circularised. After the recombination, the continued activity of
the endonuclease well help 20 select for plasmids containing inserts
because during homologous recombination the SSR deletes the endonuclease
recognition site and inserts the target DNA is its plane. Since the
endonuclease will cleave only non-recombined vectors, leaving plasmids with
inserted 



target sequences intact, the continued activity of the endonuclease after
recombination) selects against non-recombined products. For this
embodiment, as endonuClease with a 25 very rare recognition sift must be
used, so that no other sites will be presort in the host cell DNA. Examples
of such `rare-cutters' are known in the art, including, but not limited to,
the lambda cos, yeast HO or an intron-encoded endonuelease such as PI-Scel.
The recognition site for the endonuclease should be cloned between the two
homology arms, so that enzymatic digestion by the endonuclease results in
linearization of the vector between 30 the homology arms. The expression of
the endonuclease gene must be inducible. -26   ~- y r t ti zu04  WO
0l/04288 PCT/EP00106533 Constructs and methods for inducible protein
expression are discussed below, in Section 5.2.3. In another embodiment, an
SSR, for example, the Cre recombinase can be used, instead of an
endonuclease, to linearize the unrecombined vector is vivo (sec Mullins 5
et al.) 1997,  Nucleic Acids Res.Z5:2539-40). In his case, the vector is
constructed with only one SSRT site located inside the homology aims. An
excess of oligonucleotide containing a copy of the same SSRT is
oligonucleotide is mixed with the target DNA and co-transformed into the
host with the target DNA. Preferably, the oligonucleotide is a short
double-stranded DNA molecule. Where one of the recombining molecules has an
SSRT x0 residing on a short oligonucleotide, the site-specific recombinase
will linearize the vector at its SSRT (Mullins et a1.,1997, supra). In
another embodiment, the site-specific recombination and endonuclease
approaches described above can be combined. In this case, the unrecombined
vector is made to contain both an SSRT and an endonuclease site inside the
homology arms: In one ZS embodiment of this approach, the SSR and the
endonuclease could be co-regulated under the control of a single inducible
promoter. Constructs and methods for such co-regulated, inducible.
expression of proteins is discussed in Section 5.2.3, below. In another
embodiment, a combination of these uses of site-specific recombination for
counter-selection can be employed. In this embodiment, two pairs of x0
SSR/SSRTs are employed, for example Cre/lox and FIp/FRT. The vector
contains two sites for the first SSR, SSR1, one located inside the homology
arms, and the second located outside the homology arms, between the origin
of replication and the selectable . In addition, the vector contains a situ
far the second SSR, SSR2, located inside the homology arms. Another site
for SSR2 is located on short double-stranded oligomucleotides and arc 25
added along with target DNA during cell transformation, at an amount in
excess to the target DNA. In a specific embodiment, for example, one
SSR/SSRT pair for the linearization step is Cre/loxP and the second one for
the deletion step is FIp/FRT. In another embodiment, a direct
counter-selection against the cell may be used. In this case the plasmid
origin of replication directs. single-copy (or very low copy) 30
maintenance in E. coli. Origins of replication of this class include the
iteron-class of origins -27   rya cuu~t _; wo onoaiss PCT/EP00/06533 



such as the phage PI origin, and plasmids based on the E~ coli chromosomal
origin, oriC. For suitable origins of repIication, sec Helinski, D.R,
Toukdarian, A.E., Novick, R.P. Chapter 122, pp 2295-2324 in "Escherichia
coli and Salmonella, Cellular and Molecular Biology" 2 edition Frederick C.
Niedhardt, Ed. ASM Press, Washington,1996, ISBN 15 55581-084-5. In this
case, the vector can 1x constructed without any SSRTs, rather a
counter-selectable gene is included between the homology arms. Such
counter-selectable marker genes are known in the art, for example, the sacB
ccdB or tetracycline resistant genes may be used (sec also) Reyrat et al )
1998) Infect. Immun. 66:4011-7 for a listing of suitable counter-sdedable
genes and methods). The intended homologous recombination 10 reaction will
delete the counter-selectable gene so that cells carrying the intended
recombination product will survive under counter-selection pressure,whereas
cells carrying the unrecombined vector will be killed. 5.2  COMPOSITIONS
FOR CLONING AND SUBCLONING BY 15 HOMOLOGOUS RECOMBNATION Compositions for
cloning by homologous recombination in the various embodiments are
described herein  For each of the cloning methods described in Section 5.2
below, three components are required to coexist in a single cell: first, a
vector carrying two short regions of DNA (herein called 'homology arms'),
having sequence homology to a Z0 target sequence; second, RocE/T and/or
Redac/~i protein pairs or other bacterial recombinase; and third, the
target DNA sequence. Recombination between these homologous sequences
present on the homology arms and the flanking regions of the target gene,
mediated by a bacterial recombinese, results in the target DNA being
inserted or `captured' between the two homology arms. The compositions and
the methods for their 25 construction are described in detail herein.
5.2.1. THE HOMOLOGY CLONING VECTOR The homology cloning vector may be a
linear or circular DNA vector comprising an origin of replication, a
selectable marker, and two short regions of DNA 30 designed to capture a
target DNA of interest. Several forms of cloning vehicles are  - 28   a rDD
LUU~f , _ WO O1/02$8 PCT/EP00/06533 possible, depending on the approach or
method to be used. The preferred forms and methods for their construction
arc depicted in Figures 1-S, and described in detail herein. 5.2.1.I THE
ORIGIN OF REPLICATION 5 The vector requires an origin of replication, which
is needed for replication nerd propagation of the plasmid. For cloning and
propagation is E coli, any E coli origin of replication may be used,
examples of which are well-known in the art (see, Miller,1992) A Short
Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press) NY, and
reference therein). Non-limiting examples of readily available plasmid
origins of 10 replication are ColE1-derived origins of replication (Bolivar
et al., 1977, Gene 2:95-113; see Sambrook et al..) 1989) supra) pl5A
origins present on plasmids such as pACYC184 (Cbang and Cohen) 1978, J.
Baciesiol.134:1141-56; see also Miller,1992, p. 10.4-10.11 ), sad pSC101
origin available for low-copy plasmids expression are all well known in the
art. For example, in one embodiment; the origin of replication from a
high-copy 15 plasmid is used, such as a plasmid containing a ColE1-derived
origin of replication, examples of which are well known in the art (see
Sambrook et al ) 1989, supra; see also Miller) 1992, A Short Course in
Bacterial Genetics, Cold Spring Harbor Laboratory Press, NY, and references
therein). One example is an origin from pUC19 and its derivatives
(Yanisch-Perron et al, 1985, Gene 33:103-119). pUC vectors exist at levels
of 300-500 20 copies per cell and have convenient cloning sites for
insertion of foreign genes. For very  high expression, A vectors, such as
Agt11 (Huynh et al) 1984, in "DNA Cloning Techniques:) Vol I: A Practical
Approach", D. Gloves, ed.; pp 49-78,IRL Press, Oxford), or the T7 or. SP6
phage pormoters in cells containing T7 and Sp6 polymerise expression
systems (Studier et al,1990, Methods Enzymol 185:60-89) can be used 25 When
a lower level of expression is desired, an origin of replication from a
medium or a low-copy may be used. Medium-copy plasmids are well known in
the art, 



such as pBR322, which has a CoIE1 derived origin of replication and 20-100
copies per cell (Bolivar et al,1977) Gene 2:95-113; sec Sambrook et
al.,1989, supra), or pACYC184, one of the pACYC100 series of plasmids,
which have a p15A origin of replication and exist at 30 10-12 copies per
cell (Chang and Cohen) 1978,1. Bacteriol. 134:1141-56; sec also Miller) -
29    ~ y rtti zoos , WO 0l/04288 PCT/EP00/06533 1992, g.10.4-10.11).
Low-copy plasmids arc also wall known in the art) for example, pSC101,
which has a pSC101 origin; and approximately 5 copies per cell. Both pACYC
and pSC141 plasmid vectors have convenient cloning sites and can co-exist
in the same cell as pBR and pUC plasmids, since they have compatible
origins of replication end unique 5 selective antibiotic markers. Other
suitable plasmid origins of replication include lambda or phage P1 replicon
based plasmids, for example the Lorist series ((Gibson et al.,1987, Gene
53: 283 286). When even less lion is desired, the origin of replication may
be obtained from the bacterial chromosome (see Miller,1992, supra;
Niedbardt, F.C., ed., 10 1987, Escherichia coli and Salmonella typhimurium,
American Society for Microbiology, Washington, D.C.; Yarmolinsky, M.B. and
Sternberg, N.,1988, pp. 291.438, in Vol. l of The Bacteriophages, R
Calendar, ed., Plenum Press, New York). In addition) synthetic origins.of
replication may be used. ' 15 5.2.1.2 THE SELECTABLE MARKER To maintain the
plasmid vector is the cell, the vector typically contains a selectabIe
marker. Any selectable marker known in the art can be used. For
construction of an E eoli vector, nay gene that coveys resistance to any
antibiotic effective in E coli, or any gene that conveys a readily
identifiable or seIectable phenotypic change can be used. 20 Preferably,
antibiotic resistance marker are used, such as the kanamycin resistance
gene. from TN903 (Friedrich and Soriano, 1991, Genes.Dev. 5:1513-1523), or
genes that confer ice to other amiaoglycosidcs (including but not limited
to dihydrostreptomyoin, gentamycin, neomycin, paromyrin and streptomycin),
the ~i-lactamase gene from IS1, that confers resistance to penicillins
(including but not limited to ampicillin, carbenicillin, 25 methicillin,
penicillin N, penicillia O and penicllin V). Other selectable genes
sequences including, but not limited to gene sequences encoding
polypeptides which confer zeocin resistance (Hegedus et al. 1998, Gene
207:241-249). Other antibiotics that can be utilised are genes that confer
resistance to amphenicols, such as chloramphenicol, for example, the coding
sequence for chloramphenicol transacetylase (CAT) can be utilized (Eikmanns
et al. 30 1991, Gene 102:93-98). As will be appreciated by one spilled is
the art, other non - 30    v: y r tn ~uu~ J WO 01/04288 PCTlEP00l06533
antibiotic methods to select for maintenance of the plasmid may also be
used, such as, for example a variety of auxotrophic markers (see Sambrook
et al ,1989, supra; Ausubel et al.) ) S . 5.2.1.3 THE HOMOLOGYARMS A
required component of the vector is two short regions of double-stranded
DNA, referred to herein as 'homology arms'. In one embodiment, as shown in
Figure 1, the two homology arms (labeled "A" and "B") are homologous to the
sequence of the DNA flanking the target DNA of interest labeled A' and B'),
one arm being homologous to a .~~ 10 DNA sequence upstream from the target
DNA and the second arm being homologous to a sequence located downstream
from the target DNA. As used herein) two double-stranded DNA molecules are
"homologous" if they share a common region of identity, optionally
interrupted by one or more base-pair differences, sad are capable of
functioning as substrates for homologous recombination. In a prefaced
embodiment, the homology arms 15 contain approximately 22 to 100 bass pairs
or more of continuous identity to a double stranded region flanking target
DNA of interest. Regions of homology can be interrupted by ono or more
non-identical residues, provided that the homology arms are still efficient
substrates for homologous recombination. In a prreferred embodiment, for
optimum recombination efficiency, homology arms are approximately 50
nucleotides in length, with 20 in the range of 20-30 (e.g., 25) base pairs
of continuous, uninterrupted, sequence identity. Although.shorter regions
of continuous identity are also possible (e.g., at least 6, 8, or 10 base
pairs), lower efficiencies of recombination can be expected using such
shorter regions of continuous identity. For example, is one embodiment, the
length of continuous identity may be as short as 6 by (Keim and Lark,1990)
7. Structual Biology l04: 97-10t7. Three is 



25 no upper limit to length of homology arms or the length of their
continuous identity to the flanking target DNA sequence. Nucleotide
sequences flanking a target DNA also are referred to herein as the
"termini" of the target DNA. Thus, a target DNA will have two-tcrmiai, a
first terminus and second terminus. The orientation of the two arms
relative to the desired insert must be the 30 same as is the orientation of
the homologous sequence relative to the target DNA (sec -31   ~~ ~ rte ~uu
WO 01/04288 PCT/EP00/06533 Figure 1), so that recombination between the
homology arms and the first and second termini of the target DNA results in
the target DNA being inserted between the two homology arms. The sequences
of the two homology arms are chosen according to the 5 experimental design.
The only limitations on the choice of as homology arm is that it should not
be a sequence found more than once within tire target DNA and should not be
present elsewhere in the host cell dining the homologous recombination
reaction. In this case, the intended homologous recombination product can
still be obtained, however amongst s background of alternative homologous
recombinations events. in one 10 embodiment, the sequence of the homology
arms are two sequences flanking the polylinker of a commonly used cloning
vehicle such as a BAC, PAC, YAC (yeast artificial chromosome), phage
cloning vectors such as the AEMBL or AGT series, phagemid; cosmid, pBR322,
pGEM, pGEX, PET, baculovirus vectors, viral vectors such as adenoviral
vectors and adeno-associated viral vectors. Thus, a single vector can be
used to subclone any insert 15 that has been cloned in these vectors.
Vectors containing .such homology arms are particularly useful for
subcloning inserts derived from positive clones from a DNA library, such as
a BAC, PAC, YAC, cosmid or lambda library. In various embodiments, as
described hereinbelow, the homology arms are positioned at the ends of a
linear DNA molecule, or within a linear DNA molecule or 20 circular DNA
plasmid vector. Homology arms are oriented in the same orientation relative
to their orientation in the target nucleotide sequence. In other words,
they are oriented so the desired DNA sequence is inserted between the arms
after the recombination tales place. Where the homology army are positioned
at the ends of the linear DNA the inserted DNA 25 sequence is captured and
inserted between the two arms, thereby creating a circular and replicable
plasmid. 5.2.1.4 ADAPTER OLIGONUCLEOTIDE HOMOLOGY ARMS In as alternative
embodiment, the nucleotide sequence of the homology arms 30 is homologous
to nucleotids sequences present on adaptor oligonucleotides. Each of two
-32   ._. WO 01/04288  PCT/EP00i06533 adaptor oligonucleotides comprise a
nucleotide sequence homologous to nucleotide. sequences present on one of
the homology arms, and a second region of homology that is 



homologous to one of the two termini of the target DNA. Adaptor
oligonucleotides are depicted in Figure 1. The homology arms of the vector
are labeled "A" and "B", and 5 regions of the adaptor oligonucleotide
homologous to these sequences are labeled A' and B'. The two termini of
target DNA are labeled "C" and "D") and the corresponding homologous
sequences present on the adaptor oligonucleotides are labeled C' and D'. In
this embodiment) recombination mediated by Reel=lT or Redtu/(3 between the
vector homology arms, the region of homology on the adaptor
oligonucleotides, and the flanking 10 termini of the target gene results in
the target DNA being inserted or 'captured' between the homology arms of
the vector. 5.2.1.5 CONSTRUCTION OF THE VECTOR The linear fragment or
circular vector may be constructed using standard 15 methods known in the
art (see Sambrook et 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, oligonucleotides are synthesized to include the homology arm
sequences at their 5' ends) and PCR primer . sequences at their 3` ends.
These oligonueleotides are then used as primers in a PCR ZO amplification
reaction to amplify a DNA region including as origin of replication and a
selectable genetic marker. In another embodiment, a plasmid may be
constructed to . comprise two appropriately oriented homology arms flanking
an origin of replication and a selectable genetic marker by standard
recombinant DNA techniques (see e.g., Methods in Euzymology, 1987, Volume
154, Academic Press; Sambroak et al.) 1989, Molecular 2' Cloning - A
Laboratory Manual, 2nd Edition, Cold Spring Harbor Press, New York; and
Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing
Associates and Whey Interscience) New York). The plasmid is then
linearized, for example, by restriction endonuclease digestion. In another
embodiment, for example, the following method may be used to 30 construct
the vector DNA used in Section 5.1.3, above.  Two oligonucleotides arc - 33
J 1 w ' _ WO 01/04288 PCT/EP00/06533 synthesized, one of which includes,
from 5' to 3' end, a restriction site unique to the vector, a left homology
arm and a PCR primer. The other oligonucieotide includes, from 5' to 3'
end, the same restriction site unique to the vector, au SSRT, a right
homology aria and a PCR primer: The two homology arms are chosen to flank
the target DNA. The SSRT is a S site recognized by any site specific
recombinase (SSR) such as Cre, Flp, Kw, or R recombinases. The synthesis of
the oligonucleotida must he so that the two SSRTs are orientated as
directed feats is the vector. Two PCR primers are used amplify a DNA
template that includes a plasmid origin, a selectable gene and as identical
SSRT beta the origin and the selectable gene. The product of the PCR
reaction is they cut 10 with the restriction enzyme that recognize the
sites included at the 5' ends of the oligonucleotides to permit efficient
circularization by ligation. The circular product is then transformed into
E coil for amplification to yield large amounts of the vector. In another
embodiment, a linear fragment is constructed by taking plasmid with
selectable marker, an origin and two cloning sites, and cloning in an
oligonucleoiide  15 homology arm into each cloning site. Restriction
enzymes are then used to cut the plasmid DNA to produce linear fragment
bounded by the homology. arms. This method is prefferred for construction
of more complex plasmids - e.g. plasmids containing eukaryotic enhancer and
promoter elements in order to include eukaryotic expression elements.
Additionally, other sequence elements may be subcloned into the vector. The
vector may also contain additional nucleotide sequences of interest for
protein expression, manipulation or maintenance of the inserted target DNA.
For example) promoter sequences, enhancer sequences, translation sequences
such as Shine and Dalgarno sequences, transcription factor recognition
sites, Kozak consensus sequences, and termination signals may be included,
in the appropriate position in the vector. For ZS recombination cloning in
cells other than bacterial cells, such as plant, insect, yeast or mammalian
cells, other sequence elements may be necessary, such as species-specific 



origins of replication, transcription, procreesing, and translation
signals. Such elements may include, but are not limited to eukaryotic
origins of replication, enhancers, transcription factor recognition sites)
CAT boxes, or Pribnow boxes. 34 -34   ~ rtri cuuy  WO 01l04288
PCT/EP00/06533 In an embodiment wherein RecE/T and/or Raia/p or other
bacterial recombinase is produced recombinantly from as expression plasmid
in the cell, the chosen vector must be compatible with the bacterial
recombinase expression plasmid described is Section 3.2.3, below. One of
s1411 in the art would readily be aware of the compatibility 5 requirements
necessary for expressing multiple pIasmids is a single cell. Methods for
propagation of two or more constructs is procaryotic cells arc well known
to those of skill in the art. For example, cells containing multiple
replicons can routinely be selected for and maintained by utilizing vectors
comprising appropriateIy compatible origins of replication and independent
selection systems (sec Miller et a1.,1992) supra; Sambrook et al., 1989) 10
supra). 5.2.2. BACTERIAL RECOMBINASES The invention described herein is
described mainly with reference to the use of RecE/T and/or Redatl~3.
However, as will be clear to the skilled artisan) the invention is 15
equally applicable to the use of other bacterial recombinases that have the
ability to mediate homologous recombination using a pair of homologous
double-stranded DNA molecules as substrates. As used herein, a bacterial
rccombinase is a recombinase that is expressed endogenously is bacteria,
whither of phage or bacterial origin, and is capable of mediating
homologous recombination. In various embodiments, the bacterial recombinase
is RecE/f 20 and/or Rcda!~i recombinase. In another specific embodiment, a
functionally equivalent system for initiating homologous recombination
comprises erf protein from phage P22. Further, individual protein
components of bacteriai recombinases eau be substituted by other functional
components for use in the present invention. "RecE" sud "RecT" as used
herein, refers first, to E cell, e.g., E. cell Q12, 25 RecE or RccT. The E
coil RecE and Reel nucleotide and amino acid sequences arc well known
(RecE, GenBank Accession No. M24905 and SWISS PROT Accession No. P15033;
RccT) Gcn$ank Accession No. L23927 and SWISS-PROT Accession No. P33228).'
"Redo" and "Rod~i" refer to the phage lambda encoded proteins. Rcda has a
5' to 3' exonuclease nativity similar to the 5' to 3' exonuclease of RecE,
and Red~i has a DNA 30 -35   ~ r ~o cuu  WO 01/04288 PCT/EP00/06533
annealing activity similar to that of RecT. Nucleotide and amino acid
sequences are well known for both of these lambda proteins (ace GenBank
Accession Nos. J02459; M17233). 



As will be clear w the skilled artisan, reference to RecE/T and/or Redal~i
herein shall also apply to a combination of.RecE/T. and Reda/~i, unless
indicated otherwise 5 explicitly or by context. In a specific embodiment,
combination of the two enzyme complexes has a synergistic effect on the
efficiency of recombination. Bacterial recombinases that can be used also
include allelic variants of the components of the recombinases. For
example, amino acid sequences utilized in the "`) RecE/T and Reda/~i
recombination systems of the invention can also comprise amino acid 10
sequences encoded by any allelic variants of RecE, RecT, Reda, or Red~i, as
long as such allelic variants are functional variants, at least to the
extent that they exhibit homologous recombination activity. Allelic
variants can routinely be identified and obtained using standard
recombinant DNA techniques (see e.g., Methods in Enzymology) 1987, volume
154) Academic Piss; Sambrook et al.,1:989; Molecular Cloning - A Laboratory
Manual, 15 2nd Edition) Cold Spring Press, New York; and Ausubel et al.,
Current Protocols in Molecular Biology, Greene Publishing Associates and
Wiley Interscience, New York), or protein evolution approaches (Jermutus et
al.,1998) Curt. Opin. Biotechnol 9:534-548). . In general, nucleic add
encoding such allelic variants should be able to hybridize to the
cmoplement of the coding sequence of RecE, RccT, Redoc; or Redp under ZO
moderately stringent conditions (using, e.g , standard Southern blotting
hybridization conditions, with the final wash in 0.2xSSG0.1% SDS at 4ZC;
Ausubel et al.) ads:, I989; Current Protocols in Molecular Biology, Vol. 1,
Green Publishing Associates, Inc., and John Whey & sons, Inc., New York) at
p. 2.10.3), or highly stringent hybridization conditions (using, e.g.)
standard Southern blotting hybridization conditions with the final wash in
25 O.IxSSCI0.1%SDS at 68C ; Ausubel et al., supra). Reef, Reel, Redo, gad
Red~i) as used herein also includes RtcE) RccT', Reda) and Red~3 homologs
derived from the phages hosted by, or the calls of, procaryotic cells of
the family Enterobacteriaceae. Members of the family Enterobacteriaceae
include, . but are not limited to species of Escherichia, Salmonella,
citrobacter, Klebsiellae, and  30 Proteus. Such RccE, RxT) Rodcc) or Rcd~3
homolog is, generally, encoded by a gene   r ~ r~o cuut  WO 01/04288
PCTJEP00/06533 present in a phage genome whose product participates in a
recombination mediated step is the phage life cycle, such as Reda and Red(i
in the life cycle of lambda phage. RecFlC homologs can routinely be
identified and obtained using standard procaryotic genetic and recombinant
DNA techniques (see eg., Sambrook et aI , supra) 5 and Ausubel et al.,
supra). Recombinant DNA may be obtained from s cloned genomic or cDNA
library, or by PCR amplification. For example, a genomic library may be
produced by standard molecular biological techniques, or obtained from
commercial or non commercial sources. ?he genomic or cDNA library may then
be screened by nucleic acid ~ hybridization to a labeled ~ toll reef or
recT probe (Grunstein and Hogness) 1975, Proc. 10 Nail. Read. Sci. I3.S.A.
72:39b 1 ) and positive clones can be isolated and sequenced. In a specific
example) a RccE or RecT homolog can routinely be identified in Salmonella
typhimurium. The reef and recT genes are well characterized in E coli K 12;
the nucleotide and protein sequences of both RecE (GenBank Accession No.
M24905 and SWISS-PROT Accession No. P15033) and RecT (GenBank Accession No.
L23927 and IS SWISS-PROT Accession No. P33228) are known; (see also
Bachmann,1990, Microbiol. 



Rev. 54:130-197; Rudd,1992, in Miller,1992, supra, pp. 23-2.43). A.
complete S typhimurium genomic cosmid or .A library may be used. The S
typhimurium library may then be screened by hybridization with an E) toll
Reef or RecT probe utilizing hybridization conditions such as those
described about. For example, since the two genes 20 are exported 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) 57C Denhart's solution, 0.5% SDS and 100
ug/ml denatured salmon sperm DNA. 25 Hybridizations can be tattled out in
the same solution and 5-20 X 10a cpm 32P-labeled probe is used. Filters can
be incubated in hybridisation mixture for 18-20 hours at 55'C, and then
washed twice for 30 minutes at 60C in a solution containing 1X SSC and 0.1%
SDS. Filters are then blotted dry and exposed to X-ray film for
autoradiography. Other conditions of moderate stringency which may be used
are well-known in the art. Washing of filters is 30 done at 37C for 1 hour
is a solution containing 2X SSC) 0.1% SDS. Subsequent isolation, -37   ~
rtri cuu~t  WO 01/04288 PCT/EP00/06533 purification and characterization of
clones containing the E typhimurium can be performed by procedures well
known is the art (see Ausubel et al, supra). Such sequences can be used to
construct the E typhlmurium RecFlTs of the invention. Alternatively, the S.
typhtrnurium gene can be isolated from S typhia3urium 5 mRNA. mRNA can be
isolated from cells which express the ltecE or RecT protein: A cDNA library
may be produced by reverse transcription of tnRNA) and screened by methods
known is the art, such as those described above for screening s genomic
library (sea Ausubel et al., supra). Alternatively, recE or rcrT cDNA can
be identified by PCR techniques) such as RAGE (Rapid Amplification of c_DNA
ends; Ausubel et al ) supra), 10 using two primers designed from the E cola
recE or reel sequence: a "forward" primer having the same sequence as the S
end of the E cots rscE or recT mRNA, and a "reverse" primer complementary
to its 3' end. The PCR product can be verified by sequencing, subcloned,
and used to construct the RecE/T of the invention. Such cD33A sequences
can. also be used to isolate S. typhimuriurn geaomic recE ar recT
scquences, using methods well 15 known in the art (Sambrook st al.,1989,
supra; Ausubel et al; supra). . Nucleic acid molecules encoding the RecFJT
recombination enzymes of the invention can, further, be synthesized and/or
constructed according to recombinant and synthetic means well known to
those of skill in the art (Sec c g.) Sambrook, supra and Ausubel et al ,
supra.). 20 As discussed below, the ability to control the expression of
the sequences such that expression can be regulateble (e.g. inducibIe) and
such that a wide range of'. expression levels eau be achieved is beneficial
to the performance of the methods of the invention. The nucleic said
molecules can, for example, be maintained ZSextrachromosomally, e.g., on a
plasmid, cosmid or s bacteriophage. Alternatively, the aucleic-acid,
molecules can be integrated into the cbromosome, eg., E. coli chromosome,
utilizing, far example) phage transduction or transposition. Thus,) the
RecFIT 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 for driving
expression of the recombination proteins. Each of these aspects of -38 



y rte zuU4 WO 01l04288 PCT/EP00/06533 expression/strain construction can be
manipulated to yield cells exhibiting a wide range of recombination protein
expression levels. It is to be noted that single copy chromosomal versions
of the recombination protein coding sequences are additionally advantageous
in that such a configuration facilitates construction of strains. 5 5.2.2.1
PROTEIN EXPRESSION The bacterial recombinase may be expressed .either
constitutively or inducibly in bacterial, Yeast, insect" or mammalian cells
In a preffered embodiment, recombination proteins are depressed is a
bacterial, most preferably, E coil strain. For iQ example, the host cell
may comprise the recE and recT genes located on the host cell chtvmosome.
Examples of E coli strains in which the expression of RecFIT is endogenous
are known, for example, E coli sbcA strains (Zhang et al.) 1998, supra).
Alternatively RecE/T may be recombinantly expressed from non-chromosomal
DNA, preferably on a plasmid vector, eg., pBADETY (Zhang et al.) 1998,
supra) or pGET'rx (Narayanan et al.) 1S 1999) Gene Then 6:442-447.
Similarly RedalS can be endogenous to strains that have integrated A
prophage, or expressed from plasmids, for example pBA.Da~iY (Muyrers et al,
1999, supra). RecFJT and/or Redal~i expression constructs can be
constructed according to standard recombinant DNA techniques (see eg.)
Methods in Enzymology,1987) volume l54, Acadernic Press; Sambrook a of
1989) Molecular Cloning - A Laboratory Manual, 20 2nd Edition) Cold Spring
Harbor Press, New York; and Ausubel et al. Current Protocols in Molecular
Biology) (Greene Publishing Associates and Whey Innerscience, New York)
each of which is incorporated herein by reference is its entirety). In one
embodiment, RecFJT and/or Reda!(i is expressed in E coli from a high-copy
plasmid such as a plasmid containing a ColEl-derived origin of
replication,. ~ examples of which are well known is the art (see Sambrook
et a1.,1989, supra; see also Miller) 1992, A Short Course is Bacterial
Genetics) Cold Spring Harbor Laboratory Press) NY, arid references
therein), such as pUC19 and its derivatives (Yanisch-Perron et al.,1985,
Gene 33:103-119). With respect to regulatory controls which allow
expression (either regulated 30 or constitutive) at a range of different
expression levels, a variety of such regulatory -39   ~ rtri fUU4 J. WO
01/04288  PCT/EP00106533 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 in a constitutive as well as in a regulated, or inducible.
fashion. 5 Inducible expression yielding a wide range of expression can be
obtained by utilizing a variety of inducible regulatory sequences. 1n one
embodiment, far example the lacl gene and its gratuitous inducer IPTG can
be utilized to yield inducible, high levels ofexpression of RecFlf when
sequences encoding such polypaptides arc transcribed via the y lacOP
regulatory sequences. lli - RccE a~ RecT may be expressed from different
promoters, or alternatively, the recE and recT genes may be expressed on a
polycistronic mRNA front a single promoter. Such heterologous promoters may
be inducible or constitutive. Preferably the ecpression is controlled by an
inducible promoters. Inducible expression yielding a wide range of
expression can be obtained by utilizing a variety of inducible regulatory
sequences. 1S In one embodiment, for example, the lacl gone and its
gratuitous reduce IPTG can be utilized to yield inducible, high levels of
expression of RecE/T' when sequence encoding such polypeptides are
transcribed via the lacOP regulatory sequences. A variety of other
inducible promoter systems are well known to those of skill in the art
which can also be utilized. Levels of expression from RecE/T or Redal~3
constructs can also be varied by  20 using promoters of different
strengths.. 



Other regulated expression systems that can be utilized include but are
not. . limited to, the araC promoter which is inducible by arabinose
(AraC)) the TET system (Geissendorfer and Hillen) 1990, Appl. Microbiol.
Biotechnol. 33:657-663), the pL promotor of phage A temperature and the
inducible lambda repressor CI857, (Pirrotta,1975~, Nature 254: 25 114-I I7;
Pctnako et a1.,1989, Gene 78:85-91), the trp promoter and trp repressor
system (Benaett et a1.,1975, Pros. Natl. Aced. Sci USA 73:2351-55; Wame et
a1.,1986, Gene 45:103-112)) the IacUV3 promoter (Gilbert and Maxam,1973,
Pmc. Natl) Aced. Sci. USA 70:I559-53), lpp (Nokamura et al.) et a1.,1982,1.
Mol. Appl. Gcn.1:289-299), the T7 gcne 10 promoter, phoA (alkaline
phosphatase)) recR (Horn et al. I980?, and the tae promoter, a 30 trp-lac
fusion promoter, which is inducible by tryptophan (Amann et a1.,1983, Gene
-ao   ~- ~ r-tas LUU4 WO 01/04288 PCT/EP00/06533 25:167-78), for example,
arc a11 commonly used strong promoters) resulting is an accumulated level
of about 1 to 10'l0 of total cellular protein for a protein whose Level is
controlled by each promoter. If a stronger promoter is desired, the tac
promoter is approximately tenfold stronger than lacUV5, but will result in
high baseline levels of 5 expression, and should be used only when
overexpression is required. If a weaker promoter is required, other
bacterial promoters arc well known is the art, for example, maltose,
galactose, or other desirable promoter (sequences of such promoters are
available from Genbank (Barks et al. 199l, Nucl. Acids ltes.19:2227 2230).
Cells useful for the methods described herein are any calls containing 10
RxFJi' and/or Redal~i recombinases. Preferably, the host all is a gram
negative bacterial cell. More preferably, the host cell is as
entero-bacterial cell. Members of the family Enterobacterlacease include,
but are not limited to, species of Eschertchia, Salmonella, Citrobacter,
Klebsiellae, and Proteus. Most preferably the host cell is an Fscherickin
coli cell. Cells can also be derived from any organism) including, but not
limited to, yeast, fly, 15 mouse) or human cells, provided they am be
engineered to express a suitable recombinase. The recombinase is preferably
RtcE/T recombinase derived from F~ coli, err Rodal~3 recombinase derived
from phage A, or a functionally equivalent RecE/T or Reda/~ recombinase
system derived from F.nterobacteriaceae or an Errternbactertaceac phage,
wherein such systems can mediate recombination between regions of sequence
homology. 10 Cells expressing RecE/T and/or Reca/(3 proteins may be made
electrocompetent in advance and stored at -?0'C. Alternatively, the methods
of the invention may be carried out is any other cell type is which
expression of RecE/T' and/or Rednt/(3 is possible. For example, a variety .
of host-ventor systems may be utilized to express the protein-coding
sequence. These ZS include but arc not limited to mammalian cell systems
infected with virus (eg., vaccinia virus, adenovirus, ete.); insect cell
systems infected with virus (e.g.) baculovirus); microorganisms such as
yeast containing yeast vectors) or bacteria transformed with bactaiophage,
DNA, plasmid DNA, or cosmid DNA. The expression elements of vectors vary in
their strengths sad specificities. Depending on the host-vector system
utilized, any 30 one of a number of suitable transcription and translation
elements may be used. In specific -4I    ._,. . WO 01I04288 



Pt:T/EP00106533 embodiments, the RecE/T and/or Redal~i genes arc expressed)
or a sequence encoding a functionally alive portion of RocFlT and/or
Reda/~i. In yd another embodiment, a fragment of RecFJT or Redal~3
comprising a domain of the RecFJT and/or Reda!(3 proteins are expressed s
Any of the methods previously described for the insertion of DNA fragments
into a vector may be used to construct expression vectors containing a
chimeric gene consisting of appropriate::aasaiptionaUtranslational cortrol
signals and the protein coding sequences. These methods array include in
vitro recombinant DNA and synthetic techniques and in vivo recombinants
(genetic recombination). Expression of nucleic acid sequence . 10 encoding
a RecFJr or Redal~i protein or peptide t may be regulated by a second
nucleic acid sequence so that the RaFlT ar Reda!<i protein or peptide is
expressed in a host . transformed with the recombinant DNA molecule. For
example) expression of a RecFlf or Rcdcc!(i protein may be controlled by
any promoter/enhancer element known is the art. . . _ Promoters which may
be used to control RecFlT or RedaJ(i ecpression include, but are not.  15
limited to, the SY40 early promoter region (Bernoist and Chambon) 1981,
Nature 290:304 310), the promoter contained is 'the 3' long terminal repeat
of Rous sarcoma virus (Yamamoto, et a1.,1980, Cell 22:787 79'i, the hopes
thymidine kinase promoter (Wagner et al.) l981. ~ro. Natl. Acad. Sci.
U.S.A. 78:1441-1445)) the regulatory sequences of the metallothionein gene
(Brinster et al,1982, Nature 296:39-42); plant expression vectors ZO
comprising the nopaline synthetase promoter region (Herrera Estrella et
al.,1984) Nature 303:209 2I3) or the cauliflower mosaic virus 35S RNA
promoter (Gardner, et a1..1981, Nucl. Acids Res. 9:287.1), and the promoter
of the photosynthetic enzyme ribulose biphosphate carboxylase
(Herrera-Estrella et al.) 1984, Nature 310:115=120); promoter elements from
yeast or other fungi such as the Gal 4 promoter) the ADC (alcohol 25
dchydrogenase, promoter, PGK (phosphoglyceroyl kinase) promotes, alkaline
phosphatase promoter, and the following animal transcriptional control
regions) which exhibit tissue specificity and have been utilized in
transgenic animals: elastase I gene control region . which is active in
pancreatic acinar cells (Swift et al.) 1984, Cell 38:639-646; Ornitz et
al., 1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald,
198?, Hepatology 30 7:425-515); insulin gene control region which is active
in panereatic beta calls (Hanahan, -4Z   ~ y FEB 200 J WO 01/04288
PCTJEP00/06533 1985, Nature 31S:115-122), immunoglobulin gene control
region which is active in lymphoid cells (Grosschedl et a1.,1984, Cell
38:b47-658; Adames et al ,198S, Nature 318:533-538; Alexander a a1.,1987,
Mol. Cell. Biol. ?:1436-1444), mouse mammary tumor virus control region
which is active is testicular, breast) lymphoid and mast cells 5 (Leder et
a1.,1986) Cell 45:48S-495), albumin gene control region which is active in
liver (Pinkert et m,1987, Genes and Devel. I:268 276), alpha fetoprotein
gene control region which is active is= liver (Krumlauf et al., l 985) MoI.
Cell. Biol. 5:1639-I648; Hammer et al.) I987, Science 235:53-58; alpha
I-aatiuypsia gene control region which is active in the liver (Kelsey et
al) 1987, Genes and Devel. l:161-171), beta-globia gorse control region 10
which is active in myeloid cells (Mogram et a1.,1985) Nature 315:338-340;
Kollias et al., 1986, Cell 46:89-94; myelin basic protein gene control
region which is active in oligodendrocyte cells in the brain (Readhead et
m,1987, Cell 48:?03-712); myosin light chain 2 gene control region which is
active in skeletal muscle (Sani,1985, Nature 314:283286), and gonadotropic
releasing hormone gene control region which is active is the IS
hypothalamus (Mason et al:,1986, Science 234:1372-1378). Ice a specific
embodiment, a vector is used that comprises a promoter operably linked to a
bacterial recombinase (eg., RecE or RecT).enoding nucleic acid, one or more
origins of replication, and, optionally, one or more selectable markers
(e.g:, as antibiotic resistance gene). Z0 The chosen vector must be
compatible with the vector plasmid described in Section 5.2.1, above. One
of skill is the art would readily be aware of the compatibility
requirements necessary for maintaining multiple plasmids in a single cell.
Methods for 



propagation of two or more constructs in procaryotic cells are well known
to those of skill is the art. For example, cells containing multiple
replicons can routinely be selected for and 25 maintained by utilizing
vectors comprising appropriately compatible origins of replication and
independent selection systems (sec Miller et al, 1992, supra, Sambrook et
a1, I989, supra). 30 - 43    v ~ w cuu ;. _ WO 01/04288 PCT/EP00/06533
5.2.3 HOST CELLS The host cell used for the cloning methods of the present
invention and for propagation of the cloned DNA can be any cell which
expresses the recE and recT and/or reda and redp gene products, or any cell
in which heterologous expression of these genes is 5 possible. Examples of
possible cell types that can be used include, but are not limited to,
prokaryotic eukaryotic cells such as bacterial, yeast, plant, rodent, mice,
human, insert, or mammalian cells. In a preferred embodiment, the host cell
is a bacterial cell. In the most preferred embodiment, the host cell is an
E coil cell. Examples of specific E coli strains that am be used ate JC
8679 and JC 9604. The genotype of IC 8b79 and JC 9b04 is Sac 10 (Hfr, F+;
F-, or F): F-.7C 8679 comprises the mutations: recBC 21, recC 22, sbcA 23,
thr-1, ara-14, leu B 6, DE (gpt proA) 62, lacY1, tsx33, gluV44 (AS), galK2
(Oc), LAM-his-60, relA 1) rps L31 (strR), xyl A5, mtl-1, argE3 (Oc) and
thi-I. 1C 9604 comprises the same mutations and further the mutation recA
56. In an alternative embodiment, a eukaryotic cell may be used as a host
cell for 15 the cloning and subcloning methods described herein.  Any cell
that expresses or can be to express a bacterial recombinase, or functional
equivalents thereof can be used. Cell lines derived from human, mouse,
monkey, or any other organism may be used. For example, non-limiting
examples of cell lines useful for the methods of the invention include CHO,
VERO, BHK. HeLa, COS, MDCK, 293, 3T3) and WI38 cells. ZO A variety of
host-vector systems may be utilized to introduce and express the
protein-coding sequence of RccFlT, Redal~ or a functionally equivalent
system. Such methods arc well known in the art (see Ausube! et al., Current
Protocols in Molecular Biology, Greene Publishing Associates and Wiley
Interscience, New York). These include but are not limited to mammalian
cell systems infected with virus (eg., vaccinia virus) Z5 adenovirus,
etc.); insect cell systems infected with virus (e.g , baculovirus);
microorganisms such as yeast containing yeast vectors, or bacteria
transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA. Methods
for protein expression are also discussed iii . Section 5.2.2, above. 30
~ rtti LllU1 WO 01/042S8 5.2.4 TARGET DNA PCT/EP00/06533 The target DNA is
chosen according to experimental design, and may be any double-stranded DNA
as short as one base pair or over ones hundred kilobases in length. In a
specific embodiment, the target is up to 100, 125, 200, or 300 kb in
length. In another 5 specific embodiment, the target DNA is 25 to 100
kilobases, e.g., as present in a BAC vector. Other specific embodiments of
target DNAs are set forth in the Examples is Section 6. The target DNA may
reside on any independently replicating DNA molecule such as) but not
limited to) a plasmid, BAC or the E coli chromosome. The target DNA may
also reside on any source of DNA including, but not Iimited w, DNA from may
prokaryotic, 10 archaebacterial or eukaryotic cell, or from viral, phage or
synthetic origins. For example, nucleic acid sequences may be obtained from
the following sources: human, poroine, bovine, feline, avian) equine)
canine, insect (e.g.) Drosophila)) invertebrate (e.g.) C. elegans), plant)
etc. The DNA may be obtained by standard procedores known is the art (see;.
c g., Sambrook et aL, l989, Molecular Cloning) A Laboratory Manual, 2d Ed.,
Cold 15 Spring Harbor Laboratory Peas, Cold Spring Harbor, NewYorlG Glover
(i.),1985, DNA Cloning: A Practical Approach, MRL Press) Ltd., Oxford, U.K.
Vol. I) In. 53 METHODS FOR USE OF THE INVENTION 53.1 INTRODUCTION OF DNA
HOST CELLS ZO Any method known in the art for delivering s DNA preparation
comprising the target DNA into a host cell is suitable for use with the
methods describod above. Such methods arc known in the art and include, but
arc not limited to electroporation of cells) preparing competent cells with
calcium or rubidium chloride, transduction of DNA with target DNA packaged
in viral particles. For eukaryotic cells, methods include but are not 



2S limited to electroporation, transfection with calcium phosphate
precipitation of DNA, sad viral packaging. In a preferred embodiment,
electroporation is used. Cells containing RecFJI' or Reda/p proteins are
treated to make them competent for electroporatiom by standard methods (see
Ausnbel et al, Current Protocols in Molecular Biology, (Greene Publishing
Associates and Wiley Interscience, New York). Preferably, about 50 uI of a
30 standard preparation of electro-competent cells is used for
electroporation by standard - 45    C y FEB :20( r WO O1/04288
PCT/EP00/06533 procedures. In experiments that require the transformation
of a linear or circular vector, 0.3 hg or more of vector is preferably
used. In experiments that require the transformation of a DNA preparation
containing the target DNA, 0.3 leg or more is preferably used For
cotransformation experiments; the DNAs are preferably mixed before
electroporation. After 5 electroporation, the ceps arc preferably diluted
is culture medium and incubated for an approximately 1 and a half hours
recovery period before callusing wader conditions to identify the
phenotypic change conveyed by the selectable marker gene. In experiments
utilising site-specific recombination or eadonuclease cleavage of the
vector, expression of the SSR or the endonuclease, or combinations of an 10
SSR and au endonuclease or two SSRs, is induced either before preparation
of electrocompetent cells, during the recovery period after
electroporation, or during culture to identify the selectable marker.
Optimally the phenotypic change is resistance to an antibiotic and the
cells an cultured on plates that contain the corresponding antibiotic. .In
this case, the antibiotic 15 resistant colonies that appear after overnight
culture will predominantly contain the desired subcloning product. In
another embodiment, DNA is delivered into the host cell by transduction of
DNA that has been packaged into a phage particle. PI or x transduction and
packagiag protocols arc known is the art. A packaging extracts are
available commercially (e.g , from 20 Promega, Madison, WI). 5.3Z
OLIGONUCLEOTIDES The oligonucleotide homology arms, primers, and adapter
oligaaucleotides 25 used in conjunction with the methods of the invention
are often oligonucleotides ragging from 10 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 nucleotides in length. ln the preferred embodiment, the
oligonucleotide is approximately 90 nucleotides in length. 30 -46   r . ~V
4VV WO 01I04288 PCT/EP00/06533 Oligonuclcotides pray be synthesized using
any method known in the art (t.g.) standard phosphoramidite chemistry on an
Applied Biosystems 392l394 DNA synthesizer). Further, reagents for
synthesis may be obtained from any one of many commercial suppliers. 5 An
oligonucleotide or derivative thereof used in conjunction with the methods
of this invention may be synthesized using any method known in the art,
e.g., bY use of an automated DNA synthesizer (such as are commercially
available from Biosearch, Applied Biosystems, etc.). As examples,
phosphorothioate oligonucieotides may be synthesized by the method of Stern
et al. (1988, Nucl. Acids Res.16, 3209)) 10 methylphosphonate
oligonucleotides can be prepared by use of controlled pore glass polymer
supports (Sarin et al,1988, Proc. Nat'1 Aced. Sci. U.S.A. 85, 7448-7451),
ec An oligonucleotide may comprise at Ieast one modified base, provided
that such modification does not interfere with homologous recombination.
For example, such 



modifications may.include, but are not limited to 5-fluorouracil,
5-bromouracil, 15 5-chlarouracil, 5 iodouracil, hypoxanthine, xanthine,
4-acetylcytosine) 5-(carbaxyhydroxyImcthyl) uracil,
5-csboxymcthylarniaomethyl-2thiouridiae, . 5-carboxymethylamiaomahyluracil,
dihydrouracil, beta-D-galactosylqueosiae, inosine,
N6=isopeateayladenine,1-methylguanina, 1-methylinosine,
2,2-dimethylguawitie, 2-methyladeninc) 2-methylguanine) 3-methylcytosine,
5-methylaytosinc, N6-adenine, ZO 7-methylguaaine)
5-methyIaminomcthyluracil, 5 methoxyaminomethyl-2-thiouracil) beta
D-naaanosylqueosine, 5'-methoxycarboxymethyluracil, 5-mtthoxyuracil,
2-nicthylthio.N6 isopentcayIadenine, uracil-5-oxyacetic acid (v),
pseudouracil, queosine, 2-thiocytosine) 5-methyl-2=thiouracil,
2-thiouracil, 4-thiouracil) 5-methyluraeit, uracil-5-oxyacetic acid -
methylester, uracil-5-oxyacetic acid (v)) 5-rnethyl-2-thiouracil)
3-(3-amino-3-N 2 ~5 carboxypropyI) uracil) and 2,6-diaminopurine. An
oligonucleotide may comprise at least one modified phosphate backbone,
provided that such modification does not interfere with homologous
recombination. 'Such modification may include, but is not limited to, a
phosphorothioate, a phosphorodithioate, a ghosghoramidothioate, a
phosphoramidate, a phosphordiamidate, a methylphosphonate, an 30 alkyl
phosphotriester, and a formacetaI or analog thereof.. -47   ~ rtti ~uu~  WO
01/04288 PCT/EP00/06533 533 DNA AMPLIFICATION The polymerase chain reaction
(PCR) is optionally used in connection with the invention to amplify a
desired soquence fmm a source (e:g., a tissue sample a genomic or cDNA
library). Oligonacleatide primers representing known sequences can be used
as S primers in PCR. PCR is typically carried out by use of a thermal
cycler (e.g., from Perkier Elms Cetus) and a thermostable polymerase (cg ,
Gene AmpTM brand of Taq polymerase). The nucleic acid template to be
amplified may include but is not limited to mRNA, cDNA or gnomic DNA from
say species. The PCR amplification method is well known is the art (see,
e.g., U.S: Patent Nos. 4,683,Z02, 4,683,I95 and 4,889,818; Gyllenstein et
al, l988, 10 Proc. Na'1. Read. Sci. U.S.A. 85, 7b529656; Ochman et al.)
1988, Genetics 120) 621-623; Loh et al.,1989) Science 243, 217-220). 5.4
METHODS FOR DIAGNOST1C APPLICATIONS 15 -rye of the present invention may be
used to detect, prognose, . diagnose, or monitor various infections,
conditions, diseases, and disorders associated with the presence of a
foreign DNA or variant DNA, or monitor the treatment thereof For example,
as described in Section 5 4.1, blow) the methods may be used to detect,
prognose, diagnose, or monitor various infections and diseases) such as
diseases associated with a vicar ZO infection, a bacterial infection, or
infection by a protozoan, parasite, or other known pathogen. As described
in Section 5.42, below, the methods can also be used to detect, pragnose,
diagnose, or monitor various infections, conditions, diseases, and
disorders associated with the presence of variant DNA, such as a genetic
mutation or a single nucleotide polymorphism (SNP). Methods for such
diagnostic purposes are described in 15 hereinbelow. 5.4.I DETECTION OF
FOREIGN DNA The methods of the invention described hereinabove can be used
to detect foreign DNA) such as a viral or bacteriaI DNA, stemming from
exposure to a pathogen, in a 30 patient exposed to the pathogen. The
patient may or may not exhibit the symptoms of 48   9 FEB .2004 wo oi/oazss
PCT/EP00/06533 infection by the pathogen or the presence of a disease or
disorder associated by the presence of the pathogen. In one embodiment, for
example, a target DNA sample can be prepared from the DNA from a patient
having or suspected of having such a disease or infection. Homology arms
having sequence homology to a foreign target. DNA can be designed and 5
prepared. The sample DNA can then be introduced into an E. coif host cell
that expresses a bacterial recombinase and that contains the victor DNA) by
any of the methods described in 



Suction 5.1, above. In as alternative embodiment, adaptar oligonucleotides
can be designed comprising a first sequence homologous to a vector sequence
and a second .~ sequence homologous to the foreign target DNA, oriented as
described in detail in Section 10 5.1) above. Such adapter oligonucleotides
can be used either to co-transfect, together with the sample DNA and the
vector DNA, an E. coli host cell that expresses RecE/T or RcdeJ~i, or can
be transfected directly into cells that already comprise vector DNA and
sample DNA. Cells arc then grown in selective media, as described is
Section 5.1 above, and cells that resist selection can be analyzed for the
presence of an insert of the appropriate size. 15 ?he target DNA can be
isolated from a patient or subject's biological sample; such as, but not
limited to, whole blood, plasma, serum, skin, saliva, urine, lymph fluid,
cells obtained from biopsy aspirate, tissue culture cells, media, or
non-biological samples such as food, water, or other material. Methods for
preparation of DNA from such sources are well known to those of skill in
the art (see, e.g., Current Protocols in Molecular Biology Z0 seder of
laboratory technique martinis) 1987-1994 Current Protocols. I994-1997 John
whey and Sons, Inc.). In one embodiment, for example, where it is desired
to detect or diagnose a viral infection or disease, the homology arms can
comprise DNA sequences homologous to DNA sequences of known viral DNA. The
methods can be rued to detect and isolate viral ZS DNA either as a viral
DNA strand, or a DNA replicative intermediate of a DNA or an RNA virus. In
one embodiment) for example) DNA genomes or replicative interniediates of
DNA virtues may be directly targeted using homology arm sequences designed
to be homologous to vital sequences of such DNA viruses including, but not
limited to) hepatitis 30 type B virus, parvoviruses, such as
adeno-associated virus and cytomegalovirus, - 49 _   J I LU GV~T  WO
O~J04288 PCT/EPOOJ06533 papovaviruses such as papilloma virus, polyoma
viruses, and SV40, adenoviruses, herpes viruses such as herpes simplex type
I (HSV-1), herpes simplex type II (HSV-II), and Epstein-Barr virus, and
poxviruses, such as variola (smallpox) and vaccinia virus. In another
embodiment, the replicative lntermediates of retroviral RNA viruses that
replicate 5 . through a DNA intermediate may be directly targeted using
homology arm sequences designed to be homologous to viral sequences of such
RNA viruses, including but not limited to human immunodeficiency virus type
I (HIV-1), human immunodeficiency vine type Ii (HIV-II)) human T cell
lymphotropic virus type I (HTLV-1); and human T-cell lymphotropic virus
type II (IiTLV-In. In another embodiment, in order to detect and isolate 10
the genomic or replicative intermediates of RNA virus that replicate
through an RNA intermediate) RNA may be isolated and transcribed into a
cDNA copy of the RNA using reverse transcriptase according to methods well
known in the art. Such eDNA copies may be used as target DNA to detect the
presence of RNA viruses such as influenza virus, measles vines) rabies
virus, Sendai virus, picornaviruses such as poliomyelitis virus, 15
coxsackieviruses, rhinoviruses, reoviruses, togaviruses such as virus
(German measles) and Semliki forest virus, arboviruses, and hepatitis type
A virus. In another preferred embodiment, where it is desired to diagnose
or detect bacterial infections) flit homology arms can comprise DNA
sequences homologous to DNA sequences of known bacteria. For example) is
one embodiment) such homology arm DNA Z0 sequences may be homologous to
cDNA or genomic DNA of a pathogenic bacteria including, but not limited to,
Streptococcus pyogenes, Streptococcus preumoniae, Neisseria gonorrhoea,
Neisseria meningitidis, Corynebacterium diphtheriae, Clostridium botulinum,
Clostrldium perfringens, Clostridlum tetani, Haemophilus infuerrzae,
Klebsiella pneumonlae, Klebsiella ozaenae, Klebsiella rhinoscleromotis,
Staphylococcus aureus, 25Vibrio cholerae, Escherichia coli, Pseudomonas
aeruginosa, Campylobacter (Vibrio) fetus, Campytobacter jejuni, Aeromonas
hyrdrophila, Bacillus cereus, Edwardsiella tarda, Yersirda enterocolitira,
Yersinia pesos, Yersirria pseudotuberculosis, Shigella dysenteriae,
Shigella flexneri, Shigella soruzei, Salmtonella lyphimrurium, Treponerna
pallidum, Treponema perrerrue, Treponema carateneunt, Borrelia vincentii,
Borrelia burgdorferi) 30 Leptospira icterohernorrhagiae, Myeoboeteriunr
tuberculosis, Toxoplasma gondii) -50 



J 1-CD LUU' WO 01/04288 PCT/EP00/06533 Pneumocystis carinii, Francisella
tularensis, Brucella abortus, Brucella suis, Brucella melitensis,
Mycoplasma spp., Rickettsia prowazeld) Rickettsia tsursugtanushi, Chlamydia
spp., and Helicobacter pylori. Ia another embodiment, such homology arm DNA
sequences may to 5 homologous to cDNA or genomic DNA of a pathogenic fungi
including, but not limited to, Coccidioides immitis,
Aspergillus,furnigarus, Candida albicans, Blastormyces dermatitidis,
Cryptococcus neoformans, and Histoplasma capsulatum. In another preferred
embodiment, where it is desired to diagnose or detect protozoal infections,
the homology arms can DNA sequences homologous to 10 DNA sequences of
known. protozoan. For example, such homology arm DNA sequences may be
homologous to cDNA or genomic DNA of any known protazoan. Especially
interesting are pathogenic protozoans such as Entomoeba histolytica,
Trichomonas tenas, Trichomonas hominis, Trichomonas vaginalis, Trypanosoma
gambiense, Trypanosome rhodesiense, Trypanosama cruzi, Leishmania donovani,
leishmania tropics, Leishmania 15 braziliensis, Pneumocystis pneumonia,
Plasmodium vivax, Plasmodium falciparum, and Plasmodium malaria. In yet
another preferred embodiment, where it is desired to diagnose or detect
parasitic infections, the homology arms can comprise DNA sequences
homologous to DNA sequences of known parasite. For example, such homology
arm DNA sequences may 20 be homologous to cDNA or genomic DNA of any known
parasite including, such as Helminths including, Enterobius vermicularis,
Trichuris trichiura, Ascaris.lumbricoides, Trichinella spiralis,
Strongyloides stercoralis, Schtstosoma japonicum, Schistosoma mansoni,
Schistosoma haematobium, and hookworms. ZS 5.4.2 DIAGNOSIS OF MUTATIONS AND
POLYMORPHISMS IN                    CELLULAR DNA The methods of the
invention can also be used to isolate and decoct genetic disorders is a
patient's sample, and to prognose, diagnose, or monitor various conditions,
diseases) and disorders associated with the presence of variant DNA) such
as a genetic 30 -51    r~o cuu7 ._ ` WO 01104288 PCT/EP00/06533 mutation or
a single nucleotide polymorphism (SNP)) as well as to detect a genetic
disposition for developing s disease or disorder In one embodiment, for
example, a target DNA sample can be prepared froth DNA isolated from a
sample from a patient having or suspected of having such a genetic 5
disease or disorder. In a preferred embodiment, a vector comprising
homology arms hating sequence homologous to a particular gene of interest
or genomic region of interest can be designed and prepared, and, introduced
into au E coli host cell that expresses a bacterial recombinase such as
RecE/T and/or Redan3. The sample DNA can then be introduced into the host
all: In an alternative embodiment, adaptor oligonucleotides can be designed
`~ Z0 comprising a first sequence homologous to s vector sequence and a
second sequence homologous to the DNA of the target gene of interest)
oriented as described is decal-in  Suction 5.1, above. In a preferred
embodiment, such adaptor oligoaucleotides can-be used 



either to co-transfect, together with the sample DNA) as E coli host cell
that expresses. RecF.!`f and/or Redal~i and contains the vector DNA.
Alternatively, any of the other. 1S methods for homologous recombination
closing described in detail in Section 5.1, above; can be used. Cells arc
rhea grown in selective media, as described is Suction 5.1 above, sad cells
that resist selection can be analysed for the presence of an insert of the
appropriate size. DNA can rhea be analyzed for the pre of a mutation or DNA
variation of interest by rcstriction analysis or sequencing techniques well
known in the art (see, e.g., Currentt 20 ProtocoIs in Molecular Biology
series of laboratory technique manuals, 1987-1994 Current
Protocols,1994-1997 Doha Wiley and Sons, Inc:). in as alternative
embodiment, the homology arm or adaptor oligoaucleotide may contain the
sequence of the genetic mutation or DNA polymorphism of interest. In this
embodiment, recombination will only occur if the sample DNA contains the
mutation. - This Z5 may be useful for diagnostic screening of a large
number of samples for a particular mutation or DNA polymorphism, since only
cells containing a particular mutation will be resistant to selection. The
target DNA may be obtained from any DNA sample, such as genomic DNA, cDNA,
or mitochondria) DNA. In one embodiment; for example, the target DNA can 30
be a region of a human chromosome. In another embodiment, the target DNA is
present in -52   ~ rats CUUr WO 01/04288 PCT/EP00/06533 a mixed population,
e.g., a population of genomic DNAs derived from a plurality of subjects of
intent, for example, subjects afflicted with a particular disorder.  Such
target DNA can lie obtained from a biological sample, such as) but not
limited to, whole blood, plasma) serum, skin) saliva) urine. lymph fluid,
cells obtained from biopsy aspirate, tissue S culture cells, media, or
non-biological samples such as food, water, or other material. Methods for
ion of DNA from such sources are well known to those of stall in the art
(see, e.g., Current Protocols in Moleculer Biology.series of laboratory
technique manuals) 1987-1994 Current Protocols, l994-1997 John Wiley and
Sons, Inc.).. Non-limiting examples of genetic disorders that can be tested
using this 10 method include mutations and SNPs associated with such
hereditary diseases as Brca-1 associated with breast cancer, mutations
implicated in cystic fibrosis, Tay-Sacks disease, sickle cell anemia,
hemophilia, atherosclerosis, diabetes. leukemia, prostrate and other
cancers, and obesity. Such hereditary diseases may include degenerative and
non degenerative neurological diseases such as Alzhermer's disease,
Parkinson's disease, JS amyotrophic lateral sclerosis, Huntington's
disease, Wilson's disease) spinal cerebellar ataxia, Friedreich's ataxia
and other ataxias, prior diseases including Creutzfeldt-Jakob disease,
dentatorubral pallidoluysian atrophy, spoagiform eacephalopathies, myotonic
dystrophy, depression) schizophrenia, and epilepsy. Hereditary diseases may
also include metabolic diseases such as) for example, hypoglycemia or
pheaylketomuria. Cardiovascular 20 diseases and conditions are also
included, non-Limiting examples of which include atherosclerosis,
myocardia1 infarction, and high blood pressure. The invention can furhter
be used for detection and diagnosis of Lyme disease, tuberculosis, and
sexually transmittal diseases. In another embodiment, the homologous
recombination cloning methods of Z5 the invention can be used for
determining the genetic basis of a disease or disorder. For example) target
DNA can he isolated from a sample of a patient or patients afflicted with a
disorder whose genetic basis is not known. In one embodiment) the cloning
methods could be used to isolate a region of a chromosome known or
suspected to be implicated is such a disease or disorder, from a group of
patients known or suspected of having such a disorder. 30 The recovered DNA
can then be isolated and analyzed further for the presence of genetic - 53
a V n ~V 4yV i 



i WO 01/04288 PCT/EP00/06533 mutations or polymorphisms, using techniques
well known is the art for mapping variations is DNA, such as restriction
fragment length polymorphism, or other SNP detection techniques (see) e.g.,
Nikiforov et al.) U.S: Patent No. 5,679,524 Issued Oct 21,1997; McIntosh et
al, PCT publication WO 98/39066 dated December 30) 1998; Goelet et al.; 5
PCT publication WO 95l12607 dated May 11,1995; Wang et al., l998, Science
280:1077. 108Z; Tyagi a al ) i998, Nature Biotechnol. l6:49-53; Chen et al)
1998) Geneme Res. 8:549556; Pastinen et a1,1996, Clin. (hum. 42:I391-1397;
tea at al., 1991, Proc. Nati. Aced Sci. 94:10756-I0761; Shuber et al.,1997,
Hum. Mol. Gen. 6:337-347; Liu et al.) 1997, Gnome Res. 7:389-398; Livak et
al,1995, Nature  Genet 9:341-342; Day and 10 Humphries,1994, Annul.
Biochem. 222:389395). a .T. Non-limiting examples of target disorders of
clinical interest include alma) arthritis, psoriasis, excema, allergies,
drug resistance, drug toxicity, and cancers such as, but not limited to,
human sarcomas and carcinomas) eg., fibrosarcoma, myxosarcoma, liposareoma,
chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, 15
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma; Ewing's tumor, Ieiomyosarcoma, rhabdomyosarcoma,
colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate
cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma;
sweat gland carcinoma, sebaceous gland carcinoma, Papillary carcinoma.
papillary adenocarcinomas, cystadenocarcinoma, medullary 20 carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile dud
carcinoma,. choriocarciaoma, saninoma, emhryanal carcinoma, Wilms' tumor,
cervical cancer) testicular tumor, lung carcinoma, small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, epeadymome, pincaloma,
hemangioblastoma, acoustic neuoma, oligodendroglioma, meningioma, ZS
melanoma, neuroblastoma, reatinoblastoma; leukemias, eg., acute lymphocytic
leukemia and acute myelocytic leukermia (myeloblastic, promyelocytic,
myelomonoeytic, monocytic and erythroleukemia); chronic leukemia (chronic
myelocytic (granulocytic) leukernia and chronic lymphocytic leukemia); and
polycythemia, vera, lymphoma (Hodgkin's disease and non-Hodgkin's disease))
multiple myeloma, Waldenstrom's macroglobulinemia, and heavy 30 chain
disease. The homologous recombination cloning methods can further be useful
in    o r~t3 LUU~f  WO 0l/04288 PCT/EP00/06533 diagnosing and detecting
genetic differences and diagnosis of patients with autoimmune diseases,
including but not limited to) insulin dependent diabetes mellitus, multiple
sclerosis) systemic lupus crythematosus, Sjogren's syndrome, scleroderma,
polymyositis, chronic active hepatits, mixed connective tissue disease,
primary biliary cirrhosis, 5 pernicious anemia, autoimmune thyroiditis,
idiopathic Addison's disease, vitiligo, gluten sensitive enteropathy,
Graves' disease, myasthenia gravis; autoimmune neutropenia, idiopathic
thrombocytopenia purpura, rheumatoid arthritis, cirrhosis, pemphigus.
vulgaris; autoimmune infertility, Goodpasture's disease, bullous
pemphigoid, discoid lupus, ulcerative colitis) sad dense deposit disease.
10 Homologous recombination cloning methods may also be used for isolating)
diagnosing, and detecting DNA mutations, alterations) variations, and SNPs
not associated with disease. Non limiting examples include such DNA
mutations, alterations, variations; and SNPs present is non-coding genomic
sequences, or DNA mutations, alterations, variations: and SNPs associated
with different human blood groups. 15 In a preferred aspect of the
invention, the method of the invention may have particular utility in the
isolation, detection, diagnosis, prognosis, or monitoring of human DNA
mutations, alterations, variations, and SNPs. It is appreciated,however,
that the methods described herein will be useful is isolating, detecting,
diagnosing, prognosing, or monitoring diseases of other mammals, for
example, farm animals including cattle),horses, ZO sheep, goat, and pigs,
household pets including cats and dogs; and plants including agriculturally
important pleats and garden piano. 



ss KITS The invention further provides lilts that facilitate the use of the
homologous 25 recombination cloning and subcloning methods described
herein. In. one embodiment, a kit is provided comprising, in one or more
containers: A) a double-stranded DNA vector useful for directed cloning and
subcloning of a target DNA molecule of interest, said vector comprising an
origin of replication and two homology arms) is the following order from 5'
to 3' along a vector DNA strand: a fast homology arm, the origin of
replication sad a 30 second homology arm; such that the nucleotide sequence
of the first homology arm on a -55   .- 9 FEB 20~ - ) ._ WO 01/04288
PCT/EP00/06533 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 as the first vector DNA strand is homologous to the
nucleotide sequence of the second terminus on the first target DNA sand;
and b) a cell containing a bacterial recombinase. The cell can 5
endogenously or recombinantly express the recombinase. In another
embodiment, a kit useful far directed cloning or subcloning of a target DNA
molecule in one or more containers is provided, comprising: a) a double
stranded DNA vector useful for directed cloning and subcloning of a target
DNA molecule of interest) said vector comprising an origin of replication
and two homology:arms,-in the r ~~ 1 O following order from 5' to 3' along
a vector DNA strand: a first homology arms, the origin of replication and a
second homology arms, such that the nucleotide sequences of the first
homology arm on a first vector DNA strand is homologous to the sequence of
the first. terminus on a first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is
homologous to the nucleotide sequence of the second. 15 terminus on the
first target DNA strand; and b) a first double-stranded oligonucleotide
comprising a fast oligonucleotide DNA strand comprising) lathe following
order) from 3' to S: a first sequence and a second sequence, said first
nucleotide sequence being homologous to the nueleotide sequence of the fast
homology arm on said vector DNA strand) and said second nucleotide sequence
being homologous to the nucleotide sequence 20 of a first terminus on a
target DNA strand; c) a second oligonucleotide comprising a second
oligoaucleotida sand comprising, in the following order, from 3' to 5.': a
third nucleotide sequence and a fourth nucleotide sequence, sad third
nucleotide sequence being homologous to the nucleotide sequence of the
second homology arm on said vector DNA strand and said fourth nucleotide
soquence being homologous to the nucleotide space of 25 a second terminus
on said target DNA strand; and d) a cell containing bacterial recombinase
proteins, e.g., RecFrlf and/or RedaJ~3 proteins. In s specific embodiment)
the cell is an E toll cell. In anothcr embodiment, a kit is providcd with
one or more containers comprising: a) a double-stzandcd DNA vector useful
for directed cloning and subcloning of 30 a target DNA molecule of
interest, said vector comprising an origin of replication and two -Sb   :-
9 FEB 2UO~t  WO 01/04288 PCT/EP00/06533 homology arms, in the following
order from 5' to 3' along a vector DNA strand: a first homology arm, the
origin of replication and a second homology arm; such that the nucleotide
sequence of the fist 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 



5 sequence of the second homology arm on the first vector DNA strand is
homologous to the nucleotide sequence of the second terminous on the fast
target DNA strand; b) a first doubly stranded 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 sequence 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 first
terminus on a target DNA strand; and c) a second oligonuclcotide comprising
a second oligonucleotide strand comprising, in the following order) 'from
3' to 5': a third nucleotide sequence and a fourth nucleotide sequence)
said third nucleotide sequence being homologous to the nucleotide sequence
of the second 13 homology arm on said vector DNA strand and said fourth
sequence being homologous to the nucleotide sequence of a second terminus
ca said target DNA' strand. In various specific embodiments) the target DNA
of the kit is bacterial; viral, parasite, grotozoan, or pathogenic DNA In
other specific embodiments, the kit's target DNA can comprise a genetic
mutation or polymorphism known ox suspected to be 20 associated with a
disorder or disease. In another specific embodiment) in oligonucleotidc'
adapter sequence or vector homology arms have sequence homology to BAC)
PAC) lambda) plasmid or YAC based cloning vectors. 6. EXAMPLE: RECE/T AND
REDA/B CLONING AND SUBCLONING 25 The Examples presented in this section
describe a, number of experiments which demonstrate the successful cloning
and subcloning using the homologous recombination methods of the invention.
Different approaches to. subcloning methods are shown. Of particular note,
one example shows the successful cloning of an insert larger than nay
described previously - the directed subcloning of a 25 kb DNA fregment from
an 30 approximately 150 kb BAC vector. -57   != 9 FEB 2004 WO 0l/04288
6.1.METHODS AND MATERIALS Preparation of linear fragment PCTIEP00/06533
Standard PCR reaction conditions were used to amplify linear DNA fragments.
The 1972 by of p15A origin plus kanamycin-resistance gene (from,Tn903) from
5 pACYC177 was amplified. The origin p15A allows this plasmid or
recombinant to co-exist in cells with other  plasmids that cony a ColE1
compatibility group origin. .The 1934bp of chloramphenicol (from. Tn9)
resistant gene plus plSA origin was amplified from pACYC184. The
oligonucleotides used in the PCR reaction comprised, at their 3' ends, 10
and 18-30 nucleotide sequence to serve as a prima on pACYC plasmids, and at
the 5 ends, a 50 to 60 nucleotide stretch of sequence hamologous to the
flanks of the target DNA region. For long oligonucleotides, the PCR
reaction annealing temperature used was 62C. PCR products were purified by
using QIAGEN PCR Purification Kit (QIAGEN) and eluted with dH2O. The
template DNA was eliminated by digesting PCR products with Dpn I. 15 After
digestion, PCR products were precipitated by ethanol and resuspended in
dH2O at 0.5 ug/ul. Preparation of competent cell Electroporation competent
cells were prepared by standard methods. Briefly, Z0 overnight cultures
were diluted 100 times into LB medium with appropriate antibiotics. E colt
cells was grown to as optical density of OD e.25-0.4 and were chilled on
ice far 15 min. Bacterial cells were centrifuged at 7,000 rpm for 10 min at
-5 C. The bacterial cell pellet was resuspended in ice-cold 10% glycerol
and pelletcd by centrifugation at 7,000 rpm . at -5 C for 10 min. After 3
times washing in ice-cold 10% glycerol and recentrifugation, . ZS the cell
pellet was suspended in a volume of ice-cold 10/ glycerol equal to volume
of cells. 



The competent cells were divided into 50 ul aliquots in eppendorf tubes,
snap frozen in liquid nitrogen sad stored at -70C. Experiments with the
plasmids pBAD-ETy or pBAD-a~i~ involved~ transformation of these plasmids
into E. coli hosts by standard means, followed by growth 30 overnight to
saturation in LB medium plus 02% glucose, 50 ug/ml ampicillin, the cultures
_$8_   r 9 FHB zoo  WC 01,042$g PCT/EP00/06533 were they diluted 100 fold
into LB plus 50 ug/ml ampicillin and growth to OD ~ of 0.15. L-Arabinose
was thin added to 0.1'/0 of final concentration. The cells were grown to
ODD of 0.250.4 before chilling on ice for 15 min 5 Electroporation A
solution of DNA is 1 ul (containing approximately 0.5 ug DNA yr more for
contransformation, or approximately 0.3 ug vector DNA or more only for
cells harboring the target, or approximately 0.5 ug DNA or more containing
the target for cells - harboring the victor) was mixed with competent
tolls. The cells - DNA mixture was 10 transferred into an ice-cold cuvette.
Eletroporation was performed using a Bio-Rad Gene Pulser set to 25 uFD) 2.3
kV with Pulse Controller set at 200 ohms. LB medium (1 ml) was added after
electroporation. The cells were incubated at 37C for 1-1.5 hour with
Shaking and then spread on plates containing the antibiotic corresponding
to the selectable marker gene in the vector 15 6.2 RESULTS Table 1
summarizes. six experiments in which various target DNA regions of interest
were subcloned using different sources of RecE/T or Reda/p expression. The
first column) entitled "ET expression" refers to the source of RecFn or
Rodarlp , either 20 endogenous Rah is E coli hosts 1C86?9 or 1C9604) or
from plasmids pBAD-RecE/T ot pBADapY, as indicated. The second column
indicates the E coli host used. The third column indicates the target germ.
. In the first experiment, the recE/T` gene resident in the E coli
chromosome . was subcloned is the E coli strain 1C8679, in which expression
of RecFlf is constitutive. ZS This was accomplished using the strategy
outlined in Figure 2. Oligonucleotides were designed and synthesised having
the following sequence:
5'-TTCCTCTGTATTAACCGGGGAATACAGTGTAATCGATAATTCAGAGGAATAG
CTCGAGTTAATAAGATGATCTTCITGAGA'fCG-3' (SEQ ID N0:1) 30 and 9_   ,`=' 9 FEB
20 . ~i;  WO 01/04288 PCT/EP00/06533 _
5'-CAGCAATGTCATCGAGCTGAGACTTACTGATACCGGfiACCCGCGTGGTAATT
CTCGAGTQATTAGAAAAACTCATCGAGCATC-3' (SEQ ID N0:2) to' amplify the p15A
origin of replication and Tn903 kanamycin resistant gene present in
pACYC177. The results of this experiment are summarized is the first row of
Table 1. TABLEI ETE coli TargetTotal'/. correct10 expressionhost
geneseolonies (of 18Endogenous1C8679 recE/T is E.coli
chromosome54089recE/TEndogenous1C8679 IacZ in E.coli chromosome7609415
endogenousJCS . lcrcZ is E.coli chromosome ~290l00recE/TpBAC- .
recE/T'1C5519 Gentamicin is high copy plasmid>3,000100pBAD-aBYHB 101 IacZ
is E.coli chromosome37094pBAD-ocHyHS996 Intron3 of mAF4 is BAC1608320In the
second experiment, the lacZ gene resident is the E coli chromosomewas
subcloned in the E coli strain JC8679, in which expression of RecE/T is
constitutive.This was accomplished using the strategy outlined is Figure 2.
The vector was made byPCR using oligonucleotides of the following sequence:
5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCA,AATG-3' (SEQ ID N0:3) and ~0 



-60   9 I-EB ~  WO 01/04288 PCTJEP00I06533
5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCT'TAATAAGATGATCTTCTTGACiATCG-3' (SEQ m N0:4) to amplify the p15A
origin of replication and Tn903 kanamycin resistance gene present in
pACYC177. . Results arc sued in the second row of Table 1. In the third
experiment, the lacZ gene resident in the E coli chromosome was subcloned
in the E coli strain JC9604, in which expression of RecE/T is constitutive.
This was accomplished using the strategy outlined in Figure Z. The vector
was made by PCR using oligonucleotides of the following sequence: ~~
5'TCAACATTAAATGTGAGCGAGTAACAACCCGTCGC1ATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID N~:S) and
5'-TCAGGCiGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG 15
c'ATCCTT'AATAAGATGATCTTCTTGAGATCG-3' (SEQ ID N0:6) to amplify the plSA
origin of replication and Tn903 kanamycin resistance gene present pACYC 1
T7. Results are summarized in the third raw of Table 1. In the fourth
experiment, the gentamicin gene resident on the high copy plasmid pFastBACI
(Gibco) was subcloned in the E coli strain 1C5519 using the strategy ZO
outlined in Figure 3. Expression of RecE/T was provided by the plasmid
p13A17-recFlf ~ . after this plasmid had been fed into 1C5519) followed by
arabinose induction before preparation of competent cells. The vector was
made by PCR using oligonucleotides of the following sequence: ~
S-TGCACTTTGATATCGACCCAAGTACCGCCACCTAACAATTCGTTCAAGCCGA
GGATCCTTAATAAGATCATCTTCTGAGATCGTTTTGG-3' (SEQ iD N0:7) and
5'-TGCATTACAGTTTACGAACCGA,ACAGGCTTATGTC,AACTGGGTTCGTGCCTT
CAGAATTCTGATTAGAAA,AACTCATCGAGCATCAAATG-3' (SEQ m N0:8) 30 -61   - ~=~ 9
FEB 20I  WO 01/04288 PCTJEP00/06533 to amplify the p15A origin of
replication and Tn903 kanamycin resistance gene present in pACYC177, the
PCR product was mixed with BamHI digested pFastBACI for cotransformation
and plating onto gentamicin plus kanamycin containing plates. In the fifth
ample, the IacZ gene resident is the E coli chromosome was 5 subcloned in
the E coli strain HB 101 using the strategy outlined is Figure 2.
Expression of Rcdal~i was provided by the plasmid pBADa~Y after this
plasmid hard ban transformed into HB 101, followed by arabinose induction
before preparation of competent cells. The vector was made by PCR using
oligonucleotides of the following sequence: 10
5~-TCAACATT'4AATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATrCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ l;D N0:9) and
S'-TCAGGGGAAAACCTTATTTATCAGCCGGAAA,ACC~'ACCGGATTGATGGTAGG
GATCC'ITAATAAGATGATCTTCTTGAGATCG-3' (SEQ ~D NO:10) 15 to amplify the p15A
origin of replication acrd Tn903 kanamycin resistance geese present is
pACYC177. Results of this experiment are summarized in the fifth row of
Table I_ In the sixth experiment, n 25kb region of as approximately 150 kb
BAC 



clone carrying the mouse AF4 gene was subcloned in the E. coli strain HS996
using the strategy outlined in Figure 3. Expression of Redal~i was provided
by the plasmid - ZO pS_ .Jec~iy after this plasmid had been transformed
into HS996, followed by arabinose induction before preparation of competent
cells. The vector was mode by PCR using oligonucteotides of the following
sequence: f-TGTAGGTGAGCCCAGGGGCAAGGCTGCTTTGTACCAGCCTGCTGTCTGCGGG ZS
~TCACCTGGAATTCTTAATAA,GATGATCTTCTTGAGATCGTTTTGG-3' (SEQ TD NO:11) ' and
5'-TGGGTGTCAACCTCAGGCTTTCTCACACGCAATACAGGTAGGGACTTGCACC
CCTACACACCGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID N0:12) 30 -62   -
~= 9 FEB Z0~ WO 01/04288 PCT/EP00/06533 to amplify .the p 15A origin of
replication and Tn903 kanamycin resistance gene present is pACYC177. The
PCR product was mixed with 0.5 ug purified BAC DNA for cotransformation.
Results of this axperiment arc summarized in the sixth row of Table 1.
Also; shown in Figure 6 is an ethidium bromide stained agarose gel
depicting DNA digested 5 with EcoRI isolated from 9 independent colonies
(lanes 1-9) obtained from the mAF4 BAC experiment) using EcoRI digest of
the starting vector as s control (lane 10). In the seventh Experiment, a
region of genomic DNA containing an ampicillin resistance gene from the
yeast strain MGD 3S3-13D was cloned using the _ strategy outlined is Figure
7. As depleted is panel A) a DNA fragment containing the 10 p15A origin of
replication, flanked by 98 or 102 by homology sans targeted to the 98 and .
102 bps flanking regions of an integrated ampicillin resistance gene is the
yeast strain, MGD353-13D. The E coli strain JC5519 was used, and expression
of Roda/p was provided by the plasmid pBADac~fY-TET') followed by arabinose
induction before preparation of competent cells. pBADapy-TET is a
derivative of pBADapY in which the 15  ampicillin resistance gene has been
replaced by the tetracyclin resistance gene. The cloning vector was made by
PCR using oligonucleotides of the following sequence:
5'-TCTITTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATG
CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAAT'ACT~PrTAACACCC
CTTGTATTACTGTTTATGTAAGCAGACAG-3' (SEQ ID N0:13) 10 and
5'-TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAAC
GAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAATTAA
TAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ ID N0:14) 25 to amplify the p15A
origin of replication present is pACYCl77. The PCR product was mixed with 4
pg NeoI digested MGD 353-13D yeast genomic DNA for cotransformation is
.1C5519 containing Rsda/p expressed from pBADa~y and plating. on ampicillin
containing plates after a 90 minute recovery period of culture in L-broth
at 37 C. Clones were identified by selection for ampicillin resistance.
Eighteen colonies were taken for DNA 30 - 63    - J I-tli 1U0  WO 0l/04288
PCTlEP00/06533 analysis. An ethidium bromide stained gel of the tea which
were correct are shows is Figure ?H. The example described herein ills the
success of the RecFJf and 



Redc/d homologous recombination cloning methods using a wide variety of
circular targets 5 - from a high copy plasmid, to a low copy large target
(a BAC) to the E coli chromosome. 7. EFFECT OF VECTOR REPEATS AND
PHOSPHORYLATION ON CLONING EFFICIENCY 10 The Example presented in this
suction describes the optimization of conditions for high-efficiency of
cloning and subcloning using RecE/T or Redal(i-mediated homologous
recombination ("ET cloning'). In particular, as shown is Figure 8,
elimination of sequence repeats is the vector improved cloning
efficiencies. On the other hand, the presence of 5' phosphates at the ends
of the linear vector had very little effect on the IS efficiency of ET
cloning. First, the effect of repeats on cloning efficiency was examined is
the following experiment. As shown in Figure 8, the linear vector used a
the cloning vehicle comprised the p15A replication origin,
the.chloramphenicol resistance gene (Cry, a nucleotide sequence required
for PCR amplification of the linear vector (italicized in Figure 20 8})
flanked by the homology arms to the E coli lacZ gene, and terminal repeated
sequences of various Iengths (indicated in bold), present on both extremes
of the linear ector. The linear vectors were transformed into JC8679
(endogenously ET proficient; Clark, 1974, Genetics, 78, 259 271) or JC5519
(Willetts and Clark,1969, J. Bacteriol 100:231239) expressing pBADRedaI~
(Zhang et al, I998, Nat. Genet. 20:123-128). The number of 25 colonies
obtained on LB plates (with 50 ug/ml chloramphenicol) after ET subcloning
using the indicated oligonucleotides for PCR amplification of the linear
vector, is shown is the table is Figure 8. Of these, 18 were analyzed by
restriction digestion. The indicated efficiency was determined by dividing
the cumber of correct recombinants by the fatal number of colonies
obtained. Thus, the presence of terminal repeats > 6 nucleotides 30 _6q._
.'= :9 .FEB 200 wo oiioa2ss PCT/EP00/06533 significantly reduces the ET
subcloning efficiency. All the background colonies contained n-ligated
linear vector. The effect of phosphorylation was also examined, and the
results are shown in Figure 8. The ends of the linear vector were
phosphorylated using T4 DNA kinase and 5 Y-ATP. As shown in Figure 8, last
column, no effect on ET subcloning or on vector re ligation was observed.
This Example demonstrates that the presence of repeated sequences at the
ends of the linear vector) or between the homology arm and the essential
elements of the vector, i.e. the origin of replication and the selectable
marker, results in recombination 10 which dramatically reduces ET cloning
and subcloning effciencies. 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 sequences that encode the
origin of replication and. the selectable marker. is s. ADDITIONAL EXAMPLES
OF RECE/T AND REDA/P CLONING AND SUBCLONING The Examples presented in this
section describe additional experiments which demonstrate successful
cloning and subcloning approaches using RecE/T or Reda/Red- mediated
homologous recombination. 20 Tire E coli host As described hereinabove,'an
ET competent host' refers to any E.coli cell capable of expressing
RecFJRecT and/or RcdaJRedf3. This may be achieved in a variety of ways)
such as either (i) a strain which endogenously expresses RecElRecT or
RedalRcd~3 or 25 Vii) a strain is which RccElRecT or RedalRedp arc
expressed from an exogenously 



introduced plasmid. This example describes the construction of a
plasmid-based expression vector based on the JC9604 and JC8679 and their
derivatives (mainly YZ2000 and YZ200 i ). For other variations and examples
of ET competent hosts, sec 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. Acad. Sci. 97: 6640-6645. -65   ,- J I-tli LU  WO
Ol/0.~288 PCT/EP00/06533 In the first category, two strains have been used,
which carry the sber4 mutation and therefore cndogenously express RaEiRecT
in a RecA' (1C9604; Gillen et a1, 1981, J. Bacteriology l45: 521-532 or in
a RecA' (1C86?9; Gillen et al., supra) background. The advantage of using
these strains resides in the fact that they can be used 5 directly, without
the need to first introduce a plasmid to make the strain ET-cloning
competent. The disadvantage is that RecE sad Reel arc constitutively
expressed throughout the whole closing procedure, which enhances the risk
of undesired intramolecular recombination, especially in a recA'
background. A second disadvantage is l ~ that these JC strains have not
beta modified for use as cloning and propagation hosts. They 10 contain a
fully active restriction/modification system which by consequence greatly
reduces the efficiency of introduction of large molecules such a BACs into
these hosts. The choice of whether to use a host strain with an endogenous
or a plasmid introduced supply of RecF,IT or Redaclp depends on the nature
of the circular target. No platter which strategy is chosen, the
preparation of good competent cells is of crucial 15 importance. If the
host strain lacks endogenous ET-cloning potential, the strain needs to be
transformed first with pBAD-oc~iy or pBAD-ETY. The resulting strain then
needs to be grown induced with L-arabinose to a final concentration of 0.1%
and prepared for etectroporation. Empirically, the optimal harvesting point
of the cells ocurrs at an OD600 of around 0.35) especially when large DNA
substrates are targeted. If the cells have reached 20 an ODD of greater
than 0.5, they should not be used. The optimal induction time is around 1
hour. Electroporation seeds to be used, since no other method of DNA
introduction has been found to work. Malting good electrocompetent cells is
essential to obtaining ET recombinants. During the preparation of
elcctrocompetent cells, all steps should be performed on ice and in
precooled buckets and rotors. Electrocompetent cells are 25 concentrated to
a high extent: from a 250 ml culture which is harvested at OD600=.35, we
routinely prepare no more than 10 aliquots of 50 ul of competent cells. The
resulting transformation efficiency depends greatly on the host strain
used, but typically varies around 10 cfu/pg. A detailed protocol of how to
prepare electrocompetent cells and how to perform the electroporation can
be obtained from http ://www.embl 30
heidelberg.de/Externallnfo/stewart/index.html.  -66   .-. 9 FEB 20( - l WO
01/04288 PCT/EP00/06533 The plasmid pR6K/BAD-at3Y(tet)) shown in Figure 9A,
was constructed to 



confer upon the BAC host strain HS996 (lnvitrogen) the ability to carry out
ET recombination. This plasmid is based on the pBAD24 backbone (Guzman et
al., 1995) J Bacteriol 177: 4121-4130). Redo (or RecE) is expressed from
the L-arabinoso-inducible 5 pBAD promoter, and Redp (or RecT}~ is expressed
from the constitutive EM-7 promotes. Overexpression of RecT relative to
RecE, or Red~i relative to Rada, enhances ET-cloning efficiency (in terms
of amount of colonies on selection plates). Finally, this plasmid
consitutively expresses the RedY protein, in this case from the
constitutive Tn5 promotes, which is necessary to inhibit the activity of
the RecBCD enzyme present is most commonly 10 used host strains (Murphy,
l991, J. Bacteriology 173: 5E08-5E21). If not inactivated) RecBCD
completely inhibits ET-cloning, probably because its exonuclease activity
degrades the linear DNA before it gets a chaste to recombine. Thus,
pBAD-apY(tet) constitutes a mobile system which can confer regulatable
ET'-cloning proficiency upon transformation of the recipient host strain.
Gives the inducibility of the expression of RecE 15 or Redo, sad the
absolute requirement for both components of the recE/T sad redcrl~3 systems
to be co-expressed in order for recombination to occur, the recombinogenic
window is limited to the arabinose induction time and the half life of the
least stable component. Takes together with the facts that recA hosts will
most commonly be used, and that the hosts will also either be recBC') or a
phenocopy of recBC' (due to the expression of 20 RedY), this mesas that
tire risk of unwanted intramolecular recombination is greatly reduced. A
further useful characteristic of pBAD-acpY(tet) is that these plasmids tend
to be lost rapidly whoa they are not selected for during culturing. This is
probably due to the constitutive expression of. RedY, sad may also vary
according to host cell factors, for example the presence. of RecBCD. 25
Replication of pR6K/BAD-aBY requires the R6K origin and the Pit-116 protein
(Metcalf et e1.,1994, Gene 138) I-'>). The pR6K/BAD/oc>3y, carries the R6k
origin, which was obtained from pJP5603 (Penfold and Pemberton, 1992,
Gene118:145-6) the. pir-116 replicon gene) which controls R6k on plasmid
replication in bacteria, and the tetracycline resistance gene tet from
pBR322. Pir-116 is a copy-up mutant which allows an 30 R6K
origin-containing plasmid to exist is an k coli strain at greater than 200
copies per -67   ~- 9 FED ~UU4  WO 0I/04288 PCT/EP00/06533 cell. The
pir-116 gene was PCR amplified from the E. roll sprain BW3647 and cloned
behind the lacZ promoter. To generate pR6K/HAD/aBY, the R6K origin, pir-Il
G and tet' were . introduced into pBAD-atiY (Muyrers et a1.,1999, Nucleic
Acids Research, 27:1555-15S7) 5 by ET recombination, thereby replacing the
Cold origin and the ampicillia resistance gene originally present
pBAD-acBY. Similarly, pR6KIBADIETY and pR6KIBAD/RecT were generated. The
copy number of any R6K based plasmid was found to be approximately two .
times higher is comparison with the respective ColEl based parental
plasmid. In a side-by-side comparison of pR6KJBADIaBY and pBAD-aBY in a
standard BAC subcloning 10 ~ exercise, the R6K based plasmid was found to
work more efficiently (ace Figure 9_B). The R6K replication system present
on these pR6K plasmids does not contain any significant sequence homology
to other replication origins, including pl5a and ColEl. Moreover, the R6K
based plasmids are compatible with any other replication origin. 'Thus,
.replication . origins such as ColEl and p15A can be included in the linear
vector. used for ET-subcloning. I5 ET Subcloning Subcloning of a 19kb
fragment including exons 2 and 3 of` the AF-4 gene present on a BAC is
shows in Figure 10: First, pR6K/BAD-ally was transformed into the ZO BAC
carrying. strain. Subsequently, the transformed strain was grown on LB
medium containing 15 ug/ml tetracyclin and 12.5 ug/ml chloramphenicol. The
growing cells were induced with L-arabinosc for 1 hour, after which
electrocompetent cells were prepared. These cells were transformed by
electroporation with the linear vector, which contained the p15A origin of
replication sad the ampicillin resistance gene, a-lactaraase (bla), flanked
by 25 two homology arms of 50 nucleotides which direct homologous
recombination to the target DNA on the AF-4 BAC. Recombinants were obtained
after growth on 1.B plates containing 50 ug/ml ampicillin. . . . As shown
in Figure 10B, 5 independent colonies were selected for analysis. 



DNA was prepared From S independent colonies, digested with HindII, and
analyzed on an 30 ethidium bromide stained gel. HindIII-digested correct
colonies sad the linear vector alone i -GG   - ~ rtti WO 01/04288
PCT/EP00/06533 were used as markers, as well as a 1 kb DNA ladder (Gibeo
BRL). Correct subclones were confirmed by DNA sequencing. ET Cloning 5
Gnomic DNA can also be the direct source of target DNA,as shown in the
experiment, is Figure I 1. In this experiment,  the linear vector comsisted
of the ColEl origin and the kanamycin resistance gene (kan), flanked by
homology arms which direct recombination to the laclllacZ Locus present on
the E coli chromosome (see Figure 11A). Genomic DNA was isolated from E
coil prelinearized by XhroI digestion ?he linear vector 10 and the
prelinearized genomic DNA were mixed and co-electroporated intoYZ2000,
which endogenously expresses RocfJRecT. By selecting an LB plates wining 50
ug/ml kanamycin, the desired subclone consisting of the Iacl and lacZ
genes, the ColEl origin and boy was obtained. As shown is Figure I 1B,
restriction analysis of 16 independent colonies contained the correct
product (tans 1-16).  Lanes 17 shows the linear vector; lane M shows a 15 1
kb DNA ladder as a marker (Gibeo BRL). Another example of successful ET
recombination cloning is shown in Figure 12. In this experiment, a fragment
was cloned directly from mouse ES cell genomic DNA using a homology arm
cloning vector. As shown in Figure 12A, which outlines the cloning
strategy, a neomycin resistance gene (neoj from mouse ES cell genomic DNA
was ZO employed as the target DNA. The linear vector consisted of the ColEl
replication origin plus the chloramphenicol resistance gene Cm flanked by
two arms which wart homologous to the Tn5-neo gene. The required moose ES
cell line was generated by transfecting a fragment containing Tn5 neo under
contcol of the PGK promoter plus a polyA tail. Genomic DNA was prepared
from G418 resistance colonies) and with a needle and ZS by
phenol/chloroform extraction, creating linear fragments of about 20-40 kb.
ET' cloning was performed by co-electroporating the linear vector and the
sheared genomic DNA into YZ2000, a 1C8679 derivative (Clark, supra) in
which the restriction system, which degrades foreign methylated DNA, is
partially impaired by deletion of the mcrA, mcrBC hsdRMS' and mrr gents.
Because overexpression of RecT 30 greatly enhances the overall ET
recombination efficiency, YZ2000 was transformed with -69    J 1 L.V L111
WO 01/04288 PCT/EP00/06533 the pR6K/BAD/recT plasmid. YZ2000 cells carrying
pR6K/BAD/recT, which were induced with L-arabinose for 1 hour prior to
harvesting, were co-transformed by alien with 0.5 ug linear vector and 5.0
ug sheared mouse ES cell genomic DNA. An average of 25 35 colonies were
obtained on LB plates containing 50 ug/ml 5  chloramplenicol. By
re-streaking these colonies on plates containing 50 ug/ml kanamycin, 6 out
of 30 coIonies tested mere found to grow by assaying Tn5-neo expression. In
Figure 12, panel B, restriction analysis of kanamycin resistant colonies
demonstrated that all 6 colonies tested want found w be correct (lanes
2-7). The restriction pattern of a false positive, which grew in the
presence of chloramphenicol but failed to grow in the presence 10 of
kanamysin, is shown in lace 1. All of these false positives contained the
religated vector. An experiment showing a combination of ET subcloning and
cloning is shown in Figure 13. The linear vector consisted of the ColEl
replication origin plus the kanamycin resistance gene Km: Each terminus of
the linear vector consisted of a BstZ17 I site sad 2 homology arms. The
homology arms present at the extremes of the linear vector 15 (indicated by
the smaller boxes in Figure 13) are homologous to the x phage target DNA.
The second set of homology arms (indicated by the largo bootee) is
homologous to the 



lacl-lacZ genes present on the ~coli chromosome. In the fast subcloning
step, the Linear vector was co-electroporated with linearized A phage
target DNA into the ET proficient E call strain IC8679Q1aaZ. This ZO
resulted in the subcloning of a 6.7kb a,DNA fragment including the exo,
bet, gam, rexA ;pd c1857 genes, into the linear vector, thereby generating
pYZN/L- PR For the next ET recombination step, a new linear vector was
used, which contained the chloramphenicol resistance gene cat flanked by
mutated laxP sifts (IaxP') Araki et of, 1997) Nucleic Acids Research)
25:868-872), as well as terminal arms which were homologous to the A DNA Z5
present on pYZN/L- PR This linear vector was co-electroporated with pYZNIJI
PR into the ET proficient strain JC8679A1acZ) resulting is the formation of
pYZNht- PR/Cm. From this plasmid, the cat-containing .A DNA fragment
flanked by the two terminal arms whirl: were homologous to lacl Ioc2 was
released by BstZl7 I digestion. ' This fragment was used to target the
chromosome of the E. coli strain JC5519 (Willetts sad Clark, I969, J
Bacteriol) 30 100: 231-239) which expressed RecE and RecT from pBADKecFJ'f
(Zhang et a1.,1998, _7Q   - 9 FEB ._.' l WO 01/04288 PCT/EP00/06533 Nature
Genetics Z0:123-128). After ET recombination and selection for growth in
the presence of 20 ug/ml chlorampheaicol, YZ20011Cm strain was generated.
Deletion of cat to generate YZ2001 was done by using the 706-Cre plasmid,
which is identical to 705-Crc . accept that it caries the tetracyclin
resistance gene (tet') instead of the chloramphenicol 3 resistance gene) as
described (Buchholz et al.) l996) Nucleic Acids Research) 24:31183I 19).
Y22001 thus carried the 6.7 lob x DNA fragment (exo---c1837) plus a mutated
laa~P site on the chromosome. Since YZ2001It.m allows heat inducible
expression of the ~1 genes exo) bet and gam, it is conditionally ET
proficient. A similar strategy can be s, -~ used to generate knock-out
constructs or to perform BAC modifications, for example. 10 Thus) the
examples presented above demonstrate several approaches for successful
cloning and subcloning using RecFJT and Rcdocl~i-mediated homologous ,
recombination. The.invention described and claimed herein is not to be
limited in scope by 15 the specific embodiments herein disclosed since
these embodiments are intended as illustration of several aspects of the
invention. Any equivalent embodiments arc intended to be within the scope
of this invention. Indeed, various modifications of the invention in
addition to those shovvn and described herein will become apparent to those
stalled in the art from the foregoing description. Such modifications are
also intended to fall within the ZO scope of the appended claims.
Throughout this application various references are cited, the contents of
each of which is hereby incorporated by reference into the present
application is its entirety for all purposes. ZS 30 -71   y rtti zuu 72
WHAT IS CI~,AIMED IS: 1. A method for introducing a double-stranded target
DNA into a vector comprising culturing a bacterial cell that expresses a
functional recombinase, said bacterial cell containing (a) the target DNA
comprising a first double-stratlded terminus and a second double-stranded
terminus, and (b) a vector DNA comprising, in the following order along the
vector DNA strand: (i) a first double-stranded homology arm; (ii) an origin
of replication; and (iii) a second doublestrandcd homology arm, such that
the sequence of a vector DNA strand of the first homology arm is designed
to be homologous to the sequence of a target DNA strand of the first
terminus, and flat sequence of a vector DNA strand of the second homology
arm is designed to be homologous to the sequence of the target DNA strand
of the second terminus, such that the target DNA is inserted into the
vector DNA between the homology arms. 2. A method for making a cell
containing a recombinant DNA molecule) said method comprising: . . a)
introducing a first and a second strand of a double-stranded vector into a
cell, said cell containing a double-stranded target DNA and expressing a
bacterial recombinase, said vector comprising an origin of replication and
two homology arms, in the following order from 5' to 3' along said first
vector DNA strand: a first homology arm, one strand of the origin of
replication, and a second homology arm; . said target DNA comprising a
target DNA sequence and two termini, in the following order) from 3' to 5'
along a target DNA strand: a first terminus) the target DNA sequence, and a
second terminus, 



such that the sequence of the first homology arm on said vector DNA strand
is homologous to the sequence of the first terminus on said target DNA
strand, and the sequence of the second homology arm on said vector DNA
strand is homologous to the sequence of the second terminus on said target
DNA strand; and b) subjecting the cell to conditions that allow
intracellular homologous recombination to occur.   ~~ 9 FEB 20I 73 3. 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 and first and second double-stranded adapter oligonucleotides into s
coil, said cell containing a double-stranded target DNA and expreaasing a
bacterial recombinase, said vector comprising an origin of replication and
two double-shrandcd homology arms, in the following order from 5' to 3'
along said first vector DNA strand: a first hamology arm, the origin of
replication, and a second homology arm: said target DNA comprising a target
DNA sequence and two double-stranded termini, in the following order, front
:3' to 5' along a target DNA strand: a first terminus, a target DNA
sequence, and a second terminus; ~~ -"~ said first oligonuclao6do
comprising a first oligonuclootide DNA strand comprising, in the following
order) from 3' to 3': a first nucleotide sequence and a second nucleotide
sequence) wherein said first nucleotide sequonec is homologous to the
nucleotide sequence of the first homology arm on said vector ANA strand,
and said second nucleotide sequence is designed to be homologous to the
nucleotide sequence of the first terminus on said target DNA strand; said
second oligonucleotide comprising a second oligonucleotido strand
comprising, in the following order, from 3' to 5', a third nucleotide
sequence and a fourth nucleotide sequence, wherein ,said third nucleotide
sequence is homologous to the nucleotide sequence of the: second homology
arm on said vector DNA strand and said fourth nucleotide sequence is
designed to be harnologous to the nucleotide sequence of the second
terminus on said target DNA strand; and b) subjecting the cell to
conditions that allow intracellular homologous recombination to occur. 4. A
method for making a cell containing a recombinant DNA molecule, said method
comprising: a) introducing a first and a second strand of a double-stranded
target DNA molecule into a cell, said cell containing a vector and
expressing a bacterial recombinase, said target DNA comprising a target DNA
sequence and two double-stranded termini, in the following order, from 3'
to 5' along said first target DNA strand: a first terminus, a target DNA
sequence, and a second terminus;   ~ :' a .~.i ~:r.< . 74 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 sequence of
the first homology arm on said vector DNA strand is designed to be
honnologous to the sequence of the first terminus on said first target DNA
strand, and the sequence of the second hornology arm on said vector DNA
strand is designed to be homologous to the sequence of the second terminus
on said target DNA strand; and b) subjecting the cell to conditions that
allow intracellular homologous recombination to occur. 5. A method for
malting a cell containing a recombinant DNA molecule, said method
comprising: a) introducing a first and a second strand o f a
double-stranded target DNA molecule and a first and second double-stranded
oligonuclootide into a cell, said cell containing a vector and expressing a
bacterial recornbinase; said target DNA comprising a target DNA sequence
and two termini, in the following order, from 3' to 5' along said first
target DNA strand: a first terminus, a target DNA sequence, and a second
terminus; said vector comprising an origin of replication and two homology
arms, in the following order from 5' to 3' along a vector DNA strand: a
first homology arm, the origin of replication and a second homology arm;
said first double-stranded oligonucleotidc comprising a first
oligonucleotide DNA strand comprising, in the followiug,order,.from 3' to
5':. a first nucleotide sequence and a second nucleotide sequence, wherein
said first nucleotide sequence is homologous to the nucleotide sequence of
the first homology arm on said vector DNA strand, and said second
nucleotide sequence designed to be homologous to the nucleotide sequence of
the first terminus on said target DNA strand; said second double-stranded
oligonucleotide comprising a second oligonucleotide strand comprising, in
the .following order, from 3' to 5', a third nucleotide sequence and a
fourth nucleotide sequence, wherein said third nucleotide sequence is
homologous to the nucleotide sequence of the second homology arrn on said
vector DNA strand and .said fourth nucleotide sequence ~is~ designed to be
.~ ~ ~~~ euu~ 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. 6. 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 and a first and a second strand of a double-stranded target DNA into
a cell expressing a bacterial recombinase, said double-stranded vector
comprising as origin of replication and two homology arms, in the following
order from 5' to 3' along said first vector DNA strand: a first homology
arm, the origin of replication end a second homology arm, said double
stranded target DNA comprising a target DNA soquonce and two termini, in
the following order, from 3' to 5' along said first target DNA strand: a
first terminus, a target DNA sequence;, and a second terminus; such that
the nucleotide sequence of the first homology arm on said vector DNA strand
is designed to be homologous to the nucleotide sequence of the first
terminus on said target DNA strand) and the nucleotide sequence of the
second homology arm on said vector DNA strand is designed to be homologous
to the sequence of the second terminus on said target DNA strand; and b)
subjecting the cell to conditions that 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 double~stranded adaptor oligonueleotide into a cell
expressing a bacterial recornbinase, said vector comprising an origin of
replication and two double-stranded homology anus, in the following order
from 5' to 3' along said first vector DNA strand: a first homology arm) the
origin of replication and a second homology arm;   . ~..~, ~nn~ ,, , 76
said target DNA comprising a target DNA sequence and two double-stranded
termini, in the following order, from 3' to S' along a target DNA strand: a
first tarminus, 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 nucleotide sequence, wherein said first nucleotide sequence is
homologous to the nucleotide sequence of the fast 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 comprising a second oligonueleotide strand
comprising, in the following order, from 3' to S', a third nucleotide
sequence and a fourth nucleotide sequence, wherein said third nucleotiide
sequence is homologous to the nucleotide sequence of the second homology
arm on said vector DNA strand and said fourth nucleotide sequence designed
to be homologous to the nucleotide sequence of the second terminus on said
target DNA strand; arid b) subjecting the cell to conditions that allow
intracellular homologous recombination to occur. 8. The method of claim 6
whierein the cell further contains s nucleotide sequence encoding a
site-specific recombinase operatively linked to a promoter, and the vector
further comprises a first and second recognition site for the site-speci5e
recombinase, a first recognition site located outside the first and second
homology arms, and a second site-specific rccombinase recognition site
located inside the first and second homology arms; and during 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 endonuclease operatively linked to a promoter, and the
vector further comprises a [first and second] recognition site for the
site-specific endonuclease, located inside the first and second homology
arms; and during or after step b), inducing expression of the site-specific
endonuclease. 10. . . The method of claim 7 wherein the cell further
contains a nucleotide sequence encoding a site-specific recombinase
operatively linked to a promoter, and the vector further comprises a first
and second recognition site for the site-specific recombinase, a first   -~
~ H tti LUU4 77 recognition site located outside the .first and second
homology arms, and a second site-specifrc 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 wherein the cell further contains a nucleotide sequence encoding a
site-specific endonuclease operatively linked to a promoter, and the vector
further comprises a recognition site for the site-specific endonuchsase
located inside the first and second homology arms; and during or after step
b), inducing expression of the site-specific endonuclease. 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 S' 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 arm. 13. The method of Claim 12 wherein the selectable
marker confers antibiotic resistance to the cell containing the vector. 14.
The method of any ono of Claims Z-11 wherein the bacterial recombinase is
RecE/T or Redali3 recombinase or both RecE/T and Redall3 recombinasos. 15.
The method of any one of Claims 2-11 wherein the cell is a bacterial cell.
16. The method of any one of. Claims 2-.11 wherein the cell is an E. coli
cell.  17. The method of any one of Claims 2-11`vvhorcin the cell is a
eukaryotic cell that recombinantly expresses RecErf and/or Redor/j9
recombinase. 18. A method for making a recombinant DNA molecule comprising
the method of any one of Claims 2-11 which further comprises isolating a
recombinant DNA molecule that comprises the target DNA sequence inserted
into the vector. 19. A double-stranded DNA vector useful for directed
cloning or subcloning of a target DNA molecule of interest, said vector
comprising an origin of replication and two homology arms, in the following
order from 5' to 3' along a vector DNA strand: a first homology arm, the
origin of replication and a second homology arm; such that the nucleotide
sequence of the first homology   ~ ~ r cuuy 78 arm on a first vector DNA
strand is homologous to the sequence of the first terminus on a first
target DNA strand, and the nucleotide sequence of the second homology arm
on the first vector DNA strand is homologous to the nucleotide sequence of
the second terminus on the first target DNA strand. 20. The erector of
Claim 19 wherein 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 I9 wherein the origin of
replication functions in a mammalian call. Z3. A cell comprising a
double-stranded DNA vector useful for directed cloning or subcloning of a
target DNA molecule of interest, said vector comprising an origin of
replication and two homology arms, in the following order from 5' to 3'
along a vector DNA strand: a first homology arm, the origin of replication
and a second homology arm; such that the nucleotide sequence of the first
homology arm on a first vector DNA strand is designed to be horaologous to
the sequence of a first terminus on a first target DNA strand, and the
nucleotide sequence of the second homology arm on the first vector DNA
strand is designed to be homologous to the nucleotide sequence of a second
terminus on the first target DNA strand: 



24. The cell of Claim 23 which is a bacterial cell. 25. 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 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 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,   ,- 9 FEB 2004 79 26. The kit of Claim
ZS wherein the homology arms have sequence homology to a BAC, PAC, lambda)
plasmid or YAC based cloning vector. 27. The kit of Claim 25 wherein the
first and second double-stranded oligonuclcotide have nucleotide sequence
homology to a BAC, PAS, 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 5' to 3' along a vector DNA strand; a
first homology arm, the origin of replication and a second homology  b) a
first double-stratuied adapter oligonucleotidc comprising a first
oligonucleotxde DNA strand comprising, in the following order) from 3' to
5'; a first sequence and a second sequence, wherein said first nucleotide
sequence is homologous to the nucleotide sequence of the first homology arm
on said vector DNA strand, and said second nucleotide sequence is designed
to be homologous to the nucleotide sequence of a first terminus on a target
DNA strand; c) a second double~stranded adapter oligonucleotide comprising
a second oligonucleotide strand comprising, in the following order, from 3'
to 5': a third nucleotide sequence and a fourth nucleotide sequence,
wherein said third nucleotide sequence is homologous to the nucleotide
sequence of the second homology arm on said vector DNA strand and said
fourth nucleotide sequence is  .designed to be Homologous to the nucleotide
sequence of a second terminus on' said 'target DNA 'strand; and . . d) a
cell containing a bacterial recombinase. 29. The kit of Claim 25 or 28
wherein the cell is an E: coli cell, 30. The hit 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 ;,~ ao a) a double-stranded DNA vector
useful for directed cloning arid 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; b)
a first double-stranded adaptor 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, wherein
said first nucleotide sequence is homologous to the nucleotide sequence of
the first homology arm on said vector DNA strand) and said second
nucleotide sequence is designed to be homologous to the nucleotide sequence
of a first terminus on a target DNA strand; and c) a second double-stranded
adaptor oligonucleotide comprising a second oligonucleotide strand
comprising, in the following order, from 3' to 5': a third nucleotide
sequence and a fourth nucleotide sequence, wherein said third nucleotide
sequence Is homologous to the nucleoiido sequence of the second homology
arm on said vector DNA strand and said fourth sequence is designed to be
homologous to the nucleotide sequence of a second terminus on said target
DNA strand. 32. The kit of Claim 25) 28, or 31 wherein the DNA vector is
purified. 33. the kit of Claim 28 or 31 wherein the DNA vector, the first
double-stranded oligonucleotide) and the second double-stranded
Qligonucleotide are purified. ,.~v 34. I. ~ The kit of Claims 25, 28; or 31
wherein the target DNA molecule 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 known or suspected to
be associated with a disorder or disease. 36. ?he kit of any one of Claims
25-29 wherein the bacterial recombinase is RecEIT or Reda/~B recombinase or
both ~tecEIT and RedcY/~8 recombinases. 37. The method of any one of Claims
2-11 wherein the target DNA is known or suspected to be associated with a
disorder or disease when genetically mutated.   ~- ~ Ft~ cuu~ 81 38. The
method of any one of Claims 2-11 wherein the target DNA is a bacterial,
viral, parasite, or protozoan DNA. 39. The method of Claims 2, 4, 6, 8, or
10 which further comprises detecting a recombinant 



DNA molecule that comprises the target DNA inserted into the vector. 40.
The method of Claims 3, 5, 7, 9, or 11 which further comprises detecting a
recombinant ANA molecule that comprises the target DNA inserted into the
vector. 41. A method of detecting the presence of an infectious agent
comprising carrying out the method of Claim 39, wherein the target DNA is
derived from a patient suspected of having the infectious disease) and the
sequences of the first ,and 'second homology arms are homologous to the
sequences present in DNA of the infections.agent. 42. A method of detesting
the presence of an infectious agent comprising carrying out the method of
Claim 40, wherein the target DNA is derived from a patient suspected of
having 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 4I or 42 wherein the infectious agent is a
virus, bacteria, protozoa, fungus, or parasite. 44. ' A method of detecting
the presence of a genetic condition, genetic disease; genetic disorder, or
polymorphic trait comprising carrying out the method of Claim 39, wherein
the target DNA is derived from, a patient suspected of having a genctic
condition, disease, disorder,=or polymorphic trait, and the sequence of the
first homalogy arm is homologous to the  sequence upstream from a site
known or suspected to be associated with the genetic condition' disease,
disorder, or polymorphic trait, and the sequence of the second homology arm
is homologous to the sequence downstream from a site known or suspected to
be associated with the genetic condition, disease, disorder, or polymophic
trait. 45. A method of detecting the presence. of a genetic condition,
genetic disease, genetic disorder, or polymorphic trait comprising carrying
out the method of Claim 40, wherein the target DNA is derived from a
patient suspected of having the genetic condition, genetic disease, genetic
disorder) or polymorphic trait, and the sequence of the first
double-stranded oligonucleotide is homologous to the sequence upstream from
a site known or suspected to be   4- ~ h tli LUU~ 82 associated with the
genetic condition, genetic disease, genetic disorder, or polymorphic trait,
and the sequence of the second double-stranded oligonucleotide is
homologous to the sequence downstream from a site known or suspected to be
associated with the genetic condition, genetic 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 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 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 arm. 48. The vector of Claim 47, wherein the sequence of
the vector does not contain one or more direct repeats of a sequence of at
least five or more nucleotide base pairs either 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. S0. ~ The kit 4f 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 vector . 51 A method, for making a double-stranded DNA vector
useful fox directed cloning or subcloning of a target DNA molecule of
interest, comprising incorporating first and second homology anus into a
double-stranded DNA molecule, wherein, flee double-stranded DNA molecule
comprises an origin of replication, in the following order from 5' to 3'
along a vector DNA strand: a first homology arm, the origin of replication,
and a second homology arm, such that the nucleotide sequence of the first
homology arm on a first vector DNA strand is homologous to the sequence of
the first terminus on a first target DNA strand, and the nucleotide
sequence of the second homology arm on the first vector DNA strand is
homologous to the nucleotide sequence of the second terminus on the first
target DNA strand, wherein said target DNA, molecule comprises a target DNA
sequence and two termini, in the following order, from   ;- g FEti 1UU4 83
3' to 5' along a target DNA strand: a first terminus, the target DNA
sequence, and a second terminus. 52. 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 sequence of a
second terminus on the target DNA strand, wherein the target DNA comprises
a target DNA sequence and two double-stranded termini, in the following
order, from 3' to 5' along a target ,~ DNA strand: the fiat terminus, the
target DNA sequence, sad the second terminus; and b) constructing a vector
by incorporating the two homology arms into a DNA molecule comprising an
origin of replication in the following order from 5' to 3' along a vector
DNA strand: the first homology arm, the origin of replication and the
second homology arm. 53.. The method of claim 51 or 52 wherein the origin
of replication is a bacterial origin of replication. , 54. The method of
claim 51 or 52 wherein the origin of replication functions in E. coli.  55.
The.method of Claim 51 or 52 wherein the origin of replication functions in
a mammalian cell. 56, : . ; 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 into a cell, said cell containing the vector and expressing a
bacterial recombinase; and c) subjecting the cell to conditions that allow
intracellular homologous recombination to occur,  



- 9 FEB 200a 84 S7.A method for making a recombinant DNA molecule
comprising making a doublestranded vector according to the method of claim
51 or S2, 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. S8. A method for making a
recombinant DNA molecule comprising: a) preparing first and second
double-stranded oligonucleotides, wherein said first oligonuclaotido
comprises a first oligonucleotidc DNA strand ) comprising, from 3' to S', a
first nucleotide sequence and a second nucleotide sequence, said first
nucleotide sequence being homologous to the nucleotide sequence of a first
homology arm on a vector DNA strand and said second nucleotide sequence
being homologous to the nucleotide sequence of a first terminus on a target
DNA strand, and wherein said second oligonucleotide comprises a second
oligonucleotide strand comprising, from 3' to 5', a third nucleotide
sequence and a fourth nucleotide sequence, said third nuoleotide sequence
being homologous to the nucleotide sequence of a second homology arm on
said vector DNA strand. and said fourth nucleotide sequence being
homologous to the nucleotide sequence o#' a second terminus on said target
DNA strand; . wherein aid vector comprises an origin of replication and two
homology arms in the following order from 5' to 3' along a vector DIVA
strand: a first . homology arm; alt 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 S' along a target DNA
strand: a first terminus) a target DNA sequence and a second terminus; 'b)
introducing the target DNA and the first and second double-stranded
oligonucleotide into a cell, said cell containing a vector and expressing a
bacterial recombinase; and   ~- 9 FEB Z004 85 c) subjecting the cell to
conditions that allow intracellular homologous recombination to occur. 59.
A method for making a recombinant DNA; molecule comprising: a) preparing
first and second. double-stranded oligonucleotides, wherein said first
oligonucleotide comprises. a first.oligonucleotide DNA strand c4mprising,
from 3' to 5', a first nucleotide sequence and a second nucleotide
se9uence, said first nucleotide sequence being homologous to the nucleotide
sequence of a first homology arm on a vector DNA strand and said second
nucleotide sequence being homologous to the nucleotide sequence of a first
terminus on a target DNA strand, and wherein said second oligonucleotidc
comprises a second oligonuclootidc strand comprising, from 3' to 3', a
third nucleotide sequence and a fourth nucleotide sequence, said third
nucleotide sequence being homologous to the nucleotide sequence of a second
homology arm on said vector DNA strand and said fourth nucleotide sequence
being homologous to the nucleotide sequence of a second terminus on said
target DNA strand; b) introducing the vector, the target DNA, and the first
and second doublestranded oligonucleotide' into a cell expressing a
bacterial recombinase; and c) subjecting the cell to conditions that allow
intracellular homologous recombination to occur:
.A3.A5%.A@5.A,{.A,H.A.AS.A.A@y.AyN.Au.Ay.A@.A.Ae.A3+.Af9.AyN.AyNy.AyNy.AN,.
Af.Ay.A@p.A,y.A,.Ay?.AS.A@y.A.AL.A,9.Af..A!.AS.A@R.Af.A@.AL.A.AS.AS?.AS.A[.
Ay.Af.Ay.A.AF,.ASH.AS%.AH.Af.Ayr.Ae.AS.A.AS_.A@,.Af,.Afr.Ay.Ay?.AS.ASe.A@.A
yp.AyN.An%.Afu.AE.AfuY .Af .Afh .Ay.A9!L.AN?.Ay.Af .A .Af~ .AN .A2 .A
.Al!(}16    ~xsmf`[VPU]ca]ca]cTaU]ca UV]caU]ca]caU]ca UV]caU]ca 



UV]caU]ca]caU]ca]caU]ca
UV]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]ca]ca]ca    > ! {
5y#LR|(v|~xsmg`ZUU]ca]caU]ca
UV]caU]caV]ca]caU]ca]caU]ca]ca]caV]ca]ca]caV]ca]ca]caV]ca]caU]ca]caU]ca]caU
]ca]ca]ca]ca]caU]caU]ca]ca02a]h03ry}xsnic]WU]ca]U]caU]caU]ca]ca]ca]ca]caV]c
a]ca]caV]ca]ca]caV]ca]ca]caV]caV]ca]ca]caV]caV]ca]ca]ca]caV]ca]ca]caU]ca]ca
U]ca,}({/9es~xrlf`ZTN}xsniU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]ca UV]caU]caU]caU]ca]caU]caU]ca UV]caU]ca]caU]ca UV]caU]ca
UV]cas!m\'B~38?+p
}wqke_ZTniU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]ca]ca]caU]caU]ca]caU]ca]c
aU]ca]caU]ca]c a]caU]caU]caU]caU]caU]caU]caU]caU]ca
"!!!O#S#Z####C$F%%@&&&&&'''$'{''(()))5*}*+ysmgb\VP]U]caU]caU]ca]caU]caU]caU
]caU]ca]caU]caU]ca]ca]ca]ca]caU]caU]ca]caU]caU]caU]caU]ca]ca]caU]caU]ca]caU
]ca]caU]caU]ca+=,,;
---_...V//011%1&121A11182222233445b5~xrlf`ZTgb\VP]U]cU]caU]caU]caU]caU]caU]
caU]ca]caU]caU]caU]caU]ca]caU]caU]ca]ca]c
a]ca]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]cab555666s6#7{73888=9G9999H::
;;;;;;";#;2;;;;}xrmga[Ugb\VP]U]cUU]caU]caU]caU]ca]caU]ca]ca]ca]c
a]caU]caU]caU]caU]caU]caU]ca]ca]ca]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca
U]ca;<<=b=n>>w???%@{@)AAAAAABB
B!B#B%B6BBB7CCCD{vpjd^XRgb\VP]U]U]caU]caU]caU]caU]caU]ca]caU]ca]ca]caU]ca]c
aU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caDDDDD
DDDDEEEFWFFF[GGGG2HHBIIIJJJJKK{uoib\VPgb\VP]U]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca
U]ca]caU]ca]c a]c
a]caU]caU]caKHLMYMNiNmNpN|N}NNNNcOiOOOPfPPtQ,RRRRRSS.TCUU~xrmga[UOgb\VU]caU
]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]ca]c a]c a]c
a]caU]caU]caU]caU]caU]caU]caUUUEVVVKWWW!X|XXXXXXXXYgZiZ[j[\
\x\\q]v]]]|wqke^XRgb\VU]U]caU]ca
UV]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]ca]c a]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca](^^__1`8```[a]aNbbbbbbbbbb1cccc
8dWddKeee{uoic]WRgb\VU]]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]c*
a]c$a]c a]caU]caU]caU]ca]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caeefTfffffgg_hhiEiiiBjjjkkkkkkkkk
lYlm}xsnic]WQgb\VU]U]caU]caU]caU]ca]ca]c a]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caU]caU
]caU]caU]caU]camimmoropqqBrrrssHs\sssssssst)u,uuuu+v^vvwytnhb\VPgb\VUU]caU]
caU]caU]caU]caU]ca]caU]caU]ca]c a]c a]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]cawww
wYxyUyy z.zrzzzz'{{{0|3|8|;|G|H|I|U|d||||F}|wqke_XRhb\VPgb\VUU]U]ca
UV]caU]caU]caU]caU]ca]ca]c a]c a]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca UV]caU]caF}K}}~`~~g "'-4BCd
~xrlf`ZTNhb\VPgbU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]ca UV]caU]caU]ca UV]caU]caU]ca]caU]caU]caU]caU]caU]ca UV]ca
!"*6EV `knYysmga\VQgbU]]caU]ca]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]c a]c a]caU]ca#n+3?@AM\W]i+7\&.|vpjd]WPgbU] UV]caU]ca
UV]caU]caU]caU]caU]caU]caU]ca UV]caU]caU]caU]ca]caU]caU]ca
UV]caU]caU]caU]caU]caU]ca]c2a]c a]c
a]ca]ca]ca]ca]ca.@JR7=MPag|"q,2[`|unhb[UNjd]WPgb UV]caU]ca UV]caU]caU]ca
UV]ca UV]caU]ca UV]caU]ca]caU]caU]caU]caU]ca]caU]ca UV]caU]ca]caU]ca
UV]caU]caU]caU]caU]caV]ca]caU]ca`FiHKcgpq
XZeytojd_ZUV]ca]ca]ca]caU]ca]ca]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]c
a]caU]caU]caU]ca]ca]c a]c a]ca]caV]caU]ca
UV]caU]ca#'-Hbj/7T)n()*6ESU{vqlf`ZUca]caU]caU]caU]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]ca]caV]ca]caV]ca]ca]caV]ca]ca]caV]c
aV]ca]ca UIV[%&'3B[a}xrlf`[UO{vU]caU]ca]caU]caU]caU]caU]ca]caU]ca]c
a]caU]caU]caU]caU]caU]caU]ca 



U]c^aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caJ );
1oytoje_YS{vU]cU]caU]caU]ca]c a]c a]c
a]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU
]caU]ca]caU]ca]caorZ^u{?GQUX}wqke^XSN]ca]caU]ca
U]c^aU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca ,;
=LNRGQIT}wqkf`ZU]ca]]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]
caU]ca]ca]caV]caV]ca]caV]ca]ca]caU]caU]ca]c a]caU]caU]ca
h,9C7<?KLN|,w"#$}wpjd^XRkf`ZU]caV]caV]caU]caU]caU]ca
UV]caU]caU]caU]caU]ca]c a]c a]c a]caU]caU]caU]ca UV]caU]caU]ca U]c^a
U]c^aU]caU]caU]caU]caU]ca]caU]ca$)WZf x}.S
]rxgztmga[UO]U]caU]caU]caU]caU]ca UV]caU]caU]caV]c
aU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca
UV]cag3%gTW^{unhb\UOga[UO]U]ca UV]caU]caU]caU]ca UV]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]ca UV]caU]caU]caU]caU]ca]ca]c a]caU]ca
UV]caU]caU]caU]caNg"./0<K[QSnuztnic]WQ]U]U]caU]caU]caU]ca]caU]caU]ca]caU]ca
U]caU]caU]caU]caU]ca]ca]ca]c a]c a]caU]caU]caU]ca U]c^aU]caU]caU]ca]caU]ca
UV]caU]cau*+8MP)U]Am}vpic]WQic]WQ]U]U]caU]caU]caU]ca UV]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]c
a]caU]caU]caU]campOtln%}`|wqkf`ZTic]WQ]U]U]U]caU]caU]ca]caU]caU]ca]caU]ca]c
aU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]ca UV]ca
a}K[qt27|vpke`[VQU]]ca]ca]ca]caU]ca]caU]caU]ca]caU]caU]ca]ca]ca]caU]caU]caU
]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca
UV]cacm!DI/5>8}xsnid_ZUa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]
ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca!CKUVXcr"x#.5]ab~xrlfa
[TNU]ca U]c^aU]ca]caU]caU]caU]caU]caU]caV]ca UV]caU]caU]ca
UV]caU]caU]caU]caU]caU]ca UV]caU]caU]ca]ca]ca]c^a]ca]ca]caV]ca]caK6i7z?
}wpjc]WQfa[TNU]U]caU]caU]ca UV]caU]ca UV]caU]caU]ca
U]c^aU]ca]caU]ca]caU]ca]caU]ca]ca]caU]caU]caU]ca U]c^a
U]c^aU]caU]caU]caU]caU]caU]ca       DD 



VWij}xrlga\VOfa[TNU UV]caU]ca]caU]ca]caU]caU]ca]caU]ca UV]caU]caV]ca
UV]caU]caU]caU]caU]caU]ca]caU]caU]ca UV]caU]ca UV]caU]caU]ca
UV]caU]caU]caeh:_a{vpje_ZTOU]caU]ca]caU]ca]caU]caU]ca]c&a]c&a]caU]ca]caU]ca
U]ca UV]caU]ca UV]caU]ca UV]caU]caU]caU]caU]ca]caU]caU]ca
UV]caU]caU]caU]caapw.qx=Si{unhc]VPU]U]ca UV]caU]ca]caU]ca UV]caV]ca
UV]caU]caV]caU]ca
UV]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caip{%6:
KX"$0?|wqlgb\VPU]U]caU]caU]ca]ca]ca]caU]ca]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]ca UV]caU]caU]caU]ca]ca
U]c^aU]ca]caU]ca]caU]ca]ca`aeeh
!!""#]##ztnhb\VPgb\VPU]U]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
]caU]ca]caU]caU]caU]ca U]c^a U]c^aU]ca]caU]caU]ca UV]caU]ca
UV]caU]ca#$n$v$$$$$F%U%%%&&@''((>((G))*r**/++++7,K,ysmga[UOUU]caU]caU]caU]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]ca]ca]c"a]caU]caU]caK,S,x,y,,-#-&-*-6-7-F---.B///0000W1Z1f1k1s1111{t
ngaZUOga[UOUU]ca]ca UV]caU]ca UV]caU]ca UV]caU]ca
U]c^aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]ca]caU]caU]caU]ca
U]c^a U]c^aU]ca111222263333;
4r4z4444444:555H6J6M6P6V6Z6f6u66}xrmgb\VQUU]]caU]caU]ca]caU]ca]caU]ca]ca]ca
U]caU]caU]ca UV]caU]caU]ca]caU]caU]ca
UV]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca6-77z88(9}9J:K::);;<
<<<=>m>>??@@@(@)@5@D@@@}xsnic]WRUU]]]caU]caU]caU]ca]ca]ca]ca]ca]caU]caU]caU
]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]ca@7AAAEBBB-C0C:CACJCRCXC[CcCCCC,DDD:EEFFF/G
dG}GG{uoic]WPKi]ca UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca U]c^a
U]c^a UV]caU]caU]ca UV]caU]ca UV]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caGGG#HmHII!I,I-I9IHIJIMIIICJJJ:KKKK4LiLjLLM
MMM{upjd]WRca UV]caU]ca
UV]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
]caU]ca]caU]ca]caU]ca]ca]caV]caMM&N.NCNNNN;
OO0P8PDPPPRQmQoQwQQQ'R4ROReRxRRRRRzsmf`[UNjd]WRc UV]caU]ca]caU]ca UV]caU]ca



UV]caU]caU]caU]ca UV]caU]ca]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]ca]caU]caU]caU]ca
UV]caU]caU]caRRRRR3S6SCSDSPS_SSTPTTTTTTTTTTRUUUUV!V$Vztnhc]VPjd]WRc UVU]ca
UV]caU]ca]caU]caU]caU]caU]ca UV]caU]ca UV]caV]ca UV]caU]ca
UV]caU]caU]caU]caU]caU]caU]ca]ca]ca]caU]ca
UV]caU]ca]caU]ca$V)VSVxVzVVVWWWW$WJWQWWWDXpXwXXXXXYY6YYYDZ{tnga[UOhc]VPjd]W
Rc UU]caU]caU]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca UV]caU]caU]caU]caU]ca
UV]caU]ca UV]caU]ca UV]caU]ca UV]caU]caU]ca]caU]caU]ca
UV]caDZZZ[[Q\\]]]])]8]u]]]]]]^^&^5^I^e^r^^__m_|uohb\VPjd]WRc
UUU]caU]caU]caU]ca UV]caU]ca UV]caU]caU]ca UV]caU]caU]ca UV]caU]caU]ca
UV]caU]caU]caU]ca]ca]ca]ca]caU]caU]caU]caU]caU]caU]cam_r_}______````B`L`O`T
``````saaaaaaaa}wqjd]WPJhb\VU]ca UV]caU]ca UV]caU]ca UV]caU]caU]caU]ca
UV]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca UV]caV]ca UV]caU]ca UV]caU]ca
UV]caU]ca UV]caU]ca UV]caaaaab
bbbabbbbcccccc(c*cvc(d3dnddeeeeysmgaZTNhb\VU]cU]caU]ca
UV]caU]caU]caU]caU]caU]caU]ca UV]ca UV]caV]ca UV]caU]caU]ca 



UV]caU]ca UV]caU]caU]caU]caV]ca UV]caU]ca UV]caU]ca
UV]caU]caeee.fffffffbggggghh[hhhhii4i9i=iCiai}ii{unha[UNU]c UV]caU]caU]ca
UV]caU]ca UV]caU]ca]caU]ca UV]caU]caU]caU]ca
U]c^aU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caU]caU]caU]caU]ca
UV]caiiiiiiijj_jojtjjjjj^kekkksklLlNllllmUmmytnga[UOha[UNU]c
UU]caU]caU]caU]ca UV]caU]ca]caU]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca
UV]caU]ca UV]caU]caU]caU]ca UV]caU]ca UV]caU]ca
UV]caU]caU]cammm/n2n<nCnLnnnnooooooooooq\qqqrjrsrrr{unhc]XSU]c
UU]c]ca]caV]ca]caU]ca UV]caU]caU]ca]caU]ca]caU]caU]c
a]ca]caU]caU]caU]caU]ca UV]caU]caU]caU]ca UV]caU]ca UV]caU]caU]ca
UV]carss7t_tcttuuuuvkvmv}vvvw|wwwwwwwwwwxx+x<x}wrmgb\WRU]]ca]caV]ca]caV]ca]
ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]caV]ca]ca]caU]caU]ca]caU]ca UV]caU]caU]ca
UV]caU]caU]ca]caU]ca<xCxxxxxxxyyyyyyyyyyzkzz{r{{!|0|7|]|}Y}l}~xrke_YSgb\WRU
]]U]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caV]ca]caV]ca]caV]ca]ca]ca
V]ca]caV]ca]ca]caV]cal}m}}}}}}~l~~kT.08;
zuoic]WQKkU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca UV]caU]ca
UV]caU]caU]ca UV]caU]caU]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca
UV]cat)-002$>?|vqkd^YSkU]caU]U]ca]caU]ca UV]caU]ca]caU]caU]ca]caU]ca
UV]caU]ca]caU]ca UV]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caCKP$) ^|vpkf`[VPkU]caU]ca]c
a]c aU]c a]c a]caU]caU]caU]ca UV]caU]ca UV]caU]ca]caU]caU]ca 



UV]caU]caU]caU]ca UV]caU]caU]caU]ca UV]caU]ca
UV]caU]caU]caY\~yHP,/U]5{unhb[UOf`[VPkU]cU]caU]ca UV]caU]caU]ca UV]caU]ca
UV]caU]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca UV]caU]caU]ca]caU]caU]caU]ca
UV]caU]ca UV]caU]caU]ca5RJQW^gnt|RW[`gztmg`ZSMkU]U]ca UV]caU]ca UV]caU]ca
U]c^aU]caU]ca]c2aU]ca]caU]ca]caU]ca UV]caU]ca UV]caU]ca UV]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]cagz(-mdf|bzuoib\VPkU]U]U]caU]caU]ca
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