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CHROMOSOME-BASED PLATFORMS 

RELATED APPLICATIONS 

0001) Benefit of priority under 35 U.S.C. S 119(e) to U.S. 
provisional application Serial No. 60/294,758, filed May 30, 
2001, to Perkins, et al., entitled “CHROMOSOME-BASED 
PLATFORMS" and to U.S. provisional application Serial 
No. 60/366,891, filed Mar. 21, 2002, to Perkins, et al., 
entitled “CHROMOSOME-BASED PLATFORMS' is 
claimed. Where permitted, the subject matter of which are 
herein incorporated by reference in their entirety. 
0002 This application is related to Provisional Applica 
tion No. 60/294,687, filed May 30, 2001, by CARL PEREZ 
AND STEVEN FABIJANSKI entitled PLANT ARTIFI 
CIAL CHROMOSOMES, USES THEREOF AND METH 
ODS FOR PREPARING PLANT ARTIFICIAL CHROMO 
SOMES and to U.S. Provisional Application No. 60/296, 
329, filed Jun. 4, 2001, by CARL PEREZ AND STEVEN 
FABIJANSKI entitled PLANT ARTIFICIAL CHROMO 
SOMES, USES THEREOF AND METHODS FOR PRE 
PARING PLANT ARTIFICIAL CHROMOSOMES. This 
application also is related to U.S. Provisional Application 
No. 60/294,758, filed May 30, 2001, by EDWARD PER 
KINS et al. entitled CHROMOSOME-BASED PLAT 
FORMS and to U.S. Provisional Application No. 60/366, 
891, filed Mar. 21, 2002, by by EDWARD PERKINS et al. 
entitled CHROMOSOME-BASED PLATFORMS. This 
application is also related to U.S. application Serial NoS. 
(attorney dkt nos. 24601-419 and 419PC), filed on the same 
day herewith, entitled PLANT ARTIFICIAL CHROMO 
SOMES, USES THEREOF AND METHODS OF PREPAR 
ING PLANT ARTIFICIAL CHROMOSOMES to Perez et 
al. 

0003. This application is related to U.S. application Ser. 
No. 08/695,191, filed Aug. 7, 1996 by GYULA HADLAC 
ZKY and ALADAR SZALAY, entitled ARTIFICIAL 
CHROMOSOMES, USES THEREOF AND METHODS 
FOR PREPARING ARTIFICIAL CHROMOSOMES, now 
U.S. Pat. No. 6,025,155. This application is also related to 
U.S. application Ser. No. 08/682,080, filed Jul. 15, 1996 by 
GYULA HADLACZKY and ALADAR SZALAY, entitled 
ARTIFICIAL CHROMOSOMES, USES THEREOF AND 
METHODS FOR PREPARING ARTIFICIAL CHROMO 
SOMES, now U.S. Pat. No. 6,077,697. This application is 
also related U.S. application Ser. No. 08/629,822, filed Apr. 
10, 1996 by GYULA HADLACZKY and ALADARSZA 
LAY, entitled ARTIFICIAL CHROMOSOMES, USES 
THEREOF AND METHODS FOR PREPARING ARTIFI 

CIAL CHROMOSOMES (now abandoned), and is also 
related to copending U.S. application Ser. No. 09/096,648, 
filed Jun. 12, 1998, by GYULA HADLACZKY and ALA 
DAR SZALAY, entitled ARTIFICIAL CHROMOSOMES, 
USES THEREOF AND METHODS FOR PREPARING 
ARTIFICIAL CHROMOSOMES and to U.S. 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 
U.S. application Ser. No. 09/724,726, filed Nov. 28, 2000, 
U.S. application Ser. No. 09/724,872, filed Nov. 28, 2000, 
U.S. application Ser. No. 09/724,693, filed Nov. 28, 2000, 
U.S. application Ser. No. 09/799.462, filed Mar. 5, 2001, 
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U.S. application Ser. No. 09/836,911, filed Apr. 17, 2001, 
and U.S. application Serial No. 10/125,767, filed 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. The subject matter of each of these provi 
Sional applications, international applications, and applica 
tions is incorporated by reference in its entirety. 

FIELD OF INVENTION 

0004 Artificial chromosomes, including ACes, that have 
been engineered to contain available Sites for Site-specific, 
recombination-directed integration of DNA of interest are 
provided. These artificial chromosomes permit tractable, 
efficient, rational engineering of the chromosome. 

BACKGROUND 

0005 Artificial Chromosomes 
0006 A variety of artificial chromosomes for use in 
plants and animals, particularly higher plants and animals 
are available. In particular, U.S. Pat. Nos. 6,025,155 and 
6,077,697 provide heterochromatic artificial chromosomes 
designated therein as Satellite artificial chromosomes 
(SATACs) and now designated artificial 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 amplification 
event resulting in production of a dicentric chromosome. 
Subsequent treatment and growth of cells with dicentric 
chromosomes, including further amplifications, ultimately 
results in the artificial chromosomes provided therein. In 
order to introduce a desired heterologous gene (or a plurality 
of heterologous genes) into the artificial 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 efficient methods for introducing heterologous 
nucleic acid molecules into artificial chromosomes, particu 
larly ACes, are needed. 
0007. Therefore, it is an object herein to provide engi 
neered artificial chromosomes that permit tractable, efficient 
and rational engineering of artificial chromosomes. 

SUMMARY OF THE INVENTION 

0008 Provided herein are artificial chromosomes that 
permit tractable, efficient and rational engineering thereof. 
In particular, the artificial chromosomes provided herein 
contain one or a plurality of loci (sites) for site-specific, 
recombination-directed integration of DNA. Thus, provided 
herein are platform artificial chromosome expression SyS 
tems ("platform ACes') containing single or multiple site 
Specific, recombination sites. 
0009. The artificial chromosomes and ACes artificial 
chromosomes include plant and animal chromosomes. Any 
recombinase System that effects Site-specific recombination 
is contemplated for use herein. 
0010. In one embodiment, chromosomes, including plat 
form ACes, are provided that contain one or more lambda att 
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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. 
0011 Platform ACes containing the recombination site(s) 
and methods for introducing heterologous nucleic acid into 
Such sites and vectors therefor, are provided. 
0012. Also provided herein is a bacteriophage lambda 
(A) integrase site-specific recombination System. 
0013 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. Combinations and kits containing 
the combinations of Vectors encoding a recombinase and 
integrase and primers for introduction of the Site recognized 
thereby are also provided. The kits optionally include 
instructions for performing Site-directed integration or 
preparation of ACeS containing Such Sites. 
0.014. Also provided herein are mammalian and plant 
cells comprising the artificial 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. 
0.015 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 
acid that encodes a therapeutic product. The transgenic 
animal can be a fish, 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. 
0016. 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 ACesare 
provided. 

DESCRIPTION OF FIGURES 

0017 FIG. 1 provides a diagram depicting creation of an 
exemplary ACeS artificial chromosome prepared using 
methods detailed in U.S. Pat. Nos. 6,025,155 and 6,077,697 
and International PCT application No. WO 97/40183. In this 
exemplified embodiment, the nucleic acid is targeted to an 
acrocentric chromosome in an animal or plant, and the 
heterologous nucleic acid includes a Sequence-specific 
recombination site and marker genes. 
0018 FIG. 2 provides a map of pWEPuro9K, which is a 
targeting vector derived from the vector pWE 15 (GenBank 
Accession #X65279; SEQ ID No. 31). Plasmid pWE15 was 
modified by replacing the SalI (Klenow filled)/SmaI neo 
mycin resistance encoding fragment with the Pvul/BamHI 
(Klenow filled) puromycin resistance-encoding fragment 
(isolated from plasmid pPUR, Clontech Laboratories, Inc., 
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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 Not site 
of pWEPuro resulting in plasmid pWEPuro 9K. 
0019 FIG. 3 depicts construction of an ACes platform 
chromosome with a single recombination site, Such as loxP 
sites or an attP or attB site. This platform ACes chromosome 
is an exemplary artificial chromosome with a single recom 
bination site. 

0020 FIG. 4 provides a map of plasmid pSV40-193at 
tPsensePur. 

0021 FIG. 5 depicts a method for formation of a chro 
moSome platform with multiple recombination integration 
Sites, Such as attP Sites. 
0022 FIG. 6 sets forth the sequences of the core region 
of attP attB, attL and attR (SEQ ID Nos. 33–36). 
0023 FIG. 7 depicts insertional recombination of a vec 
tor encoding a marker gene, DSRed and an attB Site with an 
artificial chromosome containing an attP Site. 
0024 FIG. 8 provides a map of plasmid pCXLamIntR 
(SEQ ID NO: 112), which includes the Lambda integrase 
(E174R)-encoding nucleic acid. 
0025 FIG. 9 diagrammatically summarizes the platform 
technology, marker 1 permits selection of the artificial 
chromosomes containing the integration site; marker 2, 
which is promoterleSS in the target gene expression vector, 
permits Selection of recombinants. Upon recombination with 
the platform marker 2 is expressed under the control of a 
promoter resident on the platform. 
0026 FIG. 10 provides the vector map for the plasmid 
p18attBZEO-5'6XHS4eGFP (SEQ ID NO: 116). 
0027 FIG. 11 provides the vector map for the plasmid 
p18attBZEO-36XHS4eGFP (SEQ ID NO: 115). 
0028 FIG. 12 provides the vector map for the plasmid 
p18attBZEO-(6XHS4)2eGFP (SEQ ID NO: 110). 
0029 FIGS. 13 AND 14 depict the integration of a PCR 
product by Site-specific recombination as Set forth in 
Example 8. 
0030 FIG. 15 provides the vector map for the plasmid 
pPACrDNA as set forth in Example 9.A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0031 A. Definitions 
0032 Unless defined otherwise, all technical and scien 

tific 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 indentifier or address, it 
understood that Such identifiers can change and particular 
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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. 

0.033 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 fluorescent 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. 
0034. As used herein, DNA is meant to include all types 
and sizes of DNA molecules including cDNA, plasmids and 
DNA including modified nucleotides and nucleotide ana 
logs. 

0035. As used herein, nucleotides include nucleoside 
mono-, di-, and triphosphates. Nucleotides also include 
modified-nucleotides, Such as, but are not limited to, phos 
phorothioate nucleotides and deazapurine nucleotides and 
other nucleotide analogs. 
0.036 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 DNA by affecting 
transcription, translation, or other regulatable biochemical 
proceSSeS. 

0037 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 modifica 
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 
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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. 
0038. 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 specifically recognizes, binds to and tran 
Scribes the DNA. 

0039. 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. 

0040 AS used herein, a sequence complementary to at 
least a portion of an RNA, with reference to antisense 
oligonucleotides, means a Sequence having Sufficient 
complementarity to be able to hybridize with the RNA, 
preferably under moderate or high Stringency conditions, 
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. 

0041 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. 

0042 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 modification methylase and 
a recombinase) recognizes and binds. For example, a rec 
ognition Sequence for Cre recombinase (see, e.g., SEQ ID 
NO:58) is a 34 base pair sequence containing two 13 base 
pair inverted repeats (Serving as the recombinase binding 
Sites) flanking an 8 base pair core and designated loxP (see, 
e.g., Sauer (1994) Current Opinion in Biotechnology 5:521 
527). Other examples of recognition Sequences, include, but 
are not limited to, attB and attP attR and attLand others (see, 
e.g., SEQ ID Nos. 8, 41-56 and 72), that are recognized by 
the recombinase enzyme Integrase (see, SEQID Nos. 37 and 
38 for the nucleotide and encoded amino acid Sequences of 
an exemplary lambda phage integrase). 
0043. 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 
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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 3:699-7071 see, e.g., SEQ ID 
Nos. 8 and 72). 
0044 As used herein, a recombinase is an enzyme that 
catalyzes the exchange of DNA segments at Specific recom 
bination sites. An integrase herein refers to a recombinase 
that is a member of the lambda (2) integrase family. 
0.045. 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 3:699-707). 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. 

0046. 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-specific 
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. U.S.A. 79:3398-3402). The 
LoxP site contains two 13 base pair inverted repeats sepa 
rated by an 8 base pair spacer region as follows: (SEQ ID 
NO. 57): 

0047 ATAACTTCGTATA ATGTATGC TATAC 
GAAGTTAT 

0048 E. coliDH5Alac 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. 
U.S.A. 79:3398). Lox sites can also be produced by a variety 
of Synthetic techniques (see, e.g., Ito et al. (1982) Nuc. Acid 
Res. 10:1755 and Ogilvie et al. (1981) Science 270:270). 
0049. As used herein, the expression “cre gene” means a 
Sequence of nucleotides that encodes a gene product that 
effects site-specific 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 
32:1301-1311). E. coli DH1 and yeast strain BSY90 trans 
formed with plasmid pBS39 carrying a cre gene isolated 
from bacteriophage P1 and a GALL 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 
Sal. 
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0050 AS used herein, site-specific recombination refers 
to Site-specific recombination that is effected between two 
Specific 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. 
0051. For example, Cre-lox site-specific recombination 
can include the following three events: 

0052 a. deletion of a pre-selected DNA segment 
flanked by lox sites; 

0053 b. inversion of the nucleotide sequence of a 
pre-Selected DNA segment flanked by lox sites, and 

0054 c. reciprocal exchange of DNA segments 
proximate to lox sites located on different DNA 
molecules. 

0055. 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. 
0056 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. 
Recombination 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 the same DNA molecule result in an inver 
Sion of the nucleotide Sequence of the DNA segment located 
between the two lox sites. In addition, reciprocal eXchange 
of DNA segments proximate to lox sites located on two 
different DNA molecules can occur. All of these recombi 
nation events are catalyzed by the gene product of the cre 
gene. Thus, the Cre-loX System can be used to Specifically 
delete, invert, or insert DNA. The precise event is controlled 
by the orientation of lox DNA sequences, in cis the lox 
Sequences direct the Cre recombinase to either delete (lox 
Sequences in direct orientation) or invert (lox sequences in 
inverted orientation) DNA flanked by the sequences, while 
in trans the lox Sequences can direct a homologous recom 
bination event resulting in the insertion of a recombinant 
DNA 

0057. As used herein, a chromosome is a nucleic acid 
molecule, and associated proteins, that is capable of repli 
cation and Segregation within a cell upon cell division. 
Typically, a chromosome contains a centromeric region, 
replication origins, telomeric regions and a region of nucleic 
acid between the centromeric and telomeric regions. 
0058 As used herein, a centromere is any nucleic acid 
Sequence that confers an ability to Segregate to daughter 
cells through cell division. A centromere may confer Stable 
Segregation of a nucleic acid Sequence, including an artificial 
chromosome containing the centromere, through mitotic or 
meiotic divisions, including through both mitotic and mei 
otic divisions. A particular centromere is not necessarily 
derived from the same Species in which it is introduced, but 
has the ability to promote DNA segregation in cells of that 
Species. 
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0059 AS used herein, euchromatin and heterochromatin 
have their recognized meanings. Euchromatin refers to chro 
matin that Stains diffusely and that typically contains genes, 
and heterochromatin refers to chromatin that remains unusu 
ally condensed and that has been thought to be transcrip 
tionally inactive. Highly repetitive DNA sequences (satellite 
DNA) are usually located in regions of the heterochromatin 
Surrounding the centromere (pericentric or pericentromeric 
heterochromatin). Constitutive heterochromatin refers to 
heterochromatin that contains the highly repetitive DNA 
which is constitutively condensed and genetically inactive. 

0060 AS used herein, an acrocentric chromosome refers 
to a chromosome with arms of unequal length. 

0061 AS used herein, endogenous chromosomes refer to 
genomic chromosomes as found in a cell prior to generation 
or introduction of an artificial chromosome. 

0.062. As used herein, artificial chromosomes are nucleic 
acid molecules, typically DNA, that Stably replicate and 
Segregate alongside endogenous chromosomes in cells and 
have the capacity to accommodate and express heterologous 
genes contained therein. It has the capacity to act as a gene 
delivery vehicle by accommodating and expressing foreign 
genes contained therein. A mammalian artificial chromo 
some (MAC) refers to chromosomes that have an active 
mammalian centromere(s). Plant artificial chromosomes, 
insect artificial chromosomes and avian artificial chromo 
Somes refer to chromosomes that include centromeres that 
function in plant, insect and avian cells, respectively. A 
human artificial chromosome (HAC) refers to chromosomes 
that include centromeres that function in human cells. For 
exemplary artificial chromosomes, See, e.g., U.S. Pat. NoS. 
6,025,155; 6,077,697; 5,288,625; 5,712,134, 5,695,967; 
5,869,294; 5,891,691 and 5,721,118 and published Interna 
tional PCT application Nos, WO 97/40183 and WO 
98/08964. Artificial chromosomes include those that are 
predominantly heterochromatic (formerly referred to as Sat 
ellite artificial chromosomes (SATACs); see, e.g., U.S. Pat. 
Nos. 6,077,697 and 6,025,155 and published International 
PCT application No. WO 97/40183), minichromosomes that 
contain a de novo centromere (see, U.S. Pat. Nos. 5,712,134, 
5,891,691 and 5,288,625), artificial chromosomes predomi 
nantly made up of repeating nucleic acid units and that 
contain Substantially equivalent amounts of euchromatic and 
heterochromatic DNA and in vitro assembled artificial chro 
mosomes (see, copending U.S. provisional application 
Serial No. 60/294,687, filed on May 30, 2001). 
0.063 AS used herein, the term “satellite DNA-based 
artificial chromosome (SATAC)” is interchangable with the 
term “artificial chromosome expression System (ACes)’. 
These artificial chromosomes (ACes) include those that are 
Substantially all neutral non-coding sequences (heterochro 
matin) except for foreign heterologous, typically gene-en 
coding nucleic acid, that is interspersed within the hetero 
chromatin for the expression therein (see U.S. Pat. Nos. 
6,025,155 and 6,077,697 and International PCT application 
No. WO 97/40183), or that is in a single locus as provided 
herein. Also included are ACes that may include euchroma 
tin and that result from the process described in U.S. Pat. 
Nos. 6,025,155 and 6,077,697 and International PCT appli 
cation No. WO 97/40183 and outlined herein. The delineat 
ing Structural feature is the presence of repeating units, that 
are generally predominantly heterochromatin. The precise 
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structure of the ACes will depend upon the structure of the 
chromosome in which the initial amplification event occurs, 
all Share the common feature of including a defined pattern 
of repeating units. Generally ACes have more heterochro 
matin than euchromatin. Foreign nucleic acid molecules 
(heterologous genes) contained in these artificial chromo 
Some expression Systems can include any nucleic acid 
whose expression is of interest in a particular host cell. Such 
foreign nucleic acid molecules, include, but are not limited 
to, nucleic acid that encodes traceable marker proteins 
(reporter genes), Such as fluorescent proteins, Such as green, 
blue or red fluorescent proteins (GFP, BFP and RFP, respec 
tively), other reporter genes, Such as f-galactosidase and 
proteins that confer drug resistance, Such as a gene encoding 
hygromycin-resistance. Other examples of heterologous 
nucleic acid molecules include, but are not limited to, DNA 
that encodes therapeutically effective Substances, Such as 
anti-cancer agents, enzymes and hormones, DNA that 
encodes other types of proteins, Such as antibodies, and 
DNA that encodes RNA molecules (such as antisense or 
SiRNA molecules) that are not translated into proteins. 
0064. As used herein, an artificial chromosome platform, 
also referred to herein as a “platform ACes” or “ACes 
platform', refers to an artificial chromosome that has been 
engineered to include one or more sites for Site-specific, 
recombination-directed integration. In particular, ACes that 
are So-engineered are provided. Any sites, including but not 
limited to any described herein, that are Suitable for Such 
integration are contemplated. Plant and animal platform 
ACes are provided. Among the ACeS contemplated herein 
are those that are predominantly heterochromatic (formerly 
referred to as satellite artificial chromosomes (SATACs); 
see, e.g., U.S. Pat. Nos. 6,077,697 and 6,025,155 and 
published International PCT application No. WO 97/40183), 
artificial chromosomes predominantly made up of repeating 
nucleic acid units and that contain Substantially equivalent 
amounts of euchromatic and heterochromatic DNA resulting 
from an amplification event depicted in the referenced patent 
and herein. Included among the ACeS for use in generating 
platforms, are artificial chromosomes that introduce and 
express heterologous nucleic acids in plants (see, copending 
U.S. provisional application Serial No. 60/294,687, filed on 
May 30, 2001). These include artificial chromosomes that 
have a centromere derived from a plant, and, also, artificial 
chromosomes that have centromeres that may be derived 
from other organisms but that function in plants. 

0065. As used herein a “reporter ACes” refers to a an 
ACes that comprises one or a plurality of reporter constructs, 
where the reporter construct comprises a reporter gene in 
operative linkage with a regulatory region responsive to test 
or known compounds. 

0066. As used herein, amplification, with reference to 
DNA, is a process in which segments of DNA are duplicated 
to yield two or multiple copies of Substantially Similar or 
identical or nearly identical DNA segments that are typically 
joined as Substantially tandem or Successive repeats or 
inverted repeats. 

0067. As used herein, amplification-based artificial chro 
mosomes are artificial chromosomes derived from natural or 
endogenous chromosomes by Virtue of an amplification 
event, Such as one initiated by introduction of heterologous 
nucleic acid into rDNA in a chromosome. As a result of Such 
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an event, chromosomes and fragments thereof exhibiting 
Segmented or repeating patterns arise. Artificial chromo 
Somes can be formed from these chromosomes and frag 
ments. Hence, amplification-based artificial chromosomes 
refer to engineered chromosomes that exhibit an ordered 
Segmentation that is not observed in naturally occurring 
chromosomes and that distinguishes them from naturally 
occurring chromosomes. The Segmentation, which can be 
Visualized using a variety of chromosome analysis tech 
niques known to those of skill in the art, correlates with the 
Structure of these artificial chromosomes. In addition to 
containing one or more centromeres, the amplification-based 
artificial chromosomes, throughout the region or regions of 
Segmentation are predominantly made up of nucleic acid 
units also referred to as “amplicons”, that is (are) repeated 
in the region and that have a similar groSS Structure. Repeats 
of an amplicon tend to be of Similar size and share Some 
common nucleic acid Sequences. For example, each repeat 
of an amplicon may contain a replication site involved in 
amplification of chromosome Segments and/or Some heter 
ologous nucleic acid that was utilized in the initial produc 
tion of the artificial chromosome. Typically, the repeating 
units are Substantially similar in nucleic acid composition 
and may be nearly identical. 

0068 The amplification-based artificial chromosomes 
differ depending on the chromosomal region that has under 
gone amplification in the process of artificial chromosome 
formation. The Structures of the resulting chromosomes can 
vary depending upon the initiating event and/or the condi 
tions under which the heterologous nucleic acid is intro 
duced, including modification to the endogenous chromo 
Somes. For example, in Some of the artificial chromosomes 
provided herein, the region or regions of Segmentation may 
be made up predominantly of heterochromatic DNA. In 
other artificial chromosomes provided herein, the region or 
regions of Segmentation may be made up predominantly of 
euchromatic DNA or may be made up of similar amounts of 
heterochromatic and euchromatic DNA. 

0069. As used herein an amplicon is a repeated nucleic 
acid unit. In Some of the artificial chromosomes described 
herein, an amplicon may contain a set of inverted repeats of 
a megareplicon. A megareplicon represents a higher order 
replication unit. For example, with reference to Some of the 
predominantly heterochromatic artificial chromosomes, the 
megareplicon can contain a set of tandem DNA blocks (e.g., 
~7.5 Mb DNA blocks) each containing satellite DNA 
flanked by non-satellite DNA or may be made up of Sub 
stantially rDNA. Contained within the megareplicon is a 
primary replication Site, referred to as the megareplicator, 
which may be involved in organizing and facilitating repli 
cation of the pericentric heterochromatin and possibly the 
centromeres. Within the megareplicon there may be Smaller 
(e.g., 50-300 kb) secondary replicons. 

0070. In artificial chromosomes, such as those provided 
U.S. Pat. Nos. 6,025,155 and 6,077,697 and International 
PCT application No. WO 97/40183, the megareplicon is 
defined by two tandem blocks (~7.5 Mb DNA blocks in the 
chromosomes provided therein). Within each artificial chro 
moSome or among a population thereof, each amplicon has 
the Same groSS Structure but may contain Sequence varia 
tions. Such variations will arise as a result of movement of 
mobile genetic elements, deletions or insertions or mutations 
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that arise, particularly in culture. Such variation does not 
affect the use of the artificial chromosomes or their overall 
Structure as described herein. 

0071 AS used herein, amplifiable, when used in reference 
to a chromosome, particularly the method of generating 
artificial chromosomes provided herein, refers to a region of 
a chromosome that is prone to amplification. Amplification 
typically occurs during replication and other cellular events 
involving recombination (e.g., DNA repair). Such regions 
include regions of the chromosome that contain tandem 
repeats, such as satellite DNA, rDNA, and other such 
Sequences. 

0072 AS used herein, a dicentric chromosome is a chro 
moSome that contains two centromeres. A multicentric chro 
moSome contains more than two centromeres. 

0073. As used herein, a formerly dicentric chromosome 
is a chromosome that is produced when a dicentric chro 
moSome fragments and acquires new telomeres So that two 
chromosomes, each having one of the centromeres, are 
produced. Each of the fragments is a replicable chromo 
Some. If one of the chromosomes undergoes amplification of 
primarily euchromatic DNA to produce a fully functional 
chromosome that is predominantly (at least more than 50%) 
euchromatin, it is a minichromosome. The remaining chro 
moSome is a formerly dicentric chromosome. If one of the 
chromosomes undergoes amplification, whereby hetero 
chromatin (Such as, for example, Satellite DNA) is amplified 
and a euchromatic portion (Such as, for example, an arm) 
remains, it is referred to as a sausage chromosome. A 
chromosome that is Substantially all heterochromatin, except 
for portions of heterologous DNA, is called a predominantly 
heterochromatic artificial chromosome. Predominantly het 
erochromatic artificial chromosomes can be produced from 
other partially heterochromatic artificial chromosomes by 
culturing the cell containing Such chromosomes under con 
ditions such as BrdU treatment that destabilize the chromo 
Some and/or growth under Selective conditions So that a 
predominantly heterochromatic artificial chromosome is 
produced. For purposes herein, it is understood that the 
artificial chromosomes may not necessarily be produced in 
multiple Steps, but may appear after the initial introduction 
of the heterologous DNA. Typically, artificial chromosomes 
appear after about 5 to about 60, or about 5 to about 55, or 
about 10 to about 55 or about 25 to about 55 or about 35 to 
about 55 cell doublings after initiation of artificial chromo 
Some generation, or they may appear after Several cycles of 
growth under selective conditions and BrdU treatment. 

0074 As used herein, an artificial chromosome that is 
predominantly heterochromatic (i.e., containing more het 
erochromatin than euchromatin, typically more than about 
50%, more than about 70%, or more than about 90% 
heterochromatin) may be produced by introducing nucleic 
acid molecules into cells, Such as, for example, animal or 
plant cells, and Selecting cells that contain a predominantly 
heterochromatic artificial chromosome. Any nucleic acid 
may be introduced into cells in Such methods of producing 
the artificial chromosomes. For example, the nucleic acid 
may contain a Selectable marker and/or optionally a 
Sequence that targets nucleic acid to the pericentric, hetero 
chromatic region of a chromosome, Such as in the short arm 
of acrocentric chromosomes and nucleolar organizing 
regions. Targeting Sequences include, but are not limited to, 
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lambda phage DNA and rDNA for production of predomi 
nantly heterochromatic artificial chromosomes in eukaryotic 
cells. 

0075. After introducing the nucleic acid into cells, a cell 
containing a predominantly heterochromatic artificial chro 
moSome is Selected. Such cells may be identified using a 
variety of procedures. For example, repeating units of het 
erochromatic DNA of these chromosomes may be discerned 
by G-banding and/or fluorescence in Situ hybridization 
(FISH) techniques. Prior to such analyses, the cells to be 
analyzed may be enriched with artificial chromosome-con 
taining cells by Sorting the cells on the basis of the presence 
of a Selectable marker, Such as a reporter protein, or by 
growing (culturing) the cells under Selective conditions. It is 
also possible, after introduction of nucleic acids into cells, to 
Select cells that have a multicentric, typically dicentric, 
chromosome, a formerly multicentric (typically dicentric) 
chromosome and/or various heterochromatic Structures, 
Such as a megachromosome and a Sausage chromosome, that 
contain a centromere and are predominantly heterochro 
matic and to treat them Such that desired artificial chromo 
Somes are produced. Cells containing a new chromosome 
are Selected. Conditions for generation of a desired Structure 
include, but are not limited to, further growth under Selective 
conditions, introduction of additional nucleic acid molecules 
and/or growth under Selective conditions and treatment with 
destabilizing agents, and other Such methods (see Interna 
tional PCT application No. WO 97/40183 and U.S. Pat. Nos. 
6,025,155 and 6,077,697). 
0.076 AS used herein, a “selectable marker” is a nucleic 
acid Segment, generally DNA, that allows one to Select for 
or against a molecule or a cell that contains it, often under 
particular conditions. These markers can encode an activity, 
Such as, but not limited to, production of RNA, peptide, or 
protein, or can provide a binding Site for RNA, peptides, 
proteins, inorganic and organic compounds and composi 
tions. Examples of Selectable markers include but are not 
limited to: (1) nucleic acid segments that encode products 
that provide resistance against otherwise toxic compounds 
(e.g., antibiotics); (2) nucleic acid segments that encode 
products that are otherwise lacking in the recipient cell (e.g., 
tRNA genes, auxotrophic markers); (3) nucleic acid seg 
ments that encode products that Suppress the activity of a 
gene product; (4) nucleic acid segments that encode prod 
ucts that can be identified, Such as phenotypic markers, 
including B-galactosidase, red, blue and/or green fluorescent 
proteins (FPS), and cell Surface proteins; (5) nucleic acid 
Segments that bind products that are otherwise detrimental to 
cell Survival and/or function; (6) nucleic acid segments that 
otherwise inhibit the activity of any of the nucleic acid 
Segments described in Nos. 1-5 above (e.g., antisense oli 
gonucleotides or siRNA molecules for use in RNA interfer 
ence); (7) nucleic acid segments that bind products that 
modify a Substrate (e.g. restriction endonucleases); (8) 
nucleic acid Segments that can be used to isolate a desired 
molecule (e.g. specific protein binding sites); (9) nucleic 
acid Segments that encode a specific nucleotide Sequence 
that can be otherwise non-functional, Such as for PCR 
amplification of Subpopulations of molecules; and/or (10) 
nucleic acid Segments, which when absent, directly or 
indirectly confer Sensitivity to particular compounds. Thus, 
for example, Selectable markers include nucleic acids encod 
ing fluorescent proteins, Such as green fluorescent proteins, 
B-galactosidase and other readily detectable proteins, Such 
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as chromogenic proteins or proteins capable of being bound 
by an antibody and FACs sorted. Selectable markers such as 
these, which are not required for cell Survival and/or pro 
liferation in the presence of a Selection agent, are also 
referred to herein as reporter molecules. Other selectable 
markers, e.g., the neomycin phosphotransferase gene, pro 
vide for isolation and identification of cells containing them 
by conferring properties on the cells that make them resis 
tant to an agent, e.g., a drug Such as an antibiotic, that 
inhibits proliferation of cells that do not contain the marker. 

0077. As another example, interference of gene expres 
sion by double stranded RNA has been shown in Cae 
norhabditis elegans, plants, Drosophila, protozoans and 
mammals. This method is known as RNA interference 
(RNAi) and utilizes short, double-stranded RNA molecules 
(siRNAs). The siRNAS are generally composed of a 19-22 
bp double-Stranded RNA stem, a loop region and a 1-4 bp 
overhang on the 3' end. The reduction of gene expression has 
been accomplished by direct introduction of the siRNAS into 
the cell (Harborth J et al., 2001, J. Cell Sci 114(pt 24):4557 
65) as well as the introduction of DNA encoding and 
expressing the siRNA molecule. The encoded siRNA mol 
ecules are under the regulation of an RNA polymerase III 
promoter (see, e.g., Yu et al., 2002, Proc Natl AcadSci USA 
99(9);6047-52; Brummelkamp et al., 2002, Science 
296(5567):550-3; Miyagishi et al., 2002, Nat Biotechnol 
20(5):497-500; and the like). In certain embodiments, RNAi 
in mammalian cells may have advantages over other thera 
peutic methods. For example, producing siRNA molecules 
that block Viral genetic activities in infected cells may 
reduce the effects of the virus. Platform ACes provided 
herein encoding siRNA molecule(s) are an additional utili 
zation of the platform ACes technology. The platform ACes 
could be engineered to encode one or more siRNA mol 
ecules to create gene "knockdowns'. In one embodiment, a 
platform ACes can engineered to encode both the siRNA 
molecule and a replacement gene. For example, a mouse 
model or cell culture System could be generated using a 
platform ACes that has a knockdown of the endogenous 
mouse gene, by SiRNA, and the human gene homolog 
expressing in place of the mouse gene. The placement of 
SiRNA encoding Sequences under the regulation of a regu 
latable or inducible promoter would allow one to temporally 
and/or spatially control the knockdown effect of the corre 
Sponding gene. 

0078. As used herein, a reporter gene includes any gene 
that expresses a detectable gene product, which may be RNA 
or protein. Generally reporter genes are readily detectable. 
Examples of reporter genes include, but are not limited to 
nucleic acid encoding a fluorescent protein, CAT (chloram 
phenicol acetyl transferase) (Alton et al. (1979) Nature 282: 
864-869) luciferase, and other enzyme detection systems, 
Such as beta-galactosidase; firefly luciferase (deWet et al. 
(1987) Mol. Cell. Biol. 7:725-737); bacterial luciferase 
(Engebrecht and Silverman (1984) Proc. Natl. Acad. Sci. 
U.S.A. 81:4154-4158; Baldwin et al. (1984) Biochemistry 
23:3663-3667); and alkaline phosphatase (Toh et al. (1989) 
Eur: J. Biochem. 182:231-238, Hall et al. (1983) J. Mol. 
Appl. Gen. 2:101). 
0079 AS used herein, growth under selective conditions 
means growth of a cell under conditions that require expres 
Sion of a Selectable marker for Survival. 
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0080. As used herein, an agent that destabilizes a chro 
moSome is any agent known by those skilled in the art to 
enhance amplification events, and/or mutations. Such 
agents, which include BrdU, are well known to those skilled 
in the art. 

0081. In order to generate an artificial chromosome con 
taining a particular heterologous nucleic acid of interest, it 
is possible to include the nucleic acid in the nucleic acid that 
is being introduced into cells to initiate production of the 
artificial chromosome. Thus, for example, a nucleic acid can 
be introduced into a cell along with nucleic acid encoding a 
Selectable marker and/or a nucleic acid that targets to a 
heterochromatic region of a chromosome. For introducing a 
heterologous nucleic acid into the cell, it can be included in 
a fragment that includes a Selectable marker or as part of a 
Separate nucleic acid fragment and introduced into the cell 
with a Selectable marker during the process of generating the 
artificial chromosomes. Alternatively, heterologous nucleic 
acid can be introduced into an artificial chromosome at a 
later time after the initial generation of the artificial chro 
OSOC. 

0082. As used herein, the minichromosome refers to a 
chromosome derived from a multicentric, typically dicen 
tric, chromosome that contains more euchromatic than het 
erochromatic DNA. For purposes herein, the minichromo 
Some contains a de novo centromere (e.g., a neocentromere). 
In Some embodiments, for example, the minichromosome 
contains a centromere that replicates in animals, e.g., a 
mammalian centromere or in plants, e.g., a plant centromere. 

0.083 AS used herein, in vitro assembled artificial chro 
mosomes or Synthetic chromosomes can be either more 
euchromatic than heterochromatic or more heterochromatic 
than euchromatic and are produced by joining essential 
components of a chromosome in vitro. These components 
include at least a centromere, a megareplicator, a telomere 
and optionally Secondary origins of replication. 

0084. As used herein, in vitro assembled plant or animal 
artificial chromosomes are produced by joining essential 
components (at least the centromere, telomere(s), megarep 
licator and optional Secondary origins of replication) that 
function in plants or animals. In particular embodiments, the 
megareplicator contains Sequences of rDNA, particularly 
plant or animal rDNA. 
0085. As used herein, a plant is a eukaryotic organism 
that contains, in addition to a nucleus and mitochondria, 
chloroplasts capable of carrying out photosynthesis. A plant 
can be unicellular or multicellular and can contain multiple 
tissues and/or organs. Plants can reproduce Sexually or 
asexually and can be perennial or annual in growth. Plants 
can also be terrestrial or aquatic. The term "plant' includes 
a whole plant, plant cell, plant protoplast, plant calli, plant 
Seed, plant organ, plant tissue, and other parts of a whole 
plant. 

0.086 As used herein, stable maintenance of chromo 
somes occurs when at least about 85%, preferably 90%, 
more preferably 95%, of the cells retain the chromosome. 
Stability is measured in the presence of a Selective agent. 
Preferably these chromosomes are also maintained in the 
absence of a Selective agent. Stable chromosomes also retain 
their structure during cell culturing, Suffering no unintended 
intrachromosomal or interchromosomal rearrangements. 
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0087 As used herein, de novo with reference to a cen 
tromere, refers to generation of an exceSS centromere in a 
chromosome as a result of incorporation of a heterologous 
nucleic acid fragment using the methods herein. 

0088 As used herein, BrdU refers to 5-bromodeoxyuri 
dine, which during replication is inserted in place of thymi 
dine. BrdU is used as a mutagen; it also inhibits condensa 
tion of metaphase chromosomes during cell division. 

0089. As used herein, ribosomal RNA (rRNA) is the 
specialized RNA that forms part of the structure of a 
ribosome and participates in the Synthesis of proteins. Ribo 
Somal RNA is produced by transcription of genes which, in 
eukaryotic cells, are present in multiple copies. In human 
cells, the approximately 250 copies of rRNA genes (i.e., 
genes which encode rRNA) per haploid genome are spread 
out in clusters on at least five different chromosomes (chro 
mosomes 13, 14, 15, 21 and 22). In mouse cells, the presence 
of ribosomal DNA (rDNA, which is DNA containing 
sequences that encode rRNA) has been verified on at least 11 
pairs out of 20 mouse chromosomes (chromosomes 5, 6, 7, 
9, 11, 12, 15, 16, 17, 18, and 19) (see e.g., Rowe et al. (1996) 
Mamm. Genome 7:886-889 and Johnson et al. (1993) 
Mamm. Genome 4:49-52). In Arabidopsis thaliana the pres 
ence of rDNA has been verified on chromosomes 2 and 4 
(18S, 5.8S, and 25S rDNA) and on chromosomes 3,4, and 5 
(5S rDNA)(see The Arabidopsis Genome Initiative (2000) 
Nature 408:796-815). In eukaryotic cells, the multiple cop 
ies of the highly conserved rRNA genes are located in a 
tandemly arranged Series of rDNA units, which are generally 
about 40-45 kb in length and contain a transcribed region 
and a nontranscribed region known as spacer (i.e., intergenic 
Spacer) DNA which can vary in length and sequence. In the 
human and mouse, these tandem arrays of rDNA units are 
located adjacent to the pericentric Satellite DNA sequences 
(heterochromatin). The regions of these chromosomes in 
which the rDNA is located are referred to as nucleolar 
organizing regions (NOR) which loop into the nucleolus, the 
Site of ribosome production within the cell nucleus. 

0090. As used herein, a megachromosome refers to a 
chromosome that, except for introduced heterologous DNA, 
is Substantially composed of heterochromatin. Megachro 
mosomes are made up of an array of repeated amplicons that 
contain two inverted megareplicons bordered by introduced 
heterologous DNA (see, e.g., FIG. 3 of U.S. Pat. No. 
6,077,697 for a schematic drawing of a megachromosome). 
For purposes herein, a megachromosome is about 50 to 400 
Mb, generally about 250-400 Mb. Shorter variants are also 
referred to as truncated megachromosomes (about 90 to 120 
or 150 Mb), dwarf megachromosomes (~150-200 Mb), and 
a micro-megachromosome (~50-90 Mb, typically 50-60 
Mb). For purposes herein, the term megachromosome refers 
to the overall repeated Structure based on an array of 
repeated chromosomal segments (amplicons) that contain 
two inverted megareplicons bordered by any inserted het 
erologous DNA. The size will be specified. 

0091 AS used herein, gene therapy involves the transfer 
or insertion of nucleic acid molecules into certain cells, 
which are also referred to as target cells, to produce Specific 
products that are involved in preventing, curing, correcting, 
controlling or modulating diseases, disorders and deleterious 
conditions. The nucleic acid is introduced into the Selected 
target cells in a manner Such that the nucleic acid is 
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expressed and a product encoded thereby is produced. 
Alternatively, the nucleic acid may in Some manner mediate 
expression of DNA that encodes a therapeutic product. This 
product may be a therapeutic compound, which is produced 
in therapeutically effective amounts or at a therapeutically 
useful time. It may also encode a product, Such as a peptide 
or RNA, that in Some manner mediates, directly or indi 
rectly, expression of a therapeutic product. Expression of the 
nucleic acid by the target cells within an organism afflicted 
with a disease or disorder thereby provides for modulation 
of the disease or disorder. The nucleic acid encoding the 
therapeutic product may be modified prior to introduction 
into the cells of the afflicted host in order to enhance or 
otherwise alter the product or expression thereof. 

0092 For use in gene therapy, cells can be transfected in 
vitro, followed by introduction of the transfected cells into 
an organism. This is often referred to as eX Vivo gene 
therapy. Alternatively, the cells can be transfected directly in 
Vivo within an organism. 
0093. As used herein, therapeutic agents include, but are 
not limited to, growth factors, antibodies, cytokines, Such as 
tumor necrosis factors and interleukins, and cytotoxic agents 
and other agents disclosed herein and known to those of skill 
in the art. Such agents include, but are not limited to, tumor 
necrosis factor, C.-interferon, B-interferon, nerve growth 
factor, platelet derived growth factor, tissue plasminogen 
activator; or, biological response modifierS Such as, for 
example, lymphokines, interleukin-1 (IL-1), interleukin-2 
(IL-2), interleukin-6 (IL-6), granulocyte macrophage colony 
stimulating factor (GMCSF), granulocyte colony stimulat 
ing factor (G-CSF), erythropoietin (EPO), pro-coagulants 
Such as tissue factor and tissue factor variants, pro-apoptotic 
agents such FAS-ligand, fibroblast growth factors (FGF), 
nerve growth factor and other growth factors. 
0094 AS used herein, a therapeutically effective product 
is a product that is encoded by heterologous DNA that, upon 
introduction of the DNA into a host, a product is expressed 
that effectively ameliorates or eliminates the Symptoms, 
manifestations of an inherited or acquired disease or that 
cures the disease. 

0.095 AS used herein, transgenic plants and animals refer 
to plants and animals in which heterologous or foreign 
nucleic acid is expressed or in which the expression of a 
gene naturally present in the plant or animal has been altered 
by Virtue of introduction of heterologous or foreign nucleic 
acid. 

0096. As used herein, IRES (internal ribosome entry site; 
see, e.g., SEQID No. 27 and nucleotides 2736-3308 SEQ ID 
No. 28) refers to a region of a nucleic acid molecule, Such 
as an mRNA molecule, that allows internal ribosome entry 
Sufficient to initiate translation, which initiation can be 
detected in an assay for cap-independent translation (see, 
e.g., U.S. Pat. No. 6,171,821). The presence of an IRES 
within an mRNA molecule allows cap-independent transla 
tion of a linked protein-encoding Sequence that otherwise 
would not be translated. 

0097 Internal ribosome entry site (IRES) elements were 
first identified in picornaviruses, which elements are con 
sidered the paradigm for cap-independent translation. The 5' 
UTRS of all picornaviruses are long and mediate transla 
tional initiation by directly recruiting and binding ribo 

Jun. 26, 2003 

Somes, thereby circumventing the initial cap-binding Step. 
IRES elements are frequently found in viral mRNA, they are 
rare in non-viral mRNA. Among non-viral mRNA mol 
ecules that contain functional IRES elements in their respec 
tive 5' UTRs are those encoding immunoglobulin heavy 
chain binding protein (BiP) (Macejak et al. (1991) Nature 
353:90-94); Drosophila Antennapedia (Oh et al. (1992) 
Genes Dev, 6:1643-1653); D. Ultrabithorax (Ye et al. (1997) 
Mol. Cell Biol. 17:1714-21); fibroblast growth factor 2 
(Vagner et al. (1995) Mol. Cell Biol. 15:35-44); initiation 
factor eIF4G (Gan et al. (1998) J. Biol. Chem. 273:5006 
5012); proto-oncogene c-myc (Nanbru et al. (1995) J. Biol. 
Chem. 272:32061-32066; Stoneley (1998) Oncogene 
16:423-428); IRES; from the 5' UTR of NRF1 gene 
(Oumard et al. (2000) Mol and Cell Biol., 20(8):2755 
2759); and vascular endothelial growth factor (VEGF) 
(Stein et al. (1998) Mol. Cell Biol. 18:3112-9). 
0098. As used herein, a promoter, with respect to a region 
of DNA, refers to a sequence of DNA that contains a 
Sequence of bases that Signals RNA polymerase to associate 
with the DNA and initiate transcription of RNA (such as pol 
11 for mRNA) from a template strand of the DNA. A 
promoter thus generally regulates transcription of DNA into 
mRNA. Aparticular promoter provided herein is the Ferritin 
heavy chain promoter (excluding the Iron Response Ele 
ment, located in the 5' UTR), which was joined to the 37 bp 
Fer-1 enhancer element. This promoter is set forth as SEQ 
ID NO:128. The endogenous Fer-1 enhancer element is 
located upstream of the Fer-1 promoter (e.g., a Fer-1 oligo 
was cloned proximal to the core promoter). 
0099 AS used herein, isolated, substantially pure nucleic 
acid, Such as, for example, DNA, refers to nucleic acid 
fragments purified according to Standard techniques 
employed by those skilled in the art, Such as that found in 
Sambrook et al. (2001) Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y., 3rd edition). 
0100 AS used herein, expression refers to the transcrip 
tion and/or translation of nucleic acid. For example, expres 
Sion can be the transcription of a gene that may be tran 
scribed into an RNA molecule, such as a messenger RNA 
(mRNA) molecule. Expression may further include transla 
tion of an RNA molecule and translated into peptides, 
polypeptides, or proteins. If the nucleic acid is derived from 
genomic DNA, expression may, if an appropriate eukaryotic 
host cell or organism is Selected, include Splicing of the 
mRNA. With respect to an antisense construct, expression 
may refer to the transcription of the antisense DNA. 
0101 AS used herein, vector or plasmid refers to discrete 
elements that are used to introduce heterologous nucleic 
acids into cells for either expression of the heterologous 
nucleic acid or for replication of the heterologous nucleic 
acid. Selection and use of Such vectors and plasmids are well 
within the level of skill of the art. 

0102) As used herein, transformation/transfection refers 
to the process by which nucleic acid is introduced into cells. 
The terms transfection and transformation refer to the taking 
up of exogenous nucleic acid, e.g., an expression Vector, by 
a host cell whether or not any coding Sequences are in fact 
expressed. Numerous methods of transfection are known to 
the ordinarily skilled artisan, for example, by Agrobacte 
rium-mediated transformation, protoplast transformation 
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(including polyethylene glycol (PEG)-mediated transforma 
tion, electroporation, protoplast fusion, and microcell 
fusion), lipid-mediated delivery, liposomes, electroporation, 
Sonoporation, microinjection, particle bombardment and 
Silicon carbide whisker-mediated transformation and com 
binations thereof (see, e.g., Paszkowski et al. (1984) EMBO 
J. 3:2717-2722; Potrykus et al. (1985) Mol. Gen. Genet. 
199: 169-177; Reich et al. (1986) Biotechnology 4:1001 
1004; Klein et al. (1987) Nature 327:70-73; U.S. Pat. No. 
6,143,949; Paszkowski et al. (1989) in Cell Culture and 
Somatic Cell Genetics of Plants, Vol. 6, Molecular Biology 
of Plant Nuclear Genes, eds. Schell, J and Vasil, L. K. 
Academic Publishers, San Diego, Calif., p. 52-68; and 
Frame et al. (1994) Plant J. 6:941-948), direct uptake using 
calcium phosphate (CaPO4; see, e.g., Wigler et al. (1979) 
Proc. Natl. Acad. Sci. U.S.A. 76:1373-1376), polyethylene 
glycol (PEG)-mediated DNA uptake, lipofection (see, e.g., 
Strauss (1996) Meth. Mol. Biol. 54:307-327), microcell 
fusion (see, EXAMPLES, see, also Lambert (1991) Proc, 
Natl. Acad. Sci. U.S.A. 88:5907-5911; U.S. Pat. No. 5,396, 
767, Sawford et al. (1987) Somatic Cell Mol. Genet. 13:279 
284; Dhar et al. (1984) Somatic Cell Mol. Genet. 10:547 
559; and McNeill-Killary et al. (1995) Meth. Enzymol. 
254:133-152), lipid-mediated carrier Systems (see, e.g., 
Teifel et al. (1995) Biotechniques 19:79-80; Albrecht et al. 
(1996) Ann. Hematol. 72:73-79; Holmen et al. (1995) In 
Vitro Cell Dev. Biol. Anim. 31:347-351; Remy et al. (1994) 
Bioconjug. Chem. 5:647-654; Le Bolch et al. (1995) Tetra 
hedron Lett. 36:6681-6684; Loeffler et al. (1993) Meth. 
Enzymol. 217:599-618) or other suitable method. Methods 
for delivery of ACes are described in copending U.S. 
application Ser. No. 09/815,979. Successful transfection is 
generally recognized by detection of the presence of the 
heterologous nucleic acid within the transfected cell, Such 
as, for example, any visualization of the heterologous 
nucleic acid or any indication of the operation of a vector 
within the host cell. 

0103) As used herein, “delivery,” which is used inter 
changeably with “transfection,” refers to the process by 
which exogenous nucleic acid molecules are transferred into 
a cell such that they are located inside the cell. Delivery of 
nucleic acids is a distinct process from expression of nucleic 
acids. 

0104. As used herein, injected refers to the microinjec 
tion, Such as by use of a Small Syringe, needle, or pipette, for 
injection of nucleic acid into a cell. 
0105. As used herein, substantially homologous DNA 
refers to DNA that includes a Sequence of nucleotides that is 
Sufficiently similar to another Such Sequence to form stable 
hybrids, with each other or a reference Sequence, under 
Specified conditions. 

0106. It is well known to those of skill in this art that 
nucleic acid fragments with different Sequences may, under 
the same conditions, hybridize detectably to the same “tar 
get nucleic acid. Two nucleic acid fragments hybridize 
detectably, under Stringent conditions over a Sufficiently 
long hybridization period, because one fragment contains a 
Segment of at least about 10, 14 or 16 or more nucleotides 
in a sequence that is complementary (or nearly complemen 
tary) to a Substantially contiguous sequence of at least one 
Segment in the other nucleic acid fragment. If the time 
during which hybridization is allowed to occur is held 
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constant, at a value during which, under preselected Strin 
gency conditions, two nucleic acid fragments with comple 
mentary base-pairing Segments hybridize detectably to each 
other, departures from exact complementarity can be intro 
duced into the base-pairing Segments, and base-pairing will 
nonetheless occur to an extent Sufficient to make hybridiza 
tion detectable. AS the departure from complementarity 
between the base-pairing Segments of two nucleic acids 
becomes larger, and as conditions of the hybridization 
become more Stringent, the probability decreases that the 
two segments will hybridize detectably to each other. 
0107 Two single-stranded nucleic acid segments have 
“Substantially the same sequence', if (a) both form a base 
paired duplex with the same segment, and (b) the melting 
temperatures of the two duplexes in a solution of 0.5x SSPE 
differ by less than 10 C. If the segments being compared 
have the same number of bases, then to have “substantially 
the same Sequence', they will typically differ in their 
sequences at fewer than 1 base in 10. Methods for deter 
mining melting temperatures of nucleic acid duplexes are 
well known (see, e.g., Meinkoth et al. (1984) Anal. Biochem. 
138:267-284 and references cited therein). 
0.108 AS used herein, a nucleic acid probe is a DNA or 
RNA fragment that includes a sufficient number of nucle 
otides to specifically hybridize to DNA or RNA that includes 
complementary or Substantially complementary Sequences 
of nucleotides. A probe may contain any number of nucle 
otides, from as few as about 10 and as many as hundreds of 
thousands of nucleotides. The conditions and protocols for 
such hybridization reactions are well known to those of skill 
in the art as are the effects of probe size, temperature, degree 
of mismatch, Salt concentration and other parameters on the 
hybridization reaction. For example, the lower the tempera 
ture and higher the Salt concentration at which the hybrid 
ization reaction is carried out, the greater the degree of 
mismatch that may be present in the hybrid molecules. 
0109 To be used as a hybridization probe, the nucleic 
acid is generally rendered detectable by labeling it with a 
detectable moiety or label, such as 'P, H and 'C, or by 
other means, including chemical labeling, Such as by nick 
translation in the presence of deoxyuridylate biotinylated at 
the 5'-position of the uracil moiety. The resulting probe 
includes the biotinylated uridylate in place of thymidylate 
residues and can be detected (via the biotin moieties) by any 
of a number of commercially available detection Systems 
based on binding of streptavidin to the biotin. Such com 
mercially available detection Systems can be obtained, for 
example, from Enzo Biochemicals, Inc. (New York, N.Y.). 
Any other label known to those of skill in the art, including 
non-radioactive labels, may be used as long as it renders the 
probes sufficiently detectable, which is a function of the 
Sensitivity of the assay, the time available (for culturing 
cells, extracting DNA, and hybridization assays), the quan 
tity of DNA or RNA available as a source of the probe, the 
particular label and the means used to detect the label. 
0110. Once sequences with a sufficiently high degree of 
homology to the probe are identified, they can readily be 
isolated by Standard techniques (see, e.g., Sambrook et al. 
(2001) Molecular Cloning: A Laboratory Manual, 3rd Edi 
tion, Cold Spring Harbor Laboratory Press). 
0111 AS used herein, conditions under which DNA mol 
ecules form stable hybrids are considered substantially 
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homologous, and a DNA or nucleic acid homolog refers to 
a nucleic acid that includes a preselected conserved nucle 
otide Sequence, Such as a Sequence encoding a polypeptide. 
By the term “Substantially homologous' is meant having at 
least 75%, preferably 80%, preferably at least 90%, most 
preferably at least 95% homology therewith or a less per 
centage of homology or identity and conserved biological 
activity or function. 
0112 The terms “homology” and “identity” are often 
used interchangeably. In this regard, percent homology or 
identity may be determined, for example, by comparing 
Sequence information using a GAP computer program. The 
GAP program utilizes the alignment method of Needleman 
and Wunsch (J. Mol. Biol. 48:443 (1970), as revised by 
Smith and Waterman (Adv. Appl. Math. 2:482 (1981). 
Briefly, the GAP program defines similarity as the number of 
aligned symbols (i.e., nucleotides or amino acids) which are 
similar, divided by the total number of symbols in the shorter 
of the two Sequences. The preferred default parameters for 
the GAP program may include: (1) a unary comparison 
matrix (containing a value of 1 for identities and 0 for 
non-identities) and the weighted comparison matrix of Grib 
skov and Burgess, Nucl. Acids Res. 14:6745 (1986), as 
described by Schwartz and Dayhoff, eds., ATLAS OF PRO 
TEINSEQUENCE AND STRUCTURE, National Biomedi 
cal Research Foundation, pp. 353-358 (1979); (2) a penalty 
of 3.0 for each gap and an additional 0.10 penalty for each 
Symbol in each gap; and (3) no penalty for end gaps. 
0113 By sequence identity, the number of conserved 
amino acids are determined by Standard alignment algo 
rithms programs, and are used with default gap penalties 
established by each Supplier. Substantially homologous 
nucleic acid molecules would hybridize typically at moder 
ate Stringency or at high Stringency all along the length of 
the nucleic acid of interest. Preferably the two molecules 
will hybridize under conditions of high Stringency. Also 
contemplated are nucleic acid molecules that contain degen 
erate codons in place of codons in the hybridizing nucleic 
acid molecule. 

0114. Whether any two nucleic acid molecules have 
nucleotide sequences that are at least 75%, 80%, 85%, 90%, 
95%, 96%, 97%, 98% or 99% “identical” can be determined 
using known computer algorithms such as the “FAST A' 
program, using for example, the default parameters as in 
Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444 
(1988). Alternatively the BLAST function of the National 
Center for Biotechnology Information database may be used 
to determine relative Sequence identity. 
0115. In general, Sequences are aligned so that the highest 
order match is obtained. “Identity” per se has an art 
recognized meaning and can be calculated using published 
techniques. (See, e.g.: Computational Molecular Biology, 
Lesk, A. M., ed., Oxford University Press, New York, 1988, 
Biocomputing. Informatics and Genome Projects, Smith, D. 
W., ed., Academic Press, New York, 1993; Computer Analy 
sis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. 
G., eds., Humana Press, New Jersey, 1994, Sequence Analy 
sis in Molecular Biology, von Heinje, G., Academic Press, 
1987; and Sequence Analysis Primer, Gribskov, M. and 
Devereux, J., eds., M. Stockton Press, New York, 1991). 
While there exist a number of methods to measure identity 
between two polynucleotide or polypeptide Sequences, the 
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term “identity” is well known to skilled artisans (Carillo, H. 
& Lipton, D., SIAM J Applied Math 48:1073 (1988)). 
Methods commonly employed to determine identity or simi 
larity between two Sequences include, but are not limited to, 
those disclosed in Guide to Huge Computers, Martin J. 
Bishop, ed., Academic Press, San Diego, 1994, and Carillo, 
H. & Lipton, D., SIAM J Applied Math 48:1073 (1988). 
Methods to determine identity and similarity are codified in 
computer programs. Preferred computer program methods 
to determine identity and Similarity between two Sequences 
include, but are not limited to, GCG program package 
(Devereux, J., et al., Nucleic Acids Research 12(I):387 
(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., 
J Molec Biol 215:403 (1990)). 
0116. Therefore, as used herein, the term “identity” rep 
resents a comparison between a test and a reference 
polypeptide or polynucleotide. For example, a test polypep 
tide may be defined as any polypeptide that is 90% or more 
identical to a reference polypeptide. 
0117. As used herein, the term at least “90% identical to” 
refers to percent identities from 90 to 99.99 relative to the 
reference polypeptides. 
0118) Identity at a level of 90% or more is indicative of 
the fact that, assuming for exemplification purposes a test 
and reference polynucleotide length of 100 amino acids are 
compared. No more than 10% (i.e., 10 out of 100) amino 
acids in the test polypeptide differs from that of the reference 
polypeptides. Similar comparisons may be made between a 
test and reference polynucleotides. Such differences may be 
represented as point mutations randomly distributed over the 
entire length of an amino acid Sequence or they may be 
clustered in one or more locations of varying length up to the 
maximum allowable, e.g. 10/100 amino acid difference 
(approximately 90% identity). Differences are defined as 
nucleic acid or amino acid Substitutions, or deletions. 
0119) As used herein: stringency of hybridization in 
determining percentage mismatch encompass the following 
conditions or equivalent conditions thereto: 

0120 1) high stringency: 0.1x SSPE or SSC, 0.1% 
SDS, 65° C. 

0121) 2) medium stringency: 0.2x SSPE or SSC, 
0.1% SDS, 50° C. 

0122 3) low stringency: 1.0x SSPE or SSC, 0.1% 
SDS, 50° C. 

0123 or any combination of salt and temperature and 
other reagents that result in Selection of the same degree of 
mismatch or matching. Equivalent conditions refer to con 
ditions that Select for Substantially the same percentage of 
mismatch in the resulting hybrids. Additions of ingredients, 
Such as formamide, Ficoll, and Denhardt's Solution affect 
parameterS Such as the temperature under which the hybrid 
ization should be conducted and the rate of the reaction. 
Thus, hybridization in 5x SSC, in 20% formamide at 42°C. 
is Substantially the same as the conditions recited above 
hybridization under conditions of low Stringency. The reci 
pes for SSPE, SSC and Denhardt’s and the preparation of 
deionized formamide are described, for example, in Sam 
brook et al. (1989) Molecular Cloning, A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Chapter 8; 
See, Sambrook et al., Vol. 3, p. B.13, See, also, numerous 
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catalogs that describe commonly used laboratory Solutions. 
It is understood that equivalent Stringencies may be achieved 
using alternative buffers, Salts and temperatures. AS used 
herein, all assays and procedures, Such as hybridization 
reactions and antibody-antigen reactions, unless otherwise 
Specified, are conducted under conditions recognized by 
those of skill in the art as Standard conditions. 

0.124. As used herein, conservative amino acid substitu 
tions, Such as those Set forth in Table 1, are those that do not 
eliminate biological activity. Suitable conservative Substitu 
tions of amino acids are known to those of skill in this art 
and may be made generally without altering the biological 
activity of the resulting molecule. Those of skill in this art 
recognize that, in general, Single amino acid Substitutions in 
non-essential regions of a polypeptide do not Substantially 
alter biological activity (see, e.g., Watson et al. Molecular 
Biology of the Gene, 4th Edition, 1987, The Bejacmin/ 
Cummings Pub. co., p.224). Conservative amino acid Sub 
Stitutions are made, for example, in accordance with those 
set forth in TABLE 1 as follows: 

TABLE 1. 

Original residue Conservative substitution 

Ala (A) Gly; Ser Abu 

Arg (R) Lys orn 

Asn (N) Glin; His 

Cys (C) Ser 

Glin (Q) Asn 

Glu (E) Asp 

Gly (G) Ala; Pro 

His (H) Asn; Glin 

Ile (I) Leu; Wal; Met; Nile; Nva 

Leu (L) Ile; Wal; Met; Nile; Nva 

Lys (K) Arg; Glin; Glu 

Met (M) Leu; Tyr; Ile; NLe Val 

Ornithine Lys; Arg 

Phe (F) Met; Leu; Tyr 

Ser (S) Thr 

Thr (T) Ser 

Trp (W) Tyr 

Tyr (Y) Trp; Phe 

Val (V) Ile; Leu; Met; Nile; Nva 

0.125 Other substitutions are also permissible and may be 
determined empirically or in accord with known conserva 
tive Substitutions. 

0.126 AS used herein, the amino acids, which occur in the 
various amino acid Sequences appearing herein, are identi 
fied according to their well-known, three-letter or one-letter 
abbreviations. The nucleotides, which occur in the various 
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DNA fragments, are designated with the Standard Single 
letter designations used routinely in the art. 

0127. As used herein, a splice variant refers to a variant 
produced by differential processing of a primary transcript 
of genomic DNA that results in more than one type of 
mRNA. 

0128. As used herein, a probe or primer based on a 
nucleotide sequence includes at least 10, 14, 16, 30 or 100 
contiguous nucleotides from the reference nucleic acid mol 
ecule. 

0129. As used herein, recombinant production by using 
recombinant DNA methods refers to the use of the well 
known methods of molecular biology for expressing pro 
teins encoded by cloned DNA. 
0.130. As used herein, biological activity refers to the in 
Vivo activities of a compound or physiological responses 
that result upon in Vivo administration of a compound, 
composition or other mixture. Biological activity, thus, 
encompasses therapeutic effects and pharmaceutical activity 
of Such compounds, compositions and mixtures. Biological 
activities may be observed in in vitro Systems designed to 
test or use Such activities. Thus, for purposes herein the 
biological activity of a luciferase is its oxygenase activity 
whereby, upon oxidation of a Substrate, light is produced. 

0131 The terms substantially identical or similar varies 
with the context as understood by those skilled in the 
relevant art and generally means at least 40, 60, 80, 90, 95 
or 98%. 

0.132. As used herein, Substantially identical to a product 
means Sufficiently similar So that the property is Sufficiently 
unchanged So that the Substantially identical product can be 
used in place of the product. 
0.133 AS used herein, substantially pure means suffi 
ciently homogeneous to appear free of readily detectable 
impurities as determined by Standard methods of analysis, 
Such as thin layer chromatography (TLC), gel electrophore 
sis and high performance liquid chromatography (HPLC), 
used by those of Skill in the art to assess Such purity, or 
sufficiently pure such that further purification would not 
detectably alter the physical and chemical properties, Such as 
enzymatic and biological activities, of the Substance. Meth 
ods for purification of the compounds to produce Substan 
tially chemically pure compounds are known to those of 
skill in the art. A Substantially chemically pure compound 
may, however, be a mixture of Stereoisomers or isomers. In 
Such instances, further purification might increase the Spe 
cific activity of the compound. 

0134) As used herein, vector (or plasmid) refers to dis 
crete elements that are used to introduce heterologous DNA 
into cells for either expression or replication thereof. The 
vectors typically remain episomal, but may be designed to 
effect integration of a gene or portion thereof into a chro 
moSome of the genome. Also contemplated are vectors that 
are artificial chromosomes, Such as yeast artificial chromo 
Somes and mammalian artificial chromosomes. Selection 
and use of Such vehicles are well known to those of skill in 
the art. An expression vector includes vectors capable of 
expressing DNA that is operatively linked with regulatory 
Sequences, Such as promoter regions, that are capable of 
effecting expression of Such DNA fragments. Thus, an 
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expression vector refers to a recombinant DNA or RNA 
construct, Such as a plasmid, a phage, recombinant virus or 
other vector that, upon introduction into an appropriate host 
cell, results in expression of the cloned DNA. Appropriate 
expression vectors are well known to those of skill in the art 
and include those that are replicable in eukaryotic cells 
and/or prokaryotic cells and those that remain episomal or 
those which integrate into the host cell genome. 
0135). As used herein, protein-binding-sequence refers to 
a protein or peptide Sequence that is capable of Specific 
binding to other protein or peptide Sequences generally, to a 
Set of protein or peptide Sequences or to a particular protein 
or peptide Sequence. 
0.136 AS used herein, a composition refers to any mixture 
of two or more ingredients. It may be a Solution, a Suspen 
Sion, liquid, powder, a paste, aqueous, non-aqueous or any 
combination thereof. 

0.137 AS used herein, a combination refers to any asso 
ciation between two or more items. 

0.138. As used herein, fluid refers to any composition that 
can flow. Fluids thus encompass compositions that are in the 
form of Semi-Solids, pastes, Solutions, aqueous mixtures, 
gels, lotions, creams and other Such compositions. 
0.139. As used herein, a cellular extract refers to a prepa 
ration or fraction that is made from a lysed or disrupted cell. 
0140 AS used herein, the term “subject” refers to ani 
mals, plants, insects, and birds and other phyla, genera and 
Species into which nucleic acid molecules may be intro 
duced. Included are higher organisms, Such as mammals, 
fish, insects and birds, including humans, primates, cattle, 
pigs, rabbits, goats, sheep, mice, rats, guinea pigs, hamsters, 
cats, dogs, horses, chicken and others. 
0141 AS used herein, flow cytometry refers to processes 
that use a laser based instrument capable of analyzing and 
Sorting out cells and or chromosomes based on size and 
fluorescence. 

0142. As used herein, the abbreviations for any protective 
groups, amino acids and other compounds, are, unless 
indicated otherwise, in accord with their common usage, 
recognized abbreviations, or the IUPAC-IUB Commission 
on Biochemical Nomenclature (see, (1972) Biochem. 
11:942-944). 
0143 B. Recombination Systems 
0144. Site-specific recombination systems typically con 
tain three elements: a pair of DNA sequences (the site 
Specific recombination Sequences) and a specific enzyme 
(the site-specific recombinase). The Site-specific recombi 
nase catalyzes a recombination reaction between two site 
Specific recombination Sequences. 
0.145) A number of different site-specific recombinase 
Systems are available and/or known to those of skill in the 
art, including, but not limited to: the Cre/lox recombination 
system using CRE recombinase (see, e.g., SEQ ID Nos. 58 
and 59) from the Escherichia coli phage P1 (see, e.g., Sauer 
(1993) Methods in Enzymology 225:890-900; Sauer et al. 
(1990) The New Biologist 2:441-449), Sauer (1994) Current 
Opinion in Biotechnology 5:521-527; Odell et al. (1990) 
Mol Gen Genet. 223:369-378; Lasko et al. (1992) Proc. 
Natl. Acad. Sci. U.S.A. 89:6232-6236; U.S. Pat. No. 5,658, 
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772), the FLP/FRT system of yeast using the FLP recom 
binase (see, SEQ ID Nos. 60 and 61) from the 2u episome 
of Saccharomyces cerevisiae (Cox (1983) Proc. Natl. Acad. 
Sci. U.S.A. 80:4223; Falco et al. (1982) Cell 29:573-584; 
Golic et al. (1989) Cell 59:499-509; U.S. Pat. No. 5,744, 
336), the resolvases, including Gin recombinase of phage 
Mu (Maeser et al. (1991) Mol Gen Genet. 230:170-176; 
Klippel, A. et al (1993) EMBO J. 12:1047-1057; see, e.g., 
SEQID Nos. 64-67), Cin, Hin, Cö Tn3; the Pin recombinase 
of E. coli (see, e.g., SEQ ID Nos. 68 and 69; Enomoto et al. 
(1983) J Bacteriol. 6:663-668), the R/RS system of the pSR1 
plasmid of Zygosaccharomyces rouxi (Araki et al. (1992).J. 
Mol. Biol. 225:25-37; Matsuzaki et al. (1990) J. Bacteriol. 
172: 610-618) and site-specific recombinases from 
Kluyveromyces drosophilarium (Chen et al. (1986) Nucleic 
Acids Res. 314:4471-4481) and Kluyveromyces waltii (Chen 
et al. (1992) J. Gen. Microbiol. 138:337-345). Other systems 
are known to those of skill in the art (Stark et al. Trends 
Genet. 8:432-439; Utatsu et al. (1987) J. Bacteriol. 
169:5537-5545; see, also, U.S. Pat. No. 6,171,861). 
0146 Members of the highly related family of site 
Specific recombinases, the resolvase family, Such as Yö, Tn3 
resolvase, Hin, Gin, and Cin are also available. Members of 
this family of recombinases are typically constrained to 
intramolecular reactions (e.g., inversions and excisions) and 
can require host-encoded factors. Mutants have been iso 
lated that relieve Some of the requirements for host factors 
(Maeser et al. (1991) Mol. Gen. Genet. 230:170-176), as 
well as Some of the constraints of intramolecular recombi 
nation (see, U.S. Pat. No. 6,171,861). 
0147 The bacteriophage P1 Cre/lox and the yeast FLP/ 
FRT Systems are particularly useful Systems for Site-specific 
integration, inversion or excision of heterologous nucleic 
acid into, and out of, chromosomes, particularly ACeS as 
provided herein. In these Systems a recombinase (Cre or 
FLP) interacts specifically with its respective site-specific 
recombination Sequence (lox or FRT, respectively) to invert 
or excise the intervening Sequences. The Sequence for each 
of these two systems is relatively short (34bp for lox and 47 
bp for FRT). 
0148. The FLP/FRT recombinase system has been dem 
onstrated to function efficiently in plant cells (U.S. Pat. No. 
5,744,386), and, thus, can be used for producing plant 
artificial chromosome platforms. In general, short incom 
plete FRT Sites leads to higher accumulation of excision 
products than the complete full-length FRT sites. The system 
catalyzes intra- and intermolecular reactions, and, thus, can 
be used for DNA excision and integration reactions. The 
recombination reaction is reversible and this reversibility 
can compromise the efficiency of the reaction in each 
direction. Altering the Structure of the Site-specific recom 
bination Sequences is one approach to remedying this situ 
ation. The Site-specific recombination Sequence can be 
mutated in a manner that the product of the recombination 
reaction is no longer recognized as a Substrate for the reverse 
reaction, thereby Stabilizing the integration or excision 
eVent. 

0149. In the Cre-lox system, discovered in bacteriophage 
P1, recombination between loxP sites occurs in the presence 
of the Cre recombinase (see, e.g., U.S. Pat. No. 5,658,772). 
This System can be used to insert, invert or excise nucleic 
acid located between two lox Sites. Cre can be expressed 
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from a vector. Since the loX site is an asymmetrical nucle 
otide Sequence, loX sites on the same DNA molecule can 
have the same or opposite orientation with respect to each 
other. Recombination between loX sites in the same orien 
tation 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 the same DNA molecule 
result in an inversion of the nucleotide sequence of the DNA 
Segment located between the two lox sites. In addition, 
reciprocal eXchange of DNA segments proximate to loX Sites 
located on two different DNA molecules can occur. All of 
these recombination events are catalyzed by the product of 
the Cre coding region. 
0150. Any site-specific recombinase system known to 
those of skill in the art is contemplated for use herein. It is 
contemplated that one or a plurality of Sites that direct the 
recombination by the recombinase are introduced into an 
artificial chromosome to produce platform ACeS. The result 
ing platform ACes are introduced into cells with nucleic acid 
encoding the cognate recombinase, typically on a vector, and 
nucleic acid encoding heterologous nucleic acid of interest 
linked to the appropriate recombination site for insertion 
into the platform ACeS. The recombinase-encoding-nucleic 
acid may be introduced into the cells on the Same vector, or 
a different vector, encoding the heterologous nucleic acid. 
0151. An E. coli phage lambda integrase system for ACes 
platform engineering and for artificial chromosome engi 
neering is provided (Lorbach et al. (2000) J. Mol. Biol 
296: 1175-1181). The phage lambda integrase (Landy, A. 
(1989) Annu. Rev. Biochem. 58:913-94) is adapted herein 
and the cognate att Sites are provided. Chromosomes, 
including ACes, engineered to contain one or a plurality of 
att Sites are provided, as are vectors encoding a mutant 
integrase that functions in the absence other factors. Meth 
ods using the modified chromosomes and vectors for intro 
duction of heterologous nucleic acid are also provided. 
0152 For purposes herein, one or more of the sites (e.g., 
a single site or a pair of Sites) required for recombination are 
introduced into an artificial chromosome, Such as an ACes 
chromosome. The enzyme for catalyzing site-directed 
recombination is introduced with the DNA of interest, or 
Separately, or is engineered onto the artificial chromosome 
under the control of a regulatable promoter. 

0153. As described herein, artificial chromosome plat 
forms containing one or multiple recombination sites are 
provided. The methods and resulting products are exempli 
fied with the lambda phage Att/Int system, but similar 
methods may be used for production of ACes platforms with 
other recombination Systems. 
0154) The Att/Int system and vectors provided herein are 
not only intended for engineering ACeS platforms, but may 
be used to engineer an Att/Int System into any chromosome. 
Introduction of att Sites into a chromosome will permit 
engineering of natural chromosomes, Such as by permitting 
targeted integration genes or regulatory regions, and by 
controlled excision of Selected regions. For example, genes 
encoding a particular trait may be added to a chromosome, 
Such as plant chromosome engineered to contain one or 

Jun. 26, 2003 

plurality of att Sites. Such chromosomes may be used for 
Screening DNA to identify genes. Large pieces of DNA can 
be introduced into cells and the cells Screened phenotypi 
cally to Select those having the desired trait. 
O155 C. Platforms 
0156 Provided herein are platform artificial chromo 
Somes (platform ACes) containing Single or multiple site 
Specific recombination sites. Chromosome-based platform 
technology permits efficient and tractable engineering and 
Subsequent expression of multiple gene targets. Methods are 
provided that use DNA vectors and fragments to create 
platform artificial chromosomes, including animal, particu 
larly mammalian, artificial chromosomes, and plant artificial 
chromosomes. The artificial chromosomes contain either 
Single or multiple Sequence-specific recombination Sites 
Suitable for the placement of target gene expression vectors 
onto the platform chromosome. The engineered chromo 
Some-based platform ACeS technology is applicable for 
methods, including cellular and transgenic protein produc 
tion, transgenic plant and animal production and gene 
therapy. The platform ACes are also useful for producing a 
library of ACeS comprising random portions of a given 
genome (e.g., a mammalian, plant or prokaryotic genome) 
for genomic Screening, as well as a library of cells com 
prising different and/or mutually exclusive ACes therein. 
O157 Exemplary of artificial chromosome platforms are 
those based on ACes. ACeS artificial chromosomes are 
non-viral, Self-replicating nucleic acid molecules that func 
tion as a natural chromosome, having all the elements 
required for normal chromosomal replication and mainte 
nance within the cell nucleus. ACes artificial chromosomes 
do not rely on integration into the genome of the cell to be 
effective, and they are not limited by DNA carrying capacity 
and as Such the therapeutic gene(s) of interest, including 
regulatory Sequences, can be engineered into the ACeS. In 
addition, ACesare stable in vitro and in Vivo and can provide 
predictable long-term gene expression. Once engineered and 
delivered to the appropriate cell or embryo, ACeS work 
independently alongside host chromosomes, for ACes that 
are predominantly heterochromatin producing only the 
products (proteins) from the genes it carries. AS provided 
herein ACes are modified by introduction of recombination 
site(s) to provide a platform for ready introduction of 
heterologous nucleic acid. The ACes platforms can be used 
for production of transgenic animals and plants, as vectors 
for genetic therapy; for use as protein production Systems, 
for animal models to identify and target new therapeutics, in 
cell culture for the development and production of thera 
peutic proteins, and for a variety of other applications. 
0158 1. Generation of Artificial Chromosomes 
0159 Artificial chromosomes may be generated by any 
method known to those of skill in the art. Of particular 
interest herein are the ACeS artificial chromosomes, which 
contain a repeated unit. Methods for production of ACeS are 
described in detail in U.S. Pat. Nos. 6,025,155 and 6,077, 
697, which, as with all patents, applications, publications 
and other disclosure, are incorporated herein in their 
entirety. 

0160 Generation of de novo ACes. 
0.161 ACes can be generated by cotransfecting exog 
enous DNA-Such as a mammary tissue specific DNA 
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cassette including the gene Sequences for a therapeutic 
protein, with a rDNA fragment and a drug resistance marker 
gene into the desired eukaryotic cell, Such as plant or animal 
cells, Such as murine cells in vitro. DNA with a selectable or 
detectable marker is introduced, and can be allowed to 
integrate randomly into pericentric heterochromatin or can 
be targeted to pericentric heterochromatin, Such as that in 
rDNA gene arrays that reside on acrocentric chromosomes, 
Such as the short arms of acrocentric chromosomes. This 
integration event activates the “megareplicator Sequence 
and amplifies the pericentric heterochromatin and the exog 
enous DNA, and duplicates a centromere. Ensuing breakage 
of this “dicentric' chromosome can result in the production 
of daughter cells that contain the Substantially-original chro 
moSome and the new artificial chromosome. The resulting 
ACeS contain all the essential elements needed for Stability 
and replication in dividing cells-centromere, origins of rep 
lications, and telomeres. ACes have been produced that 
express marker genes (lacZ, green fluorescent protein, neo 
mycin-resistance, puromycin-resistance, hygromycin-resis 
tance) and genes of interest. Isolated ACes, for example, 
have been Successfully transferred intact to rodent, human, 
and bovine cells by electroporation, Sonoporation, microin 
jection, and transfection with lipids and dendrimerS. 
0162 To render the creation of ACes with desired genes 
more tractable and efficient, “platform” ACes (platform 
ACes) can be produced that contain defined DNA sequences 
for enzyme-mediated homologous DNA recombination, 
such as by Cre or FLP recombinases (Bouhassira et al. 
(1996) Blood 88(supplement 1):190a; Bouhassira et al. 
(1997) Blood, 90:3332-3344; Siebler et al. (1997) Biochem 
istry. 36:1740-1747; Siebler et al. (1998) Biochemistry 37: 
6229-6234; and Bethke et al. (1997) Nucl. Acids Res. 
25:2828-2834), and as exemplified herein the lambda phage 
integrase. Alox Site contains two 13 bp inverted repeats to 
which Cre-recombinase binds and an intervening 8bp core 
region. Only pairs of Sites having identity in the central 6 bp 
of the core region are proficient for recombination; Sites 
having non-identical core sequences (heterospecific lox 
sites) do not efficiently recombine with each other (Hoess et 
al. (1986) Nucleic Acids Res. 14:2287-2300). 
0163 Generating Acrocentric Chromosomes for Plant 
Artificial Chromosome Formation. 

0164. In human and mouse cells de novo formation of a 
satellite DNA based artificial chromosome (SATAC, also 
referred to as ACes) can occur in an acrocentric chromo 
Some where the Short arm contains only pericentric hetero 
chromatin, the rDNA array, and telomere Sequences. Plant 
Species may not have any acrocentric chromosomes with the 
Same physical Structure described, but “megareplicator' 
DNA sequences reside in the plant rDNA arrays, also known 
as the nucleolar organizing regions (NOR). A structure like 
those Seen in acrocentric mammalian chromosomes can be 
generated using Site-specific recombination between appro 
priate arms of plant chromosomes. 
0165. Approach 

0166 Qin et al. (1994) Proc. Natl. Acad. Sci. U.S.A. 
91:1706-1710, 1994) describes crossing two Nicotiana 
tabacum transgenic plants. One plant contains a construct 
encoding a promoterleSS hygromycin-resistance gene pre 
ceded by a lox site (lox-hpt), the other plant carries a 
construct containing a cauliflower mosaic virus 35S pro 
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moter linked to a lox Sequence and the cre DNA recombi 
nase coding region (35S-lox-cre). The constructs were intro 
duced Separately by infecting leaf explants with 
agrobacterium tumefaciens which carries the kanamycin 
resistance gene (Kan'). The resultant Kan' transgenic plants 
were crossed. Plants that carried the appropriate DNA 
recombination event were identified by hygromycin-resis 
tance. 

0167 Modification of the Above for Generation of ACes 
0168 The Kan cultivars are initially screened, such as 
by FISH, to identify two sets of candidate transgenic plants. 
One Set has one construct integrated in regions adjacent to 
the pericentric heterochromatin on the short arm of any 
chromosome. The Second Set of candidate plants has the 
other construct integrated in the NOR region of appropriate 
chromosomes. To obtain reciprocal translocation both Sites 
must be in the same orientation. Therefore a Series of crosses 
are required, Kan' plants generated, and FISH analyses 
performed to identify the appropriate “acrocentric' plant 
chromosome for de novo plant ACeS formation. 
0169 2. Bacteriophage Lambda Integrase-Based Site 
Specific Recombination System 
0170 An integral part of the platform technology 
includes a Site-specific recombination System that allows the 
placement of Selected gene targets or genomic fragments 
onto the platform chromosomes. Any Such System may be 
used. In particular, a method is provided for insertion of 
additional DNA fragments into the platform chromosome 
residing in the cell via Sequence-specific recombination 
using the recombinase activity of the bacteriophage lambda 
integrase. The lambda integrase System is exemplary of the 
recombination Systems contemplated for ACes. Any known 
recombination System, including any described herein, par 
ticularly any that operates without the need for additional 
factors or that, by Virtue of mutation, does not require 
additional factors, is contemplated. 
0171 As noted the lambda integrase system provided 
herein can be used with natural chromosomes and artificial 
chromosomes in addition to ACes. Single or a plurality of 
recombination sites, which may be the same or different, are 
introduced into artificial chromosomes to produce artificial 
chromosome platforms. 

0172. 3. Creation of Bacteriophage Lambda Integrase 
Site-Specific Recombination System 

0173 The lambda phage-encoded integrase (designated 
Int) is a prototypical member of the integrase family. Int 
effects integration and excision of the phage in and out of the 
E. coli genome via recombination between pairs of attach 
ment sites designated attB/attP and attl/attR. Each att site 
contains two inverted 9 base pair core Int binding sites and 
a 7 base pair overlap region that is identical in wild-type att 
Sites. Each Site, except for attB contains additional Int 
binding sites. In flanking regions, there are recognition 
Sequences for accessory DNA binding proteins, Such as 
integration host factor (IHF), factor for inversion stimulation 
(FIS) and the phage encoded excision protein (XIS). Except 
for attB, Int is a heterobivalent DNA-binding protein and, 
with assistance from the accessory proteins and negative 
DNA Supercoiling, binds simultaneously to core and arm 
Sites within the same att Site. 
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0.174 Int, like Cre and FLP, executes an ordered sequen 
tial pair of Strand eXchanges during integrative and excisive 
recombination. The natural pairs of target Sequences for Int, 
attB and attP or attL and attR are located on the same or 
different DNA molecules resulting in intra or intermolecular 
recombination, respectively. For example, intramolecular 
recombination occurs between inversely oriented attB and 
attP, or between att, and attR Sequences, respectively, 
leading to inversion of the intervening DNA segment. 

0.175. Like the recombinase systems, such as Cre and 
FLP, Int directs site-specific recombination. Unlike the other 
Systems, Such Cre and FLP, Int generally requires additional 
protein factors for integrative and excisive recombination 
and negative Supercoiling for integrative recombination. 
Hence, the Int System had not been used in eukaryotic 
targeting Systems. 

0176 Mutant Int proteins, designated Int-h (El 74K) and 
a derivative thereof Int-h/218(E174K/E218K) do not require 
accessory proteins to perform intramolecular integrative and 
excisive recombination in co-transfection assays in human 
cells (Lorbach et al. (2000) J Mol. Biol. 296:1175-1181); 
wild-type Int does not catalyze intramolecular recombina 
tion in human cells harboring target Sites attB and attP. 

0177 Hence it had been demonstrated that mutant Int can 
catalyze factor-independent recombination events in human 
cells. 

0.178 There has been no demonstration by others that this 
System can be used for engineering of eukaryotic genomes 
or chromosomes. Provided herein are chromosomes, includ 
ing artificial chromosomes, Such as but not limited to ACes 
that contain att sites (e.g., platform ACes), and the use of 
Such chromosomes for targeted integration of heterologous 
DNA into Such chromosomes in eukaryotic cells, including 
animal, Such as rodent and human, and plant cells. Mutant 
Int provided herein is shown to effect site-directed recom 
bination between Sites in artificial chromosomes and vectors 
containing cognate Sites. 

0179 An additional component of the chromosome 
based platform technology is the Site-specific integration of 
target DNA sequences onto the platform. For this the native 
bacteriophage lambda integrase has been modified to carry 
out this Sequence Specific DNA recombination event in 
eukaryotic cells. The bacteriophage lambda integrase and its 
cognate DNA Substrate att is a member of the Site-specific 
recombinase family that also includes the bacteriophage P1 
Cre/lox system as well as the Saccharomyces cerevisiae 2 
micron based FLP/FRT system (see, e.g., Landy (1989) Ann. 
Re: Biochem 58:913-949; Hoess et al. (1982) Proc. Natl. 
Acad. Sci. U.S.A. 79:3398-3402; Broach et al. (1982) Cell 
29:227-234). 
0180. By combining DNA endonuclease and DNA ligase 
activity these recombinaseS recognize and catalyze DNA 
eXchanges between Sequences flanking the recognition site. 
During the integration of lambda genome into the E. coli 
(lambda recombination) genome, the phage integrase (INT) 
in association with accessory proteins catalyzes the DNA 
eXchange between the attP Site of the phage genome and the 
attB Site of the bacterial genome resulting in the formation 
of attL and attR sites (FIG. 6). The engineered bacterioph 
age lambda integrase has been produced herein to carry out 
an intermolecular DNA recombination event between an 
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incoming DNA molecule (primarily on a vector containing 
the bacterial attB site) and the chromosome-based platform 
carrying the lambda attP Sequence independent of lambda 
bacteriophage or bacterial accessory proteins. 

0181. In contrast to the bidirectional Cre/lox and FLP/ 
FRT System, the engineered lambda recombination System 
derived for chromosome-based platform technology is 
advantageously unidirectional because accessory proteins, 
which are absent, are required for excision of integrated 
nucleic acid upon further exposure to the lambda Int recom 
binase. 

0182 4. Creation of Platform Chromosome Containing 
Single or Multiple Sequence-Specific Recombination Sites 

0183 a. Multiple Sites 
0.184 For the creation of a platform chromosome con 
taining multiple, Sequence-specific recombination Sites, arti 
ficial chromosomes are produced as depicted in FIG. 5 and 
Example 3. AS discussed above, artificial chromosomes can 
be produced using any Suitable methodology, including 
those described in U.S. Pat. Nos. 5,288,625; 5,712,134; 
5,891,691; 6,025,155. Briefly, to prepare artificial chromo 
Somes containing multiple recombination (e.g., integration) 
Sites, nucleic acid (either in the form a one or more plasmids, 
such as the plasmid pSV40193attPsensePUR set forth in 
Example 3) is targeted into an amplifiable region of a 
chromosome, Such as the pericentric region of a chromo 
Some. Among Such regions are the rDNA gene loci in 
acrocentric mammalian chromosomes. Hence, targeting 
nucleic acid for integration into the rDNA region of mam 
malian acrocentric chromosomes can include the mouse 
rDNA fragments (for targeting into rodent cell lines) or large 
human rDNA regions on BAC/PAC vectors (or subclones 
thereof in Standard vectors) for targeting into human acro 
centric chromosomes, Such as for human gene therapy 
applications. The targeting nucleic acid generally includes a 
detectable or Selectable marker, Such as antibiotic resistance, 
Such as puromycin and hygromycin, a recombination site 
(such as attP attB, attl, attR or the like), and/or human 
Selectable markers as required for gene therapy applications. 
Cells are grown under conditions that result in amplification 
and ultimately production of ACes artificial chromosomes 
having multiple recombination (e.g., integration) sites 
therein. ACes having the desired size are Selected for further 
engineering. 

0185. b. Creation of Platform Chromosome Containing a 
Single Sequence-Specific Recombination Site 

0186. In this method a mammalian platform artificial 
chromosome is generated containing a single Sequence 
Specific recombination Site. In the Example below, this 
approach is demonstrated using a puromycin resistance 
marker for selection and a mouse rDNA fragment for 
targeting into the rDNA locus on mouse acrocentric chro 
mosomes. Other Selection markers and targeting DNA 
Sequences as desired and known to those of skill in the art 
can be used. Additional resistance markers include genes 
conferring resistance to the antibiotics neomycin, blastici 
din, hygromycin and Zeocin. For applications, Such as gene 
therapy in which potentially immunogenic responses are to 
be avoided, host, Such as human, derived Selectable markers 
or markers detectable with monoclonal antibodies (MAb) 
followed by fluorescent activated cell sorting (FACS) can be 
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used. Examples in this class include, but are not limited to: 
human nerve growth factor receptor (detection with MAb); 
truncated human growth factor receptor (detection with 
MAb); mutant human dihydrofolate reductase (DHFR; 
detectable using a fluorescent methotrexate Substrate); 
secreted alkaline phosphatase (SEAP; detectable with fluo 
rescent Substrate); thymidylate Synthase (TS; conferS resis 
tance to fluorodeoxyuridine); human CAD gene (confers 
resistance to N-phosphonacetyl-L-aspartate (PALA)). 
0187 To construct a platform artificial chromosome with 
a single site, an ACes artificial chromosome (or other 
artificial chromosome of interest) can be produced contain 
ing a Selectable marker. A Single Sequence Specific recom 
bination site is targeted onto ACeS via homologous recom 
bination. For this, DNA sequences containing the Site 
Specific recombination Sequence are flanked with DNA 
Sequences homologous to a Selected Sequence in the chro 
mosome. For example, when using a chromosome contain 
ing rDNA or satellite DNA, such DNA can be used as 
homologous Sequences to target the Site-specific recombi 
nation Sequence onto the chromosome. A vector is designed 
to have these homologous Sequences flanking the Site 
Specific recombination site and, after the appropriate restric 
tion enzyme digest to generate free ends of homology to the 
chromosome, the DNA is transfected into cells harboring the 
chromosome. After transfection and integration of the Site 
Specific cassette, homologous recombination events onto the 
platform chromosome are Subcloned and identified, for 
example by Screening Single cell Subclones via expression of 
resistance or a fluorescent marker and PCR analysis. In one 
embodiment, a platform artificial chromosome, Such as a 
platform ACes, that contains a single copy of the recombi 
nation site is selected. Examples 2B and 2D exemplify the 
process, and FIG. 3 provides a diagram depicting one 
method for the creation of a platform mammalian chromo 
Some containing a single Sequence-specific recombination 
Site. 

0188 5. Lambda Integrase Mediated Recombination of 
Target Gene Expression Vector onto Platform Chromosome 
0189 The third component of the chromosome-based 
platform technology involves the use of target gene expres 
Sion Vectors carrying, for example, genes for gene therapy, 
genes for transgenic animal or plant production, and those 
required for cellular protein production of interest. Using 
lambda integrase mediated Site-specific recombination, or 
any other recombinase-mediated Site-specific recombina 
tion, the target gene expression vectors are introduced onto 
the Selected chromosome platform. The use of target gene 
expression vector permits use of the de novo generated 
chromosome-based platforms for a wide range of gene 
targets. Furthermore, chromosome platforms containing 
multiple attP SiteS provides the opportunity to incorporate 
multiple gene targets onto a Single platform, thereby pro 
Viding for expression of multiple gene targets, including the 
expression of cellular and genetic regulatory genes and the 
expression of all or parts of metabolic pathways. In addition 
to expressing Small target genes, Such as cDNA and hybrid 
cDNA/artificial intron constructs, the chromosome-based 
platform can be used for engineering and expressing large 
genomic fragments carrying target genes along with its 
endogenous genomic promoter Sequences. This is of impor 
tance, for example, where the therapy requires precise cell 
Specific expression and in instances where expression is best 
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achieved from genomic clones rather than cDNA clones. 
FIG. 9 provides a diagram Summarizing one embodiment of 
the chromosome-based technology. 
0190. A feature of the target gene expression vector that 
is of interest to include is a promoterleSS marker gene, which 
as exemplified (see, FIG. 9) contains an upstream attB site 
(marker 2 on FIG. 9). The nucleic acid encoding the marker 
is not expressed unless it is placed downstream from a 
promoter Sequence. Using the recombinase technology pro 
Vided herein, Such as the lambda integrase technology 
().INT on FIG. 8) provided herein, site-specific recom 
bination between the attB site on the vector and the pro 
moter-attP site (in the “sense” orientation) on the chromo 
Some-based platform results in the expression of marker 2 
on the target gene expression vector, thereby providing a 
positive selection for the lambda INT mediated site-specific 
recombination event. Site-specific recombination events on 
the chromosome-based platform verSuS random integrations 
next to a promoter in the genome (false positive) can be 
quickly Screened by designing primers to detect the correct 
event by PCR. Examples of suitable marker 2 genes, 
include, but are not limited to, genes that confer resistance 
to toxic compounds or antibiotics, fluorescence activated 
cell sorting (FACS) Sortable cell Surface markers and vari 
ous fluorescent markers. Examples of these genes include, 
but are not limited to, human L26a (human homolog of 
Saccharomyces cerevisiae CYH gene), neomycin, puromy 
cin, blasticidin, CD24 (see, e.g., U.S. Pat. Nos. 5,804,177 
and 6,074,836), truncated CD4, truncated low affinity nerve 
growth factor receptor (LNGFR), truncated LDL receptor, 
truncated human growth hormone receptor, GFP, RFP, BFP. 
0191). The target gene expression vectors contain a gene 
(target gene) for expression from the chromosome platform. 
The target gene can be expressed using various constitutive 
or regulated promoter Systems acroSS Various mammalian 
Species. For the expression of multiple target genes within 
the same target gene expression vector, the expression of the 
multiple targets can be coordinately regulated via viral 
based or human internal ribosome entry site (IRES) ele 
ments (see, e.g., Jackson et al. (1990) Trends Biochem Sci. 
15: 477-83; Oumard et al. (2000) Mol. Cell. Biol. 20: 
2755-2759). Furthermore, using IRES type elements linked 
to a downstream fluorescent marker, e.g., green, red or blue 
fluorescent proteins (GFP, RFP, BFP) allows for the identi 
fication of high expressing clones from the integrated target 
gene expression Vector. 

0.192 In certain embodiments described herein, the pro 
moterleSS marker can be transcriptionally downstream of the 
heterologous nucleic acid, wherein the heterologous nucleic 
acid encodes a heterologous protein, and wherein the expres 
Sion level of the Selectable marker is transcriptionally linked 
to the expression level of the heterologous protein. In 
addition, the Selectable marker and the heterologous nucleic 
acid can be transcriptionally linked by the presence of a 
IRES between them. As set forth herein the selectable 
marker is Selected from the group consisting of an antibiotic 
resistance gene, and a detectable protein, wherein the detect 
able protein is chromogenic or fluorescent. Expression from 
the target gene expression vector integrated onto the chro 
mosome-based platform can be further enhanced using 
genomic insulator/boundary elements. The incorporation of 
insulator Sequences into the target gene expression vector 
helps define boundaries in chromatin Structure and thus 
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minimizes influence of chromatin position effects/gene 
Silencing on the expression of the target gene (Bell et al. 
(1999) Current Opinion in Genetics and Development 
9:191-198; Emery et al. (2000) Proc. Natl. Acad. Sci. U.S.A. 
97.9150-9155). Examples of insulator elements that can be 
included onto target gene expression vector in order to 
optimize expression include, but are not limited to: 

0193 1) chicken B-globin HS4 element (Prioleau et 
al. (1999) EMBO J 18: 4035-4048); 

0194 2) matrix attachment regions (MAR; see, e.g., 
Ramakrishnan et al. (2000) Mol Cell. Biol. 20:868 
877); 

0195 3) scaffold attachment regions (SAR; see, e.g., 
Auten et al. (1999) Human Gene Therapy 10:1389 
1399); and 

0196) 4) universal chromatin opening elements 
(UCOE; WO/0005393 and WO/0224930) 

0197) The copy number of the target gene can be con 
trolled by Sequentially adding multiple target gene expres 
Sion vectors containing the target gene onto multiple inte 
gration sites on the chromosome platform. Likewise, the 
copy number of the target gene can be controlled within an 
individual target gene expression vector by the addition of 
DNA sequences that promote gene amplification. For 
example, gene amplification can be induced utilizing the 
dihydrofolate reductase (DHFR) minigene with subsequent 
selection with methotrexate (see, e.g., Schimke (1984) Cell 
37:705-713) or amplification promoting sequences from the 
rDNA locus (see, e.g., Wegner et al. (1989) Nucl. Acids Res. 
17: 9909-9932). 
0198 6. Platforms with Other Recombinase System Sites 
0199 A “double lox” targeting strategy mediated by 
Cre-recombinase (Bethke et al. (1997) Nucl. Acids Res. 
25:2828-2834) can be used. This strategy employs a pair of 
heterospecific lox sites-loxA and loxB, which differ by one 
nucleotide in the 8 bp Spacer region. Both Sites are engi 
neered into the artificial chromosome and also onto the 
targeting DNA vector. This allows for a direct site-specific 
insertion of a commercially relevant gene or genes by a 
Cre-catalyzed double croSSOver event. In essence a platform 
ACeS is engineered with a hygromycin-resistance gene 
flanked by the double lox Sites generating loX-ACes, which 
is maintained in the thymidine kinase deficient cell, LMtk(- 
). The gene of interest, for example, for testing purposes, the 
green fluorescence protein gene, GFP and a HSV thymidine 
kinase gene (tk) marker, are engineered between the appro 
priate lox sites of the targeting vector. The vector DNA is 
cotransfected with plasmid pBS185 (Life Technologies) 
encoding the Cre recombinase gene into mammalian cells 
maintaining the dual-foX artificial chromosome. Transient 
expression of the Cre recombinase catalyzes the Site-specific 
insertion of the gene and the tk-gene onto the artificial 
chromosome. The transfected cells are grown in HAT 
medium that Selects for only those cells that have integrated 
and expressed the thymidine kinase gene. The HAT' colo 
nies are screened by PCR analyses to identify artificial 
chromosomes with the desired insertion. 

0200) To generate the lox-ACes, Lambda-Hyg-lox DNA 
is transfected into the LMtk(-) cell line harboring the 
precursor ACes. Hygromycin-resistant colonies are ana 
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lyzed by FISH and Southern blotting for the presence of a 
Single copy insert on the ACes. 
0201 To demonstrate the gene replacement technology, 
cell lines containing candidate loX-ACes are cotransfected 
with pTK-GFP-lox and pBS185 (encoding the Cre recom 
binase gene) DNA. After transfection, transient expression 
of plasmid pBS185 will provide sufficient burst of Cre 
recombinase activity to catalyze DNA recombination at the 
lox sites. Thus, a double crossover event between the ACes 
target and the exogenous targeting plasmid carrying the loXA 
and loxB permits the Simple replacement of the hygromycin 
resistance gene on the lox-ACes for the tk-GFP cassette 
from the targeting plasmid, with no integration of Vector 
DNA. Transfected cells are grown in HAT-media to select 
for tk-expression. Correct targeting will result in the gen 
eration of HAT, hygromycin sensitive, and green fluores 
cent cells. The desired integration event is verified by 
Southern and PCR analyses. Specific PCR primer sets are 
used to amplify DNA sequences flanking the individual loXA 
and loxB sites on the lox-ACes before and after homologous 
recombination. 

0202 D. Exemplary Applications of the Platform ACes 
0203 Platform ACes are applicable and tractable for 
different/optimized cell lines. Those that include a fluores 
cent marker, for example, can be purified and isolated using 
fluorescent activated cell Sorting (FACS), and Subsequently 
delivered to a target cell. Those with selectable markers 
provide for efficient Selection and provide a growth advan 
tage. Platform ACes allow multiple payload delivery of 
donor target vectors via a positive-Selection Site-specific, 
recombination System, and they allow for the inclusion of 
additional genetic factors that improve protein production 
and protein quality. 

0204. The construction and use of the platform ACes as 
provided for each application may be similarly applied to 
other applications. Particular descriptions are for exempli 
fication. 

0205 1. Cellular Protein Production Platform ACes (CPP 
ACes) 
0206 AS described herein, ACes can be produced from 
acrocentric chromosomes in rodent (mouse, hamster) cell 
lines via megareplicator induced amplification of hetero 
chromatin/rDNA sequences. Such ACesare ideal for cellular 
protein production as well as other applications described 
herein and known to those of skill in the art. ACes platforms 
that contain a plurality of recombination Sites are particu 
larly Suitable for engineering as cellular protein production 
Systems. 

0207. In one embodiment, CPP ACes involve a two 
component System: the platform chromosome containing 
multiple engineering sites and the donor target vector con 
taining a platform-specific recombination Site with designed 
expression cassettes (see FIG. 9). 
0208. The platform ACes can be produced from any 
artificial chromosome, particularly the amplification-based 
artificial chromosomes. For exemplification, they are pro 
duced from rodent artificial chromosomes produced from 
acrocentric chromosomes using the technology of U.S. Pat. 
Nos. 6,077,697 and 6,025,155 and published International 
PCT application No. WO 97/40183, in which nucleic acid is 
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targeted to the pericentric heterochromatic, and, particularly 
into rDNA to initiate the replication event(s). The ACes can 
be produced directly in the chosen cellular protein produc 
tion cell lines, such as, but not limited to, CHO cells, 
hybridomas, plant cells, plant tissues, plant protoplasts, Stem 
cells and plant calli. 
0209) 
0210. In the exemplary embodiment, the initial de novo 
platform construction requires co-transfecting with exceSS 
targeting DNA, such as, rDNA or lambda DNA without an 
attP region, and an engineered Selectable marker. The engi 
neered Selectable marker should contain promoter, generally 
a constitutive promoter, Such as human, Viral, i.e., adenovi 
rus or SV40 promoter, including the human ferritin heavy 
chain promoter (SEQ ID NO:128), SV40 and EF1C pro 
moters, to control expression of a marker gene that provides 
a Selective growth advantage to the cell. An example of Such 
a marker gene is the E. coli hisD gene (encoding histidinol 
dehydrogenase) which is homologous and analogous to the 
S. typhimurium hisDa dominant marker Selection System for 
mammalian cells previously described (see, Hartman et al. 
(1988) Proc. Natl. Acad. Sci. U.S.A. 85:8047-8051). Since 
histidine is an essential amino acid in mammals and a 
nutritional requirement in cell culture, the E. coli hisD gene 
can be used to Select for histidine prototrophy in defined 
media. Furthermore more Stringent Selection can be placed 
on the cells by including histinol in the medium. Histidinol 
is itself permeable and toxic to cells. The hisD provides a 
means of detoxification. 

a. Platform Construction 

0211 Placed between the promoter and the marker gene 
is the bacteriophage lambda attP Site to use the bacterioph 
age lambda integrase dependent Site-specific recombination 
system (described herein). The insertion of an attP site 
downstream of a promoter element provide forward Selec 
tion of Site-specific recombination events onto the platform 
ACes. 

0212 b. Donor Target Vector Construction 
0213. A second component of the CPP platform ACes 
System involves the construction of donor target vectors 
containing a gene product(s) of interest for the CPP platform 
ACeS. Individual donor target vectors can be designed for 
each gene product to be expressed thus enabling maximum 
usage of a de novo constructed platform ACes, So that one 
or a few CPP platform ACes will be required for many gene 
targets. 
0214) A key feature of the donor vector target is the 
promoterleSS marker gene containing an upstream attB Site 
(marker 2 on FIG. 9). Normally the marker would not be 
expressed unless it is placed downstream of a promoter 
Sequence. AS discussed above, using the lambda integrase 
technology (AINT on FIG. 8 and FIG.9), site-specific 
recombination between the attB site on the vector and the 
promoter-attP site on the CPP platform ACes result in the 
expression of the donor target vector marker providing 
positive Selection for the Site-specific event. Site-specific 
recombination events on the CPP ACes versus random 
integrations next to a promoter in the genome (false posi 
tive) can be quickly Screened by designing primers to detect 
the correct event by PCR. In addition, since the lambda 
integrase reaction is unidirectional, i.e. excision reaction is 
not possible, a number of unique targets can be loaded onto 
the CPP platform ACes limited only by the number of 
markers available. 
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0215 Additional features of the donor target vector 
include gene target expression cassettes flanked by either 
chromatin insulator regions, matrix attachment regions 
(MAR) or scaffold attachment regions (SAR). The use of 
these regions will provide a more “open chromatin envi 
ronment for gene expression and help alleviate Silencing. An 
example of Such a cassette for expressing a monoclonal 
antibody is described. For this purpose, a strong constitutive 
promoter, e.g. chicken f3-actin or RNA Poll, is used to drive 
the expression of the heavy and light chain open reading 
frames. The heavy and light chain Sequences flank a non 
attenuated human IRES (IRES; from the 5' UTR of NRF1 
gene; see Oumard et al., 2000, Mol. and Cell Biol., 
20(8):2755-2759) element thereby coordinating transcrip 
tion of both heavy and light chain Sequence. Distal to the 
light chain open reading frame resides an additional viral 
encoded IRES (IRES modified ECMV internal ribosomal 
entry site (IRES)) element attenuating the expression of the 
fluorescent marker gene hrCFP from Renilla (Stratagene). 
By linking the hrCFP with an attenuated IRES, the heavy 
and light chains along with the hrGFP are monocistronic. 
Thus, the identification of hrGFP fluorescing cells will 
provide a means to detect protein producing cells. In addi 
tion, high producing cell lines can be identified and isolated 
by FACS thereby decreasing the time frame in finding high 
expressers. Functional monoclonal antibody will be con 
firmed by ELISA. 
0216 C. Additional Components in Cellular Protein Pro 
duction Platform ACes (CPP Aces) 
0217. In addition to the aforementioned CPPACes sys 
tem, other genetic factors can be included to enhance the 
yield and quality of the expressed protein. Again to provide 
maximum flexibility, these additional factors can be inserted 
onto the CPP platform ACes by INTE174R dependent 
Site-specific recombination. Other factors that could be used 
with a CPP Platform ACes include for example, adenovirus 
E1a transactivation System which upregulates both cellular 
and viral promoters (see, e.g., Svensson and Akusjarvi 
(1984) EMBO 3:789-794; and U.S. Pat. Nos. 5,866,359; 
4,775,630 and 4,920,211). 
0218 d. Targets for CHO-ACes Engineering to Enhance 
Cell Growth, such as CHO Cell Growth and Protein Pro 
duction/Quality 

0219). If adding these additional factors onto the CPP 
ACes is not prudent or desired, the host cell, CHO cells, can 
be engineered to express these factors (see, below, targets for 
CHO-ACes engineering to enhance CHO cell growth and 
protein production/quality). Additional factors to consider 
including are addition of insulin or IGF-1 to sustain viabi 
lilty; human Sialyltransferases or related factors to produce 
more human-like glycoproteins, expression of factors to 
decrease ammonium accumulation during cell growth; 
expression of factors to inhibit apoptosis, expression of 
factors to improve protein Secretion and protein folding, and 
expression of factors to permit Serum-free transfection and 
Selection. 

0220, 1) Addition of Insulin or IGF-1 to Sustain Viabililty 
0221) Stimulatory factors and/or their receptors are 
expressed to Set up an autocrine loop, to improve cell 
growth, Such as CHO cell growth. Two exemplary candi 
dates are insulin and IGF-1 (see, Biotechnol Prog 2000 
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Sep;16(5):693-7). Insulin is the most commonly used 
growth factor for Sustaining cell growth and viability in 
serum-free Chinese hamster ovary (CHO) cell cultures. 
Insulin and IGF-1 analog (LongR(3) Serve as growth and 
viability factors for CHO cells. 

0222 CHO cells were modified to produce higher levels 
of essential nutrients and factors. A serum-free (SF) medium 
for dihydrofolate reductase-deficient Chinese hamster ovary 
cells (DG44 cells) was prepared. Chinese hamster ovary 
cells (DG44 cells), which are normally maintained in 10% 
Serum medium, were gradually weaned to 0.5% Serum 
medium to increase the probability of Successful growth in 
SF medium (see, Kim et al. (199) In Vitro Cell Dev Biol 
Anim 35(4):178-82). A SF medium (SF-DG44) was formu 
lated by Supplementing the basal medium with these com 
ponents, basal medium was prepared by Supplementing 
Dulbecco's modified Eagle's medium and Ham's nutrient 
mixture F12 with hypoxanthine (10 mg/l) and thymidine (10 
mg/l). Development of a SF medium for DG44 cells was 
facilitated using a Plackett-Burman design technique and 
weaning of cells. 

0223 2) Human Sialyltransferases or Related Factors to 
Produce More Human-Like Glycoproteins 

0224 CHO cells have been modified by increasing their 
ability to proceSS protein via addition of complex carbohy 
drates. This has been achieved by overexpression of relevant 
processing enzymes, or in Some cases, reducing expression 
of relevant enzymes (see, Bragonzi et al. (2000) Biochim 
Biophys Acta 1474(3):273-282; see, also Weikert et al. 
(1999) Nature biotech. 17:1116-11121; Ferrari Jet al. (1998) 
Biotechnol Bioeng 60(5):589-95). A CHO cell line express 
ing alpha2,6-Sialyltransferase was developed for the produc 
tion of human-like Sialylated recombinant glycoproteins. 
The sialylation defect of CHO cells can be corrected by 
transfecting the alpha2,6-Sialyltransferase (alpha2,6-ST) 
cDNA into the cells. Glycoproteins produced by such CHO 
cells display alpha2,6-and alpha2.3-linked terminal Sialic 
acid residues, Similar to human glycoproteins. 

0225. As another example for improving the production 
of human-like Sialylated recombinant glycoproteins, a CHO 
cell line has been developed that constitutively expresses 
sialidase antisense RNA (see, Ferrari J et al. (1998) Bio 
technol Bioeng 60(5):589-95). Several antisense expression 
vectors were prepared using different regions of the Sialidase 
gene. Co-transfection of the antisense constructs with a 
vector conferring puromycin resistance gave rise to over 40 
puromycin resistant clones that were Screened for Sialidase 
activity. A 5' 474 bp coding segment of the sialidase cDNA, 
in the inverted orientation in an SV 40-based expression 
vector, gave maximal reduction of the Sialidase activity to 
about 40% wild-type values. 

0226 Oligosaccharide biosynthesis pathways in mam 
malian cells have been engineered for generation of recom 
binant glycoproteins (see, e.g., Sburlati (1998) Biotechnol 
Prog 14(2): 189-92), which describes a Chinese hamster 
ovary (CHO) cell line capable of producing bisected oli 
gosaccharides on glycoproteins. This cell line was created 
by overexpression of a recombinant N-acetylglucosaminyl 
transferase III (GnT-III) (see, also, Prati et al. (1998) Bio 
technol Bioeng 59(4):445-50, which describes antisense 
Strategies for glycosylation engineering of CHO cells). 
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0227 3) Expression of Factors to Decrease Ammonium 
Accumulation During Cell Growth 
0228 Excess ammonium, which is a by-product of CHO 
cell metabolism can have detrimental effects on cell growth 
and protein quality (see, Yang et al. (2000) Biotechnol 
Bioeng 68(4):370-80). To solve this problem ammonium 
levels were modified by overexpressing carbamoyl phos 
phate Synthetase I and ornithine transcarbamoylase or 
glutamine synthetase in CHO cells. Such modification 
resulted in reduced ammonium levels observed and an 
increase in the growth rate (see Kim et al. (2000) J Bio 
technol 81(2-3): 129-40; and Enosawa et al. (1997) Cell 
Transplant 6(5):537-40). 
0229 4) Expression of Factors to Improve Protein Secre 
tion and Protein Folding 
0230. Overexpression of relevant enzymes can be engi 
neered into the ACes to improve protein Secretion and 
folding. 
0231 5) Expression of Factors to Permit Serum-Free 
Transfection and Selection 

0232. It is advantageous to have the ability to convert 
CHO cells in Suspension growing in Serum free medium to 
adherence with out having to resort to Serum addition. 
Laminin or fibronectin addition is Sufficient to make cells 
adherent (see, e.g., Zaworski et al. (1993) Biotechniques 
15(5):863-6) so that expressing either of these genes in CHO 
cells under an inducible promoter should allow for revers 
ible shift to adherence without requiring Serum addition. 
0233 2. Platform ACes and Gene Therapy 
0234. The platform ACes provided herein are contem 
plated for use in mammalian gene therapy, particularly 
human gene therapy. Human ACeS can be derived from 
human acrocentric chromosomes from human host cells, in 
which the amplified Sequences are heterochromatic and/or 
human rDNA. Different platform ACes applicable for dif 
ferent tissue cell types are provided. The ACeS for gene 
therapy can contain a single copy of a therapeutic gene 
inserted into a defined location on platform ACeS. Thera 
peutic genes include genomic clones, cDNA, hybrid genes 
and other combinations of Sequences. Preferred Selectable 
markers are those from the mammalian host, Such as human 
derived factors So that they are non-immunogenic, non-toxic 
and allow for efficient selection, such as by FACS and/or 
drug resistance. 
0235 Platform ACes, useful for gene therapy and other 
applications, as noted herein, can be generated by megarep 
licator dependent amplification, Such as by the methods in 
U.S. Pat. Nos. 6,077,697 and 6,025,155 and published 
International PCT application No. WO 97/40183. In one 
embodiment, human ACesare produced using human rDNA 
constructs that target rDNA arrays on human acrocentric 
chromosomes and induce the megareplicator in human cells, 
particularly in primary cell lines (with Sufficient number of 
doublings to form the ACes) or stem cells (Such as hemato 
poietic Stem cells, mesenchymal stem cells, adult Stem cells 
or embryonic stem cells) to avoid the introduction of poten 
tially harmful rearranged DNA sequences present in many 
transformed cell lines. Megareplicator induced ACeS forma 
tion can result in multiple copies of targeting DNA/Select 
able markers in each amplification block on both chromo 
Somal arms of the platform ACes. 
0236. In view of the considerations regarding immuno 
genicity and toxicity, the production of human platform 
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ACeS for gene therapy applications employs a two compo 
nent System analogous to the platform ACes designed for 
cellular protein production (CPP platform ACes). The sys 
tem includes a platform chromosome of entirely human 
DNA origin containing multiple engineering Sites and a gene 
target vector carrying the therapeutic gene of interest. 

0237) 
0238. The initial de novo construction of the platform 
chromosome employs the co-transfection of exceSS targeting 
DNA and a selectable marker. In one embodiment, the DNA 
is targeted to the rDNA arrays on the human acrocentric 
chromosomes (chromosomes 13, 14, 15, 21 and 22). For 
example, two large human rDNA containing PAC clones 
18714 and 18720 and the human PAC clone 558F8 are used 
for targeting (Genome Research (ML) now Incyte, BAC 
PAC Resources, 747 52nd Street, Oakland Calif.). The 
mouse rDNA clone pFK161 (SEQ ID NO: 118), which was 
used to make the human SATAC from the 94-3 hamster/ 
human hybrid cell line (see, e.g., published International 
PCT application No. WO 97/40183 and Csonka, et al., 
Journal of Cell Science 113:3207-32161 and Example 1 for 
a description of pFK161) can also be used. 

a. Platform Construction 

0239 For animal applications, selectable markers should 
be non-immunogenic in the animal, Such as a human, and 
include, but are not limited to: human nerve growth factor 
receptor (detected with a MAb, such as described in U.S. 
Pat. No. 6,365,373); truncated human growth factor receptor 
(detected with MAb), mutant human dihyrofolate reductase 
(DHFR; fluorescent MTX substrate available); secreted 
alkaline phosphatase (SEAP, fluorescent substrate avail 
able); human thymidylate Synthase (TS; conferS resistance 
to anti-cancer agent fluorodeoxyuridine); human glutathione 
S-transferase alpha (GSTA1; conjugates glutathione to the 
Stem cell Selective alkylator buSulfan; chemoprotective 
selectable marker in CD34+ cells); CD24 cell surface anti 
gen in hematopoietic Stem cells, human CAD gene to confer 
resistance to N-phosphonacetyl-L-aspartate (PALA); human 
multi-drug resistance-1 (MDR-1; P-glycoprotein Surface 
protein Selectable by increased drug resistance or enriched 
by FACS); human CD25 (IL-2a; detectable by Mab-FITC); 
Methylguanine-DNA methyltransferase (MGMT, selectable 
by carmustine); and Cytidine deaminase (CD; selectable by 
Ara-C). 
0240 Since megareplicator induced amplification gener 
ates multiple copies of the Selectable marker, a Second 
consideration for the Selection of the human marker is the 
resulting dose of the expressed marker after ACeS formation. 
High level of expression of certain markers may be detri 
mental to the cell and/or result in autoimmunity. One method 
to decrease the dose of the marker protein is by Shortening 
its half-life, Such as via the fusion of the well-conserved 
human ubiquitin tag (a 76 amino acid Sequence) thus leading 
to increased turnover of the selectable marker. This has been 
used Successfully for a number of reporter Systems including 
DHFR (see, e.g., Stack et al. (2000) Nature Biotechnology 
18:1298-1302 and references cited therein). 
0241. Using the ubiquitin tagged protein, a human Select 
able marker system analogous to the CPPACes described 
herein is constructed. Briefly, a tagged Selectable marker, 
Such as for example one of those described herein, is cloned 
downstream of an attP Site and expressed from a human 
promoter. Exemplary promoters contemplated for use herein 
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include, but are not limited to, the human ferritin heavy 
chain promoter (SEQ ID NO:128); RNA Poll; EF1C.; TR; 
glyceraldehyde-3-phosphate dehydrogenase core promoter 
(GAP); a GAP core promoter including a proximal insulin 
inducible element the intervening GAP Sequence; phospho 
fructokinase promoter, and phosphoglycerate kinase pro 
moter. Also contemplated herein is an aldolase A promoter 
H1 & H2 (representing closely spaced transcriptional start 
Sites) along with the proximal H enhancer. There are 4 
promoters (e.g., transcriptional start sites) for this gene, each 
having different regulatory and tissue activity. The H (most 
proximal 2) promoters are ubiquitously expressed off the H 
enhancer. This resulting marker can then be co-transfected 
along with exceSS human rDNA targeting Sequence into the 
host cells. An important criteria for the Selection of the 
recipient cells is sufficient number of cell doublings for the 
formation and detection of ACes. Accordingly, the co 
transfections should be attempted in human primary cells 
that can be cultured for long periods of time, Such as for 
example, Stem cells (e.g., hematopoietic, mesenchymal, 
adult or embryonic stem cells), or the like. Additional cell 
types, include, but are not limited to: Single gene transfected 
cells exhibiting increased life-span; over-expressing c-myc 
cells, e.g. MSU1.1 (Morgan et al., 1991, Exp. Cell Res., 
Nov;197(1):125-136); over-expressing telomerase lines, 
such as TERT cells; SV40 large T-antigen transfected lines; 
tumor cell lines, such as HT1080; and hybrid human cell 
lines, such as the 94-3 hamster/human hybrid cell line. 

0242 b. Gene Target Vector 
0243 The second component of the GT platform ACes 
(GT ACes) system involves the use of engineered target 
vectors carrying the therapeutic gene of interest. These are 
introduced onto the GT platform ACes via site-specific 
recombination. As with the CPPACes, the use of engineered 
target vectors maximizes the use of the de novo generated 
GT platform ACeS for most gene targets. Furthermore, using 
lambda integrase technology, GT platform ACeS containing 
multiple attP Sites permits the opportunity to incorporate 
multiple therapeutic targets onto a single platform. This 
could be of value in cases where a defined therapy requires 
multiple gene targets, a single therapeutic target requires an 
additional gene regulatory factor or a GT ACes requires a 
“kill Switch. 

0244 Similar to the CPPACes, a feature of the gene 
target vector is the promoterleSS marker gene containing an 
upstream attB site (marker 2 on FIG. 9). Normally, the 
marker (in this case, a cell Surface antigen that can be Sorted 
by FACS would be ideal) would not be expressed unless it 
is placed downstream of a promoter Sequence. Using the 
lambda integrase technology (OINTE7 on FIG. 9), site 
specific recombination between the attB site on the vector 
and the promoter-attP site on the GT platform ACes results 
in the expression of markerif2 on the gene target vector, i.e. 
positive Selection for the Site-specific event. Site-specific 
recombination events on the GT ACes versus random inte 
grations next to a promoter in the genome (false positive) 
can be quickly Screened by designing primers to detect the 
correct event by PCR. 
0245 For expression of the therapeutic gene, human 
Specific promoters, Such as a ferritin heavy chain promoter 
(SEQ ID NO:128); EF1C. or RNA Poll, are used. These 
promoters are for high level expression of a cDNA encoded 
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therapeutic protein. In addition to expressing cDNA (or even 
hybrid cDNA/artificial intron constructs), the GT platform 
ACesare used for engineering and expressing large genomic 
fragments carrying therapeutic genes of interest expressed 
from native promoter Sequences. This is of importance in 
Situations where the therapy requires precise cell Specific 
expression or in instances where expression is best achieved 
from genomic clones verSuS cDNA. 

0246 3. Selectable Markers for Use, for Example, in 
Gene Therapy (GT) 

0247 The following are selectable markers that can be 
incorporated into human ACeS and used for Selection. 
0248 Dual Resistance to 4-Hydroperoxycyclophospha 
mide and Methotrexate by Retroviral Transfer of the Human 
Aldehyde Dehydrogenase Class 1 Gene and a Mutated 
Dihydrofolate Reductase Gene 

0249. The genetic transfer of drug resistance to hemato 
poietic cells is one approach to overcoming myeloSuppres 
Sion caused by high-dose chemotherapy. Because cyclo 
phosphamide (CTX) and methotrexate (MTX) are 
commonly used non-croSS-resistant drugs, generation of 
dual drug resistance in hematopoietic cells that allows dose 
intensification may increase anti-tumor effects and circum 
vent the emergence of drug-resistant tumors, a retroviral 
vector containing a human cytosolic ALDH-1-encoding 
DNA clone and a human doubly mutated DHFR-encoding 
clone (Phe22/Ser31; termed F/S in the description of con 
structs) to generate increased resistance to CTX and MTX 
were constructed (Takebe et al. (2001) Mol Ther 3(1):88 
96). This construct may be useful for protecting patients 
from high-dose CTX- and MTX-induced myelosuppression. 
ACeS can be Similarly constructed. 

0250 Multiple Mechanisms of N-phosphonacetyl-L-as 
partate Resistance in Human Cell Lines: Carbamyl-P Syn 
thetase/ASpartate Transcarbamylase/Dihydro-Orotase Gene 
Amplification is Frequent only when Chromosome 2 is 
Rearranged 

0251 Rodent cells resistant to N-phosphonacetyl-L-as 
partate (PALA) invariably contain amplified carbamyl-P 
Synthetase/aspartate transcarbamylase/dihydro-orotase 
(CAD) genes, usually in widely spaced tandem arrays 
present as extensions of the same chromosome arm that 
carries a single copy of CAD in normal cells (Smith et al. 
(1997) Proc. Natl. Acad. Sci. U.S.A. 94:1816-21). In con 
trast, amplification of CAD is very infrequent in Several 
human tumor cell lines. Cell lines with minimal chromo 
Somal rearrangement and with unrearranged copies of chro 
moSome 2 rarely develop intrachromosomal amplifications 
of CAD. These cells frequently become resistant to PALA 
through a mechanism that increases the aspartate transcar 
bamylase activity with no increase in CAD copy number, or 
they obtain one extra copy of CAD by forming an isochro 
moSome 2p or by retaining an extra copy of chromosome 2. 
In cells with multiple chromosomal aberrations and rear 
ranged copies of chromosome 2, amplification of CAD as 
tandem arrays from rearranged chromosomes is the most 
frequent mechanism of PALA resistance. All of these dif 
ferent mechanisms of PALA resistance are blocked in nor 
mal human fibroblasts. Thus, ACes with multiple copies of 
the CAD gene would provide PALA resistance. 
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0252) Retroviral Coexpression of Thymidylate Synthase 
and Dihydrofolate Reductase Confers Fluoropyrimidine and 
Antifolate Resistance 

0253) Retroviral gene transfer of dominant selectable 
markers into hematopoietic cells can be used to Select 
genetically modified cells in Vivo or to attenuate the toxic 
effects of chemotherapeutic agents. Fantz et al. (1998) 
Biochem Biophy's Res Comm 243(1):6-12) have shown that 
retroviral gene transfer of thymidylate synthase (TS) confers 
resistance to TS directed anticancer agents and that co 
expression of TS and dihydrofolate reductase (DHFR) con 
fers resistance to TS and DHFR cytotoxic agents. Retroviral 
vectors encoding Escherichia coli TS, human TS, and the 
Tyr-to-His at residue 33 variant of human TS (Y33HhTS) 
were constructed and fibroblasts transfected with these vec 
tors conferred comparable resistance to the TS-directed 
agent fluorodeoxyuridine (FdUrd, approximately 4-fold). 
Retroviral vectors that encode dual expression of Y33HhTS 
and the human L22Y DHFR (L22YhDHFR) variants con 
ferred resistance to FdUrd (3- to 5-fold) and trimetrexate 
(30to 140-fold). A L22YhDHFR-Y33HhTS chimeric retro 
Viral vector was also constructed and transduced cells were 
resistant to FdUrd (3-fold), AG337 (3-fold), trimetrexate 
(100-fold) and methotrexate (5-fold). These results show 
that recombinant retroviruses can be used to transfer the 
cDNA that encodes TS and DHFR and dual expression in 
transduced cells is Sufficiently high to confer resistance to 
TS and DHFR directed anticancer agents. ACes can be 
Similarly constructed. 
0254 Human CD34+Cells do not Express Glutathione 
S-transferases Alpha 
0255 The expression of glutathione S-transferases alpha 
(GST alpha) in human hematopoietic CD34+cells and bone 
marrow was studied using RT-PCR and immunoblotting 
(Czerwinski M., Kiem et al. (1997) Gene Ther4(3):268-70). 
The GSTA1 protein conjugates glutathione to the Stem cell 
Selective alkylator buSulfan. This reaction is the major 
pathway of elimination of the compound from the human 
body. Human hematopoietic CD34+ cells and bone marrow 
do not express GSTA1 message, which was present at a high 
level in liver, an organ relatively resistant to buSulfan 
toxicity in comparison to bone marrow. Similarly, baboon 
CD34+cells and dog bone marrow do not express GSTA1. 
Thus, human GSTA1 is a chemoprotective selectable marker 
in human Stem cell gene therapy and could be employed in 
ACeS construction. 

0256 Selection of Retrovirally Transduced Hematopoi 
etic Cells Using CD24 as a Marker of Gene Transfer 
0257 Pawliuk et al. (1994) Blood 84(9):2868-2877) 
have investigated the use of a cell Surface antigen as a 
dominant Selectable marker to facilitate the detection and 
selection of retrovirally infected target cells. The small 
coding region of the human cell Surface antigen CD24 
(approximately 240 bp) was introduced into a myeloprolif 
erative sarcoma virus (MPSV)-based retroviral vector, 
which was then used to infect day 45-fluorouracil (5-FU)- 
treated murine bone marrow cells. Within 48 hours of 
termination of the infection procedure CD24-expressing 
cells were Selected by fluorescent-activated cell Sorting 
(FACS) with an antibody directed against the CD24 antigen. 
Functional analysis of these cells showed that they included 
not only in vitro clonogenic progenitors and day 12 colony 
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forming unit-spleen but also cells capable of competitive 
long-term hematopoietic repopulation. Double-antibody 
labeling Studies performed on recipients of retrovirally 
transduced marrow cells showed that Some granulocytes, 
macrophages, erythrocytes, and, to a lesser extent, B and T 
lymphocytes Still expressed the transduced CD24 gene at 
high levels 4 months later. No groSS abnormalities in 
hematopoiesis were detected in mice repopulated with 
CD24-expressing cells. These results show that the use of 
the CD24 cell Surface antigen as a retrovirally encoded 
marker permits rapid, efficient, and nontoxic Selection in 
Vitro of infected primary cells, facilitates tracking and phe 
notyping of their progeny, and provides a tool to identify 
elements that regulate the expression of transduced genes in 
the most primitive hematopoietic cells. ACeS could be 
Similarly constructed. 

0258) Deltah GHR, a Biosafe Cell Surface-Labeling Mol 
ecule for Analysis and Selection of Genetically Transduced 
Human Cells 

0259 A selectable marker for retroviral transduction and 
Selection of human and murine cells is known (see, Garcia 
Ortiz et al. (2000) Hum Gene Ther 11(2):333-46). The 
molecule expressed on the cell Surface of the transduced 
population is a truncated version of human growth hormone 
receptor (deltah GHR), capable of ligand (hGH) binding, but 
devoid of the domains involved in Signal triggering. The 
engineered molecule is stably expressed in the target cells as 
an inert protein unable to trigger proliferation or to rescue 
the cells from apoptosis after ligand binding. This new 
marker, has a wide application spectrum, Since hCHR in the 
human adult is highly expressed only in liver cells, and 
lower levels have been reported in certain lymphocyte cell 
populations. The deltah GHR label has high biosafety poten 
tial, as it belongs to a well-characterized hormonal System 
that is nonessential in adults, and there is extensive clinical 
experience with hCGH administration in humans. The differ 
ential binding properties of Several monoclonal antibodies 
(MAbs) are used in a cell rescue method in which the 
antibody used to select deltahGHR-transduced cells is eluted 
by competition with hCGH or, alternatively biotinylated hCGH 
is used to capture tagged cells. In the latter System, the final 
purified population is recovered free of attached antibodies 
in hCGH (a Substance approved for human use)-containing 
medium. Such a system could be used to identify ACes 
containing cells. 

0260 4. Transgenic Models for Evaluation of Genes and 
Discovery of New Traits in Plants 

0261) Of interest is the use of plants and plant cells 
containing artificial chromosomes for the evaluation of new 
genetic combinations and discovery of new traits. Artificial 
chromosomes, by Virtue of the fact that they can contain 
Significant amounts of DNA can also therefore encode 
numerous genes and accordingly a multiplicity of traits. It is 
contemplated here that artificial chromosomes, when formed 
from one plant Species, can be evaluated in a Second plant 
Species. The resultant phenotypic changes observed, for 
example, can indicate the nature of the genes contained 
within the DNA contained within the artificial chromosome, 
and hence permit the identification of novel genetic activi 
ties. Artificial chromosomes containing euchromatic DNA 
or partially containing euchromatic DNA can Serve as a 
valuable Source of new traits when transferred to an alien 
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plant cell environment. For example, it is contemplated that 
artificial chromosomes derived from dicot plant Species can 
be introduced into monocot plant Species by transferring a 
dicot artificial chromosome. The dicot artificial chromosome 
possessing a region of euchromatic DNA containing 
expressed genes. 

0262 The artificial chromosomes can be designed to 
allow the artificial chromosome to recombine with the 
naturally occurring plant DNA in Such a fashion that a large 
region of naturally occurring plant DNA becomes incorpo 
rated into the artificial chromosome. This allows the artifi 
cial chromosome to contain new genetic activities and hence 
carry novel traits. For example, an artificial chromosome can 
be introduced into a wild relative of a crop plant under 
conditions whereby a portion of the DNA present in the 
chromosomes of the wild relative is transferred to the 
artificial chromosome. After isolation of the artificial chro 
moSome, this naturally occurring region of DNA from the 
wild relative, now located on the artificial chromosome can 
be introduced into the domesticated crop species and the 
genes encoded within the transferred DNA expressed arid 
evaluated for utility. New traits and gene Systems can be 
discovered in this fashion. The artificial chromosome can be 
modified to contain Sequences that promote homologous 
recombination within plant cells, or be modified to contain 
a genetic System that functions as a Site-specific recombi 
nation System. 

0263 Artificial chromosomes modified to recombine 
with plant DNA offer many advantages for the discovery and 
evaluation of traits in different plant species. When the 
artificial chromosome containing DNA from one plant spe 
cies is introduced into a new plant Species, new traits and 
genes can be introduced. This use of an artificial chromo 
Some allows for the ability to overcome the sexual barrier 
that prevents transfer of genes from one plant species to 
another species. Using artificial chromosomes in this fashion 
allows for many potentially valuable traits to be identified 
including traits that are typically found in wild Species. 
Other valuable applications for artificial chromosomes 
include the ability to transfer large regions of DNA from one 
plant Species to another, Such as DNA encoding potentially 
valuable traits Such as altered oil, carbohydrate or protein 
composition, multiple genes encoding enzymes capable of 
producing valuable plant Secondary metabolites, genetic 
Systems encoding valuable agronomic traits Such as disease 
and insect resistance, genes encoding functions that allow 
asSociation with Soil bacterium Such as growth promoting 
bacteria or nitrogen fixing bacteria, or genes encoding traits 
that confer freezing, drought or other StreSS tolerances. In 
this fashion, artificial chromosomes can be used to discover 
regions of plant DNA that encode valuable traits. 
0264. The artificial chromosome can also be designed to 
allow the transfer and Subsequent incorporation of these 
valuable traits now located on the artificial chromosome into 
the natural chromosomes of a plant Species. In this fashion 
the artificial chromosomes can be used to transfer large 
regions of DNA encoding traits normally found in one plant 
Species into another plant species. In this fashion, it is 
possible to derive a plant cell that no longer needs to carry 
an artificial chromosome to posses the novel trait. Thus, the 
artificial chromosome would serve as the transfer mecha 
nism to permit the formation of plants with greater degree of 
genetic diversity. 
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0265. The design of an artificial chromosome to accom 
plish the aforementioned purposes can include within the 
artificial chromosome the presence of specific DNA 
Sequences capable of acting as Sites for homologous recom 
bination to take place. For example, the DNA sequence of 
Arabidopsis is now known. To construct an artificial chro 
moSome capable of recombining with a Specific region of 
Arabidopsis DNA, a sequence of Arabidopsis DNA, nor 
mally located near a chromosomal location encoding genes 
of potential interest can be introduced into an artificial 
chromosome by methods provided herein. It may be desir 
able to include a second region of DNA within the artificial 
chromosome that provides a Second flanking Sequence to the 
region encoding genes of potential interest, to promote a 
double recombination event which would ensure transfer of 
the entire chromosomal region, encoding genes of potential 
interest, to the artificial chromosome. The modified artificial 
chromosome, containing the DNA sequences capable of 
homologous recombination region, can then be introduced 
into Arabidopsis cells and the homologous recombination 
event Selected. 

0266. It is convenient to include a marker gene to allow 
for the Selection of a homologous recombination event. The 
marker gene is preferably inactive unless activated by an 
appropriate homologous recombination event. For example, 
U.S. Pat. No. 5,272,071, describes a method where an 
inactive plant gene is activated by a recombination event 
Such that desired homologous recombination events can be 
easily scored. Similarly, U.S. Pat. No. 5,501,967 describes a 
method for the Selection of homologous recombination 
events by activation of a Silent Selection gene first intro 
duced into the plant DNA, the gene being activated by an 
appropriate homologous recombination event. Both of these 
methods can be applied to enable a Selective process to be 
included to Select for recombination between an artificial 
chromosome and a plant chromosome. Once the homolo 
gous recombination event is detected, the artificial chromo 
Some, once Selected, is isolated and introduced into a 
recipient cell, for example, tobacco, corn, wheat or rice, and 
the expression of the newly introduced DNA sequences 
evaluated. 

0267 Phenotypic changes in the recipient plant cells 
containing the artificial chromosome, or in regenerated 
plants containing the artificial chromosome, allows for the 
evaluation of the nature of the traits encoded by the Arabi 
dopsis DNA, under conditions naturally found in plant cells, 
including the naturally occurring arrangement of DNA 
Sequences responsible for the developmental control of the 
traits in the normal chromosomal environment. 

0268 Traits such as durable fungal or bacterial disease 
resistance, new oil and carbohydrate compositions, valuable 
Secondary metabolites Such as phytosterols, flavonoids, effi 
cient nitrogen fixation or mineral utilization, resistance to 
extremes of drought, heat or cold are all found within 
different populations of plant Species and are often governed 
by multiple genes. The use of Single gene transformation 
technologies does not permit the evaluation of the multi 
plicity of genes controlling many valuable traits. Thus, 
incorporation of these genes into artificial chromosomes 
allows the rapid evaluation of the utility of these genetic 
combinations in heterologous plant Species. 
0269. The large scale order and structure of the artificial 
chromosome provides a number of unique advantages in 
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Screening for new utilities or novel phenotypes within 
heterologous plant species. The size of new DNA that can be 
carried by an artificial chromosome can be millions of base 
pairs of DNA, representing potentially numerous genes that 
may have novel utility in a heterologous plant cell. The 
artificial chromosome is a “natural” environment for gene 
expression, the problems of variable gene expression and 
Silencing Seen for genes transferred by random insertion into 
a genome should not be observed. Similarly, there is no need 
to engineer the genes for expression, and the genes inserted 
would not need to be recombinant genes. Thus, one expects 
the expression from the transferred genes to be temporal and 
Spatial, as observed in the Species from where the genes 
were initially isolated. A valuable feature for these utilities 
is the ability to isolate the artificial chromosomes and to 
further isolate, manipulate and introduce into other cells 
artificial chromosomes carrying unique genetic composi 
tions. 

0270 Thus, the use of artificial chromosomes and 
homologous recombination in plant cells can be used to 
isolate and identify many valuable crop traits. 

0271 In addition to the use of artificial chromosomes for 
the isolation and testing of large regions of naturally occur 
ring DNA, methods for the use of artificial chromosomes 
and cloned DNA are also contemplated. Similar to that 
described above, artificial chromosomes can be used to carry 
large regions of cloned DNA, including that derived from 
other plant species. 

0272. The ability to incorporate novel DNA elements into 
an artificial chromosome as it is being formed allows for the 
development of artificial chromosomes Specifically engi 
neered as a platform for testing of new genetic combina 
tions, or “genomic' discoveries for model Species Such as 
Arabidopsis. It is known that specific “recombinase' sys 
tems can be used in plant cells to excise or re-arrange genes. 
These-Same Systems can be used to derive new gene com 
binations contained on an artificial chromosome. 

0273. The artificial chromosomes can be engineered as 
platforms to accept large regions of cloned DNA, Such as 
that contained in Bacterial Artificial Chromosomes (BACs) 
or Yeast Artificial Chromosomes (YACs). It is further con 
templated, that as a result of the typical Structure of artificial 
chromosomes containing tandemly repeated DNA blocks, 
that Sequences other than cloned DNA sequence can be 
introduced by recombination processes. In particular recom 
bination within a predefined region of the tandemly repeated 
DNA within the artificial chromosome provides a mecha 
nism to "stack” numerous regions of cloned DNA, including 
large regions of DNA contained within BACs or YACs 
clones. Thus, multiple combinations of genes can be intro 
duced onto artificial chromosomes and these combinations 
tested for functionality. In particular, it is contemplated that 
multiple YACs or BACs can be stacked onto an artificial 
chromosomes, the BACS or YACS containing multiple genes 
of complex pathways or multiple genetic pathways. The 
BACs or YACs are typically selected based on genetic 
information available within the public domain, for example 
from the Arabidopsis Information Management System 
(http://aims.cps.msu.edu/aims/index.html) or the informa 
tion related to the plant DNA sequences available from the 
Institute for Genomic Research (http://www.tigr.org) and 
other sites known to those skilled in the art. Alternatively, 
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clones can be chosen at random and evaluated for function 
ality. It is contemplated that combinations providing a 
desired phenotype can be identified by isolation of the 
artificial chromosome containing the combination and ana 
lyzing the nature of the inserted cloned DNA. 
0274. In this regard, it is contemplated that the use of 
Site-specific recombination Sequences can have considerable 
utility in developing artificial chromosomes containing 
DNA sequences recognized by recombinase enzymes and 
capable of accepting DNA sequences containing Same. The 
use of Site-specific recombination as a means to target an 
introduced DNA to a specific locus has been demonstrated 
in the art and Such methods can be employed. The recom 
binase systems can also be used to transfer the cloned DNA 
regions contained within the artificial chromosome to the 
naturally occurring plant or mammalian chromosomes. 

0275 AS noted herein, many site-specific recombinases 
are known and can be identified (Kilby et al. (1993) Trends 
in Genetics 9:413-418). The three recombinase systems that 
have been extensively employed include: an activity iden 
tified as R encoded by the pSR1 plasmid of Zygosaccharo 
myes roulxii, FLP encoded for the 2um circular plasmid from 
Saccharomyces cerevisiae and Cre-lox from the phage P1. 

0276 The integration function of site-specific recombi 
nases is contemplated as a means to assist in the derivation 
of genetic combinations on artificial chromosomes. In order 
to accomplish this, it is contemplated that a first Step of 
introducing Site-specific recombinase Sites into the genome 
of a plant cell in an essentially random manner is conducted, 
Such that the plant cell has one or more site-specific recom 
binase recognition Sequences on one or more of the plant 
chromosomes. An artificial chromosome is then introduced 
into the plant cell, the artificial chromosome engineered to 
contain a recombinase recognition site (e.g., integration site) 
capable of being recognized by a site-specific recombinase. 
Optionally, a gene encoding a recombinase enzyme is also 
included, preferably under the control of an inducible pro 
moter. Expression of the Site-specific recombinase enzyme 
in the plant cell, either by induction of a inducible recom 
binase gene, or transient expression of a recombinase 
Sequence, causes a Site-specific recombination event to take 
place, leading to the insertion of a region of the plant 
chromosomal DNA (containing the recombinase recognition 
Site) into the recombinase recognition site of the artificial 
chromosome, and forming an artificial chromosome con 
taining plant chromosomal DNA. The artificial chromosome 
can be isolated and introduced into a heterologous host, 
preferably a plant host, and expression of the newly intro 
duced plant chromosomal DNA can be monitored and 
evaluated for desirable phenotypic changes. Accordingly, 
carrying out this recombination with a population of plant 
cells wherein the chromosomally located recombinase rec 
ognition site is randomly Scattered throughout the chromo 
Somes of the plant, can lead to the formation of a population 
of artificial chromosomes, each with a different region of 
plant chromosomal DNA, and each potentially representing 
a novel genetic combination. 
0277. This method requires the precise site-specific inser 
tion of chromosomal DNA into the artificial chromosome. 
This precision has been demonstrated in the art. For 
example, Fukushige and Sauer (1992) Proc. Natl. Acad. 
Sci. USA, 89:7905-7909) demonstrated that the Cre-lox 
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homologous recombination System could be Successfully 
employed to introduce DNA into a predefined locus in a 
chromosome of mammalian cells. In this demonstration a 
promoter-leSS antibiotic resistance gene modified to include 
a lox Sequence at the 5' end of the coding region was 
introduced into CHO cells. Cells were re-transformed by 
electroporation with a plasmid that contained a promoter 
with a lox Sequence and a transiently expressed Cre recom 
binase gene. Under the conditions employed, the expression 
of the Cre enzyme catalyzed the homologous recombination 
between the loX site in the chromosomally located promoter 
leSS antibiotic resistance gene, and the loX site in the 
introduced promoter Sequence, leading to the formation of a 
functional antibiotic resistance gene. The authors demon 
Strated efficient and correct targeting of the introduced 
Sequence, 54 of 56 lines analyzed corresponded to the 
predicted single copy insertion of the DNA due to Cre 
catalyzed Site-specific homologous recombination between 
the loX Sequences. 
0278. Accordingly a lox sequence may be first added to 
a genome of a plant species capable of being transformed 
and regenerated to a whole plant to Serve as a recombinase 
target DNA sequence for recombination with an artificial 
chromosome. The lox Sequence may be optimally modified 
to further contain a Selectable marker which is inactive but 
can be activated by insertion of the loX recombinase recog 
nition Sequence into the artificial chromosome. 
0279 A promoterless marker gene or selectable marker 
gene linked to the recombinase recognition Sequence, which 
is first inserted into the chromosomes of a plant cell can be 
used to engineer a platform chromosome. A promoter is 
linked to a recombinase recognition site, in an orientation 
that allows the promoter to control the expression of the 
marker or Selectable marker gene upon recombination 
within the artificial chromosome. Upon a site-specific 
recombination event between a recombinase recognition site 
in a plant chromosome and the recombinase recognition site 
within the introduced artificial chromosome, a cell is derived 
with a recombined artificial chromosome, the artificial chro 
moSome containing an active marker or Selectable marker 
activity that permits the identification and or Selection of the 
cell. 

0280 The artificial chromosomes can be transferred to 
other plant or animal Species and the functionality of the new 
combinations tested. The ability to conduct Such an inter 
chromosomal transfer of Sequences has been demonstrated 
in the art. For example, the use of the Cre-lox recombinase 
System to cause a chromosome recombination event 
between two chromatids of different chromosomes has been 
shown. 

0281 Any number of recombination systems may be 
employed as described herein, Such as, but not limited to, 
bacterially derived Systems Such as the att/int System of 
phage lambda, and the Gin/giX System. 
0282 More than one recombination system may be 
employed, including, for example, one recombinase System 
for the introduction of DNA into an artificial chromosome, 
and a Second recombinase System for the Subsequent transfer 
of the newly introduced DNA contained within an artificial 
chromosome into the naturally occurring chromosome of a 
Second plant Species. The choice of the Specific recombina 
tion System used will be dependent on the nature of the 
modification contemplated. 
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0283 By having the ability to isolate an artificial chro 
moSome, in particular, artificial chromosomes containing 
plant chromosomal DNA introduced via Site-specific recom 
bination, and re-introduce the chromosome into other mam 
malian or plant cells, particularly plant cells, these new 
combinations can be evaluated in different crop species 
without the need to first isolate and modify the genes, or 
carry out multiple transformations or gene transferS to 
achieve the Same combination isolation and testing combi 
nations of the genes in plants. The use of a Site-specific 
recombinase also allows the convenient recovery of the 
plant chromosomal region into other recombinant DNA 
vectors and Systems, Such as mammalian or insect Systems, 
for manipulation and Study. 
0284. Also contemplated herein are ACes, cell lines and 
methods for use in Screening a new chromosomal combi 
nations, deletions, truncations with eucaryotic genome that 
take advantage of the Site-specific recombination Systems 
incorporated onto platform ACeS provided herein. For 
example, provided herein is a cell line useful for making a 
library of ACes, comprising a multiplicity of heterologous 
recombination Sites randomly integrated throughout the 
endogenous chromosomes. Also provided herein is a method 
of making a library of ACeS comprising random portions of 
a genome, comprising introducing one or more ACes into a 
cell line comprising a multiplicity of heterologous recom 
bination Sites randomly integrated throughout the endog 
enous chromosomes, under conditions that promote the 
Site-specific chromosomal arm exchange of the ACeS into, 
and out of, a multiplicity of the heterologous recombination 
sites within the cell's chromosomal DNA; and isolating said 
multiplicity of ACes, thereby producing a library of ACes 
whereby multiple ACes have different portions of the 
genome within. Also provided herein is a library of cells 
useful for genomic Screening, Said library comprising a 
multiplicity of cells, wherein each cell comprises an ACes 
having a mutually exclusive portion of a chromosomal 
nucleic acid therein. The library of cells can be from a 
different species and/or cell type than the chromosomal 
nucleic acid within the ACes. Also provided is a method of 
making one or more cell lines, comprising 

0285) a) integrating into endogenous chromosomal 
DNA of a selected cell species, a multiplicity of 
heterologous recombination sites, 

0286 b) introducing a multiplicity of ACes under 
conditions that promote the Site-specific chromo 
Somal arm exchange of the ACes into, and out of, a 
multiplicity of the heterologous recombination Sites 
integrated within the cell's endogenous chromo 
Somal DNA; 

0287 c) isolating said multiplicity of ACes, thereby 
producing a library of ACeS whereby a multiplicity 
of ACes have mutually exclusive portions of the 
endogenous chromosomal DNA therein; 

0288 d) introducing the isolated multiplicity of 
ACes of step c) into a multiplicity of cells, thereby 
creating a library of cells, 

0289 e) selecting different cells having mutually 
exclusive ACes therein and clonally expanding or 
differentiating said different cells into clonal cell 
cultures, thereby creating one or more cell lines. 
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0290 These ACes, cell lines and methods utilize the 
Site-specific recombination Sites on platform ACeS analo 
gous YAC manipulation related to: the methods of generat 
ing terminal deletions in normal and artificial chromosomes 
(e.g., ACes; as described in Vollrath et al., 1988, PNAS, 
USA, 85:6027-66031; and Pavan et al., PNAS, USA, 
87: 1300-1304); the methods of generating interstitial dele 
tions in normal and artificial chromosomes (as described in 
Campbell et al., 1991, PNAS, USA, 888:5744-5748); and the 
methods of detecting homologous recombination between 
two ACes (as described in Cellini et al., 1991, Nuc. Acid 
Res., 19(5):997-1000). 
0291 5. Use of Plateform ACes in Pharmacogenomic/ 
Toxicology Applications (Development of “Reporter 
ACes”) 
0292. In addition to the placement of genes onto ACes 
chromosomes for therapeutic protein production or gene 
therapy, the platform can be engineered via the IntR lambda 
integrase to carry reporter-linked constructs (reporter genes) 
that monitor changes in cellular physiology as measured by 
the particular reporter gene (or a Series of different reporter 
genes) readout. The reporter linked constructs are designed 
to include a gene that can be detected (by for example 
fluorescence, drug resistance, immunohistochemistry, or 
transcript production, and the like) with well-known regu 
latory Sequences that would control the expression of the 
detectable gene. Exemplary regulatory promoter Sequences 
are well-known in the art: 

0293 A) Reporter ACes for Drug Pathway Screening 
0294 The ACes can be engineered to carry reporter 
linked constructs that indicate a signal is being transduced 
through one or a number of pathways. For example, tran 
Scriptionally regulated promoters from genes at the end (or 
any other chosen point) of particular signal transduction 
pathways could be engineered on the ACes to express the 
appropriate readout (either by fluorescent protein production 
or drug resistance) when the pathway is activated (or down 
regulated as well). In one embodiment, a number of report 
erS from different can be placed on a ACeS chromosome. 
Cells (and/or whole animals) containing Such a Reporter 
ACeS could be exposed to a variety of drugs or compounds 
and monitored for the effects of the drugs or compounds 
upon the Selected pathway(s) by the reporter gene(s). Thus, 
drugs or compounds can be classified or identified by 
particular pathways they excite or down-regulate. Similarly, 
transcriptional profiles obtained from genomic array experi 
ments can be biologically validated using the reporter ACes 
provided herein. 

0295 B) Reporter ACes for Toxic Compound Testing 
0296 Environmental or man-made genotoxicants can be 
tested in cell lines carrying a number of reporter-genes 
platform ACes linked to promoters that are transcriptionally 
regulated in response to DNA damage, induced apoptosis or 
necrosis, and cell-cycle perturbations. Furthermore, new 
drugs and/or compounds could be tested in a similar manner 
with the genotoxicant ACes reporter for their cellular/ge 
netic toxicity by Such a Screen. Likewise, toxic compound 
testing could be carried out in whole transgenic animals 
carrying the ACeS chromosome that measures genotoxicant 
exposure (“canary in a coal mine'). Thus, the same or 
Similar type ACeS could be used for toxicity testing in either 
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a cell-based or whole animal Setting. An example would 
include ACes that carry reporter-linked genes controlled by 
various cytochrome P450 profiled promoters and the like. 
0297 C) Reporter ACes for Individualized Pharmacoge 
nomics/Drug Profiling 
0298. A common disease may arise via various mecha 
nisms. In many instances there are multiple treatments 
available for a given disease. However, the Success of a 
given treatment may depend upon the mechanism by which 
the disease originated and/or by the genetic background of 
the patient. In order to establish the most effective treatment 
for a given patient one could utilize the ACes reporters 
provided herein. ACes reporters can be used in patient cell 
Samples to determine an individualized drug regimen for the 
patient. In addition, potential polymorphisms affecting the 
transcriptional regulation of an individual’s particular gene 
can be assessed by this approach. 
0299 D) Reporter ACes for Classification of Similar 
Patient Tumors 

0300. As with other diseases as described in 5.C) above, 
cancer cells arise Via different mechanisms. Furthermore, as 
a cancerous cell propagates it may undergo genomic alter 
ations. An ACes reporter transferred to cells of different 
patients having the same disease, i.e. Similar cancers, could 
be used to categorize the particular cancer of each patient, 
thereby facilitating the identification of the most effective 
therapeutic regimen. Examples would include the validation 
of array profiling of certain classes of breast cancers. Sub 
Sequently, appropriate drug profiling could be carried out as 
described above. 

0301 E) Reporter ACes as a “Differentiation” Sensor 
0302) Using the ACes reporter as a “differentiation” 
Sensor in Stem cells or other progenitor cells in order to 
enrich by Selection (either FACS based Screening, drug 
Selection and/or use of Suicide gene) for a particular class of 
differentiated or undifferentiated cells. For example, in one 
embodiment, this assay could also be used for compound 
Screening for Small molecule modifiers of cell differentia 
tion. 

0303 F) Whole Animal Studies with Reporter ACes 
0304 Finally, with whole-body fluorescence imaging 
technology (Yang et al. (2000) PNAS 97: 12278) any of the 
above Reporter ACeS methods could be used in conjunction 
with whole-body imaging to monitor reporter genes within 
whole animals without Sacrificing the animal. This would 
allow temporal and Spatial analysis of expression patterns 
under a given Set of conditions. The conditions tested may 
include for example, normal differentiation of a Stem cell, 
response to drug or compound treatment whether targeted to 
the diseased tissue or presented Systemically, response to 
genotoxicants, and the like. 
0305 The following examples are included for illustra 
tive purposes only and are not intended to limit the Scope of 
the invention. 

EXAMPLE 1. 

0306 pFK161 
0307 Cosmid pFK161 (SEQ ID NO: 118) was obtained 
from Dr. Gyula Hadlaczky and contains a 9 kb Not insert 
derived from a murine rDNA repeat (see clone 161 
described in PCT Application Publication No. WO97/40183 
by Hadlaczky et al. for a description of this cosmid). This 
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coSmid, referred to as clone 161 contains Sequence corre 
sponding to nucleotides 10,232-15,000 in SEQ ID NO. 26. 
It was produced by inserting fragments of the megachro 
mosome (see, U.S. Pat. No. 6,077,697 and International PCT 
application No. WO 97/40183). For example, H1D3, which 
was deposited at the European Collection of Animal Cell 
Culture (ECACC) under Accession No. 96040929, is a 
mouse-hamster hybrid cell line carrying this megachromo 
some into plasmid pWE15 (Stratagene, La Jolla, Calif.; SEQ 
ID No. 31) as follows. Half of a 100 ul low melting point 
agarose block (mega-plug) containing isolated SATACs was 
digested with NotI overnight at 37° C. Plasmid pWE15 was 
Similarly digested with Not overnight. The mega-plug was 
then melted and mixed with the digested plasmid, ligation 
buffer and T4DNAligase. Ligation was conducted at 16 C. 
overnight. Bacterial DH5O. cells were transformed with the 
ligation product and transformed cells were plated onto 
LB/Amp plates. Fifteen to twenty colonies were grown on 
each plate for a total of 189 colonies. Plasmid DNA was 
isolated from colonies that survived growth on LB/Amp 
medium and analyzed by Southern blot hybridization for the 
presence of DNA that hybridized to a puC19 probe. This 
Screening methodology assured that all clones, even clones 
lacking an insert but yet containing the pWE 15 plasmid, 
would be detected. 

0308 Liquid cultures of all 189 transformants were used 
to generate coSmid miniprepS for analysis of restriction Sites 
within the insert DNA. Six of the original 189 cosmid clones 
contained an insert. These clones were designated as fol 
lows: 28 (-9-kb insert), 30 (~9-kb insert), 60 (~4-kb insert), 
113 (-9-kb insert), 157 (-9-kb insert) and 161 (-9-kb 
insert). Restriction enzyme analysis indicated that three of 
the clones (113, 157 and 161) contained the same insert. For 
Sequence analysis the insert of coSmid clone no. 161 was 
subcloned as follows. To obtain the end fragments of the 
insert of clone no. 161, the clone was digested with Not and 
BamHI and ligated with Not/BamHI-digested pBluescript 
KS (Stratagene, LaJolla, Calif.). Two fragments of the insert 
of clone no. 161 were obtained: a 0.2-kb and a 0.7-kb insert 
fragment. To Subclone the internal fragment of the insert of 
clone no. 161, the Same digest was ligated with BamHI 
digested puC19. Three fragments of the insert of clone no. 
161 were obtained: a 0.6-kb, a 1.8-kb and a 4.8-kb insert 
fragment. 

0309 The insert corresponds to an internal section of the 
mouse ribosomal RNA gene (rDNA) repeat unit between 
positions 7551-15670 as set forth in GENBANK accession 
no. X82564, which is provided as SEQ ID NO. 18. The 
Sequence data obtained for the insert of clone no. 161 is Set 
forth in SEQ ID NOS. 19-25. Specifically, the individual 
subclones corresponded to the following positions in GEN 
BANK accession no. X82564 (SEQID NO:18) and in SEQ 
ID NOS. 19-25: 

Start End 
Subclone in X82564 Site SEO ID No. 

161k1 7579 7755 NotI, BamHI 19 
161m.5 7756 84.94 BamHI 2O 
161m 7 84.95 10231 BamHI 21 (shows only sequence 

corresponding to nt. 
8495-8950), 

22 (shows only sequence 
corresponding to nt. 

9851–10231) 
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-continued 

Start End 
Subclone in X82564 Site SEO ID No. 

161m12 1O232 15OOO BamHI 23 (shows only sequence 
corresponding to nt. 

10232–10600), 
24 (shows only sequence 

corresponding to nt. 
14267-15000) 

161k2 15001 15676 NotI, BamHI 25 

0310. The sequence set forth in SEQ ID NOS. 19-25 
diverges in Some positions from the Sequence presented in 
positions 7551-15670 of GENBANK accession no. X82564. 
Such divergence may be attributable to random mutations 
between repeat units of rDNA. 

0311 For use herein, the rDNA insert from the clone was 
prepared by digesting the cosmid with Not and BglII and 
was purified as described above. Growth and maintenance of 
bacterial Stocks and purification of plasmids were performed 
using standard well known methods (see, e.g., Sambrook et 
al. (1989) Molecular Cloning: A Laboratory Manual, 2nd 
Edition, Cold Spring Harbor Laboratory Press), and plas 
mids were purified from bacterial cultures using Midi- and 
Maxi-preps Kits (Qiagen, Mississauga, Ontario). 
0312 plDsRed1N1 

0313 This vector is available from Clontech (see SEQID 
No. 29) and encodes the red fluorescent protein (DSRed; 
Genbank accession no. AF272711; SEQID Nos. 39 and 40). 
DsRed, which has a vivid red fluorescence, was isolated 
from the IndoPacific Sea anemone relative Discosoma Spe 
cies. The plasmid plDsRed1N1 (Clontech; SEQ ID No. 29) 
constitutively expresses a human codon-optimized variant 
of the fluorescent protein under control of the CMV pro 
moter. Unmodified, this vector expresses high levels of 
DsRed1 and includes sites for creating N-terminal fusions 
by cloning proteins of interest into the multiple cloning site 
(MCS). It is Kan and Neo resistant for selection in bacterial 
or eukaryotic cells. 

0314. Plasmid pMG 
0315) Plasmid pMG (InvivoGen, San Diego, Calif.; see 
SEQ. ID. NO. 27 for the nucleotide sequence of pMG) 
contains the hygromycin phosphotransferase gene under the 
control of the immediate-early human cytomegalovirus 
(hCMV) enhancer/promoter with intron A. Vector pMG also 
contains two transcriptional units allowing for the coexpres 
Sion of two heterologous genes from a single vector 
Sequence. 

0316 The first transcriptional unit of pMG contains a 
multiple cloning site for insertion of a gene of interest, the 
hygromycin phosphotransferase gene (hph) and the imme 
diate-early human cytomegalovirus (hCMV) enhancer/pro 
moter with intron A (see, e.g., Chapman et al. (1991) Nuc. 
Acids Res. 19:3979-3986) located upstream of hph and the 
multiple cloning Site, which drives the expression of hph and 
any gene of interest inserted into the multiple cloning Site as 
a polycistronic mRNA. The first transcriptional unit also 
contains a modified EMCV internal ribosomal entry site 
(IRES) upstream of the hph gene but downstream of the 
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hCMV promoter and MCS for ribosomal entry in translation 
of the hph gene (see SEQ ID NO. 27, nucleotides 2736 
3308). The IRES is modified by insertion of the constitutive 
E. coli promoter (EM7) within an intron (IM7) into the end 
of the IRES. In mammalian cells, the E. coli promoter is 
treated as an intron and is spliced out of the transcript. A 
polyadenylation signal from the bovine growth hormone 
(bCh) gene (see, e.g., Goodwin and Rottman (1992) J. Biol. 
Chem. 267: 16330-16334) and a pause site derived from the 
3' flanking region of the human a2 globin gene (see, e.g., 
Enriquez-Harris et al. (1991) EMBO J. 10:1833-1842) are 
located at the end of the first transcription unit. Efficient 
polyadenylation is facilitated by inserting the flanking 
sequence of the bCh gene 3' to the standard AAUAAA 
hexanucleotide Sequence. 
0317. The second transcriptional unit of pMG contains 
another multiple cloning site for insertion of a gene of 
interest and an EF-1C/HTLV hybrid promoter located 
upstream of this multiple cloning site, which drives the 
expression of any gene of interest inserted into the multiple 
cloning site. The hybrid promoter is a modified human 
elongation factor-1 alpha (EF-1 alpha) gene promoter (see, 
e.g., Kim et al. (1990) Gene 91:217-223) that includes the R 
segment and part of the U5 sequence (R-U5') of the human 
T-cell leukemia virus (HTLV) type I long terminal repeat 
(see, e.g., Takebe et al. (1988) Mol. Cell. Biol 8:466-472). 
The Simian Virus 40 (SV40) late polyadenylation signal (see 
Carswell and Alwine (1989) Mol. Cell. Biol. 9:4248-4258) 
is located downstream of the multiple cloning site. Vector 
pMG contains a synthetic polyadenylation site for the first 
and Second transcriptional units at the end of the transcrip 
tional unit based on the rabbit, B-globin gene and containing 
the AATAAA hexanucleotide sequence and a GT/T-rich 
Sequence with 22-23 nucleotides between them (see, e.g., 
Levitt et al. (1989) Genes Dev. 3:1019-1025). A pause site 
derived from the C2 complement gene (See, Moreira et al. 
(1995) EMBO J. 14:3809-3819) is also located at the 3' end 
of the Second transcriptional unit. 

0318 Vector pMG also contains an ori sequence (ori 
pMB1) located between the SV40 polyadenylation signal 
and the Synthetic polyadenylation site. 

EXAMPLE 2 

0319 A. Construction of Targeting Vector and Transfec 
tion into LMtk- Cells for the Generation of Platform Chro 
OSOCS 

0320 A targeting vector derived from the vector pWE15 
(GeneBank Accession #X65279) was modified by replacing 
the SalI (Klenow filled)/SmaI neomycin resistance contain 
ing fragment with the PvulI/BamHI (Klenow filled) puro 
mycin resistance containing fragment (isolated from plas 
mid pPUR, Clontech Laboratories, Inc. Palo Alto, Calif.; 
SEQ ID No. 30) resulting in plasmid pWEPuro. Subse 
quently a 9 Kb Not fragment from the plasmid pFK161 
(SEQ ID NO: 118) containing a portion of the mouse rDNA 
region was cloned into the Not site of pWEPuro resulting 
in plasmid pWEPuro9K (FIG. 2). The vector pWEPuro9K 
was digested with Spel to linearize and transfected into 
LMtk- mouse cells. Puromycin resistant colonies were 
isolated and Subsequently tested for artificial chromosome 
formation via fluorescent in situ hybridization (FISH) (using 
mouse major and minor DNA repeat Sequences, the puro 
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mycin gene and telomeres sequences as probes), and fluo 
rescent activated cell sorting (FACS). From this sort, a 
Subclone was isolated containing an artificial chromosome, 
designated 5B11.12, which carries 4-8 copies of the puro 
mycin resistance gene contained on the pWEPuro9K vector. 
FISH analysis of the 5B11.12 subclone demonstrated the 
presence of telomeres and mouse minor on the ACes. DOT 
PCR has been done on the 5B11.12 ACes revealing the 
absence of uncharacterized euchromatic regions on the 
ACes. A recombination Site, Such as an att or loXP engineer 
ing site or a plurality thereof, was introduced onto this ACes 
thereby providing a platform for Site-specific introduction of 
heterologous nucleic acid. 
0321 B. Targeting a Single Sequence Specific Recombi 
nation Site onto Platform Chromosomes 

0322. After the generation of the 5B11.12 platform, a 
Single Sequence-specific recombination Site is placed onto 
the platform chromosome via homologous recombination. 
For this, DNA sequences containing the Site-specific recom 
bination Sequence can be flanked with DNA sequences of 
homology to the platform chromosome. For example, using 
the platform chromosome made from the pWEPuro9K vec 
tor, mouse rDNA sequences or mouse major satellite DNA 
can be used as homologous Sequences to target onto the 
platform chromosome. A vector is designed to have these 
homologous Sequences flanking the Site-specific recombi 
nation Site and, after the appropriate restriction enzyme 
digest to generate free ends of homology to the platform 
chromosome, the DNA is transfected into cells harboring the 
platform chromosome (FIG. 3). Examples of site-specific 
cassettes that are targeted to the platform chromosome using 
either mouse rDNA or mouse major repeat DNA include the 
SV40-attP-hygro cassette and a red fluorescent protein 
(RFP) gene flanked by loxPsites (Cre/lox, see, e.g., U.S. Pat. 
No. 4,959,317 and description herein). After transfection 
and integration of the Site-specific cassette, homologous 
recombination events onto the platform chromosome are 
Subcloned and identified by FACS (e.g. Screen and single 
cell Subclone via expression of resistance or fluorescent 
marker) and PCR analysis. 
0323 For example, a vector can be constructed contain 
ing regions of the mouse rDNA locus flanking a gene 
cassette containing the SV40 early reporter-bacteriophage 
lambda attP site-hygromycin selectable marker (see FIG. 4 
and described below). The use of the bacteriophage lambda 
attP Site for lambda integrase-mediated Site-specific recom 
bination is described below. Homologous recombination 
event of the SV40-attP-hygro cassette onto the platform 
chromosome was identified using PCR primers that detect 
the homologous recombination and further confirmed by 
FISH analysis. After identifying subcloned colonies con 
taining the platform chromosome with a single site-specific 
recombination site, cells carrying the platform chromosome 
with a single Site-specific recombination site can now be 
engineered with Site-specific recombinases (e.g. lambda 
INT, Cre) for integrating a target gene expression vector. 
0324 C. Targeting a Red Fluorescent Protein (RFP) Gene 
Flanked by loxP Sites onto 5B11.12 Platform 
0325 AS another example, while loxP recombination 
Sites could have been introduced onto the ACes during de 
novo biosynthesis, it was thought that this might result in 
multiple Segments of the ACeS containing a high number of 
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loXP Sites, potentially leading to instability upon Cre-medi 
ated recombination. A gene targeting approach was therefore 
devised to introduce a more limited number of loxP recom 
bination sites into a locus of the 5B11-12 ACes containing 
introduced and possibly co-amplified endogenous rDNA 
Sequences. Although there are more than 200 copies of 
rDNA genes in the haploid mouse genome distributed 
amongst 5-11 chromosomes (depending on Strain), rDNA 
Sequences were chosen as the target on the ACeS Since they 
represent a less frequent target than that of the Satellite 
repeat Sequences. Moreover, having observed much Stronger 
pWEPuro9K hybridization to the 5B11-12 ACes than to 
other LMTK chromosomes and in light of the observation 
that the transcribed Spacer Sequences within the rDNA may 
be less conserved than the rRNA coding regions, it was 
contemplated that a targeting vector based on the rDNA gene 
segment in pWEPuro9K would have a higher probability of 
targeting to the ACes rather than to other LMTK chromo 
Somes. Accordingly, a targeting vector, pBSFKLOXDsRed 
LOX, was designed and constructed based on the rDNA 
sequences contained in pWEPuro9K. 
0326. The plasmid p3SFKLoxDsRedLox was generated 
in 4 steps. First, the NotI rDNA insert of pWEPuro9K (FIG. 
2) was inserted into pBS SK-(Stratagene) giving rise to 
pBSFK. Second, a loxP polylinker cassette was generated by 
PCR amplification of pNEB193 (SEQ ID NO:32; New 
England Biolabs) using primers complementary to the M13 
forward and reverse priming sites at their 3'end and a 34bp 
5' extension comprising a LOXP Site. This cassette was 
reinserted into pNEB193 generating p193LoxMCSLOX. 
Third, the DsRed gene from plDsRed1-N1 (SEQ ID NO:29; 
Clontech) was then cloned into the polylinker between the 
loxP sites generating p193LoxDsRedLox. Fourth, a frag 
ment consisting of the DsRed gene flanked by loxP sites was 
cloned into a unique Nde within the rDNA insert of pBSFK 
generating pBSFKLoxDsRedLox. 

0327. A gel purified 11 Kb Pml/EcoRV fragment of 
pBSFKLoxDsRedLox was used for transfection. To detect 
targeted integration, PCR primers were designed from 
rDNA sequences within the 5' Not-Pimli fragment of 
pWEPuro9K that is not present on the targeting fragment 
(5'primer) and sequence within the LOXDsRedLOX cassette 
(3' primer). If the targeting DNA integrated correctly within 
the rDNA sequences, PCR amplification using these primers 
would give rise to a 2.3 Kb band. PCR reactions containing 
1-4 ul of genomic DNA were carried out according to the 
MasterTaq protocol (Eppendorf), using murine rDNA 5' 
primer (5'-CGGACAATGCGGTTGTGCGT-3'; SEQ ID 
NO:72) and DsRed 3'primer (5'GGCCCCGTAATGCA 
GAAGAA-3'; SEQ ID NO:73) and PCR products were 
analyzed by agarose gel electrophoresis. 

0328 1.5x10° 5B11-12 LMTK cells were transfected 
with 2 tug of the pBSFKLoxDsRedLOX targeting DNA 
described above using Lipofectamine Plus (Invitrogen). For 
flow Sorting, harvested cells were Suspended in medium and 
applied to the Becton Dickinson Vantage SE cell sorter, 
equipped with 488 nm lasers for excitation and 585/42 
bandpass filter for optimum detection of RFP fluorescence. 
Cells were sorted using dPBS as sheath buffer. Negative 
control parental 5B11-12 cells and a positive control 
LMTK-cell line stably transfected with DSRed were used 
to establish the selection gates. The RFP positive gated 
populations were recovered, diluted in medium Supple 
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mented with 1x penicillin-Streptomycin (Invitrogen), then 
plated and cultured as previously described. After 4 rounds 
of enrichment, the percentage of RFP positive cells reached 
levels of 50% or higher. DNA from populations was ana 
lyzed by PCR for evidence of targeted integration. Ulti 
mately, Single cell Subclones were established from positive 
pools and were analyzed by PCR and PCR-positive clones 
confirmed by FISH as described below. 
0329 DNA was purified from pools or single cell clones 
using previously described methods Set forth in Lahm et al., 
Transgenic Res., 1998; 7:131-134, or in some cases using a 
Wizard Genomic DNA purification kit (Promega). For FISH 
analysis, a biotinylated DSRed gene probe was generated by 
PCR using DsRed specific primers and biotin-labeled duTP 
(5' RFP primer: 5'-GGTTTAAAGTGCGCTCCTCCAA 
GAACGTCATC-3', SEQ ID NO:74; and 3' RFP primer: 
5'AGATCTAGAGCCGCCGCTACAGGAACAG 
GTGGTGGCGGCC-3'; SEQ ID NO:75). To maximize the 
Signal intensity of the DSRed probe, Tyramide amplification 
was carried out according to the manufacturers protocols 
(NEN). 
0330. The process of testing the feasibility of a more 
general targeting Strategy that would not rely on enrichment 
Via drug Selection of Stably transfected clones can be Sum 
marized as follows. A red fluorescent protein gene (RFP; 
encoded by the DSRed gene) was inserted between the loxP 
sites of the targeting vector to form pBSFKLoxDsRedLox. 
After transfection with PBSFKLoxDsRedLox, sequential 
rounds of high Speed flow Sorting and expansion of Sorted 
cells in culture could then be used to enrich for stable 
transformants expressing RFP. In the event of targeted 
integration, PCR Screening with primers that amplify from 
a Spacer region within the Segment of the 45s pre-rRNA gene 
in pWEPuro9K to a specific anchor sequence within the 
DSRed gene in the targeting cassette would give rise to a 
diagnostic 2.3 Kb band. However, as rDNA clusters are 
found on Several chromosomes, confirmation of targeting to 
an ACeS would require fluorescence in Situ hybridization 
(FISH) analysis. Finally, the flanking of the DsRed gene by 
loxP sites would allow for its removal and subsequent 
replacement with other genes of interest. 
0331. After transfection of the targeting sequence into 
5B11-12 cells, enrichment for targeted clones was carried 
out using a combination of flow cytometry to detect red 
fluorescing cells and PCR screening. Ultimately 17 single 
cell Subclones were identified as potential targeted clones by 
PCR and of these 16 were found by FISH to contain the 
DsRed integration event into the ACes. These subclones are 
referred to herein as D11-C4, D11-C12, D11-H3, C9-C9, 
C9-B9, C9-F4, C9-H8, C9-F2, C9-G8, C9-B6, C9-G3, C9-E 
12, C9-A 11, C 11-E3, C 11-A9 and C 11-H4. PCR analysis 
of genomic DNA isolated from the D11-C4 subclone gave 
rise to a 2.3 Kb band, indicative of a targeted integration into 
an rDNA locus. Further analysis of the subclone by FISH 
analysis with a DS.Red gene probe demonstrated integration 
of the LOXDsRedLOX targeting cassette on the ACeS co 
localizing with one of the regions of rDNA Staining Seen on 
the 5B11-12 ACes, consistent with a targeted integration 
into an rDNA locus of the ACes, while integrations on other 
chromosomes were not observed. Since transfected cells 
were maintained as heterogeneous populations through Sev 
eral cycles of Sorting and replating it was not possible to 
estimate the frequency of targeted events. In most mamma 
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lian cell lines the frequency of gene targeting via homolo 
gous recombination is roughly 10-107 treated cells. 
Despite the low frequency of these events in mammalian 
cells, it is clear that an RFP expression based Screening 
paradigm, coupled with PCR analysis, can effectively detect 
and enrich for Such infrequent events in a large population. 
In instances where drug Selection is not possible or not 
desirable, Such a System may provide a useful alternative. It 
was also verified that the modified ACes in Subclone D11-C4 
could be purified by flow cytometry. The results indicate that 
the flow karyogram of the D11-C4 subclone was unaltered 
from that of the 5B11-12 cell line. Thus, the D11-C4 ACes 
can be purified in high yield from native chromosomes of the 
host cell line. 

0332 D. Reduction of LoxP on ACes to a Single Site. 
0333. The strong hybridization signal detected by FISH 
on the ACes using the DSRed gene probe Suggests that 
Several copies of the targeting cassette may be present on the 
ACes in the D11-C4 line. This also suggests that multiple 
rDNA genes have been correctly targeted. 
0334. Accordingly, in certain embodiments where neces 
sary, the number of loxP sites on the ACes can be reduced 
to a single site by in Situ treatment with Cre recombinase, 
provided that the Sites are co-linear. Such a process is 
described for multiple loxP-flanked integrations on a native 
mouse chromosome (Garrick et al., Nature Genet., 1998, 
Jan;18(1):56-59). Reduction to a single loxP site on the 
D11-C4 ACes would result in the loss of the DsRed gene, 
forming the basis of a useful Screen for this event. 
0335 For this purpose, a Cre expression plasmid pCX 
Cre/GFP III has been generated by first deleting the EcoRi 
fragment of pCX-eGFP (SEQ ID NO:71) containing the 
eGFP coding sequence and replacing it with that of a PCR 
amplified Cre recombinase coding sequence (SEQ ID 
NO:58), generating pCX-Cre. Next, the Asel/SspI fragment 
of pD2eGFP-N1 (containing the CMV promoter driving the 
D2EGFP gene with SV40 polyA signal; Clontech; SEQ ID 
NO:87) was inserted into the filled HindIII site of pCX-Cre, 
generating pCX-CrevGFP III. Control plasmid pCX 
CreRev\GFPIII was generated in similar fashion except that 
the Cre recombinase coding Sequence was inserted in the 
antisense orientation. LMTK cell line D11-C4 (containing 
first generation platform ACes with multiple loxP-DsRED 
sites) and 5B11-12 cell line (containing ACes with no 
loxP-DsRED sites) are maintained in culture as described 
above. D11C4 cells are transfected with 2 tug of plasmid 
pCX-CreVGFP III or 2 tug pCX-CreRev\GFP III using Lipo 
fectamine (Invitrogen) as previously described. 
0336 Forty-eight to seventy-two hours after transfection, 
transfected D11-C4 cells are harvested and GFP positive 
cells are Sorted by cell cytometry using a FACSta Vantage 
cell sorter (Beckton-Dickinson) as follows: All D11-C4 cells 
transfected with pCX-CrevGFP III or control plasmid pCX 
CreRev\GFP III that exhibit GFP fluorescent higher than the 
gate level established by untransfected cells are collected 
and placed in culture a further 7-14 days. After 7-14 days the 
initial D11-C4 cells are harvested and analyzed by cell 
cytometry as follows: Untransfected D11-C4 cells are used 
to establish the gate that defines the RFP positive population, 
while 5B11-12 cells are used to set the RFP negative gate. 
The GFP positive population of D11-C4 transfected with 
pCX-CrevGFP III should show decreased red fluorescence 
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compared to pCX-CreRev\GFP III transfected or untrans 
fected control D11-C4 cells. The cells exhibiting greatly 
decreased or no RFP expression are collected and Single cell 
clones subsequently established. These clones will be 
expanded and analyzed by fluorescence in-situ hybridization 
and Southern blotting to confirm the removal of loxP-DsRed 
gene copies. 

EXAMPLE 3 

0337 Construction of Targeting Vector and Transfection 
into LMtk- Cells for the Generation of Platform Chromo 
somes Containing Multiple Site-Specific Recombination 
Sites 

0338 An example of a selectable marker system for the 
creation of a chromosome-based platform is shown in FIG. 
4. This system includes a vector containing the SV40 early 
promoter immediately followed by (1) a 282 base pair (bp) 
Sequence containing the bacteriophage lambda attP Site and 
(2) the puromycin resistance marker. Initially a PvulI/StuI 
fragment containing the SV40 early promoter from plasmid 
pPUR (Clontech Laboratories, Inc., Palo Alto, Calif.; Seq ID 
No. 30) was subcloned into the EcoRI/CRI site of pNEB193 
(a PUC19 derivative obtained from New England Biolabs, 
Beverly, Mass.; SEQ ID No. 32) generating the plasmid 
pSV40193. The only differences between puC19 and 
pNEB193 are in the polylinker region. A unique Ascl site 
(GGCGCGCC) is located between the BamHI site and the 
SmaI site, a unique PacI site (TTAATTAA) is located 
between the BamHI site and the Xbal site and a unique PmeI 
site (GTTTAAAC) is located between the PstI site and the 
Sal site. 

0339) The attP site was PCR amplified from lambda 
genome (GenBank Accession # NC 001416) using the 
following primers: 

attPUP CCTTGCGCTAATGCTCTGTTACAGG SEQ ID No. 1 

attPDWN: CAGAGGCAGGGAGTGGGACAAAATTG SEQ ID No. 2 

0340. After amplification and purification of the resulting 
fragment, the attP site was cloned into the SmaI site of 
pSV40193 and the orientation of the attP site was deter 
mined by DNA sequence analysis (plasmid pSV40193attP). 
The gene encoding puromycin resistance (Puro) was isolated 
by digesting the plasmid pPUR (Clontech Laboratories, Inc. 
Palo Alto, Calif.) with AgeI/BamHI followed by filling in 
the overhangs with Klenow and Subsequently cloned into the 
AscI site downstream of the attP site of pSV40193attP 
generating the plasmid pSV40193attPsensePUR (FIG. 4; 
SEQ ID NO:113)). 
0341 The plasmid pSV40193attPsensePUR was 
digested with Scal and co-transfected with the plasmid 
pFK161 (SEQ ID NO: 118) into mouse LMtk- cells and 
platform artificial chromosomes were identified and isolated 
as described above. The proceSS for generating this exem 
plary platform ACeS containing multiple Site-specific 
recombination sites is summarized in FIG. 5. One platform 
ACes resulting from this experiment is designated B19-18. 
This platform ACeS chromosome may Subsequently be 
engineered to contain target gene expression nucleic acids 
using the lambda integrase mediated Site-specific recombi 
nation System as described herein in Example 7 and 8. 
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EXAMPLE 4 

0342 Lambda Integrase Mediated Site-Specific Recom 
bination of a RFP Expressing Vector onto Artificial Chro 
OSOCS 

0343. In this example, a vector expressing the red fluo 
rescent protein (RFP) was produced and recombined into the 
attP Site residing on an artificial chromosome within 
LMTK-cells. This recombination is depicted in FIG. 7. 

0344 A. Construction of Expression Vectors Containing 
Wildtype and Mutant Lambda Integrase 

0345 Mutations at the glutamic acid at position 174 in 
the lambda integrase protein relaxes the requirement for the 
accessory protein IHF during recombination and DNA 
Supercoiling in vitro (see, Miller et al. (1980) Cell 20:721 
729; Lange-Gustafson et al. (1984) J. Biol. Chem. 
259:12724-12732). Mutations at this site promote attP attB 
intramolecular recombination in mammalian cells (Lorbach 
et al. (2000) J. Mol. Biol 296:1175-1181). 

0346) To construct nucleic acid encoding the mutant, 
lambda integrase was PCR amplified from bacteriophage 
lambda DNA (c1857 ind Sam 7; New England Biolabs) 
using the following primers: 

Lamint 1 
TTCGAATTCATGGGAAGAAGGCGAAGTCATGAGCG) (SEQ ID No. 3) 

Lamint2 
(TTCGAATTGT 
TATTTGATTTCAATTTTGTCCCAC). 

(SEQ ID No. 4) 

0347 The resulting PCR product was digested with EcoR 
I and cloned into the EcoR I site of puC19. Lambda 
integrase was mutated at amino acid position 174 using 
QuikChange Site-Directed Mutagenesis Kit (Stratagene) 
and the following oligos (generating a glutamic acid to 
arginine change at position 174): 

LambdaINTE174R (SEQ ID No. 6) 
(CGCGCAGCAAAATCTAGAGTAAGGAGATCAAGACTTACGGCTGACG), 

LamintR174 rev (SEQ ID No. 7) 
(CGTCAGCCGTAAGTCTTGATCTCCTTACTCTAGATTTTGCTGCGCG). 

0348 The resulting site directed mutant was confirmed 
by Sequence analysis. The wildtype and mutant lambda 
genes were cloned into the EcoR I site of pCX creating 
pCX-Lamint (SEQ ID NO: 127) and pCXLamIntR (FIG.8; 
SEQ ID NO: 112). 
0349 The plasmid pCX (SEQ ID No. 70) was derived 
from plasmid pCXeGFP (SEQ ID No. 71). Excision of the 
EcoRI fragment containing the eGFP marker generated 
pCX. To generate plasmid pCXLamINTR (SEQ ID NO: 
112) an EcoRI fragment containing the lambda integrase El 
74R (SEQ ID No. 37) mutation was cloned into the EcoRI 
site of pCX, and to generate plasmid pCX-LamINT, an 
EcoRI fragment containing the wildtype lambda integrase 
was cloned into the EcoRI site of pCX. 
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0350 B. Construction of Integration Vector Containing 
attB and DSRed 

0351) The plasmid plDsRed N1 (Clontech Laboratories, 
Palo Alto, Calif.; SEQ ID No. 29) was digested with HpaI 
and ligated to the following annealed oligos: 

attB1 

(TGAAGCCTGCTTTTTTATACTAACTTGAGCGAA) (SEQ ID No. 8) 

att2 

(TTCGCTCAAGTTAGTATAAAAAAGCAGGCTTCA) (SEQ ID No.9) 

0352 The resulting vector (pDsRed N1-attB) was con 
firmed by PCR and sequence analysis. 
0353 C. Transfection into LMtk- Cells 
0354) LM(tk-) cells containing the Prototype A ACes 
(L1-18; Chromos Molecular Systems Inc., Burnaby, BC 
Canada) were co-transfected with plDsRedN1 or plDsRedN1 
attB and either pCXLamInt (SEQ ID NO: 127) or pCXLa 
mIntR (SEQID NO: 112) using Lipofectamine Plus Reagent 
(LifeTechnologies, Gaithersburg, Md.). The transfected cells 
were grown in DMEM (LifeTechnologies, Gaithersburg, 
Md.) with 10% FBS (CanSera) and G418 (Cal Biochem) at 
a concentration of 1 mg/ml. 
0355 D. Enrichment by Cell Sorting 
0356. The transfected cells were sorted using a FACs 
Vantage SE cell sorter (Becton Dickenson) to enrich for cells 
expressing DsRed. The cells were excited with a 488 mm 
Argon laser at 200 watts and cells fluorescing in the 585/42 
detection channel were collected. The Sorted cells were 
returned to growth medium for recovery and expansion. 
After three Successive enrichments for cells expressing 
DsRed, single cell sorting into 96 well plates was performed 
using the same parameters. Duplicate plates of the Single cell 
clones were made for PCR analysis. 
0357 E. PCR Analysis of Single Cell Clones 
0358 Pools of cells from each row and column of the 96 
well plate were used for DNA isolation. DNA was prepared 
using a Wizard Genomic DNApurification kit (Promega Inc, 
Madison, Wis.). Nested PCR analysis on the DNA pools was 
performed to confirm the Site-specific recombination event 
using the following primer Sets: 

attPown2 
(TCTTCTCGGGCATAAGTCGGACACC) (SEQ ID No. 10) 

CMWen 

(CTCACGGGGATTTCCAAGTCTCCAC) (SEQ ID No. 11) 

followed by: 
attPown 

(CAGAGGCAGGGAGTGGGACAAAATTG) (SEQ ID No. 12) 

CMWen2 

(CAACTCCGCCCCATTGACGCAAATG). (SEQ ID No. 13) 

0359 The resulting PCR reactions were analyzed by gel 
electrophoresis and the potential individual clones contain 
ing the Site-specific recombination event were identified by 
combining the PCR results of all of the pooled rows and 
columns for each 96 well plate. The individual clones were 
then further analyzed by PCR using the following primers 
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that flank the recombination junction. L1 for and F1 rev flank 
the attR junction whereas REDfor and L2rev flank the attL 
junction (see FIG. 7): 

L1for 
AGTATCGCCGAACGATTAGCTCTTCA (SEQ ID No. 14) 

F1 rew 
GCCGATTTCGGCCTATTGGTTAAA (SEQ ID No. 15) 

RED for 
CCGCCGACATCCCCGACTACAAGAA (SEQ ID No. 16) 

TTCCTTCGAAGGGGATCCGCCTACC (SEQ ID No. 17) 

0360 F. Sequence Analysis of Recombination Junctions 
0361 PCR products spanning the recombination junction 
were Topo-cloned into pcDNA3.1D/V5His (Invitrogen Inc., 
San Diego, Calif.) and then sequenced by cycle-Sequencing. 
The clones were confirmed to have the correct attR and attL 
junctions by cycle Sequencing. 

0362 G. Fluorescent In Situ Hybridization (FISH) 
0363 The cell lines containing the correct recombination 
junction Sequence were further analyzed by fluorescent in 
situ hybridization (FISH) by probing with the DsRed coding 
region labeled with biotin and visualizing with the Tyramide 
Signal Amplification system (TSA; NEN Life Science Prod 
ucts). The results indicate that the RFP sequence is present 
on the ACes. 

0364) H. Southern Analysis 
0365 Genomic DNA was harvested from the cell lines 
containing an ACes with the correct recombinant event and 
digested with EcoRI. The digested DNAS were separated on 
a 0.7% agarose gel, transferred and fixed to a nylon mem 
brane and probed with RFP coding sequences. The result 
showed that there is an integrated copy of RFP coding 
Sequence in each clone. 

EXAMPLE 5 

0366) Delivery of a Second Gene Encoding GFPonto the 
RFP Platform ACes 

0367 A. Construction of Integration Vector Containing 
attB and GFP (pD2eGFPIresPuroattB). 
0368. The plasmid pIRESpuro2 (Clontech, Palo Alto, 
Calif.; SEQ ID NO: 88) was digested with EcoRI and NotI 
then ligated to the D2eGFP EcoRI-Not fragment from 
pD2eGFP-N1 (Clontech, Palo Alto, Calif.) to create 
pD2eGFPIresPuro2. Subsequently, oligos encoding the attB 
site were annealed and ligated into the NruI site of 
pD2eGFPIresPuro2 to create plD2eGFPIresPuroattB. The 
orientation of attB in the NruI site was determined by PCR. 
0369 B. Transfection of LMtk- Cells 
0370. The LMtk- cells containing the RFP platform 
ACeS produced in Example 4, which has multiple attP Sites, 
Were co-transfected with pCXLamIntR and 
pD2eGFPIresPuroattB using LipofectAMINE PLUS 
reagent. Five lug of each vector was placed into a tube 
containing 750 ul of DMEM (Dulbecco's modified Eagles 
Medium). Twenty ul of the Plus reagent was added to the 
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DNA and incubated at room temperature for 15 minutes. A 
mixture of 30 ul of lipofectamine and 750 ul DMEM was 
added to the DNA mixture and incubated an additional 15 
minutes at room temperature. The DNA mixture was then 
added dropwise to approximately 3 million cells attached to 
a 10 cm dish in 5 mls of DMEM. The cells were incubated 
4 hours (37° C., 5% CO) with the DNA-lipid mixture, after 
which DMEM with 20% fetal bovine Serum was added to 
the dishes to bring the culture medium to 10% fetal bovine 
serum. The dishes were incubated at 37 C. with 5% CO. 
0371 Plasmid plD2eGFPIresPuroattB has a puromycin 
gene transcriptionally linked to the GFP gene via an IRES 
element. Two days after the transfection the cells were 
placed in medium containing puromycin at 4 ug/ml to Select 
for cells containing the pl)2eGFPIresPuroattB plasmid inte 
grated into the genome. Twenty-three clones were isolated 
after 17 days of selection with puromycin. These clones 
were expanded and then analyzed for the presence of the 
GFP gene on the ACes by 2-color (RFP/biotin & GFP/ 
digoxigenin) TSA-FISH (NEN) according to the manufac 
turers protocol. Sixteen of the 23 clones produced a positive 
FISH signal on the ACes with a GFP probe. 

EXAMPLE 6 

0372 Delivery Of ACes into human Mesenchymal Stem 
Cells (hMSC) 
0373 A. Transfection 
0374 Transfection conditions for the most efficient deliv 
ery of the ACes into hMSCs (Cambrex BioWhittaker Prod 
uct Code PT-2501, lotifF0658, East Rutherford, N.J.) were 
assayed using LipofectAMINE PLUS and Superfect. One 
million prototype BACes, which is a murine derived 60 Mb 
ACes having primarily murine pericentric heterochromatin, 
and carrying a "payload” containing a hygromycin B Select 
able marker gene and a lacz reporter gene (see, Telenius et 
al., 1999, Chrom. Res., 7:3-7; and Kereso et al., 1996, 
Chrom. Res., 4:226-239; each of which is incorporated 
herein by reference in its entirety), were combined with 1-12 
All of the transfection agent. In the case of Lipofect AMINE 
PLUS, the PLUS reagent was combined with the ACes for 
15 minutes followed by LipofectAMINE for a further 15 
minutes. Superfect was complexed for 10 minutes at a ratio 
of 2 ul Superfect per 1 million ACes. The ACes/transfection 
agent complex was then applied to 0.5 million recipient cells 
and the transfection was allowed to proceed according to the 
manufacturer's protocol. Percent transfected cells was deter 
mined on a FACS Vantage flow cytometer with argon laser 
tuned to 488 nm at 200 mW and FITC fluorescence collected 
through a standard FITC 530/30 nm band pass filter. After 24 
hours, IdUrd labeled ACes were delivered to human MSCs 
in the range of 30-50%, varying with transfection agent and 
dose. ACes delivery curves were generated from data col 
lected in experiments that varyied the dose of the transfec 
tion reagents. Dose response curves of Superfect and Lipo 
fect AMINE PLUS, showing delivery of ACes into recipient 
hMSCs cells, were prepared, measured by transfer of IdUrd 
labeled ACes and detected by flow cytometry. Superfect 
shows maximum delivery in the range of 30-50% at doses 
greater than 2 ul per million ACes. LipofectAMINE PLUS 
has a 42-48% delivery peak around 5-8 till per million ACes. 
These dose curves were then correlated with toxicity data to 
determine the transfection conditions that will allow for 
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highest potential transfection efficiency. Toxicity was deter 
mined by a modified plating efficiency assay (de Jong et al., 
2001, Chrom. Research, 9:475-485). The population's nor 
malized plating efficiency (at maximum % delivery doses) 
was in the range of 0.2-0.4 for Superfect and 0.5-0.6 with 
Lipofect AMINE PLUS. 

0375. Due to the transfected population consisting of 
mixed cell types, flow cytometry allowed for the assessment 
of ACes delivery into each Sub-population and the purifica 
tion of the target population. Flow profiles showing forward 
Scatter (cell size) and side Scatter (internal cell granularity) 
revealed three distinct hMSC populations that were gated 
into three regions: R3 (Small cell region), R4 (medium cell 
region), R5 (large cell region). Transfection conditions were 
further optimized by re-analyzing delivery curves and 
assessing the differences in delivery to each Sub-population. 
Dose response curves of Superfect and Lipofect AMINE 
were prepared showing % delivery to each Sub-population 
represented by the gating on basis of cell size and granularity 
properties of the mixed population. Three distinct hMSC 
populations were gated and % delivery dose curves gener 
ated. Using Superfect and Lipofect AMINE PLUS the over 
all % delivery increased with cell size (80-90% delivery in 
large cells). Lipofect AMINE PLUS at high doses (8-12 ul 
per 1 million ACes) shows an increase in the overall 
proportion of chromosome transfer to the Small population 
(10-20%). This Suggests an advantage to using this trans 
fection agent if the Small-undifferentiated cell population is 
the desired target host cell. 

0376 B. Expression from Genes on ACes IN hMSCs 
0377 Following the delivery screening process con 
ducted in Section (A) above, the most promising results were 
Subjected to further analyses to monitor expression and 
Verify the presence of Structurally intact ACeS. The trans 
fection conditions employed for these experiments were 
exactly the same as those that had been used during the 
Screening process. Short-term expression was monitored by 
transfecting hMSCs with ACes containing a RFP gene (red 
fluorescent protein) set forth in Example 2C as “D11C4”. 
The unselected population was harvested at 72-96 hours post 
transfection and % positive fluorescent cells measured by 
flow cytometry. RFP expression was in the range of 1-20%. 
0378 Long term-gene expression was assayed by Select 
ing for hygromycin B resistant cells over a period of 7-10 
dayS. Cytogenetic analysis was done to detect presence of 
intact ACes by Fluorescent In Situ hybridization (FISH), 
where metaphase chromosomes were hybridized to a mouse 
major satellite-DNA probe (targeting murine pericentric 
heterochromatin) and a lambda probe (hybridizing to the 
lacz gene). The human mesenchymal transfected culture 
could not undergo Standard Sub-cloning as diffuse colonies 
form with limited doublings available for expansion. Cyto 
genetic analysis was performed on the entire population, 
Sampling over a period of 3-10 days post-transfection. The 
hygromycin resistant population was then blocked in mitosis 
with colchicine and analyzed for presence of intact ACes by 
FISH. Preliminary FISH results show approximately 2-8% 
of the hMSC-transfected population had an intact ACes. 
This compared to rat Skeletal muscle myoblast clones, which 
were in the range of 60-95%. To increase the % of intact 
ACes in the hMSC-transfected population an enrichment 
Step can be utilized as described in Example 2C. 
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0379 C. Differentiation of The hMSCs 
0380. In initial experiments where transfected hMSCs 
cells have been induced to differentiate into adipose or 
Osteocytes, the results indicate that the transfected cells 
appear to be differentiating at a rate comparable to the 
untransfected controls and the cultures are lineage specific 
as tested by microscopic examination, FISH, Oil Red O 
Staining (adipocyte assay), and calcium Secretion (osteocyte 
assay). 
0381. Accordingly, these results indicate that the artificial 
chromosomes (ACes) provided herein can be Successfully 
transferred into hMSC target cells. Targeting MSCs (such as 
hMSCs) permits gene transfer into cells in an undifferenti 
ated State where the cells are easier to expand and purify. 
The genetically modified cells can then be differentiated in 
Vitro or injected into a site in Vivo where the microenviron 
ment will induce transformation into Specific cell lineages. 

EXAMPLE 7 

0382 Delivery of a Promoterless Marker Gene to a 
Platform ACes 

0383) Platform ACes containing pSV40attPsensePURO 
(FIG. 4) were constructed as set forth in Examples 3 and 4. 
0384 A. Construction of Targeting Vectors. 
0385) The base vector p18attBZeo (3166 bp; SEQ ID 
NO: 114) was constructed by ligating the 1067 bp HindIII 
SspI fragment containing attBZeo, obtained from p ITatt 
BZeo (SEQ ID NO:91), into puC18 (SEQ ID NO: 122) 
digested with HindIII and SspI. 
0386 1. p18attBZEO-eCFP (6119 bp; SEQ ID NO: 126) 
was constructed by inserting the 2977 bp. Spe-HindIII 
fragment from pCXeGFP (SEQ ID NO:71; Okabe, et al. 
(1997) FEBS Lett 407:313-319) containing the eGFP gene 
into p18attBZeo (SEQ ID NO: 114) digested with HindIII 
and Xbal. 

0387 2. p18attBZEO-5'6XHS4eGFP (FIG. 10; 7631 bp; 
SEQ ID NO: 116) was constructed by ligating the 4465 bp 
HindIII fragment from pCXeGFPattB(6XHS4)2 (SEQ ID 
NO: 123) which contains the eGFP gene, under the regula 
tion of the chicken beta actin promoter, 6 copies of the HS4 
core element located 5' of the chicken beta actin promoter 
and the polyadenylation signal into the HindIII site of 
p18attBZeo (SEQ ID NO: 114). 
0388) 3. p18attBZEO-3'6XHS4eGFP (FIG. 11; 7600 bp; 
SEQ ID NO: 115) was created by removing the 5'6XHS4 

Antisense Zeo 

element from p18attBZeo-(6XHS4)2eGFP (SEQ ID NO: 
110). p18attBZeo-(6XHS4)2eGFP was digested with 
EcoRV and Spel, treated with Klenow and religated to form 
p18attBZeo36XHS4eGFP (SEQ ID NO: 115). 
0389) 4. p18attBZEO-(6XHS4)2eGFP (FIG. 12; 9080 
bp; SEQ ID NO: 110) was created in two steps. First, the 
EcoRI-SpeI fragment from pCXeGFPattB(6XHS4)2 (SEQ 
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ID NO: 123) which contains 6 copies of the HS4 core 
element was ligated into p18attBZeo (SEQ ID NO: 114) 
digested with EcoRI and Xbal to create p18attBZeo6XHS4 
(4615 bp; SEQ ID NO: 117). Next, p18attBZeo6XHS4 was 
digested with HindIII and ligated to the 4465 bp HindIII 
fragment from pCXeGFPattB(6XHS4)2 which contains the 
eGFP gene, under the regulation of the chicken beta actin 
promoter, 6 copies of the HS4 core element located 5' of the 
chicken beta actin promoter and the polyadenylation signal. 

TABLE 2 

No. Zeocin No. clones with No. clones with correct 
resistant expected PCR sequence at 

Targeting plasmid clones product size recombination junction 

*NT = not tested 

0390 B. Transfection and Selection with Drug. 
0391) The mouse cell line containing the 2" generation 
platform ACE, B19-38 (constructed as set forth in Example 
3), was plated onto four 10 cm dishes at approximately 5 
million cells per dish. The cells were incubated overnight in 
DMEM with 10% fetal calf serum at 37° C. and 5% CO. 
The following day the cells were transfected with 5 lug of 
each of the 4 Vectors listed in Example 7.A. above and 5 lug 
of pCXLamintR (SEQ ID NO: 112), for a total of 10 ug per 
10 cm dish. Lipofectamine Plus reagent was used to trans 
fect the cells according to the manufacturers protocol. Two 
days post-transfection Zeocin was added to the medium at 
500 ug/ml. The cells were maintained in selective medium 
until colonies formed. The colonies were then ring-cloned 
(see, e.g., McFarland, 2000, Methods Cell Sci, 
Mar;22(1):63-66). 
0392 C. Analysis of Clones (PCR, SEQUENCING). 
0393 Genomic DNA was isolated from each of the 
candidate clones with the Wizard kit (Promega) and follow 
ing the manufacturers protocol. The following primer Set 
was used to analyze the genomic DNA isolated from the 
Zeocin resistant clones: 5PacSV40 

(SEQ ID NO: 76) 

(SEQ ID NO: 77) 

0394) 
DNA from the site-specific integration of any of the 4 Zeocin 
vectors would result in a 673 bp PCR product. 

amplification with the above primers and genomic 

0395. As set forth in Table 2, of the 4 Zeocin resistant 
candidate clones thusfar analyzed by PCR, all 4 exhibit the 
correct Sequence for a site-specific integration event. 
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EXAMPLE 8 

0396 Integration of a PCR product by site-specific 
recombination. In this example a gene is integrated onto the 
platform ACes by Site-specific recombination without clon 
ing Said gene into a Vector. 

0397 A. PCR Primer Design. 

0398. PCR primers are designed to contain an attB site at 
the 5' end of one of the primers in the primer set. The 
remaining primers, which could be one or more than one 
primer, do not contain an attB site, but are complementary 
to Sequences flanking the gene or genes of interest and any 
asSociated regulatory Sequences. In first example, 2 primers 
(one containing an attB Site) are used to amplify a selective 
gene Such as puromycin. 

0399. In a second example as shown in FIG. 13, the 
primer set includes primers 1 & 2 that amplify the GFP gene 
without amplification of an upstream promoter. Primer 1 
contains the attB site at the 5' end of the oligo. Primers 3 & 
4 are designed to amplify the IRES-blasticidin DNA 
sequences from the vector plRESblasticidin. The 5'end of 
primer 3 contains Sequences complementary to the 5' end of 
primer 2. Such that annealing can occur between 5' ends of 
the two primers. 

0400 B. PCR Reaction and Subsequent Ligation to Cre 
ate Circular Molecules from the PCR Product 

04.01. In the first example set forth above in Section A, 
the two PCR primers are combined with a puromycin DNA 
template such as pPUR (Clontech), a heat stable DNA 
polymerase and appropriate conditions for DNA amplifica 
tion. The resulting PCR product (attB-Puromycin) is then 
then purified and Self-ligated to form a circular molecule. 

0402. In the second example set forth above in Section A, 
amplification of the GFP gene and IRES-blasticidin 
Sequences is accomplished by combining primerS 1 & 2 with 
DNA template pD2eGFP and primers 3 & 4 with template 
pIRESblasticidin under appropriate conditions to amplify 
the desired template. After initial amplification of the two 
products (attB-GFP & IRES-blasticidin) in separate reac 
tions, a second round of amplification using both of the PCR 
products from the first round of amplification together with 
primers 1 and 4 amplifies the fusion product attB-GFP 
IRES-blasticidin (FIG. 13). This technique of using comple 
mentary Sequences in primer design to create a fusion 
product is employed in Saccharomyces cerevisiae for allele 
replacement (Erdeniz et al (1997) Gen Res 7:1174-1183). 
The amplified product is then purified from the PCR reaction 
mixture by Standard methods and ligated to form a circular 
molecule. 

0403. C. Introduction of PCR Product onto the ACes 
Using a Recombinase 

04.04 The circular PCR product is then be introduced to 
the platform ACeS using the bacteriphage lambda integrase 
E174R. The introduction can be performed in vivo by 
transfecting the pCXLamIntR (SEQ ID NO: 112) vector 
encoding the lambda integrase mutant E174R together with 
the circularized PCR product into a cell line containing the 
platform ACE. 
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04.05 D. Selection for Marker Gene 
0406 The marker gene (in this case either puromycin, 
blasticidin or GFP) is used to enrich the population for cells 
containing the proper integration event. A proper integration 
event in the Second example (FIG. 14) juxtaposes a pro 
moter residing on the platform ACes 5' to the attB-GFP 
IRES-Blasticidin PCR product, allowing for transcription of 
both GFP and blasticidin. If enrichment is done by drug 
Selection, blasticidin is added to the medium on the trans 
fected cells 24-48 hours post-transfection. Selection is main 
tained until colonies are formed on the plates. If enrichment 
is done by cell Sorting, cells are Sorted 2-4 days post 
transfection to enrich for cells expressing the fluorescent 
marker (GFP in this case). 
04.07 E. Analysis of Clones 
0408 Clonal isolates are analyzed by PCR, FISH and 
Sequence analysis to confirm proper integration events. 

EXAMPLE 9 

04.09 Construction of a Human Platform ACes “ACE 
0.1 

0410 A. Construction of the 
pPACrDNA 
0411 Genome Systems (IncyteCenomics) was supplied 
with the primers 5'HETS (GGGCCGAAACGATCTCAAC 
CTATT; SEQ ID NO:78), and 3'HETS (CGCAGCGGC 
CCTCCTACTC; SEQ ID NO:79), which were used to 
amplify a 538 bp PCR product homologous to nt 9680 
10218 of the human rDNA sequences (GenBank Accession 
No. U13369) and used as a probe to screen a human genomic 
PIAC (P1 Artificial Chromosome) library constructed in the 
vector pCYPAC2 (loannou et al. (1994) Nat. Genet. 6(1): 
84-89). Genome Systems clone #18720 was isolated in this 
Screen and contains three repeats of human rDNA as 
assessed by restriction analysis. GS clone #18720, was 
digested with PmeI, a restriction enzyme unique to a single 
repeat of the human rDNA (45 Kbp), and then religated to 
form pPACrDNA (FIG. 15). The insert in pPACrDNA was 
analyzed by restriction digests and Sequence analysis of the 
5' and 3' termini. The pPACrDNA, rDNA sequences are 
homologous to Genbank Accession #U13369, containing an 
insert of about 45 kB comprising a single repeat beginning 
from the end of one repeat at ~33980 (relative to the 
Genbank Sequence) through the beginning of the next repeat 
up to approximately 35120 (the repeat offset from that listed 
in the GenBank file). Thus, the rDNA sequence is just over 
1 copy of the repeat extending from 33980 (+/-10 bp) to the 
end of the first repeat (43 Kbp) and continuing into the 
second repeat to bp 35120 (+/-10 bp). 
0412 B. Transfection and ACes Formation. 
0413 Five hundred thousand MSU1.1 cells (Morgan et 
al., 1991, Exp. Cell Res., Nov;197(1):125-136; provided by 
Dr. Justin McCormick at Michigan State University) were 
plated per 6 cm plate (3 plates total) and allowed to grow 
overnight. The cells were 70-80% confluent the following 
day. One plate was transfected with 15 lug pPACrDNA 
(linearized with Pme I) and 2 ug pSV40attPsensePuro 
(linearized with Sca I; see Example 3). The remaining plates 
were controls and were transfected with either 20 tug p3S 
(Stratagene) or 20 ug pSV40attBsensePuro (linearized with 
Sca I). All three plates were transfected using a CaPO 
protocol. 

Targeting Vector 
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0414 C. Selection of Puromycin Resistant Colonies 
0415 One day post-transfection the cells were “glycerol 
shocked' by the addition of PBS medium containing 10% 
glycerol for 30 Seconds. Subsequently, the glycerol was 
removed and replaced with fresh DMEM. Four days post 
transfection Selective medium was added. Selective medium 
contains lug/ml puromycin. The transfection plates were 
maintained at 37° C. with 5% CO in selective medium for 
2 weeks at which point colonies could be seen on the plate 
transfected with pPACrDNA and pSV40attPsensePuro. The 
colonies were ring-cloned from the plate on day 17 post 
Selection and expanded in Selective medium for analysis. 
Only two colonies (M2-2d & M2-2b) were able to prolif 
erate in the Selective medium after cloning. No colonies 
were Seen on the control plates after 37 days in Selective 
medium. 

0416 D. Analysis of Clones 
0417 FISH analysis was performed on the candidate 
clones to detect ACeS formation. Metaphase spreads from 
the candidate clones were probed in multiple probe combi 
nations. In one experiment, the probes used were biotin 
labeled human alphoid DNA(pPACrDNA) and digoxigenin 
labeled mouse major DNA (pFK161) as a negative control. 
Candidate M2-2d was single cell subcloned by flow sorting 
and the candidate subclones were reanalyzed by FISH. 
Subclone 1B1 of M2-2d was determined to be a platform 
ACes and is also designated human Platform ACE 0.1. 

EXAMPLE 10 

0418 Site-Specific Integration of a Marker Gene onto a 
Human Platform ACE 0.1 

0419. The promoterless delivery method was used to 
deliver a promoterleSS blasticidin marker gene onto the 
human platform ACes with excellent results. The human 
ACeS platform with a promoterleSS blasticidin marker gene 
resulted in 21 of 38 blasticidin resistant clones displaying a 
PCR product of the expected size from the population 
co-transfected with pl IT38attBBSRpoly A10 and pCXLa 
mintR (FIG. 8; SEQ ID NOS. 111 and 112). Whereas, the 
population transfected with pBlueScript resulted in Oblas 
ticidin resistant colonies. 

0420 A. Construction of pDIT38attB-BSRpoly A10 & 
pLIT38attB-BSRpolyA2. 

0421) The vector plITMUS 38 (New England Biolabs; 
U.S. Pat. No. 5,691,140; SEQ ID NO: 119) was digested 
with EcoRV and ligated to two annealed oligomers, which 
form an attB site (attB15'-TGAAGCCTGCTTTTTTATAC 
TAACTTGAGCGAA-3' (SEQ ID NO:8); attB2 
5'-TTCGCTCAAGTTAGTATAAAAAAGCAGGCTTCA 
3'; SEQ ID NO:9). This ligation reaction resulted in the 
vector pI IT38attB (SEQ ID NO: 120). The blasticidin 
resistance gene and SV40 polyA site was PCR amplified 
with primers: 5BSD (ACCATGAAAACATTTAA 
CATTTCTCAACA; SEQ ID NO:80) and SV40polyA 
(TTTATTTGTGAAATTTGTGATGCTATTGC; SEQ ID 
NO:81) using pPAC4 (Frengen, E., et al. (2000) Genomics 
68 (2), 118-126; GenBank Accession No. U75992) as tem 
plate. The blasticidin-SV 40poly A PCR product was then 
ligated into pI IT38attB at the BamHI site, which was 
Klenow treated following digestion with BamHI. 
pLIT38attB-BSDpoly A10 (SEQ ID NO: 111) and 
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pLIT38attB-BSDpolyA2 (SEQ ID NO: 121) are the two 
resulting orientations of the PCR product ligated into the 
VectOr. 

0422 B. Transfection of MSU1.1 Cells Containing 
Human Platform Ace 0.1. 

0423 MSU 1.1 cells containing human platform ACE 0.1 
(see Example 9) was expanded and plated to five 10 cm 
dishes with 1.3x10 cells per dish. The cells were incubated 
overnight in DMEM with 10% fetal bovine serum, at 37° C. 
and 5% CO. The following day the cells were transfected 
with 5 lug of each plasmid as set forth in Table 3, for a total 
of 10 ug of DNA per plate of cells transfected (see Table 3) 
using ExGen 500 in vitro transfection reagent (MBI fermen 
tas, cat. no. R0511). The transfection was performed accord 
ing to the manufacturers protocol. 
0424) Cells were incubated at 37° C. with 5% CO in 
DMEM with 10% fetal bovine serum following the trans 
fection. 

TABLE 3 

Plate # Plasmid 1 Plasmid 2 No. Bsd Colonies 

1. pBS None O 
2 pCXLam Int pLIT38attB- 16 

BSRpolyA10 
3 pCXLamIntR pIIT38attB- 40 

BSRpolyA10 
4 pCXLam Int pLIT38attB- 28 

BSRpolyA2 
5 pCXLamIntR pIIT38attB- 36 

BSRpolyA2 

0425 C. Selection of Blasticidin Resistant Clones. 
0426 Three days following the transfection the cells 
were split from a 10 cm dish to two 15 cm dishes. The cells 
were maintained in DMEM with 10% fetal bovine serum for 
4 days in the 15 cm dishes. Seven days post-transfection 
blasticidin was introduced into the medium. Stably trans 
fected cells were selected with 1 tug/ml blasticidin. The 
number of colonies formed on each plate is listed in Table 
3. These colonies were ring-cloned and expanded for PCR 
analysis. Upon expansion in blasticidin containing medium 
Some clones failed to live and therefore do not have corre 
sponding PCR data. 
0427 D. PCR analysis 
0428 Thirty-eight of the 40 clones from plate 3 grew 
after ring-cloning. Genomic DNA was isolated from these 
clones with the Promega Wizard Genomic cDNA purifica 
tion kit, digested with EcoRI and used as template in a PCR 
reaction with the following primers: 3BSP 
TTAATTTCGGG TATATTTGAGTGGA (SEQ ID NO:82); 
5PacSV40-CTGTTAATTAACTGTGGAA TGTGTGT 
CAGTTAGGGTG (SEQ ID NO:76). The PCR conditions 
were as follows. 10 ng of genomic DNA was amplified with 
0.5ul Herculase polymerase (Stratagene) in a 50 ul reaction 
that contained 12.5 pmole of each primer, 2.5 mM of each 
dNTP, and 1x Herculase buffer (Stratagene). The reactions 
were placed in a PerkinElmer thermocycler programmed as 
follows: Initial denaturation at 95 C. for 10 minutes; 35 
cycles of 94° C. for 1 minute, 53° C. for 1 minute, 72° C. for 
1 minute, and 72 C. for 1 minute; Final extension for 10 
minutes at 72° C.; and 4° C. hold. If plIT38attB-BSR 
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poly A10 integrates onto the human platform ACE 0.1 cor 
rectly, PCR amplification with the above primers should 
yield an 804 bp product. Twenty-one of the 38 clones from 
plate 3 produced a PCR product of the expected 804 bp size. 

EXAMPLE 11 

0429 Delivery of a Vector Comprising a Promoterless 
Marker Gene and a Gene Encoding a Therapeutic Product to 
a Platform ACes 

0430 Platform ACes containing pSV40attPsensePURO 
(FIG. 4) were constructed as set forth in Examples 3 and 4. 
0431 A. Construction of Delivery Vectors 
0432 1. Erythropoietin cDNA Vector, p18EPOcDNA. 
0433) The erythropoietin cDNA was PCR amplified from 
a human clDNA library (E. Perkins et al., 1999, Proc. Natl. 
Acad. Sci. USA 96(5): 2204-2209) using the following 
primers: EPO5XBA-TATCTAGAATGGGGGTGC 
ACGAATGTCCTGCC (SEQ ID NO: 83); EPO3BSI 
TACGTACGTCATCTGTCCCCTGTCCTGCAGGC (SEQ 
ID NO: 84). The cDNA was amplified through two succes 
sive rounds of PCR using the following conditions: heat 
denaturation at 95 C. for 3 minutes; 35 cycles of a 30 
second denaturation (95 C.), 30 seconds of annealing (60° 
C.), and 1 minute extension (72 C.); the last cycle is 
followed by a 7 minute extension at 72° C. BIO-X-ACT 
(BIOLINE) was used to amplify the erythropoietin cDNA 
from 2.5 ng of the human cDNA library in the first round of 
amplification. Five ul of the first amplification product was 
used as template for the Second round of amplification. Two 
PCR products were produced from the second amplification 
with Tad polymerase (Eppendorf), each product was cloned 
into pCR2.1-Topo (Invitrogen) and Sequenced. The larger 
PCR product contained the expected cDNA sequence for 
erythropoietin. The erythropoietin cDNA was moved from 
pTopoEPO into p18attBZeo(6XHS4)2eGFP (SEQ ID NO: 
110). pTopoEPO was digested with BsiWI and Xbal to 
release a 588 bp EPO cDNA. BsrGI and BsiWI create 
compatable ends. The eGFP gene was removed from 
p18attBZeo(6XHS4)2eGFP by digestion with BsiWI and 
Xbal, the 8.3 Kbp vector backbone was gel purified and 
ligated to the 588 bp EPO cDNA to create p18EPOcDNA 
(SEQ ID NO: 124). 
0434 2. Genomic Erythropoietin Vector, p18genEPO. 
0435 The erythropoietin genomic clone was PCR ampli 
fied from a human genomic library (Clontech) using the 
following primers: GENEPO3BSI-CGTACGTCATCT 
GTCCCCT GTCCTGCA (SEQ ID NO: 85); GENEPO 
5XBA-TCTAGAATGGGGGT GCACGGTGAGTACT 
(SEQ ID NO: 86). The reaction conditions for the amplifi 
cation were as follows: heat denaturation for 3 minutes (95 
C.); 30 cycles of a 30 second denaturation (95 C.), 30 
seconds annealing (from 65 C. decreasing 0.5° C. per cycle 
to 50° C.), and 3 minutes extension (72 C.); 15 cycles of a 
30 second denaturation (95 C.), 30 seconds annealing (50° 
C.), and 3 minute extension (72 C.); the last cycle is 
followed by a 7 minute extension at 72 C. The erythropoi 
etin genomic PCR product (2147 bp) was gel purified and 
cloned into pCR2.1Topo to create pTopogenEPO. Sequence 
analysis revealed 2 bp Substitutions and insertions in the 
intronic Sequences of the genomic clone of erythropoietin. A 
partial digest with Xbal and complete digest with BsiWI 
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excised the erythropoietin genomic insert from pTopo 
genEPO. The resulting 2158 bp genomic erythropoietin 
fragment was ligated into the 8.3 Kbp fragment resulting 
from the digestion of p18attBZeo(6XHS4)2eGFP (SEQ ID 
NO: 110) with Xbal and BsrGI to create p18genEPO (SEQ 
ID NO: 125). 
0436 B. Transfection and Selection with Drug 
0437. The erythropoietin genomic and cDNA genes were 
each moved onto the platform ACes B19-38 (constructed as 
set forth in Example 3) by co-transfecting with pCXLa 
mIntR. Control transfections were also performed using 
pCXLamInt (SEQ ID NO: 127) together with either 
p18EPOcDNA (SEQ ID NO: 124) or p18genEPO (SEQ ID 
NO: 125). Lipofectamine Plus was used to transfect the 
DNA's into B19-38 cells according to the manufacturer's 
protocol. The cells were placed in Selective medium 
(DMEM with 10% FBS and Zeocin (a 500 ug/ml) 48 hours 
post-transfection and maintained in Selective medium for 13 
days. Clones were isolated 15 days post-transfection. 
0438 C. Analysis of Clones (ELISA, PCR) 
0439) 1. ELISA Assays 
0440 Thirty clones were tested for erythropoietin pro 
duction by an ELISA assay using a monoclonal anti-human 
erythropoietin antibody (R&D Systems, Catalogue # 
MAB287), a polyclonal anti-human erythropoietin antibody 
(R & D Systems, Catalogue # AB-286-NA) and alkaline 
phosphotase conjugated goat-anti-rabbit IgG (heavy and 
light chains) (Jackson ImmunoResearch Laboratories, Inc., 
Catalogue # 111-055-144). The negative control was a 
Zeocin resistant clone isolated from B19-38 cells transfected 
with p18attBZeo(6XHS4) (SEQ ID NO: 117; no insert 
control vector) and pCXLamIntR (SEQ ID NO: 112). The 
preliminary ELISA assay was executed as follows: 1) Nunc 
Immuno Plates (MaxiSorb 96-well, Catalogue # 439454) 
were coated with 75 ul of a 1/200 dilution (in Phosphate 
buffered Saline, pH 7.4 (PBS), Sigma Catalogue #P-3813) 
of monoclonal anti-human erythropoietin antibody over 
night at 4 C. 2) The following day the plates were washed 
3 times with 300 ul PBS containing 0.15% Tween 20 
(Sigma, Catalogue # P-9416). 3) The plates were then 
blocked with 300 ul of 1% Bovine Serum Albumin (BSA; 
Sigma Catalogue # A-7030) in PBS for 1 hour at 37° C. 4) 
Repeat the washes as in Step 2. 5) The clonal Supernatants 
(75 ul per clone per well of 96-well plate) were then added 
to the plate and incubated for 1 hour at 37 C. The clonal 
Supernatant analyzed in the ELISA assay had been main 
tained on the cells 7 days prior to analysis. 6) Repeat the 
washes of step 2. 7) Add 75 ul of polyclonal anti-human 
erythropoietin antibody (1/250 dilution in dilution buffer 
(0.5% BSA, 0.01% Tween 20, 1x PBS, pH 7.4) and incubate 
1 hour at 37° C. 8) Repeat washes of step 2.9) Add 75ul of 
goat anti-rabbit conjugated alkaline phosphatase diluted 
1/4000 in dilution buffer and incubate 1 hour at 37° C. 10) 
Repeat washes of step 2. 11) Add 75 ul substrate, p-nitro 
phenyl phosphate (Sigma N2640), diluted to 1 mg/ml in 
substrate buffer (0.1 Ethanolamine-HCl (Sigma, Catalogue 
#E-6133), 5 mM MgCl2 (Sigma, Catalogue # M-2393), pH 
9.8). Incubate the plates in the dark for 1 hour at room 
temperature (22 C.). 12) Read the absorption at 405 nm 
(reference wavelength 495 nm) on an Universal Microplate 
Reader (Bio-Tek Instruments, Inc., model # ELX800 UV). 
The erythropoietin standard curve was derived from read 
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ings of diluted human recombinant Erythropoietin (Roche, 
catalogue # 1-120-166; dilution range 125-7.8 mUnits/ml). 
From this preliminary assay the 21 clones displaying the 
highest expression of erythropoietin were analyzed a Second 
time in the same manner using medium Supernatants that 
had been on the clones for 24 hours and a 1:3 dilution therof. 

0441) 2. PCR Analysis 
0442 Genomic DNA was isolated from the 21 clones 
with the best expression (as assessed by the initial ELISA 
assay above) as well as the B19-38 cell line and used for 
PCR analysis. Genomic DNA was isolated using the Wizard 
genomic DNA purification kit (Promega) according to the 
manufacturers protocol. Amplification was performed on 10 
ng of genomic DNA as template with MasterTaq DNA 
Polymerase (Eppendorf) and the primer set 5PacSV40 
CTGTTAATTAACTGTGGAATGTGTG TCAGT 
TAGGGTG (SEQ ID NO: 76) and Antisense Zeo-TGAA 
CAGGGTCACGTCGTCC (SEQ ID NO:77). The 
amplification conditions were as follows: heat denaturation 
for 3 minutes (95 C.); 30 cycles of a 30 second denaturation 
(95 C.), 30 seconds annealing (from 65 C. decreasing 0.5 
C. per cycle to 50° C.), and 1 minutes extension (72 C.); 15 
cycles of a 30 second denaturation (95° C), 30 seconds 
annealing (50° C), and 1 minute extension (72 C.); the last 
cycle is followed by a 10 minute extension at 72 C. PCR 
products were size Separated by gel electrophoresis. Of the 
21 clones analyzed 19 produced a PCR product of 650 bp as 
expected for a Site-specific integration event. All nineteen 
clones were the result of transformations with 
p19EPOcDNA (5) or p18genEPO (14) and pCXLamintR 
(i.e. mutant integrase). The remaining two clones, both of 
which were the result of transformation with p18genEPO 
(SEQ ID NO: 125) and pCXLamInt (i.e. wildtype integrase; 
SEQ ID NO: 127), produced a 400 bp PCR product. 

EXAMPLE 12 

0443 Preparation of a Transformation Vector Useful for 
the Induction of Plant Artificial Chromosome Formation 

0444 Plant artificial chromosomes (PACs) can be gen 
erated by introducing nucleic acid, Such as DNA, which can 
include a targeting DNA, for example rDNA or lambda 
DNA, into a plant cell, allowing the cell to grow, and then 
identifying from among the resulting cells those that include 
a chromosome with a structure that is distinct from that of 
any chromosome that existed in the cell prior to introduction 
of the nucleic acid. The structure of a PAC reflects ampli 
fication of chromosomal DNA, for example, Segmented, 
repeat region-containing and heterochromatic structures. It 
is also possible to Select cells that contain Structures that are 
precursors to PACs, for example, chromosomes containing 
more than one centromere and/or fragments thereof, and 
culture and/or manipulate them to ultimately generate a PAC 
within the cell. 

0445. In the method of generating PACs, the nucleic acid 
can be introduced into a variety of plant cells. The nucleic 
acid can include targeting DNA and/or a plant expressable 
DNA encoding one or multiple Selectable markers (e.g., 
DNA encoding bialophos (bar) resistance) or scorable mark 
ers (e.g., DNA encoding GFP). Examples of targeting DNA 
include, but are not limited to, N. tabacum rDNA intergenic 
Spacer Sequence (IGS) and Arabidopsis rldNA Such as the 
18S, 5.8S, 26S rDNA and/or the intergenic spacer sequence. 
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The DNA can be introduced using a variety of methods, 
including, but not limited to Agrobacterium-mediated meth 
ods, PEG-mediated DNA uptake and electroporation using, 
for example, Standard procedures according to Hartmann et 
all (1998) Plant Molecular Biology 36:741). The cell into 
which such DNA is introduced can be grown under selective 
conditions and can initially be grown under non-Selective 
conditions and then transferred to Selective media. The cells 
or protoplasts can be placed on plates containing a Selection 
agent to grow, for example, individual calli. Resistant calli 
can be Scored for Scorable marker expression. Metaphase 
Spreads of resistance cultures can be prepared, and the 
metaphase chromosomes examined by FISH analysis using 
Specific probes in order to detect amplification of regions of 
the chromosomes. Cells that have artificial chromosomes 
with functioning centromeres or artificial chromosomal 
intermediate Structures, including, but not limited to, dicen 
tric chromosomes, formerly dicentric chromosomes, min 
ichromosomes, heterochromatin Structures (e.g. Sausage 
chromosomes), and stable Self-replicating artificial chromo 
Somal intermediates as described herein, are identified and 
cultured. In particular, the cells containing Self-replicating 
artificial chromosomes are identified. 

0446. The DNA introduced into a plant cell for the 
generation of PACS can be in any form, including in the form 
of a vector. An exemplary vector for use in methods of 
generating PACS can be prepared as follows. 

0447 For the production of artificial chromosomes, plant 
transformation vectors, as exemplified by pAgIIa and 
pAgIIb, containing a Selectable marker, a targeting 
Sequence, and a Scorable marker were constructed using 
procedures well known in the art to combine the various 
fragments. 

0448. The vectors can be prepared using vector pag1 as 
a base vector and inserting the following DNA fragments 
into pAg1: DNA encoding B-glucoronidase under the con 
trol of the nopaline synthase (NOS) promoter fragment and 
flanked at the 3' end by the NOS terminator fragment, a 
fragment of mouse satellite DNA and an N. tabacum rDNA 
intergenic spacer Sequence (IGS). In constructing plant 
transformation vectors, vector pag2 can also be used as the 
base vector. 

0449) 1. Construction of pAG1 
0450 Vector pAg1 (SEQ. ID. NO: 89) is a derivative of 
the CAMBIA vector named pCambia 3300 (Center for the 
Application of Molecular Biology to International Agricul 
ture, i.e., CAMBIA, Canberra, Australia; www.cambia.org), 
which is a modified version of vector pCambia 1300 to 
which has been added DNA from the bar gene confering 
resistance to phosphinothricin. The nucleotide Sequence of 
pCambia 3300 is provided in SEQ. ID. NO: 90. pCambia 
3300 also contains a lacZ alpha Sequence containing a 
polylinker region. 

0451 p.Ag1 was constructed by inserting two new func 
tional DNA fragments into the polylinker of pCambia 3300: 
one Sequence containing an attB site and a promoterleSS 
Zeomycin resistance-encoding DNA flanked at the 3' end by 
a SV40 polyA signal Sequence, and a Second Sequence 
containing DNA from the hygromycin resistance gene 
(hygromycin phosphotransferase) confering resistance to 
hygromycin for Selection in plants. Although the Zeomycin 
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SV40 polyA signal fusion is not expected to function in plant 
cells, it can be activated in mammalian cells by insertion of 
a functional promoter element into the attB Site by Site 
Specific recombination catalyzed by the Lambda att inte 
grase. Thus, the inclusion of the attB-Zeomycin Sequences 
allows for evaluation of functionality of plant artificial 
chromosomes in mammalian cells by activation of the 
Zeomycin resistance-encoding DNA, and provides an att Site 
for further insertion of new DNA sequences into plant 
artificial chromosomes formed as a result of using pag1 for 
plant transformation. The second functional DNA fragment 
allows for Selection of plant cells with hygromycin. Thus, 
pAg1 contains DNA from the bar gene confering resisance 
to phosphinothricin, DNA from the hygromycin resistance 
gene, both resistance-encoding DNAS under the control of a 
separate cauliflower mosaic virus (CaMV) 35S promoter, 
and the attB-promoterleSS Zeomycin resistance-encoding 
DNA 

0452 pag1 is a binary vector containing Agrobacterium 
right and left T-DNA border sequences for use in Agrobac 
terium-mediated transformation of plant cells or protoplasts 
with the DNA located between the border sequences. p.Ag1 
also contains the pBR322 Ori for replication in E. coli. p.Ag1 
was constructed by ligating HindIII/Pst-digested 
p3300attBZeo with HindIII/PstI-digested 
pBSCaMV35SHyg as follows. 
0453 a. Generation of p3300attBZeo 
0454 Plasmid pCambia 3300 was digested with PstI/ 
Ecl136 II and ligated with PstI/StuI-digested pLITattBZeo 
(the nucleotide sequence of pDITattBZeo is provided in 
SEQ. ID. NO: 91. (containing DNA encoding the Zeocin 
resistance gene and an attB Integrase recognition sequence) 
to generate p3300attBZeo which contains an attB site, a 
promoterleSS Zeomycin resistance-encoding DNA flanked at 
the 3' end by a SV40 polyA signal, and a reconstructed Pst 
Site. 

0455) b. Generation of pBSCaMV35SHyg 
0456 ADNA fragment containing DNA encoding hygro 
mycin phosphotransferase flanked by the CaMV 35S pro 
moter and the CaMV 35S polyA signal sequence was 
obtained by PCR amplification of plasmid pCambia 1302 
(GenBank Accession No. AF234298 and SEQ. ID. NO: 92). 
The primers used in the amplification reaction were as 
follows: 

CaMV35SpolyA: SEQ. ID. NO: 93 
5'-CTGAATTAACGCCGAATTAATTCGGGGGATCTG-3' 

CaMV35Spr: SEQ. ID. NO : 94 
5'-CTAGAGCAGCTTGCCAACATGGTGGAGCA-3' 

0457. The 2100-bp PCR fragment was ligated with 
EcoRV-digested pBluescript 11 SK+ (Stratagene, La Jolla, 
Calif., U.S.A.) to generate pBSCaMV35SHyg. 
0458 C. Generation of pag1 
0459. To generate pAg1, pBSCaMV35SHyg was 
digested with HindIII/PstI and ligated with HindIII/PstI 
digested p3300attBZeo. Thus, pag1 contains the pCambia 
3300 backbone with DNA conferring resistance to phophi 
nothricin and hygromycin under the control of Separate 
CaMV 35S promoters, an attB-promoterless Zeomycin resis 
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tance-encoding DNA recombination cassette and unique 
Sites for adding additional markers, e.g., DNA encoding 
GFP. The attB site can be used as decribed hereing for the 
addition of new DNA sequences to plant artificial chromo 
Somes, including PACS formed as a result of using the pag1 
vector, or derivatives thereof, in the production of PACs. The 
attB Site provides a convenient site for recombinase-medi 
ated insertion of DNAS containing a homologous att Site. 
0460) 2. pAG2 
0461) The vector pAg2 (SEQ. ID. NO: 95) is a derivative 
of Vector p Ag1 formed by adding DNA encoding a green 
fluorescent protein (GFP), under the control of a NOS 
promoter and flanked at the 3' end by a NOS polyA signal, 
to pAg1.pAg2 was constructed as follows. A DNA fragment 
containing the NOS promoter was obtained by digestion of 
pGEM-T-NOS, or pGEMEasyNOS (SEQ. ID. NO: 96), 
containing the NOS promoter in the cloning vector pGEM 
T-Easy (Promega Biotech, Madison, Wis., U.S.A.), with 
Xbal/NcoI and was ligated to an Xbal/NcoI fragment of 
pCambia 1302 containing DNA encoding GFP (without the 
CaMV 35S promoter) to generate p1302NOS (SEQ. ID. 
NO: 97) containing GFP-encoding DNA in operable asso 
ciation with the NOS promoter. Plasmid p1302NOS was 
digested with SmaI/BsiWI to yield a fragment containing the 
NOS promoter and GFP-encoding DNA. The fragment was 
ligated with PmeI/BsiWI-digested pAg1 to generate pAg2. 
Thus, pag2 contains DNA from the bar gene confering 
resistance to phosphinothricin, DNA conferring resistance to 
hygromycin, both resistance-encoding DNAS under the con 
trol of a cauliflower mosaic virus 35S promoter, DNA 
encoding kanamycin resistance, a GFP gene under the 
control of a NOS promoter and the attB-Zeomycin resis 
tance-encoding DNA. One of skill in the art will appreciate 
that other fragments can be used to generate the pag1 and 
pAg2 derivatives and that other heterlogous DNA can be 
incorporated into pAg1 and pAg2 derivatives using methods 
well known in the art. 

0462. 3. pAgIIa and pagIIb transformation vectors Vec 
tors pagIa and pAgIIb were constructed by inserting the 
following DNA fragments into pag: DNA encoding 8-glu 
coronidase, the nopaline Synthase terminator fragment, the 
nopaline Synthase (NOS) promoter fragment, a fragment of 
mouse satellite DNA and an N. tabacum rDNA intergenic 
Spacer Sequence (IGS). The construction of pagIa and 
pAgIIb was as follows. 
0463 An N. tabacum rDNA intergenic spacer (IGS) 
sequence (SEQ. ID. NO: 98; see also GenBank Accession 
No. YO8422; see also Borysyuk et al. (2000) Nature Bio 
technology 18:1303-1306; Borysyuk et al. (1997) Plant Mol. 
Biol. 35:655-660; U.S. Pat. Nos. 6,100,092 and 6,355,860) 
was obtained by PCR amplification of tobacco genomic 
DNA. The IGS can be used as a targeting Sequence by virtue 
of its homology to tobacco rDNA genes, the Sequence is also 
an amplification promoter Sequence in plants. This fragment 
was amplified using Standard PCR conditions (e.g., as 
described by Promega Biotech, Madison, Wis., U.S.A.) from 
tobacco genomic DNA using the primerS shown below: 

NTIGS-FI (SEQ ID No. 99) 
5'-GTG CTA GCC AAT GTT TAA CAA. GAT G-3' 
and 
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-continued 

NTIGS-RI (SEQ ID No. 100) 
5'-ATG TCT TAA AAA AAA AAA CCC AAG TGA C-3' 

0464 Following amplification, the fragment was cloned 
into pGEM-T Easy to give pGS-I A fragment of mouse 
satellite DNA (Msatl fragment; GenBank Accession No. 
V00846; and SEQID No. 101) was amplified via PCR from 
pSAT-1 using the following primers: 

MSAT-F1 (SEQ ID No. 102) 
5'-AAT ACC GCG GAA GCT TGA CCT GGA ATA TCG C-3' 
and 

MSAT-Ri (SEQ ID No. 103) 
5'-ATA ACC GCG GAG TCC TTC AGT, GTG CA T-3' 

0465. This amplification added a SacII and a HindIII site 
at the 5'end and a SacII site at the 3' end of the PCR 
fragment. This fragment was then cloned into the SacII site 
in plGS-1 to give pMIGS-1, providing a eukaryotic cen 
tromere-specific DNA and a convenient DNA sequence for 
detection via FISH. 

0466 A functional marker gene containing a NOS-pro 
moter:GUS:NOS terminator fusion was then constructed 
containing the NOS promoter (GenBank Accession No. 
U09365; SEQ ID No. 104), E. coli B-glucuronidase coding 
Sequence (from the GUS gene; GenBank Accession No. 
S69414; and SEQ ID No. 105), and the nopaline synthase 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 129 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 
OTHER INFORMATION: Primer: attPUP 

<400 SEQUENCE: 1 

ccttgcgcta atgctctgtt acagg 

SEQ ID NO 2 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 
OTHER INFORMATION: Primer: attPDWN 

<400 SEQUENCE: 2 

Cagaggcagg gagtgggaca aaattg 

SEQ ID NO 3 
LENGTH 35 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Primer: Lamint 1 
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terminator sequence (GenBank Accession No. U09365; 
SEQID No. 107). The NOS promoter in pCEM-T-NOS was 
added to a promoterless GUS gene in pBlueScript (Strat 
agene, La Jolla, Calif., U.S.A.) using NotI/Spel to form 
pNGN-1, which has the NOS promoter in the opposite 
orientation relative to the GUS gene. 
0467 pMIGS-1 was digested with NotI/SpeI to yield a 
fragment containing the mouse major Satellite DNA and the 
tobacco IGS which was then added to Not-digested 
pNGN-1 to yield pNGN-2. The NOS promoter was then 
re-oriented to provide a functional GUS gene, yielding 
pNGN-3, by digestion and religation with Spe. Plasmid 
pNGN-3 was then digested with HindIII, and the HindIII 
fragment containing the B-glucuronidase coding Sequence 
and the rDNA intergenic spacer, along with the MSat 
sequence, was added to pAG-1 to form pagIIa (SEQID NO: 
108), using the unique HindIII site in pag located near the 
right T-DNA border of pagI, within the T-DNA region. 

0468 Another plasmid vector, referred to as pagIIb, was 
also recovered, which contained the inserted HindIII frag 
ment (SEQ ID NO: 108) in the opposite orientation relative 
to that observed in pagIIa. Thus, pagIIa and pagIIb differ 
only in the orientation of the HindIII fragment containing 
the mouse major Satellite Sequence, the GUS DNA sequence 
and the IGS Sequence. The nucleotide Sequences of p AgIIa 
is provided in SEQ. ID. NOS: 109. 

0469 Since modifications will be apparent to those of 
skill in this art, it is intended that this invention be limited 
only by the Scope of the appended claims. 

25 

26 
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-continued 

<400 SEQUENCE: 3 

titcgaattica toggaagaag gogaagttcat gag.cg 35 

<210> SEQ ID NO 4 
<211& LENGTH: 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer: Lamint 2 

<400 SEQUENCE: 4 

titcgaattct tatttgattt caattttgtc. ccac 34 

<210 SEQ ID NO 5 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 5 

cggacaatgc ggttgttgcgt. 20 

<210> SEQ ID NO 6 
<211& LENGTH 46 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: primer 

<400 SEQUENCE: 6 

cgc.gcagoaa aatctagagt aag gagat.ca agacittacgg citgacg 46 

<210 SEQ ID NO 7 
<211& LENGTH 46 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION: LambdaINTER.174 rev 

<400 SEQUENCE: 7 

cgtoagcc.gt aagtc.ttgat citcct tactic tagattittgc tigc.gc.g 46 

<210 SEQ ID NO 8 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attB1 

<400 SEQUENCE: 8 

tgaag cct go ttttittatac taacttgagc gaa 33 

<210 SEQ ID NO 9 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attB2 

<400 SEQUENCE: 9 

titc.gctcaag ttagtataaa aaag.caggct tca 33 
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<210> SEQ ID NO 10 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer: attPdwin2 

<400 SEQUENCE: 10 

tottct cqgg catalagtogg acacic 25 

<210> SEQ ID NO 11 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer: CMVen 

<400 SEQUENCE: 11 

citcacgggga titt.ccaagttc. tccac 25 

<210> SEQ ID NO 12 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer: attPown 

<400 SEQUENCE: 12 

Cagagg Cagg gagtgggaca aaattg 26 

<210> SEQ ID NO 13 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer: CMVEN2 

<400 SEQUENCE: 13 

caactcc.gcc ccattgacgc aaatg 25 

<210> SEQ ID NO 14 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer:L1 

<400 SEQUENCE: 14 

agitatcgc.cg aac gattago tottca 26 

<210 SEQ ID NO 15 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer:F1 rev 

<400 SEQUENCE: 15 

gcc.gattitcg gcc tattggit taala 24 

<210> SEQ ID NO 16 
&2 11s LENGTH 25 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer:RED 

<400 SEQUENCE: 16 

cc.gc.cgacat coccgactac aagaa 25 

<210 SEQ ID NO 17 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer:L2rev 

<400 SEQUENCE: 17 

titcc titcgaa gqggat.ccgc citacc 25 

<210> SEQ ID NO 18 
<211& LENGTH: 22118 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 
&300s PUBLICATION INFORMATION: 
&3O8> DATABASE ACCESSION NUMBER: GenBank X825 64 
&309s DATABASE ENTRY DATE: 1996-04-09 

<400 SEQUENCE: 18 

gaattic coct atc.cctaatc cagattggtg gaataacttg gtatagatgt ttgttgcatta 60 

aaaaccotgt aggatcttca citctaggtoa citgttcagoa citggalacct g aattgtggcc 120 

citgagtgata ggtoctdgga catatgcagt totgcacaga cagacagaca gacagacaga 18O 

cagacagaca gacagacgtt acaaacaaac acgttgagcc gtgtgccaac acacacacaa 240 

acaccactict ggc cataatt attgaggacg ttgatttatt attctgttgtt totgagtctg 3OO 

totgtctgtc tdtctgtctg. tctgtctgtc. tatcaaacca aaagaaacca aacaattatg 360 

cctgcctgcc tocctgcctg. cct acacaga gaaatgattt cittcaatcaa totaaaacga 420 

ccitcctaagt ttgcctttitt totctittctt tatctttittc titttittctitt tottctitcct 480 

toctitcc titc ctitcct tcct tcc titcc titt cittitctittct titctittctitt cittactittct 540 

ttcttitccitt cittacattta ttcttittcat acatagitttc ttagtgtaag catccctgac 600 

tgtcttgaag acactttgta gg.cctcaatc citgitaag agc ctitccitctgc titttcaaatg 660 

citgg catgaa tottgtacct cactato acc agcttagtct tcaagttctga gttactggaa 720 

aggagttcca agaag actgg ttatatttitt catttattat tigcattttaa ttaaaattta 78O 

attt caccala aagaatttag act gacca at tdagagtctg. cc.gtttaaaa goataaggaa 840 

aaagtaggag aaaaacgtga ggctgtctgt ggatggtoga ggctoctitta gggagccitcg 9 OO 

to accattct gcacttgcaa accgg gcc ac tagaaccogg toga agggaga aaccaaag.cg 96.O 

acctggaaac aataggtoac atgaaggcca gccaccitcca tottgttgttg cqggagttca 1020 

gttagoagac aagatggctg. ccatgcacat gttgtc.tttc agcttggtga ggtoaaagta 1080 

caa.ccgagtc. acagaacaag gaagtataca cagtgagttc caggtoagcc agagtttaca 1140 

cagaga aacc acatcttgaa aaaaacaaaa aaataaatta aataaatata atttaaaaat 1200 

ttaaaaatag ccgggagtga tiggc.gcatgt ctittaatccc agctcitcttic agg cagagat 1260 

gggaggattt citgagtttga ggc.ca.gc.ctg gtctgcaaag tagttccag gacagtcagg 1320 

gctatacaga gaalacc citgt cittgaaaact aaactaaatt aaactaaact aaactaaaaa 1380 
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tggaac citta aggtogacca gttgtc.cgto titt cact cat tdatataggit cq accggtgg 19680 

tactttgttct ttittctgaaa atc.gcagagg to gaccagat gtcagaaagt citggtggtog 19740 

ataaattatc tdatctag at ttgtttittct gtttittcagt tttgttgttgt tttgttgttgt 19800 

tttgttgttgt tttgttttgt tttgttttgt tttgttttgt tttgttttgt tttgttttgt 19860 

tttgttgttgt gttgttgttgt gttgttgttgg gttgg gttgg gttgg gttgg gttgg gttgg 1992.0 

gttgggttgg gttgggttgt gttgtttggit tttgttgttgt ttggtgttgttggttttgtt 19980 

ttgtttgctg ttgttttgttg ttittgcgggit cqaacagttg tocctaaccg agtttittittg 20040 

tacacaaaca to cactttitt ttaaaataaa tttittaaaat aaatgcgaaa atcgaccaat 20100 

tatcccttitc cittctotcitc titttittaaaa attittctittg tatgttgttgttg tatgttgttgttg 20160 

tgtgtgttgtg tdcgtgtgtg totgtgttgttg cqtgcagogt gcgc.gc.gctic gttittataaa 20220 

tacttataat aataggtogc cqggtggtgg tagct tcc.cg gacitccagag goagagg cag 20280 

gcag acttct gagttc gagg ccagoctogt citacagagga accotgtct c gaaaaatgaa 20340 

aataaataca tacatacata catacataca tacatacata catacataca tacatatgag 20400 

gttgaccagt tdtcaatcct ttagaattitt gtttittaatt aatgttgatag agagatagat 20460 

aatagataga tiggatagagt gatacaaata taggtttittt titt cagtaaa tatgaggttg 20520 

attaaccact tittcccttitt taggittttitt tttittittccc citgtc.catgt g gttgctggg 20580 

atttgaactc agg accotgg caggtoaact ggaaaacgtg ttittctatat atataaatag 20 640 

tggtotgtct gctgtttgtt tatttgcttig cittgcttgct to cittgcttig cittgcttgct 20700 

tgctttittitt tttcttctga gacagtattt citctgtgitaa cct ggtgccc tdaaacticac 20760 

totgtag acc agcctggcct caatcgaact cagaaatcct cotgcctcitt gtctacctoc 20820 

caattittgga gtaaaggtgt gctacaccac tacctgg cat tattatcatt atcattatta 20880 

attittatt at tag acagaac gaaatcaact agttggtoct gtttcgittaa titcatttgaa 20940 

attagttgga cca attagtt goctogtttg g gaggtttct tttgttt cog atttgggtot 21000 

ttgtggggct ggggat.cagg tat citcaacg gaatgcatga aggttalaggt gagatggctic 21060 

gattitttgta aagattacitt ttcttagt cit gaggaaaaaa taaaataata ttgggctacg 21120 

tittcattgct tcatttctat ttctotttct ttctttctitt citttcagata aggaggtogg 21180 

ccagttcc to citgccttctg. galagatgtag gCattgcatt goggaaaag cattgtttgaga 21240 

gatgtgctag togalaccagag agtttggatg tdaagcc.gta taatgttitat tacaatatag 21300 

aaaagttcta acaaagtgat citttaactitt tttittitttitt tttctoctitc tacttctact 21360 

tgttctoact citgccaccaa cqc.gctttgt acattgaatg tdagctttgt tittgcttaac 21420 

agacatatat tttittcttitt g gttittgctt gacatggittt coctittctat cogtgcaggg 21480 

titcc cagacg gccttittgag aataaaatgg gaggccagaa ccaaagttctt ttgaataaag 21540 

caccacaact citaacctgtt toggctgttitt cottcccaag goacagatct titcccagoat 21600 

ggaaaag.cat gtag cagttg taggacacac tagacga gag caccagatct cattgtgggt 21660 

ggttgttgaac cacccaccat gtggttgcct gggatttgaa citcaggatct tcagaagacg 21720 

agtcagggct citaaaccq at gag coatcto tccag cocto citacattcct tcttaaggca 21780 

tgaatgatcc cagcatcgga agacagtctg. cccitctttgt ggtatat cac catatactica 21840 

ataaaataat gaaatgaatg aagttctocac gitatttattt cittcgagcta totaaattct 21900 
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accgc.gc.cac atagoagaac tittaaaagtg citcatcattg gaaaacgttc titcgggg.cga 234. O 

aaactcitcaa goatcttacc gctgttgaga to cagttcga tigtaaccoac togtgcaccc 24 OO 

aact gatctt cagoat cittt tactittcacc agc gtttctg. g.gtgagcaaa aac aggaagg 2460 

caaaatgc.cg caaaaaaggg aataaggg.cg acacggaaat gttgaatact catactcittc 252O 

citttittcaat attattgaag catttatcag g gttattgtc. tcatgag cqg atacatattt 258O 

gaatgtattt agaaaaataa acaaataggg gttcc.gc.gca catttcc cc g aaaagtgcca 264 O 

cctgacgt.ct aagaalaccat tattatcatg acattalacct ataaaaatag gogtaltcacg 27 OO 

aggcc.cittitc gtc 2713 

<210 SEQ ID NO 33 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attP 

<400 SEQUENCE: 33 

cagottttitt atactaagtt g 21 

<210> SEQ ID NO 34 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s. FEATURE 
&223> OTHER INFORMATION attB 

<400 SEQUENCE: 34 

citgcttttitt atactaactt g 21 

<210 SEQ ID NO 35 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION att 

<400 SEQUENCE: 35 

citgcttttitt atactaagtt g 21 

<210 SEQ ID NO 36 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attR 

<400 SEQUENCE: 36 

cagottttitt atactaactt g 21 

<210 SEQ ID NO 37 
&2 11s LENGTH 101 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Integrase E174R 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . . (1071) 
<223> OTHER INFORMATION: Nucleotide sequence encoding Integrase E147R 
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<400 SEQUENCE: 37 

atg gga aga agg cqa agt cat gag cqc cqg gat tta ccc cct aac citt 48 
Met Gly Arg Arg Arg Ser His Glu Arg Arg Asp Leu Pro Pro Asn Lieu 

tat ata aga aac aat gga tat tac toc tac agg gac cca agg acg ggit 96 
Tyr Ile Arg Asn. Asn Gly Tyr Tyr Cys Tyr Arg Asp Pro Arg Thr Gly 

2O 25 30 

aaa gag titt gga tta ggc aga gac agg cqa atc gca atc act gala gCt 144 
Lys Glu Phe Gly Lieu Gly Arg Asp Arg Arg Ile Ala Ile Thr Glu Ala 

35 40 45 

ata cag gCC aac att gag tta ttt to a gga cac aaa cac aag cot citg 192 
Ile Glin Ala Asn. Ile Glu Lieu Phe Ser Gly. His Lys His Lys Pro Leu 

5 O 55 60 

aca gC g aga atc aac agt gat aat to c gtt acg tta cat to a togg citt 240 
Thr Ala Arg Ile Asn. Ser Asp Asn. Ser Val Thr Lieu. His Ser Trp Lieu 
65 70 75 8O 

gat cqc tac gala aaa atc ctd gcc agc aga gga atc aag cag aag aca 288 
Asp Arg Tyr Glu Lys Ile Leu Ala Ser Arg Gly Ile Lys Gln Lys Thr 

85 90 95 

citc ata aat tac atg agc aaa att aaa gCa ata agg agg ggit citg cct 336 
Lieu. Ile Asn Tyr Met Ser Lys Ile Lys Ala Ile Arg Arg Gly Lieu Pro 

100 105 110 

gat got coa citt gaa gac atc acc aca aaa gaa att gcg gCa at g citc 384 
Asp Ala Pro Leu Glu Asp Ile Thir Thr Lys Glu Ile Ala Ala Met Lieu 

115 120 125 

aat gga tac at a gac gag ggc aag gC g gC g to a gcc aag tta atc aga 432 
Asn Gly Tyr Ile Asp Glu Gly Lys Ala Ala Ser Ala Lys Lieu. Ile Arg 

130 135 1 4 0 

toa aca citg agc gat gca titc cq a gag gCa ata gct gaa ggc cat at a 480 
Ser Thr Lieu Ser Asp Ala Phe Arg Glu Ala Ile Ala Glu Gly His Ile 
145 15 O 155 160 

aca aca aac cat gtc gct gcc act cqc goa gCa aaa tot aga gta agg 528 
Thir Thr Asn His Val Ala Ala Thr Arg Ala Ala Lys Ser Arg Val Arg 

1.65 170 175 

aga to a aga citt acg gct gac gala tac citg aaa att tat caa gCa gca 576 
Arg Ser Arg Lieu. Thr Ala Asp Glu Tyr Lieu Lys Ile Tyr Glin Ala Ala 

18O 185 190 

gala to a to a coa tot togg citc aga citt goa atg gaa citg gCt gtt gtt 624 
Glu Ser Ser Pro Cys Trp Leu Arg Lieu Ala Met Glu Lieu Ala Val Val 

195 200 2O5 

acc ggg caa cqa gtt got gat tta toc gala atg aag togg tot gat atc 672 
Thr Gly Glin Arg Val Gly Asp Lieu. Cys Glu Met Lys Trp Ser Asp Ile 

210 215 220 

gta gat gga tat citt tat gito gag caa agc aaa aca ggc gta aaa att 720 
Val Asp Gly Tyr Leu Tyr Val Glu Glin Ser Lys Thr Gly Val Lys Ile 
225 230 235 240 

gcc atc cca aca gca ttg cat att gat gct citc gga ata toa at g aag 768 
Ala Ile Pro Thr Ala Lieu. His Ile Asp Ala Leu Gly Ile Ser Met Lys 

245 250 255 

gala aca citt gat aaa toc aaa gag att citt ggc gga gaa acc ata att 816 
Glu Thir Lieu. Asp Lys Cys Lys Glu Ile Leu Gly Gly Glu Thir Ile Ile 

260 265 27 O 

gca tot act cqt c gc gaa cc.g. citt to a toc ggc aca gta toa agg tat 864 
Ala Ser Thr Arg Arg Glu Pro Leu Ser Ser Gly. Thr Val Ser Arg Tyr 

275 280 285 

titt at g cqc gCa cqa aaa goa to a ggit citt toc titc gaa ggg gat cog 912 
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Phe Met Arg Ala Arg Lys Ala Ser Gly Lieu Ser Phe Glu Gly Asp Pro 
29 O 295 3OO 

cct acc titt cac gag titg cqc agt ttg tot goa aga citc tat gag aag 96.O 
Pro Thr Phe His Glu Lieu Arg Ser Lieu Ser Ala Arg Lieu. Tyr Glu Lys 
305 310 315 320 

cag ata agc gat aag titt gct cala cat citt citc ggg cat aag tog gac 1008 
Glin Ile Ser Asp Llys Phe Ala Glin His Lieu Lieu Gly His Lys Ser Asp 

325 330 335 

acc at g g catca cag tat cqt gat gac aga ggc agg gag togg gac aaa. 1056 
Thr Met Ala Ser Glin Tyr Arg Asp Asp Arg Gly Arg Glu Trp Asp Lys 

340 345 350 

att gala atc aaa taa 1071 
Ile Glu Ile Lys * 

355 

<210 SEQ ID NO 38 
&2 11s LENGTH 356 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Integrase E147R 

<400 SEQUENCE: 38 

Met Gly Arg Arg Arg Ser His Glu Arg Arg Asp Leu Pro Pro Asn Lieu 
1 5 10 15 

Tyr Ile Arg Asn. Asn Gly Tyr Tyr Cys Tyr Arg Asp Pro Arg Thr Gly 
2O 25 30 

Lys Glu Phe Gly Lieu Gly Arg Asp Arg Arg Ile Ala Ile Thr Glu Ala 
35 40 45 

Ile Glin Ala Asn. Ile Glu Lieu Phe Ser Gly. His Lys His Lys Pro Leu 
50 55 60 

Thr Ala Arg Ile Asn. Ser Asp Asn. Ser Val Thr Lieu. His Ser Trp Lieu 
65 70 75 8O 

Asp Arg Tyr Glu Lys Ile Leu Ala Ser Arg Gly Ile Lys Gln Lys Thr 
85 90 95 

Lieu. Ile Asn Tyr Met Ser Lys Ile Lys Ala Ile Arg Arg Gly Lieu Pro 
100 105 110 

Asp Ala Pro Leu Glu Asp Ile Thir Thr Lys Glu Ile Ala Ala Met Lieu 
115 120 125 

Asn Gly Tyr Ile Asp Glu Gly Lys Ala Ala Ser Ala Lys Lieu. Ile Arg 
130 135 1 4 0 

Ser Thr Lieu Ser Asp Ala Phe Arg Glu Ala Ile Ala Glu Gly His Ile 
145 15 O 155 160 

Thir Thr Asn His Val Ala Ala Thr Arg Ala Ala Lys Ser Arg Val Arg 
1.65 170 175 

Arg Ser Arg Lieu. Thr Ala Asp Glu Tyr Lieu Lys Ile Tyr Glin Ala Ala 
18O 185 190 

Glu Ser Ser Pro Cys Trp Leu Arg Lieu Ala Met Glu Lieu Ala Val Val 
195 200 2O5 

Thr Gly Glin Arg Val Gly Asp Lieu. Cys Glu Met Lys Trp Ser Asp Ile 
210 215 220 

Val Asp Gly Tyr Leu Tyr Val Glu Glin Ser Lys Thr Gly Val Lys Ile 
225 230 235 240 

Ala Ile Pro Thr Ala Lieu. His Ile Asp Ala Leu Gly Ile Ser Met Lys 
245 250 255 
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Glu Thir Lieu. Asp Lys Cys Lys Glu Ile Leu Gly Gly Glu Thir Ile Ile 
260 265 27 O 

Ala Ser Thr Arg Arg Glu Pro Leu Ser Ser Gly. Thr Val Ser Arg Tyr 
275 280 285 

Phe Met Arg Ala Arg Lys Ala Ser Gly Lieu Ser Phe Glu Gly Asp Pro 
29 O 295 3OO 

Pro Thr Phe His Glu Lieu Arg Ser Lieu Ser Ala Arg Lieu. Tyr Glu Lys 
305 310 315 320 

Glin Ile Ser Asp Llys Phe Ala Glin His Lieu Lieu Gly His Lys Ser Asp 
325 330 335 

Thr Met Ala Ser Glin Tyr Arg Asp Asp Arg Gly Arg Glu Trp Asp Lys 
340 345 350 

Ile Glu Ile Lys 
355 

<210 SEQ ID NO 39 
&2 11s LENGTH 876 
&212> TYPE DNA 
<213> ORGANISM: Discosoma species 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (45) . . . (737) 
<223> OTHER INFORMATION: Nucleotide sequence encoding red flourescent 

protein (FP593) 
&300s PUBLICATION INFORMATION: 
&3O8> DATABASE ACCESSION NUMBER: GenBank AF27 2711 
<309s DATABASE ENTRY DATE 2000-09-26 

<400 SEQUENCE: 39 

agtttcagoc agtgacaggg to agctgcca gg tattotaa caag at g agt tot to c 56 
Met Ser Cys Ser 
1 

aag aat gtg atc aag gag titc at g agg titc aag gtt cqt at g gala gga 104 
Lys Asn. Wal Ile Lys Glu Phe Met Arg Phe Lys Val Arg Met Glu Gly 
5 10 15 2O 

acg gtc. aat ggg Cac gag titt gala ata aaa gC gaa got gala ggg agg 152 
Thr Val Asn Gly His Glu Phe Glu Ile Lys Gly Glu Gly Glu Gly Arg 

25 30 35 

cct tac gala ggit cac tot toc gta aag citt atg gta acc aag ggt gga 200 
Pro Tyr Glu Gly His Cys Ser Val Lys Leu Met Val Thr Lys Gly Gly 

40 45 5 O 

cct ttg cca titt gct titt gat att ttg to a coa caa titt cag tat gga 248 
Pro Leu Pro Phe Ala Phe Asp Ile Leu Ser Pro Glin Phe Glin Tyr Gly 

55 60 65 

agc aag gta tat gtc. aaa cac cot gcc gac ata cca gac tat aaa aag 296 
Ser Lys Val Tyr Val Lys His Pro Ala Asp Ile Pro Asp Tyr Lys Lys 

70 75 8O 

citg to a titt cot gag gga titt aaa togg gala agg gtc atgaac titt gala 344 
Leu Ser Phe Pro Glu Gly Phe Lys Trp Glu Arg Val Met Asin Phe Glu 
85 90 95 100 

gac ggt ggc gtg gtt act gta toc caa gat toc agt titg aaa gac ggc 392 
Asp Gly Gly Val Val Thr Val Ser Glin Asp Ser Ser Lieu Lys Asp Gly 

105 110 115 

tgt titc atc tac gag gtc. aag titc att ggg gtgaac titt cot tot gat 4 40 
Cys Phe Ile Tyr Glu Val Lys Phe Ile Gly Val Asn Phe Pro Ser Asp 

120 125 130 

gga cct gtt atg Cag agg agg aca cqg ggC togg gala gcc agc tot gag 488 
Gly Pro Val Met Glin Arg Arg Thr Arg Gly Trp Glu Ala Ser Ser Glu 
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135 14 O 145 

cgt ttg tat colt c.gt gat ggg gtg citg aaa gga gac atc cat at g gCt 536 
Arg Lieu. Tyr Pro Arg Asp Gly Val Lieu Lys Gly Asp Ile His Met Ala 

15 O 155 160 

citg agg citg gala gga ggc ggc cat tac citc gtt gaa ttcaaa agt att 584 
Leu Arg Lieu Glu Gly Gly Gly His Tyr Lieu Val Glu Phe Lys Ser Ile 
1.65 170 175 18O 

tac at g gta aag aag cct tca gtg cag ttg cca ggc tac tat tat gtt 632 
Tyr Met Val Lys Lys Pro Ser Val Glin Leu Pro Gly Tyr Tyr Tyr Val 

185 190 195 

gac toc aaa citg gat atg acg agc cac aac gala gat tac aca gito gtt 680 
Asp Ser Lys Leu Asp Met Thr Ser His Asn Glu Asp Tyr Thr Val Val 

200 2O5 210 

gag cag tat gala aaa acc cag gga cqc cac cat cog titc att aag cot 728 
Glu Glin Tyr Glu Lys Thr Glin Gly Arg His His Pro Phe Ile Llys Pro 

215 220 225 

citg cag toga actcggcto a gtcatggatt agcggtaatg gC cacaaaag 777 
Leu Glin 

230 

gcac gatgat cqttttittag gaatgcagcc aaaaattgaa gottatgaca gtagaaatac 837 

aa.gcaa.cagg citttgctitat taalacatgta attgaaaac 876 

<210> SEQ ID NO 40 
&2 11s LENGTH 230 
&212> TYPE PRT 

<213> ORGANISM: Discosoma species 

<400 SEQUENCE: 40 

Met Ser Cys Ser Lys Asn Val Ile Lys Glu Phe Met Arg Phe Llys Val 
1 5 10 15 

Arg Met Glu Gly Thr Val Asn Gly His Glu Phe Glu Ile Lys Gly Glu 
2O 25 30 

Gly Glu Gly Arg Pro Tyr Glu Gly His Cys Ser Val Lys Leu Met Val 
35 40 45 

Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe Asp Ile Leu Ser Pro Glin 
50 55 60 

Phe Glin Tyr Gly Ser Lys Val Tyr Val Lys His Pro Ala Asp Ile Pro 
65 70 75 8O 

Asp Tyr Lys Lys Lieu Ser Phe Pro Glu Gly Phe Lys Trp Glu Arg Val 
85 90 95 

Met Asin Phe Glu Asp Gly Gly Val Val Thr Val Ser Glin Asp Ser Ser 
100 105 110 

Leu Lys Asp Gly Cys Phe Ile Tyr Glu Wall Lys Phe Ile Gly Val Asn 
115 120 125 

Phe Pro Ser Asp Gly Pro Val Met Glin Arg Arg Thr Arg Gly Trp Glu 
130 135 1 4 0 

Ala Ser Ser Glu Arg Lieu. Tyr Pro Arg Asp Gly Val Lieu Lys Gly Asp 
145 15 O 155 160 

Ile His Met Ala Leu Arg Lieu Glu Gly Gly Gly His Tyr Lieu Val Glu 
1.65 170 175 

Phe Lys Ser Ile Tyr Met Val Lys Llys Pro Ser Val Glin Leu Pro Gly 
18O 185 190 

Tyr Tyr Tyr Val Asp Ser Lys Lieu. Asp Met Thr Ser His Asn. Glu Asp 
195 200 2O5 
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Tyr Thr Val Val Glu Glin Tyr Glu Lys Thr Glin Gly Arg His His Pro 
210 215 220 

Phe Ile Llys Pro Leu Glin 
225 230 

<210> SEQ ID NO 41 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: m-att; 
&220s FEATURE 
<221 NAME/KEY: misc difference 
<222> LOCATION: 18 

<223> OTHER INFORMATION: n is a or g or c or t/u 

<400 SEQUENCE: 41 

rkycwgctitt yktrtacnaa stsgb 25 

<210> SEQ ID NO 42 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: m-attB; 
&220s FEATURE 
<221 NAME/KEY: misc difference 
<222> LOCATION: 18 

<223> OTHER INFORMATION: n is a or g or c or t/u 

<400 SEQUENCE: 42 

agccwgctitt yktrtacnaa ctsgb 25 

<210> SEQ ID NO 43 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION mattR 
&220s FEATURE 
<221 NAME/KEY: misc difference 
<222> LOCATION: 18 

<223> OTHER INFORMATION: n is a or g or c or t/u 

<400 SEQUENCE: 43 

gttcagottt cktrtacnaa ctsgb 25 

<210> SEQ ID NO 44 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION matt 
&220s FEATURE 
<221 NAME/KEY: misc difference 
<222> LOCATION: 18 

<223> OTHER INFORMATION: n is a or g or c or t/u 

<400 SEQUENCE: 44 

agccwgctitt cKtrtacnaa gtsgb 25 

<210> SEQ ID NO 45 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
&223> OTHER INFORMATION mattP1 
&220s FEATURE 
<221 NAME/KEY: misc difference 
<222> LOCATION: 18 

<223> OTHER INFORMATION: n is a or g or c or t/u 

<400 SEQUENCE: 45 

gttcagctitt yktrtacnaa gtsgb 25 

<210> SEQ ID NO 46 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attB1 

<400 SEQUENCE: 46 

agcctgcttt tttgtacaaa cittgt 25 

<210> SEQ ID NO 47 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attB2 

<400 SEQUENCE: 47 

agcctgctitt cittgtacaaa cittgt 25 

<210> SEQ ID NO 48 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attB3 

<400 SEQUENCE: 48 

accoagctitt cittgtacaaa cittgt 25 

<210 SEQ ID NO 49 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attR1 

<400 SEQUENCE: 49 

gttcagottt tttgtacaaa cittgt 25 

<210 SEQ ID NO 50 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attR2 

<400 SEQUENCE: 50 

gttcagottt cittgtacaaa cittgt 25 

<210 SEQ ID NO 51 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
&223> OTHER INFORMATION attR3 

<400 SEQUENCE: 51 

gttcagctitt cittgtacaaa gttgg 

<210> SEQ ID NO 52 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION att1. 

<400 SEQUENCE: 52 

agcctgctitt tttgtacaaa gttgg 

<210 SEQ ID NO 53 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION att2 

<400 SEQUENCE: 53 

agcctgctitt cittgtacaaa gttgg 

<210> SEQ ID NO 54 
&2 11s LENGTH 25 
&212s. TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION att3 

<400 SEQUENCE: 54 

acco agctitt cittgtacaaa gttgg 

<210 SEQ ID NO 55 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION attP1 

<400 SEQUENCE: 55 

gttcagctitt tttgtacaaa gttgg 

<210 SEQ ID NO 56 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: attP2, P3 

<400 SEQUENCE: 56 

gttcagctitt cittgtacaaa gttgg 

<210 SEQ ID NO 57 
<211& LENGTH: 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Lox P site 

<400 SEQUENCE: 57 

77 
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Arg Val Arg Lys Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Glin Lieu 
245 250 255 

toa act cqc gCC citg gaa gogg att titt gala gCa act cat cqa ttg att 816 
Ser Thr Arg Ala Leu Glu Gly Ile Phe Glu Ala Thr His Arg Lieu. Ile 

260 265 27 O 

tac ggc got aag gat gac tot ggt cag aga tac citg gcc togg tot gga 864 
Tyr Gly Ala Lys Asp Asp Ser Gly Glin Arg Tyr Lieu Ala Trp Ser Gly 

275 280 285 

cac agit gcc cgt gtc gga gcc gog cq a gat atg gcc cqc got gga gtt 912 
His Ser Ala Arg Val Gly Ala Ala Arg Asp Met Ala Arg Ala Gly Val 

29 O 295 3OO 

toa at a cog gag atc atg caa gCt ggt ggc togg acc aat gta aat att 96.O 
Ser Ile Pro Glu Ile Met Glin Ala Gly Gly Trp Thr Asn Val Asin Ile 
305 310 315 320 

gto atgaac tat atc cqt aac citg gat agt gala aca ggg gca at g g to 1008 
Val Met Asn Tyr Ile Arg Asn Leu Asp Ser Glu Thr Gly Ala Met Val 

325 330 335 

cgc citg citg gala gat ggc gat tag 1032 
Arg Lieu Lieu Glu Asp Gly Asp * 

340 

<210 SEQ ID NO 59 
&2 11s LENGTH 343 
&212> TYPE PRT 
<213> ORGANISM: Escherichia coli 

<400 SEQUENCE: 59 

Met Ser Asn Leu Lleu. Thr Wal His Glin Asn Leu Pro Ala Leu Pro Wall 
1 5 10 15 

Asp Ala Thir Ser Asp Glu Val Arg Lys Asn Lieu Met Asp Met Phe Arg 
2O 25 30 

Asp Arg Glin Ala Phe Ser Glu His Thir Trp Llys Met Leu Lleu Ser Val 
35 40 45 

Cys Arg Ser Trp Ala Ala Trp Cys Lys Lieu. Asn. Asn Arg Lys Trp Phe 
5 O 55 60 

Pro Ala Glu Pro Glu Asp Val Arg Asp Tyr Lieu Lleu Tyr Lieu Glin Ala 
65 70 75 8O 

Arg Gly Lieu Ala Wall Lys Thr Ile Glin Gln His Leu Gly Glin Lieu. Asn 
85 90 95 

Met Lieu. His Arg Arg Ser Gly Lieu Pro Arg Pro Ser Asp Ser Asn Ala 
100 105 110 

Val Ser Lieu Val Met Arg Arg Ile Arg Lys Glu Asn. Wall Asp Ala Gly 
115 120 125 

Glu Arg Ala Lys Glin Ala Leu Ala Phe Glu Arg Thr Asp Phe Asp Glin 
130 135 1 4 0 

Val Arg Ser Lieu Met Glu Asn. Ser Asp Arg Cys Glin Asp Ile Arg Asn 
145 15 O 155 160 

Leu Ala Phe Leu Gly Ile Ala Tyr Asn. Thir Lieu Lleu Arg Ile Ala Glu 
1.65 170 175 

Ile Ala Arg Ile Arg Val Lys Asp Ile Ser Arg Thr Asp Gly Gly Arg 
18O 185 190 

Met Leu Ile His Ile Gly Arg Thr Lys Thr Leu Val Ser Thr Ala Gly 
195 200 2O5 

Val Glu Lys Ala Leu Ser Leu Gly Val Thr Lys Lieu Val Glu Arg Trip 
210 215 220 
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Ile Ser Val Ser Gly Val Ala Asp Asp Pro Asn. Asn Tyr Lieu Phe Cys 
225 230 235 240 

Arg Val Arg Lys Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Glin Lieu 
245 250 255 

Ser Thr Arg Ala Leu Glu Gly Ile Phe Glu Ala Thr His Arg Lieu. Ile 
260 265 27 O 

Tyr Gly Ala Lys Asp Asp Ser Gly Glin Arg Tyr Lieu Ala Trp Ser Gly 
275 280 285 

His Ser Ala Arg Val Gly Ala Ala Arg Asp Met Ala Arg Ala Gly Val 
29 O 295 3OO 

Ser Ile Pro Glu Ile Met Glin Ala Gly Gly Trp Thr Asn Val Asin Ile 
305 310 315 320 

Val Met Asn Tyr Ile Arg Asn Leu Asp Ser Glu Thr Gly Ala Met Val 
325 330 335 

Arg Lieu Lieu Glu Asp Gly Asp 
340 

<210 SEQ ID NO 60 
&2 11s LENGTH 1272 
&212> TYPE DNA 
<213> ORGANISM: Saccharomyces cerevisiae 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . . (1272) 
<223> OTHER INFORMATION: nucleotide sequence encoding Flip recombinase 

<400 SEQUENCE: 60 

atg cca caa titt got ata tta tot aaa aca coa cct aag gtg citt gtt 48 
Met Pro Glin Phe Gly Ile Leu Cys Lys Thr Pro Pro Lys Val Leu Val 
1 5 10 15 

cgt cag titt gtg gaa agg titt gala aga cct tca ggit gag aaa at a gCa 96 
Arg Glin Phe Val Glu Arg Phe Glu Arg Pro Ser Gly Glu Lys Ile Ala 

2O 25 30 

tta tot got got gaa cita acc tat tta tot togg atg att aca cat aac 144 
Lieu. Cys Ala Ala Glu Lieu. Thir Tyr Lieu. Cys Trp Met Ile Thr His Asn 

35 40 45 

gga aca gca atc aag aga gcc aca titc at g agc tat aat act atc at a 192 
Gly Thr Ala Ile Lys Arg Ala Thr Phe Met Ser Tyr Asn Thr Ile Ile 

5 O 55 60 

agc aat tog citg agt titc gat att gtc. aat aaa toa citc cag titt aaa 240 
Ser Asn. Ser Lieu Ser Phe Asp Ile Val Asn Lys Ser Lieu Glin Phe Lys 
65 70 75 8O 

tac aag acg caa aaa goa aca att citg gala gCo. tca tta aag aaa ttg 288 
Tyr Lys Thr Glin Lys Ala Thir Ile Leu Glu Ala Ser Lieu Lys Lys Lieu 

85 90 95 

att cot got togg gaa titt aca att att cot tac tat gga caa aaa cat 336 
Ile Pro Ala Trp Glu Phe Thr Ile Ile Pro Tyr Tyr Gly Glin Lys His 

100 105 110 

caa tot gat atc act gat att gta agt agt ttg caa tta cag titc gala 384 
Gln Ser Asp Ile Thr Asp Ile Val Ser Ser Leu Gln Leu Glin Phe Glu 

115 120 125 

toa tog gala gala gca gat aag gga aat agc cac agit aaa aaa at g citt 432 
Ser Ser Glu Glu Ala Asp Lys Gly Asn. Ser His Ser Lys Lys Met Lieu 

130 135 1 4 0 

aaa gCa citt cita agt gag ggit gala agc atc togg gag atc act gag aaa. 480 
Lys Ala Lieu Lleu Ser Glu Gly Glu Ser Ile Trp Glu Ile Thr Glu Lys 
145 15 O 155 160 
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ata cita aat tog titt gag tat act tcg aga titt aca aaa aca aaa act 528 
Ile Leu Asn Ser Phe Glu Tyr Thr Ser Arg Phe Thr Lys Thr Lys Thr 

1.65 170 175 

tta tac caa titc citc titc cta got act titc atc aat tigt gga aga titc 576 
Leu Tyr Glin Phe Leu Phe Leu Ala Thr Phe Ile Asn Cys Gly Arg Phe 

18O 185 190 

agc gat att aag aac gtt gat cog aaa to a titt aaa tta gtc. caa aat 624 
Ser Asp Ile Lys Asn. Wall Asp Pro Lys Ser Phe Lys Lieu Val Glin Asn 

195 200 2O5 

aag tat citg gga gta ata atc cag togt tta gtg aca gag aca aag aca 672 
Lys Tyr Leu Gly Val Ile Ile Glin Cys Leu Val Thr Glu Thr Lys Thr 

210 215 220 

agc gtt agt agg cac ata tac titc titt agc goa agg ggt agg atc gat 720 
Ser Val Ser Arg His Ile Tyr Phe Phe Ser Ala Arg Gly Arg Ile Asp 
225 230 235 240 

cca citt gta tat ttg gat gaa ttt ttg agg aat tot gaa coa gtc cta 768 
Pro Leu Val Tyr Lieu. Asp Glu Phe Leu Arg Asn. Ser Glu Pro Val Lieu 

245 250 255 

aaa cqa gta aat agg acc ggc aat tot to a agc aat aaa cag gala tac 816 
Lys Arg Val Asn Arg Thr Gly Asn. Ser Ser Ser Asn Lys Glin Glu Tyr 

260 265 27 O 

caa tta tta aaa gat aac tta gtc. aga. tcg tac aat aaa got ttg aag 864 
Glin Leu Lleu Lys Asp Asn Lieu Val Arg Ser Tyr Asn Lys Ala Lieu Lys 

275 280 285 

aaa aat gog cot tat tca atc titt got ata aaa aat ggc cca aaa tot 912 
Lys Asn Ala Pro Tyr Ser Ile Phe Ala Ile Lys Asn Gly Pro Lys Ser 

29 O 295 3OO 

cac att gga aga cat ttg atg acc to a titt citt toa atg aag ggc cta 96.O 
His Ile Gly Arg His Leu Met Thr Ser Phe Leu Ser Met Lys Gly Leu 
305 310 315 320 

acg gag titg act aat gtt gtg gga aat togg agc gat aag cqt gct tct OO 8 
Thr Glu Lieu. Thir Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 

325 330 335 

gcc gtg gCC agg aca acg tat act cat cag ata aca gca at a cot gat O56 
Ala Val Ala Arg Thr Thr Tyr Thr His Glin Ile Thr Ala Ile Pro Asp 

340 345 350 

cac tac titc goa cita gtt tot cqg tac tat goa tat gat coa ata toa 104 
His Tyr Phe Ala Leu Val Ser Arg Tyr Tyr Ala Tyr Asp Pro Ile Ser 

355 360 365 

aag gala at g at a gca ttg aag gat gag act aat coa att gag gag togg 152 
Lys Glu Met Ile Ala Lieu Lys Asp Glu Thir Asn. Pro Ile Glu Glu Trp 

370 375 38O 

cag cat at a gaa cag cita aag ggit agt gct gala gga agc at a cqa tac 200 
Gln His Ile Glu Glin Leu Lys Gly Ser Ala Glu Gly Ser Ile Arg Tyr 
385 390 395 400 

ccc goa tog aat ggg ata ata to a cag gag gta cita gac tac citt to a 248 
Pro Ala Trp Asin Gly Ile Ile Ser Glin Glu Val Lieu. Asp Tyr Lieu Ser 

405 410 415 

toc tac ata aat aga cqc ata taa 272 
Ser Tyr Ile Asn Arg Arg Ile * 

420 

<210> SEQ ID NO 61 
<211& LENGTH 422 
&212> TYPE PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<400 SEQUENCE: 61 
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Pro Glin Phe Gly Ile Leu Cys Lys Thr Pro Pro Lys Val Leu Val Arg 
1 5 10 15 

Glin Phe Val Glu Arg Phe Glu Arg Pro Ser Gly Glu Lys Ile Ala Lieu 
2O 25 30 

Cys Ala Ala Glu Leu Thr Tyr Leu Cys Trp Met Ile Thr His Asn Gly 
35 40 45 

Thr Ala Ile Lys Arg Ala Thr Phe Met Ser Tyr Asn Thr Ile Ile Ser 
50 55 60 

Asn Ser Lieu Ser Phe Asp Ile Val Asn Lys Ser Lieu Glin Phe Lys Tyr 
65 70 75 8O 

Lys Thr Glin Lys Ala Thr Ile Leu Glu Ala Ser Lieu Lys Lys Lieu. Ile 
85 90 95 

Pro Ala Trp Glu Phe Thr Ile Ile Pro Tyr Tyr Gly Gln Lys His Glin 
100 105 110 

Ser Asp Ile Thr Asp Ile Val Ser Ser Leu Gln Leu Gln Phe Glu Ser 
115 120 125 

Ser Glu Glu Ala Asp Lys Gly Asn. Ser His Ser Lys Lys Met Leu Lys 
130 135 1 4 0 

Ala Lieu Lleu Ser Glu Gly Glu Ser Ile Trp Glu Ile Thr Glu Lys Ile 
145 15 O 155 160 

Leu Asin Ser Phe Glu Tyr Thr Ser Arg Phe Thr Lys Thr Lys Thr Leu 
1.65 170 175 

Tyr Glin Phe Leu Phe Leu Ala Thr Phe Ile Asn. Cys Gly Arg Phe Ser 
18O 185 190 

Asp Ile Lys Asn. Wall Asp Pro Lys Ser Phe Lys Lieu Val Glin Asn Lys 
195 200 2O5 

Tyr Leu Gly Val Ile Ile Gln Cys Leu Val Thr Glu Thir Lys Thr Ser 
210 215 220 

Val Ser Arg His Ile Tyr Phe Phe Ser Ala Arg Gly Arg Ile Asp Pro 
225 230 235 240 

Leu Val Tyr Lieu. Asp Glu Phe Leu Arg Asn. Ser Glu Pro Wall Leu Lys 
245 250 255 

Arg Val Asn Arg Thr Gly Asn. Ser Ser Ser Asn Lys Glin Glu Tyr Glin 
260 265 27 O 

Leu Lleu Lys Asp Asn Lieu Val Arg Ser Tyr Asn Lys Ala Lieu Lys Lys 
275 280 285 

Asn Ala Pro Tyr Ser Ile Phe Ala Ile Lys Asn Gly Pro Lys Ser His 
29 O 295 3OO 

Ile Gly Arg His Leu Met Thr Ser Phe Leu Ser Met Lys Gly Leu Thr 
305 310 315 320 

Glu Lieu. Thir Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser Ala 
325 330 335 

Val Ala Arg Thr Thr Tyr Thr His Glin Ile Thr Ala Ile Pro Asp His 
340 345 350 

Tyr Phe Ala Leu Val Ser Arg Tyr Tyr Ala Tyr Asp Pro Ile Ser Lys 
355 360 365 

Glu Met Ile Ala Leu Lys Asp Glu Thir Asn Pro Ile Glu Glu Trp Glin 
370 375 38O 

His Ile Glu Glin Leu Lys Gly Ser Ala Glu Gly Ser Ile Arg Tyr Pro 
385 390 395 400 
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Ala Trp Asn Gly Ile Ile Ser Glin Glu Val Lieu. Asp Tyr Lieu Ser Ser 
405 410 415 

Tyr Ile Asn Arg Arg Ile 
420 

<210> SEQ ID NO 62 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION IR2 

<400 SEQUENCE: 62 

gaagttccita titcc.gaagtt cotattotct agaaagtata ggaacttic 48 

<210 SEQ ID NO 63 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION IR1 

<400 SEQUENCE: 63 

gaagttccita tactittctag agaataggaa citt.cggaata ggaacttic 48 

<210> SEQ ID NO 64 
&2 11s LENGTH 66 
&212> TYPE DNA 
<213> ORGANISM: Bacteriophage mu 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . . (66) 
<223> OTHER INFORMATION: nucleotide sequence encoding GIN recombinase 

<400 SEQUENCE: 64 

toa act citg tat aaa aaa cac coc gog aaa cqa gcg cat at a gala aac 48 
Ser Thr Lieu. Tyr Lys Lys His Pro Ala Lys Arg Ala His Ile Glu Asn 
1 5 10 15 

gac gat cqa atc aat taa 66 
Asp Asp Arg Ile Asn * 

2O 

<210 SEQ ID NO 65 
<211& LENGTH 21 
&212> TYPE PRT 
<213> ORGANISM: bacteriophage mu 

<400 SEQUENCE: 65 

Ser Thr Lieu. Tyr Lys Lys His Pro Ala Lys Arg Ala His Ile Glu Asn 
1 5 10 15 

Asp Asp Arg Ile Asn 
2O 

<210 SEQ ID NO 66 
&2 11s LENGTH 69 
&212> TYPE DNA 
<213> ORGANISM: Bacteriophage mu 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . . (69) 
<223> OTHER INFORMATION: nucleotide sequence encoding Gin recombinase 

<400 SEQUENCE: 66 
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tat aaa aaa cat coc gog aaa cqa acg cat ata gaa aac gac gat cqa 
Tyr Lys Lys His Pro Ala Lys Arg Thr His Ile Glu Asn Asp Asp Arg 

5 10 15 

atc aat caa atc gat cqg taa 
Ile Asin Glin Ile Asp Arg * 

<400 

SEQ ID NO 67 
LENGTH 22 
TYPE PRT 
ORGANISM: bacteriophage mu 
FEATURE: 

OTHER INFORMATION: Gin recombinase of bacteriophage mu 

SEQUENCE: 67 

Tyr Lys Lys His Pro Ala Lys Arg Thr His Ile Glu Asn Asp Asp Arg 
1 5 10 15 

Ile Asin Glin Ile Asp Arg 

SEQ ID NO 68 
LENGTH 555 
TYPE DNA 
ORGANISM: Escherichia coli 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (1) . . . (555) 
OTHER INFORMATION: nucleotide sequence encoding PIN recombinase 

SEQUENCE: 68 

atg citt att ggc tat gta cqc gta to a aca aat gac cag aac aca gat 
Met Leu Ile Gly Tyr Val Arg Val Ser Thr Asn Asp Gln Asn Thr Asp 
1 5 10 15 

cita caa cqt aat gcg citg aac tot gca gga toc gag citg att titt gala 
Leu Glin Arg Asn Ala Lieu. Asn. Cys Ala Gly Cys Glu Lieu. Ile Phe Glu 

2O 25 30 

gac aag ata agc ggc aca aag to c gala agg cc g g g a citg aaa aaa citg 
Asp Lys Ile Ser Gly. Thir Lys Ser Glu Arg Pro Gly Lieu Lys Lys Lieu 

35 40 45 

citc agg aca tta tog gca ggit gac act citg gtt gtc. tog aag citg gat 
Leu Arg Thr Lieu Ser Ala Gly Asp Thr Lieu Val Val Trp Llys Lieu. Asp 

5 O 55 60 

Cgg ct g g g g cqt agt atg C gg Cat Ctt gtC gtg Ctg gtg gag gag ttg 
Arg Lieu Gly Arg Ser Met Arg His Lieu Val Val Lieu Val Glu Glu Lieu 
65 

cgc gaa cqa ggc atc aac titt cqt agt citg acg gat tda att gat acc 
Arg Glu Arg Gly Ile Asn. Phe Arg Ser Lieu. Thr Asp Ser Tle Asp Thr 

85 90 95 

agc aca coa at g g g a cqc titt titc titt cat gtg at g g gt gcc citg gCt 
Ser Thr Pro Met Gly Arg Phe Phe Phe His Val Met Gly Ala Leu Ala 

100 105 110 

gala at g gag cqt gaa citg att gtt gaa cqa aca aaa got gga citg gala 
Glu Met Glu Arg Glu Lieu. Ile Val Glu Arg Thr Lys Ala Gly Lieu Glu 

115 120 125 

act gct cqt gca cag gga cqa att ggt gga cqt cqt coc aaa citt aca 
Thr Ala Arg Ala Glin Gly Arg Ile Gly Gly Arg Arg Pro Llys Lieu. Thr 

130 135 1 4 0 

cca gaa caa to g g ca caa got gga cqa tta att gca gca gga act cot 
Pro Glu Gln Trp Ala Glin Ala Gly Arg Lieu. Ile Ala Ala Gly Thr Pro 
145 15 O 155 160 

48 

69 

48 

96 

144 

192 

240 

288 

336 

384 

432 

480 
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