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ABSTRACT 

Arti?cial chromosomes, including ACes, that have been 
engineered to contain available sites for site-speci?c, recom 
bination-directed integration of DNA of interest are pro 
vided. These arti?cial chromosomes permit tractable, ef? 
cient, rational engineering of the chromosome for a variety 
of applications. 
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CHROMOSOME-BASED PLATFORMS 

RELATED APPLICATIONS 

[0001] This application is a continuation of and claims 
priority under 35 U.S.C. §120 to copending US. application 
Ser. No. 10/161,403, ?led May 30, 2002, to EDWARD 
PERKINS, CARL PEREZ, MICHAEL LINDENBAUM, 
AMY GREENE, JOSEPHINE LEUNG, ELENA FLEM 
ING, SANDRA STEWART and JOAN SHELLARD, Who 
are the inventors as originally ?led, entitled “CHROMO 
SOME-BASED PLATFORMS,” Which claims bene?t of 
priority under 35 U.S.C. §119(e) to US. provisional appli 
cation Ser. No. 60/294,758, ?led May 30, 2001, to 
EDWARD PERKINS, CARL PEREZ, MICHAEL LIN 
DENBAUM, AMY GREENE, and JOSEPHINE LEUNG, 
entitled “CHROMOSOME-BASED PLATFORMS” and 
bene?t of priority to US. provisional application Ser. No. 
60/366,891, ?led Mar. 21, 2002, to EDWARD PERKINS, 
CARL PEREZ, MICHAEL LINDENBAUM, AMY 
GREENE, JOSEPHINE LEUNG, ELENA FLEMING, and 
SANDRA STEWART entitled, “CHROMOSOME-BASED 
PLATFORMS” 

[0002] This application is related to US. application Ser. 
NO. 11/006,076, ?led Dec. 6, 2004 by EDWARD PERKINS, 
CARL PEREZ, MICHAEL LINDENBAUM, AMY 
GREENE, JOSEPHINE LEUNG, ELENA FLEMING, 
SANDRA STEWART and JOAN SHELLARD, entitled 
CHROMOSOME-BASED PLATFORMS. 

[0003] This application is related to Provisional Applica 
tion No. 60/294,687, ?led May 30, 2001, by CARL PEREZ 
AND STEVEN FABIJANSKI entitled PLANT ARTIFI 
CIAL CHROMOSOMES, USES THEREOF AND METH 
ODS FOR PREPARING PLANTARTIFICIAL CHROMO 
SOMES and to US. Provisional Application No. 60/296, 
329, ?led Jun. 4, 2001, by CARL PEREZ AND STEVEN 
FABIJANSKI entitled PLANTARTIFICIAL CHROMO 
SOMES, USES THEREOF AND METHODS FOR PRE 
PARING PLANT ARTIFICIAL CHROMOSOMES. This 
application also is related to US. Provisional Application 
No. 60/294,758, ?led May 30, 2001, by EDWARD PER 
KINS et al. entitled CHROMOSOME-BASED PLAT 
FORMS and to US. Provisional Application No. 60/366, 
891, ?led Mar. 21, 2002, by by EDWARD PERKINS et al.. 
entitled CHROMOSOME-BASED PLATFORMS. This 
application is also related to US. application Ser. No. 
10/161,408 and to International PCT application No. PCT/ 
US02/17451, published as WO2002/096923, each ?led on 
the same day hereWith, entitled PLANTARTIFICIAL 
CHROMOSOMES, USES THEREOF AND METHODS 
OF PREPARING PLANT ARTIFICIAL CHROMOSOMES 
to PereZ et al. 

[0004] This application is related to US. application Ser. 
No. 08/695,191, ?led Aug. 7, 1996 by GYULA HADLAC 
ZKY and ALADAR SZALAY, entitled ARTIFICIAL 
CHROMOSOMES, USES THEREOF AND METHODS 
FOR PREPARING ARTIFICIAL CHROMOSOMES, now 
US. Pat. No. 6,025,155. This application is also related to 
US. application Ser. No. 08/682,080, ?led Jul. 15, 1996 by 
GYULA HADLACZKY and ALADAR SZALAY, entitled 
ARTIFICIAL CHROMOSOMES, USES THEREOF AND 
METHODS FOR PREPARING ARTIFICIAL CHROMO 
SOMES, now US. Pat. No. 6,077,697. This application is 
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also related US. application Ser. No. 08/629,822, ?led Apr. 
10, 1996 by GYULA HADLACZKY and ALADAR SZA 
LAY, entitled ARTIFICIAL CHROMOSOMES, USES 
THEREOF AND METHODS FOR PREPARING ARTIFI 
CIAL CHROMOSOMES (noW abandoned), and is also 
related to copending US. application Ser. No. 09/096,648, 
?led Jun. 12, 1998, by GYULA HADLACZKY and ALA 
DAR SZALAY, entitled ARTIFICIAL CHROMOSOMES, 
USES THEREOF AND METHODS FOR PREPARING 
ARTIFICIAL CHROMOSOMES and to US. application 
Ser. No. 09/835,682, Apr. 10, 1997 by GYULA HADLAC 
ZKY and ALADAR SZALAY, entitled ARTIFICIAL 
CHROMOSOMES, USES THEREOF AND METHODS 
FOR PREPARING ARTIFICIAL CHROMOSOMES (noW 
abandoned). This application is also related to copending 
US. application Ser. No. 09/724,726, ?led Nov. 28, 2000, 
US. application Ser. No. 09/724,872, ?led Nov. 28, 2000, 
US. application Ser. No. 09/724,693, ?led Nov. 28, 2000, 
US. application Ser. No. 09/799,462, ?led Mar. 5, 2001, 
US. application Ser. No. 09/836,911, ?led Apr. 17, 2001, 
and US. application Ser. No. 10/125,767, ?led Apr. 17, 
2002, each of Which is by GYULA HADLACZKY and 
ALADAR SZALAY, and is entitled ARTIFICIAL CHRO 
MOSOMES, USES THEREOF AND METHODS FOR 
PREPARING ARTIFICIAL CHROMOSOMES. This appli 
cation is also related to International PCT application No. 
WO 97/40183. 

[0005] The subject matter of all of the above provisional 
applications, international applications, and applications are 
herein incorporated by reference in their entirety. 

INCORPORATION BY REFERENCE OF 
SEQUENCE LISTING PROVIDED ON 

COMPACT DISCS 

[0006] An electronic version on compact disc (CD) ROM 
of a computer-readable form of the Sequence Listing is ?led 
hereWith in duplicate, the contents of Which are incorporated 
by reference in their entirety. The computer-readable ?le on 
each of the aforementioned duplicate compact discs created 
on Mar. 10, 2005, is identical, 397 kilobytes in siZe, and 
entitled 420CSEQ.001.tXt. 

FIELD OF THE INVENTION 

[0007] Arti?cial chromosomes, including ACes, that have 
been engineered to contain available sites for site-speci?c, 
recombination-directed integration of DNA of interest are 
provided. These arti?cial chromosomes permit tractable, 
ef?cient, rational engineering of the chromosome. 

BACKGROUND 

[0008] Arti?cial Chromosomes 

[0009] A variety of arti?cial chromosomes for use in 
plants and animals, particularly higher plants and animals 
are available. In particular, US. Pat. Nos. 6,025,155 and 
6,077,697 provide heterochromatic arti?cial chromosomes 
designated therein as satellite arti?cial chromosomes 
(SATACs) and noW designated arti?cial chromosome 
expression systems (ACes). These chromosomes are pre 
pared by introducing heterologous DNA into a selected plant 
or animal cell under conditions that result in integration into 
a region of the chromosome that leads to an ampli?cation 
event resulting in production of a dicentric chromosome. 
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Subsequent treatment and growth of cells With dicentric 
chromosomes, including further ampli?cations, ultimately 
results in the arti?cial chromosomes provided therein. In 
order to introduce a desired heterologous gene (or a plurality 
of heterologous genes) into the arti?cial chromosome, the 
process is repeated introducing the desired heterologous 
genes and nucleic acids in the initial targeting step. This 
process is time consuming and tedious. Hence, more trac 
table and ef?cient methods for introducing heterologous 
nucleic acid molecules into arti?cial chromosomes, particu 
larly ACes, are needed. 

[0010] Therefore, it is an object herein to provide engi 
neered arti?cial chromosomes that permit tractable, ef?cient 
and rational engineering of arti?cial chromosomes. 

SUMMARY OF THE INVENTION 

[0011] Provided herein are arti?cial chromosomes that 
permit tractable, ef?cient and rational engineering thereof. 
In particular, the arti?cial chromosomes provided herein 
contain one or a plurality of loci (sites) for site-speci?c, 
recombination-directed integration of DNA. Thus, provided 
herein are platform arti?cial chromosome eXpression sys 
tems (“platform ACes”) containing single or multiple site 
speci?c, recombination sites. The arti?cial chromosomes 
and ACes arti?cial chromosomes include plant and animal 
chromosomes. Any recombinase system that effects site 
speci?c recombination is contemplated for use herein. 

[0012] In one embodiment, chromosomes, including plat 
form ACes, are provided that contain one or more lambda att 
sites designed for recombination-directed integration in the 
presence of lambda integrase, and that are mutated so that 
they do not require additional factors. Methods for preparing 
such chromosomes, vectors for use in the methods, and uses 
of the resulting chromosomes are also provided. 

[0013] Platform ACes containing the recombination site(s) 
and methods for introducing heterologous nucleic acid into 
such sites and vectors therefor, are provided. 

[0014] Also provided herein is a bacteriophage lambda (7») 
integrase site-speci?c recombination system. 

[0015] Methods using recombinase mediated recombina 
tion target gene eXpression vectors and/or genes for insertion 
thereof into platform chromosomes and the resulting chro 
mosomes are provided. 

[0016] Combinations and kits containing the combinations 
of vectors encoding a recombinase and integrase and prim 
ers for introduction of the site recogniZed thereby are also 
provided. The kits optionally include instructions for per 
forming site-directed integration or preparation of ACes 
containing such sites. 

[0017] Also provided herein are mammalian and plant 
cells comprising the arti?cial chromosomes and ACes 
described herein. The cells can be nuclear donor cells, stem 
cells, such as a mesenchymal stem cell, a hematopoietic 
stem cell, an adult stem cell or an embryonic stem cell. 

[0018] Also provide is a lamba-intR mutein comprising a 
glutamic acid to arginine change at position 174 of Wild-type 
lambda-integrase3. Also provided are transgenic animals 
and methods for producing a transgenic animal, comprising 
introducing a ACes into an embryonic cell, such as a stem 
cell or embryo. The ACes can comprise heterologous nucleic 
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acid that encodes a therapeutic product. The transgenic 
animal can be a ?sh, insect, reptile, amphibians, arachnid or 
mammal. In certain embodiments, the ACes is introduced by 
cell fusion, lipid-mediated transfection by a carrier system, 
microinjection, microcell fusion, electroporation, micro 
projectile bombardment or direct DNA transfer. 

[0019] The platform ACes, including plant and animal 
ACes, such as MACs, provided herein can be introduced 
into cells, such as, but not limited to, animal cells, including 
mammalian cells, and into plant cells. Hence plant cells that 
contain platform MACs, animal cells that contain platform 
PACs and other combinations of cells and platform ACes are 
provided. 

DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 provides a diagram depicting creation of an 
eXemplary ACes arti?cial chromosome prepared using 
methods detailed in US. Pat. Nos. 6,025,155 and 6,077,697 
and International PCT application No. WO 97/40183. In this 
exempli?ed embodiment, the nucleic acid is targeted to an 
acrocentric chromosome in an animal or plant, and the 
heterologous nucleic acid includes a sequence-speci?c 
recombination site and marker genes. 

[0021] FIG. 2 provides a map of pWEPuro9K, Which is a 
targeting vector derived from the vector pWE15 (GenBank 
Accession # X65279; SEQ ID No. 31). Plasmid pWE15 Was 
modi?ed by replacing the SalI (KlenoW ?lled)/SmaI neo 
mycin resistance encoding fragment With the PvuII/BamHI 
(KlenoW ?lled) puromycin resistance-encoding fragment 
(isolated from plasmid pPUR, Clontech Laboratories, Inc., 
Palo Alto, Calif.; GenBank Accession no. U07648; SEQ ID 
No. 30) resulting in plasmid pWEPuro. Subsequently a 9 Kb 
NotI fragment from the plasmid pFK161 (see EXample 1, 
see, also Csonka et al. (2000) Journal of Cell Science 
113:3207-32161; and SEQ ID NO: 118), containing a por 
tion of the mouse rDNA region, Was cloned into the NotI site 
of pWEPuro resulting in plasmid pWEPuro9K. 

[0022] FIG. 3 depicts construction of an A Ces platform 
chromosome With a single recombination site, such as loXP 
sites or an attP or attB site. This platform ACes chromosome 
is an eXemplary arti?cial chromosome With a single recom 
bination site. 

[0023] FIG. 4 provides a map of plasmid pSV40-193at 
tPsensePur. 

[0024] FIG. 5 depicts a method for formation of a chro 
mosome platform With multiple recombination integration 
sites, such as attP sites. 

[0025] FIG. 6 sets forth the sequences of the core region 
of attP, attB, attL and attR (SEQ ID Nos. 33-36). 

[0026] FIG. 7 depicts insertional recombination of a vec 
tor encoding a marker gene, DsRed and an attB site With an 
arti?cial chromosome containing an attP site. 

[0027] FIG. 8 provides a map of plasmid pCXLamIntR 
(SEQ ID NO: 112), Which includes the Lambda integrase 
(E174R)-encoding nucleic acid. 

[0028] FIG. 9 diagrammatically summariZes the platform 
technology; marker 1 permits selection of the arti?cial 
chromosomes containing the integration site; marker 2, 
Which is promoterless in the target gene eXpression vector, 
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permits selection of recombinants. Upon recombination With 
the platform marker 2 is expressed under the control of a 
promoter resident on the platform. 

[0029] FIG. 10 provides the vector map for the plasmid 
p18attBZEO-5‘6XHS4eGFP (SEQ ID NO: 116). 

[0030] FIG. 11 provides the vector map for the plasmid 
p18attBZEO-3‘6XHS4eGFP (SEQ ID NO: 115). 

[0031] FIG. 12 provides the vector map for the plasmid 
p18attBZEO-(6XHS4)2eGFP (SEQ ID NO: 110). 

[0032] FIGS. 13 AND 14 depict the integration of a PCR 
product by site-speci?c recombination as set forth in 
Example 8. 

[0033] FIG. 15 provides the vector map for the plasmid 
pPACrDNA as set forth in Example 9.A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A. De?nitions 

[0034] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to Which the 
invention(s) belong. All patents, patent applications, pub 
lished applications and publications, Genbank sequences, 
Websites and other published materials referred to through 
out the entire disclosure herein, unless noted otherWise, are 
incorporated by reference in their entirety. Where reference 
is made to a URL or other such indenti?er or address, it 
understood that such identi?ers can change and particular 
information on the internet can come and go, but equivalent 
information can be found by searching the internet. Refer 
ence thereto evidences the availability and public dissemi 
nation of such information. 

[0035] As used herein, nucleic acid refers to single 
stranded and/or double-stranded polynucleotides, such as 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), 
as Well as analogs or derivatives of either RNA or DNA. 
Also included in the term “nucleic acid” are analogs of 
nucleic acids such as peptide nucleic acid (PNA), phospho 
rothioate DNA, and other such analogs and derivatives. 
When referring to probes or primers, optionally labeled, 
With a detectable label, such as a ?uorescent or radiolabel, 
single-stranded molecules are contemplated. Such mol 
ecules are typically of a length such that they are statistically 
unique and of loW copy number (typically less than 5, 
preferably less than 3) for probing or priming a library. 
Generally a probe or primer contains at least 14, 16 or 30 
contiguous nucleotides of sequence complementary to or 
identical to a gene of interest. Probes and primers can be 10, 
20, 30, 50, 100 or more nucleotides long. 

[0036] As used herein, DNA is meant to include all types 
and siZes of DNA molecules including cDNA, plasmids and 
DNA including modi?ed nucleotides and nucleotide ana 
logs. 

[0037] As used herein, nucleotides include nucleoside 
mono-, di-, and triphosphates. Nucleotides also include 
modi?ed-nucleotides, such as, but are not limited to, phos 
phorothioate nucleotides and deaZapurine nucleotides and 
other nucleotide analogs. 
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[0038] As used herein, heterologous or foreign DNA and 
RNA are used interchangeably and refer to DNA or RNA 
that does not occur naturally as part of the genome in Which 
it is present or Which is found in a location or locations 
and/or in amounts in a genome or cell that differ from that 
in Which it occurs in nature. Heterologous nucleic acid is 
generally not endogenous to the cell into Which it is intro 
duced, but has been obtained from another cell or prepared 
synthetically. Generally, although not necessarily, such 
nucleic acid encodes RNA and proteins that are not normally 
produced by the cell in Which it is expressed. Any DNA or 
RNA that one of skill in the art Would recogniZe or consider 
as heterologous or foreign to the cell in Which it is expressed 
is herein encompassed by heterologous DNA. Heterologous 
DNA and RNA may also encode RNA or proteins that 
mediate or alter expression of endogenous DNAby affecting 
transcription, translation, or other regulatable biochemical 
processes. 

[0039] Examples of heterologous DNA include, but are 
not limited to, DNA that encodes a gene product or gene 
product(s) of interest, introduced for purposes of modi?ca 
tion of the endogenous genes or for production of an 
encoded protein. For example, a heterologous or foreign 
gene may be isolated from a different species than that of the 
host genome, or alternatively, may be isolated from the host 
genome but operably linked to one or more regulatory 
regions Which differ from those found in the unaltered, 
native gene. Other examples of heterologous DNA include, 
but are not limited to, DNA that encodes traceable marker 
proteins, such as a protein that confers traits including, but 
not limited to, herbicide, insect, or disease resistance; traits, 
including, but not limited to, oil quality or carbohydrate 
composition. Antibodies that are encoded by heterologous 
DNA may be secreted or expressed on the surface of the cell 
in Which the heterologous DNA has been introduced. 

[0040] As used herein, operative linkage or operative 
association, or grammatical variations thereof, of heterolo 
gous DNA to regulatory and effector sequences of nucle 
otides, such as promoters, enhancers, transcriptional and 
translational stop sites, and other signal sequences refers to 
the relationship betWeen such DNA and such sequences of 
nucleotides. For example, operative linkage of heterologous 
DNA to a promoter refers to the physical relationship 
betWeen the DNA and the promoter such that the transcrip 
tion of such DNA is initiated from the promoter by an RNA 
polymerase that speci?cally recogniZes, binds to and tran 
scribes the DNA. 

[0041] In order to optimiZe expression and/or in vitro 
transcription, it may be necessary to remove, add or alter 5‘ 
untranslated portions of the clones to eliminate extra, poten 
tial inappropriate alternative translation initiation (i.e., start) 
codons or other sequences that may interfere With or reduce 
expression, either at the level of transcription or translation. 
Alternatively, consensus ribosome binding sites (see, e.g., 
KoZak (1991) J. Biol. Chem. 266:19867-19870) can be 
inserted immediately 5‘ of the start codon and may enhance 
expression. 

[0042] As used herein, a sequence complementary to at 
least a portion of an RNA, With reference to antisense 
oligonucleotides, means a sequence having suf?cient 
complementarity to be able to hybridiZe With the RNA, 
preferably under moderate or high stringency conditions, 
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forming a stable duplex. The ability to hybridize depends on 
the degree of complementarity and the length of the anti 
sense nucleic acid. The longer the hybridizing nucleic acid, 
the more base mismatches it can contain and still form a 

stable duplex (or triplex, as the case may be). One skilled in 
the art can ascertain a tolerable degree of mismatch by use 
of standard procedures to determine the melting point of the 
hybridiZed complex. 

[0043] As used herein, regulatory molecule refers to a 
polymer of deoxyribonucleic acid (DNA) or ribonucleic acid 
(RNA) or a polypeptide that is capable of enhancing or 
inhibiting expression of a gene. 

[0044] As used herein, recognition sequences are particu 
lar sequences of nucleotides that a protein, DNA, or RNA 
molecule, or combinations thereof, (such as, but not limited 
to, a restriction endonuclease, a modi?cation methylase and 
a recombinase) recogniZes and binds. For example, a rec 
ognition sequence for Cre recombinase (see, e.g., SEQ ID 
NO158) is a 34 base pair sequence containing tWo 13 base 
pair inverted repeats (serving as the recombinase binding 
sites) ?anking an 8 base pair core and designated loxP (see, 
e.g., Sauer (1994) Current Opinion in Biotechnology 51521 
527). Other examples of recognition sequences, include, but 
are not limited to, attB and attP, attR and attL and others (see, 
e.g., SEQ ID Nos. 8, 41-56 and 72), that are recogniZed by 
the recombinase enZyme Integrase (see, SEQ ID Nos. 37 and 
38 for the nucleotide and encoded amino acid sequences of 
an exemplary lambda phage integrase). 

[0045] The recombination site designated attB is an 
approximately 33 base pair sequence containing tWo 9 base 
pair core-type Int binding sites and a 7 base pair overlap 
region; attP (SEQ ID No. 72) is an approximately 240 base 
pair sequence containing core-type Int binding sites and 
arm-type Int binding sites as Well as sites for auxiliary 
proteins IHF, FIS, and Xis (see, e.g., Landy (1993) Current 
Opinion in Biotechnology 31699-7071 see, e.g., SEQ ID 
Nos. 8 and 72). 

[0046] As used herein, a recombinase is an enZyme that 
catalyZes the exchange of DNA segments at speci?c recom 
bination sites. An integrase herein refers to a recombinase 
that is a member of the lambda (7») integrase family. 

[0047] As used herein, recombination proteins include 
excisive proteins, integrative proteins, enZymes, co-factors 
and associated proteins that are involved in recombination 
reactions using one or more recombination sites (see, Landy 
(1993) Current Opinion in Biotechnology 31699-707). The 
recombination proteins used herein can be delivered to a cell 
via an expression cassette on an appropriate vector, such as 
a plasmid, and the like. In other embodiments, the recom 
bination proteins can be delivered to a cell in protein form 
in the same reaction mixture used to deliver the desired 
nucleic acid, such as a platform ACes, donor target vectors, 
and the like. 

[0048] As used herein the expression “lox site” means a 
sequence of nucleotides at Which the gene product of the cre 
gene, referred to herein as Cre, can catalyZe a site-speci?c 
recombination event. ALoxP site is a 34 base pair nucleotide 
sequence from bacteriophage P1 (see, e.g., Hoess et al. 
(1982) Proc. Natl. Acad. Sci. USA. 7913398-3402). The 
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LoxP site contains tWo 13 base pair inverted repeats sepa 
rated by an 8 base pair spacer region as follows: (SEQ ID 
NO. 57): 

ATAACTTCGTATA ATGTATGC TATACGAAGTTAT 

[0049] E. coliDHSAlac and yeast strain BSY23 trans 
formed With plasmid pBS44 carrying tWo loxP sites con 
nected With a LEU2 gene are available from the American 
Type Culture Collection (ATCC) under accession numbers 
ATCC 53254 and ATCC 20773, respectively. The lox sites 
can be isolated from plasmid pBS44 With restriction 
enZymes EcoRI and SalI, or XhoI and BamHI. In addition, 
a preselected DNA segment can be inserted into pBS44 at 
either the SalI or BamHI restriction enZyme sites. Other lox 
sites include, but are not limited to, LoxB, LoxL, LoxC2 and 
LoxR sites, Which are nucleotide sequences isolated from E. 
coli (see, e.g., Hoess et al. (1982) Proc. Natl. Acad. Sci. 
USA. 7913398). Lox sites can also be produced by a variety 
of synthetic techniques (see, e.g., Ito et al. (1982) Nuc. Acid 
Res. 1011755 and Ogilvie et al. (1981) Science 2701270). 

[0050] As used herein, the expression “cre gene” means a 
sequence of nucleotides that encodes a gene product that 
effects site-speci?c recombination of DNA in eukaryotic 
cells at lox sites. One cre gene can be isolated from 
bacteriophage P1 (see, e.g., Abremski et al. (1983) Cell 
3211301-1311). E. coli DH1 and yeast strain BSY90 trans 
formed With plasmid pBS39 carrying a cre gene isolated 
from bacteriophage P1 and a GAL1 regulatory nucleotide 
sequence are available from the American Type Culture 
Collection (ATCC) under accession numbers ATCC 53255 
and ATCC 20772, respectively. The cre gene can be isolated 
from plasmid pBS39 With restriction enZymes XhoI and 
SalI. 

[0051] As used herein, site-speci?c recombination refers 
to site-speci?c recombination that is effected betWeen tWo 
speci?c sites on a single nucleic acid molecule or betWeen 
tWo different molecules that requires the presence of an 
exogenous protein, such as an integrase or recombinase. 

[0052] For example, Cre-lox site-speci?c recombination 
can include the folloWing three events: 

[0053] a. deletion of a pre-selected DNA segment 
?anked by lox sites; 

[0054] b. inversion of the nucleotide sequence of a 
pre-selected DNA segment ?anked by lox sites; and 

[0055] c. reciprocal exchange of DNA segments proxi 
mate to lox sites located on different DNA molecules. 

[0056] This reciprocal exchange of DNA segments can 
result in an integration event if one or both of the DNA 
molecules are circular. DNA segment refers to a linear 
fragment of single- or double-stranded deoxyribonucleic 
acid (DNA), Which can be derived from any source. Since 
the lox site is an asymmetrical nucleotide sequence, tWo lox 
sites on the same DNA molecule can have the same or 

opposite orientations With respect to each other. Recombi 
nation betWeen lox sites in the same orientation results in a 
deletion of the DNA segment located betWeen the tWo lox 
sites and a connection betWeen the resulting ends of the 
original DNA molecule. The deleted DNA segment forms a 
circular molecule of DNA. The original DNA molecule and 
the resulting circular molecule each contain a single lox site. 
Recombination betWeen lox sites in opposite orientations on 










































































