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ABSTRACT OF THE DISCLOSURE

DNA fragments and methods for obtaining them are disclosed which when put
into mammalian cells together with a dominant marker gene are able to form

functional centromeres. The sequences can be used to generate

probes for these centromeres. Cell lines containing the functional
centromeres are also provided. Methods are taught for isolating
mammalian centromeric DNA as well as for producing cell lines car-
rying an excess of mammalian centromeres linked to a dominant

selectable marker gene.
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CELL LINE CARRYING AN EXCESS
OF MAMMALIAN CENTROMERES

BACKGROUND OF THE INVENTION

The centromere is a specialized region of the eukaryotic chro-
mosome. It is the site of kinetochore formation, a structure which
allows the precise segregation of chromosomes during cell division.
In addition to this, a possible structural role in the higher-order orga-
nization of eukaryotic chromosomes has also been suggested
(Hadlaczky (1985), Internatl. Rev., 94:57-76).

The Isolation and cloning of centromeres is crucial, not only to
understand their molecular structure and function, but also for the
construction of stable artificial chromosomes. Taking advantage of
the existence of centromere-linked genes, functional centromeres of
lower eukaryotes (yeast) have been successfully isolated (Blackburn,
et al. (1984) Ann. Rev. Biochem., 53:163-194; Clarke, et al. (1985),
Ann. Rev. Genet., 19:29-56). The combination of a functional
centromere with telomeres, which stabilize the chromosome ends,
permitted the construction of yehst artificial chromosomes (Murray,
et al. (1983) Nature, 305:189-193; Burke, et al. (1987), Science,
236:806-812). This initiated a new era in the study of chromosome
function and in genetie manipulation.

Higher eukaryotes (e.g., mammals), in contrast to yeast, con-
taln repetitive DNA sequences which form a boundary at both sides
of the centromere. This highly repetitive DNA interacting with cer-
tain proteins, especially in animal chromosomes, creates a geneti-
cally inactive zone (heterochromatin) around the centromere. This
pericentric heterochromatin keeps any selectable marker gene at a
considerable distance, and thus repetitive DNA prevents the isolation
of centromeric sequences by chromosome "walking."
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Thus there is a need in the art for methods of isolating higher
eukaryotic centromeric DNA. Isolation of such DNA is necessary 1or
construction of artificial mammalian chromosomes. Use of such
chromosomes could overcome problems inherent in present tech-
niques for introduction of genes to mammalian cells, including the
concomitant creation of insertional mutations, size limitations on
introduced DNA, and imperfect segregation of plasmid vectors.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a method for

isolating centromeric DNA from a mammal.
It is another object of the invention to provide a DNA element

which will insure faithful segregation of inserted DNA in meiosis and
mitosis.

It is yet another object of the invention to provide a DNA ele-
ment for formation of vectors to insert large amounts of DNA into

mammalian cells.
It is still another object of the invention to provide a DNA

element which binds mammalian centromere proteins.
These and other objects are provided by one or more of the

embodiments described below.

[n one embodiment a non-human cell line is provided that contains an
excess of centromeres.

In another embodiment a nucleic acid probe is provided which

hybridizes to a DNA molecule having the sequence shown in Figure 1.
In yet another embodiment a method of isolating centromeric

DNA from a mammal is provided comprising:
isolating metaphase chromosomes of a mammalian cell line;

fragmenting the chromosomes to form a suspension containing

chromosome fragments;
incubating the suspension with human serum containing

anti-centromere antibodies to bind chromosome fragments to the
antibodies;

separating antibody-bound chromosome fragments from the
suspension; and
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deproteinizing said bound fragments to provide a preparation
of centromeric DNA.

In still another embodiment a method is provided of producing
a cell carrying an excess of mammalian centromeres, comprising:

cotransfecting cells with: (1) DNA carrying mammalian
centromeric DNA; and (2) DNA carrying a dominant selectable
marker;

selecting cells which express the dominant selectable marker:

detecting cells which carry an excess of mammalian
centromeres.

These and other embodiments will be described in more detail
below. The present invention thus provides the art with methods to
access and isolate the important centromeric DNA of mammalian
cells. In particular, a human DNA fragment CM8 is provided
which can be used to create artificial chromosomes for gene therapy.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides the sequence of a 13,863 bp fragment of
DNA identified in a A Charon 4A human genomic library.

Figure 2 shows the results of agarose gel electrophoresis of
DNA fragments obtained by immunoprecipitation.

Lanes A and B: DNA isolated from chromosome fragments
remaining unbound to anti-centromere Sepharose

Lanes C and D: DNA isolated from chromosome fragments
bound to anti-centromere Sepharosg. Note the presence of a popula-
tion of high molecular weight DNA fragments. Samples of lanes B
and D were treated with 100 ug/ml RNase-A prior to electrophoresis.

Lane M: A HindII marker.

Figure 3 shows a restriction map of the human genomic DNA
insert of CM8 A Charon 4A clone. The arrow shows the position of a
300 bp Alu repeat deficient in the flanking direct repeat sequences.

Figure 4 shows the results of in situ hybridization with
3H-thymidine labelled CM8 DNA to human metaphase chromosomes.

Panel A: Preferential localization of silver grains at the
centromeres of human chromosomes (arrowheads).

* Trademark
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Panel B: Diagram showing the distribution of silver grains (*)
on 131 metacentric chromosomes. Numbers indicate the frequency
of silver grain localization to certain regions of the chromosomes.

Figure 5 shows the detection of dicentric and minichromosome
of the EC3/7 cells by indirect immunofiuorescence (panels A and B)
with anti-centromere antibodies, and by in situ hybridization with
biotin labelled CM8 probes (panel C) and with a 1 kb Smal/Bglll {rag-

ment of APH-II gene (panel D).
Panels E and F: DNA staining with Hoechst 33258;

Panels G and H: DNA staining with propidium iodide. Panels
E-H correspond to A-D, respectively. Arrowheads point to dicentric

and minichromosomes.
Figure 6 shows the duplication of the extra centromere in the

EC3/7 cell line.
Panels A-C: In situ hybridization with biotin labelled CMS8

probe.
Panels D-F: Corresponding DNA staining of A-C, respectively.

Figure 7 demonstrates the colocalization of the integrated
DNA sequences with the centromere region detected by
immunostaining with anti-centromere serum (Panels A and D) and
subsequent in situ hybridization with blotin labelled CM8 (panel B)
and APH-II probe (panel E) on the same metaphases of the EC3/7

cells.
Panels C and F: DNA staining.

DETAILED DESCRIPTION
It is the discovery of the present invention that a segment of

human DNA can be 1solated and introduced into mouse cells and result in a

~a functional centromere. The functional centromeres containing
- DNA of the present invention are preferably linked to a domi-

nant selectable marker. This can be a resistance marker, such as the
aminoglycoside~-3' phosphotransferase-II which provides resistance to
G418 (Sigma). Other such markers known in the art may be used.

The method of isolating centromeric DNA of the present
invention can be applied to any higher eukaryote, especially mam-
mals. Preferably a human cell line will be employed. Metaphase
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chromosomes are isolated according to techniques known in the art.
The chromosomes are then fragmented. Endonuclease digestion and
mechanical shearing can be used to fragment the chromaosomes.
Desirably the majority of the fragments will be in the size range of
less than 1 ym and some chromosomes will remain unbroken. Unbro-
ken chromosomes can be readily removed from the preparation by

centrifugation at about 1,500 g for about 10 minutes.
A human serum containing anti-centromere autoantibodies can

be employed in the method of the invention. This is available from
patients with CREST syndrome. Alternative sources of antibody may
be used, such as monoclonal or animal derived polyclonal sera con-
taining anti-centromere antibodies. The antibodies are incubated
with the preparation of chromosome fragments under conditions
where antibody-antigen complexes form and are stable. It is conve-
nient if the antibodies are hound*to a solid support. Preferably a sup-
port such as Protein-A Sepharose CL4B (Fharmacia) is used to facili-
tate separation of bound from unbound chromosomal fragments.
However other methods to accomplish this goal can be used, as are

known in the art, without employing an antibody bound to a solid

support.
The DNA fragments comprising centromere DNA are liberated

from the antibodies and centromeric proteins by a deproteinization
treatment. Ultimately the DNA is purified from all proteins, by
degrading the proteins and extracting them from the chromosome
fragment preparation. Any such treatment known in the art may be
used including but not limited to proteases and organic solvents such
as proteinase XK and phenol.

The centromeric DNA fragments can be used for any purpose
or application known in the art. For example, they can be labelled
and used as probes; they can be ligated to vectors to clone or all part
of the sequences; and they can be used to purify centromeric proteins

by attachment to a solid support.
In one particular embodiment of the invention the centromeric

DNA fragments are used to probe a library of genomic DNA from
humans or other mammals for clones which hybridize. Hybridizing

* Trademark
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clones can be analyzed for their ability to perform functions which

centromeric DNA possesses. One such function is to bind to
centromeric proteins. Another such function is to form a structure

in cells which can be cytologically detected using appropriate
1mmunosta1mng with antr-centromere ‘antibodies which particularly

stain centromeres.

According to another method of the present invention a cell
""cart'ying an excess of mammalian centromeres is formed. The cell
may be human or other mammalian. The centromere may comprise
DNA isolated from the same or a different mammalian species as the
cell. The method involves cotransfection of a cell with two DNA
molecules: one is a DNA carrying centromeric DNA; the other is a
DNA carrying a dominant selectable marker. Preferably these two
DNA molecules contain sequences which allow concatamer forma-
‘tion, for example phage DNAs such as A phage. The first DNA mole-
cule may be isolated from a library of genomic DNA using, for exam-
ple, aS’ a probe the centromeric fragments taught above. Alterna-
tively the first DNA molecule may result from cloning the
centromeric fragments taught above into a phage, for example 2,
after manipulations to create fragments of the appropriate sizes and
termini. The second DNA molecule is readily within the reach of
those of skill in the art, for example a A phage carrying a drug resis-

tance marker. |

It is believed to be desirable to employ A phage DNA because it
concatemerizes, however the absolute necessity of this has not been
determined. Further, even if this property is necessary, other viral
DNAs or DNA constructs may be able to supply this function. Such
other means of achieving concatemerization are also contemplated

: within this method.

After cotransfection, cells are selected which express the
-dominant selectable marker, for example by growth in amounts of
G418 which are cytotcxic for the cells without the marker. This
selected population of cells is further screened to detect cells with an
excess of mammalian centromeres. This screening can be done by
standard cytogenetic techniques, as well as by immunostaining with
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anti-centromere antibodies. Desirably the lambda,
marker, and centromeric DNA (from the A clone) will all be
localized at the site of the extra centromere. This can be
determined by 1n situ hybridization studies, which are well
known 1in the art.

One cell line made by the methods described above
is EC3/7 which has been deposited at the European Collection
of Animal Cell Cultures, Porton Down, U.K. under accession
no. 90051001 (deposit date October 5, 1990) under the

conditions of the Budapest Treaty.

The sequence of the DNA insert in the lambda phage
which was used to make the BEC3/7 cell line, (referred to as
CM8) was determined by standard techniques and is shown in
Figure 1. The sequence does not correspond to any 1n DNA
seguence banks.

The present invention also contemplates nucleic
acid probes, preferably of at least 10 nucleotides, which
hybridize to a DNA molecule having the sequence shown 1n
Figure 1. One such molecule is CM8, the lambda phage clone
from which the sequence was derived. Propbes can be
radiolabeled, bilotin labeled or even unlabeled, for example,

depending on the use for which they are desired.

The following examples do not limit the invention

66128-411
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to the particular embodiments described, but are presented to
particularly describe certain ways in which the invention may

be practiced.

Example 1

This example demonstrates the 1solation of human

DNA from centromeres.

Human colon carcinoma cell line (Colo 320) was
grown as a suspension in RPMI medium supplemented with 10%
foetal calf serum (FCS). Metaphase chromosomes of Colo 320
cells were isolated by our standard method (Hadlaczky, et al.
(1982), Chromosomes, 86:643-659). Isolated metaphase
chromosomes were resuspended in 1 ml of buffer (105 mM NaCl,

50 mM Tris-HC1 pH 7.5, 10 mM MgCl,, 5 mM

66128-411
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2-mercaptoethanol) at a concentration of 1 mg/m! DNA and digested
with 500 u EcoRI restriction endonuclease for 1 h. The suspension
was diluted with 4 ml of IPP buffer (500 mM NacCl, 10 mM Tris-HCI,
0.5% NP-40, pH 8.0) and sonicated for 5x50 s with an MSE 5-70
sonicator. This treatment resulted in a suspension containing chro-
mosome fragments and a few (< 1%) unbroken small chromosomes.
The suspension was centrifuged at 1500 g for 10 min to remove unbro-
kKen chromosome fragments. The supernatant contained only small (<_

1 ym) chromosome fragments as judged by light microscopy.
Two hundred fifty mg of Protein-A Sephamse* CL4B

(Pharmacia) was swollen in IPP buffer and incubated with 500 ul
human anti-centromere serum LU851 (Hadlaczky, et al. (1989),
Chromosoma, 97:282-288) diluted 20-fold with IPP buffer. Suspension
of sonicated chromosome fragments (5 ml) was mixed with
e anti-centromere ’S“éphar'c\)ée (1 ml) and incubated at room temperature
for 2 h with gentié"i‘ouing. After 3 subsequent washes with 25 ml IPP
buffer the Sepharose was centrifuged at 200g for 10 min.
Isolation of DNA from the immunoprecipitate was carried out
by Proteinase-K treatment (Merck, 100 yg/ml) in 10 mM Tris-HC], 2.5
mM EDTA, pH 8.0 containing 1% SDS, at 50°C overnight, followed by
repeated phenol extractions and precipitation with isopropanol. Al
general DNA manipulations were done according to (Maniatis, et al.
(1982) Molecular Cloning—A Laboratory Manual (Cold Spring Harbor

Laboratory, Cold Spring Harbor, NY).
Results of electrophoresis of immunoprecipitated and superna-

tant DNA are shown in Figure 2. The bulk of DNA from chromasome
fragments which did not bind to the anti-centromere Sephaf-ose* '
(supernatant) ranged from several hundred base pairs to 5 kb (Fig. 2,
lanes A and B), while DNA from chromosome fragments which bound
to the anti-centromere Sep'harose* contained an additional population
of high molecular weight (9-20 kb) fragments (Fig. 2, lanes C and D).
This distribution of fragments sizes is consistent with the notion that

the centromeric DNA is in the sfructurally most stable region of
mammalian chromosomes (Hadlaczky, et al. (1981), Chromosoma,

* Trademark




81:557-567), thus rendering this DNA relatively resistant to enzy-
matic digestion and mechanical shearing.

Example 2 '
' This example demonstrates the use of the high molecular

weight immunoprecipitated DNA as a hybridization probe to screen a
genomic DNA library. '
The high molecular weight DNA was isolated from the agarose
gel described in Example 1, by electroelution, labelled with 32p-dATP
by random oligonucleotide priming (Feinberg, et al. (1983), Anal.
Biochem., 132:6-13) qnd used as a probe for screening a A Charon 4A
human genomic library (Maniatis, et al. (1978), Cell, 15: 687-701). A
hybridizing clone (CM8) was obtained which contains a 14 kb human
DNA insert. The restriction map of this insert for some restriction
endonucleases is shown in Figure 3. Southern hybridization of parts
of the 14 kb insert to human lymphocytic genomic DNA indicates
that the 14 kb insert represents a continuous piece of DNA in the
genome and is not the ligation product of a number of fragments

Example 3 «
This example demonstrates that the copy number of the 14 kb

.....

insert of clone CM@B consistent with it bemg present on each chro-

mosome in the human genome.
Southern blotting experiments were performed in which a sin-

gle copy DNA probe (XV2C) (Estivill, et al. (1987), Nature,
326:840-845) and the central Xhol-EcoRI fragment of the CMS8 insert
(Fig. 2) simultaneously hybridized with serial dilutions of human
peripheral lymphocyte DNA. The probes were labelled by random

oligonucleotide priming (Feinberg, et al. (1983), Anal. Biochem.,
'132:6-13). By comparing the signal of the CM8 probe to the known
single copy probe, the copy number of CM8 was estimated to be 16-32

per haploid genome.

human metaphase chromosomes.
Radioacnve in situ hybridization with 3H-thymid1ne labelled

CM8 DNA to human (Colo 320) metaphase chromosomes was
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performed according to the method of Pinkel, et al. (1986), Proc.
Natl. Acad. Sci. USA, 83:2934-2938. A preferential centromeric
localization of silver grains was observed (Fig. 4).

In non-radioactive in situ hybridization according to the
method of (Graham, et al. (1973), Virology, 52:456-467), using biotin-
labelled subfragments or the whole CM8 insert it was not possible to
detect a positive hybridization signal by our standard method. Fur-
thermore, using a hybridization method which is suitable for single
copy gene detection with a biotin-labelled probe (Lawrence, et al.
(1988), Cell, 52:51-61), apart from the typical R-band like Alu hybrid-
ization pattern (Korenberg, et al. (1988), Cell, 53:391-400), no spe-
cific hybridization signal was detected on any of the chromosomes
with the whole 14 kb CM8 insert. Possible explanations for this nega-
tive result are that these sequences are virtually inaccessible to the
hybridization probe, due to their compact packing in the midst of the
centromere structure, and that the biotin system is less sensitive

than the radioactive one.
Example 5

This example discloses the sequence of the human CMS clone.

The sequence of the human genomic insert of A CM8 was

determined using the dideoxy method (Sanger, et al. 91980), J. Mol.
Biol., 143:161-178; Biggin, et al. (1983), Proc. Natl. Acad. Sci. USA,

80:3963-3965). See Figure 1.
The sequence of the 13,863 bp human CMS clone was com-

pared with a complete nucleic acid data bank (MlcroGen:le, Beckman)
and showed no homology to any known sequence. However, 2 300 bp
Alu repeat deficient in the flanking direct repeat sequences was
found in the 2.5 kb EcoRI-Xhol fragment (Fig. 3), which explains the

Alu type in situ hybridization pattern.

Example 6 -
This example demonstrates the use of the .CM8 DNA to form

centromeres in mammalian cells.
In order to detect any in vivo centromere function of the CM8

DNA, it was introduced with the selectable APH-II gene into mouse

* Trademark
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ILMTK™ fibroblast cells. The mouse fibroblast cells were maintained
as a monolayer in F12 medium supplemented with 10% FCS. The
calcium phosphate method (Harper, et al. (1981), Chromosoma,
93:431-439) was used to transfect the cells with 20 ug A CM8 and
20 ug A gtWESneo DNA per Petrli dish (30 mm). A 2 minute glycerol
shoek was used. The gt WESneo was made by cloning the pAGSO
plasmid (Colbere-Garapin, et al. (1981), J. Mol. Biol., 150:1-14) into a
A gtWES (Leder, et al. (1977), Science, 196:175-177) bacteriophage

The whole A CM8 and A gt WESneo constructions were used for
transfections for two reasons. First, to separate the marker gene
from the CMS8 sequences, In order to avoid inactivating the APH-II
gene, a process which may occur during centromere formation. Sec-
ond, A DNA 1is capable of forming long tandem arrays of DNA mole-
cules by concatamerization. Concatamerization was postulated as
‘being necessary to form centromeres since, in S. pombe 4 to 15 copies
of conserved sequence motifs form centromeres (Chikashige, et al.
- (1989), Cell, 57: .739-751). Considering these two facts a multiplica-
tion of the putative centromeric DNA by concatamemzation xmght-
increase the chance of centromere formation.

Transformed cells were selected on growth mechum containing
400 pg/ml G418 (Genticin, Slgma)  Individual G418 resistant clones
‘were analyzed. The presence of human sequences in the transformed
clones was monitored using Southern blots probed with subfragments
of the CMS8 insert. Screening for excess centromeres was achieved
by indirect immunofluorescence using human anti-centromere serum
LU851 (Hadlaczky, et al. (1989), Chromesoma, 97: :282-288). The chro-
mosomal localization of "forelgn" DNA sequences was determined by

in situ hybridlzatlon with: biotin labelled probes

Eight transformed clones have been analyzed. All of the
clones contained human DNA sequences integrated into mouse chro-
mosomes. However, only two clones (EC5/6 and EC3/7) showed the
regular presence of dlcentric chromosomes. Indwldual cells of clone
EC5/6 carrying di-, tri-, and multicentromeric chromosomes exhib-
ited extreme instability. In more than 60% of the cells of this cell
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line the chromosomal localization of the integrated DNA sequences
varied from cell to cell. Due to this instability, clone EC5/6 was
deemed to be unsuitable. However, cells of clone EC3/7 were stable,
carrying either a dicentric (85%) or a minichromosome (10%).
Centromeres of dicentric chromosomes and minichromosomes were
indistinguishable from the normal mouse centromeres by
immunostaining with anti-centromere antibodies (Fig. 5A and B).

Example 7
This example shows that the newly introduced DNA in the

EC3/7 cell line contributes to centromere formation.

In situ hybridization with biotin labelled CMS3, APH-II gene,
and » phage DNA were carried out. Chromosomes were
counterstained with propidium iodide (Pmkel et al. (1986), Proc.
Natl. Acad. Sci. USA, 83:2934-2938) for in situ hybridization experi-
ments while in indirect immunofluorescence with DNA binding dye,
Hoechst 33258 used. All observations and microphotography were |
made by using an Qlympus AHBS Vanox m1croscope Forte 400’ Pro-
fessional black and white, and Fupcolor 400 Super HG colour film
were used for photographs.

without exception these three probes hybridized onto the same
spots: either on the distal centromere of the dicentric chromosome
(Fig. 5C) or on the centromere of the minichromosome (Fig. 5D). In
less than 5% of the EC3/7 cells an alternative localization of the
hybridization signal was found. These included cells with more than
one integration site, cells without a detectable signal, or cells where
the hybridization was found on chromosomes other than that identi-

fied as the dicentric chromosome.

In less than 0.5% of the cells a tandem array of the hybridiza-
tion signal was observed on the dicentri¢c chromosomes (Fig. 6A-C),
suggesting that the additional centromere was capable of autonomous
"duplication." At least some of these dupncated centromeres
appeared to be functional. This was indicated by the existence of a
minichromosome with double centromeres. Both centromeres of this
minichromosome showed positive immunostaining with
anti-centromere antibodies (Fig. 7A). Minichromosomes carrying
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double centromeres might be breakage products of multicentromeric
chromosomes.

Indirect immunofluorescence of mouse metaphase cells was
performed as described by Hadlaczky, et al. (1989), Chromosoma,
97:282-288. When indirect immunofluorescence and in situ hybridiza-
tion were performed on the same metaphases, mitotic cells were
resuspended in a glycine-hexylene glycol buffer (Hadlaczky, et al.
(1989), Chromosoma, 97:282-288), swollen at 37°C for 10 min fol-
lowed by cytocentrifugation and fixation with cold (-20°C) methanol.
After the standard immunostaining (Hadlaczky, et al. (1989),
Chromosoma, 97:282-288) metaphases were photographed, then
coverslips were washed off with phosphate buffered saline and slides
were fixed in ice-cold methanol-acetic acid, air-dried and used for in
situ hybridization.

To demonstrate the integration of the human CMS8 clone and the
APH-I gene in the centromere region, immunostaining of
centromeres with anti-centromere antibodies followed by in situ
hybridization with CM8 and APH-II probes was carried out on the
same metaphase plates of EC3/7 cells. The in situ hybridization sig-
nals with both biotin-labelled CM8 and APH-II probes showed a
colocalization with the immunostained centromeric region of the
chromosomes carrying additional centromeres (Fig. 7).

Example 8
This example describes the stability of the EC3/7 cell line.

Forty-six independent subclones derived from a single cell
were isolated and analyzed. Each of the subclones carried the
dicentric chromosome. The percentage of minichromosome-contain-
ing cells varied between 2% and 30% in different subclones. We were
unable to isolate a subclone which carried the additional centromere
exclusively in a minichromosome. This result suggested that the
minichromosomes were unstable and they can be regarded as the

products of regular breakages of the dicentric chromosomes.
A preliminary analysis by immunostaining of EC3/7 cells (103

metaphases) cultured for 46 days in non-selective medium showed
that 80.6% of the cells contained either a dicentric (60.2%) or a
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minichromosome (20.4%).  Subsequent in situ hybridization with

- biotin labelled probes proved the presence of the "foreign" DNA in
the additional centromere. These results indicate that no éerious loss

or inactivation of the additional centromeres had oceurred during this

period of culture under non-selective conditions..

Example 3
This example shows that the CMS8 insert ‘concatamerized to

form the functiomng centromere of cell line EC3/7.

DNA of the EC3/7 cell line and human lymphocyte DNA were
digested with restrictmn endonucleases and probed with subfragments
of the CM8 insert in a Southern hybridization experiment. Compar-
ing the 1nten31ty of the hybndlzatlon 51gna1 with EC3/7 DNA to that
with the human DNA, the« mimmum number of mtegrated human
sequences in the additional centromere was estimated to be >30. The
copy number of CM8 in human lymphoeytic DNA was determined as

described above in Example 3.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A non-human mammalian cell line, comprising cells that contain an
excess of centromeres, wherein said cells comprise human DNA having the

restriction fragment map as set forth in Figure 3 or a fragment thereof.

2. A rodent cell line, comprising cells that contain an excess of

centromeres, wherein:

a) said cells comprise human DNA having the restriction fragment
map as set forth in Figure 3 or a fragment thereot; and
b) human autoantibodies isolated from CREST syndrome patients

hind to one or more chromosomes in cells in the cell line.

3. A cell that is selected from cells that have all of the identifying
characteristics of the cells deposited at the European Collection of Animal Celi

Cultures (ECACC) under accession no. 90051001.

4, A cell line having all of the identifying characteristics of the cells

deposited at the European Collection of Animal Cell Cultures (ECACC) under
accession no. 90051001.

b. A rodent cell line produced by a method comprising the steps of:

a) cotransfecting cells with a DNA fragment comprising human DNA
and a DNA fragment encoding a dominant selectable marker, wherein said
human DNA has the restriction fragment map as set forth in figure 3 or a

fragment thereof;

b) growing the cells and selecting cells that express the dominant

selectable marker:

C) detecting among the cells that express the dominant selectable

marker those cells with an excess of mammalian centromeres.

6. A rodent cell line produced by a method comprising the steps of:
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a) cotransfecting celis with a DNA fragment comprising human DNA
and a DNA fragment encoding a dominant selectable marker, wherein said
human DNA has the restriction fragment map as set forth in figure 3 or a
fragment thereof;

b) growing the cells under selective conditions and selecting cells
that express the dominant selectable marker;

C) detecting among the celis that express the dominant selectable
marker those cells with an excess of mammalian centromeres that include a

chromosome with two centromeres.

7. A rodent cell line produced by a method comprising the steps of:
a) cotransfecting cells with a DNA fragment comprising human DNA
and a DNA fragment encoding a dominant selectable marker, wherein said

human DNA has the restriction fragment map as set forth in figure 3 or a

fragment thereof;

b) growing the cells under selective conditions and selecting cells

that express the dominant selectable marker;

C) detecting among the cells that express the dominant selectable
marker those cells with an excess of mammalian centromeres that include a

minichromosome, wherein the minichromosome is smallest chromosome in the

cell.

8. A cell or cell line according to any one of claims 1 to 7, wherein said

human DNA comprises the nucleotide sequence set forth in Figure 1.

9. A cell or cell line according to claim 8, wherein the cells are

mouse cells.

10. A method of producing a mammalian cell containing an excess of

functional centromeres, comprising:

a) cotranstecting cells with a DNA fragment comprising human DNA
and a DNA fragment encoding a dominant selectable marker, wherein said

human DNA comprises CM8;
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b) growing the cells and selecting cells that express the dominant
selectable marker;
C) detecting among the cells that express the dominant selectable

marker those cells with an excess of mammalian centromeres.

11. The method of claim 10, wherein said human DNA comprises the

nucleotide sequence set forth in Figure 1.

12. The method of claim 11, wherein the cells that express the dominant
selectable marker and have an excess of mammalian centromeres are cells that
have all of the identifying characteristics of the cells deposited at the European

Collection of Animal Cell Cultures (ECACC) under accession no. 90051001.

13. The method of claim 12, wherein the human DNA is contained in the

clone A CM8 and the selectable marker is encoded by A gt WESnheo.

14. A method of producing mammalian cells containing a dicentric

chromosome, comprising:

a) cotransfecting cells with a DNA fragment comprising human DNA
and a DNA fragment encoding a dominant selectable marker, wherein said
human DNA has the restriction fragment map as set forth in Figure 3 or a
fragment thereof;

b) growing the cells under selective conditions and selecting cells
that express the dominant selectable marker;

Cc) detecting among the cells that express the dominant selectable

marker those cells with an excess of mammalian centromeres that include a

chromosome with two centromeres.

15. A method of producing mammalian cells containing a minichromosome

that contains heterologous DNA, comprising:

a) cotransfecting cells with a DNA and a DNA fragment comprising

human DNA and a DNA fragment encoding a dominant selectable marker,
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wherein said human DNA has the restriction fragment map as set forth in Figure
3 or a fragment thereof;

b) growing the cells under selective conditions and selecting cells
that express the dominant selectable marker;

c) detecting among the cells that express the dominant selectable
marker those cells with an excess of mammalian centromeres that include a
minichromosome, wherein the minichromosome 1s smallest chromosome in the

cell.

16. A method of producing a mammalian cell containing an excess of

centromeres, comprising:

a) cotransfecting cells with a DNA and a DNA fragment comprising
human DNA and a DNA fragment encoding a dominant selectable marker,
wherein said human DNA has the restriction fragment map as set forth in Figure

3 or a fragment thereof;

b) growing the cells and selecting cells that express the dominant

selectable marker:

Cc) detecting among the cells that express the dominant selectable

marker those cells with an excess of mammalian centromeres.

17. The method of any of claims 14 to 16, wherein said human DNA

fragment comprises the human DNA in the clone A CM8.

18. The method of any of claims 14 to 16, wherein said human DNA

comprises the nucleotide sequence set forth in Figure 1.

19. The method of any of claims 11-18, wherein the selectable marker

encodes aminoglycoside-3' phosphotransferase-li.
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20. A DNA molecule having the restriction map as set forth in Figure 3 or a

fragment thereof.

21. A DNA molecule having the nucleotide sequence as set forth in Figure 1

or a fragment thereof.
22. A minichromosome derived from the cell line of claim 4.

23. A minichromosome isolated from the cells produced by the method of

claim 1b.
24. A dicentric chromosome derived from the cell ine of claim 4.

25. A minichromosome isolated from the cells produced by the method of

claim 14.



R U 4 50 60 0 80 % 100
GATICAIGE CAGTGCAAG TCTCGGIGHE ACCIGACTS GAGACCCTCE TCOCGECACS TRCTTTGAAC TICCCTCCAT COCTCCMA forcnccom
110 10 10 140 50 160 0 180 9 200
YGCCATCCTC AGCCCTOCAG CAGCCCTCAC TCCCGATGCC TICCCACCTC CTCACCACTC TGCCCCCACC TGGCCAGCCC ATCACCTCCA GGGCCCAACT
200 220 230 40 250 %0 270 280 290 300
FGAGCCCCC AGGACCTCCS COTGOCCTGC CIGATETCES GCCTGTCCCC ACACAGCCTC ACTTGETCAC CACCCAGTCC TGGCCCTTGS TTACTGTGRC
YT 2 3 M0 350 0 30 360 90 400
Y0CRCCOCCA COTGTCCTA CGTCTAGCAG GTGGCTCCCC AGACATGGAG GTAGAGGAAG GAGTGGGTGG GGATGGGCTT GTCCTGCCCA GGCCTCCCT
Y 120 B0 Ao 450 60 410 80 490 500
CCTGTCCTGE TGGCCACAGE CTTGGCTTGE CCAGGAGAA CCRTGCGCEA CACKTCCCAC TGCCAKICCC ACACGTCCTE TCTCGGGAAC ACCGTGGGCH
510 520 - 530 540 550 560 570 580 500 600

AAGCTGTCGC ACCAGCTCCT TCCTITIGCA ACTCTGATGA ATCTCACCCA GCCATTTCAR GGCCCCTGGT CACACCAGCA TCATAGGCCT CCOCCATCCC

610 620 630 540 650 660 670 680 690 T00
CIGGACACAC AGAGACACAC CTGGATTCAG GICAGGCCTC GCCCACTCTC CCCTATATTT CTCCCCAAGC CGTGTGTCCT CAGCTGTAGA ATCAGGACCA

Mo 720 730 140 %0 760 170 180 790 BOO
TAAGGAAGTT CCCTCATAGE GTTCTTGTGA GGACGGCACG ATTTACGTAG CGGATGCTCA CACCGTGOCT GOCAGCTOCG ACGCACTCCA CCCGCGGCAG

B0 820 830 840 850 860 870 860 890 900
COGCECCCA TCGCTICTCR GIGAGTTTTC CAGCCACACY GCACTICTTA GACAGGAACA CTCCKTACGK TGTCCETCT CTCCACTGGA TCGCCCAAMA

. 910 920 930 940 950 960 970 980 999 1000
ATCIGAAATA AGAGGAGGAG TCCGTGTGAA GCTCCCAGTG GAGCGTTTGG CACCTGTCCA GCATCTCCCC AAGGGCAAGT CACGGCTCTG AGATTCAGTG

010 1020 1030 1040 1050 1060 1070 1080 1090 1100
ICTCCTTCIG CAAGTAGGGC CAATAGTCET TCCTCCCTCE CAGGGCTGAA GTGACGATGA GATGGGATAA TCCACCCCOG TCCCCACACC CTOCAGGTCA

g M no 0 1Mo ws 160 170 1180 f190 1200
CATCATTGE TAGCAGTIGT GTCGTGCAGC AGGTGCTCTT GAGGGAGCGA CACCTCCACG TGCTCCCCTG COCTGCTGOC CCCTCTGUAG GAGGTGACAC

o0 10 123 140 1250 1260 1210 1260 1290 1300
cCAGRCCCCT TICCCCTONG GCAGCCAGCT CAGCCCCTCT CTCTCCCACA GGTGCOGCTG CAGTTCCTTT GGCAGTAAGT AACAGCGCCT GCCEAGGOTS

1310 1320 1330 1340 1350 1360 1370° 1380 1390 1400
GCCAGEBCCC CCACTGCACG CCCCTCTTIG CATGICCTGS AMAAACCAG AGAGAAARAA GGGGCTTCAG FGTCCCCTCT GGGACTTGGG CCATTCACTC

Wie 120 1430 Wi M50 1460 1470 (80 190 1500
COTCCTCTAR TTACACCCCT ACTGCTICTC CACCTCTCCC CCCTCCACCT COCCCCCTEC ACCCATCCCC ACTICACATC ATATCCCGTA TAGCCATGTG

1510 1520 153 1540 1550 1560 1570 1580 1590 1600
ICATTTIGCT GTGCCIGIES CCCAGCAATC TCTAGGCTCE CCCAGGAGCT CCATCAGTGC TGCTTTGGAA AACGUGACAG GACTITTIGC AGGICTCTIG

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
CCCCOTEOCT GOGCTCCCTE CTCCICCTGC CACCCACGCC ACTTCTCTCA CCTGGGATCT GGAGAGCAGT CTCTCCTGCC AGTCAAGAGY GGGGTGACCT

1710 1120 1730 1740 1750 1760 1770 1780 1790 1800
PCCCCCACCA GGCAGARTCC ACCCCCTAGC CTAACCATCG CGGCAGCCTC CCTCTGGCAG CCTCTGCAGC CAGCTTGTCC CAGGGCTCTG CICGTCCAGE

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900
TCACCTCAGE TCCCAGGGCA GTCGGACCAG GGAGGGGCAT CICCAGGAGG TGGGGGTCCT GAGAGTTCCC CAGGAGGGCG AGGGCGACAT GGCGCACAGG

S0 1920 19 1940 1950 1960 1570 1960 1990 2000
TATCAGTAR ATGTCATCEA GACTGTCECE AGACACTCAC AGGGTGCCAG GEAGTCTCTC CTTICACCCT TGCAAACCCE CCCCTGOGAG GTCGCCATCT

~ 2010 2020 2030 2000 2050 2060 2070 2080 2090 2100
GCICTGCGAG GCAGCAGCAG AGGACTGGCC AATGTCAAAG AGCCAGCCGG GAGCAGACCC CAAATCTCAG AGATGCTTCT GGGGCCGTCA CCCTCCACCA
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FIG. I(B)

2110 2120 2130 2140 2150 2160 a1 2180 2190 2200
GGGCTCTGTG GGGCCCCACA TCCCACCCAA GTTGICCCTC CCCGACCCAG CGGGCCCCTG GCTGCCAAGC CAGTCAGCCG AGAGGGCGCC AGAAAGAAGC

o0 w0 - 230 2M0 250 . 260 2210 280 290 2300
1GGACCETGE AGGGACGETG GICTGCACAG CCGTGCTAAG TTCCTTCTCT GIGGTGTOCE CACCCCGGCC AACCCUCAAC CCTCTCTIGE TTTTCCCATE

gm0 20 2% oM a0 2360 2310 230 20 2400
TCTCACCAGG CATCAGCAG TCCCAGRAAG ACCECGACCC CAANGGCCCT GTGGCACTTG CGGCCACGAQ AGCCATGACA GGGCCCCCTA CTACTCCTGT

M0 20 30 M0 250 260 24T0 2480 90 2500
GCCCTCCACG TCCACIGECE GTGGCCCECT ACTACTCETG TOCCOTCEAC GRCCACTGET TGOCCCECAT GGCBCCCAGE ACOCCACAGE CACAGGIGEG

- B0 2520 2530 2540 2550 2560 2570 2580 2590 2600
TGCCAGGGTA CAGCGACCCC TGICATCCCA CCCTCTCCTG GCTTCTAGCC TGGGTCCCTG CCTCTCTTGE GGTGGGAGGG TCGAGGCGAG CCCYGGGCAG

oet0 2620 2630 2640 2850 2660 2670 2680 2630 2700
AGAGCAGGCG CTICGCTCTT AGAATAGAGA CCCTAGAACC CTAGAGGCTG GGAGCCACAG GCARAGGGG CTTGAGCGACA CCTGGGTCAA CCTGHTCCTG

a0 mw w0 a0 S0 20 M0 780 2080 2600
* NGGOCTGCEA COGGATICAG COATCAGTTC AGCTTCCAAG ATCGTCTICC TCCTGCCETY CAGCCATYO CTTGGMAGTG CTOCCAGACC ATTGTOGCCA

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900
GACGGCTGCA GCAACTGAGA GGARAGGTGC TGGGGGCAGC GAGGCCATCC TGACATGCAG CCABAGACTG GCCTTATCTC CCAATGGTGC TTCTGCCTCC

© ag10 2m0 2930 2840 2950 2960 2970 2980 2990 3000
 GTGGTCCCTG GAGCCCCECC CACACCCTGT CCCCACCTGC CCCCAGGOCE TCTCTGTCCT TAGCCCCTCA GCAGCAACAC CGGTGUGATG CATGGAGCAS

e 0 W3 dd0 3050 3080 70 3080 309 3100
 CGTTAGCCC GARAGCARAT GICTCTGATC AGCAGGGCAR AGGGAGCCTC TCGAGETACG TTTGEACCAC CGIGGACTGE TGGAATETCG ACGCTGIGTG

~ a0 3% 330 30 M50 360 30 380 3190 300
 TGTAGTGCAR GOCCAGGCCA COGCCAGACS TCCTGUCECT CAGGGOGCTG CCACAGACAG GCATGGAAAC CTGATECTCE CTCGCCCTCC RACGGAGGGA

210 3220 3230 3240 3250 3260 3270 3280 3290 3300
TTCACGTGTA TTCAAGGCTG GOGGTGCTCA GTGGGCCTCT GCTCTCACC GGACTCACCT GGGGAGTATC CCACTCTTO CAGTGCAGGT GCCAGGGGIC

w0 0 3330 M0 30 360 330 3380 330 3400
 SeALIGCATT TATCOTICCA GAGGECACCA GGAMGACGAT GACCAACCGG GAATTCITCC TGGTCCCAGC CAGGGAGGOG TGCTCCAATA GCCTGCCACA

3410 3420 3430 MO M50 3460 3470 380 3490 3500
CCCTGTCCCC CGCCACCCTG CAGGGAGGAC CTGGTGGGGA CTCCTEGCCC CTTGETAGTG CCCTCGCCCT CCATCTCTCT GATCCAAGGA GACCTGCCCC

om0 %20 330 340 350 360 3T 380 3690 3600
ACTGATCCTT CCCCTTGCOT GGCATTICTA AGGCAGAGTC CCTCTACAGE TCTGCPCGGC TGTIGCTCGT GGACATCAGG CTCCCAGACA GGCATAGCTG

310 320 330 3840 3650 3660 3670 3680 3650 3700
\GAGAAGACE TCCICCTCE TAGGCCATCC AGAGCAGCTC CCTGGGGCAG CACACOCCAC CTCTTTCTAC MOCHICCTE TICTGCAGIG CATITACAGG

3710 720 3130 3740 3750 3760 3770 3780 3790 3800
AGGCATTTTC TAGCCAAAAG ATTCGAGGAT TTCCGGGAAG CCTCCTGACC CAGGAATCCT CTTTGGGGTG GAAGACATGS GICACTCTGA GAATTCTGGA

3810 820 3830 B0 3850 1860 3870 1880 3890 3900
CTICAMCAT AGOTTGOCCC AGCCCAAGG GACCTGTGCT TRGCTGATGA GCCTGTOGTG GGCAGACAGA AGCARMAACA GTOGTGETGE GTOCTGTGCC

10 3920 3930 3940 3950 3960 3970 3980 3990 1000
IGTCTCCAAR CAGGGGTTTG GCTGGAGGC CAGATACICE CCATATCACA TGTGCAAGTG CACACATGCA CACACACACA CACTGCATG CACACACACA

C a0 020 A0 o0 400 d0s0  4oTo A0k 1090 4100
CGCATCCACA COCACATGTA CACACACACA CACACAGAGG AATCCATTTG CAGAGCTGCT TCTGACTICG TGCCAGEGCC AGCCGTGGGA GGCTGGGCAG

e A 430 Ado 4150 0 410 4180 A 200
ATIGTCCAAG TTGOGAATTA AAGACCAAA GTCAGAGGCC ACAGIGGGAA ATGCAGGGGA GFIGAGGGTC CCCAGGACCC TCAGTGAGCH GAAGGCAC{E;i?’
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F16. I(C)

4210 220 4200 4240 4250 4260 4270 1260 200 4300
CCTCTCGOCA AGACAGIGCT GCTCTGCACC TAGCCCTGTA TCAAGAAGCA GGACATTAGG GGAGGAGGTG GCTCCAATGY GACAGCCAGT GGCCCCTACA

a0 430 4330 430 4300 430 4300 4380 4390 4400
GCCACATCTA GGGGETCTTC CCTCCTCTTC AGCARCTGAA GOCCCTGICC AGAGCCCCCA TTARTGAAMA CGATCATTOC AGTAGCTCAG GGTGAGTTCT

110 W0 - 430 40 50 60 4470 4480 e 4500
CCTGCGCTGT GCTCGTATSA TTGTATCATC ATATCATTGT ATTCTCGGCT CACAGCTCCG TGAGATGGAG GCTGTTATIT TCCTAGTCCC ACAGGTGAGS

$510 4520 1530 1540 4550 1560 {570 4580 1590 600

GGATCGAGGC TYAGGAAGAA GCAGCTGGAT TTTATGATAT GTAAAATIAC ACCTCAAICA AGCTGTTTCA GAAGAAAAAA GGGGCAGCTG CTCAAGGTCT

610 60 4630 delo 650 4660 A6T0 A0 4690 4700
CACATTATG CAGAGGCACS COCAGGATTT GAACTCAGGG CTCGCCAACT CAGCCACCCA AAGCTATIGT CCTGAGGCCT CCAGGGGCTA TOACGTAGAS

M0 410 30 Ao 4150 4160 4170 4180 4190 4800
CTATCTTITY TTTTITITTI TIGAGATCGA GITICCCTCT TGTCOCTGAG GCTGGAGIGC ANTGGAGCAA TCTCAGETCA CTGCAACCTC Cocoucece

810 4820 4830 4840 4850 {860 - 4870 4680 {890, 4300
GGTTCAAGCA ATTCTCCTGC CTCAGCCTCC CCAGTAGCTG GGATTACAGG CACCTGTCAC CATGTTCAGC TACTITTTGY CTTITTAGAG,AGACAGGGTT

. 910 4920 - 4930 4940 4950 4960 4970.' 980 4390 5000
1CACCATGTT GOTCAGGCTG GTGTTGAACT CCTGACCTCA AGTGATCCAC CCGCCTCAGC CTCCCARAGT GCTGGGATIC CAGGCGTGAG CCACCGCACC

s 500 5030 5040 5050 5060 5070 5080 5090 5100
CCGCCAAGTA GTGETGTCTC CAGGCCTGG CTIGCAGGGC TTCCCAGTC CAAAGGAGEA GACCGGCTT CCATGGGGCE TTCGCACAGE ACACAGGCCA

610 5120 5130 M0 515 5180 5170 5180 5190 5200
* 1600GAGAAC TIGCTICCEA CACACCTGAG TGTGTCCCTG GGCAGCCAAR GCCAGGACTC CCTCCCTOCE CAAGACECTG GTCCCTGARA GATCCTGAAT

e010 5020 5200 50 5250 5260 5210 5280 5290 5300

ACCCCCGAGT GCCTCCCAAC AGGTGCTICG GOCTCYTTGA ACAGAGTCCA GCTGGGCCTC TGAACTCCIG GGCCAGATGT TTCTCCCGCC TGCCARTGTC

5310 5320 6330 5340 5350 5360 5370 5380 5390 5400
AAGCTGICTG GAGGACAGCG CTGCOGCGCG GAARACGCGC TGGAGACACT AATCCTTICC TGGGCTGGGC ACGGAGGATG GAGGGAGACA GGCTCTGAAG

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500

CAAATGCCTT CAGGGCTGGC TTICTCATCO CTCTAATTAA GCCTGCAATT TGGGCCTGGC GCTCATCTIC CCACTGAACA TCATAATTAA AGTCAATICA

s 5620 5530 5540 5550 5560 5570 5580 6590 5600
ST6CCAAAG CTCCCCGCTC CCAGCTEGA GICTECGCAC TTGTTAGCTS GTAGCTTECC THCTICOCC ACACCCACCS TIGTGTATAA TCCCTICAAG

5610 5620 5630 5640 5650 5680 5670 5680 5690 6700
AAGCGAAMAC AGCAGCGCTC CCCTGTCCTC TGGTTGTCCT TIGAAATITG GCACAGGCAC TICTTIGECA GCCCTGCCTG CCTGOCTTGE TGGCTGTGTG

C eme 510 5130 STA0 5150 5760 5770 5780 5790 5600
 JCCOGTTACT CTACGGGCTG AGCCIICTGT CACTGGTICA TGCTCGGGTC CCTCRTCARA ATGGGCCAGG CCAGGGGTCA GGAAGGTAGA AGGGCAGTOA

a0 S80S0 B0 550 5860 5470 5880 5690 5900
YCAGCOMAGE ACGTCACATG CTGGGGAMGS CTCCCGTCCC TOGATTGCGE CTGGACAGGA AGGACACCTT CCAGGACACT TCTGGACACA TGTAAGATCY

- 5910 5920 5930 K040 5950 5960 5970 5980 5990 6000
CGCCOCAAG AGATCICCCA CTTCGCAGCC ATGTAGCCAG AGAGATCAGC TCAGAGAGGT CTGGGCCCAG AGGCGGGACC TGGTCGTAGC TCTGICCTTC

6010 6020 6030 6040 6050 8060 6070 6080 8090 6100
AGTCAGAACG GGGACGGGCA CAGGCAGTGT AGAAGGGTCT CGCTGAAGAA GTATGCAGAT TCTCAGGCGA TGGGTTCACC TCTCATCTAT CGGGCTTTAA

s0 8120 6130 60 6150 6160 6170 6180 810 6200

GTCTGCATGT GCCCTCCACA GGCTAAATAG TGTAGATGCT GCCTATGTAG TAGATTTGGA CCCAATICCT TTGGCCATGT AGACAGAGCC TCTCCTTATA

g0 6220 6230 620 6250 6260 6210 8260 8290 6300
GYGCTGETGE TICTAAGGSS CCTCTGGETA GCGGGGETGT GATGOCTCAG TATGTACCCA GCTICCCTCA GOACCACCCC CTCGCATAAC TIGRTTTCTT
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FIG.I1(D)
R 1 6320 6330 630 6350 8360 6370 6360 6390 5400
CTCTICTICC COCCAAGAGT GEACCAGGCC ATCTACGCCT GCCCCTCTCT CGAGCAGGTG GTCCCAGGTG GCCTCCCGTO CAGAAGGTAT GGOCGOCAAG

-. 10 6420 B30 B0 6450- B0 q70 6480 6490 6500
GCCTCTGATG GOCTGAGAC CCCCGGAAGC GCOCTCTTAG ACTCGTAGCC CCTCCCTCTO TAGTGGAAGT AGCAGTGTO ATGGTGGGAC CTAGTIGEAG

10 6520 6530 6540 bS50 @se) 6570 660 6580 6600
CCeeoCcoch GGANCCAACT GAGGGCACGS TGTAGAATG CGGTGCCTCG CGAGCTCTAG GGCACAGTCG TGAGGAGCD GCCTOGTAGA GCAGGICTAC

6610 6620 6630 6640 6630 6660 6670 6680 6630 6700
CAGCTCTGCC CCCAAGCTCA CCTGCTTCAA GAGGTTCCAT GTGGCCACCC CCACGCCAAG CCCTICCACC AGCACTCCCT CCGAGGGCTT CGGAGTCTGO

6710 6720 6730 6740 6750 6760 6770 8780 5790 6800
TAGAGCCCCG CCTCCCACGR CAGGAACCCC CCTCTCCAGC TGCCCTTGCT CACACGACAC CTGGGCAGTT GCTGGATCAG AGAGTCAGAG GGGGCTICCT

S0 6620 6830 6840 BRSO 6860 6870 6880 6830 6900
CCAGGACCGD COGCCATOAG ACCTCGOAGE GTGGACTCTS GTGGGTGAAG GGAGAAGGCA GCACATTCCA GGCCGCAGGC AGCCGGOGCA ANGGCTIGGC

Csol0 6920 6930 6940 6950 6960 6970 980 6990 7000
AGTGGATG CACGGAGCCT GACAAAGTGE AAAKTGTGTS GGITAAKCGK GGGAGCGCOG GATCCTGGAN GACACIGACH TCOTOCTGCT ACGTGOGAGS

- 1010 7020 7030 7040 7050 7060 7070 7080 7090 7100
AGACACAGGG CTCATCTCTA GCCATAGACA GACATGCCAA GGAAACGCGC AGGCCTGCCC GACTCTCCAG AAGGGAAATT GTCCCIGGCC CCAGCTCACC

10 120 M0 7140 750 7160 170 1180 7190 1200
 MAGCCTCGIC COCCCAATTA GGGCCTAGTC TAGGGAACAG GTGAGCTGTT CCTICCAGCT CACATGTICA AATRTCCICC AGCCCCAGCT CTGAGCAGCS

7210 1220 1230 1240 7250 1280 1210 7280 7290 1300
AGCCGGGCTT 1GAGCGCCCT CTACTGGCAG GAAGCTCTGG CGCTGGAAGC ATGITIAGAG AGOGTCTGAG GCTCGOTTCC TAGARACCYG GAGGACCTGG

a0 1320 1330 T30 1% 7360 130 130 130 400
ecCT00T0TC CICIGICETG ATGGAGACAG AGCTGGCGGG AGCCATCGCT TCCCTACCCT GGGCCAACCA GGGCACCACA CACCCAGAG GAAGCCAAGG

1410 1420 7430 1440 7450 60 0 7480 7490 1500
TAGTGACCAT CCCCGGACAS TGGCCTECTC ACCCACAGAT ACGGCGTTGE GGTCCCAGCG GATTCTGGGC AGTGGANGGC AGGTGOGTCC GIGTTCCTGS

w10 7520 7530 1540 7550 7560 570 7580 750 7600
CTIGACAGCA CTGCGAGYG GGACTCCAGG GACAGCGAAG GATTCACTIC GGCTGGAGCA GGANGAGTOY TECAGAAAGS AMGGGAGATE CCAMAGICCT

. 7610 7620 7830 1640 7650 7660 7870 7680 7690 7700
PAMATGOCAR GTTTAGICTC TGGGTTTGAT GCTCCAGGAA GTTTGGAGAG GCGGTGGGGA GAGCAAGAGA CGGGCGTGGT GTCCAATGIC ATGICAATCT

N N L I 1 L L L. 79 1800
\TCTALARG AGTTTGECTT CCAAGAAGGT CTTACCACGG CGCGGGUGTG TCAGCGGTTA CAGRAGTCAT TYGAGATTAA TCCCAGCAGA TGTGTCATGT

W0 7820 7830 T80 Te50 7880 7810 1880 7880 7900
CTCACAGAGE GACCAAGGGC AGGECTGATY TGCAAGCTTG GGATGTGCTG TGTTICCTIC AGAAGUGTCC CACCTCCCTG GGCTCTTCGA GRAGAGEGGC

1910 7920 1930 7940 7950 7960 1970 1980 7990 8000
TGTGTGATIT GAGGCCAGAG GGGCCTCTCC CTCCCTCACA TCTGAGCAGG CGACAAGCTG CCT6CCCTAQ AGCTGGCCCA GOGCGGCTCG GAMGCCTTTG

0 8020 8030  Bodo 8050 600 8070 BOB0 8030 BIO0
CTGGCCTCTY CCCTGRGCAG TCGGACCATG ACACACGAAA GAACCIGTTT CTCATCTCTC CAGCTGTGG GCACCCCTGC CGCTGUCCCY GCCCCTOUCH

J110 8120 8130  BM0 8150 8160 8170 8160 8190 8200
AGGGCTACAA ACTTTTCCAG CTCAAGCCCA AATCTCCTCA AGTGATGCCT ATTGRAGAAT TCCAAGGTAA GAGGATGGAC CTGGEECCCC ATCAGCCCTC

8210 8220 8230 8240 . 8250 B260 8270 8280 8290 8300
CCTGACACCT GTTCCCCATC COCCGCTGEA ARMAGACGGT GCAGGATAG CGACCGATGC CIGGCTCCGA ARACCCTCCY GOAGTAGCTG GGTCAAGGTT

a0 6320 8330 6340 8350 0360 8370 830 B30 400
VAACTGASTC TCTCCTCCCT ACAGOCCTCE CTCCCCANGE GAGCTGOGAG CAGGTATGAG TCAGAAGCCA ACTTGGGCAC AGTGGGCTAC, GCCACARAG
i
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a0 B0 B0 B0 B50 8460 8410 8480 B0 85D
AGGCAGAGC GAGCCAGA ATAGCCCATC CCOGCTICCE TEGGAGGTGR GGCCCTRGE CTTCGTIGNS TCTAAGCAGK ATCTachcAC AcccrcAceh

w10 B0 8530 850 8550 8560 8570 650 BS%0 8600
YCTGCICTT GACACTATA GCATGCCTCA TCTCCTCATT ATCTCTCGAG GGACAAAGTG AAGGGGCAG GACTAGTGGA CAGTGGGATG CCCACCATCT

8610 8620 8630 8640 6650 860 8670 8680 8690 8700
CTCCT000CA CAGGCTGTTT CICTAGTCIC CCAATGCCCT TGACCACTGS GTCAGTCCCT CATCCCATCA CAARAGCCAR GCTGGGTCCT CTAGAGATAC

a0 w0 B30 &0 8150 6760 8770 6780 8750 B8RO0
ACAGATEGTO TTTCAKGAGG GTGGCCGTIG TCCTICCTG TICO0GGGCA GOCACATIGE CITCTICT GGAGGGTGEG TOGATCOCTO AGTACTGIGT

810 880 8830 880 Be50 6860 870 880 6890 800
CCCTTCOTAG AMCATCAAGE ATGCCCCCCC ATTCTTAGEG ATGIGACCTT CCTCACCAAN TCCTCCATIG ACAATGICRS ATTCACCTCC AATCCCCTOA

10 6920 890 - 840 8950 8960 8970 B9B0 690 9000
SAGAGCCTER CCOCAGCCAG TCACGGGCTT GTCTCOTCCT TGGAGCOGAG CTGGTTAGGC ACGGGTCAGC CTGAGAACCA CGTACGOGTG GCOTGCAGGA

9010 9020 9030 9040 9050 9060 9070 9080 9090 9100
GGCGOCACCA CATGGTGGTG GTOGTCCTTG CTATGAAACC AYGTGCTTCC AGGAGCAGCG AGTCAGAAGC CGOGCCAGGA CCAGGGGGAG SCATGCAGGT

S 110 0120 9130 9140 9150 9160 9170 9160 9190 9200
1CCCAGGGCT CCTCCYITAA ACTGGCACTC ACTCETAGCA YCCTGCAMAT CAATCAAACT TGCACAAAGC 3CAGGCTAAT AAGAAAGGGT CTGGCAGGTG

- g0 9220 9230 9240 9250 9260 9270 9280 9290 9300
GOCOTTTTCC TCCCAGCCAT CTTCCAAAGC AGCATOGGCA GGAGCTCCTG GCCCATTGCA TCTTGICCAG CGPCCATCCA TGCATTCATC TACCCGAGGA

gm0 830 9% 90 930 930 90 9360 9330 9400
TACCACGGCS AGCGCCGTCA ACCCAGGCGT CGCCTCOCCC AGTGCACAGC CAGGTGGCAT GACCCGTCCC TCCTIGCATG ATCACTTIC TAATCACCCC

a0 9420 9430 M0 9450 9480 9470 0460 9490 9500
COCATGTGEA CATICCTICA GCGAGCGCTT GGOCCTGRTG CCCAGCCAGE CATTAGCAGS AGCTGCCCAT GGCCCTOCCT GOTTCCCTGE GRACAGGCAG

9510 9520 9530 0540 9550 9560 9570 9580 9590 9600
 GIGGGAATCC TGGGCTAGET ACTCAGGTIC TCCTCIGOGC TCAANGCAGS GAGGCCTCIC TCTICCTGAA TCCOKTGGCA AGGGTGGGAG GUCTAGGGCA

9810 9620 9630 9840 9650 9660 9670 9680 9690 9700
COTCC0GTA CCTTTTCCAR AGATGCCTIC CTCCTGOCCE GCATGACCTG GOGTGAGTCC TTCCTCGCCC TGTCCCTCAG TTTCCTGAAT GCTCGCTGAC

o710 97120 9130 940 9750 9760 9770 9780 9790 9800
CATTGGTATT TCTCCCACTT GGCCGGCCCA GACTGCGAAT GCTACGGTCA CTCCAACCGC TGCAGCTACA TTGACTTCCT TGAATGTGOT GACCTCGTC

o810 9820 9830 9840 9850 9860 9870 9880 9890 9900
AGCTCCAAGC ACAACACGCS AGGTCAGCAC TGCCAGCACT GCCGGCTGGE CTACTACCGC AACGGCTCGG CACAACTGGA TGATGAGRAC GICTGCATTG

w0 sa0 930 9940 950 9980 9970 9980 9990 10000
oT7aACACEE CACCACACE GCACAGGGAA CTTGCTGGAA TGCGTGCAGG GTGCACTCCC CTGCGAGOTG GCCTCTE0G GCCCCCTGCA TCAGAATCAC

10010 10020 10030 10040 10050 10060 10070 10080 10080 10100
CYGGGGAGAC TGTGEGAATT CIAACTCCAG GGCCCTCTCC AGTTGAGCAY CTCTAAGGAC AGAAAGCTCC AGAAACTGCT CTATTAGTAR CCTACCCTIG

oo lo120 10130 foMo 10150 10160 10170 10180 10190 10200
CGGTTCICCS GTAKGTTITG CACTGGAGTT GCARAACTIA CCAGTGGCCC TTCCCTCTCT GGGCAACTCO AGGOGACACT GACCCTICTO GCTCAAAGAG

10210 10220 10230 10240 10250 10260 10270 10280 10290 10300
- CTGTGACTCT GGCAGGTGGC AGGCGACTCA TGGCAGAGGC CACTGAGCAT CTGTCICCG CTGGTGTCIG GGGGOTCCCC CTCCATAGCT CCTTTCCAGA

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400
AAGGTGGAGG AGCAGCCTAT CCCTCCTCCT GCAGGGGCCC AGTTGGGGGC AARAGATCGC CTTGCTGCAT GCAT!TGTGC ACICCCTTC CCGTTGCTGE

10410 10420 10430 10440 10450 10460 10470 10480 10490 10500
GCCTCAGCT? CCTCATICAT CAAATTCGGA GGCAGATCAG ATCAAAGGTT TTCAGCTCTT TITI6TGGCT GAAGCTTTTC TTCAAATGCT TTACCAGCCC
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FIG. I(F)

© qmst0 1050 10530 10540 10550 10560 10570 10580 10590 10600
AGGICEACCT ATAMAGCTGE TCTICACCEC TGGTGGGCAC CCAGTCTGC? TTCTICCAAG TIGCTACTCA AGGACIGOC TCTGGOTAGA GAAGGAICTC

610 10620 10630 10840 10650 10860 10670 10680 10690 10700
CACAGGCCC CTGGACTGG0 CARAGACCCA AAGCCATGAC COCCAACCAR ACGACAGLY CGRATOGTTG CCCTGTOGTC AGTAGAGGCE AGGTCTCGGE

0710 10720 10730 10740 10750 10760 10770 10780 (0790 10800
CICAGRGGCT GTCCCCCAAC CCTGCOCAGE CASCECCTTE GOACACCATC ACCCATCCCC CACCCAGCAG AGGCTCTGA CTOCCCACAG CAGGEGCTCC

810 10820 10830 1080 10850 10860 10MO 10880 10880 1090d
YCCAAGCT0 GAGCTOTCGG TCIGATICT GGCGGCCATG TCAGATAATE CCATCAACTC TAAGIGATCA AAGCCGCTGA COTCACAGGG GGCCAGCTGC

10910 10920 10930 10940 10950 {0960 10970 10980 10990 11000
AGCCACAGCC CAGGGCCTTT GGATCCAATT AGAGGTGCCC ACACCCTOGC ACCCTCCTCC TCTCCCTGGC TCTCCCTGCC PCCACCCCGA GAGCCAGCAC

11010 11020 11030 11040 11050 11080 11070 11080 1100 11100
YOAGCTCCAN GGITTCTCAC GGTGGACGAT ATTCACCCTC TCCCACAGAG CCCCAAGGCA ACCAACTGOG CCCACCCGCG AGCACGAATA GGCTGTTCCT

11410 11120 11130 M40 11150 1160 170 11180 11130 11200
CCACOTCCCC TGCARAGGAG CTATGGAGGG GGGCCACCCA CAACACAGCA GCCCCAGACA TOCTCAGTGE CCICTGCTGA GTTTCTGCCA CTGTCGGAGT

11210 11220 11230 11240 11250 11280 11270 11280 11290 11300
CATAGCICIT TGGAGATGGG AAGGAC!GCG ACCCTCTAGT TGCCCAGAGA GGGGAAGGGG CTGACCAGGC CACACCAGTG CCAGGGCGG GAAGGTGGGG

g0 B30 1330 1130 130 130 11370 11380 11390 11400
CT00CACCTG TTIGATCCCA AGGAAGGAAG CCAGAGICTT CTCTCCAGGC CTGGCCACCC TGGGAAGTCC CCACCTGCCG TCCAGCCGCG GGCTCACGTS

11410 11420 11430 11440 11450 11460 11470 11480 11490 11500
GACCCAGTGT GGGGAGCATC CCCTGGGGAG TGTGGAGATG CTCCCTGCGA GGCCGGGAGA GTGGGGGTCC GAGCAAGACG GCGCCCACAC GTAGCCCTIGA

1510 11520 11530 1140 11550 11560 11570 11580 11580 11600
CCOCEOGCCC GTGCCCCTGT CCCTCCAGAG TGTAACTGCA ACCAGATAGG CTCCGTGCAC GACCGGTGCA ACOAGACCGG CTICTGCGAG TGCCGCGAGE

11610 11620 11630 11640 11850 11660 11670 11680 11680 11700
GCGCGOCE0S CCOCRAGTGC GACGACTGCC TCCCACGCAC TACTGGOGCA GGGCTGCTAC GTGAGTGCGC GOCGTCCCOS TGOCGGCCCT COGARAGGEG

a0 M0 1730 110 11750 1760 11710 11780 11790 11800
AGGGGCTAGA CCAGGOMGG COGCCTATGE CAGEGCAGGC GTOGEATGGC CTAGCAAGCA GOGCAGOCCS GGATAGTGG GECTATGGOA GOGCAAGAGG

- 1s0 11820 11830 11840 11850 11860 11870 11880 11890 11900
(GYGGCGE0C CCTCGCGAGA CGOGGCAGGC CGGGCAATGG TGGGCCTAGT GAGACGGGCA AGGTTGGGAT AGTTGGCAGG GGCCTGGTGA GATGGGACCG

CO11910 11920 11930 11940 11950 11960 11970 11960 11930 12000
ACCCGGGATC GYGGACGGGA CTCTAGCGAG ACGGAGCTGG CAGGTGGGCG GGGACAGGAT GCTGCTGAGG TCCGGGGCAC GGGCCOAGGG GCGGGTCCAA

12010 12020 12030 12040 12050 12080 12070 12080 12090 12100
SAGCTCEO00 COCCACCTOA TGCGACCTGA GCACCGTCSY GCCTGGTGOE AACTACGAGA AAGACCGAGC TGGGGTTGGA AAGGTATTTG CGGGGACACA

12000 12120 12130 12040 12150 12160 12170 12080 12180 12200

GGGAGGGAGE CTGTCCAAGT CGGCOTTAGC CGCGGGCACA GGGTGAAAGG AGGCTCCAGG CGCGTGGAAC AGCACGTGCA CAGCTCTGGA GACTGCAGGC

g0 1220 12230 12240 12250 12260 12210 12280 12290 12300
GCCTCTGAAG AMCAGCACCG AGCCCAGTGO GGCGGGBAGK GAGGGGCAGC GOTGGCACGC ACCGGG06CC AGATCTCRCC CGUGCGCOGT CACCCTOCGH

3 12320 12330 1230 12350 12360 12370 12380 12390 12400
SGGGCGACET TICGEACCCA GGUGECTS AGCCTCCTAC ATCCCCGGCC CAGACGGOGE COCCGOOGTC TCGCACACCC TGTTCGAGAD CTCOGAGGTT

00 140 140 1440 12450 D60 1410 L2480 124%0 12500
 GG0GGGGGGA CCGGOCCACE COCBTGCTE ACCCCOCCT CCTCAGCCA ACGTTOCGH COACGACCAD CTGCTGTGUC AGRACGGAGS CACCTICCTS

' 12510 12520 12530 12540 12550 12580 12670 12580 12590 12600
CAGAACCAGC GCTGCGCCTG CCCGCGCGGC TACACCOGCG TGCGCTGCGA GCCAGCCCCG CYGCGACCCC GCCGACOATG ACGGCGTCTG GACTGCGACC
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80 12620 12630 12640 12650 12680 12670 12680 12690 12700
GC00G00C0 GOCEECCECE COCC0Geee ACCCTGTCE GCTGECTGET GCTOCTa0ea CTEGeCaeca COTGGCORr TOAGCCCOGE CCOTACEATT

Cpme 110 1080 f2n0  1zise 1760 12170 12180 12190 12600
CooceeACCe CAGGCCR068 TCCCCOOTCE 6GO0CG000 CAGTCEAGEC CCGCGGTGAG AAGGGTGCCE CCCOAGOTGC TCCCAGGTGE TACTCAGCAG

12810 12620 12830 12840 12850 12860 12670 12880 12600 12900
6CC00CC6C CCOGCCCR0R CTCCCECCee CACTBCCCTC CCCCCCAGE AGGGECEECT 1GGGACTCCG GTCCCCGCAG CCTGCGATTT GOTTTCGITT

12910 12920 12330 12940 12950 12960 12970 12980 12990 13000
TICTITICTA TTATCCGCCG CCCAGTTCCT TITTTGTCTT TCTCTCTCIC TCTTTTTITT TTITITITIC TGOCGOTCAG CAGAGGGTCG GGAGARACGC

13010 13020 13030 13040 13050 13060 13070 13080 13090 13100
16CTC0C0CC ACACCCGTCC TGCCTCCCAG CACACTTACA CACACGGGAC TGTGGCCGAC ACCCCTGGCC TGTGCCAGGC TCACGGGCGE CGGCGGACCC

a1 13120 13130 1340 13150 13160 13170 13180 13190 13200
GAGCTGCAGY TGCCTACAKT TCCTAGCGCT GACTIGTCCT GTTICTATIC TTATETICCT GCAACCCACC ACACOCCAD CCPACCGCAG GaCCCooTGH

13210 13220 13230 13240 13250 13260 13270 13280 13290 13300
CCACGEAACT CACCTCTGOG GAGGAGGAGA GAAGCAAGGG GTGGGGGGCC CTGGARATTC GCTICTGTAG AGAATCTTTT TOTTIGTATY CACTGICCTG

13310 13320 1333 1330 13350 13360 13370 13380 13390 13400
CAKCCCCCAC GOGCACSACT GGTCAGCOGC G0GGOCCOAT COTGGAGAAT CCOAGOAAGY AAAGAGGTTT GCTCACTOCT GCCTCCACGS CCTGITTICT

13410 13420 13430 13440 13450 13460 13470 13480 13490 13500
TICTCTCTIG CGCACGGTCG GCAGGTGTGE GGCTTACAGA CGAATCCACA ACACAGCCTT ARAGARACGT TTCCTACTGE GGCCACCATT TCCCTGGGCC

o0 13500 19530 13640 13560 13560 13670 13580 13580 13600
PTICTCYCEA TICCAGCAGC AGTGCCCCCT COCCGEAGGE TTGRCTGECA GAGTTTICCA CCCOCSGCE AGGCTGCAGE TGUCOCACCT GTTAGEACCE

13610 13620 13630 13640 13650 13660 13670 13680 13690 137100
TCCCCACACT GAAAGGCTGC CTCCCTCCTT TCCCARAAAR GARATCCGGA GTGTATIGGC CCTITTICTAC AAGLAGTCCA AGGGAAATGA CTCAGGGAGA

0. 3120 15730 130 1350 13160 13110 13780 1310 13800
KTCCTAGCAS AGCTTGAATC CAATGCTCIG ATTTATACEG TGTCICCGTG GCCACCTCOG ATGGATGIGY CATCTCAGAC CTGTTGCAGE CGGAGCCTCA

13810 13820 13830 13840 13850 13880 13870
AGTCCAATAT CAGATGAAGC TGAACCCACA ATGTCGGCCA CCGCCTCCTT CCGAGATTTC AGATGGCATG AATTC
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