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PLANT ARTIFICIAL CHROMOSOMES, USES THEREOF AND METHODS
OF PREPARING PLANT ARTIFICIAL CHROMOSOMES

RELATED APPLICATIONS

Benefit of pnarity is claimed 10 U.S. Provisional- Application No.
80/294,687, filed May 30, 2001, by CARL PEREZ AND STEVEN
FABIJANSKI emtitfed PLANT ARTIFICIAL CHEOMOSOMES, USES THERECF
AND METHODS FOR PREPARING PLANT ARTIFICIAL CHROMOSOMES and
to U.5. Provisional Application No. 60/288,329, filed June 4,-2001, by CARL
PEREZ AND STEVEN FABIJANSK| entitied PLANT ARTIFICIAL

CHROMOSOMES, USES THEREOF AND METHODS FOR PREPARING PLANT

ARTIFICIAL CHROMOSOMES. This application is related to U.S. Provisional
Application Neo. 60!294,758, filed May 30, 2001, b\-( EDWARD PERKINS ét
al.. entitled CHROMOSOME-BASED PLATFORMS and to U.5. Prcvisionai
Application No. 60/368,891, filed March 21, 2002, by by EDWARD

PERKINS er af.. entitled CHROMOSOME-BASED PLA TFORMS. This

application is also related to U.S. Provisional Application Attorney Docket
No. 24801-420, filed May 30, 2002, by EDWARD PERKINS et a/.. entitled
CHROMOSOME-BASED FLA TFORMS and to PCT Jn‘tematidnél Patent
Ap'plica‘cion Attorney Docket No. 24601—420?(3 filed May 3{3 2002, by
EDWARD PERKINS et al.. entitled CHROMOSOME-BASED PLATFORMS
This application is related to U.S. app%aca‘cson Serial No. 08/685, 191, filed

. August 7, 1996 by GYULA HADLACZKY and ALADAR SZALAY, entitled

ARTIFICIAL CHEOMQSOMES, USES THEREOF AND METHODS FOR
PREPARING ARTIFICIAL CHROMOSOMES, now U.S. Patent No. 8,025, 155
This appiica’don is also related to U.S. application Seriat No. 08/682,080,

 filed July 15, 1996 by GYULA HADLACZKY and ALADAR SZALAY, entitled

ARTIFICIAL CHROMOSOMES- USES THEREOQF AND METHODS FOR
PREPARING ARTIFICIAL CHROMOSOMES now L.5. Paient No. 8,077,687.
This apphcation is also related U.S. application Serial No. 08/629,822, file
April 10, 1888 by GYULA HADLACZKY and ALADAR SZALAY, sntitled
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ARTIFICIAL CHROMOSOMES, USES THEREOF AND METHODS FOR
PREPARING ARTIFICIAL CHROMOSOMES (now abandoned), and is also
related to copending U.S. application Serial NG. 09;’.095,648', fited June 12,
1998, by GYULA HADLACZKY and ALADAR SZALAY, entitied ARTIFICIAL
CHROMOSOMES, USES THEREOF AND METHODS FOR PREPARING
ARTIFICIAL CHROMOSOMES and to U.5. applfcaﬁon Serial No, 09/83%,682,
Apdl 10, 1997 by GYULA HADLAGZKY and ALADAR SZALAY, entitled

ARTIFICIAL CHROMOSOMES, USES THEREOF AND METHODS FOR

PREPARING ARTIFICIAL CHROMOSOMES (now abandoned;. This
application is &lsc related to copending U.S, application Serial Ne.
08/724,728, filed Novemnber 28, 2000, U.5. applibation“SeriaJ No. 7
05/724,872, filed November 28, 2000, U.S. application Serial No.
09/724,883, filed Novembe‘r 28, 2000, U.S. application Serial Ne.
058/799,462, filed March 5, 2001, U.S. applicatibn Serial No. 09/836,911,
filed April 17, 2001, and U.S. application Serial No. ‘EO;."i 25,767, filed April -
17, 2002, each of which is by GYULA HADLACZKY and ALADAR SZALAY,

‘and is entitled ARTIFICIAL CHROMOSOMES, USES THEREOF AND

METHODS FOR PREFPARING ARTIFICIAL CH}?OMOSDME.S‘, " This application
is also related to international PCT application No. WO 87/40183. Where

permitted the subject matter of each of these ahpiications is incorporated by

‘reference in its entirety.

FIELD OF THE INVENTION _

Artificial chromosomes and m_ethcds of producing artificlal
chromosomes, particularly for use in d@iivery of nucleic acids and expression
thereof in plants"are provided. Alsp provided are fnethods of use of artificial
chromesomes in the delivery of nucleic acids to host cells, including plant
cells, an.d the expression of the nucleic acids therein. The resulting plant
cells, tissues, organs and whale plants containing the ardficial chromosomes,

plant cell-based methods for production of heterologous proteins and
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methods of producing transgenic organisms, particularly piants, using the
artificial chromosomes are provided. ' ‘
BACKGROUND OF THE INVENTION

The stable transfer of nucieic acids intoe ptan’t cells and the expressicn
of the nucieic acids therein poses many chaiiengesf Many efforts at the
stable introduction of nucleic acids into piant cells have utilized
Agrobacterium-mediated transformation. Agrobacteriurm is a free-living
Gram-negative sofl bacterium. Virulent strains of this bacteriumn are able to
infect plant tissue and induce the prbduc‘tion of a neoplastic growth '
commonly referred to as a crowngall. Vtruian’c strains of Agrobacterium
contain a large plasmid DNA known as a Ti- p!asmad that contains genes
required for DNA transfer (vir genes} and replication as well as a region of
DNA that is transferred to plant celis called T-DNA. The T-DNA region is
bordered by T-DNA border sequences that are crucial to thé DNA ’gransfer

- process. These T-DNA border seguences are recognized by the w'rrgenes

encoded on the Ti-plasmid and the vir genes are responsibie for the DNA
transfer procéss. -

Most wild-type Agrobacterium have a relatively ‘mroad dicot plant host
range and are capable of transferrmg T-DNA regions up 1o 25 kilobases of
DNA (e.g., nopaline strains} or more le.g., octopine strains}. Accordingly,
numerous methods of using Agrebacterium to transfer DNA into plant cefls
have been developed based on the engineering of the Ti-plasmid to no longer
contain the genes responsible for altered morphology and replacing these

genss with a recombinant gene encoding a trait of interest. There are iwo

primary types of Agrobacterium-based plant transformation systems, binary

[see, e.g., U.8. Patent No. 4,940,838] and co-integrate {see, e.g., Fraley et
al. (1285) Biotechnology 3:629-635] methods. The T-DNA border repeats
are maintained in both systems and the natural DNA transfar process is used
to transfer the portion of DNA iocé‘ced hetween the T-DNA borders into the

plant cell,
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Ancther plant cell transformation system, terrned biolistics, involves

the bombardment of plant cells with microscopic particles coated with DNA

encoding a new trait. The particles are rapidly accelerated, typically by gas

or electrical discharge, through the cell wall and membranes, whereby the

DNA ig released into the cell and is incorporated into the genome of the call.
This method is used for transformation of many crops, including corn, wheat,
barley, rice, woody tree species and others.

A significant number of crop species of commercial interest have been

transformed using either Agrobacterium-mediated or bislistic systems.

However, these methods have many limitations that imit their utility., For -

example, there are imits to the size of the heterologous DNA that can be

transferred using these methods; typically, only one to two genes may be

sransferred. Thus, although these methods may have uiility in producing

- grep products modified 1o contain a single new trait, such as insect or

herbicide tolerance, they may not be sufficient to transfer DNA that will

provide for multiple traits, or very large DNA segments encoding &

multiplicity of traits,

in addition, the genetically modified plant cells produced by these
methods tend to contain the transferred DNA In euchromatic regions of the
genomic DNA. Typicﬁally, a large number of indepgndent transgenic inser?ian
events must be screened before a suitable event {such as insertion of a gene
into the host genomic DNA such that it provides a sufficient fevel of gene
expression within temporal aﬁd spatial expectations and without evidence of
gene rearrangement) is identified.

Another limitation of these msthods is the effort required to utilize
them in the geneﬁb modification of many commercially important crops. For
exarﬁpie, transformation efficiency can vary with the crop and can be low,
notably in cereal orops such as corn and wheat. Often the inseried genes

are rearranged and unstable over generations. -
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Furthermore Agrobacterium tumefaciens relies on host—parasi‘te
intsraction in order to be successful. This has the effect that Agrobacterium
has a prefersnce for some dicots, while other dicots, monocots and c'c;nifers
are rasistant to trensformation via Agrobacterium. Self-replicating vectors
have also been used in the transfer of nucleic acids into plant cells. Such
episomal vectors contain DNA sequences that are required for DNA
replcation and sustainability of the vector in a living cell. In higher plants,
very few ep%,&omé% vectors have been developed. These episomal vectors
have the drawback of having a very limited capacity for carrying genetic
information and are unstable. One example of ar episomal plant vector is
the Cauliflower Mosaic Virus [Brisson ef al. (1984) Nature 310:5111.

| Limitations of these gene delivery technologies necessitate the
dgevelopment of aliemative vector systems suitable for transferring large {up
to Mb size or larger) genes, gene complexes, and multiple genes together
with regulaiory elements for safe, controlled, and persistent expreésion of
the desired genetic material in higher organisms, particularly plants, without

rearrangement caused by insertion or mutagenesis. - Therefore, it is an object

" herein 1o provide ariificial chromosomes for the introduction of farge nucleic

~ acids into eukaryotic cells and methods using the artificial chromosomes,

particularty for the introduction and expression of nucleic acids in-plants.
SUMMARY OF THE INVENTION '

Provided herein are plant artificial chromosomaes and methods for

»proddcing plant artificial chromoesomes. The artificial chromosomes are fully

functional stable chromosomes. Plant artificial chromosormes provided herein

have a particular composition that makes them ideal vectors for stable,

“controlied, high-level expression of heterclogous nucleic acids in plant cells.

The artificial chromosomes are capable of independent, extra-genomic
maintenance, replication and segregation within celis and can carry multiple,

large heterciogous genes,
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Artificial plant Chromesomes. provided here_in are non-natural
chromosomes that axhibit an ordared segmentation that distinguishes them
from naturally occurring chromnosomes. The segmented appearance can be
visuaiized using a variety of chromasome analysis ‘cachniqués and correlates

with the unigue structure of these artificial chromesomes, which, in

particular methods of producing these chromosomes, can arise through

ampiification of chromosoma! segmients {i.e., amplification-based artificiat

chromosomes). The artificial chromosnmés, throughout the region or regions

of segmentation, are predominantly made up of one or more nucleic acid

units that is {are} repeated in the region (referred to as the repeat region} and
that have & similar gross structure. Repesats of a nucleic acid unit tend to be
of similar size and share some common nucieic acid sequehCES, for exampie,

& replication site involved in ampiification of chromosome segrents and/or

.some heterologous nucleic acid. Although the size of a repeating nucieic

agig unit can vary, typically they tend 1o be greater than about 100 kb,
greater than about 500 kb, greater than about 1 Mb, greater than about §

‘Mb or greater than about 10 Mb. Typically, repeats of 2 nucleic acid unit are

substantially similar in nucleic acid composition and can be nearly identical.
The cornmon nucleic acid sequgncgs'canr contain seglences that represent .
suchromatic and heterachromatic nucieic acid. The corhposition of the

ampiification-based artificial chromosomes can be"such that substantially the

entire chromosome exhibits a segmented appearance or such that only one

or more portions that make-up iess than the entire chromosome appear
segmented. k

The composition of the plant artificial chromosomes provided herein

_can vary. For example, in some of the artiﬁ_ciai chramosomes provided

‘herein, the repeat region or regions can be made up predominantly of

heterochromatic DNA {i.e., the repéa‘t region or regions contain mare
heterochromatic DNA than other types of DNA, e.g., euchromatic DNA). In

other artificial chromosomes provided herein, the repeat region or regions can
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bz made up predominantly of euchromatic DNA {i.e., the repeat region or
ragions contain more euchrematic DNA than other types of DNA, e.g.,
heterochmmatié DNAJ or can be mads up of substantially equivalent
amounts of heterochromatic and euchromatic DNA, c—.:. g.. about 40% to
about BO% of one type of ﬁucleic acid and about 50% 1o about BO% of the
other type of nucleic acid., The repeat reQian or regions thus can be entirely
heterochromatic {(while still containing one or more heterniogous genes), or
can contain increasing amouﬁts of éuchromatic DNA, such that, for example,
the region contains about 10%, 20%, 30%, 40%. 50%, 60%, 70%, 80%,

‘80% or greater than 80% esuchromatic DNA. Comwmon nucleic acid

ssguences within repeatad nucieic acid units in & repeat region can contain

DNA that represents euchromatic nucleic acid and DNA that represents

. heterochromatic nucleic acid. Because the entire artificial chromoesome can -

be made up predominanﬁy of a repeat region or regions (e.g.,‘the
composition of the chromosome is such that the repeat region or regions
rﬁake up greater than about 50% or greater than about 80%. of the
gchromaosome}, it is thus possible for the art%ﬁciaf ehromosome 1o be made up
predominantly of heterochromatin or euchromatin, or to be made up of
substantially equivaient amounts of heterochromatin and suchromatin, e.g.,
about 40% to about 50% of en_é type of nucleid acid and about 50% 1o
about 80% of the other type of nucieic acid. Plant artiﬁcial chromosomes
provided herein can be isolated or contained within cells or vesicles.

Also provided herein are cells containing plant artificial chromosomes
as described herein, including plant celis ahd animal cel!s.' included among
the c;e_Ils comtaining the plant artificial chf_omo_seh’ses are any csils fhat include
one or more piant chromosomes. inciuded, for example, are plant celis,
including plant prbtoplas‘cs, in culture and within plant tissues, organs, seeds,
polien or whole plants. Plant cells containing the plant artificial
c:h.rorhosames can be from any type of plant, including rmonocots and dicots.

For exampie, the plant cells can be from Arabidopsis, Nicatiana, Sofanum,
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Lycopersicon, Davcus, Hordeum, Zea mays, Brassica, Triticum, Helianthus,
Oryza, Glycine (soybean), gossypium {cotion). Also contemplated are
mammalian and other animal cells that contain plant ACs

Plant cells containing artificial chromoesomes of any species are also

provided herein. Thus, for example, such plant cells can contain an artificial

chromosome cortaining an animal, e.g., mammalian, centromere or an insect
or avian centromere. Included ameng the artificial Ghromosomes contained
within plant cells as provided herein are predominantly heterochromatic
[formerly referred to as satellite artificial chromogomes (SATACs); see, e.g.,
U.3. Patent Nos. 8,077,697 and 6,025,155 and published International ?CT
application No. WO ©87/40183]; minichromescmes which contain a de novo
centromere, artificial chromosomes containing one or more regions of
repeating nucieic acid units wherein the repeat region(s) contain substantially
eguivalent amounts of euchromatic and heterochromatic nuciaic. acid and'in
vitro assembiled Aartiﬁciai chramosemes, each from any speéies. An

exemptary ariificial chromosome is a mammalian satellite artificial

. chromosome containing a mouse centromere. Included among the plant cells

containing artificial chromosomes of any species are plant cells, including
plant protoplasts, in culture and within plant tissues, organs, seeds, pollen or '
whole plants. Plant celis containing the artificial chromosomes can be from

any type of plant, including monocots and dicots. For example, the plant

celis can be from Arabidopsis, Nicotiena, Solanum, Lycopersicon, Daucus,

Hordeum, Zéa mays,; Brassica, ‘Triticum, Helfanthus and Oryza.

Further provided herein are methods of producing plant artificial
chromosomes. One embodiment of these methods includes the steps of
introducing nucleic acid into a cell containing plant chromosomes and
selecting & cell containing an artificial chromosome that contains one or more
repeat regions in which one or more nucleic acid units is {are} repeated. The
repeats of a nucleic acid unit in a repeat region can contain commaon nucleic

acid sequences and can be substantially identical. in some embodiments of
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this method, the repeat region{s) of the ardficial chromosome contain
substaritially eguivalent amounts of suchromatic and heterochromatic nucleic
acid. The artificial chmmpsome can be predominantly made up of one or .
more repeat regions. In further embodiments of this r;‘\ethod, the artificial
chromosome is made up of substantially equivaient amounts of suchromatic
and heterochromatic nucleic acid. In further embodiments of this methed,
the repeats of a nucieic acid unit have common nucleic acid sequences -
which'c.ontgin SequUences that represent euchromatic and heterochromatic
nucléic acid,

Any cell containing plant chromosomes can be used in these

. embodimants of methods of producing plant artificial chromosomes described

herein. For example, the cell can be any cell {hat contains chromosomes
from Arabidopsis, tobaceo, Sofanum, Lycopersicon, Daucus, Haordeumn, Zea
mays, Brassica,. Triticum, Oryza, Capsidum, ientll and/or Heflanthus, inciudi}wg
cells or protoplasts of Arébfdopsfs, tobacco andfor Helianthus.

The nucleic acid that is introduced into a cell containing plant
chromosomes in me‘thdds of producing a plant artificial chromosome as
provided herein can he any nucleic acld, including, but not limited 1o, sateliite:

DNA, rDNA and lambda phage DNA. Sateliite DNA and rDNA inciudes such

- DNA from plants, such as, for example, Arabidopsis, Nicotiana, Solanum,.

Lycopersicen, Daucus, Hordeum, Zes mays, Brassicz, Triticum and Oryza,
and from animais, such ag mammals. The rDNA can contain sequences of
an intergenic spacer region, such as can be abtained, for example, fram DNA
of Arabidopsis, Solanum, Lycopersicon, Hordeurn, Zea,'Oryza, rve, wheat,

radish and mung bean. In some embodiments of the method, the nucleic

acid containg a nuoieic acid sequence that facilitates amplification of & region

of a plant chromosome or targets it to an amplifisble region of & plant
chromosome.

In further emboediments of methods of producing plant artificial

chromosomes provided herein, the nucleic. acid that is introduced into a cell
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corttaining one or more plant chromosomes includes nucieic acid that for
tdentification of cells containing the nucleic acid. Such nucleic acids include

nucisic acid encoding & fluorescent protein, such as a green, blue or red

fluorescent protein, and nucleic acid encoding & selectable marker, such as,

for exampie, proteins that confer resistance 1o phosphinothricéd, ammonium
giufosina‘te, glyphosate, kanamycin, hydromycin, dihydrofolate or
sulfonylurea. '

In embodiments-of methods. of producing plant artificial chromosomes '

in which nucieic acid is introduced into a cell containing one or more plant

chromosomes, the cell.can be cultured through two or more cell doublings,

- and typicafly from about § to about 80, or about 5 to about 55, or about 10

1o about 55, or about 25 to about 55, or about 35 to about 55 cell doublings
following introduction of nucleic acid into a cell. The step of selecting a cell
containing a plant artificial chromosome can include sorting of cells into
which nucleic acid was introduced. For exampie, calis can be sorted on the
basis of the presence of a selectable marker, such as a reporter pﬁotein‘, or
by growing {culturing) the cells under seiective conditions. The selection
step can include fluerescent in sity hybridization (FISH) analysis of cells into
which nucleic acid is introduced.

Also provided are methods of producing a transgenic plant using
artificial chromosomes that fuﬁction in plants and transgenic plants
containing artificial chromosomes. Artificial chromosomes used in the
methods of producing transgenic plants can be of any specias, For exampis,
tﬁe artificial chromosomaes can contain a centromere from épecies such as |
animals, e.g., mammals, birds, plants, or insects, that functions to segregate
nucleic acids to daughter celis through cell division. In some embodiments
of the methods for preducing a transgenic plant, the artificial chromosomes
contain repest regions predominantly maﬁé Qp of repeats of one or more

nucleic acid units. Repeats of a nucleic acid unit can share some comimon

nusieic acid sequences, for example, a replication site involved in
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amplification of chromosome sagrnents and/or some heterpiogous nucleic

acid. Repesats of a nucleic acid unit can be substantially identical. ‘Common

nucleic acid sequences of repeats of a nucieic acid unit can contain

sequences that repsesent suchromatic and heterochromatic nucleic acid.

Repeat regions of artificial chromosomes that can be used in the
methods of producing a fransgenic plant can be made up of substantially
equivai'ent amounts of heterochromatic and euchromatic DNA -or can be
mad-e up predominantly of heterochromatic DNA or can'be. made up _
predominantly of euchromatic DNA. The artificiat chromosome can be méde
up predominantly of heterochromatic or euchromatic DNA or can be made up
of substantally eguivalent amourits of he’iefbchmmatin and euchromatin. -
Such artificial chromosomes that contain plant centromeres can contain a
plant centromere from any species of plant, including monocots and dicots.
For example, the centromere can be from Arabidopsis, tobacceo, Helfanthus,
Selanum, Lycopersicon, Daucus, Hordeum, Zea, Brassica, Triticum, rye,
wheat, radish, mung bean of Oryza. The artificial chromosomes can be
made using methods described herain.

In & method of producing a transgenic plant pfovided herein, an
artificial chromosome, such as those described azbove and elsewhere herei‘n.
is-imtroduced imo a plant cell. The artificial chrafmosome can contain
heterologous nucleic acid encoding a gene- broduci such as, for example, ar; .
enzyma, antisense RNA, tRNA, rDNA, & structural protein, a marker or |
reporter protein, a figand, a receptar, a ribozyme, a therapeutic protein, a

biopharmaceutical protein, a vaccine, a blood factor, an an’tigén. & hormone,

& cytokine, a growth factor or an antibody. The product can be one that .

provides for resistance to diseases, insects, herbicides or siress in the plant.

. The product can be one that provides for an agronomically important trait in

the plant and/or that alters the nuirient utilization -and/or improves the

nutrient guality of the plant. Heterologous nucleic acid of an artificial
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" chromosome can be centained within a bacterial artificial chromosome {(BAC)

or a yeast artificial chromosome (YAC). .

The p{ant cell into which sueh artificial chromosomes can be ©
m‘troduced in methods of producing a transgenic plant provided hersin can be
any species of plant cell, including, but not hmstet} 1o, Arabidopsis, tobacco,
Hefianthus, Solanum, Lycopersicon, Daucus, Hordeum, Zea, Brassica,

Triticum, rye, wheat, radish, mung bean, Capsicum ,_:lgﬁntii_'and Oryza, Any

cell that c.amAdevetop intc & plant can be used, including plant cells and

pro’tc'piasts of plant embryos, calli, ﬁssues’, meristem, organs, seeds,
seediings, polien, polien tubes or whole plants.

- Artificial chromosomes can be mtroduced into plant cells in the
methods of producing a transgenic plant using any process for transfer of

nucleic acids into plant cells, including, but not limited to chermical, physical

and electrical processes and combinations thereof. For exampie, the artificial

chromosomes can be transferred into plant cells via direct contact in the
absence or presence of a fusogen, e.g., polyethylene gtycal (PEG}, calcium
phospﬁat@ and/or lipid or they can be encapsulated in a lipid structure {e.g., a
liposome} or contained within a protbplas’c or microcell m;lhich is then éllowed
to fuse (in the presence or absence of & ﬁ:sqgen such as PEG) with a plant
cell for introduction of the artificial chromosore into the cell in & method of
producing a transgenic plant. Artificial chromosomes can be transferred to
slant cells that are subjected to electrical puises {e.g., electroporation} and/or
ultrasound {e:g., sonoporation) before, dﬁriﬂg and/for after exposure of tha
cells to the artificial chromesomes. Use of electrical pu!seé and/or ultrasound
can be in combina‘cidn with any other agents, e.g., PEG and/or lipids, used in
transferring nucleic acids into plant cefls. Artificial chromosomes can also be

physically injected into-plant cells through a micropipstie or needle or

" introduced inte plant celis through bombardment of the celis with

microprojectiles coated with the chromosornes. To facilitate transfer of
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nucleic acids into plant ceils, the recipient celis or tissue can be subjected to
mechanical wounding.

Plant cells into which artificial chromosames have been introduced for

purposes of producing & transgenic plant are cultured under cond?ﬁons that -

25

‘permit generation 6f a whole plant therefrom. The transformed cells can be

analyzed brior to use i the generation of whole plants to determine
suitability. For example, ‘Eﬁe cells can be analyzed for the presence of
artificiai chrqmosofne_s and/or regéneraﬁve capacity. Plant regenerétﬁon
techniques, many of which are known tc these of skl in the art, can be
used to generate whole plants from, for example, cells, embryos and c.:aiii
containing artificial chromosomas. For example, plants can be regenerated
from cells containing artificial chromoesomes by the.plan‘cing of transformed
roots, plantlets, seed, seediings, and any structure capable of growing into a
whale plant. o .
Further provided herein are methods for ;}rodﬁcing an acrocentric plant
chromosome and methods 'far oroducing plant chromoasomes 6ontaining
adjacent regions of rDNA and heterochromatin, in particular, pericentric
and/or satellite heterochromatin., Also provided herein are methods for
generating acrocentric' plant chromosomes containing adjacent regions of -

heterochromatin, such as pericentric heterochromatin and/or satsliite DNA,

and rDNA on the short arm of the chromasome.

One ambodiment of these methods includes steps of introducing
rmucleic acid containing two site-specific recombination sites intc a cell ~
containing cme‘_or more plant chromosames, recombining nucleic acids of the
twoe site-specific recombination sites, and selecting a cell containing an '
acrocentric plant chromdsame and/or a plant chromosome containing
adjacent regions of rONA and heterochromatin, The two site-specific
recombination sites can be contained on separate nucleic acid fragments

which are introduced inte the cell simultaneously or sequentialiy,
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Other embodiments of the methods of producing an acrocentric plant
chromosome and/or a plant Qhromosome that contains adjacent regions of
rDNA and hetsrochromatin include' steps of introducing & first nuclaic acid
containing & site-specific recombination site into a first plant chromosome,

introducing a second nucleic acid containing a site-specific recombination

site into a second plant chromosome, recombining nucleic acids of the first

and second chromosomes and selecting a plant chromosome that is
acrocentric or that contains adiacent regions of rDNA and haterochromatin,
For example, to produce an acrocentric plant chromosome, the first nuclsic

acid can be introduced into or adjacent to the pericentric heterochromatin of

“the first chromosome and/or the second nucleic acid can be introduced into

the distal end of the arm of the second chromosome. To produce an
acrocentric plant chromosome containing adjacent regions of rDNA and
heterochromatin, for example, the first nucleic acid can be introduced into or
adjacent the pericentric heﬁcerdchromat‘gp on the short arm of an acrocentric
plant chromesome and the second nuclelc acid can be introduced into or
adjacent to rDNA. To produce a plant chromosome containing adjacent
regions of rDNA and heterochromatin, for exampie, the firsi nucieic acid can
be introduced into or adjacent to heterachrcnﬂatin, such as pericentric
heterochromatin or satelifte DNA,'and the second nucieic acid can be
introduced into or adjacent to rDNA. When tlhe éhr_’omosomes are.i‘aca‘ced
within a cell, the method can include selscting a cell contzining a plant
chromosome that is acrocentric andior that contains adjacent regions of
rDNA and heterochromatin, 7

Another enﬁbo’dimeﬁz of the methods of producing an acrocentric plant
chromoesome includes steps of introducing a first nucleic acid containing a
site-specific recombination site into the pericentric heterochromatin of a plant
chromosame, introducing & second nucieic acid containing a site-specific
recombination site into the distal end of the chromosome in which the first

and second recombination sites are located on the same arm of the
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chromosome, recombining nuciaig:- acids of the first and second
recombination sites in the chromosome and selecting 2 plant chromosome
that is acrocentric.

Ancther method of broducing an acrocentric piarit chromosome or a.
plant chromosome contalning adiacant regions of rONA and heterechromatin
includes steps of introducing nucleic acid canteining 2 recombination site
adjacent te or sufficiently near nucleic acid encoding a selectable marker iﬁto
a first plant cell for recombination and introduction of the marker into the
chromoesome, generating a first transgenic plant from the first plant cell,
introducing nuslsic acid ‘containing a promoter functional in a plant cell and a
recombination site in operative linkage into a second plant cell, generating a
second transgenic plant from the second plant cell, crossing the first and
second pianis, obtaining plents resistant to an agent that selects for cells
containing the nucleic acid encoding the seiectable marker, and selecting a.
resistant plant that contéihs celis containing an acrocentric plant
chromosorme or a piant chrhomcsome‘containing adjacent regions df rDNA

and heterochromatin, Methods of this embodiment can optionally include

steps of selecting first and second transgenic plants such that one of the

plants contains a chromosome containing a2 recombination srie in & region
within or adjacent to the pericentric hetef_cchromaﬁn aﬁd the othsr p%ar_zf'
_coﬁtains a chmmosome_containing a recombin.ation site focated within or
adjacent to rDNA of the chromoesome. These methods can further include
the steps of séiec‘céng first and second transgenic plantis where one of the

plants contains a chromosome containing a recombination site located on & .

_short arm of the chromosome in a region adjacent to the pericentric

heterochromatin, and .
the other plant contains a chromosome containing a recombination site
located in rDNA of the chromosome. In one embodiment, the recombination

sites on the two chromosomes are in the same orientation.
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In methods of producing an acrocentric plant chromosame, one or
both of these recombination sites is located on a short arm of the
chromesome. For example, one of the one of the plants contains &
chromesome containing a recombination site in ragion within or adiazent 1o
the pericentric heterochromatin jocated on the short arm of the chromosome.
The selecting steps can further include selscting first and second transgenic
ptants such that the fecom’bénaﬁon sites on the two chromosomes are in the
same orisntation.

in any of theée methods of producing an é_crocentric plart
chromcsp}"ne or & piarﬁ chramosome containing adjacent regions of rDNA
and heterochrématin {in particular, pericentric heterocﬁromaﬁn and/or
satellite DNAJ, recombination bstween the first and second site-specific
recombination sites can be provided for in a number of ways. For example, a
recombinase activity can be introduced inte a cell containing one or more
chromosemes containing the sites which catalyzes the recombination
reaction. The recombinase activity can be encoded by nucleic acid that is
introduced into the cell simultaneously with nucleic acid corntaining a site-

specific recombination site or that is introduced into the cell at a different

time. Recombinase activity ocours within the cell upon exprassion of the

nucieic acid encoding a recombinase activity, which can be operatively linked
to a promoter functional in the cell. The recombinase activity can be
constitutively expressed or can be induced, for example, by finking the
nucleic acid enco&%ng '.the recombinase 1o an inducible promoter. itis also

possiole thai a cell into which nucleic acid cantaining site-specific

-recombination sites is introduced contains a recombinase enzyme which can

be consﬁ’tuﬁveiy or indugcibly expregsed. Alternatively, a transgenic plant can
be generated'from cells containing the recombination sites and crossed with
& transgenic plant containing nucleic acid encoding a recombinase.

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
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of sites that direct the recombination by the recombinase are introduced into
the Ales {or other ACs) and then heterologous genes linked to the cognate

site are introduced into an ACes to produce platform ACes. The resuitmg
ACes are introduced into cells with nucleic acid encodmg the cognate
recombinase, typicaily on a vector, and nucleic acid encoding heterci_ogous
nucleic acid of interest linked to the appropriste recombination site for
insertion into tha ACes chromosame. The recombinase encoding nucleic
acid may be introduced inte the AC, includes ACes, or on the same or 8 E
differénce vector from the heterologous nucleic acid..

for the methods herein any recombinase enzyme that catalyzes stte-

specific recombination can be used to faciiitate recombination between the
first and second site-specific recombination sites. A variety of recombinases’
and attachment/recombination sites there}‘of are available andfor knowh g ¢]

those of skili in the art. These include, but not imited 10: the Cra}’fox-

recombination systam using CRE recombinase from the Escherichia cofi

phage P1 , the FLP/FRT system of yeast using the FLP recom‘bihase from the
2u episome of Saccharomyees cerevisiae, the resolvases, including Gin
recombinase of phage Mu, Cin, Hin, aé Tn3; the Piﬁ recombinase of £. cof,

the R/RS system of the pSR1 piasmid of Zygosaccharomydes rouxii site

specific recombinases from Kiuyveromyces drosophzlanum and

Kluyveromyces waltli and other systems are

Also contempelted is the E. coz‘; phage Eambcia integrase system, the phage

Jarnbda integrase and the cognate at? sites {see, also copending application

U.S. application Serial No. (attorney docket No. 24601-420, filed on the
same day herewith)}. o | '

In any of these msthods of producing acrocentric plant chromosomes,
nucleic acid containing a sé’ssaspeciféc recombination site can alsc contain
nucleic acid encoding & selectable marker, The nucleic aclds used in the
methods can be designed such that expression of the seiectabie'm-éri'(er

oceurs only upen the desired recombination event.
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Acrocentric plant chromosomes produced by the methods provided

hersin can be of any composition. For example, the DNA of the short arm of

“the acrocentric chromasome can contain less than 5% or iess than 1%

euchromatic DNA or can contain no euchromatic DNA. Acrocentric plant

artificial chromosomes in which the short arm of the acrocentric chromosome

does not contain euchromatic DNA are provided.

In another embodiment, a method of producing a piant artificial :
chromoscme; that includes the steps of 'mtrs.d‘t_ic:iné r%ut:i’éic' acid into a plant
cell acrocentric chromoseme in which the short arm. does not contain
euchromatic DNA; cu'!turing the cell through at least one cell division; and
selecting a cell coﬁ‘ca%ning an artificjal chromesome, such as one that is
predominantly heterochromatic, is provided. The acrocentric chromosome ié '
produced by the method of any the methods described herein or other
suitable methods. '

in another émbodimsm, a method for producing an artificial -

chromosome, that includes the steps of Entrodu‘cing nucleic acid into a plant

cell; and

selecting a plant cell that includes an artificial chromosome that contains one
or more repest regions is providled. in this AC, one or more nucleic acid
units is {are) repééted in a repeat region; repeats of a nuéle_ic acid unit have
common nucleic acid sequences; and  the commeon seguences of
nucleotides include sequences that represent etichromatic and
heterochromatic nucleic acid. The nucleic acid can include plant rDNA from

& dicot piant spacies or plant rfDNA from s monocot plant species. FThe

intergenic spacer region can be from DNA from a Micotiana plant or other

suitable source of such DNA. The rDNA can be plamt rDNA, and the plant

‘can be a dicot or 8 Monocot.

Also provided are isolated plant artficial chromesomes that contain
one or rmore repeat regions, In these ACs one or more nucleic acid units is

{are) repeated in a repeat region; repeats of a nucieic acid unit have common
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nucleic acid sequences; and the commaon seqﬁances of nucleotides include
sequences that represant euchromatic and heterochromatic nucleic acid. The
artificial shromosome can be produced by a method that inciudes the steps
of: introduging nucleic acid into a piant._ceﬂ; and selecting a plant cell
containing an artificial chromosome that contains one or more repeat regions,
The repeats of a nucleic acid unit have common nucleic acid segquences; and
the commeon nucleic acid sequences. contain sequences that represent |
euchromatic and heterochromatic nucleic acid.

In another embodiment, another methad for producing an acrocentric
plant chromosome is provided. The method inciudes the steps of: -
introducing nucleic acid contéining two siie-specific recombination sites into
a cell containing one or more plant chromosomes; introducing into the cell a
recombinzse activity tha‘; catalyzes recombination between the two '
recombination sites to produce a plant acrocentric chromosome. in the
embodim_ent, the two site-specific recombination: siie;s can be on separate
nucieic acfci fragments, which optionally can be introduced into the cell
simultaneously or sequentially. The resulting artificial chromesome can be
one that is predominantly heterochromatic. | '

in another embodiment, a method of producing a plant artificial
chromosome is provided. The method includes the steps of: introducing
nucieic acid into a plant chromosome, such as but not iimited to, an
acrocentric chromosome, in & cell that contains adjacent regions of rONA and
heterochwomatic DNA; culturing the cell through at least one céﬂ division;

and selecting a cell contéining an artificial chromosome. The resulting

.artificial chromosome can be predominantly heterochromatic. The

acrocentric chromosome can be one where the short arm of the chromasome
contains adjacent regions of rDNA and heterochromatic DNA, such és, but
not limited to, pericentric heterochromatin.

Also provided are a variety of vectors. Among these are vectors

containing  nucleic acid encoding a selectable marker that is not operably
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associated with any promoter, wherein the selectable marker permits growth

of animal cefls in the presence of an agent normaliy toxic to the animai cells;

and wherein the agent is not toxic 1o plant cells; a recognition site far
recombination; and a sequence of nucieotides that faciiitates ampiification of -
a region of a2 plant chromasome or iargets the vector to an ampiifiable region _
of a plant chromosome. Exemplary of such vectors is pAglla and pAglib.
| Another vector provided herein contains nucleic acid encoding a-

selectable marker that is not operably associated with any promoter, wherein
the selectable marker permits growth of animal ceﬂs in the presencé of an
agent normaily toxic to the animal cells; and whersin the agent fs net toxic to
plant cells; a recognition sifea for recombination; and nuclsic acid encoding a
protein operably linked to & plent promoter. Exemplary of these vectors is
pAgl and pAg2. ' ' ' '

- Another vector that is provided contains: nucleic acid encoding a -
selectable marker that is not operably associated with any promoter, where
the selectable marker permits growth of plant cells in the presence of an
agent normally toxic to the plant cells but not.toxic to animal cells; a
'racogniﬂon site for recombination; and nucleic acid encoding a protain
eperably linked to 2 plant promoter.

AnotHer vector is a plant transformation vector that contains nucleic
acid encoding & recognition site for recombination; a sequence of nuclectides
that facilitates or causes ampiification of a region of a plant chromosome;
one or more selectabie markers that are expressed in plant cells to permit the

selsction of celis containing the vector, and Agrobacterium nucleic acid. The

-vector is for Agrobacterium-mediated transformation of plants.

_ Another vector that is provided contains a recognition site for
recombination; and a sequence of nucleotides that faciiitates ampiification of
& region of a plant chromosome or targets the vector to an amplifiable region

of a plant chromosome, wherein the plant is selected from the group

consisting of Arabidopsis, Micotians, Solanum, Lycoparsicon, Datcus,
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Hordaum, Zea mays, Brassica, Triticum, Heiianrhhs,' soybean, cotton and
Oryza.

In these vectors, the amplifiable region can contain heterochromatic
nucleic agid; the amplifiable region can contain rDNA.‘ Exemb}ary sequences
of nucleotides that facilitates amplification of a region of e plant chromosome
or ‘car’geté the vector to an ampiifiabie region of a plant chramosome are any
that contain a sufficient portion of an intergenic spacer region of rONA to
facilitate amplification or effect the targeting. Such sufficient portion can be
at least 14, 20, 30, 50, 100, 150, 300, 500, 1 kB, 2 kB, 3 kB, 5 kB, 10 kB
or more contiguous nucleotides from an intergenic spacer region and/or other
rDNA region. An exemplary selectable mariﬁer encodes a product confers

resistance to zeomycin, The protein in the vectors include a protein thatis a

‘selectable marker that permits growth of plant cells in the presence of an

agent normally toxic to the plant cells, such as, for example, resistance to
hygromycin or to phosphothricin.  Other such protein markers include, but
are not fimited to, fluorescent proteins, such as, Jor exarnple, green, biue

and red. fluorescent proteins. An exemplary recognition site contains an atf

-site. Exemplary promoters for inclusion in the vecmfs, inciudé, but are not

limited to, nopaline synthase (NOS) or CaMV35S.

Céll, gontaining any of the vectors or mixtures thereof are provided. -
The cells include any ce_!is thét have at jeast one piarét chromosome, such as
a plant cell. The cells can. be protoplasts.

Methods using these vectors are provided. The methods includes a

step of introducing one of the vectors into a cell, such as g call that

coptaing at least one plant chramosome. Such vector is for example, a

vegtor that contains nucleic acid encoding a selectable marker that is not
6perab¥y agsociated with any promoier, where the selectable marker permits
growth of animal celis in the presence of an agent normally toxic to the

animal cells but is not toxic te plant cells; a recognition site for

recombination; and
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nucleic acid encoding a protein operably linked to a plant promoter. in this

method, the cell contains an animal, such as @ mammal, platform ACes that

contains s recognition ‘site, such as, for example, an a1t site, that recombinas

. with the recognftion site in the vector in the presences of the recombinase

therefor, thereby incorporating the sefectable marker that is not operably
associated with aﬁy promoter and the nucleic acid encoding a protein
operably finked ta & plant promater into the platform ACes to produce a
resulting platform ACes. The platform ACes can contain & promoter that,
upen recombpination, is operably linked to the selectable marlker that in the
vector is not operably associated with a promoter. The method can further
include transferring the resulting platform ACes into a plant cell to preduce a
plant cell that contains the platform Aces. The method optiorially further
includes culturingthe pian{ cell that contains the platform Aces under
conditions whereby the pro’:ein.gncoded by the nucleic acid that is cperably
finked to a plant promotsr is expressed.

‘The resuiting platform ACes optionally is isclated prior 1o transfer.
The Aces can be introduced into a plant cell by any suitabie method, such as
one sslected from ameng protoplast transfection, lipid-mediated delivery,

liposomes, electroporation, sonoporation, microinjection, particle

‘bombardment, silicon carbide whisker-mediated trensformation, polyethyiens

glycol (PEGH-mediated DNA uptake, iipm‘actlon and lipid-mediated carvier

systems. The resulting platform ACes can be transferred by fusion of the

- cells, which, for example, are plant protopiasts. In another embodiment, the

cell can be an animal cell, such as a mammalian, inciuding human, cell.-

in ancther, method a vector ig Introduced into plant cells. Such
vector, for example, can be a vector that includes nuc:leig acid encoding &
sejectable marker that is not operably associated with any promuter, where
the selectable marker permi{s growth of animal cells in the pressnce of an -

agent normally foxic to the anhimal celis but is not foxic to plant cells; a
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recognition site for recombination; and a sequence of nucleotides. that
facifitates ampﬁﬁcation of & region of a plant chromosome or targets the
vector to an amplifiable region of a plant chromosome. The plant cefls ars
cultured and 2 plant cellls) conteining an artificial chromosome that cont'ains_
one or more repeat regions is selected. In this method, a sufficient portion of
the vector can integrates into a chromesome in the plant cell 1o result in
amplification of chromosomal DNA. The resulting selected artificial
chromosome can be on in which one or more nucleic acid units is (are}
repeated in a repéét reglion; rebeats of & hucleic écid unit have coi‘hn‘;on
nucleic acid sequences; and the repeat region(s] contain substantially
equtvalent amounts of euchromatic and heterochromatic nucleic acid. The
resulting arddficial chromoesome produced in the method optionally can bé
isolated. _ .

Anther method s aiso provided. This method inc%'ucies the 'sieps of
introducing a vector into a cell, and culturing the resulting cell under
conditions, whereby the protein encoded by nudleic acid operaﬁly finked to
an animal promioter is expressed. In the method the vector can contains:
nucleic acid encoding a selectable marker that is not operably associated
with any promoter, where the selectable marker parmits growth of animal

cells in the presence of an agent normally toxic to the animal cells but is not

ioxic to plant cells; a recognition site for recombinetion; and nucleic acid

enceding & protein operebly linked to an animal pramster. The cell can
contain a platform plant artificial chromosorme {PAC) that contains
recombination site and an animai promoter that upon .r'.ecombinatim is
operabiy linked to the selectable marker that in the vector is not operably
associated with a promoter. thtroduction can be effected under conditions
whereby the vector recombines with the PAC to produce a plant platform
PAC that contains the seiectable marker operably finked to the promoter. in

this method, the artficial chromosqme can be an ACes. In addition, the

- plant platform PAC can be an ACes.
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The vectors, such as those that contain nucleic acid encoding a
selectable rmarker that is not operably associated with any promoter, where
the selectable marker permits growth of animal celis in the presance of an
agent norméliy toxic to the animal cells but is not toxic to plant cells; a
recognition site for recembinatkon; and z 'sequence of nuclectides that
facilitates ampiification of a region of a piant chromosome or targets the
Vestor to an amphﬁab!e region of a plant chromosome, and the ptant
transfcrmat;on vactors that contain nucleic acid for Agmbacz‘enum—medlated
transforma‘don of plants, can be used 1o produce artificial chromosomes.  |n
one exemplary method, such vestor Is introduced into & cell containing one
or more plant chromosomes; and
a cel containing an artificial éhromosome that contains one m: more repeat
regions is salected. The artificial chromosome containg onzor more nucleic
acid units that is {are) repesated in & repeat region; the repeats of a’ﬂuciei:‘:

acid unit have common nucieic acid sequences; and the common nucleic acid

' sequences contamn saﬁuences that represent euchromatic and

heterochromatic nucleic acid. In anocthar method, a cell bontaining an
artificial chrdmo’some that contains one or rore repeat regions 'is selecied.
The artificial chromosome contains one or more nucleic units ‘ihaﬁ s (ars)
repeated in a repeat region; repeats of a nucleic acid unit haﬁe-commbn
nucleic acid seguences; and -
the repedt region{s) contain substantially equivalent amounts of euchromatic
and heterpchromatic nucleic acid.
DESCRIPTION OF THEBRAW!NGS

Figure 1 provides a map of plasmid pAgt.

Figure 2 provides & schematic representation of the construction bf
plasmid pAgl. |

Fig,uré 3 provides a2 map of plasmid pAgZ.

Figuré 4 provides a st:h_ematic representation of the construction of

plasmid pAg2.
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Figure 5 provides a schematic repres:entaﬁon of the construction of
olasmids pAglla and pAglib. _.

Figure 6_A-68 provide restriction maps of the DNA inserted into pAg!
to form piasmids pAgita and pAgiib. ) i '

Figure 7 provides a map of plasmid pSV40183attPsensePUR.

Figure B depicts & method for formation of & chromoesome platform
with multiple recombination integration sites, such as atiP sites. .

Figa::ra 9 o 'diagrammatica!!y summarizes the platform technology; |
marker 1 permits selection of the artificial chromosomes containing the
integration site; marker 2, which is promoteriess in the'donosf vactior permits
seiection of recombinants. Upon recombination with the platform marker 2
is ‘expressed under the. control of a promoter resident on the ;ﬁlatform.
DETAILED DESCRIPTION OF PREFERRED EMBODEMENTS

D@;ﬁnitio;’xs . _

' Uniess defined otherwise, all technical and scientific terms used herein
have the same rﬁeaning as ts commonly understood by one of skill in the art
to which this invention beiéf}gs. All patents, patent applications, published
applications and other publications and published nucleotide and amiho acid

sequences {e.g., sequences available in GenBank or other databases) refarred

" to herein are incorperated by reference in their entirety. Where reference is

made to a URL or other such identifier or address, It is undersiood that such
identifiers can change and particular information on the internet can come
and go, but equivatent information can bé found by searching the internet.
Reference thereto evidences the availability and pub}ié dissemination of such
information. -

" As used herein, a chromosome is a defined composition of nucleic

acid that is capable of replication and segregationwi’thin a cell upon cell

" division. Typically, a chromosome may contain a centromeric region,

telomeric regions and a region of nucieic acid betwsen the centromeric and

telameric regions.
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As used herein, & centromere s a molecular composition that includes
& nucleic acid sequence that confers an abiiity to Segrega‘ca-td daughter cells
through cell divisi_on. A cenfromere may confer stable segregation of a
nuc;ieic acid sequence, including an artificial chromosome containing the
centromare, through mitotic and/for meiotic divisions, A plant centromere is
not necessarily derived from plants, but has the sbility to promote DNA
segregation in plant cells. '

Az used herein, auchrorﬁa“ﬂn and heterochromatin have their
recogmzed meanings-. Euchromatin refers to chromatin that stains diffusely
and that typically contains genss, and heterochromatin refers to chr?matin

that remains unusually condensed and that has been thought to be

“transcriptionally inactive or has low transcriptional activity relative to

euchromatin, Highly repetitive DNA sequences (sateliite DNA} are usually
iocated in regions of the heterochromatin surrounding the centromere’

{pericentric or pericentromeric heterochromatin}. Constitutive

heterochromatin refers to heterochromatin that contains the highly repétitive

PDNA which is constitufiveiy condensed and genetically inactive.

As used herein, an dcrocentric chrogmosome refers to a chromosame
with arms of 'unequai length.

As used hersin, endogenous chromosomes refer to genomic chromo-
somes as Tound in the cell prior to generation or infroduction of an artificiaf
chromosome.

As used herein, artificial chromeosomes are nucleic acid molecules,
typically DNA, that stably replicate and segregate alengside endbgenaous
chromosomes in cells and have the capacity 1o accommodate and express
heterologous genes contained therein. A rmammalian artificial chromosome
(MAC) refers 10 a chromosome that has an active mammalian centromere!s).
Plaﬁt artificial chromosomes (PAC), insect artifigial chromosomes and avian
artificial chromosomes refer to chromosomes that include centromeres that

function in plant, insect and avian cells, respe ctively. Human artificial
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~ chromosomes {HAC) refers to chromosomes that include centromeres that

function in human celis. For exemplary artificial chromosomes, see, e.g.,
U.S. Patent Nos. 6,025,185; 6,077,697, 5,288,625; 5,712,134;
5,695,867; 5,869,294; 5,851,691 and 5,721,118 aa:mf published
internatlona! PCT application Nos, WO 87/40183 and WO 98/08964.

As used herein, amphfication, with reference to DNA, is 2 process in
which segments of DNA are dupiicated to yield two or multiple coples of

substantially. similar or identical or nearly identical DNA segments that are

typically joined as substantially tandem or successive repeats or inverted

repeats. _ )

As used herein, amplification-based artificial chromosames are
artificial chromosomes derived from natural or endogenous chromosomes by
virtue of an ampiiﬁcatiori event, such as one that may bé initiated by
imtroduction of heterclogous nucleic acid into hetérochromatin, for example,
pericentr]c'heterochromatin, in a chromosome. As a result of such an event,
chromosomes and/or fragments thereof exhibiting segmented or repeating
patterns arise. Artificial chromosomes can Be formed from these
chromgsomes and fragments. Hence, ampiificatien-baé‘ed artificial
chroTnosomes réfer to non-natural or isolated chromosomes that exhibit an
ordered segmertation that is not typically observed in naturally occurring

chromosomes and that can be a basis for distinguishing them from naturally

" pocurring chromosomes. Amplification-hased artificial chromosomes can

also be distinguished from naturally occurring chromosomes by virtue of their

typically smaller size and. often segmented appearance when visuslized. The

“segmented appearance, which can be visualized using & variety of

chromosome analysis techn'iques as deseribed herein and knowrn-to those of
slill in the art, correlates with the unigue structure of these artificial
chromosomes, ‘En addifion to containing. ong or more centromeres, the
ampiification-based artificial chromosomas, throughout the region or regions

of segmentation, are predominantly made up of one or more nucleic acid
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units, also referred to as "amplicons”, that is {are} repsated in the region and

that have a similar gross structure. Thus, a region of segmentation may be

referred to as a repeat ragion. Repeats of an amplicon tend to be of similar

size and share some common nucleic acid sequences. For example, each

repeat of an ampiicon may contain a replication site involved in amplification

of chromosome segments and/or some heterologous nucleic acid that was
utilized in the initial production of the artificial chromosome. Typically, the
repeating units are;sqbstanfgia!iy,l sirniar in nucleic acid eompesition and may
be nearly identical. The édmﬁﬁon"nuckeié acid'sequences may ‘contain 7
sequences that represent euchromatic and heterochromatic nucleic acid.
Armplicon sizes vary but typically tend to be grester than about 100 kb,
greater than about 500 kb, greater than about 1 Mb, greater than about b
b or greater than abogt 10 Mb. The corﬁposi‘tion of the amplification-based.
artificial chromosomes méy be such that substantially the entire chromosome
exhibits a segmented appearance or such that only one or more portions that
make-up less than the entire chromosome appear segmented. Thé,
amplification-based artificial chromosomes can also differ depending on the

chromosomai region that has undergone amplification in the process of

. artificial chromosome formation. The structures of the resulting
20

chromosomes can very depending upon the initiating event and/or the
conditions under which the heterologous nucleic agid is introduced, including
modification t¢ the endogenous chromosomes. 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 suchromatic DNA or may bé made up of similar |

amounts of heterochromatic and euchromatic DNA. The region or regions of

ssgmentation thus may be entirely heterochromatic (while still containing one

.or more heterclogous nucleic acid sequences), or may contain increasing

amounts of euchromatic DNA, such that, for example, the region contains
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about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greatér than

7 80% suchromatic DNA. Because the entire artificial chromosome czn be

made up predominantly of a region or regfons of segmentation, it is thus _
possible for the artificial chromosome to be made up bredaminantly of
hetarochromatin or euchromatin, or to be made up of substantially equivalent
amounts of he’égrcchrcma‘cin and euchromatin, e.g., about 40% to about
50% of one type of nucleic acid and about ‘_50% to about 80% of the other
type of nugleic acid. i . | ‘

TAs used hefe.i-n the term "predominantly” with respsct tc a
composition gen@rélly' refers to a state of the composition in which it can be
characterized as being or having morsa of the predominant feature than other
features which are not predominani. The predominant feature may représent
more than about 50%, rhore than about B0%, more than about 70%, _'more
than about 80%, more than ébou‘c 90%, more than about 95% or essentially
100% of the-compositian. Thus, for example, a repeat region that is -
predaminantly made up of heterochrométic DN.’-‘; contains more
heterochromatic DNA than other types, e.g., suchromatis, of DNA. The
repeat region may be more than abéu’c 50%, more than about 0%, more
than about 70%, more than about 80%, more than about 90% or more than
about 95% hete_rochromatic DNA or may be essentia-ﬁ'y 100% -
heterochromét}c DNA, An artificial chromosome predominantly made up of
heterochromatin contains more heterochromatic DNA than other typés, e.4.,
euchromatic, of DNA and may be more than about 50%, more than about

80%, more than about 70%, more than about 80%, more than about 80%

_or more than about 95% nheterochromatic DNA or may be essentially 100%

heterochromatic DNA.
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 unif. For example, with reference to some of the
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predominantly hetsrochromatic artificial chromosomes, particularly sukaryotic
chromosomes, described herein, {he megareplicon may- contain a set of
tandem DNA blocks {e.g., —~ 7.5 Mb DNA blocks) each containing satellite
DNA fianked by non-satellite DNA or may substantially be made up of rDNA.
Contained within the megareplicon is a primary replication site, referred 1o as

the megareplicator, which may be involved in organizing and facilitating

“replication of segments-of chromosomes, including, for exampie,

heterochromatin, pericentric heterochromatin, rDNA and/or possibly the

centromeres. Within the megareplicon there may be smaller (e.g., 50-300

" kb) secondary replicons.  As used herein, amplifiable, when used in

reference to a chromosome, particularly the method of generating artificial
chromosomes provided hersin, refers to a region of a chromosome ‘that is
prone to amplification. Amplification typicafly occurs during replication and
other cellular events invciv'ﬁng recombination {e.g., DNA repairl. Included
among such regions are regions of the chromosome that contain tandem
repeats, such as satellite DNA, rDNA, and cther such sequences.

" Among the artificial chromosome sys?tems provided herein are those

that are predominantly heterochromatic [formerly referred to as satellite

' artificial chromosomes {SATACs]; ses, e.g., U.S. Patent Nos. 6,077.687

and 8,025,155 and published International PCT application No.
WO 87/40183), minichromosomes which contain a de novo centromere,

artificial chromosomes contairing one or more regions of repeating nucleic

acid units wherein the repeat region(s} contain substantially equivalent

amounts of euchromatic and heterochromatic nucleic acid and jn vitro
assembled artificial chromosomes. Of particular interest herein are artificial
chromasomes that introduce and express heterologous nucleic acids in

plants. These include artificial chromasomes that have a certromere derived

from a plant, and, alse, artificial chromosomes that have centromeres that

may be derived from other organisms but that function in piants. Methods
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for the construction, isolation, and delivery to target cells of each type of

‘artificial chromosome are provided herein.

As used herein,. 10 targetf nucleic acid to a locus on & chrqmosome'
means that the nuclelc acid integrates at or near the {argated logus, Any
method or means for effecting such ihtegration, inciuding, but not limited to,
homologous recombination, is contemplated. '

 As used kerein, a dicentric chromosome is 2 chromaosome that
cortains two centromeres, A multicentric chromosome contains more than
two centromeres. ' ' '

As used herein, a formerly dicentric chromosome is a chromosome
that is produced when a dicentric chromosome fragmems and acguires new
telomeres so that two chromosomes, sach having one of the centromerss,
are produced. Each of the fragmen‘ts ére repiicable chromoesomes. If oene of
the chromosomes undergoes ampiification of primarily euchromatic DNA to
produce a fully functional chromoesome that Is predominantiyl {more than
about 50%, mére than about 70% or more than about 90% euchromatin}
euchromatin, itis a minichromésome. The remaining chromosome is a
fcrmeriy dicentric chromosome. If one of the chromosomes undergoes -

ampliﬁdaﬂon, whereby heterochromatin {such és, for example, sateliite DNA)

~is.amptlified and a euchromatic portion {such as, for example, an armj

ramalins, it is referred to as a sausage chromosome. A chromosome that is
substantially afl heterochromatin, except for porticms' of heterologous DNA, is
czlled & predominantly heterochromatic artificial chromesome. Predominantly

heterochromatic artificial chromosemes can be nroduced from other partially

heterochromatic artificial chromosomes by culturing the cell containing such

chromosomes under conditions that destabilize the chromosome andfor under
selective conditions so that a predominantly heterochrometic artificial
chromosome is produced. For purposes hersin, 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.
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Typically, artificial chromosomes appear after about 5 1o about 50, or about
5 to about 585, or about 10 to about 55 or about 25 to about SS or about 35
to about 515 cell divisions following introduction of nucleic acid inte a cell.
Artificial chromosomes rmay, however, appear after only about 5 10 about 15
or about 10 to about 15 cell divisions.

As used hersin, the term "satellite DNA-based artificial chromesome
ISATAC)" is interchangable with the term "artificial chromosome expression
system {ACes)". These astificial chromosomes {ACes} include those that are
substantially all neutral non-coding sequences {heterochromatin} except for
foreign heterologous, t\{@icaﬂy gene or protein-encoding, nucleic acid, that
may be interspersed with?ﬁ thé heterochromatin for the expression therein
see U.S. Patent Nos. 6,025,155 and 6,077,697 and Internationat PCT
application No. WO 87/40183}, or thatis in é single locus as provided
herein, ‘The delineating structural feature is the presence of repeating units,
which are generally predominantly heterochromatin. The precise structure of
the ACes will depend upon the structure of the chromosome in which the
initia} amplification event occurs; all share the common feature of including a
defined pattern of repeating units. Generally ACes have more
h@térochromatin than euchromatin. Forefgn nucleic acid molecules
ii'weterologous genes} contained in these artificial chromosome expression
systems can include any nucleic acid whese 'expréssion is of interest in a
particular host cell. ,

As used herein, an artificial chromosome that is predominantly
heterachromatic {f.e., containing more heterochromatin than euchromatin,

typically mbre than about 50%, more than about 60%,_more than about

70%, more than about 80% or more than about 90% heterochromatin) may'

be produced by introducing nucieic acid molecules into cells, particularly
plant celis, and selecting cells that contain a predominantly heterochromatic
artificial chromosome. Any nucleic acid may be introduced into cells in the

miethods of producing the artificial chromosomes. For example, the nucleic



WO 02096923 : PCT/USO/17451

10

158

20

25

.33-

acid may comain a selectable marker ahd/cr a seguence that targets nucleic
acid to a heterochromatlc region of a chramosome particuiarly a plant
chromosome such as in the pesricentric heterochromatm in the short arm of
acroceniric chromosomes, rDNA or nucleolar organizing regions. Targsting

sequenceas include, but are not limited to, lamibda phage DNA and rDNA

{e.g., a seguence of an intergenic spacer of rDNA), particularly plart rDNA,

for production of predominantly heterochromatic artificial chromosomes in
ptant cells. _

After introducing the nucleic acid into cells, a cell containing a
predominantly heterochromatic artificial chromosome is selected. Such cells
may be identified using a varigty of procedures. For axample, repeating units
of heterochromatic DNA of these chromosomes may be discerned by G-
and/or C-banding and/or fluorescence in situ hybridization {FISH) techniques.
Prior 10 such analyses, the cells to be analyzed may be enrniched w:‘fh
artificial chmmoscme—conta:mng cells by sorting the cells on the basis of the
presence of a selectable marker such as a repgrter protein, or by growmg
{culturing} the cells under selective conditions. Selection of cells containing
amplified nucieic acids may also be faciiitated by use of techniques such as
PCR and.Southarn‘ blotting to Edéntify cell lines with amplified regions. Itis
also possible, after introduction of nucleic acids iﬂfﬁ cellis, to select cei_is that |
have a multicentric, typically dicentric, chromosome, a farmerly multicentric
(typicai_ly dicentric) chromosome andfor various heterochromatic structures
and to treat them sucﬁ tbat desired artificial chromosomes are pmduced.

Conditions for generati‘on 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 selestive conditions and

treatment with des’cabilizing' agents, and other such methods (see
international PCT application Ne. WO 87/40183 and U.S. Patent Nos.
6,025,155 and 6,077,697},
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As used herein, heterclogous and foreign are used interchangeably

with respect 1o nucleic acid and refer to any nucleic acid, including DNA and -

RNA, that does not ocour naturally as part of the genome in which it is

present or which is found i a {ocation or locations in the genome that differ

" from that in which It oceurs in nature. 'Thus, heterologous or forsign nucleic

acid that is not narmally found in the host genome in an identical context. It
is nucleic acid that is not endogenous to the cell and has been exogenously
introduced inté the cell. Examples of heterotogous DNA include, but are not
limited té, DNA that encodeé a gene product or gene product(s} of interest,
introduced for purposes of modification of the endogenous genes or for
producﬁon of an encoded protein. For example, a heterologous or foreign
gene may be isalated from a different speciaes than that of the host genome,
pr alternatively, may be isclated from the host genome but operably linked to -
one or more regutatory regions which riiffe'r frem those found in the

unaltered, native gene. Other exampies of heterologous DNA includs, but
are not limited to, DNA that encodes traceable marker proteins, and DNA

that encodes a protein that confers an input traft inc{uding,. but not limited ’m,'
herbicide, insect, or disease resistance or an output trait, including, but not
firnited to, oil quality or carbohydrate compasition. Anﬁbodies that are
gncoded by hé‘{eroiogous DNA may be secreted', sequesiered, stored in an

organ or tissue, accumulate in the cytoplasm or celiular organelies or

" expressed on the surface of the cell in which the heterologous DNA has bsen

introduced.

As used herein, a "selectable marker" is a composition that can be

‘used to distinguish one cell from ancther cell. For example, a selectable

marker may be a nucleic acid encoding a readily detected protein that has
been introduced into soms cells but not others. Detection of the expressed
protein in celis facilitates identification of cells containing the marker nucleic
acid by distinguishing them from celis that do not contain the_rnuc:ie'zc acid.

Thus, for example, a selectable rnarker may be a fluorescent protein, such as
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green fluorescent protein (GFP), or B—gaiacto#ﬁdase {or a nucleic acid
encoding either of these proteins). .Selectable markers such as these, which
are not required for cell survival and/or proliferation in the presence of a
selection agent, may alsc be referred to as reporter molecules. Other
salactable markers, e.g., the neomycin phosphotransfarase gene, provide for
isolation and identification of cells containing them by conferring properties
on the cells that make them resistant to an agent, e.g., a drug such as an
antibictic, that inhibits proliferation of celis that de not contain the marker.

As used herein, growth under selective cénd%fié'ns means growth of a
cell under conditions that require expression of a selectabie marker for
survival. - '

As used herein, an agent that destabilizes a chremosome is any agent
known by those of skill in the art 1o enhance amplification events, and/or
mutations. Such agents, which include BrdU, are well known 1o those of
skill in the art. | | -

~ inorder 10 generaté an artificial chromosome bontainirig a particular
heterologous nucieib acid of intérest, it is possible to include the nucleic acid
of interest in the nucleic acid that is being. introduced into cells to initdate
production of the artificial chromosome. Thus, for example, a nucleic acid of
imterest could be introduced into a cell along with nucleic acid encoding a -
selectable marker and/or & ﬁucieic acid that targets to a heterochromatic
region of a chromosome. For example, the nucieic acid of interest can be
linked to targeting nucleic acidis). Alernatively, heterologous rucieic acid of
interest can be introduced into an artificial chrorosome at a later time after
the initial generation of the artificial chromosome.,

‘As used herein, the minichromasome refers to a chromosome derived
from a rmulticentric, typically dicentric, chromosome that containg more
suchromatic than hetemchrométic DNA. For purposes herein, the 7
roinichromosome contains a de nove centromere, preferably a centromere

that replicates in plants, more preferably a pfant centromere.
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As used herein, de novo with reference to a centromere, refers to |
generatioﬁ of an éxcess certromere in a-chromosome as & result of
incorporation of a heterciogous nucleic acid fragment using the methods
herein. 4

Asg used herein, in vitro sssembied artificial chromosomes or synthetic
chromosomes are artificial chromosomes produced by joining essential |

components of a chromosome in vitro. These components include atleast a

centromere, & telomere and an origin of replication. An /n vifro assembled

artificial chromosome may inciude one or more megareplicators. in particular
embodiments, the megareplicator contains seguences of rDNA, particularly -
plant rDNA,

As used herein, i vitro assembled plant artificial chromosomes are

produced by joining components {e.g., the ceniromere, telomers(s)

rmegareplicator and an origin of reﬁ!ication) that function in plants, and
preferably, one or more of which is derived from a plant. [n vitro assembled
artificial chromosomes may'cantain any amount of heterochromatic and/or
euchromatic nucleic écid. Eor example, an in vitro assembled artificial
chromosome may be substantially all heterochromatin, or may coniain

increasing amounts of euchromatic. DNA, such that, for example, it contains

“about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater than

about 90% euchromatic DNA. In vitro assembled artificial chromosomes
may contain one or more reglons of segmentation as described with
reference to ampiification-based artificial chromosomes.

As used herein, an artificial chromosome platform refers te an artificlal

chromosome that has been engineered to include ong or more sites for site

specific recomb&naﬁon—directéd iniegration. Inciudad within the artificial
chromosome platforms are ACes, particularly plant ACes, that are so-
engineered. Any sites, including but not limited to any described herein, that
are suitable for such integration are contemplzted. Among the ACes

contemplated herein are tose that ere predominantly heterochromatic
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{formerly referred to as satellite artificial chromiosomes {SATACs); see, e.g.,
J.8. Patent Nos. 6,077,687 and 6,025,155 and pubﬁshed--lntematiohal PCT
application No. WO 97/4—0183}, artificial chromosomes p_redonl}inanﬂy made
up of repsating nucleic acid units and that contain sﬁbstantia%iy equivalent
amounts of euchromatic and he{erochmmatic DNA or wherein the repeat
regions of the chromosomes contain substantially equivalent amounts of
euchrornatic and heterochrormatic nucleic acid. included among the ACes for
use in generating platforms are artificial chromosomes that introduce and
express heterclogaus nucleic acids in plants as described herein.  These
include artificial chromosomes that have & centromere dgerived from a plant,
énd, also, artificial chromoesomes that ha‘va centromeres that may be derived
from other organisms but that function in plants.

A.s-used herein, recognition sequences are particular sequences of
nucisotides that a protein, DNA, or RNA molecule, or combinations thereof,
tsuch as, but not fimited to, a restriction endonuclease, a modification
methyiase and a recombinase) recognizes and kinds. For e-xampie,’a'
recognition sequence for Cre recombinase {see, e.g., SEQ ID No. 30} is a 34
base pair sequence containing two 13 base pair inveried repeats (serving as
the recombinase binding sites] flanking an 8 baselpa%r core and designated
loxP (see, e.g., Sauver {1854) Cg;rren’t Cpinioh in Biotechnology 5:521-b27},

Other exampies of recognition seguences, inciude, but are not limited to,

" attB and attP, a7tR and atfl and others {see, e.g., SEQ ID Nos. 32-48}, that

30

are recognized by the recornbinase enzyme lntegrase {see, SEQ ID Nos. 45
and 5O for the nucleotide and encoded amino acid sequences of anr
exemplary lambda phage integrasel.

The recombination site designated atfB is an approximately 33 base
pair seqﬁence containing two @ base pair core-type Int binding sites and a 7
base pair overlap region; arfP (SEQ 1D No. 48] is an approximately 240 base
pair sequence containing core-type It binding sites and arm-type Int binding

sites 2s well as sites for auxiliary proteins 1HF, FIS, and Xis (ses, e.g., Landy
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(18983) Current Opinion in Biotechnology 3:688-707] see, e.g., SEQ 1D Nos.
32 and 48). ‘

As used herein, a recombinase Is an enzyme that catalyzes the
axchange of DNA segments at specific recombination sites. An integrase
herain refers to a recombinase that is @ member of the lambda () integrase
Tamily.

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 Opinfon in Biotechnology 3:688-707).

As used herein the expression "lox site™ means a seguence of
nucleotides at which the gene product of the cre geneg, referred 0
herein as Cre, can catalyze a site-specific recombination event. A LoxP siie
is & 34 base pair nucieotide séquence from bacteriophage P1 {ses, e.g.,
Hoess er 2/, {1882) Proe. Natl. Acad. Sci. 1.5.A4. 78:3398-3402). The LoxP
site contains two 13 base pair inverted repeats separated by an 8 base pair
spacer region as foliows: (SEQ iD NO. 51):

ATAACTTCGTATA ATGTATGC TATACGAAGTTAT
E. colfiDHBAlac and yeast strain BSYZ23 transformed with plasmid pB8544
carying two ¥6XP sites connected 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 EcoRl and Sall, or Xhel and Bamiit.

In addition, a preselected DNA segment can be inserted into pBS44 at either

the Sall or BarnHl restriction enzyme sites. Other lox sites include, but are

not imited to, LoxB, Loxl, LoxC2 and LoxR sites, which are nuclectids
sequences isolated from £ coff (see, e.g., Hoess ef &/ {1982} Proc. Natl.
Aéad. Sef, U.S.A, 75:3398). Lok sites can alsc be prod-uced by a variety of
synthetic technigues (see, e.g., lto er al (1982) Nuc. Acid Res. 70:1755 and
Ogilvie et al (1981) Science 270:270). |
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As used hersin, the expression "cre gene” maans a sequence of
nucleotides that encodes a gene product that effects site-spesific
recombination of DNA in sukaryotic cells at lox sites. One cre gene can he

isolated frormn bacteriophage P1 (see, e.g., Abremski et a/. (1883) Celf

32:1301-1311). E cofi DHT and yeast st.rain BSY 30 transformed with

plasmid pBS38 carrying a cre gene isolated from bacteriophage P1 and a
GAL1 regulatory nuclectide 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 pB538 with -
restriction enzymes Xhol and Safl.

As used herein, site-specific recombination refers to site-specific
recombination that is effected between two specific- sites on & single nucleic
acid molecule or between two different molecules that requires the presence
of an exogenous protein, such as an integrase or recombinase.

For example, Cre-lox site-gpecific recombination can include the
following three e\}ents:
a. deletion of a pre—selecte& DNA segmént flanked by iox
sites;

b, inversion of the nuclectide sequence of a pre-selected

DNA segment flanked by lox sites; and

‘ c. reciprocal sxchange of DNA segments proximate 1o lox
sites located on different DNA molecules.

This reciprocal exchange of DNA segmehts can result in'an integration
event if one or both of the DNA molecules are circular. DNA segment refers
to & linear fragment of single- or double-stranded deoxyribonucieic acid
{DNA), which can be derived from any sourca. Since the lox site is an
asymmetrical nucleotide sequence, two lox sites on the same DNA molecule
can have the same or DPROSite grientations with resbect to each other.

Recombination between lox sites in the same orlentation results in a delstion

- of the DNA segment located between the two lox sites and & connection
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'betwgen the resulting ends of the original DNA molecule. The deieted DNA ‘

segment forms a circular molecule of DNA. The original DNA molecule and

the resulting ciroular molecule each contain a single lox site. Recombination

between jox sites in opposite orientations on the same DNA molecule result
in an inversion of the nucisotide sequencs of the DNA segment located
between the two lox sites. In addition, reciprocal exchange of DNA
segments proximate to lox sites located on tweo different DNA molecules can’
occur. All of these recombination events are catalyzed by the gene product
of the cre gena. Thus, the Cre-lox system can be used to specifically delete,
invert, or insert DNA. The precise event is controlled by the orier&fatiorz of
lox DNA sequences, in cis the lox sequences direct the Cre recombinase 1o
gither delete {lox sequences in direct orientation) or invert {iox sequences in
inverted 6rien’£ation} DNA flanked by the sequ,enées, while i frans the iox
sequences can direct @ homologous recombination event resulting in the
insertion of a recombinant DNA. |

As used herein, a plant refers to an organism that is taxonomically
classifed as being in the kingdom Plantae. Such organisms .inciude -
eukaryotic organisms that contain chloroplasts capabie of ;:am/ing out
photosynthesis. A plant can be unicellular or multicellular and can contain
rltinle tiésugs andfor organs. F‘iants' can reproduce sexually and/or
asexually and include species that are perennial or annual in growth habit. A
plants can bé found to exist in a'variety of habi‘ﬁats, including terrestrial and
acuatic envirenments. The term "plant” includes a whole plant, plant 651!,

plant protoplast, plant calli, plant seed, plant organ, plant tissue, and ether

-parts of a whole plant.

As used herein, reprod'uc'tive mode with reference 1o a plant refers 1o

any and all m‘ethods. by which a plant produces progeny. Reproductive

modes include, but are not mited to, sexusl and asexual reproduction.
Plants may produce progeny by one or multiple reproductive modes. Sexual

reproduction can include union of cells derived from haploid gametophytes
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le.g., egfs produced from ovuies and sperm produced from pollen in seed

plamts) to form diploid zygotes. Zygotes may be formed from gamétcphytes

from different plants or from gametophytes of the same plant (e.g., through
self-fertilization). Asexusl reproduction can ocour when offspring are”
produced through modifications of the sexusl life cyc&e that do not include
meiosis and syngamy. For example, when vascular plants raproduce

asexually, they may do s6 by vegetativa-reproddction, such as budding,

~ branching, and tillering, or by producing spores or seed gene‘ucaliy identical

to the sporophytes that produc&d them.

As used herein, stable maintenance of chromosomes occurs when at
least about 85%,,.pref@rab_}y 90%, muore preferably 85%, of the ceEEé retain
the chromosome. Stability is measured in the présence of a selective agent.
Freferably these chrorﬁosornes are zlso maintairiad in the absence of a
selective agent. Stable chromosomes also retain their structure during celi
cuituring, suffering no unintended intrachromesomal nor interchromasomal
rearrangements. - ' |

As used herein, BrdU refers to 5-bromodecoxyuridine, which during
re;ﬁlication iz inserted in piacé of thymidine. BrdU is used as a mutageﬁ; it
also inhibits condensation. of metaphase chromosomes during cell division.,

As used herein, ribosomal RNA (rRNA} is the specialized BNA that
fbrms part of the structure of a ribosome and participates in the synthesis of
proteins, Ribosomal RNA is produced by transcription of genes whicﬁ, n
eukaryoctic cells, are present in muttiple cppies. in hurnan 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 (chromosomes. 12, 14, 15, 21 and 22). In mouse cells, the
presence of ribosomal DNA (rDNA, which is DNA containing seguences 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 18)
[see e.g., Rowe ef af. {1996) Mamm. Genome 7:886-888 and Johnson er‘a/.
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{1993} Mamm. Genome 4.49-52]. In Arabidopsis thaliana the presence of
fDNA has been verified on chromosomes 2 and 4 {185, 5.83; and 258
tDNAY and on chromosomes 3,4, and 5 {55 rDNA}see The Arabidopsis
Genome Initiative {2000) Nature 408:726-815]. in eukaryotic cells, the
rﬁuitipie copies of the highly conserved rRNA genes are located in a tandemly
arranged séries 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 unh:s. are located
adiascent to the pericentric sateliite DNA seguences {h.etemchrematiﬁ). 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 produc‘ci_on within the c,;eli nucleus. In higher plants, the rDNA is
arrégened in Tong tandem repeating units, similar to those of other higher
aukaroytes. The 188, 5.85 and 258 .rFiNA genee are clustered and are
transcribed as one unit, mrﬁiie-the 53 genes are located elseWhere in the
genome. Between the 3’ end of the 255 gehe and the 5’ end of the 188
gene i located a DNA spacer that ranges from 1 kb 1o greater than 12 kb in
length for different species. Therefore, the rDNA repeat ranges frorﬁ about 4
kb to about 15 kb for different plant species {seé; e.g.. Rogers and Bendich
{1987} Plant Mol. Bio!.‘ 9:509-520].

_AS used herein, a megachromosome refers to a chromosome that,
except for introduced heterclogous DNA, is substantially composed of

heterochromatin. Megachromosomes are made up of an array of repeated

-amplicons that contain two inverted megareplicons bordered by introduced

heterologous DNA [see; e.g., Figure 3 of U.S. Patent Ne, 6,077,687 fora

- schematic drawing of 2 megachromosome]. For purposes herein, a

megachromosome is about 50 1o 400 Mb, generally about 250-400 Mb.
Shorter variants are also referred to as truncated megachromeosomes [about

90 to 120 or 150 Mbi, dwarf megachromosomes [~ 150-200 Mb] and cell
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lines, and a micro-megashromosome [~50-90 Mb, typic‘al'fy 50-60 Mb]. For
pUrposes herein, the term megachromosome refers to the overall repeated
structure based cn an array of repeated chromosomal segmernts (ampiigons}
that contain two inverted megareplicons bordered by'any inserted
heterologous DNA, )

As used herein, transformation and transfection are used
interchangeably to refer to the process of introducing nucleic acid
introduced into _cells.‘ The terms. transtection 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 expresssed. Numarous
methods of introducing nucleic acids into cells are known to the ordinarily
skilled artisan, for example, by Agrobacz‘erium—mediated transformation,
protoplast transfection {including polyethylene glycol {PEG)-mediated
transfection, elsctroporation, protoplast fusion, and microcelt fusion}, lipid-
mediated delivery, lposomaes, electroporation, microinjection; particle
bhombardment and silicon carbide whisker-mediated transforrmation {see, e._::;.,
Paszkowski et al. 11984} EMBC J. 3:2717-2722; Potrykus ef al. {1985) Mol
Gen. Genet. 799.169-177; Reich o7 af. {1988} Bfotechno/bgy £:1001-1004;
Kiein et al. (1887} Nafure 327:70-73; U.S. Patent No, 6,743,948,
Paszkowski e al. {1988} in Celf Cutture and Somatic Cell Genetics of P:’ants,
Vol. 6, Molecular Biology of Plant Nuclear Genes, eds. Schell, J and Vasil,
LK. Acadeﬁic Publishers, San Diego, Calffomi_a, R, 52—68;‘ and Frame &t afl
(1994) Plapt J. 6:941-948), direct uptake using calclum phosphate [CaP04;
.see,e.g., Wigler et al. (1978} Proc. Natl Acad. Sci. U.S.A. 7651373—13761,
polyethylene glycol [PEGI-mediated DNA uptake, lbipofection [see, e.g.,
Strauss {18096} Meth. Mal. Biol 54:307-327], microcell fusion {see Larmbert
{1981} Proc. Natl. Acad. Sci. U.S.A. 88:5307-5911; U.S. Patent No.
5,396,767, Sawford et al. {1987} Somatic Cell Mol. Genet. 13.278-284;
Dhar et al. {1984} Somatic Cell Mol. Genet. 10:547-559; and MeNeill-Killary
et al. (1995} Meth. Enzymol. 254:133-152], lipid-mediated carrier systems
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[see, e.g., Teifel et al. {1995) Biotechnigues 78:79-80; Albrecht er al. {1896}
Ann. Hematol 72:73-79; Holmen gt 2/ (1995} In Vitro Cell Dev. Biol. Anim.
37:347-351; Reﬁy et al. [1994) Bioconjug.. Chem, 5:647-654; Le Bolch &t
al. {1996) Tetrahedron Lert. 36:6681-6684; Loeffler ef a/. {1993} Meth.
Enzymol. 2717:589-618] or other suitable method. Successful transfection is
genera(iy recognized by detection of the preserce of the heterol agcus nucleic
acid withirn the transfected cell, such as, for example, any Vtsuaiszataon of the
hetero%ogaus nucleic acnd ot any indication of the operation ¢f a vector within
the host ce!!

As used herein, injected refers to the microinjection {(use of a small
syringe, needie, or pipetie) of nuc?eic acid into a cell,

As used hersin, gene therapy invelves the transfer or insertion of

nucleic acid molecules into certain cells, which are also referred to as target

cells, to produce products that are involved in preventing, curing, correcting,

controlling or modulating diseases, disorders and/or deleterious conditions.
Tﬁe nucleic acid is introduced into the selected target cells in a manner such
that the nucleic acid is 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 therapsutically effeciive
amourts or at a therapeutically useful time. 1t may also encode & préduct,
such as a peptide or RNA, that in some manner mediates, directly or
indirectly, expression of a thérapeu’cic product. Express‘:on' of the nucleic
acid by the target cells within an organism afflicted with a disease or
disorder thereby enables modulation of the disease or disorder. The nucleic
acid encoding the therapeutic product may be modified prior to introduction
into the ceils of the affiicted hest in order to enhance or otherwise alter the
product or expression thersof. ‘

For use in gene therapy, cells can be transfected in vitro, foiioﬂed by

introduction of the transfected celis into an organism. This is often referred
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1o as ex vivo gene therapy. Alternatively, the cells can be transfected
directly in vivo within an organism.

As used herein, a therapautically effective product is a product that
effectively ameliorates or eliminates the symptoms or‘ manitestations of an
inherited or acquired disease or disorder or that cures said diseass or disorder
in an organism. For exampie, therapeutically effective products include a
oroduct that is encoded by heterologous DNA expressed in a diseased
organism and a product produced from heterologous DNA in a hest ceil and
to which a diseased organism is exposed.

As used herein, a transgenic plant refers 1o a plant {e.g., a plant cell,

" tissue, organ or whole plant) containing heterologous or foreign nucieic acid

or in which the expression of a gene naturally present in the plant has been
altered. Heterologous nucleic acid within a transgen‘sc plant may be
trahsiéntiy or stably maintained withib the plant. Stable maintenance of
heterologous nucleic acid may be maintenance of the nucleic acid through
ong or more, or two or more, or five or more, or ten or more, or 25 or more,
or BO or more or 80 gr mare cell divisions. A transgenic plant may contain
heterologous nucleic acid in one cell, multiple celis or all calls. A transgenic
plant may produce progeny that contain or do not contain the heterologous
nucleic acid. |

As used herein, a promoter, with respect to a region of DNA, refers o
a sequence of DNA that contains a sequence of bases that signals RMA
polymerase to associate with the ONA and initiate transcription of messenger
RNA {mRNA) from a template strand 6f the DNA. A promoter thus generally
regulates transcription-of DNA into mRNA. ' '

As used herein, operative linkage of heterologous DNA to regulatory

and effector sequences of nucleotides, such as promoters, enhancers,

“transcriptional and transiational stop sites, and other signal sequences refers

10.the relationship between such DNA and such sequences of nucleotides.

For example, aperative linkage of heterologous DNA 1o & promoter refers to
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the physical relationship between the DNA and the promoter such that the

- transcription of such DNA is initiated from the promoter by an BNA .

polymerase that specifically recognizes, binds to and transcribes the DNA in
reading frame.

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 Maniatis et al. {(1982) Moleeuiaf Cloning: A Laboratory Manuat, Cold
Spring Harbor Laboratory Preéé, Cold Spfing Harbor, NY].

As used herein, expression refers 1o thé transcription and/or

transtation of nucleic acid. For example, expression can be the transcription

- of a gene into an RNA molecule, such as a messenger RNA {mRNA)

moiecule. Express%oh may further include translation of an RNA molecule
into peptides, poiypeptidés, or proteins. If the nucleic acid is derived from
genomic DNA, expression may, if an appropriate eukaryotic host cell or
organisrn is selected, include splicing of the mRNA. With respect to an
antisense construct, exprassion may refer to the transcription of the
antisense DNA. ‘ '

As used herein‘, vector or plasmid refers 1o discrete elemernts that aré
used to introduce heteroiogous nucleic acids into cells for either expression
of the heteralogous nucleic acid or for replication of the heteroiogous nucleic -
acid. Selection and use of such vectors and plasmids are well within the
level of skill of the art. ) .

As used herein, suEstanﬂaHy homologous DNA refers to DNA that
includes a saduence of nucleotides that is sufficiently similar to another such
sequence to form stable hybrids under specified conditions. '

It is well known to those of skill in this art that nucleic acid fragments
with different sequencés may, uncierl the same conditions, hybridize .
detectably 1o the same "target” nucleic acid. Two nucleic acid fragments

hybridize defectably, under stringent conditions over a sufficiently long
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hybridization period, because one fragment contains a segment of at least
about 14 pucleotides in a sequence which is complementary (or nearly
complementary) 1o the seguence of at least one segment in the other nuclsic
acid fragment. I the time during which hybridization’ is allowed o ocour i

held constant, at a value during which, under preselected stringsncy

_conditions, twe nucleic acid fragments with exactly complementary base-

pairing segments hybridize detectably to each other, departures from exact

complementarity can be introduced into the. bage-pairing segments, and base-

‘pairing will nonetheigss occur 10 an extent sufficient to make hybridization

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.

Two smgie-stranded nucieic acid segments have ’ substan‘clally the
same sequence,” within the meaning of the present specification, if (a} both
form a base-paired dupiex'with the same segment, and {b} the melting
temperatures of said two duplexes in a solution pf 0.5 X S5PE differ by less
than 10C, If the segments being comnpared have the same n_umber of
baskes, then 1o have "substanﬁa'li'y the same sequence”, they will typically
differ in their seguences at fewer than 1 base in 10. Methods for determining
melting temperamres of nucléic acid duptexes are well known [see, e.9.,

Meinkoth and Wah! {1984) Anal. Biochem. 188:267-284 and references

cﬁfed therein).

‘As used herein, & nucleic acid probe is a DNA or RMNA fragment that
inciudes a sufficient number of hucieotides to specifically hybridize to DNA of
RNA thet inciudes identical or ¢ oseiy related sequences of nucleotides. A
probe may contain any number of nucleotides, from as few as about 10 and
as many as hundreds of thousands of n_ucieotzdes. The conditions and
protocols for such'hybridization reactions are well known te those of skill in

the art as are the effects of probe size, temperature, degree of mismatch,
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salt concetitration and other parameters on the hybridization ‘reactic;n. For
example, the lower the temperature and higher the salt concentration at
which the hybridization reaction is carried out, the greater the degree of
mismatch that may be present in the hybrid molecules.

To be used as a hybridization probe, the nucleic acid is generally
rendered detectabls by labelling it with a detectable molety or label, such as
®2p 34 and '°C,.or by other means, including. chemical labelling, such as by
nick-transfation in the presence of deoxyuridylaté biotinylated at the b'- “
position of the uracil moiety. The resulting probe includes the bictinylated
uridylate in pliace of thymidylate residues and can be detectad {vis the biotin
moieties] by any of a number of commercially available detection systems
based on binding of streptavidin to the biotin. Such commercially available
detection systems can be.obtained, for example, from Enzo Biochemicals,
Inc. (New York, NY}. Any other label k'nown to those. of skill in the art,
including non-radicactive 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 quaniity of DNA or RNA aveilable as a source of the probe, the particular
label and the means used m’detect the label. .

Once sequences with a sufficiently high degree of homology to the
probe are identified, they can readily be isolated by standard technigues,
which are deécribed, for example, by Maniatis ef al. (1982} Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY1.

As used herein, conditions under which DNA molecuies form stable
hybrids and are considered substartially homologous are such that DNA '
moiecules with at least about 80% complementarity form stable hybrids.
Such DNA fragments are herein considered to be "subsﬁamia!ly
homologous®. For example, DNA that encodes a particular protein is

substantially homologous to another DNA fragment if the DNA forms stable
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hybrids such that the sequences of the fragments are at least about 60%
complemem_ary-and if a protein encodad by the DNA retains its activity.
"For purposes herein, the following stringency conditions are defined:
1) high stringency: 0.1 x 85PE, 0.1 %-SDS,' B5°C
2} medium stringency: 0.2 x SSPE, 0.1% SDS, 50°C
3} low stringency: 1.0 x SSPE, 0.1% SDS, 50°C
or any combmatlon OT salt and temperature and other reagents that result in
selection of the same degr@e of misinatch or matchmg
As used herein, alf assays and procedures, such as hybridization
reactions and antibody-antigen reactions, unless otherwise specified, are
conducted under conditions recognized by these of skill in the art as
standard conditions.

A, Amplification of Chromosomal Segments and Use Thereof in the
Generation of Artificial Chyomosomes

The methods, cells and artificial chromosomes provided herem are

produced by virtue of the discovery of the existence of a higher-order

replication unit {megareplicon) of the centromeric region, including, the
pericentric DNA, of a chromosome. This megareplicon is delimited by a
primary replication initiation site {megareplicator), and appears to facilitate
replication of the centromeric heterochromatin, and, most lske{y

centromeres, Integration of heterologous nucieic acid mto the megareplicator

region, or in close proximity thereto, initistes a large-scale amplification of

megabase-size chromasoma( segments Products of such amplification may

be used as ariificial chromosomaes or in the generation of artﬁ‘ic%al

chromosomes as described herein.

Included among the DNA sequences that may provide a
megareplicator are the rDNA units that give rise 1o ribosomal RNA (rBNA). in
plants and animals, particularly mammals such as mice and humang, these
rDNA units can contain specialized slements, such as the origin of replication

{or origin of bidirectional replication, ie., OBR, in mouse] and amplification
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promoting sequences {APS) and ampiification control elements -(ACE}_Esee,
e.g., with respect to piant tDNA, U.S. Patent Nos. 6,096,54é {to Raskin} and
8,100,082 {to Borysyuk et al); PCT international Application Pubfication No. '
WQ0GG/88058; Genbank Accession no, YOB422 (containing the central AT-
rich region of a tobacco rDNA intergenic spacer); Borysyuk et al {1887}
Plant Mol. Biol. 35:655-860); Borysyuk et al. (2000) Nature Biotechnology
78:1303-1306; Hernandez et al (1883) EMBO J. 72:1475-1485; Van't Hof
and Larrém { 7992} Flant Mol Biol 20:377—382; HMernandez ef gl 11888} Plant
Mof, Biol. T0:41 3;322; and with respect to mammalian rONA, Gogel et a7

{1 9_96) Chromosoma 104:511-518; Coffman erf al. {19283) £xp. Cell. Res.

208:123-132; Little et af. (1883} Mol Cell. Biol. 73:6800-6613; Yoon et &l

{1998} Mol Cell, Biol 75:2482-2489; Gonzalez and Sylvester {1898E)
Genomics 27:320-328: Miesfeld and Arnhaim (1982) Nuc. Acids Res.
10:3933-3949; Maden et al. {1987} Biochem. J, 246:518-527).

As dest:ribied herein, ‘without being bound by any theory, specialized
elements such as these méy facilitate replication and/or ampiification of
megabase-size chromosomal segments in the de nove formation of |

chromosornes, such as the artificial chromaosomes described herein, . in celis,

‘These specialized elements are tybically located in the nontranscribed

intergenic spacer region upsiream of the transcribed region of rDNA. The _
intergenic spacer region may itself contain internally repeated sequences

which can be classified as tandemly repeated blocks and nontandem blocké
{see e.g., Gonzalez 'an{i Sylvester (1995} Genomics 27:320-328). In mouse

rDNA, an origin of bidirectiona!l replication may be found within a Bfﬁkb

‘initiation zone centered approximately 1.6 kb upstream of the transcription

start site (see, e.g., Gogel et al. (1996} Chromosoma 104:6711-618}. The

sequences of these specialized elements tend fo have an altered chromatin

structure, which may be detscted, for exampie, by nuclease hypersensitivity

or the presence of AT-rich regions that can give rise to bent DNA structures.



WO 02/096923 ' POT/USG2/17451

16

15

20

25

30

51-

Sequences of intergenic spacer regions of plant rDNA inciude, but are
not limited to, seguences contalned in GenBank Accession numbers 570723 .
(from the 6S rDNA of barey (Mordeum vuigareﬁ, AFO13103 and XG3889
(from maize [Zea mays)), X65489 (from potato {Solar-rum tuberosum},
X52265 {from tomato {Lycopersicon esculenfum}), AF177418 [from
Arabidopsis neglectal, AF177421 and AFT?422 {(from Arabidopsis halleriy,
AT715662, X16650, and Xb26831 (from Arahidopsis thaliana; see Gruendler et
al (1891} J. Mol. Biol. 227:1209-1222 and Gruendier of al {1988} Nucleic
Acids Res. 17:8398-6386), XB4194 {(from rice (Oryza sative)) and YOB422
and D76443 (from tobacco‘(i\ficotfana tabacum). Sequences of intergenic
spacer regions of plant tDNA further include sequences from rye (see Appels
et al, {1986} Can. J. Genet. Cytol, 28:673-888), wheat {see Barker ef al,
{1988} J. Mol. Biol. 207:1-17 and Sargana and Flavell (1988} Genome
35:288-282), radish {see Deicas;so-Tremcusaygue et al {1888} Eur. J.
Biochem. 172.767-778), Vicla faba and Pisum sativum {see Kato et @/,
(1990} Plant iol. Biol. 14:983-893), mung bean {see Gerstner et al (1988)
Genome 30:723-733; and Schisbel ef al. (1988} Mol Gen. Genet. 278:302-
307}, tomato (see Schmidt—Pubhta et al. {1988} Plant Mel Biol. 13:251-
253), Hordeum bulbosum (see Procunier et /. {1990) Plant Mol. Biol.
75:661-663} and Lens cufinaris Medik., and other legume species (see
Femandez et al. {2000} Genome 43; 59? 603}, Nucielc acids containing
intergenic spacer sequences Trom plants can be obiained by nucletc actd
ampiification of DNA from plant cells using ohgonucieotsde primers
corresponding to the 3’ end of the conserved 25S mature rBNA encoding
region and 'the B* end of the conserved 188 mature fRNA encoding region
(see e.g., PCT Appimatson Publication No. WOBEH/73505).

An exemplary sequence encempassing a mamralian origin of'
repiication is provided in GENBANK accessien no. X825€54 at about positions
2430-5435. Exemplary sequences encompassing mammalian amplification-

promoting sequences include nucleotides 8304060 and 1105-1530 of



WO (21096923 ' . PCT/US02/17451

10

15

- 20

25

30

B2

GENBANK accassion no. X82564 and are also p;rovidad in PCT Application
Publication No. WO 87/40183. Exemplary sequences encompassing plant
ampiification—promoﬁng sequences (APS) include those provided-in 1.8
Patent No. 6,100,092,

In human rDNA, a primary replication initlation site may be found a

- few kilobase pairs upstream of the transcribed region and secondary inftigtion -

. sites may be found throughout the nontranscribed intergenic spacer ragien

{see, e.g., Yoon gt al. {1895) Mol Cell. Biol ?'5:12482—2-’-1-89).'A complete
hurman rDNA repeat unit is presented in GENBANK as accession no. U13368.
Aﬁ.m:her exemplary. sequence encompassing a replication initiation site may
be found within the sequence of.nucleotides 35355-42486 in GENBANK
accession no. U13369 particularly within the seguence of nucieotides
37912-42486 and more particularly within the sequence of nucleotides
37912-38288 of GENBANK accession no. U13369 {see Coffman et a/.
{1993} Exp. Cefl. Res. 208;123-132}.
B. Preparation of PEaﬁt Actificial Chromosomes

Cell fines containing artificial chromosomes can be prepared by
transforming celis, preferably a stable cell line, with heterclogous nucleic acid
and idenﬁfying cells that contain an artificial chromosome as described
herein. The artificial chramosome is a chromosomal structure that is distinct
from any chromosome that existed in the cell prior 1o introduction of the.
heterologous nucleic acid. A cell containing an artificial chromosome may be
identified using a variety of procedures, alone or in combination, as described
in detail herein. In particular embodiments of the methods described herein,
the heterologous nucleic acid contains a sequence that targets the nucleic
acid to an amplifiable region of a chromosome in the cell, such as, for
example, the pericentric heterochromatin and/or rDNA. A variety of targeting
saguences are provided herein,

Prior to analyz.ing transformed cells for the presence of an artificial

chromosome, the cells 1o be analyzed may be enviched with artificial
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chromosome-containing cells using a variely of techniques depending on the

heterologous nucleic acid that was introduced into the host cell to initiate

generation of the artificial chromosomes. For example, it nucleic acid

encoding a selectable marker wes irﬂciuded in the he‘t‘ercjiogous nucleic acid,
celils containing the marker may be selected for analysis. If the selectable
marker is cné that confers resistance to a cytotoxic agent, e.g., bialaphas,
hygromycin or kanamycin the transformed cells may be cultured under
selective ccmdmons which include the agent. Cel&s surviving growth under
seiect;ve conditions are then anaiyzed far ‘the presence of artificial
chromosomes. If the selectable marker Is a readily deaeﬂtab!e reporter
molecule, such as, for example, a fluorescant protein, the transformed cells
may be selected on the basis of ﬂuofescen‘t properties. For example, cells
containing the fluorescent protein may be isolated from nontransformed cells
using a fluorescence-activated cell sorter (FACS].

in anafyz'mg transformed cells for the presence of artificial
chromosomes, it is also possible to identify cells that have a multicentric,
typically dicentric, chromaosome, formerly rﬁuiticentric {typically dicentric}
chromosome, minichromesome and/or heterochromatic structures, such as a
megachromosome and a sausage chromosome. If cells containing
mui“i;cenmc chromosomes or formerly mulitcentric (typically formerly
dicentric} chromosomes are mltaaiiy seiscted, these cells can then be
manipulated, if need be, as described herein to produce the
minichromosomes and other artificial chromosomes, particularly the
heterochromatic'artiﬁciai chromqsomes' and other segrmented, repeat region-
containing artificial chromosomes, as described herein.

1. Cells used in the generation of plant artificial chromosomes

Any cells harboring plant centromere-containing chromosemes may be
used in the generation of plant artificial chromesomes (PACs). Such celis
include, but are not limited to, plant cells, protoplasts, and cells that are

hybrid cells of one or more plant species. Preferred cells are those that
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harbor plant cen%romere-containing chromosomes and are readily susceptible
to the introduction of heterologous nucleic acids therein.

Cells Tor use in the generation of plant artificial chromosomes include
cells that harbor acrocentric plant chromosomes. Examples of acrocentric
plant chromosornes include chromosomes 2 and 4 of tha plant Afébfdopsis
thalians {see, e.g., Mayer et al. {1999) Nature 402:769-777; Murata er al.
{1997} The Flant Journal 12:31-37; The Arabidopsis Genome. Initiative
{2000} Nature 408:796-815), four acrecentric chromésomerpairs ifa
Heflanthus annuus (sunflower; see Schrader er g/, (19%7) Chromosome. Res.
5:45‘!-456), two pairs of acrocentric chromesomes in domesticated pepper
plant {Capsicum annuum) and a nearly acrocentric chromosome in lentil
piam.r In particular embodiments of the methods described herein, cells
harboring acrocentric plant chromosomes containing rDNA are used in
generating plant artificial chromosornes,

"Pian“t spacies from -which cells may be obt_a‘med inciude, but are not
limited to, vegetable crops,-fruit and vine crops, field plants, bedding plants,
trees, shrubs, and ather nursery stock, Examples of vegetable crops include
artichokes, kohirabi, arqgu[a, leeks, asparagus, lettuce, bok choy, maiangé,
broceoli, melons (e. g., muskmelon, watermelon, crenshaw, honeydew,
cantaloupe}, brusss! sprouts, cabbage, cardoni, carols, napa, cauliflower,
okra; Dﬁ‘tbns, celery, parsley, chiék peas, parsnips, chicory; chinese cabbags,
peppers, collards, potatoes, cucumber plants, pumpkins, cucurbits, radishes,

dry bulb onions, rutabags, eggplant, salsify, escarole, shallots, endive, garlic,

‘spinach, green onions, squash, greens, beet, sweet potatoes, swiss chard,
“horseradish, tomatoes, kale, turnips and spices. Fruit and vine crops include

_ apples, apricots, cherries, nectarings, peaches, pears, plums, prunes, quince,

almends, chestnuts, filberts, pecans, pistachios, walnuts, citrus, blueberries,

. boysenberries, cranberries, curants, loganberries, raspbesries, strawberries,

blackberries, grapes, avocados, bananas, kiwi, persimmons, pemegrante,

pineapple, trdpica[ fruits, pomes, melon, mango, papaya and lychee.
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Field crop plants include evening primrose, meadow foam, comn,
maize, hops, jojoba, peanuts, rice, satflowsr, small grains (barley, oats, rye,
Wﬁeat, and others) sorghum, tobacce, kapok, leguminous plants (beans,
lentils, peas, soybeans), oil piants {canola, rape, muétard, poppy, olives,
sunflowers, coconut, castor oil plants, cocoa beans, groundnuts}, fibre plants
{cotton, flax, hemp, jute}, lauraceae (cinnamon, camphor} and plants such as
coffee, sugarcane, tea and natural rubiber p!ants.' Other examples of plants
include bedding plants such as flowers, cactus, succulents and amamental
plants, as well as trees such as forest {broad-leaved trees and evergresns,
such ag conifers), fruit, omamenta!‘and nut-bearing trees, shrubs, a]gae,.
moss, and duckweed, ' | |

2. Heterologous nucieic acids for use in generating plant artificial
chromosomes :

a. Selectable markers

The heterologous nucisic aéid that is introduced into a cell in the
generation of artificial chromosomes as described herein may include nucleic
acid encoding a selectable marker. Any nucleic acid that includes a
selectable marker sequence may be introduced into cells harboring plant.
centromere-coniaining chromosomes for the generation of plén’t artificial
cbromc}sozﬁés,‘ Examples of selectable markers include, but are not fimited
to, DNA encoding a product that confers resis‘sancé io a cviotoxic or
cytostatic agent and DNA encoding & readily detectable product, such as a
reporier protein.

{1} Nucleic acids encéding products that confer
- resistance to a selection agent

Examples of selectable markers include the dihydryliolate reductase
{dhir} gene, hygromycin phosphotransferase genes, the phosphinothricin
acetyl transferase gene (bar gene) and neomycin phoesphotransferase genes.
Setectable markers that can be used in anf-m'al, e.g. ,‘-mammaiian cells inciud‘e,
but are not limited to the thymidine kinase gene and the cellular adenine-

phosphribosyhransferase gene.
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Of particular interest for purposes herein are nucieic acid selectable
markers that, dpon expression in the host cell, confer antibiotic or herbicide

resistance to the cell, sufficient 1o provide Tor the maintenance of

" heterotogous nucleic acids in the cell, and which facilitate the transfer of

artificial chromosomes containing the marker DNA into new ﬁost cells.
Examples of such markers inctude DNA encoding products that confer
cellular resistance to hygromyein, kanamycin, G418, ‘bialaphos, Basta,
methotrexate, giyphbsate, and purcmycin, For example, neo {or nptih
provides kanarmycin Vr—esistanoe and can be selected for using kanamycin,
G418, .paromomycin and other agents [see, e.g., Meésing and Vierra {1882)
Gene 19:258-268; and Bevan et a/. (1983} NMature 304:184-187}; bar from
Steptamyces hygroscopicus, which encodes the enzyme phosphinothricin -
acetyl transferase {PAT) confers bialaphos, glﬁfosinate; Basta or '
phosphinothricin resistance -{see e.g., White et al. {1890} Muc. Acids Res.
78:1062; Spencar et &/, (1 990) Theor. Appl. Genet. 79:625-631; Vickers e?
al 11996} Plant Mol. Biol. Eeporter 74:363-368; and Thompson et &/, '{'1987)
EMBO J. 6:2518-25231; the Aph gene which confers resistance to the

antibiotic hygromycin {see, e.g., Biochinger and Diggelmann, Mol Cell. Biol,

4:2929-2931); a mutant EPSP synthase protein [see Hinchee et al. {1988)

Biosftechnol 6:915-822] confers glyphosate rasistance (see also U.5. Patent
Nos. 4,940,935 and 5,188,842}; and a nitrilase such as bxn from Kishsiella
oraenae confers resistance to bromoxynil {see Stalker et al. (1988} Science
242:419-42}. DNA encoding cys‘za‘th‘mﬂ%né gamma-synthase {CGS) can be
used as a marker that confers resistance to ethionine {see PCT Application
Publication No. WO 005553033. Examples of markers that can be used in
anirnal, e.g., mammalian cells, include -but are not limited o DNA encoding

products that confer cellular resistance to streptomycin, zeocin,

-chioramphenicol and tetracycline.

{2) -Reporter Molecules
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Nucleic acids encoding reporter molecules may also be included in the
nucleic acid that is introduced into a recipient cell in the generation of
artificial chrémoscmes. Reperter genes provide a means for idenfifving celis

and chromosomes into which hetercipgous nucleic acids have been

~transferred and further provide a means for assessing whether or not, and 10

what extent, transferred DNA is expressed.

Nucieic acids encoding reporter moiecules that may be used in
rﬁon%taring transfer and sxpression of heterologous nueleic acids into cells,
particuiarly plant cells include, but are not limited to, nucleic acid encoding -
giucuronidase (GUS) or the uidA gene product, which is an enzyme for which

various chromogenic substrates are known [see Novel and Novel (1873) Mol

-Gen. Genet. 120:318-335; Jetferson et al. (1886} Proc. Netl. Acad. Sel.

USA 83:8447;8451; 15 Patent No. 5,268,483; commercially available from |
Clontech Laboratories, Palo Aﬁo, CAl DNA from an R-locus gene, which
encodes & product tha?t regulates the preduction of anthocyanin pigments
(red color} in plant tissues '[sée,- e.g., Deliaporta et al. {1988} In
“Chromosome Structure and Function: Impact of New Concepts, 18th
Stadier Genetics Sympsium™ 1 7:26352821, nucleic acid encodiﬁg F-lactamase
[Sutcliffe (1978} Proc. Natl Acad. {Scr’. U.8.A4, 75:3737-3741] which is an
enzyme for which vearious chromogenic substrates are known (e.g., PADAC,
a chromogenic cephalosborin), DNA from & xy/E gene [seé, e.g., Zukowsky
et al. {(1983) Proc. Natl. Acad. Sci. U.5.A. 80:1101-1105], which encedes a

catechol dioxygenase. that can convert chromogenic catachols; nucleic acid

encoding a-amylase ['see, e.g., tkute et al. (1890} Bio/technol. 8:241-242],

‘nuclele acid encoding tyrosinase [see, e.g., Katz et al. (1983) J/. Gen.

Microbiol. 128:2703-2714], an enzyme capabie of oxidizing tyrosine to
DOPA and dopaguinone which in tuin condenses 1o forrﬁ the readity
detec‘cah?e compound melanin, nucleic acid encoding #-galactosidase, an
enzyme for which there are chraomogenic substrates, nucleic acid enc:'oding

luciferase (ux} gene [see, a.g., Ow ef al. (1988} Sciance 234.856-859]
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which aflows for bicluminesence detecticn, nucleic acid encoding aequorin

[see, e.g., Prasher af &l {1985) Biochem. Biophy. Res. Commun. 126;1258-
12681 which may be employed in calcium-sensitive biolurninescence _
detection, nucleic acid encoding & green fluorescent protein (GFP) [see, e.g.,
Sheen et al. (1985) Plant J. 8:777-784; Haselhoff et al (1987} Proc. Nath
Acad. Sci. U.S.A. 84:2122-2127; Hasseloff and Amos {1995} Trends Genet
717:328-329; Reichel et al. {19986) Froe. Natl Acad. Sci. U.S.A. §5:5888-
5883; Tian et al. (199"{'} Plant Cell Rep. 76:267-271; Prasher sf al {1892}
Gene -17171:229-233; Chalfie et a. {1994} Science 263:802; PCT- Application

- Publication Nos, W087/41228 and WO 95/07463; end commercially

available from Clontech Laboratoreis, Palo Alto, CAl, nuciefc acid encoding a

- red or blue fluorescent protein {RFP or B.FP, respe{;tivety}, or nucleic acid

encoding chloramphenicol acetyltransferase (CAT).
Enhanced GFP [(EGFP) is & mutant of GFP with a 35—fpfd ingcrease in
fluorescence. This variant ﬁas mutations of Ser to Thr at amino acid 65 and

Phe 1o Leu at position 64 and is encoded by a gene with optimized human

codons (see, e.g., U.S. Patent No. 6,054,312}, EGFP is a red-shifted vér‘xan’c

of wild-type GFP {Yang et al. (1998) Nucl. Acids Res. 24:4592-4393; Haas
et al {1996) Curr. Biol, 6:315-324; Jackson et al. (1880) Trends Biochem.
F5:£77-483) that has bsen optimized for brighter fluorescence and h‘ig?\er
expression in mammalian cells {excitation maximum = 488 nm; ermission
maximum = 507 nm). EGFP encodes the GFPmutl variant (Jackson (?990ﬁ
Trends Biochem. 15:477-483) which contains the doubie-aminc-acid

substitution of Phe-64 to Leu and Ser-66 o Thr.  Sequences flanking EGFP

‘have been converted 1o a Kozak consensus transiatlen initiation site (Huang

et ol {1990} Nucleic Acids Res. 18: 937-947) to further increase the
fransiation efficiency in eukaryotic cells. ‘

Nucleic acid from the maize R gene complex can also be used as
ngc§eic acid encoding a reporter molecule. The H gene complex in maize

encodes a protein that acts to regulste the production of anthocyanin
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pigments in most seed and plant tissue. Maize strains can have ons, Or as
many as four, R aligles which combine 1o reguiate pigmentation in a
developmental and tissue-specific manner. Thus, an R gene introduced into
such celis will cause the expression of a red pigment ‘and, if stany ‘

incorporated, can be visually scored as a red sector. If & maize line carries

. dominant alleles for genes encoding for the enzymatic intermediates in the

anthocyanin biosynthetic pathway {C2, A1, A2, Bzl and BzZ), but carries a
recessive allele at the R‘loqu.s, the trgngformation of any cell from that line
with R will result in red pigment formatién. Exemplary Eiﬂles include
Wisconsin 22 which c:o'm:ains the rg-Stadier allele and TR112, a Kb
derivative which is r-g, b, Pl. Allernatively, any genotype of maize Cén be
utiiizéd if the C1 and R_aﬂeies are introduced together.

b. Promoters and other sequences that influence gene
expression

Exprassion of nucleic acid encbding a seiectabie marker {or any
heterologous nucleic acid) in a recipient celi can be reguiated by a Qérie’ry of
proﬁmters. Promoters for use in regulating transcription of DNA in celis,
particularly plant cells, include, but aré not firited to, the nopaline synthase
INOS) and octopine synthase (OCS) promoters, caufiflower mosaic virus
{CaMV) 193 and 35S promoters, the light-inducible prémd{er from the small
subunit of ribulose bis-phosphate carboxyiase (ssRUBISCO, an abundant
plant polypeptide}, the mannopine synthase [MAS) promoter [see, 2.4.,
Velten et al {1984} EMBO J. 3;27’23—2730; and Veiten and Schell {19885)
Nue. Acids Res. 13:6981-8998), the rice actin promoter, the ubigquitin

promoter, for example, from Z. mays {see e.g., PCT Application Publication

‘No. WGOO!EODBI}, Arabr‘dopsis thalfana UBl 3 promoter [see e.g., Norris et

al. {1993} Plant Mol. Biol. 22:895-808] and the chemically inducible PR-1
promoter from tobacco or Arabidopsis (see e.g., U.S. Patent No. 5,888,044). .
Selection of a suitahle promoier may inchide several considerations,

for example, recipient cell type (such as, for example, leaf epidermal cells,
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mesophyil cells, root cortex cells), tissus- or organ-specific (e.g.,.7o0ts,
leaves or flowers! expression of genes linked to the promoter, and timing and
level of expression (as may be influenced by constitutive vs, regulatable
promoters and promoler strength).

Additional sequences éhat may also be inciuded in the nucleic acid
containing a selectable marker include, but are not restricted to, transcription
terminators and extraneous sequences to enhance expression such as
introns. A variety of tranéériptian terminators may be used which are
responsible for termination of transcription beyond a coding region and
correct polyadehyfation. App‘ropria‘te transaription terminators include those
that are known to function in plants such as, for exampie, the CaMV 358

terminator, the tmif terminator, the nopaline synthase terminator and the pea

rbeS £E9 terminator, all of which may be used in both monocotyledonous ‘and

dicotyledonous plants.

. Numerous seguences have heen found to enhance gene expression
from within the transcriptional unit and these sequences can be used in
conjunction with selectable marker and other genes to increase expression of
the genes in plant cells. For example, various intron sequences such as ‘
introns of the maize Adh/ gene have been shown to enhance expréssion,

particutarly in monocotyledonous cells. In additior, a number of non-

transtated lsader sequences derived from viruses are alse known to enhance

exprssion, and these are particularly effective in dicotyledanous cells.
c. Nucleié acids gontaining targeting seguences

Deveiopment of a multicentric, particularly dicéntric, shromosome
typically is effected through integration of heteroicgous nucleic acid into
heterochromatin, such as the pericentric heterochromatin, near or within the
centromeric regions of chromosomes and/or into rDNA sequences. Thus, the
development of artificial chromosomes may be faciiitated by targeting the
heterologous nueleic acid for integration into these regions, such as by

introducing DNA, including, but not limited to, tDNA {e.g., rDNA intergenic
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spacer sequence), sateliite DNA, pericentric DNA and fambda phage DNA,
into the recipient host cell. The targeting sequence may be introduced alone

or with other nucleic acids, including but not limited o selectable markers.

For example, a targeting sequence can be finked to a ‘selectable marker.

Examples of plant pericentric DNA and sateliite DNA include, but are
not fimited ta, pericentrorﬁeric sequences on tomaio chromosome 6 [see,
e.g., Weide er af. (1998} Mol Gen. Genet. 255:180-187], sateliite DNA-of
soybean [see, e.g., Morgah’té et al. (1997) Chromosome Res. 8:363-373;

and Vahedian er al (1895) Plant /Mol Biol. 29:857-882], pericentromeric.

DNA of Arabidopsis thaliana [sese, e.g., Tutois et al. {1899} Chromosome
Res. 7:143-156], sateliite DNA of arabidopsis thaliana {GenBank accession
nos. ABO33593 and X58104}, pericentric DNA of the chickpes {Cicer

 aristinum L.; see e.g., Staginnus et al. {1999] Plant Mol. Biof. 3%.1037-

1050}, sateliite DNA on the rye B chromosorne [sese, e.g., Langdon et &/,
{2000} Génetics 154:869-8843;é;ubteiomeric satellite DNA from Sifene
iatifolia [see, e.g., Garrido-Ramos et al, {1999) Genome 42:442-448] and
satellite DNA in the Saccharum complex [see, e.g., Alix et al. {1888}
Genome 47:854-8641.

Examples of rDNA targeting sequences include nucieiﬁ acids from
plant and animal rDNA. Piant rDNA seguences include, but are not Eimitedl

to, sequences contained in GENBANK Accession numbers D1 6103 {from

" :DNA of earrot (Davcus carotall, M23642 and M11585 [from rDNA encoding

248 rRNA of rice (Oryza sativall, M26461 [from from rONA encoding 188
IRNA of fice (Oryza sativall, M16845 [from rDNA encoding 175, 5.88 and
255 rRNA of rice {Oryza sativa)], XB2780 and X82781 [from rDNA encoding
55 rRNA of potato (Sonum tuberosumil, AJ1311 61, AJ131182,
AJ131163, AJ131164, AJ1311685, AJ131166 and AJ131167 [from rDNA
encoding &8 rRNA of tobacco (Nicotizna tabacum), 1.364394 and U310186
through U3103C [from rDNA encoding. 58 rRNA of barley (Hordeum
spontaneum}], U31004 through U31015 and U31031 [from rDNA encoding

1



WO D2/96923 : ' PCTMSO2AT451

10

18

20

25

30

-B2-

BS rRNA of bariey (Hordeum bulbosumil, 211759 [from rDNA encoding 5.85
rRNA of barley (Hordeum vulgarei]l. X18077 (from rDNA encoding 185 rRNA
of Arabidopsis rha‘liana), MB5137 (rDNA encoding 53 rRNA of Arsbidopsis |
thalianas, AJ232900 (from rDNA éncoding 5.8S5 rRNA of Arabidopsis
thaliana) and X52320 (from Arabidopsis thaliena genes for 5.88 and 258

rRNA with an 185 rRNA fragment).

Jmtergenic- spacer regions of plant rDNA include, but are not limited to
sequences contained in GENBANK Accession numbers 370723 (from the 55
rDNA of barley {Hordeum vulgare}), AFO13103 and X03588 {from maize
(Zea mays)), XB548% {from potato {Svlanum tuberosum)), X52265 {from
tomato {Lyveopersicon esculentum)), Ar177418 [from Arabidopsis negiec:z‘a},‘
AFT774271 and AF1 7422 {from Arabidopsis haf!eri),‘ A71862, X155E50,
X52631, U43224, X62320, X562836 and XB2637 {from Arabidopsis

. thaligna; see Gruendier et al. (1991) J. Mol Biol. 22 7:1209-1222 and

Gruendier et al. (1989} Nucleic Acids Res. 17:6395-6396), X54194 [from
rice {Oryza sativa)l YO8422 and D76443 {from tobacco (Nicotiana

tabacum)], AJ243073 [from wheat {Triticumn boeoticum)] and X07841 [from
wheat {7riticum éesﬁvum)l. Saguences of intergenic spacer regions of plant
tDNA further include seguences from rye Isee Appels ef &/ (19886} Can. J. |
Genet. Cytol. 28:673-685], wheat [see Barker et a/ {1888) J. Mol Biol.
207:1-17 and ‘Sardana and Flavell {1888} Genome 39:288-292}, radish {see

- Delcasso-Tremousaygue et al. (1988) fur. J. Biochem. 7172:787-776}, Vicia

faba and Pisum sativurm [see Kato ef af. {1980} Plant Mol: Biol. 14:983-893},
rung bean Isee Gerstner et al. (1988} Genome 30:723-733; and Schiebsi et
al. (1988) Mol. Gen. Genet. 278:302-3071, fomato [see Schmidi-Puchia 'ez‘
al. (1989) Plant Mol. Biol. 13:251-253), Hordeum buibosum [see Procunier et
&l (1890} Plant Mol. Biol. 715:661-663], Llens c:;fb}?arfs Medik., and other
legume species [see Fernandez ef al. (2000) Genome 43:597-803} and
tobacco [see U.S. Patent Nos. 6,100,092 and 6,096,546 and PCT
Appiication Publication No. WOS9/66058; Borysyuk st al. {1997} Plant Mol.
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Biol, 35:655-650); Borysyuk et al. (2000) Nature Biotechnoiogy 78:1303-
13061,

- Mammalian rDNA sequences include, but are not limited to, DNA of
GENBANK accession no. X82564 and portions therecf, the DNA of
GENBANK accession no. U13369 and portions thereof and DNA sequences
providécﬁ in PCT Appilication Publication No. W097/40183 (particularly SEQ.
1. NOS. 18-24 of.WC}Q?MO'i 83). A particular vector for use in directing

integration of heterolegous nucleic acid into chromosomal rDNA is pTERPUD

. {see ?‘CT Application Publication No. W087/40183). Satelite DNA

sequences can aiso be used 1o direct the heterologous DNA to iniegrate into
the pericentric heterochromatin. For example, vectors pTEMPUD and
bHASPUD, which contain mouse and human satellite DNA, respectively {see
PCT Application Publication No. WO27/40183), are exarﬁpies of vectors that
may be used for introduction of he_tefologo.us nucleic acid into cells for de
nove chramosome formation leading to artificial chromosomes.

3, Methods for introduction of heterologous nucleic acids into host
cells

Any methods known in the art for introducing heterologous nucleic
acids into host cells may be used in the methods cﬁf preparing artificial
chromasomes. The particular method used may .depend on the type of cell
into which the heterologous nuc?eic_ acid is being transferred. For example,
methods for the physical introduction of nucleie acids into plant cells, for

exampie, protoplasts and plant cells in culture, include, but are not I'Em_ited. to

polyethylene glycol (PEG-mediated DNA uptake, electroporation, lipid-

mediated delivery, including liposomes, calcium phosphate-mediated DNA
uptake, microinjection, particle bombardment, silicon carbide whisker-
mediated transformation and combinations of these meathods, for example
rﬁethods utilizing combinations of caicium phosphate and PEG for DNA
uptake or methods utilizing a combination of elsctroporation, PEG and heat
shock isee, e.g., U.S. Patent Nes, 5,231,019 and §,4563,367}. Physical
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methods such as these are known in the art and are effective in intreducing
DA into a variety of dicotyledonous and monocotyledonous plants [sée,
e.g., Paszkowski er al (1884} EMBO J. 3:2717-2722; Potrykus et al. (1885}
Mol. Gen, Genet. 199:169-177; Reich et al. {1986) Biotechnology 4:1001-
1004; Klein et al. {1987} Nature 327:70-73; U.S. Patent No. 6,143,948;
Paszk.owski et al, (1988) in Cell Culture and Somatic Cell Genetics of Plants,
Vol &, Molecular Biclogy of Plant Nuciear Genes, eds. Schell, J and Vasil,
LK. Acada_mic Publishers, San Diego, Californiz, p. 52-68; and Frame erf al.
(1994) Plent J. 6:941-9481. | " i

' in addition to thése methods for the introduction of nucleic acids into
plant cells based on phvs'icaély, mechanically or chemically meidated
processes, it is possible to introduce nucleic acids into plant cells by
biclogical methods, such as those utllizing Agrobacterium. In this method,
nucleic acid sequences located adjacent to T-DNA border repeats can be
inserted into the gencome of a plant cell, typically dicotyledonous plant celis,
by utilizing the encoded function for DNA transfer found in the genus
Agrobacterium. This method has also been shown to work for some
mionocotyledonous plant cells, such as rice cells,

' Any method for introducing nucleic acids into plant cells can be used
in the generatioh bf artificial.chromosomes, provided the method is capable
of introducing the nucleic acid into an amplifiable region of a.chremcsome,
for example, heterochromatin, and particularly in close proximity to &
megareplicator region of a plant ﬁhrommsome. '

a. . Agrobacterium-mediated introduction of nucleic acids
into plant ceils

Agmﬁacteﬁum—mediated transformation is particularly weli-suited for
transformation of dicotyledons because of its high efficiency ef |
transformation and its broad utility with many different species, including
tobacco, tomato (see, e.g., European Patent Appfication no. O 249 432},

sunflower, cotton {see, e.g., European Patent Application no. 0 317 511),
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oilseed rape, potato, soybean, alfalfa and poplar {see, e.g., U.S. Patent No.

'4,795,855) (see also PCT Application Publication no. WOB7/07299 with

respect to transformation of Brassical. Agrabac:teri_um-media‘ied
transformation has also been uséd to transfer nucleic acids into
monocotyledonous plams. Agrobacterium-mediated transformation cﬁ‘
Chiorophytum capense and Nércissus cv "Paperwhite” [see, e.g., Hoovkaas-
Varn Slogteren st al. {1284) Naruré 3717.783-764], comn and wheat {see, a.g.,
U.5. Patent Nos. 5,164,310, 5,187.073 and 5,1.7.7,010 and Maooney et af.
(1981) Flant Celf’,_ Tissue, Organ Culture 255209—218}, rice [sse, e.g., Raineri
et al. {198Q) Bio/Technology 8:33-38 and Chan et al. {1883} Plant Mol Biol.

| 22:491-508] and barley [see, e.g., Tingay et al. (1987} The Flant J.

771:1369-1376 and Qureshi et a/. (1298) Proc. 42nd Conference of
Australian Séciety for Biochemistry and Molecutar Biology, September 28-
Qc-tober 1, 1998, Adelaide Australial has besn rebor‘ted.

Agrobacterium-mediated delivery of nucleic acids is based on the
capacity of certain Agrobacterium strains to introduce a part of their Ti
{tumor-inducing)A plasmid, i.e., the transforrﬁing DNA or T-DNA, into plant
cells and to integrate this T-DNA into the gernome of the cells. The part of
the Ti plasmid tﬁat is transferred and integrated is delineated by specific DNA
sequences, the left and righf T-DMNA border sequences. The natural T-DNA
sequences between these border sequences can be replaced by foreign DNA
isee, e.4., Europaan‘Patent Publication 116 718 and Deblaere et al {1987)
Meth. Enzymol, 753:277-283].

When Agrobacterium is used for transformation, the heteralogous
nucleic agid being transferred typically s cloned into a plasmid that containg
T-DNA border regions and is replicated independently of the Ti plasmid
{referred to as the binary vector system) or the heterplogous nucleic acid is
inserted between the T-DNA borders of the Ti plasmid (referred to as the co-
integrate method]. in co-integrate-methods, thesé vectors are be integrated

into the Ti or Ri plasmid by homologous racombination owing to sequences
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that are homologus to sequences within the T-DNA region of the ;Ti or Ri
plasmid. The Tior Ri plasmid aiso contains the vir ragion necessary far
transfer of the T-DNA. '
intermediate vectors cannot repficate in Agrobacteria. The
B intermediate vector can be transferred into Agrobacterium by means of a
helper plasmid {conjugation, see Fraley et al. (1983} Proc. Netl. Acad. Sci.
: USA 80:48@3}. This method, t?pica!iy referred 1o as triparental mating, -
'tntroduces"the He‘feroiog;ms nucieic acid sequence into the bacterium and
. alfows for selection of a homologous recombination event that produces the
10 desired Agrobacterium genotype. The triparéntal mating procedure typically
e'mpioys Escherichiz coli carrying the recombinant intermediate vector and a
helper £, coff strain which carries a plasmid thatis able to mobilize the
recambinant intermediate vector to the target Agrobacterium strain. A
modifi'ed Ti or Ri plasmid is obtained frbm the transfer and selection process,
15  which contains a heterologous nucleic- acid sequence jocated within the T-
DNA region. The resultant Agrebacteriurn strain is capable of transferring
the heterologous nucleic acid to plant cells. o
Binary vectors can repiicate both in £, coff and A grobacferium. They
typically contain a selection marker gene and & linker or polyi‘mker which are
20  flanked by the right and left T-DNA bofder regions and can be transformed
directly into Agrabacterium {see, e.g., Hofgen and Wilmitzer {1988) Nuc.
Acids. Res, 76:9877 and Holsters et al. {1878) Mol Gen. Genet, 163:181-
1871 or introduced through triparental ma’ting... The Agrobacterium host cell
contains a plasmid carrying & vir -region' needed for transfer of the T-DNA into
25 oz plant céﬂ Isee, e.g., White in Plant Biotechnology, eds. Kung, S. and
| Armtzen, C.d., Bu‘cterwor;ch Pubiisﬁers, Boston, Mass., {1989) p. 3-34 and
Fraley in Plant Biotechnology, eds. Kung, 8. and Arntzen, C.J., Butterworth -
Publishers, Boston, Mass., {1988} p. 385-407].
Agropacteriuym-mediated transformation typi;aily involves the transfer

30 of a binary vector carrying the heteroiegous nuclelc acid of interest 10 an
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appropriate Agrobacterium strain, which may depend on the complement of

vir genes carried by the host Agrobacterium strain either on a co-rasident 11

- ptasmid or chromosoma!!y [see, e.g., Uknes ef al. {1993} Plant Ceil 5:158-

169): The transfer of 2 recombinant binary vector to ‘Agrobar_:térium is
acomplished by a triparental mating procedure using Eschreichia coli carrying

the recornbinant binary vector, & helper £. coff strain which carries a plasmid

which is able to mobilize the recombinant binary vector 1o the target

Agrobacterium strain. Alternatively, the recombinant binary vector can be

transferred to Agrobacterium by DNA transformation {see, e.g., Hofgen &

. Willmitzer {1888} Muc. Acids. Res. 16:9877).

- Many vectors are available for transfer of nucleic acids into

Agrobacterium tumefsciens Isee, e.g., Rogers ef al, {1987} Methods in

: .Enzymé!. 153.253-277]. These typically carry at lsast one T-DNA border

sequence and include vectors such as pBIN1S [see, e.g., Bevan (1884} Nuc.
Acids. Res. 72:8711-87211L Ty;ﬁicai vectors suitahle for Agrobacterium

transformation include the binary vectors pCIB200 and pCIB2007T, as well as

“the binary vector pCIB10 and hygromycin sslection derivatives thereof {see,

e.g., U.8. Patent No. 5,5839,8458). Other vectors that can be smploved are
the pCambia vectors {see Www.camﬁia.org}, including, for example,
pCambia 3300 and pCambia 1302 (GenBank Accession No. AF234298).

A particularly useful Ti plasmid cassette vector for the transformation
of dicotyledonous plants contains the snhanced CaMV355 promoter (E?;ESES}
and the 3’ end, including polyadenylation signais, of & seybean gene
encoding the o subunit of f~conglycinin. Between these two elements is a
muitifinker containing multiple restriction sites for the insertion of genes of
interest (see, e.g., U.S. Patent No. 6,023,013}, The vector can contain a-
segment of pBRSEQ which provides an origin of replication in £ coli and 2
region for homologous recombination with the disarmed T-DNA in
Agrobacterium strain ACO; the oﬁ\f region from the broad host .range

plasmid RK1; the streptomycin/speciinomycin resistance gene from Tn7; and
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a chimeric NPTH gene, containing the CaMV358 _promo'tér and the nopaline
synthasa (NOS) 3" end, which provides kanamycih resistance in transformed
plant celis, Optionally, the enhanced CaMV35S promoter méy be’ replaced
with the_1 .‘5 kb mannopine synthase {MAS] promoter (see, e.g., Veifon et al.
{1884 EMBO .1 3‘:2?23~273€}}. After incorporatioﬁ_ of a DNA construct into

the vector, it is introduced into A. tumefaciens strain ACO which contains a

~ disarmed Ti plasmid. Cointegrate Ti plasmid vectors are selected and

sﬁbsequen‘taﬂy may be usé{i"co transform a dicoty!edénous piant,
Transformation of thetarget plant species by recambinant
Agrobacterium usuaily involves co-cultivation of the A grobacterfum with
explants from the plant and follows published protocols. ‘Methods of ‘
inoculation of the plant tissue vary depending upoﬁ the plant species and the
Agrobacterium delivery system. The plant tissue can be either protoplast,
callus or organ tissue, depending on the plant species. A widely used .

appréagh is the leaf disc procedure which can be peh‘ormed with any tissue

-explant that provides a good source for inftiation of whoie plant

differentiation (see, e.g., Horsch et al in Plant Molecular Biology Manual A5,
fduwer Academic Publishers, Dordrecht (1988} p. 1-9 and U.S. Patent E\%'a.
6,136,320), The addition of nurse tissue rﬁay be desirable under certain

conditions. There are multiple choices of Agrobecterium strains (ingcluding,

" but not limited -to, A. tumefaciens and A. rhizogenes) and plasmid

construction strategies that can bhe used to optimize genetic transformation
of plamts. Transformed tissue carrying an antiblotic or herbicide resistance .
marker present between the binary plasmid and T-DNA borders can be
regenerated on selectable medium.

A. tumefaciens ACQ is a disarmed girain similar to pTiBESE (see

Fraley ef al. (1985) Bio/T: echnology 3:628-63b). For construction of ACG,

the starting Agrobacterium strain was AZ08 which containg a nopaline-type

Ti ptasmid. The Ti plasmid was disarmed in a manner similar to that

described by Fraley ef al. {1888) Bio/Technology 3:629-835) so that
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essentially all of the native T-DNA was r.emoved'e_xcep‘s for the isft border

and a few hundred base pairs of T-DNA inside the feft border. The remainder
of the T-DNA extending to a point just beyond the right border was replaced
with & piece of DNA including (from left to right) a ségrhent of pBR322, the
oV region from plasmid BRK2, and the kanamycin resistance gene from
Tn601. The pBR322 and oriV segments are similar 1o these segments and
provide a region of homology for cointegrate formation {sea U.5. Patent No.
6,023,013}, Another useful strain of Agrobacterium is A. tumefaciens strain
GV3101/pMPO0 [see, e.g.. Koncz and Schell (1886) Mol Gen. Ganet.
204:383-348]. |

.‘ Advances In Agrobécterium-mediated transfer allow introduction of
larger segments of nucleic acids {see, e.g., Hamilton {1897} Gene 4:20041-
23:107-118; Hamilton et al. {1986} FProc. Natl A.cad. Sci. (L5.A. 93:8975-
9879: Liu et &l {1999) Proc. Natl. Acad. Sci, U.S.A. 96:6535-6540). The
vectors used in these methods are designed to have the characteristics of
both bacterial ariificial chromosames (BACs) and binary vec‘tqr's for
Agrobacterium-madiated transformation. Therefore, soh{e@hat larger DNA
fragments cloned in the T-DNA region can be transferred into a plant genome
by Agrobacterium. Biﬁary bacterial anificial chromosome {BIBAC) vector
BIBAC2 {see U.S. Patent No. 5,733,744 available from the Piant Science

Center, Cormnell University} and the transformation-compstent bacterial

artificial chromosome {TAC) vector pYLTACT (available from the Piant Cell

Banlk of the RIKEN Gens Bank, Tsukuba, \,Jap.anJ are examples of the types of
vectors that may be used in transferring larger ségments of nucleic acids,
particularly heterologous nucleic acids containing targeting and/or selectable
marker sequences as described herein, into plants via Agrobacterivumn-
madiated DNA transfer processes.

imtroduction of heterclogous nucleic acids into piant cells without the
use of Agrobacterium circumvents the reguirements for T-DNA sequences in

the transformation vector and conseguently vectors.Jacking these sequences
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can be utilized in addition to vectors comtaining T-DNA sequences.
Techmques for nucleic acid transfer that do not reiy on Agrobactarium
inciude transformatlon via particle bombardment, darect DNA uptake (e.g.,
PEG, lipids, electroporation} and mechanical methods such as micrcmjec:tson

or silicon "whiskers”. The choice of vestor that may be used in introduction

" of heterclogous nucleic acids into plant cells can involve largely on the

‘preferred selection for the species bsing transformed. Typical vectors

suitable for transformation without Agrebacterium include pCliB3064,
pSOGTH and pSOG3YL {ses, e.g., U.S. Patent No. 5,639,9@9), 6r common
plasmid, phage -or cosmid vectors.
- b. Direct DNA ‘Uptake
Introducticn of heterclogous nucleie acids into plant cells may be

achieved using a variety of methods that facilitate direct DNA uptake,

'inc!uding calcium phosphate precipiiation, polyethyleng glycol (PEG)

treatment, slectroporation, and combinations thereof {see, e.g., Fotrykus ef
al, {1988) Mal. Gen. Genet. 799:183: Lorz et é[. {1 935) Mol Gen. Genet.
789:178; Fromm et a/. {1985) Proc. Natl. Acad. Sci. LL.S“.A, 82:5824-5328;
Uchimiya et a/. {1986) Mol. Gen. Genet. 204:204; Callis et al. {1887} Genes
Dey. 7:1183-2000; Callis et al {1887} Muc. Acids Hés. 75:5823-6831;

“Marcotte et al. (1988) Neture 355:454, Toriyama ef al. (1988)

Bfoﬁebhnoiogy 6:1072-1074; Haim et &l (1985) Mol Gen. Genet. 185:161-
168; Deshayés et al. (1885} EMBO J. 4:2731-2737; Krens et al. (1882}
Nature 296:72-74; Crossway et af. (1986) Mol Gen. Genet. 20:179).

Typically, plant protoplasts are used for direct DNA uptake, or in some

_instances plant tissue that has been treated to remove & portion or the

majority of the cell wall (see, e.g., PCT Publication No. W093/21335 and

1.S. Patent No. 5,472,869). Removal of the cell wall is believed to facilitate
entry of DNA into plant ceils, although in some instances electroporation may

be used to introduce DNA into speciaiizad pian’c ceils e.g., electroporatmn of

polken without first removmg the cell wall.
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Technigues for the preparation of callus and protoplasts from maize,
transformation of protoplasts using PEG or elsctroporation, and. the
regeneration of maize plants from transformed protoplasts are found, for
example, in European Patent Appfication nos. 0 222 435 and 0 382 225 and
PCT Application Publication no. W093/07278. Transfarmation of rice ‘can
also.be undertaken by direct gene transfer techniques utilizing protoplasts
isee, e.g., Zhang ot a. (1988) Plant Cell Rep. 7:37%-384,; Shimarmoto et al.
{1989) Nature 338:274-277; Datta et al.- {1990) Biotechnology 8:736-740).
The regeneraiion o% fertile transgenic barley by direct DNA transfer to
protoplasts is described, for example, by Funatsuki ef al. [{1985) Theor.
Appl. Genet. 871:707-712}. Other plant specles, in'cluciing tobacco and
Arabidopsis, may aléo serve as sources of protoplasts for use in introduction
of heterologous riucleic acids into plant cells. A

c. Particle bombardment-mediated introduction of nucleic
" acids into plant cells

Microprojectile bombardment of plant cells can be an sffective method
for the iﬂtrodt.sctién of nucleic aéids into plant cells. In these methods,
nucleic acids ar-e carried through the cell wall aﬁd inio the cytoplasm on the
surface of small, typically metal, particles [see, e.g., Klein et al. ('1 987)
Ngture 327:70; Klein et &l (1988) Proc. Nail. Acad. Sci. U.S.A. 85:8502-
8605, Klein et al. /n Frogress in Plant Ceflulsr and Molecular Biology, eds.
Nijlcarnp, H.Jl.J., Van der Plas, J.H.W., and Va.n-Aa-rtri}'k, J., Kluwer _
Academic Publishers, Dordrecht, {“1988), p. 56-66; Seld et al {1999 Mol
Biotechnol. 17:251-255; and McCabe et al. {1988} Bio/Technology 6:923-

‘926]. Particles may be coated with nucleic acids and delivered into cells by

' g propelling force. Exemplary particles include those containing tungsten,

gold or plantinum, as well as magnesium suffate crystals. The metal
particles can penetrate through. several layers of cells and thus aliow the.

transformation of cells within tissue explants.
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_In an iliustrative embodiment [see, &.¢g., U.S. Patent No. 6,023,013] of
a mefhod for delivering nucleic acids into plant cells, 2.g., rﬁaize cells, by
zcceleration, a Biolistics Particle Delivery System m-ay be used to propel
particles coated with DNA or cells through a screen, such as a stainiess steel
or Nytex screen, onto a fitter surface covered with plant (e.g., corn) cells
cuttured in suspension. The screen disperses the particles so that they are
not delivered to the recipient cells.in large aggregates. The int'ervanin'g
screen betwéen fhe pro}ec‘d}e apparatus and the cells to be bombarded may
retduce the size of pro}e;:tile éggregates and may contribute to @ higher o

frequency of transformation by reducing damage inflicted on the recipient

cells by projectiles thet are 100 large.

?or the bombardment, cells in suspensi‘bn may be concentrated on
fitteré‘or solid culture medium. Alternatively, immature embryos or other
target éeils may be arranged on solid culture medium. The cells to be
bombarded are typically positioned at an appropriate distance beim-rs,r the
macroprojectile stopping plate. if desired, one or mare screens may also be
positioned between the acce!eratibn device and the cells to be bombarded. '

The prebombardment culturing conditions and borﬁbardmen‘c

parameters may be pptimized to yield the maximum numbers of stable

trensformants. Both the physical and biological parameters for bombardment
can be important in this technology. Physical factors include those that

involve manipulating the DNA/microprojectile precipitate or those that affect

-the flight and velocity of either the macro- or microprojectiles. Biological

factors include all steps involved in manipulation of cells hefore and
immediately after bombardment, the osmotic adjustment of target cells to

help alleviate the trauma associated with bombardment, and also the nature

of the transforming nucieic acid, such as linearized DNA or intact supercoiled

plasmids.
Physical parameters that may be adjusted include gap distance, flight

distance, tissue distance and helium pressure. In addition, transformation
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may be optimized by adiusting the osmotic state, tissue hydration and
subeulture stage or cell cycle of the redipient celis.

Techniques for transformation of ﬁ\1884a\9fi\fad maizé line using
narticie bambardment are desribed in Gordon-Kamm ét al. {1980} Plant Cell
2:803-618] and Frornm et af. 11990} Bivtechnology 8:833-839].

Transformation of rice may also be accomplished via particle bombardment

Isee, e.g.. Christou er al. {1981) Biotechnology 9:957-262]. Particle

bombardment may also be used to transform wheat [see, e.g., Vasil er al
(1982} Bioiechnofbgy 1(:B67-674 for transformation of cells of type C iong-
term regenerable calbus; and Wesks et al. {1283} Plant Physiof. 702:1G77-
1084 for transformation of wheat using particle bombardment of immatufe
embryos and immature embryo-derived callus]. The production of transgenic
barfey using bombardment methods is described, for e,xample; by Koprek et .
al. (19986} Plant Sci 115.79-81],

d. Electroporation-mediated introduction of nucleic acids
into plant celis

The application of brief; high-voltage eiectric pulses to a variety of
animal and plant cells leads to the farmation of nanometer-sized pores in the

plasma membrane. Nucleic acids are taken.directiy into the cell cytoplasm

. either through these pores or a5 a consequence of the redistribution of

membrane components that accompanies closure of the pores,
Electroporation can be extremely efficient and can be used both for transient
expression of cloned genes and for the establishment of cell lines that camy
integratad copies of the gene of interest.

Certain celf wali-degrading enzymes, such as pectin-degrading

‘enzymes, ma\j be employed to render the target recipient cells mare

susceptible to transformation by electroperation than untreated cells.
Alternatively, recipient cells may be more susceptible to transfarrﬁatim by
mecharical wounding. To effecttransformation by electroporation, friabie

tissues such as & suspension culture of cells or embryonic calius may be
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used or immazture embryos or other organized tissues may be directly

transformed [see, e.g., Fromm et al. {1886) Nature 379:791-793; and
Neuman et g, (1982} EMBO J. 7:841-845].

e. Microinjection-mediated intraduction of nucleic acids into
. plant cells : o

in microinjection techniques, nucleic acids are mechanically injected
directly into cells using very small micropipettes. For example, microinjection
of protoplast ceiis with foreign DNA for transformation of plant cells has '
been reported for barley and tobacco [see, e.g., Holm et a/. {2000}
Transgenic Res. 9:21-32 and Schnorf et al. Transgenic Res. 71:23-301.

f. Lipid-mediated introduction of nucleic acids into plant
cells ' ‘

in fipid-mediated transfer, nucleic acids are contacted with lipids
and/or engapsulaied in lipid-containing -struétures, including but not limited to
fiposomes, and the liposome-containing nucleic acids are fused with plant
protoplasts. The fusion can cecur in the presence or absence of a fusogen,.
such as PEG. Lipid-mediated trangformation of plant protor;wiasts has been

reported [see e.g., Fraley and Papahadjopoulos {1982) Curr. Top. Microbiol.

Jdmmunol. 96:171-181; Deshayes et al. {1985) EMBO J. 4:2731-2737 and

Spoeriein and Koop (1981} Theor. Appl. Genetics 83:1-5].

g. Other methods of introduction of nucleic acids into plant
celis

Other methods to physically introduce nucleic acid into plant cslis may
be used, including siicon carbide fibers {"whiskers") that are used 1o pierce

plart ceil walls thereby facilitating nucleic acid uptake, the use of sound

. wavas 1o introduce holes in plant cell membranes to facilitaie nucleic acid

uptake {e.g., sonoporation] and the use of iaser beams to open holes in cell

meambranes facilitating the entry of nucleic acids le.g., laser poration).
MNucleic acids may also be imbibed by hydrating plant tissue, providing

ancther method for nucleic acid uptake info plant cells [see, e.g., Simon

{1874} New Phytologist 37:377-420]. For example, nucleic acids may be
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taken into cereal and.legume seed embryos by inbibition [see, e.g., Toepfer
et al. (1989) The Plant Cell 7:133-138L

4. Treatment of cells into which hetefoiogous nucleic actds have
been introduced

Cells into which he‘cer_oiogbus-nucléic:acids have been introduced may
be analyzedlfor de novo formation of artificial chromosomes described herein
such as may result from amplification of chromesomai segments occurring in
connection with mtegrat:on of hetero!ogous nucleic ac:ds into chromosomes.
Typically, amp!:frcatlon occurs over multiple generations of cell division

leading to the formation of detectable changes in chromasome structure. | '

Therefore, transfected cells are typically cultured through multiple cell

divisions, frorn about 5 to about 60, or about 5 to about 55, or about 10 to
about 55, or abaut 25 to about 55, ‘or about 35 to about 55 cell divisions
foliow:ng antroduct;cn of nuclete acid into & cell. Artificial chromosomes
may, however, appear after only abau*t 5 1o gbout 15 or about 10 to about
15 celf divisions. Cells into which heterologous nucleic have been introduced
may be treated in a variety of ways prior to or during analysis thereof for the
presence of artificial chromosomes:

For example, cells into which nucleic acid encoding a selectable
m_arker required for growth in the presence of a selection agent has been
transferred can be treated as the exemplified ceills herein to faciii_taté
generation '01’" multicentric chromosomes, and fragrmentation thereof, and/or
the generation of artificial chromaosomes. The celis may be grown in the -
presence of an appropriate concentration of selection agent, which may be
determined empirically by growing untransfected cefls in varying
concentrations of the agent and idantifying concentrations sufficient to
prevent cell growth and/or facilitate arnplification of chromosomal segments.
Transfected celis may be grown in sslective media for numerous generations

and cel lines can be established that contain the introduced nucleic acid.

“The.concentration of selection agent may also be increased over several



WO 02/096923 - ' PCT/AUSO/T743]

10

15

20

Lo

30

-76-

generations 1o promote amplification of a region of a chromosome into which
heterologous nucleic acid integrated. Transfected cells may also be treated
to destabiiize the chromosomes to facilitate generation and fragmentation-of
a multicentric, typically dicentric,' chromosome.

Additonal heteralogous nucleic acid, e.g., nucleic acid encoding a

. seigzc‘tabie tnarker, may also be introduced into the transfected cells to

facilitate amplification of chromosomal segments, such as the pericentric
heterochromatin, contained in, for example, a fragment released from a

rmulticentric chromosome (e.g., a formerly dicentric chromosome}, and

.generation of a heterochromatic artificial chromoesome. The resuiting

" transformed cells can then be grown in the presence of a selection agent,

which may be a second agent {if the heteroiogous nucleic acid introduced”
into the transfected cells encodes a selectable marker different from any
selectable marker encoded by heterologous nucleic acid initially transferred
into the original host cells}, with or without the first selection agent.

~ Cells into which nucleic acids have been introduced may also be
subjected 1o cell sorting. For example, proioplasts may be prepared from
transfected plant cells or calli and subjected to sorting. If the sorting is
conducted prior to c_hromascmai' analysis of thé cells for the presence of
artificlal chromosomes, it provides a population of transfected cells that may
be enriched for artificial chromosomes and thus facilitates the subsequent
chromosomal analvsis of the cells. '

The sorting is based on the presence of a detrectable marker in the

cells, as provided for by the introduced nucleic acid, which can provide the

“basis for isolating such cells from cells that do not contain the heterologous

nucleic acid. For example, the nucleic acid introduced into the plant cells

may contain nucieic acid encoding a fluorescant. protein, such as a green, red

- or blue fluorescent protein, which may be used for selection, by flow

cytometry and other methods, of recipient celis that have taken up and

-express the nucleic acid at readily detected ievels.
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In an exemplary protocol, GFP fluorescence of transfected cell cultures

may be monitored visually during culture using an inverted microscope

equipped with epifiuorescence iilumination {Axiovert 25; Zeiss, (North York
ON} and #41017 Endow GFP filter set {Chroma Technologies, Brattieboro,

VTi. Enrichmént of GFP expressing populations can be carried out as

follows. Cell sorting may be carried out, for example, using a FACS Vantage

flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose,
CA} equipped with turbo-sort option and 2 Innova 308 fasers {Coherent, Palo
Alto CTA). For cell sorting a 70 prmnozzle can be used. The buffer can be
changed to PBS (Main_tainsd at 20 p.s.i.).. GFF may be excited with a 488
nm laser beam and excitation detected in FL1 using a 500 EFLP fitter.
Fofward and side scatiering can be adjusted to select for viable cells. Gating

parameters rnéy be adjusted using untransfectsd cells as nega’éive control

" and GEP CHO cells as positive control.

F_‘c_)r the first round of SDFtiﬂg,‘ transfected célls may be harvested post-
tra'nsfec.:'ﬁon {e.g., about 7-14 days post-transfection}, converted to
protoplasts, resuspended in about 10 mi of érowth medium and sorted for
GFP-expressing pepulations using parameters described above, GFP-positive
cells may be dispenséd into_a volume of about 5-10 ml of proteplast medium
while non-expressing celis are directed fo wasie. The expressing cells may
be cultured, Plant celis or calli can then be analyzed, for fluorescence in-situ
hybridization screeniﬁg.

5. Analysis of transformed cells and identification and
manipulation of artificial chromosomes

Cells into which nucleic acids have been introduced, and which may

" or may not have been further treated as describad herein, may be analyzed

for indications of ampfification of chromosomal segments, the presence of
structures that may arise in connection with amplification and de nove
artificial chromosome formation andfor the presence of desired artificial

chromosomes a5 described hersin. Analysis of the cells typically invoives



WO 82/096923 ' PCT/US02/17451

10

15

20

- 25

20

-7 8-

methods of visualizing chromosome structure, including, but not limited tcﬁ, G-
and C-banding, PCR, Southern biotting and FISH analyses, using technigues
described herein and/or known 1o those of skill in the art. Such analyses can
employ specific lebelling of particular nuclaié acids, such as satelfite DNA
sequences, heterochromatin, rDNA sequences and heterologous nucieic acid
seguences, that may be subject to amplification. During analysis of

transfected celis, a change in chromosome numnber and/or the appearance of

distinctive, for example, by increased segmentation arising from amplification

of repeat units, chromosomal structures will also assist in identification of
celis containing artificial chromosomes. The following description of events
and structures that m-ay be observed in analyzing cells for evidence of
chromosomal amplification and/or the presence of artificial chromosomes is

intended to be illustrative of the observations and considerations that may

' ocour in the analysis of cells of any type, including mammalian and plant.

celis. it should be recognized that numerous types of structures may be
formed during ampiification of chromesomal segments and treatment of the
cells. Additional, vet related, structures and variafions of these structures
are contemplatedr herein and are recognizable based on the descriptions and
teachings of the generation and identification of artificial chromosomes
presented-herein. Each structure can be further manipulated, for example
using procedures described herein, 1o derive additional chromosomal
structures and compoesitions. 7

E Typically, de novo centromere formation occurs in cells upon
integration of heterologous nucleic acids into the ce.ii-chromasomes and
amplification of chromosomal and heterclogous nucleic acids. The
integration and amplification that gives rise to de novo centromere formation
typically océurs at the centromeric region of the short arm of a chromosome,
typically an acrocentric chromosome. By employing methods such as
c‘hmmosome—s&aining methods, including FISH and G-and C-banding, it may

be possible to idéntify 2 chromosome at which the process occurs.
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The amplification can lead 1o the formation of multicentric, typically
dicentric, chromosomes. Becsause of the presence of two or more

functionally active centromeras on the same chromosome, regular breakages

occur between the centromerss. Such specific chromosome breakages can -

give rise to the appearance of a chromosome fragment carrying a neo-
ceniromers. 1he nec-ceniromare may be found on a minichromosome {neo-
minichromosome}, while a formerly dicentric chromosomes may carry traces
of the heterclogous nucleic acid. ‘
a. The nec-minichromosome

Breakage of a dicentric chromosome between the two functional
cemtroheres can form at least two chromosomes, for example, a so-called
minichromosome, and a formerly diéentric chromosome. Treatment of celis
corntaining a dicentric chromeséme, such as, for example, recloning,
trestment with agents that destabilize the chromosomes, e.g., BrdU, andfor
culturing under selective conditions, may facilitats breakage of the dicentric
chromosome. Selection of transformed celis can vield cell lines containing a
stable neo-minichromosome. The breakage of a multicentric, typically
dicentric, chromoesome in transformed cells, Wh‘ich‘ separates the neo-
centromere from the remainder of the endogenous chromosocme, may ocour,
far example, in the G-band positive haterologbus nucleic acid region-as is
suggested if traces of the heterologous nucleic acid sequences at the broken
end of the formerly dicentric chromosome are observed.

Multiple E-type amplification (amplification of euchromatin} may form a

neo-chromosome, which separates from the remainder of the dicantric

chromosome through a specific breakage between the centromeres of the

dicentiric chromoseme. inverted duplicstion of the fragment bearing the neo-

centromere can result in the formation of a stable neo-minichromosome. The

minichromosome is generally abour at least 20-30 Mb in size.
The presence of inverted chromosome segments can be associated

with the chromosomes formed de nove at the centromeric region of a
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chromosome. During the formation of the neo-minichromosome, the event
leading to the stabilization of the distal segment of the chromosome that
bears thé duplicated nec-centromere may be the formation of its inverted
duplicate. '

Although the neo-minichromosome typically cérries only one functional
centromere, both endé of the minichromosome can be heterochromatic,
carrying, for example, satellite DNA sequences as discernable by in sftu
hybridization. Comparisoﬁ'of the G-band pattern of a chromesome fragment
carrying the neo-centromere with that of a stapble neo-minichromesome, can

indicaté that the neo-minichremoesome is an inveried duplicate of the

chromosome fragment that bears the neo-centromere.

Celis containing 2 de novo-formed minichromoesome, which contains
multiple repeats of the heterologous nucleic acids, can be used as recipient
cells in cell transfection. Donor nucleic acids, s;ﬁch as haterologous nuclsic
acids containing DNA encoding a desired protein an&.DNA ancoding a
second selectable marker, can be introduced into the cells and integrated into
the de novo-formed minichromosomes. To faoilitate integration into the de
novo-formed minichromosomes, the heterclogous DNA may aiso contain
sequences thai are homologous to nucleic acids al.ready present in the
minichromosomes, which can, through homologous recombination. provide
targeted integration into the minichromosome. Nucleic acids can aiso be
integrated into ;che minichromosome through the use of éite-speciﬁc
recombinases by producing minichromosomes containing stte-specific
recombination sites as described herein. Iintegration can be verified by /i situ
hybridization and Southern blot analyses. Transcription and iranslation of
heterologous DNA can be confirmed by primer extension, immunoblot
analyses and reporier gene assays, if a reporier gene has been inciuded in
the heteroiogous DNA, using. for example, appropriate nucieic acid probes

and/or .product-specific antibodies. .
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The resulting engineered minichromosome that contains the heterolo-
gous DNA can also be transierred, for example by cefl fusion, into a recipient
cell line to further verify correct expression of the heterologous DNA.
Fallowing production of the cells, metaphase chrcmo'sc_wmes' t;én be obtained,
such ag by addition of colchicine, and the minichromosomes pu-riﬁ‘ed using
maethods as described herein. The resulling minichromosomes can be used
for delivery to specific cells of interest using any known method or methods
for transferring heterologous nuecleic acids into cells, particularly plant cells,
andfor methods described herein.

~ Thus, the neo-minichromosome is stably maintained in cells, replicates
autonornously, and permits the persistent, long-term expression of genes
under non-selective culture conditions, and in a whoié, intact, regenerated
piant. It also can contain megabases of heterologous known DNA that can
serve as target sites for hormuologous recombination and integration of DNA
of interest. The neo-minichromosome is, thus, & vector for the delivery and
expression of nucieic acids to cells.

Cell fines that contain artificial chromosomes, such as the
minichremosome, the neo-chromesome, and the heterochromatic artificial
chromosomes, are a convenient source of these chromosomes and can be
manipulated, such as by cell fusion or production of microcells for fusion
with selected cell lines, to defiver the chromosome of interest into a
multiplicity: of c_el'! lines, including cells from a variety of different plant
species.

b. Heterochromatin-gontaining and predominantly
" heterochromatic artificial chromosomes

Manipulation of cells containing & fragment released upcn breakage of
the dicentric chromasome (e.g., a formerly dicentric chrémosome), for
example, by introducing additional heterologous nugleic acids, inciuding, for
example, DNA encoding a second selectable marker and growth under

selective conditions, can vield heterochromatic structures, {ncluded among
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such sfructures are composiions ref‘erred to as sausage chromosomaes and
'megachromosomes. For example, a formerly dicentric chromosome may .
transiocate to the end of another chromosome, such as an acrocentric '
chromosome. Additional heterologous nuclsic acids added 1o cells cic:ntaining
a formerly dicentric chromosome can integrate into the pericentric '
heterochromatin of the formerty dicentric chromosome and be ampiified
several times with megabases of pericentric heterochromatic satellite DNA
séquences‘formtng‘ g "sausage” chromosome carrying 2 neWiy formea
heterochromatic chromosome arm. The size of this heterochromatic arm can
vary, for example, between ~ 150 'ar.sd ~800 Mb in individual metaphases,
The chromosome arm can contain four to five satellite segments rich in .
satellite DNA, and evenly spaced integrated héteroiogous "foreign” DNA

seguences. At the and of the compact heterochromatic arm of the sausage

chromosome, a less condensed suchromatic terminal segment may be

observed. By capturing a euchromatic terminal segment, this new
chromosome arm is stabifized in the form of the "sausage” chromosome. in
subclones of sausage chromosom-e-containihg cell lines, the heterochromatic
arrn of the sausage chromosome may become unstable and. show continuous
intrachromosomal growth, particuiarly after treatment with BrdU and/or drug
selection to induce further H-type amplification. In éx‘treme c_as:.es, the .
amplified chromosorne arm can éxceed 500 Mb or even 1000 Mb in size
{gigachromosome). Thus, the gigachromsome is a structure in which a
heterochromatic arm has amplified but not broken off from a euchromatic
armt.

/n situ hybridization with, for example, blotin-labeled subfra.gments of
the added heterologous nucleic acids may show a hybridization signal only in

the heterochromatic arm of the sausage chromosome, indicating that the

heterclogous nucleic acid sequences are localized in the pericentric

heterochromatin.
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Gene expression, however, may be possible in the heterochromatic
gnvironment of a sausage chromoscome. The level of heterologous gene
expression may be determined by Northern hybridization with & shbfragmem
of‘ the salectsble marker gene. Rep"urter genes,inolﬁdéd irt heterclogous
nucleic acids also provide a readily detectable product for use in Qvaiua‘eing
gene expression In a sausage or other heterochromatic or prééom‘mam!_y
heterochromormatic chromosome. Southern hybridization of lf)NA isolated
from subclones of sausage. chromosome-containing cal!s with subfragments
of reporter (and selectable marker) genes can show a cloée c‘:orreiaﬁonA
between the intensity of hybridization and the jength of the sausage
chromosome.

Cell fines containing sausage chromosomes can be manipulated to
yield additional heterochromatic structures and artificial chromosomes,
inciuding, for examplé, an artificial chrormasome referred 10 as a
megachromosome, Such manipulation inclides .fuséon of the cell line with
other cells and growth in the presence of one or more selection agents
andfor BraU. -

Cells with & structure, such as the sausage chromosome, can be
saiected .and fused with a second cell line, jrzciudihg other plant and non-
p'iant.species Isee, e.g., Dudits et al. (1976} Heriditas 82:12‘27—1 23 for the
fusion of human cells with carror protopiasté and W‘segaﬁd .er al. {1887} J
Celf. Sci. {Pt. 2):145-148 Tor laser-induced fusion of plant p_r_otop%aéts with
mammalian cells] to eliminate other chromosbmes that are not of interest. -

Structures such as sausage chromosornes formed during this process may be

_fgrther manipulated, for example, by treating the c.eﬂs with agents that

destabilize chromosomes, e.g., Brdll, so that the hetercchromatic arm forms
a chromosame that is substantially heterochromatic {e.g., &
meagachromasome). Structures such aé the gigachromosome in which the
heterochromatic armlhas amplified bui not broken off from the euchromatic

arm, may also be observed. Further manipulation, such as fusicns and
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growth in selective conditions and/or BrdU treatment or other such
treatment, can isad to fragmentaﬁon of the megachromosame to form
smaller chromosomes that have the amplicon’ as the balsic repeating unit.

If & cell with a sausage chromosome is seiéciecl, it can be treated with
an agent, such as BrdU, that destabilizes the chromosome $o that the
heterpchromatic arm forms a chromosome that is substantially

hetercchromatic {e.g., a megachromosome}. Prior to treating the cell with

Brdy, it can be fused with ancther cell fine garrying chromosomes of another

species, in order 1o eliminate chromosomes of the original host cell and
obtain & cell in which the only chromoseme from the host cell is the sausage
chromosome. The resulting hybrid cefis can be grown in the presence of
multiple selection agents 1o select for those that carry the sausage

chromosome. /n situ hybridization with chromosome painting probes that

detéct chromosomes of both thé host cell species and the specias of cell 1o .

which the host cell was fused can provide an indication of the chromosomai

. make up of the hybrid cells.

Cell lines containing a sausags chromosome can be treated with a

' deétabiﬁzing agent, such as BrdU, foliowa& by growth in selective medium

. and retreatment with BrdU. The BrdU treatments appear to destabifize the

genome, resulting in & chénge in the s'ausage chromosome as well. A cell
population in which a further ampiification has occurred will arise. In
addition to the heterochromatic arm (which may, for example, be ~100-150
Mp) of the sausage chromosome, an extra centromers and another (for

sxample, ~ 150-250 Mb) hé_terochromatic chromosame arm may be formed.

“By the acqguisition of another suchromatic terminal segment, a new

submetacentric chrornosome (e.g., megachromosome) can form.

Megachromosomes may also be produced through regrowth and
establishment of sausage chromosome—céntaiﬂihg cells in selective medium.
Repeated BrdU treatment can produce cell lines that have a gwarf

megachromosome {for examplé, about 150-200 Mb), a truncated
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megachromesome {for example, about 90-120 Mb), or a micro-
megachromaosome {for example, about 506-30 Mb). Cell lines containing
smaller truncated megachromosomas can be used to generate even Smialler
megachromosomes, e.g., ~ 10-30 Mb in size. This ninay be accompliéhed.,
jor example, by breékage and fragmentation of a micm-megachmmésome ‘
through exposing the cells to X-ray irradiaﬂon, Brdt) or telomere-directed in
vive chromesome fragmentation. '

Apéﬁ from the euchromatic terminal segments and the integrated
foreign nucleic acid, the whole megachromosome, as well as other related
types of .predomina'ﬂz!y heterochromatic artificial chromosomes, I8
constitutive heterochromatin. ' This can be demonstrated by C-banding of the
megachromosome, which resuits in positive staining characteristic of
constitutive heterochrbmaﬂn. it can contain tandem airays of satelfite DNA.
In a particular example, sateilite DNA blocks are organized into a8 giant
palindrome {amplican) carrying integrated exogenous nucleic acid seguences
at each end. It is of course undatstood that the specific organization and
éize of each componént can vary arﬁong species, and also the chromosbme '
in which the amplification event initiates.

in general, a clear segmentation may be observed in one or more arms
of an amplification-based chromosome. For example, a megachromosome
may contain building. units that are amplicons of, for example, ~ 30 Mb
conta.ining sateliite DNA with the integrated "foreign® DNA sequences st
both eﬁc_ls. The ~30 Mb amplicons may be composed of two ~15 Mb
inverted doublets of ~7.5 Mb satellite DNA blocks, which are separated
from each other by a narrow band of non-saiellite sequences. The wider
non-satelite regions at the amplicon borders may contain integrated,
exogenous {heterclogous} nucleic acid, while any narrow bands of non-
satellite DNA sequences within the amplicons may be integral parts of the
pericentric heterochromatin of the host chromosomes. The sizes of the

building units of & megachromosome or ot'rje.r amphification-based
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chromosome may vary depending on the species of the host chromosome
from which the art}ﬁcia! chromosome was generated. _

" Further BrdU treatment can produce cell and/or calli that include cells
with a truncated megachromosome. The megachromosorme can be further
fragmented in vivo using a chromosome fragmantation vector to ultimatsly
produce a chromosome that comprises &.smafier stable replicable unit, for
exampie, about 1 5 Mb-80 Mb, containing one 1o four megarepiicons;

Apart from the euchromatic terminal segments, the whole

-rmegachromosome is heterochromatic, and has structural homogeneity.

Theretore, artificial chromesomes such as the megachromosome offer a
unigue possibility for obtaining information about the ampiification process,
and for aﬂaiyzihg some basic characteristics of the pericentric constitutive

heterochromatin, as a vector for heterologous DNA, and as a target for

. turther fragmentation.

C. Isolation of Artificial Chromosormes

The artificial chomosemes provided herein can be isolated by any
suitable method known to these of skill in the art. Also, methods are
provided herein for effecting substantial purh‘%catie.n, particularly of the
artificial.chromosomes. '

Artificial chromosomes, may be sorted from endogenous
chromosotmes using any suitable procedures, and typically involve isolating
metaphase chromosomes, distinguishing the artificial chromosomes froz-n the

endogenous chromgsomes, and separating the artificial chromasomes from

" endogenous chromosomes. Such procedures will generally inchude the

following basic steps for animal cells and protoplasts: {1) culture of a
sufficient number of cells {typically about 2 x 107 mitotic cells} to vield,

preferably on the order of 1 % 10? artificial chromosomes, {2} arrest of the

-cell cycle of the cells ‘gn a stage of mitosis, p_refarrab!y melaphase, using a

mitotic arrest agent such as colchicine, (3) treatment of the cells, particularly

by cell wall dissolution for plant celis and/or sweliing of the cells in hypotonic
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buffer, to increase susceptibility of the celis to disruption, {4) by application
of physical forge to disrupt the cells in the presence of isolation buffers for
stabiﬁzaiionr of the released chromosomes, (5] dispersal of chromosomes In
the presence of isciation buffers for stabilization of frée chromosomes, {6}
separation of artificial chromosomes from‘endogenous chromosomes and

{7} storage {and shipping if desired} of the isolated artificial chromosomes in
appropriate buffers. Modifications and variations of the general 'procedure
for isolation of artificial chromosomes, for example 1o accormnmodate different

cell types with differing growth characteristics and requirementsl and to

optimize the duration of mitotic biocjc with arresting agents to obiain the

‘desired balance of chromosome vield and level of debris, may be empirically
determined {ses Examples).

Steps 1-5 relats to isolation of metaphase chromosomes, The
separation of artficial from endogenous chromosomes {siep B) may be
éccompiished in & variety of ways. For example, the chromosormes may‘be
stained with DNA-speciﬂc ‘dyes such as Hoeschst 33258 and chromamyein
A; and sorted inte artificial chromosomes and ehdogenous chromosomes on
the basis of dye content by employing fluorescence-activated cell sorting
(FACS). | o

Artfficial chromosomes have been isolated by ﬂru'or-ascence‘mactivated
cell sorting (FACS}. This method takes advaniage of the nucleotide base '
content of the artificial chromosomes. In the case of predominantly
heterochromatic artificial chromosomes, by virtue of their high

hieterochromatic DNA content, they will differ from any other chromosomes

in a cell. 1n a particuiar embodiment, metaphase chromosomes are isolated

and stained with base-spacific dyss, such as Hoechst 33258 and

chromomycin A3. Fluorescence-activated _cali‘ sorting will separate artificial
chromosomes from the endogenous chromosomes. A dual-laser cell sorter
{such as, for example, a FACS Vantage Be:ctorx Dickinson '{mmunocytometry

Systems) in which two lasers were set to excite the dyes separateiy, allowed
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a bévariaté analysis of the cﬁromosomes by base-pair composition and size,
Celis containing such artificial chromosomes can be sirmilarly sorted.

Preparative amounts of artificial chromasomes (for example, 5 x 10%-
B x 167 chromosomes/ml) at a purity of 95% er higher can be obtained. The
resulting artificial chromosomes are used fbr delivery to¢ celis by methoeds
such as, for example, micrpin}ectioﬁ, [Eposoﬁ'\a—mediated transfer, and
electroporation. ‘

Additional methods provided herein for isolation of artificial
chromesomes from endogenous chromosomes include procedures that are
particutarly well suited for large-scale isolation of artificial chromesomes. e
these methods, the size and density differences between artificial
chromosomes and endogenous chromosomes are exploited to effsct
separation of these two types of chromosome.s. To facili’caté iarger scale
isolation of the artificial chromosomes, different separation techiniques may
be employed such as swinging bucket centrifugation (to effect separétion
based on chromosome size and density} [see, s.g., Mendelschn st al, (1968}
d. Mol. Biaf. Q_;EC?-TOBL zonal rotor centrifugation {to effect separation on

the basis of chromosome size and density} [see, e.g., Burki et al, {1973}

| Prep. Biochem. 3:157-182; Stubblefield et al. {(1278) Biochem, Biophvs. Res.

Commun. 83:1404-1414, velocity sedimentation (to effect separation on the
basis of chromosome size and shape) [see e.¢., Collard et i, {1984)
Cytometry §:9-191. |

Affinity-, #ar’ticuiarly immuncaffinity-, based methods fer separation of

ACs from endbgenous chromasames are also provided herein, For example,

- artificial chromoesomes which are predominantly heterochromatin may be

-senarated from endogenous chromosomes through immunoaffinity

progedures invofviﬁg antibodies that specifically recognize heterochromatin,
andjor the proteins associated therewith, when the endogenous

chromosomes contain relatively little heterochromatin.
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immune-affinity purification may also be employed in larger scale
artificial chromosomes isolation procedures. In this process, large
populations of artificial chromosome-containing gells (asynchronous or
mitotically enriched) are narvested en masse and the ‘mitotic chromosomes
{which can be released from the cells using standard procedures such as by
incubation of the cells, such as freshiy isolated protopiasts, in hypotonic
buffer and/or detergent treatment of the cells in conjunction with physical
disruption of the treated celis} are enriched by binding | 10 antibodies that are’
bound 1o solid state matrices fe. g. column resins or magne‘c:c beads)
Antibodies suitable for use in this procedure bind to condensed centromeric
prote‘mé or pondensed and DNA-bound histone proteins. For éxample,
éutoanﬁbody LUBE?T (see Hadlaezky et al. (1988) Chromosoma 97:282-288j,
which re'cognizes mammalian centromeres, may be used for lllarge-scale
isolation of chromosomes prior to subseguent separation of artificial _
chromosomes from endogenous chromosomes using methods such as FACS.

The bound chromosomes would be washed and eventually eluted for sorting.

Immunoaffinity purificetion may also be used directly to separate
artificial chromosomes from endogenous chromosomes, Fér example, in the
case of artificial chromcsomes that are predominantly 'heteroc'hm'matic the
artificial chromsomes may be generated in or transferred to (e.g., by
microinjection or microcelt fusion as described herein) a cell line that has
chromosomes that contzin relatively small amounts of heterochromatin, such

as hamster cells {e.g., V79 celis or CHO-K1 cells}. The predominantly

heterochromatic artificial chromosomes are then separated from the

-endogenous chromosomes by utilizing anti-heterochromatin binding protsin

{Drosophila HP-1) antibody conjugated to a solid matrix. Such matrix
preferentially binds artificial chromosomes relative to hamster chromosomies.
Unbound hamster chromosomes are washed away from the matrix and the

artificial chromosomes are eluted by standard technigues. Similarly, artificial
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chromosomes of one species, e.g., & plant-derived artificial chromosorme,
may be separated from a background of endogenous chromesomes of
another species, e.g., animal, such as mammalian, chronﬁosomes, baéeci or
immunologicat differences of the two species, provided that antibodies that
specifically recognize one species‘and not the other are available or can be
geﬁera‘ted. :

D. Generation of Artificial Chromosemes Through Assembly of
Component Elements '

Artificial chromosomes can be constructed in vitro by assembiing the
structural and functional elements that contribute to a complete chromosome
capable of stable replication and segregation alongside endogenous
chromosomes in cells. The identification of the discrete elements that in
combination yield a functional chromesome has made possible the v vitro

assembly of artificial chromosomes. The process of in vitro assembiy of

. artificial chromosomes, which can be rigidly controlled, provides advantages

that may be desired in the generation of chromosomes that, for example, are
required in iarge amounts or that are intsnded for specific use in transgenic
organisr systems. . ‘

For example, in vitro assembly ﬁay be advantageous when efficiency
Of‘ time and scale are important considerstions in the preparation of -artiﬁciat.
chromesomes, Because in viro assembly metheds do not involve extensive
celt culture procedures, they may be utilized when the time and labor
required 1o transform, feed, ‘culfwate, and harvest cells used in de novo cell-
based production systems is unavailable. '

Provided herein are in vifro assembly methods tha_t inciude the joining

‘of essential components, such as a centromere, telomere and an origin of

replication, to yield an artificial chromosome, in particular, an artificial
chromosome that functions in plants and that may centain components
derived from plant chromosomes. Alse provided are artificial chromosomes

produced by the methods. Particular embodiments of the methods and



WO 02/096923 CPCTNUSH2/17451

160

15

20

25

30

-91.

" chromosomes include a megreplicator. The megareplicator may comtain

rDNA, far example, mammalian or plant rfDNA.  fn vitro assembled artificial
chromosomes may contain any amount of heterochromatic and/qr
euchromatic nucieic acid. For example, an in vitro assembled artificial
chromosome may be substantially ali heterochromatin, while stil containing
proteﬁn—ehwd]ng DNA, or may contain increasing amounts of suchromatic
DNA, such that, for example, i contains about 10%, 20%, 30%, 40%,
BO%, 60%, 70%, 80%, 20% or greatsr than about 80% euchromatic DNA.

In vitro assembly may also be rigorously controlled with respect to the
exact manner in which the several elements of the desired artificial

chromosome are combined and in what sequence and proportions they are

~assembled to yield a chromoesome of precise specifications. This feature is

of particular significance in the generation of plant artificial chromosomes
containing one or more regions of segmentation as described herein with
reference to amplification-hased artificial chromosomes. For examnple, certain
plant chromosome structures {such as acrocentric chromosomes and/or
chromosomes containing adjacent regions of heterochromatin and rDNAJ that
may be desirable for use in the.generation of particular types of plant
artificial chromosomes via amplification-based miethods as described herein
may be limited in number or may not exist. These particular types of plant
artificial chromosomes, e.g., certain predominantly heterochromatic plant
artificial chromosomes, may also be generated via in v.!;tro assembly of
artificial chremosomes as described herein.

For example, plant artificial chromosomes coritaining regions of

repeated nucleic acid units that are predominantly heterochromatic may be

‘massempbled by joining essential chromosomal components and repeat regions,

or may be generated from an jn vitro assembled artificial chromosome via

amplification of heterochromatic DNA contained within an in vitro assembled

artificial chromosome. For generation of such chromesomes via ampilification

of heterochromatic DNA contained within an in vitro assembled artificial



WO 02096923 PCT/USO2/17451

10

15

20

25

-92.

chromasome, nucleic acids are introduced into a cell containing an in vitro
assembled artificial chromosome and a resuiting celf is seiected'fhat gontaing
an artificial chrompsome containing oneg or more regions of repeated nucleic
acid units that are predominantly heterochromatic. The in vitro assembled
artificial chromosome efther contains a megareplicator to faciliate
ahgﬁiifica‘cion of chromosomal DNA in connection with integration of nuclelc
acld into the chromosome or‘megarepiicatoa‘con‘taining DNA is included in
the nucleic acid that is integrated into thee in vitro assembled artficial
chromosomae.

The foliowing describes the processas involved in the assembly of

_artificial chromosomes in vitro, utilizing a megachromosome as exemplary

starting material.

1. Identification and isolation of the components of the artificial
chromosome o

The chromosomes provided herein are elegantly simple chromosomes
for use in the identification and isolation of components to be used in the in
vitro assembly of expression systems or artfficial chromosomes. The ability
1o purify artificial ehromosomes to a very high lavel of purity, as described
herein, facilitates their use for these purposes. For exampie, the
megachromosome, particularly truncated forms thereof, serve as starting
materials. With respect to the construction of an artificial chromosome

containing at least some mammalian csli derived components, possible

_ starting materiais can be obtained from, for example, ¢gll lines such as 1B3

and mM2C1, which are derived from H1D3 (deposited at the European

Collection of Animal Cell Culture {ECACC) under Accéssion No. 95040929}.
With respect to the construction of an artificial chromosome cantaining at '
least some plant cell derived componenis, possibie starting materials in;c:lude

cells containing PACs, e.g., megachromosomes, generaied as described

herein.
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Far example, the mMZC1 ceil line contains a micro-megachromosome
{ ~80-80 kB), which advantageocusly contains only ong centromeare, two

regions of integrated hetefologous DNA with adjacent rDNA seguences, with

‘the remainder of the chromosomal DNA being mouse-maio‘r satellite DNA.

Other trruncated megachromosomes can sarve as a source of telomeres, or

telomeres can be provided. The centromere of the mM2C1 cell line contains

_mouse minor sateliite DNA, which provides a useful tag for isolation of the

centromeric DNA. _
Additional features of particuiar ACs provided herein, such as the

micro-megachromaosome of the mM2C1 cell Iine, that make them uniguely

" suited to serve as starting materials in the isolation and identification of

chromosomal components inciude the fact that the centromeres of each
megachromosome within a single specific cell line are ideritical. The ability
to begin with a homogeneots centromere source (as opposed to a mixture of
different chromosomes having differing centromeric ssguences} greatly
facilitates the cloning of the centromere DNA. By digesting purified
megachromosomes, particularly truncated megachromosomes, such as the

micro-megachromosame, with appropriate restriction endonucleases and

" cloning the fragments into commercially available and weli known YAC:

isee, e.g., Shizuya et al. {1992) Proc. Natl. Acad. Sci. U.S.A, 88: 8794

vectors {see, e.q., Burke et al. (1987) Science 236:806-812}, BAC vectors

8797 bacterial artificial chromosomes which have a capacity of 'incorporating
0.9 - 1 Mb of DNA) or PAC vectors {the P1 artificial chromoesome vector
which is a P1 plasmid derivative that has a capacity of incorporating 300 kb
of DNA and that is delivered 1o E. coli host cells by electroporation rather

than by bac’ceriopha’ge packaging,; see, g.g., loannou gt al, {1884} Nature

' Genetics 8:84-89; Pierce et al. {1982) Meth. Enzymol. 2.16:549—574;'Pierce .

et al. {1992} Proc. Natl. Acad. Sci. U.S.A, 89:2058-2060; U.5. Patent No,
,300,431 and International PCT application No. WO 92/14819) vectors, it
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is possible for as few as 5O ciones to represent the entire micro-
meagachromoesome,
- a. Centromeres

| An :exembiary centromere for use in the cdnstructidn of an artificial
chromosome is that contained within a megachromosoeme, such as those
described herein. ' One example of a particular megachromasome-containing
cell line pirovided is, for example, H1D3 and derivatives thereof, such as
mM2C1 cells. Megachromosomes are isclated from such cell lines utilizing,
for example, the procedures described harein, and the centromeric sequence
is extracted from the isolated megachromosomes. For example, the
megachromasomes may be separated into fregments utilizing selected
restriction endonucleases that recognize and cut at sites that, for instance,
are primarily located in the replication and/or heterologous DNA integration
sites and/or in the satellite DNA. Based on the sizes of the resulting
fragrments, certain undesired elements may be separated from the
centromere-containing seguences. The centromere-containing DNA could be
as large as 1 Mhb,

Probes that specificelly recognize centromeric saquences, such as

rmouse minor satellite DNA-based probeés {see, e.g., Wong gt al. {1288} Nucl,

Acids Res. 16:11645-11661], pCT4.2 probe, a 3.5 kb fragment of

‘Arabidopsis 55 rDNA {Campbell et al. (1992) Gene 772:225-228},

Arabidopsis cosmids £4.171 {30kb) adn E4.8 {33 kb, Bent et al. (1994
Science ‘255:1356—?860; and 180 bp pAL1 repeat sequence (Maluszynska et
al. {1891} Plant J. 7:159-168; and‘i\ﬁar‘tinez{apater‘ et al. {1988} Mol Gan.
Genet. 204:417-423} may be used to isolate 8 centromere-containing YAC',
BAC or PAC clone derived from the magachromosome. Altarnatively, or in
conja_nction with the direct identification of centromere-containing
megachromosomal DNA, probes that speciﬂcatiy recognize the non-

centromeric elements, such as probes specific for mouse mzjor satellite DNA,
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plant satellite DNA, the heterologous DNA andjor rDNA, may be used to
identify and eliminate the non-centromeric DNA-containing clones.

Additionally, cem:remere cloning methods descr:bed Therein ma\,f be
gtilized *o isolate the centromere-containing sequence of the
megachromaosome.

Once the centromere fragment has been isolated, it may be sequenced

and the sequence information may in turn be used in PCR amplification of

cen’cromere sequences from megachromosomes or othef sources of
centromeres, Isolated centromeres may also be tested for function in vive by

transferring the DNA into a host cell. Functional enalysis may include, for

- example, examining the ability of the centromere sequence 1o bind

centromere-binding proteins. The cloned centromers will be transferred 1o
cells with a selectable marker gene and the binding of & cen‘cromeremspeciﬁé
protein, such as'antiwcentromere antibodies (g.q., LUBS1, see, Hadlaczky et
al. {1988} Exp. Cell Res, 167:1-15) can be used 1o asséss function of the .

ceniromeres.
) b. Telomeres
Telommeres that may be used in assembly of an artificial chromosome
include a 1 kB synthetic teiome}e {see, e.g., PCT Application Publication No.
WO 97/40183). A double synthetic telomere cnnsﬁuct, which com:aihs at
kB synthetic telomere linked 10 a domin_én‘c selectable marker gene that

continues in an inverted orientation may be used for ease of manipulation.

. Such a double censtruct cortains a series of TTAGGG repeats 3’ of the

marker gene and 8 series of fepeats af the inverted sequence, i.e.,, GGGATT,

5 of the marker gene as follows:

(GGGATTT}“-—-domInant marker gene—-—(TTAGGG);. Using an inverted
marker provides an easy means for insertion, such as by blunt end ligation,

“since only properly oriented fragments will be selected.

Telomere sequences also include sequences described in plants, for

. example, an Arabidops/s. sequence confaining head-to-tail arrays of the
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- monomer repeat CCCTAAA totaling a few, for example 3-4, kb in length.

Telomere sequences vary in length and do not appear to have a strict length

requirement. An example of a cloned telomere is found in GenBank

‘aceession no. M20158 (Richards and Ausubel [1988) Celf 53:127-136) and

in U.8. Patent No. 5,270,201, Yeast telomere sequences include those

- provided in GenBank accession no, 870807 (Louis ef a/. {1984} Yeast

70:271-274). Additionally, a method for isolating a higher eukaryotic
telomere from A. thafiana has been reported (Richards alﬁd Ausubel {1988)
Ceff 53:127-136; and U.S. Patent No. 5,270,201},
c. Megareplicator
The megareplicator sequences, such as those containing rDNA,
provided herein are preferred for usé'in arﬁﬁcial clhromosames generated by
assembly of component elements in vitro. The rDNA provides an origin of
replication and also - provides sequences that facilitate amplification of the
artificial chromosome i vivo to increase the size of the chromosome to, for
exarnple, accommodale increasing éopies of a heterologous gene of interest
as well as continuous high levels of expression of the heterciogous genes.
d. Filler heterochromatin
Filler heterochromatin, pﬁarticulariy Asatelii_te DNA, is included to

maintain structural integrity and stability of the artificial chromosome and

.provide a struciural base for carrying genes within the chromosome. The

satellite DNA is typically AfT-rich DNA seguence, such as mouse major
sateflite DNA, or G/C-rich DNA sequence, such as hamster naiural satellite

DNA. Sources of such DNA include any eukaryetic organisms that carry

-non-coding satellite DNA with sufficient A/T or G/C compaosition o promote

ready separation by ssquence, such as by FACS, or by density gradients.
Examples of plant satefiite DNA include, but are not limited 1o, satellite DNA
of soybean (see, e.g., Morgante ef al (1987} Chromosome Res. 5:363-373;
and Vahedian er al. {1985} Plent Mol Blol, 23:857-862), sateliite DNA on
the rye B chromosome {see, e.g., Langdon etf al. {2000} Genetics 154:869-
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{1998} Genome 41:854-864). The sateliite DNA may also be synthesized by
generating sequence containing mo-notane, tandem repeats of highly A/T- or
G/C-rich DNA units. '

The most suitable amount of filler heterochromatin for use in
construction of the artificial chromosome may be empirically determined by,
for example, inciuding segments of various lengths, increasing in size, in the
construction process. Fragments that are too smell 1o be suitable for use will
not provide for a functional chromosome, ‘which may be evaiuated in cell-
based expression studies, or will resuit in a chromosome of lirnited functional
lifetime or mitotic and structural stability.

e. Selectable marker

Any convenient selectable marker, including specific examples
described herein, may be used and at any convenient locus in the exprassion '
system. ' i . , —

2. Combination of the isolated chromosomal elements |

- Once the isolated elements are obtained, they may be combined 1o
generate the complete, functional artificiai chromosome exprassion system.
This assembly can be'accompiis_hed for exampie, by in vitro ligation either in
selution, LMP agarose or on microbeads. The ligation is conducted so that
one end of the centromere is directly joined to a telomere. The other end of
the gentremere, which serves as the gene-catrying chromcéome arm, is built

up from a combination of satellite DNA and megareplicator sequences, e.g.,

. DNA sequence, and may alss contain a selectable marker gene. Another

telomere is joined 1o the end of the gene-carrying chromosome arm. The

gene-carrying arm is the site at which any heterologous genes of interest, for
example, in expression of desired proteins encoded thereby, are incorporated

either during /n vitro assembly of the chromosome or sometime thereafter. '
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3. Analysis and testing of the artificial chromosome expression
systems

Artificial chromosomes assembled in vitro may be tested for
functionality in cell systems, such as plant and animéi cells, using ény of the
methods described herein for the artificial chromosomes, minichromosomes,
or known to those of sidil in the art.

4, Introduction of desired heterologous DNA into the /n vitro
' assembled chromosome .

Heterclogous. DNA may be introduced into the in w’frb synthesize;d
chromoseome using routineg methods of molecular bidlogy, ray be introduced
using the methods described herein for the artificial chromosomes, or may be
incarporated into the in vitro assembled chromosome as part of one of the
synthetic elements, éuch’ as the heterochromatin. The heterologous DNA
may be linked to a selected repeatéd fragment, and then the resulting
construct may be amplified in witre using the methods for such i vitro
amplification provided hereiﬁ. .

" In a particular embodiment of these /n vitro assembly methods, a site-

specific recombination site is included in the assembly DNA or is added into

. the assembled chromosome, such as a plant i vitro assemble artificial

chromosome, after initial assembly. The presence of a recombination siie in
the in vitro assembied arificial chromosome facilitates recombinase-catalyzed
introduction of heterologous ﬁucieic acid into the chromosome if the
heterclogous nucleic acid also contains a complementary recombination sie,

Such recombination systems include, but are not imited to, Creffox {see,

.e.g., Dale and Ow {1885) Gene 87:79-38], FLP/FRT [ses, e.g.. Nigel et al. &
" {1995) The Plant Journal 8:637-652], R/RS Isee, e.g., Onouchi et a/. {1991)

Nuc. Acids Res. 78:6373-6378], Gin/gix [see, e.g., Maeser and Kahman
(1981} Mol. Gen. Genet. 230:170-178] and int/att. The introduction. of azt
recombination sites into a chromosome and the use of lambda phage
irtegrase recéMbinase in conjunction theréwith to'p_ermif engineering of

natural and artificial chromosomes is desiibed in copending U.S. provisional
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application Serial No. 80/294,758, by Perkins ef al. entitled
"CHROMOSOME-BASED PLATFORMS” filed on May 30, 2001, U.S.
provisional application Serial No. 80/366,821, by Perkins ét al. entitied
"CHROMOSOME-BASED PLATFORMS" filed on Mar(;h 21-, 2002, .8, patent
application Serial Ne. _ , by Perkins et al. entitled "CHROMOSOME-
BASED PLATFORMS" filed on May 30, 2002, under attorney docket no.

- 24B01-420, and PCT International Application No. . by Perkins er al

entitied ”CHROMOSOME—SASED PLATFORMS" filed on May 30, 2002,
under attorney docket no. 24601-420PC, each of which is incorpcfated

herein in its entirety by reference thereto. Thus, also contemplated herein

are in vitro assembled artificial chromosomes, in particular such

chromosomes containing plant chromosome-derived components, that

contain ore or more recombination sites, such as an aif site.

E. Methods for the Production‘ of Plant Acracéntric Chromosomes and’
Plant Chromosomes Containing Adiacent Regions of fDNA and
Heterochromatin .

Acrocentric humart and mouse chromosames in which the short arm
contains only pericentric heterachromatin, an rDNA array, and telomeres can
be used in the de novo Tormation of a satellite DNA based artificial
chromosome {SATAC, also referred to as ACes]. In some embodiments of
tﬁe methods of producing & plant artificial chromosome provided herein, it
may be desirable to introduce hétemlogous nucleic acids into a plant

chromosome with arms of unequalidength le.g., into the short arm of an

-acrocentric chromosome) andfor containing adjacent regions of 1DNA and

heterochromatin, such as pericentric heterochromatin or sateliite DNA. Of

- particular interest in such methods are plant acrocentric chromosomes that

comitain rDNA located adjacent to the pericentric heterochromatin or satellite
DNA, and, in particular, on the short arm of the chramosome with fittle to no

euchromatic DNA between the rDNA and the pericentric heterochromatin.

Utilizing such structures as the initial composition in the generation of plant

artificial chromosomes may facilitate generation of plant artifictal
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chromosomes that are predorninantly heterochromatic. For exarmple,
introduction of heterclogous nucleis acid into a cell containing such an -
acrocentric plant chromosome such that the nucleic acid ihtegrates into the
pericen’c;ic heterochromatin and/or rDNA of the short arm of the chromosome
may be associsted with amplification {possibly through “megareplicatoer”
DNA sequences such as may reside in plant rDNA arrays, aiso known as the
nucleolar organizing regions {NOR)} of heterochromatin that leads to the
formation of a predominantly heterochromatic plant artificial chromosome,

Naturally occurting acrocentric plant chromosomes are limited in
number, and plart chromosomes with a structure that includes adiacent-
regions of heterochromatin and rONA may not exist or may not exist for a
variety of plant species. Provided herein are methods for generating
acrocentric plant chromeosomes and plant chromosomes containing adjacent
régions of rDNA and heterochromatin, in particular, pericentric and/or
satellite heterochromatin. Further provided herein are rﬁethnds for generating
acrace'nfric plant chmmoso?nes cortaining adjacent regions of
he‘carochrcamatis'yr stich a3 pericentric heterochromatin and/or satellite DNA,
and rDNA on the short arm of the chromosome.

Also provided herein are plant acrocentric chromosomes in which the
nucleic acid of one or both arms of the chromosome contains less than about
50%, or.less than about 40%, or less than about 30%, or less than about .
20%, or less than about 10%, or less than about 5%, or less than about
2%, or less than about 1%, or less than about C.5% or less than about
0.1% euchromatin. In some embod}méﬂts of these chromosomes, the
nucteic acid of only one arm, either the shér’t arm 6r the long arm, containg

iess than these specified amounts of euchromatin. In a particular

_ embodiment of these chromosomes, the nucleic acid of the short arm

containg less these specified amounts of euchromatin.
Further provided herein are plant chromosomes containing adjscent

regions of heterochromatin, in particular pericentric heterochromatin or
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sateflite DNA, and rDNA with littie to no euchromatin between the two

- regions. With reference to such plant chromosomes, "litte 16 ne" means that

the amount of euchromatic DNA, if any, located between the rDNA and
heterochromatin {such as pericentric heterochromatin and/or sateEii{e DNA),
generally does not stain diffusely and recognizably as euchromatin and/or

does not contain protein-encoding genes. Thus, in these chromosomes,

‘between the heterochromatin (such as péricén‘tr’xc heterochromatin and/or

satellite DNA} and the rDNA, there is substantially no chromatin that is less
condensed than the heterochromatin (e.g., pericentric heterochromatin}. The
plant chromosomes containing adjacent regions of rDNA and

heterochramatin {such as pericentric heterochromatin} provided hersein may

be acrocentric chromesomes, In a particular embodiment of these plant

chrormosomes, the adjacent regions of rDNA and heterochromatin, in

particular pericentric heterochromatin, are cortained on the short arm of the

chromosome.

Further provided are methods of uﬁiizihg such plant chromosomes in
the generation of plant artificial chromosomes, and, in particular,

predominantly heterochromatic plant artificial chromosomes, such as ACes

. (also referred to as SATACS). " In particular methods of producing plant

srtificial chromosomes provided herein, nucleic acids are introduced into é
cell containing & plant chromosome that is acrocentric. and/or containé
adjacent regions of rDNA and heterochromatin, such as pericentric
heterochromatin, the cells are cultured through at least one cell division and

a cell comprising an artificial chromosome, such as & predominantly

heterochromatic artificial chromosome, is selected. In these methods, the

plart chromesome into which nucieic acid is introduced may be an

acrocentric chromosome containing edjacent regions of rbNA and

heterochromatin on the shart or long arm, and, in particular, on the short

arm.



10

15

20

30

i WO 02/96923 PCT/US02/17451

-102-

The plant chromosomes provided herein can be generated using site-
specific recombination between plant chromosome regions. The regions may
be on the same chrom‘osomre or separate chromosomes. Through site-
specific recombination, sections of plant chrornosomes n":ayrbe zltered to
remove, invert and/or insert sequences such that a desired plant

chromosome results. The resulting plant chromosome is acrocentric and/or

-contains adjacent regions of heterochromatic DNA and rDNA, which may or

‘may riot be on the short arm of an acrocentric chromosome. Thus, the

starting chromesome in these methods may be e plant chrgmosams or may

he a plant acrocentric chromoesome that does not contain adjacent regions of

' rDNA and heterochromatin, such as pericentric heterochromatin or satellite

DNA. If the starting chromosome is acrocentric, then it may be used in tﬁ?_
generation of a plant acrocentric chremosomae that contains adjacent regions
of heterochromatic DNA {e.g., pericentric heteroch;oma_tin and/or satellite
DNA} and rDNA, particularly on the short arm of the chromosome, or to
generate a plant acracentric chromosome in which the nucleic acid of one or
both arms contains less than about 50%, or less than about 40%, or less
than about 30%, or less than about 20%, or less than about 1.0%, 'Qr iess
than about 5%, or less than about 2%, or less than about 1%, or less than
gbout 0.5% or less than about 0.1% euchromatin.

In one of the methods provided herein for producing a plant .
chromosome that is acrocentric and/or ci.dntains adiacent regions of rDNA
and hetérochromatin, .nucisic acid containing a site-spacific récombina‘{ion
site and nucleic acid containing a complementary site-specific recombination
site are introduced into a celf containing one or more plant chromosames,
The nucleic acids may be introduced into the cell sequentially or
simultaneously. The nucleic acids may also be targeted to particufar
chromosomes and/or particular seque'nces' of a chromoesome. Such targeting
may be accomplished by including in the nucleic acids sequences '

homolegous to particular sequences in the chromosome(s).
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The cell is then exposed to a recombinase activity. The recombinase .
activity can be provided by introduction of nucleic acid encoding the activity
into thé cell for expression. of the activity therein, or may be added to the cell
from an exogenocus source. The recombinase aot’wi‘c& is one that cétalyze$
récombination hetween sequences at the two recombination-sites. An ‘
approprigie recombination event produces a plant chromosome that is .
acrocentric and/or conteins adiacent regions of rDNA and hsterochromatin
(such as pericentric heterochromatin and/or satellfite DNA} which may be
readily identified therein based on its particular structure {e.g., arms of
unequatl length if the chromosome s acrocentric) and/or other features, e.g.,
the presence of particular added segquences, such as recombination sites and
DNA, encoding a selectable marker, the absence of particular sequences‘, _
such as excised euchromatic DNA, az}d the arrangement of sequences, such .
as the placement of rDNA segments adjacent to pericentric heterochromatin
and/or sateilite DNA. Such atiributes may be deiectsd using techniques
known in the art for the analysis of nucleic acids and chromosomes, such as,
for example, in situ hybridization. ' | h

A number of site-specific recombination systems may be used in the 7
production of plant chromosomes ‘::hat‘are acrocentric and/or contain rDNA
adjacent to heterochromatin, such as pericentric heterochromatin, as
described herein, Such systemé include, but are not limited to, Crefiox isee,
e.g., Dale and Ow {1995} Gene 57:79-85}, FLP/FRT [see, &.g., Nigel et al.
{1985} The Flant Journal 8:63_7»6521, RIRS Isee, e.g., Onouchi et al. {1891)
Nuc. Acids Res. 19:6373-63781, Gin/gix [see, e.g., Maeser and Kahman

{1891) Mol. Gen. Genet. 230:170-176] and int/att. The introduction of af?

recombination sites into & chromosome and the use of lambda phage
integrase recombhinase in conjuncticn therewith to permit engineering of
natural chromosomes is dasribed in.copending U.S. provisional appt%cﬁa_iion
Serial No. 50/284,758 by Perkins et al, entitled "CHROMOSOME-B'ASED
PLATFORMS" fiied on May 30, 2001, U.S. provisional application Serial No.
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60/366,891, by Perkins &t al. entitled "CHROMOSOME-BASED
PLATFORMS” filed on March 21, 2002, U.S, batent application Serial No.
. by Perkins ef &/ entitied "CHROMOSOME-BASED FLATFORMS" flled
on May 30, 2002, under attorney docket no. 2460‘}—420,. and PCT
International. Application Ne. __~ , by Perkins ef al. entitled
"CHROMOSOME-BASED PLATFORMS! filed on May 30, 2002, under -
atterney docket no. 24801-420PC, each of which is incorporated hersin in
its entirety by reference thereto. ‘These systemns, as well as thérs known in
the art, can be used t6 speciﬁcaﬂy'excise ar invert DNA {for exampie, in an
intrachromosomal recombination), exchange regions of DNA (fm: example, in
an in‘zer—t:hmmoéomal recombination) or insert DNA {for example, th;ough
recombination between homofogous sequences at a recombination site and
the DNA to be inserted). The precise event is controlled by the orientation of
the recombination site DNA sequences. ‘

in particular embodi;‘nems of the methods for producing an acrocentric
plant chromosome provided herein, nucleic acid containing complementary
recombinase recognition sites for site—speciﬁc recombination is introduced
into a cell containing one or more plant chromosomes wherein one of tht_a
sites integrates intc, or close 1o, the pericentric heterochromatin and/or '
satellite DNA {in particular, Qroximal sateliite DNA) of one plant chromosome
in the cell. In a further embodiment, nucleic acid containing complementary
recombinase recognition sites for si‘cé—épeciﬁc recombination s introduced
into & cell containing one or more plant chromosomes wherein one of the

sites integrates into the distal end of an arm of a plant chromosome in the

cell. In these embodiments, recombination betwsen the sites in the oresence

of & recombinase that recognizes the sites can result in deletion of a portion
of an arm of a chromosome, reciprocal translocation between a distal portion

of a chromosome arm and a more proximal portion of another clromosome

. arm or reciprocal transiocation between pericentric heterochromatin and/or

satellite DNA of one chromosomal arm and a moere distal port'ion of another
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chromosome arm. Each of these recombination events can serve to reduce
the length of a chromosome arm and give rise to an agrocentric
chromosome. N -

In another embodiment, a nucieic acid contain‘rﬁg a site-specific
recombination site is introduced into a cell containing plant chromosomes
wherein it integrates inte the pericentric heterochromatin and/or satsllite
DNA of one plant chromasome in the cell and nucieic acid containing a
eomplemeantary sim~s§eciﬁc: recombination site is introduced into the cell
wherein it Integrates into the distal end of an arm of another plant
chromosome in the cell, In this embodiment, recombination between the
sites in the presence of a recombinase that récognizes the sites can result in
reciprocal translocation between the pericentric heterochromatin and/or |
satellite DNA of one chromosome and the distal portion of another
chromasome arm thereby bringing these two regions into close proximity on
one chrompsomal arm and reducing the amount of DNA batween the
pericentric region of the arm and the end of the arm to generate an '
acrocentric plant chromosome.

These methods for producing an acrocentric plant chromosome may

* also be condusted such thai nucleic acid containing a site-specific

20

25

recombination site is intrpduced into a cell containing a plant chromosome
whersin it integrates into, or close to, the pericentric heterochromatin andfor .
sateliite DNA of'a plant chromesome in.the cell and nucléic acid containing a
complementary site-specific recombination site is introduced into the cell

wherein it integrates into the distal end of the same arm of the same

7 chromosome. In this embodiment, recombination between the sites in direct

{i.e., the same, or head-to-tail) orientation in the presence of a recombinase
that recognizes the sites can result in intrachromosomal recombination
between the pericentric heterochromatin {and/or satellite DNA) and the distal

portion of the chremosomat arm thereby excising DNA between these two
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regions and reducing the amount of DNA between them to generate an
acrocentric plant chromosome. ' -

In particular embodiments of the methods provided herein for
producing a plant chromosome containing adjacent regions of rDNA and
heterochromatin, such as -pericantric heterochromatin andfor satellite DNA,
nucleic acid containing complementary recombinase recognition sites for site-
specific recombination is introduced into a cell containing one or more plant
chrbmosomeslwherein one of the sites integrates into hetsrochromatin of .
one plant chromosome in tﬁe cell, In a further embodiment, riucleic acid
contafning cc}mﬁementary recombinase recognitions sites foréite—speciﬁc
recombination Is introduced into 2 celt containing one or more plart
chromosomes wherein one of the sites integrates into rDNA or a nucleotar
organizing region {NOR) of a plant chromosomae in the cell. In these
embodiments, recombination between the sites in the presence of a
recombinase that recognizes the sites can result in deletion of DNA between
a heterochromatic region, such as the pericentric heterochromatin (and/or
sateliite DNA}, and rDNA, inversion of DNA that inciude‘s heterochromatin or
rONA of a plant chromosome or reciprocel transiocation between
heterochromatin of one chromosomal arm and rDNA 6f another chromosomal
arm. Each of these recombination events can serve to arrange chromosomal
DNA such that a region of heterochromatic DNA, such as pericentric

heterochromatin and/or satellite DNA, is adiacent to a region of 1DNA on a

plant chromosome.

in another embodiment, nucleic acid containing a site-specific
recombination site is intréduced into a cell containing plant chromosomes
wherein it integrates into heterochromatin, such aé, for exampie, periceniric
heterochromatin and/or satellite DNA, of one plant chromosome in the cell
and nucleic acid containing containing a compiementary site-specific
recombination site is introduced into the cell wherein it integrates inte rDNA

of another plant chromosome in the cell. In this embodiment, recombination
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between the sites can result in reciprocal translocation betwaeen the
heterochromatin of ohe chromosome and the rDNA of another chromosome
thereby bringing these two regidns- into close proximity on one plant
chromosame with little 1o no euchromatin between them. -

These methods for producing a plant chromosome containing adja'cent
regions of heterochromatic DNA and rDNA may ziso be conducted such that
nucleic acid containing site-specific recombination sites is Introduced into a
cell con‘;ainir_\g a plant chromoseme whearein it integratés into ‘
heterochromatin, for example, pericentric heterochromatin and/or sateilite -
DNA, of 3 plart chromosome and nucleic acid containing a corﬁptememary
site-specific recombination site is introduced into the cell wherein it
integrates into TDNA of the sarme chromosome. in this embodiment,
recombination between the sites in direct orfentation in the presence of @
recombinase that recognizes the sites can result in intrachromosomal
recombination between heterochromatin, such as pericentric heterochromatin
{and/or satellite DNA), and rDNA thereby exaising DNA, including
euchromatic DNA, between these two regions. Recombination of the sites in
indirect {i.g., head-to-head) orientation in the presence of a recombinase can
result in.inversion of DNA between the sites thereby repiaping DNA, such as
guchromatin, located between peticentric heterochromatin-{ahid/or séteﬂite

DNAY and fDNA on fhe chromosome with tDNA. Thus, in the resulting plant

chromosome, rDNA is located adjacent to pericentric heterochromatin {and/or

satellite DNA), and DNA that was present between the pericentric

heterochromatin {and/or sateliite DNA) and the rDNA is located distal to the

rDNA in a positien previously occupied by the FONAL

In particutar embodiments for producing an acrocentric plant
chromosome containing adiacent regions of heterochromatin, such as
pericentric heterochromatin {and/or sateliite DNA), and rDNA, the short arm
of the acrocentric chromosome may be generated in the same recombination

event that places the heterochromatin and rDNA regions adjacent to each
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other or in & separate recombination event. For example, nucleic acid’
containing 2 site-specific recombination site may be introduced into & cell
containing one or more plant chromesomes wherein it integrates into the
pericentric he”cerochy’omaﬁn of onhs plant chromosome and nucleic acid
containing a complementary site-spacific recombination site may be
introduced into the cell wherein it integrates into rfDNA that is located at a
distal portion of another piant chromosome or the same arm of the same of
the same chromosome. Recombination of the sitesin the oresence of a
recombinase can result in intra- or inter-chromosomal recombination that not
orly brings the pericentric heterchromatin {and/or sateliite DNA) and TDNA
into close proximity on one chromesomal arm, but also sufficiently reduces
the length of that arm such that the resulting chromosome is acrocentric.

If a single recombination event such as this does not generate an
acrocentric plant chromosome, muiz%ple recombination events may be used 1o
produce an acrocentric plant chromosome containing adjacent regions of
heterochromatic DNA and rDNA. For example, nucleic acid containing a si.te—
specific recombination site may be introduced into a cell containing one or

more plant ghromosomes wherein it integrates into the pericentric

" heterochromatin {and/or satellite DNA} of one plant chromosome and nucleic

acid containing & complementary site-specific recombination site may be
introduced into the cell wherein it integrates Into rDNA of the same or a |

different plant chromosome. As described abouve, recambination between

the sites in the presence of a recombinase can result'in deletion, inversion or

reciprocal translocation of DNA to arrange chromosomal DNA such that

" pericentric heterochromatin {and/or satellite DNA) is adjacent to a region of

rDNA on a plant chromesome. 1n order to reduce the length of the arm of

the chromosome on which the adjacent regions of heterochromatin and rDNA
are located, an additional recombination event can be induced by introducing
nucleic acid containing a site-specific recombination site into & cell containing

this plent chromosome whersin it integrates inte a region of the chromosome
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distal to the rDNA and nucieic acid containing a complementary site-specific
recombination site into the call wherein it integrates into the distal end of the
same chromosome arrn or of another plant chromosome arm. Recombination
between the recognition sites can result in deletion or raciprocal translocation
of DNA 1o reduce the length of the chromosome arm distal to the rDNA and
give rise to an acrocent(ic plant chromosome containing adjacent regions of
hetergchromatin and rONA on the short arm of the chromosome.
in each of the aforemantioned metheds for producing a plant

chromosome that is acrocentric and/or contains adjacent regions of

heterochromatin and rDNA, the nucleic acid containing the two or more

recombination sites may be introduced simuftaneously or sequentially into a
cell or cells using nucleic acid transfer methods described herein or known in
the art. The nucleic acids may randomly integrate into plant chromosomes 6r
may be targeted for integration into a particular region or site on a plant
chiramosome thrbugh homologous recombination between sequences iﬁ the
nucleic acid and sequences within the chromosome. The recombinase
activity may be provided by introduction of nucleic acid encoding an,
appropriate recombinase into the cell for axpression therein. The
recombinase-encoding nucleic acid may be introduced into the celi prior to,
during or after 3m:roductioh of nucieic acids encoding recombination sites.

To facilitate identiﬂc':ation of celis containing the transferred nucleic
acids and/or in which a recombination event has occurred, nucleic asid
encoding a selectable marker may be fitroduced into the celi. For example,
one or both of the nucleic acids containing a recombination site may also
contain DNA encoding a seiectable marker {8.g., a resistance-encoding
marker or a reporier molecule} operatively linked to a promoter which is
oriented such that integration of the nuclele asid into a chromosome places
the marker DNA between two directly oriented recombination sites on an arm
of a chromosome. A cell containing the nucleic acid will thus be resistant fo

a selection agent or will detectably express a reporter moiecule. Exposure of
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the cell to the appropriate recombinase can result in a recombination event
that excises the DNA between the two recombination sites, which includes
DNA encoding the selectable marker. Thus, recombination could be detected
&s loss of reparter malecule expreséion or decreased resistance to & selection
ageni. After exoosure to a recombinase, the cells into which nucleic
acids contaiming recombination sites have been transferred may be analyzed
for the presence of acrocentric plant chromosomes using, for example, FISH
analysis and otherrchromcmame visualization technigues.

in another method provided herein for producing a plant chromosome
that is acrecentric and/or contains adjacent regions of heterchromatin and
rDNA, the recombination event or events that lead to formation of the
chromosome oceur through crossing of transgenic plants that contain
chromosomes which contain complemaniary site-specific recombination
sites, Thus, in one embodiment of these mathods, nucleic acid containing a

recombination site adjacent to nucleic acid encdding a selectable marker is

introduced into a first plant cell and a first transgenic plant is generated from

the first plant cell. Nucleic acid containing a promoter functional in & plant
cell, a fecombinaticn site and a recombinase coding region in gperative
linkage is introduced into a second plant cell from which a second transgenic
plant is generated. The first and second transgenic plants are crossed to-
obtain one or more plants resistant 1o an agent that selects for celis
containing the nucleic acid encoding the selectable marker, and a resistant
plant that contains cells comprising a plant chromosome that is acrocentric
antl/or contains adjiacent regions of hetérochromatin and fDNA is selected.
in an example of this method, nucleic acids containing site-specific
recombination sites are imtroduced into cells of Nicotiana tabacum. The
nucleic acids are imtroduced separately by infecting leaf explants with

Agrobacterium tumefaciens which carrles the kanamycin-resistance gene

~{Kan%). Kanamyecin-resistant transgenic plants are generated from the

infected leaf explants. One transgenic plant contains nucleic acid encoding a
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promoterless hygromycin-resistance gene preceded by a Jox-site specific
recombination sequence {fox-Apt), the other plant contains a cauliflower
mosaic virus 355 promoter linked to & lox sequence and the cre DNA -

recombinase coding region {3583-fox-cre). The resultant Kan® transgenic

" plants are crossed {ses, a.g., proiocoEs of Qin et al. (1994) FProc. Natl Acad.
- Sci. U.S.A. 91:1708-1710, 19945, Plants in which the appropriate DNA

recombination event has cccurred are identified by hygromycin-resistance,
The Kar® cultivars Initially may be screened, such as by FISH, to
identify two sets of candidate transéenic plants. One set has one construct
integrated in regions adjacent 1o the peri'centrip heterochromatin (andfor
satellite DNA) on tﬁe short arm of any chromesome. The sscond set of
candidate plants has the other construct integrated in rDNA, such as the
NOR regi.on, of appropﬁate chromosomeas, To obtain reciprocal transiocation
both sites must be in the same orientation. Therefore a series of crosses
may be required, marker-resistant plants generated, and FISH analyses
performed 1o identify an “acrocentric” plant chromosomé‘ or chromosomes
that contain adjacent regions of heterochromatin. As described above, such
an acrocéntric chromosome may be used for de ﬁavo piant artificial
chremosome formation, particulerly predominantly hetefochromatic plant
artificial chromosomes. The selection of appropriate plant [3n_es can be done,
for exampie, using marker-assisted selection. .

F. Incorporation of Heterologous Nucleic Acids into Artificial
Chromosomes .

Heterologous nucleic acids can be introduced. into artificial
chremosomes during or after formation. lncorﬁoration of particular desired
nucleic acids into an artificial chromoéome during generation thereof may be
asccomplished by including the 'desired nucleic acids along with the nucleic

acid encoding a seiectable marker and any other nucleic acids used in

" artificial chromaosome generation (e.g., targeting sequences that direct the

heterologous nucleic acid to the pericentric region of a chromosome) in the
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transformation of a cell 1o initiste amplification and formation of a artificial
chromosomes.

- Alternatively, heterologous nucleic acids may be incorporated into an’

~ artificial chromosome foliowing formation thereof through transfection of a

cell containing the artificial chromosome with the heterologous nucleic acids,
In general, incorporation of such nuciele acids into the artificial chromosome
is assured through site-directed integration, such as may be accomplished by
including ‘nucieic acids homoiogsus\ar-iden}:‘;@al to DNA contained within the
artificial chromosome in with the hetéroiogmus nucleic acid when transférrinrgr-

it 1o the artificial chromoesome. An additional salective marker gens may also

e ih.ciuded.

Additionally, introduction of nucteio acids, particularly DNA molscules
to an artificial chromosome can be accomplished by the use of site-specitic
recombinases as describéd_herein (see, also, copending U.5. provisional
application Serial No. 60/284,758 by Perk.ins et al. entitled "CHROMOSOME- -
BASED PLATFORMS" filed on May 30, 2001, U.5. provisiohél application
Serial No. 80/366,8%1, by Perkins et 3/, entitied "CHROMOSOME-BASED
PLATFORMS" filed on March 21, 2002, U.S. patent application Serial No.
_____, by Perkins ef al. entitled "CHROMOSOME—BASED PLATFORMS" filed
on May 30, 2002, under attorney docket no. 24601-420, and PCT ‘

International Appfication No. . by Perkins er al eniitied

-"CHROMOSOME-BASED PLATFORMS® fited on May 30, 2002, under

attorney docket no. 24601-420PC; each of which is incorporated in its

entirety by reference thareto). Artificial chromoscmes can be produced

“gontaining, recombinase recognition sequences, to aliow the site-specific

introduction of DNA molecules into the same. Another use for an introduced

. recombinase site is to provide a region for site-specific integration of a new

trait by the use of recombinase mediated gene insertion.
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G, Introduction of Artificial Chromosomes into Plant Cells and Recovery
' of Plants Containing Artificial Chromosomes

Artificial chrornosomes can be introduced into plant cells by a variety
of methods familiar to' those skilied in the art. These methods include
chemical and physical methods for introduction of foreign DNA, as-well as
cell culture methods to transfer chromesomes from one cell to another cell.

Any type of artificial chromosome can be used, Plant artificial
chromosomes {PACSs) can be prepared by the i vivo and i vitro methods
described hér_ein. PACs can be prepared inside plant protoplasts and then
transferred 1o other plant species and tissues, in paﬁicuiar to other plant
protoplasts,. viz fusion in the presence or absance of F’EG as described herein'
{Draper et al. (1982) Plant Cell Physiol. 23:451-458; Krens et al. {1982}
Nature 72-74). PACs can be isolated from the protoplasts in which they
were prepared, encapsulated into fiposomes, and delivered to other plant
protoplasts {Deshayes ef é!. (19858} EMBO J. 4:2731-2737]. Alternatively,
the PACs can be isolated and defivered directly to {alah’t protoplasts, plant
cells, or other plant tafgets via a PEG-mediated process, caicium phosphate-
mediated process, electroporation, m’tcroinjectiﬁn, {particle bombardment},
lipid-mediated method with or without sonoporation, soroporation alone, or

any method known in the art as described hersin {Haim ef al. {1985} Mol.

Gen. Genet. 199:181-168; Fromm et al. (1986} Nature 319:791-783; Fromrh

et al (1985} Prog. Nat. Acad. Sei. USA 82:5874-5828; Klein er al {1987)
Nature 327:70; Kiein et al. {1988) Proc. Nat. Acad. Sci. USA 85:8502-8605;
and International PCT application publication ne. WO 91/00358], Plant

artificial chromosomes can also be transferred 1o other plant species by

" preparation of protoplast-derived plant microcells, and fusion of the

micrecells containing the plant artificial chromiosome with plant celis of other
plant species.
Mammatian artificial chromosomes {MACs) can be transferred to plant

cells. Mammalian artificial chromosomes are prepared by the in vivo and in
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vitro methods described in US Patent Nos, 6,025,155 and 6,077,887, and
international PCT appiicaﬁon No. WO 27/40183. MACs can be prepared as
microcells, and the microcells can be fused with plant protoplasts in the
pressnce or absence of PEG. {Dudits et af (1 976} Hered'rtas 82:121-1 23; '
Wiegland et 5/ (1887} J. Cell. Sci. F_’t.é 145-149), Altemativaig}, the MACS
can be isolated and de_Eivered directly to plant cells, protoplasts, and other
plant ta rgets using & PEG-mediated process, calciurh phosphate-mediated
process, e'iec’trop‘or‘étieﬂ,' microinjectidn, lipid-mediated method with or
without sonoporation, sdnoporation alone, oF any method known in the art as
described herein and in US Patent Nos. 6,025,155 and 6,077,697, and
International PCT application publication No. WO 97/40183.

After PACs or MACS are introduced into plarit targets and the plant
targets are grown and analyzed for transfection, the plant transf-ormed plant
targets can be developed using standard conditions into roots, shoots,
plantiets, or any s‘trucmge Qapabie of growing inio a plant.

Accordingly, methods for the introduction of artificial chromosomes
represent the first step in the production of plant cells and whole plants
containing ariificial chromosomes from a variety of sources.

The ability to introduce genes into plarts, such that they ara stably
axpressed and transmissible from generation o generation, has '
revolutionized plant biology and opens up new possibilities for usin_g plants .
as green féctoriés for the production of commercially useful products as well
as for other applications described hérein. There are éé\rerai approaches to
the generation of stably transformed plants, and the adopted approach varies
according to the aims of the project. For introduction of artificial

chromosomes into plants, a variety of methods may be employed.

. transgenic plants, the transtormation prbcéss involves the methods of foreign

DNA delivery to plant host cells, the growth and analysis of fransformed
plant host cells, and the generation and regeneration of transgenic planis

from transformed plant host cells.
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1. Introduction of artificial chromosomes into plant host cells

Numémus methods fbr nroducing or devéloping transgenic plants are
available to those of skill in the art. The method used Is primarily a function
of the s;p';ef:.ies of ;ﬂant. Artificial {:hromos;omes coméining heterologous -
DNA, such as artificial chromosomes prepared by the methods described:
herein, can be introduced into plant host cells, including, but not limited to,
plant cells and protoplasts, by, for example, non-vector mediated DNA
transfer processes (seé, also copending U.S. application Serial No.
09/815,579, which describes methods for defivery that can be adapted for
use Wirh\p[ant cells and used with plant protoplasts).

~ Non-vector mediated, or direct, gene transfer systems invelve the

introduction of heterologous DNA, in particular artificial chromosomes, inte
host cells, including but not limited to plant cells and protoplasts, without the
use of a biological vector. The artificial chromosome that is introduced inio
these plant host cells can lead 1o the development of transformed,
regenerablé'transgenic plants. The direct gene transfer systems for
transgenic plants are designed to overcome'the_ barrier to DNA uptake

caused by the cell wall and the plasma membrane of plant cefls. The

approaches for direct gene transfer include, but are not fimited to, chemical,

electrical, and physical methods, which can also be adapted 10 opﬂkimize
transfer of artificial chromosomes {see, 2.q., Uchimiva et al. (1988} J. of
Biotech. 12: 1-20 for a review of such procedures, see also, g.g., U.S.
Patent Nos. 5,436,392; 5,489,520; Potrykus et al. (1985} Mol. Gen. Genet.
769:183; Lorz et al. {1985) Mol. Gen. Genet. 7859:178; Fromm et al. {1D85)

lec, Natf, Aéad. Sef. U. S.4. 82:6824.-5828; Uchimiva of af. {1986} Mol

Gen. Genet. 204:204; Callis ef af. {1987) Genéa Dev. 7:1183-2000; Callis e
al. (1987) Nue, Acids Res., 715:5823-5831; Marcotte ef al. {1988) Nature
355:454 and Toriyama et al. {1988) Bio/Technology 6:1072-1074).

a. Chemical methods
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Uptake of artificial chromosomes into plant cells, such as protoplasts,
can be accomplished in the absence or presence of polyethylene glvcol

{PEG), which is a fusogen, or by any variations of such methods known to

- these of skill in the art fsee, g.q., U.S. Patent No. 4,684,611 to Schilperoot

et al.; Paskowski et al. (1984} EMBO J. 3:2717-2722; U.S. Patent Nos.
5,231,019 and 5,453,367). In one approach, plant protcpia.s‘cs are
incubated with a solution of foreigrs DNA, in particular artificial ‘
chromosomes, and PEG at a concentration that allows for high celi survival
and high efficiency chromosome uptake. The protopiasts are then washed
and cuhtured {Datt.a and Datta (1298} Méth. in #Molecular Biol. 111:335-348],
In an alternative approach,. plant protoplasts are incubsled with artificial
chronjospmes _in the presence of caicium phasphate for direct entificial
ch%ofndsome uptake (Maim et &/ (1985} Mol. Gen. Genet.188:161-168}.

 Alfernatively, the artificial chromosome, in particuiar plant artificial

chromosome {PAC!, is formed in a plant protoplast which is, in turn, fused
with another plant protoplast in the presence or absence of PEG to transfer

the PAC to the plant host protoplast. Such methads for treating protoplasts

- with PEG and foreign DNA are wall known in the art (Draper ef a/. (1882}

Plant Cell Physial, 23:45‘1—458; Krens ef a/ (1982} Nature 72-74}.

Anothar chemisal direct gene transfer method invoives fipid-mediated
delivery of artificial chromosomes to plant protoplasts, In this process, |
fiposomes with encapsulated artificial chromoscmes are allowed to fuse with

protoplasts alone or in the presence of PEG as the fusogen to transfer the

"foreign DNA, In particular artificial chromosome, to the plant host proioplast

{Deshayes et &l {1985) EMBO J. 4:2731-2737; Fraley and Paphadjopoulos
{1882} Curr Top Microbiol Immunol 96:171-181). .

Another direct gene transfer method involves the use of microcslis.
The chromasomes can be transfarred by preparing microceils containing
artificial chromosomes and then fusing the microcells with plant protoplasts.

Methods for the preparation and fusion of microcells with other cells are well
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known in the art (see Example No. 4 and see also, e.g., U.S. Paient Nos.
5,240,840; 4,806,476;5,298,429; 5,396,767; Fournier {1981) Proc. Nati. - |
Acad. Sci U.8.A. 78:6349-6353; and Lambesrt et al. {(1991) Proc, Natl, ‘

Acad. Soi. U.5.A. 88:5907-58; D'udits et &l {1976} Hereditas 82:121-123;
Wiegland er af. {1987} J. Cell. Sci. P1. 2 145-149}.

b. Electrical methods

Electroporation, which involves highﬂvbltage electrical pulses to a solution
containing & mixture of protopiasts or plant cells and fereign DNA, in
particular artificial chromosomes, to create nanometer-sized, reversible pores,
is & comnmon method to introduce DNA into plant celis or protoplasts. The
exogenous DNA may be added to the protoplasts in any form such as, for
example, naked iinear, circular or supercoiied DNA, ariificial chromosomes
encapsulated in liposomes, DNA in spheroplasts, artificial chromosomes in
other piénf( protoplasts, artificial chromosomes complexed with salts, and
other methods. The foreign DNA, in particular artificiel chromosome, can also
include a phenotypic marker 1o idenﬁfy: plant cells that are successfully
transformed. '

When plant cefls or protoplasts are subjected to short electrical DC (direct
current) pulses, they may experience an increase in the permeability 61‘ the
plasma membrane and/or celt wall to hydrophilic malecules such as nucleic
acids, which are normally unable 1o enter the plant celi directly. Nucleic '
acids are taken direétly into the cell ¢ytoplasm either through these pores ot
as a ccnsequence of the redistribution of membrane components that ‘
accompanias closure of the pores. Certain cell wall- degradmg enzymes, such
as pectmmdegradmg enzymes, may be emp!oyed 1o render the piam target
rampient calls more susceptible 1o ONA or artificial chromosome uptake by
electroporation than untreated celis. Plant recipient cells may aiso be
susceptible to transformation by mechanical wounding. To effect
transformation by electroporation, frisbie tissues such as a suspension

culture of cells or embryonic callus may be used or immature embryos or
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other organized tissues may be directly traﬁsformed {see, e.4., Fromm ef al.
{1986) Nature 379:791-783}). Methods for effecting electroporation are well
known in the art {see, e.q., U.8. Patent Nos. 4,784,737; 4,970,154,
5,304,486; 5,501,867; 5,501,662; 5,019,034; 5,503,299; ses, also Fromm
et al, (19858) Proc. Natl, Acad, Sci. U.S A, &2:5824—5828; Zimmerman et af.
{1981} Biophys Biochem Acta 841:160-165; Neuman et &/ (1982} EMBO J.
1:841-845; Riggé ef al. (1988} Proc. Nat. Acad. Scl. USA 83:5602-5608; .
Lurguin (1987} Mol. Biotechnol. 7:5-35; Bates {1888} Methods in Molecular

Biclogy 11 1:3&9;366). Electroporation can be used 1o introduce nucleic

acids into tobacco mesophyll cells {Morikawa ef a/. (1986) Gens 41:127-
124; ieaf bases of rice (Dekeyser ef al. {1980} Plant Cell 2:591-802; |
immature maize embryos (Songstad et af, {1383) Plant Cell Tiss, Orgn. Cult,
40:1-15; macerated immamre maize embry‘os {D'Haltuin et & (1892 Plant
Cell 4:1495-15056; suspension cultured maize cells {Laursen et al, {1994}
Piant Mol. Biol. 24: 51-61; and sugar cane (Arencibia et al. {1995} Plant Cell
Rep. 14:305-308).

Artificial chromosomes may' be deiivéred to plant- cells, in particular
plant seeds, by the use of electropmaﬁoﬁ and pollen to derive pallen
comprising an artificial chromosome. Methods that may be used for delivery
of artificial chromosomes inte pollen include, for example, technigues
described in U.S. Patent No. 5,043,500 and by Negrutiu ef af. [in
Biotechnology and Ecology of Polien, Mulcahy ef a/. eds., {1888} Springér
Verlag, N.Y., pp. 65-68] and Fromm et al. 1{1886) Nature 31 9:791; including
methods for introducing DNA, into mature pollen using various procedures
such as heal shock, PEG and glectroporation). The pollen is capable of
germinating and fertilizing an egg cell, ieading to the formation of a plant
seed comprising an artificial chromosome.

¢. Physical methods
The physical methods approach for introducing foreign DNA, in

particular artificial chromosomes |, into plant cells overcomes the cell walt
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harrisr to DNA movement. Physical, or mechanical means, are used 1o

introduce transgenes directly into protoplasts or plant cells and inciude, but

are niot fimited to, microinjection, particie bombardment, and sonoporation.

{1} Microinjection

Microinjection involves the mechanical injection of heterologous DNA,
in particular artificial chrornosomes, inte plant cels, includingicu%tured cells
and cells in intact plant organs and ernbryaids in tissue culture via very small
ﬁ}icropipgttes, needlas, or syringes {Neubaus et al. (1987)Theor. Appl Genet.
76:30-36; Reich et al. (1986} Can. J. Bot. 64:1255-1258; Crossway et al.
(19886) BiocTechniques 4:320-334; Crdssway et al. {1986} Moi. Gen. (Genet.
20:179; U.S. Patent No. 4,743,548; silicon carbide whiskers (Kaeppler ef
al. (1880) Plant Celi Rep, 9:415-418; Frame et al. {1894). For example,
microinjection of protoplast cells with foreign DNA for transformation of plant
calls has been reported for barley and tobacco (see, e.g., Holm et al. {2000)
Transgenic Res. §:21-32 and Schnorf et al. Transgenic Res. 7:23-30). Single
artificial chromosomes may be front-loaded into microinjection needles and
then injected into cells {"pick-and-inject”} following procedures as described
by Co et a/ [(2000) Chromosome Res. 8:183-1911

(2} Particle bnmbardment

Microprojectile bombardment {acceleration of smail higﬁ density
particles, which contain the DNA, to high velocity with a particle gun
apparatus, which forces the particles to penetrate 'f:;»lant cell walls and
membranesthave also been used 1o introduce heterologous DNA into ptamf
cells. Microprojectile bombardment techniques for the introduction of nucleic

acids into plant cells, in addition to heing an effective means of reproducibly

* stably transforming plant cells, particularly:- monocots, do not require isolation

of protoplests or susceptibility -of the host cell to Agrobacterium infection. In
thess methods, nucleic acids are carried through the celi wall and into the

cytopiasm on the surface of small, typically metal, particles {see. e.g., Klein

‘et al. (1987) Nature 327:70; Klein ot al. {1988} Proc. Natl. Acad. Sci. U.S.A.
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85:8502-8505, Klein et al. in Frogress in Flant Celluler and Molecutar
Biolegy, eds. Nijkamp, H.J.J., Van der Plas, J.H.W., and Van Aartrijk, J.,
Kiuwer Academic Publishers, Dordrecht; {1888}, p. b8-68 and Mclabe ef al
(1988) Bio/Technology 6:923—926; Sautter ef al. {1991} Biol. Technol.
9:1080-1085: Gordon-Kamm et al. {1990) Plant Cell 2:603-618; Finer ef al.
{1988} Curr. Top. Microbiol, immunol. 240:59-80; Vasil and Vasil {1988},
Methods in Molecular Biology 111:349-358; Seki et al. {1999) Mo.
Biotechnol: 11-:251—255).' Paf‘cicieé may be coated with nucleic acids and
delivered into cells by a propeliing force. Exemplary particles include those
containing tungsten, gold or platinum, as well as magnesium sulifate crystals.
The metal particles can penetrate through several layers of cells and thus
allow the transformation of cells within tissue explants.

In an Hlustrative embodiment {ses, e.g., U.S. Patent No. 6,023,013) of
a method for defivering foreign nucleic acids into plant cells, e.g., maize
cells, by acceleration, a Biofistics Particle Delivery System may be used to
propel particles coated with DNA or cells through a screen, such as a
Stainless steel or Nytex screen, onto a filter surface coverad with plant (e.g.,

corn} celis cultured in suspension. The screen disperses the particles so that

| they are not delivered to the recipient cells in large aggregates. The

intervening screen between the projectile apparatus and the cells to be

bombarded may reduce the size of projectile aggregates and may contribute
to a higher frequency of transformation by reducing damage inflicted on the
recipient celis by projectiles that are too jerge.

For the bombardment, cells in suspension may be concentrated on
filters or solid culture medium. Alternatively, immature embryos or other

plant target celis may be arrénged on solid culure medium. The cells 1o be

bombarded are typically positioned at an appropriate distance below the

rnicroprojectile stopping plate. If desired, one or more screens may also be

positioned between the acceleration device and the celis to be bombarded.
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The prebombardment culturing conditions and bombardment
parameters may be optimized to yieid the maximum numbers of stable
transformants. Both the physical and biclogical parameters for bembardment
are important in this technology. Physical factors include those that invoive
manipuiating the DNA/microprojectile precipitate or those that affect the
flight and velocity of either the macro- or microprojectiles. Biolegical factors
include all steps involved in manipulation of cells before and immediately
after bombardment, the osmotic adjustment of target celis to help alieviate
the trauma associated with bombardment, and also the nature of the
transforming nucieic acid, such as linearized DNA, intact supercoiied
lasmids, or artificial chromosomes. '

Fhysical parameters that may be adjusted include gap distance, flight
distance, tissue distance and helium pressure. in addition, transformation
rmay be optimized by adjusting the osmotic state, tissue hydration and
subcultisre stage or cell cycle of the recipient cells. Ballistic parﬁcie K
acceleration devices are available from Agracetus, Inc. (Madison, WI} and
BioRad {Hercules, CA).

Technigues for transformation of A188-derived maize line using
particle bombardment are described in Gordon-Kamm et &/, HSBO} Plari Cell
5.603-618 and Fromm et al. {1990) Biotschnology 8:833-839.
Transformation of rice may also be accomplished via particle bombardment
{see, e.g., Christou et al. (1981) Bistechnology 5:257-862). Particie
bombardment may also be used to transform wheat (see, e.g., Vasil et &/,
{1992} Biatechnology 710:867-674 for transformation of celis of type C long-
term regenerable celius; and Wesks ef al. {1893} Plant Physiol.. 102:1077-
1084 for transformation of wheat using particle bombardment of immature
embryos and immature embryo-derived callus). The production of transgenic
barley using bombardment methods is described, for exarnple, by Koprék et
al. (1996) Plant Sci. 178:76-91, |

{3) Sonoporation
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Foreign DNA, in paticular artificizl chromosomes, may be introduced
into plant proioplasts using uirasound treatment, in particular mild
ultrasound treatment {10-100kHz}, 1o create pores for DNA uptaks (see e.g.
Internationa! PCT épplication publication no. WO 91/00358) or may be
introduced into plant protoplasts via @ sonoporation machine {ImaRx
Pharmaceutical Corp., Tucson, AZ).

Alternatively, the delivery of ertificial chromosomes info plant host

celis is performned by any method described herein or well known.in the art.

- For example, needle-ike whiskers {US 5,302,623, 1984, U3 5,464,765}

"have been used to delivery foreign DNA.

Suitable plant targets into which foreign DNA, in partieular artificial
chromasoemes, is rransferred include, but are not fimited 1o, protoplasts, cell
culture cells, cells in plant tissue, meristem cells, microspores, callus, pollen,
pollen tubes, microspores, egg-cells, embryo-sacs, zygoies or embryos in .
different stages of deve!épment, seeds, ssedlings, roots, stems, leaves,
whole plants, algae, or any plant part capable of proliferation and
regeneration of plants. {see, e.g., U.S. Patent Nos. 5,890,390; 6,037,626
and 5,280,380]. The growth of the transformed plant targets describsd
herein can done with tissue-culture or non-tissue culture methods, with the
oreferred methods being tissue culiure methods.

All plant cells into which foreign DNA, in particular arri.ficial
chromosomes, are introduced and that is regenerated from the transformed
cells are used directly for expressed purposes {e.g. herbicide resistance,
insect/pes! resistance, diseasé resistance, environmental/stress resistance,
nutrient utilization, male sterility, improved nutritional content, production of
chernicals or biglogicais, non-protein expressing sequences, and preparation
and screening of libraries} as described hersin or are used 1o produce
transformed whele plants for the applications and uses c_Iescribed herein, The

particular protocol and means for the introduction of the artificial



WO 62/006923 o PCT/US02/17451

10

- 18

20

25

30

-123-

chromosome into the plant host is adapted or refined to suit the particular .
plant species or cultivar, '
Chromoesomes -may be transierred to cells by microcell mediated:
chramosome transfer (MMCT} (Tslenius et al,, Chmn%osome Research 7.3-7,
1898; Ramulu et al., Methods in Molecular Biology 111: 227-242, 1988}, In
general, donor plant cultures or donor mammafian cell cultures are incubated
in media supplemented with reagents that inhibit DNA synthesis {e.g.,
hyd%oxy urea, aphidicolin} and/or reagents that inhibit attachment of
chromosomes to the mitotic spindle {e.g.,coléémid, oolchic:i'nes, amiprophos-

methyl, cremarti. The celf walls of plan;{ cells are digested with enzymes

{e.g., celivlase, macerocenzyme} producing protoplasts. Donor plant

protoplasts or donor mammalian cells are loaded on a Percolt gradient in the
presence of cytochalasin-B (which causes the cell cytoskeleton to
depolymerize into monomer protein subuniis) and centrifuged at 108 x g.
During centrifugation the metaphase chromosomes are extruded through the
plasma membrane forming piant ‘microprotoplasts’ or mammalian
‘microcelis.’ The microprotopiasts/microcells are filtered through nylon
sieves of deéreasing pore size {8-3 um) to isolate smaller ones that contain
predominately 1 metaphase chromosome. The microprotoplasts/microcelis

are fused to recipient plant protoplasts or mammalian cells by polyethelene

glycal {peg) treatrnent. The fusion mixture is cultured in appropriate media.

if the chromosome of interest is expressing a selection marker gene the
fusion mixtures may be cultured in &_‘:ppmpria‘ce media supplemented with the
appropriate selection drug {e.g. hygromycin, kanamycin}.

2. The growth of transformed plant host cells

in tissue culture methods, plant cells or p{otépiasts transformed by the A
chemical, physica!, slectrical methods déscribed herein are gjmwn, or
cultured, under sslective conditions. The selective markers are integrated
into the heterologous DNA, inperticular artificial chromo#ome, before its

introduction to plant hests or are integrated into the plant host after
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transfection. An additional marker can be used for double selection.
Geanerally, the plant cells or protoplests are grown for numerous generations,
after which the transformed cells are identified. W

The transformed celis are subject'ed to conditions knowe in the art for
callus initiation. Tissue that develops during.the initiation pericd Is placed in
a regeneration or selection medium where shoot and root development ocour,
The plantlets are analyzed for the determination of transformation '
{international PCT application publication no. WO 00/80061). in the case of
maize, embryonic callus cultures are initiated from immature maize embry'os,

bombarded with genes, and transformed into plantlets by the methods

_ described in International PCT application publication no. WO 00/60061. In

tissue culture methods, Rice celli are transfarmed with DNA encoding
insecticidal proteins CrylAlb} and CrylA(c) for insect resistance. Common
fissue culture methods can also be used to transform tobacco and tomato
{see, e.g., US Patent No. 6,136,320}, embryogenic maize calfi (US Pat. Nes.
5,508,468; 5,538,877, 5,538,880; 5,780,708; 6,@13,863; 5,664,798;
5,980,380; and 5,484.,958;) and 5ther crop speci‘es, e.g., potato and

. tobaceo {Simons et al. (1890) Bie/Technol 8:217-221; tobacco

{(Vanderkerckhove et al. {1988} Bio/Technol 7:228-832 and' Owen and Pen
stds. Transgenic Plants: A Production Systern for Industrial and
Pharmaceutical Proteins, John Wiley & Sons, 'Chichester, 1896} and rice
{(Zhu et al. (1994) Plant Cell Tiss Org Cult 36:197-204).

3. Analysis of transformed 'plant'hbs't cells

Once foreign DNA, in particular artificial chrarmosomes,' is introduced
into plant hests and the cells 'orr protoplasts -ara grown and developad und.er
the conditions described herein, the plant cells or protoplasts which were
transtormed with artificiai chromosomes are identified. The plant cell,
protoplast, callus, leaf disc, or other plant target are scresned for the

presence of artificial chromosomes by varicus methods well known in the art

‘including, but not limited to. assays for the expression of reporter genas,
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PCR of the isolated plant chromosomés or DNA, electron misroscopy,
visualization methods, and in situ hybridization of chromosome painting
probe as described herein. Moreover, cells freated with artificial
chromasomes- are isolated during metaphase using a fﬂitoﬁc arrest agent,
5 such as colchicing, and the artificial chromosome are distinguished from
endogenous chromosomes by fluorescence-activated cell sorting, size and
density differences, or by any method wefl known in the art. Alternatively,
when a selectable marker gene s _.trans.mi‘tted'with or as part of the artiticial
chromosome,‘_seieotive agenﬁs are uséd to detact the expresé%on of the
10 selectable marker (imema’tiona{‘PCT a'ppﬁcatian publication no. WO
. C0/600681; US Patent No. 6,136,320; Owen and Pen Eds. Transgenic Plants:
A Production System for Industrial and Pharmaceutical Proteins).  Tnzymatic
assays, immunological assays, bioassays, germination assays, of chemical
assays are used to assess the phenotypic e‘ffec’cs. of artificial chromosomes
15  such as insect or fungal resistance or any other expression ‘of genes in
- artificial fzhromosomes {Cheng et al. {1998) 95:2767-2772; US Patent No.
6,126,320 International PCT applicaﬁnn publication no. WO 00/680061;
Owen and Pen eds. Transgenic Plants: A Production System for Industrial
- and Pharmaceutical Proteins, John Wiley & Sons, Chichester, 1996}, The
20 plant cells, protoplasts, or otﬁer biant hosts that are successfully transformed
with artificial chromosomes are used directly tc express the gene of interest
or are used to generate fransgenic plants. - '

Fluorescent in situ hybridization (FISH) may be used to screen for the

tramsfer of artificial chromosomes into plant cells. Using DNA probes specfic

25 chr the artificial chromescme {e.g., mouse maijor sateliite DNA probe for
murine sateliite DNA based artificial chromosomes; of @ ikanamycin,
hygromycin or GUS gene DNA probe for 2 plant artificial chromopsoms
carrying such a gene) standard FISH techniques for plant celis have bsen
described (de Jong e‘;- al., Trends in Plant Science 4: 258-263, 1888},
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tdU labeling can be used to determine the optimurm conditions for _
chromosome transfer {microcetlis} or isolated artificial chromosomes. The
incorporatad IdU increases tﬁe fragliity of the chromosome and will increase
the probabifity of cellular mutation. Hence, the cells are fixed within 48-

hours after transfection/fusion and analyzed for chromosome uptake using

various procedures. Once the optimum transfer conditions have been

determmed long—term express:on EXperiments are permrmed with unlabeled
artificial- chromosomes or microcells
H. Re-generation of transgenic plants

Plants containing artificial chromosomes are generated from plant
cells, protopiasts, calli, or other plant tissue targets intc which foreign DNA,
in particular artificial chromosomes, have been introduced. Regeneration
techniques for many commercially important piant species are well-known in
the art.' The artificial chromosome that is inserted into plant hosts to
produce transgenic planis are PACs or MACs,

Plants are re-generated by the planting of transformed roots, plam:iets

 seeds, seedlings and structures capable of growing into a whele plant

capable of reproduction {see, e.g., US Patent Nes. 6,138,320 and
international PCT application No. WO 00/80081}. The re-gene.rat.ian of maize
plants from transformed protoplasts is found, for exampla, in Eur-opean
Patent Application nos, 0 292 435 and 0 392 225 and international PCT
Application 9ubikcation no. WO 83/07278; the regeneration of rice following
gene transfer is found in Zhang e? a4 {1888) Fant Cell Rep. 7.378-384;
Shimarmoto et al, (1989) Nature 338:274-277; Datta et al. {1990)
Biotechnology 8:736-740; and the re-generation of -fertile transgenic barley
by direct DNA transfer 1o pro‘mpiasts is described by Funatsuki et a/ {1985)
Theor. Appl. Genet, §7:707-712. Alternatively, plants containing artificial
chromosomes are bbta?ned by crossing a plant containing an artficial
chromosome with another plant to produce plants having an artificial

chromosome in their genomes {see e.g. US Patent No. 8,150,585).
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Plants containing an artificial chromosome are propagated through
seed, cuttings, or vegetatively. The seed from plants containing an artificial
chromosome are grown in the field, in pots, indoors, outdoors, in .

greenhouses, on glass, or in or on any suitable medium, and the resulting

.sexuslly mature transgenic plants are self—polliﬁated to generate true breeding

piants. The progeny from these transgenic plants become true breeding lines
{International PCT application publication Nos. WO 00/60061 and EP
10172868; US ‘F"alte‘nt Nos. 5,631,152; 5,855,362; 6,015,940; 6,013,523;
5.096,546; §,037,827; 6,1%3,8‘!2‘; Welssbach and Weisshach (1888)
Methods for Plant Molecular Bioldgy‘, Academic Press, ing.; Fromm ef al.
{1990 Bino/Technology 8:833-839; Gordon-Kamm et al. {19803 Plant Cell -
2:803-608; Koziel er a/. (1893} Bio/Technology 11:184-200; and Golovkin et
al. {1993) Plant Sci. 90:41-52),

1. PACs '

Plant artificial chromasomes {PACs) are prepared by the in vivo .and in
vitro methods described herein. PACs may be prepared inside plant
protoplasts and then transferred to plant ta:;ge‘zs, in particular to other plant
protoplasts, via fusion in the presence or absence of PEG as described herein
{Draper et af. {1882) Plant Cell P_hy'siol. 23:451-458; Krens et al. {1882}
Naturs 72-74). PACs are Eso!éte’d from the protoplasts in which they wére_
prepared, encapsuiated into liposomes, and delivered to other piaht
protoplasts (Deshayes ef al. {1985) EMBO J. 4:2731-2737). Aliernatively,
the PACs are isolatad and delivered directly to piant_protopiasts; plant cells,
or other plant targets via a PEG-mediated process, calcium phosphate-

mediated process, electroporation, microinjection, sonoporation, or any

" method known in the art as described hersin (Haim et a‘;'. {1885} Mol Gen.

Genet. 199:161-168; Fromm ef a/, {1986) Nature 319:781-793; Fromm et
a2l [1988) Proc. Nat. Acad. Sci. USA 82:5824-5828; _E(le'in et al. {1987}
Nature 327:70; Klein ef al {1888) Prog. Nat, Acad. Sei, USA B5:8502-8505;
and international PCT application publication no. WO 81/00358).
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2. MACs

Mammalian artificial éhromosomes {(MACs} are prepared by the in vivo
and in vitro methods described in US Patent Nos. 6,025,155 and 6,077,897,
and International PCT ap'pﬁc:ation No. WO 97/40183, MACs are prepared as
microcells, and the microcelie are fused with plant protoplasts in the .
presence or absence of PEG {Dudits et 2l (1976} Heredites 82:121-123;
Wiegland ef al (1987) J. Cell. Sci. Pt. 2 145-1489). Aiternat‘meiy,‘the MACSs
are isolated and dehvered directly to plan‘c ceils, protoplasts, and other plant
targets & PEG- mecila“ted process, calcium phosphate-mediated process,
electroporation, microinjection, sonoporation , or any mathod known in the
art as described herein and in US Patent Nes. 6,025,155 and 6,077,687,
and International PCT application publication No. WC 87/40183.

After PACs o:;lMACs are introduced into plant targets and the plam
targets are grown and analyzed for transfection, the transformed plant
targets are developed using standard conditions into roots, shoots, plantlets,
or any sfructure capabile of growing into a plant. Transgenic plants can, in
turn, be generated by the planting of transformed roots, plantiets, seeds,.
seedlings and structures capable of growing into a plant.  Transgenic
plants can be propagated, for example, tbrough seed, cuttings, or vegetative
propagation.

f Applications and Uses of Artificial Chromosomes

Artificial chromosomes provide convenient and useful vectors, and In

sorme instances (e.g., in the case of very large heterologous ‘genes) the only

vectors, for introduction of heterologous genes into hosts, Virtually any

gene of interest is arnenable to introduction into a host via artificial

chromosomes.

As desgribed herein, there are numerous methods for usmg artificial
chromosomes to introduce coding sequences into plant cells. These include
methods for using artificial chromosumes_ to express genes encoding

commerically valuable enzymes and therapeutic compounds -in plant cells,
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introduction of agronomically important traits or applications refated 1o the
mampulat:on of large regions of DNA. , '

The artificial chromosomes provided herein may be used in methods of
protein and gene product production, particularly using plant celis as host
cells for production of such prodﬁcts, and in cellular producﬁaﬁ .systems in
which the artificial chromosomes provide a ;eliabla, stable and efficisnt
means for optimizing the biomanufacturing of important compounds for
medicine and industry.  They ai_’e also intended for use in methods of gene
therapy and for p'r‘oductién of transgenic organisms, particulatly plants
(discussad above, below and in the EXAMPLES)..

1. P;'oduction of products in plants

Methods for expression of i;aateroiogous prcte;i.ns in plant celis
{"molecular farming”) are provided. At present, many foreign proteins have
been expressed in whale plants or selected piant organs. Plants can offer a
highly effective and ecﬂﬁqmicai means 10 producs recombinant proteins as
they can be grown on a large scaie at modest cost. The producﬁon of

hetercicgous proteins in plants has included genes that are fused to strong

‘constitutive piént promoters {e.g., 385 from cauliffower mosaic virus

{Sijmons et al., 1890, Bio/Technology, 8:2??-22‘-&, Bem‘ey apd Chua, US
5,110,732, Fraiey et al., US 5,858,742, McPherson and Kay, US
£,358,142}; sead specific promoters {Hall et al., US 5,504,200, Knauf et al.,

' US 5,530,184, Thomas et al., US B, 805, 188' Moloney, Us 5,792,822, US

5,948,5882) or promoters active in other plant organs such as fruit {Racke et
al., 1988, Theoret Appl, Genet 75:685-684, Bestwick et al., _
5,783,394, Houck and Pear, US 4,943,674} or storage organs such as
tubers {Rocha-Sosa et al., US 5,436,393, US 5,723,757). The genes under
the control of these promoters can be ény protein and include, fér example,
genes that encode receptors, cytokines, eniymes proteases, hﬂfmones,
growth factors, antibodies, tumor suppressor genes vaccines, therapeutic

products and. muit:gene pmhways
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For example, industrial enzymes that can be produced include, for

exampis, g-amylase, glucanase, phytase and xylanase {see, Goddijn and Pen

{1995} Trends Biotechnol 13:379-387; Pen et al. {1982) Blo/Technology

‘70:292~296; Horvath et al. {2000} Froc. Natl Acad. Sci. U.S.A. 97:19?4~

1819; and &.g., Harbers and Sonnewald (1898) in Transgenic Flanis: A
FProduction System for lndustrial and Pharmaceutical Proteins™ Owen and Pen
Eds., John Wiley & Sons, Wast Sussex, England), proteases such as '
subtilisin and other industrially important enzyrﬁes. Additional proteins that
can be produced in crops by molecuiar farming include other industrial
enzymes, for example, protealses, carbobydrate rnodifying enzymes such as
glucose oxidase, celiulases, hemicellutases, xylanases, mannanases or
pectinases, {e.g. Baszezynski et al;, US 5,824,870, US ‘5.,?67,379, Bruce et
al., US 5,804,654). Additionally, the production of enzymasbazticutariy
vajuable in the pulp and paper industry such as ligninases ,or,xylanaseé also
can be expressed, {Austin-Philips et al.,, US 5,881,835}, Other examples of
enzymes include phospha‘téses, oxidoreductasss and phytases, {van Ooijen
etal, US §,714,474), |

Additionally, expression and delivery of vaccines in plants has been

proposed{Arntzen and Lam, US 6,136,320, US, 5,814,123, Curtiss and

Cardineau, US 5,678,880, US 5,679,880, US 5,654,184, Lam and Arntzen,
US 5,612,487, US 6,034,288, Rymerson et al., WO9837784AT, as well as
antibodies (Cornrad et al., WO 8723800A1, Hein et al., US 5,859,177, Hiatt
and Hein, US 5,202,422, US 5,639,847, Hiatt et al., US 6,046,037},
peptide hormones (Vandekerckhove, J.5., US 5,487;991,-Brandie et al,,
WO8887401A2), blood factors and similar therapeutic molecules.

Expression of vaceines in edible plants can. provide la means for drug'deiivery
which is cost effective and particularly suited for the adfnin%stration of
therapeutic algents in rural or under developed countriss. The plant material '
gontaining the therapeutic agents could be cultivated and incorporated into

the diet {L_a'm, D.M., and Arptzen, C.J., US 5,484,719}, Similarly, plants
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us'ed for animal feed can be engineered to express veterinary hiclogics that
can pravide protection against animal discase, {Rymerson et al.,
WO8937784A1). Ahﬁbodies also can be produced in plants, including, for
exafnp[e, a gene fusion encoding an antigen-binding single chafn Fv protein
{scFv) that recognizes the hapten_cxazéione {Fiedier and Conrad {1985}
Bio/Technology 73:1080-1093) and laG (Ma er al. {1995} Science 268716~
719}, Monocional anﬂ-bodies for therapeutic and diégnostic applications are
of particular interest. - |

Exarnples of human biopharmaceuticals that can be expressed in.
plarts include, but are not limited to, albumin {Sijfnons et al. {1830},
enkephaling (Vandekerckhove ef al. {1989) ), interferon-& {Zhu et al. (1894}
and GM-CSF (Ganz et al. {1996} in Transgenic Plants: A Production System
for industrial and Pharmaceutical Froteins, Owen and Pan Eds., John Wilsy &
Sons, West Sussex, England, pp. 281-297; and Sardana et al. (1988} in

Methods in Biotechnology, Vol 3: Recombinant Froteins from Planrs

FProduction and {sofation of Chinically Useful Compounds, Cunnangham and

Porter, Eds., Humana Press, New' Jersey; pp. 77-87}

Celis containing the artificial chromosomes provided herein can
advantageously be used in /n vitro plant cell-based systems for production of
proteins, ﬁarticuiarly several proteins from one cell line, such as multipie
proteins involved in a biochemical pathway or multivalent vaccines. The
genes encoding the proteins are introduced intc the artificial chromosomes
which are then introduced into plani cells. Plant cells useful for this purpose
are those that grow well in culture, or most preferabw, plant celis capable of
iﬁeing regenerated to whole plants. Plants can then be cuitivated by common

rmethods to produce plant material comprising said heterologous proteins.

The heterclogous proteins can be subject to purification or the plant tissue or

extracts thereof can be used directly for vaccination, amelicration of disease,
or processing of material, such as bleaching during pulp and paper ‘

processing or enzymatic conversion of industrial materials or feedstocks,



WO 02/006923 ' PCT/US02/17451

10

15

20

© 25

-132-

Altarnatively, the hetemicgoﬁs gene(s} of interest are tranéfarred into a

production cell line or plant fine that already contains artificial chromosomes
in a manner that targets the gene(s} to the artificial chromosomes. The cells
or plants are grown under conditions whereby the heterologous proteins are

expressed. Becsause the proteins are expressed at high levels in a stable

'permanem extra-genomic chromosomal system, selective conditions are not

required..

Selection of host lines for use in artificial chromosome-based protein
production systems is within the skilf of the art, but often will depend on a
variety of factors, including the properties of the heterologoué protein to be
produced, potential toxicity of the protein in the host ceﬁ,ran‘y requirements
for post-translational modification {(g.g., glycosylation, amination,
phosphorylation} of the protein, transcription factors available in the celis,
the type of promoter element(s} being used to drive expression of the
hetéro!ogous gene, whether production is completely intracellular or the
heterologous protein will preferably be secreted from the cell, or be
sequestered ar !ocaiized, and the types of processiﬁg. enzymes in the cell.

Artiﬁbiai chromosomes can be engineered as ptatforms for the
prbduction‘ of specific molecules in plant cells. For example, production of
complex mamnﬁaﬁan molecudes, such as multichain antfbodies, reguires a
number of protein activities not normally found in plant species. itis
possible to produce an artificial chromosome that comprises alt of the
marmalian activities needed to prod_uce hurnan antibodies, correctly maodified
and orocessed, by introducing into an artificlal chromosome the genes
needed to carry out these activities. Said genes would be modh‘ieé, for
exampie, by piacing each gene under the control of & plant promoter, or by
placing the master control gene, i.e., a gene that controls expression of the

various genes, under the control of a plant promoter. Alternatively,

mammalian transcripzional control factors could be introduced, under the
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control 'of plant active promotérs, to be expressed in a plant cell and cause
the expression of said target proteins, for example muitichain anﬁbodies

In this tashion, plant amfacial chromosomes are developed, eagh
capable of suppormng the efficient production of a specific ciass of valuable
products, for example, antibodies, blood clotting factors, etc. Thus,
production of products within a class, for example, human antibodies would
strmply involve thfa introduction of a specific antibody coding sequence, "
without modification into the artificial chromosome engineered specifically for
ihe production of human antibodies. The artificial chromosome would
somprise all of the required genetic activities f_or the proper expression,
translation and posiutrénslationa! modification of numan antibodies, Such

artificial chromosomes can bea used in a variety of applications, such as, but

-are not limited to, large scale production of numerous specific human

antibodies. .

Advantages of plant cells as host ceil ines in the production of
recombinant proteins include, but are not limited to, the following: (1)
proteins are posi-transletionally meodified similar to.mammaléaﬂ systems, {2)
plants can be di;ected to secrete proteins into stable, dry, intraceliular
compariments of seeds called endosperm protein bodies, which can easily be
c'csllected, {3} the amouni o_f recomibinant product that can be produced
approaches industrial scale levels and (4) heaiih risks due to contam_ihatioq
with potential pathogens/toxins are minimized.

The artificial chromosome-based system for heterologous protein
production has many advantageous features. For exampie, as described

above, because the heterologous DNA is located in an independent, extra-

-genomic artificial chromoseme {as opposed to randomly inserted in an

unknown area of the host cell genome or located as extrachromosomal
elementis) providing only transient expression), it is stably maintained in an
active transcription unit and is not subject to ejection via recombination or

elirnination during cell division. Accordingly, it is unnecessary 1o include a
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selection gene in the host cells and thus growth under selective conditions is

also unnecessary. Furthermore, because the artificial chromosomes are

capable of incorporatiﬁg large segments of DNA, multiple copies of the
heterologous gene and finked promoter element(s! can be retained in these
chromosomes, thereby providing for high-level expression of the foreign '
protein{s). Alternatively, multiple copies of the gene can be linked to a single.
promoter element and several different genes can be linked in & fused
polygene compiex to a single promoter for expression of, for example, all the
key proteins constituting a complete metabolic pathway (see, 2.4., Beck von
Bodman et al. {1995) Biotechnology 13:587-591}. Alternatively, multiple
coples of a single gene can be operatively linked to a singie promoter, or
gach or one or several copies can be lfinked to different promoters or multiple
copies of the same'promoter. Addidonally, because artifliciai chromaosomes
have an almost unlimited capacity for integration and expression of foreign

genes, they can be used not only for the expression of genes encoding end-

products of interest, but also for the expression of genes associated with

optimal maintenance and metabolic management of the host cell, e.g., genes
encoding growth factors, as well asrgenes that facilitate rapid synthesis of
correct form of the desired heterologous protein product, €.g., genes
efxcod‘mg processing enzymes and transecription factors as described above,
The artificial chromosomes are suitable for expression s_;f any proteing
or peptides, including proteins and peptides that requiré in vivo
posttranslational modification for their biclogical activity. Such proteins

inclizde, but are not limited to antibody fragments, full-length antibodies, and

multimeric antibodies, tumor suppressor proteins, naturally oceurring or

artificial antibodies and enzymes, heat shock proteins, and others.

Thus, such cell-based "protein factories” employing artificial
chromosomes can be generated using artificial chromosomes constructed
with multiple copies (theoretically an unlimited number or at leastup 1o a

number such that the resufting artificial chromosome is about up to the size
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of a genomic chromosome (i.e., ehdogenous)) of protein-encoding genes with

appropriate promoters, or multipie genes driven by a single promater, Le., &

fused gene complex {such .as a compleie metabolic pathWay in piant

expression systemﬁ see; e.qg,, Beck von Bodman (1995) Biotechnology
13:587-591}. Once-such an artificial chromosome is cohs‘trqct_ed, it can be
transferred to a suitable plant species capable of being propagated under

field conditions, or under conditions that permit the recovery of the intended -

product. Plant cell cultures such as algae can be used in a system analogous

" to mammalian cell culture systems. The advantage of plant based systems

such as this include low Enbu‘c gosts for gljc:w’rh, rapid growth rates and
ahifity to produce a large biomass economicalty. -

The ability of ‘artificial chromosomes to provide for high-level

' expression. of heterologous proteins in host cells is demonstrated, for

example, by analysis of mammalian cells containing a mammalian artificial
chromosome, H1D3 _ahd G3D5 cell lines described herein. Northern blot
analysis of mRNA obtained from these cells reveals that expression of the

hygrumycin—resistanca and j -galactosidase genes in the cells correlates with -

the amplicon number of the megachromosoma(s) contained therein.

Transgenic plants producing Jghasg compounds are made by the
introduction and expression of one of poteﬁtiaﬂy many genes using the
artificial chromosomes provided herein, “The vast arrdy of poss'ibiiiﬂes
include, but are not liritad to, any biological sompound which is presently
prqduced by any organism such as proteins, nucleic acids, primary and '
intermediary metaboli‘ces; carthydrate polymers, enzymes 'for, uses in

bioremediation, enzymes for modifying pathways that produce secondary '

pharmaceuticals and for introducing enzyrnes that could produce compounds
of interest to the manufacturing industry such as specialty chemicals and
plastics. The compounds are roduced by the plant, extracted upon harvest

and/or processing, and used for any presently recognized useful purpose
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such as pharmaceuticals, fragrances, and industrial enzymes.. Alternatively,
plants produced in accor_danca with the methods and compositions provided
hersin can be made 1o metabolize certain compounds, such as hazardous .
wastes, théreby allo'wing biorernediation of these compounds. '

The artiﬁciél chromosamés p!*ovided herein can be used in methods of
protein and gene product production, particularly using plant celis as host
cells for producﬁon of such products, and in cellular production systems in
which ihe artificial chromosomes provide a reliable, stable and efficient
maans for optimizing the bi_omanufacturing of important compounds for
medicine and industry. ‘

2. Genetic alteration of organisms io possess desired traits

Artificial chromosomes are ideally suited for preparing organisms, such
aé plants, that possess certain desired traits, such as, for exampié, dissase
resistance, resistance to harsh environmental conditions, altered growth
patterns and enhanced physical characteristics. With respect to plants, the
cheice of the particular nucleie acid that will be delivered to recipient cells via
artificial chromosomes often will depend on the purpose of the ‘
fransformation. One of the major purposes of transformation of crop and
tree spécies is to add some commercially desirable, agronomically important

traits to the plant. Such traits include, but are not fimited to, input and

 output traits such as herbicide resistance or tolerance, insect resistance or

tolerance, disease resistance or tolerance {viral, bacterial, fungal or
nematode), stress tolerance and/or resistances, as exemplified by resistance
or tolerance to drought, heat, chilling, freezing, excéssive moisture, salt
stress and oxidative stress, increased vields, food content and makeup,
physical appearance, male sterifity, drydown, stendability, proliticacy, starch
Quan‘ci’ty and quality, oll quaniity and quality, protein qqanﬁty and quality and
amino acid composition. 1t may be desirable to incorporate one or more

genes conferring such desirable traits into host plants.
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a. Herbm:de resistance
The genes enceding phosphinothricin acetyltransferase {bar and par)

glyphosate tolerant EPSP synthase genes, the glyphosate degradative

enzyrme gene gox encoding glyphosate oxidoreductase, deh {encoding a

dehalogenase enzyme that inactivates dalapon), herbicide resistant
{e.g., sulfonylurea and imidazolinone) acetolactate synthase, and bxn genes
{encoding a nitrilase enzyme that degrades bromoxynil] are all examples of
herbicide resistant genes for use in plant transformatien. The bar and pat
genes code for an enzyme, phosphmothrium acetyitransferase (PAT), which
inactivates the herbicide phosphmo“thnmn and prevents this Gampound from
inhibiting gluatamine synthetase enzymes. The enzyme b-
enolpyruvylshikimate 3-phosphate synthase (EPSP synthasel is normally
inhibited by the herbicide N-{phosphonomethyliglycine {(glyphosate).
However, ganes are known that encode glyphosate—reeistam EPSP synthase
enzymes. The deh gene eﬁcodes the enzyme dajépon dehalogenase and
confers resistance 1o the -h‘erbicidel dalapon. -The Bxn gene codes for a
spacific ni‘iriiase efszyms that converts brorﬁoxyn‘xi 1o a nen-herbicidal
degradatlon product
b. Insect and other pest resistance
insect-resistant organisms may be prepared in which resistance or

decreasad susceptibility to insect-induced disease is conferred by

Cintroduction into the host organism or embryo of artificial chromosomes

containing DNA encoding gene products {e.g., ribozymes and proteins that
are. toxic to certain pathogens) that destroy or attenuate pathogens or fimit
access of pathogens to the host. F‘oténtiai insect resistance genes that can
be introduced into plants via artificial chromosameé ingiude Bacillus
thuringiensis crystal toxin genes or B8t genes (éee_, e.g... Watrud ef al (19850}
in Engineered Or‘gam‘smsrana" the Envimnmént}'. Bt genes may provide
resistance to lepidopteran or coleopteran pests such as the Eurcpean Corn

Borer (ECB). Such Bt toxin genes inciude the Cryldfb} and CrylAfc) genes.
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Endotoxin genes from other species of B. thuringfensis which affect insect

growth or dei{efopmenf also may be employed in this regard. Bt gene

 sequences can be modified to effect increased expression in plants, and

particularly monocat plants. Means for preparing synthetic genes are well
known in the art and are disclosed in, for example, U.5. Patent Nos.
5,500,385 and 5,682,082, Examples of such modified Bt toxin genes
include a synthstic Bt CrylAfh} gene {se€, e.g., Per}ak et al {1891} Proc.
Natl. Acad. Sci. U.S.A. 88:3324-3328) and the synthetic CrylAlc! gene
termed 1800 (see PCT Application publication no. WOS5/06128).
Examples of the types 61“ genes that may be transferred into plants via
artificial chromesomes to generate dissase- and/or insect-resistant transgenic
nlants include, but are not limited to, the cryl4rh) and eryld(c) genes which
vield products that are highly toxic to two major rice insect pests {the striped
stem borer and the yellow stem borer) {see, e.g., Cheng et al. (1898) Froc.
Natl. Acad. Sci, U.S.A. 95:2787-2772), ery3 genes which encode products

that are toxic to Coleopteran insects that attack a variety of plants, including

grains and Ie-gumes {see, e.g., U.S. Patent No. 6,023,013), genes {e.g., DNA
encoding tricothecane 3-O-acetyltransferase) that confer resisiance 10
tricothetenes such as those produced by p%én‘i fungi {e.g., Fusarium} in
plants particularly susceptible 10 ‘fungi {e.g., wheat, tye, barley, oats, and
maize) {see, e.g., PCT Application pubiication no. WO O0/60061), and genes
involved in multi-gene bicsynthetic pathways that yield ar{t‘tpathogenic ‘
substances that have a deleterious effec{ on the growth of piant pathogens
Isee, e.g., U.S. Patent No. 5,6382,848).

Protease inhibitors may also provide insect resistance {see, e.g.,

Johnson ef af. {1989} and will thus have utility in plant transformation. The .

use of a protease inhibitor Il gene, pin/f, from tomato or potato may be

particularly useful. The combined effect of the use of a pin/l gene with a Bt
ioxin gene can produce synergistic insecticidal activity. Other genes that

encode inhibitors of ihe insect’s ciiges{ive systam, or those that encode
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enzymas or co~factors that facilitate the pfoduction of inhibitors, also may be
useful. This group may be exemplified by.oryzacysta'tin and amylase
inhibitors such as those from wheat and barley

Genes encoding lectins may confer addmonai or alternative msectumde
properties. Lectins {originally termed phytohemagglutinins! are multivalent
carbohydrate-binding proteins which have the ability to agglutinate red blood
celis from a range of species. Lectins have been identified as insscticidal

agents with acﬁtivity against weevils, ECB and rootworm (see, a.g., Murdock

et al (1990) Phytochemistry 29:85-89; Czapla & Lang (1880} J. Fcon.

Entomol, 83:2480-2485). Lastin genes that may be useful include, for -
example, barley and wheat germ éggiutinin {WEA) and rice lectins
(Gatehouse et al. {1984} J. Sci. Food, Agric. 35:373-380].

Geries coniroliing f:hé production of large and small polypeptides active

against insects when introduced into the insect pests, such as, for example,

‘lytic peptides, peptide hormones and toxins and venoms, may aiso be useful

in génerating pest-resist-ani plants. For example, expression of juvenile

hormone esterase, directed toward specific insect pests, also may resuit in
inlsecticidél activity, or cause CESSB?.EOHV of metamarphosis {see, e.g., |
Hammosk et al. {1990} Nature 344:458-461).

Transgenic plants expréssing genes which encode enzymes that affect

the integrity of the insect cuticle are additiona! examples of genes that may

 be transferred 1o plants via artificial chromosomes to confer resistance 1o

insects. Such genes include those encodmg, for example, chitinase,
proteases, fipases and also genes for the production of mkkomycm =
compound that inhibits chitin synthesm the mtrociuction of any of whnch
may be used to produce msect~resnstan‘c piam‘.s Genes that affect insect
molting, such as those affecting the production of ecdysteroid UDP-glscosyl
transferase, also can be useful transgenes. '

Genes that code for enzymes that faciiitate the production of

compounds that reduce the nutritional quality of the host plant to insect
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nests may also be used to confer insect resistance on plants. It may be
possible, for. ihstance, to confer insecticidal activity on-a plant by ahering its
sterol composition. Sterols are obtained by insects from their diet and are
used for hormone synthesis and membrane stabifity. Therefore, alterations in
plant sterol composition by expression of genes that directly promote the '
production of undeéirable‘ sterols or those that convert desirable sterols into
undesirable forms, could have a negative effect on insect growth and/for
developmeant and hence endow the plant with insecticidal astivity.
Lipoxygenases aré naturaily occurring plant enzymes that have been shown
1o exhibit anti-nutritional effects on insects and to reduce the nutritional
quality of their diet. Therefore, transgenic p[gnts with enhanced
ipoxygenase activity méy be resistant 1o insect feeding.

Tr;rjosa'cum dactyloitles is a specles of grass that is resistant to certain

insects, including corn root worm. Tripsacum may thus include genes

encoding proteins that are toxic 1o insects or are involved in the biosynthesis

‘of compounds toxic to insects. Such genes may be useful in conferring

resistance to insects. It is known that the basis of insect resistance in

Tripsacum is genatic, because said resistance has been transferred to Zea

mays via sexual crosses {Bransoﬁ and Guss, 1972} i is further anticipated
that other cereal, monocot or dicot plant species may have genes encoding
proteins that areg toxic 1o insécts which would be usefu! for producing insect
resistant plants.

Further genes encoding proteins characterized as having potential

_insecticidal activity also may be used es transgenes in accordance herewith.

Such genes include, for example, the cowpea trypsin inhibitor (CoT1: Hilder
ef al., 1987) which may be used as a rootworﬁw d_e‘terreni, genes encoding
avermactin (Avermectin and Abamectin., Campbell, W.C., Ed., 1889 lkeda
et al., 1987) which may #rove particularly useful as & com rdo’tworm
deterent, ribosome ‘inac‘civzﬁing protsin genes and even 'ge_nes that reguiate

plant structures. Transgenic plants inciuding anti-insect antibody genes and
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genes that code for enzymas that can convert a non-toxic insecticide (pro-

insecticide) applied to the outside of the plant into an insecticide inside the

. plant also are contemplated,

G. Disease resistance

Transgenic organisms, such as plants, the_zt-kaxpress genes that confer.
resistance or reduce susceptibility 1o disease are of particular interest. For
example, the transgene may encode é protein that is toxic 10 a patﬁogen,
such zs a virus, fungus, mycotoxin-producing organism, nematods or
bacterium, but that Is not toxic to the transgenic host.

Because muitlpie genes can be mtroduced on an.artificial
chromosome a series of genes encoding a genetic pathway mvolved in
disease resistance or tolerance can be introduced into crop plants. For
exampie, it Is known that often numerous.genes are expressed upon
pathegen invasion, typically one or more "PR", or pathogen related, proteins
are expressed in response to invasibn of a ‘pfa'm bacterial or fungal pathogen,
One or more of the proteins involved in conferring resistance to pathogens
can be contained within an artificial chromosome. and therefore be expressed
ina biant cell, in particular a Who!e'transgenic ;i{ant as described herein. in
addition, production of siﬁgie-chain Fv recombinant antibodies in plants may’
extend the range of possibiﬁties i‘or the introduction of pathogen proiection
in crop pian‘ts {see, 6.9., "I'aviadorak et af. (1993) Nature 366:465- 472} '

It has been demonstrated that expression of a \urai coat prstem ina .
transgenic plant can impart resistance to infection of the plant by that virus

and perhaps other closely related viruses {Cuozzo et &/, 1988. Hemenway et

‘al., 1888, Abel ef al., 1986} ‘Expression of antisénse genes targeted at

essential viral functions may also impart resistance to viruses. For example,
an antisense gene targeted at the gens responsible for replication of viral
nucleic acid may inhibit replication and lead 1o résis‘c’ance to the virus,
Interference with other viral functions through the use of antisense genes

also may increase resistance 1o viruses. Further, it may be possibie to
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achigve resistance to viruses through other appreaches, inciuding, but not

limited to the use of satellite viruses. Artificial chromosomes are ideally

~ suited for carrying a multiplicity t:_f these genes -and DNA sequences which

are useful for conferring 2 broad range of resistance to many pathogens.

- Genes encoding so-called "peptide antibiotics,” pathogenesis related

{PR) proteins, toxin resistance, and proteins affecting host-pathagen

interactions such as morphological may also be useful, particularly in
conferring increased. resistance 16 diseases caused by tﬁacteria. and fungi.
Peptide antibiotics are polypeptide seguences which are inhibitory to gr‘owth
of bacteria and other microorganisms. For example, the classes of peptides
referred 1o és cepropins and magaining inhibit growth of may species of
bacteria and fungi. Expression of PR proteins in monocotyledonous plants
such as maize méy be useful in conferring resistance to bacterial disease.
These genes aré induced following pathogen attack on a host plant and have
been divided into at lease ﬁ\?e classes of proteins {Bio. Linthorst, and
Carnelissen, 1890}, Included armong the PR proteins are £-1, 3-glucanases,
chitinases, and osmotin and other proteins that-ére believed to function in
plamt resiétan_ce to disease organisms, Other génas have been identified that
have antifungal properties, e.g., UDA {stinging nettle lectin} and hevein
(Broakaert er al., 1889; Barkai-Golan ef al., 1878). His known that certain
plant diseases are caused by the production of phytctoxins. Resistance {o
these dissases may be achieved through expression of a gene thet encodes -
an enzyme capable of degrading or otherwise mactivating the phytotoxin. &

also is contemplated that expressi_on of genes that alter the interactions

_-between the host plant and pathogen may be useful in reducing the ability of -

the disease organism to invade the fissues of the host piarﬁt,' e.g., an
increase in the waxiness of the leaf cuticie or other morphological
characteristica.

d. Environment or stress resistance
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improvement of a plant’s ability to tolerate various environmental
stresses such as, but not limited to, drought, excess moisture, chilling,

freezing, high temperature, salt, and oxidative stress, also can be effected

“through expression of genes therein. It Is proposed that benefits may be

reatizéd in terms of increased resistahce to freezing temperatures through the
introduction of an "antifreeze” protein such as that of the Winter Flounder
{Cutler et al., 1989 or syntheﬁc gene derivatives thereof. improved chilling
tb[erapce also may be conferred th?@)dgh increased expression of glycerol-3-
phosphate acetyitransferase in chioroplasts (Wolter et al., 1992). F{esistaﬁce
to oxidative stress in some crop species (often exacerbated by conditions
such as chilling temperatures in combination with high light intensities} can
be conferred by ex'pression‘ of superoxide dismutase (Gupta &t al, 1983,

and may be improved by glutathione reductase (Bowiler et al., 1982}, Such

strategies may allow for tolerance 1o f%eezing in. newly emerged fields as well

as extending later maturity higher ylieiding varieties to earlier relative maturity

| zones.

K is contemplated that the expression of geneé that févorably effect
plant water content, total water potential, osmotic petential, and turgor will
enhance the ability of the plarét to tolerate drought. As used herein, the
ierms "dréugh‘t resistance” and drougﬁt tolerance” are used to refer to a
plant’s increased resistance or tolerance 1o stress ‘tndﬁcedby a reduction in

water availability, as compared to normal circumstances, and the ability of-

the plant to function and survive in lower-water environments. The.

expression of genes encoding for the blosynthesis of osmotically-active

solutes, such as polyol compounds, may impart pro’tecﬁoh against drought.

. Within this class are genes encoding for mannitol-L-phosphate

dehydrogenase {Lee and Saier, 1982} and trehalose-8-phosphate synthase

A{Kassen et al.,, 1992} Thrbugh the subsequent action of native

phosphatases in the cell or by the introduction and coexpression of a specific

phosphatase, these introduced genes will result in the accumuiation of sither
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mannitol or trehalose, respectively, both of which have been well
documentad as protective compounds able to mitigate the effects of stress.
Mannitol accumulation in transgenic tobacco has been vérified and
pfeiiminéry resulis indiéa‘ce that plants expréss%ng high levels of this
mietabolite are able to tolerate an applied csmotic stress (Tarc_z'yﬂski.ez‘ al.,
1982, 1993). _ ) '
Si_miiari\j, The EﬁiQéC\; of other metabolites in proteciing either ehzyme
functicn {e.g., alanopine or pfépion_ic acid) or membrane integrity {e.g.,
alanopinel has been documented {Loomis ef a/., 1988}, and therefore
expression of genes encoding for the biosynthesis of these compounds might
confer drought résistance in a manner similar ta or complimentary to
rnannitol. Other examples of naturally occurring mataboiites that are

osmotically active and/or provide some direct protective effect during

*drought alndfor desiccation include fructose, erythritol {Coxscn et af,, 18982},

‘sorbital, duleital (Karsten er al., 1992), glucosylglycero! (Reed et a/., 1984;

ErdMann ef al., 1892), sucrose, stachyose {Koster and Leopoid, 1888:
Blackman ef al., 1982}, raffinose (Bermnallugo and Leopold, 1882}, proline

{Rensburg et al., 1993}, glyc'ine betaine, ononitol and pinitol (Vernon and

- Bohnert, 1992}, Continued canopy growth and increased reproductive

fitness during times of stress will be augmented by introduction and
expression of genes such as thése controlling the osmotically active
compounds discussed gbove and other such compounds. Genes which
promote the synthesis of an osmuotically active polyol compound 3nc§lﬁds
genes which encode the enzymes mannitol-1-phosphate dehydrogenase,
trehalose-B-phosphate synthase and myoinositol O-methyitransferase.
Artificial chromosomes can carry a multiplicity of genes 1o provide durable
stress {olerance, for example, concominant expression of proline and ketane
and/or poly-ols. -

It is contermnplated that the expression of specific proteins also may

increase drought tolerance under certain conditions oy in certain crop
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species. These may include proteins such as Late Embryogenic Proteins (see
Dure ef al., ‘!989). All three classes of LEAs have been demonstrated in :
nﬁaturing (i.e. desiccating) seeds. Within LEA proteins, the Typé—ﬂ (_dehydﬁm
type] have generally been implicated in drought add[ér desiccation tolerance
in vegetative plant parts [Le. Mundy and Chua, 1988: Piatkowski of a/.,
1990: Yamaguchi-Shinczakl sz a/., 1982}, Recently, expression of a Type-ill
LEA (HVA-1) in t;:abacco was founti to influence plant height, maturity and

drought tolerance {Fit_zpat{ick, 1993}, Inrice, expression of tlhé HVA:1 gene

influenced tolerance to water deficit and salinity (Xu ef a/ ., 18996},

Expression of structurél genes from all thres LEA groups may therefore
confer drought tolerance. Other types of proteins induced during water
s_’tresé include thiol proteases, aldolases and tranemembrane transporiers
{Guerrero et al., 1989}, which may confer various protective andfor repair-

type functions during drought stress. It is also is qontemplated that genes'

~that effect lipid biosynthesis and hence membrane composition might aiso be

useful in. confea‘ring‘ drought resistance on the plant.

Many of these genes for improving drought resistance have
complementary modeS of action. Thus, combinations of these genes might
have additive andfor synergistic effects in impro\;’ing drought resistance in.
plarts. Many of ithese genes a_Eso Emprové fréez.ing tolerance .(or ;esistance): ‘
the physical siresses incurred during fréezEng and drought are similar in

nature and may be mitigated in similar fashion. Benefit may be conferred via

constitutive expression of these genes, but the preferred means of

expressing these genes may be through the use of .a turgor-induced promoter -

{such as the promoters for the turgor-induced genes described in Guerrero et

al., 18980 and Shagan et al., 1283 which are incorporated hersin by
reference). Spatial and temporal expression patterns of these genes may
enable plants fo betler withstand stress. ‘

It is proposed that expression of genes that are involved with specific

morphological traits that allow for increased water extractions from drying
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soil would be of benefit. For example, irtroduction andl axpression of genes

that alter root characteristics may enhanse water upiake. i also is

contemplated that expression of genes that erhance reproductive fitness

:during times of stress would be of significant value. For example, expression
‘of genes that improve the synchrony of pollen shed and receptiveness of the -

female flower parts, ie., sitks, would be of benefit. In addition it is

proposed that expression of genesl that minimize kerne! abortion during times
of stress would increase the amount of grain t¢ be harvested and hence be
of value. - . _

Given the overall role of water in determining vield, it is contemplated
that enabling plants to utilize water more efficiently, through the introduction
and expression of genes, will impréye overall performance éve-n when soil
water availability is not limiting. Bgf introducing genes that improve the
ability of plants to maximize water usagé across a full range of stresses
relating to water availability, yield stabiiity or consistency of yield
nerformance may be realized, '

e, Plant égronomic characteristics

Plants possessing desired traits that might, for example, enhiance
utility, processibility and commercial value of the organisms in areas such a;s
the agricultural and ornamental plant industriess may also be génerated using
argficial chromosomes in the same manner as described above for production

of disease-resistant organisms. In such instances, the artificial chromosomes

' that are introduced into the organism or embryo contain DNA encoding gene

products that serve to confer the desired trait in the organism.

For exarpie, transgenic plants having improved flavor propertieé,
stability and/or quality are of commercial interest. One possible method for
generaﬁng such plants may include the express?on of transgenes, e.g., genes
encoding cystathionine gamma synthase {CGS), that result in increased free

methionine levels (see, e.g., PCT Appiication Jpublication no. WO 00/55303).
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Two of the factors determining where crop plants can be grown are
the average daily temperature during the growing season and the length of
time between frosts. Within the areas where it is possible to grow a
particular crop, there are varying fimitations on the méxima( time it is gllowed
1o grow to maturity and be harvested. For example, a variety to be grown in
a particular area is selected for its abi§ity 1o mature and dry down to
harvestable moisture content within the raquired period of time with
maximurn possible yield. Therefore, crops of varying maturities are
developed for different growing locations. Apart from the need to dry down
sufficiently to permit harvest, it is desirable to have maximal drying take
.place in the field to minimize the'amount of enefgy required for additional
drying post-harvest. Also, the more rgadily a product such as grain can dry
down, the more time there is available for growth and kernel fil. Genes that_
influence maturity and/or dry down can be identified and introduced into
plant lines uéing transformation techniques to create new varieties adapted
1o different growing locations or the same growing location, but having
improved yield to moisture ratio at harvest. Expression of geneé that are
involved in regulation of plant development may be especially useful.

Genes that would. improve standability and other plant growth
characteristics may alse be introduced into plants. Expression of new genes
in plants which confer stronger stalks, improved root systemé, or prevent or
reduce ear droppage would be of great valus to the farmer. lntroduction and-

expression of genes that increase the total amount of photoassimilate

 available by, for example, increasing fight distribution and/or interception

25 would be advantageous. in addition, the expression of genes that increase

the efficiency of photosynthesis and/or the leaf canopy would further
increase gains in productivity. Expression of a phytochrome gene in crop
piahts may be advantageous. Expression of such a gene may be reduce

apical dominance, confer semidwarfism on a plant, and increase shade



WO 02/096923 ’ PCTIUSU2/1T4S]

10

15

20

25 .

20

-148-

tolerance {U.S. Patent No. 5,268,528}, Such approaches would allow for
increased plant pepulations in the field.,
f. Mutrient utilization .
The abifity to utilize available nutrients ma&r be a limiting factor in
growth of crop p.lanis. It may be possible to alter nutﬁent upizke, tolerate

pH extremes, mobilization through the plant, storage pools, and avallability

“for metabolic activities by the introduction of new agents. These
‘modifications would allow & plant such as maize to more efficiently utilize -
-available nutrients. An increase in the actvity of, for example, an enzyme

- that is normally present in the plant and involved in nutrient utilization may

increase the avallabiity of a nutrient. An example of such an enzyme wouid
be phytase. It is further contemplated that enhanced nitrogen utilization by 8
plant is desirable. Expression of a glutamate dehydrogenase gene in plants,
e.g., £ coff gdhd genes, may lead to enhanced resistance to the herbicide
glufosinate by incorporation of excess ammonia into ghitamate, thereby _
detoxifying the ammonia. Gene expression may make a nutrient source
available that was previously not accessible, e.g., an enzyme thé{' releases a
component aof nutrient value from a rore complex molecule, perhaps a
macromo!écui.e. Alierriatively, artificial chromosomes carn carry the
maitiplicity of geﬁes governing nedulation and nitrogen fixation in legumés.

The artificial chromosomes couid be used to promote nodulation in non-

~ fegume species.

g. Male sterility

Male sterility is useful in the production of hybrid seed. Male sterility

-may be produced through gene expression. For example, it has been shown

that expression of genes that encode proteins that interfere with
development of the male inflorescence and/or gametophyie result in male
sterifity. Chimeric ribonuclease genes that express in the anthers of
transgenic tobacco and oilseed répe have been demonsirated 1o lead to male

sterility (Mariani et 2/, 1880}, Other methods of conferring male sterility
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. have been described, including gene encoding antisense RNA capable of

causing male starility (U.S. Patent Nos. 6,184,439,'6,?93}343 and
5,728,926) and methods utilizing two genes tc confer s"cerility, sée, e.g.,
U.S. Patent No. 5,428,041, | ' | |

A number of muiations were discovered in maizé that confer
cytoplasmic male sterility. One mutation in particul'a{r, referred toas T
cyteplasm, also correlates with sensitivity to Southern corn [eaf blight. A
DNA sequence, designated_TURF—TQ (Levings, 1990}, was identified that
correiates with T cﬁopéasm. it is proposed that it would be possible through
the En?rdductioﬂ of TURF-13 via transformation, to separate male sterility
from disease sensitivity. As it is necessary to be abie to restore male 'fertility
for breeding purpeses and for grai'r\ producﬁtion, it is proposed that genes
encoding restoration of male fertility also may Ee introduced.

. h. Improved autritional content .

Genes may be introduced in;m plants to improve the nutrient quality or
content of a particular crop. Introduction of genes that after the nutrient
combosition of a crop may greatly enhance Athe feeﬂ or food value. For
example, the promih of many graing is suboptimal for fead and food purposes

especially when fed o pigs, pouttry, and humans. The protein is deficient in

- several amine acids that are essential in the diet df these species, requiring

the addition of supplements to the grain. Limiting essential amino acids may
include lysine, methionine, tryptophan, threonine, valine, arginine, and
nistidine. Some amine acids become limiting only after corn is supplemented

with other inpute for feed formulations. The levels of these essential amine

acids in seeds and grain may be elevated by mechanisms which include, but

are not imited to, the introduction of genes to increase the biosynthesis of

the amino acidsg, increase the storage of the amino acids in proteins, or

increase transport of the amino acids to the seeds or grain.

The protein composition of a crop may be altered to improve the

_balance of amino acids in a variety of ways including elevating expression of
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native proteins, decreasing expression of those with poor composition
changing the compasition of native proteins, or introducing genes encoding
entirely new proieins possessihg superior cothosiﬁon.

The introduction of genes that alter the oil content of a crop plant may '
alzo be of value. Increases in ol content may result in increaseslin '
metabolizable-energy-content and density of seeds for use in feed and food.
The introduced genes may encode.enzymes that remove or reduce rate-
imitations or regdiéted steps in fatty acid or Ei;:ﬂﬁ bicsynthesis. Such genes
ray include, but are not limited to, those that encode acetyl-CoA ’
carboxylase, ACP-acyitransferase, f-ketoacyl-ACP s?nthase, pius other well
known fatty acid biosynthetic activities. Other possibilities are genes that
encode prote-ins that do not possess enzymatic activity such as acyl-carrier
proteins. Genes may be introduced that alter the balance of fatty acids
present in the oil providing a more healthful or nutritive feedstuff. The
introduced DNA also may encode sequences that biock expression of
enzymes involved in fatty acid,biosyﬁthesis, altering the proporiions of fatty
acids present in crops.

Genes may be introduced that enhance the autritive value of the

- starch component of crops, for example by increasing, or in'some cases
20

decreasing, the degree of branching, resulting in improved utilization of the
starch in livestock by delaying its metabolism. Addiﬂonaliy, other major

constituents of a crop may be altered, including genes that affect a variety of

. other nutritive, processing, or other quality aspects. For example,
| pigmentation may be increased or decreased.

Feed or food crops may &lso possesses insufficient quantities of
vitaming, requiring supplementation to provide adequate nutritive valné.
tntroduction of gehes that enhance vitamins biosynthesis may be envisioned
including, for example, vitamins A (e.g. rice with Vitamin A or golden rice},
E, B12 choline, and the like. Mineral content may also be sub-optirmal. Thus

genes that affect the accumulation or availability of compounds containing
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pﬁosphorus, suifur, caleium, manganese, zinc, and iron among others would
be valuable.

Numerous other examples of improvements of crops may be a’ffected
using the artificial chromosomes, with appropriate he;cerologous genes
contained therein, in accordance with the methods and compositions
provided herein. The improvements may not necesasarily involve gré'm, but
may, for exampie, improve the value of a crop for silage. Introduction of
DNA 16 ‘accompﬁsh thfs might include sequences that alter lignin production
such as those that result in the "brbwn midrib" phenotype associated with’
superior feed value for cattle. _ _

"In addition to direct improvements in feed or food value, genes also
may be-imroduced which improve the processing of crops and improve the
value of the products resulting from the processing. One use of crops is via
wetrhiiiiﬁg. Thus, genes that inc-rease the efficiency and reduce the cost of
such processing, for example, by decreasing steeping time may alse find use.
improving the vaiﬁa of wetmilling produ-cts may Encludé altering the guantity
or quality of starch, oil, corn gluten meal, or the components of gluten feed.
Flevation of starch may be ach’feved through the identification and
efimination of rate liriting steps in starch biosynthesis or by decreasing
leveis of the other éompanents of crops resulting in proportional increases in
starch. - 7

Oil is anpther product of wetmiliing, the value of which ma\f be
improved by introductton and expression of'genas. Oil properties maybe be
altered to improve its performance in the production and use of cooking oil,

shortenings,  lubricants or other oil-derived products or improvements of its

health attributes when used in the food-related applications. Fatty acids alsc

may he synthesized which upon extraction can serve as starting materials for
chemical syntheses. The changes in oil properties may be achieved hy
altering the type, level, or lipid érrangement of the fatty acids prasenfin the

oii. This i turn may be accomplished by the addition of gsnes that encode .
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BNZYITIES th;_zt catalyze the synthesis of new fatty acids and the linids
possessing them or by increasing levels of native fatty acids while possibly
reducing levels of prer;ursoré. Alternatively, DNA Sequénces may be
introduced which slow or block sieps in fatty acid blosynthesis resuiting in
the increase in precursor fatty acid intermediates. Genes that might be
added include desaturases, epoxidases, hydratases, dehydratases and other

anzymes that catalyze reactions involving faity acid intermediates,

Representative examples of catalytic steps that might be blocked include the

desaturations from stearic 1o oleic acid and cleic 1o linolenic acid resulting in

the respective accumulations of stearic and oleic acids. Another example is
the blockage of elongation.steps resulting in the accumulation of C8 to C12
saturated fatty acids. _ '
i Production of chemicals or bioiogic:ais

Transgenic pia:‘}"ts can be used as protein production sysiems 1o
generate recombinant products ranging from industrial enzymes, viral
antigens, vaccines, antibodies, human blood proteins, cytokines, growth
factors, enkephalins, serurﬁ albumin and otﬁer proteins of clihicat relevance
and pharmacéuticals. For example, enzymes including a-amylase, g!upanase,
phytase and xylanase (see, Goddijn and Pen (1985) Trends Biotechnol.
7:3:378-387; Fen ef al. (1892) Bio/Technology 10:282-298; Horvath et al.
(2000) Proc. Natl. Acad. Sci. U.S.A. 87:1814-1819; and e.g., Herbers and
Sonnewald {1996) i Transgenic Planis: A Production System for industrial

and Pharmaceutical Proteins™ Qwen and Pen Eds., John Wiley & Sons, West

‘Bussex, England}.

Examples of medically feievaﬂt proteins that may be produced in
plants include surfac_e antigens of Qirai nathogens, such és hepatitis B virus
and transmissibie gastroenteritis virus spike protein, for use in vaccines. The
proteins thus produced may be isolated and administergd through standard
vaccing in‘tmduciion methods or through the consumpiion of the edibie

transgenic plant as food which can be taken orally {see, e.g., U.S. Patent No.
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6,138,320 and Mason et al (1282) Proc. Natl. Acad. Sci. U.5.A. 88:11745-
11749}, HIV, rhinovirus, malarial and rahies virus antigens are additional
examples of that may be expresseﬂ in plants as candidate vaccines (ses,
a.g., Porta et al. (1894} Virol 202:948-955; Turpen éz‘ al {1898}
Biv/Technology 13:53-57; and McQarvey et af. (1895) Bio/Technology
73:1484-1487). Antibedies may also be pr;::duced in plants, including, for
example, @ gene fusion encoding an antigen-binding single chain Fv protein
{scFv} that recognizes the hapien oxazolone {Fiadler and Conrad {1895}
Bio/Technelogy 73:1090-1033) and oG (Ma er a/. (1885) Science 268:716-
7185, '

Exampies of human bicpharmaceuticéf's that n;lay he expressed in
plants include, but are not limited to, albumin (Sij-mons ef al. {1290},
enkephelins (Vandekerckhove et af. {1989} }, in'terferon—d (Zhu af al (1984 -
and GM-CSF {Ganz et al. (1988} in Transgenic Plants: A Production System
for Industrial and Pharmaceutical Protéins, Ow‘en and Pen Eds., John Wiley &
Sons, West Sussex, England, pp. 281-297; and Sardana et a/. {1998} in
Methods in Biotechnology, Vol. 3: Recombinant Froteins from Plants:
Production and Isolation of Ciiniba:‘!y Useful Cornpounds, Cunﬁihgham and
Porter, Eds., Humana Press, New Jersey: pn. 77-87).
- Transgenic planis producing'-these‘compeuﬁds are made possible by
the introduction and expression of one or potentially many genes using the
artificial chromosomaes ;irovided herein. The vast array of possibiiities
.includé, but are not fimited to, ény biclogical compound which is presently

produced by any organism such as proteins, nucleic acids, primary and

intermediary metabofites, carbohydrate polymers, enzymes for yses in

bicremediation, enzymes for modifying pathways that prodﬁce secondary’
plant metabolites such as flavonoids or vitamins, enzymes that could produce
pharmaceuticals and for introducing enzymes that could produce compounds
of interest to the manufacturing industry such as specialty chemicals and

plastics. The compounds may be produced by the plant, extracted upon
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harvest andfor processing, and used for any presently recognized useful
purpose such as pharmaceuticals, fragrances, and industrial enzymes to
name a few. Alernatively, plants produced in accordance with the methods
and compositions provided herein may be made to metabolize certain
cormpounds, éuch as hazardous wastes, thereby é!lcwing bioremediation of
these compounds., '
i Non-protein-expressing sequences

Nucleic acids may be.introduced into plants that are designed to
down-reguiate or supress a-plant-encoded gene. A number of different means
to achieve down regulation have been demonstrated in the art, including
antisense RNA, ribozymes and co-suppression. The use of antisense RNA to

suppress plant genes is described, for example, in U.5. Patent Mos.

4,801,540, 5,107,065 and 5,453,566, in such methods, an "antisense”™

gene is constructed that encodes an RNA that is complementary to the
mEBNA of & resident plant gene, such that expression of the antisensg gene
inhibits the translation of the mRNA of the resident plant gene. Thus, the
activity of the resident gene is down-regulated. '

An additional method of down regulating gene activities involves

ribozymes, or catalytic hammerhead hairpin RNA structures. The use of

ribozymes is described, for example, in U.S. Patent Nos. 4,987,071,
5,037,746, 5,116,742 and 5,354,855, These methods reily on the

~ expression of small catalytic "hammerhead“ RNA molecules that are t_;apabie

of binding to and cleaving specific RNA sequences. Ribozymes designed to

spacifically recognize a resident plant mRNA can be used 1o cleave the

*mRNA and prevent its proper expression.

Essentialy @ more or less eguivalent down-reéulatiom contral of gene
activities by ribozymes and antisense can be achieved by adding additional
copies of the gene to be regulated. The process is referred o as co-
suppression and is described in, for example, U.5. Patent Nos. 5,034,323,
5,283,184 and 5,231,020.. o
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Numerous plant genes fnay be targeted for down regutation. For
example, a gene may be down;r@guiéted that encodes an énzyme that
catalyzes a reaction in a plant. Reduction of the enzyme activity may rec_luce
or sliminate products of the reaction which include aﬁy anzymaticaily

synthesized fzbmpound in the plnat such as fatty acids, amino acids,

- carbohydrates, nucleic acids and the like. Alternatively, the protein may be a

storage protein, such as zein, or a structural protein, the decreased

" expression-of which. may lead to changes in seed amino acid composition or

plant ﬁworpholegica! changes, respectively. The possibilities cited above are

provided only by way of example and do not represent the full range of

applications.

{1}. Antisense RNA

Genes may be-constrﬁcted, which when transcribed, produce
antisense RNA that is complementary to all or part(s} of a targeted '
messenger RNA(sj. The antisense RNA reduces production of the
polypeptide produc‘t of the messenger RNA. The po]ypepﬁde product may be
any protein encoded by the plant genome. The aforementioned genes will be
referred to as antisense genes. An antisense gene may thus be introduced
into a piapt by transformaﬁon methods to produce 2 transéeﬁic plant with
reduced expression of a selected protein of interest. For example, the
protein rnay be an enzyﬂ;\e that _cataiyzes_ a reaction in the plant. Reduqtion
of the enzyme activity may reduce or eliminate preducts of the reaction .
which include any enzymatically synthesized combaund in the plant such as
‘fatty acids, aming acids,_parbohydrates, nucieic acids and the like. |
Altérnatively, the prbfein :may be a storage protein, such as & zein, or a
structural protein, the decreased expreésion of which may lead to changes in
sead amino acid compasition or plant morphological changes respe‘ctiveiy.
The possibiiities cited above are provided only by way of exampie and do not
represent the full range of applications.

{2.) Ribezymes



WO 02/696923 ‘ PCT/USOZ/17451 -

10

15

20

25

-156-

Geanes also may be constructed or isolated, which when transaribed,
produce RNA enzymes {ribozymes) which can act as endoribonucleases and
batalyze the cleavage of RNA molecules with selected sequences, The
cleavage of selected massenger RNAs can result in the reduced produetion of

their encoded polypeptide products. These genes may be used to prepare

transgenic plants which possess them. The transgenic plants may possess

reduced levels of polypeptides including, butunot limited to, the polypeptides
cited above." B o

Ribozymes are RNA-~protein complexes that cleave nucieié, aci_ds ina
site-specific fashion. Ribuzymes have specific catalytic domains that
possess encionuclease activity {Kir and Cech, 19887, Gerlach et al., 1887;
Forster and Symons, 1987}, For examplé, a large number of ribozymeé
accelerate phosﬁhaestér transfer reactions with a high degree of spéciﬁcity,
often cleaving only one of several phophoesters in an oligonucleotide
substrate {Cech et al., 1981; Michel and Westhof, 1990); Reinhold-Hurek
and Shub, 1882). This speciﬁcity has been attributed to the requirement
that the substrate bind via specific base-pairing interactions to the internal
guide sequence ("IGS"} of the ribozyme prior to chemical reaction.

Ribozyme catalysis has primarily been observed as part of sequence-
specific cleavage/iigation reactions involving nucleic acids (Joyce, 1989;
Cech ef al, 1881). For example, U.S. Patent 5,354,855 reports that certain
ribozymes can act as enﬁanucieases with a sequence specificity greater than
that of known ribonucleases and approaghing thét of the DNA restriction
enzymes. ‘

Several different ribozyme motifs have been described with RNA
cleavage activity (Symons, 1982}, Examples include sequences frém the
G;’oup I self splicing introns including Tobacco Ringspot Virus {Prody ef &/,
1888}, Avacado Sunbioteh Viroid {Palukaitis et &/, 1979; Symons, 1881}

and Lucerne Transient Streak Virus (Forster and Symons, 1887}, ‘Saquences ‘
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from these and related viruses are referred to as hammethead ribozyme
based on a prediéted folded secondary structure. _
Other suitable ribozymes include sequences from RNase P with RNA
cleavage activity (Yuan et al., 1992; Yuan and Altfnézn, 1884, U.5. Patents
5,188,063 and 5,624,824, hairpin ribozyme structures (Berzal-Herranz et
al, 1992; Chowrira et al, 1983) and Hepatitis Delta virus based riﬁozymes
{U.S. Patent 5,625 J047). The generél design and optimization of ribozyme
directed RNA cieévage'activi‘fy has been discussed in detail {(Haselhoff and
Gerlach, 1988: Symons, 1992; Chowrira et a/., 1994; Thompson et &l.,
1995). - | |
 The other variable on ribozyme design is the selection of a cleavage

site on a given taerget RNA. Ribozymes are targeted to a given sequence by .

“virtue of annealing to a site by complementary base pair interactions. Two

stretches of homology are required for this targeting. These stretches of
homéiogous sequences flank the catalytic ribozyme structure defined above.
Each stretch of homologous segquence caﬁ vary is}- jength from 7 to 15
nucleotides. The only reguirement for defining the homologous sequences is
that, on the target RNA, they are separated by a specific sequence which is
the cleavage site. For hammerhead ribozyme,' the cleavage site is a ' .
dinucleotide sequence on the tafga‘_t RNA is & uracil {U) foliowed by either an
adenine, cytosine or uracil {A, C or U) {Perriman et al., 1982; Thompson st

al, 1995). The frequency of this dinucleotide occurring In aﬁy given RNA is

statistically 3 out of 16. Therefore, for a given target messenger RNA of

1,000 bases, 187 dinucleotide cledvage sites are statisticelly possible.

- Designing and téstihgrribozymes for efficient cleavage of a target RNA
‘is a process well known 1o those skilled in the art. Exampies of séian’riﬁc:
methods for designing and testing ribozymes are described by Chowrira ef éL.
{1994} and Lieber‘and Strauss (1998}, each incorporated by reference. The
identification of operative and preferred sequences for use in down regulating

a given gene is simply a matter of preparing and testing a given sequence,
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and is a routinely practiced "screening” metﬁod known to those of skill in the
‘Bri.
{3} Induction of gene sliencing

it also is possible that genes may be introduced to produce transgenié
plants which have reduced expression of a native gene product by the
mechanism of co-suppression. K has been demonstrated in tobacco, tomato,
and petunia [Goring ef a/, 19971, Smith ef &/, 1980; Napoli ef al., 1880; van
der Krol et 4/, 1980} thet expression of the sense transcript of & native 'gena
will reduce or eliminate expression of thé native gene in a i‘narmer similar fD
that observed for antisense genes. The introduced gene may encode all or
part of the targeting native protein but its transiation may not be required for
reduction of ievels of that native protein.

{4.) Non-RNA-expressing sequences

DNA elements including those of transposable elements s.uch as Ds,
Ac, or MU, may be inserted intc a gene to cause mutations. These DNA
eieménts may be inserted in order to inactivate (or activate)} a gene and
thereby "tag" a particular trait. In this instance the transposable element
does no%' cause instability of the tagged mutation, because the utility of the
element does not depend on its ability to move in the genome. Once a
desired trait is tagged, the introduced DNA sequence may be used to cione
the corfesponding gens, e.g., using the introduced DNA sequence asa PCR
primer together with PCR gene cloning techniques {Shapiro, 1883; Dellaporta
et al, 1888). Once iden‘ti'ﬂed, the enti_re gena(s) for the particular trait,

including control or reguiatory regions where desired, may be isolated, cloned

“and manipulated as desired. The utility of DNA elements introduced into an

organism for purposes of gene tagging is independent of the DNA sequence
and does not depend on any biological activity of the DNA sequence, ie.,
transcription into RNA or transiation into protein. The sole function of the

DNA element is to disrupt the DNA sequence of a gens. -
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ftis contemplated that unexpressed DNA seguences, including
synthetic sequences, could be introduced into cells as proprietary "labels” of
those cells and plants and seeds thereof. it would not be necessary for a
iabel DNA eiemen:t 1o disrupt the function of a gene éndogencus w the' hbst

organisrn, as the sole function of this DNA wouid be to identify the origin of

the organism. For example, one could introduce & untgue DNA sequence into

a plant and this DNA element wouid identify ali cells, plants, and progeny of

these cells as having arisen from that labeled source. it is proposed that

~inclusion of label DNAs would enable one to distinguish proprietaty.

gerrnpiasm or germplasm derived fromsuch, from unlabelled germplasm.

Another possibie element which may be introduced Is a matrix
attachrnent region element (MAR), such as the chicken lysozyme A element
{Stief, 15893, which can be positioned around an expressible gene of interest
to effect an increase in overall expression of the gene and diminish position
dependent effects upon incorporation into the plant genome (Stief ef al.,
198S: Phi-Van et af, 1980). Sequences such as MARs can be included on
the artificial chromoéome ic enhance gens expression.

3. Transgenic models for evaluation of genes and discovery of
new iraits

) Of significant interest is the use of plants and plant celis containing
artificial chromosomes for the eveluation of new gsenetic ccmbinations and
discovery of new tralts. Artificial chromosdmes, by virtue of the fact that |
they can contain signiﬁc:ant amounts of DNA car alse therefore encode
numei’o_us genes and accordingly a multipliclty of traits. It is contemplated
here that artificial chramosomes, when formesd from one plant species, can
be evaiuated in a second pian‘t species. The resuitan{ phenotypic changes
observed, for example, can gndicate the nature of the genes contained within
the DNA containing the artificial chromosome, and hence permit the
identification of new genetic activities. Artiﬁciéi chromsomes containing

suchromatic DNA or partially containing euchromatic DNA can serve as a
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valuable source of new traits when transferred to an alien plant cell
environment. For example, it is contemplated that artificial chromosomes
derived from dicot plant species can be introduced intc monacot plant
species by transfering a dicot artificial chromosome. The dicot értiﬂcial
chromosome coptaining = region of euchromatic DNA containing expreséed
genes,

The artificial chromosomes can be generated or manipula‘zed' in such a
fashidn tha_t a large region of naturally octurring plant DNA- becormes
Encor;:'xc;ra'ted into the artificial chromoéome. This allows the artificial
chfohﬂosome to contain new genetic actvities and hence carry new trais.
For example, an artificial chromosome can be intreduced into & wild refative
of a crop plant under conditions whereby & portion of the DNA present in the
chromoesomes of the wild relative is transferred to the artificial chromosome.

After isolation of the artificial chromosome, this naturally occurring region of

DNA froh’t the wild relative, now logated on the artificial chromosome can be .

introduced into the domesticated crop species and the genes encoded within

the transferred DNA expressed ahd evaluated for utility. Né_aw traits and gene
systems can be discovered in this fashion,

Artificial chromosormes modified to recombine with plant DNA offer
many advantages for the discovery and evaluation of traits in different plant

species. When the artificial chromoesome containing DNA from one plant

- species is introduced into a new plant species, new traits and genas can be

introduced. This use of an artificial chromosome allows for the ability to

‘ovarcome the sexual barfier that prevents transfer of genes from one plant

- species to another species. Using ariificial 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 iarge regions of-DNA.%rom uhe
plant species to another, DNA encoding potentially valuabie traits such as

aktered o], carbohydrate or protein mm;ﬁosition, rhultiple genes encoding
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_enzymes capable of producing valuable plant secondary metabolites, genetic

systems encoding valuable agronomic traits such as disease and insect

resistance, genes encoding functions that aliow association with sofl

- bacterium such as growth promaoting bacteria or nitrogen fixing bacteria, or

genes encoding traits that confer freezing, drought or other stress tolerances.
In this fashion, srtificial chromosomes can be used to discover regions of '
plant DNA that encode valuable iraits. _

The artificial chromosame can alsa he designed to allow. the transfer
and subsequent incorpotation of these valuable traits now located on the
artificial chmmosome. inte the natural chromosemes of a plant species. In
this fashion the érﬂﬁciai chromosomes can be used to transfer jarge regions
of DNA encoding traits normally foqnd in one plant sﬁecies into another plant.
species. In this fashion, it is possible to derive a plant cell that no longer
needs to garry an artificlal chromosome w0 posses the new trait. Thus the
artificial chromosome would serve as the transfer mechanism to permit the
formation of plants with greater degree of genetic diversity. -

An artificial chromosome can be designed in a variety of ways to
accomplish the afore-mentioned purposes. An artificial chrombsame can‘be
modified to poﬁtain sequences that promete homologous recombination
within plant cells, or be modified to contain a genetic system that functions
as a site-specific recombination system: For example, the DNA sequence of

Arabidepsis is now known. To gonstruct an artificial chromosome capable of

- recombining with a specific region of Arabidopsis DNA, s sequence of

Arabidopsis DNA, normally focated near a chromosomal location enceding

genes of potential interest can be introduced into an artificial chromosome by

methods provided herein. It may be desireable to include 2 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 snsire transfer of the entire

chromosomal region encoding genes of potential interest to the artifieial:
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. chromosome. The modified artificial chromosome, containing the DNA

sequences capable of homologous recombination region can then be

introduced into Arabidopsis celis and the homologous, recombination event is

selected. ’ ' .
It is convenient to includ’e a marker gene to atlow for the selection of &

homologous recombination event. The marker gene is preferably inactive

- uniess activated by an appropriate homologous recombination event. For

example, US 5,272,0'?‘1, describes & method where an inactive plant gene is
activated by a recombination event such that desired homologous
recombination events can be easily scored. Similarly, US 5,50?,967
describes a method for the selection of homologous recombi‘nationrevems by
activation of a silent selection géne first introduced into the plant DNA, the
gene being activated by an appropriate homelogous recombination event.
Both of these methods can be app%iedl to enable a selective procass 1o be
éncluded in to select fér recombination between an artificial chromosome and
a plant chromoscme. Once the homoicgous recombination event is
detécted, the artificial chromosome, once selected, is isolated and introduced
inte & recipient cell, for example, tobacco, corn, wheat or rice, and the
expression of the newly introduced DNA sequences evaluated. Selection of
recombinant events can take place in cell culture, or following seed formation
and screening of seedling plants or.seed itseif.

- Phenotypic changes in the recipient plant cells containing the artificiai
chromosome, or in regenerated plants lcoméiniﬁg the artificial chromosome,

allows for the evaluation of the nature of the traits encoded by the genes of

Jinterest, for example, Arabidopsis DNA, under conditions. naturally found in

plant cells, including the naturally occurring arrangement of DNA sequenceé
responsible for the devsiopmental control of the traits in the normal
c'hromosoma! environment. _

Traits such as durable funga! or bacterial diseass resistance, new oil and

carbohydrate compositions, valuable secondary metabolites such as
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phytosterols, flavonoids, efficient 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 technoiogies does not pe;’mit the evealuation of the
muitiplicity of genes controlling man;y valuable traits. Thus, incorporation of
these genes into artificial chromosomes allows the rapid evaluation of the utiiny
of these genetic combinations in heterologous plant species.

The Iarge-scale order and stri;cture of the artificial chromosome provides
a number ofunigue advantages in screening for new utiiities or hew phenotypes
within heterologous plant species. The size of new DMA that can be carried by
an artificial chromosome can be millions of base pairs of DNA, representing
potentially numerous genes that may have différem ot new utility in a

heterologous plant cell. The arificial chromosome is & "natural” environment

~ for gene expression, the probléms of variable gene expression and silencing

seen for genes transferred by random insertion into a genome should not be

observed. Similarly, thereis noneed to éngineer the genes for expression, and
the genes inssrted wouid not ﬁeed to be recombinant genes. Thus, transfarred
genes are fuify;‘ expacted to be expréssed in the typical temporal and spatial
faghion as observed in the species from where the genes were injtially isclated.

A valuable feature for these utilities is the ability to isolate the artificial

- chromosomes and to further isofate, manipulate and introduce into other cells

artificlal chromosomes carrying unigue genetic compositions.
Thus, the use of artificial chromoesomes and homolegous recombination

in p'fam cells can be used 1o isclate and identify many valuable crop traits. In

addition to the use of artificial chromosomes for the isolation and testing of

large regions of naturally occurring DNA, methods for the use of artificial

chromoesomes and cloned DNA are aiso contemplated. Similar 1o that described

above, artificial chromsomes can be used to carry {arge regions of cloned DNA,

including that derived from other plant species.
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The ability to incorporate DNA slements into artificial chromosomes as -
they are being formed allows for the development of artificial chromosormes
specifically engineered as a platform for testing of new genetic combinations,
or “genomic” discoveries for model spacies such as Arebidopsis. Specific
"recombinase” systems can be used in plant cells {1 excise or re~arrange genes;
these same systems can be used to derive new gene combinations contained
on an artificial chromosome. In this regard, it is contemplated that the use of
site specific recombination sequences can have considerable utility in
de\feioping artificial chromosomes containing DNA sequences recognized by
recombinase enzymes and capable of accepting DNA sequences containing
same. The Qse of site-specific recombination as a means to larget an

introduced ONA to a specific locus has been demonstrated in the art and such

.methods can be employed, -The recombinase’ syétems can also be used to

-transfer the cloned DNA regions contained within the artificial chromosome to

the naturally oceurring plant chromosomes,

Many site specific récombinases have been described in the literature
{Kilby et al., Trends in Geneti‘cs, 9{12): 41 é~43 8, 1983). Arnong these are:
an activity identified as R encoded by the pSR1 plasmid of Zygosaccharomyes
rouxdi, FLP encoded fcﬁr the 2um circular plasmid from Saccharomyces
c&revisiae.and Cre-lox fm%n the ﬁhage P1.

The integration fupction of site specific recombinases is contempiated as
a means to assist in the derivation of genetic combinations on artificial

chromosomes. In order 1o accomplish ‘"this, it is contemplated that a first step

- of introducing site-specific recombipase sites into the genome of a plant cell in
25

an essen%iafiy random manner is conducted, such that the plant cell has one or
mote site-specific recombinase recognition sequences on one or more of the
pfant chromesomes. An artificial chromosome is then introduced into the pant
cell, the artificial chromosome engingered to contain & recombinase recognition
site capable of being recognized by a site specific recombinase. Optionally a

geng encoding a recombinase enzyme is also inciuded, preferably under the
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control of an inducible promoter. Expression of the site specific recombinase
enzyme in the plant cell, either by induction of a inducible recombinase 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 tha

- plant chromosomal DNA containing the recombinase recognition site into the

recornbinase recognition site of the artificial chromosome, forming an artificial
chromosome containing plant chromosomal DNA. The artificial chromosome
can be isolated and introduced into a heterojogous haost, breferahfy a plant host,
and expression of the newly‘ introduced plant chromoesomal DNA can be
monitored and evaluated for desirable phenotypic changes. Accordingly,
carrying out this recombination with a population of pia'nt ceils wherein the
chromosomally iocated recombinase recognition site is randomily scattered
througheut the chromosomes of the plant can lead to the formation of a
population of artificial chromosomes, each with a different region of plant
chromasomal DNA, each representing a new genetic combination.

This particuiar method involves the precisé site-specific insertion of
chromosomal DNA into the artificial chromosome. This precision has been

demonstrated in the art. For example, Fukushige and Sauer {Proc. Natl. Acad.

‘Sci. USA, 89:7905-7908, 1892} demonstrated that the Cre-lox homologous

recombination system could be successfully employed 1o introduce DNA into a
brédeﬁned locus in a chromosome of mammalian cells, In this demonsiration

a promoter-less antibiotic resistance gene modified to include a Jox sequence at

the 5" end of the coding region was introduced into CHO cells. Ceils ware re-

transformed by eleciroporation with a plasmid that contained a promoter with

a lox sequence and a transiently expressed Cre recombinase gene. Under the

~ conditions employed, the expression of the Cre enzyme catalyzed the

homologous recombination between the fox site in the chromosomally located

- promeoter-less antibiotic resistance gene and the Jox site in the introduced

promoter sequence leading 1o the formation of g functional antibictic resistance

géne, The authors demonistrafed e¥sient and correct targeting of the



WO 42/096923 . . PCT/USU2/17453

10

ib

20

.25

-166-

introduced sequence, 54 of 56 lines analyzed corresponded to the predicted
single copy insertion of the DNA due to Cre catalyzed site specific homologous
recormbination between T,hé lox sequences.

" The use of the éame Cre-fox system has bean- derrions*trai_ed in plants
{Dale and Ow, Gena 91:79-85, 1395} to specifically excise, delete or insert
DNA. The precise event is controlied by the orientation of /ox DNA sequences,
in cis the jox sequences dirsct the Cre recombinase 1o -either delete lfox
sequences in direct arientation). or invert {lox seguences in inverted orientation)
DNA, flanked by the seqguences, Whife in trans the jox sequences can direct &
homaologous -recombination event resulting In the insertion of a recombinant
DNA. Accordingly & fox séquance may ba first added to & genome of a plant
species capable of being transformed and regenerated to a whole plant io serve
as a recombinése target DNA sequence for recombination with an ariificial
chromqsome. The /ox sequence may be optimally modified to further contain
a selectable marker which is inactive but can be activated by insertion of the lox
recombinase 'recogniticn s‘equence into the -artificial chromosome.

‘_A promoteriess marker gene or selectable marker gene linked to the
recombinase récogniﬁon sequence, which s first inserted into the chrormosomes
of a plant cell can be used to ehginear a platform chromﬁsoxﬁe. _A promoier is
finked to a recombinase recognition site, in an orientation that allows the
promoter to control the expression of the marker or selectable mafker. gene
upon recombination within the artificial chromosome. Upon a site-specific

recombination event between a recombinase recognition site in a plant

~ ghromosome and the recombinase recognition site within the the Introduced

30

artificial chromosome, acell is derived with a recombined artific_ia_l_chrémosome,
the artificial chromosome containing an active markér ar éélec’table marker
acitivity that permits the identification and or selection of the csil.

' The artificial chromosomes can be transferred to other plant species and
the functionality of the new combinations tested. The abiiity 1o conduct such

an inter-chromosomal transfer of sequences has been demonstrated in the art.
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For example, the use of the Cre-lox recombinase system 1o cause a

chromosome recombination event .between two chromatids of different

chromosomes has been shown

Any number of recombination systerﬁs may Ee employed {ses, U.S.
provisidnal appiication Serial No. filed the same day herewith under attorney
docket no. 24601-P420). Such systems include, but are not limi‘ied to,
béc’{er;aily derived systems such as the Int/aif system of phage lambda and the -
Gin/gix system. .

More than one r-ecombination system may be employed, including, for
exampie‘, one reéombénase system for the introduction of DNA into an artificial
chromosome, and a second recombinase system for the subsequent transfer of
ths newly introduced DNA contained within an artificial chromosome into the_
naturally occurring chromoesome of a second plant specées.‘ The choice of {he
specHic recombination system used will be dependent on the nature of the
muodification contemplated.

By' having the ability to isolate an artificial chromosome .and in particular '
artificial chromo'somes containing plant chromosomal DNAintroduced via Vsi‘{e--'
specific recombination and re-introduce the chromoseme into other cealls,
particularly plant ‘ceﬂs', these new combinations can be evaluated in different
crop species without the need to first isolate and modify the genes, or carry out
multiple transfbrmaﬁons or gene transfers to achieve ihe same combination '
isolation and testing combinations of the genes in plants. The use of a site
specific recombinase and artificial chromosomes aiso allows the convenient

recovery of the plant chromosomal region intoe other recombinant DNA vectors

and systems for manipulation and study.

The artificial chromosomes can be engineered as platforms to accept

large regions of clmnéd DNA, such as that contsined in Bacterial Artificial

Chromosomes (BACs) or Yeast Artificial Chromosomes {(YACs). It is further

contemplated, that as a2 result of the typical structure of amplification-based

artificial chromosomes, such as, for example, SATACS {or ACes), containing N
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tandemily repreated DNA blacks, that more than cioned INA sequence can be

introduced by recombination preocessas. In particular recombination within a

- predefined region of the tandemly repreated DNA within the artifical

chromosome provides a mechanism to “stack” AUMEerous regions of cloned
DNA, 'Enc!udihg large regions of DNA contatned within BACs or YACs clones.

Thus, multiple combinations of genes can be introduced onto artificial

~ chromosomes and these combinations tested for functionality. In particular, it

is contemplated that muitiple YACs or BACs can be stacked onto an artificial
echromsomes, the BACs or YACs containing multiple genes of complex
pathways or mutlipe genetic pathways. The BACs or YACs are typically

selacted based on genetic information available within the public domain, for

“example ifrom the Arabidopsis Information Management System

(http://aims.cps.msu.edufaims/index.html) ortheinformation relatedtothe plant
DNA sequencés‘ available from the Institute for Genomic Research
{http:/iwww tigr.orgl and other sites known to those skilled in the art.
Alternatively, clones can be chosen at random and evalugted for fu'nctionai‘ity.
ks cohtemplated that combinations previding a desired phenotype can be
identified by §30Eation of the artificial chromosome containing the combination
and analyzing the nature of the inserted cloned DNA.

In another ambodimém of the methods provided herein for discovering
genes associated with plant traits, the artificial chromosome used to transfer
plant DNA to a hést cell for evaluation therein will contain large regions of plant
DNA, in particular plant euchromatin, as a result of the procass by which the

artificial chromosome is produced. In particular, the artificial chromoesome may

be an gmpﬁﬁcation*based artificial chromosome, including, but not limited to;

{1} a minichromosome arising from breakage of a dicentric ¢chromasome, {2} an '

artificial chromosome containing one or more regions of repeating nucleic acid
units wherein the repeat region{s} contain substantially equivalent amounts of
euchromatic and heterochromatic nucleic acid, {3} an ertificial chromosome

containing one or more regions of repeating nucieic acid units wherein the
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repest region{s}) is made up predominantly of euchromatic DNA or contains
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater than
80% euchromatic DNA, (4] an artificial chromosome containing one or more
regé'éns of repeating nucleic ‘acid units wherein the érﬁﬁciai chromosome i.s'
made up of substantially equivalent amounts of he‘nerochﬁomatin and
euchromatin, {8} an anificial chromosome that containing one or more reg‘fqns -
of repéating nueleic acid units having comumon nugleic acid sequences that
represent euchromatic and heterochromaﬁc nucleic acid and (6} a sausage—iike
structure that contatns & portion or all of a euchromatin- con’calnlng arm of a
plant chromosome. . .

In these methods for discovering genes associated with plant traits,
because the artificial chromosome used to transfer plant DNA 1o a host cell for
evaluation therein is generated to already contain large amounts of plant DNA,
in particular plant euchromatin, there is no need to intreduce plant euchromatin
into the artiﬁcial chromosomas, by homologous’ or site-specific recombination.

4. Use of artificial chromosomes for preparat:on and screenmg of
fibraries

Since large fragments of DNA can be incorporated into artificial
chromosemes {ACs}, they are wé“—suited for use as clening vehicles that can
accormmodate entire genomes in the preparation of genomic DNA libraries,
which then can be readily screened for functionality as described above or for-
specific gene sequences for further modification and study. For example, itis
possible to use artificial chromosomes to prepare artificial chromosome libraries
containing plant genomic DNA library useful in the identification and isolation

of functional DNA components such as genes, centromeric DNA and telomeric

DNA from a va:rieiy of different species of plants. -

The following examp%es are included foritlustrative purposes orﬂy andare
no*t intended 1e limit the scope of the invention.
Example 1

Generation of Arabidopsis piotoplasts .



| WO 02/096923 : PCTIUSU2/1745)

10

15

20

30

-170-

Plant protoplasts are typically generated from plant cells following -
staridard rechnigues {for examnple, Maheshwari et al, Crit. Rev. Plant Sei.
74:148-178, 1895; Ramuiu et al., Methods in Molecular Biclogy 117 227-242’,
1999). Typically plant protoplasts are prepared from fresh plant tissue, e.g.,
leaf, or can be prepared by converting cell suspension cuitures to protoplasts
by removal of the cell walls enzymetically. For production of Arabidopsis
protobiésts, the methods of Karesh et al. {Plant Cell Reports 8: 575-678, 1881)
and Mathur et al. {Flant Cell Reports 714:21-226, 1995b) were used 1o generate
Arabidopsis suspension cultures by modifications thereof as described below.
These cells were maintained in Hiquid culture and subcultured as reqﬁirel;:l,
usuaily betwsen 7 and 10 days in culture. ' ‘

Establishment of suspension cultures

Cell suspension cultures derived from root callus of Arabidopsis thaliana
cv. Columbiz, BLD and Landsburg | erecta’were used. Calli were induced from
roots of 3 week-old seedlings on callus induction mediaom containing MS basic
media (Murashige and Skoog (1962) Physiol Plant 15:473-487) with 3% -
sucrose, 0.85mg/fl napthalene acetic agid {(NAAY, 0.05 mag/l Kinetin {Sigman
Aldrich Canada)l. The cell suspension cultures were grown from the calli in
fiquid callus induction medium at 22°C with shaking at 120 rpm. They were
subcultured every 7 days. o

Generaﬁén of protoplasts

One gram of 4-5 day-old suspension cufture was incubated in 6 mi
enzyme solution : containing 1% Celulase 'Onozuka’ R-10 and 0.25%
Macerozyme R-10 in 35 g/t CaCl,-2M,0 (Hartrmann et al (1898) Plant Mol. Biol.
36:7471 -754) and incubated at 22°C in the dark with shaking at 70 rpm for 15
h. The protoplast mixture was poured through a 100 um nylon mesh sieve and
centrifuged at 250xg for 5 min. The protoplasts were washed with 35 g/t
CaCl,-2H,0 and resuspended in 10 mi floating medium containing BS medium
(Gemborg et al. {1968) Exp. Cell Res. 50:151-158) with 144 g/l sucrose and 1
mg/l ‘2r4fdich!orophenox.\jaceﬂc acid {2,4-D). The protoplasts were centrifuged
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at 80xg for 10 min, collected at the interface and used fmmed:ate y for
5 ansfectxon
" Example 2
Generation of Tobacco Wesophyli Pro-tqplasts

Mesophylt protoplasts were generated from leaves of sterile piantieté of .
tabacum cv, Xanthi. The plantlets were grown aseptically on M50 medium (MS
basal media, 3% sucrose, 0.05% morpholinoethanesuifonic acid (MES), 1.0
mao/l berzyl adenine (BA), 0.1 mg/l NAA and 0.8% agar, pH 5.8} a1 22°C under
s 18/8 h photoperiod (see siso Bﬁahg et af. {1984) Planmt Molecular Biology
Manual A7:1-8). Fully expanded leaves {2 x 4 cm) were cut in half, the main
vein removed and the uppér epidermis scored with parallel cuts. Leaf pleces
were immersed in B ml enzyme solution containing 1.2% Cellulase "Onozuka’
R-10 and 0.4% Macerozyme R-10 in K& medium (Nagy and Maliga (1976} Z.
Pflanzenpysiol, 78:453-458) and incubated at 22°Cfor 15 h without shaking.
The protoplasts were purlﬁad by pouring through a 100 um nyion mesh sieve.
Suspenszon of protcpiasts was carefully overlayed with T ml WS solution {Bdang
et al. {1994} Plant Molecufar Biology Manual A71:1-6) and cenirifuged at 80xg
for 10 min. Protoplasts were then resuspended in W5 solution at a density of
1x 10° protoplasts/mi and stored at 4°C for 1 1o 2 hours prior to treatment, for
example, DNA uptake 6r 6hromosome transter. . '

' Example 3
Production of Tobacco Protoplasts from Sl-jspension Cultures

Tobacco BY-Z protoplasts are prepared from suspension cultures according

. to the method of Nagate et a. [{1981) Molecular and _Gensraf Genetics,
25

784:181-165].
‘ Example 4
Generation of Brassica Hypocotyl Protoplasts ‘
Genotypes of Brassica napus, B. oferaces, B. juncea and B. carinata may
be used io Q_enerate protoplasts. Seeds of Brassica napus were

surface-sterilized {for 2 min with 70% ethanal, then for 20 min with 2.4%
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sodium hypochiorite containing one drop of Tween 20 per 100 mil). Seeds were
rinsed thoroughly with sterile distiled water and grown aseptically on

autociaved germination medium (half-strength basal Murashige and Skoog's

. medium (M8}, 1% sucrose, 0.8% agar, pH 5.8}. Unless otherwise indicated,.

. the protoplast generation procedures were performed aseptically and solutions

and rnedia were filter-sterilized. Alternatively, protoplasts can be generated and
cultured successfully from different explants. using various protocol
modifications {for example, Kao et al. (1891) Plant Science 75:63-72; Kao et
ai. {1990} Piant Cell Rep. 9:311-315; Kao and Seguin-Swartz (1987) Plant Cell
Tiss, Org. Cutt. 70:79-90; Kao {1977) Mol. Gen. Genet. 150:225-230). .

Generation of Hypocotyl Protoplasts ’

Hypocotyis ware excised from 4 or 5 day-old seedlings grown'asepticany
in the dark with or without light exposure for & few hours prior to use. The
explants 'Weré cut fransverseiy into 2-6 mim pieces and incubated in enzyme

solution (salts, vitamins and organic acids of Kao's medium {(Kao {1977) Mo/,

- Gen. Genet. 75(;225-230), 0.4 g/l CaCl,2H,0, 13% sucrose, 1%

Celiulase’Onozuka R107, 0.1% Pectolyase Y23, pH B.8) in petri dishes, in
darkness, without agitation for 14-18 hours,'then with agitation on a rotary
shaker {ca. 50 rpm)} for 15-30 min.

- The mixture was filtered through a 63 um nylon screen into centrifuge
wbes, and an equal volume df 17.5% sucrose was added to easch tube.
Following centrifugation {ca. 100xg, 8 min), the protoplast band that formed at
tha top of each tube was collected. Protoplasts were washed 3 times by

resuspension in wash solution [solution W5 of Menczel and Wolfe (1984, Plant

‘Cell Rep 3:196-138) at a reduced strength (0.8X)] followed by centrifugation

at 100xg for 3-5 min and discarding the supernatant. _

Protoplasts were cultured in Kao's medium containing the salts, vitarﬁins
and organic acids with 30 g/l sucrose, 68.4 g/l glucose, 0.5 mg/l NAA, 0.5 rng/l
BA, 0.5 mg/l 2,4-D, pH 5.7, at a density of 1 X 10° per m! and incubated at

26°C, 16 h photdperiod, in dim fluorescent light (26 yEm? g7},
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After -8 days in culture, 1-1.5 ml 61‘ feeder medium containing the above |
medium except with 55.8 g/l giucose instead of 68.4 é!i, were added 10 each
dish, and the dishes were placed under brighter fluorescent fight (50 yEm™? g7},
At about 14 days, 1-2 ml of medium were removed frém‘eac;h dish, and 2-3 mi
of feeder medium containing basal B5 medium {Gamborg eral {1968} Exp.-Celf
Res, 50:151-168}, 3% sucrose, 3.8% glucose, 0.5 ma/t BA, 0.5 mgfl NAA, and
0.5 mgft 2,4-B, pH 5.7, were added. At about 21 days, if microcolonies have
not yet formed, the cultures canbe fed with the !élas.t feeder medium except with
2.2% glucose instead of 3.8%. Protoplast cultures can be washed when
necessary by adding new feeder medium, gently swirling petri dishes, allowing
cefls to settls, removing most of the. supernatant and adding fresh medium to
the dishes.

At 3-b weeks, microcolonies were embadded with medium containing 2 7:1

‘mixture of the last feeder medium and profiferation medium which contains the

components of the feeder medium with 0.9% glucose and 1.6% agarose to
make a concentration of 0.8% in the final mixture, Cuitures were incubated as
described above in bright fluorescent fight (80-100 MEmM? s}, After 10 days-2
weeks, green colonies were plated ohto the regeneration medium. .

‘ Exampie 5

Preparation of a Transformation Vector Useful for the Induction of
Plant Artificlal Chromosome Formation :

Piant artificial chromosomes (PACs) can be generaied by introducing 7
nucleic acid, such as DNA, which can inglude an amplification-inducing DNA
and/or a targéting DNA, for example rDNA or lambda DNA, into a plant cell;

allowing the cei_f to grow, and then identifying from amang the resuliing celis

‘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 nucleie acid.-
The structure of a PAC reflects amplification of chromosomal DNA, forexample,
segmented, repeat region-containing and heterochromatic structures. [tis alsa

possible to select celis that contain structures that are precursors 1o PACs, for
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_exampie, chromosomes containing more than one centromere and/or fragments

thereof, and culturs and/or manipulate them to ultimately gehera‘ce g PAC within
the cell. '

In the method of generating PACs, the nucleic acid can be introduced
in‘co-a variety of plant cells. The nucieic acid can include targeting DNA and/or
a plant expraessable DNA encoding one or multiple selectable markers {e.g., DNA
encoding bialophos {bar} resistance) or"s-t':orabie fnarkers {e.p., DNA encoding
GFF‘}. Exampies of targeting DNA inciude, but are not limited to, N. tabacum
rDNA intergenic spacer sequence {IGS} and Arabidopsis rDNA such as the 185,
5.88, 268 rDNA and:’dr the intergenic spacer sequence. The 'DNA can be
introdﬁced. using a variety of methods,  including, but not limited to
Agrobacteriurm-mediated  methods, PEG-mediated DNA  uptake and
eleciroporation using, for example, standard precedures according to Hartmann
at &/ H{1988) Plant Molecufar Biology 36:741%. The cell into which such DNA
is introduced can be grown.under selective conditions and can initially be grown
undes 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, individuai calli. Resistant calli can be scored for scarable
marker expression. Me’caphase spreads of resistance cuftures can be prepared,
and the metaphase chromosomes examined by FISH analysis using specific
orches in order to detect amplification of regions of the chromosomes. Celis
that have artificial chrorﬁosomes with functioning ceniromeres or artificial
chromosornal intermediate structures, including, but not limited to, dicentric

chromosomes, formerly dicentric  chromosomes,  minichromoesomes,

heterochrormatin | stiuctures {e.g. sausage chromosomes), and stable self-

replicating artificlal ¢chromosomal intermediates as described herein, are

identified and cultured, In 'particuiar, the cells containing self-replicating artificial

chromosomes are identified.
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The DNA introduced inte a plant cell for the generation of PACs can be
in any form, including in the form of 2 vector. An exemplary vector for use in-
methods of genara}:ing PACs can be preparad as follows. -

For the prﬁduction of artificial chrornosomes, piarit transformation
vectors, as exemplified by pAglla and pAglih, containing a seiectable marker,
atargeting sequence, and & scorable marker were constructed using procedures
well known in the art to combine the varim}s fragmenis. The vectors can be
prepared using vector pAgl as a base vector and inserting the foliowing DNA
fragments into pAgt: DNA encoding ﬁ—giuCorohida‘se under the controt of the
nopaline synthase (NOS) promoter fragment and flanked at the 3" end by the '
NOS terminator fragment, a fragmént of mouse satellite DNA and an N
tabacum tDNA intergenic spacer sequence (IGS). in constructing plant
transformation vectors, vector pAg2 can also be used as the base vestor.

1. Construction of pAG1 '

Vector pAgt (SEQ. 1D, NO: 1; see Figurel 1} is a derivative of the
CAMBIA vector named pCambia 3300 (Center for the Application of Molecular
Biclogy tc International Agricufture, 1.e., CAMBIA, Canberra, Australia;
www.cambia.org), which is a madified version of vector pCambia 1300 to

which has besen added DNA from the .bar gene confering resistance to

‘phosphincthricin.  Theé nuciectide sequence of pCambia 3300 is provided in

SEQ. ID. NO: 2. pCambia 3300 also contains a lacZ alpha sequence containing
a polylinker region. ) |

pAgl was constructed by inserting two new functlonal DNA fragments
into the polylinker of pCarmbia 3300: one seguence containing an attB site and

a promoteriess zeomycin res;stance-encodmg DNA flanked at the 3" end by a

 SVA40 polyA signal sequenoe,' and a second sequence containing DNA from the

hygromyc}n resistance gene (hygmmycén' phosphotransferasel conferi_ng
resistance to hygro_mycin for selection in plants. Although the zeomycin-8V40
polyA signal fusion is not expected to provide the basis for zeomycin selection

in plant cells, it can be activatedin marnmalian cells by insertion of a functional



WO 02196923 ' . PCT/USH2/1745]

10

15

20

-1 SR

- 30

-176-

promoter element into the attB site by siteé-specific recombination catalyzed by
the Lambda att integrase. Thus, the inclusion of the attamzeqrhycin seguences
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 sequances into plan‘é
artificial chromosomes formed as a result of using pAgl for plant
transformation. The second functional DNA fragment allows for selection of
plant cells with hygromycin. Thus, pAgl contains DNA from the bar gene °
confering resistance to phosphinothricin, DNA from the hygromyecin resistance
gene, both reéistancéencoding DNAs, under the control of a separate
caulifiower mosaic virus (CaMV} 35S promoter, and the attB-promoterless
zeomycin resistance-encoding DNA.

pAgl is & binary vector containing Agrobacterium right and left T-DNA
border sequences for use in Agrobacterium-mediated transformation of plant
cells or protoplasts with the DNA located between the border sequences. pAg?
also contains the pBR322 Ori for replication in F.cof. pAgl was constructed
by ligating Mindlli/Psti-digested p3300attBZeo with Mindili/Psti-digested
pBSCaMV35SHyg as follows (see Figure 2). )

a. Generation of pSSOOéttBZeo

Plasimid pCambia 3300 was digesfed with Psel/Ee/136 il and ligated with
Psz‘lsz‘ul—dig@sted pilTattBZeo {the nucleotide sequence of plLiTattBZeo is
provided in_ SEQ. 12, NO: 18 to generate p3300attBZeo which contains an artB
site, a promoterless zeomycin resistance-enceding DNA flanked at the 37 end
by a SV40 polyA signal, and a reconstructed Fsii site.
b. Generation o‘f pBSCalMivV3s5Hyg _
A DNA  fragment containing DNA  encoding hygromycin
phosphotransferase flanked by the CaMV 35S promoter and the CaMV 35S
polyA signal seguence was obtained by PCR ampiification of plasmid pCambia
1302 (GenBank Actession No. AF234298 and SEQ. 1D, NO: 3). The primers

used in the amplification reaction were as follows:;
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CaMV35SpolvA:
5-CTGAATTAACGCCGAATTAATTCGGGGGATCTG-37 SEQ. ID. NO: 4
CaMV35Spr:

5’—CTAGAG'CAGCTTGCCAACATGGTGGAGCA»S' S-EO. ID. NO: 5
The 2100-bp PCR fragment was ligated with FcoRV-digested pBlueseript 11 SK +
{Stratagene, La Jolla, CA, U.B.A.) 1o generate pBSCaMV3BSHyg.

c.l Generation of pAg"I

To generate pAgt, pBSCaMV353Hyg was digested with Hindlll/Pstl and

) Iigated wi‘th'Hr‘ndiiUPer—digested p3300attBZec. Thus, pAgl contains the

pCambia 3300 backbone with DNA com‘érriﬁg resistance to phophincthrécin and
fygromycin under the control of separate CaMV 358 promgoters, an atiB-
promo‘cerléss zeomycin éesistanca—engoding DNA recombination cassette and
unigue sites for adding additional markerﬁ, e.g., DNA encoding GFP. The atii
site facilitates the addition of new DNA sequences to plant or animal, a.g.,
mammakian, artificial chromosemes, including PACs formed as a result of using
the pAg1 vector, or derivatives therect, in the production of PACs. The attd
siterprovides a convenient site for recombinase-mediated insertion of DNAs
containing a homologous att site, '
2, pAG2Z

The vectorpAgz {(SEQ. 1D, NO: 6; see Figure 3} is a derivative of vector
pAgt formed by adding DNA encoding a green flucrescent protein (GFP), under
fhe control of a NOS promoter and flanked at the 3' end by a NOS polyA siénai, '
to pAgi. pAgd was constructed as foilowé {see Figure 4} VA DNA fragment
containing the NOS promoter was cbtainéd by digestion of pGEM-’S"«NBS,_ 6r

pGEMEasyNCS (SEQ. ID. NO: 7), containing the NOS promoter in the cloning

vector pGEM-T-Essy {Promega Biotech, Madison, W1, U.5.A.), with Xbsl/Neol
and was ligated to an XbaliNeal fragment of pCambia 1302 containing DNA
encoding GFP |without the CaMV 358 promoter) to generate p1302N0S (SEQ.
ID. NO: 8) con"caining GFP-encoding DNA in op@rable association with the NOS
promoter. 'Plas,mid p1302N0OS was digested with 'Sr.naE/Berl to vield a
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. fragment containing the NOS promoter and GFP-encoding DNA. The fragment

was ligated with Pmel/BsiWl-digested pAg1 to generate pAg2. Thus, pAg2
contains DNA fromthe bar gene confering resistance to phosphinothricin, DNA
conferring resistance tc hygromycin, both resistance—encodiné DNAs under the
corttrol of a cauliflower mosaic virus 355 promoter, DNA encoding kanamycin -
resistance, a GFP gene under the control of a NOS promoter and the atB-
zeomycin resistance-encoding DNA. One of skill in the art will appreciate that
other fragments can be used 1o generate the pAgl and pAg2 deri\}a‘cives and
that other heteriogous DNA canbeincorporated into pAg1 and pAg2 derivatives
using rﬁethods well known In the art,

3. pAglta and pAglib transforrﬁation vectors

Vectors pAgfla and pAglib were constructed by inserting the following

- DNA fragments into pAgl: DNA encoding fF-glucoronidase, the nopé!ine

synthase terminator fragment, the nopaline syrithase (NOS) promoter fragment,
a fragment of mouse sateti?te DNA and an N. tabacum rDNA intergenic spacer
sequence (IGS5).- The construction of pAglia and pAgllh was as follows (see
Figure 5}, ' ‘ .

An N, fabacum rDNA intergenic spacer {135} sequence (SEQ. ID. NO:-B} :
see also GenBank Accession No, YOB422; ses also Borysyuk et al. {2000}
Nature Biotechnology 78:1303-1306; Borysyuk et al (1987} Plant Mol
Biol.35:655-660; U.S. Patent Nos. 6,100,092 and 8,355,860) was obtained by
PCR amplification of tobacco genomic DNA. The IGS cap be used as a
targeting sequence by virtue of its homology to tobacco rDNA genes; the

sequence is aiso an amplification promoter sequence in plants. This fragment

~was amplified using standard PCR conditions (e.g., as described by Promega

Biotech, Madison, Wi, U.8.A.} from tobacce genomic DNA using the primers
shown below: ‘
NTIGS-F!

5'- GTG CTA GCC AAT GTT TAA CAA GAT.G- 3 (SEQ ID No. 10) and
NTIGS-RI
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5.ATG TCT TAA AAA AAA AAA CCC AAG TGA C- 3 (SEQ i) No. 11)
Following amplification, the fragmernt was cloned into pG'gEM—T Easy to give
PGS, |

A fragmen{ of mouse satellite DNA (Msat1 fragr‘n'ent; GenBank Accession
No. VOO846; and SEQ ID No. 12} was amplified via PCR from pSAT-1 using the
following primers: ' '
MSAT-F1
5'- AAT ACC GCG GAA GCT TGA CCT GGA ATA TCG C-3'(SEQ 1D No. 13}
and i ' | '
MSAT-RI
B'-ATA ACC GCG GAG TCC TTC AGT GTG CA T- 3’ (SEQ ID No. 14}
This amplification added a Sacll and a Hindlll site at the 5'end and a Sacl site
at the 3° end of the PCR fragment. This fragment was then cloned into the
Sacll site in plS-1 to give pMIGS-1, providing a eukaryotic centromeare-specific
DNA and a cénvenient DNA seguence for deter:tioh via FISH.

- A Vfunctianai marker gene containing a NOS-promoter:GUS:NOS
terminator fusion was then constructed comainér;g the NOS promaoter {GenBank
Accession 'Nd. UDQ?SS;' SEQ ID Ne. 15),‘ E coli ,B—giucuromdése coding-
seguence {f_rom the GUS gén_eﬁ,GenBank Acc_eésion No. 869414; and SEQ 1D
No. 18}, and the hopaline synthase terminator sequencé {GenBank Accéssion '
No. U08365; SEQ ID No. 18). The NOS promoter in pGEM-T-NOS was added
1o a promoterless GUS gene in pBlueScript {Stratagene, La Jolla, CA, U.S.A))
using Noz‘ifSpei to form pNGN-1, which has the NOS promoter in the opposite
orientation relative to the GUS gede. o
pMIGS-1 was digested lwith Noﬂ/Sb_el 1o vield a fragment-containing the
mouse major satellite DNA and the tobacco 1GS which was then added 1o Noti-
digested pNGN-1 1o yield pNGN-2. The NOS promoter was then re-oriented o 7
provide a functional GUS gene, yfeiding PNGN-3, by digestion- and religation
with Spel. Plasmid pNGN-3 was then digested with Hindlll, and the Hipdili

fragment con*tainin_g the p-glucuronidase cading seguence and the rDNA
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intergenic spacer, along with the Msat sequence, was added 1o pAG-1 1o form
pAglia, using the unigue Hindlll site in pAgH jacated near the right T—DNA
border of pAg?, within the T-DNA region.

Another plasmid vector, referred 1o as pAgllb, was also recovered, which

contained the inserted Hindll fragment in the opposite _orientation relative 1o

that observed in pAglla. Thus, pAglla and pAglib differ only in the orientation

of the Aindlll fragment containing the mouse rnajor satellite sequence, the GUS
DNA sequence-and the 1G5 sequence {see Figure 6). The nucleotide sequence
of pAglla is provided in SEQ. ID. NO: 21,

- Vectors pAgt, pAgZ, ;)A‘gﬁa and pAgllb, as well as similarly designed
vectors containing o recombinaﬁon site and a promoter {e.g., plant or animal
promoter}, and possibly other regulatory sequences, in operable association with
ONA encoding a protein or other product for the exprassion in a host cell, such
as a plant or animal cell, can be used-in the transfer of any protein {or other

product}-encoding nucleic acid of interestinto a cell for expression thersof. For

‘example, any pfotefn {or other product}-enceding nucleic acid of interest {in

. operable association with transcriptional regulatory suitable for use in @

particular host cell} can be inserted into any of the vectors pAa 1, pAg2, pAglia
and pAgilb and thereby incorporated into a plant, animal or other artificial

chromosome, particularly a platform artificial chromoesome ACes, as desribed

“herein.

Example 6

Agrobacterium-Nediated Transformation of Plant Cells _

Plant cells were transformedvia A grobacterium;mediateé transformation
according to sténdard procedures (see, for example, Horsch er al (1988} Plant
Molecular Biology Manual, A5:1-8, Kiuwer Academic Publisher, Dordrecht, -
Belgium}. Briefly, Agrobacterium strain GV 3101/phiP20 (see Koncz and Schell
{1886} Molecular and General Genetics 204:383-398) was transformed with
pAglla and pAgllb {see Example B) by heat shock, and the plasmid integrity of
pAglla and pAgilbh after transformation was verified by Hindll digest patiern.
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pAgila/pMPS0 or pAgllib/nMPS0 were cultured in B mil AB minimium medium
tHorsch et al. (1888} Plant Malecular Biology Mam;az’,'AE:'i-Q, Kluwer Academic
Publisher, Dordrecht, Belgium) containing 28 gg/ml kanamycin and 25 ug/mi
gentamyein at 28°C for two days. -

Leaf disks of tobacco and Arsbidopsis and root seéments of Arabidopsis
wers preparéd as foliows: tobacco leaves from 3 to 4 week-old explants were
cutinto 1 cmin 'diametel_', and Arabidopsis leaves were taken from 3 week-oid
seéd!ings and transversely cut in twao halves. Roots of 3 week-old Arabidopsis
were excised into segments of 1 om in length. Cocuitivation was carried out
by immersing leaf disks or root segments in bacterial culture for 2 minﬁtes and
then trénsferring the infected tissues to culture medium without an‘;ibiotics for.
2 days at 22°C for 16—houf5!day under cool white fluorescent ﬁéht. The leaf
disks of tobacce and Arabidopsis wers cultured on M$104 medium (MS, 3%
sucrose, 0.05% MES, 1.0 mg# BA, 0.1 mg/i NAA and 0.8% agar, pH 5.8} and
root segments on callus-inducing medium, CIM 0.5/0.05 (BS, 2% glucose,
0.05% MES, 0.5 mg/l 2,4-D, 0.05 mg/l kinetin and 0.8% agar, pH 5.8}.

The transformed leaf disks and root segments were then transferred to
selection mediun;a of MS104 or CIM 0.5/0.05, respectively, containing 20 mg/l
hygromycin and 300 mgfs' Timentin for the eiimina;ticn‘ of Agrobacterium. The
selection medium was refreshed every two wseelks and green shoots
regenerated, Plants were analyzed for the expression of the DNA encoding GUS

by standard histochemnical and fluorescent assays and evidence of amplification

of the inserted DNA by quantitative PCR. Numerous plants were ohtained that

expressed high levels of GUS, and multiple copies of the GUS gene were
observed by Fiuorescent In Situ Hybridization {F%SVH} and PCR analysis. Thus,
amplification the chromosomal regions centaining the inserted DNA was
observed. One of skili in the art wiil appregiate that GUS expression, or the
expression of any other gene, can be assessed using rmethods well known in the
art.

Example 7
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Transfection and culiure of Arabfa’cpsis protoplasts
E. coli strain Stb14 {Gibco Life Sciences) was transformed with phgiia,
pAglib, and one of two targeting plasmids containing the rDNA repeat sequence
from.Arabidopsis (plasmid pdHD-14A or the 2685 rDNA from Arabidopsis plasmid
pJHD2Z-19A, as described by Doefling ef al. [(1993) Proc. Natl. Acad. Sci.
U.S.A. 80:7528-7532]) via electroporation according to standard procedures.
A singié-ccsony was grown up in 250 mi LB medium containmng 50 ugiml
kanamycin {for selection based on the kanamycin resistance-encoding DNA in -
pAgha and pAglib) or-SO pgimi ampiciliin {for selection based on the ampigiliin
resistance-encoding DNA in pJHD-14A & pJHD2-18A) and cubtured at 30°C
with shaking at 225 rpm for 18 héurs. The plasmids were isclated according té
standard procedures well known in the art) The structural integrity of the
plasmids was checked by restriction digestion pattern, and the plasmids were
linearized with restriction enzymes. Plasmids were sterilized wéth chloroform
and 70% ethancl before use for transfection.
Arabidopsis prptopiasts were resuspended iﬁ the culture medium {see
Example 't}lat a den‘sitylef 2 x 108 iamtopiastsiml. A 200 y_i protoplast’

suspension was pipetted into a 15 mi tube, and. 30 4 of plasmid {pAglia or -

. PAglip} and targeting DNA {pJHD-14A or pJHD2-18A) was added containing

10 pg plasmid and 100 ug targeting sequence followed immediately by sloWiy
adding 300 ul of 10% PEG. The targeting piasmids were included In the
transfection procadure in order ensure that the amount of rDNA targeting DNA
{i.e., tobacco rDNA from pAgla or b and Arabidopsis DNA from- the targeting

vectors) was sufficient to effect recombination of the introduced DNA at a

"homoldgous site in an Arabidopsis chromosome. DNA was typically used in a

ratic of 10:1, targeting DNA {pJHD-14A or pJDHZ-19A, or Lambda DNA} to
plasmid DNA {pAglla or pAglib, or a éeiec‘tebie marker plasmid), or in & ratio of
5:1. Generally, the number of base pairs of targeting DNA 1o be su_fﬁcien’c for
insertion inté a plant chromopsome is at least about 50 bp, or about 80 bp, of
about 70 bp, or about 80 bp, or about 90 bp, or about 100 bp, or about 150
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_bp, or about 200 bp, or about 300 bp, or about 400 bp, or about 500 bp, or

about 600 bp, or about 700 bp, or about 800 bp, -or about 960 bp, or about 1
kb, or about 2 kb or about 3 kb, or about 4 kb, or about b kb, or about 6 kb,
or about 7 kb, or about 8 kb, or about 9 kb, or about 10 kb or more. The
amnunt‘and length of targeting DNA sufficient to effect introduction into é:
éhrumosome can be determined empirically and can'vary for different plant
species. .

The mixture was shaken gently, and immaediately 300 A of 10% PEG
solution was added slowiy with gentle shaking. The protoplast mixture was
incubated at 22°C for 16-15 min with several cycles of genﬂe shaking. DNA
uptake was guenched by the .addition of & mi 72.4 g/t CalNQg),. The

proteplasts were then centrifuged at 80xg for 7 min and resuspended in culture

- medium. For selection, 10 to 40 mg/t hygromycin was added to protoplast

cultures 14 days aftertransfection, and the culture medium was refreshed every
7 days. The protoplast cultures couid also be selscted after embedding in 0.6%
agarpse by transferringtoa culture medium containing 20 mg/l hygromycin. The
cultures were incubated for 14 days or'ionger at 22°C,

The Arabidopsis protoplasts were analyzed for the presence  arxd
exp}‘ession of the BNA encoding GUS. Recovered microcalli strongly expressed

GUS and were resistant to selective agents, indicating amplification of the

.inserted DNA. Alternatively, the transfection of Arabidopsis protopiaéts can

be conducted without using targe’cing _DNA sequences since pAg[lé and pAgllh
include a region of rDNA {i.e. the tobacco rDNA 1G5} that can act as 2 targeting

sequence as long as a sufficient amount of pAglia/b plasmid is used in the

transfection procedure, Example 8

Transfection and Culture of Tobacco Protoplasts -
As described in Example 7, £. coff strain Stbi4 was transformed with pAglla,
pAglib, pJHD-14A i{targeting DNA}. and nJHD2-19A {targeting DNA} via

electroporation, and plasmid DNA was recovered and linearized with restriction
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enzymes. Plasmids were sterilized with chloroform and 70% ethanol before use
for transiection. _

The tobacco protoplasts (see Examples 2 and 3} wereresuspended in the
cufture medium (see E}éampie 2} a‘té density of 2 x 108 protoplasts/mi. A 300
H protoplast suspension was pipetted into a 15 mi tube, and 30 w4l of plastmid
and targeting DNA was added as deseribed In Example 7. The mixture was
shaken genﬂy, and immediately 300 ul of 10% PEG solution was added slowly .
with gentle shakiﬁg. The tobacco protﬁplas‘c mixture was incubated at 22°C
for 10-15 min with several cycles of gentle shaking. DNA upta‘ké Was
quenched' by the addition of & ml 72.4 g/l Ca{NO0;},. The protoplasts were then
centrifuged at 80xg for 7 min and resuspended in cufture medium,.

The recovery of viable tobacco protoplasts following DNA uptake ranged-
from 656-75% following treatment. Typically greater than 35% of the
protoplasts inftiated celi division within 7 days of treatment. Protoplast cefls
were analyzed for gene expression {in this case for the expression of the
reporter DNA GUS, but alternatively, the expression of other.genes can be
mornitaored).  Between 4% and 6% qf the recovered cells exhibited GUS
expression. ' .

The protoplasts were subject to seiection prﬁcedures to recover
transformed cells. For selection of tobacco cells, 10 10 40 mg/l hygromyéin
Was. added 1o protoplast cuttures 10-14 days after transfection, and the culture
medium was refreshed every 7 days. Leafdisc selection was performed in the
presence of 40 mgfl hygromycin. Transformed microcalli were recoverad and
analyzed for the expression of thé_GUS reporter gene. GUS positive calli were
isclated and subjected to FISH analysis (see Example 13). Plant cells that
exhibited amplification of the inserted DNA were identified.

_ Example 9
Transfection and Culture of Brassica Protoplasts
Brassica protoplasts (sée Exampie 4), following the final washing step

after fiktering through a 63 um nylon screen and centrifugation, are collected
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and used for DNA transisction as deseribed in Exampie 8. Brassica protoplast
cultures following DNA uptake or transformation by Agrobacterium can be
selected with efther hygromycin or giufmsi-nate ammonium in liquid cuiture orin

embedded semi-solid cultures. The effective concentration of hygromycinis 10

to 40 mg/l for 2 1o 4 weeks or continuously, whereas that far glufosinate

ammonium is 2 to 80 mg/i for 5 days to 2 weeks. Selection can impede growth,
and additional transiers to similar media may be required.
Example 10
Plant Regeneration from Brassica Protoplasts
Colonies of Brassica protoplasts (1 mm or larger in diameter} are plated

onto regeneration medium (basal Murashige and Skoog’s medium, 1% sucrose,
2 mg/l BA, 0.01 mg/t NAA, 0.8% agarose, pH 5.6). Cultures are incubated
vnder the conditions dascribed in Example 4. Cultures are transferred onto
fresh regeneration medium every 2 weeks. Regenerated shoots are transferred
onto autoclaved rooting medium (basal Murasﬁige and Skoog’'s medium, 1% .
sucrose, 0.1 mg/l NAA, 0.8% agar, pH 5.8} and incubated under dim
fluorescent light [25 uEm? 57, Plantlets are potied in a soil-less mix {for
example, Terra-lite Redi-Earth, W.R. Grace & Ca., Cahada Lid., Ajax, Ontario)
containing fertilizer (Nutricote 1414-14 type 100, Plant Products Co. Ltd,
Brampton, Ontario} and grown in a growth room {(20°C/15°C, 16 h
photoperiod, 100-140 pEm™ ™'y with flusrescent and incandescent light at soil
level. Plantlets are covered with transparent plastic cups for one week to alfow.
for acclimatization. _ A
‘ Example 11
Isolation of Nuclei from Protoplasts

| To facilitate anatysis, plant cells. can be subjected to nuclei isolation, and
the is.olaﬁzed nuclel can be analyzed by FISH or PCR. To isoia’_te the nuclei,
protoplast calli were reprotoplasted sccording to the procedurs of Mathur et al.
with modifications {see Mathur st al. Plant Cell Report {1985) 74: 221.2286).

The protoplast calli were digested with 1.2% Celiutase ‘Onozuka” R-10 and
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0.4% w/v Macerozyrne R-10 in nuclel isolation buffer (10 mM MES-pH B.5,
0.2M sucrose, 2.5 mivi EDTA, 2.5 mi DTT, 0.1 mM spermine, 10 mM NaCl,
10 mM KCl and 0.18% Triton X-100) for 3 hours. After centrifugation at 80

- xgfor 10 minutes, the peliets of protoplasts. were resuspended in hypertonic
_buffer of 12.5% W5 solution (Hinnisdaels e al. (1994 Plant Molecular Biology

Manual G2:1-13, Kiuwer Academic Publisher, Belgium) for 10 minutes. To
promote disruption of proteplasts, the protoplast suspension was forcedthrough

a syringe needle four times. The disrupted protoplasts were filtered through 5

- #m meshes to remove debris and centrifuged at 200 x g for 10 min. By

repeated washing of the pellet in a nuclei isolation buffer containing
phenyimethyisulfonylfluoride {PMSF) and centrifugation at 200 x g for 10
minuies, nuciei were col%écted as a white pellet freed from cytoplaérﬁ'
contamination and cellular debris. Sampies were fixed in 3:1 methanol:glacial
acetic acid and were analyzed by FISH.

Example 12

Mitotic Arrest of Plant Cells for Detection of Amplification and
Artificial Chromosome Formation

In general, plant cells or protoplasts are typically cultured fortwe or more

‘generations prior to mitotic arrest, Typically, & pg/ml colchicine is added to the

cultures for 12 hours to accumulate mitotic plant cells. The mitotic cells are
harvested by gentle centrifugation. Alternatively, plant cells {grown on piastic
or in suspension) can be arrested in’ different stages of the cell cycle with
chemical agenté other than coichicine, such as, but not limited to, hydroxyurea,

vinblestine, colcemid or aphidicolin or through the deprivation of nutrients,

_hormones, or growth factors. Chemical agents that arrest the cells in stages

other than mitosis, such as, but not limited to, hydroxyurea and aphidicolin, are
used to' synchronize the cycles of all cells in the population and are then
rémoved from the cell medium to alfow the cells to proceed, more or less
simurtaneuusiy, to mitosis at which time they can be harvested 1o disperse the

chramosomes,
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Exampie 13

Detection of Amplification and Ariificial Chromosome Formation by -
Fluorescence in situ hybridization {FISH)

A varlety of plar{t cells can analyzed by fluorescence in situ hybridization
'{FléH)_methods (Fransz et al. {19986} Plant J. 9:421-430; Fransz et al. (1998}
Plant J. 73.:867-876; Wilkes er af. {1298} Chromosome Reéearch 3:466-472;
Busch etal. (1984) Chrormosome Research 2:15-20; Nkongoio {1983} Genome

| 36:701-708; Leitch et al. (1994) Methods in Mo;’ecﬁfar Biology 28:177-185;

Miurata et al. {1997} Plast J. 712:31-37) 1o identify amplification events and
artificial chromosome formation.

FISH is used to detect specific DNA sequences on chromesomes, in
particular o detéct regions of plant chrcmosdmes that have undergone

amplification as & résult of the introduction of heterologous DNA as described

~ herein, or io detect artificial chromosome formation in plant celis. - FISH

chromosome spreads of Arabidopsis and tobacco plant cells into which
heterologous DNA has been introduced are generated using colchicine or similar
cell cycle arresting agents and various DNA probes {e.g. rDNA probe, l.ambda

DNA probe, selectable marker probe}. The cells are analyzed for the presence

- of amplified regions of chromosomes, in partéé;u%ar amplification of the rDNA

regions, and those cells exhibiting amphfication are further cultured and
analyzed for the formation of artificial chromosormes.
The chromosomes of plant cells subjected tointroduction of heterologous

DNA and growth to generate artificial chromosomes can alse be analyzed by

scanning electron microscopy. Preparation of mitotic chromosomes for

scanning electron microscopy can be performed using methods known in the

T art (see, e.g., Sumner {1891] Chromosome 100:410-418}. The chromosomes

can bhe observed, for example, with a Hitachi S-800 field emission scanning

electron microscope operated with an accelerating voltage of 2BkV.
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Example 14

Detecﬂon of Ampliication and Artificial Chromosome Formation by
ldu Labeling of Chromosomes

The structure of the chromosomes in plant ceils can be analyzed by iabeling

the chromosomes with iododeoxyuridine {IdU}, or other hucieotide analog, and

- using an idU-specific antibody to visualize the chremosome structure. Piant cell

cultures selected following introduction of heterologous DNA are labeled with
1dU follawing standard protocols {Fufishige and Taniguchi (1898} Chromosome
Research 6:611-618; Yaﬁpaisan et al. {1898) Biotechnology and Bfaengfneerfng,
58:515-528; Trick and Bates (1998} Plant Cell Reports, 15:986-880; Binarova
et af, {1993} Theoretical and Applied Genetics, 87:9-16: Wang et &/, {1991

Journal of Plant Physiology, 138:200-203). Plant cells in culture, typicaily |
suspension culture, are used. A series of sub-cultures are initiated, and idU
labeling is performed as described above. Cells are allowed to incorporate idU
for up to a week, depending on the (ﬁoubﬁng time of té‘:e cuituwre. |abeled
chromosomes can be detected in plant celis {Fﬁ;’ishige and Taniguchi (1998)
Chromosome Research 5:811-619; Binarova ef al. {1983) Theoretical and

Applied Genetics 87:9-18} and in mammalian cells {Gratzner and Leif (1381}

" Cytometry 7:385-383) using procedures WGH known in the art. idU-labeled

chromosomes are de‘tected'by immunocytochermical techniques. An anti-ldU
fluorescein isothiocvanate (FTCi-conjugated B44 clone antibody (Becton
Dickinsen) is used to bind the IdU-DNA adduct in the DNA and is detected by
fluorescence microscopy {480 nm excitation, 518 nm emnission). Analysis of
labeled chromosomes reveals the presence of amphfred DNA regions and the
formation of artificial chromosomes.

) Example 15

bsolation of M..etaphase Chromosomes from Protopias‘ts

Artificial chromosomes, once detected in plant cells, may be isolated for

transfer to other organisms and in particular other plant species. Several

procedures may be used to isolate metaphase chromosomes from mitotic—
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arrested plant cells, including, but not limited o, a §o[yamine—b_ased buffer
system (Cram et @/, {1990} Methods in Cell Bivlogy 33:377-3821}, a modified
hexylene glycol buffer system {(Hadlaczky et 2/ (1882) Chromosoma
86:643-68}, a magnesium sulfate buffer system (Var; den Engh et af, (1988)
Cytometry 9:266-270 and Van den Engh et al. {1984} Cytomeiry 5:108}, an

acetic acid fixation buffer system (Stoehr et al. (1982} Histochemistry

- 745761}, and a techhique utilizing hypotonic KCI and propidium iodide. [Cram

et al. {1994} XVl meeting of the International Society for Anatytical Cytology,
Octiober 16-21, Tutorial IV Chromosome Analysis and Sorting with Commerical
Fiow Cytometers; Cram et al. (1990} Methods in Cell Biofogy 33:376; de Jong

© eral {1998) Cytometry 35:128-1 33

in an exemplary procedure, a hexylene glycol buffer is used 1o isolate plant

 chromosomes from mitotic-arrested plant cells that have been converted to

protoplasts {Hadlaczky eral. {1982) Chromosoma §6:643-659). Chromosomes
are isolated from about 10% mitotic cells re—séspenaad in a glycine—iﬁexylene
glycol buﬁer‘ﬂ 00 mM glyéihe, 1% hexyiene giycol, pH 8.4-8.6, adjusted with
a solution of saturated Ca{CH),) supplemented with 0.1% Triton X-100 {GHT

buffer). The cells are incubated for 10 minutes at 37°C, and the chromosomes

are purified by differential centrifugation to pellet the nuclei {200xg for 20 min}
and sucrose gradient centrifugation (5-30% sucrose, SSOOxg for 60 min,
0-49C}. To avoid proteolytic degradation of chromosomal protéins, 1 mMPMSF
{phenvimethylsulfonyifluoride] is used in the presence of 1% isoprepyl alcohol.
The proteing ¢an be extracted from the isclated chrémosomes using dextran

sulfate-heparin {DSH} extraction, and the chromosomes can be visualized via

. electron microscopy using techniques known in the art (Hadlaczky et al. {1882) ~

Chromosoma (Berl.} 86:843-659; Hadlaczky et al. {1881} Chromoscma (Berl.)
8_-1:53?—555}. Additionally, inodifications of these procedures, including, but
not limited to, modification of the buffer compasition (Carrano &t al. {1979}
Proc, Natl, Acad. Sci, L84, 76:1382-1384) and variation of the centrifugation .
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time or speed, to accommodate different plant species can be implemented by
any skilled artisan. _
Example 16

Transfer of Artificial Chromosomes into Plant Cells: Transfer of
Mammalian Artificial Chromosomes into a Dicot Plant: Arabidopsis

One methcd of defivery of mammalian artificial chromasomes (MACs! inte

- plant cells is the formation of microcells. containing murine MACs and the

CaP0,-medizted uptake or the PEG-mediated fusion of these microcells with
plant protopiasts. In this examp[é, microcelis and piant protoplasts, such as but
not limited to tobacco and Arabidopsis protoplasts, were mixed f{in a series of
25:1,10:1, 5:1, or 2:1 'microce‘!is;prdmpias{s ratio) and fusion was observed.
Protocols for the formation of microcells are known in the art and are described,
for example, in US Patent Nos. 5,240,840, 4,808,476 and 5,298,429 and in
Fournier Froc. Matf, Acad. Sci. U.S.A. (1981) 78:6348-6353 and Lambert et a,
Prc;c. Natl. Acad. Sci. U.S.A. {1991) 88: 5907-5812. The murine microcells
can be labeled with idu or the IVEACs.stainsd with a speeific dye such as, but
not limited to, e.g., propidium iodide or DAPI, prior to fusion with piant
protoplasts including, bﬁt not Iirﬁi’ced to, Arabidopsis and tobacco protoplasts,
to facilitate detection of the presence of IVIACs in the protoplasts. 7

_ in this exampie, MACs ‘were introduced into Arébi&opsis cells using
microcgll-PEG mediated fusion. Microcells were formed from murine cells

containing an artificial chromosame {see U.S. Patent No. 8,077,897} and were

fused with freshly prepared Arabidopsis protoplasts in a ratio of 10:1,

mi¢rocells to protoplasts. Fusion oceurred in the presence df 25% PEG 8000,
204 mM CaCl,, pH 8.9 within the first 5 minutes of mixing.. Typically less fhan
sbout one minute of mixing is required to abserve fﬁsion netween microcélls
and protoplasts. Fused cells were washed with 240 mM CaCl,, then floated on’
top of & solution of 204mM sucrose in BE salts. Cells were then transferred to
cell suspeﬁsion culture media tMS, 87mM sucrose, 2.7 M napthalene acetic

acid, 0.23 pM Kkinetin, pH 5.8}. Empirical observations can be used to
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determine the optimal concentrsiion and composition of PEG and the
concentration of calcium that provides the highest degree of fusion with ‘ché
least toxicity: ‘ | '

Fused protoplasts were allowed 1o grow for o;'\e or more generations.

The presence of a mouse chromosomal sequence, including MACs, was.

‘demonstrated by southern hybridization with MAC probes, by FISH analysis and

by PCR analysis using, for example, sateliite sequences known to exist on the
MAC chfomosome; Thus, the mouse ssquences were detected in the
Arabidopsis protoplasts. |

To further demonstrate the transfer of mouse chrpmos'omai sequence to
Arabidopsis protoplasts, Arabidopsis plant cell nuclei were isolated according
to Example 11 and were subjected to FISH analysis aceording to Example 13,
using the mouse major sateliite DNA (SECID No. 12). A portion of the nuclel’
écntained a significant signal using the mouse major satellite DNA, indicating
successful transfer of at least a mouse chromosome and/or MAC to the
Arabidopsis nuciei. ' ‘

Similarly, PACS may be introduced into Arabidopsis protoplasts using
PEG- and/or caicium;mediated fusion procedures, Generation of
microprotoplasts and protoplasts can be conducted as described, for exampie,
in Exampie 1. Microprotoplasts formed from piant cells containing a plant
artificial chromosome are fused with freshly prepared Arabidopsis protoplasts,
for example, in a ratio of 10:1, microprotoplasts to brotoplasts. Protoplasts
from other plants, including but not firmited ta, tobacco, wheat, maize and rice,

can also be used as the reciplent of MACs and/or PACs. Fused protopiasts are

recovered and allowed to grow for one or more generations. The presence of

the transferred PACs can be analyzed using methods such as, for example,
those described herain {including Scuthern hybridization with PAC probes, FISH

analysis and PCR arialysis using DNA sequences specfﬁc to the PAC)
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Exampig 17

Transier of Artificlal Chromosomes irio Plant Cells: Transfer of
Mammalian Artificial Chromosomes inte a Second Dicot Plant: Tobacco

. MACs wereintroduced into tobacco cells using microcell-PEG mediated
‘“fusicm using the same m{crocells, MACLC, and protocol as described in Example
16,  Microcells were formed from murine cells containing an ariificial
chromosome and wefe fused with freshly prepared tobacco BY-2 protoplasts in

a ratio of 10:1, microcefls to protoplasts. Fusion occurred in the presence of

, 20% PEG 4000 and 100-200 mM calcium chloride. Empirical observations are

used to determine the optimal concentration and composition of PEG and the

concentration of caicium that provides the highest degree of fusion with the

- least toxicity.

' DAP! staining of the microcells {e.g. by preincubaﬁon of the microcells
with DAPI by adding DAP! to the microcells 1o a final concentration of T yg/ml
allowed visualization of the fusion and transfer of the chromosommes to the
tobacco protoplasts. Fused protoplasts were recovered and allowed 1o grow for
one or more generations. The fused protoplasts can be analyzed for the

presence of a MAC in 2 number of ways, inciuding those described herein.

_ Fused tobacco cell nuclel were isclated from tobaceo protoplasts that had been

fused with microcells sccording to Example 17 and were subjected to FISH
a}miysis according to Example 13, using the mouse major satellite DNA (SEQ
12 No. j?_‘). Numnerous nuclet were found to have incorporated z mouse
chromosomae,

Example 18

Transfer.of isolated Artificial Chromosomes by Lipid-Mediated Transfer
; inte & Monodot Plant: Rice

_ lsolated murine artiﬁc;ial chromosomes {MACs] prepared by sorting
through a FACS apparatus {de Jong et al. Cytometry {1988} 35:129-133) were
“transferred into rice plant protoplaéts by cationic lipid-mediated transfection of
the purified MAC, | Purified MACS [(see Example 15 and U.S, Patent No.
6,077,697} were mixed with LipofectAMINE 2000 {Gibco, Md, USA) as follows.
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Typically, 15  of LipofectAMINE 2000 were added to 1 X 10° artificial

chromosomes in fiquid buffer, the solution allowed to complex for up to three
tours, and then the solution was aéided 1o freshly prepared 1 X 10° rice
protoplasts prepared using stanﬁérd protoplast metho&is well known in the art.
The uptake of the Eipid;compiexed artificial chromosome was monitored by
adding to the mixture of protoplasts and pufiﬁeﬁ artificial chromosomes a
fluorescent dye that stains DNA. Microscopic  examination of the
protoplast/artificial chrormosome mixture overthe next several hours aliowed the
visualization of the- artificial cﬁrofnosome being transported across the
;ﬁro’{op[ast cellular melmbrane and the presencé of the readily identifiable MAC
in the cytoplasm of the rice plant cell. '

The same procedure as described n fhi's_‘ Exampier for cationic lipid-
mediated transfer of an isclated MAC info rice p}otopias_ts can be used 1o
transfer isolated MACs, as well asxF’ACs, into rice and other plant protéplasts,

including but not limited to, tobaceo, wheat, maize and Arabidopsis. Fused

~ protoplasts are recovered and allowed to grow for one or more generations.

The presence of the transferred MACs and PACs can be 'ana!yzed- using
methods such as, for example, those described hersin {including, but not limited
to, Southern hybridization with PAC probes, FISH analysis and PCR analysis
using DNA sequences specific 1o the PAC).

Example 19

Defivery of Plant Regulatory and Coding Seqﬁences via a Promoterless attBZeo

‘Marker Gene in pAg2 onto a MAC Platform

As described in Examples 6-15, the .plasmid‘pAgz, comprising plant
reguiatory and selectable marker genes {SEQ ID NO: 6; prepared as set forth in
Exampie B} can be used for the production of a MAC containing said plant
expressibie genes. |In this example, pAg2, by virtue of the attBZeo DNA

sequences contained on the plasmid, is used for the Edading of plant regulatory

~ and selectabie marker genes onto MACs in mammalian celis using the attB

sequences 1o recombine with attP sequences present on a platform MAC. In
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this e_xampié, platform MACs are produced with attP sequenceé and the plasmid
pAg2 is then lpaded onte the platform MAC. New MACs 50 produced are
usefu! tor introduction into plan cells by virtue of the pian_t expressible markers
comained therein. ‘

A. Construction of Platform MAC containing pSVd;Oat‘tEsensaF;‘UR {Figure
7; SEQ ID NO: 26}). '

An example of a selectable marker system for the creation of & MAC-
based platform into which the piasrhid pAgZ can target plant regulatory and
coding sequences is shown in Figure 7. This system inciudes a vector
containing the $V40 sarly promoter immediately followed by (1} 2 282 base pair
{bp} segquence containing the bacteriophage lambda attP site and (2} the
éufomycin resistance marker. Initally a Pvuti/Stul fragment céntaining the
SV40 earty promoter from plasmid pPUR {Clontech Laboratori.es, Inc., Palo Alto,
CA; SEQ 1D Neo. 22) was subcloned into the EcoRI/CRI site of pNEB193 {(a
PUC19 derivative obtained from New England Biolabs, Be\;‘érly, MA; SECQ 1D No.
23} generating the plasmid pSv40193. _ .

The attP site was PCR arﬁpﬁﬁed from lambda genome (GenBank
Accession # NC 001 41 8} using the following primeré: '

attPUP: CCTTGCGCTAATGCTCTGTTACAGG SEQ ID No. 24

aﬁPDWN& CAGAGGCAGGGAGTGGGEACAAAATIG .SEQ ID No. 25

After amplification and purification of the resulting fragment, the attP site
was cloned into the Smal site of pSV40183 and the orientation of the attP site
was determined by DNA sequence analysis (plasmid pSV40183attP). The gene
encoding purorﬁyr.:in registance {Puro) was isolated 'b-y digesting the plasmid
pPUR (Clontech Laboratories, lng, Palo Alto, CA) with Agel/BamH] followed by
filling in the overhangs with Kienow and subseguently cloned into .the Ascl site
downstream of the attP site of pSV4A0193ettP generating the plasmid
pSV40193attPsansePUR (Figure 7; SEQ ID NO:26)).

The plasmid pSV40193attPsensePUR was digested with Seal ard co-
transfected with the plasmid pFK’!B‘I' into mouse LMtk- cells and platform
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artificial chromosomes were identified and isolated as described hersin. Briefly,
Puromycin resistant colenies were isolated and subsequently tested for artificial
chromosomae formation via fluorescent /n sftw hybridization (FISH} {using mouse

major and minor DNA repeat sequences, the puromycin gene and telomeres '

‘sequences as probes), and their fluorescent activating cell sorted (FACS). From

this sort, a subclone was isolated containing 2n artificlal chromosome,
designated B19-38. FISH analysis of the B19-38 subcione demonstrated {he
presence of telomeres and mouse minor on the MAC. DOT PCR has been done
reveaiing the absence of uncharacterized euchromatic regions onthe MAC. The
process for generating this exempiary MAC .'piatform éontaining rnultiple site-
specific recombination sitesis surmmarized in Figure 5. This MAC chromosome
may subsequently be engineered 1o contain target gene expression nucleic aclds
usiﬁg the lambda integrase mediated site-specific recombination systerﬁ 88
described below.
B. .Construction of T‘argeting Vector.

The construction of the targeting vector pAgl is set forth in Exampla b '
herein, '
C. Transfection of Promotorless Marker and Selection With Drug (See.
Figure 9}, ‘ | .

The mouse LMtk- celt line containing. the MAC B18-38 (cohstructéd as
set forth above and also referred to as a 2™ generation platform ACE}, is plated
onto four 10cm dishes at approximately 5 million cells per dish. The cells are
incubated overnight in DMEM with 10% fetal calf serum at 37°C and 5% CO,.
The following day the cells are transfected with dug of the vector pAg2

prepared as described in Example § above) and 5ug of pCXLamintR (encoding

a lambda integrase having an E to R amino acid substitution at position 174},
for a total of 10upg per 10cm dish. Lipofectamine Flus reagent is used to
transfect the cells acdording to the manufacturers protocol. Two days post-

transfection zeocin is added to the medium at 500ug/ml. The celils are
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maintained in selective madium until colonies are formed. The colonies are then |
ring-cloned and genomic DNA is anatyzed.
D.  Analysis Of Clones (PCR, SEQUENCING).

Genomic DNA [including MACs) is isolated from each of the candidate
clones with the Wizard kit {Promega) and fallowing the manufacturers pmtocoi; :
The following primer set is used 1o analyze the genomic DNA isclated from the
zeocin resistant clones: 5PacBV40 — CTGTTAATTAACTGTGGAATGTGTG
TCAGTTAGGGTG (SEQ ID NO: 28); Antisense Zeo -
TGAACAGGGTCACGTCGTCC (SEQ ID NO: 29}, PCR amplification using the
above primers and genomic DNA, which included MACs, from the candidate
clones resutts in a PCR produet indicating the correct sequence for the desired
site-specific integration event. o ' '

The MACs containing the pAg?2 vector are identified and used for transfer
into plant {such as deséfibed inlExamp[es 16 and 17} or animal cells for the
axpression of the desired coding sequences contained therein. The MACs
containing pAgZ carry twﬁ plan selectable markers (hygromycin resistance,
resistance 1o phosphinothriciri} and avisual seiectabie marker. [green fluorescent
protein). '

Example 20
Construction of Plant-derived Shuttle Artificial Chromosoma.

In another embodiment, the plant artificial chromosomes provided herein
are useful as selectable shuttle vectors that are able to move one or mare_.
desired genes back and forth between plant and mammalian cells. in this
particular erﬁbodimen’c, the plant artificial chromosome is bi-functional in that
proper integration of donor nucleic acid dan be selected for in both p%ént and
mammahan cells. l

For example, a plant artificial chromosome is prepared as described in
Exampies 6—15 above using ing the plasmid pAg2 {(Example 5; SEQ ID NO: 8}
that has been modified to include the 3V40attPsensePur coding region fromthe

plasmid pSV4Q193attPsensePur {described above in Example 19.A.). Thus, the
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resulting plant-derived shuttle artificial chromosome contains DNA from the bar
gene confering resistance to phosphinothricin. in plant cells, DNA from the .
hygro;nycin resistance gene conferring resistance to hygromycin in plar cells,
both resis‘tance-éncoding DNAs under {he control of a separate sauliflower
mosaic virus (CaMV) 3565 promoter, the attB-promoterlsss zeomycin'resistance—
encoding DNA, and DNA conferring resistance to puromycin under the control
ofa mamm'alian SV40 promoter. Accordingly, the presence of the shuttle PAC
in either a plant or mammalian celt can be sei.ecte;d for by treatment with, for
exampie,. either hygromycin (plant) or puromycin {mammalian).

Because the resulting plant-derived shuﬂ%e‘artiﬁcial chromosoms containg
at least one $V40attP site therein similar to the platform MAC prepared in
Example 19.A. above, a donor vector cohtaining an attB-selectable marker
sequence, such as a plasmid comprising an attBzeo {e.g. pAg2) can be used to
selectively introduce desired heterologous nucleic acids from any species {such
as plants, animals, insects and the like} into the shuttle artificial chrormosome
that is present in a mammalian cell.

Likewise, a plant promoter region, such as CaMVBﬁS,- can be used to
repiace the SV40 promoter in the SV4OattPPur region of the mbdiﬁed pAg2
ptasmid described above. in this embodiment, because the fesuit}ng plant-
derived shuttle artificial chromosome contains at least one QaMVBSSattP site
therein analogous 1o the platform MAC prepared in Example 19.A. above, &
dencr vector containing an attB-selectable marker sequence, such as a plasmid
having attBlanamyocin, or other plant selectable or scorable marker can.be used

to selectively introduce desired heternlegous nueleic acids from any species

{suchr as plants, animals, insects and the like) into the shuttle srifficial

chromosome that is present in a piant call.
Since modifications ‘will be apparent to those of skill in this art, it is

intended that this invention be fimited by only the scope of the appended

claims.
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WHAT IS CLAIMED:

1. A method for producing a plant artificial chromosome, comprising:
a) introducing a DNA fragment into a plant cell, wherein:
the plant cell comprises plant chromosomes; and
' the DNA fragment comprises a sequence of nucleotides that targets the
fragment to the pericentric heterochromatin of a plant chromosome, and the fragment
encodes a selectable marker; '

1) culturing the cell through multiple cell divisions under selective conditions,
which resulis in cells in which the DNA fragment or a portion thereof that includes
the DNA encoding the selectable marker has integrated into the pericentric
heterochromatin of a chromosome and results  amplification of the heterochromatic
pericentric region of the plant chromosome in which the DNA fragment or portion
thereof integrated to produce a plant artificial chromosomes with repeat regions
comprising the pericentric heterochromatin and introduced DNA, wherein:

each repeat region contains substantially equivalent amounts of
euchromatin or heterochromatin;

substantially equivalent means that the repeat regions contains about
40% to about 60% euchromatin or heterochromatin; and the artificial chromosome is
an artificial chromosome expression systern (ACes) or sausage chromosome; and

¢) from among the cultured cells, selecting a cell that contains a chromosome
that comprises the repeat regions, wherein the chromosome is an ACes or sausage
chromosome is predominantly made up of one or more repeat regions and contains
substantially equivalent amounts of euchromatin and heterochromatin.

2. The method of claim 1, wherein the nucleic acid that targets the
fragment to the pericentric heterochromatin comprises rDNA or satellite DNA.

~

3. The method of claim 2, wherein the fargeting sequence comprises
rDNA that is from a plant selected from the group consisting of Arabidopsis,
Nicotiana, Solanum, Lycopersicon, Daucus, Hordeum, Zea mays, Brassica, Triticum
and Ogza.

4, The method of claim 2, wherein the targeting nucleic acid comprises
rDNA comprising a sequence of an intergenic spacer region.

5. The method of claim 4, wherein the intergenic spacer region is from
DNA from a plant selected from the group consisting of Arabidopsis, Solanum,
Lycopersicon, Hordeum, Zea, Oryza, rye, wheat, radish and mung bean.

6. The method of claim 1, wherein the nucleic acid mtroduced into the
el comprises a nucleic acid sequence that facilitates identification of cells containing
the nucleic acid.

7. . The method of claim 10, wherein the nucleic acid sequence encodes a
fluorescent protein.

8. The method of claim 7, wherein the protein 1s a green fluorescent
protein.

9. - The method of claim 1. wherein the step of selecting a cell comprises

sorting of cells into which nucleic acid was introduced.
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10.  The method of claim 1, wherein the step of selecting a cell comprising
an artificial chromosome comprises fluorescent in sity hybridization (FISH) analysis
of cells into which nucleic acid was infroduced.

11.  The method of claim 1, wherein the plant cell is selected from the
group consisting of Arabidopsis, tobacco and Helianthus chromosomes.

12, The method of claim 11, wherein the cell 1s a plant protoplast.

13. The method of claim 1, wherein the nucleic acid introduced into the

cell comprises nucleic acid encoding a selectable marker.

14. The method of claim 13, wherein the selectable marker confers
resistance o phosphinothricin, ammonium glufosinate, glyphosate, kanamycin,
hygromycin, dihydrofolate or suifonylurea.

15.  Anisolated plant artificial chromosome produced according to the
method of any of claims 1-14.

16. A plant cell comprising an artificial chromosome of ciaim 15.

17. A method of producing a transgenic plant, comprising introducing the

artificial chromosome of claim 15 into a plant cell.

18.  The method of claim 1, wherein the nucleic acid sequence comprises
‘heterologous nucleic acid encoding a gene product and the selected artificial
chromosome comprises heterologous nucleic acid encoding the gene product.

19. The method of claim 18, wherein the heterologous nucleic acid
encodes a product selected from the group consisting of enzymes, antisense RNA,
tRNA, rDNA, structural proteins, marker proteins, ligands, receptors, ribozymes,
therapeutic proteins and biopharmaceufical proteins.

20. The method of claim 18, wherein the heterologous nucleic acid
encodes a product selected from the group consisting of vaccines, blood factors,
antigens, hormones, cytokines, growth factors and antibodies.

21. The method of claim 18, wherein the heterologous nucleic acid
encodes a product that provides for resistance to diseases, insects, herbicides or stress
in the piant.

22, The method of claim 18, wherein the heterologous nucleic acid
encodes a product that provides for an agronomically important trait in the plant.

23. The method of claim 18, wherein the heterologous nucleic acid
encodes a product that alters the nutrient utilization and/or improves the nutrient
guality of the plant.

24, The method of claim 2, wherein the nucleic acid comprises plant
rDNA from a dicot plant species.

25. The method of claim 2, wherein the nucleic acid comprises plant
rDNA from a monocot plant species.

26. The method of claim 4, wherein the intergenic spacer region is from
DNA from a Nicotiana plant.

27. The method of claim 4, wherein the tTDNA 15 plant rDNA.

28, The method of claim 27, wherein the plant is a dicot plant species.
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29.  The method of claim 27, wherein the plant is a monocot plant species.
30.  The method of claim 1, wherein the cell is a dicot plant cell.

31 The method of claim 1, wherein the cell 15 a monocot plant cell.
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PLANT ARTIFICIAL CHROMOSOMES, USES THEREOF AND METHODS OF
PREPARING PLANT ARTIFICIAL CHROMOSOMES

ABSTRACT

Methods of preparing cell lines that contain plant artificial chromosomes,
methods for preparation of plant artificial chromosomes, methods for targeted
insertion of heterologous DNA into plant artificial chromosomes, and methods for
delivery of plant chromosomes to selected cells and fissues are provided. In
particular, plant artificial chromosomes tha_tt are substantially composed of repeated
nucleic acid units of varying amounts of heterochromatin and suchromatin are
provided. Also provided are methods of using plant and animal arificial
chromosomes in the production of valuable transgenic plants. Methods for
identifying plant genes encoding particular traits using chromosomes and for
producing an acrocentric plant chromosome are also provided.

{no suitable figure)
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SEQUENCE LISTING
<1310» CHROMOS MOLECULAR SYESTEMS,
Perez, Carl
Fabijanski, Steven
Perkins, Edward

INC.

Chromosomes, Uses thereof, and Methods of Preparing
Chromosones

Plant Artificial

<120
’ Plant Artificial

24601-419PC

<14l
<141l>

<150
<lBlx

Us &l
2001~

<150
<15%i>

us .60
24003~

<160 51

L A0

<210
w21l
- o R212=
- w233

X
11is2
DNA

<220
<Z223= pAgl
<400> 1
catgocasce
atagtgeagt
agtootaagt
gtittagteg
agagegooge
Coaaccaacy
ceggeacoag
acgttgtgac
togeegageg
agaccaccac
agegticocet
tgaagtitgy
teogaccagga
coctgtacey
" gtgeettocy
gooaagayga
Ggaagagato
cteaacegtyg
stefeie s lalal-la el
tgagtazaac
L Batacgoaayg
BIRHROGAECCE
tragtogatt
cogetaacey
- tggoegegact
Lcaaggcag
acegocgace
goeggecittg
gegotggeey
coaggoacty
wgegagghcoe
aagagaasat
geaaggotge

/294,687
05-30

/296,328
06-04

plasmid

acagggtteo
cggettetga
tacgogacay
catazagtay
cgobggooty
aggoeogaasig
gogogacoge
agtgaccagyg
scatcoaggay

geoggocgge

zatcatcgac
coocegoecet
aggoogracc
cgeacttgag
tgaggacgca
acaageatga

gaggeggads

cggctacaty
Litggeegrtyg
agotbgeghbo
gggaacgeat
tograaceca
accgatococa
ttgteggeat
tegtagtgat
cogacttogt
tggtggagact
togtategodg
gatacgagot
cogocygoegy
aggegetgge
gagcaaaagl
aacgttggoc

Nct Yet Assigned
Herewith

Artificial Bequence

cotogygato
cgticagtge
get.googooo
aatacttanyg
ctgggotatyg
caCgLggeeyg
ceggagltgy
ctagacceygee
gecggegcgyg
cogeatggtgt
cgoacocgga
aceeboacon
gtyaaagagy
cgcagogagy
ttgaccgagg
zaccgcacca
tgatogegge
zaatootgge
aagaaacoga
atgoggtoge
gaaggttatc
tetageocoge
gggcagtgce
cgaccgocty
cgacggageyg
getgabtooy
gottaageag
gaegatcaas
geeeatibckt
cacaacogtt
cgotgaaatt
acazacacygc
agectggeayg

FastSEQ for Windows Versicn 4.0

aaagtacttl
agoegtotte
tgeectitte
actagaaccy
cocgegtoag
gotgracesa
ccagogatget
tggececgezyg
gootgogtay

tgaccgtgtt

geggeegega
caggeacagat
aogetgoact
aagtgacgoec
cegacgeocet
ggacggccad
ecgggtacgty
cggttigtet
gogoeogeogt
tgogtatatg

goetgtactta .

gooctgoaac
cgegattgyy
acgatigacc
coooaggeygg
gtgeagoraa
cacattgagy
gocacgogea
gagtecegta
cttgaatcag
aaatcaasac

taagtygcoagg-

acacgooags

gatcocaacco
tgaaaacgac
ctagegbitt
gagagattac
caccgacgac
getgtiitce
tgacoaccta
caccogogac
cetggoagag
cygceggeatt
ggoegesaay
cgegoasgee
gettagogty
caccgagges
ggoggoeges
gacgaaccgt
ttegagecge
gatgecaage
ctaasaaggh
atgcgatgag
accagaaagy
togooggage
cggecgLgog
gogacgtgaa
cggacttgge
goorttacga
tocacggatgg
teggcggtga
tcacgtageg
aaccogaguy
tcatttgagt
cegtoogags
catgasgeyg

cteoocgetget
atgbogcaca
cttgtogogt
gecatygaacsa
caggacttga
gagaagatca
cgeeotyggey
ctactgygaca
cocgtgggoecy
googagticyg
geccgaggey
cgogagotga
catcgotoga
aggcggracy
gagaatgaac
tLitteattac
cegegeacgt
tggeggocty
gatgtgtatk
taaataraca

cgggtoeagge

cgatgtictyg
ggaagatcaa
ggcoatoggo
tgtgtocegeg
catatgggoe
aaggotacas
ggttgocgag
cgtygagotae
cgacgetgeo
taatgaggta
goacgcagoa
gltcaacttte

60

L20

180
240
300
360
420
480

540
600
650
720
780
B4G

300

860

1020
1080
1145
31200
1260
1320
1380
1440
1500
1560
1620 .
1680
1740
1800
18690
1820
1880



WO 62/696923

agbtaccgge
ttaccgaget
atgagtagat
accgacgcog
tgggttgtct
cggtogeaaa
gaagtigaag
tgaateogtgg
cggtgegeeg
gatgctctat
tetgtegaag
egtagaggtt
gatggeggtt
goooggocge
tggeggaaag
tgeccatgeag
ageatigatbt
gatcgageka
gacwgtteoac
ggcacgcoge
cagtggeags
aaatgacety
catgogetac
gatgetaggg
tageacgtac
cocaaageeyg
aggogacttt
ctgtgecataa
gtogetgege
aaaaatggct
actcgaccge
aaaacctcty
ggagragaca
tgacaccagte
gattgtactg
- ataccgeatco
gctgeggega
ggataacgca
ggccgegttyg
acgotcaagt
tggaagctcc
ctttctcoct
gogtgtaggte
ctgegoetta
actggcagos
gticttgaayg
totgctgaag
caccgotggt
atctcaagaa
acgttaagay
atattttatt
etgttettee
gtocgeectg
gatgttgctyg
Tctttaazaaa
gcaatocaca
taagctattce
- cgcatacage
gacgceatoy
gacctitgga
atcataggtg
tocCacoage
tttttegate
tocctotttto
aattcactgt
ttttcaaagt
‘caggcagesa

gaaggateac
gctatetgaa
gzattttage
tggaztgoee
geeggoacty
cecatecoggoee
goegogcady
CAAYCUGoCY
togattagga
gacgtgggoa
cgtgacegac
Loogoaggad
Laoceatctaz
gtgttcogte
cagaaagacy
cgtacgaags
agecgctacsa
gotgatigya
cocegattact
googeaggoa
gecagagagt
ceggagtacg
cgcaacctga
cazattooce
attgoggaace
tacattggga
teegoetaasa
cegtetggoo
teootangoe
ggootacgge
CUGCgLQTRe
acacatgeay
agceegteag
acgtagcgat
agagtgoeacc
aggegotett

‘goeggtatcay

ggazagaaca
ctggeghett
cagaggtgge
cteghgeget

tegagaageg,

gtiogeteca
teogataact

gooactggta

tgotagoeta
ccagtiacch
agcggtogtt
gateootiige
atitigotea
ttcteccoaat
ceogatatoct
cecgetictoe
teteecaggt
tcatacager
teggocagat
gtatagggac
tcgataatcet
gocteactoa
acaggceaget
agtecettbat
ttatatacet
agtittttea
tacaghtattt
Locttaoatt
togegtataa
cgctotgtoa

accaagotgs
tacatoegege
gyctaaagga
catgtgtaga
caatggcact
cggtacaaat
cogoocagoy
ctgatogaat
agoogeocas
coocgogatag
gagotggeya
ocageeggeat
cogaateoat
cacacgtige
acctggtaga
aggccaagaa
agatcogtaan
tgtaccgega
ttthgatoga
aggeagaage
tcaagaagtt
atttgaagga
Logagggeogs
tagoagggga
cazagoogta
acoggteoaca
actetttaaz
agcgeacage
cegoogebta
caggcaatct
atcaaggoac
cteccggaga
gygegegtoag
ageggagtat

atatgeggtyg.

cegettocte
ctragteaaa
tgtgagcaaa
Lecataggor
gazaccogac
ctootgtteo
tggegetitc
agcotgggoty
atcgtcttga
acaggartag
actacggeta
cocggaanaag
LLtttgtitg
cettttcotac
tgcatiotag
caggeottgat
coocthgatega
caagatoaat
cgoegbagga
cgogedgato
cagttatteay
aatccgatat
trteaggget
tgagecagatt
trtocttecay
accggetgte
tageaggaga
attococogtyga
azagataccc
ctaaaacctt
catagtatey
tegttacaat

o -2-

agatgtacge
agotacecaga

ggeggoatgg

ggaacgggeyg
ggaacccera
cggegeggey
goaacgeatc
cogoaaagaa
gggcgacgag
togeaygeate
gotgatocge
ggocagtgty
geaccgatac
ggacgtacte
aacctgeatt
cggecegecty
gagegaaacc
gatcacagaa
teceggeate
cagatggttyg
ctotttcace
ggaggogygy
agratcocogee
agaaggtoga
cattygggaac
catgtaagtyg
acttattaaa
cgaagagetyg
gegteggeet
accagggoege
cctgectogen
cagtecacage
cgggtgttgy
atactggrte
tgaaataceg
gectocactygac
ggcggtaata
aOqyecagcas
cogeeecect
aggactataz
gaccctgoog
toatagetca

togtygcacgaa

ghocaacocg
cagagegagyg
cactagaagg
agtitggtaqe
caagcagcag
ggggtctgac
gtactaaasc
cccoeagtaag
cocggacgeag
aaagccactt
aasagacazgt
Lttasatgga
taagtaaktoc
gtegatggag
ttgtteatet
gotocagacsa
ceatageate
cotcattbty
cattcctteo
tattotoate
Caagaageta
maataccaga
acggagroga
caacatgota

ggtacgccas
gtezaatgage
asaatcaaga

gttggecagy

agegcgagga
ctgggtgatyg
Jaggcagaag
teccggoaac
czaccagatt
atggacgtgy
tacgagette
tgggatiacg
cgggaaggga
aagtictgee
cggttaaaca
gtgacggtat
gggcggecgyg
ggecaagaacc

ggcegtttto

tocaagacga
gtgegecaage
caggotgges
gyttoctdat
aaaggtctet
cggeacecgt
actgatataa
actettaaaa
caaaaagodc
atcgoggcog
ggacaagecy
gegttteggt
ttgtctotaa
cogugtgtegy
azctatgegg
cacagatgeg
tegotgeget
cggtiatoeca
aaggocagga
gacgageatc
agataccagg
ctitaceggat
cgetgtagygt
coeccegtte
gtasgacacg
tatgtaggeg
acagtatttyg
tettgatoeg
attacgegea
gcteagbgga
adtteatcra
tcaaaaaata
aaggcaatgt
actitgeeat
tecteticgg

tgtocttett.

aatteggeta
tgaaagagee
tcatactctt
tecatgeogtt

-atgtectttt
‘aaatataggt

gtatettita
ttagocattt
attatascasz
apavagotit
tettgazacc
coctocgega

PCT/UB02/17451

ggcaagacca
aaatgaatas
acaaccaggc
cotaagegge
atcggogtyga

acctgatgas

caogooccygy
cgcoggoago

ttttegtice:

cegttttoceg
Cagacgayca
acctgotact
agggagacsa
ggcgagroga
cracgoacgt
coegagggtga
agtacatcga
cogacgtact
tetacegeot
tctacgaacy
tgaceggote
cgatcotagt
gtacggagea
ttoctgtgga

acattoggas

aagagasznas
ccogootgge
ctacccttcyg
ctggocogeto
cgcegtogoes
gatgacggty
geggatgeeg
dgcgoagcca

catcagagea

taaggagaaa
coghoegttey
cagaatoagyg
scogtaaaas
acaaaaaboy
cgttioooee
acctgtecge
atcetcagttc
agocogaccyg
acttatogeo
gtactacaga
gtatctgege
geasacaaac
gaaazazagy
acgaazacta
gtaamstata
gctogacata
cataccactt

ctrticacaas 5

getttteegt
cccagttite
agcggetgte
tgatgcacte
cogageaang
caaagtgcag
ceoghtceac
ttteattitc
cgcagceggha
attatttoct
gacgaactoo
ttcasnagtiy
geggtgatey
gatcatcegt



WQ 02/096923

gttteaaacc
tetgeegoot
cgagiggtga
tatattgtgg
tastgtactyg
gttitaggas
ggtertettat
ggaactacteo
ggacggugcy
cogtgotiga
Cargegoacge
. gectecagog
cggggggaga
gggccogegt
cgetecogoa
aagttgacoeg
gectegatog
gagatagatt
Ttecttatat
aghagagata
cacgatgeto
aacgatagne
tgteoctttty
taccectttot
cttggagtag
agacgrggtt
gggaccactg
ttrgtaggty
atggaatceg
gtetbetoag
gttggcaagce
taatgcaget
zatgtgaght
atgttgtgtyg
tacgaattcg
gagtttggac
gatgckbattg

gaactooage:

- toogaageoo
gtootgotee
CogoCoCcac
cgtgg;cacg
ggeeagygry

" gheoecggaco
ggtecagaac
caacttggee
gecaggaatta
ACCaABRTHYC
attgeocrage
aatgecatoa
Cceaargatgy
ctteazagea
agaatatcaa
taatatcgag

Ceagtagaasa
ttocaagatgo
togaaasaga
ctgacogtaag
aaghtoattt
totoctogage
cgacgtotgt
teteggagay
tgegagtaas
‘catcggooge
cctattgeat
tgceccgetgt
goocagacgay

cggcagctta
tacaacggot
ttttgtgeey
tgtasacaaa
aattaacges
ttagaaattt
atgotcaaca
acacattatt
gtaceggoag
agooggeoygc
tegggtegtt
acttcageayg
cgtacacggt
aggogatgas
gacggacgayg
tgottgtete
cacggeggat
tgtagagaga
agaggaaggt
tcacatcaalt
cteghgggrg
tetogittat
atgaagtgac
tgaazagter
acgagagogt
ggaacghett
teggeagagy
ccaccttcot
aggaggtitc
actgiatctt
tgctotagee
ggcacgacag
ageteactea
gaattgtogay
agecocttgact
aaacCacaas
ctttatttot
atgagatcoe
zacottteat

Toggocacga

ggctgotoge
acctecgace
ttgtooggoa
acaccggoga
togaccgete
atggatocag
gatcgacact
tattgagact
tateotgtcoac
ttgogataaa
BOCOOCRSCC
agtggattga
agatacagto
azacctecha
ggaaggtggc
ctetgeegac
agacgtteca
ggatgacgea
catttggaga
tttegeagat
cgagaagtth
cgragaatct
tagctgegeoo
gctoceccgatt
ctoocgeoegt
totaczacey
coggttogge

gttgoegite
ctocoogetga
agctoaceggt
ttgacgeotta
gaattaattc
tattgatags
cabtgacogaa
atggagaaac
gotgesagtoe
cogeageaty
gggcagecey
gtgggtatag
cgachtoggen
ggcgaccteg
ghtegteogte
gatgtagtgg
gtecggooggg
gactggtgat
attecgaagy
ceacttaott
gugmtocake
cgeaatgatg
agatagotgg

castageoct,

cgtgetocac
cttibtccac

‘catcttgaac

tttetactat
¢ocgatattac
tgatattett
aatacgczaa
gtttecogac
traggoacoe
cggataacaa
agagggtega
tagaatgcag
aaccattata
cgegrhbggay
aganggegos
agtgeacgca
cgatotoggt
actoggeogta
ceacctggte
agteogtecte
cggegacghc

attegetca

ctegtetact
tttecaacaaa
ttcatcanaa
ggaasggota
acgaggagoa
totgataaca
tragaagaoe
ggathocatt
zoctacaaat
agtggtecca
agcacgtctt
caatoccact
goacacgety
coggggggge
ctgatcgaaa
egtgettica
gatggtttct
cogaaagtge
geatagggtyg
gtcgeggagg
ceattoggac

-3-

ttoegaatay
cgcogtecey
cggggagoty
gacaacttas
gggggatcotg
agtattitac
acectatagy
tcgagtcaaa
agorygocaga
cogegygggy
atgacagega
agegtagage
gtoccagtogt
coghbecagat
cacteotgeg
thgacgatay
cghegttoty

Licagegtyl.
atagtgggat

tgaagacgty

tttgggacea -
gratttgtasy

geaatggaat
ttggtcttet
catgteatca
gatgcetccto
gatagcettt
outibttgaty
ccttigttga
ggagtagacg
cegectoteo
tggaaagcgy
caggehtitac
tttcacacag
cygtatacay
rgazaaznzat
agetgeaata
gatcatooay
ggtggaatcg
gttgeccggeo
catggcegge
cagetegteo
ctggacegey
cacgaaghed
gegegeggty
agtragtata
ccaagaatat
gggtaatate
ggacagtaga
togticaaga
teghoagaaaa
tggtggagca
asagggotat
geccagatat
geeatcatig
aagatggaco
caaagcaagh
atccttogea
aaatcaccay
aastgagatat
agttcgacag
gettegatgt
acaaagabey

ttgacattgy:

tcacgttgea

ctatggatgc.

cgcaaggaat

catcggtaac

gactgatggg
ttogectgyct

taacacattg
gattttagha
aagatacaaat
aagcctaatt
toteggtgac
aacccaegho
catatocegag
ccacgotaolt
ccagbteooogt
aggegrtgeg
cggcgatgag
gttecctgegy
tgcagacogs
ggcteatggt
cetctocaaa
tgtgegteat
gttggaacyt
ctgteggeay
gtgecaceht
cogaggaggt
gagactgtat

catcaateca

grgggtagay
cctttatoge
aagtgacaga
aaagtctcaa
agagtgtogt
cegogeghty
geagtgageg
actttatgct
gaaacageta
acatgataag
gctttattitg
azcaagttgg
ccggogteos
aaatctogta
gggtcgegea
coggaggogt
aggeccgogoa
ctdatgaaca
cgggagaacc
agoaccggas
azaaagcagyg
caaagataca
gugaaaccto
aaaggaaggt
tgooctotgoe
agaagacgtt
cgacactete
tgagaottin
ctgtaesckttc
cgataaaggs
coraccoacg
gyattgatgt
agacctteck
Letetetota
gaaazagect
cgtctoogac
aggaggaegt
ttatgtttat
ggagtttage
agacctgoct
gategobgey
cggtcaatac

PCTAUSU2/17451

atgagraaay
ctgectgtat
ggtgycagga
cggacgtttt
ctggattttg
acatactaag
cocttatekg

gggeaggace

atgecagtte
cgoctegtge
gaageoatgt
ccgetogtag
tgeettecay
ccagggatag
cteggtacog
cggecatgtee
agactogaga
tgaaatgaac
cecttacgte
chtettbttc
aggeatcetig
cocttttotac
ttocogatat
ctittgatatct
cttgetttga
gtocatortt
azbgatggca

tagotggges

tagocotttg
getoccaccat
googattceat
caacgoaatt
teeoggotogh
tgaccatgalt
atacatigat
tgaasattegt
ggtyygeyas
ggaaaacgakt
geacgtgtoa
gogegaactc
cooggaagbt
cegacacoca
goggtoacgte
cgageceogghce
cggcactgat
cttcaateet
gtotcagaag
cteggattce
ggcacctaca
gacagtagte
cozaccargt
gtctacteca
caacazaggg

toaazagga
aaggotateg
aggagoatcyg
gatatotoca
ctatrataacg
caaabtctate
gaactcaceg
ctgatgeage
ggatabtatsc
cggcactttyg
gagagoetga
gaaaccgaac
gecogatctta
actacatgge

6050
6120
5180
€240
£300
€350
£420
6480
6540
6600
6664
6720
6780
£840
6500
ES60
020
7680
7140
7200
7260
7320
73806
7440
7500
7560
7620
7BBD
TT4AD
7800
7860
7820
7980
BO40
8100
B1s8s
B220
B2B0
B340
B840t
BASG
B520
8580
BE40
8700
8760
8820

‘BBBO

8240
20090
8060
2120
9189
9244¢
2300
gied
5420
o480
954¢
2600
2689
8729
9780
9840
8800
8560
10020



WO 2406923

gtgatttcoat
acaccegtceayg
goeedgaagt
atggeegoat
aggtogoeaa
- acttegageg
geattggtet
gggcgragyy
azatcgocey
gtggaaaceo
atctghegat
ggaattaggy
gtatttgtat
agtactaaaa
ggoegtogtt
tgcagcacat
ttocCaacag
tgtegtttce
cctaagagaa
tecgbttegte

«<2310> 2
<211l> B428
<212> DNA

atgogegatt
tgogtoecgtc
ceggcancts
aacageggte
catecttotto
gaggcatcocg
tgaccaactc
togatgogac
cagaagogey
acguecocage
cgacaagots
ttectatagg
ttgtaazata
tocagatesy
ttacaacgtc
cecoctites
ttgegoagos
cgoecttcagtc
aagagogrth
catergrate

getgateceoo
gecgeaggoto
gtgcacgogg
attgactgga
tggaggoegt
gagottgeag
tatcagagot
gcaatcgteo
goccogrectaoga
actcocgtecga
gagtttetee
gtttegectea
cttctatcaa
cogaatraat
gtgactggga
cecagectggoeg
tgaatggoga
ttaaactate
attagsataa
by '

<213> Artificial Sequence

<2205

<223> pCambia2300 plasmid

<&00> 2

catgecaace
atagtgceagt
agtcoctaagt
gttittagteg
agagegoega
ccaaccaacy
coggraccag
acgttgtoac
ttgcogagey
ACACCACCRT
ageogticoet
tgaagtttgy
togaccagga
cootgtacoy
gtgecettecg
- gocaagagga
 Cgragagatc
ctcaacogtyg
gorggccage
tgagtazang
aatacgcoaag
 &aagacgacca
titagtegatt
-Leogttaaceg
cygegegact
atcaaggoay
accgccgaco
gcggecttig
gogctggeog
ccaggcacty
cgogaggtoo
azgagaaaat
geaaguctge
agttgccgge
ttaccoaaget
" atgagtagat
aocgacgocg

acagggttee
cggchtctga
tacgogacag
cataaagtag
cgctagoetyg
gycegaactg
grgegancge
agtgaccaog
catocaggag
geeggeegge
aatcatcgac
cecooogecet
aggoogracs
cgeacttgay
tgaggacgoa
aceagcatga
gaggrggaga
cggetooaty

tggoegety
agettgegte
gggaacgeat
togeaacoea
cogatecooea
ttgtoggeat
toghaghgal
cegacthegt
taggtggaget
tegbgtegeg
gytacyaget
coycogoos
aggrogotygc
gagoaaaaga
aacgttggee
gdaggatoac
gctatctgas
gaabtttagce
tggaatgocs

coltegggata

cgrteagtags
getgoegaee
aatacttgoy
ctgggetatyg
cacgrggecg
ceggagotgy
ctagaccgow
goocggogegy
cgcatggtgt
cgoacotgga
accotcaccco
gtgaaagagy
cgoagcgagy
ttgaccgagy
HACCHGCACCA
tgatcgeage
aaatottgge
aagaaacoga
atgeggtogo
gaaggttate
totageoege
gagcagtgoe
cgaccgoocy

cgacggage

gctgattecg
gottaageag
ggegatcaza
goecattett
cacaaccgtt
cgcbgaaatt
acasacacga
agocctggoag
accaagotga
racategoge
ggctazagga,
cabgtgtgoa

-

atgtgtatca
togatgaget
atttoggete
oegaggocgat
ggttggctty
gatcgocacy
tggttgacgg
watecoggage
aegatggetg

gugcasagas

ataataatgt
tgtattgage
taasatbtiot
toggegttaz
aascoctggs
taatagogaa
atgcetagage
agtgtttgace
cggatattta

aaagoactitt
agocgtette
tgecotttte
actagaaceg
coogegtcay
getgoacoaa
Lcraggatgot
tgygocogeag
geekgeghtag
tgacogtatt
gcgggegcga
cggracagat
cgoctgeact
sagtgacgcc
cogacgeoct
ggacggecag
cgggtacgty
cggttitgbot
gegecgeogt-
tgegtatatg
gctgtactta
geoctgeaac

wgcgattogg

acgattgace
coocaggogyg
gtygcagoraz
cgeattgagg
gUCatgoygca
gagtcoogta
cltgaatcoag

aaatcaaaad

taagtgcocgg
acacgaoage
agatgtacgce
agctaccaga
ggcggeatgy
ggaacggded

ctygeazact
gatgettigy

caacaatgte

grteggggat
tatggagoag
actoogggog
caatttogat
cgggactgtc
tgtagaagta
atagagtaga
gtyagtagtt
atataagaaa
aatbectaza
tteagateaa
gttaceceaac
gaggrrogea
agcttgaget
aggatatatt
aaagggrgty

gatccaacec
tgazaacgac
ctoggogtitt
gagacattac
caccgacyas
getgtttiee
tgaccaccha
CACCCYCYAC
cctogeagay
cgoogygeatt
ggaUyecaay
cgogacgoo
getiggogty
cactgagges
ggcggoeged
gacgaacogh
ttegageogo
gaigocaago
ctaaazagght
atgegatgag
accagaangy
togoocgggge
cggeegtgey
goegacgtgaa
cagactiggc
geoetkacga
tracggatay
teggeggtga
tcacgeages
aacccgagys
tecatthbgagt
cegteegage
catgaagegyg
ggtacgecaa
gtzaatgagce
aaaatcaadga
gttggoeady

PCTIUS02/17451

gtgatggacy
googaggact
ctgacggaca
tceccaatacg
cagacgoget
tatatgetec
gatgoagett
gggcgtacac
ctegecgata

tgocgacegy
ccecagataag

cocttagtat

-accaasatee

gecttggeact
ttaatocgect
ccgatogoce
tggatcagat

ggegggtaaa
aazaggttta

ctecogeotgotn
atgtégoaca
cttgtegegt
gecatgaaca
caggacttga
gagazgatca
cgrecLggeg
ctactguaca
cegtgggeeg
geoegagttey
geocgaggey
cgogagetga
catcgotoga
aggcggogey
gagaatgaac
ttttcattac
cegogoacgt
tggeggecty
gatgbgtatt

‘taantaaaca

cgggtcagge
cgatgttoty
ggaagzatcaa
ggeeatogge
tgtgtacgeg
catatgygeo
aaggctacas
ggttgoogay
cgtgagotac
cgacgetgeg
taatgaggta
geacgoagea
gtcaacttte
ggcaagacca
azaatgaataa
acaaccagge
egtaagogge

10080
10140
10200
10260
1032¢
16380
10440
10500
10560
10620
16680
L0740
15806

10860 |

10920
10980
11040
11160
11160
11182

1020
1086
114G
1200
1260
1320
1380
1440
1500
1560
620
LeB0
17490
1800
1860
1520
1BBQ
2040
2100
2160
2220
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tgggttgtcet
cggtogeaaa
gaagttgaag
tgaategtgy
cggtgegeeg
gatgctotat
tetgtogaag
cgtagaggtt
gatggoggtt
geeeggreye
-Lggeguaaag
tryocatgoag
agmgttgatt
gategagota
gacggttoac
gocacgooge
- cagtygcage
aaatgacoty
catgogotac
gatgotaggg
tagcacgtac
cocaaagecyg
aggogatitt
ctatogeatas
gtogotgoge
aaaaatgget
actegaccege
azaaccibcty
ggagcagaca
tgacccagte
‘gattgtactg
ataccgeato
getgeggega
ggataacgoa
goccscytty
acgrtocasgt
tagaagectec
ctttctocct
ggtgtaggtc
ctgegeectta
actggeagea
ttettgaay
tetgotgaay
cascgotggt
atctcaagaa
acgtiaagyy
atattttatt
ctgttottee
gtcocegoeetg
gatgttgetg
ctttaasaas
gcaatoccaca
taagectattc
cgeatacage
.. gacgocateg
gacciitgga
ateataggtyg
Ltococaccage
tettttogate

- teoctobttte

aattcactgh
ttttcaaagt
caggragcas
gtttcaaace
tctgeegeet
cgagtagtga
tatattgtgg

geeggoeetyg
coateeggec
gecgegoagg
caageggoeg
tocgattagga
gacgtgggea
agtgaccgac
Locyoagggc
toccatuiag
gtgttoogte
cagaaidigacy
cataograga
agocgrtaca

gcigattoga

ccogattact
gCogoaggea,
gocggagagt
coggagtacy
cgeaacotga
caaattgeco
attgggaaca
tacattgoga
toogectaza
cbgtetagoe
boootacgeg
gygestasgge
cygogcecac
acacatgrag
ageecgteay
acgtagegat
agagtgeacs
aggegetett
geggtatcag
ggaaagaaca
ctggeghttt
cagaggtgdgc
ctegtygcget
togggaagey
gttogeteca
tocggtaact
gecactagta
tggtagoots,
ccagttacct

agoggtggtt

gatccetitga
attirggtos
tretoocaat
cogatateort
cogettotec
teteocagyt
teatacaget
teggecagat
gtatagggac
tegataatet
gcctecactea
acaggcaget
ghoootthat
ttatatacct
agttttttea
tacagtattt
teottgeatt
tggegiataa
cgetetgtea
cogeagotta
tacaacygget
tritglbgoog
tgtaaacaaa

caatggcact
cggtacazat
cogoctageyg
ctgatcgaat
agcecgeooaa

cccgogatag

gagrLgygoga
caggecggeat
cegaatocat
cacacgtige
acctggtage
aggocaagaa
agatcgtaza
tataceogega
ttttgatega
aggcagaage

+teaagaagtt

atttgaagga
tegagggega
tagoagggyga
cadagecsta

accgghacsa

actctttaaa
agogoacagoe
cegeogebhco
caggeaatet
atcaaggcac
ctooccggaga
ggcgegteay
ageggagtgt
atartgoogty
cogetteoto
ctcactecaan
tgtgageaas
toeatagget
gaaaccogac
ctecctgttec
tggcgetttc
agctoggety
atcgbottga
acaggatitag
actacggeta
toggaaaaag
titttghtteg
tetttictac
tgcatbotag
caggethgat
cectgataga
caagatcaatl
cgoogtygsa
ocgoygcggate
cgttattoayg
aatcogatat
tttcagggot
tgagcagatt
ttectteoocay
accggeigte
Lagcaggaga
attcecggtga

aaagataccc-

ctaaaacctl
catagtatceg
teghtacaat
gttgeogtho
ctocegetga
agetgooggt
ttgacgetta

‘Catgtaagty

5.

ggaaccoeca |
cggegeggeyg
geaacgeabe
cogeaaagas
gggeygacgag
tegeageate
gotgateoge
ggccagtgty
gaaccgatac
ggacgtactc
sacchgeate
cggeogectyg
gagcygaaace
gatcacagas
teoooggeate
cagatggtty
ctgttteace
ggaggcgggg
aggateegee
aaaaggtcoa
cattgggaac

acttattaaa
cgaagagetg
gegheggeet
acCagggege
cctgoctoge
cggt.cacage
cgggtgttyy
atactggett
tgaaabtaccg
getoactyac
ggcggtaata
aggocagcaa
coegoooosct
aggactataa
gaccetgeoyg
tcatagetea
tgrgcacgaa
ghocaacecy
cagagegagy
cactagaagy
agttggtage
czagcageag
ggggtctyac
gtactasaac
coccaghtaag
coggacgcag
aaagocactt
saagacaagt
trttazatgga
taagtaatce

gtegatggag

ttghtoatcet
gotaecagoca
ceatageate
cgtcatttit
cattcottec
tattoteatt
caagaagota
agaataccaga

acggageega

caacatogcta
ttecgaatay
cgecgteoeg
cggggagety
gacaacttaa

agooogagga
ctgggtgaty
gagygcagaay
teocrggeaac
csaccagatt
avggacgtog
tacgagectte
tgggattacg
cgggaaggga
aagttctgec
cgghttaaaca
gtgacggtat
gggegaecdd
ggeaagaasc
ggeogtoite
Ctoaagacga
gtgegoaaga
caggehggec
ggticetaat
aaaggtcict

‘eggascccgt -
‘actgatataa

actcitaaaa
cagaaageygc
atogoggeeg
ggacaageog
gegtittoggt
ttobetgtaa
cggytgtogy
aactatgogg
cacagatgcey
togetgeget
cagttateca
aaggcoagga
gacgageato
agataccagy
wttaceggat
cgetgtaggt
cceccoogtia
gtaagacacg
tatgtaggeg
acagtatttyg
tcttgatacg
attacgogea
gctcagtgga
aattocatoea
tcaaaaaata
aaggcaatgl
actbttgecat
tcotetbtegg
gtgtettett
aattegaota
tgasagagoo
tecatactett
Loetgeegtt
atgteotitit
aaatabaggt
gtatettita
ttagcrattt
attataacaa
azaacagettt
tttbtgaaacc
coctecgega
cateoggtaac
gactgatggy
ttggotaget
taacacattg

PCTUSO2/37451

atocggogtga
accbggtgga
cacgooeagg
cgooggoage
cretegtice
cegttitoeg
cagacgugcsa
acetggtact
aggogagacaa
ggogageaga
ceacgoacgt
cegagugtga
agtacatcga
cggrcgtogot
tctacegect
tctacgeacyg
tgategggte
cgatcotagh
gtacggagoea

‘ttootgtagga
acattggyas

aagagazana
coocgectgge
ctaccettog
ctggecgetc
cgeegtegoe
gatgacggtg
geggatgoeey
ggugeagaoca
catcagagea
taaggagaas
cggtcgttey
cagaatcagyg
accgbazaaa
acaaaaatcg
cgtittecoee
acctgtecege
atcoteagtic
agecogaccy
acttatogec
gtyctacaga
gtatctgoge
geaaacasac
gazaAa’agy
acgaaaacka
gtaaaatata
gctegacata
cataccactt
ctttcacaas
getttreegt
cccagttite
agcggctgte
tgatgeacte
cogageaaag
caaagtgcayg
ccoegtteocac
ttteattttc
cgcageggta
attatttect
gacgaachoc
ticaaagtty
geggtgatea
gatcatecgt
atgagcaaag
ctgectgtat
ggtyggcagaa

cggacgtttt

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2880 .

2540
3000
3050
3120
3180
3240
3300
3380
3420
3480
3540
2600
3680
3720
3780
3840
3200
3860
4020
4080 |
4140
4200
4260
4320
4380
3440
4500
4560
4620
4580
4740
4800
4BE&0
4820
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5EBG
8640
5700
B760
5820
5880
5940
6000
6060
61290
&180
6240
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taatgtacty
gttilaggaa
ggtitcttat
gyaactacte
ggacggugcy
ceghgettga
atgogeacge
gecteccaggy
CIYIIIGagR
gaggcecgegt
‘cgctocegea
. azgttgacey
geeteggtgy
gagatagatt
ttccttatat
aghggagata
cacgatgetc
aacgatagoc
tgtecttitg
tacectttgt
cttggagtag
agacgtggbtT
gggaccactyg
tttgtaggtg
atggaatcceg
gtettctgag
gtiggcaage
taatgraget
aatgtgagt,
atgtitgtgty
tacgaatteg
ggcactggee
tegecttgea
tegecettoo
tcagzttgto
ggtaaaccta
ggkttatceog

<210
<213

<212
<213>

3

DNA

<220%
<223x

<300s
<308>
<3069

<406> 3

catggtagat
tgaattagat
- tgcaacatac
gtggcocaaca
tcatatgaag
gaccatotte

- Aagagmorccte

cotoggooac
goaznagasc
goaactegeh
agacaaccsal
ceacatggte
atacaaagct
ccgategtte
cgatgattat
gcatgacgtt

aattaacgec
ttagaaattl
atgotoaaca
acacattatt

gtacocggeay

agocggoege
tooggtogtt
acttoageag
cgtacacyat
aggegatycy
gacgyacygag
tgettgtoto
cacygoggat
tagtagagaga
agaggaagsgt
teacatcaabt
ctogtaggty
tttectttat
atgaagtgac
tgaaasgtet
acgagagtgt
ggaaogtort
teggcagagg
ceaccttect
aggaggttte
actgratert
tgototagec
ggcacgacag
agctcactea
gaattgtgag
agctoggtac
gbcegttttac
geacatoooe
caacagttgo
gttteceges
agagaasaga
rttegtocat

10548

d4-24

ctgactagta
gutgatglta
aoazaactia
cttgtoacta
oogyeacygact
treaaggacy
agtcascagga
aagttgyaat
ggcatcazag
gatcattate
tacctgroeca
cttettrgagt
agecaccace
asacattigyg
catatbaattt
atitatgaga

gaattaatte
tattgataga
catgagcgaa
atggagaaac
cctgaagtcc
cogeoageatrg
gggoagecey
gtgggtgtag
cgactoeggec
ggcgacctog
gtegbecgte
gatgtagtgy
ghoggeegag
gactggtgat
ctitgocgaagy
coacttgett
ggggtocate
cgcaabtgatg
agatagotygg
caatagoeet
cgtgotegoac
ctttttccac
catcttgaac
tttotactgt
cegatattac
tgatattctt
aatacgcaaa
gttiteccgac
ttaggcacce
cggataacaa
coggggatoo
aacgtcgtga
stttecgoecay
goagectgaa
ctecagtttaa
gegbtttatta
tgtatgtg

Artificial Seqquence
plambiali02 plasmid

Genbank #AF2342098
2600~

zaggagaaga
atgggeacaa
ccokbtasatt
ctttotetta
tcttcaagay
aggggaacta
egagettaa
acaactacaa
cczacttcas
ancaaaatac
cacaatbetge
rkgtaacage
aeCaccacca
caatazsagtt
ctgttgaatt
tgggttrtta

-6_

gugggatcty
agtattttac
accctatagg
togagtcaaa
agctgaecaga
cegoggudgy
atgacagogs
agegtggage
gtecagtogh
cegtecacet
cactectgeg
ttgacgatog
cgtegttotg
tteagogtgt
atagtgggat
tgaagacytyg
tttgogacca
gratttogtag
goaatgoaat
ttggtettet
catgttatea
gatgctecte
gatagecttt
cetttrgatg
cotttgtigs

ggagtagacy

cecgectetee

‘tggaaagcyy

caggetttac
ttkcacacay
tetagagtey
ctgggaasac
ctggogtaat
togegaatge
actatcagty
gaataacgga

acttttcact
attttctgte
tatttgeact
tggtgttcaa
cygecatgect
cazgacacgt
gggaatcgat
ctoeooacaac
gACCCgrcan
tecaattgge
cotttogaaa
tgergggatt
cogtgtgaatt
tettaagatt
acgttaagca

tgattagagt

gattitagta
anatacazal
aaccctaatt
teteggtgac
aacccacgtc
catatccgayg
ccacgeotett
ceagtocoegt
aggegttgeg
cggegregay
gttectgogy
tgcagacege
ggcteatggt
coctetocaan
tgtgegteat
gttagaacgt
ctgteggeag
gtgecacctt
cogaggaggt
gagactgtatl
catecaatoca
gteggtgogg
ootttatege
azagligacaga
sazgtotcaa
agagtgrogh
cogogegttg
gecagtgageg
actttatget
gazacageta
acoctgoagge
cotggogtta
agegaagagg
tagageagert
trtgacagga
tatittaaaag

ggagtibgteoc
agtggagagg
actggraaac
tgetittcaa
gaggyalacy
getgaagtca
tteaagdgasy
gtatacatca
aacabcgaag
gatggeectg
gatoecraacg
acacatgges
ggtgaccage
gaatoctgtt
tgteaatanstt
cecgeaatita

PCTIUS02/17431

ctggatittity
acatactang
ccocttatetg

gggcaggace

atgecagtte

ocgeotogtac
gaagocctgt
cegetggtgg
tgcctteoay
ccagagatag
cteggtacog,
cggeatgtec
agactcgaga
toaaatgaac
cecttacgte
cttotitite
aggeatettg
cettttotac
tteoccgatat
ctttgatatt
cttgetttga
gtccatettt
aatgatagea
tagctgggca
tagcecotttg
gcteecacceat
geogatteat
caacgceaatt
tecggcteogt
tgaccatgat
atgoaagett
ceocaacttaa
cecgcasoga
tgagottgga
tatattggcg
ggegtgaasa

caattcttgt
gtgaaggtga
tarctgtice
gatacecaga

tgraggagayg

agtitgaggs
acggaaacat
tggocgacaa
acggoggegt
tocttitace
Aazaagagaga
tygatgaact
togaattteo
gecggtettg
aacatgtaalt
tacathtaat

6300
E360
6420
65480
8540
8500

EG&0
6720
6780
5840
ESG0
6360
7029
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
TEBD
7740
7800
TBEO
7920
798G
B040
8100
Bi&0
8220 .
B280
8340
8400
8428

60
120
180
240
300
360
420
480
540
600
660
720
780
B840
5090
9560




WO 02/096923

acgegataga
ctatgtiact
cctaagagasa
teogttogte
trtgatccaac
tetgeaaacy
Looctggogtt
cggagacatt
agcaccogacg
aagctgtttt
- ¢ttgaccace
agoaccegey
ageectggeag
ttogeacggea
gaggeogeca
atogogoadg
ctagcttggey
coccaccgady
cEggeggceg
aggacgaacc
tgttocgagee
ctgatgooaa
gtctaaaaag
tgatgegatyg
tazcragaaa
agrogeegygg

ggeggecgtg:

cogegacghg
gycggactty
aageeettac
aotcacggat
catcggeggt
tatcacgeay
agaacregay
actcatttoa
ggoogtoega
gocatgaage
gecggtacgee
gagtaastga
aoazaatcas
cgghbggroea
caagoccgag
cgetgggtaa
togeggcaga
aatocecggoa
agcaaccaga
teatggacgt
gotacgagot
totgggatta
actgdgaagy
tcaagttotg
trougttaaa
tgotoacggt
cogggeggeo
Caagooaagas
tcggeogttt
tgtteaagac
cegbgogeas
ggcaggetyg
coggttecta
gaaaaggtct
acocggaacco
tgactgatat
zaactcttaa
tgeanasage
ctatogogge
geggacangc

apacaaaata
agatogggaa
zagagoghtt
catttgtatg
cectoogebg
acatgtegea
ttcttgtege
zogocatgar
zecaggactt
cogadaangat
tacgcoetgg
acvctactgga
agcogtgyge
ttgcegagtt
aggcceegagy
coogogagot
cgeatogote
cecaggtggcy

-cogagaatga

gtittteatt
gooegegeac
getggeggeo
gtgatgtgta
agtazataaa
ggrgggteay
geogatgtbe
cgggaagate
aaggeratoey
getgtgtecyg
gacatatggy
ggaaggctac
gaggttgooy
cgegtygagot
ggcgacgcty
gttaatgagy
gogCeargeay
gagteaattt
aaggcasgac
gezaatgaat
gaacaaccay
ggcgtaageg
gazteggogt
tgacetggty
ageacgooeg
ACCgrogaca
ttetttegtt
ggeegtttte
toccagacgas
cgacctggta
gaagggagac
coggrgagoe
caccacygcac
atocogagggt
ggagtacatc
ceoggacgtyg
tctotaccge
gatotacgaa
gotgateggg
ceogatoeta
atgtacggag
ctttectytyg
gtacattgoyg
agaagagaaa
aacccgectg
gactaccott
cgetggeoge
cgegeegtey

taccgegeazn
ttaaactate
attagaataa
tgcatgeeaa
ctatagtgea
czagtectasn

gtgtiotbagh-

caagagegeo
gaccaaceaa
caccggcaco
cgacgttgtyg
cattgoogayg
cgacaccaca
cgagogttee
cgtgaagitt
gategaccay
gacectgtac
cggtgoctte
acgooaagag
accgaagaga
gtoteaaceg

tggeoeggeca.

tttgagtaza
caaatacgca
graagacgac
tgttagtoga
aaccgotaac
geoggegega
cgatoaagus
ceaccgacga
aagogogectt
aggcgetgge
acccaggeac
cococgegagygt
taaagagaas
cagcaaggcet
tcagtigesg
cattaccgag
azatgagtag
goacegacgc
gctgggttgt
gacggtegca
gagaagttga
ggtgaategt
geCcggLgege
cegatgetet

cgtectgtoga

cacgtagagy
ctgatgacgy
aagoocggee
gatyggoggas
gttgecatgo
gaagecttga
gagatogage
ctgacagtic
chggeacgoec
cgeagtagoa
tcaaatgacc
gtcatgeget
cagatgctag
gatageacgt
BACCCaRAAYT
saaggogatt
geccoctgtgeat
cggtegetgo
tcaaaaatgg
coacteogace

7

actayggataa
agtgbtigac
cggatattta
coacagugtt
gteggettob
gttacgegas
cgeatanadgt
geogotagoo
COgggoCgaac
aggCgagacce
acagtgacca
cgceatécagy
acgeoggeeg
ctaatcatog
ggoccuegaa
gaaggecgea
cgegeactig
cgtgaggacy
gaacaagrat
togaggeygga
tgoggetygca
gettggoege
acagettgesg
agaggaacge
catogeaace
ttcogaboee
cottgtegyge
cttogtagry
agecgactto
cctggtggag
tgtcegigtcg
cgggtacgay
tgecgaeegoed
coaggegcety
atgagcasaa
geaacgtiag
gecggaggate

ctgetatcery

atgaatttta
cgtggaatge
ctgeeggeoe
aaccatoegy
BgYCogogca
ggcaagegge
cgtbcgattag
atgacgtgog
agoghoacey
trtoogragy
cLoocooatet
gegtgbiceg
ageagaaaga
agcgtbacgaa
trtagoogeta
tagetgattg
acooogatta
gogoogeady
gegecggayga
tgocggagta
agegeaacct
gygcaasattge
acattgogas
cgtacattgy
ttteceogoeta
aactgtctgg
gotecctacg
atggcetacy
geeggeygeco

attategege
aggatatact
aaagygegtg
cooectoggga
gacgttcagt
aggotgooge
agaatacttyg
tgotgggeta
tgcacgogge
gcocoeggaget
ggctagaccyg
aggooegaegc
googeatggt
BCCYCACCTY
ctaccotcad
cogtgasags
agcgeagega
cattgacega
gaaacogeac
gatgatecgeyg
tgaaatectg
tgaagaaace
tcatgegote
atgaaggtta
catctageoc
cagggcagty
atcgacegec
atogacygay
gtgetgatre
ctggttaage

cgggogatca-

ctgeacatic
ggcacaaceg
goegelgaaa

gcataaacac

ceagestgaa
acaceaagct

ezatacatege

geggeiaaayg
cecatgtoghbyg
tgraatggos
cecogghtacas
ggoogoocay
cgoigategs
gasgocgrad
caceogogat
acgagctgge
gecggeegge
aaccgaatec
tooacacgit
cgacetggta
gRaguccaasy
caagatogta
gatgtaccgc
ctttttgate
caaggcagaa
gttcaagaszy
cgattbgazy
gategaggac
cotaguaggy
cocaaagecdg
gaaccggtea
zaacteottta
cgagoegeaca
cooegueget
gecaggeaat
acatoaaggc

PCTAUS02/1745]

geggtgtoat
ggcgggtaaa
azaagutita
tcasagtact
goageeghet
cotgecctit
cgactagaac
tgceocgogt.e
cggetgeaco
ggccaggaty
coctggecege
gggectgogt
gttgacogty
gagecgggoge
cocggoacag
ggcggctgca
ggeagtgacg
ggoocgacgee
caggacgges
goegggtacy

geoggtttat

gagogeogod
gectgegtata
togetgtact
gegeectgea
coegogateg
cgacgattga
cgceaeagye
cggtgoagoc
ageogeattga
aaggeaCgey
ttgagtoecg
ttettgaata
trazatczas
gctaagtgeo
agacacgcea
gaagatgtan
goagctacea
gaggcggeat
gaggascggy
ctggaaceoe
atocggegeay
cggcaacgoa
atccgeaaag
aagggegacy
aghogeagea
gaggtgatco
atggcoagtg
atgaaccgat
goggacgtac
gaaaccigea
aacggCeges
aagagogasa
gagatcacayg
gatcorggca
groagatagt
ttetgtttea
gaggaggcygg
gaagcatoecy
gaaaaaggte
tacattggca
cacatgtaay
szactiatts
googaagage
tegoghogge
ctaccaggge
accoctgocte

1020
1080
1140
1260
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800

1869
1920
1980
2040

2100

2160
2220
2280
2340
2400
2460
252¢
2580
2640
2700
2760
2820
2880
29490
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3500
3960
4020
4080
4149
42090
2260
4320
4389
4449
4500
4560
4620
4680
4740
4800
4860
4520
£980
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gogogtiteg
gettgtotgt
- dgegggtgte
ttaactatae
cmcacagaty
actegotyeyg
tacggttate
aaaaggooay
ctgacgagoa
aaagatacca -
‘cgottacegg
cacgeigrag
azcoceocogh
| gggtaagaca
ggtatgtagyg
goacagtatt
gcotettgate
agattacgey
acgctcadgtg
acaaticate
agtcaaaaas
T agaaggcaat
tactttgee
gttcctotto
gagbtgtotio
ccaattegge
egtgaasgay
cttcatacte
catcatygceg
teatgtoett
ttaaatatay
cogtatettt
fEttageoat
taattatazc
gaaaacaget
gattttgaaa
Lacccteoege
. ageatcoggta
Ccggactgatg
" tgttggetgy
- Bmarascacat
tgoattttayg
acaaatacasa-
ggaaccotaa
gtegategac
gegtoeggtbt
teotgogggey
togacoctae
gtocaagacea
cotoogoutoy
gatgttageg
tgttatgecag
ceggactteg
egoadtgacg
geatatgaas
ceoegotoghco
tagaacageg
 amagatocasn
gagogeggcc
getatttace
ttegeocooctoo
ctogacagac
gagagetoga
aatgaazatga
atgeceottracy
gtottetitt
agaggcatet

ghgatgacgg
aagoggatgce
cgggegrage
ggcatcagag
cgtaaggaga
cteggtogtt
cacagaatca
gaaccgtaaa
tcacaaasat
ggegttteecs
atacetgtoes
gtatcteagh
teagocogas
cgacttatog
cggtgetaca
tggtatectge
cggcaaacas
cagaagasaa
CRACTRALAT
cagtaanatsa
tagctegaca
cgtcataceac
atettteaca
gogettiteo
ttccecagttt
taagcggetg
ceotgatgeac
ticcgagraa
ttcaaagtge
ttoocgttec
gtittcatitt

tacgoagegg

trattattte
aagacgaact
ttttezaagh
cogoggtgat
gagateatec
acatgagoaa
ggorgeotygt
ctggtggcag
geggacgtt
tactggattt
atacatacta
tteceettate
agatccggte
ccactategg
atttgtgtac
goeccaagety
atgcggageca
aagtageogeg
accteghait
cecatbtgtoog
gggeagtoct
gtgtoegtoca
teacgocaty
tggctaagat
ggcagttoay
taggtcagge
gatgcaaagh
cgcaggacat
gagagetgea
gtogeggtga
gagagataga
acttecttat
teagtggage
tccacgatge
tgaacgatag

tgaaaacctc
cgggageaga
catgacccay
cagattgtac
zaatacegea
cggotgogge
ggggataacg
aaggergegt
cgacgctcaa
cctagaaget
geettbotes
teggtgtagy
cgetgegeot
cractggoag
gagttcttga
gctetgetga
accacogetg
ggatchcaag
teoacgttaag
tmatatttta
tactgttett
ttgtcogeee
azgatgttge
gtctttaaaa
togecaateca
toetaagctat

‘toegoataca

aggacgocat
aguacotttg
acateatagy
tctoocaaca
tatttttega
cttocetettt
Ccaattoact
tgttttcaaa
cacaggeage
gtgtttcaaa
agbtctgcorge
atcgagtagt
gatatattgt
tttaatbgtac
tggttttagg
agggtttett
tgggaactac
guecatctact
cgagtactee
geegacagt
cateatcgaa
tatacgoceg
tetgetgete
gagaatocce
tcaggnecatt
cggoocaaag
tcacagtttg
tagtgtattg
cggocgoags
ttteaggcag
tcteogetaza
gecgataaac
ateccacgcce
tocaggtogyga
gttcaggett
titgtagaga
atagaggaag
tatecacatca
tectoghbaggy
cetitecttt
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tgacacatgc
caagoeegte
toacgtageg
tgagagtgca
toaggegete
gagoggtate
Cagdgaaagas
tgetggegtt

gteagagghy

cecotegtgeg
cttegocaag
cogtbogete
tatcoggtaz
cagecactag
agtggtyggee
agoragttac
gtagoggtay
aagatccttt
ggatitttggh
ctttetoceca
ccoogatate
tgeogetict
tgtctoccag
aatcatacag
categgocag
togtatagoy
goctegataat
cggcecteact
gaacagygcay
tggtcetttt
gottatatac
teagttttrr
tctacagtat
gttcettgea
gttggegtat
aacgeketgt
creggraget
cttacsacog
gattittgtge
gotgtaaaca
tgaattascg
aattagaaat
atatygetean
teacacatta
ctattitettt
tacacagooa
cceggcteog
artgregtea
gagregrygge
catacaagoe
gaacatcgea
gttggagcoy
carcagctea
coaghtgatac
accgattect
gatogcatog
gtectigoaac
cteccoaaty
atazagatcot
teetacateg
gacgaetgbteg
ttteatatoh
gagactggty
gtcttgcgaa
atecactige
tgggggtcca
atogeaatyga

agetocegga

agggegogho
atagcggaygt
ceatatgeyy
ttscgotte
agotragtes
catgtgagea
tittocatagy
OCgaRACTCY
ctotecotgtt
cotggdgett
caagotogye
ctatcgtett
taacaggatt
taactacgge
cttoggazaa
ttttttigtt
gatcttttck
catgeattet
atcaggeotig
ctecctgate
cocaagatca
gtcgoegtog
ctegogogoa
atcgttatte
acaatcegat
ctttteagaoy
catgagcaga
ctttectice
ataccggetyg
attagcagga
caattooggt
ttaaagatac
tihctaazace
aacatagtat
catoegbtaca
tagttgecogt
cteteceget
cgagetgooy
satbgacget
cogaattaal
ttrattgata
cacatgagey
ttatggagaa
gooctoggac
teggtocoaga
gatcggacga
accaagetot
gatoctgeaa
aaccacggec
toegetecagt
aagtoogegt
tegagageot
acatggggat
tgeggtecga
atagectoog
gtgacaccct
Loaageagcht

toatagaaac
aagetgaaag
aacttttcga
cattgeoceooo
atttcagogt
ggatagrgay
ttigaagacy
tetitgggac
togecattiot
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gacggteaca
agecgggtgtt
gtatactgge
tghgaaatac
togeheacty
aaggcgatas
aaaggccage
choognesce
acaggactat

‘cogacactye

toteataget
tgtgtgoacy
gaghocaace
agcagagcega
tacactagaa
agagtiggta
tgeaagoage
acgggghotg
aggtagtaza
atcoceagta
gaccgygacygc
ataaagerac
gaaaagacas
tetttasatg
agtaagtaat
atgtegetogg
ctttgttoat
ttgeotegage
agcocatagoa
tocgteattt
gacatteoctt
gatattectea
cooaigaage
ttaaatacca
cgacggageo

-atcaacatge

tottocogaat
gacgooghoe
gLeggggage
tagacaactt
tegggggate

‘gaagtatttt

aaaceotata
actogagett
gagtgoiggg
cggeecgegot
ttgegtegea
gatagagttyg
gcteegyatyg
tcocagaagaa
caatgaccge
goacgaggty
gegoegacgga
cagoaatoge
atggogocygaa
cgacogghty
gtgracgged
ceggaztogg
categgegea
cacgagatitc
Tcagaaactt
coggatetgo
gtectetoea
attgtgegto
tgottggaac
cactgtogge
aggtgocace

5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
€000
6060
8120
5180
5240
£300
6360
6420
6480
£540
6600
6660
&§720
57860
&840
6500
§860
7020
7080
73140
7206
260
7326
7380
7448
7500
7560
7620
7680
7740
7800
7860
7920
7880
B040
8100
2260
8220
8280
8340
8200
B£60
8520
8580
8640
B700
8760
8820
8880
5940
3000
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Etcetbttihet
gtttoocogat
atectttgata
cacttgettt
gagtceatat
gogatgatgy
gatagotogy
astagcoett
gtgetecace
" tggecgatto
L egeaacgcad
ctihécggete
tatgaceaty
geatgoaage
taceceanctt
ggtocgoace
ettgagertg
tcagatagay
cttacgacto
ctacteocaan
acaaagggta
tgtgaagata
ggecategt
gagcatcegtyg
tatctcoccact
Tatataagcga

<2i0> 4
<21l> 33
<21Z> DNA

actgtceoottt
attaccctte
ttotiggagt
gaagacgtygg
ctgggaseac
catttgtagg
caatggaatc
tggtottetg
atgttggcaa
attaatgcay
ttaatgtgag

gtatgttgtg

attacgaatrt

tragcactag

aatogoecttg
gatcgooett
gatoagattyg
gacotaacayg
zatgacaaga
aatatoasag
atatccggaa
gtoggaaaagg
gaagatgcct
gaaaaagazy
gacgtaaggyg
agttcattsc

tgatgaagha
gttoaassgh
agacgagagt
ttgygaacgtc
tgtegacaga
tgccacctto
cgaggaggtt
agactgtate

gotgetetay

chogracgac
trageteact
tggaatrgtyg
cgageteggt
cogtogtitt
cagcacatec
ccoaacagtt
teghttoecg
zactogoegl
agasaatctt
atazcagtcto
acctcotogg
aaggtggcte-
ctgeogacayg
acghiccaac
atgacgeaca
atttggzgayg

«213> Artificial Segquence

<220>

<223»> CaMV25SpolyA Primer

<&00» 4

-9-

acagatagcet
ctocaatagee
ghegtgotoe
tteoktittes
ggecatcttga
cttttctact
tocegatatt
tttgatatite
ccaatacgea
sggtttoceg
cattaggcac
agcgoataac
accoggggat
acagcygtegt
coetticges
gegoagocty
cottecagtet
saagactygo
cgteaacatyg
agaagaccas
abttcroattge
ctacaaatge
tugtocecaaa
cacgiottca
atcccactalt
azcacgggay

ctgaattaac goocgaatiaa titegggggat ctg

<210> 5
<211> 29
<212> DWA
<213>

<220>
<223>

<400> 5

CaMV3ISSpr Primer

Artificial‘séquence

ctagageagc ttgecaacat ggtggagéa

«210» 6
<21l>
<212>
<213>

DA

T mB20>

<223> pAgZ
<4Q0> ©

gracygaagasa
- googetacaa
- ctgattggalt
ccgattactt
cogoaggoaa
coggagagtt
cggagtacga
geaacctgal
aaattgecct

12592

Plasmid

gUCCARYRRT
gatogtaaag
gtaccegegag
tttgatcgat
ggcagaagec
caagaagttc
titgaaggay
cgagggogasa
agcagggygaa

Artificial Ssguence

ggcegectgy
agcgaazcoy
atcacagaag
cocggeateg
agatggttgh
tgtittoacey
gayggcgggde
geatcogeeg
aaaggtcgaa

tgacugtate
ggcggetgga
graagaaces
geegttttet
tcaagacgar
tgogcaagetr

aggctggece.

gttectaatg
aaggtctett

ggocaatgga
ctitggtcett
asccabgtial
acgatgeboe
acgatagoct
gtoctttiga
acpottbgtt
trggagtaga
aaccgectot
actogaaayge
cocaggettt
aatttecacac
cetctagagh

gactgggaaa

agetggegta
aatggegaat
agectteatyy
gaacagtica
grggageacy
agggraattg
ceagetatct
cabcattgeg
gatggacoes
aagcaaghay
cctteogeaag
actottaac

cgagggtgaa
gtacatoegay
ggacgigetyg
ctaccgecty
ctacgaacgc
gatcgggtca
gatoctagtc
tacggagcag
tectgiggat

PCT/US62/17451

atcogagaag
ctgagactat
cacatcaate
tegtoggteg
ttoctttate
tgaagtgaca
gaaaagioto
cgagagtgte
coecgoagoegt
ggucagtgag
acactttatyg
aggaaatago
cgacctgeag
accoctgoegh
atagogaaga
gotagageay
agtcaaagal
tacagagtet
acacactigt
agactittea
ghcactittat
atzaaggasa

cacccacgag:

attgatgtyga
accctteocte

geecttgatta

atcgagetag
acggtticace
goacgecgeg
aghggragey
aatgacctygc
atgeogctace
atgetaggge
agcacgtaca

8060
2120
8180
9240
2360
2360

5420

2480

5540

5600
8660
8729
2780
9840

8800

8960

10020
10080
10149
10200
10260
1032¢
10380
10440
105900
10h4as

23

29

&0

120
1BG
240
300
360
420
480
540
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ttgggaaces
acattgygas
. cegectaaas
tgtctggeea
coctacgees
geoetacggoe
ggcgeccaca
cacabtgeage
gecogtoaygy .
cgtagogata
gagtycaccs
ggcgetotto
cggtatoage
gazagaacat
tggogtittt
agaggtggcg
_togtgegoto
cgggaagogh
ttogoctccaa
ceggtaacta
coactggtaa
ggtggectaz
cagtiacett
geggtggrtt
atcotttgatb
trttggteat
teteecantc
cgatataecte
cgettetoos
ctoocaggto
catacagete
cggocagatc
tatagggaca
cgataatott
cotcactcat
caggeagcett
tococtttata
tatatecett
gtrtrtteaa
acagtaitta
cettagcattc
ggegtataac
getotgtoat
ggcagettag:
acaacggetc
ttigtgocga
gtaaacazar
attaacgeeg
tagaaatttt
Cgoctcaacac
cacattatta
taceggeagy
goocggocogcce
‘cgggtogttg
cttcagoagg
gtacacggtc
ggcgatgoeoy
Bougacgagy
gutigteteg
acggeggaty
gtagagagag-
gaggaaggtc
cacatcaatc
togtaggtoy
tteetttate
tgaagtgaca
gaaaagtotc

anagoogtad
coggtcacac
ctctttaaaa
gocgcacagoen
cogocgetteyg
aggoaatata
tcaaggrace
tecoggagas
gogogtoage
goggagtgta

catgoggtat

cgettectog
tcactceaaay
gtgagcazaz
ccataggete
aaaccogaca
tocctoattoeg
ggogottthet
goctgggetgt
tegtettygay
caggattagc
ctacggctac
cggaaaaaga
ttttgtttge
cttttctacg
geattctagy
aggcttgate
cctgatogac
zagatcaata
googtgggas
gegeggatot
gttatteaogt
atcegataty
ctocagggett
gagcagatty
tecttecage
coggotgtee
agcaggagac
tteeggtgat
aagatacccce
taaaaccitta
atagtatcga
cgttacaatc
ttgecgttet
tecogotgac
gotgecggte
tgacgettag
zattaattog
attgatagas
atgagcgaaa
toggagaaact
ctygaagtora
cgcageatge
ggeageesdsa
tgggtgtaga
gactcggoeg
gegaacctogo
tegtecgteo
atgtagtggt
toggcoggge
actggigatn
tigoegaagga
cacttgecttt
gggtocatet
gcaatgatoy
gatageotgygy
aatagocooett

attgggaacc
atgtaagtga
cttattaaaa
gaagagetge
cghoggecta
coagggegeg
ctgootogeg
ggtoacaget
gagtgttgge
tactggetia
gazatacoge
cteoactgact
goygtaatac
ggccagcaaa,
cgooeoectyg
ggactataza
acoetgeoge
catageteac
gtgecacgaac
tocaaccogg
agagrgaggt
actagasgga
gttagtaget
aagoagcaga
gggtctgacy
tactaasaca
ccoagtaagt
cggacgeaga
aagocactta
sagacaagtt
thaaatggag
aagtaatcoa
tegatggagt
tgbtcatctt

ctecagacat

catagoatca
gteattttta
attoctteoy
attecteatte
aagaagotas
aataccagaa
cggagroogat
aatabtygetac
tecgaatage
gecgtoccgy
ggggagetgt
acaacttaat
ggzgatctgg
ghattttacsa
coctataggs
cgaghcaaat
gctgecagaa
cgegagages
tgacagegac
gegtyggagoo
tecagtegta
egtecacote
actecctgegg
tgacgatggt
gtegttetgy
tcagogtgre
tagtgogatt
gaagacgtgg
trgggaccac
cattitgtagy
caatggaatc
tggrcttetg
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ggaaccogta
ctgatataas
ctcitaaaac
2aaaagogec
tegeggecyc
gacaagoege
cgttioogty
totctgtaag
gggtgtceygg
actatgcgge
acagatgogt
cgctgogoete
ggrtatecar
aggocagygas
actgagcatcea
gataccagge
ftacrcggata
agctgtaggta
coocoghtos
taagacacga
atgtaggegg
cagtatticg
cttgatcogy
ttacgegeag
ctcagtyggasz
attcateooag
casazaatag

aggeaatgta

ctttgoecatc
ectottoggy
tgtecttette
attoggetasa
gaaagagoot
catactctto
catgecgtto
tgteetttte
zatataggtt
tatottitac
tageecatitta
ttataacaag
aacagotttt
tttgaaaceg
coteegegag
atcgataaca
actgatgygas
tgactggcty
aacacattge
atttragtac
aatacaagta
accctaatte
ctogatgacy
acccacgtea
atatocgage
cacgetottyg
cagtcoegte
ggegttgegt
ggcgacgage
toectgogge
goagascges
goeroatggta
ctetecaanat
gtgegteate
ttaggaacgte
tgtcggoaga
tgcecaceotte
cgaggaggtt
agactgtate

cattgggaac
agagasaaaa
cocgectggoes
taccetitcoug
tggcecgcatca
gCogLCcgoca
atgacggtga
cggatgeogy
goegeagocat
atcagagcag.
aaggagazaa
ggtogttogg
agastcaggy
cegtaaaaag
camaaatcga
gtttecceot
cetgtecgec
tetecagbtcg
geocogassgo
attatcgeooa
tgctacagag
tatotgegeot
casacaaact
aaaazaagge
cgaaaactca
taaaatataa
ctegacatac
ataccacttyg
tttcacaaag
crttieegte
ccagittteg
gecggetgtet
gatgeagtce
cyageaaadyg
aaaghgeagyg
cegthecaca
ttoattitet
geagoeggtat
ttatttecett
acgaactooa
tcazagttgt
cogtgatcac
atcatcogty
tgagcaaadt
tgectgtate
gtggraggat
ggacgttttt
tggattttgg
catactaagyg
cettatetay
gygcaggaccyg
tgccagticc
geectogbgea
aageoctgtyg
cgctggtgge
geecticoagg
cagggatagce

tooagracgga

ggcatgteocg
gacttbegagag
gaaatgaast
cottacygtes
LTotttttec
ggcatcttga
etttietact
toocgatatte
tttgatatic
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ccaaageegt
googatttit
tgtgecataac
tegetgegeo
aaaatggoty
ctegacegec
aaagehctge

gagoagacasa’

gacaecagtca
atrgtactga
tacegeatea
ctocggegag
gataacgcoay
gergegttge
cgcteaaghc
ggaagotoce
tttotecctt
gtgtaggtey
tgegeettat
ctggecageag
Ctettgaagt
ctgcktgaage
acogctygota
tetcaagaagy
cgttaaggga
tattttattt
tgtitctteee
teecgoeetge
atgtibgcogt
tttaaaaaalt
caatooacat
aagctattey
goatacagot
acgecatogg
accttiggora
teatagghgg
coracraget
tttitogatea
¢ceteotetiet
attcactgtt
tttcaaagtt
AQUCAYCRAC
tttcaaacce
ctgcogectt
gagtggtgat
atattgtowt
aatgtactga
ttttaggaat
gtitottata
gaactactcoa
gaegugggcIg
cgtgctigaa
tgegeacgot
cotocagags
ggggggagac
ggoeegegta
gorecegeay
agttgacegt
cochocggtggo
agatagattt
tecttataka
gtggagatat
acgatgotoo
acgatageot
gteettitga
accettigit
ttggagtaga

600
660
720
TEBO
840
900
9860 .
1020

1086
1140
1200
1260
1320
1380
1440
1500
1580
1620
1680
1740
1800
1BS0
1520
1980
2040
2100
2160
2220
2280
2340 -
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3050
30680
3120
318G
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
2900
3960
4020
4080
4140
4200
4250
4320
4380
4440
4500
4560
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cgagagtgbc
gaacgtoettc
cggcagagge
- cacctteott
ggaggtibeoe
ctgtatctit
gchectageoa
gracgacagy
gcicactoat
aattgbgagc
goettgacta
zaccacaact
titatttgta
tgagatecec
acctiteoata
cggocacgas
grtgotogeo
celccgacea
tgtcocggeas
caccggegas
cgacogoeted
‘tggatcocaga
atcgacacic
attgagactt
atctgteact
tgcogataaag
cocoaacora
gtggattgab
gatacagbot
aacctectoy
gaaggtggea
. bergeegaca
gacgttccaa
gatgacgeac
atttogagag
ttogeagate
gagaagtttc
gaagaatcte
agotgogooy
cltceegattco
tooogeoogty
ctacaaccgg
gagttoggee
tgegegattg
gegteogtog
cogcaccteg
acagegatca
atcttettct
aggeatcogg
gaccaacteth
cgatgegacy
agaagcegegg
CgeeCccagos
gacaageteg

Trtectatagyy

rgtaaaatac
cCcagatooce
tagaacgtcg
- caeetticge
tgegeageot
goettocaght
agaattaagy
tygaactgac
tgagctaage
atcagetage
gtatccaatt
atcgaatted

atgctocace
tttrtocacy
atctigaacy
ttctactgtc
cgatattaceo
gatattottrg
atacgoaaac
ttteocogact
taggraceac
ggataacazat
gagggtegac
agaatgeagt
accattataa
gegetugagy
gaagygoggcg
gtocavgoag
gatctogate
ctcggogtad
cacchgygtec
gtcgtoctee

ggcgacgtey

tttegotoas
teogtetacto
ttcaacaaag
tcatcazaag
gaaaggetat
cgaggageat
gtgataacat
cagaagacca

.gattccattg

cctacazatg
gtggkoccaa
ccacgtcttc
aatccoacta
gacacgehyga
cgggggEyca
tgatoegaaaa
gtgoetibcag
atggttbtota
cagaagtget
cacagagtgt
tegocggagge
cattcocggace
ctgatceoca
cgcaggetet
tgcacgoegga
ttgactggag
ggaggocgig
agettgcagy
atcagagett
caatogtocog
cogtotggac
cteghecgag
agttteotoca
tricgeotoat

totatcaat
cgaatraatt
tgactygyggaa
cagetggogt

gagtggegaa-

Lggggatect
gagtcacgtt
agaacrgeaa
acatacghca
aaatatttot
agagbckhcat
cgoggoCgod

atgttatcac
atgetocteg
atagececttte
cttttgatga
cttigtigaa

‘gagtagacga

cgoetctoee

‘ggaaagcggg

aggetttaca
ttcacacagg
ggtatacaga
gaaaaaarig
gctgeaataa
atcatecage
gtggaatcga
ttgeoggecg
atggeoggec
ageteghecs
tggacsgoyge
acgaagh.coc
cgegoggtga
gttagtataa
caagaztate
gotaatatog
gacagtagzaa
cgttcaagat
cotygunanan
ggtygageac
aagggctatt
cceagekbate
ccatcattge
agatggaccco
aaagceaagtyg
teettegeaa
aatoacoagt
atgagataty
gttogacags
cittcgatogta
caaagatogt
tgacattggg
cacgttgeaa
tatggatgcg
geanggaato
tgtgtatoac
cgatuagetg
tEtoguotea
cgaggegatyg
gttggetogt
ategecacga
ggtigacgge
atceggagec
cgatggoigt
ggcazagaaa
taataatglg
gtgttgageca
aaaattteta
cggogttaat
zacoctggeg
aatagcaasy
tgctagagoa
ctagactgaa
atgaccooog
cgttgangoa
gazaccatta
tgtecanaaalt
attcactete
atggtagatc
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atcaatooac
tgagrgggay
ctttateqes
agtgacagat
aagtcteaat

gagtgtegty:

cgcgegttgg
cagtgagoege
ctitatgett
asacagetat
catgataaga
ckttatttgt
acaagttgayg
cggogtocoy
aatctogtayg
ggtcgegeag
cggaggegte
ggecgogeac
tgatgaacag
Jagagaacce
gcaccggaac
aaaagoaggce
azagatacay
ggaaacctce
asggaadggtg
goctetgoeg
gragacgttc

‘gacactotog

gagactttte
totoacttea
gatsaaggaa
ceacooacga
gattgatgtyg
gacctteote
ctocictetac
2a2aa8gCCty
gtctoogace
ggagggogty
tatgtttate
gagttiagey
gacctgostg
atecgotgogg
ggtocaataca
tggcaaacty
atgehttggg
aacaatgiec
ttoggagatt
atggagcage
cheogggogt
aatttcgatg
gagactgteg
gtagaagtac
tagagtagat
tgagtagtte
tataagasac
attcotasaa
Lcagatcaag
ttacccaact
aggeoegeac
gotitgagett
ggcygggaaac
cogatgacyge
goeactocage
ttgcgogtte
getecactga
aatccaasta
tgactagtan

ttgetttgaa
teeatcttty
atgatggcat
agotggygcas
agoectttygg
ctccaccaty
cegatteoatt
aacgcaatta
coggetogta
gaccatgatt

tacattgatyg-

gaaatttgtg
gtgggcgaag
gaaaacgatt
cacgtgtcay
ggcgaacteo
ceggeaghte
cracacecay
gabeacgieg
gageoggteg
ggeactggtc
ttecaatoekg
totcagaaga
togogatteca
goacctacaa
acagtggtce
caaccacgtc
toetactocaa
aacazagggh
tcaazaggac
aggotategt
ggagcatogt
atatctcoccac
tatataagga
aaatctatet
aactcacgge
taatgcagot

gatatgtect

ggcactotge
agagoctgac
BRACCGRACT
cegatcottag
ctacatggcy
tgatggacga
cogaggacty
tgacggacaa
cecaatacga
agacgogeta
atatgcteoag
Ftgoagotty
queglacacs
tegeegatay
gocgacogya
coagataagg
cettagtaty
coaarateca
citggeacty
taatcgeoett
cgategocct
ggatcagatt
gacaatctga
gagacaagec
cgegggttte
azsaagtcogec
cgttecatasa
atctgeacoy
aggagaagaa
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gacgtggtty
gaaccactygt
ttgtaggtge
tggaatcoga
tetteotgaga
ttagcaaget
aatgoagetg

atgtgagtta’

tgttgtgtdg
acgaattoga
agttitggaca
atgotatige
sacthcocagea
QCgRAGTCCE
toctgotboot
cgooeocacyg
gtggacacga
goeagggigl
tocooggacoa
gtosagaact
aactiggeca
caggaaticg
ccaaaggact
ttgcocccaget
atgecatcat
caaagatgya
ttoaaagcaa
gaatatcaza
zatateggga
agtagaanay
tcaagatgoo
ggazaaagas
tgacgtaagy
agthoattte
citctogaget
gecgtetgte
cteggaggge
gegggtaaat
atoggoogeyg
ctattgeato
gooogotght
coagacgage
cgatttoata
cacogt cagt
cooegaagtc
tggcoegeata
ggtegeraac
cttegageog
cattggtett
ggcgcaggygt
aatcgoeogo
tggaaacega
tetgtogate
gaattagogt
tatttgtatt
gtactaasat
gtegtegott
geagcacate
tcccancagt
gtegtitcooe
teatgagegy
gtettacgtt
tggagtttaa
taaggtbcact
attceooctoey
gatctogaga
ctbEtcacty

4630
4680
474£0
4800
4850
43820
4380
5040
5100
5160
5220
5280
5340
SA00
5460
55240
5580
5640
5700
5760
5820
5880
5540
6000
6060

6L20

6180
6240
€300
&350
6420
6480
£540
6500
6560
6720
5780
6840
£900
6260
7520
7080
7140
7200
T260
7320
7380
7440
7500
7560
7620
7680
7740
78045
7860
7520
7380
5040
8100
8160
8230
8280
8340
8400
84690
8520
8580
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gagttgteoec
gtggagaggg
. Ctagaaaact
gettttecaag
agagatacgt
Ctgaagtcaa
toaaggagga
tatacateat
acatogaaga
atggcoootgt
atccoccaacga
cacatggoat
gtgaccaget
aatccetgtig
gtzataatta
cegoaatiat
tratogegeg
ggatatactyg
aagggegtga
ceetegggat
acgrtcagtyg
ggetgeegeo
gaztacttge
gctgggotat
gcacgoggee
ceoggagoty
gctagacoge
ggecggcgeg
cogeatggtg
cogeaccegg
tacecteace
‘cgtgaaagag
gogoagogag
attgaccgag
BEABCCICac
atgatogegy
ganatcotgg
Gaagaaaccg
catgegatog
tgaaggttar
atctageccy
agggragtge
Lcgaceogees
toegacggage
tgchgatice
tggttaagea
gggcgatcan
tgeccoeattet
geaczaacegt
cegoctgaaat
cacaaacacg
cagocnggca
caccaagotg
ratacatcogeg
cogctaasgg
ceatgtgtay
‘ccaatggeac
‘coggtacaas
gCogoocage
gotgategaa
_aagcogeeca

- accogcgata

cgagotggeg
coggccggea
acogaatcca
ccacacgtig
gacctggtag

aattctEgtt
tgaaggtgat
acctgttecg
atacccagat
gcaggagagg
gttigaggga
cgugaaacato
gogoogacaag
cggeggegty
cetttiacca
aaagagagac
ggatgasacta
cgaatttoce
coggterbge
acatgtaacy
acatttaats
cggtgteste
gegoghbaaac
amsaggtttat

caaagtactt-

cagecgtectt
ctogcoctttt
gactagaacc
gooocgogtea
ggrtgeacca
gecaggatgo
ctggeeogoa
gaeetgogta
trgacegihgt
agegggoney
cogygcacaga
goeggetgaad
gaagtgacge
googatgoco
aggacggoca
cogggtacgt
coggtttgte
agogocgoeyg
cihgegtatat
acgotgtactt
cgeocctgoaa
cegoegabtgyg
gacgalhitgac
gooecaggeyg
ggtgoagosa
gegoattgayg
aggcacygogs
tyaghocegat
tettgaateos
taaatcaaas
ctaagtaguey
gacacgooag
aagatgtacg
cagotaccad
aggoggeaty
aggaacggygc
tggaacccea
teggogogge
ggcaacgeat
tecgeaaaga
agguegacyga
gtegeageatl
aggtgatocy
tggeccagtet
tgaacegata
cggacgtact
aaacotgeat

gaattagatey
gcaacatacs
tggecaacac
catatgaage
accatctiet
gargcectey
ctoggocaca
caaaagascy
caactcgety
gacaaccatt
cacatggtee
tacaaageta
cgatogttca
gatgattate
catgacgtta
cgegatagaa
tatgttacta
ctaagagaaa
ceghttegtec
tgatccaace
ctgaaaacga
cotggaottt
guagacatia
gratcgacgs
agetgtitto
ttgaccacct
gcaccogoga
geetggeaga
Logeogacat
aggoogeoas
Legogeacygc
tactitogeght
ccacegagge
tggeggeege
ggacgaaccy
gttogageeg
tgatgccaag
tctaanaagg
gatgcgatga
aaccagaaay
ctogeogagy
goggoogtgo
cgcgacgtga
goggacttygy
agoceettacy
gtcacggatyg
ateggeggty
atcacgceagae
gaacccgagy
cteatttyay
gocgtoegag
ccatgaageg

‘cggtacgeea
agtazatgag

gaaagtcaag
ggtiggooag
aageecgagy
gotgggtgat
cgaggcagaa
atcecggeaa
gcazccagatl
catggacgty
ctacgagott
gtgggattac
cogggaaggg

caagttetge:

toggitaaac
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gtgatgttaa
gaaaacttac
ttgtcactac
ggcacgactt

caaggacga
tcaacaggat
agttggaata
goatcaszage
atcattatea
aectgbccas

tottgagtt
goeocarcacca
aacatbbgge
atataatttic
tttatgagat
zacazastalt
gatcogggaat
agagcgtites
atttgtatgr
cctoocgotge
catgtegeac
tetbotegeg
cgcoatgaac
ceaggactig
cgageagatc
acgecetgge
cctactggac
geegtgggece
tgoegagtic
ggccogagge
cegegagoetg
geatocgoteg
caggeggego
cgagaatgaa

ttttoatta
coogogcacy
ctggeagocet
tgatgtgtat
gtaaataaac
gegggteagy
ccgatgttet
gggaagatca
aggccatcgg
ctgtgtecge
acatatggge
gaaggctaca
agattgocga
gogtgageta
gogasgotge
ttaatgaggt
cgcacgoage
ggteaacttt
aggeaagace
caaatgaata
aacaaccagg
gegtaagegg
aatecggogtyg
gacctggtoy
gcacgececocg
cogeoggoag
tttttegtte
geogtttice
ceagacgage
gacetggtac
aagggagaca
cggegagoog

acracgcacy.

tgyggracaaa
ecttaaattt
tttetettat
cticaagage
CcgggRactac
coagettaag
caactacazac
caacttcaag
acsaaalact
aczatoetgoe
totaacaget
ceaccacoac
aatasagttt
tottgaatta
gogttittrat
agogogoaad
taaactatca
ttagaataac
geatgecaac
tatagtgeag
aagtcctaag
tgttttagtc
aagagogeey
accaatcaac
acocggoacea
gacgbbgtga
attgocgage
gazaccacca
gageghtoce
gtgaagtity
atcgaccagg
acectgtace
gotgeattos
cgecaagagy
cogaagagat
tctcaavogt
ggccggecag
ttgagtasasa
aaatacgoaa
caagacgare
gttagtegat
acegetaace
coggogegac
gatcarggea
cacegeogac
ageggoeottt
gaogctggec
coocaggeact
cegogaggtc
aaggagraid
ageoaaggehg
cagtigoogy
attacegage
aatgagtaga
caccgacgoo
chgggtrgte
acgghogeasa
agaagtigaa
gtgaabcgtyg
coggtgegeo
cgatgcteba
gtoetgbogaa
acgtagaggt
tgatggegst
ageoeggocy
atggeggaas
ttgcecatgea

PCTIUS02/17451

ttttectgtca
atttgeacta
ggtgttcaat
geratgeotyg
aagacaegty
ggaatcgatt
teocscasacy
accegccaca
ccaattggoy
ctttogaaag
gotgggatta
gtgtgaatty

cttaagatty

cgttaageat
gattagagte
chaggataaa
gtgttigaca
ggatatitaa
cacaggagtts
teggettetg
ttacgcgaca
gcatazaagta
cegetggect
gggeoegaact
ggcgegaceyg
cagtgaccag
geatocagga
cgoeggoegy
taatcatega
guooocoecs
RAggECgcas
gegeacttga
gtgaggacge
aaceageaty
cgaggcggag
gecggetgeat
cttggccget
cagettgogt
ggggaacgea
atcggaaces
teeogateoecce
gttgtcggea
ttogtagtga
gocgacrtoeyg
ctaggbtgouage
gtogtgtege
gggtacgage
googeegeeyg
caggegotay
tgagcaaaag
caacgttage
cggaggatca
tgectatotga
tgaattttag
gtggaatygee
tgooggeoot
accatccggo
ggoogoegeag
gcaagoggec
gtogattagy
tgacgtggdc
gegtgaccga
ttoegeaggy
Lteecateta.
cgtgttecgt
goagaaagac
ge

BE4O
8700
8760
8820
8880
8940
5000
2060
9120
5186
5240
9300
9360
9420
9580 .
9540
5600
3580
3720
3780
9840
9900
9360
10029
10080
10140
10200
10260
10320
10380
10440
10500
10560
10820
10680
10740
10800
10850
10820
16989
11040.
11100
11160
11220
11280
11340
11400
11460
11520
11580
11840
117006
11780
11820
11880
11240
12000
12060
12120
12180
12240
12300
12360
12420
12280
12540
12592
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<210 7
«<211l> 3387
<212> DNA

<213> Artificial Ssequence

- «220>

«223> pCGEMEasyNOS Plasmid

<400 7

tatcactagt
. tggatgcata
tagctottic
agcatzaagt
cgebecactge
caacgcgeeg
tegetgeget
cggtibatcca
aaggeoagga
gacgagoate

agataccagy

cttaccggat
cgotgtaggt
ceoeceghbee
ahaagacacy
tatgtaggey
acagtatttg
tettgatocy
attacgegea
gotoagtgoa
ttcacctaga
tazacttggt
ctatttogth
ggecttaccat
gatttatcag
ttatccogect

‘gttaataghtt

tttggtatgy
atgttgtaca
gccgoaghagt
tecgtaagat
atgoggrgac
agaacttiaa
ttaccootat
tettttactt
aagggaataa
tgaageattt
aantasnocana
aataccgead
trgtiazaat
atcggraaas
gttiggaaca
gtctateagy
-aggtgecgta
ggaaagcecgy
gegotggeaa
cegotacagy
tgogggecic
ghigogtaac
aatacgacte
gocgogggan
- gactcotastt
atacttgeta
gratgrgett
ggttotgtca
tgacteoctt

<210> 8

gaattcgesy
gottgagtat
ctgtytgaaa
cgraaagechy
cogottiooa
gyagagygegd
cogbegttey
cagaatoagy
accgtanaaa
acaaazatcg
cgrtttoceece
acctgtboege
atcteagtte
ageecogaccy

acttategee

gtgctacaga
gtatctgego
goazacaaad
ga@aalasagy
acgaazactc
teocttttaaa
ctgacagtia
catecatagt
ctggeocecag
caataaacca
coatocagtc
tgegoaacgt
crooattcayg
zaaaagoagt
tatcacteat
gettttetgt
cgagttgete
aagitgroteac
tgagatccag
toaccagogt
gugcgacacy
atcagggtita
taggggttec
agatgoegtas
tegogtiaaa
tcecgttataa
agagtocact
gogatggece
aagcactaas
cgaacgtagge
grgtageagt
gegogtocat
ttegetatra
gecagggtitt
actataggge
ttcgattote
ggatacegag
gotgatagty
agcteattaz
gttocasacy
aattotocge

cogectgeag
tctatagtagt
ttgttatocg
gggtgcctaa
gtogggaaac
tttgegtatt
gctgrggega
ggabaacgca
ggcegegttg
acgctcaagh
tggaagohec
ctitctocet
ggtgtagygtc
ctgegectta
actggcagca
gticttgaay
totgetygaag
caccgebggt
atctoaagasa
acgttaaggy
ttasaaatga
ccaatgotta
tgeoctgacte
Tgotgeaaty
gococagoogya
tattaattgt
tgtbgecatt
ctecggttoe
tagetectto
ggttatggca
gactggtgag
tLgoooggcy
cattggaaaa
ttogatgtaa
trotgoagtga
gaaatgtitgs
tetgteteatg
gegeacattt
ggagaaaata
cttitgrtas

atczaaagaa

attasagaac
actacgtgaa
teggaaccct
gagaaaggasa
cacgotgoge
togeoatica
cgccagetag
tcoceagteac
grattgggoc
gagatcogalt
gogaattiat
accttaggey
actcoagaaa
taaaacgget
tcatgatcay
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gtogaccata
cacctaaata
cteacaatte
tgagtgaget
chotegtgee
gaggegetett
geggtateag

‘ggaaagaaca

ctggegtett
cagaggtgge
ctocghgeoget
togggaageg
gtteogotooa
tooggtaact
gocactggta
tggtggecta
ccaghbtacet
agoggtaggtt
gatocotttga
attttggtca
agttitaast
atcagtgagg
ccegtagitgt
ataccgegag
agggeegayge
tgeegggaay
gotacaggoa
czacgatcaa
ggteoctoega
geactgcata
tactcaacca
Locaatacggy
cgttettegyg
cocacteghy
geoaaaaacag

atactoatac

agegaataca
cococogagaRay
cogeatcagyg
ateagetoat
tagacogaga
gtggacteooa
coateacoct
azagygagec
gggargaang
gtaagcacea
ggctgegoasa
cgaaagodgs
gacgttgtaa
cgacgtegeca

gragattatt

gygazcgbcay
acttttgaac
cocgoggctg
tgtcecgeglt
attgtogttt

toggagagct
gottgueagta
cacacaacat
azctoacakbt
agotgeatha
cegetteocte
ateactcaaa
togtgagcaad
cocatagget
gaaasceygac
ctoetgtieo
tggegettto
agetyggyctg
atcgtettyga
acaggattag
actacggcta
toggaaasayg
ttttbghtty
tetettetac
tgagaktakbc
caatctaaag
cacctatetc
agatsactac
acccacucke
geagaagtgg
ctagagtaay
togtagtgte
ggogagttac
togitgtoay
atkbotattac
sgtoattety
afzabaccge
ggcgaaaact
cacccaacty
garggcasaa
tettectiit
tatttgasty
tgecacchiga
aaattgtaag
tetttaacca
tagggttgag
acgtcaaagg
aateaagtot
ceegathiag
cgaaagyage

caccogecge

ctgttogggaa
atgtgctgea
aacgacggee
tgctocegge
tggattgaga
tggagcattt
gogeaataat
agtggetoot
categgoygy
cecegoottoa
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coccaacgegt
atcatggtea
acgagocgaa
aattgcgtty
atgzategge
gotcactgae
gacggtaata
=ggCCagcaa

‘cogoccceet

aggactataa
gacoctgeeg
toatagctea
tgtgcacgaa.
gtoccaacooy
cagagogagy
cactagaaga
agttggtage
caagoagcayg
ggggtotgac
azaaaggatc
tatatatgag
agcgatotgt
gatacggdag
accggotota
toctgeaact
tagttcgeea
acgetegteg
atgatccoaos
aagtaagttyg
tgtcatgeoa
ageatagtgt
gooacatage
stosaggatc
atctbcagea
tygrcgoasaa
tcasbattat
tatitagaaza
tocggtgtga
cgtbtaatatt
ataggoogaa
tgttgtteca
gogasasace
tttgaggoeg
agcttgarygg
gggegetacy
gecttaatgeg
gggeogatogy
aggcgattaa
agtgaatigt

cgoecatggey

gtgastatga
tbgacsagaa
goatttotgac
teazcgttge
gatcataacy
gtctaga

&0
120

186

240,
300
360
420
480
540
§00
580
720
180
840
900
950
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
ia80
17490
1808
1860
1920
1980
2040
2160
2160
2220
2280
2340
2400
2460
2520
2580
2640

2700

2760
2820
288D
2840
3600
3060
3120
3189
1240
3300
2357
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«213> 10122

«212> DNA

<213> Artificial Beguence

<220

<223> pl302NOS Blasmid

<400 B

catggtagat
tgaattagat
tgcaacatac
gtggocaaca
tcatatgaag
gaccatotte
agacaccecte
cctoggocad
geaasagaac
gcaactoget
agacaaccal
ccacatggte
atacaaaget
ccgategtte
cgatgattat
gcatgacgtt
acgcgataga
ctatgttact
cotzagegasz
tcoogttagho
ttgatccaac
tctgaaaacg
toctggogt
cggagacatrt
agcaccogacy
aagetgtttt
cttgaccacce
agcacoogeyg
ageotggeay
Ltogooggea
gaggoogooa
atogogcacy
ctgorigygeyg
cocaccgagy

- ctggeggesg

aggacgaaco
totbcgagee
ctgatgcecaa

‘gtcotazaaag

tgatgegatbtg
taaccagaas
actegoogogy
ggcgyoogtyg
coegegacygty

- ggoeggactty
caagoeecttac

ggtcacggat
catoggeggt
tatcacgeay

Cagaaccogag

actcatttga
ggoeegtooga
gceatgaage
geggtacgee
gagtaaatga
ggaaaatcas
cggttyggeca

caagecoegayg.

cgctgggtga

ctgeectagta
agtgatgtta
ggaaaactta
cttgtoacta
cggcacgach
Lticaaggaco
gtoaacagga
aagttggaat
ggcatcaaag
gatcattate
tacctgtcea
cttcocttgagt
agocaceace
zaacatttog
catataattt
attiatgaga
aaaczaaata
agatoggygas
aagagogttt
cetttgtatg
cocteagotyg
acatgtogea
trottgtege
acgecatgas
accaggactt
cogagaagat
tacgoootgy
acctactgga
agccogtgggce

tgcegaght
aggeoecgagy
ceeogogagoh
tgcatcgete

ccaggeggoeg .

cegagaatga
gttttteatt
gooogogoas
gctggeggec
gtyatgtgta
agtazataas
ggegggtcay
googatgtto
coggaagate
aaggecatoyg
gotgtgtoeg
gacatatggy
ggaaggetac

gaggtigeey

cgeghgageh
ggcgacgety
gthaatgagg
gogaarycag
gogtecanott
amygrangac
graaatgaat
gaacaaccayg
ggegtaageg
gaatcggegth
tgacctggtyg

aaggagaaga
atgogeacaa
coottaaatt
etitototta
tcttcaagag
acgggaacta
tcgagcettaa
acaactacaa
ccaacttcaa
agcaaaatac
cacaatotge
ttgtaacagc
agcaccacea
caataaagiC
ctgttgaatt
tgggttttta
tagecgocgeaa
ttaaactatc
attagasataz
tgcatgceaa
ctatagtgca
caagtoctaa
gtgttttagt
caagagcygeo
gaccaaccan
caccggoace
cgacgttgtg
cattgecgag
cgacaccacs
cgagogttee
cgtgaagttt
gatcgacoag
gaccctgtac
cgghgectte
acgccaagag
accgaagagsa
gtetcaacog
tggceggeca
tttgagtaaa
canatacgea
geaagasgac
tgttagtoga
aaccogoctaac
gocggegega
cgatcasgge
ccacogoecga
aagcggoctt
aggogetggo
aoCcCaggeac
coocgegaggt
taaagagaaa
cagcaaggoh
teagttgccg
cattaccgag
aaatgagtag
graccgacgc
gctgagttgt
gacggtcgea
gagaagtiga
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acttttcact
attitotgte
tatttgeact
cogtgtbeaa
cgecatgoct
Caagacargt
gggaatogal
ctoccacaas
gacoogoradc
tecaattgyc
cetttegaaa
tgoctgggatt
cgtgtgaatt
tcttaagatt
acgittaagca
tgattagagt
actaggataa
agtgttigac
cggatatita
ccacagggtt
gteoggottot
gttacgogac
cgeatasagt
gecgebgyoe
cgogragaac
aggogegace
acagtgacoa
cgcatccagg
acgococggeog
Ctaatcatcg
ggecoocgos
gaagygocgca
cgogeacttg
cgtgaggacy
Jgaataagoat
Logaggooga
Lgcogctgeoa
gettggoogs
agcagetigeg
aggaggaacgo
categeaace
tieegatece
cotigtogge
cttegtagtg
ageegactie
cetggtggag
tgtegtgheg
cgggtacgay
tgeogoogeo
ccaggegety
atgagocazaa
gcaacgtigg
geggaggato
ctgctatoty

tgaattita
cgbggaatge
ctgocoggece
aaccatccag
aggecgeges

ggagttgtoo
agtggagagg
actggaaaac
tgotitteaa
gagggatacy
gotgaagtca
Lteaaggagy
gtatacatca
aacatogaag
gatggcoctyg
gatccpaacg
azacatagea
gatgaccage
gaatcobtght
tgtaataatt
cocgeaatta
attategege
aggetatatt
aaaggacgty
ccoctogage
gacgttocagt
aggetgeege
agaatacttyg
wgctgggeta”
tgeacgogge
goocggagot
ggctagacoy
agyooggoge
geoegeatagt
acogoacooy
ctaceotesac
cogtgaaaga
agogeagoga
cattgacega
gEaaccgeas
gatgategey
tgaaatectyg
tgaagaaace
tcatgeggte
atgaaggtta
catctagoce
cagggeagtg
ateganogee
slhegacggag
ghactgatic
ctyggtitaagc
cgggogatbea
ctgeceatte
ggracasceg
gcegotoasa
goacaaacal
ccagootgge
acacoaaget
aatacatcge
geggaetaaag
cecatgbgtg
tgcaatggea
cecggtacas
guecgooray

PCTAIS02/17433

caattottygt
gtgaaggtya
tacctgttes
gataccoagsa
tgcaggagay
agttigaggg
acggaaacat
tggcogacas
acggcggegt
teectittace
aaaagagaga
tggatgaact
togaatbttoe
gecgghcttyg
aacatgtaat
cacatttaat
geggtgteat
ggcgggtaaa
aazaggttta
teaaagtact
gocagoogtct

cotgooottt

cgactagaac
tgecegegte
cggctgeace
ggccaggatyg
cetggeeege
gggeotgegt
gttgacogty
gageggdede
cocggcacayg
ggrgyctgea
ggaagtgacyg
guccgacgec
caggacggcec
geecgggtacg
geeggttigt
gagogoegea
gctgogtata
tegotgtact
gcgccctgea
cccgegatty
cacgattga
cgcooaagge
cggtgoagee
agcgcattaga
aaggeacgey
tigagteceg
ctetigaate
ttaaatozaz
getaagtgee
agacaggceca
gasgatgtac
geagctacea
Saggoggeat
gaggaacggy
ctggaaccoe
atcggogegy
cyggoaacgea

&0
120

189

2449

300

360

420

480

540

800

€50

720

780

840G

00

S60

1020
1080
1140
1200
1260
1220
1380
1240
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2180
2160
2220
2280
2340
2400
2480
2520
2580
2640
2700
2760
2820
z880
2940
3000
3DE0
3120
3180
3240
33900
3260
3420
3480
3540



WO 02/696923

togaggcaga
aatoscggea
agcaaccaga
tecatggacgt
gctacgagot
roteggatta
accgggaagy
teaagttctg
ttoggtiaaa
tagtgacggt
_ccgggegges
zagyeaagas
togoeccgtth
tgttcaagac
cegtgegeas
ggeaggctgy
ceagttocta
gaaaaggtar
accggaados
tgactgatat
saactottaa
tgcaaaaage
ctatcgogge
goggacsage
gogegtttey
gettgtetgt
ggcgggtygte
ttaactatge
cgoacagatyg
actogtigeg
tacggtiate
agzaaggocag
ctgacgagea
aaagatacca
cgettacegy
cacgetgtag
aaceooeogo
coggtaagacs
ggtatgtagy
ggacagtatt
‘gotottgate
agattacgeg
| acgotdagiy
acaattcate
agtozzasaa
agaaggcast
ttagtttgec
gttcctette
gagtgtcitc
ccaattogge
agtgaaagag
cttoatacte
cateatgeoeg
teatgtectt
~tiaaatatag
cegbtatcktl
ttttagecat
taattatasac
gazaacaget
gattttgaaa
taccctcoge
ageatcggta
cggactgaty
tgttggctgy
astaacacat
tggatthtag
acaaatacaz

agcacgeeoo
accgooggea
tottttegtt
ggcocgtittie
toccagaeggy
cgacctaggta
gaagggagac
cocggegages
CACCACTCAc
atcogagggt
ggagtacatc
ceuggacgtg
tctetaccge
gatctacgaa
gotgatoggy

cocegatecta

atgtacggag
chttectgtg
gtacattogy
amaagagaas
aaccegocty
goctaccoett
cgctggeoge
cgegoogheyg
gtgatgacey
aagoggatygc
gaggcgeage
ggcatcagag
cgtaaggaga

‘cteggtoegtt

cacagaatea
gaaccgtaaa
Lcacassast
ggegitttece
atacctgtce
gtatctcagt
tcageoegac
cgacttatcg
cacgtgcotaca
tggtatctge
cogoaaacaa

CAgaaAR&aAR
.gRacgasaas

cagtaaaata
tagetcgaca
gtcatancac
atefttcaca
gggctittco
tteoococagttt
taageooggctyg
cctgatgeac
ftcegageaa
ttcaaagtgc

‘Ttccogttee

gtttteattt
tacgecagogy
Ttattatitc
aagacgaact
ttttesrnagt
cogeggtgat
gagatcatec

acatgageaa

ggcrgootgt
ctggtageag
tgcggacgtt
tactggattt
atacatacta

ggtgaatogt
geeggtgege
cegatgotet
cgtotgtoga
cacgtagagy
ctgatggeqy
aagoooggen
gatggeggaa
gttgecatge
gaageotitga
gagatcgage

ctgacggtte

ctoggeacgeo
cgoagtagla
tcasatygace
gteatgeget
cagatgctay
gatagcacgt
zacocaaage
aaaggegatt
goctgtgeat
cggtegetge
tecazaaatoy
ceactegace
tgaaaacctc
cgggageaga
catgacccayg
cagattgtac
aaataccgea
cggetgoegge
ggggataacy
aagaccgegl
cgacgcican
cotggaagot
gectitetee
teggrgtagg
cgotgegeet
ccactggeay
gagttetiga

.gotetgetga

actacegetg
ggatcteaag
tcacgttaag
taatatttta
tactgtbtott
trgtecgeooc
aagaibgttgc
gtcotttazas
tegeaatcca
totaagetat
toegrataca
agoacgacat
aggacottty
acatcatagy
tetopeasca
tattitboga
cttectett
gcocaattcact
tgttittcaaa
cacaggeage
ghgtttcaaa
agtotgoege
atcgagtagt
gatatattgt
titaatgtac
tggtttbagg
agggtttett

-15-

ggcaageggc
cgtagattag
atgacgtgag
agcgtgaced
ttteegecagg
titeeccatet
acgtgttceg
agoagaaaga
agogtacgas
ttagocgcdta
tagctgattg
acccoegatta
gegeogeagy

CHECHGAaga
tgcoggagta
accgcadcct
ggraazattge
acattgggas
cgtacattgy
tttecgecta
aactgtoigg
grotocotacg
ctggectacg
gococggogooe
tgacacatge

-caageeegtc

tcacgbagey
tgagagtgca
tcaggogete
gageggtato
cagoasagaa
tgoctgoegtt
gtcagaggtg
cectegtaey
cttegggaag
ceghtogote
tatcocggtaa
cagerastay
agtggtagcc
agccagttac
gtageggtag
aagatcottt
gaattitggt
trttotocca
cocoegatate
tgoogettet
tgtetoccag
aatcatacag
catcggeocag
cegtataggyg
getegatant
cggoctoact
gaacaggcag
tggtecetit
gcttatatac
tcagbtittt
tectacaghat
gttococttgoa
griggogeat
aacgetehgt
cteggcaget
cttacaacgg
gabtttgtge
ggtgtaazca
tgaattaacy
aatiagaaat
atatgctcaa

cgotgatega
gaagoogeoo
cacccgegat
acgagctgge
JCogygCogge
aaccgaateo
tcoacacgtt

cgacctagha.

gaaggooaag
caagatogta
gatgtaccga
cthttttgate
caaggcagaa
gttoaagaag
caatitgazg
gatcgagagc
cctagoagygg
cocaaageog
gaaccggtca
aaactettta
Coagogeasa
corcgoogot
gcraggcaat
agatcaagyc
agotecegyga
agygogegte
atagcggayl
ccatatgeygs
ttoogetteo
agoteactea
catgtgagesa
tttcoatagg
gegaaaceeg
chtetactgtt
cagtggogatt
caagctggye
ctatogtott
tascaggatt
taactacggo
cttoggaaas
tetttttgtt
gatccthttet
catgcattot

atcaggetoy”

ctoooctgato
cooaagatoa
gtegeegtay
ctogegegga
atogttatto
acaatccgakb
cttttcaggy
catgagcaya
cttitectioe
atasoggoty
cttagtagga
caatteoggh
ttazagatac
tictaaaace
aagatagtat
catogtbtaca
tagrttgoegt
ctcheooget
cygagotgocy
aztbgacget
cogaattaat
tttattgata
cacatgagcg

PCTIUS62/17431

atcogcazay
BRGGYCHRCY
agtogoagea
gaggtgatce
atggacagtg
atgaacegat
goggacgtac
gaaacctgea
aacgoeeges
aagegduaga
gagateoacag
gatcooggea
gecagatagh
tLetgttiboa
gaggaggegd
gaageatoeg
gazaasagaho
tacattyggga
cacatgtaag
aaacttatta
goegaagage
togegteggo
ctaccaggge
accctgeohe
gacggteaca
agecgggtgtt
gtatactgge
tgtgaaatac
tcgetcacty
aaggcggtaa
aaaggooage
cteogooece
acaggactat
cegaceotge
toteataget
tgtgtgcacyg
gagtoocaace
agcagagegs
tacactagaa
agagttoggta
tgcaageage
acggagtety
aggtactaza
atccecagta
gacoagacyge
ztazagcecac
gaaaagacaa
toctthaaaty
actaagtaal
atgtegatbag
ctttgtteat
ttgetocage
agccabagea
tocgbeattt
gacattocti
gatattotca
cCcoaagasge
ttaaatacca
cgacggages
atcaacatge
tetcocgaat
gacgoogtow
gteggogage
tagacaactt

tegogygate

gaagbatttt
aaaccootata

3600
1660
372
3780
3840
3900
3960
4020
4080

412ap

4200
4260
4320
4380
4440
4500
45460
£620
4680
4740
4B00
4860
4320
43580
5040
5106
5160
5220
53280
53440
5400
54640
5520
E5840
5640
57040
5760
5820
5880
5940

6000

&0e0
6120
6180
6240
6360
6360
6420
6480
6540
6600
6660
6720
6780
65840
§800
6980
7020
7080
7140
F200
7260
T320
7380
7440
7500
TE60




WO 02/096923

ggaaccctaa
gtegategac
gegtegottt
tetoegogeg
tegacooctge
gtcaagacca
cotecogocteg
gatgttageg
tgttatgegg
ceggacthog
T egractgacy
gcatatgaazs
coegotoghe
tagaacageg
ggagatgoaa
gagegeggeco
getatttace
ttegeooctee
choegacagac
gaaagctega
aatgaaatga
afocecttacy
grottetttt
agaggratet
ttoetttter
gtttceocgat
atctttgata
cacttgettt
gootccatct
gcaatgatgg
gatagotgogg
aatagceoett
ghgetecace
. togeogatte
CgCaacgCaR
ctteooggoto
tatgaccatg
aacgacaatc
cgegggacaa
agcegegggat
ticaaaagtc
tgacgttcca
ataatctgeca

<210> &

<23i1> 621
<2iZ> DNA
<23i3>

«220=>
<223

<300
=308
<309>

<408> &

gtgctagoea
getggeagty
tgcageggty
gttattggtyg
thacatartt
tgttttataa
ttotcecattyg
attttttegt
ttrtacaatat
tttggtgatty

ttecocettate
agatoceggte
ccactategy
attbgtgtac
gococcaagety
atgcggagca
aagtagogeg
acctcgtatt
coattgtocyg
gggcagtoct
gtgtogtoca
teacgecatyg
tggctzagalb

ggcagttogg:

taggtcaggc
gatgcasagt
cgeaggacatb
gagagecltgca
gtogogatga
gagagataga
acttecttat
teagtagaga
tocrogatyge
tgaacgatag
aetwgtoottt
attacccttt
tkettggagt
gaagacygtgyg
ttgggaceac
catttgtagyg
caatggaate
tggtetibety
atgttggeaa
attaatgcag
ttaatgtgag
gtatgtigtg
attacgaatt
tgatcatgag
goeogbtttac
Etotggagtt
gectaaggic
taaattbcoooc
coggatcteg

Genbanlk #Y08422
1887~

10-33

atgtttaaca
gtggaaaatt
tttgatatog
gttggtecate
tttattaaat
aatattttat
ttttttotat
tttataataa
ttazaagtca
tapatgtchta

tgggaactac
ggeatctact
cgagtactto
geccgacagh
catcatogaa
tatacgeoey
totgoetgeto
gggaatoecy
teaggacatt
cggocoaaay
tecacagtity
tagtgtattyg
cggecgtage
tricaggeay
tctegeotass
geogataaac
aktceacgeceoc
tcaggtogaa
gttcaggett
tttgtagaga
atagaggaag
tatcacatca
toctogtagy
gotttocttt
tgatgaagtg
gttgaaaagt
agacgagagt
ttggaacgtc
tgtocgacaga
tgocacotto
cgaggagatt
agactgtate

‘gotgetotag

ctggcacgac
ttagctcact
rggaattgty
cgagotogot
cggagaatta
ghttggaact
taatgagcota
actatcagetl
toggtatoca
agasteogaat

Artificial Seguence

agatgtcaag
goggtggtto
gaatcactta
tatatatcktt
ttatgrattg
tattttatgh
attrtataata
atagttatta
Ectgtgaata
ttatgattct

-16-

Ltoacacatta
chatttobtt
tacacagcca
cooggotoeg
atfgoogtea
gagtegigge
catasaagoo
gaacatcgec
gtiggagecey
catcagctca
ceagtgatas
accgatiect
gatogoateoo
gtettgesac
crecccaaty
atascgatot
tectacatog
gacgetgteg
tttcatatct
gagactggtg
gtettgegaa
atccacttge
tgggggtecea
atcgcaatga
acagacagcot
cteaatagee
gtegtgeteoe
tteottttteo
ggratcttga
ctittetact
tocegatatt
tttgatattc
ccaatacgca
aggrttcoeg
cattaggcoac
ageggataac

‘ascoggggat

agggagtcac
gacagaaccyg
agcacatacyg
agcaaatatt
at.tagagtct
tceegoggee

cacaatgaat
gageggtagt
tggtogttgt
tatzataata
tttgtatttt
gttatattat
attttettat
azaaazaatat
tattagotaz
ctggooaaaa

ttatggagaa
grocheggac
tooggtocaga
gatroeggacga
aceaagctct
gatcotgeaa
aaccacggec
togotecagt
aaatcogegt
togagagocet
acatggagat
tgeggtecga
atagecteong
gtgacacoct
toaagractt
tigtagasac
aagctgaaag
aacttctoga
cattgocees
atttcagegt
ggatagtgygy
tttgaagacy
sotttgoagac
tggocatttgt
gggcaatgga
ctitggtett
accatgttat
acgatgciec
acgatageot
gteotiitaa
acoatttgtt
ttggagtaga
aaccgeootet
actggaaagc
coccaggekte
aatttcacac
cotetagact
gttatgacce
caacgtigaa
tcagraacca
tettgtoaaa
catattcact
g

¥. tabacum rDWNA intergnic spacer (IGS) sequence

gttggtggtt
gatcggegat
cacastggag
ttaagtaitt
tasataghitt
tacttgatgt
teotbbtttgh
rattittgta
gttgtacttc
catgtctact

PCT/USH2/17451

actegagett
gagtgctggg
cggeogeget
ttgegroegoa
gatagaghtty
gotoegaaby
tocagaagas
caatgacogo
gcacgaggt;
gogogacgga
cageaatoge
atggaccgaa
cgaccyggtty
gtgcacggcey
coggaateyg
catcogogea
cacgagatic
tcagaaactt
ceggatotge
gtoectotoca
attgtgegteo
tggttggaac
cactgtbcgge
aggtgcocact
atoogaggay
ctgagactgt
cacatcaate
tegtgggtgy
ttoectttate
tgaagtgaca
gaaaagtote
cgagagtgte
cooecgegogt
gogcagtgag
avacttiatyg
aggazacagce
gaagycagga
cogoogatga
ggagocactc
ttattgcgeg
aatgetocac
ctoagtecaa

ggtggtegty

ggttggbgtt

gtgegtceaty
tacctatttt
ttategtact
attggaaatt
tttattatgt
aaatatatca
tttttgtgea
cctogteactt

7620
7680
7740
78G0
7860
7920
7980
8040
8100
8160
8220
8280
B340
8400 .
8260
8520
8580
BE40
8700
8760
8820
8880
8940
5000
5060
8120
9180
9240
9300
9360
9420
94850
9540
5600
9660
9720
9780
9B40
9950
2860 -
10020
10080
10122

60

120
180
240
300
360
420
480
540
600



WO 62/096923

gggtttettt thittaagaca ¢

<210>
211>
<Z12>
<213>

<Z2Z0>
223>

<400

18

25

DNA

brrificial Seguence

PCR Primer NTIES-F1

19

gtgctagoea abtgtttaaca agat

<218
<2i1l»
<212>
<213>

<220>
<223

<400

11

28

DNA

Artificial Seqguente

PCR Primer NTIGE-RI

11

atgtcttaaa aassaaaacc caagtgac

<210>
«211l>
<213>
«2ids

<300
<308
<2308

<40(>

gacctggaat atggegagaa aactgaaaat cacggaaaat gagaaataca
cgtgaaatat ggcgaggaaa actgazanay ghugsasatt tagaaatgto
cgtgocaatat ggeaagaasza cigasaztcs tggaaaatga gaaacatcocoa
tgaazaatga cgazatcact aaaaasncglty aaaaatgaga aatgcacact

2210
<21ll>
212>
2213

<Z20>
<223>

<400

aatacogegy aagcbtgace tggaatateg ¢

«210>
«21li>
<2iZ>
<213>

<220
«<Z23>

<400>

12

233

DA

Mus musculus

Genbanle #V00846
L988~07-06

12

13

31

DHA

Axtificial Sequence

Primer MSAT-FL

13

14

27

DNAa

Artificdal Seguence
Primer MSAT-RI

14

-ataaccgegy aghccttcag tgtgcat

210>

15

<21l> 277

<2125
=213

<220%

INBE
Artificial Seqguence

=17

PCT/USH2/17451

621

28

28

cactttagga €0

cactgtagga 120
cttgacgact 180
gaa L2333

31

27



WO 12/096923

-18.
<223> Nopaline Synthase Promoter Pragment

<300>
<308> Genebank #U09363
<309> 1887-10-17

«4D0> 15 : s
gagotogaat thcovegatce gticaaacat ttageaatas
tgttgeoggh cttgogatga ttatcatata atbtetgttg
aabttaacatyg taatgcatga cgttatttat gagatgggtt
attatacatt taatacgcga tagasaacaa aatatagogc
goegegoggty teatetatgt tactagatoeg ggaatic

w21i0> 16

<2Z11> 1812

<Z12% DHA

<213> Escherichia coli

<220>

<221> CDS

<222 (1) ,..{1812}

<223> Besta-glucurcnidase

<300>
<308> Genbank #562414
<309> 18%4-05-23

<400> 1lg )

atg tta cgt cct gha gaa ace cca ace ggt gaa

Met Leu Arg Pro Val Glu Thr Pro Thr Arg Glu
s 5 10

goe ctg tgg gca tic agt ctg gat cge gaz aac
Giy Leu Trp BAla Phe Ser Leu Asp Arg Flu Asn
20 . 25

ogt tgg tgy gsa agl goyg tta csza gaa age cgg
Arg Trp Trp Glu Ser 2la Leu Gln Glu Ser Arg
35

gge agt ttt asc gat cag tto goc gal goa gat
€ly Ser Phe Rhen Rsp Gln Phe Ala Asp Ala Asp

ggc aac gtc tgg tat cag cgce gaa gtc Lot ata
Gly Aen Val Trp Tyr Gln Arg Glu Val Phe Ile
&5 70 75

gge ¢ag cgt atc gtg ctg cgb the gat gog gte
Gly Gln Arg Ile Val Leu Arg Phe Asp Ala Val
: ’ 85 3¢

gtg tgg gto aat aat cag géa,gtg aty gayg cat
.¥Val Trp Val Asn Asn Gln Glu Val Met Glu His
160 108

cca ttt gas goe gat gtc acg ceg tat gbt att
Pro Phe Glu Ala Aep Val Thr.Pro Tyr Val Ile
' 115 . -~ 120

" gt atc acc gtt tat gtg =ac aac gaa Ctg aac
Arg Ile Thx Val Cys Val Zsn Asa Giun Leu Asn
130 135

cog gga atg gtg att acc gac gaa aac gge aazg
Pro Qly Met Val Ile Thr hsp Glu Asn Gly Lys
145 ) 150 : 155

agttictiaa gattgaatce
aattacgtta agcatgtaat
tttatgatta gagbtcoccges
gcaaactagyg ataaattate

atc
Tie

tgt
Cys

gea
Ala

att
Ile
60

cog
Pro

act

Thy
cag
Gln
gac

Bla

Loy

- 140

=211

Liys

[ A=E

Lys

gga
Gly
att
Tie
45

ogt

waa
Liys

cat
Eis

ggc
Gly

ggg
Gly
125

Cag
Glo

asg
Liys

aad
Lys

ati
Tle
30

gt
Ala

aat
Asn

ggt
Gly

£ac
Tyr

gy
Ely
130
aaz
Liys

act
Thr

cag
Gln

cte
Leu
is

gat

Asp

gtg
Val

cat

Tyr

tag
Trp

ggc
Gly
85

tat

agt
Ser

atc
Ile

Lot
Ser

PCT/USHL/17451

gac
Asp

cag

Gln

cCca
Pro

gcg
Ala

gea
Ala
80

aaz
Livs

acg
Thr

gta
Val

coy
Pro

tac

Tyr
160

€0

iz
180
2490
277

48

296

144

152

240

2ag

480
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-19.

fte cat gat ttc ttf aac tab geoc gga abc Tat oge age gta atg cotc 5328
Phe His Asp Phe Phe Asu Tyr Ala Gly Ile His Axg Ser Val Met Leu
185 _ 176 175

.tac acg acg ceg aac acd tug gtg gac gat ate acc gty gté acg «<atb 576
{ - Tyxr Thr Thr Pro Asn Thr Trp Val Asp Asp Ile Thr Val Val Thr His
é ‘ . 189 ' 185 180

ogte gog caa gac tgt aac cac geg tet gtt éac tgy cag gty gty goo 624
.Val Al: Gln hsp Cvs Asn His Ala Ser Val Asp Trp Gln Val Val Ala
195 200 205 '

aat gg£ gat gtc age gtt gaa oty cgt gat gog gat caa cag gty gtt 672
Asa Gly Asp Val Ser Val Glu Leu Arg Asp Ala Asp Gln Glu Val Val
210 218 ’ 220

gca acht gga caa gge act agc ggg act thg caa gty gtg aalt cog Cac T20
Ala Thr Gly Glm Gly Thr Ser Gly Thr Leu Gln Val Val Asn Prc His
225 . 230 o o235 : 240

ote togg caa cog ggt gas gyt tat cte taé gaa ¢tg tge gbte aca gcc. 768
Leu Trp Glan Pro Gly Glu Gly Tyr Leu Tyr Glu Leu Cys Val Thr Ala
. 2438 250 - 255

aaa age cag aca gag tgh gat ate tac ceg ottt cge gte ggoe atc ogg BLG
Lys Ser @ln Thr Glu Cys Asp Ile Tyr Pro Leu Arg Val Gly Ile Ary
260 ) 265 270

tca gty geca gty aag ggc gaa cag tic ctg att aac cac aaa ceg ttc 864
Ser Val 2la vVal Lys G@ly Glu @ln Phe Leu Ile Asn His Lys Pro Phe
' 275 280 285

tag tht act gge ttt ggt cgt cat gaz gat gog gac ttg cgt ggc asas giz2
Tyr Phe Thr Gly Phe Gly Arg His Giuv Asp Ala Asp Leu Arg Gly Liys

280 285 300

gga ttc gat aac gtg ctg atg gtg cac gac cac gea tta atg gac Loy 969
Gly Phe Asp Asn val Leu Met Val His Asp His Ala Leu Met Asp Txp
305 - 3190 213 : 320

att ggé goe ‘aac toe tac ogt acc tocg cat tac oot tac got gaa gag 1008
Tle Gly Ala ksn -8er Tyr Arg Thr Ser His Tyr Pro Tyr Ala Glu Glu
: 325 330 '+ 335

atg ctc gac tgyg gea gat gasa cat gge atc gtg ghbg att gat gaz &act 1056
Met Leu Asp Trp Ala Asp Glu His Gly Ile val Val Ile Asp Glu Thr '
340 345 ‘ 350 :

got got ghc gge trt aac cbe tob tha gge att gghb thce gaa gog gge 1104
2la Rla Val Gly Phe Asn Leu Ser Leu Gly Ile Gly FPhe Glu Ala Gly

355 360 165

" mac aag cog zas gaa cbg tac age gas gag gom gtc aac ggg ga= ack 1152
“BAsn Lys Pro Lys Glu Leu Tyr Ser Glu Glu Ala Val Asn Gly @lu Thr

376 375 380
cag caa gog cac tta cag gog att aaa gag ctg ata goy cogbt gac aas 1200
Gln Gln Ala His Leu Gln Ala Ile Lys Glu Leu Ile Ala Arg Asp Lys '

3gs 380 385 &00

aac cac cca agc gty gtg akg tgyg agt att gee mac gaa ccg gat acc 1248
. Asn Eis Pro Ser Vel Val Met Trp Ser Ile Ala Asn Giu Pro Asp Thr
 40B 410 415

cgt cog caa gut goa ©gy gaa fat the gog cca ctg gog gea god acy 1zse
Arg Pro @ln Gly Ala Brg Glu Tyr FPhe Ala Pro Leu Ala Glu Ala Thi .
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-20-
420 425 430

cgt aaa ete gac ceg acg cgt ooy ate acco tgce gte aat gta atg tte 1344
Arg Lys Leu Asp Pro Thr Arg Pro Ile Thr Cys Val Asn Val Met Phe
435 - 440 \ 445

tge gac get cac aco gat ace ate age gat cbc ttt gat gtg ctg tge 1392
Cys Bsp Ala His Thy Asp Thr Ile Ser Asp Leu Phe Asp Val Leu Cys
- 450 455 . 460

ctg asc cogb tat tac'gga tgg tat gte caa age ggc gat tég gaa acg 1440
Leg Asn Arg Tyr Tyr Giy Trp Tyr Val Gin Ser Gly Aep Leu Glu Thr : .

465 470 ’ 475 4840

gra gay aag gha otg gaa aas gaa cit ¢ty goo tgg cay gag asa otg 1438
2le GIu Lys Val Leu Glu Lys Glu Leu Leu Als Trp Gln &lu Lys Len
' 485 450 495

call cag ceog att atc atc acc gaz tac ggc obg gat acg tta gec ggg 1538
His Glm Pro Ile Ile Ils Thr Glu Tyvr Gly Val asp Thy Leu Ala Gly
500 508 510

ctg cac tea atg tac acc gac atg tgg agt gea gag tat cag b goa 1584
L&y His Ser Met Tyr Thr Asp Met Trp Ser Glu Glu Tyr Gin Cys 2&la
515 520 525 .

tgg ctg gat atg tat cac cgé gto ttt gat cgc gtoc age goe gto geo 1632
Trp Leu Asp Met Tyr Hiz Avg Val Phe Asp Arg Val Ser Ala Val Val
539 _ 535 ‘ 540

ggt gaa cag gta tgg aat tte gcé gat ttt gog ace teg caa gge ata 1880
Gly Glu Gln Val Trp Asn Phe Ala Asp Phe Ala Thr Ser Gln Gly Ile
545 . 550¢ 555 560

ttg cge gttt ggco ggt aac aag aza gyy ate tte act cge gac oge aas 1728
Lew Arg Val Gly Gly asn Lys Lys Gly Ile Phe Thr Arg Asp Arg Lys
565 ) 570 575

cog aag tog gog get ttt obg oty caa aaa cgo tgg act ggo abg aac 1778
Pro Lys Ser Ala Ala Phe Leu Leu Gln Lyvs Arg Trp Thr Gly Met Asn

580 585 o 5ag
fte ggt gaa aaa cCg cay cag gUa ggoc aaa caa tga ‘ 1812
Phe Gly .Glu Lys Pro Glan Gln Gly Gly Lys Gla *
595 &00 .
«210% 17
«Z2311» 603
<212 PRT

«213>» HBscherichia coli

<300
308> Genbank #5£9414
<30%> 1594-05-23

gigozeiTArg Pro Val Glu Thr Pro Thr Arg Glu Iles lys Lys Leu Asp

Giy Leu Trp Alas Pie Ser Leurhsp ik éﬁu Asn Cys Gly Ile izp Gin

Arg Trp Tip égu Ser Ala Leu Gln éiu Ser Arg 2la Ile gﬁa Vgerro'
Gly Ser %ie Asn Asp Gln Phe iga Asp Ala Asp Tle iig Asn Tyr Ala

-Gly ign Val Trp Tyr Glnfiig Glu Val Phe Ile ggo Lys Gly Trp Ala

68 S0 75 80
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Gly
Val
Pro
Arg
Pro

145
. Phe

Val
Asn
Ala
225
Len
Llivs
Ser
Tyr
Gly
308
Iie

Met

Asn

Gln
385
Asn

Gln
ity el
Phe

Ile

130

Sy

His

“Thr

Ala
Gly
210
Thr
Tip
Sexr
Val
Phe
250
Phe
Gly
Leu
Ala
Lys
370
Gln
His

Pro

Lvs

Asp
450
Asn
Glu
Gln
His
Len
530
Glu
Avrg
Lrs

Gly

Rrg
Val
@lu
115
Thr

Met

385
Pro

Ala

Iro

Gln

Leun
435
Ala
Arg
Lys
Bro
Ser
515
Asp
Gln
val

sex

Giu
558

Ile
Asn
100
Ala
Val
Val
Fhe
Pro
186
Asp
Val
Gin
Pro
Thr
260
Val
Gly

AsT1

Asn

e

340
Gly

Lys
His
Sex
Gly
420
ASD
His
Ty
Val
lie
500
Met
Metb
Val
Gly
Ala

580
Lys

Val
as
Agn

Leu .

Val
205
Ala
Pro

Thr

Leu
485
Ile
Ty
Tyr
Trp
Gly
565

Ala

Pro

Ieu
Gln

Val

Thyr
150
Aan
Thr
Asn
val
Thr
230

Glu,

Cys

Gy

Gly

" Lew

31¢
Tyr

Asp

Aln

Val

4790
Glu

Ile

Arg

Glu

Tnx

BAsn
135
Asp

'I‘yr—

Trp
His

Glu
215

‘Sex

Gly
Asp
Glu
hrg
298
Met
Arg
Glw
Leu
Tvr
378
2la

Mat

CGIu

Brg
Thr

455"

Trp
Liys

Thr

Asp-

Lryg
E3E
The

Lys

eun L

Gln

Phe
Val
Pro
120
AR
Glu
Ala
Val
Ala

200
Lau

His
Sexr
3&0
ser
Iie
rp
TyT
Prc

440
Ilé

Tyxr
Glu

Glu

Met

520
val

Bla

Lys

Gly
&00

ASp
Mel
105
Tyr
Gilu
AsSD
aly
Asp
185

Sexr

Arg

“Thi

L

Tyx

268

he

Eis

Sexr
Gl
345
Tau
élu
Lys
Ser
Phe
428
Ile
Ser

val

Lew

91

Ala
90

Gl
Val
Len
Gly
Ile
170
Asp
Val
Asp
Lrenn
Tyx
250
Pro
Iy
Asp
Asp
His
339
Ile
Gly
Glun
Gle
Iie

&la

Leu

Ser’
Asp
Phe
Ile
570
Lys

Lys

val
Higz

Ile

Liys
155
Hisg
Ile
Asp
Alia

Gln
235
Glu

Leu

Leu:
385
ala

Pro 1

Cys
Leu
Sexr
478
Ala

Val

Glu

Rryg

Ala
555
Phe

Tup

Asp
220

Val

Leu
Arg
Asn
Asp
300
Ala
Bry
Val
Giy
Val
380
Iie

Asn

Glu
val
540
Thar

Thr

Gin
val
Cys
Val
His
285

Lieu

Leu

Ile
Phe
3E5
Asn
ala
Glu
Ala
Asn
445
Len
A8D
Gln
Thy
Tvr
525
Ser
Ser
Arg

Thr

Gly
119
Lys
Th

Gin

Val

Val
1590

) Val

Gln
Zen
val
Gly
279
Lys
Rrg
Met
Ala
Asp

350
Glu

‘Leu

Glu
Ly
510
Gln
Ala
Gln
Asp

Gly
_'590

Gly
85
Tyx
Sexr
Ile
Saxr
Mat
175
Thr
Tal

val

. Pro

Thar
255
Ile

Pro

Gly

Asp
Zlu
335
Glu
Ala

Glu

‘Leu
Glu
Lys
455
Ala
Cys
Val
Giy
Arg

575
Mzt

PCT/US02/317451

Val
His
240
Rla
hArg
Phe
Lys
320
Glu
Thr
a1y
Thr
Lvs
209
Thr
Phe
Cys
Thr
480
Leu
Gly
ala
val
Ile
560
Lys

Asn
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<210
<210
<2LZE>
<2313

ig
277
oA

220>
«223>

<3GO>
«<308>
[€309>

«400s 18

gagotegast
tgttgoogoat
aattaacatby
attatacakbt

gegegeggty

<230> 18
<231l 3438
<Z212> DNA

Genbank #U09365
1695-10-17

‘ttoccagatc

cttgcgatga
taatgcaiga
teatacgega
toatctatgt

Brtificial Sequence

gttcasacat
ttatcatata
ogtratttat
tagaazacaa
‘tactagateg

. «213> Artificial Seguence

<220

<223> pLIT3BattBEeo Plasmid

<&00> 1%
. Ecgaccetet
" gtogtgacty
tegocagetg
gootgaatygg
gttaactacy
tttctaaata
ataatattga

ttttgogges:

tgctgaagal
gatcottgay
gctatgbgye
acactactoct
‘tggoatgace
caacttacrct
gggggatcat
cgacgagegt
tggcgaacta
agttgceagga
tggageeggt
ctoccocgtate
acagateget
ctcatatata
aagattgtalb
zattottygtt
snaatcassay
—ctattasaga
ccactacgty
zateggaacc
gasaggarncg
cgctgegoegt
atctaggtga
ttccactygag
ctgoagegtaa
ceggatoaag
ccaaatachyg
cogeetacat
tegtgtotta
tyaacogayy
tacctacage

agtraaggoo
ggaaaaccoct
gcgtaatage
cgaatggogc
tcaggtggcea
cattcaaata
azaaggaaga
ttttgoette
cagbtggaty
agttitegoo
geggtattat
cagaatgact
gtaagagaat
ctgacaacga
ghaactogeo

gacaccacga

cttactotag
ccacttctge
gagegtgugt
gtagtbatct
gagataggtyg
ctttagatty
aagcaaatat
aaatcagete
aatagcooca
-acgtggacte
maccatcacce
ctaaagagag
gaagaaageg
RACCACCACR
agateothTEr
cgtecagacac
tetgetygete
agctaccaac
ttottotagt
acctcgetet
sogggitgga
gttegtgrac
gtgagotatg

ttaagtgagt
ggegtiacee
gaagaggocs
thegetbtggt
ctriteggog
tgtateeget
gtatgagtat
cEgtrtttge
cacgagtggg
cogaagaacg
cecgtgttga
tggtitygagta
tatgeagtgo
Loggaggace
ttgatcgttg
tgcctgtage
cttoeeggea
goteggeoct
ctogeggtat
acacgacggg
ccteactgat
atttaccocg
traaattgta
attttttaac
gatagggtty
caacgtoaas
caaateaayt
cococcgattt
aaaggagegy
ccogeocgege

tgataatctc

cgtagaaaag
gCARBCaaaa
tobtitteeg
gtagecegtag
gotaatectg
cteaagacgs
acagecrags
agaaageogos

I

Nopaline Synthase Terminator Seguence

ttggeaataa
attictgtty
gagatgggtt

-aatatagceac

ggaattc

cgtattacgg
aacttaatcey
geaccgateg
agtaaagecc
aaatgtgcge
catgagacasa

tomacattic

tcacocagaa
ttacatcgaa
ttotecaatg
coocgugoRa
cteaccagte
tygecataace
gaaggagota
ggaaccggay
aatggcaaca
acaattaata
tecggetgge
cattgeagea
gagtcaggea
taagcattgg
gttgataate
azcghbiaata
caataggoeey
agbgttgtte
gggcgaaaas
tttttgoggt
agagcettgac
gegetaggge
ttaatgogeo
atgaccaaaa
abtcanaggat
asaccaccge
aaggtaacty
tragygccace
ttaccagtgg
tagttacegg
ttggageogaa

acgoctteceg

agtttcttaa
aattacgtta
trttatgatta
goaaactagyg

actggeooghc
Qettgeagea
cecticocaa

gettogacyy
ggsaceocta

‘taaceotgat
cgtgbogoec.

acgetggtga
ctogatehca
atgagcactt
gagcaactog
acaganaage
atgagtgata
acegctittt
ctgaatgaag
acgttgogoa
gactgyatyg
tggtttatig
ctggggceay
actatggaty
taactgtcag
agaaaagcee
ttttgttaaa
aaatoggdoas
cagtttagaa
cogtotatos
cgaggtgceg
ggggaaagey
gotggeaagt
gotacaggge
teocccttaacy
cttottgaga
taccageggt
gethcageayg
acitcaagaa
otgctgocay
ataaggogca
cgacctacac
aagggagaaz

gattgaatoe
ageatghaalb
gagtocogoa
ataaatratc .

gthttacaac
catoccoctt
cagtigoegea
gobbtitttt
cttgtttatt
aaatgéttca
ttattooott
aagraaangeg

acagoggtaa
ttaaagttbot

gtogecygeat

atcttacygsa

acactgoyyge

tacacasacat

ccataccana

aactattaac
aggcggataa
ctgataaate

atggtaagee

aacgasatay
accaagttta
cagaaacagyg
attegogtita
aatecottat

caagagtoca
gggcgatage

tzzageacta
azcgtggoga
gtagogotoa
goghaaaaygg
tgagttttey
toetbotitt
aggtttgtitg
agegeagata
ctctgtagea
tggegataag
gcggioggge
cgaactgags,
ggcggacagy

&0

1z2¢
180
240
277

&0
120
188¢
2490
300
380
420
480
540
&00
660
720
7a80
840
200
8840
1020
1080
1140
1208
1260
1326
1380
1440
1500
1550
1820
1680
1740
1800
1860
1920
1980
2040
2100
21640
2226
22840
2340
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tatceggtaa
gooctggtato
tgatgcteogt
ttoctggoet
accecagget
acaatttcac
ctagtggage
tgotttetta
ceggtgetea
ttoteococogy
tteatcagog
cgeggectgy
- gecteoggge
cgegaccegg
cgagattteg
gacgocggot
aacttgtita
aatasagcat
tateatgick

<210>
«2il>
<21 2>
<213=>

20
3451
Dhk

<220>
223>

gcggoagggt
tttatagtoe
caggggggcy
ttigetggee
ttacacktita
acaggaantsa
cogtgoaatt
tactaacttyg
cegogogega
acttegtygga
cggtocagga
acgagotgta
eggecatygac
coggaaactg
attecacoeqgo
ggatgatect
ttgecagetia
ttttttoact
gtataceg

cggaacagoa
tgtogggtit
gagectatgg
ttttgeteac
tgottocecgge
getatgacca
gaageocgget
agegazatcet
cgtegeegga
ggacgactic
ccaggtggtg
cgecgagh gy
cgagatcgge
cgtgcactta
cgectictat

‘coadogcgag

taatggttac
geattctagh

Brtificial Seguence

=23-

gageogoacga
cgocacctet
azaaacgcca
atgtaatgtg
togtatgbttg
tgattacgeo
ggogecaagd
guatccatay
goeggtegagt
geoggtatag
coggacanca
teggagateg
gagcageegt
gtggcegagg
gaaaggtitgg
gatcteatac
saabaaagea
Lotggtttgt

gggagehioe
gacttgagey
glaacygaggc
agttagctea
totgyaatiy
aagetacgta
tietctgoag
ceaagrtgac
tetggaccga
Locgggacda
cectggocty
tgtocangaa
gagggeggya
agcaggacty
gettegygast
tggagttclt
atagcatccac
ccaaacteat

PCTIUS02/17451

agggggaaac
tegatitity
cttittacgy
ctecattagge
tgageggata
atacgactca
gattgaages
cagtgeegtt
ceggetegay
cgtgacootyg
gotgtggaty
cttcegggac
gttegeocty
acacgtgeta
cgttttecoy
cgoceaccoee
aaatttcaca
caatgtatet

HindIII Fragment containing the beta-glucurcnidase

coding sequence, the rDNA intergsnic spacer, and .
the Mastl sedquence :

<&00> 20

aagettgace
traggacgty
grtaggacgty
acgacttgaa
gactecgegg
gttaggtggtt
aatoggogat
cacaatggag
ttaagtattt
taaatagtit
tactigatgt
- Ettittttgt
tattttigta
gtigtacttc
catgtctact
tagactgaag
tgaccoceoge
gttgaaggag
aaaccatbar
gtraszaaty
ttractctca
ttecactagty
cocgigaaat
gaattgagca
goagttitaz
atcagegega
atgeagtcac
goggcochatac
gtatcacagt
-ttaccgacga
ggateccatog
tggtgacgua
atggtgatgt
graccagegy
totatgaact
teggcateeg

tggaatatog
zaatatggeyg
gaatalgaca
aaatgacgas
gaattogatt
ggtggtegty
gottggtgtt
gtgegtoaty
tacctatttt
ttategtact
attggaaatt
tttattatgt
aaatatatca
rttttgtgea
cotgteaett
gegggaaacyg
cgatgacacyg
ccactcagoe
tgegogttes
ctecactgac
atccaaataa
gatcoorggy

‘Caaaaaacte

gegttogtgg
cgateagttc
agtctttata
tcattacgge
geeatttgas
thgtgtoaac
azaCgUCaay
cagogtaaty
tgkegegeaa
cagogtigaz
gactttgcaa
gtacgtcaca
gtcagtggea

cgaghtasact
aggaaaacty
agaszaactga
atcactaasaa
ghgctagcca
gotggeggty

tgcageggty

gttattaggty
tiacatattt

tgttttatbaa
ttetocabtg
atbttitogt
totacaatgt

rrtggtgttyg

gagtttettt
acaatctoatl:
ggacaagoey
goaggtttot
aaaghogoct
gttcecataaa
tetgoacogy
tacggtoagt
gacggectat
gaaagegegh
goggatgcay
cegaaagghbt
agagtgtgygy
gecgatgbca
aacgaactga
aaaaagceagt
ctetstacca
gactgtaace
ctgegtgaty
gtggtgaatc
gecazaagec
gLgaaggdcyg

gaazatcacg
aaaaagygtgg
aaateatgga
aacgtoassa
atgtttaaca
gragaaaatt
tttgatatoy
gttggtecatce
tttattazabt
aatattttat

ttrttotat
tttataataa
ttaaaagtca
tacatgtcta
ttttargaca
catgagegga
ttttacgtty
goagtttaat
aaggtcacta
ttocootegg
atctogagat
coettatgit
gggcatteag
tacaagsaag

atattegtaa

gggcaggeoca
tecaataatca
cgecgtatgt
actggoagac
cttacticea
cgecgaacas
acgogtcehgt
cggatcaaca
cgoacetctyg
agacagagty
aacagttoct

gasaatgaga
aasntttaga
anatgagaza
atgagaanty
agatgtcaay
goggtggttco
gaatcactta
tatatatttt
ttatgcattyg
tattttatgt
atttataata
atatttatta
titgtgaata
ttatgattet
taakcactay
gaattaagyy
ggaactgaca
gagchaagea
ccagotagea
tatccaatta
cegaattcoog
acgteoctgta
tetggatoge

‘Qogggcaath

ttatgtogge
gegtategty
ggaagtgaty
tattgceggy
tateceygery
tgatttettt

Togagtggac
tgactggrag
ggtggttgea
goaaccaggt
tgatatetac
gatcaaccac

aatracacact
aatgtecact
catccactig
cacactgaag
cacaatgaat
gagcggtagt
tggtggttgt
tataataata
tttgtatttt
gttatattat
attttottat
aaaaaaatat
tattagctaa
ctggocaaaa
tgattatate
agteacgtta
gaatocgcaac
catacgtcag
aatatttott
gagtctcata
cgaoogogaz
gaaagoeeas
gzazactgty
getgtgocag
aaggboctyagt
ctgoghiteg
gagoatcagd
zaaagtgtac
ggartggtga
azactacgetyg
gatatcadCg
gtggltggeca
autggacaA’g
gaaggttate
cogotgegey
asacegttct

2400
2460
2520
2580
2640
27890
2750
2820

2883
2940

3000
3060
31z0
3180
2240
3300

3360

3420
3438

60

120
180
240
300
360
420
480
540

"600

660

720

T80

84D

8006

960

1029
1080
1340
1200
1260
1320
1380
1440
15040
1560
1620
1680
1740
1880
1880
1920
lsgo
2040
2100
2160
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actttactgg
tgctoatoggt
cgecattacec
ttgatgaaac
azaagccgaa
tacaggoegat
gtattgoraa
cggaageaac
gocgacgoetca
acggttggta
ttctggeety
cgttageegy
agrtggatal
ggaattioge
ggatettcac
ctggeatgaz
ctggogcacc
tegttoaaac
gattatcata
gacgttatt

gatagaaaac
gttactagat

<210
<21l>
<212
213>

2%

DNA

220>
<223>

<400> 21

catgocsace
atagtgeagt
- agtcetaagh
gttitagtog
agagegoeyge
copaccaacy
coggcaceay
acgttgtgac
tgcogageg
acaccaccas
agegtteooct
tgaagtttag
tocgaccagga

cecotgtacey:

gtgccttoog
gccaagagdga
cgaagagatc
ctoaaccgtg
gocggacage
tagagtaaaac
aatacgeaag
—AAgACgRCCa
ttagtogatt
cegetaaceyg
cggegogact
atcaaggeag
accgoogacs
geggeottty
gegetgygeeyg
ceaggoactg
cgogaggter
aagagaaaat
geaaggoige
agttgoegge
ttaccgaget

14627

cottogeegh
geacgatoac
ttacgotgaa
tgeagetgtc
agaactgtac
taaagagoetg
cgaaccggai
gegtazacte
caccgatace
tgtocaaage
goaggagasa
geotgractca
gtatcacege
cgattttyey
cogogarsge
cttoggtgazn
atogtogget
atttggoaat
tzatttcigt
atgagatggy
aaaztatage

Goggaaticg

paglia Plasmid

acagggttee
cggottectga
Lacgogacay
catazagtag
cgctggectg
ggoegaactyg
gogegacoge
agtgaccagy
catcoccaggayg
gesggeaage
aateatogac
coorecghect
aggeogeaca
cgoactigag
tgaggacgca
acaagoatga
gaggcggaga
cggctgoatyg
trtggeoegetyg
agettgegte
gggaacgeat
tograaccea
ccgatceoca
ttgtoggeat
togtagtgat
cogacttogt
tggtggaget
togtgtegeg
ggtacgageh
cegeegeogy
aggegetgge
gagcaazaga
aacgtigges
ggagygatcac
gctatcoigaa

catgaagatg
geattaatoy
gagatgcteg
ggotttaace
agogaagagg
atagcgegtg
aceegtooge
gatecgacge
atcagegatce
ggegatbtgy
ctgcatcage
atgtacaceg
gkatttgate
acotogeaag
aaaccgazgt
anacogeage
acagectogg
aaagttitctt
tgaattacgt
tttttatgat
gegeaancta
atatcaaget

Artificial Sequence

cotogggate
egtteagtge
gctgoogeoe
aatacttgeg
ctogartaty
cacgogyeeyg
ccggagotgg

cltagacogoe

goeggegegy
cgeatggtgt
cgcavecgga
acceteacoe
grgaaagagy
cgcagogagy
ttgaccgagyg
aaccgcacca
tgategoggo
aaatcetgge
RAGRIZACCGA
atgecggtcoge
gaaggttatc

‘totagoocogo

gggcagtges
chacogooeg
cgacggaycy
getgattcocyg
ggttaagcag
ggogatcaas
geocabtctt
cacgaacegot
egotgasart
acaaacacge
agootggoag
accaagotga
tacatcgogo

-24.

caggatrrgeg
actggattag
actgggoeesa
tetotitagg

cagtcaacyg,

acaszaascs
aaggtgeacy
gtecogateas
totttgatgt
aaacggoaga
cgattateat
acatgtggay
gocgtcagegs
gcatattgey
cggoggettt
agggaggcas
gaatigcgta
aagattgaat
taagcatgta
tagagtoooy
ggataaatta
T

azagtacttt
agecghbeotte
tgoocktite
actagaaccy
coegeghbcay
getgcacoaa
ccaggatget
tggeccgoag
goctgogtag
tgacegtgtt
gegggegega
cygoacagat.
cggotgeact
aagtgacgcc
cogacgoooh
ggacggceay
caggtacgty
cggttbgbet
gogecgeogh
tgegtatary
gotgtactta

gocetgeazc’

agegattggg
acgatigace
coceaggegg
gtgcagecoaa
cueattygagyg
ggcacgegea
gagtcoogha
cttgaatcag
azatcaaaac
taagtgcegyg
acacgccage
agatgtacge
agohaccaga

oggcaaagga
ggeeaacton
tgaacatggd
Gattggttic
ggaaactcayg
cecaagegty
ggaatatttc
ctgcgtoaat
gotgtacetg
gaagotractyg
caccgaatac
Lgaagagtat
cgtegtegat
eghiggeggt
totgetgoaa
acaatgaate
cogagetoga
cetghtgeeg
ataattaaca
caattataca

togogogoad

gatccaacce
tgasaacgac
ctggegttt

gagacattac
caccgacgac
goetgtttioo
tgaccaccta
Caseogegac
cetggoagag
cgocoggoatt
ggregcoaas

. cgegrangco

gettggoghg
caccgagygoc
ggeggecgea
gacgaaccgh
tieogagoeege
gatgocaaga
ctaaaaaggt
atgogatgay
accagasagy
teogoogggge
cggcogtgeg
gogacgtgaa
cggactigge
gecocttacga
teacggatgy
teggoagtaa
tcacgoagoy
aaccogagay
tecatttgagt
cogtcogage
catgasgeogy
ggtacgecaa
gtasatgagu

PCT/US02/17431

ttcgataacy
tacegtacet
atcgtoggtoga
gaagogggea
caggogeact
gtgatgtgga
gegeecactag
gtaatgtiet
aaccgttakt
gaaaaagaat
ogegtggata
cagbgtgeat
gaacaggtat
aacaagaagyg
aagvgotgga
aacaactectc
atttcccoga
gtottgogat
vogtaatgoat

ttaatacge
tgtcatectat

ctoogetget
atgtogeaca
cttgtogogt
gocatgaaca
caggacttoa
gagaagatca
agecotggeg
ctactggaca
cegtgggeeg
geogagtteg
goecgaggeg
cgegagotga
catcgoetega
aggeggeged
gagaatgaac
ctttcattac
cogegeacgt
tggeggeoctg
gatgtgratt
tazataaaca
cggghoagyc
cgatgttctg
ggeagatcaz
ggodatogdge
tgtgtocgey

catatgggec

aaggctacaa
gogttgoogeg
cgtgagctac
cgacgcigee
tcaatgaggta
goacgeagoa
gteoaacttte
ggcaagaccd
-anatgaataz

zZ220
2289
2349
2400
2460
2520
2580
246840
27006
2760
2B20
2880
2840
3000
3080
3120
3180
3240
3300
3380
3420
3481

&0
120
180
240
300
360
420
43¢
549
600
660
720
780
840
500
960
1026
1080
1140
1200
1260
1320
1380
1440
2500
1560
1620
1580
1740
1800
1860
1920
1980
2040
2109
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atgagtagat
accgacgcog
tgggttgtet
. cggtagosas

gaagttgaag
tgaatcgtog
cggtgegerg
gatgetotar
totgtogaag
cgtagaggtt
gatggecggtt
gecoggooge
‘tggeggmaag

tgocatgeay’

agoettgatt
gatsgageta
gacggttcac
goCacgooge
cagtgacage
aaatgaccty
catgogotas

gatgetaguy

tagcacgtac
TCoraaagesy
aggegattet
ctgtgeataa
gtegetgege
anaaaatgget
actcgacogo
aaaacctoty
ggagcagaca
tgrococaghe
gatibgtactyg
atacegoate
gotgeggoga
ggataacgca
ggcegegtty
acgetcaagt
tggaagete
cttirctocet
ggtgtaggte
stgegectta
actggecagea
gttettgaag
tctgoctgaag
caccgotggt
atctcaagaa
acgttaaggy
atattitatt
ctgttottes
‘gtcocgooctyg
gatgttgotg
¢ctttanasaa
geaatocaca
~taagetatic
cgeatacage
gacgecateyg
gacctitgga
atcataggtg
tececaccage
Ttittegate
teoctetttic
aattcactgt
ttttcazagh
CaRYYCagoaa
gttteasace
tetgeegeet

gaattttago
tggaatgocc
gecggeectyg
caatooggee
goegegragy
caageggoey

tegattagga

gacgtgagca
ggtgacecgac
tocogcaggge
tcocatoctaa
gtgttocgte
cagaaagacy
cgtacgaaga
agecgetaca
gotgattoga
cocgattact
geogoaggoa
gocggagagh
ceggagtacy
cgraacotga
caaattgece
attgggaacs
tacattggga
teegoctaaa
ctgtotgace
tccotacgee
ggcotacgge
cggocgoocac
acacatgceayg
ageocgtoag
acgtagegat
agagtgracc
sggoegotett
goggtatcag
ggaaagarca
ctaggegtttt
tcagagatyc
ctegtgeget
tegggaagey
gttegeteca
tceggraact
gocactagta
tggtggecta
ccagttacet
agegghagtt
gatoecttiga
attttggtca
ttctocoaat
cggatatoct
cogeticten
tctcocaggt
teatacaget
toggecagat
glhataggaac
togataatot

goeotcactca

acaggcaget
gtecotttat
ttatatacot
agtttttreca
tacagtattt
toottgeatt
tggogtatas
cgotobgtea
cggoagotta
tacaacygoet

ggctaaagga
catgtgtaga
castggcact
cggtacaaat
cogeoragosy
ctgategaat
agcoogooeaa
cecgegatay
gagciggega
sggccggeat
cogaatecat
cacacgtige
acctggtaga
aggooaagaa
agatogtaaa
tgtacegega
ctttgatcga
aggcagaagc
toaagaagtt

atttgaagga,

tegagggega
tageagagga
casageegta
accggtcaca
actctttaasa
agoooacage
cegeagotho
caggeaatet
atcaaggoac
ctocougaga
ggcgegteag
agoggagtgt

‘atatgeggtyg

ccgottocte
ctoactcaaa
tgtgagceaaa
tccatagget
gaaaccogac
ctogitgticc
tggogektte
agotygggoty
ategtottga
acdggattag
actacggeta
teggaanaag
ctttbgtttyg
tettbtctac
tgcattctag
caggcttgat
cootgatoga
caagatoaat
cgoogtgaga
cgegoggate
cgttattcag
satccgatat
ttteaggget
tgageagatt
ttecttoocag
accggetgto
tagraggaga
attoeggtyga
aaagatacco
ctaaaacctt
catagtateyg
tegttacaat
gttgcegite
ctoccogetga

95

ggeggcatyy
ggaacggged
ggasccooca
cggcgeggey
goaavgoabo
cogeaaagaa
gggcgacgay
tegeageato
ggtoatecge
guyecagtgty
gaaccgatas
ggacgtacte
aacctgoatt
cggeegoetg
gagogaaacc
gatcacagia
tcceggoate
cagatggrtyg
ctgttteace

ggaggcoggy

agcatctgeoe
aaasggtcga
cattgagaac
catgtaagtg
acttattassa
cgasgagoty
gegtoggoct
accagggeyc
cdtgcctege
cggtroacage
coggtgtigg
atactgoett
tgasataccg
gctecactgas
ggeggtasts
aggecageaa
cegeeccooct
aggactataaz
gascctgesy
tcatagectea
tghgeacgaa
gtoeaacoeyg
cagagegagy
cactagaagg
agttggtage
caagcagaag

ggggtctgac

gtactzaaac
ceceagbaag
coggacgcay
aasagocactt
aaagacaaght
tttaaztgge
taagtaatce
gtogatgyag
trgtteoatet
gcteocageoea
ccatagcatce
cgtocatttit
cattacttce
tattotcoatt
caagaagcta
aaataccaga
acggagcecga
cascatgota
ttoegaatag
cgeegtbooey

azzatcaaga

glttggecagy-

agCCogagLa
ctgggtgaty
gaggeagaag
teoocgguaac
caaccagatt
atggacgtay
tacgagette
toggattacy
cgggaaggga
aagttoctgeoe
cggttaasaca
ghgacggtalt
gggcggecgy
ggcaagaace
goocgbtbtc
ttcaagacga
gtgcgcaage
caggctggoo
ggttcotaat
aaaggtctet
cggaaccegt
actgatataa
actcttaaaa
caaasageygc
atogoggoeg
ggacaagcoog
gegrttoggt
ttgtectgtaa
cgagtgteoy
aactatycgg
cacagatgeg
teogotgoget
cggttatcea
aaggocagda

‘gacgageatc

agataccagy
cttaocggat
cgotghaggt
cecocegtte
gtaagacacyg
tatgtaggeg

acagtatttg.

tettgatcog
attaogcgea
getecagigga
aatteateca
teasazaata
aaggreatgy
acttigecat
coectettogy
gtgtetbethd
zaticggeta
tgaaagagce
teatactectt
ccatgocegtt
atgtectitt
azatataggt
gtatctitta
ttageecattt
attataacaa
anacagotbtt
ttrtgrance
ccectecgoga
catcggtaac
gactgatogg

acaaccagygc
cgtaageggc
atcggegtga
acctggtgga
caggoocegyg
cgacggcage
ttttegtiee
cegttttecg
cagacgggcsa
acctggtact
agggagacaa
ggegageega
ccaggeacgt
cegagggtga
agtacatcga
cggacgtget
tchaccgoct
totacgaacy
tgatoggygtc
cgatcctagt
gtacggagca
ttootgtgga
acattgggaa
aagagazaaa
coogeoctgge
ctaccctiog
ctggecgete
cgoogtogee
gatgacggty
geggatgeoy
ggcgeagoea
catcagages
taaggagasa
cggtogtteg
cagaatoagg
accgtaaaaa
acaraaatcy
ocgtitogooe
acctgtbooge
atetoagtte
agoocgacsy
acttatogee
gtgoctacaga
gtatcetgcege

‘gcaaacaaat

gaasalsagyg
acgaaasntc

‘gtaaaatata

gotegacata
cataccactt
ctttoacassa
gottttoogt
cccagtttte
agoggctgte
tgatgcactc
cogagesaayg
cagagligcoag
cecgttooac
ttteatbittc
cgcageggha
attatttect
gacgaactoo
ttcanagtty
goggigaton
gatecateegt
atgagcaaag
ctgoctgtar

2160
2220
2280
2340
24090
24€0
2520 -
2580

2640

2700
2760
282D
2880
2540
igo0
3080
3iz2c
3180
3240
3308
33€90
3420
34580
3540
3600
36640
3720
3780
3840
3800
3960
£0290
4080
£140
4200
4260
4320
4380
44490
43500
4560
4520
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
BET00
5760
5820
5880
5940
6000
6060
6120
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cgagtogtyga
tatartgtag
tzatgtactg

" gttttaggea

gogtttettat
ggaactacte
ggacdggyeg
cogtgettoa
atgogoacge
gectoccaggg
cygggggaga
gggceogegt
cgotocoogoa
aagttgaceg
goeteggtay

gagatagatt

ttcottatat
agtggagata
caegatgoic
aacgatazgoe
tatoctttig
tacoctttygh
cttggaghag
rgacgtggtt
gggacecacty
tttgtaggty
atagaateey
gtettotgag
griggcaage
taatgcaget
aatgtgagtt
atgtitgtgtg
tacgaattag
gaghttggac
gatgotatiy
gaactocage
toogaagoos
gtoctgetee
cogoooecas
cgtggacany
ggccagggty
gtoceoggaco
agtocagaac
caactbgges

- geaggaatte

accaaaggoe
attgcocage
aatgeccatca
ccaaagatgg
cticaaagea
agaatatcaa
taatatcogy
cagtagazaa

. bttcaagetge

tggaaaaaga
ctogacgtaay
aggttoatit
tctotogaac
cgacgtetgt
tereggaguy
tgcgcgtaasa
catcggooge
cctattgeat
tgccecgetgt

' gccagacgag

gtgatttcat
acacegtoayg

titttygtgecy
tgtaaacaaa
aattaacgod
ttagaaatte
atgctocaaca
acacattatt
gtaccggeag
agcoogygocyge
tegggtogts
acttecagcag
cgtacacgat
aggcgatgec
gacggacgag
tgettgtote
cacggoggat
tgtagagaga
agaggasggt
tocacatcaat
ctogtgagty
Lttootttat
atgaagtoac
tgaazagtct
acgagagtgh
ggaacgteott
teggragagd
ceacwttoct
aggaggttte
actgtatett
tgctetagoe
ggoacgacag
agetcactca
gaattgtgag
agcckigact
amaccacaac
cttitatttgt

atgagatoeo-

aacctticat
tocggocacga
ggotgstoge
acctoegace
ttgtecggea
acaccggcga
tegasogete
atggatocag
gatcgacact
tattgagact
tatctgteac
ttgegataaa
accocoacse
agtggatiga
agatacagtc
azaacgtocec
ggaaggtgas

ctoctgecgac .

agacghicoca
ggatgacgca
catttggaga
trrogeagat
cgagaagtit
cgargaatct
tagchgogec
gcteooogatt
ctceceegocgt
tctacaaccg
cgggttegge
atgcgegatt
tgogheocgie

agetgeoeggh
trgacgotte
gaattaatto
tattgataga
catgagcogas
abgoagaaas
getgaagtes
cegeagoatyg
gggcagceecy
grgggtgtagy
cgacteggoo
ggegaccteyg
gtegteoogte
gatgtagtgg
gteggecagg
gactggtgat
cttgegaagg
coactigett
gaggtocatc
cgcaatgzatg
agatagctgg
caatagoect
cgtgetoccac
cttittecac
catcttgaac
tttetactgt
sogatattac
tgatattctt
aatacgcaaa
ghttocogac
ttrggecacce
COgQELABCAA
agagggtoga
tagratgtag
aaceattata
cgegetggag
agangueggc
agtgcacgea
cgatctoggt
actoggogha
ccacectggto
agtegteote
cagegacgtc
atttogetos

ctegtetact”

cticaacaaa
ttocrtoaaaa
ggasaggota
acgaggagea
tgtgataaca
Ltcagaagace
ggaticcatt
acctacaaat
agtggtecca
accacgtett
caatoocact
ggacacgetyg
cogaggaIge
ctgategaas

cgtgetttaa-

gatggttkct
coggaagogo

geacrgggtg

gregeggagy
ccatteggac
getgatoeee
gogeaggete

-26-

coaagagety
gacaacttaa
gggggatoty
agtattttac
accetatagyg
togagtoaan
agotgocaga
ccgeggggey
atgacagoyga
agogtggags
gtoecagroegt
coegtocacot
cactectgeg
togacgatyy
cgtegttotg
tteocagegtgt
atagtgggat
tgaagacgtg
ttigggacca
geatttgtay
geaatggaat
tiggtettcet
catgttatca

gatgetocte-

gatagcooettt
cottttgaty
cotthgttga
ggagtagacy
cegectetoo
tggaaageoy
caggctttac
tttcacacay
cggtatacayg
togzaazaaat
agetgoaata
gatcatccay
ggtogaatoyg
gttgoecggeco
catggcogge
cagcteoghoo
ctggaccgey

Gacgaaghoc

gegegeagtg
aghtagtata
coaagaatat
gggtaatate
gmacagtagsa
togticaaga
tegtggaaaa
tggtggagrs
aaagggctat
goocagetat
gocatcatty
azgatggase
caaagoaagt
atccttegea
azatcaccag
aatgagatat
agttcgacag
gcttegatot
acazagatoyg
ttgacatigg
teasgttgea
crtatoggatge
cgeoaaggast
atogtgtatea
tegatgaget

thggotgyet
taacacattg
gattttagta
azatacaaat
aaccotaatt
teteggtygac
azcceangtc
catatcoogag
cezcgetatt
ccagbooegt
aggegttgeg
cogogacgag
gteootgogy
toeagaccyo
ggctoatgyt
cotetocass
tgtgogteat
gttggascgt
ctagtoggoag
gtgecaceht
ccgaggaggt
gagactgtat
cascaatcca
gtgggtygdg
cectttatege
aagtgacaga
azagootoaa
agagtgtegt
ccgegegttg
gcagtgagey
agtttatget
gasacageta
acatgataag
gottbatttg
arcaagtigdyg
eoggegioen
aaatctogta
gggtegegea
coggaggest
aggecgegea
ctgatgaaca
cggoagaace
agcaccgdgaa

-aspaageadgy

caaagataca
goggaaacctc
aaaggaaggt
tgectoihgee
agaagacgtt
cgacaciote
tgagactitt
ctgtcacifce
cgataaagyga

cocaceoany

ggattgatgt
agacctteet
tcteototeta
gaaaaagoct
cgtctoeygac
aggagggegt
ttatgtttat
ggagtttage
agacctgoot
gatcgotgeg
cggtocaatac
ctggoarach
gatgettiay

PCTIUSO2/17453

ggtggeagga
cggacgtith
ctggattityg
acatactazg
ceccttatetg
gggcagyace
atgeocagtte
cgoctaoghge
gaageecstat
cogetagtag
tgeotbtocag
coagggatag
cteggracgy
cggeatgteo
agactogaga
tgaaatgaac
cecttacygte
cttotitite
aggeatettg
cettttetac
ttoeccgatat
ctttgatatt
cttgotitga
gtccatcttt
aatgatggea
tagstgggea
cageeetity
getecaccat
geogattcat
caacgeaatt
teceggatogt
tgaccatgat
atacattgat
tgazatttgl
gotgggegasa
ggaaaatgat
goacgtgbca
gogogaactc
cooggragtt
coocacaceca
gggtecargtc
cgageaggtc
cggcactggt
ctteaztoct
gtetcagaag
ceteggattoce
ggcacehaca
gacaghtgghe
ccaacgacygt
gtcotactoca
caacasiyggg
atcazaagyga
aaggetatog
aggageatcy
gatatcteca
ctatataagy
caaatctate
gaachcaCcg
ctoatgecage
ggatatgtcc
cggcactitg
gagagoochoa
gaaaCCHaAc
geegatotta
actacatgge
gtoatggacy
geocgaggact

6180
62490
£§300
6360
6420
480
£540
5600
6660
E720
E7BO
6840
£300
5960
7020
7080
7140
7200
72640
7320
7380
7440
TEO0
7560
7620
7680
1740
7800
7BE0
7920
7980
8040
8100
B160
8220
8280
8340
8400
8460
8520
8580
8640
8700
B7E0 -
8820
BES0
8940
5000
8060
9120
9180
9240
2360
9360
5420
9480
9540
9600
9660
97290
9780
98490
9800
9960
100620
10080
10140
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gocccgaagt
atggcogeat
aggtogooaa
‘acttecgageg
guattgotet
guygcgcaggy
aaatcgeosy
gtggaaaceyg
atckgtegat
ggaattaggg
gtattigtat
agtactasaa
gaatatcgeg
atatggegag
atatggoaag
atgavgaaat
attegattgt
tggtegtgge
ttugtotttg
gugtcatggt
cotattoiit
ategtacttg
tggaaatttt
tattatgtat
atatatcatt
ttitgtgeatt
tgtcactigyg
goggaaacgac
atgacgogay
acteageoge
cgegtteaaa
cocactgacgt
copsataatc
tooocogggta
aadagactcga
gttggtogga
atcagttoge
tetttatace
attacggcaa
catttgasge
gtotgaacas
acggcaagaa
goataatget
tcgogeaaga
goegttgaact
ctttgeaagt
acgtracage
ragtaggcagt
ttggeeogtea
acgatcacge
acgetgaaga
cagetgtogy
. aactgtacag
aggagctgat
--aaccggatac
gtasactcga
cegataccat
tecanagogy
aggagaaact
tgcactcaat
atcacogegt
attttagoegac
grgaceycaa
teggtgaaas
cgteggelhac
ttggcaataa
atttcbgtty

ceggcaccte
aacagoggte
catcttctic
gaggcatoeg
tgaccaactc
togatgegas
cagaagegey
acgoooocags
cgacaagehc
ttectatagg
tigtanzata
tecagatoce
agtazactga
gaaaactdgaa

aanactgaaa

cactzaaaza
getagocast
tggeggtagt
cageastgtt
tattggtggt
acatatttet
ttttataaaa
ctcecattgtt
ttttteogttt
tacaatgttt
tggtgttgta
gttt
mabctgatea
a&caagccgtt
gagtttctay
agtogoctaa
tccataaath
tgecaccgygat
cagteaghoo
cggeetgigg
aagcgogtta
cgatgeagat
gasaggtigy
agtgtgggte
cgatgteacy
cgeaactgaac
azagragtet
ctacaccacy
ctgtaaccac
gogtgatgeg
gogtgaatoey
caaaageeag
gaagggegasa
tgaagatgeg
attaatggac
gatgctegac
ctttaaccte
cgaagagoca
agcgegtgac
cogtecgess
taogacgegt
cagegatote
cgatttggaa
goatcageoy
gracacogac
ctttgatege
ctegoaagge
acogaagteg
accgoageag
agcecteggga
agtttottaa
aattacgbta

gtgcacgegyg
attgactgga
tggaggeegt
gagcettgeag
tatecagaget
goaategteeo
gocecgtetayga
actcgtecga
gagtttcteg

gtitegetea

crtoctabteaa
cocgaatteat
aaztcacgga
azaggtggaa
atcatggasa
cgtgaaaaat

gtttaacaag

ggaazattge
tgatatogga
tggtcateta
tattaaattt
tattttatta
ttttctatat
tataataaat
azaagtcatt
catgtctatt
ttaagacata
tgagoggada
ctacgtbtigg
agtttaatos
ggteactato
ceecteggta
ctegagatey
cttatgttac
gcattcagte
caagaaagcc
attcgtaatt
geaggerage
aataatcagg
ceghatgtts
tggocagacta
tacttccatg
cogascacot
gegketghtg
gatcaacagy
cacctetgoc
acagagtgtg
cagttoctga
gattitgegeg
tggattgogy

tgggoagaty -

tctttaggesa
gtcaacgggy
aaaaaceace
ggtgcacgay
cogatoacct
tttgatgtge
acggcagaga
attatcatca
atgtggagtg
gtoagegeeg
atattgcgeg
geggetitte
ggagycazas
attgegtace
gattgaatey
agcatgbaat

27

atttoggote
gegaggegat
ggtiggereg
gategeracy
tggtigacgy
gatooggage
oogatggcty
gggcaaagaa
atmataatgl
tgtgitgage
taaaatttct
teggogtiaa
aazatgagaaa
aatitagaan
atgagaaaca
gagaaatgea
atgtcaagea
agtggttoga
gteacttatg
tatattttia
atgeattgtt
ttttatgtgt
tteataataat
arttatizaa
tgtgaataia
ztgatectoat
atcactagtyg
attaagggag
azctgacaga
getaageacs
agcotagcaaa
tecaattaga
sattocegeg
agtectgtaga
tggatcgoga
gugoaattge
atgtagucaa
gratogbget:
gagtgatgga
ttgoegogas
tocogerggy
atttettiaa

gggtygacgs.

actggecaggt
tgagttgcasc
aaccuggtga
atatctaccoce
tcaaccacaa
goaaaggatt
coaagtocta
aacabggeat
ttggtitega
aaactcagca
caagoegtggt
aatatttcege
gagtoaatgh
tgtygeotgas
agytactgga
ccgaatacgy

aagagtatca’

tegteygygtya
thagegotes
tgctgcaaaa
aabtgzatcas
gagecihogaat
togttgceggl
azttascatyg

caacaatgte
gtteggggat
tatgugsgcay
actocgggey
caatttogat
cgagactgta
tgtagaagta
atagagtaga
gtgagtagtt
atatangaaa
aattcortaaa
tteagatcaa
tacacafhitt
totooactgl
tecacttgac
cactyasgga
caatgaatgt
goggtaghga
gtggttgtaa
taataatats
tgrarettta
tatattatta
tttetiattt
aazaatatta
tragotaagt
ggocaaaaca
attatatcta
tcacgttaty
accgeaacgt
tacgtcagaa
tattbetitgt
gtetcatatt
goegogaatt
aacooraacc
azactgtgga
tygtygccagsc
cygtoetyggtat
gegtttogat

gcatecaggge”

sagtgracgt
aatggtgatt
ctacgoogys
tateacegty
agtugecaat
tggacaagge
aggttatote
gotgegegtoe
acegbtotac
cgataacygty
cegtacctoyg
cghggtgatt
agocgggcaac
ggcogeactta
gatgtggagt
gocactogag
aatgttectga
cegttateac
aaaagaactt
cgtagatacy
grgtyeatgg
acaggtatay
caagaagggy
acgotggact
caactctoct
ttecoogato
cttgeogatga
taatgecatga

PCT/US02/17451

ctoacggaca
teccaatacy
cagacgeget
tatatgctec
gatgcagett
gggeghacac
ctogecgata
tgeogacegg
cecagataag
cocttagtat
accaaaatec
gettgacctg
aggacgtgaa
aggacgtgga
gacttgaaaa
cteegegaga
tggtggtigy
tegacgatag
caatggaggh
sagtatitia
aatagtittt
chigatgtat
ttetttgttt
tttttgtaaa
tgtacttett
tgtctacion
gactgaagys
acocoogooy
tgaaggagee
accattattg
caaazatget
cactctcaat
cactagtgga
cgtygazatca
attgagcage
agttttaacg
cagrgosaag
geggteacte
ggctatacge
atcacagtth
acogacyaaa
atccateygea
gtgaogeaty
ggtgatgtcea
RCCAGCOGHA
tatgaactygt

ggoatceggh-

tttactgget
ctgatggtge
cattacoctt
gatgaaacty
aageogaaag

caggcgatta

attgecaang

gaagcaacge.

gacgcteaca
ggttggtaty
ctggeoctage
ttagceoggae
ctggatatgt
aatttogecyg

atcttcaceo

ggcatgaact
ggogeaceoat
gticaaacat
ttatcatata
cgtiattiat

10200
10260
10320
10380
10440
10500
105560
10620
10680
10740
10800
16860
109520
10980
11040
11100
12160
11220
131280
11340
11400
11460
11520
11580
11649
11700
11780
11820
11880
21940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12548
126060
12860
12720
12780
12840
12960
12960
13020
13080
13140
13200
13260
13220
13380
13440 .
13500
13560
13620
13680
13740
13800
13860
13820
13980
14040
14100
14160



WO 02/096923

gagatgggtt
aatatagege
ggaattoegat
ctggegttac

Jegaagagyc

agagragekbt

ttgacaggat
atttaaaagy

<210> 22

‘wZ2il» 4257

<Z212> DHNA

tttatgatta
graaactagy
atcaagettg
comacttaat
cogeacegat
gagcotbtggat
atattggogg
acgtgaaaag

gagteccgoa

ataaatibatc.

gractggoog
cgeetigcag
cgeectiooo
cagatigteg
gtaaacctaa
gtttatoogt

<213»> 2reificial Seguence

<220>
<223> DPUR

<400> 22

ctgtggaatg
atgcaaagca
gdaggcagaa
actoecgocca
ctaatttttt
tagtgaggay
ggoegocacy
gaggacctic

coogggecgt
. Logacocgga

tegggotega
ccacgoogga
agttgagegy
ggcecaagna
agggtoerggy
sogooettoct
cogheaccge
ccggtgecty
atggetecga
cacecgactet
aaasacctec
aacttgttia
aatazageat
tatcatgtet
ttgagaggac
gtoactiaac
ttbazaatat
acaaatgtcsa
ctcatcaaga
cczacotgtg
geact.eccact
ctgacegtca
gtttgetaac
tgacoottga
gtttaacata

&aatatttcea

ggcctogtga
tcaggtgica

‘cattcazata

aaaagyaags
tittgroette
cagttgagty
agtittegeco
geggtattat

- cagaatgack

gtaagagaat
ctgactzacsga
gtaactcgce

T gacaccacga

Plasmid

tgtgteaghtt
tgoatcteaa
gtatgcsaag
teocegeeoct
ttattiatgc
getbttttgg
accggtgoeyg
catgaccgay
acgcaceotc
ccgeoacato
catcggcang
gagcgtcgaa
tteocogygelty
geeogegtag
cagogeogto
agagacctoo
cgacgtogag
acgccoygooc
cogangooga
agagogateat
cacacctocoe
ttgeagcbta
tetrttcact
gygatcocecayg
attccaatcea
aazaaggsEaa
ctgggaagtc
acagcagaas
agcactgtgg
taggttocaa
goataagoat
actotagcat
agaccotgea
atagggttttc
goagttacce
caggttragt
tacgootattc
ctittogoay
tgtatcogob
gtatgagtat
ctgttttige
cacgagtgsy
ccgaagaacy
cocgtgttga
tggttgagta
tatgoagtygce
toggaggace
titgatogttg

tgoctgoago

agggtgtgga
ttagteagea
catgeatete
zactoogece
agaggeegag
aggcctagge
coaceateee
tacaagooca
googeoogegt
gagogggtea
gtgtgggtceg
goggudagedy
googogoago
ttectggoca
agtgctoeegy
gocgeooogcs
gtgocoogaay
cacgacocgc
ceegggegge
aztcagccat

ctgaacctyg
taatggttac
gcatbctagt
gaagctooto
taggctgeee
traggtaggg
cottcocactg
catacaaget

tgotgtghte
aatatctagt
tatocttatc
tttttagagt
gebtocaaagy
cagraccatt
caataacctc
coctcatttaa
tittataggte
aaabgtgcgs
catgagacaa

saacatittco
tcaccoccagaa
ttacatcgasz
ttttoomatg
cgoogggoaa
cteaccagto
togccataacc
gaaggagota
gyeaccggag
aatggcaaca

.28.

attatacaby
gegegegaty
tegttttacs
cacatcecoe
aacagttacy
tttecogect
gagaaaagag
tegtecattt

aagLcoecay
accaggtgty
aattagtcag
agtitoeogoce
geegectegg
ttttgcaaaa
ctgacceacyg
cogtgogoot
tegecgacta
cogagetars
cggacqacyyg
tgrtogecga
aacagatgga
cegtcggegt
gagtggagge
agetocceLt

gaccgegoas

agegaoccgac
coCcgecgace
accacattiog
aaacatgaaz
aaataaagoa
togtogtotygt
tgtgtectea
atccacccte
gttttbeacs
ctgtgttees
gteagetttyg
agraatgbgo
gttttcatte
caasacagce
tacagttisa

Thooccacca

Etocatgagtt
agttttaaca

attaggcaaa.

aatgbcatga
gaaaccaota
taaccctgat
cogtgtegoeo
acgctggtga
ctggatctea
atgagcactt
gagcaacteg
acagaaaage
atgagtgata
agogolbtiet
ctagaatgaag
acgttgegoa

taatacgega

toatctatgt
acgtogtgac
tttegocage
cagccigaatl
tcagtttaaa
egtitattag
gtatgtyg

getecooags
gaaagtccece
caaccatagt
attetoogeoe
cetotgaget

ageottgoatg

ceeetgacoo
fo:elelat-Talolulx o
cocegecacy
agaactettc
cgecgeggty
gateoggooeg
aggcctecty
cicgoocgac
ggcogagege
ctacgagogyg
ctoggtgoatg
cgaaaggagc
cegoacoege
tagaggtttt
tgaatgcaat
atageoatcac
ccazactoal
taaaccctaz
tgtgtectec
gaccgettte
gaagtgttgg
cacaagogec
aaaacaggay
ttacttygygat
ttgbggteag
goaggatatt
acagcaanas
tttbgtgtec
gteacagotr
ggaattctig
taataatggt
trtgtttat
aaatgettoa
tratitoeatt
zagtazaaga
acagoeggtaa
ttazagttct
gtegeogoatl
atcttacggs
acactgecgyge
tgcacaacat
ceatacoaaa
aactattaac

PETAUSO2ZA 45T

tagagzacas
tactagatey
tgggaaaace
toacgtaata
ggcgaatget
ctatcagtgt
aataacggat

aggoagaagt

aggeteocea
ceoogeceeta
ccatguctga
attecagaag
cctgeaggta
ctcacaagga
gacgatgtoe
cgccacaccy
ctcacgeygey
geggtctyggs
cgcatgaeng
gegeogears
caccaggeoa
geoggggtgo
ctoggottoa
Ftolulals laF=Y-2a 1l
geangacees
coocgagyges
acttgetita
fgttgttgtt
aaatttcaca
caatgtatet
ccheotdtar
tgttaattag
taagggtaat
tazacagceec
caacagcecty
gacatitie
caggaacesa
tgttecatety
toggtoctgta
zatgaaaatt
ctgratgeaa
cocacatcaa
aagacygaasg
ttettagacg
tttctaaata
ataatattgsa
ttttgoggea
tgctgaagat
gatecttgag
getatgtoge

-acactattetr

tggcatgaca
caacttactt
gggggatoalt
cgacgageogh
tgaegsacka

14220
14280
14340
14400
14460
14520
14E80
14627

360

1749
1800
1860
1520
1880
2040
2180
2160
2220
2280
2340
2400
2460
2520
25840
2640
2700
2760
2820
2880
2540



WO 02/496923

Sttactctag
ccagttotge
gagegtgggt
gtagttatet
gagataggty
ctttagattyg
gataatctes
gtagaaaagsa
Ccazacaaaaa
cittttcega
tageocgtagh
ctaatootgt
Lecaagacgat

‘Cagoccagct

graagogeoa
g¥Racaggag
gtcgggtttc
agcctatgga
ttitgotoaca
titgagtgag
Jaggaagcegg
caccgcatat

<210 23
«21l1> 2713
«212> DNA

cttecoggea
geteggeeet
ctegegotat
acacgacgdg
cotcactgalt
atttaaaact
tgaccageat
tCcaaaggats
aavcsooget
aggtaachay
taggccacca
tactagtage
agttaceygya
tggagegaas
cgottoeega .
agogoacgay

‘gecacctetg

aaaacgeeay
tgttotttec
ctgatacoge
aagagcgect
ggtgcactet

acaattaata
tooggetoge
cattgoagoa
gagteaggoca
taagecattgy
tcattttiaa
cecttaacgt
ttettgagat
accageggtg
cttocageaga
cticaagaac
tgetgecagt
taaggcgoeag
gadectacacc
agygadgaaag
ggagettoca
acttgagegt
caacgoggoe
tgegttatec
tegoogeage
gatgegatat
cagtacaatc

<213> Artificizl Segquence

<2205

<223> pNEB193 Plaswmid

«<400> 23

Loegegegtee
cagettgter
Ltogeggstg
accatatgog
alttcgocatt
tacgccaget
Lttoccagte
gogecggato
gegtaatcat
aacatacygay
acattaatig
cattaatgaa
tectogetea
traaaggoyy
goanaaggoe
aggclecgeo

" ecgacaggac

gttcocogacce
ctttcteata
ggchgtgtge
cttgagtceca
attagcagag

.. wWgctacacta
‘amaagagttg

ghttgcaage
totacggggt
ttatczarmas
tazagtatat
atctoagega
actacwatac

egeteacogy

agtggboory
gtaagtagre
gtgtcacget
ghtacatgat

eggtgatgac
gtaagogyat
teggogetyy

tgtgaaata
caggcetgeyge
ggcgaaaggy
acgacgttgt
cttaattaay
ggtoataget
coggaageoat
cgtigegete
teagccaacg
ctgactegot
taatacggtt
agcaaaaggc
cocctgacga
tatzaagata
tgccgotiac
gotcacgcty
ACAACTUCEC
accoyggtasag
cgagygtatygt
Jaaggacagh
gtagetottg
agcagattac
ctgacgetea
dggatcttoac
atgagtazac
tctogtcoctatt
Gggagggett
ctocagatti
caactttatce
cgecagtiaa
cgroegrttag

.cceoreatagtt

ggtgaaaace-

geogggagoa
cttaactatg
cegoacagat
zactabbggg
ggatglacty
zaaatgacyg
tetagagecg
gtotectgtg
aaagtytaaa
actgecesct
cgcggggaga
gegeteggtce
atccacagaa
caggaacogt
gcatcacaaa

cecaggogttt.

cggatacctg
taggtatete
cgttecagoee
acacgactta
aggeggtget
attkggtate

atcaggoaaa’

gegraganas
gtggaargaa
ctagatoctt
ttggtotgac
teghtoatoe
accatoctgge
atcageasts
cgectocate
tagtttgege
tatggecttca
gtgcaaaaaa

-29-

gactggatag
tggtttattyg
ctoggggocay
actatggatyg
taactgtcag
tttaaaagga
gagltttegt
cetbtitrte
gtttgtttac
gegeagatac
tetgtageac
ggcgataagt
cggtegyget
gaactgagat
goggacaggt
gaggggaaacy
sgatttttgt
Ltitttacgat
cotgattetyg
cgascgaceg
tttctectta
tgetotgatyg

tetgacacat
gacaageceyg
cgocateaga
gogtazggay
aagggegale
caaggegatt
ccagtgaatt
actgttiaaa
tgasatigtt
geotgaggty
ttocagtegyg
ggoggtttge
gticggetge
tocaggggata
aaaasggeocyg

aatcgacget-

coeectggaa
toegoeecttto
agttocggtgt
gaccgotgoy
tegooactyy
acagagitct

‘tgegototyge

CARACCACCY
aasggatcte
aactcacgtt
ttaaattzaa
agttaccaat
attaghtigoot
cocegbgoty
RACCAGETAg,
cagltetatta
aacgtigttyg
ttecagotceg
goggttaget

aggoggataa
ctygatazatc
atggtaagco
aacgaaatag
accaagttta
tctaggtgaa
tocactgage
Ctgegegtaat
cggatceaga
caaatactgh

cgoctacata

cgtgtetthac
Ygaacgguuyy
acctacageyg
atcogetaay
cotggtateot
gatgctogte
toctggoeott
tggataacey
agegoagoyga
cgcatctgty
cogeatagtt

geagetaoog
teagggegeg
goagattgta
aaaatacoge
ggtgcgggec
aagtigggta

egagoteggt

cotooaggea

toogeteac
cectaatgagt
gazacctgte
gtattgggeg
ggcgageggh
acgcadgyaza
cgttgotgge
cazgtcagag
getoectogt
toecttoggy
aggtegtteg
cottateogg
cagcagooao
tgaagtygiy
tgaagcoagt
chggtageay
aagaagates
aagggatott
aatgaagttt
gettaateag
gactoccogt
caatgatacc
ceggaaggyc
attgttgeog
ccattgotac
gttocraacy
cetteggtec

PCT/USG2/1745]

agtigeagga
tggageeagt
ctoecoghate
acagataget
cteoatatata
gateetbtitt
gtcagacoe
ctgoctgottyg
gctaccasct
cotictagtg
ceotegetetg
cgggtragac
ttegtgeaca
tgagctatga
cggcaggygte
ttatagtcet
aggggggegy
ttgetggoot
tatfaccgee
gteagtgage
cggtatttea
aagocag

gagacgghca
Loagegygsty
ctgagagtge
atcaggegeoo
tocttcegetat
acgccagggt
accegiggge
tgcaagettyg
aattecacac
gagcotaacte
gtgccagotg
ctottooget
atcagoioac
gaacatgtga
gttttiecat
gtogegaass
gegetotect
aagcgtggeg

ctcoocaagcty .

taactategt
tggtaacagy
goctaactas
Ltaccticgga
tggtiteitt
tttgatchtt

ggtcatgaga -

taaat.caatc
togaggcacot
cgtgtagata
gogagaccea
cgagogeaga
ggaagetaga
aggcategty
atcaaggcga
toogatogte

3000
30890
3120
3180
3240
3300
3360
3420
3480
3540
3500
3660
3720
378G
‘3840 .
3200
3260
4020
4080
4140
42060
4257

&0
20
180
2440
igo
360
420
480
540
600
650
720
780
840
200
969
1020 -
1088
11490
1206
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1880
1320
1980
20490
2100



WO 82/096923

gtecagaagta
cttactgtea
tteotgagaat
| accgegooac
azactotcaa
azctgatctt
caaaatgoeeg
chttttaosat
gaatgtatbtt
cctgacgtet
aggoocttte

<210
<211
<212
<213

24
25
DA

L «220s
<223

T<400> 24

agttggecge
tgecatoegt
agtgtatgey
atagcagaac
ggatcttace
cagcateottt
caaaanagyy
attattgaag
agasaaataa
aagaaaccal

‘gte

atwPUP Primex

aghgttatea
aagatgcttt
gegaccgagt
tttaaaagtyg
getgtigaga
tactiteace
aataagggcg
cattkatcag
acraataggyg

tattatcatg

tificial Sequence

ccttgegota atgototghtt acagg

<210
<211>
<212>
213>

25
26
DA

220>

<223> attPDWN Primer

=&00> 25

Byeificial Sequence

cagaggcagg gagtgggaca aaattg

<Z10>
<21i>
<212>
<213

246
4346
DHA

<2Z0>
<223

400> 25

cecggtgoege
atgaccgadt
cgcacoetoyg
‘egecacatoy
atoggeaagyg
agoghogaag
tocogactyy
ceogogtggt
agcgocogteyg
gagacctocyg
gacgtegagg
cgooogeooe
cgaagoogac
gaggatcata
acacctecce
tgecagettats
ttttteactg
gatocogogece
gottggogta
cacacaacat
aactcacatt
agotgeaita
cogettoete
ctecact.casa

caceatesee
acaagoanac
cogacgegtt
agogyatoac
tgtgggtose
cgggggeagt
cogeglagea
tcctggoeae
tgoteoeoogy
cgcocogeas
tgccegaasy
acgacoogea
cogggegdgec
atoagoeata
ctgaaoctga
aatggttaca
cattctagti
ggatectitasz
atcatggtos
acgageogga
aattgegityg
atgaategge
gatoactgac
ggcggtaata

Arrificial Begquence

tgacocaogc
aggtgogecte
cgcogactac
cgagoctgoas
ggacgacggc
gticgeegag

acagatggaa

cgteggregto
agtggaggcy
cetococttc
ACCUCgoanc
geogecoogaco
cegoegaces
ccacatttgt
zacataaant
aataaageasa
gtggtetghe
tiaagtctay
tagectgtito
agoatzaaglt
cgotoacthgl
caacgoacgd
togotgegot
cggttateca

-30-

ctoatggtta
totgtgactg
tgcicttgec
ctcatcattg
teccagttoga
agegtitoty
acacggasat
agttattgte
gtteoogegoa
acattaacch

p5V40193attPsensePUR Plasmid

cootgaccoa
gocaccogoy
cocgeracge

gaactekier.

geogegatag
atoggoeoge
ggectoctgy
togeoegacs
googagagey
tacgageage
tggtgcatoga
gaaaggageyg
cgoagcteges
agagattfta
gaatgoaatt
tagcatgaca
canactcate
agtcgactgt
ctgtgtgaaa
gtaaagootg
ccgottiocs
ggagaggegy
cgghogtteg
cagaatcagg

tagcageach
gtgagtacta
cggegtcaat
gaaaacgtte
wgtaaccgac
ggtgagoasa
gtigaatact
tcatgagegy
catttoceccy
stazaantag

toacaaggag
acgacghicect
gecagacoglt
teacgegogh
cggtotagac
geatggaega
cgoegeacey
accagggeaa
coegaggtgoe
teggetteac
CoCcgcaagens
cacgacooos
coogaggeas
cttgeitiaa
gttgtigita
aatttbcacaa
aatgtatett
ttaaacctge
trtgttateey
gggtgectaa
gtogggaaze
tttgegtatt
gotgoggoega
gaataacyca

PCT/USD2/17451

geataatict
aaccaagtca
acgggataat
tteggggoga
tegtgacce
aacaggaagy
catactctte

atacartatti

aaaagtgeca
gegtatoacy

.acgacctiee

ceggaccgta
cgRoCoggac

ogggetegac’

cacgecggay
gtrgagoggt

gooraaggag-

gggtetygge
cgeettoctyg

cgteaccgoa

cggtgectga
togctocyad
accgactotéa
aanacctocce
actigktttat

ataaageatt’

atcatgtety
agogoatgosa
cteacaatte
tgagtgaget
ctgtegtgao
gggecgoteth
gcggtatcag
ggaaagaacsa

2160
2220
2280
2340
2400

‘2450

2520
2580
2640
2700

2713, .

45

60
126
180
240
300
360
420
480
540
600
650
720
780
B840
900
950
1620
1080
1140
1200
1260
1320
1380
1440
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totgagcaaa
tceatagget
gaaaccogas
ctectgttee
tggegetitte
agertgggetyg
atcgtcttga
acaggattag
actacggeta
toggaanaag
. tttttgtttg
Lottttetac
tgagattatc
Gaatctaaag
cacctatete
agatadctac
azceacgeto
geagaaghgg
ctagagtaag
tegtogtgtc
gucgagttac
tegttgbeay
attctotiac
agtcattctg
cataztatoge
ggogaaaact
cacocaactg
gaaggoaaaa
tcttootttl
tatttgaaty
tgrecacctga
terogaggos
ageicocogga
agggcgcegte
agabtgtact
aatzeccgeat
tgegogecte
grtgggtaac
agctgtggas
gtatgcaaag
cagoaggcay
taactocgec
gactaatttt
agtagtgagy
toactaatac
Latgtagtet
atttotogbe
. tgttgeaacy
cccacteoct

<210>
<21l1>
<21l2>

<213

27
5855
D&

<220>
2223>

<400> 27

gtogacattg
geccatatalt
CCaRCgRCCT
ggactitteca
atcaagtgta
cectggeatta
tattagtcat
stotecoece

aggooagcaa
cegaaceoct
aggactataa
gacooigesy
teatagehea
tgtgracgaa
gtocaacooy
cagagegagy
cactagaagg
agttggtage
caageagcag
ggggtetgac
aaaaaggatc
tatatatgag
agegatchgt
gatacgggad
acecggetcca
tectgoaact
tagttcgeoea
acgctogteyg
atgatocone
aagtaagttyg
tgtcatgoea
agaatagtgt
gccacatage
cteaaggatc
atcttcagca
tgoogeazaa
tcaatattat
tattiagazaa
cgtotaagas
crtEcgtoic
gacggteaca
agecggygtgtt
gagagtgeac
caggegecat
ttcgctatta
gecagggtti
tgtgtgteay
catgeatcte
aagtatgcasz
catciegeec
ttttatttat
aggocLittet
catctaagta
gttibttatg
cagetitbtt
aacaggtcac

goetctaggg

attattgact
ggagttcege
cocgoocatiy
ttgacgktcaa
tcatatgoeca
tgeeceagtac
cgectattace
cotocoaaco

aaggecagoa
gacgageatc
agataccagg
cttaccggat
cgoctgtaggt
cecocogtte
gtaagacacqg
tatgtaggery
acagtatityg
tethgatecg
attacgcgca
gchoagtgga
Etcacctaga
taaackibggt
ctatittogtt
ggcttacoat
gatttatoay
ttatcogect
gttaatagtt
tetggratgg
atgttgtgea
gecgoagtgt
tecghbaagat
atgoeggogac
agaactitaa
ttavcactgh
tebtttactt
sagggaataa
tgaageattt
aabazaacaaa
accattatta
gogegtitog
gottghbetgt
ggcgagtgte
catatgeggt
tegecatica
ggecagoetgg
toccagtcac
ttagggtaty
aattagtoag
ageatgeate
craactocge
gagaggoey
ggaggotegy
gttgattoat
caaaatckaa
atasotaagtt
tatcagtcocaa
ggcgeg

Arrificial Sequence

pCXLamIntR Plasmid-

agttattaat
grtacataac
acgtcaataa
teggtggact
agtacgeocs
atgaccttat
atgggtogag
ceocaatttig

-31-

accgtazaaz
acaaanatog
egitiooooe
acctotoocge
atctcagtito
ageocgacey
acttategeo
gtgctacaga
gtatotgege
graaacaaac
gazaazanygy
acgaaaacte
fecocttttaaa
ctgacagkta
catccatagt
ctoggcoocag
caataaacoa
ccatocagte
tgegraacgt
ctteatteag
adaaagoggt
tatcactecat
gectttictgt
cgagttgete
aagtgcheat
tgagatocag
tcascagegt
gggogarasy
atcagggtta
taggggticc
tecatgacatt

‘gtgatgacyy

aagoguatge
gggactgget
gtgaaatace
ggctgegeaa
cgaaaggyay
gacgttgtaa

gaaagtcoeco

caaccaggtyg
tcaattagte
coagttcege
aggeegoete
taccorcity
agtgactgea
tttaatatat
ggoattataa
aataasaatca

agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
cratigacgt
gggacttteg
gtyagoccoa
tattratita

ggeegeattyg
acgctcaagh
tggaagotee
ctttoctooet
ggtgtaggte
ctocgeotta
actggoagca
gticttgaay
totgergasy
cacggotggt
atctcazagaa
acgttaaggy
ttasaaatga
ceoaatgotta
tgoehgacto
tgetgeasaty
goragocdga
tattaattgt
tgttgoeatt
ctocggtteo
tagctootto
ggttatggea
gactggtgag
ttgoccogeg
cattggaaaa
ttcgatgtas
thoetgggbga
gaaatgttga
ctgtecteaty
gegeacattt
aacctataaa
tgaaaaccho
cgggagcaga
taactatgeg
geacagatge
ctgttgggaa
atgtgotgea
azcgacggoc
aggeteeoca
tggaaagtoe
ageaaccalia

‘ccattcteeyg

gygcetcigag
cgetaatget
tatgbttgtgt
tgatatttat
apaageattg
tracttgatt

tacggggtoa
tggcoegookh

‘teccatagta

aagtgccoac
caatgacggt
tacttggcay
cgttetgett
Ltttttaatt

POT/USO2/17451

chggegtitt
cagaggtage
ctogtgoget
tcgggaageyg
gttecgetoea
tocggtaact
gecactggta
toggtggoota
ccagttacet
agoggtagtt
gatcctttga
attttggtea
agtbttaaat
atcagtgagg
cecgtogtgt
ataccgigag
agggecgage
tgcogggeaag
getacaggea
caacgatcaa
gogtecicega
gecactgeata
tactcaacca
teaatacggg
cgbteottcgg
ccecactegtyg
gcaaagarcag
atactcatac
ageggataca

-coccegaaaay

aataggogta
tgacacatge
caagceogte
geatcagage
gtaaggagas
gggegatogg
aggogattaa
agtgaattcg
gcaggoagaa
cocaggotoee
gtoegogocoe
coucatgget
crattccaga
ctgtiacayy
tttagagtat
atcakttiac
cttatcaatt
tcaattitgt

ttagttcata
ggetgacege
acgocaatag
ttggcagtac
aaatggoceg
tacatctacg
cactoetbeococce
attitgtgca

1500
1560
1620
1680
1740
1800
1860
1920
1880
2040
2100
2160
2220.
2280
2340
2400
2460
I520
2580

2640

2700
2760
2820
2880
2540
3000
3060
3120
3180

3420
3480
3540
3600
3660
3720
3780
3840
3800
3860
4020
4080
4140
4200
4280
4320
4346

g0

120
180
240
300
260
426
480
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gegetggyag
gggcyaggey
teeottitatg
gggagroget
ceeggetctga

gggctotaat

cotibaaagag
tgrgtgtgty

cgggeatgye

ggtgeccoya
' toguggggtg
cotoeoegag
gcggggceteg
cegeotoggy
gtogagycege
gacttoecttt
tagcgggege
cgtgogteoge
‘acggetgeat
goootagage
acgtgetagt
gtcatgageg
acaggygaces
ctgaagotat
cgagzateaa
tecotggosag
caataaggagy
caatgeicaa
cactgrgega
ctgoeacteg
tgaaaattta
ctgttgttac
atyggatatct
tageatatiga
ttogeggaga
caaggtattt
cotttcacga
ttgeotcazca
gaggeagdgda
cotatcagaa
tttticocte
gctaataaayg
toggaaggac
ghitiggcaac
cagtatatga
gugttagattt
tcottacatg
ghoooctotie
atagctgtitt
aageatazag
goegoetcactyg
taghbcageasz
Ttocgoooatt
-~gectoggoct
Lgcaazasge
cazatttcac
tecaatgbate
aggeggttty
cgttoggetyg
atcaggggat
taaaaaggeo
aaatogacge
tcceoctgga
gtcegecttt
cagttoggtg
cogacoegoetge
ategeeactg

caggoeaggy
aggeggagay
gcgaggegge
gegttgectt
ctgacegegt
tagogettgy
ctecgggagy
cgtggggage
goggggottt
ggtgeggggg
agoagygegt
tkgctgagea
coghgeegdy
cegggdagad
ggcgaygecge
gtcocaaatc
gggegaageyg
Lgogeegeeg
teggggagga
ctotgetaac
tgttgtgctg
coegggatita
zaggacgagl
Heagoosasc
cagtgataat
cagaggaatc
gagtotgoct
tggatacaca
tgeatiteega
cgrageanaa
tcaagcagea
cgggcaacga
ttatgtogag
tgetotogga
aaccataatt
tatgegegea
gttgoegoagt
tcttcoctogyg
gtgggacaaa
ggtggtgget
tgocaaaaat
gaaatttbalbt
statgygagg
atargecata
aacagoreoe
trtetatart
tettactage
tcttatgaag
cctgtotgaa
tgtaaagoet
coogettior
ccatagtoec
ctecgececa
ctgagctatt
taactigttt
aaatazagea
ttatcatgte
catattogge
cggegagegy
aacgeaggas
gogttgotygg
tcaagroaga
agotoootog

cheeoettegg

taggtcgtte
gocttatecg
goagoagoecs

gegIgCHCYT
gtygcaggeygs
ggcggcagcy
cgeccegtge
tacteoocaca
trtaatgacy
gecoocttigty
geegegtgeg
gtgegetoeyg
ggctgegagg

‘gtgggegegg

cgycceguet
cgggggatog
ctcgggogag
agccattgee
tggcggagec
gtgeggegec
Lecocttote
cggggeagygg
catgtteatyg
tctecateatt
cocooctaacc
aaagagtttyg
atigagttat
tocogttacgt

aagcagaaga’

gatgctocac
gacgagagca

gaggcaatag

tctagagbaa
gaateatoac
gttgghgatt
casagranan
atatcaatga
geatectacte
cgaaaageat
ttgtctgeaa
cataagtoegy
attgaaatca
ggtgtggoca
tatggggaca
tteattgraa
goaaateats
tgctggrbge
tgckgtecat
ttgttttgto
cagattitto
ateooctoegac
attgttatec
ggggtgeota
agtcogggaza
goeoostasct
tggetgacta
ccagaagtag
attgcageltt
tttttttcac
tggatecget
getettoege
tatcageotca
agaacatgtg
cgettttoca
ggtggegaaa
tgegalhece
gaagegtgyce
gctocaageh
gtaactatcg
ctggtaacag

32-

gocaggegay
agocaatcagy

gooctataza

coogotooge
ggtgageggg
gocteogtttet
Coggyggoag
groocgegotyg
cgtgtgcgey
guaacaaagg
cggtegggcet
togggtgegy
cggcaggtgg
gggcgeggeg
ttttatggta
gaaatetyggy
ggcaggaayy
catctocage
cggggtteayg
cettetictt
trgocsaaga
tttatataag
gattaggcag
tttecaggaca
tacattcatg
cactcataaa
ttgaagacat
aggeggogtc
ctgaaggoca
ggagatcaag
catgtLgget
tatgegaaat
caggogtaasa
aggaaacach
gtecgogaace
caggtetite
gactotatga
acaccatyge
azntaagaart
atgecctyggo
tcatgaages
tagtgtgrtyg
taaaacatoa
catgaacRas
tecttatreo
ttatttttet
ctectotoet
ctgeoagoeca
gcteoacaatt
atgagtgage
cotgtognge
cRgootatae
attitttttta
tgaggaggot
ateaatggtta
tgcattctay
geattaatgn
tteeregete
ctcazgagaey
ageaasayge
taggotoegn
cocogacagga
tgttococgacs
gctttecicaa
gogctgtgty
tottgaghoo
gattagoaga

geyygggcyoy
ageggcgoge
aagcgaagcy
gcogootogs
cgggacggce
tttetgtoge
cggctoggyd
cooggogygct
aggygagege
ctyegtgegy
gtaaeccceot
gycteoghge
gogkgcegyy
goocceggago
atcgtgegag
aggogocges
azaatggaouay
cteggggety
ctictggeght
tttoectacag
attcatggga
azacaatgygs
agacaggoega
caaacacaayg
gottgatego
ttacatgage
caccacasaa
agcoaaghia
tataacagea
actbacggct
cagacttgca
gaagbggtct
aatbgoeate
tgatagatyc
gottteoatoo
cttogaaggg
gaageagata
atcacagtat
cactcoccteag
tcacaaatac
cotbgagoat
gaattbtity
gaatgagtat
ggtggetata
atagaaaagce
cttteacare
gactactccee
agocttggeygt
ccacaCasca
taactcacat
cagaggatco
cgcoectaac
tttatgoaga
tttttggagy
caaataaags
ttgtoottty
atcggecaal
actgactcge
gtaatacggt
cagoaaaagy
cococtgacy
ctatazagat
ctgeegetia
tgotcacget
cacgaacccc
aaccoggtam
gegaggtaty

PCT/US02/17431

gegagaggoy
tecgaaagtt
cgegyeagye
geoegecegoo
cttctectos
tgegtygasay
ggtgegiacy
gtgagegety
ggeeggdyge
ggtgtgtgcy
cctgeacooo
guggegtyse
cggegeagyy
gecggoeggot
agggegcaygy
groaccoocto
ggagggoctt
cegeadggdy
gtgacegacy
ctootdggesa
agaaggoagaa
tattactget
atcgcaatca
cotetgacay
tacgaaaaas
aaazattaaag
waaattgroy
atcagatcaa
aaccatgtcog
gacgaatacc
atggaactgg
gatatogtag
ccaacagoat
aaagagatic
ggcacagtat
gatoogoota
agecgataagt
ocgtgatgaca
gtgeaggoty
cactgagate
ctgacttety
tgtoctetear

ttggtttaga .

aagaggooat
crtgacttga
cctamnatih
agteataget

antcatgghe

tacgagoogy
taatbgcgtt
gratotoaat
toegecnagh
ggcegagyges
cecraggoetit
aatageatea
tccaaactca
gegecgggsay
tgegeteggt
tatccacags
craggaacey
agcatcacaa
accaggegtt
ceggatacct
gtaggtatet
cocgtteagoo
gacacgactt
taggengtyge
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tacagagttc ttgasgiggt ggectaacta cggotacact ‘agaaggacag tatttggtat 4560
ctgcgetaty chgaagocag thacetteogg asaaagagtt ggtagotcott gatceggtaa 4620
acaaaccace gotggtagey gtgghbiitt tgtttgoeaag cagcagatba cgocgtagaaa 4680
asaaggater cmageagate cthtgatctt ttotacggng totgacoote agtggaacga 4740
zzactcacgt tasgggattt tyggtcatgag attatcaasa aggatottea cotagatoot 4890
tttasattaa aastgaagtt ttaastcaat ctasagtatz tatgagtass gttggtotga 4860
cagttaceaa tgettaatca gogagowace tatctcagog atctghotat tteogtteate 4220
catagttgee tgactececy tegtgtagat aactacgata cgggaggget taccatctgg 498D
ccccagtact geaatyatic cgogagacoc acgcohcaceg getocagatt batcageaat 5040 .
aaaccagcea googgRaggg cogagegcag aagtggtoct geoaacttiat cogeotocoat 5100
croagtetatt aattgttgee gggaagetag agtaagtagt togocaghta atagtttgeg 5160
caacgttgtt geocattgeta caggcoategt ggtgteacge togtogttty gtatggobte 5220
atteagetee ggttcocaac gatCaaggeg agitachtga toccooatgt tgtgozaaas 5280
agcocggttage teocttogote ctoogategt tgtcagaagt asgttggeey cagtgttate 5340
actcacggtt atggeagoac tgcataattc tettactgte atgococatecg taagatgett 5408
ttotgtgact ggtgagtact caaccaagtc attotgagas tagtgtatge ggegaccgag 5460
ttgetottge coggegtoaa tacgggataa taccgogeca catagoagaa ctttazaagt 55320
goteatcatt ggasazegtr cttegggged asaactctca aggatcttac cgotgttgag 5580
atccagtbeg atgtaaccea ctegtgoace caactgatct tocageatett thacttteac 5840
cagoegtttct gogtgageaa aaacaggaag goasaatgoe geaaaaaagy gaataaggge 5700
gacacggaaz Lgttgmatac tcatactott cotttbtcaa tattattgaa geatttateoa 5760
ggattattgt ctcatgageg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 5820
ggttcogege acatttecce gaaaagtgeo accog 5855
<210= 28
<211> 37
<212> DNA
«213> Artificial Sequence
<220
=223> S5PacEv4d Primer
<400> 28
ctgttaatta actgtyggaat gtgtgteoagt tagggtg 37
<210> 25
«<211> 20
<212> DNA
«213» Artificial Bequence
<220> .
£223> Antisense Zzo Primer
«400> 23
tgaacagggt cacgtcgtcc 20
<210> 30
<211 1032
<212> DNA
«2L3> Escherichia Coli
<220 .
<221> (D8 .
«222» (1)...{1032} :
“e222» nuclectide sequence encoding Cre recombinase
<4&00= 30
atg tece aat tta ctg ace gta cac cam.aat ttg oot gca tta ooy gtc 48
Mel Ser Asm Leu Leu Thy Val His Gln Asn Leu Pro 2la Leu Pro Val
1 5 Ay : 15
gat gca acg agt gat gag gtt cgc aag aac ctg atg gac atg ttc agg g6
Asp Ala Thr Ser Asp Glu Val Arg Lys Ren Len Met Asp Met Phe Arg
. 20 25 ' 30 :
malt wge cag geg tbh teot gag cat ace tgy aaa atg ctt ctg tee gttt la4d
Asp Arg @ln Ala Phe Ser Glu His Thr Trp Lys Met Leu Leu Ser Val
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35 . 40 48

toc cgg teg tog gog gca tgg tge aag ttg aat aac cgy sza toy ttt 1382
Cys Arg Ser Trp Alzx Als Tvp Cys Lys Leu Asn hsn Arg Lys Trp Phe
50 55 60

coo goa gaa oot gaa gat gtt oge gat tat ctt cta 'tat cti cag geg 240
Pro Ala Glu Pro Glu Asp Val Arg Asp Tyr Leu Leu Tyr Leu Glm Ala
65 70 75 80

‘cgo ggt otg geoa gta aaa act abte cag caa cst tig gge cag cta aac 288
Arg Gly Leu Ala Val Lys Thr Ile Gln Gla Eis Leu Gly Gln Leu Asn
85 20 ' 2453

atg ctt cat cgt cgg btce ggg otg cca cga eca agt gac age aat get 336
Met Leu Eis Arg Arg Ser Gly Leu Pro Arg Pro Ser Asp Ser Asn Ala
- 100 . ©L0% 118

gttt tea otg gt étg cgg ¢gy atc cga zaa gas aac gtt gat gco ggt
Val Ser Leu Val Met Arg Arg Ile Arg Lys Glu Asn Val Rsp Ala Giy
1k 120 125

384

gaa ogt gea aaz cag-gct cta geg tte gaa cge act gat ttc gac cag 432
Glu Ave Ala Lys Gln Ala Leu Ala Phe Glu Arg Thr Asp Phe Asp Glu
: 130 135 la0

gtt cgt tca cbce atg gaz ast ageo gat cge tge cag gat ata caot aat 4B0
Val Arg Ser Leu Met Glu Asn Ser Rsp Arg.Cys Gln Asp lie Arg Asn
145" is0 158 150

ctg gea bttt oty gug att got tak aa¢ aes obg tta cgt ata goC gaa 528
et Als Phe Leu Gly Ile Ala Tyr Asn Thy Leu Leu Arg Ile Ala Glu
’ 158 ' 170 175

abt goc agg ate agg gtt aaa gat ate tea cgt act gac ggt ggg aga 576
Ile ala Arg Ile Arg Val Lys Asp Ile Ser Arg Thxr Asp Gly dly hrg
180 1BE 180 '

aty tta ate cét akt ggc aga acg aaa acy ctg gtt agc acc geoa ggt 624
Met Leu Ile His Ile Gly 2Zrg Thr Lys Thr Leu Val Ser Thr Ala Gly
185 T 2400 ' 2085

gta gag aag gda cht age oty ggg gta act aas ctg gtc gag cga tgg 672
Val Glu Lys Bla Leu Ser Leu Gly Val Thr Liys Leu Val Glu Arg Txp
T230 218 - 220 '

att tco gto tot ggt gta gct'gat gat ¢cg aat aasc tac ¢tg tit tge 720
Tle Ser Val Ser Gly Val Ala Asp Asp Pro Asn Asn Tyr Leu Phe Cys
225 230 235 - 240

cgy gtc aga aaa aat ggb gtt gec gog cea tet goc acce age cag ota Fe8-
Arg Val Arg Lys Asn Gly Val Ala Ala Pro Ser Ala Thr Ser Gln Leun
‘ : 245 : 250 255

teoa act cge goe ctg gaa ggg att ttt gea goa act cat cga ttyg att g21g
Ser Thy Arg Ala Leuw Glu Gly Ile Phe Glu Ala Thr Eis Arg Leu ile
' 260 265 270

tac gge got aag gat gac teb gght cag aga tae ctg goc tgg Lot goa 864
Tyr Gly Ala Lys Asp Asp Ser Gly Gln Arg Tyr Leu Ala Trp Ser Gly
278 280 285

_cac aght goo coght gbe gga goc geg oga gat atg goo ogoe got gga gttt 912
His Ser Ala Arg Val Gly Ala Als Arg Asp Met Ala Rrg Ala Gly val
259 295 3007

tea ata ccg bag atc atg ¢am get ggb gor tgy acce aat gta aat att 8960
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Ser Tle Pro Glu Ile Met Gin Ala Gly ¢ly Trp Thr Asn Val Asn Ile
305 ‘ 310 ) 315 320

. gte atg a2ac tat atc ogi aac cty gat agt gaa ace ggg gea atyg gty 1068
Val Met Rsm Tyr Ile Brg &Asn Leu Asp Ser Glu Thr Gly Ala Met Val
. 325 330 ) 335

cgo org cty gaa gat gge gat .tag 1032
Arg Leu Leu Glu Asp Gly Asp ¥
340 :

<210> 31

<21l 343

<2312> PRT

<213> Egcherichia Coli

<400> 31

Met Ser Asn Leu Leu Thx Val His &ln Asn Leu Pro Ala Leu Pro Val
Aip Bla Thr Ser Agn Glu Val Arg '&ys i-;ns Leu Met Asp Met %ie Aryg
ABp Rrg Gin i{]}.a Phe Ser Glu His El*sn: Trp Lys Met Leu igu Ber Val
Cys Arg ggr Trp Ala Ala Trp ggrs Lys Leu Asn Asn zf'g Lys Trp Phe

Pro Ala Glu Pro Glu Asp Val Arg Asp Tyr Leu Leu Tyr Len Glin Rla
€5 70O 75 80
" Arg Gly Leu Ala Vel Lys Thr Ile Gin Gln His Leu Gly Gln Leu hen

Met Leu His Arg Arg Ser Gly Leu Pro Arg Pro Ser Asp Ser Asn RAla
100 105 1106
Val Ser Leu Val Met Arg Arg Ile Avg Lys Glu Asn Val Asp Ala CGly
' C11E izo - 125
Glu Arg Ala Lys Glp Ala Leu Ala PFhe 8lu Arg Thr Asp FPhe 2sp Gln
130 135 1440 .
Val Arg Ser Leu Met Glu Asn Ser RAsp Arg Cys Gln 2sp Ile Arg Asn
145 150 155 . laG
Leu Ala Phe Leu Gly Ile Ala Tyr Asn Thr Leu Leu Axg Ile Ala Glu
165 1740 175
Ile 2la Arg Ile Arg Val Lys Asp Ile Ser Arg Thr Asp Gly Gly Arxg
1BD 185 T 180
Met Lew Ile His Ile Glv Arg Thr Lys Thy Leu Val Sex Thy Ala Gly
135 . 200 205 )
Val Glu Lys Ala Leu Ser Leu Gly Val Thr Lvs Leu Val Glu Arg Trp
230 215 - 220
Ile Ser Val Ser Gly Val Als Asp Asp Pro Zsn Asn Tyr Leuw Phe Cys
225 : 2320 - 238 240
Arg Val RArg Lys Asm Gly Val Ala Ala Pro Sexr Ala Thr Ser Gln Leu
245 250 255
Ser Thr 2rg Ala Leu Glu Gly Ile Phe Glu Ala Thr His Arg Leu Ile
260 : 265 . 270
Tyr Gly Rla Lys Asp Asp Ser Gly Gln Arg Tyr Leu Ala Trp Ser Gly
275 280 285 .
His Ser Ala Arxg Val Gly Ala Ala Arg Asp Met Rla Arg Rla Gly Val
e 250 © 288 T ’ 300
Ser Ile Pro Glu Ile Met Gln Ala &ly Gly Trp Thr Asn Val Asn Ile
308 310 315 - 320
Val Met Zsnm Tyr Ile Arg Asn Leu Asp Ser Glu Thr Gly Ala Met Val
325 330 . :
Arg Leu Leu 3lu Asp Gly Asp ’
340

<230> 32

«<Zll> 332

«212> DNA

<213> Arxtificial Seguence
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w220

«223> attBl recogunition seguence

<2005 32 )

tgmagoctge ttittttatac taacttgage gaa . 33
210> 33

<21l 25

«2l2> DNA

<213> Artificial Ssguence

w220 -

«223> m-att racognition seguence

<221> misg_difference

«222> 1B '

<323> n is a or g or ¢ or t/u

«400> 33 ' ,

rkycwgothtt ykErtacnaa stsgb 25
<210> 34

«211> 25

<212> DNR

<213> Artificial Seguencs

‘<Z220>

«223> w-ath® recognition sequence

<221> misc difference

<222> 18

£223>'n is a or c or g or t/u

«400> 34

agcowgottt viktrtacnaa ctsgb ’ . 2B
«210> 35 '

<21ls 25

-«212> DHNA

<213> Artificial Seguence

<220>

«223> m~attR recognition sequence

221> misc_cifference

222> 18 _

<223>n is & or g or ¢ or t/u

<400> 35 .

gttcageoett ckirtacnaa ctegh : : 25
<210> 36 '

«271> 258

<212 DNA

«213> RArtificial Sequencse

<220 . _

«223= m-attl recognition sequence

<221> misce difference

<222» 18’ :

<223> T i® a0r g 0r € ©F B/

<400> 36 :

agcowgertt ckirtacnaa gtsgb ] 25

<2iC»> 37
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211> 25
<212> DNA ’
<213> Artificial Seguence

<220

<223> m-attPl recognition sequénga

221> misc_difference
<222> 18
<223> n is & or g or ¢ or t/u

<400 37
gttcagettt vktrtacnsa ghsgb

<210> 38

<2ll> 25

<212> DNA

<213s Artificial Sequencs

<220
<223> attBZ recognition sequence

<400 38
agectgetbt cttgtacaaa cttgt

«210= 39

=213>» 25

«<212> DHA

«213> Artificial Beguence

<220
«<22%: attB3 recognition sequence

<408> 39
acecagettt ctighbacaaa coight

<210> 40
<211s 257
<212> LDNA
«213> Artificial Segquence

«220> ;
<223> attRl recognition sequencs

<4005 4d
gttocagottt titgtacaaa cttgt

210> 41

«21i»>.25

«212> DHA : :
«213» drtificial Ssguence

<220>
. <223» attR2 recognition segquence

<400s 41
gtteoageottt ctigtacaaa ottght

210> 42

<21l> 25

<212> DHA

<21i3> Artificial Seguence

<Z2G> ' .
«223> attR3 recognition sequence

<4&00> 42 -

PCT/US02/17451

25

25

25

25

25
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gtteagettt cttgbacaaa gttgy

210> 43

«21i>» 25

<212> DNA

<213> Artificial Sesguence

<220
<223» attll recogniticn sequence

<4 08> 432 -

agectgettt thtgtacaaa gtigy

<210> 44

«211> 25

«<212> DHa

<213> drtificial Sequence

<220> :
«223> attll recognition sequence

<400> 44 ‘
agcotgettt ottgtacaaa gttgg

<210> 45

<211l> 25-

<213> DNA

«213> Artificial Sequence

<220> .
<2R3> attlld recognition seguence

<&Q0» 45
acccagebtt ctrgtacasa gttgg

<210> 46

<211» 25

<212> DNA

«213> Artificizl Seguence

«220>
<223» attPl recognition seguence

.<4GOb 48

gtreagottt tttgtacaas gttgy

<210> &7

<21i= 25

«<212> DNA

<2i3> Artrificial Sequence

<220>

<2233 attP2,?3 recognition seguences

<400> 47
gtteagettt cttgtacaza ghtag

<210> 48

«211> 2832

«2312>» DNA

<212s Artificial Sequence

<220

223> attP recognition ssguence

<400> 48 - .

PCT/USH2/17451

25

25

25

25

25

cotbgegeta atgotctgtt acaggtcact astaccatol aagtagttga trtcatagtga 60
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ctogcatatgt tgtottttac
tatattgata tttatatcat
tatazasaag cattgettat
" matoattatt tgattrcaat

<210>
<211lx>
<212
<2135

220>

<223

<221
<A22=
«223>

<400 )
altg gga aga .

Met
1

tat

Tyro

aaa
Lys

ata
- Tle

aca
Thr
&5

gat
Rsp

ato
Lisu

gat
Asp
azt
-Asn

Gly

ata
Iie

g=ag
Giu

cag
Elin
=1t

gcg

Zla

cge
Ar

ata

Ile-

got
Ala

gga
Gly

. 130

tca
Ser
145
BCA
Thx

AagaE

gaa

aca
Thr

aca
Thr

tca
Ser

tea

49

1071
DNA
Artificial SBeguence

cDs _
(1) ... {2073}
Integrase E174R

49

Arg

aga
Erg

Tttt
Phe
35

goe
Ala

aga
Lrg

tac
Tyr

aat
Asn

cca
Pro
115

tag
Tyw

fofute

Leu

aac
Asn

aga
Axg

tea

a5y
ATy

aad
AsTi
20

gga
Gly

aas
Ast

ate
Tie

gaa
Glu
tac
109
cit

Len

ata
Tle

age
ser

cat:
Hig

ctt
Leu

180

cea

cga
Arg
-8

aat

Asn

tta
Leu

att
Ile

BAT
Asn

a8
Lys
B5

aty
Met

gaa
Glu

gac
hsp

gat
Asp

gee
Val
1658

acy
Thr

gt

agt
Ber

gga
Gly

ggc
Gly

gag
Glu

agt
Ser
70

akc

Tle

age
Ser

gac
Azp

gag
Glu

gca
Ala
is0

[=[=3
Ala

gct
Ala

tag

calt
Hig

‘tat

Tyr

ggc

tte

Phe

goc
Rla

gac
Asp

[eXulle]

agtattatgl
tttacgttte togticaget tttttatact aagtbtggrmat LEO
caatttghty caacgaacayg gteactateoa gtcaaaataa 240 -
tttgteoegac tocotgecte Tty 282

gag
Elu

tac
vz

gEC
Lsp
40

Tt
Phe

aat
Asm

goe
Ela

att
Ile

acc
Thy
120

aay
Lys
cga,
Ary

act
Thx

[alie}
-4
oW

ags,

PCT/US02/17451
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agtccgtttt ttatgeasam totaatitas 120

nuclectide sequanée encoding Integrase EL74R

cge cgg gat tta ccec cot aac ottt 48

Arg Arg Asp Leu Pro Pro Azn Leu

ip 15

tge tac agy gac cea agg acg ggt o 86
Cys Tyr Ary Asp Pro Arg Thr Gly
25 36

agg cga atc gea atc act gaa gct | 144
2rg Arg Ile Ala Ile Thr Glu Ala
: 45

tca gga cac aza Cke aag cot chg - 192
Ser Gly His Lys His Lys Pro Leu
60

+tom gttt acy tta cat tca teg ¢t 240
Ser Val Thr Leu Eis Ser Trp Leu
75 -

agc aga gga atc aag cag 3ag &cs 288
Ser Arg Gly Ile Lys Gln Lys Thr
50 - 88

zas goa ata agg agg dggt ctg cob 336
ivs Ala Ile Arg Arg Gly Leu Pro
105 130

aca aza gaa att gcg gea atg ot 84
Thr Iys Glu Ile Ala Ala Met Leu
125

gcg gog tea gec aag tta ate aga 432
Alz Ala Ser Rla Lys Leu Ile Arg
. 140

gag gca ata get gsa ggé'cat ata 480
Glu Ala Ile Ala Gilu Gly His Ile '
155 160

cgc gca goa asa tot aga gta agg 528
arg Rla Alas Lys Ser Arg Val Arg
170 _ 175

rac ctyg =aa atbt tat caa gea gca 576
Tyr Leu Lys Ile Tyr Gln Ala Ala
185 1920

ctt gca atg gaa ctg get ottt gtt €24
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Glu Ber Ser Pro Cys Trp Lew Arg Leu Ala Met Glu Leu Rla Val val
195 200 208 '

acc ggg caa cga gtt got gat tka tge gaa atyg asg tgg tot gat atLg 6772
Thr ¢ly Gln Arg Val Gly Asp Leu Cys Glu Met Lys Trp Ser Asp Iie
210 , - 218 230 '

gté gat gga tat ctt tat gte gag caa age aaa aca gge gta aza atl 720
Val Rsp Gly Tyr Leuw Tyr Val Glu §ln Ser Lys Thr Gly val Lys Ile
225 . 230 235 - 240

goc ats coca aca gea thty cat att gat got cte gga ata tca atg aag 7&B
A1z Ile Pro Thr Bla Leu His Ile Asp ala Leu Gly Ile Sex Met Lys
245 250 25%

gaa aca oft gat saa tgc asma gag att ctt gge ggz gas 2’cc ata att gle
8lu Thr Leu Asp Lys Cys Lys Glu Ile Leu Gly Gly Gilu Thr Ile Ilg
2690 265 270 .

gea tet act ogt égc gaa cog ctt tea tec gge aca gta toa agg tat 864
"Ala Ser Thr Arg Arg Glu Pro Leu Sex Ser Gly Thz Val Ser Arg Tyr
' 275 280 285

trt atyg cge goa c©ga aaa gea tea ggb ott tec tro gaa ggg gat <cg g1z
Phe Mat Arg Ala Arg Lys Ala Ser Gly Leu Ser Phe Glu Gly Asp Pro
2540 ’ 285 300

cct ace ttt cac gag ttg wgc agt ttg tet gea aga cté.tat gag aag 260
Pro Thr The His Gin Leu Arg Ber Leu Zer Ala Arg Leu Tyr Glu Lys
305 310 ] 315 ’ 3290

cag ata agoc gat aag thtt get caa cat ctt cte ggg cat aag tog gac 1008
Gln Ile Ser Asp Lye Phe Ala Gln His Leu Leu Gly His Lys Sexr Asp
i . 325 - 330 235

acc atg geoa tca cag tat ogt gabt gac aga ggo =gy gag Cgg gac asa 1056
Thy Met Ala Ser Gln Tyr Arg Asp Asp Avg Gly srg Glu Txp Asp Lys

340 345 350
att gaa atc aza taa 1071
Ile Glu Ile Lys * :
. 3B%

<210> 50

<231l» 356

<212% PRT k

<213 Artificial Sequence

<220

<223> Integrase EL74R

<400> B0 ) .
 Met Gly Arg Arg Arg Sexr His Glu Arg Arg Asp Leu Pro Pro Asn Leu

1 5 1 15 :
Tyr Ile Arg Zsn Asn Gly Tyr Tyxr Cys Tyr Azg Asp Pro Axg Thr Glvy
20 25 30
Lys Glu Phe Gly Lew Gly Arg Asp Arg Arg Ile Ala Ile Thr Glu ARla
- 35 . 40 45
Ile Gln Ala Asn Ile Glu Leu Phe Ser Gly Hisz Lys His Lys Fro Leu
50 55 ’ &0
Thr Ala Arg Ile Asn Ser Asp ASn Sexr Val Thr Leu His Ser Trp Leu
&5 70 75 ) 80
Asp Arg Tyr Glu Lys Ile Leun Ala Ser Arg Gly Ile Lys Glmn Lys Thx
85 : 20 95
Leu Ile Asn Tyr Met Ser Lys Ile Lys Ala Ile Axg Arg Gly Leu Pro
106 . 105 ‘ 110

Aspp Bla Pro Len Glu Asp Ile Thr Thr Lys Gilu Iie Rila Ala Met Leu
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Asn
Ser

145
Thr

 Gla
Thr
Val

225
Ala

Ala
Phe
Pro
305
Gln
Thi

Ile

Gly
13¢
Thx
Thr
Sex
Sexr
Gly
210
Asp
Ile
Thr

Sexr

115
Tyr

Leun
AST
Arg
Ser
185
Gln
Gly

Fro

275 .

Met Arg

250
Thr

Ile
Met

Glu

<210> 51
<233> 34

<212
<213>

<220>

<223>

«400> 51
ataacttogt ataztgtatg ctatacgaag ttat

Phe
Sex
Ala

Ile
355

Da
Artificial Segquence

lox P Site

Val
Len
ala
245
Lvs

Arg

Glu
Alg
150
Ala
Ala
Trp
Giy
Tyzr

230
Leu

Cys
Glu

Gly
135
Phe
ala
Aep
Leu
ABp
215
Val
His
Lys
Pro
Ala
285
Brg
Ala

Arg

12¢
Lys

Arg
Thr

Glu

Arg.

20
Leu

Glu
Ile
Glu

Teu

. 28¢

Ser
Ser

Glno

Cys

Gln

Ile
285
Ser
Gly
TLew
His

AsD
345

-47-

- 125

Ala Ser Ala Lys
140
Ala Iie Ala Glu
© 185 ‘

Alz Ala Lys Sex
170
Leu Lys Ile Tyx

2la Met Glu Leu
205
#lu Met Liys Txp
. 230
Ser Lys Thr Gly
235
2la Leu Gly Ille

Leu Gly Gly Glu

Ser Gly Thr Vai

Leu Sar Phe Glu
300

Ser Ala Arg Leu
3135

‘Leu Leu Gly His

330
Arg Gly 2Axg Glu.

Lew
Gly
Rro
Zln
180
Ala

Se-r

Tle

val
175
Ala

val

- BEp

Glu

Ser
335
Asp

PCT/US02/17451

Arg
Ile
160
arg
Ala
Val
Ile
Ils
240
Lys
Tle
Tyx
Pro
Tys
320
Asp

Lys

34



