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Schizophrenia-related voltage-gated ion channel gene and protein

FIELD OF THE INVENTION

The present invention is directed to a voltage-gated ion channel gene and protein and its role in
disease. The invention relates to polynucleotides encoding a Canlon polypeptide as well as the
regulatory regions located at the 5’- and 3’-end of said coding region. The invention also concerns
polypeptides encoded by the Canlon gene. The invention also provides methods for screening for
modulators, e.g. antagonists, of the Canlon channel, and methods of using such modulators in the
treatment or prevention of various disorders or conditions. The invention also deals with antibodies
directed specifically against such polypeptides that are useful as diagnostic reagents. The invention

further encompasses biallelic markers of the Canlon gene useful in genetic analysis.

BACKGROUND OF THE INVENTION

Advances in the technological armamentarium available to basic and clinical investigators
have enabled increasingly sophisticated studies of brain and nervous system function in health and
disease. Numerous hypotheses both neurobiological and pharmacological have been advanced with
respect to the neurochemical and genetic mechanisms involved in central nervous system (CNS)
disorders, including psychiatric disorders and neurodegenerative diseases. However, CNS disorders
have complex and poorly understood etiologies, as well as symptoms that are overlapping, poorly
characterized, and difficult to measure. As a result, future treatment regimes and drug development
efforts will be required to be more sophisticated and focused on multigenic causes, and will need new
assays to segment disease populations, and provide more accurate diagnostic and prognostic
information on patients suffering from CNS disorders.

CNS disorders can encompass a wide range of disorders, and a correspondingly wide range of
genetic factors. Examples of CNS disorders include neurodegenerative disorders, psychotic disorders,
mood disorders, autism, substance dependence and alcoholism, pain disorders, epilepsy, mental
retardation, and other psychiatric diseases including cognitive, anxiety, eating, impulse-control, and
personality disorders. Disorders can be defined using the Diagnosis and Statistical Manual of Mental
Disorders fourth edition (DSM-IV) classification.

Even when considering just a small subset of CNS disorders, it is evident from the lack of
adequate treatment for and understanding of the molecular basis of the disorders schizophrenia and
bipolar disorder that new targets for therapeutic invention and improved methods of treatment are
needed. For both schizophrenia and bipolar disorder, all of the currently known molecules used for
their treatment have side effects and act only against the symptoms of the disease. There is thus a

strong need for new molecules without associated side effects and directed against targets which are
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involved in the causal mechanisms of schizophrenia and bipolar disorder. Therefore, tools facilitating
the discovery and characterization of these targets are necessary and useful.
Voltage Gated Ion Channels

Voltage gated ion channels are part of a large family of macromolecules whose
functions include the control and maintenance of electric potential across cell mambrances, secretion
and signal transduction. These channel proteins are involved in the control of neurotransmitter release
from neurons, and play an important role in the regulation of a variety of cellular functions, including
membrane excitability, muscle contraction and synaptic transmission. The main alpha-subunits of
Na+ channels and the alpha-1 subunits of the Ca+ channels consist of approximately 2000 amino acids
and contain the ion conduction pathway. Biochemical analysis has revealed that the physiologically
active ion channel is composed of several different subunits. There are two auxillary subunits that
copurify with the alpha subunit of Na+ channels, the beta-1 and beta-2 subunit. For Ca+ channels,
additional subunits (alpha-2, beta, gamma and sigma) have been identified with modulatory action.
The alpha-2 and beta-subunits appear to enhance the functional activity of the alpha-1 subunit of Ca+
channels. The alpha-subunits of K+ channels are associated with beta subunits in a 1:1 fashion

resulting in a K+ channel complex exhibiting (alpha)4(beta)4 stoichiometry (Terlau et al.,

Naturwissenschaften 85:437-444 (1998)). The basic structure and examples of calcium and sodium
ion channels are further discussed, e.g., in Williams, et al. Science 257:389-395 (1992); Mori, et al.,
Nature 350:398-402 (1991); and Koch, et al., J.Biol.Chem. 265 (29):17786-17791 (1990). A Ca+ and
Na+ ion channel nucleic acid sequence from the rat sharing a high level of sequence homology with
the Canlon channel is further described in Lee et al., FEBS Lett. 445 231:236 (1999).

The alpha subunit shares sequence characteristics with all voltage-dependent cation channels,
and exploits the same structural motif comprising a 6-helix bundle of potential membrane spanning
domains. In both sodium and calcium channels, this motif is repeated 4 times within the sequence to
give a 24-helix bundle. The amino acid sequences are highly conserved among species (e.g., human
and Drosophila), and among different ion channels.

There are several tissue-specific pharmacologically and electrophysiologically distinct
isoforms of calcium channels, coded for by separate genes in a multi-gene family. In skeletal muscle,
each tightly-bound assemBly of alpha, beta and gamma subunits associates with 4 others to form a
pentameric macromolecule. For example, neuronal calcium channel alpha-1 subunits are the product
of at least seven different genes named alpha-1 A to H. Immunocytochemical sudies have shown
differential distribution of alpha-1 calcium channel subunits. Alpha-1A and alpha-1B are expressed
mainly in dendrites and presynaptic terminals, and alpha-1A is generally concentrated in a larger
number of nerve terminals than is alpha-1B. In the rat and human neuromuscular junction, alpha-1A
is localized presynaptically, while alpha-1B and alpha-1A are both present in axon-associated
Schwann cells. Alpha-1E is localized mainly in cell bodies, in some cases in proximal dendrites, as

well as in the distal branches of Purkinje cells. Alpha-1C and alpha-1D are localized in cell bodies
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Native calcium channels have been classified based on their pharmacological and/or

electrophysiological propoerties. The classification of voltage dependent cacium channels divides
them into high voltage-activated (HVA), including L-, N-, P- and Q- types; intermediate (IVA, R-
type); and low voltage-activated (LVA, T-type). (Morena et al., Annals NY Acad. Sci. 102-117

(1999).

The principal subunits (alpha-1) belong to a gene family whose members can form functional

channels by themselves when expressed in heterologous expression systems. (Zhang et al.,

Neuropharmacology 32 (11): 1075-1088 (1993), incorporated herein by reference). In native cells,

alpha-1 subunits are expressed as multisubunit complexes with ancillary subunits which modify the

functional properties of the alpha-1 subunit. In many cases, coexpression of auxiliary subunits affects

the biophysical properties of the channels. Beta subunits in particular tend to have important effects

on the alpha-1 subunits; beta subunits have been shown to alter activation properties, steady state

inactivation, inactivation kinetics and peak current.

Much of the molecular diversity of channels is produced by the existence of multiple forms of

alpha-1 subunits. For example, it has been shown that differently spliced forms of calcium channels

are differentially expressed and have different sensitivities to phosphorylation by serine-threonine
kinases (Hell et al., Annals N.Y. Acad. Sci. 747:282-293 (1994)). Mutations in ion channel genes

have been shown to be involved in a wide range of diseases, including several central nervous system

diseases. Examles of ion channel mutations causing a number of eposodic disorders inclduing

periodic paralysis, eposodic ataxia, migraine, long QT syndrome and paroxysmal dyskenesia are
reviewed in Bulman et al., Hum. Mol. Gen. 6(10) 1679-1685 (1997). Several Ca+ channel mutation

disorders, for example, are shown in Table A (from Moreno, supra).

Table A

Disease Calcium channel subunit Model

Familial hemiplegic Alpha-1A Human
migraine

Episodic ataxia type 2 Alpha-1A Human

Spinocerebellar ataxia typ Alpha-1A Human
6

Tottering and Learner Alpha-1A Mouse
phenotypes

Lambert-Eaton syndrome Alpha-1A, o-1B Human

Hypokalemic periodic Alpha-18 Human
paralysis

Muscular dysgenesis Alpha-18 Mouse

Zucker diabetic fatty a-1C; a-1D Rat
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phenotypes
Lethargic phenotype Beta-4 Mouse
Malignant hypothermia Alpha-2/5 Human
Stargazer Gamma Mouse

Modulators of calcium and sodium channels are also commonly used in the
treatment of various diseases and conditions. For example, calcium and/or sodium channel blockers
have been shown to be useful for the treatment or prevention of one or more symptoms associated with
various diseases or conditions such as various heart diseases and conditions (e.g., angina, arrythmias),
hypertension, migraines, neurological effects of strokes, mania, neuroleptic-induced tardive
dyskinesia, bipolar disorder, pain, epilepsy, and others.

It has been shown that significant functional differences in the nervous system exist
between different ion channels. In addition, functional differences exist between different mutations
in the same ion channel gene as well as between splice variants of the same ion channel. Thus, despite
the implication of ion channels in CNS disease, it has been difficult to predict which ion channel may
be an effective target for therapeutic intervention for a particular disease. One problem has been to
provide an ion channel gene implicated in schizophrenia, bipolar disorder or diseases related thereto.

The present invention addresses these and other needs.

SUMMARY OF THE INVENTION

The present invention pertains to nucleic acid molecules comprising the genomic sequence of
a novel human gene which encodes a voltage-gated ion channel protein, called Canlon. The Canlon
genomic sequence also comprises regulatory sequence located upstream (5°-end) and downstream (3’-
end) of the transcribed portion of said gene, these regulatory sequences being also part of the
invention.

The invention also provides the complete cDNA sequence encoding the Canlon protein, as
well as the corresponding translation product.

Oligonucleotide probes or primers hybridizing specifically with a Canlon genomic or cDNA
sequence are also part of the present invention, as well as DNA amplification and detection methods
using said primers and probes.

A further object of the invention consists of recombinant vectors comprising any of the nucleic
acid sequences described above, and, in particular, of recombinant vectors comprising a Canlon
regulatory sequence or a sequence encoding a Canlon protein, as well as of cell hosts and transgenic
non human animals comprising said nucleic acid sequences or recombinant vectors.

The invention also concerns biallelic markers of the Canlon gene and the use thereof.

Finally, the invention is directed to methods for the screening of substances or molecules that

modulate the expression or activity of Canlon, as well as with methods for the screening of substances
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or molecules that interact with a Canlon polypeptide. Methods of using substances identified in these
methods are also provided. For example, methods of treating or prevention diseases or conditions
including schizophrenia or bipolar using Canlon channel antagonists are provided.

Accordingly, in one aspect, the present invention provides an isolated, purified, or
recombinant polynucleotide comprising any of the nucleotide sequences shown as SEQ ID Nos 1 to 4
or 6, or a sequence complementary to any of these sequences.

In another aspect, the present invention provides an isolated, purified, or recombinant
polynucleotide comprising a contiguous span of at least 50 nucleotides of SEQ ID No 4, wherein said
polynucleotide encodes a biologically active Canlon polypeptide.

In another aspect, the present invention provides an isolated, purified, or recombinant
polynucleotide which encodes a human Canlon polypeptide comprising the amino acid sequence of
SEQ ID No 5 or a biologically active fragment thereof.

In one embodiment, any of the herein-described polynucleotides is attached to a solid support.
In another embodiment, the polynucleotide comprises a label.

In another aspect, the present invention provides an array of polynucleotides comprising at
least one of the herein-described polynucleotides. In one embodiment, the array is addressable.

In another aspect, the present invention provides a recombinant vector comprising any of the
herein-described polynucleotides, operably linked to a promoter.

In another aspect, the present invention provides a polynucleotide whose presence in a cell
causes an alteration in the level of expression of the Canlon gene. In one embodiment, the
polynucleotide is inserted into the Canlon gene, or into the Canlon genomic region. In one
embodiment, the polynucleotide is inserted into the Canlon gene promoter. In one embodiment, the
polynucleotide is inserted by homologous recombination, e.g. by replacing one or more elements of
the endogenous Canlon promoter or enhancer region.

In another aspect, the present invention provides a host cell or non-human host animal
comprising any of the herein-described recombinant vectors or polynucleotides.

In another aspect, the present invention provides a mammalian host cell or non-human host
mammal comprising a Canlon gene disrupted by homologous recombination with a knock out vector.
In one embodiment, the host cell comprises any of the herein-described polynucleotides.

In another aspect, the present invention provides an isolated, purified, or recombinant
polypeptide comprising the amino acid sequence shown as SEQ ID No 5, or a biologically active
fragment thereof.

In another aspect, the present invention provides a method of making a polypeptide, the
method comprising a) providing a population of cells comprising a polynucleotide encoding the
polypeptide of claim 13, operably linked to a promoter; b) culturing said population of cells under
conditions conducive to the production of said polypeptide within said cells; and c) purifying said

polypeptide from said population of cells.
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In another aspect, the present invention provides a method of binding an anti-Canlon antibody
to a Canlon polypeptide, comprising contacting said antibody with any of the herein-described Canlon
polypeptides under conditions in which the antibody can specifically bind to said polypeptide. In
another aspect, antibodies, or immunologically active fragments thereof, that specifically recognize a
Canlon protein or epitope are also provided.

In another aspect, the present invention provides a method of detecting the expression of a
Canlon gene within a cell, said method comprising the steps of: a) contacting said cell or an
extract of said cell with either of: i) a polynucleotide that hybridizes under stringent conditions to any
of the herein-described Canlon polynucleotides; or ii) a polypeptide that specifically binds to any of
the herein-described Canlon polypeptides; and b) detecting the presence or absence of hybridization
between said polynucleotide and an RNA species within said cell or extract, or the presence or absence
of binding of said polypeptide to a protein within said cell or extract;
wherein a detection of the presence of said hybridization or of said binding indicates that said Canlon
gene is expressed within said cell. In one embodiment, said polynucleotide is a primer, and said
hybridization is detected by detecting the presence of an amplification product comprising the
sequence of said primer. In another embodiment, said polypeptide is an antibody, e.g. an anti-Canlon
antibody.

In another aspect, the present invention provides a method of identifying a candidate
modulator of a Canlon polypeptide, said method comprising: a) contacting any of the herein-described
Canlon polypeptides with a test compound; and b) determining whether said compound specifically
binds to said polypeptide; wherein a detection that said compound specifically binds to said
polypeptide indicates that said compound is a candidate modulator of said Canlon polypeptide.

In one embodiment, the method further comprises testing the biological activity of said
Canlon polypeptide in the presence of said candidate modulator, wherein an alteration in the biological
activity of said Canlon polypeptide in the presence of said candidate modulator in comparison to the
activity in the absence of said candidate modulator indicates that the candidate modulator is a
modulator of said Canlon polypeptide.

In another aspect, the present invention provides a method of identifying a modulator of a
Canlon polypeptide, said method comprising: a) contacting any of the herein-described Canlon
polypeptides with a test compound; and b) detecting the activity of said polypeptide in the presence
and absence of said compound; wherein a detection of a difference in said activity in the presence of
said compound in comparison to the activity in the absence of said compound indicates that said

compound is a modulator of said Canlon polypeptide.

In one embodiment of the present methods, said polypeptide is present in a cell or cell
membrane, and said biological activity comprises voltage gated ion channel activity.

In another aspect, the present invention provides a method for the preparation of a
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pharmaceutical composition comprising a) identifying a modulator of a Canlon polypeptide using any
of the herein-described methods; and b) combining said modulator with a physiologically acceptable
carrier. Methods of using the pharmaceutical compositions are also provided.

Uses of any of the presently-described Canlon modulators, polypeptides, polynucleotides, or
antibodies in the preparation of a medicament, e.g. for the treatment of the human body or for the
treatment of any of the herein-described diseases or conditions, are also provided.

Kits for using and detecting the present Canlon polynucleotides and polypeptides in vitro or in

vivo are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram showing a BAC map of the chromosome 13q region containing the Canlon
gene.

Figure 2 is a block diagram of an exemplary computer system.

Figure 3 is a flow diagram illustrating one embodiment of a process 200 for comparing a new
nucleotide or protein sequence with a database of sequences in order to determine the homology levels
between the new sequence and the sequences in the database.

Figure 4 is a flow diagram illustrating one embodiment of a process 250 in a computer for
determining whether two sequences are homologous.

Figure 5 is a flow diagram illustrating one embodiment of an identifier process 300 for

detecting the presence of a feature in a sequence.

Brief Description of the sequences provided in the Sequence
Listing |

SEQ ID No 1 contains a genomic sequence of Canlon comprising the 5° regulatory region
(upstream untranscribed region) and exons 1 to 7.

SEQ ID No 2 contains a genomic sequence of Canlon comprising exons 8 to 27.

SEQ ID No 3 contains a genomic sequence of Canlon comprising exons 28 to 44, and the 3’
regulatory region (downstream untranscribed region).

SEQ ID No 4 contains a cDNA sequence of Canlon.

SEQ ID No 5 contains the amino acid sequence encoded by the cDNA. of SEQ ID No 4.

SEQ ID No 6 contains the nucleotide sequence of the amplicon which comprises biallelic
marker A18.

SEQ ID No 7 contains a primer containing the additional PU 5° sequence described further in
Example 2

SEQ ID No 8 contains a primer containing the additional RP 5’ sequence described further in

7
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Example 2.

In accordance with the regulations relating to Sequence Listings, the following codes have
been used in the Sequence Listing to indicate the locations of biallelic markers within the sequences
and to identify each of the alleles present at the polymorphic base. The code “r” in the sequences
indicates that one allele of the polymorphic base is a guanine, while the other allele is an adenine. The
code “y” in the sequences indicates that one allele of the polymorphic base is a thymine, while the
other allele is a cytosine. The code “m” in the sequences indicates that one allele of the polymorphic
base is an adenine, while the other allele is an cytosine. The code “k” in the sequences indicates that
one allele of the polymorphic base is a guanine, while the other allele is a thymine. The code “s” in the
sequences indicates that one allele of the polymorphic base is a guanine, while the other allele is a
cytosine. The code “w” in the sequences indicates that one allele of the polymorphic base is an
adenine, while the other allele is an thymine. The nucleotide code of the original allele for each
biallelic marker is the following:

Biallelic marker Original allele
5-124-273 A (for example)

In some instances, the polymorphic bases of the biallelic markers alter the identity of an amino
acids in the encoded polypeptide. This is indicated in the accompanying Sequence Listing by use of
the feature VARIANT, placement of an Xaa at the position of the polymorphic amino acid, and
definition of Xaa as the two alternative amino acids. For example if one allele of a biallelic marker is
the codon CAC, which encodes histidine, while the other allele of the biallelic marker is CAA, which
encodes glutamine, the Sequence Listing for the encoded polypeptide will contain an Xaa at the
location of the polymorphic amino acid. In this instance, Xaa would be defined as being histidine or
glutamine,

In other instances, Xaa may indicate an amino acid whose identity is unknown because of
nucleotide sequence ambiguity. In this instance, the feature UNSURE is used, placement of an Xaa at
the position of the unknown amino acid and definition of Xaa as being any of the 20 amino acids or a

limited number of amino acids suggested by the genetic code.

DETAILED DESCRIPTION

The aggregation of schizophrenia and bipolar disorder in families, the evidence from twin and
adoption studies, and the lack of variation in incidence worldwide, indicate that schizophrenia and
bipolar disorder are primarily genetic conditions, although environmental risk factors are also involved
at some level as necessary, sufficient, or interactive causes. For example, schizophrenia occurs in 1%
of the general population. But, if there is one grandparent with schizophrenia, the risk of getting the
illness increases to about 3%; if there is one parent with schizophrenia the risk rises to about 10%.
When both parents have schizophrenia, the risk rises to approximately 40%.

The identification of genes involved in a particular trait such as a specific central nervous
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system disorder, like schizophrenia, can be carried out through two main strategies currently used for
genetic mapping: linkage analysis and association studies. Linkage analysis requires the study of
families with multiple affected individuals and is now useful in the detection of mono- or oligogenic
inherited traits. Conversely, association studies examine the frequency of marker alleles in unrelated
trait (T+) individuals compared with trait negative (T-) controls, and are generally employed in the
detection of polygenic inheritance.

Genetic link or “linkage” is based on an analysis of which of two neighboring sequences on a
chromosome contains the least recombinations by crossing-over during meiosis. To do this,
chromosomal markers, like microsatellite markers, have been localized with precision on the genome.
Genetic linkage analysis calculates the probabilities of recombinations on the target gene with the
chromosomal markers used, according to the genealogical tree, the transmission of the disease, and the
transmission of the markers. Thus, if a particular allele of a given marker is transmitted with the
disease more often than chance would have it (recombination level between 0 and 0.5), it is possible to
deduce that the target gene in question is found in the neighborhood of the marker. Using this
technique, it has been possible to localize several genes demonstrating a genetic predisposition of
familial cancers. In order to be able to be included in a genetic linkage study, the families affected by
a hereditary form of the disease must satisfy the “informativeness” criteria: several affected subjects
(and whose constitutional DNA is available) per generation, and at best having a large number of
siblings.

Results of linkage studies supported the hypothesis that chromosome 13 was likely to harbor a
schizophrenia susceptibility locus on 13q32 (Blouin JL et al., 1998, Nature Genetics, 20:70-73; Lin
MW et al., Hum. Genet., 99(3) (1997):417-420; Brzustowicz et al., Am. J. Hum. Genet. 65:1096-1103
(1999)). However, while linkage analysis is a powerful method for detecting genes involved in a trait,
resolution is often not possible beyond the megabase level and complementary studies are often
required to refine the analysis of the regions initially identified through this method.

A BAC contig covering a candidate genomic region of the chromosome 13q-31-g33 locus was
constructed using public STSs localised in the chromosome 13q31-q33 region to screen a 7 genome
equivalent proprietary BAC library. From these materials, new STSs were generated allowing
construction of a dense physical map of the region. BACs were all sized and mapped by in situ
chromosomal hybridisation for verification. A minimal set of BACs was identified and fully sequenced
which resulted in several contigs leading to the eventual construction of a contig of over 4Mb. The
construction of this map led to the identification of the Canlon gene which is located within a genomic
region showing significant linkage to schizophrenia.

The Canlon amino acid sequence is characteristic of C4CHANNEL, a 7-element fingerprint
that provides a signature for the alpha-1 subunit of calcium channels (Ref. PR00167, BLOCKs+
database). The fingerprint was derived from an initial alignment of 6 sequences: the motifs were

drawn from conserved loop regions capable of distinguishing between these and other cation channels;
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motifs 1 and 2 encode those between transmembrane segments 4 and 5, and 5 and 6 (first internal
repeat); motif 3 corresponds to that between segment 6 of repeat 1 and segment 1 of repeat 2; motif 4
encodes that between segments 5 and 6 of repeat 2; motif 5 corresponds to that between segment 6 of
repeat 3 and segment 1 of repeat 4; and motifs 6 and 7 encode those between segments 4 and 5, and 5
and 6 of repeat 4.

Figure 1 shows BAC contigs covering a chromosome 13 region of interest which includes the
Canlon gene, and shows the genomic location of the Canlon gene in relation to genetic markers
showing the highest significance in linkage studies. In particular, Blouin et al. (1998) conducted a
genome wide scan for schizophrenia susceptibility loci using 452 microsatellite markers on 54
complex pedigrees. The most significant linkage between schizophrenia in families was found on
chromosome 13932 near marker D13S174. Brzustowics et al. (1999) evaluated microsatellite markers
spanning chromosomes 8 and 13 in 21 extended Canadian families. Markers in the chromosome 13q
region produced positive LOD scores in each analysis model used: autosomal dominant and recessive,
with narrow or broad definition of schizophrenia. Maximum three point LOD scores were obtained
with marker D13S793 under a recessive-broad model: 3.92 at recombinant fraction () .1 under
homogeneity and 4.42 with 0=.65 and =0 under heterogeneity. Referring to Figure 1, the Canlon
gene is located partly on the contig labelled 'Region E' and partly on the contig labelled C0001A10.
The Canlon gene is flanked by the two markers showing highest significance in linkage studies.
Marker D13S174 is also on contig CO001A10, while marker D13S793 is located approximately 3.5Mb
centromeric to the Canlon gene.

There is a strong need to identify genes involved in schizophrenia, bipolar disorder, and other
CNS and cardiovascular diseases and conditions. There is also a need to identify novel ion channels
involved in diseases. These genes and proteins may provide new intervention points in the treatment
of schizophrenia, bipolar disorder, or other CNS conditions, as well as other conditions such as heart
conditions and hypertension, and allow further study and characterization of the Canlon gene and its
related biological pathway. The knowledge of these genes and the related biological pathways
involved in these diseases and conditions will allow researchers to understand the etiology of, e.g.,
schizophrenia and bipolar disorder and will lead to drugs and medications which are directed against
the cause of the diseases. For example, compounds that block Canlon channels can be used to treat
any of a number of diseases or conditions, preferably schizophrenia or bipolar disorder, and also
including pain disorders, epilepsy, and various cardiovascular disorders such as heart arrythmias,
angina, and hypertension. There is also a great need for new methods of detecting a susceptibility to
schizophrenia, bipolar disorder, and other conditions, as well as for preventing or following up the
development of any of these diseases. Diagnostic tools could also prove extremely useful. Indeed, to
give one example, early identification of subjects at risk of developing schizophrenia would enable
early and/or prophylactic treatment to be administered. Moreover, accurate assessments of the

efficacy of a medicament as well as the patient's tolerance to it may enable clinicians to enhance the
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benefit/risk ratio of schizophrenia and bipolar disorder treatment regimes.

The present invention concerns polynucleotides and polypeptides related to the Canlon gene.
Oligonucleotide probes and primers hybridizing specifically with a genomic or a cDNA sequence of
Canlon are also part of the invention. A further object of the invention consists of recombinant -
vectors comprising any of the nucleic acid sequences described in the present invention, and in
particular recombinant vectors comprising a regulatory region of Canlon or a sequence encoding the
Canlon protein, as well as cell hosts comprising said nucleic acid sequences or recombinant vectors.
The invention also encompasses methods of screening molecules for the ability to modulate the
expression or activity of the Canlon gene or protein, as well as methods of using such molecules for
the treatment or prevention of schizophrenia, bipolar disorder, or any of a number of other diseases or
conditions. The invention also deals with antibodies directed specifically against such polypeptides
that are useful as diagnostic reagents.

The invention also concerns Canlon-related biallelic markers and their use in methods of
genetic analysis including linkage studies in families, linkage disequilibrium studies in populations
and association studies in case-control populations. An important aspect of the present invention is
that biallelic markers allow association studies to be performed to identify the role of genes involved

in complex traits.

Definitions

Before describing the invention in greater detail, the following definitions are set forth to
illustrate and define the meaning and scope of the terms used to describe the invention herein.

The terms “Canlon gene”, when used herein, encompasses genomic, mRNA and cDNA
sequences encoding the Canlon protein, including the untranslated regulatory regions of the genomic

DNA.

The term “heterologous protein”, when used herein, is intended to designate any protein or

polypeptide other than the Canlon protein. For example, the heterologous protein may be a compound
which can be used as a marker in further experiments with a Canlon regulatory region.

The term “isolated” requires that the material be removed from its original environment (e.g.,
the natural environment if it is naturally occurring). For example, a naturally-occurring polynucleotide
or polypeptide present in a living animal is not isolated, but the same polynucleotide or DNA or
polypeptide, separated from some or all of the coexisting materials in the natural system, is isolated.
Such polynucleotide could be part of a vector and/or such polynucleotide or polypeptide could be part
of a composition, and still be isolated in that the vector or composition is not part of its natural !
environment.

For example, a naturally-occurring polynucleotide present in a living animal is not isolated,
but the same polynucleotide, separated from some or all of the coexisting materials in the natural
system, is isolated. Specifically excluded from the definition of “isolated” are: naturally-occurring

chromosomes (such as chromosome spreads), artificial chromosome libraries, genomic libraries, and
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c¢DNA libraries that exist either as an in vitro nucleic acid preparation or as a transfected/transformed
host cell preparation, wherein the host cells are either an in vitro heterogeneous preparation or plated
as a heterogeneous population of single colonies. Also specifically excluded are the above libraries
wherein a specified polynucleotide makes up less than 5% of the number of nucleic acid inserts in the
vector molecules. Further specifically excluded are whole cell genomic DNA or whole cell RNA
preparations (including said whole cell preparations which are mechanically sheared or enzymatically
digested). Further specifically excluded are the above whole cell preparations as either an in vitro
preparation or as a heterogeneous mixture separated by electrophoresis (including blot transfers of the
same) wherein the polynucleotide of the invention has not further been separated from the
heterologous polynucleotides in the electrophoresis medium (e.g., further separating by excising a
single band from a heterogeneous band population in an agarose gel or nylon blot).

The term “purified” does not require absolute purity; rather, it is intended as a relative
definition. Purification of starting material or natural material to at least one order of magnitude,
preferably two or three orders, and more preferably four or five orders of magnitude is expressly
contemplated. As an example, purification from 0.1 % concentration to 10 % concentration is two
orders of magnitude. To illustrate, individual cDNA clones isolated from a cDNA library have been
conventionally purified to electrophoretic homogeneity. The sequences obtained from these clones
could not be obtained directly either from the library or from total human DNA. The ¢cDNA clones are
not naturally occurring as such, but rather are obtained via manipulation of a partially purified
naturally occurring substance (messenger RNA). The conversion of mRNA into a cDNA library
involves the creation of a synthetic substance (¢cDNA) and pure individual cDNA clones can be
isolated from the synthetic library by clonal selection. Thus, creating a cDNA library from messenger
RNA and subsequently isolating individual clones from that library results in an approximately 10
10° fold purification of the native message.

The term “purified” is further used herein to describe a polypeptide or
polynucleotide of the invention which has been separated from other compounds including, but not
limited to, polypeptides or polynucleotides, carbohydrates, lipids, etc. The term "purified" may be
used to specify the separation of monomeric polypeptides of the invention from oligomeric forms such
as homo- or hetero- dimers, trimers, etc. The term "purified" may also be used to specify the
separation of covalently closed polynucleotides from linear polynucleotides. A polynucleotide is
substantially pure when at least about 50%, preferably 60 to 75% of a sample exhibits a single
polynucleotide sequence and conformation (e.g., linear versus covalently closed). A substantially pure
polypeptide or polynucleotide typically comprises about 50%, preferably 60 to 90% weight/weight of
a polypeptide or polynucleotide sample, respectively, more usually about 95%, and preferably is over
about 99% pure. Polypeptide and polynucleotide purity, or homogeneity, is indicated by a number of
means well known in the art, such as agarose or polyacrylamide gel electrophoresis of a sample,

followed by visualizing a single band upon staining the gel. For certain purposes higher resolution can
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be provided by using HPLC or other means well known in the art. As an alternative embodiment,
purification of the polypeptides and polynucleotides of the present invention may be expressed as “at
least” a percent purity relative to heterologous polypeptides and polynucleotides (DNA, RNA or both).
As a preferred embodiment, the polypeptides and polynucleotides of the present invention are at least;
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 96%, 98%, 99%, or 100% pure
relative to heterologous polypeptides and polynucleotides, respectively. As a further preferred
embodiment the polypeptides and polynucleotides have a purity ranging from any number, to the
thousandth position, between 90% and 100% (e.g., a polypeptide or polynucleotide at least 99.995% pure)
relative to either heterologous polypeptides or polynucleotides, respectively, or as a weight/weight ratio
relative to all compounds and molecules other than those existing in the carrier. Each number
representing a percent purity, to the thousandth position, may be claimed as individual species of
purity.

The term “polypeptide” refers to a polymer of amino acids without regard to the length of the
polymer; thus, peptides, oligopeptides, and proteins are included within the definition of polypeptide.
This term also does not specify or exclude post-expression modifications of polypeptides, for example,
polypeptides which include the covalent attachment of glycosyl groups, acetyl groups, phosphate
groups, lipid groups and the like are expressly encompassed by the term polypeptide. Also included
within the definition are polypeptides which contain one or more analogs of an amino acid (including,
for example, non-naturally occurring amino acids, amino acids which only occur naturally in an
unrelated biological system, modified amino acids from mammalian systems etc.), polypeptides with
substituted linkages, as well as other modifications known in the art, both naturally occurring and non-
naturally occurring.

The term “recombinant polypeptide” is used herein to refer to polypeptides that have been
artificially designed and which comprise at least two polypeptide sequences that are not found as
contiguous polypeptide sequences in their initial natural environment, or to refer to polypeptides
which have been expressed from a recombinant polynucleotide.

As used herein, the term “non-human animal” refers to any non-human vertebrate, birds and

more usually mammals, preferably primates, farm animals such as swine, goats, sheep, donkeys, and
horses, rabbits or rodents, more preferably rats or mice. As used herein, the term “animal” is used to
refer to any vertebrate, preferable a mammal. Both the terms “animal” and “mammal” expressly
embrace human subjects unless preceded with the term “non-human”.

As used herein, the term “antibody” refers to a polypeptide or group of polypeptides which are
comprised of at least one binding domain, where an antibody binding domain is formed from the
folding of variable domains of an antibody molecule to form three-dimensional binding spaces with an
internal surface shape and charge distribution complementary to the features of an antigenic
determinant of an antigen, which allows an immunological reaction with the antigen. Antibodies

include recombinant proteins comprising the binding domains, as wells as fragments, including Fab,
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Fab’, F(ab),, and F(ab’), fragments.

As used herein, an “antigenic determinant” is the portion of an antigen molecule, in this case a
Canlon polypeptide, that determines the specificity of the antigen-antibody reaction. An “epitope”
refers to an antigenic determinant of a polypeptide. An epitope can comprise as few as 3 amino acids
in a spatial conformation which is unique to the epitope. Generally an epitope comprises at least 6
such amino acids, and more usually at least 8-10 such amino acids. Methods for determining the
amino acids which make up an epitope include x-ray crystallography, 2-dimensional nuclear magnetic
resonance, and epitope mapping e.g. the Pepscan method described by Geysen et al. 1984; PCT
Publication No. WO 84/03564; and PCT Publication No. WO 84/03506.

Throughout the present specification, the expression “nucleotide sequence” may be employed

to designate indifferently a polynucleotide or a nucleic acid. More precisely, the expression
“nucleotide sequence” encompasses the nucleic material itself and is thus not restricted to the
sequence information (i.e. the succession of letters chosen among the four base letters) that
biochemically characterizes a specific DNA or RNA molecule.

LU

As used interchangeably herein, the terms “nucleic acids", “oligonucleotides", and

“polynucleotides” include RNA, DNA, or RNA/DNA hybrid sequences of more than one nucleotide in
either single chain or duplex form. The term “nucleotide” as used herein as an adjective to describe
molecules comprising RNA, DNA, or RNA/DNA hybrid sequences of any length in single-stranded or
duplex form. The term “nucleotide” is also used herein as a noun to refer to individual nucleotides or
varieties of nucleotides, meaning a molecule, or individual unit in a larger nucleic acid molecule,
comprising a purine or pyrimidine, a ribose or deoxyribose sugar moiety, and a phosphate group, or
phosphodiester linkage in the case of nucleotides within an oligonucleotide or polynucleotide.
Although the term “nucleotide” is also used herein to encompass “modified nucleotides” which
comprise at least one modifications (a) an alternative linking group, (b) an analogous form of purine,
(c) an analogous form of pyrimidine, or (d) an analogous sugar, for examples of analogous linking
groups, purine, pyrimidines, and sugars see for example PCT publication No. WO 95/04064. The
polynucleotide sequences of the invention may be prepared by any known method, including

synthetic, recombinant, ex vivo generation, or a combination thereof, as well as utilizing any
purification methods known in the art.

A sequence which is “operably linked” to a regulatory sequence such as a promoter means that
said regulatory element is in the correct location and orientation in relation to the nucleic acid to
control RNA polymerase initiation and expression of the nucleic acid of interest. As used herein, the
term “operably linked” refers to a linkage of polynucleotide elements in a functional relationship. For
instance, a promoter or enhancer is operably linked to a coding sequence if it affects the transcription
of the coding sequence.

The terms “trait” and “phenotype” are used interchangeably herein and refer to any visible,

detectable or otherwise measurable property of an organism such as symptoms of, or susceptibility to,
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a disease for example. Typically the terms “trait” or “phenotype” are used herein to refer to symptoms
of, or susceptibility to a disease, a beneficial response to or side effects related to a treatment.
Preferably, said trait can be, without being limited to, psychiatric disorders such as schizophrenia or
bipolar disorder, other CNS or neuronal disorders such as epilepsy or pain disorders, as well as
cardiovascular conditions such as anginas, hypertension, and arrythmias, as well as any aspect, feature,
or characteristic of any of these diseases or conditions.

The term “allele” is used herein to refer to variants of a nucleotide sequence. A biallelic
polymorphism has two forms. Diploid organisms may be homozygous or heterozygous for an allelic
form.

The term “heterozygosity rate” is used herein to refer to the incidence of individuals in a

population which are heterozygous at a particular allele. In a biallelic system, the heterozygosity rate
is on average equal to 2P,(1-P,), where P, is the frequency of the least common allele. In order to be

useful in genetic studies, a genetic marker should have an adequate level of heterozygosity to allow a
reasonable probability that a randomly selected person will be heterozygous.

The term “genotype” as used herein refers to the identity of the alleles present in an individual
or a sample. In the context of the present invention, a genotype preferably refers to the description of
the biallelic marker alleles present in an individual or a sample, e.g. the alleles of biallelic markers
within the Canlon gene or genomic region. The term “genotyping” a sample or an individual for a
biallelic marker involves determining the specific allele or the specific nucleotide carried by an
individual at a biallelic marker.

The term “mutation” as used herein refers to a difference in DNA sequence between or among
different genomes or individuals which has a frequency below 1%.

The term “haplotype” refers to a combination of alleles present in an individual or a sample.
In the context of the present invention, a haplotype preferably refers to a combination of biallelic
marker alleles found in a given individual and which may be associated with a phenotype.

The term “polymorphism” as used herein refers to the occurrence of two or more alternative
genomic sequences or alleles between or among different genomes or individuals. “Polymorphic”
refers to the condition in which two or more variants of a specific genomic sequence can be found in a
population. A “polymorphic site” is the locus at which the variation occurs. A single nucleotide
polymorphism is the replacement of one nucleotide by another nucleotide at the polymorphic site.
Deletion of a single nucleotide or insertion of a single nucleotide also gives rise to single nucleotide
polymorphisms. In the context of the present invention, “single nucleotide polymorphism” preferably
refers to a single nucleotide substitution. Typically, between different individuals, the polymorphic
site may be occupied by two different nucleotides.

The term “biallelic polymorphism™ and “biallelic marker” are used interchangeably herein to

refer to a single nucleotide polymorphism having two alleles at a fairly high frequency in the

population. A “biallelic marker allele” refers to the nucleotide variants present at a biallelic marker
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site. Typically, the frequency of the less common allele of the biallelic markers of the present
invention has been validated to be greater than 1%, preferably the frequency is greater than 10%, more
preferably the frequency is at least 20% (i.e. heterozygosity rate of at least 0.32), even more preferably
the frequency is at least 30% (i.e. heterozygosity rate of at least 0.42). A biallelic marker wherein the
frequency of the less common allele is 30% or more is termed a “high quality biallelic marker”.

The location of nucleotides in a polynucleotide with respect to the center of the polynucleotide
are described herein in the following manner. When a polynucleotide has an odd number of
nucleotides, the nucleotide at an equal distance from the 3'and 5' ends of the polynucleotide is
considered to be “at the center” of the polynucleotide, and any nucleotide immediately adjacent to the
nucleotide at the center, or the nucleotide at the center itself is considered to be “within 1 nucleotide of
the center.” With an odd number of nucleotides in a polynucleotide any of the five nucleotides
positions in the middle of the polynucleotide would be considered to be within 2 nucleotides of the
center, and so on. When a polynucleotide has an even number of nucleotides, there would be a bond
and not a nucleotide at the center of the polynucleotide. Thus, either of the two central nucleotides
would be considered to be “within 1 nucleotide of the center” and any of the four nucleotides in the
middle of the polynucleotide would be considered to be “within 2 nucleotides of the center", and so
on. For polymorphisms which involve the substitution, insertion or deletion of 1 or more nucleotides,
the polymorphism, allele or biallelic marker is “at the center” of a polynucleotide if the difference
between the distance from the substituted, inserted, or deleted polynucleotides of the polymorphism
and the 3’ end of the polynucleotide, and the distance from the substituted, inserted, or deleted
v‘polynucleotides of the polymorphism and the 5’ end of the polynucleotide is zero or one nucleotide. If
this difference is 0 to 3, then the polymorphism is considered to be “within 1 nucleotide of the center.”
If the difference is 0 to 5, the polymorphism is considered to be “within 2 nucleotides of the center.” If
the difference is 0 to 7, the polymorphism is considered to be “within 3 nucleotides of the center,” and
SO on.

The term “upstream” is used herein to refer to a location which is toward the 5' end of the
polynucleotide from a specific reference point, or, in the case of a gene, in the direction running from
the coding sequence to the promoter.

The terms “base paired” and “Watson & Crick base paired” are used interchangeably herein to
refer to nucleotides which can be hydrogen bonded to one another be virtue of their sequence identities
in a manner like that found in double-helical DNA with thymine or uracil residues linked to adenine
residues by two hydrogen bonds and cytosine and guanine residues linked by three hydrogen bonds
(See Stryer, L., Biochemistry, 4™ edition, 1995).

The terms “complementary” or “complement thereof” are used herein to refer to the sequences
of polynucleotides which is capable of forming Watson & Crick base pairing with another specified
polynucleotide throughout the entirety of the complementary region. For the purpose of the present

invention, a first polynucleotide is deemed to be complementary to a second polynucleotide when each
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base in the first polynucleotide is paired with its complementary base. Complementary bases are,
generally, A and T (or A and U), or C and G. “Complement” is used herein as a synonym from
“complementary polynucleotide”, “complementary nucleic acid” and “complementary nucleotide
sequence”. These terms are applied to pairs of polynucleotides based solely upon their sequences and

not any particular set of conditions under which the two polynucleotides would actually bind.

Variants and Fragments

1- Polynucleotides

The invention also relates to variants and fragments of the polynucleotides described herein,
particularly of a Canlon gene containing one or more biallelic markers according to the invention.

Variants of polynucleotides, as the term is used herein, are polynucleotides that differ from a
reference polynucleotide. A variant of a polynucleotide may be a naturally occurring variant such as a
naturally occurring allelic variant, or it may be a variant that is not known to occur naturally. Such
non-naturally occurring variants of the polynucleotide may be made by mutagenesis techniques,
including those applied to polynucleotides, cells or organisms. Generally, differences are limited so
that the nucleotide sequences of the reference and the variant are closely similar overall and, in many
regions, identical.

Variants of polynucleotides according to the invention include, without being limited to,
nucleotide sequences which are at least 95% identical to a polynucleotide selected from the group
consisting of the nucleotide sequences of SEQ ID Nos 1 to 4 or to any polynucleotide fragment of at least
12 consecutive nucleotides of a polynucleotide selected from the group consisting of the nucleotide
sequences of SEQ ID Nos 1 to 4, and preferably at least 99% identical, more particularly at least 99.5%
identical, and most preferably at least 99.8% identical to a polynucleotide selected from the group
consisting of the nucleotide sequences of SEQ ID Nos 1 to 4 or to any polynucleotide fragment of at least
12 consecutive nucleotides of a polynucleotide selected from the group consisting of the nucleotide
sequences of SEQ ID No 1 to 4.

Nucleotide changes present in a variant polynucleotide may be silent, which means that they
do not alter the amino acids encoded by the polynucleotide. However, nucleotide changes may also
result in amino acid substitutions, additions, deletions, fusions and truncations in the polypeptide
encoded by the reference sequence. The substitutions, deletions or additions may involve one or more
nucleotides. The variants may be altered in coding or non-coding regions or both. Alterations in the
coding regions may produce conservative or non-conservative amino acid substitutions, deletions or
additions.

In the context of the present invention, particularly preferred embodiments are those in which
the polynucleotides encode polypeptides which retain substantially the same biological function or
activity as the mature Canlon protein, or those in which the polynucleotides encode polypeptides

which maintain or increase a particular biological activity, while reducing a second biological activity
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A polynucleotide fragment is a polynucleotide having a sequence that is entirely the same as
part but not all of a given nucleotide sequence, preferably the nucleotide sequence of a Canlon gene,
and variants thereof. The fragment can be a portion of an intron or an exon of a Canlon gene. It can
also be a portion of the regulatory regions of Canlon. Preferably, such fragments comprise at least one
of the biallelic markers Al to A17 or the complements thereto or a biallelic marker in linkage
disequilibrium with one or more of the biallelic markers Al to Al7.

Such fragments may be “free-standing”, i.e. not part of or fused to other polynucleotides, or
they may be comprised within a single larger polynucleotide of which they form a part or region.
Indeed, several of these fragments may be present within a single larger polynucleotide.

Optionally, such fragments may consist of, or consist essentially of, a contiguous span of at
least 8, 10, 12, 15, 18, 20, 25, 35, 40, 50, 70, 80, 100, 250, 500 or 1000 nucleotides in length. A set of
preferred fragments contain at least one of the biallelic markers Al to A17 of the Canlon gene which

are described herein or the complements thereto.

2- Polypeptides
The invention also relates to variants, fragments, analogs and derivatives of the polypeptides

described herein, including mutated Canlon proteins.

The variant may be 1) one in which one or more of the amino acid residues are substituted with
a conserved or non-conserved amino acid residue and such substituted amino acid residue may or may
not be one encoded by the genetic code, or 2) one in which one or more of the amino acid residues
includes a substituent group, or 3) one in which the mutated Canlon is fused with another compound,
such as a compound to increase the half-life of the polypeptide (for example, polyethylene glycol), or
4) one in which the additional amino acids are fused to the mutated Canlon, such as a leader or
secretory sequence or a sequence which is employed for purification of the mutated Canlon or a
preprotein sequence. Such variants are deemed to be within the scope of those skilled in the art.

A polypeptide fragment is a polypeptide having a sequence that entirely is the same as part but
not all of a given polypeptide sequence, preferably a polypeptide encoded by a Canlon gene and
variants thereof.

In the case of an amino acid substitution in the amino acid sequence of a polypeptide according
to the invention, one or several amino acids can be replaced by "equivalent" amino acids. The
expression “equivalent” amino acid is used herein to designate any amino acid that may be substituted
for one of the amino acids having similar properties, such that one skilled in the art of peptide
chemistry would expect the secondary structure and hydropathic nature of the polypeptide to be
substantially unchanged. Generally, the following groups of amino acids represent equivalent
changes: (1) Ala, Pro, Gly, Glu, Asp, Gln, Asn, Ser, Thr; (2) Cys, Ser, Tyr, Thr; (3) Val, Ile, Leu,
Met, Ala, Phe; (4) Lys, Arg, His; (5) Phe, Tyr, Trp, His.

A specific embodiment of a modified Canlon peptide molecule of interest according to the
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present invention includes, but is not limited to, a peptide molecule which is resistant to proteolysis, is
a peptide in which the -CONH- peptide bond is modified and replaced by a (CH2NH) reduced bond, a
(NHCO) retro inverso bond, a (CH2-O) methylene-oxy bond, a (CH2-S) thiomethylene bond, a
(CH2CH2) carba bond, a (CO-CH2) cetomethylene bond, a (CHOH-CH2) hydroxyethylene bond), a
(N-N) bound, a E-alcene bond or also a -CH=CH- bond. The invention also encompasses a human
Canlon polypeptide or a fragment or a variant thereof in which at least one peptide bond has been
modified as described above.

Such fragments may be “free-standing”, i.e. not part of or fused to other polypeptides, or they
may be comprised within a single larger polypeptide of which they form a part or region. However,
several fragments may be comprised within a single larger polypeptide.

As representative examples of polypeptide fragments of the invention, there may be mentioned
those which have from about 5, 6, 7, 8, 9 or 10 to 15, 10 to 20, 15 to 40, or 30 to 55 amino acids long.

Preferred are those fragments containing at least one amino acid mutation in the Canlon protein.

Identity Between Nucleic Acids Or Polypeptides

The terms “percentage of sequence identity” and “percentage homology” are used
interchangeably herein to refer to comparisons among polynucleotides and polypeptides, and are
determined by comparing two optimally aligned sequences over a comparison window, wherein the
portion of the polynucleotide or polypeptide sequence in the comparison window may comprise
additions or deletions (i.e., gaps) as compared to the reference sequence (which does not comprise
additions or deletions) for optimal alignment of the two sequences. The percentage is calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by
100 to yield the percentage of sequence identity. Homology is evaluated using any of the variety of
sequence comparison algorithms and programs known in the art. Such algorithms and programs
include, but are by no means limited to, TBLASTN, BLASTP, FASTA, TFASTA, and CLUSTALW
(Pearson and Lipman, 1988; Altschul et al., 1990; Thompson et al., 1994; Higgins et al., 1996;
Altschul et al., 1990; Altschul et al., 1993). In a particularly preferred embodiment, protein and
nucleic acid sequence homologies are evaluated using the Basic Local Alignment Search Tool
(“BLAST”) which is well known in the art (see, e.g., Karlin and Altschul, 1990; Altschul et al., 1990
1993, 1997). In particular, five specific BLAST programs are used to perform the following task:

2

(1) BLASTP and BLAST3 compare an amino acid query sequence against a protein

sequence database;

(2) BLASTN compares a nucleotide query sequence against a nucleotide sequence

database;

(3) BLASTX compares the six-frame conceptual translation products of a query
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nucleotide sequence (both strands) against a protein sequence database;

(4) TBLASTN compares a query protein sequence against a nucleotide sequence
database translated in all six reading frames (both strands); and

(5) TBLASTX compares the six-frame translations of a nucleotide query sequence
against the six-frame translations of a nucleotide sequence database.

The BLAST programs identify homologous sequences by identifying similar segments, which
are referred to herein as “high-scoring segment pairs,” between a query amino or nucleic acid
sequence and a test sequence which is preferably obtained from a protein or nucleic acid sequence
database. High-scoring segment pairs are preferably identified (i.e., aligned) by means of a scoring
matrix, many of which are known in the art. Preferably, the scoring matrix used is the BLOSUMG62
matrix (Gonnet et al., 1992; Henikoff and Henikoff, 1993). Less preferably, the PAM or PAM250
matrices may also be used (see, e.g., Schwartz and Dayhoff, eds., 1978). The BLAST programs
evaluate the statistical significance of all high-scoring segment pairs identified, and preferably selects
those segments which satisfy a user-specified threshold of significance, such as a user-specified
percent homology. Preferably, the statistical significance of a high-scoring segment pair is evaluated
using the statistical significance formula of Karlin (see, e.g., Karlin and Altschul, 1990).The BLAST

programs may be used with the default parameters or with modified parameters provided by the user.

Stringent Hybridization Conditions

For the purpose of defining such a hybridizing nucleic acid according to the invention, the
stringent hybridization conditions are the following:
the hybridization step is carried out at 65°C in the presence of 6 x SSC buffer, 5 x Denhardt’s
solution, 0,5% SDS and 100pg/ml of salmon sperm DNA.
The hybridization step is followed by four washing steps :
- two washings of 5 min, preferably at 65°C in a 2 x SSC and 0.1%SDS buffer;
- one washing of 30 min, preferably at 65°C in a 2 x SSC and 0.1% SDS buffer,
- one washing of 10 min, preferably at 65°C in a 0.1 x SSC and 0.1%SDS buffer,
these hybridization conditions being suitable for a nucleic acid molecule of about 20
nucleotides in length. There is no need to say that the hybridization conditions described above are to
be adapted according to the length of the desired nucleic acid, following techniques well known to the
one skilled in the art. The suitable hybridization conditions may for example be adapted according to

the teachings disclosed in the book of Hames and Higgins (1985).

Genomic Sequences Of The Canlon Gene

The present invention concerns the genomic sequence of Canlon. The present invention
encompasses the Canlon gene, or Canlon genomic sequences consisting of, consisting essentially of,
or comprising the sequence of SEQ ID Nos 1 to 3, a sequence complementary thereto, as well as

fragments and variants thereof. These polynucleotides may be purified, isolated, or recombinant.
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The invention also encompasses a purified, isolated, or recombinant polynucleotide
comprising a nucleotide sequence having at least 70, 75, 80, 85, 90, or 95% nucleotide identity with a
nucleotide sequence of SEQ ID Nos 1 to 3 or a complementary sequence thereto or a fragment thereof.
The nucleotide differences as regards to the nucleotide sequence of SEQ ID Nos 1 to 3 may be
generally randomly distributed throughout the entire nucleic acid. Nevertheless, preferred nucleic
acids are those wherein the nucleotide differences as regards to the nucleotide sequence of SEQ ID
Nos 1 to 3 are predominantly located outside the coding sequences contained in the exons. These
nucleic acids, as well as their fragments and variants, may be used as oligonucleotide primers or
probes in order to detect the presence of a copy of the Canlon gene in a test sample, or alternatively in
order to amplify a target nucleotide sequence within the Canlon sequences.

Another object of the invention consists of a purified, isolated, or recombinant nucleic acid
that hybridizes with the nucleotide sequence of SEQ ID Nos 1 to 3 or a complementary sequence
thereto or a variant thereof, under the stringent hybridization conditions as defined above. In preferred
embodiments, said purified, isolated, or recombinant nucleic acid hybridizes specifically with the
polynucleotides of the human Canlon gene, more preferably said nucleic acid is capable of hybridizing
to the nucleotides of the human Canlon gene but is substantially incapable of hybridizing to nucleic
sequence of the rat Canlon gene.

Particularly preferred nucleic acids of the invention include isolated, purified, or recombinant
polynucleotides comprising a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80,
90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or 10000 nucleotides of SEQ ID No 1 to 3 or
the complements thereof. It should be noted that nucleic acid fragments of any size and sequence may
also be comprised by the polynucleotides described in this section.

The Canlon genomic nucleic acid comprises 44 exons. The exon positions in SEQ ID No 1 to
3 are detailed below in Table B.

Table B

Exon [Position in SEQ ID No 1 Intron Position in SEQ ID No 1
Beginning End Beginning End

1 2001 2026 1 2027 19187

2 19188 19334 2 19335 22995

3 22996 23178 3 23179 39730

4 39731 39814 4 39815 41336

5 41337 41476 5 41477 41564

6 41565 41693 6 41694 73012

7 73013 73167
Exon Position in SEQ ID No 2 Intron Position in SEQ ID No 2
21
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Beginning End Beginning | End
8 43726 43868 7 43869 43997
9 43998 44102 8 44103 52092
10 52093 52179 9 52180 77567
11 77568 77699 10 77700 98225
12 98226 98393 11 98394 106566
13 106567 106758 | 12 106759 144108
14 144109 144246 § 13 144247 159793
15 159794 159868 | 14 159869 191291
16 191292 191428 | 15 191429 192966
17 192967 193108 | 16 193109 211539
18 211540 211613 | 17 211614 225005
19 225006 225107 | 18 225108 225543
20 225544 225613 | 19 225614 228449
21 228450 228541 | 20 228542 228629
22 228630 2287521 21 228753 231288
23 231289 231345 | 22 231346 231588
24 231589 231709 | 23 231710 231812
25 231813 231944 | 24 231945 232899
26 232900 233067 | 25 233068 235354
27 235355 235459
Exon Position in SEQ ID No 3 Intron Position in SEQ ID No 3
Beginning End Beginning End

28 3895 4001 26 4002 9610
29 9611 9731 27 9732 9815
30 9816 9914 28 9915 15775
31 15776 15869 29 15870 16381
32 16382 16488 30 16489 16696
33 16697 16771 31 16772 17933
34 17934 18053 32 18054 23643
35 23644 23712 33 23713 24927
36 24928 25076 34 25077 25912
37 25913 26006 35 26007 30766
38 30767 30899 36 30900 31560
39 31561 31676 37 31677 34043
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40 34044 34201 38 34202 37492
41 37493 37643 39 37644 39651
42 39652 39801 40 39802 41562
43 41563 41680 41 41681 44130
44 44131 45841

Thus, the invention embodies purified, isolated, or recombinant polynucleotides comprising a
nucleotide sequence selected from the group consisting of each of the 44 exons of the Canlon gene and
each of the sequences complementary thereto. The invention also provides purified, isolated, or
recombinant nucleic acids comprising a combination of at least two exons of the Canlon gene, wherein
the polynucleotides are arranged within the nucleic acid, from the 5’-end to the 3’-end of said nucleic
acid, in the same order as in SEQ ID No 1 to 3.

Intron 1 refers to the nucleotide sequence located between Exon 1 and Exon 2, and so on. The
position of the introns is detailed in Table A. Thus, the invention embodies purified, isolated, or
recombinant polynucleotides comprising a nucleotide sequence selected from the group consisting of
the 43 introns of the Canlon gene, or a sequence complementary thereto.

‘While this section is entitled “Genomic Sequences of Canlon,” it should be noted that nucleic
acid fragments of any size and sequence may also be comprised by the polynucleotides described in
this section, flanking the genomic sequences of Canlon on either side or between two or more such

genomic sequences.

Canlon cDNA Sequences

The expression of the Canlon gene has been shown to lead to the production of at least one
mRNA species, the nucleic acid sequence of which is set forth in SEQ ID Nb 4,

Another object of the invention is a purified, isolated, or recombinant nucleic acid comprising
the nucleotide sequence of SEQ ID No 4, complementary sequences thereto, as well as allelic variants,
and fragments thereof. Moreover, preferred polynucleotides of the invention include purified,
isolated, or recombinant Canlon cDNAs consisting of, consisting essentially of, or comprising the
sequence of SEQ ID No 4. Particularly preferred nucleic acids of the invention include isolated,
purified, or recombinant polynucleotides comprising a contiguous span of at least 12, 15, 18, 20, 25,
30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or 6000 nucleotides of
SEQ ID No 4 or the complements thereof. In preferred embodiments, said contiguous span comprises
a Canlon-related biallelic marker; preferably selected from the group consisting of A12 and A16.

The invention also pertains to a purified or isolated nucleic acid comprising a polynucleotide
having at least 95% nucleotide identity with a polynucleotide of SEQ ID No 4, advantageously 99%
nucleotide identity, preferably 99.5% nucleotide identity and most preferably 99.8% nucleotide
identity with a polynucleotide of SEQ ID No 4, or a sequence complementary thereto or a biologically
active fragment thereof.
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Another object of the invention relates to purified, isolated or recombinant nucleic acids
comprising a polynucleotide that hybridizes, under the stringent hybridization conditions defined
herein, with a polynucleotide of SEQ ID No 4, or a sequence complementary thereto or a variant
thereof or a biologically active fragment thereof.

A further object of the invention relates to an isolated, purified, or recombinant polynucleotide
which encodes a Canlon polypeptide comprising a contiguous span of at least 6 amino acids of SEQ
ID No 5, wherein said contiguous span includes at least 1, 2, 3, 5 or 10 of the amino acid positions
2717, 338, 574, 678, 680, 683, 691, 692, 695, 696, 697, 894, 1480, 1481, 1483, 1484, 1485, 1630, 1631,
1632, 1636, 1660, 1667, 1707, 1709 of SEQ ID No 5. Also encompassed is an isolated, purified, or
recombinant polynucleotide which encodes a Canlon polypeptide comprising the amino acid sequence
of SEQ ID No 5, or derivatives or biologically active fragments thereof, as well as an isolated,
purified, or recombinant polynucleotide which encodes a Canlon polypeptide at least 80, 85, 90, 95,
98, 99, 99.5 or 99.8% identical to the amino acid sequence of SEQ ID No 5.

The cDNA of SEQ ID No 4 includes a 5’-UTR region starting from the nucleotide at position
1 and ending at the nucleotide in position 65 of SEQ ID No 4. The ¢cDNA. of SEQ ID No ¢cDNA
includes a 3’-UTR region starting from the nucleotide at position 5283 and ending at the nucleotide at
position 6799 of SEQ ID No 4.

Consequently, the invention concerns a purified, isolated, and recombinant nucleic acid
comprising a nucleotide sequence of the 5’UTR of the Canlon ¢cDNA, a sequence complementary
thereto, or an allelic variant thereof. The invention also concerns a purified, isolated, and recombinant
nucleic acid comprising a nucleotide sequence of the 3’UTR of the Canlon cDNA, a sequence
complementary thereto, or an allelic variant thereof.

While this section is entitled “Canlon cDNA Sequences,” it should be noted that nucleic acid
fragments of any size and sequence may also be comprised by the polynucleotides described in this
section, flanking the genomic sequences of Canlon on either side or between two or more such

genomic sequences.

Coding Regions
The Canlon open reading frame is contained in the corresponding mRNA of SEQ ID No

cDNA. More precisely, the effective Canlon coding sequence (CDS) includes the region between
nucleotide position 66 (first nucleotide of the ATG codon) and nucleotide position 5282 (end
nucleotide of the TGA codon) of SEQ ID No 4. The present invention also embodies isolated,
purified, and recombinant polynucleotides which encode a polypeptides comprising a contiguous span
of at least 6 amino acids, preferably at least 8 or 10 amino acids, more preferably at least 12, 15, 20,
25, 30, 40, 50, 100, 200, 300, 400, 500, 700 or 1000 amino acids of SEQ ID No 5.

The above disclosed polynucleotide that contains the coding sequence of the Canlon gene may
be expressed in a desired host cell or a desired host organism, when this polynucleotide is placed

under the control of suitable expression signals. The expression signals may be either the expression
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signals contained in the regulatory regions in the Canlon gene of the invention or in contrast the
signals may be exogenous regulatory nucleic sequences. Such a polynucleotide, when placed under

the suitable expression signals, may also be inserted in a vector for its expression and/or amplification.

Regulatory Sequences Of Canlon
As mentioned, the genomic sequence of the Canlon gene contains regulatory sequences both

in the non-coding 5’-flanking region and in the non-coding 3’-flanking region that border the Canlon
coding region containing the 44 exons of this gene.

Polynucleotides derived from the 5’ and 3’ regulatory regions are useful in order to detect the
presence of at least a copy of a Canlon nucleotide sequence or a fragment thereof in a test sample.

The promoter activity of the 5’ regulatory regions contained in Canlon can be assessed as
described as follows. In order to identify the relevant biologically active polynucleotide fragments or
variants of SEQ ID No 1, one of skill in the art may refer to Sambrook et al.(1989) which describes the
use of a recombinant vector carrying a marker gene (i.e. beta galactosidase, chloramphenicol acetyl
transferase, etc.), the expression of which can be detected when placed under the control of a
biologically active polynucleotide fragments or variants of SEQ ID No 1. Genomic sequences located
upstream of the first exon of the Canlon gene are cloned into a suitable promoter reporter vector, such
as the pSEAP-Basic, pSEAP-Enhancer, pgal-Basic, pBgal-Enhancer, or pEGFP-1 Promoter Reporter
vectors available from Clontech, or pGL2-basic or pGL3-basic promoterless luciferase reporter gene
vector from Promega. Briefly, each of these promoter reporter vectors include multiple cloning sites
positioned upstream of a reporter gene encoding a readily assayable protein such as secreted alkaline
phosphatase, luciferase, 3 galactosidase, or green fluorescent protein. The sequences upstream the
Canlon coding region are inserted into the cloning sites upstream of the reporter gene in both
orientations and introduced into an appropriate host cell. The level of reporter protein is assayed and
compared to the level obtained from a vector which lacks an insert in the cloning site. The presence of
an elevated expression level in the vector containing the insert in comparison to the level in the control
vector indicates the presence of a promoter in the insert. If necessary, the upstream sequences can be
cloned into vectors which contain an enhancer for increasing transcription levels from weak promoter
sequences. A significant level of expression above that observed with the vector lacking an insert
indicates that a promoter sequence is present in the inserted upstream sequence.

Promoter sequence within the upstream genomic DNA may be further defined by constructing
nested 5’ and/or 3° deletions in the upstream DNA using conventional techniques such as Exonuclease
IIT or appropriate restriction endonuclease digestion. The resulting deletion fragments can be inserted
into the promoter reporter vector to determine whether the deletion has reduced or obliterated
promoter activity, such as described, for example, by Coles et al. (1998), the disclosure of which is
incorporated herein by reference in its entirety. In this way, the boundaries of the promoters may be
defined. If desired, potential individual regulatory sites within the promoter may be identified using

site directed mutagenesis or linker scanning to obliterate potential transcription factor binding sites
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within the promoter individually or in combination. The effects of these mutations on transcription
levels may be determined by inserting the mutations into cloning sites in promoter reporter vectors.
This type of assay is well-known to those skilled in the art and is described in WO 97/17359, US
Patent No. 5,374,544; EP 582 796; US Patent No. 5,698,389; US 5,643,746; US Patent No. 5,502,176;
and US Patent 5,266,488; the disclosures of which are incorporated by reference herein in their
entirety.

The strength and the specificity of the promoter of the Canlon gene can be assessed through
the expression levels of a detectable polynucleotide operably linked to the Canlon promoter in
different types of cells and tissues. The detectable polynucleotide may be either a polynucleotide that
specifically hybridizes with a predefined oligonucleotide probe, or a polynucleotide encoding a
detectable protein, including a Canlon polypeptide or a fragment or a variant thereof. This type of
assay is well-known to those skilled in the art and is described in US Patent No. 5,502,176; and US
Patent No. 5,266,488,; the disclosures of which are incorporated by reference herein in their entirety.
Some of the methods are discussed in more detail below.

Polynucleotides carrying the regulatory elements located at the 5° end and at the 3’ end of the
Canlon coding region may be advantageously used to control the transcriptional and translational
activity of an heterologous polynucleotide of interest.

Thus, the present invention also concerns a purified or isolated nucleic acid comprising a
polynucleotide which is selected from the group consisting of the 5” and 3’ regulatory regions, or a
sequence complementary thereto or a biologically active fragment or variant thereof. In preferred
embodiments, “5’ regulatory region” is located in the nucleotide sequence located between positions 1
and 2000 of SEQ ID No 1. The “3’ regulatory region” is located in the nucleotide sequence located
between positions 45842 and 47841 of SEQ ID No 3.

The invention also pertains to a purified or isolated nucleic acid comprising a polynucleotide
having at least 95% nucleotide identity with a polynucleotide selected from the group consisting of the
5’ and 3’ regulatory regions, advantageously 99% nucleotide identity, preferably 99.5% nucleotide
identity and most preferably 99.8% nucleotide identity with a polynucleotide selected from the group
consisting of the 5° and 3’ regulatory regions, or a sequence complementary thereto or a variant
thereof or a biologically active fragment thereof.

Another object of the invention consists of purified, isolated or recombinant nucleic acids
comprising a polynucleotide that hybridizes, under the stringent hybridization conditions defined
herein, with a polynucleotide selected from the group consisting of the nucleotide sequences of the 5’-
and 3’ regulatory regions, or a sequence complementary thereto or a variant thereof or a biologically
active fragment thereof.

Preferred fragments of the 5° regulatory region have a length of about 1500 or 1000
nucleotides, preferably of about 500 nucleotides, more preferably about 400 nucleotides, even more

preferably 300 nucleotides and most preferably about 200 nucleotides.
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Preferred fragments of the 3’ regulatory region are at least 50, 100, 150, 200, 300 or 400 bases
in length.

“Biologically active” polynucleotide derivatives of SEQ ID Nos 1 and 3 are polynucleotides
comprising or alternatively consisting in a fragment of said polynucleotide which is functional as a
regulatory region for expressing a recombinant polypeptide or a recombinant polynucleotide in a
recombinant cell host. It could act either as an enhancer or as a repressor.

For the purpose of the invention, a nucleic acid or polynucleotide is “functional” as a
regulatory region for expressing a recombinant polypeptide or a recombinant polynucleotide if said
regulatory polynucleotide contains nucleotide sequences which contain transcriptional and
translational regulatory information, and such sequences are “operably linked” to nucleotide sequences
which encode the desired polypeptide or the desired polynucleotide.

The regulatory polynucleotides of the invention may be prepared from the nucleotide sequence
of SEQ ID Nos 1 and 3 by cleavage using suitable restriction enzymes, as described for example in the
book of Sambrook et al.(1989). The regulatory polynucleotides may also be prepared by digestion of
SEQ ID Nos 1 and 3 by an exonuclease enzyme, such as Bal31 (Wabiko et al., 1986). These
regulatory polynucleotides can also be prepared by nucleic acid chemical synthesis, as described
elsewhere in the specification.

The regulatory polynucleotides according to the invention may be part of a recombinant
expression vector that may be used to express a coding sequence in a desired host cell or host
organism. The recombinant expression vectors according to the invention are described elsewhere in
the specification.

A preferred 5’-regulatory polynucleotide of the invention includes the 5’-untranslated region
(5°-UTR) of the Canlon cDNA, or a biologically active fragment or variant thereof.

A preferred 3’-regulatory polynucleotide of the invention includes the 3’-untranslated region
(3’-UTR) of the Canlon ¢cDNA, or a biologically active fragment or variant thereof.

A further object of the invention consists of a purified or isolated nucleic acid comprising:

a) a nucleic acid comprising a regulatory nucleotide sequence selected from the
group consisting of:

(i) a nucleotide sequence comprising a polynucleotide of the 5’ regulatory region or
a complementary sequence thereto;

(i1) a nucleotide sequence comprising a polynucleotide having at least 95% of
nucleotide identity with the nucleotide sequence of the 5’ regulatory region or a complementary
sequence thereto; “

(iii) a nucleotide sequence comprising a polynucleotide that hybridizes under
stringent hybridization conditions with the nucleotide sequence of the 5’ regulatory region or a
complementary sequence thereto; and

(iv) a biologically active fragment or variant of the polynucleotides in (i), (ii) and
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(iii);

b) a polynucleotide encoding a desired polypeptide or a nucleic acid of interest,
operably linked to the nucleic acid defined in (a) above;

¢) Optionally, a nucleic acid comprising a 3’- regulatory polynucleotide, preferably
a 3’- regulatory polynucleotide of the Canlon gene.

In a specific embodiment of the nucleic acid defined above, said nucleic acid includes the 5°-
untranslated region (5’-UTR) of the Canlon ¢cDNA, or a biologically active fragment or variant
thereof.

In a second specific embodiment of the nucleic acid defined above, said nucleic acid includes
the 3’-untranslated region (3’-UTR) of the Canlon cDNA, or a biologically active fragment or variant
thereof.

The regulatory polynucleotide of the 5° regulatory region, or its biologically active fragments
or variants, is operably linked at the 5’-end of the polynucleotide encoding the desired polypeptide or
polynucleotide.

The regulatory polynucleotide of the 3’ regulatory region, or its biologically active fragments
or variants, is advantageously operably linked at the 3’-end of the polynucleotide encoding the desired
polypeptide or polynucleotide.

The desired polypeptide encoded by the above-described nucleic acid may be of various nature
or origin, encompassing proteins of prokaryotic or eukaryotic origin. Among the polypeptides
expressed under the control of a Canlon regulatory region include bacterial, fungal or viral antigens.
Also encompassed are eukaryotic proteins such as intracellular proteins, like “house keeping” proteins,
membrane-bound proteins, like receptors, and secreted proteins like endogenous mediators such as
cytokines. The desired polypeptide may be the Canlon protein, especially the protein of the amino
acid sequence of SEQ ID No 5, or a fragment or a variant thereof.

The desired nucleic acids encoded by the above-described polynucleotide, usually an RNA
molecule, may be complementary to a desired coding polynucleotide, for example to the Canlon
coding sequence, and thus useful as an antisense polynucleotide.

Such a polynucleotide may be included in a recombinant expression vector in order to express
the desired polypeptide or the desired nucleic acid in host cell or in a host organism. Suitable
recombinant vectors that contain a polynucleotide such as described herein are disclosed elsewhere in

the specification.

Polynucleotide Constructs

The terms “polynucleotide construct” and “recombinant polynucleotide” are used
interchangeably herein to refer to linear or circular, purified or isolated polynucleotides that have been
artificially designed and which comprise at least two nucleotide sequences that are not found as

contiguous nucleotide sequences in their initial natural environment.
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DNA Construct That Enables Directing Temporal And Spatial Canlon Gene Expression

In Recombinant Cell Hosts And In Transgenic Animals.

In order to study the physiological and phenotypic consequences of a lack of synthesis of the
Canlon protein, both at the cellular level and at the multi cellular organism level, the invention also
encompasses DNA constructs and recombinant vectors enabling a conditional expression of a specific
allele of the Canlon genomic sequence or cDNA and also of a copy of this genomic sequence or
cDNA harboring substitutions, deletions, or additions of one or more bases as regards to the Canlon
nucleotide sequence of SEQ ID Nos 1 to 4, or a fragment thereof, these base substitutions, deletions or
additions being located either in an exon, an intron or a regulatory sequence, but preferably in the 5°-
regulatory sequence or in an exon of the Canlon genomic sequence or within the Canlon ¢cDNA of
SEQ ID No 4. In a preferred embodiment, the Canlon sequence comprises a biallelic marker of the
present invention. In a preferred embodiment, the Canlon sequence comprises a biallelic marker of
the present invention, preferably one of the biallelic markers Al to A17.

The present invention embodies recombinant vectors comprising any one of the
polynucleotides described in the present invention. More particularly, the polynucleotide constructs
according to the present invention can comprise any of the polynucleotides described in the “Genomic
Sequences Of The Canlon Gene” section, the “Canlon cDNA Sequences” section, the “Coding
Regions” section, and the “Oligonucleotide Probes And Primers” section.

A first preferred DNA construct is based on the tetracycline resistance operon tet from E. coli
transposon Tn10 for controlling the Canlon gene expression, such as described by Gossen et al. (1992,
1995) and Furth et al. (1994). Such a DNA construct contains seven et operator sequences from Tn10
(tetop) that are fused to either a minimal promoter or a 5’-regulatory sequence of the Canlon gene,
said minimal promoter or said Canlon regulatory sequence being operably linked to a polynucleotide
of interest that codes either for a sense or an antisense oligonucleotide or for a polypeptide, including a
Canlon polypeptide or a peptide fragment thereof. This DNA construct is functional as a conditional
expression system for the nucleotide sequence of interest when the same cell also comprises a
nucleotide sequence coding for either the wild type (tTA) or the mutant (rTA) repressor fused to the
activating domain of viral protein VP16 of herpes simplex virus, placed under the control of a
promoter, such as the HCMVIE1 enhancer/promoter or the MMTV-LTR. Indeed, a preferred DNA
construct of the invention comprise both the polynucleotide containing the zef operator sequences and
the polynucleotide containing a sequence coding for the tTA or the rTA repressor.

In a specific embodiment, the conditional expression DNA construct contains the sequence
encoding the mutant tetracycline repressor 1'TA, the expression of the polynucleotide of interest is

silent in the absence of tetracycline and induced in its presence.

DNA Constructs Allowing Homologous Recombination: Replacement Vectors

A second preferred DNA construct will comprise, from 5’-end to 3’-end: (a) a first nucleotide
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sequence that is comprised in the Canlon genomic sequence; (b) a nucleotide sequence comprising a
positive selection marker, such as the marker for neomycine resistance (neo); and (c) a second
nucleotide sequence that is comprised in the Canlon genomic sequence, and is located on the genome
downstream the first Canlon nucleotide sequence (2).

In a preferred embodiment, this DNA construct also comprises a negative selection marker
located upstream the nucleotide sequence (a) or downstream the nucleotide sequence (c). Preferably,
the negative selection marker comprises the thymidine kinase (¢k) gene (Thomas et al., 1986), the
hygromycine beta gene (Te Riele et al., 1990), the hprt gene (Van der Lugt et al., 1991; Reid et al.,
1990) or the Diphteria toxin A fragment (Dt-4) gene (Nada et al., 1993; Yagi et al. 1990). Preferably,
the positive selection marker is located within a Canlon exon sequence so as to interrupt the sequence
encoding a Canlon protein. These replacement vectors are described, for example, by Thomas et al.
(1986; 1987), Mansour et al. (1988) and Koller et al. (1992).

The first and second nucleotide sequences (a) and (c) may be indifferently located within a
Canlon regulatory sequence, an intronic sequence, an exon sequence or a sequence containing both
regulatory and/or intronic and/or exon sequences. The size of the nucleotide sequences (a) and (c)
ranges from 1 to 50 kb, preferably from 1 to 10 kb, more preferably from 2 to 6 kb and most
preferably from 2 to 4 kb.

DNA Constructs Allowing Homologous Recombination: Cre-LoxP System.

These new DNA constructs make use of the site specific recombination system of the P1
phage. The P1 phage possesses a recombinase called Cre which interacts specifically with a 34 base
pairs JoxP site. The loxP site is composed of two palindromic sequences of 13 bp separated by a 8 bp
conserved sequence (Hoess et al., 1986). The recombination by the Cre enzyme between two loxP
sites having an identical orientation leads to the deletion of the DNA fragment.

The Cre-loxP system used in combination with a homologous recombination technique has
been first described by Gu et al. (1993, 1994). Briefly, a nucleotide sequence of interest to be inserted
in a targeted location of the genome harbors at least two JoxP sites in the same orientation and located
at the respective ends of a nucleotide sequence to be excised from the recombinant genome. The
excision event requires the presence of the recombinase (Cre) enzyme within the nucleus of the
recombinant cell host. The recombinase enzyme may be brought at the desired time either by (a)
incubating the recombinant cell hosts in a culture medium containing this enzyme, by injecting the Cre
enzyme directly into the desired cell, such as described by Araki et al. (1995), or by lipofection of the
enzyme into the cells, such as described by Baubonis et al. (1993); (b) transfecting the cell host with a
vector comprising the Cre coding sequence operably linked to a promoter functional in the
recombinant cell host, which promoter being optionally inducible, said vector being introduced in the
recombinant cell host, such as described by Gu et al. (1993) and Sauer et al. (1988); (c) introducing in
the genome of the cell host a polynucleotide comprising the Cre coding sequence operably linked to a
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promoter functional in the recombinant cell host, which promoter is optionally inducible, and said
polynucleotide being inserted in the genome of the cell host either by a random insertion event or an
homologous recombination event, such as described by Gu et al. (1994).

In a specific embodiment, the vector containing the sequence to be inserted in the Canlon gene
by homologous recombination is constructed in such a way that selectable markers are flanked by loxP
sites of the same orientation, it is possible, by treatment by the Cre enzyme, to eliminate the selectable
markers while leaving the Canlon sequences of interest that have been inserted by an homologous
recombination event. Again, two selectable markers are needed: a positive selection marker to select
for the recombination event and a negative selection marker to select for the homologous
recombination event. Vectors and methods using the Cre-/oxP system are described by Zou et al.
(1994).

Thus, a third preferred DNA construct of the invention comprises, from 5’-end to 3’-end: (2) a
first nucleotide sequence that is comprised in the Canlon genomic sequence; (b) a nucleotide sequence
comprising a polynucleotide encoding a positive selection marker, said nucleotide sequence
comprising additionally two sequences defining a site recognized by a recombinase, such as a /oxP
site, the two sites being placed in the same orientation; and (c) a second nucleotide sequence that is
comprised in the Canlon genomic sequence, and is located on the genome downstream of the first
Canlon nucleotide sequence (a).

The sequences defining a site recognized by a recombinase, such as a /JoxP site, are preferably
located within the nucleotide sequence (b) at suitable locations bordering the nucleotide sequence for
which the conditional excision is sought. In one specific embodiment, two JoxP sites are located at
each side of the positive selection marker sequence, in order to allow its excision at a desired time
after the occurrence of the homologous recombination event.

In a preferred embodiment of a method using the third DNA construct described above, the
excision of the polynucleotide fragment bordered by the two sites recognized by a recombinase,
preferably two loxP sites, is performed at a desired time, due to the presence within the genome of the
recombinant host cell of a sequence encoding the Cre enzyme operably linked to a promoter sequence,
preferably an inducible promoter, more preferably a tissue-specific promoter sequence and most
preferably a promoter sequence which is both inducible and tissue-specific, such as described by Gu et
al. (1994).

The presence of the Cre enzyme within the genome of the recombinant cell host may result
from the breeding of two transgenic animals, the first transgenic animal bearing the Canlon-derived
sequence of interest containing the JoxP sites as described above and the second transgenic animal
bearing the Cre coding sequence operably linked to a suitable promoter sequence, such as described
by Gu et al. (1994).

Spatio-temporal control of the Cre enzyme expression may also be achieved with an

adenovirus based vector that contains the Cre gene thus allowing infection of cells, or in vivo infection
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of organs, for delivery of the Cre enzyme, such as described by Anton and Graham (1995) and
Kanegae et al. (1995).

The DNA constructs described above may be used to introduce a desired nucleotide sequence
of the invention, preferably a Canlon genomic sequence or a Canlon cDNA sequence, and most
preferably an altered copy of a Canlon genomic or cDNA sequence, within a predetermined location
of the targeted genome, leading either to the generation of an altered copy of a targeted gene (knock-
out homologous recombination) or to the replacement of a copy of the targeted gene by another copy
sufficiently homologous to allow an homologous recombination event to occur (knock-in homologous
recombination). In a specific embodiment, the DNA constructs described above may be used to
introduce a Canlon genomic sequence or a Canlon cDNA sequence comprising at least one biallelic
marker of the present invention, preferably at least one biallelic marker selected from the group

consisting of Al to Al7.

Nuclear Antisense DNA Constructs

Other compositions containing a vector of the invention comprising an oligonucleotide
fragment of the nucleic sequence SEQ ID No 4, preferably a fragment including the start codon of the
Canlon gene, as an antisense tool that inhibits the expression of the corresponding Canlon gene.
Preferred methods using antisense polynucleotide according to the present invention are the
procedures described by Sczakiel et al. (1995) or those described in PCT Application No WO
95/24223, the disclosures of which are incorporated by reference herein in their entirety.

Preferably, the antisense tools are chosen among the polynucleotides (15-200 bp long) that are
complementary to the 5’end of the Canlon mRNA. In one embodiment, a combination of different
antisense polynucleotides complementary to different parts of the desired targeted gene are used.

Preferred antisense polynucleotides according to the present invention are complementary to a
sequence of the mRNAs of Canlon that contains either the translation initiation codon ATG or a
splicing site. Further preferred antisense polynucleotides according to the invention are
complementary of the splicing site of the Canlon mRNA.

Preferably, the antisense polynucleotides of the invention have a 3’ polyadenylation signal that
has been replaced with a self-cleaving ribozyme sequence, such that RNA polymerase II transcripts
are produced without poly(A) at their 3’ ends, these antisense polynucleotides being incapable of
export from the nucleus, such as described by Liu et al. (1994). In a preferred embodiment, these
Canlon antisense polynucleotides also comprise, within the ribozyme cassette, a histone stem-loop
structure to stabilize cleaved transcripts against 3’-5” exonucleolytic degradation, such as the structure
described by Eckner et al. (1991).

Oligonucleotide Probes And Primers

Polynucleotides derived from the Canlon gene are useful in order to detect the presence of at

least a copy of a nucleotide sequence of SEQ ID Nos 1 to 4 and 6, or a fragment, complement, or
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variant thereof in a test sample.

Particularly preferred probes and primers of the invention include isolated, purified, or
recombinant polynucleotides comprising a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 40,
50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 5000, 10000 or 20000 nucleotides of SEQ ID Nos
1 to 3 or the complements thereof. Further preferred probes and primers of the invention include
isolated, purified, or recombinant polynucleotides, wherein said contiguous span comprises a biallelic
marker selected from the group consisting of Al to A17.

Another object of the invention is a purified, isolated, or recombinant nucleic acid comprising
the nucleotide sequence of SEQ ID No 4, complementary sequences thereto, as well as allelic variants,
and fragments thereof. Moreover, preferred probes and primers of the invention include purified,
isolated, or recombinant Canlon cDNA consisting of, consisting essentially of, or comprising the
sequence of SEQ ID No 4. Particularly preferred probes and primers of the invention include isolated,
purified, or recombinant polynucleotides comprising a contiguous span of at least 12, 15, 18, 20, 25,
30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or 6000 nucleotides of
SEQ ID No 4 or the complements thereof. Further preferred probes and primers of the invention
include isolated, purified, or recombinant polynucleotides comprising a contiguous span of at least 12,
15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or
6000 nucleotides of SEQ ID No 4 or the complements thereof, wherein said contiguous span
comprises a biallelic marker selected from the group consisting of A12 and A16.

In further embodiments, probes and primers of the invention include isolated, purified, or
recombinant polynucleotides comprising a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 40,
50, 60, 70, 80, 90, 100, 150, 200, 300 or 400 nucleotides of SEQ ID No 6 or the complements thereof.
In preferred embodiments, said contiguous span of SEQ ID No 6 comprises a biallelic marker A18.

Thus, the invention also relates to nucleic acid probes characterized in that they hybridize
specifically, under the stringent hybridization conditions defined above, with a nucleic acid selected
from the group consisting of the human CanJon nucleotide sequences of SEQ ID Nos 1 to 3, or a
variant thereof or a sequence complementary thereto.

In one embodiment the invention encompasses isolated, purified, and recombinant
polynucleotides consisting of, or consisting essentially of a contiguous span of 8 to 50 nucleotides of
any one of SEQ ID Nos 1 to 4 and 6, and the complement thereof, wherein said span includes a
Canlon-related biallelic marker in said sequence; optionally, wherein said Canlon-related biallelic
marker is selected from the group consisting of A1 to A18, and the complements thereof, or optionally
the biallelic markers in linkage disequilibrium therewith. Optionally, wherein said contiguous span is
18 to 35 nucleotides in length and said biallelic marker is within 4 nucleotides of the center of said
polynucleotide; optionally, wherein said polynucleotide consists of said contiguous span and said
contiguous span is 25 nucleotides in length and said biallelic marker is at the center of said

polynucleotide; optionally, wherein the 3' end of said contiguous span is present at the 3' end of said
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polynucleotide; and optionally, wherein the 3' end of said contiguous span is located at the 3' end of
said polynucleotide and said biallelic marker is present at the 3' end of said polynucleotide. In a
preferred embodiment, said probes comprises, consists of, or consists essentially of a sequence
selected from the following sequences: P1 to P18 and the complementary sequences thereto.

In another embodiment the invention encompasses isolated, purified and recombinant
polynucleotides comprising, consisting of, or consisting essentially of a contiguous span of 8 to 50
nucleotides of SEQ ID Nos 1 to 4, or the complements thereof, wherein the 3' end of said contiguous
span is located at the 3' end of said polynucleotide, and wherein the 3' end of said polynucleotide is
located within 20 nucleotides upstream of a Canlon-related biallelic marker in said sequence;
optionally, wherein said Canlon-related biallelic marker is selected from the group consisting of Al to
A18, and the complements thereof, or optionally the biallelic markers in linkage disequilibrium
therewith; optionally, wherein the 3' end of said polynucleotide is located 1 nucleotide upstream of
said Canlon-related biallelic marker in said sequence; and optionally, wherein said polynucleotide
consists essentially of a sequence selected from the following sequences: D1 to D18 and E1 to E18.

In a further embodiment, the invention encompasses isolated, purified, or recombinant
polynucleotides comprising, consisting of, or consisting essentially of a sequence selected from the
following sequences: B1 to B17 and C1 to C17.

In an additional embodiment, the invention encompasses polynucleotides for use in
hybridization assays, sequencing assays, and enzyme-based mismatch detection assays for determining
the identity of the nucleotide at a Canlon-related biallelic marker in SEQ ID Nos 1 to 4 and 6, or the
complements thereof, as well as polynucleotides for use in amplifying segments of nucleotides
comprising a Canlon-related biallelic marker in SEQ ID Nos 1 to 4 and 6, or the complements thereof;
optionally, wherein said Canlon-related biallelic marker is selected from the group consisting of Al to
A18, and the complements thereof, or optionally the biallelic markers in linkage disequilibrium
therewith.

The invention concerns the use of the polynucleotides according to the invention for
determining the identity of the nucleotide at a Canlon-related biallelic marker, preferably in
hybridization assay, sequencing assay, microsequencing assay, or an enzyme-based mismatch
detection assay and in amplifying segments of nucleotides comprising a Canlon-related biallelic
marker,

A probe or a primer according to the invention has between 8 and 1000 nucleotides in length,
or is specified to be at least 12, 15, 18, 20, 25, 35, 40, 50, 60, 70, 80, 100, 250, 500 or 1000
nucleotides in length. More particularly, the length of these probes and primers can range from 8, 10,
15, 20, or 30 to 100 nucleotides, preferably from 10 to 50, more preferably from 15 to 30 nucleotides.
Shorter probes and primers tend to lack specificity for a target nucleic acid sequence and generally
require cooler temperatures to form sufficiently stable hybrid complexes with the template. Longer

probes and primers are expensive to produce and can sometimes self-hybridize to form hairpin
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structures. The appropriate length for primers and probes under a particular set of assay conditions
may be empirically determined by one of skill in the art. A preferred probe or primer consists of a
nucleic acid comprising a polynucleotide selected from the group of the nucleotide sequences of P1 to
P18 and the complementary sequence thereto, B1 to B17, C1 to C17, D1 to D18, E1 to E18, for which
the respective locations in the sequence listing are provided in Tables 1, 2, and 3.

The formation of stable hybrids depends on the melting temperature (Tm) of the DNA. The
Tm depends on the length of the primer or probe, the ionic strength of the solution and the G+C
content. The higher the G+C content of the primer or probe, the higher is the melting temperature
because G:C pairs are held by three H bonds whereas A:T pairs have only two. The GC content in the
probes of the invention usually ranges between 10 and 75 %, preferably between 35 and 60 %, and
more preferably between 40 and 55 %.

The primers and probes can be prepared by any suitable method, including, for example,
cloning and restriction of appropriate sequences and direct chemical synthesis by a method such as the
phosphodiester method of Narang et al. (1979), the phosphodiester method of Brown et al. (1979), the
diethylphosphoramidite method of Beaucage et al. (1981) and the solid support method described in
EP 0 707 592.

Detection probes are generally nucleic acid sequences or uncharged nucleic acid analogs such
as, for example peptide nucleic acids which are disclosed in International Patent Application WO
92/20702, morpholino analogs which are described in U.S. Patents Numbered 5,185,444; 5,034,506
and 5,142,047. The probe may have to be rendered “non-extendable” in that additional dNTPs cannot
be added to the probe. In and of themselves analogs usually are non-extendable and nucleic acid
probes can be rendered non-extendable by modifying the 3' end of the probe such that the hydroxyl
group is no longer capable of participating in elongation. For example, the 3' end of the probe can be
functionalized with the capture or detection label to thereby consume or otherwise block the hydroxyl
group. Alternatively, the 3' hydroxyl group simply can be cleaved, replaced or modified, U.S. Patent
Application Serial No. 07/049,061 filed April 19, 1993 describes modifications, which can be used to
render a probe non-extendable.

Any of the polynucleotides of the present invention can be labeled, if desired, by incorporating
any label known in the art to be detectable by spectroscopic, photochemical, biochemical,
immunochemical, or chemical means. For example, useful labels include radioactive substances
(including, **P, **S, *H, '*°I), fluorescent dyes (including, 5-bromodesoxyuridin, fluorescein,
acetylaminofluorene, digoxigenin) or biotin. Preferably, polynucleotides are labeled at their 3’ and §°
ends. Examples of non-radioactive labeling of nucleic acid fragments are described in the French
patent No. FR-7810975 or by Urdea et al. (1988) or Sanchez-Pescador et al. (1988). In addition, the
probes according to the present invention may have structural characteristics such that they allow the
signal amplification, such structural characteristics being, for example, branched DNA probes as those

described by Urdea et al. (1991) or in the European patent No. EP 0 225 807 (Chiron).
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A label can also be used to capture the primer, so as to facilitate the immobilization of either
the primer or a primer extension product, such as amplified DNA, on a solid support. A capture label
is attached to the primers or probes and can be a specific binding member which forms a binding pair
with the solid’s phase reagent’s specific binding member (e.g. biotin and streptavidin). Therefore
depending upon the type of label carried by a polynucleotide or a probe, it may be employed to capture
or to detect the target DNA. Further, it will be understood that the polynucleotides, primers or probes
provided herein, may, themselves, serve as the capture label. For example, in the case where a solid
phase reagent’s binding member is a nucleic acid sequence, it may be selected such that it binds a
complementary portion of a primer or probe to thereby immobilize the primer or probe to the solid
phase. In cases where a polynucleotide probe itself serves as the binding member, those skilled in the
art will recognize that the probe will contain a sequence or “tail” that is not complementary to the
target. In the case where a polynucleotide primer itself serves as the capture label, at least a portion of
the primer will be free to hybridize with a nucleic acid on a solid phase. DNA Labeling techniques are
well known to the skilled technician.

The probes of the present invention are useful for a number of purposes. They can be notably
used in Southern hybridization to genomic DNA. The probes can also be used to detect PCR
amplification products. They may also be used to detect mismatches in the Canlon gene or mRNA
using other techniques. They can also be used to detect expression of a Canlon gene, e.g. in a
Northern blot.

Any of the polynucleotides, primers and probes of the present invention can be conveniently
immobilized on a solid support. Solid supports are known to those skilled in the art and include the
walls of wells of a reaction tray, test tubes, polystyrene beads, magnetic beads, nitrocellulose strips,
membranes, microparticles such as latex particles, sheep (or other animal) red blood cells, duracytes
and others. The solid support is not critical and can be selected by one skilled in the art. Thus, latex
particles, microparticles, magnetic or non-magnetic beads, membranes, plastic tubes, walls of
microtiter wells, glass or silicon chips, sheep (or other suitable animal's) red blood cells and duracytes
are all suitable examples. Suitable methods for immobilizing nucleic acids on solid phases include
ionic, hydrophobic, covalent interactions and the like. A solid support, as used herein, refers to any
material which is insoluble, or can be made insoluble by a subsequent reaction. The solid support can
be chosen for its intrinsic ability to attract and immobilize the capture reagent. Alternatively, the solid
phase can retain an additional receptor which has fhe ability to attract and immobilize the capture
reagent. The additional receptor can include a charged substance that is oppositely charged with
respect to the capture reagent itself or to a charged substance conjugated to the capture reagent. As yet
another alternative, the receptor molecule can be any specific binding member which is immobilized
upon (attached to) the solid support and which has the ability to immobilize the capture reagent
through a specific binding reaction. The receptor molecule enables the indirect binding of the capture

reagent to a solid support material before the performance of the assay or during the performance of
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the assay. The solid phase thus can be a plastic, derivatized plastic, magnetic or non-magnetic metal,
glass or silicon surface of a test tube, microtiter well, sheet, bead, microparticle, chip, sheep (or other
suitable animal's) red blood cells, duracytes® and other configurations known to those of ordinary
skill in the art. The polynucleotides of the invention can be attached to or immobilized on a solid
support individually or in groups of at least 2, 5, 8, 10, 12, 15, 20, or 25 distinct polynucleotides of the
invention to a single solid support. In addition, polynucleotides other than those of the invention may
be attached to the same solid support as one or more polynucleotides of the invention.

Consequently, the invention also comprises a method for detecting the presence of a nucleic
acid comprising a nucleotide sequence selected from a group consisting of SEQ ID Nos 1 to 4 and 6, a
fragment or a variant thereof and a complementary sequence thereto in a sample, said method
comprising the following steps of:

a) bringing into contact a nucleic acid probe or a plurality of nucleic acid probes which can
hybridize with a nucleotide sequence included in a nucleic acid selected form the group consisting of
the nucleotide sequences of SEQ ID Nos 1 to 4 and 6, a fragment or a variant thereof and a
complementary sequence thereto and the sample to be assayed; and

b) detecting the hybrid complex formed between the probe and a nucleic acid in the sample.

The invention further concerns a kit for detecting the presence of a nucleic acid comprising a
nucleotide sequence selected from a group consisting of SEQ ID Nos 1 to 4 and 6, a fragment or a
variant thereof and a complementary sequence thereto in a sample, said kit comprising:

a) a nucleic acid probe or a plurality of nucleic acid probes which can hybridize with a
nucleotide sequence included in a nucleic acid selected form the group consisting of the nucleotide
sequences of SEQ ID Nos 1 to 4 and 6, a fragment or a variant thereof and a complementary sequence
thereto; and

b) optionally, the reagents necessary for performing the hybridization reaction.

In a first preferred embodiment of this detection method and kit, said nucleic acid probe or the
plurality of nucleic acid probes are labeled with a detectable molecule. In a second preferred
embodiment of said method and kit, said nucleic acid probe or the plurality of nucleic acid probes has
been immobilized on a substrate. In a third preferred embodiment, the nucleic acid probe or the
plurality of nucleic acid probes comprise either a sequence which is selected from the group consisting
of the nucleotide sequences of P1 to P18 and the complementary sequence thereto, B1 to B17, C1 to
C17,D1 to D18, El to E18 or a biallelic marker selected from the group consisting of Al to A18 and

the complements thereto.

Oligonucleotide Arrays

A substrate comprising a plurality of oligonucleotide primers or probes of the invention may

be used either for detecting or amplifying targeted sequences in the Canlon gene and may also be used

for detecting mutations in the coding or in the non-coding sequences of the Canlon gene.
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Any polynucleotide provided herein may be attached in overlapping areas or at random
locations on the solid support. Alternatively the polynucleotides of the invention may be attached in
an ordered array wherein each polynucleotide is attached to a distinct region of the solid support which
does not overlap with the attachment site of any other polynucleotide. Preferably, such an ordered
array of polynucleotides is designed to be “addressable” where the distinct locations are recorded and
can be accessed as part of an assay procedure. Addressable polynucleotide arrays typically comprise a
plurality of different oligonucleotide probes that are coupled to a surface of a substrate in different
known locations. The knowledge of the precise location of each polynucleotide makes these
“addressable” arrays particularly useful in hybridization assays. Any addressable array technology
known in the art can be employed with the polynucleotides of the invention. One particular
embodiment of these polynucleotide arrays is known as the Genechips™, and has been generally
described in US Patent 5,143,854; PCT publications WO 90/15070 and 92/10092. These arrays may
generally be produced using mechanical synthesis methods or light directed synthesis methods which
incorporate a combination of photolithographic methods and solid phase oligonucleotide synthesis
(Fodor et al., 1991). The immobilization of arrays of oligonucleotides on solid supports has been
rendered possible by the development of a technology generally identified as “Very Large Scale
Immobilized Polymer Synthesis” (VLSIPS™) in which, typically, probes are immobilized in a high
density array on a solid surface of a chip. Examples of VLSIPS™ technologies are provided in US
Patents 5,143,854; and 5,412,087 and in PCT Publications WO 90/15070, WO 92/10092 and WO
95/11995, which describe methods for forming oligonucleotide arrays through techniques such as
light-directed synthesis techniques. In designing strategies aimed at providing arrays of nucleotides
immobilized on solid supports, further presentation strategies were developed to order and display the
oligonucleotide arrays on the chips in an attempt to maximize hybridization patterns and sequence
information. Examples of such presentation strategies are disclosed in PCT Publications WO
94/12305, WO 94/11530, WO 97/29212 and WO 97/31256, the disclosures of which are incorporated
herein by reference in their entireties.

In another embodiment of the oligonucleotide arrays of the invention, an oligonucleotide
probe matrix may advantageously be used to detect mutations occurring in the Canlon gene and
preferably in its regulatory region. For this particular purpose, probes are specifically designed to
have a nucleotide sequence allowing their hybridization to the genes that carry known mutations
(either by deletion, insertion or substitution of one or several nucleotides). By known mutations, it is
meant, mutations on the Canlon gene that have been identified according, for example to the technique
used by Huang et al. (1996) or Samson et al. (1996).

Another technique that is used to detect mutations in the Canlon gene is the use of a high-
density DNA array. Each oligonucleotide probe constituting a unit element of the high density DNA
array is designed to match a specific subsequence of the Canlon genomic DNA or cDNA. Thus, an

array consisting of oligonucleotides complementary to subsequences of the target gene sequence is
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used to determine the identity of the target sequence with the wild gene sequence, measure its amount,
and detect differences between the target sequence and the reference wild gene sequence of the Canlon
gene. In one such design, termed 4L tiled array, is implemented a set of four probes (A, C, G, T),
preferably 15-nucleotide oligomers. In each set of four probes, the perfect complement will hybridize
more strongly than mismatched probes. Consequently, a nucleic acid target of length L is scanned for
mutations with a tiled array containing 4L probes, the whole probe set containing all the possible
mutations in the known wild reference sequence. The hybridization signals of the 15-mer probe set
tiled array are perturbed by a single base change in the target sequence. As a consequence, there is a
characteristic loss of signal or a “footprint” for the probes flanking a mutation position. This
technique was described by Chee et al. (1996).

Consequently, the invention concerns an array of nucleic acid molecules comprising at least
one polynucleotide described above as probes and primers. Preferably, the invention concerns an
array of nucleic acid comprising at least two polynucleotides described above as probes and primers.

A further object of the invention consists of an array of nucleic acid sequences comprising
either at least one of the sequences selected from the group consisting of P1 to P18, B1 to B17, C1 to
C17, D1 to D18, E1 to E18, the sequences complementary thereto, a fragment thereof of at least 8, 10,
12, 15, 18, 20, 25, 30, or 40 consecutive nucleotides thereof, and at least one sequence comprising a
biallelic marker selected from the group consisting of A1 to A18 and the complements thereto.

The invention also pertains to an array of nucleic acid sequences comprising either at least two
of the sequences selected from the group consisting of P1 to P18, B1 to B17, C1 to C17, D1 to D18,
E1 to E18, the sequences complementary thereto, a fragment thereof of at least 8 consecutive
nucleotides thereof, and at least two sequences comprising a biallelic marker selected from the group

consisting of Al to A18 and the complements thereof.

Canlon Proteins and Polypeptide Fragments:

The term “Canlon polypeptides” is used herein to embrace all of the proteins and polypeptides
of the present invention. Also forming part of the invention are polypeptides encoded by the
polynucleotides of the invention, as well as fusion polypeptides comprising such polypeptides. The
invention embodies Canlon proteins from humans, including isolated or purified Canlon proteins
consisting of, consisting essentially of, or comprising the sequence of SEQ ID No 5.

The invention concerns the polypeptide encoded by a nucleotide sequence selected from the
group consisting of SEQ ID No 1 to 4 and 6, a complementary sequence thereof or a fragment thereto.

The present invention embodies isolated, purified, and recombinant polypeptides comprising a
contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino acids, more preferably at
least 12, 15, 20, 25, 30, 40, 50, 100, 150, 200, 300, 400, 500, 700, 1000, 1200, 1400, 1600 or 1700
amino acids of SEQ ID No 5. In other preferred embodiments the contiguous stretch of amino acids

comprises the site of a mutation or functional mutation, including a deletion, addition, swap or

truncation of the amino acids in the Canlon protein sequence.
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In preferred embodiments, the invention embodies isolated, purified, and recombinant
polypeptides comprising a contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino
acids, more preferably at least 12, 15, 20, 25, 30, 40, 50, 100, 150, 200, 300, 400, 500, 700, 1000,
1200, 1400, 1600 or 1700 amino acids of SEQ ID No 5, wherein said contiguous span includes at least
1,2, 3, 5 or 10 of the amino acid positions 277, 338, 574, 678, 680, 683, 691, 692, 695, 696, 697, 894,
1480, 1481, 1483, 1484, 1485, 1630, 1631, 1632, 1636, 1660, 1667, 1707, 1709 of SEQ ID No 5.
Preferably, said contiguous span of SEQ ID No 5 comprises an Alanine residue at position 277; a
Serine at position 338; a Valine at position 574; a Leucine at position 678; a Serine at position 680; a
Threonine at position 683; a Histidine at position 691; a Serine at position 692; a Serine at position
695; an Alanine at position 696; an Isoleucine at position 697; an Isoleucine at position 894; a Lysine
at position 1480; an Arginine at position 1481; a Glycine at position 1483; a Valine at position 1484;
an Isoleucine at position 1485; an Asparagine at position 1630; a Serine at position 1631; a
Methionine at position 1632; a Threonine at position 1636; an Alanine at position 1660; a
Phenylalanine at position 1667; a Threonine at position 1707; and/or an Alanine at position 1709.
Polynucleotides encoding any of these polypeptides are also provided.

The invention also encompasses a purified, isolated, or recombinant polypeptides comprising
an amino acid sequence having at least 70, 75, 80, 85, 90, 95, 98 or 99% amino acid identity with the
amino acid sequence of SEQ ID No 5 or a fragment thereof.

Canlon proteins are preferably isolated from human or mammalian tissue samples or
expressed from human or mammalian genes. The Canlon polypeptides of the invention can be made
using routine expression methods known in the art. The polynucleotide encoding the desired
polypeptide, is ligated into an expression vector suitable for any convenient host. Both eukaryotic and
prokaryotic host systems is used in forming recombinant polypeptides, and a summary of some of the
more common systems. The polypeptide is then isolated from lysed cells or from the culture medium
and purified to the extent needed for its intended use. Purification is by any technique known in the
art, for example, differential extraction, salt fractionation, chromatography, centrifugation, and the
like. See, for example, Methods in Enzymology for a variety of methods for purifying proteins.

In addition, shorter protein fragments is produced by chemical synthesis. Alternatively the
proteins of the invention is extracted from cells or tissues of humans or non-human animals. Methods
for purifying proteins are known in the art, and include the use of detergents or chaotropic agents to
disrupt particles followed by differential extraction and separation of the polypeptides by ion exchange
chromatography, affinity chromatography, sedimentation according to density, and gel electrophoresis.

Any Canlon ¢cDNA, including SEQ ID No 4, may be used to express Canlon proteins and
polypeptides. The nucleic acid encoding the Canlon protein or polypeptide to be expressed is operably
linked to a promoter in an expression vector using conventional cloning technology. The Canlon insert in
the expression vector may comprise the full coding sequence for the Canlon protein or a portion thereof,

The expression vector is any of the mammalian, yeast, insect or bacterial expression systems
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known in the art. Commercially available vectors and expression systems are available from a variety of
suppliers including Genetics Institute (Cambridge, MA), Stratagene (La Jolla, California), Promega
(Madison, Wisconsin), and Invitrogen (San Diego, California). If desired, to enhance expression and
facilitate proper protein folding, the codon context and codon pairing of the sequence is optimized for the
particular expression organism in which the expression vector is introduced, as explained by Hatfield, et
al., U.S. Patent No. 5,082,767, the disclosures of which are incorporated by reference herein in their
entirety.

In one embodiment, the entire coding sequence of the Canlon cDNA through the polyA signal of
the cDNA are operably linked to a promoter in the expression vector. Alternatively, if the nucleic acid
encoding a portion of the Canlon protein lacks a methionine to serve as the initiation site, an initiating
methionine can be introduced next to the first codon of the nucleic acid using conventional techniques.
Similarly, if the insert from the Canlon cDNA lacks a polyA signal, this sequence can be added to the
construct by, for example, splicing out the PolyA signal from pSGS5 (Stratagene) using BglI and Sall
restriction endonuclease enzymes and incorporating it into the mammalian expression vector pXT1
(Stratagene). pXT1 contains the LTRs and a portion of the gag gene from Moloney Murine Leukemia
Virus. The position of the LTRs in the construct allow efficient stable transfection. The vector includes
the Herpes Simplex Thymidine Kinase promoter and the selectable neomycin gene. The nucleic acid
encoding the Canlon protein or a portion thereof is obtained by PCR from a bacterial vector containing the
Canlon ¢cDNA of SEQ ID No 5 using oligonucleotide primers complementary to the Canlon cDNA or

portion thereof and containing restriction endonuclease sequences for Pst I incorporated into the 5' primer

and Bglll at the 5’ end of the corresponding cDNA 3’ primer, taking care to ensure that the sequence
encoding the Canlon protein or a portion thereof is positioned properly with respect to the polyA signal.
The purified fragment obtained from the resulting PCR reaction is digested with Pstl, blunt ended with an
exonuclease, digested with Bgl II, purified and ligate.d to pXT1, now containing a poly A signal and
digested with BglII.

The ligated product may be transfected into mouse NIH 3713 cells using Lipofectin (Life
Technologies, Inc., Grand Island, New York) under conditions outlined in the product specification.
Positive transfectants are selected after growing the transfected cells in 600ug/ml G418 (Sigma, St. Louis,
Missouri).

The above procedures may also be used to express a mutant Canlon protein responsible for a
detectable phenotype or a portion thereof.

The expressed protein may be purified using conventional purification techniques such as
ammonium sulfate precipitation or chromatographic separation based on size or charge. The protein
encoded by the nucleic acid insert may also be purified using standard immunochromatography
techniques. In such procedures, a solution containing the expressed Canlon protein or portion thereof,
such as a cell extract, is applied to a column having antibodies against the Canlon protein or portion

thereof is attached to the chromatography matrix. The expressed protein is allowed to bind the
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immunochromatography column. Thereafter, the column is washed to remove non-specifically bound
proteins. The specifically bound expressed protein is then released from the column and recovered using
standard techniques.

To confirm expression of the Canlon protein or a portion thereof, the proteins expressed from
host cells containing an expression vector containing an insert encoding the Canlon protein or a portion
thereof can be compared to the proteins expressed in host cells containing the expression vector without
an insert. The presence of a band in samples from cells containing the expression vector with an insert
which is absent in samples from cells containing the expression vector without an insert indicates that the
Canlon protein or a portion thereof is being expressed. Generally, the band will have the mobility
expected for the Canlon protein or portion thereof. However, the band may have a mobility different than
that expected as a result of modifications such as glycosylation, ubiquitination, or enzymatic cleavage.

Antibodies capable of specifically recognizing the expressed Canlon protein or a portion thereof
are described below.

If antibody production is not possible, the nucleic acids encoding the Canlon protein or a portion
thereof is incorporated into expression vectors designed for use in purification schemes employing
chimeric polypeptides. In such strategies the nucleic acid encoding the Canlon protein or a portion
thereof is inserted in frame with the gene encoding the other half of the chimera. The other half of the
chimera is B-globin or a nickel binding polypeptide encoding sequence. A chromatography matrix having
antibody to B-globin or nickel attached thereto is then used to purify the chimeric protein. Protease
cleavage sites is engineered between the 3-globin gene or the nickel binding polypeptide and the Canlon
protein or portion thereof. Thus, the two polypeptides of the chimera is separated from one another by
protease digestion.

One useful expression vector for generating $-globin chimeric proteins is pSG5 (Stratagene),
which encodes rabbit B-globin. Intron II of the rabbit B-globin gene facilitates splicing of the expressed
transcript, and the polyadenylation signal incorporated into the construct increases the level of expression.
These techniques are well known to those skilled in the art of molecular biology. Standard methods are
published in methods texts such as Davis et al. (1986) and many of the methods are available from
Stratagene, Life Technologies, Inc., or Promega. Polypeptide may additionally be produced from the

construct using in vitro translation systems such as the In vitro Express™ Translation Kit (Stratagene).

Antibodies That Bind Canlon Polypeptides of the Invention

Any Canlon polypeptide or whole protein may be used to generate antibodies capable of
specifically binding to an expressed Canlon protein or fragments thereof as described.

One antibody composition of the invention is capable of specifically or selectively binding to
the variant of the Canlon protein of SEQ ID No 5. For an antibody composition to specifically bind to
a first variant of Canlon, it must demonstrate at least a 5%, 10%, 15%, 20%, 25%, 50%, or 100%
greater binding affinity for a full length first variant of the Canlon protein than for a full length second

variant of the Canlon protein in an ELISA, RIA, or other antibody-based binding assay. In a preferred
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embodiment an antibody composition is capable of specifically binding a human Canlon protein.

In a preferred embodiment, the invention concerns antibody compositions, either polyclonal or
monoclonal, capable of selectively binding, or selectively bind to an epitope-containing a polypeptide
comprising a contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino acids, more
preferably at least 12, 15, 20, 25, 30, 40, 50, 100, 200, 300, 400, 500, 700 or 1000 amino acids of SEQ
ID No 5. In preferred embodiments, said contiguous span includes at least 1, 2, 3, 5 or 10 of the
amino acid positions 277, 338, 574, 678, 680, 683, 691, 692, 695, 696, 697, 894, 1480, 1481, 1483,
1484, 1485, 1630, 1631, 1632, 1636, 1660, 1667, 1707, 1709 of SEQ ID No 5.

Any Canlon polypeptide or whole protein may be used to generate antibodies capable of
specifically binding to an expressed Canlon protein or fragments thereof as described.

An epitope can comprise as few as 3 amino acids in a spatial conformation, which is unique to
the epitope. Generally an epitope consists of at least 6 such amino acids, and more often at least 8-10
such amino acids. In preferred embodiment, antigenic epitopes comprise a number of amino acids that
is any integer between 3 and 50. Fragments which function as epitopes may be produced by any
conventional means. Epitopes can be determined by a Jameson-Wolf antigenic analysis, for example,
performed using the computer program PROTEAN, using default parameters (Version 4.0 Windows,
DNASTAR, Inc., 1228 South Park Street Madison, W1.

The invention also concerns a purified or isolated antibody capable of specifically binding to a
mutated Canlon protein or to a fragment or variant thereof comprising an epitope of the mutated
Canlon protein. In another preferred embodiment, the present invention concerns an antibody capable
of binding to a polypeptide comprising at least 10 consecutive amino acids of a Canlon protein and
including at least one of the amino acids which can be encoded by the trait causing mutations.

Non-human animals or mammals, whether wild-type or transgenic, which express a different
species of Canlon than the one to which antibody binding is desired, and animals which do not express
Canlon (i.e. a Canlon knock out animal as described herein) are particularly useful for preparing
antibodies. Canlon knock out animals will recognize all or most of the exposed regions of a Canlon
protein as foreign antigens, and therefore produce antibodies with a wider array of Canlon epitopes.
Moreover, smaller polypeptides with only 10 to 30 amino acids may be useful in obtaining specific
binding to any one of the Canlon proteins. In addition, the humoral immune system of animals which
produce a species of Canlon that resembles the antigenic sequence will preferentially recognize the
differences between the animal’s native Canlon species and the antigen sequence, and produce
antibodies to these unique sites in the antigen sequence. Such a technique will be particularly useful in
obtaining antibodies that specifically bind to any one of the Canlon proteins.

Antibody preparations prepared according to either protocol are useful in quantitative
immunoassays which determine concentrations of antigen-bearing substances in biological samples;
they are also used semi-quantitatively or qualitatively to identify the presence of antigen in a

biological sample. The antibodies may also be used in therapeutic compositions for killing cells
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expressing the protein or reducing the levels of the protein in the body.

The antibodies of the invention may be labeled by any one of the radioactive, fluorescent or
enzymatic labels known in the art.

Consequently, the invention is also directed to a method for detecting specifically the presence
of a Canlon polypeptide according to the invention in a biological sample, said method comprising the
following steps:

a) bringing into contact the biologicalr sample with a polyclonal or monoclonal antibody that
specifically binds a Canlon polypeptide comprising an amino acid sequence of SEQ ID No 5, or to a
peptide fragment or variant thereof; and

b) detecting the antigen-antibody complex formed.

The invention also concerns a diagnostic kit for detecting in vitro the presence of a Canlon
polypeptide according to the present invention in a biological sample, wherein said kit comprises:

a) a polyclonal or monoclonal antibody that specifically binds a Canlon polypeptide
comprising an amino acid sequence of SEQ ID No 5, or to a peptide fragment or variant thereof,
optionally labeled;

b) a reagent allowing the detection of the antigen-antibody complexes formed, said reagent
carrying optionally a label, or being able to be recognized itself by a labeled reagent, more particularly
in the case when the above-mentioned monoclonal or polyclonal antibody is not labeled by itself.

The present invention thus relates to antibodies and T-cell antigen receptors (TCR), which
specifically bind the polypeptides, and more specifically, the epitopes of the polyepeptides of the
present invention, including but not limited to IgG (including IgG1, IgG2, IgG3, and IgG4), IgA
(including IgAl and IgA2), IgD, IgE, or IgM, and IgY. In a preferred embodiment the antibodies are
human antigen binding antibody fragments of the present invention include, but are not limited to, Fab,
Fab' F(ab)2 and F(ab')2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs
(sdFv) and fragments comprising either a Vi, or Vg domain. The antibodies may be from any animal
origin including birds and mammals. Preferably, the antibodies are human, murine, rabbit, goat,
guinea pig, camel, horse, or chicken.

Antigen-binding antibody fragments, including single-chain antibodies, may comprise the
variable region(s) alone or in combination with the entire or partial of the following: hinge region,
CH1, CH2, and CH3 domains. Also included in the invention are any combinations of variable
region(s) and hinge region, CH1, CH2, and CH3 domains. The present invention further includes
chimeric, humanized, and human monoclonal and polyclonal antibodies, which specifically bind the
polypeptides of the present invention. The present invention further includes antibodies that are anti-
1diotypic to the antibodies of the present invention.

The antibodies of the present invention may be monospecific, bispecific, trispecific or have
greater multispecificity. Multispecific antibodies may be specific for different epitopes of a

polypeptide of the present invention or may be specific for both a polypeptide of the present invention
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as well as for heterologous compositions, such as a heterologous polypeptide or solid support material.
See, e.g., WO 93/17715; WO 92/08802; WO 91/00360; WO 92/05793; Tutt, et al. (1991) J. Immunol.
147:60-69; US Patent Nos. 5,573,920, 4,474,893, 5,601,819, 4,714,681, 4,925,648; Kostelny, et al.
(1992) J. Immunol. 148:1547-1553.

Antibodies of the present invention may be described or specified in terms of the epitope(s) or
epitope-bearing portion(s) of a polypeptide of the present invention, which are recognized or
specifically bound by the antibody. In the case of proteins of the present invention secreted proteins,
the antibodies may specifically bind a full-length protein encoded by a nucleic acid of the present
invention, a mature protein (i.c., the protein generated by cleavage of the signal peptide) encoded by a
nucleic acid of the present invention, a signal peptide encoded by a nucleic acid of the present
invention, or any other polypeptide of the present invention. Therefore, the epitope(s) or epitope
bearing polypeptide portion(s) may be specified as described herein, e.g., by N-terminal and C-
terminal positions, by size in contiguous amino acid residues, or otherwise described herein (including
the squence listing). Antibodies which specifically bind any epitope or polypeptide of the present
invention may also be excluded as individual species. Therefore, the present invention includes
antibodies that specifically bind specified polypeptides of the present invention, and allows for the
exclusion of the same.

Antibodies of the present invention may also be described or specified in terms of their cross-
reactivity. Antibodies that do not specifically bind any other analog, ortholog, or homolog of the
polypeptides of the present invention are included. Antibodies that do not bind polypeptides with less
than 95%, less than 90%, less than 85%, less than 80%, less than 75%, less than 70%, less than 65%,
less than 60%, less than 55%, and less than 50% identity (as calculated using methods known in the art
and described herein) to a polypeptide of the present invention are also included in the present
invention. Further included in the present invention are antibodies, which only bind polypeptides
encoded by polynucleotides, which hybridize to a polynucleotide of the present invention under
stringent hybridization conditions (as described herein). Antibodies of the present invention may also
be described or specified in terms of their binding affinity. Preferred binding affinities include those
with a dissociation constant or Kd less than SX10°°M, 10°°M, 5X107M, 10°'M, 5X10°M, 10*M, 5X10°
*M, 10°M, 5X107°M, 107°M, 5X10™'M, 10™"'M, 5X1072M, 10"M, 5X10"°M, 10°M, 5X107M, 10
“M, 5X107°M, and 10°M.

Antibodies of the present invention have uses that include, but are not limited to, methods
known in the art to purify, detect, and target the polypeptides of the present invention including both in
vitro and in vivo diagnostic and therapeutic methods. For example, the antibodies have use in
immunoassays for qualitatively and quantitatively measuring levels of the polypeptides of the present
invention in biological samples. See, e.g., Harlow et al., ANTIBODIES: A LABORATORY
MANUAL, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988) (incorporated by reference in its
entirety).
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The antibodies of the present invention may be used either alone or in combination with other
compositions. The antibodies may further be recombinantly fused to a heterologous polypeptide at the
N- or C-terminus or chemically conjugated (including covalent and non-covalent conjugations) to *
polypeptides or other compositions. For example, antibodies of the present invention may be
recombinantly fused or conjugated to molecules useful as labels in detection assays and effector
molecules such as heterologous polypeptides, drugs, or toxins. See, e.g., WO 92/08495; WO 91/14438,;
WO 89/12624; US Patent 5,314,995; and EP 0 396 387.

The antibodies of the present invention may be prepared by any suitable method known in the
art. For example, a polypeptide of the present invention or an antigenic fragment thereof can be
administered to an animal in order to induce the production of sera containing polyclonal antibodies.
The term “monoclonal antibody” is not limited to antibodies produced through hybridoma technology.
The term “antibody” refers to a polypeptide or group of polypeptides which are comprised of at least
one binding domain, where a binding domain is formed from the folding of variable domains of an
antibody molecule to form three-dimensional binding spaces with an internal surface shape and charge
distribution complementary to the features of an antigenic determinant of an antigen., which allows an
immunological reaction with the antigen. The term “monoclonal antibody” refers to an antibody that
is derived from a single clone, including eukaryotic, prokaryotic, or phage clone, and not the method
by which it is produced. Monoclonal antibodies can be prepared using a wide variety of techniques
known in the art including the use of hybridoma, recombinant, and phage display technology.

Hybridoma techniques include those known in the art (see, e.g., Harlow et al. (1998);
Hammerling, et al. (1981) (said references incorporated by reference in their entireties). Fab and
F(ab")2 fragments may be produced, for example, from hybridoma-produced antibodies by proteolytic
cleavage, using enzymes such as papain (to produce Fab fragments) or pepsin (to produce F(ab')2
fragments).

Alternatively, antibodies of the present invention can be produced through the application of
recombinant DNA technology or through synthetic chemistry using methods known in the art. For
example, the antibodies of the present invention can be prepared using various phage display methods
known in the art. In phage display methods, functional antibody domains are displayed on the surface
of a phage particle, which carries polynucleotide sequences encoding them. Phage with a desired
binding property are selected from a repertoire or combinatorial antibody library (e.g. human or
murine) by selecting directly with antigen, typically antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically filamentous phage including fd and M13 with Fab, Fv
or disulfide stabilized Fv antibody domains recombinantly fused to either the phage gene III or gene
VIII protein. Examples of phage display methods that can be used to make the antibodies of the
present invention include those disclosed in Brinkman, et al. (1995); Ames, et al. (1995);
Kettleborough, et al. (1994); Persic, et al. (1997); Burton, et al. (1994); PCT/GB91/01134; WO
90/02809; WO 91/10737, WO 92/01047; WO 92/18619; WO 93/11236; WO 95/15982; WO
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95/20401; and US Patent Nos. 5,698,426, 5,223,409, 5,403,484, 5,580,717, 5,427,908, 5,750,753,
5,821,047, 5,571,698, 5,427,908, 5,516,637, 5,780,225, 5,658,727 and 5,733,743 (said references
incorporated by reference in their entireties).

As described in the above references, after phage selection, the antibody coding regions from
the phage can be isolated and used to generate whole antibodies, including human antibodies, or any
other desired antigen binding fragment, and expressed in any desired host including mammalian cells,
insect cells, plant cells, yeast, and bacteria. For example, techniques to recombinantly produce Fab,
Fab’ F(ab)2 and F(ab")2 fragments can also be employed using methods known in the art such as those
disclosed in WO 92/22324; Mullinax, et al. (1992); and Sawai, et al. (1995); and Better, et al. (1988)
(said references incorporated by reference in their entireties).

Examples of techniques which can be used to produce single-chain Fvs and antibodies include
those described in U.S. Patents 4,946,778 and 5,258,498; Huston et al. (1991); Shu, et al. (1993); and
Skerra, et al. (1988). For some uses, including in vivo use of antibodies in humans and in vitro
detection assays, it may be preferable to use chimeric, humanized, or human antibodies. Methods for
producing chimeric antibodies are known in the art. See e.g., Morrison (1985); Oi et al., (1986);
Gillies, S.D. et al. (1989); and US Patent 5,807,715. Antibodies can be humanized using a variety of
techniques including CDR-grafting (EP 0 239 400; WO 91/09967; US Patent 5,530,101; and
5,585,089), veneering or resurfacing (EP 0 592 106; EP 0 519 596; Padlan E.A., (1991); Studnicka
G.M. et al. (1994); Roguska M.A. et al. (1994), and chain shuffling (US Patent 5,565,332). Human
antibodies can be made by a variety of methods known in the art including phage display methods
described above. See also, US Patents 4,444,887, 4,716,111, 5,545,806, and 5,814,318; WO 98/46645;
WO 98/50433; WO 98/24893; WO 96/34096; WO 96/33735; and WO 91/10741 (said references
incorporated by reference in their entireties). I

Further included in the present invention are antibodies recombinantly fused or chemically
conjugated (including both covalently and non-covalently conjugations) to a polypeptide of the present
invention. The antibodies may be specific for antigens other than polypeptides of the present
invention. For example, antibodies may be used to target the polypeptides of the present invention to
particular cell types, either in vitro or in vivo, by fusing or conjugating the polypeptides of the present
invention to antibodies specific for particular cell surface receptors. Antibodies fused or conjugated to
the polypeptides of the present invention may also be used in in vitro immunoassays and purification
methods using methods known in the art. See e.g., Harbor et al. supra and WO 93/21232; EP 0 439
095; Naramura, M. et al. (1994); US Patent 5,474,981; Gillies, S.O. et al. (1992); Fell, H.P. et al.
(1991) (said references incorporated by reference in their entireties).

The present invention further includes compositions comprising the polypeptides of the
present invention fused or conjugated to antibody domains other than the variable regions. For
example, the polypeptides of the present invention may be fused or conjugated to an antibody Fc

region, or portion thereof. The antibody portion fused to a polypeptide of the present invention may
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comprise the hinge region, CH1 domain, CH2 domain, and CH3 domain or any combination of whole
domains or portions thereof. The polypeptides of the present invention may be fused or conjugated to
the above antibody portions to increase the in vivo half-life of the polypeptides or for use in
immunoassays using methods known in the art. The polypeptides may also be fused or conjugated to
the above antibody portions to form multimers. For example, Fc portions fused to the polypeptides of
the present invention can form dimers through disulfide bonding between the Fc portions. Higher
multimeric forms can be made by fusing the polypeptides to portions of IgA and IgM. Methods for
fusing or conjugating the polypeptides of the present invention to antibody portions are known in the
art. See e.g., US Patents 5,336,603, 5,622,929, 5,359,046, 5,349,053, 5,447,851, 5,112,946, EP 0 307
434, EP 0 367 166; WO 96/04388, WO 91/06570; Ashkenazi, A. et al. (1991); Zheng, X.X. et al.
(1995); and Vil, H. et al. (1992) (said references incorporated by reference in their entireties).

The invention further relates to antibodies that act as agonists or antagonists of the
polypeptides of the present invention. For example, the present invention includes antibodies that
disrupt the receptor/ligand interactions with the polypeptides of the invention either partially or fully.
Included are both receptor-specific antibodies and ligand-specific antibodies. Included are receptor-
specific antibodies, which do not prevent ligand binding but prevent receptor activation. Receptor
activation (i.e., signaling) may be determined by techniques described herein or otherwise known in
the art. Also include are receptor-specific antibodies which both prevent ligand binding and receptor
activation. Likewise, included are neutralizing antibodies that bind the ligand and prevent binding of
the ligand to the receptor, as well as antibodies that bind the ligand, thereby preventing receptor
activation, but do not prevent the ligand from binding the receptor. Further included are antibodies
that activate the receptor. These antibodies may act as agonists for either all or less than all of the
biological activities affected by ligand-mediated receptor activation. The antibodies may be specified
as agonists or antagonists for biological activities comprising specific activities disclosed herein. The
above antibody agonists can be made using methods known in the art. See e.g., WO 96/40281; US
Patent 5,811,097; Deng, B. et al. (1998); Chen, Z. et al. (1998); Harrop, J.A. et al. (1998); Zhu, Z. et al.
(1998); Yoon, D.Y. et al. (1998); Prat, M. et al. (1998); Pitard, V. et al. (1997); Liautard, J. et al.
(1997); Carlson, N.G. et al. (1997); Taryman, R.E. et al. (1995); Muller, Y.A. et al. (1998); Bartunek,
P. et al. (1996) (said references incorporated by reference in their entireties).

As discussed above, antibodies of the polypeptides of the invention can, in turn, be utilized to
generate anti-idiotypic antibodies that “mimic” polypeptides of the invention using techniques well
known to those skilled in the art. See, e.g. Greenspan and Bona, (1989); Nissinoff, (1991). For
example, antibodies which bind to and competitively inhibit polypeptide multimerization or binding of
a polypeptide of the invention to ligand can be used to generate anti-idiotypes that “mimic” the
polypeptide multimerization or binding domain and, as a consequence, bind to and neutralize
polypeptide or its ligand. Such neutralization anti-idiotypic antibodies can be used to bind a

polypeptide of the invention or to bind its ligands/receptors, and therby block its biological activity.
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Canlon -related Biallelic Markers

Advantages Of The Biallelic Markers Of The Present Invention

The Canlon-related biallelic markers of the present invention offer a number of important
advantages over other genetic markers such as RFLP (Restriction fragment length polymorphism) and
VNTR (Variable Number of Tandem Repeats) markers.

The first generation of markers, were RFLPs, which are variations that modify the length of a
restriction fragment. But methods used to identify and to type RFLPs are relatively wasteful of
materials, effort, and time. The second generation of genetic markers were VNTRs, which can be
categorized as either minisatellites or microsatellites. Minisatellites are tandemly repeated DNA
sequences present in units of 5-50 repeats which are distributed along regions of the human
chromosomes ranging from 0.1 to 20 kilobases in length. Since they present many possible alleles,
their informative content is very high. Minisatellites are scored by performing Southern blots to

identify the number of tandem repeats present in a nucleic acid sample from the individual being

tested. However, there are only 104 potential VNTRs that can be typed by Southern blotting.
Moreover, both RFLP and VNTR markers are costly and time-consuming to develop and assay in
large numbers.

Single nucleotide polymorphism or biallelic markers can be used in the same manner as
RFLPs and VNTRs but offer several advantages. SNP are densely spaced in the human genome and
represent the most frequent type of variation. An estimated number of more than 10’ sites are
scattered along the 3x10° base pairs of the human genome. Therefore, SNP occur at a greater
frequency and with greater uniformity than RFLP or VNTR markers which means that there is a
greater probability that such a marker will be found in close proximity to a genetic locus of interest.
SNP are less variable than VNTR markers but are mutationally more stable.

Also, the different forms of a characterized single nucleotide polymorphism, such as the
biallelic markers of the present invention, are often easier to distinguish and can therefore be typed
easily on a routine basis. Biallelic markers have single nucleotide based alleles and they have only
two common alleles, which allows highly parallel detection and automated scoring. The biallelic
markers of the present invention offer the possibility of rapid, high throughput genotyping of a large
number of individuals.

Biallelic markers are densely spaced in the genome, sufficiently informative and can be
assayed in large numbers. The combined effects of these advantages make biallelic markers extremely
valuable in genetic studies. Biallelic markers can be used in linkage studies in families, in allele
sharing methods, in linkage disequilibrium studies in populations, in association studies of case-
control populations or of trait positive and trait negative populations. An important aspect of the
present invention is that biallelic markers allow association studies to be performed to identify genes

involved in complex traits. Association studies examine the frequency of marker alleles in unrelated
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case- and control-populations and are generally employed in the detection of polygenic or sporadic
traits. Association studies may be conducted within the general population and are not limited to
studies performed on related individuals in affected families (linkage studies). Biallelic markers in
different genes can be screened in parallel for direct association with disease or response to a
treatment. This multiple gene approach is a powerful tool for a variety of human genetic studies as it
provides the necessary statistical power to examine the synergistic effect of multiple genetic factors on

a particular phenotype, drug response, sporadic trait, or disease state with a complex genetic etiology.

Candidate Gene Of The Present Invention

Different approaches can be employed to perform association studies: genome-wide
association studies, candidate region association studies and candidate gene association studies.
Genome-wide association studies rely on the screening of genetic markers evenly spaced and covering
the entire genome. The candidate gene approach is based on the study of genetic markers specifically
located in genes potentially involved in a biological pathway related to the trait of interest. In the
present invention, Canlon is the candidate gene. The candidate gene analysis clearly provides a short-
cut approach to the identification of genes and gene polymorphisms related to a particular trait when
some information concerning the biology of the trait is available. However, it should be noted that all
of the biallelic markers disclosed in the instant application can be employed as part of genome-wide
association studies or as part of candidate region association studies and such uses are specifically

contemplated in the present invention and claims.

Canlon-Related Biallelic Markers And Polynucleotides Related Thereto

The invention also concerns Canlon-related biallelic markers. As used herein the term
“Canlon-related biallelic marker” relates to a set of biallelic markers in linkage disequilibrium with the
Canlon gene. The term Canlon-related biallelic marker includes the biallelic markers designated Al to
Al7.

A portion of the biallelic markers of the present invention are disclosed in Table 2. They are
also described as a single base polymorphism in the features of in the related SEQ ID Nos 1 to 4 and 6.
The pairs of primers allowing the amplification of a nucleic acid containing the polymorphic base of
one Canlon biallelic marker are listed in Table 1 of Example 2.

17 Canlon-related biallelic markers, Al to A17, are located in the genomic sequence of
Canlon. Biallelic markers A12 and A16 are located in the exons of Canlon. Biallelic marker A18 is
flanking the Canlon gene.

The invention also relates to a purified and/or isolated nucleotide sequence comprising a
polymorphic base of a Canlon-related biallelic marker. In preferred embodiments, the biallelic marker
is selected from the group consisting of A1 to A18, and the complements thereof. The sequence has
between 8 and 1000 nucleotides in length, and preferably comprises at least 8, 10, 12, 15, 18, 20, 25,
35, 40, 50, 60, 70, 80, 100, 250, 500 or 1000 contiguous nucleotides of a nucleotide sequence selected
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from the group consisting of SEQ ID Nos 1 to 4 and 6 or a variant thereof or a complementary
sequence thereto. These nucleotide sequences comprise the polymorphic base of either allele 1 or
allele 2 of the considered biallelic marker. Optionally, said biallelic marker may be within 6, 5, 4, 3,
2, or 1 nucleotides of the center of said polynucleotide or at the center of said polynucleotide.
Optionally, the 3' end of said contiguous span may be present at the 3' end of said polynucleotide.
Optionally, biallelic marker may be present at the 3' end of said polynucleotide. Optionally, said
polynucleotide may further comprise a label. Optionally, said polynucleotide can be attached to solid
support. In a further embodiment, the polynucleotides defined above can be used alone or in any
combination.

The invention also relates to a purified and/or isolated nucleotide sequence comprising
between 8 and 1000 contiguous nucleotides, and/or preferably at least 8, 10, 12, 15, 18, 20, 25, 35, 40,
50, 60, 70, 80, 100, 250, 500 or 1000 contiguous nucleotides of a nucleotide sequence selected from
the group consisting of SEQ ID Nos 1 to 4 or a variant thereof or a complementary sequence thereto.
Optionally, the 3' end of said polynucleotide may be located within or at least 2, 4, 6, 8, 10, 12, 15, 18,
20, 25, 50, 100, 250, 500, or 1000 nucleotides upstream of a Canlon-related biallelic marker in said
sequence. Optionally, said Canlon-related biallelic marker is selected from the group consisting of A1l
to A17; Optionally, the 3' end of said polynucleotide may be located within or at least 2, 4, 6, 8, 10,
12, 15, ‘18, 20, 25, 50, 100, 250, 500, or 1000 nucleotides upstream of a Canlon-related biallelic
marker in said sequence. Optionally, the 3' end of said polynucleotide may be located 1 nucleotide
upstream of a Canlon-related biallelic marker in said sequence. Optionally, said polynucleotide may
further comprise a label. Optionally, said polynucleotide can be attached to solid support. In a further
embodiment, the polynucleotides defined above can be used alone or in any combination.

In a preferred embodiment, the sequences comprising a polymorphic base of one of the
biallelic markers listed in Table 2 are selected from the group consisting of the nucleotide sequences
that have a contiguous span of, that consist of, that are comprised in, or that comprises a
polynucleotide selected from the group consisting of the nucleic acids of the sequences set forth as the
amplicons listed in Table 1 or a variant thereof or a complementary sequence thereto.

The invention further concerns a nucleic acid encoding the Canlon protein, wherein said
nucleic acid comprises a polymorphic base of a biallelic marker selected from the group consisting of
A12 and A16 and the complements thereof.

The invention also encompasses the use of any polynucleotide for, or any polynucleotide for
use in, determining the identity of one or more nucleotides at a Canlon-related biallelic marker. In
addition, the polynucleotides of the invention for use in determining the identity of one or more
nucleotides at a Canlon-related biallelic marker encompass polynucleotides with any further limitation
described in this disclosure, or those following, specified alone or in any combination. Optionally,
said Canlon-related biallelic marker is selected from the group consisting of A1 to A18, and the

complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
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optionally, said Canlon-related biallelic marker is selected from the group consisting of Al to A17,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, said Canlon-related biallelic marker is selected from the group consisting of A12 and A16,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
Optionally, said polynucleotide may comprise a sequence disclosed in the present specification;
Optionally, said polynucleotide may consist of, or consist essentially of any polynucleotide described
in the present specification; Optionally, said determining may be performed in a hybridization assay,
sequencing assay, microsequencing assay, or an enzyme-based mismatch detection assay; Optionally,
said polynucleotide may be attached to a solid support, array, or addressable array; Optionally, said
polynucleotide may be labeled. A preferred polynucleotide may be used in a hybridization assay for
determining the identity of the nucleotide at a Canlon-related biallelic marker. Another preferred
polynucleotide may be used in a sequencing or microsequencing assay for determining the identity of
the nucleotide at a Canlon-related biallelic marker. A third preferred polynucleotide may be used in
an enzyme-based mismatch detection assay for determining the identity of the nucleotide at a Canlon-
related biallelic marker. A fourth preferred polynucleotide may be used in amplifying a segment of
polynucleotides comprising a Canlon-related biallelic marker. Optionally, any of the polynucleotides
described above may be attached to a solid support, array, or addressable array; Optionally, said
polynucleotide may be labeled.

Additionally, the invention encompasses the use of any polynucleotide for, or any
polynucleotide for use in, amplifying a segment of nucleotides comprising a Canlon-related biallelic
marker. In addition, the polynucleotides of the invention for use in amplifying a segment of
nucleotides comprising a Canlon-related biallelic marker encompass polynucleotides with any further
limitation described in this disclosure, or those following, specified alone or in any combination:
Optionally, said Canlon-related biallelic marker is selected from the group consisting of Al to A18,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, said Canlon-related biallelic marker is selected from the group consisting of Al to Al17,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, said Canlon-related biallelic marker is selected from the group consisting of A12 and A16,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
Optionally, said polynucleotide may comprise a sequence disclosed in the present specification;
Optionally, said polynucleotide may consist of, or consist essentially of any polynucleotide described
in the present specification; Optionally, said amplifying may be performed by PCR or LCR.
Optionally, said polynucleotide may be attached to a solid support, array, or addressable array.
Optionally, said polynucleotide may be labeled.

The primers for amplification or sequencing reaction of a polynucleotide comprising a
biallelic marker of the invention may be designed from the disclosed sequences for any method known

in the art. A preferred set of primers are fashioned such that the 3' end of the contiguous span of
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identity with a sequence selected from the group consisting of SEQ ID Nos 1 to 4 and 6 or a sequence
complementary thereto or a variant thereof is present at the 3' end of the primer. Such a conﬁgurationl
allows the 3' end of the primer to hybridize to a selected nucleic acid sequence and dramatically
increases the efficiency of the primer for amplification or sequencing reactions. Allele specific
primers may be designed such that a polymorphic base of a biallelic marker is at the 3' end of the
contiguous span and the contiguous span is present at the 3' end of the primer. Such allele specific
primers tend to selectively prime an amplification or sequencing reaction so long as they are used with
a nucleic acid sample that contains one of the two alleles present at a biallelic marker. The 3' end of
the primer of the invention may be located within or at least 2, 4, 6, 8, 10, 12, 15, 18, 20, 25, 50, 100,
250, 500, or 1000 nucleotides upstream of a Canlon-related biallelic marker in said sequence or at any
other location which is appropriate for their intended use in sequencing, amplification or the location
of novel sequences or markers. Thus, another set of preferred amplification primers comprise an
isolated polynucleotide consisting essentially of a contiguous span of 8 to 50 nucleotides in a sequence
selected from the group consisting of SEQ ID Nos 1 to 4 and 6 or a sequence complementary thereto
or a variant thereof, wherein the 3” end of said contiguous span is located at the 3’end of said
polynucleotide, and wherein the 3’end of said polynucleotide is located upstream of a Canlon-related
biallelic marker in said sequence. Preferably, those amplification primers comprise a sequence
selected from the group consisting of the sequences B1 to B17 and C1 to C17. Primers with their 3'
ends located 1 nucleotide upstream of a biallelic marker of Canlon have a special utility as
microsequencing assays. Preferred microsequencing primers are described in Table 4. Optionally,
said Canlon-related biallelic marker is selected from the group consisting of Al to A18, and the
complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, said Canlon-related biallelic marker is selected from the group consisting of Al to Al7,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, said Canlon-related biallelic marker is selected from the group consisting of A12 and A16,
and the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
Optionally, microsequencing primers are selected from the gfoup consisting of the nucleotide
sequences D1 to D18 and E1 to E18.

The probes of the present invention may be designed from the disclosed sequences for any
method known in the art, particularly methods which allow for testing if a marker disclosed herein is
present. A preferred set of probes may be designed for use in the hybridization assays of the invention
in any manner known in the art such that they selectively bind to one allele of a biallelic marker, but
not the other under any particular set of assay conditions. Preferred hybridization probes comprise the
polymorphic base of either allele 1 or allele 2 of the considered biallelic marker. Optionally, said
biallelic marker may be within 6, 5, 4, 3, 2, or 1 nucleotide(s) of the center of the hybridization probe
or at the center of said probe. In a preferred embodiment, the probes are selected from the group

consisting of each of the sequences P1 to P18 and each of the complementary sequences thereto.
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It should be noted that the polynucleotides of the present invention are not limited to having
the exact flanking sequences surrounding the polymorphic bases which are enumerated in Sequence
Listing. Rather, it will be appreciated that the flanking sequences surrounding the biallelic markers
may be lengthened or shortened to any extent compatible with their intended use and the present
invention specifically contemplates such sequences. The flanking regions outside of the contiguous
span need not be homologous to native flanking sequences which actually occur in human subjects.
The addition of any nucleotide sequence which is compatible with the nucleotides intended use is
specifically contemplated.

Primers and probes may be labeled or immobilized on a solid support as described in
“Oligonucleotide probes and primers”.

The polynucleotides of the invention which are attached to a solid support encompass
polynucleotides with any further limitation described in this disclosure, or those following, specified
alone or in any combination: Optionally, said polynucleotides may be specified as attached
individually or in groups of at least 2, 5, 8, 10, 12, 15, 20, or 25 distinct polynucleotides of the
invention to a single solid support. Optionally, polynucleotides other than those of the invention may
attached to the same solid support as polynucleotides of the invention. Optionally, when multiple
polynucleotides are attached to a solid support they may be attached at random locations, or in an
ordered array. Optionally, said ordered array may be addressable.

The present invention also encompasses diagnostic kits comprising one or more
polynucleotides of the invention with a portion or all of the necessary reagents and instructions for
genotyping a test subject by determining the identity of a nucleotide at a Canlon-related biallelic
marker. The polynucleotides of a kit may optionally be attached to a solid support, or be part of an
array or addressable array of polynucleotides. The kit may provide for the determination of the
identity of the nucleotide at a marker position by any method known in the art including, but not
limited to, a sequencing assay method, a microsequencing assay method, a hybridization assay

method, or an enzyme-based mismatch detection assay method.

Methods For De Nove Identification Of Biallelic Markers

Any of a variety of methods can be used to screen a genomic fragment for single nucleotide
polymorphisms such as differential hybridization with oligonucleotide probes, detection of changes in
the mobility measured by gel electrophoresis or direct sequencing of the amplified nucleic acid. A
preferred method for identifying biallelic markers involves comparative sequencing of genomic DNA
fragments from an appropriate number of unrelated individuals.

In a first embodiment, DNA samples from unrelated individuals are pooled together, following
which the genomic DNA of interest is amplified and sequenced. The nucleotide sequences thus
obtained are then analyzed to identify significant polymorphisms. One of the major advantages of this
method resides in the fact that the pooling of the DNA samples substantially reduces the number of

DNA amplification reactions and sequencing reactions, which must be carried out. Moreover, this

54



10

15

20

25

30

35

WO 02/46404 PCT/1IB01/02798

method is sufficiently sensitive so that a biallelic marker obtained thereby usually demonstrates a
sufficient frequency of its less common allele to be useful in conducting association studies.

In a second embodiment, the DNA samples are not pooled and are therefore amplified and
sequenced individually. This method is usually preferred when biallelic markers need to be identified
in order to perform association studies within candidate genes. Preferably, highly relevant gene
regions such as promoter regions or exon regions may be screened for biallelic markers. A biallelic
marker obtained using this method may show a lower degree of informativeness for conducting
association studies, e.g. if the frequency of its less frequent allele may be less than about 10%. Such a
biallelic marker will, however, be sufficiently informative to conduct association studies and it will
further be appreciated that including less informative biallelic markers in the genetic analysis studies
of the present invention, may allow in some cases the direct identification of causal mutations, which
may, depending on their penetrance, be rare mutations.

The following is a description of the various parameters of a preferred method used by the

inventors for the identification of the biallelic markers of the present invention.

Genomic DNA Samples

The genomic DNA samples from which the biallelic markers of the present invention are
generated are preferably obtained from unrelated individuals corresponding to a heterogeneous
population of known etlhnic background. The number of individuals from whom DNA samples are
obtained can vary substantially, preferably from about 10 to about 1000, preferably from about 50 to
about 200 individuals. It is usually preferred to collect DNA samples from at least about 100
individuals in order to have sufficient polymorphic diversity in a given population to identify as many
markers as possible and to generate statistically significant results.

As for the source of the genomic DNA to be subjected to analysis, any test sample can be
foreseen without any particular limitation. These test samples include biological samples, which can
be tested by the methods of the present invention described herein, and include human and animal
body fluids such as whole blood, serum, plasma, cerebrospinal fluid, urine, lymph fluids, and various
external secretions of the respiratory, intestinal and genitourinary tracts, tears, saliva, milk, white
blood cells, myelomas and the like; biological fluids such as cell culture supernatants; fixed tissue
specimens including tumor and non-tumor tissue and lymph node tissues; bone marrow aspirates and
fixed cell specimens. The preferred source of genomic DNA used in the present invention is from
peripheral venous blood of each donor. Techniques to prepare genomic DNA from biological samples
are well known to the skilled technician. Details of a preferred embodiment are provided in Example

1. The person skilled in the art can choose to amplify pooled or unpooled DNA samples.

DNA Amplification

The identification of biallelic markers in a sample of genomic DNA may be facilitated through
the use of DNA amplification methods. DNA samples can be pooled or unpooled for the amplification
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step. DNA amplification techniques are well known to those skilled in the art.

Amplification techniques that can be used in the context of the present invention include, but
are not limited to, the ligase chain reaction (LCR) described in EP-A- 320 308, WO 9320227 and EP-
A-439 182, the polymerase chain reaction (PCR, RT-PCR) and techniques such as the nucleic acid
sequence based amplification INASBA) described in Guatelli J.C., et al. (1990) and in Compton J.
(1991), Q-beta amplification as described in European Patent Application No 4544610, strand
displacement amplification as described in Walker et al. (1996) and EP A 684 315 and, target
mediated amplification as described in PCT Publication WO 9322461.

LCR and Gap LCR are exponential amplification techniques, both depend on DNA ligase to
join adjacent primers annealed to a DNA molecule. In Ligase Chain Reaction (LCR), probe pairs
are used which include two primary (first and second) and two secondary (third and fourth) probes,
all of which are employed in molar excess to target. The first probe hybridizes to a first segment of
the target strand and the second probe hybridizes to a second segment of the target strand, the first
and second segments being contiguous so that the primary probes abut one another in 5’ phosphate-
3’hydroxyl relationship, and so that a ligase can covalently fuse or ligate the two probes into a fused
product. In addition, a third (secondary) probe can hybridize to a portion of the first probe and a
fourth (secondary) probe can hybridize to a portion of the second probe in a similar abutting fashion.
Of course, if the target is initially double stranded, the secondary probes also will hybridize to the
target complement in the first instance. Once the ligated strand of primary probes is separated from
the target strand, it will hybridize with the third and fourth probes, which can be ligated to form a
complementary, secondary ligated product. It is important to realize that the ligated products are
functionally equivalent to either the target or its complement. By repeated cycles of hybridization
and ligation, amplification of the target sequence is achieved. A method for multiplex LCR has also
been described (WO 9320227). Gap LCR (GLCR) is a version of LCR where the probes are not
adjacent but are separated by 2 to 3 bases.

For amplification of mRNAs, it is within the scope of the present invention to reverse
transcribe mRNA into cDNA followed by polymerase chain reaction (RT-PCR); or, to use a single
enzyme for both steps as described in U.S. Patent No. 5,322,770 or, to use Asymmetric Gap LCR
(RT-AGLCR) as described by Marshall et al.(1994). AGLCR is a modification of GLCR that allows
the amplification of RNA.

The PCR technology is the preferred amplification technique used in the present invention. A
variety of PCR techniques are familiar to those skilled in the art. For a review of PCR technology, see
White (1997) and the publication entitled “PCR Methods and Applications” (1991, Cold Spring
Harbor Laboratory Press). In each of these PCR procedures, PCR primers on either side of the nucleic
acid sequences to be amplified are added to a suitably prepared nucleic acid sample along with dNTPs
and a thermostable polymerase such as Taq polymerase, Pfu polymerase, or Vent polymerase. The

nucleic acid in the sample is denatured and the PCR primers are specifically hybridized to
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complementary nucleic acid sequences in the sample. The hybridized primers are extended.
Thereafter, another cycle of denaturation, hybridization, and extension is initiated. The cycles are
repeated multiple times fo produce an amplified fragment containing the nucleic acid sequence
between the primer sites. PCR has further been described in several patents including US Patents
4,683,195; 4,683,202; and 4,965,188, the disclosures of which are incorporated herein by reference in
their entireties.

PCR technology is the preferred amplification technique used to identify new biallelic markers.
A typical example of a PCR reaction suitable for the purposes of the present invention is provided in
Example 2.

One of the aspects of the present invention is a method for the amplification of the human
Canlon gene, particularly of a fragment of the genomic sequence of SEQ ID No 1 to 3 or of the cDNA
sequence of SEQ ID No 4, or a fragment or a variant thereof in a test sample, preferably using PCR.
This method comprises the steps of:

a) contacting a test sample with amplification reaction reagents comprising a pair of
amplification primers as described above and located on either side of the polynucleotide
region to be amplified, and

b) optionally, detecting the amplification products.

The invention also concerns a kit for the amplification of a Canlon gene sequence, particularly
of a portion of the genomic sequence of SEQ ID No 1 to 3 or of the cDNA sequence of SEQ ID No 4,
or a variant thereof in a test sample, wherein said kit comprises:

a) a pair of oligonucleotide primers located on either side of the Canlon region to be

amplified;

b) optionally, the reagents necessary for performing the amplification reaction.

In one embodiment of the above amplification method and kit, the amplification
product is detected by hybridization with a labeled probe having a sequence which is complementary
to the amplified region. In another embodiment of the above amplification method and kit, primers
comprise a sequence which is selected from the group consisting of the nucleotide sequences of B1 to
B17, C1 to C17, D1 to D18, and E1 to E18.

In a first embodiment of the present invention, biallelic markers are identified using genomic
sequence information generated by the inventors. Sequenced genomic DNA fragments are used to
design primers for the amplification of 500 bp fragments. These 500 bp fragments are amplified from
genomic DNA and are scanned for biallelic markers. Primers may be designed using the OSP
software (Hillier L. and Green P., 1991). All primers may contain, upstream of the specific target
bases, a common oligonucleotide tail that serves as a sequencing primer. Those skilled in the art are
familiar with primer extensions, which can be used for these purposes.

Preferred primers, useful for the amplification of genomic sequences encoding the Canlon

gene, focus on promoters, exons and splice sites of the genes. A biallelic marker presents a higher
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probability to be an eventual causal mutation if it is located in these functional regions of the gene.
Preferred amplification primers of the invention include the nucleotide sequences B1 to B17 and C1 to

C17, detailed further in Example 2, Table 1.

Sequencing Of Amplified Genomic DNA And Identification Of Single Nucleotide

Polymorphisms

The amplification products generated as described above, are then sequenced using any
method known and available to the skilled technician. Methods for sequencing DNA using either the
dideoxy-mediated method (Sanger method) or the Maxam-Gilbert method are widely known to those
of ordinary skill in the art. Such methods are for example disclosed in Sambrook et al. (1989).
Alternative approaches include hybridization to high-density DNA probe arrays as described in Chee
et al. (1996).

Preferably, the amplified DNA is subjected to automated dideoxy terminator sequencing
reactions using a dye-primer cycle sequencing protocol. The products of the sequencing reactions are
run on sequencing gels and the sequences are determined using gel image analysis. The
polymorphism search is based on the presence of superimposed peaks in the electrophoresis pattern
resulting from different bases occurring at the same position. Because each dideoxy terminator is
labeled with a different fluorescent molecule, the two peaks corresponding to a biallelic site present
distinct colors corresponding to two different nucleotides at the same position on the sequence.
However, the presence of two peaks can be an artifact due to background noise. To exclude such an
artifact, the two DNA strands are sequenced and a comparison between the peaks is carried out. In
order to be registered as a polymorphic sequence, the polymorphism has to be detected on both
strands.

The above procedure permits those amplification products, which contain biallelic markers to
be identified. The detection limit for the frequency of biallelic polymorphisms detected by sequencing
pools of 100 individuals is approximately 0.1 for the minor allele, as verified by sequencing pools of
known allelic frequencies. However, more than 90% of the biallelic polymorphisms detected by the
pooling method have a frequency for the minor allele higher than 0.25. Therefore, the biallelic
markers selected by this method have a frequency of at least 0.1 for the minor allele and less than 0.9
for the major allele. Preferably at least 0.2 for the minor allele and less than 0.8 for the major allele,
more preferably at least 0.3 for the minor allele and less than 0.7 for the major allele, thus a
heterozygosity rate higher than 0.18, preferably higher than 0.32, more preferably higher than 0.42.

In another embodiment, biallelic markers are detected by sequencing individual DNA samples,

the frequency of the minor allele of such a biallelic marker may be less than 0.1.

Validation Of The Biallelic Markers Of The Present Invention

The polymorphisms are evaluated for their usefulness as genetic markers by validating that

both alleles are present in a population. Validation of the biallelic markers is accomplished by
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genotyping a group of individuals by a method of the invention and demonstrating that both alleles are
present. Microsequencing is a preferred method of genotyping alleles. The validation by genotyping
step may be performed on individual samples derived from each individual in the group or by
genotyping a pooled sample derived from more than one individual. The group can be as small as one
individual if that individual is heterozygous for the allele in question. Preferably the group contains at
least three individuals, more preferably the group contains five or six individuals, so that a single
validation test will be more likely to result in the validation of more of the biallelic markers that are
being tested. It should be noted, however, that when the validation test is performed on a small group
it may result in a false negative result if as a result of sampling error none of the individuals tested
carries one of the two alleles. Thus, the validation process is less useful in demonstrating that a
particular initial result is an artifact, than it is at demonstrating that there is a bona fide biallelic marker
at a particular position in a sequence. All of the genotyping, haplotyping, association, and interaction

study methods of the invention may optionally be performed solely with validated biallelic markers.

Evaluation Of The Frequency Of The Biallelic Markers Of The Present Invention

The validated biallelic markers are further evaluated for their usefulness as genetic markers by
determining the frequency of the least common allele at the biallelic marker site. The higher the
frequency of the less common allele the greater the usefulness of the biallelic marker is association
and interaction studies. The determination of the least common allele is accomplished by genotyping
a group of individuals by a method of the invention and demonstrating that both alleles are present.
This determination of frequency by genotyping step may be performed on individual samples derived
from each individual in the group or by genotyping a pooled sample derived from more than one
individual. The group must be large enough to be representative of the population as a whole.
Preferably the group contains at least 20 individuals, more preferably the group contains at least 50
individuals, most preferably the group contains at least 100 individuals. Of course the larger the group
the greater the accuracy of the frequency determination because of reduced sampling error. A biallelic
marker wherein the frequency of the less common allele is 30% or more is termed a “high quality
biallelic marker.” All of the genotyping, haplotyping, association, and interaction study methods of the

invention may optionally be performed solely with high quality biallelic markers.

Methods For Genotyping An Individual For Biallelic Markers

Methods are provided to genotype a biological sample for one or more biallelic markers of the
present invention, all of which may be performed iz vitro. Such methods of genotyping comprise
determining the identity of a nucleotide at a Canlon biallelic marker site by any method known in the
art. These methods find use in genotyping case-control populations in association studies as well as
individuals in the context of detection of alleles of biallelic markers which are known to be associated
with a given trait, in which case both copies of the biallelic marker present in individual's genome are

determined so that an individual may be classified as homozygous or heterozygous for a particular
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allele.

These genotyping methods can be performed on nucleic acid samples derived from a single
individual or pooled DNA samples.

Genotyping can be performed using similar methods as those described above for the
identification of the biallelic markers, or using other genotyping methods such as those further
described below. In preferred embodiments, the comparison of sequences of amplified genomic
fragments from different individuals is used to identify new biallelic markers whereas
microsequencing is used for genotyping known biallelic markers in diagnostic and association study
applications.

In one embodiment the invention encompasses methods of genotyping comprising
determining the identity of a nucleotide at a Canlon-related biallelic marker or the complement thereof
in a biological sample; optionally, wherein said Canlon-related biallelic marker is selected from the
group consisting of Al to A18, and the complements thereof, or optionally the biallelic markers in
linkage disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker is selected
from the group consistinig of Al to A17, and the complements thereof, or optionally the biallelic
markers in linkage disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker
is selected from the group consisting of A12 and A16, and the complements thereof, or optionally the
biallelic markers in linkage disequilibrium therewith; optionally, wherein said biological sample is
derived from a single subject; optionally, wherein the identity of the nucleotides at said biallelic
marker is determined for both copies of said biallelic marker present in said individual's genome;
optionally, wherein said biological sample is derived from multiple subjects; Optionally, the
genotyping methods of the invention encompass methods with any further limitation described in this
disclosure, or those following, specified alone or in any combination; Optionally, said method is
performed in vitro; optionally, further comprising amplifying a portion of said sequence comprising
the biallelic marker prior to said determining step; Optionally, wherein said amplifying is performed
by PCR, LCR, or replication of a recombinant vector comprising an origin of replication and said
fragment in a host cell; optionally, wherein said determining is performed by a hybridization assay, a

sequencing assay, a microsequencing assay, or an enzyme-based mismatch detection assay.

Source of Nucleic Acids for genotyping

Any source of nucleic acids, in purified or non-purified form, can be utilized as the starting
nucleic acid, provided it contains or is suspected of containing the specific nucleic acid sequence
desired. DNA or RNA may be extracted from cells, tissues, body fluids and the like as described
above. While nucleic acids for use in the genotyping methods of the invention can be derived from
any mammalian source, the test subjects and individuals from which nucleic acid samples are taken

are generally understood to be human.
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Amplification Of DNA Fragments Comprising Biallelic Markers

Methods and polynucleotides are provided to amplify a segment of nucleotides comprising
one or more biallelic marker of the present invention. It will be appreciated that amplification of DNA
fragments comprising biallelic markers may be used in various methods and for various purposes and
is not restricted to genotyping. Nevertheless, many genotyping methods, although not all, require the
previous amplification of the DNA region carrying the biallelic marker of interest. Such methods
specifically increase the concentration or total number of sequences that span the biallelic marker or
include that site and sequences located either distal or proximal to it. Diagnostic assays may also rely
on amplification of DNA segments carrying a biallelic marker of the present invention. Amplification
of DNA may be achieved by any method known in the art. Amplification techniques are described
above in the section entitled, “DNA amplification.”

Some of these amplification methods are particularly suited for the detection of single
nucleotide polymorphisms and allow the simultaneous amplification of a target sequence and the
identification of the polymorphic nucleotide as it is further described below.

The identification of biallelic markers as described above allows the design of appropriate
oligonucleotides, which can be used as primers to amplify DNA fragments comprising the biallelic
markers of the present invention. Amplification can be performed using the primers initially used to
discover new biallelic markers which are described herein or any set of primers allowing the
amplification of a DNA fragment comprising a biallelic marker of the present invention.

In some embodiments the present invention provides primers for amplifying a DNA fragment
containing one or more biallelic markers of the present invention. Preferred amplification primers are
listed in Example 2. It will be appreciated that the primers listed are merely exemplar.y and that any
other set of primers which produce amplification products containing one or more biallelic markers of
the present invention are also of use.

The spacing of the primers determines the length of the segment to be amplified. In the
context of the present invention, amplified segments carrying biallelic markers can range in size from
at least about 25 bp to 35 kbp. Amplification fragments from 25-3000 bp are typical, fragments from
50-1000 bp are preferred and fragments from 100-600 bp are highly preferred. It will be appreciated
that amplification primers for the biallelic markers may be any sequence which allow the specific
amplification of any DNA fragment carrying the markers. Amplification primers may be labeled or

immobilized on a solid support as described in “Oligonucleotide probes and primers”.

Methods of Genotyping DNA samples for Biallelic Markers

Any method known in the art can be used to identify the nucleotide present at a biallelic
marker site. Since the biallelic marker allele to be detected has been identified and specified in the
present invention, detection will prove simple for one of ordinary skill in the art by employing any of a

number of techniques. Many genotyping methods require the previous amplification of the DNA
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region carrying the biallelic marker of interest. While the amplification of target or signal is often
preferred at present, ultrasensitive detection methods which do not require amplification are also
encompassed by the present genotyping methods. Methods well-known to those skilled in the art that
can be used to detect biallelic polymorphisms include methods such as, conventional dot blot analyzes,
single strand conformational polymorphism analysis (SSCP) described by Orita et al. (1989),
denaturing gradient gel electrophoresis (DGGE), heteroduplex analysis, mismatch cleavage detection,
and other conventional techniques as described in Sheffield et al. (1991), White et al. (1992), Grompe
et al. (1989 and 1993). Another method for determining the identity of the nucleotide present at a
particular polymorphic site employs a specialized exonuclease-resistant nucleotide derivative as
described in US patent 4,656,127.

Preferred methods involve directly determining the identity of the nucleotide present at a
biallelic marker site by sequencing assay, enzyme-based mismatch detection assay, or hybridization
assay. The following is a description of some preferred methods. A highly preferred method is the
microsequencing technique. The term “sequencing” is generally used herein to refer to polymerase
extension of duplex primer/template complexes and includes both traditional sequencing and

microsequencing.

1) Sequencing Assays

The nucleotide present at a polymorphic site can be determined by sequencing methods. In a
preferred embodiment, DNA samples are subjected to PCR amplification before sequencing as
described above. DNA sequencing methods are described in “Sequencing Of Amplified Genomic
DNA And Identification Of Single Nucleotide Polymorphisms”.

Preferably, the amplified DNA is subjected to automated dideoxy terminator sequencing
reactions using a dye-primer cycle sequencing protocol. Sequence analysis allows the identification of

the base present at the biallelic marker site.

2) Microsequencing Assays

In microsequencing methods, the nucleotide at a polymorphic site in a target DNA is detected
by a single nucleotide primer extension reaction. This method involves appropriate microsequencing
primers which, hybridize just upstream of the polymorphic base of interest in the target nucleic acid.
A polymerase is used to specifically extend the 3’ end of the primer with one single ddNTP (chain
terminator) complementary to the nucleotide at the polymorphic site. Next the identity of the
incorporated nucleotide is determined in any suitable way.

Typically, microsequencing reactions are carried out using fluorescent ddNTPs and the
extended microsequencing primers are analyzed by electrophore;s,is on ABI 377 sequencing machines
to determine the identity of the incorporated nucleotide as described in EP 412 883, the disclosure of
which is incorporated herein by reference in its entirety. Alternatively capillary electrophoresis can be
used in order to process a higher number of assays simultaneously. An example of a typical
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microsequencing procedure that can be used in the context of the present invention is provided in
Example 4.

Different approaches can be used for the labeling and detection of ddNTPs. A homogeneous
phase detection method based on fluorescence resonance energy transfer has been described by Chen
and Kwok (1997) and Chen et al. (1997). In this method, amplified genomic DNA fragments
containing polymorphic sites are incubated with a 5’-fluorescein—labeled primer in the presence of
allelic dye-labeled dideoxyribonucleoside triphosphates and a modified Taq polymerase. The dye-
labeled primer is extended one base by the dye-terminator specific for the allele present on the
template. At the end of the genotyping reaction, the fluorescence intensities of the two dyes in the
reaction mixture are analyzed directly without separation or purification. All these steps can be
performed in the same tube and the fluorescence changes can be monitored in real time. Alternatively,
the extended primer may be analyzed by MALDI-TOF Mass Spectrometry. The base at the
polymorphic site is identified by the mass added onto the microsequencing primer (see Haff and
Smirnov, 1997).

Microsequencing may be achieved by the established microsequencing method or by
developments or derivatives thereof. Alternative methods include several solid-phase
microsequencing techniques. The basic microsequencing protocol is the same as described previously,
except that the method is conducted as a heterogeneous phase assay, in which the primer or the target
molecule is immobilized or captured onto a solid support. To simplify the primer separation and the
terminal nucleotide addition analysis, oligonucleotides are attached to solid supports or are modified in
such ways that permit affinity separation as well as polymerase extension. The 5’ ends and internal
nucleotides of synthetic oligonucleotides can be modified in a number of different ways to permit
different affinity separation approaches, e.g., biotinylation. If a single affinity group is used on the
oligonucleotides, the oligonucleotides can be separated from the incorporated terminator regent. This
eliminates the need of physical or size separation. More than one oligonucleotide can be separated
from the terminator reagent and analyzed simultaneously if more than one affinity group is used. This
permits the analysis of several nucleic acid species or more nucleic acid sequence information per
extension reaction. The affinity group need not be on the priming oligonucleotide but could
alternatively be present on the template. For example, immobilization can be carried out via an
interaction between biotinylated DNA and streptavidin-coated microtitration wells or avidin-coated
polystyrene particles. In the same manner, oligonucleotides or templates may be attached to a solid
support in a high-density format. In such solid phase microsequencing reactions, incorporated
ddNTPs can be radiolabeled (Syvinen, 1994) or linked to fluorescein (Livak and Hainer, 1994). The
detection of radiolabeled ddNTPs can be achieved through scintillation-based techniques. The
detection of fluorescein-linked ddNTPs can be based on the binding of antifluorescein antibody
conjugated with alkaline phosphatase, followed by incubation with a chromogenic substrate (such as

p-nitrophenyl phosphate). Other possible reporter-detection pairs include: ddNTP linked to
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dinitrophenyl (DNP) and anti-DNP alkaline phosphatase conjugate (Harju et al., 1993) or biotinylated
ddNTP and horseradish peroxidase-conjugated streptavidin with o-phenylenediamine as a substrate
(WO 92/15712, the disclosure of which is incorporated herein by reference in its entirety). As yet
another alternative solid-phase microsequencing procedure, Nyren et al. (1993) described a method
relying on the detection of DNA polymerase activity by an enzymatic luminometric inorganic
pyrophosphate detection assay (ELIDA).

Pastinen et al. (1997) describe a method for multiplex detection of single nucleotide
polymorphism in which the solid phase minisequencing principle is applied to an oligonucleotide array
format. High-density arrays of DNA probes attached to a solid support (DNA chips) are further
described below.

In one aspect the present invention provides polynucleotides and methods to genotype one or
more biallelic markers of the present invention by performing a microsequencing assay. Preferred
microsequencing primers include the nucleotide sequences D1 to D18 and E1 to E18. It will be
appreciated that the microsequencing primers listed in Example 4 are merely exemplary and that, any
primer having a 3’ end immediately adjacent to the polymorphic nucleotide may be used. Similarly, it
will be appreciated that microsequencing analysis may be performed for any biallelic marker or any
combination of biallelic markers of the present invention. One aspect of the present invention is a
solid support which includes one or more microsequencing primers listed in Example 4, or fragments
comprising at least 8, 12, 15, 20, 25, 30, 40, or 50 consecutive nucleotides thereof, to the extent that
such lengths are consistent with the primer described, and having a 3’ terminus immediately upstream
of the corresponding biallelic marker, for determining the identity of a nucleotide at a biallelic marker

site.

3) Mismatch detection assays based on polymerases and ligases

In one aspect the present invention provides polynucleotides and methods to determine the
allele of one or more biallelic markers of the present invention in a biological sample, by mismatch
detection assays based on polymerases and/or ligases. These assays are based on the specificity of
polymerases and ligases. Polymerization reactions places particularly stringent requirements on '
correct base pairing of the 3’ end of the amplification primer and the joining of two oligonucleotides
hybridized to a target DNA sequence is quite sensitive to mismatches close to the ligation site,
especially at the 3* end. Methods, primers and various parameters to amplify DNA fragments
comprising biallelic markers of the present invention are further described above in “Amplification Of

DNA Fragments Comprising Biallelic Markers”.

Allele Specific Amplification Primers

Discrimination between the two alleles of a biallelic marker can also be achieved by allele
specific amplification, a selective strategy, whereby one of the alleles is amplified without
amplification of the other allele. For allele specific amplification, at least one member of the pair of

64



10

15

20

25

30

35

WO 02/46404 PCT/1IB01/02798

primers is sufficiently complementary with a region of a Canlon gene comprising the polymorphic
base of a biallelic marker of the present invention to hybridize therewith and to initiate the
amplification. Such primers are able to discriminate between the two alleles of a biallelic marker.

This is accomplished by placing the polymorphic base at the 3’ end of one of the amplification
primers. Because the extension forms from the 3’end of the primer, a mismatch at or near this position
has an inhibitory effect on amplification. Therefore, under appropriate amplification conditions, these
primers only direct amplification on their complementary allele. Determining the precise location of

the mismatch and the corresponding assay conditions are well within the ordinary skill in the art.

Ligation/Amplification Based Methods

The “Oligonucleotide Ligation Assay” (OLA) uses two oligonucleotides which are designed to
be capable of hybridizing to abutting sequences of a single strand of a target molecules. One of the
oligonucleotides is biotinylated, and the other is detectably labeled. If the precise complementary
sequence is found in a target molecule, the oligonucleotides will hybridize such that their termini abut,
and create a ligation substrate that can be captured and detected. OLA is capable of detecting single
nucleotide polymorphisms and may be advantageously combined with PCR as described by Nickerson
et al. (1990). In this method, PCR is used to achieve the exponential amplification of target DNA,
which is then detected using OLA.

Other amplification methods which are particularly suited for the detection of single
nucleotide polymorphism include LCR (ligase chain reaction), Gap LCR (GLCR) which are described
above in “DNA Amplification”. LCR uses two pairs of probes to exponentially amplify a specific
target. The sequences of each pair of oligonucleotides, is selected to permit the pair to hybridize to
abutting sequences of the same strand of the target. Such hybridization forms a substrate for a
template-dependant ligase. In accordance with the present invention, LCR can be performed with
oligonucleotides having the proximal and distal sequences of the same strand of a biallelic marker site.
In one embodiment, either oligonucleotide will be designed to include the biallelic marker site. In
such an embodiment, the reaction conditions are selected such that the oligonucleotides can be ligated
together only if the target molecule either contains or lacks the specific nucleotide that is
complementary to the biallelic marker on the oligonucleotide. In an alternative embodiment, the
oligonucleotides will not include the biallelic marker, such that when they hybridize to the target
molecule, a “gap” is created as described in WO 90/01069, the disclosure of which is incorporated
herein by reference in its entirety. This gap is then “filled” with complementary dNTPs (as mediated
by DNA polymerase), or by an additional pair of oligonucleotides. Thus at the end of each cycle, each
single strand has a complement capable of serving as a target during the next cycle and exponential
allele-specific amplification of the desired sequence is obtained.

Ligase/Polymerase-mediated Genetic Bit Analysis™ is another method for determining the
identity of a nucleotide at a preselected site in a nucleic acid molecule (WO 95/21271). This method

involves the incorporation of a nucleoside triphosphate that is complementary to the nucleotide present
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at the preselected site onto the terminus of a primer molecule, and their subsequent ligation to a second
oligonucleotide. The reaction is monitored by detecting a specific label attached to the reaction’s solid

phase or by detection in solution.

4) Hybridization Assay Methods

A preferred method of determining the identity of the nucleotide present at a biallelic marker
site involves nucleic acid hybridization. The hybridization probes, which can be conveniently used in
such reactions, preferably include the probes defined herein. Any hybridization assay may be used
including Southern hybridization, Northern hybridization, dot blot hybridization and solid-phase
hybridization (see Sambrook et al., 1989).

Hybridization refers to the formation of a duplex structure by two single stranded nucleic acids
due to complementary base pairing. Hybridization can occur between exactly complementary nucleic
acid strands or between nucleic acid strands that contain minor regions of mismatch. Specific probes
can be designed that hybridize to one form of a biallelic marker and not to the other and therefore are
able to discriminate between different allelic forms. Allele-specific probes are often used in pairs, one
member of a pair showing perfect match to a target sequence containing the original allele and the
other showing a perfect match to the target sequence containing the alternative allele. Hybridization
conditions should be sufficiently stringent that there is a significant difference in hybridization
intensity between alleles, and preferably an essentially binary response, whereby a probe hybridizes to
only one of the alleles. Stringent, sequence specific hybridization conditions, under which a probe
will hybridize only to the exactly complementary target sequence are well known in the art (Sambrook
et al., 1989). Stringent conditions are sequence dependent and will be different in different
circumstances. Generally, stringent conditions are selected to be about 5°C lower than the thermal
melting point (Tm) for the specific sequence at a defined ionic strength and pH. Although such
hybridization can be performed in solution, it is preferred to employ a solid-phase hybridization assay.
The target DNA comprising a biallelic marker of the present invention may be amplified prior to the
hybridization reaction. The presence of a specific allele in the sample is determined by detecting the
presence or the absence of stable hybrid duplexes formed between the probe and the target DNA. The
detection of hybrid duplexes can be carried out by a number of methods. Various detection assay
formats are well known which utilize detectable labels bound to either the target or the probe to enable
detection of the hybrid duplexes. Typically, hybridization duplexes are separated from unhybridized
nucleic acids and the labels bound to the duplexes are then detected. Those skilled in the art will
recognize that wash steps may be employed to wash away excess target DNA or probe as well as
unbound conjugate. Further, standard heterogeneous assay formats are suitable for detecting the
hybrids using the labels present on the primers and probes.

Two recently developed assays allow hybridization-based allele discrimination with no need

for separations or washes (see Landegren U. et al., 1998). The TagMan assay takes advantage of the
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5’ nuclease activity of Taq DNA polymerase to digest a DNA probe annealed specifically to the
accumulating amplification product. TagMan probes are labeled with a donor-acceptor dye pair that
interacts via fluorescence energy transfer. Cleavage of the TagMan probe by the advancing
polymerase during amplification dissociates the donor dye from the quenching acceptor dye, greatly
increasing the donor fluorescence. All reagents necessary to detect two allelic variants can be
assembled at the beginning of the reaction and the results are monitored in real time (see Livak et al.,
1995). In an alternative homogeneous hybridization based procedure, molecular beacons are used for
allele discriminations. Molecular beacons are hairpin-shaped oligonucleotide probes that report the
presence of specific nucleic acids in homogeneous solutions. When they bind to their targets they
undergo a conformational reorganization that restores the fluorescence of an internally quenched
fluorophore (Tyagi et al., 1998).

The polynucleotides provided herein can be used to produce probes which can be used in
hybridization assays for the detection of biallelic marker alleles in biological samples. These probes
are characterized in that they preferably comprise between 8 and 50 nucleotides, and in that they are
sufficiently complementary to a sequence comprising a biallelic marker of the present invention to
hybridize thereto and preferably sufficiently specific to be able to discriminate the targeted sequence
for only one nucleotide variation. A particularly preferred probe is 25 nucleotides in length.
Preferably the biallelic marker is within 4 nucleotides of the center of the polynucleotide probe. In
particularly preferred probes, the biallelic marker is at the center of said polynucleotide. Preferred
probes comprise a nucleotide sequence selected from the group consisting of amplicons listed in Table
1 and the sequences complementary thereto, or a fragment thereof, said fragment comprising at least
about 8 consecutive nucleotides, preferably 10, 15, 20, more preferably 25, 30, 40, 47, or 50
consecutive nucleotides and containing a polymorphic base. Preferred probes comprise a nucleotide
sequence selected from the group consisting of P1 to P18 and the sequences complementary thereto.
In preferred embodiments the polymorphic base(s) are within 5, 4, 3, 2, 1, nucleotides of the center of
the said polynucleotide, more preferably at the center of said polynucleotide.

Preferably the probes of the present invention are labeled or immobilized on a solid support.
Labels and solid supports are further described in “Oligonucleotide Probes and Primers”. The probes
can be non-extendable as described in “Oligonucleotide Probes and Primers”.

By assaying the hybridization to an allele specific probe, one can detect the presence or
absence of a biallelic marker allele in a given sample. High-Throughput parallel hybridization in array

format is specifically encompassed within “hybridization assays” and are described below.

5) Hybridization To Addressable Arrays Of Oligonucleotides

Hybridization assays based on oligonucleotide arrays rely on the differences in hybridization
“stability of short oligonucleotides to perfectly matched and mismatched target sequence variants.

Efficient access to polymorphism information is obtained through a basic structure comprising high-
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density arrays of oligonucleotide probes attached to a solid support (e.g., the chip) at selected
positions. Each DNA chip can contain thousands to millions of individual synthetic DNA probes
arranged in a grid-like pattern and miniaturized to the size of a dime.

The chip technology has already been applied with success in numerous cases. For example,
the screening of mutations has been undertaken in the BRCA1 gene, in S. cerevisiae mutant strains,
and in the protease gene of HIV-1 virus (Hacia et al., 1996; Shoemaker et al., 1996; Kozal et al.,
1996). Chips of various formats for use in detecting biallelic polymorphisms can be produced on a
customized basis by Affymetrix (GeneChip™), Hyseq (HyChip and HyGnostics), and Protogene
Laboratories.

In general, these methods employ arrays of oligonucleotide probes that are complementary to
target nucleic acid sequence segments from an individual which, target sequences include a
polymorphic marker. EP 785280, the disclosure of which is incorporated herein by reference in its
entirety, describes a tiling strategy for the detection of single nucleotide polymorphisms. Briefly,
arrays may generally be “tiled” for a large number of specific polymorphisms. By “tiling” is generally
meant the synthesis of a defined set of oligonucleotide probes which is made up of a sequence
complementary to the target sequence of interest, as well as preselected variations of that sequence,
e.g., substitution of one or more given positions with one or more members of the basis set of
nucleotides. Tiling strategies are further described in PCT application No. WO 95/11995. Ina
particular aspect, arrays are tiled for a number of specific, identified biallelic marker sequences. In
particular, the array is tiled to include a number of detection blocks, each detection block being
specific for a specific biallelic marker or a set of biallelic markers. For example, a detection block
may be tiled to include a number of probes, which span the sequence segment that includes a specific
polymorphism. To ensure probes that are complementary to each allele, the probes are synthesized in
pairs differing at the biallelic marker. In addition to the probes differing at the polymorphic base,
monosubstituted probes are also generally tiled within the detection block. These monosubstituted
probes have bases at and up to a certain number of bases in either direction from the polymorphism,
substituted with the remaining nucleotides (selected from A, T, G, C and U). Typically the probes in a
tiled detection block will include substitutions of the sequence positions up to and including those that
are 5 bases away from the biallelic marker. The monosubstituted probes provide internal controls for
the tiled array, to distinguish actual hybridization from artefactual cross-hybridization. Upon
completion of hybridization with the target sequence and washing of the array, the array is scanned to
determine the position on the array to which the target sequence hybridizes. The hybridization data
from the scanned array is then analyzed to identify which allele or alleles of the biallelic marker are
present in the sample. Hybridization and scanning may be carried out as described in PCT application
No. WO 92/10092 and WO 95/11995 and US patent No. 5,424,186.

Thus, in some embodiments, the chips may comprise an array of nucleic acid

sequences of fragments of about 15 nucleotides in length. In further embodiments, the chip may
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comprise an array including at least one of the sequences selected from the group consisting of
amplicons listed in table 1 and the sequences complementary thereto, or a fragment thereof, said
fragment comprising at least about 8 consecutive nucleotides, preferably 10, 15, 20, more preferably
25, 30, 40, 47, or 50 consecutive nucleotides and containing a polymorphic base. In preferred
embodiments the polymorphic base is within 5, 4, 3, 2, 1, nucleotides of the center of the said
polynucleotide, more preferably at the center of said polynucleotide. In some embodiments, the chip
may comprise an array of at least 2, 3, 4, 5, 6, 7, 8 or more of these polynucleotides of the invention.
Solid supports and polynucleotides of the present invention attached to solid supports are further

described in “Oligonucleotide Probes And Primers”.

6) Integrated Systems

Another technique, which may be used to analyze polymorphisms, includes multicomponent
integrated systems, which miniaturize and compartmentalize processes such as PCR and capillary
electrophoresis reactions in a single functional device. An example of such technique is disclosed in
US patent 5,589,136, the disclosure of which is incorporated herein by reference in its entirety, which
describes the integration of PCR amplification and capillary electrophoresis in chips.

Integrated systems can be envisaged mainly when microfluidic systems are used. These
systems comprise a pattern of microchannels designed onto a glass, silicon, quartz, or plastic wafer
included on a microchip. The movements of the samples are controlled by electric, electroosmotic or
hydrostatic forces applied across different areas of the microchip to create functional microscopic
valves and pumps with no moving parts.

For genotyping biallelic markers, the microfluidic system may integrate nucleic acid
amplification, microsequencing, capillary electrophoresis and a detection method such as laser-

induced fluorescence detection.

Methods Of Genetic Analysis Using The Biallelic Markers Of The Present Invention

Different methods are available for the genetic analysis of complex traits (see Lander and
Schork, 1994). The search for disease-susceptibility genes is conducted using two main methods: the
linkage approach in which evidence is sought for cosegregation between a locus and a putative trait
locus using family studies, and the association approach in which evidence is sought for a statistically
significant association between an allele and a trait or a trait causing allele (Khoury et al,, 1993). In
general, the biallelic markers of the present invention find use in any method known in the art to
demonstrate a statistically significant correlation between a genotype and a phenotype. The biallelic
markers may be used in parametric and non-parametric linkage analysis methods. Preferably, the
biallelic markers of the present invention are used to identify genes associated with detectable traits
using association studies, an approach which does not require the use of affected families and which
permits the identification of genes associated with complex and sporadic traits.

The genetic analysis using the biallelic markers of the present invention may be conducted on
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any scale. The whole set of biallelic markers of the present invention or any subset of biallelic
markers of the present invention corresponding to the candidate gene may be used. Further, any set of
genetic markers including a biallelic marker of the present invention may be used. A set of biallelic
polymorphisms that could be used as genetic markers in combination with the biallelic markers of the
present invention has been described in WO 98/20165. As mentioned above, it should be noted that
the biallelic markers of the present invention may be included in any complete or partial genetic map
of the human genome. These different uses are specifically contemplated in the present invention and

claims.

Linkage Analysis

Linkage analysis is based upon establishing a correlation between the transmission of genetic
markers and that of a specific trait throughout generations within a family. Thus, the aim of linkage
analysis is to detect marker loci that show cosegregation with a trait of interest in pedigrees.

Parametric Methods

When data are available from successive generations there is the opportunity to study the
degree of linkage between pairs of loci. Estimates of the recombination fraction enable loci to be
ordered and placed onto a genetic map. With loci that are genetic markers, a genetic map can be
established, and then the strength of linkage between markers and traits can be calculated and used to
indicate the relative positions of markers and genes affecting those traits (Weir, 1996). The classical
method for linkage analysis is the logarithm of odds (lod) score method (see Morton, 1955; Ott, 1991).
Calculation of lod scores requires specification of the mode of inheritance for the disease (parametric
method). Generally, the length of the candidate region identified using linkage analysis is between 2
and 20Mb. Once a candidate region is identified as described above, analysis of recombinant
individuals using additional markers allows further delineation of the candidate region. Linkage
analysis studies have generally relied on the use of a maximum of 5,000 microsatellite markers, thus
limiting the maximum theoretical attainable resolution of linkage analysis to about 600 kb on average.

Linkage analysis has been successfully applied to map simple genetic traits that show clear
Mendelian inheritance patterns and which have a high penetrance (i.e., the ratio between the number
of trait positive carriers of allele ¢ and the total number of @ carriers in the population). However,
parametric linkage analysis suffers from a variety of drawbacks. First, it is limited by its reliance on
the choice of a genetic model suitable for each studied trait. Furthermore, as already mentioned, the
resolution attainable using linkage analysis is limited, and complementary studies are required to
refine the analysis of the typical 2Mb to 20Mb regions initially identified through linkage analysis. In
addition, parametric linkage analysis approaches have proven difficult when applied to complex
genetic traits, such as those due to the combined action of multiple genes and/or environmental factors.
It is very difficult to model these factors adequately in a lod score analysis. In such cases, too large an

effort and cost are needed to recruit the adequate number of affected families required for applying

70



10

15

20

25

30

35

WO 02/46404 PCT/1IB01/02798

linkage analysis to these situations, as recently discussed by Risch and Merikangas (1996).
Non-Parametric Methods

The advantage of the so-called non-parametric methods for linkage analysis is that they do not
require specification of the mode of inheritance for the disease, they tend to be more useful for the
analysis of complex traits. In non-parametric methods, one tries to prove that the inheritance pattern
of a chromosomal region is not consistent with random Mendelian segregation by showing that
affected relatives inherit identical copies of the region more often than expected by chance. Affected
relatives should show excess “allele sharing” even in the presence of incomplete penetrance and
polygenic inheritance. In non-parametric linkage analysis the degree of agreement at a marker locus
in two individuals can be measured either by the number of alleles identical by state (IBS) or by the
number of alleles identical by descent (IBD). Affected sib pair analysis is a well-known special case
and is the simplest form of these methods.

The biallelic markers of the present invention may be used in both parametric and non-
parametric linkage analysis. Preferably biallelic markers may be used in non-parametric methods
which allow the mapping of genes involved in complex traits. The biallelic markers of the present
invention may be used in both IBD- and IBS- methods to map genes affecting a complex trait. In such
studies, taking advantage of the high density of biallelic markers, several adjacent biallelic marker loci

may be pooled to achieve the efficiency attained by multi-allelic markers (Zhao et al., 1998).

Population Association Studies

The present invention comprises methods for identifying if the Canlon gene is associated with
a detectable trait using the biallelic markers of the present invention. In one embodiment the present
invention comprises methods to detect an association between a biallelic marker allele or a biallelic
marker haplotype and a trait. Further, the invention comprises methods to identify a trait causing
allele in linkage disequilibrium with any biallelic marker allele of the present invention.

As described above, alternative approaches can be employed to perform association studies:
genome-wide association studies, candidate region association studies and candidate gene association
studies. In a preferred embodiment, the biallelic markers of the present invention are used to perform
candidate gene association studies. The candidate gene analysis clearly provides a short-cut approach
to the identification of genes and gene polymorphisms related to a particular trait when some
information concerning the biology of the trait is available. Further, the biallelic markers of the
present invention may be incorporated in any map of genetic markers of the human genome in order to
perform genome-wide association studies. Methods to generate a high-density map of biallelic
markers has been described in US Provisional Patent application serial number 60/082,614. The
biallelic markers of the present invention may further be incorporated in any map of a specific
candidate region of the genome (a specific chromosome or a specific chromosomal segment for

example).
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As mentioned above, association studies may be conducted within the general population and
are not limited to studies performed on related individuals in affected families. Association studies are
extremely valuable as they permit the analysis of sporadic or multifactor traits. Moreover, association
studies represent a powerful method for fine-scale mapping enabling much finer mapping of trait
causing alleles than linkage studies. Studies based on pedigrees often only narrow the location of the
trait causing allele. Association studies using the biallelic markers of the present invention can
therefore be used to refine the location of a trait causing allele in a candidate region identified by
Linkage Analysis methods. Moreover, once a chromosome segment of interest has been identified, the
presence of a candidate gene such as a candidate gene of the present invention, in the region of interest
can provide a shortcut to the identification of the trait causing allele. Biallelic markers of the present
invention can be used to demonstrate that a candidate gene is associated with a trait. Such uses are

specifically contemplated in the present invention.

Determining The Frequency Of A Biallelic Marker Allele Or Of A Biallelic Marker
Haplotype In A Population

Association studies explore the relationships among frequencies for sets of alleles between
loci.

Determining The Frequency Of An Allele In A Population

Allelic frequencies of the biallelic markers in a populations can be determined using one of the
methods described above under the heading “Methods for genotyping an individual for biallelic
markers", or any genotyping procedure suitable for this intended purpose. Genotyping pooled samples
or individual samples can determine the frequency of a biallelic marker allele in a population. One
way to reduce the number of genotypings required is to use pooled samples. A major obstacle in using
pooled samples is in terms of accuracy and reproducibility for determining accurate DNA
concentrations in setting up the pools. Genotyping individual samples provides higher sensitivity,
reproducibility and accuracy and; is the preferred method used in the present invention. Preferably,
each individual is genotyped separately and simple gene counting is applied to determine the
frequency of an allele of a biallelic marker or of a genotype in a given population.

The invention also relates to methods of estimating the frequency of an allele in a population
comprising: a) genotyping individuals from said population for said biallelic marker according to the
method of the present invention; b) determining the proportional representation of said biallelic marker
in said population. In addition, the methods of estimating the frequency of an allele in a population of
the invention encompass methods with any further limitation described in this disclosure, or those
following, specified alone or in any combination; optionally, wherein said Canlon-related biallelic
marker is selected from the group consisting of Al to A18, and the complements thereof, or optionally
the biallelic markers in linkage disequilibrium therewith; optionally, wherein said Canlon-related

biallelic marker is selected from the group consisting of A1 to A17, and the complements thereof, or
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optionally the biallelic markers in linkage disequilibrium therewith; optionally, wherein said Canlon-
related biallelic marker is selected from the group consisting of A12 and A16, and the complements
thereof, or optionally the biallelic markers in linkage disequilibrium therewith; Optionally,
determining the frequency of a biallelic marker allele in a population may be accomplished by
determining the identity of the nucleotides for both copies of said biallelic marker present in the
genome of each individual in said population and calculating the proportional representation of said
nucleotide at said Canlon-related biallelic marker for the population; Optionally, determining the
proportional representation may be accomplished by performing a genotyping method of the invention
on a pooled biological sample derived from a representative number of individuals, or each individual,
in said population, and calculating the proportional amount of said nucleotide compared with the total.

Determining The Frequency Of A Haplotype In A Population

The gametic phase of haplotypes is unknown when diploid individuals are heterozygous at
more than one locus. Using genealogical information in families gametic phase can sometimes be
inferred (Perlin et al., 1994). When no genealogical information is available different strategies may
be used. One possibility is that the multiple-site heterozygous diploids can be eliminated from the
analysis, keeping only the homozygotes and the single-site heterozygote individuals, but this approach
might lead to a possible bias in the sample composition and the underestimation of low-frequency
haplotypes. Another possibility is that single chromosomes can be studied independently, for
example, by asymmetric PCR amplification (see Newton et al, 1989; Wu et al., 1989) or by isolation
of single chromosome by limit dilution followed by PCR amplification (see Ruano et al., 1990).
Further, a sample may be haplotyped for sufficiently close biallelic markers by double PCR
amplification of specific alleles (Sarkar, G. and Sommer S. S., 1991). These approaches are not
entirely satisfying either because of their technical complexity, the additional cost they entail, their
lack of generalization at a large scale, or the possible biases they introduce. To overcome these
difficulties, an algorithm to infer the phase of PCR-amplified DNA genotypes introduced by Clark,
A.G. (1990) may be used. Briefly, the principle is to start filling a preliminary list of haplotypes
present in the sample by examining unambiguous individuals, that is, the complete homozygotes and
the single-site heterozygotes. Then other individuals in the same sample are screened for the possible
occurrence of previously recognized haplotypes. For each positive identification, the complementary
haplotype is added to the list of recognized haplotypes, until the phase information for all individuals
is either resolved or identified as unresolved. This method assigns a single haplotype to each
multiheterozygous individual, whereas several haplotypes are possible when there are more than one
heterozygous site. Alternatively, one can use methods estimating haplotype frequencies in a
population without assigning haplotypes to each individual. Preferably, a method based on an
expectation-maximization (EM) algorithm (Dempster et al., 1977) leading to maximum-likelihood
estimates of haplotype frequencies under the assumption of Hardy-Weinberg proportions (random

mating) is used (see Excoffier L. and Slatkin M., 1995). The EM algorithm is a generalized iterative
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maximum-likelihood approach to estimation that is useful when data are ambiguous and/or
incomplete. The EM algorithm is used to resolve heterozygotes into haplotypes. Haplotype
estimations are further described below under the heading “Statistical Methods." Any other method
known in the art to determine or to estimate the frequency of a haplotype in a population may be used.
The invention also encompasses methods of estimating the frequency of a haplotype for a set
of biallelic markers in a population, comprising the steps of: a) genotyping at least one Canlon-related
biallelic marker according to a method of the invention for each individual in said population; b)
genotyping a second biallelic marker by determining the identity of the nucleotides at said second
biallelic marker for both copies of said second biallelic marker present in the genome of each
individual in said population; and ¢) applying a haplotype determination method to the identities of the
nucleotides determined in steps a) and b) to obtain an estimate of said frequency. In addition, the
methods of estimating the frequency of a haplotype of the invention encompass methods with any
further limitation described in this disclosure, or those following, specified alone or in any
combination: optionally, wherein said Canlon-related biallelic marker is selected from the group
consisting of Al to A18, and the complements thereof, or optionally the biallelic markers in linkage
disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker is selected from the
group consisting of Al to A17, and the complements thereof, or optionally the biallelic markers in
linkage disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker is selected
from the group consisting of A12 and A16, and the complements thereof, or optionally the biallelic
markers in linkage disequilibrium therewith; Optionally, said haplotype determination method is
performed by asymmetric PCR amplification, double PCR amplification of specific alleles, the Clark

algorithm, or an expectation-maximization algorithm.

Linkage Disequilibrium Analysis

Linkage disequilibrium is the non-random association of alleles at two or more loci and
represents a powerful tool for mapping genes involved in disease traits (see Ajioka R.S. et al., 1997).
Biallelic markers, because they are densely spaced in the human genome and can be genotyped in
greater numbers than other types of genetic markers (such as RFLP or VNTR markers), are
particularly useful in genetic analysis based on linkage disequilibrium.

When a disease mutation is first introduced into a population (by a new mutation or the
immigration of a mutation carrier), it necessarily resides on a single chromosome and thus on a single
“background” or “ancestral” haplotype of linked markers. Consequently, there is complete
disequilibrium between these markers and the disease mutation: one finds the disease mutation only in
the presence of a specific set of marker alleles. Through subsequent generations recombination events
occur between the disease mutation and these marker polymorphisms, and the disequilibrium
gradually dissipates. The pace of this dissipation is a function of the recombination frequency, so the

markers closest to the disease gene will manifest higher levels of disequilibrium than those that are
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further away. When not broken up by recombination, “ancestral” haplotypes and linkage
disequilibrium between marker alleles at different loci can be tracked not only through pedigrees but
also through populations. Linkage disequilibrium is usually seen as an association between one
specific allele at one locus and another specific allele at a second locus.

The pattern or curve of disequilibrium between disease and marker loci is expected to exhibit a
maximum that occurs at the disease locus. Consequently, the amount of linkage disequilibrium
between a disease allele and closely linked genetic markers may yield valuable information regarding
the location of the disease gene. For fine-scale mapping of a disease locus, it is useful to have some
knowledge of the patterns of linkage disequilibrium that exist between markers in the studied region.
As mentioned above the mapping resolution achieved through the analysis of linkage disequilibrium is
much higher than that of linkage studies. The high density of biallelic markers combined with linkage
disequilibrium analysis provides powerful tools for fine-scale mapping. Different methods to calculate

linkage disequilibrium are described below under the heading “Statistical Methods”.

Population-Based Case-Control Studies Of Trait-Marker Associations

As mentioned above, the occurrence of pairs of specific alleles at different loci on the same
chromosome is not random and the deviation from random is called linkage disequilibrium.
Association studies focus on population frequencies and rely on the phenomenon of linkage
disequilibrium. If a specific allele in a given gene is directly involved in causing a particular trait, its
frequency will be statistically increased in an affected (trait positive) population, when compared to
the frequency in a trait negative population or in a random control population. As a consequence of
the existence of linkage disequilibrium, the frequency of all other alleles present in the haplotype
carrying the trait-causing allele will also be increased in trait positive individuals compared to trait
negative individuals or random controls. Therefore, association between the trait and any allele
(specifically a biallelic marker allele) in linkage disequilibrium with the trait-causing allele will suffice
to suggest the presence of a trait-related gene in that particular region. Case-control populations can
be genotyped for biallelic markers to identify associations that narrowly locate a trait causing allele.
As any marker in linkage disequilibrium with one given marker associated with a trait will be
associated with the trait. Linkage disequilibrium allows the relative frequencies in case-control
populations of a limited number of genetic polymorphisms (specifically biallelic markers) to be
analyzed as an alternative to screening all possible functional polymorphisms in order to find trait-
causing alleles. Association studies compare the frequency of marker alleles in unrelated case-control
populations, and represent powerful tools for the dissection of complex traits.

Case-Control Populations (Inclusion Criteria)

Population-based association studies do not concern familial inheritance but compare the
prevalence of a particular genetic marker, or a set of markers, in case-control populations. They are

case-control studies based on comparison of unrelated case (affected or trait positive) individuals and
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unrelated control (unaffected, trait negative or random) individuals. Preferably the control group is
composed of unaffected or trait negative individuals. Further, the control group is ethnically matched
to the case population. Moreover, the control group is preferably matched to the case-population for
the main known confusion factor for the trait under study (for example age-matched for an age-
dependent trait). Ideally, individuals in the two samples are paired in such a way that they are
expected to differ only in their disease status. The terms “trait positive population”, “case population”
and “affected population” are used interchangeably herein.

An important step in the dissection of complex traits using association studies is the choice of
case-control populations (see Lander and Schork, 1994). A major step in the choice of case-control
populations is the clinical definition of a given trait or phenotype. Any genetic trait may be analyzed
by the association method proposed here by carefully selecting the individuals to be included in the
trait positive and trait negative phenotypic groups. Four criteria are often useful: clinical phenotype,
age at onset, family history and severity. The selection procedure for continuous or quantitative traits
(such as blood pressure for example) involves selecting individuals at opposite ends of the phenotype
distribution of the trait under study, so as to include in these trait positive and trait negative
populations individuals with non-overlapping phenotypes. Preferably, case-control populations
comprise phenotypically homogeneous populations. Trait positive and trait negative populations
comprise phenotypically uniform populations of individuals representing each between 1 and 98%,
preferably between 1 and 80%, more preferably between 1 and 50%, and more preferably between 1
and 30%, most preferably between 1 and 20% of the total population under study, and preferably

selected among individuals exhibiting non-overlapping phenotypes. The clearer the difference

“between the two trait phenotypes, the greater the probability of detecting an association with biallelic

markers. The selection of those drastically different but relatively uniform phenotypes enables
efficient comparisons in association studies and the possible detection of marked differences at the
genetic level, provided that the sample sizes of the populations under study are significant enough.

In preferred embodiments, a first group of between 50 and 300 trait positive individuals,
preferably about 100 individuals, are recruited according to their phenotypes. A similar number of
control individuals are included in such studies.

Association Analysis

The invention also comprises methods of detecting an association between a genotype and a
phenotype, comprising the steps of: a) determining the frequency of at least one Canlon-related
biallelic marker in a trait positive population according to a genotyping method of the invention; b)
determining the frequency of said Canlon-related biallelic marker in a control population according to
a genotyping method of the invention; and c) determining whether a statistically significant association
exists between said genotype and said phenotype. In addition, the methods of detecting an association
between a genotype and a phenotype of the invention encompass methods with any further limitation

described in this disclosure, or those following, specified alone or in any combination: optionally,
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wherein said Canlon-related biallelic marker is selected from the group consisting of A1 to A18, and
the complements thereof, or optionally the biallelic markers in linkage disequilibrium therewith;
optionally, wherein said Canlon-related biallelic marker is selected from the group consisting of A1 to
A17, and the complements thereof, or optionally the biallelic markers in linkage disequilibrium
therewith; optionally, wherein said Canlon-related biallelic marker is selected from the group
consisting of A12 and A16, and the complements thereof, or optionally the biallelic markers in linkage
disequilibrium therewith; Optionally, said control population may be a trait negative population, or a
random population; Optionally, each of said genotyping steps a) and b) may be performed on a pooled
biological sample derived from each of said populations; Optionally, each of said genotyping of steps
a) and b) is performed separately on biological samples derived from each individual in said
population or a subsample thereof.

The general strategy to perform association studies using biallelic markers derived from a
region carrying a candidate gene is to scan two groups of individuals (case-control populations) in
order to measure and statistically compare the allele frequencies of the biallelic markers of the present
invention in both groups.

If a statistically significant association with a trait is identified for at least one or more of the
analyzed biallelic markers, one can assume that: either the associated allele is directly responsible for
causing the trait (i.e. the associated allele is the trait causing allele), or more likely the associated allele
is in linkage disequilibrium with the trait causing allele. The specific characteristics of the associated
allele with respect to the candidate gene function usually give further insight into the relationship
between the associated allele and the trait (causal or in linkage disequilibrium). If the evidence
indicates that the associated allele within the candidate gene is most probably not the trait causing
allele but is in linkage disequilibrium with the real trait causing allele, then the trait causing allele can
be found by sequencing the vicinity of the associated marker, and performing further association
studies with the polymorphisms that are revealed in an iterative manner.

Association studies are usually run in two successive steps. In a first phase, the frequencies of
a reduced number of biallelic markers from the candidate gene are determined in the trait positive and
control populations. In a second phase of the analysis, the position of the genetic loci responsible for
the given trait is further refined using a higher density of markers from the relevant region. However,
if the candidate gene under study is relatively small in length, as is the case for Canlon, a single phase
may be sufficient to establish significant associations.

Haplotype Analysis

As described above, when a chromosome carrying a disease allele first appears in a population
as a result of either mutation or migration, the mutant allele necessarily resides on a chromosome
having a set of linked markers: the ancestral haplotype. This haplotype can be tracked through
populations and its statistical association with a given trait can be analyzed. Complementing single

point (allelic) association studies with multi-point association studies also called haplotype studies
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increases the statistical power of association studies. Thus, a haplotype association study allows one
to define the frequency and the type of the ancestral carrier haplotype. A haplotype analysis is
important in that it increases the statistical power of an analysis involving individual markers.

In a first stage of a haplotype frequency analysis, the frequency of the possible haplotypes
based on various combinations of the identified biallelic markers of the invention is determined. The
haplotype frequency is then compared for distinct populations of trait positive and control individuals.
The number of trait positive individuals, which should be, subjected to this analysis to obtain
statistically significant results usually ranges between 30 and 300, with a preferred number of
individuals ranging between 50 and 150. The same considerations apply to the number of unaffected
individuals (or random control) used in the study. The results of this first analysis provide haplotype
frequencies in case-control populations, for each evaluated haplotype frequency a p-value and an odd
ratio are calculated. If a statistically significant association is found the relative risk for an individual
carrying the given haplotype of being affected with the trait under study can be approximated.

An additional embodiment of the present invention encompasses methods of detecting an
association between a haplotype and a phenotype, comprising the steps of: a) estimating the frequency
of at least one haplotype in a trait positive population, according to a method of the invention for
estimating the frequency of a haplotype; b) estimating the frequency of said haplotype in a control
population, according to a method of the invention for estimating the frequency of a haplotype; and c)
determining whether a statistically significant association exists between said haplotype and said
phenotype. In addition, the methods of detecting an association between a haplotype and a phenotype
of the invention encompass methods with any further limitation described in this disclosure, or those
following: optionally, wherein said Canlon-related biallelic marker is selected from the group
consisting of A1 to A18, and the complements thereof, or optionally the biallelic markers in linkage
disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker is selected from the
group consisting of Al to 17, and the complements thereof, or optionally the biallelic markers in
linkage disequilibrium therewith; optionally, wherein said Canlon-related biallelic marker is selected
from the group consisting of A12 and A16, and the complements thereof, or optionally the biallelic
markers in linkage disequilibrium therewith; Optionally, said control population is a trait negative
population, or a random population. Optionally, said method comprises the additional steps of
determining the phenotype in said trait positive and said control populations prior to step c).

Interaction Analysis

The biallelic markers of the present invention may also be used to identify patterns of biallelic
markers associated with detectable traits resulting from polygenic interactions. The analysis of genetic
interaction between alleles at unlinked loci requires individual genotyping using the techniques
described herein. The analysis of allelic interaction among a selected set of biallelic markers with
appropriate level of statistical significance can be considered as a haplotype analysis. Interaction

analysis comprises stratifying the case-control populations with respect to a given haplotype for the
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first loci and performing a haplotype analysis with the second loci with each subpopulation.

Statistical methods used in association studies are further described below.

Testing For Linkage In The Presence Of Association

The biallelic markers of the present invention may further be used in TDT
(transmission/disequilibrium test). TDT tests for both linkage and association and is not affected by
population stratification. TDT requires data for affected individuals and their parents or data from
unaffected sibs instead of from parents (see Spielmann S. et al., 1993; Schaid D.J. et al., 1996,
Spielmann S. and Ewens W.J., 1998). Such combined tests generally reduce the false-positive errors

produced by separate analyses.

Statistical methods
In general, any method known in the art to test whether a trait and a genotype show a

statistically significant correlation may be used.

1) Methods In Linkage Analysis

Statistical methods and computer programs useful for linkage analysis are well-known to those
skilled in the art (see Terwilliger J.D. and Ott J., 1994; Ott J., 1991).

2) Methods To Estimate Haplotype Frequencies In A Population

As described above, when genotypes are scored, it is often not possible to distinguish
heterozygotes so that haplotype frequencies cannot be easily inferred. When the gametic phase is not
known, haplotype frequencies can be estimated from the multilocus genotypic data. Any method
known to person skilled in the art can be used to estimate haplotype frequencies (see Lange K., 1997;
Weir, B.S., 1996). Preferably, maximum-likelihood haplotype frequencies are computed using an
Expectation-Maximization (EM) algorithm (see Dempster et al., 1977; Excoffier L. and Slatkin M.,
1995). This procedure is an iterative process aiming at obtaining maximum-likelihood estimates of
haplotype frequencies from multi-locus genotype data when the gametic phase is unknown.
Haplotype estimations are usually performed by applying the EM algorithm using for example the
EM-HAPLO program (Hawley M. E. et al., 1994) or the Arlequin program (Schneider et al., 1997).
The EM algorithm is a generalized iterative maximum likelihood approach to estimation and is briefly
described below.

Please note that in the present section, “Methods To Estimate Haplotype Frequencies In A
Population, ” phenotypes will refer to multi-locus genotypes with unknown haplotypic phase.
Genotypes will refer to multi-locus genotypes with known haplotypic phase.

Suppose one has a sample of N unrelated individuals typed for K markers. The data observed
are the unknown-phase K-locus phenotypes that can be categorized with F different phenotypes.
Further, suppose that we have H possible haplotypes (in the case of K biallelic markers, we have for
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the maximum number of possible haplotypes H=2%).

For phenotype j with ¢; possible genotypes, we have:

P, = P(genotype(i)) = Z}P(hk,h, ) Bquation 1

=1
where P; is the probability of the /" phenotype, and P(hy, ) is the probability of the i
genotype composed of haplotypes /; and ;. Under random mating (i.e. Hardy-Weinberg Equilibrium),
P(hhy) is expressed as:
P(h,,h) = P(h,)* for hy="h;,and
P(hy, b)) =2P(h,)P(h) for h, #h,. Equation 2
The E-M algorithm is composed of the following steps: First, the genotype frequencies are
estimated from a set of initial values of haplotype frequencies. These haplotype frequencies are
denoted P,”, P, P;¥...., Py, The initial values for the haplotype frequencies may be obtained
from a random number generator or in some other way well known in the art. This step is referred to
the Expectation step. The next step in the method, called the Maximization step, consists of using the
estimates for the genotype frequencies to re-calculate the haplotype frequencies. The first iteration
haplotype frequency estimates are denoted by P,(I) , P, , Pg(]) yeens PH(I) . In general, the Expectation
step at the s™ iteration consists of calculating the probability of placing each phenotype into the

different possible genotypes based on the haplotype frequencies of the previous iteration:

n, [ P.(h, )"
P(hy, b)) =—L| L2212,
(k I) |: P.

Equation 3
N J

where #; is the number of individuals with the /* phenotype and P (b, hy ) is the

probability of genotype /4, in phenotype ;. In the Maximization step, which is equivalent to the gene-
counting method (Smith, Ann. Hum. Genet., 21:254-276, 1957), the haplotype frequencies are re-
estimated based on the genotype estimates:

oy _ 1E ) :
Be* =EZ > 68, (). Equation 4

j= =

Here, &, is an indicator variable which counts the number of occurrences that haplotype ¢ is
present in i™ genotype; it takes on values 0, 1, and 2.

The E-M iterations cease when the following criterion has been reached. Using Maximum
Likelihood Estimation (MLE) theory, one assumes that the phenotypes j are distributed multinomially.
At each iteration s, one can compute the likelihood function L. Convergence is achieved when the
difference of the log-likehood between two consecutive iterations is less than some small number,

preferably 107
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3) Methods To Calculate Linkage Disequilibrium Between Markers

A number of methods can be used to calculate linkage disequilibrium between any two genetic
positions, in practice linkage disequilibrium is measured by applying a statistical association test to
haplotype data taken from a population.

Linkage disequilibrium between any pair of biallelic markers comprising at least one of the
biallelic markers of the present invention (M, M;) having alleles (a/b;) at marker M; and alleles (aj/b;)
at marker M; can be calculated for every allele combination (a;,a;; 2;,b;, bi,a; and b;,b;), according to the
Piazza formula:

Adin= V04 -V (04 + 63) (94 +02), where:

04= - - = frequency of genotypes not having allele a; at M; and not having allele a; at M;

03= - + = frequency of genotypes not having allele a;at M; and having allele a; at M;

02=+ - = frequency of genotypes having allele a; at M; and not having allele a; at M;

Linkage disequilibrium (LD) between pairs of biallelic markers (M;, M;) can also be calculated
for every allele combination (ai,aj; ai,bj; b;,a; and b;,b;), according to the maximum-likelihood estimate
(MLE) for delta (the composite genotypic disequilibrium coefficient), as described by Weir (Weir B.
S., 1996). The MLE for the composite linkage disequilibrium is:

D= (201 + 1, + 03 + 04/2)/N — 2(pr(a;). pr(a;))

Where n; = X phenotype (ai/a;, a;/a;), n, = X phenotype (ai/a;, a;/b;), n;= Z phenotype (a;/b;,
aj/a;), nd= T phenotype (a;/b;, a;/b;) and N is the number of individuals in the sample.

This formula allows linkage disequilibrium between alleles to be estimated when only
genotype, and not haplotype, data are available.

Another means of calculating the linkage disequilibrium between markers is as follows. For a
couple of biallelic markers, M; (a/b;) and M; (a/b;), fitting the Hardy-Weinberg equilibrium, one can
estimate the four possible haplotype frequencies in a given population according to the approach
described above.

The estimation of gametic disequilibrium between ai and gj is simply:
Dy = prhaplotype(as,a ;) - pr(a;).pr@;).

Where pr(a;) is the probability of allele a; and pr(a;) is the probability of allele a;and where
pr(haplotype (a;, ay) is estimated as in Equation 3 above.

For a couple of biallelic marker only one measure of disequilibrium is necessary to describe

the association between M; and M.
Then a normalized value of the above is calculated as follows:
D’ 4iaj = Daigy / max (-pr(a;). pr(ay) , -pr(b;). pr(b)) with D,i<0
D’aigj = Daigy / max (pr(bs). pr(a;), pr(ap). pr(by))  with Dyi>0

The skilled person will readily appreciate that other linkage disequilibrium calculation
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methods can be used.

Linkage disequilibrium among a set of biallelic markers having an adequate heterozygosity
rate can be determined by genotyping between 50 and 1000 unrelated individuals, preferably betWéen
75 and 200, more preferably around 100.

5 4) Testing For Association

Methods for determining the statistical significance of a correlation between a phenotype and a
genotype, in this case an allele at a biallelic marker or a haplotype made up of such alleles, may be
determined by any statistical test known in the art and with any accepted threshold of statistical
signiﬁcancé being required. The application of particular methods and thresholds of significance are

10  well with in the skill of the ordinary practitioner of the art.

Testing for association is performed by determining the frequency of a biallelic marker allele
in case and control populations and comparing these frequencies with a statistical test to determine if
their iis a statistically significant difference in frequency which would indicate a correlation between
the trait and the biallelic marker allele under study. Similarly, a haplotype analysis is performed by

‘15‘ estimating the frequencies of all possible haplotypes for a given set of biallelic markers in case and
' control populations, and comparing these frequencies with a statistical test to determine if their is a
statistically significant correlation between the haplotype and the phenotype (trait) under study. Any
statistical tool useful to test for a statistically significant association between a genotype and a
phenotype may be used. Preferably the statistical test employed is a chi-square test with one degree of
20  freedom. A P-value is calculated (the P-value is the probability that a statistic as large or larger than
1\ the observed one would occur by chance).
}’ Statistical Significance
B In preferred embodiments, significance for diagnosis purposes, either as a positive basis for
further diagnostic tests or as a preliminary starting point for early preventive therapy, the p value

"‘v' 5  related to a biallelic marker association is preferably about 1 x 102 or less, more preferably about 1 x

10™ or less, for a single biallelic marker analysis and about 1 x 10” or less, still more preferably 1 x
f 10 or less and most preferably of about 1 x 10”® or less, for a haplotype analysis involving two or
, \ i more markers. These values are believed to be applicable to any association studies involving single

or multiple marker combinations.

30 The skilled person can use the range of values set forth above as a starting point in order to

. carry out association studies with biallelic markers of the present invention. In doing so, significant
associations between the biallelic markers of the present invention and a trait can be revealed and used
v for diagnosis and drug screening purposes.

Phenotypic Permutation

35 In order to confirm the statistical significance of the first stage haplotype analysis described

above, it might be suitable to perform further analyses in which genotyping data from case-control
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individuals are pooled and randomized with respect to the trait phenotype. Each individual genotyping
data is randomly allocated to two groups, which contain the same number of individuals as the case-
control populations used to compile the data obtained in the first stage. A second stage haplotype
analysis is preferably run on these artificial groups, preferably for the markers included in the
haplotype of the first stage analysis showing the highest relative risk coefficient. This experiment is
reiterated preferably at least between 100 and 10000 times. The repeated iterations allow the
determination of the probability to obtain the tested haplotype by chance.

Assessment Of Statistical Association

To address the problem of false positives similar analysis may be performed with the same
case-control populations in random genomic regions. Results in random regions and the candidate
region are compared as described in a co-pending US Provisional Patent Application entitled
“Methods, Software And Apparati For Identifying Genomic Regions Harboring A Gene Associated
With A Detectable Trait,” U.S. Serial Number 60/107,986, filed November 10, 1998, the contents of

which are incorporated herein by reference.

5) Evaluation Of Risk Factors

The association between a risk factor (in genetic epidemiology the risk factor is the presence
or the absence of a certain allele or haplotype at marker loci) and a disease is measured by the odds
ratio (OR) and by the relative risk (RR). IfP(R") is the probability of developing the disease for
individuals with R and P(R’) is the probability for individuals without the risk factor, then the relative
risk is simply the ratio of the two probabilities, that is:

RR=P[R")/P(R")

In case-control studies, direct measures of the relative risk cannot be obtained because of the
sampling design. However, the odds ratio allows a good approximation of the relative risk for low-

incidence diseases and can be calculated:

ORsz}]/ {ai-)}

OR= (F*/(1-F")/(F/(1-F))

F* is the frequency of the exposure to the risk factor in cases and F~ is the frequency of the

exposure to the risk factor in controls. F" and F are calculated using the allelic or haplotype
frequencies of the study and further depend on the underlying genetic model (dominant, recessive,
additive...).

One can further estimate the attributable risk (AR) which describes the proportion of
individuals in a population exhibiting a trait due to a given risk factor. This measure is important in

quantifying the role of a specific factor in disease etiology and in terms of the public health impact of a
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risk factor. The public health relevance of this measure lies in estimating the proportion of cases of
disease in the population that could be prevented if the exposure of interest were absent. AR is
determined as follows:
AR =Pg (RR-1)/ (Pg(RR-1)+1)

AR is the risk attributable to a biallelic marker allele or a biallelic marker haplotype. Pg is the
frequency of exposure to an allele or a haplotype within the population at large; and RR is the relative
risk which, is approximated with the odds ratio when the trait under study has a relatively low

incidence in the general population.

Identification Of Biallelic Markers In Linkage Disequilibrium With The Biallelic Markers of the

Invention

Once a first biallelic marker has been identified in a genomic region of interest, the
practitioner of ordinary skill in the art, using the teachings of the present invention, can easily identify
additional biallelic markers in linkage disequilibrium with this first marker. As mentioned before any
marker in linkage disequilibrium with a first marker associated with a trait will be associated with the
trait. Therefore, once an association has been demonstrated between a given biallelic marker and a
trait, the discovery of additional biallelic markers associated with this trait is of great interest in order
to increase the density of biallelic markers in this particular region. The causal gene or mutation will
be found in the vicinity of the marker or set of markers showing the highest correlation with the trait.

Identification of additional markers in linkage disequilibrium with a given marker involves:
(a) amplifying a genomic fragment comprising a first biallelic marker from a plurality of individuals;
(b) identifying of second biallelic markers in the genomic region harboring said first biallelic marker;
(c) conducting a linkage disequilibrium analysis between said first biallelic marker and second
biallelic markers; and (d) selecting said second biallelic markers as being in linkage disequilibrium
with said first marker. Subcombinations comprising steps (b) and (c) are also contemplated.

Methods to identify biallelic markers and to conduct linkage disequilibrium analysis are
described herein and can be carried out by the skilled person without undue experimentation. The
present invention then also concerns biallelic markers which are in linkage disequilibrium with the
biallelic markers Al to A18 and which are expected to present similar characteristics in terms of their

respective association with a given trait.

Identification Of Functional Mutations

Mutations in the Canlon gene which are responsible for a detectable phenotype or trait may be
identified by comparing the sequences of the Canlon gene from trait positive and control individuals.
Once a positive association is confirmed with a biallelic marker of the present invention, the identified
locus can be scanned for mutations. In a preferred embodiment, functional regions such as exons and
splice sites, promoters and other regulatory regions of the Canlon gene are scanned for mutations. In a
preferred embodiment the sequence of the Canlon gene is compared in trait positive and control

individuals. Preferably, trait positive individuals carry the haplotype shown to be associated with the
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trait and trait negative individuals do not carry the haplotype or allele associated with the trait. The
detectable trait or phenotype may comprise a variety of manifestations of altered Canlon function.

The mutation detection procedure is essentially similar to that used for biallelic marker
identification. The method used to detect such mutations generally comprises the following steps:

- amplification of a region of the Canlon gene comprising a biallelic marker or a group of
biallelic markers associated with the trait from DNA samples of trait positive patients and trait-
negative controls;

- sequencing of the amplified region;

- comparison of DNA sequences from trait positive and control individuals;

- determination of mutations specific to trait-positive patients.

In one embodiment, said biallelic marker is selected from the group consisting of
Al to A18, and the complements thereof. It is preferred that candidate polymorphisms be then verified
by screening a larger population of cases and controls by means of any genotyping procedure such as
those described herein, preferably using a microsequencing technique in an individual test format.
Polymorphisms are considered as candidate mutations when present in cases and controls at
frequencies compatible with the expected association results. Polymorphisms are considered as
candidate “trait-causing” mutations when they exhibit a statistically significant correlation with the

detectable phenotype.

Biallelic Markers Of The Invention In Methods Of Genetic Diagnostics

The Canlon nucleic acid sequence and biallelic markers of the present invention can also be
used to develop diagnostic tests capable of identifying individuals who express a detectable trait as the
result of a specific genotype or individuals whose genotype places them at risk of developing a
detectable trait at a subsequent time. Such a diagnosis can be useful in the staging, monitoring,
prognosis and/or prophylactic or curative therapy of numerous diseases or conditions including
schizophrenia, bipolar disorder, and other CNS disorders such as epilepsy and pain disorders,
cardiovascular conditions such as heart disease, hypertension, arrythmias, and numerous other diseases
and conditions.

The diagnostic techniques of the present invention may employ a variety of methodologies to
determine whether a test subject has a biallelic marker pattern associated with an increased risk of
developing a detectable trait or whether the individual suffers from a detectable trait as a result of a
particular mutation, including methods which enable the analysis of individual chromosomes for
haplotyping, such as family studies, single sperm DNA analysis or somatic hybrids.

The present invention provides diagnostic methods to determine whether an individual is at
risk of developing a disease or suffers from a disease resulting from a mutation or a polymorphism in
the Canlon gene. The present invention also provides methods to determine whether an individual has
a susceptibility to schizophrenia and bipolar disorder, or to any of the other calcium-channel related

conditions known in the art or described herein.
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These methods involve obtaining a nucleic acid sample from the individual and, determining,
whether the nucleic acid sample contains at least one allele or at least one biallelic marker haplotype,
indicative of a risk of developing the trait or indicative that the individual expresses the trait as a result
of possessing a particular Canlon polymorphism or mutation (trait-causing allele).

Preferably, in such diagnostic methods, a nucleic acid sample is obtained from the individual
and this sample is genotyped using methods described above in “Methods Of Genotyping DNA
Samples For Biallelic markers. The diagnostics may be based on a single biallelic marker or a on
group of biallelic markers.

In each of these methods, a nucleic acid sample is obtained from the test subject and the
biallelic marker pattern of one or more of the biallelic markers Al to A18 is determined.

In one embodiment, a PCR amplification is conducted on the nucleic acid sample to amplify
regions in which polymorphisms associated with a detectable phenotype have been identified. The
amplification products are sequenced to determine whether the individual possesses one or more
Canlon polymorphisms associated with a detectable phenotype. The primers used to generate
amplification products may comprise the primers listed in Table 1. Alternatively, the nucleic acid
sample is subjected to microsequencing reactions as described above to determine whether the
individual possesses one or more Canlon polymorphisms associated with a detectable phenotype
resulting from a mutation or a polymorphism in the Canlon gene. The primers used in the
microsequencing reactions may include the primers listed in Table 4. In another embodiment, the
nucleic acid sample is contacted with one or more allele specific oligonucleotide probes which,
specifically hybridize to one or more Canlon alleles associated with a detectable phenotype. The
probes used in the hybridization assay may include the probes listed in Table 3. In another
embodiment, the nucleic acid sample is contacted with a second Canlon oligonucleotide capable of
producing an amplification product when used with the allele specific oligonucleotide in an
amplification reaction. The presence of an amplification product in the amplification reaction
indicates that the individual possesses one or more Canlon alleles associated with a detectable
phenotype.

In a preferred embodiment the identity of the nucleotide present at, at least one, biallelic
marker selected from the group consisting of A1 to A18 and the complements thereof, and the
complements thereof, is determined and the detectable trait is schizophrenia and bipolar disorder.
Diagnostic kits comprise any of the polynucleotides of the present invention.

These diagnostic methods are extremely valuable as they can, in certain circumstances, be
used to initiate preventive treatments or to allow an individual carrying a significant haplotype to
foresee warning signs such as minor symptoms.

Diagnostics, which analyze and predict response to a drug or side effects to a drug, may be
used to determine whether an individual should be treated with a particular drug. For example, if the

diagnostic indicates a likelihood that an individual will respond positively to treatment with a
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particular drug, the drug may be administered to the individual. Conversely, if the diagnostic indicates
that an individual is likely to respond negatively to treatment with a particular drug, an alternative
course of treatment may be prescribed. A negative response may be defined as either the absence of
an efficacious response or the presence of toxic side effects.

Clinical drug trials represent another application for the markers of the present invention. One
or more markers indicative of response to an agent acting against schizophrenia or bipolar disorder or
another calcium channel-related condition, or to side effects to an agent acting against schizophrenia
or bipolar disorder or another calcium channel-related condition, may be identified using the methods
described above. Thereafter, potential participants in clinical trials of such an agent may be screened
to identify those individuals most likely to respond favorably to the drug and exclude those likely to
experience side effects. In that way, the effectiveness of drug treatment may be measured in
individuals who respond positively to the drug, without lowering the measurement as a result of the
inclusion of individuals who are unlikely to respond positively in the study and without risking
undesirable safety problems.

In particularly preferred embodiments, the trait analyzed using the present diagnostics is
schizophrenia or bipolar disorder. However, the present invention also comprises any of the prevention,
diagnostic, prognosis and treatment methods described herein using the biallelic markers of the invention
in methods of preventing, diagnosing, managing and treating related disorders, particularly related CNS
disorders. By way of example, related disorders may comprise psychotic disorders, mood disorders,
autism, substance dependence and alcoholism, pain disorders, epilepsy, mental retardation, and other
psychiatric diseases including cognitive, anxiety, eating, impulse-control, and personality disorders, as
defined with the Diagnosis and Statistical Manual of Mental Disorders fourth edition (DSM-IV)
classification. Other disorders include cardiovascular disorders such as angina, hypertension, or

arrythmias.

Recombinant Vectors

The term “vector” is used herein to designate either a circular or a linear DNA or RNA
molecule, which is either double-stranded or single-stranded, and which comprise at least one
polynucleotide of interest that is sought to be transferred in a cell host or in a unicellular or
multicellular host organism.

The present invention encompasses a family of recombinant vectors that comprise a regulatory
polynucleotide derived from the Canlon genomic sequence, and/or a coding polynucleotide from
either the Canlon genomic sequence or the cDNA sequence.

Generally, a recombinant vector of the invention may comprise any of the polynucleotides
described herein, including regulatory sequences, coding sequences and polynucleotide constructs, as
well as any Canlon primer or probe as defined above. More particularly, the recombinant vectors of
the present invention can comprise any of the polynucleotides described in the “Genomic Sequences

Of The Canlon Gene” section, the “Canlon cDNA Sequences” section, the “Coding Regions” section,
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the “Polynucleotide constructs” section, and the “Oligonucleotide Probes And Primers” section.

In a first preferred embodiment, a recombinant vector of the invention is used to amplify the
inserted polynucleotide derived from a genomic sequence of SEQ ID No 1 to 3 or 6 or a Canlon
cDNA, for example the cDNA of SEQ ID No 4 in a suitable cell host, this polynucleotide being
amplified every time that the recombinant vector replicates.

A second preferred embodiment of the recombinant vectors according to the invention
comprises expression vectors comprising either a regulatory polynucleotide or a coding nucleic acid of
the invention, or both. Within certain embodiments, expression vectors are employed to express the
Canlon polypeptide which can be then purified and, for example be used in ligand screening assays or
as an immunogen in order to raise specific antibodies directed against the Canlon protein. In other
embodiments, the expression vectors are used for constructing transgenic animals and also for gene
therapy. Expression requires that appropriate signals are provided in the vectors, said signals
including various regulatory elements, such as enhancers/promoters from both viral and mammalian
sources that drive expression of the genes of interest in host cells. Dominant drug selection markers
for establishing permanent, stable cell clones expressing the products are generally included in the
expression vectors of the invention, as they are elements that link expression of the drug selection
markers to expression of the polypeptide.

More particularly, the present invention relates to expression vectors which include nucleic
acids encoding a Canlon protein, preferably the Canlon protein of the amino acid sequence of SEQ ID
No 5 or variants or fragments thereof.

The invention also pertains to a recombinant expression vector useful for the expression of the
Canlon coding sequence, wherein said vector comprises a nucleic acid of SEQ ID No 4.

Recombinant vectors comprising a nucleic acid containing a Canlon-related biallelic marker is
also part of the invention. In a preferred embodiment, said biallelic marker is selected from the group
consisting of Al to A18, and the complements thereof.

Some of the elements which can be found in the vectors of the present invention are described
in further detail in the following sections.

The present invention also encompasses primary, secondary, and immortalized homologously
recombinant host cells of vertebrate origin, preferably mammalian origin and particularly human
origin, that have been engineered to: a) insert exogenous (heterologous) polynucleotides into the
endogenous chromosomal DNA of a targeted gene, b) delete endogenous chromosomal DNA, and/or
c) replace endogenous chromosomal DNA with exogenous polynucleotides. Insertions, deletions,
and/or replacements of polynucleotide sequences may be to the coding sequences of the targeted gene
and/or to regulatory regions, such as promoter and enhancer sequences, operably associated with the
targeted gene.

The present invention further relates to a method of making a homologously recombinant host

cell in vitro or in vivo, Wherein the expression of a targeted gene not normally expressed in the cell is
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altered. Preferably the alteration causes expression of the targeted gene under normal growth
conditions or under conditions suitable for producing the polypeptide encoded by the targeted gene.
The method comprises the steps of: (a) transfecting the cell in vitro or in vivo with a polynucleotide
construct, the polynucleotide construct comprising; (i) a targeting sequence; (ii) a regulatory sequence
and/or a coding sequence; and (iii) an unpaired splice donor site, if necessary, thereby produbing a
transfected cell; and (b) maintaining the transfected cell in vitro or in vivo under conditions
appropriate for homologous recombination. .

The present invention further relates to a method of altering the expression of a targeted gene
in a cell in vitro or in vivo wherein the gene is not normally expressed in the cell, comprising the steps
of: (a) transfecting the cell in vitro or in vivo with a a polynucleotide construct, the a polynucleotide
construct comprising: (i) a targeting sequence; (ii) a regulatory sequence and/or a coding sequence;
and (ii"i) an unpaired splice donor site, if necessary, thereby producing a transfected cell; and (b)
maintaining the transfected cell in vitro or in vivo under conditions appropriate for homologous
reco{%nbination, thereby producing a homologously recombinant cell; and (c) maintaining the
homologously recombinant cell in vitro or in vivo under conditions appropriate for expression of the
’éene.

The present invention further relates to a method of making a polypeptide of the present
invention by altering the expression of a targeted endogenous gene in a cell in vitro or in vivo wherein
the gene is not normally expressed in the cell, comprising the steps of: a) transfecting the cell in vitro
with a polynucleotide construct, the a polynucleotide construct comprising: (i) a targeting sequence;
(ii) a regulatory sequence and/or a coding sequence; and (iii) an unpaired splice donor site, if
necessary, thereby producing a transfected cell; (b) maintaining the transfected cell in vitro or in vivo
under conditions appropriate for homologous recombination, thereby producing a homologously
,recombinant cell; and ¢) maintaining the homologously recombinant cell in vitro or in vivo under
| conditions appropriate for expression of the gene, thereby making the polypeptide.

The present invention further relates to a polynucleotide construct which alters the expression
of a targeted gene in a cell type in which the gene is not normally expressed. This occurs when the
polynucleotide construct is inserted into the chromosomal DNA of the target cell, wherein the a
polynucleotide construct comprises: ) a targeting sequence; b) a regulatory sequence and/or coding
sequence; and c) an unpaired splice-donor site, if necessary. Further included are a polynucleotide
constructs, as described above, wherein the construct further comprises a polynucleotide which
encodes a polypept}de and is in-frame with the targeted endogenous gene after homologous
recombination with chromosomal DNA.

The comp/ositions may be produced, and methods performed, by techniques known in the art,

35, such as those déscribed in U.S. Patent Nos: 6,054,288; 6,048,729; 6,048,724; 6,048,524 5,994,127;

5,968,502; 5,965,125; 5,869,239; 5,817,789; 5,783,385; 5,733,761; 5,641,670; 5,580,734 ;
International Publication Nos:W096/29411, WO 94/12650; and scientific articles including Koller et
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al., PNAS 86:8932-8935 (1989).

1. General features of the expression vectors of the invention

A recombinant vector according to the invention comprises, but is not limited to, a YAC
(Yeast Artificial Chromosome), a BAC (Bacterial Artificial Chromosome), a phage, a phagemid, a
cosmid, a plasmid or even a linear DNA molecule which may comprise a chromosomal, non-
chromosomal, semi-synthetic and synthetic DNA. Such a recombinant vector can comprise a
transcriptional unit comprising an assembly of:

(1) a genetic element or elements having a regulatory role in gene expression, for example
promoters or enhancers. Enhancers are cis-acting elements of DNA, usually from about 10 to 300 bp
in length that act on the promoter to increase the transcription.

(2) a structural or coding sequence which is transcribed into mRNA and eventually translated
into a polypeptide, said structural or coding sequence being operably linked to the regulatory elements
described in (1); and

(3) appropriate transcription initiation and termination sequences. Structural units intended for
use in yeast or eukaryotic expression systems preferably include a leader sequence enabling
extracellular secretion of translated protein by a host cell. Alternatively, when a recombinant protein
is expressed without a leader or transport sequence, it may include a N-terminal residue. This residue
may or may not be subsequently cleaved from the expressed recombinant protein to provide a final
product.

Generally, recombinant expression vectors will include origins of replication, selectable
markers permitting transformation of the host cell, and a promoter derived from a highly expressed
gene to direct transcription of a downstream structural sequence. The heterologous structural
sequence is assembled in appropriate phase with translation initiation and termination sequences, and
preferably a leader sequence capable of directing secretion of the translated protein into the
periplasmic space or the extracellular medium. In a specific embodiment wherein the vector is
adapted for transfecting and expressing desired sequences in mammalian host cells, preferred vectors
will comprise an origin of replication in the desired host, a suitable promoter and enhancer, and also
any necessary ribosome binding sites, polyadenylation signal, splice donor and acceptor sites,
transcriptional termination sequences, and 5’-flanking non-transcribed sequences. DNA sequences
derived from the SV40 viral genome, for example SV40 origin, early promoter, enhancer, splice and
polyadenylation signals may be used to provide the required non-transcribed genetic elements.

The in vivo expression of a Canlon polypeptide of SEQ ID No 5 or fragments or variants
thereof may be useful in order to correct a genetic defect related to the expression of the native gene in
a host organism or to the production of a biologically inactive Canlon protein.

Consequently, the present invention also comprises recombinant expression vectors mainly

designed for the in vivo production of the Canlon polypeptide of SEQ ID No 5 or fragments or
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variants thereof by the introduction of the appropriate genetic material in the organism of the patient to
be treated. This genetic material may be introduced in vitro in a cell that has been previously extracted
from the organism, the modified cell being subsequently reintroduced in the said organism, directly in

vivo into the appropriate tissue.

2. Regulatory Elements

Promoters

The suitable promoter regions used in the expression vectors according to the present
invention are chosen taking into account the cell host in which the heterologous gene has to be
expressed. The particular promoter employed to control the expression of a nucleic acid sequence of
interest is not believed to be important, so long as it is capable of directing the expression of the
nucleic acid in the targeted cell. Thus, where a human cell is targeted, it is preferable to position the
nucleic acid cbding region adjacent to and under the control of a promoter that is capable of being
expressed in a human cell, such as, for example, a human or a viral promoter.

A suitable promoter may be heterologous with respect to the nucleic acid for which it controls
the expression or alternatively can be endogenous to the native polynucleotide containing the coding
sequence to be expressed. Additionally, the promoter is generally heterologous with respect to the
recombinant vector sequences within which the construct promoter/coding sequence has been inserted.

Promoter regions can be selected from any desired gene using, for example, CAT
(chloramphenicol transferase) vectors and more preferably pKK232-8 and pCM7 vectors.

Preferred bacterial promoters are the Lacl, LacZ, the T3 or T7 bacteriophage RNA polymerase
promoters, the gpt, lambda PR, PL and trp promoters (EP 0036776), the polyhedrin promoter, or the
p10 protein promoter from baculovirus (Kit Novagen) (Smith et al., 1983; O’Reilly et al., 1992), the
lambda PR promoter or also the trc promoter.

Eukaryotic promoters include CMV immediate early, HSV thymidine kinase, early and late
SV40, LTRs from retrovirus, and mouse metallothionein-L.. Selection of a convenient vector and
promoter is well within the level of ordinary skill in the art.

The choice of a promoter is well within the ability of a person skilled in the field of genetic
engineering. For example, one may refer to Sambrook et al. (1989) or also to the procedures described
by Fuller et al. (1996).

Other regulatory elements

Where a cDNA insert is employed, one will typically desire to include a polyadenylation
signal to effect proper polyadenylation of the gene transcript. The nature of the polyadenylation signal
is not believed to be crucial to the successful practice of the invention, and any such sequence may be
employed such as human growth hormone and SV40 polyadenylation signals. Also contemplated as
an element of the expression cassette is a terminator. These elements can serve to enhance message

levels and to minimize read through from the cassette into other sequences.
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3. Selectable Markers

Such markers would confer an identifiable change to the cell permitting easy identification of
cells containing the expression construct. The selectable marker genes for selection of transformed
host cells are preferably dihydrofolate reductase or neomycin resistance for eukaryotic cell culture,
TRP1 for S. cerevisiae or tetracycline, rifampicin or ampicillin resistance in E.coli, or levan

saccharase for mycobacteria, this latter marker being a negative selection marker.

4. Preferred Vectors.

Bacterial vectors

As a representative but non-limiting example, useful expression vectors for bacterial use can
comprise a selectable marker and a bacterial origin of replication derived from commercially available
plasmids comprising genetic elements of pPBR322 (ATCC 37017). Such commercial vectors include,
for example, pKK223-3 (Pharmacia, Uppsala, Sweden), and GEM1 (Promega Biotec, Madison, W1,
USA).

Large numbers of other suitable vectors are known to those of skill in the art, and
commercially available, such as the following bacterial vectors: pQE70, pQE60, pQE-9 (Qiagen), pbs,
pD10, phagescript, psiX174, pbluescript SK, pbsks, pNHEA, pNH16A, pNH18A, pNH46A
(Stratagene); ptrc99a, pKK223-3, pKK233-3, pDR540, pRITS (Pharmacia); pWLNEO, pSV2CAT,
pOG44, pXT1, pSG (Stratagene); pSVK3, pBPV, pMSG, pSVL (Pharmacia); pQE-30 (QIAexpress).

Bacteriophage vectors

The P1 bacteriophage vector may contain large inserts ranging from about 80 to about 100 kb.

The construction of P1 bacteriophage vectors such as p158 or p158/neo8 are notably described
by Sternberg (1992, 1994). Recombinant P1 clones comprising Canlon nucleotide sequences may be
designed for inserting large polynucleotides of more than 40 kb (Linton et al., 1993). To generate P1
DNA for transgenic experiments, a preferred protocol is the protocol described by McCormick et al.
(1994). Briefly, E. coli (preferably strain NS3529) harboring the P1 plasmid are grown overnight in a
suitable broth medium containing 25 pg/ml of kanamycin. The P1 DNA is prepared from the E. coli
by alkaline lysis using the Qiagen Plasmid Maxi kit (Qiagen, Chatsworth, CA, USA), according to the
manufacturer’s instructions. The P1 DNA is purified from the bacterial Iysate on two Qiagen-tip 500
columns, using the washing and elution buffers contained in the kit. A phenol/chloroform extraction is
then performed before precipitating the DNA with 70% ethanol. After solubilizing the DNA in TE (10
mM Tris-HC], pH 7.4, 1 mM EDTA), the concentration of the DNA is assessed by spectrophotometry.

When the goal is to express a P1 clone comprising Canlon nucleotide sequences in a
transgenic animal, typically in transgenic mice, it is desirable to remove vector sequences from the P1
DNA fragment, for example by cleaving the P1 DNA at rare-cutting sites within the P1 polylinker
(SfiL, Notl or Sall). The P1 insert is then purified from vector sequences on a pulsed-field agarose gel,

using methods similar using methods similar to those originally reported for the isolation of DNA
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from YACs (Schedl et al., 1993a; Peterson et al., 1993). At this stage, the resulting purified insert
DNA can be concentrated, if necessary, on a Millipore Ultrafree-MC Filter Unit (Millipore, Bedford,
MA, USA - 30,000 molecular weight limit) and then dialyzed against microinjection buffer (10 mM
Tris-HCL, pH 7.4; 250 uM EDTA) containing 100 mM NaCl, 30 uM spermine, 70 pM spermidine on
a microdyalisis membrane (type VS, 0.025 uM from Millipore). The intactness of the purified P1
DNA insert is assessed by electrophoresis on 1% agarose (Sea Kem GTG; FMC Bio-products) pulse-
field gel and staining with ethidium bromide.

Baculovirus vectors

A suitable vector for the expression of the Canlon polypeptide of SEQ ID No 5 or fragments
or variants thereof is a baculovirus vector that can be propagated in insect cells and in insect cell lines.
A specific suitable host vector system is the pVL1392/1393 baculovirus transfer vector (Pharmingen)
that is used to transfect the SF9 cell line (ATCC N°CRL 1711) which is derived from Spodoptera
frugiperda.

Other suitable vectors for the expression of the Canlon polypeptide of SEQ ID No 5 or
fragments or variants thereof in a baculovirus expression system include those described by Chai et al.
(1993), Vlasak et al. (1983) and Lenhard et al. (1996).

Viral vectors

In one specific embodiment, the vector is derived from an adenovirus. Preferred adenovirus
vectors according to the invention are those described by Feldman and Steg (1996) or Ohno et al.
(1994). Another preferred recombinant adenovirus according to this specific embodiment of the
present invention is the human adenovirus type 2 or 5 (Ad 2 or Ad 5) or an adenovirus of animal
origin (see, e.g., French patent application N° FR-93.05954).

Retrovirus vectors and adeno-associated virus vectors are generally understood to be the
recombinant gene delivery systems of choice for the transfer of exogenous polynucleotides in viveo ,
particularly to mammals, including humans. These vectors provide efficient delivery of genes into
cells, and the transferred nucleic acids are stably integrated into the chromosomal DNA of the host.

Particularly preferred retroviruses for the preparation or construction of retroviral in vitro or in
vitro gene delivery vehicles of the present invention include retroviruses selected from the group
consisting of Mink-Cell Focus Inducing Virus, Murine Sarcoma Virus, Reticuloendotheliosis virus and
Rous Sarcoma virus. Particularly preferred Murine Leukemia Viruses include the 4070A and the
1504A viruses, Abelson (ATCC No VR-999), Friend (ATCC No VR-245), Gross (ATCC No VR-
590), Rauscher (ATCC No VR-998) and Moloney Murine Leukemia Virus (ATCC No VR-190; PCT
Application No WO 94/24298). Particularly preferred Rous Sarcoma Viruses include Bryan high titer
(ATCC Nos VR-334, VR-657, VR-726, VR-659 and VR-728). Other preferred retroviral vectors are
those described in Roth et al. (1996), PCT Application No WO 93/25234, PCT Application No WO
94/ 06920, Roux et al., 1989, Julan et al., 1992 and Neda et al., 1991.

Yet another viral vector system that is contemplated by the invention comprises the adeno-
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associated virus (AAV). The adeno-associated virus is a naturally occurring defective virus that
requires another virus, such as an adenovirus or a herpes virus, as a helper virus for efficient
replication and a productive life cycle (Muzyczka et al., 1992). It is also one of the few viruses that
may integrate its DNA into non-dividing cells, and exhibits a high frequency of stable integration
(Flotte et al., 1992; Samulski et al., 1989; McLaughlin et al., 1989). One advantageous feature of
AAV derives from its reduced efficacy for transducing primary cells relative to transformed cells.

BAC vectors

The bacterial artificial chromosome (BAC) cloning system (Shizuya et al., 1992) has been
developed to stably maintain large fragments of genomic DNA (100-300 kb) in E. coli. A preferred
BAC vector comprises a pBeloBAC11 vector that has been described by Kim et al. (1996). BAC
libraries are prepared with this vector using size-selected genomic DNA that has been partially
digested using enzymes that permit ligation into either the Bam HI or Hindlll sites in the vector.
Flanking these cloning sites are T7 and SP6 RNA polymerase transcription initiation sites that can be
used to generate end probes by either RNA transcription or PCR methods. After the construction of a
BAC library in E. coli, BAC DNA is purified from the host cell as a supercoiled circle. Converting
these circular molecules into a linear form precedes both size determination and introduction of the
BACs into recipient cells. The cloning site is flanked by two Not I sites, permitting cloned segments
to be excised from the vector by Not I digestion. Alternatively, the DNA insert contained in the
pBeloBAC11 vector may be linearized by treatment of the BAC vector with the commercially
available enzyme lambda terminase that leads to the cleavage at the unique cosN site, but this cleavage

method results in a full length BAC clone containing both the insert DNA and the BAC sequences.

5. Delivery Of The Recombinant Vectors

In order to effect expression of the polynucleotides and polynucleotide constructs of the
invention, these constructs must be delivered into a cell. This delivery may be accomplished ir vitro,
as in laboratory procedures for transforming cell lines, or in vivo or ex vivo, as in the treatment of
certain diseases states.

One mechanism is viral infection where the expression construct is encapsulated in an
infectious viral particle.

Several non-viral methods for the transfer of polynucleotides into cultured mammalian cells
are also contemplated by the present invention, and include, without being limited to, calcium
phosphate precipitation (Graham et al., 1973; Chen et al., 1987;), DEAE-dextran (Gopal, 1985),
electroporation (Tur-Kaspa et al., 1986; Potter et al., 1984), direct microinjection (Harland et al.,
1985), DNA-loaded liposomes (Nicolau et al., 1982; Fraley et al., 1979), and receptor-mediated
transfection (Wu and Wu, 1987; 1988). Some of these techniques may be successfully adapted for in
ViVo or ex vivo use.

Once the expression polynucleotide has been delivered into the cell, it may be stably
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integrated into the genome of the recipient cell. This integration may be in the cognate location and
orientation via homologous recombination (gene replacement) or it may be integrated in a random,
non specific location (gene augmentation). In yet further embodiments, the nucleic acid may be stably
maintained in the cell as a separate, episomal segment of DNA. Such nucleic acid segments or
“episomes” encode sequences sufficient to permit maintenance and replication independent of or in
synchronization with the host cell cycle.

One specific embodiment for a method for delivering a protein or peptide to the interior of a
cell of a vertebrate in vivo comprises the step of introducing a preparation comprising a
physiologically acceptable carrier and a naked polynucleotide operatively coding for the polypeptide
of interest into the interstitial space of a tissue comprising the cell, whereby the naked polynucleotide
is taken up into the interior of the cell and has a physiological effect. This is particularly applicable
for transfer in vitro but it may be applied to in vivo as well.

Compositions for use in vitro and in vivo comprising a ‘“naked” polynucleotide are described
in PCT application No. WO 90/11092 (Vical Inc.) and also in PCT application No. WO 95/11307
(Institut Pasteur, INSERM, Université d’Ottawa) as well as in the articles of Tacson et al. (1996) and
of Huygen et al. (1996).

In still another embodiment of the invention, the transfer of a naked polynucleotide of the
invention, including a polynucleotide construct of the invention, into cells may be proceeded with a
particle bombardment (biolistic), said particles being DNA-coated microprojectiles accelerated to a
high velocity allowing them to pierce cell membranes and enter cells without killing them, such as
described by Klein et al. (1987).

In a further embodiment, the polynucleotide of the invention may be entrapped in a liposome
(Ghosh and Bacchawat, 1991; Wong et al., 1980; Nicolau et al., 1987)

In a specific embodiment, the invention provides a composition for the in vivo production of
the Canlon protein or polypeptide described herein. It comprises a naked polynucleotide operatively
coding for this polypeptide, in solution in a physiologically acceptable carrier, and suitable for
introduction into a tissue to cause cells of the tissue to express the said protein or polypeptide.

The amount of vector to be injected to the desired host organism varies according to the site of
injection. As an indicative dose, it will be injected between 0.1 and 100 pg of the vector in an animal
body, preferably a mammalian body, for example a mouse body.

In another embodiment of the vector according to the invention, it may be introduced in vitro
in a host cell, preferably in a host cell previously harvested from the animal to be treated and more
preferably a somatic cell such as a muscle cell. In a subsequent step, the cell that has been
transformed with the vector coding for the desired Canlon polypeptide or the desired fragment thereof
is reintroduced into the animal body in order to delivef the recombinant protein within the body either

locally or systemically.
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Cell Hosts

Another object of the invention comprises a host cell that has been transformed or transfected
with one of the polynucleotides described herein, and in particular a polynucleotide either comprising
a Canlon regulatory polynucleotide or the coding sequence of the Canlon polypeptide selected from
the group consisting of SEQ ID Nos 1 to 4 or a fragment or a variant thereof. Also included are host
cells that are fransformed (prokaryotic cells) or that are transfected (eukaryotic cells) with a
recombinant vector such as one of those described above. More particularly, the cell hosts of the
present invention can comprise any of the polynucleotides described in the “Genomic Sequences Of
The Canlon Gene” section, the “Canlon cDNA Sequences” section, the “Coding Regions” section, the
“Polynucleotide constructs” section, and the “Oligonucleotide Probes And Primers” section.

A further recombinant cell host according to the invention comprises a polynucleotide
containing a biallelic marker selected from the group consisting of A1 to A18, and the complements
thereof.

An additional recombinant cell host according to the invention comprises any of the vectors
described herein, more particularly any of the vectors described in the “ Recombinant Vectors”
section.

Preferred host cells used as recipients for the expression vectors of the invention are the
following:

a) Prokaryotic host cells: Escherichia coli strains (LE.DHS5-o strain), Bacillus subtilis,
Salmonella typhimurium, and strains from species like Pseudomonas, Streptomyces and
Staphylococcus.

b) Eukaryotic host cells: HeLa cells (ATCC N°CCL2; N°CCL2.1; N°CCL2.2), Cv 1 cells
(ATCC N°CCL70), COS cells (ATCC N°CRL1650; N°CRL1651), S-9 cells (ATCC N°CRL1711),
C127 cells (ATCC N° CRL-1804), 3T3 (ATCC N° CRL-6361), CHO (ATCC N° CCL-61), human
kidney 293. (ATCC N° 45504; N° CRL-1573) and BHK (ECACC N° 84100501; N° 84111301).

c¢) Other mammalian host cells.

The Canlon gene expression in mammalian, and typically human, cells may be rendered
defective, or alternatively it may be preceded with the insertion of a Canlon genomic or cDNA
sequence with the replacement of the Canlon gene counterpart in the genome of an animal cell by a
Canlon polynucleotide according to the invention. These genetic alterations may be generated by
homologous recombination events using specific DNA constructs that have been previously described.

One kind of cell hosts that may be used are mammal zygotes, such as murine zygotes. For
example, murine zygotes may undergo microinjection with a purified DNA molecule of interest, for
example a purified DNA molecule that has previously been adjusted to a concentration range from 1
ng/ml —for BAC inserts- 3 ng/ul —for P1 bacteriophage inserts- in 10 mM Tris-HCI, pH 7.4, 250 uM
EDTA containing 100 mM NaCl, 30 uM spermine, and70 pM spermidine. When the DNA to be

microinjected has a large size, polyamines and high salt concentrations can be used in order to avoid
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mechanical breakage of this DNA, as described by Schedl et al. (1993b).

Any one of the polynucleotides of the invention, including the DNA constructs described
herein, may be introduced in an embryonic stem (ES) cell line, preferably a mouse ES cell line. ES
cell lines are derived from pluripotent, uncommitted cells of the inner cell mass of pre-implantation
blastocysts. Preferred ES cell lines are the following: ES-E14TG2a (ATCC n° CRL-1821), ES-D3
(ATCC n° CRL1934 and n° CRL-11632), YS001 (ATCC n° CRL-11776), 36.5 (ATCC n° CRL-
11116). To maintain ES cells in an uncommitted state, they are cultured in the presence of growth
inhibited feeder cells which provide the appropriate signals to preserve this embryonic phenotype and
serve as a matrix for ES cell adherence. Preferred feeder cells are primary embryonic fibroblasts that
are established from tissue of day 13- day 14 embryos of virtually any mouse strain, that are
maintained in culture, such as described by Abbondanzo et al.(1993) and are inhibited in growth by
irradiation, such as described by Robertson (1987), or by the presence of an inhibitory concentration of
LIF, such as described by Pease and Williams (1990).

The constructs in the host cells can be used in a conventional manner to produce the gene
product encoded by the recombinant sequence.

Following transformation of a suitable host and growth of the host to an appropriate cell
density, the selected promoter is induced by appropriate means, such as temperature shift or chemical
induction, and cells are cultivated for an additional period.

Cells are typically harvested by centrifugation, disrupted by physical or chemical means, and
the resulting crude extract retained for further purification.

Microbial cells employed in the expression of proteins can be disrupted by any convenient
method, including freeze-thaw cycling, sonication, mechanical disruption, or use of cell lysing agents.

Such methods are well known by the skill artisan.

Transgenic Animals

The terms “transgenic animals” or “host animals” are used herein to designate animals that
have their genome genetically and artificially manipulated so as to include one of the nucleic acids
according to the invention. Preferred animals are non-human mammals and include those belonging to’
a genus selected from Mus (e.g. mice), Rattus (e.g. rats) and Oryctogalus (e.g. rabbits) which have
their genome artificially and genetically altered by the insertion of a nucleic acid according to the
invention. In one embodiment, the invention encompasses non-human host mammals and animals
comprising a recombinant vector of the invention or a Canlon gene disrupted by homologous
recombination with a knock out vector.

The transgenic animals of the invention all include within a plurality of their cells a cloned
recombinant or synthetic DNA sequence, more specifically one of the purified or isolated nucleic acids
comprising a Canlon coding sequence, a Canlon regulatory polynucleotide, a poiynucleotide
construct, or a DNA sequence encoding an antisense polynucleotide such as described in the present

specification.
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Generally, a transgenic animal according the present invention comprises any one of the
polynucleotides, the recombinant vectors and the cell hosts described in the present invention. More
particularly, the transgenic animals of the present invention can comprise any of the polynucleotides
described in the “Genomic Sequences Of tThe Canlon Gene” section, the “Canlon cDNA Sequences”
section, the “Coding Regions” section, the “Polynucleotide constructs” section, the “Oligonucleotide
Probes And Primers” section, the “Recombinant Vectors” section and the “Cell Hosts” section.

Further transgenic animals according to the invention contain in their somatic cells
and/or in their germ line cells a polynucleotide comprising a biallelic marker selected from the group
consisting of Al to A18, and the complements thereof.

In a first preferred embodiment, these transgenic animals may be good experimental models in
order to study the diverse pathologies related to cell differentiation, in particular concerning the
transgenic animals within the genome of which has been inserted one or several copies of a
polynucleotide encoding a native Canlon protein, or alternatively a mutant Canlon protein.

In a second preferred embodiment, these transgenic animals may express a desired polypeptide
of interest under the control of the regulatory polynucleotides of the Canlon gene, leading to good
yields in the synthesis of this protein of interest, and eventually a tissue specific expression of this
protein of interest.

The design of the transgenic animals of the invention may be made according to the
conventional techniques well known to those skilled in the art. Additional details regarding the
production of transgenic animals, and specifically transgenic mice, can be found, e.g., in US Patent
Nos 4,873,191; 5,464,764; and 5,789,215, each of which is herein incorporated by reference.

Transgenic animals of the present invention are produced by the application of procedures
which result in an animal with a genome that has incorporated exogenous genetic material. The
procedure involves obtaining the genetic material, or a portion thereof, which encodes either a Canlon
coding sequence, a Canlon regulatory polynucleotide or a DNA sequence encoding a Canlon antisense
polynucleotide such as described in the present specification.

A recombinant polynucleotide of the invention is inserted into an embryonic or ES stem cell
line. The insertion is preferably made using electroporation, such as described by Thomas et al.
(1987). The cells subjected to electroporation are screened (e.g. by selection via selectable markers,
by PCR or by Southern blot analysis) to find positive cells which have integrated the exogenous
recombinant polynucleotide into their genome, preferably via an homologous recombination event.
An illustrative positive-negative selection procedure that may be used according to the invention is
described by Mansour et al. (1988).

Then, the positive cells are isolated, cloned and injected into 3.5 days old blastocysts from
mice, such as described by Bradley (1987). The blastocysts are then inserted into a female host
animal and allowed to grow to term.

Alternatively, the positive ES cells are brought into contact with embryos at the 2.5 days old
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8-16 cell stage (morulae) such as described by Wood et al. (1993) or by Nagy et al. (1993), the ES
cells being internalized to colonize extensively the blastocyst including the cells which will give rise
to the germ line.

The offspring of the female host are tested to determine which animals are transgenic e.g.
include the inserted exogenous DNA sequence and which are wild-type.

Thus, the present invention also concerns a transgenic animal containing a nucleic acid, a

recombinant expression vector or a recombinant host cell according to the invention.

Recombinant Cell Lines Derived From The Transgenic Animals Of The Invention.

A further object of the invention comprises recombinant host cells obtained from a transgenic
animal described herein. In one embodiment the invention encompasses cells derived from non-
human host mammals and animals comprising a recombinant vector of the invention or a Canlon gene
disrupted by homologous recombination with a knock out vector.

Recombinant cell lines may be established in vitro from cells obtained from any tissue of a
transgenic animal according to the invention, for example by transfection of primary cell cultures with
vectors expressing onc-genes such as SV40 large T antigen, as described by Chou (1989) and Shay et
al. (1991).

Methods of screening for Canlon modulators and interacting compounds

In numerous embodiments, the present invention provides compounds that interact with, bind
to, or activate or inhibit the expression or activity of Canlon polypeptides, channels, and
polynucleotides. Such compounds may be any organic or inorganic compound, including, but not
limited to, polypeptides, polynucleotides, lipids, carbohydrates, nucleotides, amino acids, or small
molecule inhibitors or activators. As described elsewhere in this application, such compounds are
useful for the treatment or prevention of any of a large number of diseases or conditions. Preferably,
inhibitors of Canlon activity or expression are used in the treatment or prevention of a psychiatric

disorder such as schizophrenia or bipolar disorder.

Methods of screening for Canlon channel modulators

Compounds capable of binding to Canlon and compounds capable of modulating Canlon
function have important applications in the treatment of disease. Voltage-gated ion channels are
generally well established as drug targets because they are pharmacologically accessible, encoded by a
variety of genes and usually operate as multimeric protein assemblies, resulting in a high degree of
functional and anatomical specificity. Furthermore, because ion channel opening and closing
involving the movement of charged voltage sensitive amino acids leads to changes in conformation
states, ion channels allow the design of state dependent molecules that, for example, bind only to

channels that are in conducting (activated) or non-conducting (inactivated) state.
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In addition, numerous calcium channel modulators have been demonstrated to be efficacious
in the treatment or prevention of numerous diseases and conditions. For example, calcium channel
inhibitors have been shown to be effective against various cardiovascular diseases and conditions (e.g.,
angina, arrythmias, hypertension), as well as CNS and neuronal disorders (e.g., migraines,
neurological effects of strokes, mania, neuroleptic-induced tardive dyskinesia, schizophrenia, bipolar
disorder, pain, epilepsy, and others). In addition, calcium channel agonists have been shown to be
effective for various applications, such as in reducing the duration of and otherwise attenuating the
effects of local anesthesia. Antagonists and agonists of Canlon channels are similarly useful in the
treatment or prevention of these and other diseases and conditions. For example, Canlon antagonists
are useful in the treatment or prevention of schizophrenia and bipolar disorder.

Because voltage gated ion channels do not require agonist binding for activation, compounds
are preferably screened against functional Canlon channels. Assays may include functional and
radioligand binding approaches applied to cells (vesicles or membranes) expressing native or cloned
channels, or to whole cell assays. Functional whole cell assays may use electrophysiological
techniques, such as patch clamping. Assays may involve any voltage-gated channel type, preferably
L, N, and T type channels. Kinetic ion flux through the channel may also be measured, e.g., using
fluorescence, end-point radiotracer or cell viability techniques.

Assays may also make use of various toxins, venoms or compounds that bind to and open or
close channels (Denyer et al., Drug Disc. Today 3(7): 323-332 (1998), incorporated herein by
reference in its entirety). In one embodiment, the present assays involve the use of any of the large
number of known calcium channel agonists and antagonists, €.g., as positive or negative controls.
Examples of suitable known calcium channel antagonists include phenylalkylamines (e.g., verapamil),
benzothiazepines (e.g., diltiazem), and dihydropyridines (e.g., nifedipine); calcium channel agonists
include FPL-64176 and BAY K 8644; sodium channel agonists include Batrachotoxin; and sodium
channel antagonists include spiradoline, mexiletine, U-54494A ((+/- ) -cis-3,4-Dichloro-N-methyl-N-
[2-(1-pyrrolidinyl)-cyclohexyl]- benzamide). Such compounds may also be used as “lead”
compounds, i.e. to serve as starting molecules for the design or discovery of derivative molecules that
specifically bind to or modulate Canlon channels.

In preferred embodiments, assays of the invention comprise a method for the screening of a
candidate substance comprises the following steps:

a) providing (i) a sample or a host cell containing a polypeptide comprising, consisting
essentially of, or consisting of a Canlon protein or a fragment thereof, or (ii) a recombinant host cell
expressing a polynucleotide encoding a polypeptide comprising, consisting essentially of, or consisting
of a Canlon protein or a fragment thereof;

b) obtaining a candidate substance;

c) bringing into contact said host cell with said candidate substance;

d) determining the effect of said candidate substance on Canlon activity.
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Determining the effect of the candidate substance on Canlon activity can be accomplished
according to well known methods. Preferably, the effect of the candidate substance on Canlon activity
is an agonist or an antagonist effect. Generally, a compound inhibits Canlon if the ability to transport
ions (eg. Ca2+ or Na+) is decreased. A compound stimulates Canlon if the ability to transport ions is
increased.

Canlon activity can be detected using any suitable means. In preferred examples, Canlon
activity is detected by measuring a signaling event. While a signaling event may comprise any
suitable change of a molecular characteristic or parameter of the cell, nonlimiting examples of a
signaling event include changes in ion fluxes, such as changes in or generation of a Ca2+ or Na+, or
K+ flux or enzyme activation.

In one aspect, ion flux can be monitored by measuring electrophysiological properties of the
Canlon channel, using for example techniques for measuring whole cell current from a single cell or in
membrane patches. In other examples, fluorescent or radioactive labels can be used to detect
displacement of a known Canlon-binding compound, or to detect ion flux in a across a cell (eg
labelled Ca2+ or Na+). An indicator for the physiological parameters of a cell can be used, such as a
fluorescent indicator for cell viability. In other examples, change in the physical location of an
indicator can be detected, such as the use of fluorescence activated cell sorting to identify exclusion or
uptake of a physiological indicator.

The sample used in the assay of the invention contains a polypeptide or a host cell expressing
a polypeptide comprising, consisting essentially of, or consisting of a Canlon protein or a fragment
thereof, or (ii) a recombinant host cell expressing a polynucleotide encoding a polypeptide comprising,
consisting essentially of, or consisting of a Canlon protein or a fragment thereof, Preferably, Canlon
assays of the invention involve the use of a recombinant host cell expressing a functional Canlon
polypeptide. Host cells may express or comprise a functional alpha subunit of Canlon channel, or may
express or comprise one or more additional ion channel subunits, or a ion channel complex comprising
Canlon. Preferably, a host cell is used which has low endogenous ion channel expression or have low
background ion, particularly Ca2+ and/or Na+, conductance.

Radioligand Binding

In one aspect, a Canlon channel may be screened by identifying a high affinity ligand that
binds to a site of interest of Canlon and preferably has a desired modulatory effect, and detecting the
ability of a test compound to displace said labelled ligand. Lists of toxicological/pharmacological
agents used in voltage gated (Ca2+, Na+ and K+) channels assays are provided in Denyer et al.
(supra). This method is generally suitable for detecting compounds which bind to the same site, or are
allosterically coupled to the site, as the labelled ligand, but does not provide information as to agonist
or antagonist properties of the compound.

Cell based fluorescence and radiotracer assays

In another assay, Canlon function can be monitored by measuring changes in intracellular
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concentration of permeant ion using fluorescent-ion indicators or radiolabelled ions.

Typically, ion channels such as Na+ channels inactivate in miliseconds after voltage
stimulation. Ca2+ channels exhibit no or a lesser degree of inactivation and can be opened by high K+
depolarization. In cell based fluorescence and radiotracer assays, the Canlon channel can be generally
activated by a toxin or any test compound, or high K+ depolarization, such that the channel is opened
for prolonged periods (up to many minutes).

In fluorescence based assays, fluorescent Ca2+ dyes are available for use (e.g., Fluo-3,
Calcium green-1, Molecular Probes, OR, U.S.A). Ca2+ channels can be activated by depolarizing the
membrane with an isotonic solution or Na+ channels with a toxin or other compound, and the resulting
transient movement of fluoresence in the cell can be measured over 20 to 60s. Fluorescence
measurement systems and devices are further described in Denyer et al. (supra). Radiotracers 22Na+
and 14C-guanidine are commonly used for Na+ channel analysis and 45Ca2+ for Ca2+ channel
analysis. In a preferred embodiment described in Denyer et al. (supra), Cytostar-T scintillating
microplates (Amersham International, U.K.) are used to perform high throughput Canlon cell based
assays.

In further assays, Ca2+ function of an ion channel is monitored by measuring membrane
potential with a membrane potential indicator. High electrical resistance of biological membranes
allow small ionic currents across the plasma membrane to cause large changes in membrane potential.
Voltage assays can thus be conveniently used to detect generic ion flux across membranes. - Cell lines
are generally chosen so that effects from endogenous ion channels are minimized. A range of dyes are
available as membrane potential indicator dyes, divided into fast and slow response dyes, as well as
FRET-based voltage sensor dyes. (Aurora Biosciences, CA, USA; reviewed in Gonzalez et al., Drug
Disc. Today 4(9): 431:439 (1999)

Cell viability

In cell viability assays, ion channel activity and ion flux are directly related to cell viability.
Both yeast and mammalian cell systems are available for testing an ion channel target. For example, a
yeast system employing an ion-specific K+ uptake deficient Saccharomyces cerevisiae cell line has be
used, in which a functional K+ channel of interest is expressed in the cell line thereby restoring K+
uptake and promoting cell survival. (Anderson et al., Symp. Soc. Exp. Biol. 48: 85-97 (1994)) Such
an assay for Ca2+ or Na+ channels may be used to identify compounds capable of blocking Canlon
function. Mammalian cell systems are also available, such as a Na+ channel assay using mammalian
neuroblastoma cells with a colorimetric cell viability readout. Cells treated with a Na+ channel opener
and a Na+/K+ pump inhibitor to promote a lethal intracellular Na+ overload. Treatment with a test
compound capable of blocking the channel will improve cell viability, which compounds which
enhance channel opening will further promote cell death. (Manger et al., Anal. Biochem. 214: 190-194
(1993).

Eletrophysiology
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Electrophysiological voltage-clamping techniques involve the measurement of ionic current
flowing through one or many channels. A single microelectrode to control the membrane voltage
while the current flow is measured through a single cell or membrane patch. (Hamill, Pfugers Arch.
391, 85-100 (1981). Ionic current can thus be measured in the presence or absence of a test compound
of interest. A large scale compound screening system has been designed (Neurosearch A/S, Glostrup,
Denmark; Olesen et al., Voltage gated ion channel modulators, 7-8 December , Philadelphia PA, USA
(1995); Denyer et al., supra).

Methods for screening for substances interacting with a Canlon polypeptide

For the purpose of the present invention, a ligand means a molecule, such as a
protein, a peptide, an antibody or any synthetic chemical compound capable of binding to the Canlon
protein or one of its fragments or variants or to modulate the expression of the polynucleotide coding
for Canlon or a fragment or variant thereof.

In the ligand screening method according to the present invention, a biological sample or a
defined molecule to be tested as a putative ligand of the Canlon protein is brought into contact with
the corresponding purified Canlon protein, for example the corfesponding purified recombinant
Canlon protein produced by a recombinant cell host as described hereinbefore, in order to form a
complex between this protein and the putative ligand molecule to be tested.

As an illustrative example, to study the interaction of the Canlon protein, or a fragment
comprising a contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino acids, more
preferably at least 12, 15, 20, 25, 30, 40, 50, 100, 200, 300, 400, 500 or 1000 amino acids of SEQ ID
No 5, with drugs or small molecules, such as molecules generated through combinatorial chemistry
approaches, the microdialysis coupled to HPLC method described by Wang et al. (1997) or the affinity
capillary electrophoresis method described by Bush et al. (1997), the disclosures of which are
incorporated by reference, can be used.

In further methods, peptides, drugs, fatty acids, lipoproteins, or small molecules which interact
with the Canlon protein, or a fragment comprising a contiguous span of at least 6 amino acids,
preferably at least 8 to 10 amino acids, more preferably at least 12, 15, 20, 25, 30, 40, 50, or 100
amino acids of SEQ ID No 5, may be identified using assays such as the following. The molecule to
be tested for binding is labeled with a detectable label, such as a fluorescent, radioactive, or enzymatic
tag and placed in contact with immobilized Canlon protein, or a fragment thereof under conditions
which permit specific binding to occur. After removal of non-specifically bound molecules, bound
molecules are detected using appropriate means.

Another object of the present invention comprises methods and kits for the screening of
candidate substances that interact with Canlon polypeptide.

The present invention pertains to methods for screening substances of interest that interact
with a Canlon protein or one fragment or variant thereof. By their capacity to bind covalently or non-

covalently to a Canlon protein or to a fragment or variant thereof, these substances or molecules may
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be advantageously used both in vitro and in vivo.

In vitro, said interacting molecules may be used as detection means in order to identify the
presence of a Canlon protein in a sample, preferably a biological sample.

A method for the screening of a candidate substance comprises the following steps :

a) providing a polypeptide comprising, consisting essentially of, or consisting of a Canlon
protein or a fragment comprising a contiguous span of at least 6 amino acids, preferably at least 8 to
10 amino acids, more preferably at least 12, 15, 20, 25, 30, 40, 50, or 100 amino acids of SEQ ID No
3;

b) obtaining a candidate substance;

¢) bringing into contact said polypeptide with said candidate substance;

d) detecting the complexes formed between said polypeptide and said candidate substance.

The invention further concerns a kit for the screening of a candidate substance interacting with
the Canlon polypeptide, wherein said kit comprises :

a) a Canlon protein having an amino acid sequence selected from the group consisting of the
amino acid sequences of SEQ ID No 5 or a peptide fragment comprising a contiguous span of at least
6 amino acids, preferably at least 8 to 10 amino acids, more preferably at least 12, 15, 20, 25, 30, 40,
50, or 100 amino acids of SEQ ID No 5;

b) optionally means useful to detect the complex formed between the Canlon protein or a
peptide fragment or a variant thereof and the candidate substance.

In a preferred embodiment of the kit described above, the detection means comprises a
monoclonal or polyclonal antibodies directed against the Canlon protein or a peptide fragment or a
variant thereof.

Various candidate substances or molecules can be assayed for interaction with a Canfon
polypeptide. These substances or molecules include, without being limited to, natural or synthetic
organic compounds or molecules of biological origin such as polypeptides. When the candidate
substance or molecule comprises a polypeptide, this polypeptide may be the resulting expression
product of a phage clone belonging to a phage-based random peptide library, or alternatively the
polypeptide may be the resulting expression product of a cDNA library cloned in a vector suitable for
performing a two-hybrid screening assay.

The invention also pertains to kits useful for performing the hereinbefore described screening
method. Preferably, such kits comprise a Canlon polypeptide or a fragment or a variant thereof, and
optionally means useful to detect the complex formed between the Canlon polypeptide or its fragment
or variant and the candidate substance. In a preferred embodiment the detection means comprise a
monoclonal or polyclonal antibodies directed against the corresponding Canlon polypeptide or a

fragment or a variant thereof.
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A. Candidate ligands obtained from random peptide libraries

In a particular embodiment of the screening method, the putative ligand is the expression
product of a DNA insert contained in a phage vector (Parmley and Smith, 1988). Specifically, random
peptide phage libraries are used. The random DNA inserts encode for peptides of 8 to 20 amino acids
in length (Oldenburg K.R. et al., 1992; Valadon P., et al., 1996; Lucas A.H., 1994; Westerink M.A.J.,
1995; Felici F. et al., 1991). According to this particular embodiment, the recombinant phages
expressing a protein that binds to the immobilized Canlon protein is retained and the complex formed
between the Canlon protein and the recombinant phage may be subsequently immunoprecipitated by a
polyclonal or a monoclonal antibody directed against the Canlon protein.

Once the ligand library in recombinant phages has been constructed, the phage population is
brought into contact with the immobilized Canlon protein. Then the preparation of complexes is
washed in order to remove the non-specifically bound recombinant phages. The phages that bind
specifically to the Canlon protein are then eluted by a buffer (acid pH) or immunoprecipitated by the
monoclonal antibody produced by the hybridoma anti-Canlon, and this phage population is
subsequently amplified by an over-infection of bacteria (for example E. coli). The selection step may
be repeated several times, preferably 2-4 times, in order to select the more specific recombinant phage
clones. The last step comprises characterizing the peptide produced by the selected recombinant
phage clones either by expression in infected bacteria and isolation, expressing the phage insert in

another host-vector system, or sequencing the insert contained in the selected recombinant phages.

B. Candidate ligands obtained by competition experiments.

Alternatively, peptides, drugs or small molecules which bind to the Canlon protein, or a
fragment comprising a contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino
acids, more preferably at least 12, 15, 20, 25, 30, 40, 50, or 100 amino acids of SEQ ID No 5, may be
identified in competition experiments. In such assays, the Canlon protein, or a fragment thereof, is
immobilized to a surface, such as a plastic plate. Increasing amounts of the peptides, drugs or small
molecules are placed in contact with the immobilized Canlon protein, or a fragment thereof, in the
presence of a detectable labeled known Canlon protein ligand. For example, the Canlon ligand may
be detectably labeled with a fluorescent, radioactive, or enzymatic tag. The ability of the test molecule
to bind the Canlon protein, or a fragment thereof, is determined by measuring the amount of
detectably labeled known ligand bound in the presence of the test molecule. A decrease in the amount
of known ligand bound to the Canlon protein, or a fragment thereof, when the test molecule is present

indicated that the test molecule is able to bind to the Canlon protein, or a fragment thereof.

C. Candidate ligands obtained by affinity chromatography.

Proteins or other molecules interacting with the Canlon protein, or a fragment comprising a

contiguous span of at least 6 amino acids, preferably at least 8 to 10 amino acids, more preferably at
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least 12, 15, 20, 25, 30, 40, 50, or 100 amino acids of SEQ ID No 5. The Canlon protein, or a
fragment thereof, may be attached to the column using conventional techniques including chemical
coupling to a suitable column matrix such as agarose, Affi Gel® , or other matrices familiar to those of
skill in art. In some embodiments of this method, the affinity column contains chimeric proteins in
which the Canlon protein, or a fragment thereof, is fused to glutathion S transferase (GST). A mixture
of cellular proteins or pool of expressed proteins as described above is applied to the affinity column.
Proteins or other molecules interacting with the Canlon protein, or a fragment thereof, attached to the
column can then be isolated and analyzed on 2-D electrophoresis gel as described in Ramunsen et al.
(1997), the disclosure of which is incorporated by reference. Alternatively, the proteins retained on
the affinity column can be purified by electrophoresis based methods and sequenced. The same
method can be used to isolate antibodies, to screen phage display products, or to screen phage display

human antibodies.

D. Candidate ligands obtained by optical biosensor methods

Proteins interacting with the Canlon protein, or a fragment comprising a contiguous span of at
least 6 amino acids, preferably at least 8 to 10 amino acids, more preferably at least 12, 15, 20, 25, 30,
40, 50, or 100 amino acids of SEQ ID No 5, can also be screened by using an Optical Biosensor as
described in Edwards and Leatherbarrow (1997) and also in Szabo et al. (1995), the disclosure of
which is incorporated by reference. This technique permits the detection of interactions between
molecules in real time, without the need of labeled molecules. This technique is based on the surface
plasmon resonance (SPR) phenomenon. Briefly, the candidate ligand molecule to be tested is attached
to a surface (such as a carboxymethyl dextran matrix). A light beam is directed towards the side of the
surface that does not contain the sample to be tested and is reflected by said surface. The SPR
phenomenon causes a decrease in the intensity of the reflected light with a specific association of
angle and wavelength. The binding of candidate ligand molecules cause a change in the refraction
index on the surface, which change is detected as a change in the SPR signal. For screening of
candidate ligand molecules or substances that are able to interact with the Canlon protein, or a
fragment thereof, the Canlon protein, or a fragment thereof, is immobilized onto a surface. This
surface comprises one side of a cell through which flows the candidate molecule to be assayed. The
binding of the candidate molecule on the Canlon protein, or a fragment thereof, is detected as a
change of the SPR signal. The candidate molecules tested may be proteins, peptides, carbohydrates,
lipids, or small molecules generated by combinatorial chemistry. This technique may also be
performed by immobilizing eukaryotic or prokaryotic cells or lipid vesicles exhibiting an endogenous
or a recombinantly expressed Canlon protein at their surface.

The main advantage of the method is that it allows the determination of the association rate
between the Canlon protein and molecules interacting with the Canlon protein. It is thus possible to

select specifically ligand molecules interacting with the Canlon protein, or a fragment thereof, through
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strong or conversely weak association constants.

E. Candidate ligands obtained through a two-hybrid screening assay.

The yeast two-hybrid system is designed to study protein-protein interactions in vivo (Fields
and Song, 1989), and relies upon the fusion of a bait protein to the DNA binding domain of the yeast
Gal4 protein. This technique is also described in the US Patent Nos. US 5,667,973 and 5,283,173
(Fields et al.) the technical teachings of both patents being herein incorporated by reference.

The general procedure of library screening by the two-hybrid assay may be performed as
described by Harper et al. (1993), Cho et al. (1998), or Fromont-Racine et al. (1997).

The bait protein or polypeptide comprises, consists essentially of, or consists of a Canlon
polypeptide or a fragment comprising a contiguous span of at least 6 amino acids, preferably at least 8
to 10 amino acids, more preferably at least 12, 15, 20, 25, 30, 40, 50, or 100 amino acids of SEQ ID
No §.

More precisely, the nucleotide sequence encoding the Canlon polypeptide or a fragment or
variant thereof is fused to a polynucleotide encoding the DNA binding domain of the GAL4 protein,
the fused nucleotide sequence being inserted in a suitable expression vector, for example pAS2 or
pM3.

Then, a human ¢cDNA library is constructed in a specially designed vector, such that the
human ¢DNA insert is fused to a nucleotide sequence in the vector that encodes the transcriptional
domain of the GAL4 protein. Preferably, the vector used is the pACT vector. The polypeptides
encoded by the nucleotide inserts of the human cDNA library are termed “prey” polypeptides.

A third vector contains a detectable marker gene, such as beta galactosidase gene or CAT gene
that is placed under the control of a regulation sequence that is responsive to the binding of a complete
Gal4 protein containing both the transcriptional activation domain and the DNA binding domain. For
example, the vector pGSEC may be used.

Two different yeast strains are also used. As an illustrative but non limiting example the two
different yeast strains may be the followings :

- Y190, the phenotype of which is (MATa, Leu2-3, 112 ura3-12, trp1-901, his3-D200, ade2-101,
gal4Dgall80D URA3 GAL-LacZ, LYS GAL-HIS3, cyh');
- Y187, the phenotype of which is (MATa gal4 gal80 his3 trp1-901 ade2-101 ura3-52 leu2-3, -112

URA3 GAL-lacZmer), which is the opposite mating type of Y190.

Briefly, 20 pg of pAS2/Canlon and 20 pg of pACT-cDNA library are co-transformed into yeast
strain Y190. The transformants are selected for growth on minimal media lacking histidine, leucine
and tryptophan, but containing the histidine synthesis inhibitor 3-AT (50 mM). Positive colonies are
screened for beta galactosidase by filter lift assay. The double positive colonies (His", beta-gal") are
then grown on plates lacking histidine, leucine, but containing tryptophan and cycloheximide (10

mg/ml) to select for loss of pAS2/Canlon plasmids bu retention of pACT-cDNA library plasmids. The
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resulting Y190 strains are mated with Y187 strains expressing Canlon or non-related control proteins;
such as cyclophilin B, lamin, or SNF1, as Gal4 fusions as described by Harper et al. (1993) and by
Bram et al. (Bram RJ et al., 1993), and screened for beta galactosidase by filter lift assay. Yeast
clones that are beta gal- after mating with the control Gal4 fusions are considered false positives.

In another embodiment of the two-hybrid method according to the invention, interaction
between the Canlon or a fragment or variant thereof with cellular proteins may be assessed using the
Matchmaker Two Hybrid System 2 (Catalog No. K1604-1, Clontech). As described in the manual
accompanying the Matchmaker Two Hybrid System 2 (Catalog No. K1604-1, Clontech), the disclosure of
which is incorporated herein by reference, nucleic acids encoding the Canlon protein or a portion thereof,
are inserted into an expression vector such that they are in frame with DNA encoding the DNA binding
domain of the yeast transcriptional activator GALA4. A desired cDNA, preferably human cDNA, is
inserted into a second expression vector such that they are in frame with DNA encoding the activation
domain of GAL4. The two expression plasmids are transformed into yeast and the yeast are plated on
selection medium which selects for expression of selectable markers on each of the expression vectors as
well as GAL4 dependent expression of the HIS3 gene. Transformants capable of growing on medium
lacking histidine are screened for GALA4 dependent lacZ expression. Those cells which are positive in
both the histidine selection and the lacZ assay contain interaction between Canlon and the protein or

peptide encoded by the initially selected cDNA insert.

Method For Screening Substances Interacting With The Regulatory Sequences Of The Canlon

Gene.

The present invention also concerns a method for screening substances or molecules that are
able to interact with the regulatory sequences of the Canlon gene, such as for example promoter or
enhancer sequences.

Nucleic acids encoding proteins which are able to interact with the regulatory sequences of
the Canlon gene, more particularly a nucleotide sequence selected from the group consisting of the
polynucleotides of the 5” and 3’ regulatory region or a fragment or variant thereof, and preferably a
variant comprising one of the biallelic markers of the invention, may be identified by using a one-
hybrid system, such as that described in the booklet enclosed in the Matchmaker One-Hybrid System
kit from Clontech (Catalog Ref. n°® K1603-1), the technical teachings of which are herein incorporated
by reference. Briefly, the target nucleotide sequence is cloned upstream of a selectable reporter
sequence and the resulting DNA construct is integrated in the yeast genome (Saccharomyces
cerevisiae). The yeast cells containing the reporter sequence in their genome are then transformed
with a library comprising fusion molecules between cDNAs encoding candidate proteins for binding
onto the regulatory sequences of the Canlon gene and sequences encoding the activator domain of a
yeast transcription factor such as GAL4. The recombinant yeast cells are plated in a culture broth for
selecting cells expressing the reporter sequence. The recombinant yeast cells thus selected contain a

fusion protein that is able to bind onto the target regulatory sequence of the Canlon gene. Then, the

108



10

15

20

25

30

35

WO 02/46404 PCT/1IB01/02798

cDNAs encoding the fusion proteins are sequenced and may be cloned into expression or transcription
vectors in vitro. The binding of the encoded polypeptides to the target regulatory sequences of the
Canlon gene may be confirmed by techniques familiar to the one skilled in the art, such as gel
retardation assays or DNAse protection assays.

Gel retardation assays may also be performed independently in order to screen candidate
molecules that are able to interact with the regulatory sequences of the Canlon gene, such as described
by Fried and Crothers (1981), Garner and Revzin (1981) and Dent and Latchman (1993), the teachings
of these publications being herein incorporated by reference. These techniques are based on the
principle according to which a DNA fragment which is bound to a protein migrates slower than the
same unbound DNA fragment. Briefly, the target nucleotide sequence is labeled. Then the labeled
target nucleotide sequence is brought into contact with either a total nuclear extract from cells
containing transcription factors, or with different candidate molecules to be tested. The interaction
between the target regulatory sequence of the Canlon gene and the candidate molecule or the
transcription factor is detected after gel or capillary electrophoresis through a retardation in the

migration.

Method For Screening Ligands That Modulate The Expression Of The Canlon Gene.

Another subject of the present invention is a method for screening molecules that modulate the
expression of the Canlon protein. Such a screening method comprises the steps of:

a) cultivating a prokaryotic or an eukaryotic cell that has been transfected with a nucleotide
sequence encoding the Canlon protein or a variant or a fragment thereof, placed under the control of
its own promoter;

b) bringing into contact the cultivated cell with a molecule to be tested,;

¢) quantifying the expression of the Canlon protein or a variant or a fragment thereof.

In an embodiment, the nucleotide sequence encoding the Canlon protein or a variant or a
fragment thereof comprises an allele of at least one of the biallelic markers A12 or A16, and the
complements thereof.

Using DNA recombination techniques well known by the one skill in the art, the Canlon
protein encoding DNA sequence is inserted into an expression vector, downstream from its promoter
sequence. As an illustrative example, the promoter sequence of the Canlon gene is contained in the
nucleic acid of the 5’ regulatory region.

The quantification of the expression of the Canlon protein may be realized either at the mRNA
level or at the protein level. In the latter case, polyclonal or monoclonal antibodies may be used to
quantify the amounts of the Canlon protein that have been produced, for example in an ELISA or a
RIA assay.

In a preferred embodiment, the quantification of the Canlon mRNA is realized by a
quantitative PCR amplification of the cDNA obtained by a reverse transcription of the total mRNA of

the cultivated Canlon -transfected host cell, using a pair of primers specific for Canlon,
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The present invention also concerns a method for screening substances or molecules that are
able to increase or decrease the level of expression of the Canlon gene. Such a method may allow one
skilled in the art to select substances exerting a regulating effect on the expression level of the Canlon
gene and which may be useful as active ingredients included in pharmaceutical compositions for
treating patients suffering from any of the herein-described diseases.

Thus, the present invention also provides a method for screening of a candidate substance or
molecule that modulated the expression of the Canlon gene, this method comprises the following
steps:

- providing a recombinant cell host containing a nucleic acid, wherein said nucleic acid
comprises a nucleotide sequence of the 5’ regulatory region or a biologically active fragment or
variant thereof located upstream a polynucleotide encoding a detectable protein;

- obtaining a candidate substance; and

- determining the ability of the candidate substance to modulate the expression levels of the
polynucleotide encoding the detectable protein.

In a further embodiment, the nucleic acid comprising the nucleotide sequence of the 5’
regulatory region or a biologically active fragment or variant thereof also includes a 5’UTR region of
the Canlon cDNA of SEQ ID No 4, or one of its biologically active fragments or variants thereof,

Among the preferred polynucleotides encoding a detectable protein, there may be cited
polynucleotides encoding beta galactosidase, green fluorescent protein (GFP) and chloramphenicol
acetyl transferase (CAT).

The invention also pertains to kits useful for performing the herein described screening
method. Preferably, such kits comprise a recombinant vector that allows the expression of a
nucleotide sequence of the 5’ regulatory region or a biologically active fragment or variant thereof
located upstream and operably linked to a polynucleotide encoding a detectable protein or the Canlon
protein or a fragment or a variant thereof.

In another method for the screening of a candidate substance or molecule that modulates the
expression of the Canlon gene, the method comprises the following steps:

a) providing a recombinant host cell containing a nucleic acid, wherein said nucleic acid
comprises a 5’UTR sequence of the Canlon cDNA of SEQ ID No 4, or one of its biologically active
fragments or variants, the 5’UTR sequence or its biologically active fragment or variant being
operably linked to a polynucleotide encoding a detectable protein;

b) obtaining a candidate substance; and

c) determining the ability of the candidate substance to modulate the expression levels of the
polynucleotide encoding the detectable protein.

In a specific embodiment of the above screening method, the nucleic acid that comprises a
nucleotide sequence selected from the group consisting of the 5°UTR sequence of the Canlon cDNA

of SEQ ID No 4 or one of its biologically active fragments or variants, includes a promoter sequence
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which is endogenous with respect to the Canlon 5°UTR sequence.

In another specific embodiment of the above screening method, the nucleic acid that
comprises a nucleotide sequence selected from the group consisting of the 5’UTR sequence of the
Canlon cDNA of SEQ ID No 4 or one of its biologically active fragments or variants, includes a
promoter sequence which is exogenous with respect to the Canlon 5’UTR sequence defined therein.

In a further preferred embodiment, the nucleic acid comprising the 5’-UTR sequence of the
Canlon ¢cDNA or SEQ ID No 4 or the biologically active fragments thereof includes a biallelic marker
selected from the group consisting of A12 or A16 or the complements thereof.

The invention further comprises a kit for the screening of a candidate substance modulating
the expression of the Canlon gene, wherein said kit comprises a recombinant vector that comprises a
nucleic acid including a 5’UTR sequence of the Canlon cDNA of SEQ ID No 4, or one of their
biologically active fragments or variants, the 5’UTR sequence or its biologically active fragment or
variant being operably linked to a polynucleotide encoding a detectable protein.

Expression levels and patterns of Canlon may be analyzed by solution hybridization with long
probes as described in International Patent Application No. WO 97/05277, the entire contents of which
are incorporated herein by reference. Briefly, the Canlon cDNA or the Canlon genomic DNA
described above, or fragments thereof, is inserted at a cloning site immediately downstream of a
bacteriophage (T3, T7 or SP6) RNA polymerase promoter to produce antisense RNA. Preferably, the
Canlon insert comprises at least 100 or more consecutive nucleotides of the genomic DNA sequence
or the cDNA sequences. The plasmid is linearized and transcribed in the presence of ribonucleotides
comprising modified ribonucleotides (i.e. biotin-UTP and DIG-UTP). An excess of this doubly
labeled RNA is hybridized in solution with mRNA isolated from cells or tissues of interest. The
hybridization is performed under standard stringent conditions (40-50°C for 16 hours in an 80%
formamide, 0. 4 M NaCl buffer, pH 7-8). The unhybridized probe is removed by digestion with
ribonucleases specific for single-stranded RNA (i.e. RNases CL3, T1, Phy M, U2 or A). The presence
of the biotin-UTP modification enables capture of the hybrid on a microtitration plate coated with
streptavidin. The presence of the DIG modification enables the hybrid to be detected and quantified
by ELISA using an anti-DIG antibody coupled to alkaline phosphatase.

Quantitative analysis of Canlon gene expression may also be performed using arrays. As used
herein, the term array means a one dimensional, two dimensional, or multidimensional arrangement of
a plurality of nucleic acids of sufficient length to permit specific detection of expression of mMRNAs
capable of hybridizing thereto. For example, the arrays may contain a plurality of nucleic acids
derived from genes whose expression levels are to be assessed. The arrays may include the Canlon
genomic DNA, the Canlon cDNA sequences or the sequences complementary thereto or fragments
thereof, particularly those comprising at least one of the biallelic markers according the present
invention, preferably at least one of the biallelic markers Al to A17. Preferably, the fragments are at

least 15 nucleotides in length. In other embodiments, the fragments are at least 25 nucleotides in
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length. In some embodiments, the fragments are at least 50 nucleotides in length. More preferably,
the fragments are at least 100 nucleotides in length. In another preferred embodiment, the fragments
are more than 100 nucleotides in length. In some embodiments the fragments may be more than 500
nucleotides in length.

For example, quantitative analysis of Canlon gene expression may be performed with a
complementary DNA microarray as described by Schena et al. (1995 and 1996). Full length Canlon
cDNAs or fragments thereof are amplified by PCR and arrayed from a 96-well microtiter plate onto
silylated microscope slides using high-speed robotics. Printed arrays are incubated in a humid
chamber to allow rehydration of the array elements and rinsed, once in 0.2% SDS for 1 min, twice in
water for 1 min and once for 5 min in sodium borohydride solution. The arrays are submerged in
water for 2 min at 95°C, transferred into 0.2% SDS for 1 min, rinsed twice with water, air dried and
stored in the dark at 25°C.

Cell or tissue mRNA is isolated or commercially obtained and probes are prepared by a single
round of reverse transcription. Probes are hybridized to 1 cm” microarrays under a 14 x 14 mm glass
coverslip for 6-12 hours at 60°C. Arrays are washed for 5 min at 25°C in low stringency wash buffer
(1 x SSC/0.2% SDS), then for 10 min at room temperature in high stringency wash buffer (0.1 x
SSC/0.2% SDS). Arrays are scanned in 0.1 x SSC using a fluorescence laser scanning device fitted
with a custom filter set. Accurate differential expression measurements are obtained by taking the
average of the ratios of two independent hybridizations.

Quantitative analysis of Canlon gene expression may also be performed with full length
Canlon cDNAs or fragments thereof in complementary DNA arrays as described by Pietu et al.
(1996). The full length Canlon ¢cDNA or fragments thereof is PCR amplified and spotted on
membranes. Then, mRNAs originating from various tissues or cells are labeled with radioactive
nucleotides. After hybridization and washing in controlled conditions, the hybridized mRNAs are
detected by phospho-imaging or autoradiography. Duplicate experiments are performed and a
quantitative analysis of differentially expressed mRNAs is then performed.

Alternatively, expression analysis using the Canlon genomic DNA, the Canlon ¢cDNA, or
fragments thereof can be done through high density nucleotide arrays as described by Lockhart et al.
(1996) and Sosnowsky et al. (1997). Oligonucleotides of 15-50 nucleotides from the sequences of the
Canlon genomic DNA or the Canfon cDNA sequences, particularly those comprising at least one of
biallelic markers according the present invention, preferably at least one biallelic marker selected from
the group consisting of Al to A17, or the sequences complementary thereto, are synthesized directly
on the chip (Lockhart et al., supra) or synthesized and then addressed to the chip (Sosnowski et al.,
supra). Preferably, the oligonucleotides are about 20 nucleotides in length.

Canlon cDNA probes labeled with an appropriate compound, such as biotin, digoxigenin or
fluorescent dye, are synthesized from the appropriate mRNA population and then randomly
fragmented to an average size of 50 to 100 nucleotides. The probes are then hybridized to the chip.
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After washing as described in Lockhart et al., supra and application of different electric fields
(Sosnowsky et al., 1997), the dyes or labeling compounds are detected and quantified. Duplicate
hybridizations are performed. Comparative analysis of the intensity of the signal originating from
cDNA probes on the same target oligonucleotide in different cDNA samples indicates a differential

expression of Canlon mRNA.

Methods For Inhibiting The Expression Of A Canlon Gene

Other therapeutic compositions according to the present invention comprise advantageously an

oligonucleotide fragment of the nucleic sequence of Canlon as an antisense tool or a triple helix tool
that inhibits the expression of the corresponding Canlon gene. A preferred fragment of the nucleic

sequence of Canlon comprises an allele of at least one of the biallelic markers Al to A17.

Antisense Approach

Preferred methods for using antisense polynucleotides according to the present invention are
the procedures described by Sczakiel et al. (1995).

Preferably, the antisense tools are chosen among polynucleotides (15-200 bp long) that are
complementary to the 5’end of the Canlon mRNA. In another embodiment, a combination of different
antisense polynucleotides complementary to different parts of the desired targeted gene are used.

Preferred antisense polynucleotides according to the present invention are complementary to a
sequence of the mRNAs of Canlon that contains either the translation initiation codon ATG or a
splicing donor or acceptor site.

The antisense nucleic acids should have a length and melting temperature sufficient to permit
formation of an intracellular duplex having sufficient stability to inhibit the expression of the Canlon
mRNA in the duplex. Strategies for designing antisense nucleic acids suitable for use in gene therapy
are disclosed in Green et al. (1986) and Izant and Weintraub (1984), the disclosures of which are
incorporated herein by reference.

In some strategies, antisense molecules are obtained by reversing the orientation of the Canlon
coding region with respect to a promoter so as to transcribe the opposite strand from that which is
normally transcribed in the cell. The antisense molecules may be transcribed using in vitro
transcription systems such as those which employ T7 or SP6 polymerase to generate the transcript.
Another approach involves transcription of Canlon antisense nucleic acids in vivo by operably linking
DNA containing the antisense sequence to a promoter in a suitable expression vector.

Alternatively, suitable antisense strategies are those described by Rossi et al. (1991), in
International Application Nos. WO 94/23026, WO 95/04141, WO 92/18522 and in European Patent
Application No. EP 0 572 287 A2

An alternative to the antisense technology that is used according to the present invention
comprises using ribozymes that will bind to a target sequence via their complementary polynucleotide

tail and that will cleave the corresponding RNA by hydrolyzing its target site (namely “hammerhead
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ribozymes™). Briefly, the simplified cycle of a hammerhead ribozyme comprises (1) sequence specific
binding to the target RNA via complementary antisense sequences; (2) site-specific hydrolysis of the
cleavable motif of the target strand; and (3) release of cleavage products, which gives rise to another
catalytic cycle. Indeed, the use of long-chain antisense polynucleotide (at least 30 bases long) or
ribozymes with long antisense arms are advantageous. A preferred delivery system for antisense
ribozyme is achieved by covalently linking these antisense ribozymes to lipophilic groups or to use
liposomes as a convenient vector. Preferred antisense ribozymes according to the present invention
are prepared as described by Sczakiel et al.(1995), the specific preparation procedures being referred

to in said article being herein incorporated by reference.

Triple Helix Approach

The Canlon genomic DNA may also be used to inhibit the expression of the Canlon gene
based on intracellular triple helix formation.

Triple helix oligonucleotides are used to inhibit transcription from a genome. They are
particularly useful for studying alterations in cell activity when it is associated with a particular gene.

Similarly, a portion of the Canlon genomic DNA can be used to study the effect of inhibiting
Canlon transcription within a cell. Traditionally, homopurine sequences were considered the most
useful for triple helix strategies. However, homopyrimidine sequences can also inhibit gene
expression. Such homopyrimidine oligonucleotides bind to the major groove at
homopurine:homopyrimidine sequences. Thus, both types of sequences from the Canlon genomic
DNA are contemplated within the scope of this invention.

To carry out gene therapy strategies using the triple helix approach, the sequences of ‘the
Canlon genomic DNA are first scanned to identify 10-mer to 20-mer homopyrimidine or homopurine
stretches which could be used in triple-helix based strategies for inhibiting Canlon expression.
Following identification of candidate homopyrimidine or homopurine stretches, their efficiency in
inhibiting Canlon expression is assessed by introducing varying amounts of oligonucleotides
containing the candidate sequences into tissue culture cells which express the Canlon gene.

The oligonucleotides can be introduced into the cells using a variety of methods known to
those skilled in the art, including but not limited to calcium phosphate precipitation, DEAE-Dextran,
electroporation, liposome-mediated transfection or native uptake.

Treated cells are monitored for altered cell function or reduced Canlon expression using
techniques such as Northern blotting, RNase protection assays, or PCR based strategies to monitor the
transcription levels of the Canlon gene in cells which have been treated with the oligonucleotide.

The oligonucleotides which are effective in inhibiting gene expression in tissue culture cells
may then be introduced in vivo using the techniques described above in the antisense approach at a
dosage calculated based on the in vitro results, as described in antisense approach.

In some embodiments, the natural (beta) anomers of the oligonucleotide units can be replaced
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with alpha anomers to render the oligonucleotide more resistant to nucleases. Further, an intercalating
agent such as ethidium bromide, or the like, can be attached to the 3’ end of the alpha oligonucleotide
to stabilize the triple helix. For information on the generation of oligonucleotides suitable for triple

helix formation see Griffin et al. (1989), which is hereby incorporated by this reference.

Pharmaceutical Compositions And Formulations

Canlon-modulating Compounds

Using the methods disclosed herein, Canlon agonist or antagonist compounds that selectively
modulate Canlon activity in vitro and in vivo may be identified. The invention thus encompasses
methods of treating schizophrenia, bipolar disorder, or any of the other herein-described diseases or
conditions in a patient comprising administering an effective amount of a Canlon-modulating compound.
Preferably, said compound is a selective Canlon modulating compound. The compounds identified by
the process of the invention include, for example, antibodies having binding specificity for a human
Canlon polypeptide. It is also expected that homologues of Canlon may be useful for modulating
Canlon -mediated activity and the related physiological condition associated with schizophrenia or
bipolar disorder. Generally, it is further expected that assay methods of the present invention based on
the role of Canlon in central nervous system disorder may be used to identify compounds capable of
intervening in the assay cascade of the invention. In a preferred embodiment, a patient suffering from
schizophrenia or bipolar disorder is treated by administering to the patient a pharmaceutical composition
comprising a therapeutically effective amount of a Canlon antagonist.

Indications

While Canlon is linked to a genomic region associated with schizophrenia and bipolar disorder,
indications involving Canlon may include various central nervous system disorders. Nervous system
disorders are expected to have complex genetic bases and often share certain symptoms. In particular, as
described herein, indications may include schizophrenia and other psychotic disorders, mood disorders,
autism, substance dependence and alcoholism, epilepsy, pain disorders, mental retardation, and other
psychiatric diseases including cognitive, anxiety, eating, impulse-control, and personality disorders, as
defined with the Diagnosis and Statistical Manual of Mental Disorders fourth edition (DSM-IV)
classification. In addition, numerous cardiovascular disorders including angina, hypertension, and
arrythmias may also be treated using Canlon modulators, preferably antagonists.

Pharmaceutical Formulations and Routes of Administration

The compounds identified using the methods of the present invention can be administered to a
mammal, including a human patient, alone or in pharmaceutical compositions where they are mixed with
suitable carriers or excipient(s) at therapeutically effective doses to treat or ameliorate schizophrenia or
bipolar disorder related disorders. A therapeutically effective dose further refers to that amount of the
compound sufficient to result in amelioration of symptoms as determined by the methods described

herein. Preferably, a therapeutically effective dosage is suitable for continued periodic use or
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administration. Techniques for formulation and administration of the compounds of the instant
application may be found in "Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, PA,
latest edition.

Routes of Administration

Suitable routes of administration include oral, rectal, transmucosal, or intestinal administration,
parenteral delivery, including intramuscular, subcutaneous, intramedullary injections, as well as
intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal or intraocular injections. A
particularly useful method of administering compounds for treating centgal nervous system disease
involves surgical implantation of a device for delivering the compound over an extended period of time.
Sustained release formulations of the invented medicaments particularly are contemplated.

Composition/Formulation

Pharmaceutical compositions and medicaments for use in accordance with the present invention
may be formulated in a conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries. Proper formulation is dependent upon the route of administration
chosen.

For injection, the agents of the invention may be formulated in aqueous solutions, preferably in
physiologically compatible buffers such as Hanks's solution, Ringer's solution, or physiological saline
buffer such as a phosphate or bicarbonate buffer. For transmucosal administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are generally
known in the art.

Pharmaceutical preparations which can be used orally include push-fit capsules made of gelatin,
as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or sorbitol. The
push-fit capsules can contain the active ingredients in admixture with fillers such as lactose, binders such
as starches, and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
capsules, the active compounds may be dissolved or suspended in suitable liquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. All formulations
for oral administration should be in dosages suitable for such administration.

For buccal administration,the compositions may take the form of tablets or lozenges formulated
in conventional manner.

For administration by inhalation, the compounds for use according to the present invention are
conveniently delivered in the form of an aerosol spray presentation from pressurized packs or a
nebulizer, with the use of a suitable gaseous propellant, e.g., carbon dioxide. In the case of a pressurized
aerosol the dosage unit may be determined by providing a valve to deliver a metered amount. Capsules
and cartridges of, e.g., gelatin, for use in an inhaler or insufflator, may be formulated containing a
powder mix of the compound and a suitable powder base such as lactose or starch.

The compounds may be formulated for parenteral administration by injection, e, g., by bolus

injection or continuous infusion. Formulations for injection may be presented in unit dosage form, eg,
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in ampoules or in multi-dose containers, with an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in aqueous vehicles, and may contain formulatory agents
such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical formulations for parenteral administration include aqueous solutions of the
active compounds in water-soluble form. Aqueous suspensions may contain substances which increase
the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dexiran.
Optionally, the suspension may also contain suitable stabilizers or agents which increase the solubility of
the compounds to allow for the preparation of highly concentrated solutions.

Alternatively, the active ingredient may be in powder or lyophilized form for constitution with a
suitable vehicle, such as sterile pyrogen-free water, before use.

In addition to the formulations described previously, the compounds may also be formulated as a
depot preparation. Such long acting formulations may be administered by implantation (for example
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, the compounds
may be formulated with suitable polymeric or hydrophobic materials (for example as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

Additionally, the compounds may be delivered using a sustained-release system, such as
semipermeable matrices of solid hydrophobic polymers containing the therapeutic agent. Various
sustained release materials have been established and are well known by those skilled in the art.
Sustained-release capsules may, depending on their chemical nature, release the compounds for a few
weeks up to over 100 days.

Depending on the chemical nature and the biological stability of the therapeutic reagent,
additional strategies for protein stabilization may be employed.

The pharmaceutical compositions may also comprise suitable solid or gel phase carriers or
excipients. Examples of such carriers or excipients include but are not limited to calcium carbonate,
calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and polymers such as
polyethylene glycols.

Effective Dosage.

Pharmaceutical compositions suitable for use in the present invention include compositions
wherein the active ingredients are contained in an effective amount to achieve their intended purpose.
More specifically, a therapeutically effective amount means an amount effective to prevent development
of or to alleviate the existing symptoms of the subject being treated. Determination of the effective
amounts is well within the capability of those skilled in the art, especially in light of the detailed
disclosure provided herein.

For any compound used in the method of the invention, the therapeutically effective dose can be
estimated initially from cell culture assays, and a dose can be formulated in animal models. Such

information can be used to more accurately determine useful doses in humans.
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A therapeutically effective dose refers to that amount of the compound that results in
amelioration of symptoms in a patient. Toxicity and therapeutic efficacy of such compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50, (the dose lethal to 50% of the test population) and the ED50 (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and therapeutic effects
is the therapeutic index and it can be expressed as the ratio between LD50 and ED50. Compounds
which exhibit high therapeutic indices are preferred.

The data obtained from these cell culture assays and animal studies can be used in formulating a
range of dosage for use in human. The dosage of such compounds lies preferably within a range of
circulating concentrations that include the ED50, with little or no toxicity. The dosage may vary within
this range depending upon the dosage form employed and the route of administration utilized. The exact
formulation, route of administration and dosage can be chosen by the individual physician in view of the

patient's condition. (See, e.g., Fingl et al., 1975, in "The Pharmacological Basis of Therapeutics", Ch. 1).

Computer-Related Embodiments

As used herein the term “nucleic acid codes of the invention” encompass the nucleotide
sequences comprising, consisting essentially of, or consisting of any one of the following: a) a contiguous
span of at least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000,
4000, 5000 or 10000 nucleotides of SEQ ID No 1 to 3; b) a contiguous span of at least 12, 15, 18, 20,
25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or 6000
nucleotides of SEQ ID No 4 or the complements thereof; c) a contiguous span of at least 12, 15, 18,
20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000, 4000, 5000 or 10000
nucleotides of SEQ ID Nos 1 to 3 wherein said contiguous span comprises a biallelic marker selected
from the group consisting of Al to A17; d) a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 40,
50, 60, 70, 80, 90, 100, 150, 200, 300 or 400 nucleotides of SEQ ID No 6; ) a contiguous span of at
least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300 or 400 nucleotides of SEQ
ID No 6 wherein said contiguous span comprises biallelic marker A18; and, f) a nucleotide sequence
complementary to any one of the preceding nucleotide sequences.

The “nucleic acid codes of the invention” further encompass nucleotide sequences homologous
to: a) a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200,
500, 1000, 2000, 3000, 4000, 5000 or 10000 nucleotides of SEQ ID No 1 to 3; b) a contiguous span
of at least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, 1000, 2000, 3000,
4000, 5000 or 6000 nucleotides of SEQ ID No 4; c¢) a contiguous span of at least 12, 15, 18, 20, 25,
30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300 or 400 nucleotides of SEQ ID No 6; and, d)
sequences complementary to any one of the preceding sequences. Homologous sequences refer to a
sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, 80%, or 75% homology to these
contiguous spans. Homology may be determined using any method described herein, including

BLAST2N with the default parameters or with any modified parameters. Homologous sequences also
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may include RNA sequences in which uridines replace the thymines in the nucleic acid codes of the
invention. It will be appreciated that the nucleic acid codes of the invention can be represented in the
traditional single character format (See the inside back cover of Stryer, Lubert. Biochemistry, 3" edition.
W. H Freeman & Co., New York.) or in any other format or code which records the identity of the
nucleotides in a sequence.

As used herein the term “polypeptide codes of the invention” encompass the polypeptide
sequences comprising a contiguous span of at least 6, 8, 10, 12, 15, 20, 25, 30, 40, 50, 100, 150, 200,
300, 400, 500, 700, 1000, 1200, 1400, 1600 or 1700 amino acids of SEQ ID No 5. In preferred
embodiments, said contiguous span includes at least 1, 2, 3, 5 or 10 of the amino acid positions 277,
338, 574, 678, 680, 683, 691, 692, 695, 696, 697, 894, 1480, 1481, 1483, 1484, 1485, 1630, 1631,
1632, 1636, 1660, 1667, 1707, 1709 of SEQ ID No 5. It will be appreciated that the polypeptide codes
of the invention can be represented in the traditional single character format or three letter format (See the
inside back cover of Stryer, Lubert. Biochemistry, 3" edition. W. H Freeman & Co., New York.) or in any
other format or code which records the identity of the polypeptides in a sequence.

It will be appreciated by those skilled in the art that the nucleic acid codes of the invention and
polypeptide codes of the invention can be stored, recorded, and manipulated on any medium which can
be read and accessed by a computer. As used herein, the words “recorded” and “stored” refer to a process
for storing information on a computer medium. A skilled artisan can readily adopt any of the presently
known methods for recording information on a computer readable medium to generate manufactures
comprising one or more of the nucleic acid codes of the invention, or one or more of the polypeptide
codes of the invention. Another aspect of the present invention is a computer readable medium having
recorded thereon at least 2, 5, 10, 15, 20, 25, 30, or 50 nucleic acid codes of the invention. Another aspect
of the present invention is a computer readable medium having recorded thereon at least 2, 5, 10, 15, 20,
25, 30, or 50 polypeptide codes of the invention.

Computer readable media include magnetically readable media, optically readable media,
electronically readable media and magnetic/optical media. For example, the computer readable media
may be a hard disk, a floppy disk, a magnetic tape, CD-ROM, Digital Versatile Disk (DVD), Random
Access Memory (RAM), or Read Only Memory (ROM) as well as other types of other media known to
those skilled in the art.

Embodiments of the present invention include systems, particularly computer systems which store
and manipulate the sequence information described herein. One example of a computer system 100 is
illustrated in block diagram form in Figure 2. As used herein, “a compﬁter system” refers to the hardware
components, software components, and data storage components used to analyze the nucleotide sequences
of the nucleic acid codes of the invention or the amino acid sequences of the polypeptide codes of the
invention. In one embodiment, the computer system 100 is a Sun Enterprise 1000 server (Sun

Microsystems, Palo Alto, CA). The computer system 100 preferably includes a processor for processing,

accessing and manipulating the sequence data. The processor 105 can be any well-known type of central
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processing unit, such as the Pentium III from Intel Corporation, or similar processor from Sun, Motorola,
Compaq or International Business Machines.

Preferably, the computer system 100 is a general purpose system that comprises the processor 105
and one or more internal data storage components 110 for storing data, and one or more data retrieving
devices for retrieving the data stored on the data storage components. A skilled artisan can readily
appreciafe that any one of the currently available computer systems are suitable.

In one particular embodiment, the computer system 100 includes a processor 105 connected to a
bus which is connected to a main memory 115 (preferably implemented as RAM) and one or more
internal data storage devices 110, such as a hard drive and/or other computer readable media having data
recorded thereon. In some embodiments, the computer system 100 further includes one or more data
retrieving device 118 for reading the data stored on the internal data storage devices 110.

The data retrieving device 118 may represent, for example, a floppy disk drive, a compact disk
drive, a magnetic tape drive, etc. In some embodiments, the internal data storage device 110 is a
removable computer readable medium such as a floppy disk, a compact disk, a magnetic tape, etc.
containing control logic and/or data recorded thereon. The computer system 100 may advantageously
include or be programmed by appropriate software for reading the control logic and/or the data from the
data storage component once inserted in the data retrieving device.

The computer system 100 includes a display 120 which is used to display output to a computer
user. It should also be noted that the computer system 100 can be linked to other computer systems 125a-
¢ in anetwork or wide area network to provide centralized access to the computer system 100.

Software for accessing and processing the nucleotide sequences of the nucleic acid codes of the
invention or the amino acid sequences of the polypeptide codes of the invention (such as search tools,
compare tools, and modeling tools etc.) may reside in main memory 115 during execution.

In some embodiments, the computer system 100 may further comprise a sequence comparer for
comparing the above-described nucleic acid codes of the invention or the polypeptide codes of the
invention stored on a computer readable medium to reference nucleotide or polypeptide sequences stored
on a computer readable medium. A “sequence comparer” refers to one or more programs which are
implemented on the computer system 100 to compare a nucleotide or polypeptide sequence with other
nucleotide or polypeptide sequences and/or compounds including but not limited to peptides,
peptidomimetics, and chemicals stored within the data storage means. For example, the sequence
comparer may compare the nucleotide sequences of nucleic acid codes of the invention or the amino acid
sequences of the polypeptide codes of the invention stored on a computer readable medium to reference
sequences stored on a computer readable medium to identify homologies, motifs implicated in biological
function, or structural motifs. The various sequence comparer programs identified elsewhere in this patent
specification are particularly contemplated for use in this aspect of the invention.

Figure 3 is a flow diagram illustrating one embodiment of a process 200 for comparing a new

nucleotide or protein sequence with a database of sequences in order to determine the homology levels

120



10

15

20

25

30

35

WO 02/46404 PCT/1IB01/02798

between the new sequence and the sequences in the database. The database of sequences can be a private
database stored within the computer system 100, or a public database such as GENBANK, PIR OR
SWISSPROT that is available through the Internet.

The process 200 begins at a start state 201 and then moves to a state 202 wherein the new
sequence to be compared is stored to a memory in a computer system 100. As discussed above, the
memory could be any type of memory, including RAM or an internal storage device.

The process 200 then moves to a state 204 wherein a database of sequences is opened for analysis
and comparison. The process 200 then moves to a state 206 wherein the first sequence stored in the
database is read into a memory on the computer. A comparison is then performed at a state 210 to
determine if the first sequence is the same as the second sequence. It is important to note that this step is
not limited to performing an exact comparison between the new sequence and the first sequence in the
database. Well-known methods are known to those of skill in the art for comparing two nucleotide or
protein sequences, even if they are not identical. For example, gaps can be introduced into one sequence
in order to raise the homology level between the two tested sequences. The parameters that control
whether gaps or other features are introduced into a sequence during comparison are normally entered by
the user of the computer system.

Once a comparison of the two sequences has been performed at the state 210, a determination is
made at a decision state 210 whether the two sequences are the same. Of course, the term “same” is not
limited to sequences that are absolutely identical. Sequences that are within the homology parameters
entered by the user will be marked as “same” in the process 200.

If a determination is made that the two sequences are the same, the process 200 moves to a state
214 wherein the name of the sequence from the database is displayed to the user. This state notifies the
user that the sequence with the displayed name fulfills the homology constraints that were entered. Once
the name of the stored sequence is displayed to the user, the process 200 moves to a decision state 218
wherein a determination is made whether more sequences exist in the database. If no more sequences
exist in the database, then the process 200 terminates at an end state 220. However, if more sequences do
exist in the database, then the process 200 moves to a state 224 wherein a pointer is moved to the next
sequence in the database so that it can be compared to the new sequence. In this manner, the new
sequence is aligned and compared with every sequence in the database.

It should be noted that if a determination had been made at the decision state 212 that the
sequences were not homologous, then the process 200 would move immediately to the decision state 218
in order to determine if any other sequences were available in the database for comparison.

Accordingly, one aspect of the present invention is a computer system comprising a processor,
a data storage device having stored thereon a nucleic acid code of the invention or a polypeptide code
of the invention, a data storage device having retrievably stored thereon reference nucleotide
sequences or polypeptide sequences to be compared to the nucleic acid code of the invention or

polypeptide code of the invention and a sequence comparer for conducting the comparison, The
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sequence comparer may indicate a homology level between the sequences compared or identify motifs
implicated in biological function and structural motifs in the nucleic acid code of the invention and
polypeptide codes of the invention or it may identify structural motifs in sequences which are
compared to these nucleic acid codes and polypeptide codes. In some embodiments, the data storage
device may have stored thereon the sequences of at least 2, 5, 10, 15, 20, 25, 30, or 50 of the nucleic
acid codes of the invention or polypeptide codes of the invention.

Another aspect of the present invention is a method for determining the level of homology
between a nucleic acid code of the invention and a reference nucleotide sequence, comprising the steps
of reading the nucleic acid code and the reference nucleotide sequence through the use of a computer
program which determines homology levels and determining homology between the nucleic acid code
and the reference nucleotide sequence with the computer program. The computer program may be any of
a number of computer programs for determining homology levels, including those specifically
enumerated herein, including BLAST2N with the default parameters or with any modified parameters.
The method may be implemented using the computer systems described above. The method may also be
performed by reading 2, 5, 10, 15, 20, 25, 30, or 50 of the above described nucleic acid codes of the
invention through the use of the computer program and determining homology between the nucleic
acid codes and reference nucleotide sequences.

Figure 4 is a flow diagram illustrating one embodiment of a process 250 in a computer for
determining whether two sequences are homologous. The process 250 begins at a start state 252 and
then moves to a state 254 wherein a first sequence to be compared is stored to a memory. The second
sequence to be compared is then stored to a memory at a state 256. The process 250 then moves to a
state 260 wherein the first character in the first sequence is read and then to a state 262 wherein the
first character of the second sequence is read. It should be understood that if the sequence is a
nucleotide sequence, then the character would normally be either A, T, C, G or U. If the sequence is a
protein sequence, then it should be in the single letter amino acid code so that the first and sequence
sequences can be easily compared.

A determination is then made at a decision state 264 whether the two characters are the same.
If they are the same, then the process 250 moves to a state 268 wherein the next characters in the first
and second sequences are read. A determination is then made whether the next characters are the
same. If they are, then the process 250 continues this loop until two characters are not the same. Ifa
determination is made that the next two characters are not the same, the process 250 moves to a
decision state 274 to determine whether there are any more characters either sequence to read.

If there aren’t any more characters to read, then the process 250 moves to a state 276 wherein
the level of homology between the first and second sequences is displayed to the user. The level of
homology is determined by calculating the proportion of characters between the sequences that were
the same out of the total number of sequences in the first sequence. Thus, if every character in a first

100 nucleotide sequence aligned with a every character in a second sequence, the homology level
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would be 100%.

Alternatively, the computer program may be a computer program which compares the nucleotide
sequences of the nucleic acid codes of the present invention, to reference nucleotide sequences in order to
determine whether the nucleic acid code of the invention differs from a reference nucleic acid sequence at
one or more positions. Optionally such a program records the length and identity of inserted, deleted or
substituted nucleotides with respect to the sequence of either the reference polynucleotide or the nucleic
acid code of the invention. In one embodiment, the computer program may be a program which
determines whether the nucleotide sequences of the nucleic acid codes of the invention contain one or
more single nucleotide polymorphisms (SNP) with respect to a reference nucleotide sequence. These
single nucleotide polymorphisms may each comprise a single base substitution, insertion, or deletion.

Another aspect of the present invention is a method for determining the level of homology
between a polypeptide code of the invention and a reference polypeptide sequence, comprising the steps
of reading the polypeptide code of the invention and the reference polypeptide sequence through use of a
computer program which determines homology levels and determining homology between the
polypeptide code and the reference polypeptide sequence using the computer program.

Accordingly, another aspect of the present invention is a method for determining whether a
nucleic acid code of the invention differs at one or more nucleotides from a reference nucleotide sequence
comprising the steps of reading the nucleic acid code and the reference nucleotide sequence through use
of a computer program which identifies differences between nucleic acid sequences and identifying
differences between the nucleic acid code and the reference nucleotide sequence with the computer
program. In some embodiments, the computer program is a program which identifies single nucleotide
polymorphisms The method may be implemented by the computer systems described above and the
method illustrated in Figure 4. The method may also be performed by reading at least 2, 5, 10, 15, 20, 25,
30, or 50 of the nucleic acid codes of the invention and the reference nucleotide sequences through the use
of the computer program and identifying differences between the nucleic acid codes and the reference
nucleotide sequences with the computer program.

In other embodiments the computer based system may further comprise an identifier for
identifying features within the nucleotide sequences of the nucleic acid codes of the invention or the
amino acid sequences of the polypeptide codes of the invention.

An “identifier” refers to one or more programs which identifies certain features within the
above-described nucleotide sequences of the nucleic acid codes of the invention or the amino acid
sequences of the polypeptide codes of the invention. In one embodiment, the identifier may comprise
a program which identifies an open reading frame in the cDNAs codes of the invention.

Figure 5 is a flow diagram illustrating one embodiment of an identifier process 300 for
detecting the presence of a feature in a sequence. The process 300 begins at a start state 302 and then
moves to a state 304 wherein a first sequence that is to be checked for features is stored to a memory

115 in the computer system 100. The process 300 then moves to a state 306 wherein a database of
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sequence features is opened. Such a database would include a list of each feature’s attributes along
with the name of the feature. For example, a feature name could be “Initiation Codon” and the
attribute would be “ATG”. Another example would be the feature name “TAATAA Box” and the
feature attribute would be “TAATAA”. An example of such a database is produced by the University
of Wisconsin Genetics Computer Group (Www.gcg.com).

Once the database of features is opened at the state 306, the process 300 moves to a state 308
wherein the first feature is read from the database. A comparison of the attribute of the first feature
with the first sequence is then made at a state 310. A determination is then made at a decision state
316 whether the attribute of the feature was found in the first sequence. If the attribute was found,
then the process 300 moves to a state 318 wherein the name of the found feature is displayed to the
user.

The process 300 then moves to a decision state 320 wherein a determination is made whether
move features exist in the database. If no more features do exist, then the process 300 terminates at an
end state 324. However, if more features do exist in the database, then the process 300 reads the next
sequence feature ata state 326 and loops back to the state 310 wherein the attribute of the next feature
is compared against the first sequence.

It should be noted, that if the feature attribute is not found in the first sequence at the decision
state 316, the process 300 moves directly to the decision state 320 in order to determine if any more
features exist in the database.

In another embodiment, the identifier may comprise a molecular modeling program which
determines the 3-dimensional structure of the polypeptides codes of the invention. In some
embodiments, the molecular modeling program identifies target sequences that are most compatible
with profiles representing the structural environments of the residues in known three-dimensional
protein structures. (See, e.g., U.S. Patent No. 5,436,850). In another technique, the known three-
dimensional structures of proteins in a given family are superimposed to define the structurally
conserved regions in that family. This protein modeling technique also uses the known three-
dimensional structure of a homologous protein to approximate the structure of the polypeptide codes
of the invention. (See e.g., U.S. Patent No. 5,557,535). Conventional homology modeling techniques
have been used routinely to build models of proteases and antibodies. (Sowdhamini et al., (1997)).
Comparative approaches can also be used to develop three-dimensional protein models when the
protein of interest has poor sequence identity to template proteins. In some cases, proteins fold into
similar three-dimensional structures despite having very weak sequence identities. For example, the
three-dimensional structures of a number of helical cytokines fold in similar three-dimensional
topology in spite of weak sequence homology.

The recent development of threading methods now enables the identification of likely folding
patterns in a number of situations where the structural relatedness between target and template(s) is not

detectable at the sequence level. Hybrid methods, in which fold recognition is performed using
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Muitiple Sequence Threading (MST), structural equivalencies are deduced from the threading output
using a distance geometry program DRAGON to construct a low resolution model, and a full-atom
representation is constructed using a molecular modeling package such as QUANTA.

According to this 3-step approach, candidate templates are first identified by using the novel
fold recognition algorithm MST, which is capable of performing simultaneous threading of multiple
aligned sequences onto one or more 3-D structures. In a second step, the structural equivalencies
obtained from the MST output are converted into interresidue distance restraints and fed into the
distance geometry program DRAGON, together with auxiliary information obtained from secondary
structure predictions. The program combines the restraints in an unbiased manner and rapidly
generates a large number of low resolution model confirmations. In a third step, these low resolution
model confirmations are converted into full-atom models and subjected to energy minimization using
the molecular modeling package QUANTA (See e.g., Aszddi et al., (1997)).

The results of the molecular modeling analysis may then be used in rational drug design
techniques to identify agents which modulate the activity of the polypeptide codes of the invention.

Accordingly, another aspect of the present invention is a method of identifying a feature
within the nucleic acid codes of the invention or the polypeptide codes of the invention comprising
reading the nucleic acid code(s) or the polypeptide code(s) through the use of a computer program
which identifies features therein and identifying features within the nucleic acid code(s) or polypeptide
code(s) with the computer program. In one embodiment, computer program comprises a computer
program which identifies open reading frames. In a further embodiment, the computer program
identifies structural motifs in a polypeptide sequence. In another embodiment, the computer program
comprises a molecular modeling program. The method may be performed by reading a single
sequence or at least 2, 5, 10, 15, 20, 25, 30, or 50 of the nucleic acid codes of the invention or the
polypeptide codes of the invention through the use of the computer program and identifying features
within the nucleic acid codes or polypeptide codes with the computer program.

The nucleic acid codes of the invention or the polypeptide codes of the invention may be stored
and manipulated in a variety of data processor programs in a variety of formats. For example, they may
be stored as text in a word processing file, such as MicrosoftWORD or WORDPERFECT or as an ASCII
file in a variety of database programs familiar to those of skill in the art, such as DB2, SYBASE, or
ORACLE. In addition, many computer programs and databases may be used as sequence comparers,
identifiers, or sources of reference nucleotide or polypeptide sequences to be compared to the nucleic
acid codes of the invention or the polypeptide codes of the invention. The following list is intended not
to limit the invention but to provide guidance to programs and databases which are useful with the nucleic
acid codes of the invention or the polypeptide codes of the invention. The programs and databases
which may be used include, but are not limited to: MacPattern (EMBL), DiscoveryBase (Molecular
Applications Group), GeneMine (Molecular Applications Group), Look (Molecular Applications Group),
MacLook (Molecular Applications Group), BLAST and BLAST2 (NCBI), BLASTN and BLASTX
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(Altschul et al, 1990), FASTA (Pearson and Lipman, 1988), FASTDB (Brutlag e+ ~*~1990), Catalyst
(Molecular Simulations Inc.), Catalyst/SHAPE (Molecular Simulations Inc.), Ceriﬁéz./]D/BAccess
(Molecular Simulations Inc.), HypoGen (Molecular Simulations Inc.), Insight II, (Molecular Simulations
Inc.), Discover (Molecular Simulations Inc.), CHARMm (Molecular Simulations Inc.), Felix (Molecular
Simulations Inc.), DelPhi, (Molecular Simulations Inc.), QuanteMM, (Molecular Simulations Inc.),
Homology (Molecular Simulations Inc.), Modeler (Molecular Simulations Inc.), ISIS (Molecular
Simulations Inc.), Quanta/Protein Design (Molecular Simulations Inc.), WebLab (Molecular Simulations
Inc.), WebLab Diversity Explorer (Molecular Simulations Inc.), Gene Explorer (Molecular Simulations
Inc.), SeqFold (Molecular Simulations Inc.), the EMBL/Swissprotein database, the MDL Available
Chemicals Directory database, the MDL Drug Data Report data base, the Comprehensive Medicinal
Chemistry database, Derwents’s World Drug Index database, the BioByteMasterFile database, the
Genbank database, and the Genseqn database. Many other programs and data bases would be apparent to
one of skill in the art given the present disclosure.

Motifs which may be detected using the above programs include sequences encoding leucine
zippers, helix-turn-helix motifs, glycosylation sites, ubiquitination sites, alpha helices, and beta sheets,
signal sequences encoding signal peptides which direct the secretion of the encoded proteins,
sequences implicated in transcription regulation such as homeoboxes, acidic stretches, enzymatic
active sites, substrate binding sites, and enzymatic cleavage sites.

Throughout this application, various publications, patents and published patent applications
are cited. The disclosures of these publications, patents and published patent specification referenced
in this application are hereby incorporated by reference into the present disclosure to more fully

describe the sate of the art to which this invention pertains.

EXAMPLES

Example 1
Identification Of Biallelic Markers - DNA Extraction

Donors were unrelated and healthy. They presented a sufficient diversity for being
representative of a French heterogeneous population. The DNA from 100 individuals was extracted
and tested for the detection of the biallelic markers.

30 ml of peripheral venous blood were taken from each donor in the presence of EDTA. Cells
(pellet) were collected after centrifugation for 10 minutes at 2000 rpm. Red cells were lysed by a lysis
solution (50 ml final volume: 10 mM Tris pH7.6; 5 mM MgCl,; 10 mM NaCl). The solution was
centrifuged (10 minutes, 2000 rpm) as many times as necessary to eliminate the residual red cells
present in the supernatant, after resuspension of the pellet in the lysis solution.

The pellet of white cells was lysed overnight at 42°C with 3.7 ml of lysis solution composed
of:
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-3 ml TE 10-2 (Tris-HC1 10 mM, EDTA 2 mM) / NaCl 0 4 M
-200 pl SDS 10%
- 500 pl K-proteinase (2 mg K-proteinase in TE 10-2 / NaCl 0.4 M).

For the extraction of proteins, 1 ml saturated NaCl (6M) (1/3.5 v/v) was added. After vigorous
agitation, the solution was centrifuged for 20 minutes at 10000 rpm.

For the precipitation of DNA, 2 to 3 volumes of 100% ethanol were added to the previous
supernatant, and the solution was centrifuged for 30 minutes at 2000 rpm. The DNA solution was
rinsed three times with 70% ethanol to eliminate salts, and centrifuged for 20 minutes at 2000 rpm.
The pellet was dried at 37°C, and resuspended in 1 ml TE 10-1 or 1 ml water. The DNA concentration
was evaluated by measuring the OD at 260 nm (1 unit OD = 50 pg/ml DNA).

To determine the presence of proteins in the DNA solution, the OD 260 / OD 280 ratio was
determined. Only DNA preparations having a OD 260 / OD 280 ratio between 1.8 and 2 were used in
the subsequent examples described below.

The pool was constituted by mixing equivalent quantities of DNA from each individual.

Example 2
Identification Of Biallelic Markers: Amplification Of Genomic DNA By PCR

The amplification of specific genomic sequences of the DNA samples of example 1 was

carried out on the pool of DNA obtained previously. In addition, 50 individual samples were similarly

amplified.
PCR assays were performed using the following protocol:

Final volume 25l
DNA 2 ng/pl
MgCl, 2 mM
dNTP (each) 200 uM
primer (each) 2.9 ng/pl
Ampli Taq Gold DNA polymerase 0.05 unit/pl
PCR buffer (10x = 0.1 M TrisHCI pH8.3 0.5M KCl) 1x

Each pair of first primers was designed using the sequence information of the Canlon gene
disclosed herein and the OSP software (Hillier & Green, 1991). This first pair of primers was about
20 nucleotides in length and had the sequences disclosed in Table 1 in the columns labeled PU and RP.

Table 1
Position range of] Primer | Position range of Primer | Complementary
Amplicon | the amplicon in |name |amplification primer inf name | position range of
SEQID1 SEQ ID No 1 amplification primer in
SEQ ID No 1
99-62626 {12343 |12810 |B1 12343 12363 C1 12793 12810
99-62632 | 13814 |14296 |B2 13814 13832 C2 14279 14296
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99-62633 |[24863 (25396 |B3 24863 24881 C3 25378 25396
99-62611 169198 (69650 |[B4 69198 69218 C4 69632 69650
99-62605 173005 |73483 |BS 73005 73022 C5 73466 73483
99-62635 |79808 80334 |B6 79808 79826 Cé6 80314 80334

Position range of] Position range of Primer | Complementary
Amplicon | the amplicon in |rimer |amplification primer inf name | position range of
SEQID 2 name |SEQ ID No 2 amplification primer in
SEQ ID No 2
99-79335 |51031 |51559 B7 ]51031 51051 C7 51539 51559
99-79336 160925 |61374 B8 60925 60945 C8 61354 61374
99-79338 180271 |80720 B9 80271 80290 C9 80700 80720
99-79339 {91037 |[91486 | B10 |91037 91056 C10 |91466 91486

99-79314 |100285 | 100784 | B11 |100285 100305 Cl11 100764 100784
99-79316 [106568 (107020 | B12 |106568 106585 C12  |107000 107020
99-79322 1165864 | 166401 | B13 | 165864 165884 C13 | 166381 166401
99-79306 [235713 {236210 | B14 235713 235732 Cl4 1236190 236210

Position range of] Primer | Position range of Primer | Complementary
Amplicon | the amplicon in |name |amplification primer inf name | position range of
SEQID3 SEQID No 3 amplification primer in
SEQ ID No 3

99-79310 31618 |32100 |BIS 31618 31635 C15 32080 32100
99-79311 [42324 |42723 |BI16 42324 42344 Cile6 42704 42723

Primer | Position range of Primer | Complementary
Amplicon name |amplification primer inf name | position range of
SEQ ID No 6 amplification primer in
SEQ ID No 6
99-62617 B17 1 20 C17 435 453

Preferably, the primers contained a common oligonucleotide tail upstream of the specific bases
targeted for amplification which was useful for sequencing.

Primers PU contain the following additional PU 5’ sequence: TGTAAAACGACGGCCAGT;
primers RP contain the following RP 5’ sequence: CAGGAAACAGCTATGACC. The primer
containing the additional PU 5’ sequence is listed in SEQ ID No 7. The primer containing the
additional RP 5’ sequence is listed in SEQ ID No 8.

The synthesis of these primers was performed following the phosphoramidite method, on a
GENSET UFPS 24.1 synthesizer.

DNA amplification was performed on a Genius II thermocycler. After heating at 95°C for 10
min, 40 cycles were performed. Each cycle comprised: 30 sec at 95°C, 54°C for 1 min, and 30 sec at
72°C. For final elongation, 10 min at 72°C ended the amplification. The quantities of the

amplification products obtained were determined on 96-well microtiter plates, using a fluorometer and
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Example 3

Identification Of Biallelic Markers - Sequencing Of Amplified Genomic DNA And Identification

Of Polymoyrphisms
The sequencing of the amplified DNA obtained in example 2 was carried out on ABI 377

sequencers. The sequences of the amplification products were determined using automated dideoxy
terminator sequencing reactions with a dye terminator cycle sequencing protocol. The products of the

sequencing reactions were run on sequencing gels and the sequences were determined using gel image

analysis (ABI Prism DNA Sequencing Analysis software (2.1.2 version)).

The sequence data were further evaluated to detect the presence of biallelic markers within the
amplified fragments. The polymorphism search was based on the presence of superimposed peaks in

the electrophoresis pattern resulting from different bases occurring at the same position as described

previously.

In the 17 fragments of amplification, 18 biallelic markers were detected. The localization of

these biallelic markers are as shown in Table 2.

PCT/1IB01/02798

Table 2

Amplicon BM |Marker Namel Polymor- | BM position in SEQ ID
phism
alll {all2 | No 1 No 4

99-62626 A1]99-62626-168 12642

99-62632 A2199-62632-275 14088

99-62633 A3199-62633-409 24981

99-62611 A4199-62611-51 69248

99-62605 A5199-62605-56 73428

99-62635 A6]99-62635-443 80250

Amplicon BM | Marker Name| Polymor- | BM position in SEQ ID
phism
alll [all2 | No 2 No 4

99-79335 A7]99-79335-60 51090

99-79336 A8]99-79336-369 61293

99-79338 A9199-79338-332 80602

99-79314 A10]99-79314-201 100485

99-79314 Al11}99-79314-225 100509

99-79316 Al12]99-79316-158 106725 1658

99-7932 A13]99-79322-224 166087

99-79322 A14]99-79322-473 166336

99-79306 A15]99-79306-182 235894
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Amplicon BM | Marker Name] Polymor- | BM position in SEQ ID
phism
alll |all2 | No 3 No 4

99-79310 A16]99-79310-29 31646 4481

99-79311 A17|99-79311-50 42373

Amplicon BM | Marker Name| Polymor- | BM position in SEQ ID
phism
alll | all2 | No 6

99-62617 A18]99-62617-105 105

BM refers to “biallelic marker”. Alll and all2 refer respectively to allele 1 and allele 2 of the

biallelic marker.

Table 3
BM Marker Name Position range of probes in | Probes
SEQID No 1
Al 99-62626-168 12630 12654 P1
A2 99-62632-275 14076 14100 P2
A3 99-62633-409 24969 24993 P3
A4 99-62611-51 69236 69260 P4
A5 99-62605-56 73416 73440 P5
A6 99-62635-443 80238 80262 P6
BM Marker Name Position range of probes in | Probes
SEQ ID No 2
A7 99-79335-60 51078 51102 P7
A8 99-79336-369 61281 61305 P8
A9 99-79338-332 80590 80614 P9
Al10 99-79314-201 100473 100497 | P10
All 99-79314-225 100497 100521 | P11
Al2 99-79316-158 106713 106737 | P12
Al3 99-79322-224 166075 166099 | P13
Al4 99-79322-473 166324 166348 | P14
Al5 99-79306-182 235882 235906 | P15
BM Marker Name Position range of probes in | Probes
SEQID No 3
Al6 99-79310-29 31634 31658 |P16
Al7 99-79311-50 42361 42385 |P17
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BM Marker Name Position range of probes in | Probes
SEQID No 6
AlS8 99-62617-105 93 117 P18
Example 4

Validation Of The Polymorphisms Through Microsequencing
The biallelic markers identified in example 3 were further confirmed and their respective

frequencies were determined through microsequencing. Microsequencing was carried out for each
individual DNA sample described in Example 1.

Amplification from genomic DNA of individuals was performed by PCR as described above
for the detection of the biallelic markers with the same set of PCR primers (Table 1).

The preferred primers used in microsequencing were about 19 nucleotides in length and
hybridized just upstream of the considered polymorphic base. According to the invention, the primers

used in microsequencing are detailed in Table 4.

Table 4
Marker Name | Biallelic | Mis. 1| Position range of Mis. 2 | Complementary position
Marker microsequencing primer range of microsequencing
mis 1 in SEQ ID No 1 primer mis. 2 in SEQ ID No 1
99-62626-168 Al D1 112623 12641 El [12643 12661
99-62632-275 A2 D2 114069 14087 E2 |14089 14107
99-62633-409 A3 D3 24962 24980 E3 24982 25000
99-62611-51 A4 D4 169229 69247 E4 169249 | 69267
99-62605-56 AS D5 73409 73427 E5 73429 73447
99-62635-443 A6 D6 |80231 80249 E6 80251 80269
Marker Name | Biallelic | Mis. 1| Position range of Mis. 2 | Complementary position
Marker microsequencing primer range of microsequencing
mis 1 in SEQ ID No 2 primer mis. 2 in SEQ ID No 2
99-79335-60 A7 D7 [51071 51089 E7 [51091 51109
99-79336-369 A8 D8 61274 61292 E8 |61294 61312
99-79338-332 A9 D9 |80583 80601 E9 |80603 80621
99-79314-201 A10 D10 | 100466 100484 E10 |100486 100504
99-79314-225 All D11 |100490 100508 E11 |100510 100528
99-79316-158 Al12 D12 | 106706 106724 E12 |106726 106744
99-79322-224 Al3 D13 | 166068 166086 E13 ]166088 166106
99-79322-473 Al4 D14 |166317 166335 El14 1166337 166355
99-79306-182 Al5 D15 235875 235893 E15 [235895 235913
Marker Name | Biallelic | Mis. 1| Position range of Mis. 2| Complementary position
Marker microsequencing primer range of microsequencing
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mis 1 in SEQ ID No 3 primer mis. 2 in SEQ ID No 3
99-79310-29 Al6 D16 |31627 31645 El16 |31647 31665
99-79311-50 Al7 D17 (42354 42372 E17 |42374 42392
Marker Name | Biallelic | Mis. 1| Position range of Mis. 2 | Complementary position
Marker microsequencing primer range of microsequencing
mis 1 in SEQ ID No 6 primer mis. 2 in SEQ ID No §
99-62617-105 Al8 D18 86 104 | E18 106 124

Mis 1 and Mis 2 respectively refer to microsequencing primers which hybridiz with the non-
coding strand of the Canlon gene or with the coding strand of the Canlon gene.

The microsequencing reaction was performed as follows :

After purification of the amplification products, the microsequencing reaction mixture was
prepared by adding, in a 20pl final volume: 10 pmol microsequencing oligonucleotide, 1 U
Thermosequenase (Amersham E79000G), 1.25 pl Thermosequenase buffer (260 mM Tris HC1 pH 9.5,
65 mM MgCl,), and the two appropriate fluorescent ddNTPs (Perkin Elmer, Dye Terminator Set
401095) complementary to the nucleotides at the polymorphic site of each biallelic marker tested,
following the manufacturer’s recommendations. After 4 minutes at 94°C, 20 PCR cycles of 15 sec at
55°C, 5 sec at 72°C, and 10 sec at 94°C were carried out in a Tetrad PTC-225 thermocycler (MJ
Research). The unincorporated dye terminators were then removed by ethanol precipitation. Samples
were finally resuspended in formamide-EDTA loading buffer and heated for 2 min at 95°C before
being loaded on a polyacrylamide sequencing gel. The data were collected by an ABI PRISM 377
DNA sequencer and processed using the CanlonSCAN software (Perkin Elmer).

Following gel analysis, data were automatically processed with software that allows the
determination of the alleles of biallelic markers present in each amplified fragment.

The software evaluates such factors as whether the intensities of the signals resulting from the
above microsequencing procedures are weak, normal, or saturated, or whether the signals are
ambiguous. In addition, the software identifies significant peaks (according to shape and height
criteria). Among the significant peaks, peaks corresponding to the targeted site are identified based on
their position. When two significant peaks are detected for the same position, each sample is

categorized classification as homozygous or heterozygous type based on the height ratio.

Example 5
Preparation of Antibody Compositions to the Canlon protein

Substantially pure protein or polypeptide is isolated from transfected or transformed cells
containing an expression vector encoding the Canlon protein or a portion thereof. The concentration of
protein in the final preparation is adjusted, for example, by concentration on an Amicon filter device, to
the level of a few micrograms/ml. Monoclonal or polyclonal antibody to the protein can then be prepared

as follows:
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A. Monoclonal Antibody Production by Hybridoma Fusion

Monoclonal antibody to epitopes in the Canlon protein or a portion thereof can be prepared from
murine hybridomas according to the classical method of Kohler, G. and Milstein, C., (1975) or derivative
methods thereof. Also see Harlow, E., and D. Lane. 1988..

Briefly, a mouse is repetitively inoculated with a few micrograms of the Canlon protein or a
portion thereof over a period of a few weeks. The mouse is then sacrificed, and the antibody producing
cells of the spleen isolated. The spleen cells are fused by means of polyethylene glycol with mouse
myeloma cells, and the excess unfused cells destroyed by growth of the system on selective media
comprising aminopterin (HAT media). The successfully fused cells are diluted and aliquots of the
dilution placed in wells of a microtiter plate where growth of the culture is continued. Antibody-
producing clones are identified by detection of antibody in the supernatant fluid of the wells by
immunoassay procedures, such as ELISA, as originally described by Engvall (1980), and derivative
methods thereof.. Selected positive clones can be expanded and their monoclonal antibody product
harvested for use. Detailed procedures for monoclonal antibody production are described in Davis, L. et
al. Basic Methods in Molecular Biology Elsevier, New York. Section 21-2.

B. Polyclonal Antibody Production by Immunization

Polyclonal antiserum containing antibodies to heterogeneous epitopes in the Canlon protein or a
portion thereof can be prepared by immunizing suitable non-human animal with the Canlon protein or a
portion thereof, which can be unmodified or modified to enhance immunogenicity. A suitable non-
human animal is preferably a non-human mammal is selected, usually a mouse, rat, rabbit, goat, or
horse. Alternatively, a crude preparation which has been enriched for Canlon concentration can be
used to generate antibodies. Such proteins, fragments or preparations are introduced into the non-
human mammal in the presence of an appropriate adjuvant (e.g. aluminum hydroxide, RIB], etc.)
which is known in the art. In addition the protein, fragment or preparation can be pretreated with an
agent which will increase antigenicity, such agents are known in the art and include, for example,
methylated bovine serum albumin (mBSA), bovine serum albumin (BSA), Hepatitis B surface antigen,
and keyhole limpet hemocyanin (KLH). Serum from the immunized animal is collected, treated and
tested according to known procedures. If the serum contains polyclonal antibodies to undesired
epitopes, the polyclonal antibodies can be purified by immunoaffinity chromatography.

Effective polyclonal antibody production is affected by many factors related both to the
antigen and the host species. Also, host animals vary in response to site of inoculations and dose, with
both inadequate or excessive doses of antigen resulting in low titer antisera. Small doses (ng level) of
antigen administered at multiple intradermal sites appears to be most reliable. Techniques for
producing and processing polyclonal antisera are known in the art, see for example, Mayer and Walker
(1987). An effective immunization protocol for rabbits can be found in Vaitukaitis, J. et al. (1971).

Booster injections can be given at regular intervals, and antiserum harvested when antibody titer

thereof, as determined semi-quantitatively, for example, by double immunodiffusion in agar against
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known concentrations of the antigen, begins to fall. See, for example, Ouchterlony, O. et al. (1973).

Plateau concentration of antibody is usually in the range of 0.1 to 0.2 mg/ml of serum (about 12 pM).

Affinity of the antisera for the antigen is determined by preparing competitive binding curves, as
described, for example, by Fisher, D. (1980).

Antibody preparations prepared according to either the monoclonal or the polyclonal protocol are

useful in quantitative immunoassays which determine concentrations of antigen-bearing substances in

biological samples; they are also used semi-quantitatively or qualitatively to identify the presence of

antigen in a biological sample. The antibodies may also be used in therapeutic compositions for killing

cells expressing the protein or reducing the levels of the protein in the body.

While the preferred embodiment of the invention has been illusirated and described, it will be

appreciated that various changes can be made therein by the one skilled in the art without departing

from the spirit and scope of the invention.
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What is claimed:

1. An isolated, purified, or recombinant polynucleotide comprising any of the nucleotide

sequences shown as SEQ ID Nos 1 to 4 or 6, or a sequence complementary to any of these sequences.

2. An isolated, purified, or recombinant polynucleotide comprising a contiguous span of at least
50 nucleotides of SEQ ID No 4, wherein said polynucleotide encodes a biologically active Canlon
polypeptide.

3. Anisolated, purified, or recombinant polynucleotide which encodes a human Canlon
polypeptide comprising the amino acid sequence of SEQ ID No 5, or a biologically active fragment
thereof.

4. The polynucleotide of any one of claims 1 to 3, attached to a solid support.

5. An array of polynucleotides comprising at least one polynucleotide according to claim 4.

6. The array of claim 5, wherein said array is addressable.

7. The polynucleotide of any one of claims 1 to 4, further comprising a label.

8. A recombinant vector comprising the polynucleotide of any one of claims 1 to 3.

9. A recombinant vector comprising the polynucleotide of claim 2 or 3, operably linked to a

promoter.

10. A host cell comprising the recombinant vector of claim 8 or 9.

11. A non-human host animal or mammal comprising the recombinant vector of claim 8 or 9.

12. A mammalian host cell or non-human host mammal comprising a Canlon gene distupted by

homologous recombination with a knock out vector.

13. An isolated, purified, or recombinant polypeptide comprising the amino acid sequence

shown as SEQ ID No 5, or a biologically active fragment thereof.
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14. A method of making a polypeptide, said method comprising:

a) providing a population of cells comprising a polynucleotide encoding the polypeptide of

claim 13, operably linked to a promoter;

b) culturing said population of cells under conditions conducive to the production of said

polypeptide within said cells; and

c) purifying said polypeptide from said population of cells.

15. A method of binding an anti-Canlon antibody to a polypeptide of claim 13, said
method comprising contacting said antibody with said polypeptide under conditions in which said

antibody can specifically bind to said polypeptide.

16. A method of detecting the expression of a Canlon gene within a cell, said method

comprising the steps of:
a) contacting said cell or an extract from said cell with either of:

i) a polynucleotide that hybridizes under stringent conditions to a polynucleotide of

claim 1, 2, or 3; or
ii) a polypeptide that specifically binds to the polypeptide of claim 13; and

b) detecting the presence or absence of hybridization between said polynucleotide and an
RNA species within said cell or extract, or the presence or absence of binding of said

polypeptide to a protein within said cell or extract;

wherein a detection of the presence of said hybridization or of said binding indicates that said

Canlon gene is expressed within said cell.

17. The method of claim 16, wherein said polynucleotide is an oligonucleotide primer,
and wherein said hybridization is detected by detecting the presence of an amplification product

comprising the sequence of said primer.

18. The method of claim 16, wherein said polypeptide is an anti-Canlon antibody.
19. A method of identifying a candidate modulator of a Canlon polypeptide, said method
comprising:
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a) contacting the polypeptide of claim 13 with a test compound; and
b) determining whether said compound specifically binds to said polypeptide;

wherein a detection that said compound specifically binds to said polypeptide indicates that said

compound is a candidate modulator of said Canlon polypeptide.

20. The method of claim 19, further comprising testing the activity of said Canlon
polypeptide in the presence of said candidate modulator, wherein a difference in the activity of said
Canlon polypeptide in the presence of said candidate modulator in comparison to the activity in the

absence of said candidate modulator indicates that the candidate modulator is a modulator of said

Canlon polypeptide.

21. A method of identifying a modulator of a Canlon polypeptide, said method
comprising:

a) contacting the polypeptide of claim 13 with a test compound; and

b) detecting the activity of said polypeptide in the presence and absence of said compound;

wherein a detection of a difference in said activity in the presence of said compound in
comparison to the activity in the absence of said compound indicates that said compound is a modulator

of said Canlon polypeptide.

22, The method of claim 20 or 21, wherein said polypeptide is present in a cell or cell

membrane, and wherein said activity comprises voltage gated ion channel activity.

23. A method for the preparation of a pharmaceutical composition comprising

a) identifying a modulator of a Canlon polypeptide using the method of any one of claims
19 to 22; and

b) combining said modulator with a physiologically acceptable carrier.
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SEQUENCE LISTING

<110> GENSET

<120> SCHIZOPHRENIA RELATED VOLTAGE-GATED ION CHANNEL GENE AND PROTEIN
<130> 93.WO1

<141> 2001-12-04

<150> US 60/251,317
<151> 2000-12-05

<160> 8
<170> Patent.pm

<210> 1

<211l> 82293

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> 1..2000

<223> 5'regulatory region

<220>

<221> exon

<222> 2001..2026
<223> exon 1

<220>

<221> exon

<222> 195188..19334
<223> exon 2

<220>

<221> exon

<222> 22996..23178
<223> exon 3

<220>

<221> exon

<222> 39731..39814
<223> exon 4

<220>

<221> exon

<222> 41337..41476
<223> exon 5

<220>

<221> exon

<222> 41565..41693
<223> exon 6

<220>

<221> exon

<222> 73013..73167
<223> exon 7

<220>
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

allele
12642
99-62626-168

allele
14088
99-62632-275

allele
24981
99-62633-409

allele
69248
99-62611-51

allele
73428
99-62605-56

allele
80250
99-62635-443

primer bind
12343..12363
99-62626.rp

primer bind
12793..12810

: polymorphic base A or T

: polymorphic base A or G

: polymorphic base A or T

: polymorphic base A or C

: polymorphic base A or G

: polymorphic base A or G

99-62626.pu complement

primer bind
13814..13832
99-62632.pu

primer bind
14279..14296
99-62632.rp

primer bind
24863..24881
99-62633.rp

primer_bind
25378..25396

complement

99-62633.pu complement

primer_bind
69198..65218
99-62611.pu
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
«223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

primer bind
69632..69650
99-62611.rp complement

primer bind
73005..73022
99-62605.rp

primer bind
73466..73483
99-62605.pu complement

primer bind
79808..79826
99-62635.pu

primer bind
80314..80334
99-62635.rp complement

primer_bind
12623..12641
99-62626-168.mis

primer bind
12643..12661
99-62626-168.mis complement

primer bind
14069..14087
99-62632-275.mis

primer_bind
14089..14107
99-62632-275.mis complement

primer bind
24962..24980
99-62633-409.mis

primer_ bind
24982..25000
99-62633-409.mis complement

primer bind
69229..69247
99-62611-51.mis

primer bind
69249..69267
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

99-62611-51.mis complement

primer_ bind
73409..73427
99-62605-56.mis

primer bind
73429..73447
99-62605-56.mis complement

primer_bind
80231..80249
99-62635-443.mis

primer bind
80251..80269
99-62635-443.mis complement

misc_binding
12630..12654
99-62626-168.probe

misc_binding
14076..14100
99-62632-275.probe

misc_binding
24969..24993
99-62633-409.probe

misc_binding
69236..69260
99-62611-51.probe

misc_binding
73416..73440
99~62605-56.probe

misc_binding
80238..80262
99-62635-443 .probe

misc_feature
2375,2377,4041..4042,5180,7138,7174,10118,12577,12637,12648,13556
15322,15341,15357,15383,15409,15994,16064..16065,16077,16237
16264,17751,19182,19424,20735,20840,21865,21885,21900,22814,23954
24969,24985,25001,25005..25006,25017,25040,25057,26646,27478
27496,29278,30793,31122,31125,34515,34541,34563,34572,34884,34915
36809,36834,36944,37011,39862,39881,39895,39903,39921,39948
39954..39955,41108,42572,43423,44122,53546,53634,55777,56140
56160,56182,56185,56200,56206,56219,56234,56258,56268,56280,56290
56324 ,56561,57259,58256,58297,58910,59321,60724,60743,68789, 68803
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68871,69936,77190,77484,78780,78891,79343,80394,81773,81795,82232

<223> n=a,

<400> 1

catcaatgca
aacaaaagaa
gttttttaaa
tgtgctggat
attgggattg
aggacagaga
atcactgcect
atttactaac
tatatatata
aaagccgcaa
gtagatttag
ttgtttaaaa
tctegeatga
aaacgtacta
gattaattaa
acttctatac
tcttgtagag
gatgtctaaa
attccagacc
gcatggtgcet
tcagatgcag
ctgaatagac
cctatttaga
acttgaggtg
gcacagtctg
gtaccccgeg
agaccccega
tggcagccgg
cagcctcececte
ttaaaaattt
ccececagect
ccececagecgg
ccgeccgece
ccgecgeccg
ccggtgceceg
cgcgetegtt
agaggggctg
cgcctecacce
gcgatgcgec
tgggctgget
agcaggtgtt
acctgceccce
gggaggtggy
cccacccececa
cttgttaagc
aacaccattt
ctgggggccc
gaatgctgaa
gtacaatttt
tcagaaggtt
ggtggtgaaa
tctaataggg
atatatatat
gagaggagcg
tttaaattca
tgcaacgaga
tcgattttte
gaagacaaaa
ttectgtgttce

g, cor t

ctccaggceta
gagagatact
atgattgtct
tccatgactt
tttggcetcat
aaggtctgaa
tgaccacttc
agataattcg
gctatatatt
ataaagatga
cattgtttaa
cctggetttt
ctctgtattt
atatggatta
atatctgtaa
cttgccacat
aaagcttcat
tcactggtca
caaagtaaac
taggaggcca
tctgetgtcece
tttgtctcat
aaactataag
aacggtttca
acctcacgcet
tgtgecegge
gaggagctcg
caagaaggaa
tgecggtgecce
aaataaaata
gcceggegge
gccgagegeg
tgggcegeege
cgggcaccat
ggaggctgeg
agtteccttgg
ctagaggggce
c¢gagagcggg
ctcecetattce
tgggaagecce
gg9ggggcagg
tcggeaccag
ggtgggeage
tgctectgtyg
agccgtcatt
tgtcactgaa
agatcgcagt
ctecagaccct
tcagacactg
ttactcttaa
tgtgggttga
gatcaaaaat
gtgtgtgatt
gtttcactat
aagataaggt
aacatttact
gttcttetgt
tcecagetttg
atagaagaca

ggcaacggag
gagcaggtag
actccaatac
ccttgaagcee
gagcatgaat
atgcetgttg
aaaacattat
aacgaatgtc
tcagtttgtg
tgaaacaagt
attactgtca
gacacagttt
catgaaatac
tgaatgtgaa
ccagaaaata
aacattttgt
tcagttgttt
ggagttccct
ctttcagaga
gatttcccta
aggtatactc
ccacacgaca
tgtgactgat
cccttteata
cgcacgctgg
ggactcccgt
cagatgagag
ctgccagtac
gcecttegge
ataatttttt
ggcggcgetce
ctgecetgage
gcetggeact
gacagctetg
gcgeggecegg
ccggteeggayg
tgcgggcggg
gcggtggggt
ctgecgegtgg
agggccggcg
tggctgagga
ggccgcetgece
ctggctccag
gattgctect
agggtggcta
tctttaagac
cattttgctg
tagtgcttga
tattattaag
tctggtgtte
ggaccagtga
taacaggtgg
tgtatgttca
ggtagttacc
ttccacagtt
ccctaactgg
agtatacttt
gagaaaaact
taatctgttt

ataggccttg
aaggggtact
acagtgaatc
catgaattct
tatagagact
ggtgaggagt
aaataaatgt
aaggaataac
aaataaacta
tggtaaatac
attttttett
ttctgaagtce
caatatttta
caaattgtga
catttttaaa
gatagacaaa
ctttcccettt
ggggatttte
gtgggaatga
aacctgctct
acagggtatg
acatatttta
gcattcatta
ctcaggaatg
gctceeggece
gcacaccgcce
cctagetgtt
cgaccctgge
atcactgcag
aaaggcccga
agtgagtgac
tgagcecgecg
gatcectgeeg
agcgctgggg
ctcecgtgecce
ccaggacggce
ggcceccgege
ccttgecegge
gtgtcggggg
acacntnggg
cgaggccact
tgggtaaacc
caggtctccg
tgctaaatgt
caccgaacgc
accagcaagg
acttaatgtt
aataccttag
gatgtgtgaa
gtgtggtcat
ccttegtgtt
cgattttgaa
taactacaac
cctgaggeag
ctaaataaaa
ttggctgtca
gacctagecea
taaaaagtga
gcagaataaa

5

tctctaaaaa
atgatatttt
cctatgecatt
ctgagactgt
taacagaggt
ggcactgaga
ttaaatattt
acactatcat
gtatttagaa
tttttctaag
atgaggagtg
tttagaaatt
acatttcecct
atggactttt
atgtaggttt
tgctctttgt
atttatatgce
gtatctgact
gtgggaggat
gctgggagece
gggtggggga
attttaaagg
tttaataact
gaactagtcc
tcctggcecagt
gcegtgetgt
gctgtgagac
gcteccccecace
tcecctgtage
aaactcecgge
acggcgageg
taggtgaggg
gtcgcccact
ttacaggttg
tgcgeccgag
tcaggggcgce
g99999ag9999
ctggeegggg
cgcectgeege
cctgeecege
gggcatcact
tctgggccaa
cgggggcetcee
ccettatgat
aaaacagtgt
atggcctgge
cctettteag
aataaatctt
tacacgcteca
cagctaggcc
agtagttggt
atatatatgt
tgtgatttga
atgecatctca
atcatggett
ttctgegtge
ctgctaaaac
aaaggttcag
tgtgccegtea

taacaaagaa
ggatgtacct
ataggatgag
ctcecatceatce
agttcaacca
ttagtaaaaa
ccttaatata
tcagctacca
caagcaattyg
caaactggtt
atttcatcat
tgaaaaatta
gtaaacaata
taagaaagta
gtgtagtttt
ttagaatttc
ctgtgtgcat
acatggcaag
gtecgeecctgg
ctaggaagcc
ctgteaattt
cgaacgtcaa
ccggggtgaa
tcggtaccegt
gcacttaagt
tgagtacgaa
tgactgeggg
aactgcggceg
aaagctaact
tecccaccect
tgagcegegg
gceegegtece
gtcgeegeeg
gtcaccgecg
gcececgegatg
tggggetgeg
tggggagggg
cgcgggagece
gggatgccee
ctgggcatct
acagegcetge
cgcgegggtyg
geggceettge
attecattggce
cctgecaage
tgggateccct
gatggtgtga
tcagtttcag
ctttecaggcece
cgactgcect
ggataacacc
atgtatatat
tatggcctgg
ggactggctt
cccaaacatce
ttttetagag
cagacagtgt
ttggatccte
ctgataagga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
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ctatgctaaa
cacttataac
tacttaaaaa
ttgagtagca
ttatcattcc
tttatcattt
cccaggteag
tatatcctaa
taaactgaga
tgagatgtct
agaatggtcc
ccaaggcagg
cccegtetet
agttacttgg
aggctatgat
ttaaaaataa
catgttatac
tatgcaaatg
agagatgata
atgaccacaa
tcatcgtgge
ttaaaatatt
cccagtaaat
cagtttttca
ttatgttttt
ttcaaattgg
tatgtctttg
tgatttccta
taaatctacc
agaaggtaac
caaaaatcac
atactataaa
tggctgttgt
atgatcaaaa
atctttettt
caggactgat
aaaaatacgg
tggaagcagg
agccataccg
ggggtaggcc
gccaagagaa
aagagatgaa
gagacacacc
tgttttaaag
gatgaaaata
agcctgataa
tgatcaaatg
tcctetetaa
atatcagtag
agaaatacat
tcagaaaaca
agttgctatc
attatagtat
tccecagcecact
tggccaacat
ggtgggcacc
acccaggagg
agggcaagac
aagcggaagc
attgggagtc
ggataaagtt
atctgatagce
gtatatttaa

atctctacag
tttggatagg
aagtctactc
ttttettett
ggcatgettt
atcgatgatg
agtcacatgt
gataagctaa
gcctaagaat
tattttectag
ccaaggccac
cctattgett
acaaaaaaaa
gaggctgagg
ggcaccactg
aaaaagaatg
aattctecgcee
cttaaatttt
gaatgataga
tatctgtgtg
attggacaac
tctatataat
acagcctcat
tcattataaa
cagtataaat
tttectgaaa
aaaaaagaag
aagaattcan
cttttacaaa
ataataattt
ctgaaaacca
agttcaaagc
attcaggagt
gggcttacat
cctaggectge
aggaaaagct
aagagagacc
cttttgtaaa
gaatatgtte
tcecgecageag
tcatttatga
aagaggatgt
aataaatgtt
tgagataaga
agttatcatg
aaactttgga
cttcagaaat
aattatcagc
acaattctct
actaggcaag
gttcaaaaaa
tttaatacat
gcacagtcaa
ttgggaggce
ggtgaaaccc
tgtaatctca
cagaggttgce
tccgtcectcaa
atgcccacag
agcatttcat
ttaagaatga
aaaaactgag
ggtaaattag

aactctagga
acttgcaaga
aaaatagtgt
cttgggtatg
gtgtgtgeat
ttcagataat
ggatttcaag
gcactgggcce
nnttcaggaa
ttttgetgtg
acacggtgge
gaacccaaga
aaaaaattca
tggaaggatc
tactctagaa
ccectgtecee
tgtctcaagg
tttaattgat
gaaaaaagag
ttttttgtag
ttttatactg
tttettactt
atatttaacc
cagtgtecctg
atccaaatat
aattcagatt
tatctgaatt
gattataatt
aagtgttggt
ggatgtttga
gatgctaaaa
tggaaaaaga
ctaattctgce
agtgagaaat
agaatccaag
aaagttcagt
ctggaagagc
acagaattgc
tgaagacagg
gagtggaaga
agagatcaag
tgtttggaga
tttcctgaca
ttettttttt
taccaaaaca
tttgaaaacc
tacttatcca
aaacataaaa
tacgttgtaa
tgatatcagt
ttgtttgatt
ttataactac
aagcataatg
gagatgggtg
cgtcectget
gctactecggg
agcgagccga
aaaaaaaaaa
actcaatatc
cttaagaagt
aaacatgaat
agctacagca
aatgccaaca

gaaagcatgt
tattcaaagg
catttagttg
gcatttcttt
gtatgtgtat
ttcagaattt
tttgtgaatg
agaagctggg
agacaaatat
gaaactatga
tcatgcctat
gtccagacca
ccaagtgtag
gcgtgagece
tgggcgactg
aaaatgttat
accagcacag
tttttgaatt
taaacagcta
tctttttaag
tttttaccac
aaaaattgta
atacctctat
atagttataa
gtccatatct
ataatttatt
attatagaga
ttgaataaat
ggatcacatt
cctttgtget
tatacctett
aaaaaatcaa
tttttgettt
ctgtacccce
gcttttetgg
tcacaattte
ccettagtat
ttgtttctcece
gactgacccece
attagaagta
agtgagaatt
gagaatgata
gagaggatca
cttttagatt
attaataaaa
aataaaaaga
caaagagaaa
taacgtcctg
atgagtcaaa
aaaaaaaaat
aaatgagaaa
aggcttccceca
ctggecggge
gatcacgagg
aaaaatacaa
aggggaggct
gatcacgcat
aaagtctgat
tttttaaaga
acaaaaaaaa
gaanttcact
tteccaatctyg
aattggaatg
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cttataaaat
agaaatgtac
caatttagtg
gaaatggttt
acacaaatgt
ccatagetgt
aaaattcaca
tggtgagtga
gtaagcaggt
tagtgagcett
aatcccagca
gcetgggecaa
tggtgtacac
agagatgtca
ggcacagagt
caacatttta
attttcatac
ttaaagtaac
gttttaataa
ggcttgactt
tgaatattta
aatggctgta
cattggacat
tgtagagatt
gtcacctatt
tatgataaat
tatattgtat
tgcttaatct
ccctetttta
atataaaaac
agagtaaagc
tgcaagttcc
cctactcaga
acaggtaaag
tagattcagt
ctttctaaga
gaaggagcga
atgagatccc
acaggtccag
ggatagacca
atttccaatt
tagatggaag
cagtgcatgg
aaaaacaatc
cttagccaac
aaaatatttc
atttagatta
aaaatctgta
agtgaaaaat
gaggtagaag
aaagaccgta
tatataccaa
gcggtggete
tcaggagttt
aaaaattagc
gaggcaggcg
tacactctag
gcttatttta
gttttgtgac
aagaaaaaaa
atgacataga
ggaggaatat
atgacaagga

PCT/IB01/02798
agtggttgta 3600
ttaaaaaatg 3660
aactgaagat 3720
ccaggtgatt 3780
acacatttgt 3840
ataaatttat 3900
tctacacctce 3960
gaaaaagaga 4020
ggatatacag 4080
aaacatatta 4140
ctttgggagg 4200
catggtgaaa 4260
ctgtagcccece 4320
aggctgcage 4380
gagactctgt 4440
gagcttcact 4500
cttcaaactce 4560
caaagttgat 4620
ccgaagacag 4680
caggtagttg 4740
ttataaatat 4800
taacaccata 4860
ttgctgttte 4920
tatttctatt 4980
tttccatatc 5040
ttccagtaat 5100
gtctttaaat 5160
gcttttgagg 5220
cagaaataaa 5280
ttgaccttta 5340
caaaatagga 5400
tttagaaaat 5460
cttcaagtaa 5520
gaagaagagg 5580
atagatggaa 5640
tcagtgtaca 5700
agttgaaagt 5760
agggcaaggc 5820
ggtgggggca 5880
gaacactgaa 5940
atgcaaagaa 6000
acagccaaca 6060
aacacagcca 6120
caaatcttca 6180
atctacatat 6240
accagcattg 6300
atgttatact 6360
gtcctgaaaa 6420
aaataggtga 6480
tgtgtaaata 6540
aagtcataaa 6600
cgatcagagc 6660
acgcctgtaa 6720
gagaccagcg 6780
taggtgtgat 6840
aatcatttga 6900
cctgggcegac 6960
ggggaaatgg 7020
ctaaaatggt 7080
aaagaaanga 7140
taaactctaa 7200
tgatctacag 7260
ggttagtgaa 7320
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gaaatgcact
agtaatggaa
tettagtgat
tcgagettgg
gctttatctt
gttgttttat
cttcectttet
taacagaaac
aattcctgta
aagaatagaa
ttttgecectgt
tgcaatgtga
tttggaaaca
caatgtcctg
tcagcttgag
taaactccag
ggctgattce
cttatagatt
aaggccccac
gaaccattca
aagcagtctt
tattgcaaaa
atatagtagc
tacagattca
tttcataata
ttaatataga
aggaggggaa
gtgagctecga
taaaaatctg
aaattactgt
ttttagtttg
caaaagggca
aaaggccaga
gaagtaatga
tactttggga
agtaccttga
tgccttecce
tgcatgcaaa
gaatgagtac
gaggcagaaa
gacttttgta
gggagtgggce
agttttttga
gacgcaggac
gcagaggcca
acgcggagga
aggcatgctce
ccecgtetetg
ctgaaagaag
ctegtggttt
tcagtttcac
gtgagaaata
acttgtttaa
acacatcatc
aaggttaaaa
caaatagact
ctccaatttt
atgcttagaa
agttaaaaaa
gtttatggac
caagagtatt
ccagacagag
tatccataaa

ggagaaattg
atgaagaggt
ggaaggaaga
gtgattgtge
tcagttaata
tgttattttg
ttgaaggcat
cccaacaaaa
tacaatgcaa
tatcctgtat
gttgcttata
actctctaag
gtgatgggag
tttteccacce
tgtcttagtt
actttggttt
tgtgagggcet
cgetagtcecce
cteccaaatac
gtttatagtg
taggaattac
tttaacaaac
aaattttgaa
tattataaga
tataaatgat
gtaggatata
aatggggagt
gagatctgtg
ttaagacagt
gatgtaggtg
ggcatgtagg
ttggggcatt
gaaaattcaa
cagttttgga
tttaagaaat
caaaaggaaa
tatgtggtca
attctgtttt
cccaaaagaa
gaaaaagaga
caaaattaga
cgetgttetg
tgctgtetta
tccaggctaa
gattacaggg
gaggcttgcet
taatttggtt
ttctetggga
acatggacag
atcacagcta
ctgtaaaatc
ggtaacaatt
actgaaaatt
tttgtgaaca
agtgaaagtc
acttggattc
taatctctgt
tagtgcctgg
atgagtacat
tttecattcta
aatcactttt
gagaaatctt
ggagtttacc

gatatacaat
ggatggtaaa
gaatgaaagg
tattgtatte
gtatctacag
aaattcacat
tgaatggcaa
actcaaatat
gttagttatt
atacatacaa
attagactct
tgttctettce
aggtgtgecag
ttaaagattc
agcttgggct
tatacagtct
gtetteetgg
attcatgggg
attagagata
ttgagaatgt
tattttaaac
acaaaaacat
aaccactgtt
ttaaacaacc
agtagcagct
tactcagcac
tgttaattac
ttatgacatt
tectecgtgtta
acaaaaatac
tgcaatgaca
gtggtgtgta
ttttecacaat
gtttttctag
agacttataa
acagaagagt
ccaccttggg
ttgcagagct
aagtggcagg
aggaagaaca
ttgaaaatca
ttgtggagac
gttctcetge
gtttaagaga
aatgatgcat
tgagagggcc
ttattactta
aagaagactg
caaagtattc
accatgtgac
agaataacag
agcctcacac
tttttaatgt
tgtacagaag
aaatgcttca
taaacttgct
agtgggaata
catggagtaa
aatgtctaag
ccctgagaaa
atcattggaa
ttctgcaaac
accttttggg

tccaagattg
gatatatcca
gagtcctagg
tattaagtct
ggtaaatcct
gagattactt
tttaaaggtg
cttagttatce
ttaaaagtaa
ttataaatca
cttattcttt
tgagcatcta
ggatcacctg
tgatttagta
gctgtaacaa
ggagactaag
tccacagacce
tctccacctt
agagcttcaa
ttctgaacct
catccecttt
aatctecccett
ttaaaccatc
acaatcaaaa
catcaaaata
agggtaggac
tgggtagaac
gtgcctgtag
aatgctccta
gacccagtte
gttttagttt
ctgaatcect
taaaaaataa
aaataaccag
aaagtgggga
ctgtttttgg
tagceccttga
acattattta
tggcatttgg
aagaaaacca
accacaacaa
acgcattgec
taacatgttc
gaaaacatag
ccagctcecatt
cggaaggact
gacgtggnaa
ttctatttac
ctggggtgge
ctcagacaag
agagagagac
ttaataaacc
tttacttgtt
ttegtgtttg
ccatttctct
tccaattcat
atactaaaaa
gctttcaata
cttgcttceta
tgatcaaatg
gtcactttgg
tctaaaatgt
atattccaac
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aagaactgga
caaaaactaa
ttaaaaataa
agttaaaaga
ttgetteatt
ccagaggcaa
tagtctagac
cttttataaa
attctgaaga
aaatttttgt
tccacacaga
ggctagtgat
aagatgtttt
tgtctgaggt
atagcacaga
aagtccaaga
attcagctge
catggcctcea
catatgactt
ccecttgataa
tgagcaaatt
tgatcttctg
caccttettt
taagtatccc
aaatatccaa
ggtggtggce
gtttcagtta
ttaacatttt
ctacaatgaa
cctcteatac
gggcgtgcag
ttagcaaacc
aacaaaacag
agaaaaataa
accatttttt
agatggttct
agtctgctgg
gtgagggcca
aggagagaga
ggcagccaaa
tccactacct
gctgtgatge
tectgectgtgt
agctgcectgcce
gaagttcaca
ggcattgtaa
taggcaggaa
aaagacttga
aatcagaaag
gcacttatct
acttacctca
ctcagcaaat
tcaaagaaat
tgaaatgtac
cccteectet
gtgggtctgg
ctacttcaga
atatttgttc
ttctataatt
cataaaaatc
atatcatcta
gtagtcattc
atattatgat

PCT/IB01/02798
atcagattgc 7380
tgctaccacg 7440
tttcecgatca 7500
aattgttacg 7560
ccctttteta 7620
tategttttg 7680
tagaaaatca 7740
acaaaaattt 7800
tttetgagga 7860
ctcagacata 7920
gccatgacta 7980
gcctcattaa 8040
taaaaaaata 8100
gaaggaggce 8160
ctaggtggcet 8220
tcaaggtgct 8280
cteegttett 8340
tgacctceca 8400
gaggaaggca 8460
ttecatatgtt 8520
tgtggattca 8580
ttatgtttaa 8640
atctaacctt 8700
ctttctggtt 8760
cactggataa 8820
aggggctggg 8880
tgcaagatga 8940
atagtgaatg 9000
acaaaaataa 9060
tgcttgacag 9120
ggtgcaatga 9180
caatcacttt 9240
aatccttgga 9300
cctgetgttt 9360
atttctaatc 9420
ttgaaacatt 9480
gactggacca 9540
agacacagat 9600
gagaaggaga 2660
tcagggtcett 9720
gcaggggcag 9780
ccagggtgtce 9840
tgctggggga 9900
tttecctcetga 9960
agctaaggat 10020
gtctagtgge 10080
cttggagatt 10140
aagggtcaga 10200
acctggctce 10260
tcteccaaaac 10320
ttgaggcatg 10380
gttaggtgta 10440
tataaataaa 10500
aaaagttctt 10560
gttctcccaa 10620
gcatgtttge 10680
gaggtgtcaa 10740
tcatctttca 10800
atgcacagta 10860
tgagcagtgt 10920
ttgcaaagtc 10980
cctctgagag 11040
tggaaactta 11100
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tagagtagat
atttctattt
taacaactgt
ccttttaatt
tcataggtgg
gagactaaaa
gtctcttcac
tetttaccaa
cctcaaggaa
gatagattta
gtgtggtgag
tgagaaatgt
ggctatatga
atacttaatt
taagtttect
ttttettttt
tatgatcttg
ctcctgagta
tttttttttt
actcaagcga
cacatggcet
aacatttttg
caaccagtga
tggggtatat
aagcattctg
cccttaaatt
ggagacagca
ggaggccgtg
atgatctggg
tcagctggge
attggaggac
ataacagata
atgtatgatg
agcaagcaaa
cettttgteg
atatagggaa
agttctgtgg
atattgtaat
gggtaatgcc
tatatecagct
gaaagacaag
ctgcacatgt
atctggttac
atatgtggca
cctaaagaaa
tggcagacac
tggaatccct
ttctacaaca
cttctaactt
ctecctggatt
actgctcaat
ataagaaaac
aattaatcag
gggaaaagac
ggatagtcaa
atgetggttg
gttattgaac
agagataaaa
gataaacaat
agagtggttg
gtcaatgact
caagttgtat

caaatcacac

gttcttttta
tgtctgecatt
gttctggget
gctettgeac
aatctatttt
ctaactctag
tacatggggt
atttagagaa
aaaggaataa
atgagaggtt
aaaaatcata
ctgtactatt
tttaaatata
tttgattcaa
catctgtaaa
ttctttttga
gctcattgea
gctgggacta
tgtagagatg
tccactgcect
gaaaatgtat
ttagaaggac
gctcactatt
gtgtgtgtge
agtaggagat
gtcgtgatga
gagttgctgg
agaggtgacc
ctcagagaaa
agagggaggt
ggcagagtgg
ataagacaaa
ctacattcat
attgacagtc
tcaagttttce
aggacaggaa
ctattggaac
gcctacatta
tttetecagat
caccttgtaa
gaaggggcac
gtatttattg
aaaaccatgt
aagaaagtcc
attccacaag
aatgtatgtg
gatggctttc
aacctgtatt
aatttaaggt
tttgcatgaa
atteccttgee
cactagatgg
ctactctgee
ctagtatgtt
aaaacaaaac
gtttcccaaa
attttetttt
acccaccatt
ttcacttgca
ttggtattga
tetgtettet
gtttatctte
acatagacaa

tcaaataaac
ttccttgcta
ttggattttg
aatctctgta
ttagtttteca
gaagtgaaga
gagattatca
aaaaataatg
taaatggata
tgatgatttc
aagtgagtca
tgcacaaaaa
ttgaaaaagt
tagttctgtc
atggttcttg
gacagagtct
gcctcetactt
caggtgcatg
ggttttctce
cagcttccet
gatattatta
tetgtttteg
ttaacatgga
aagtgtgtgt
aacattcatt
ttgaaatctc
attectggtcet
tcatggaggg
gaggggaagt
gcaggtatca
gcagggatgg
aatatggggt
ttgctectgaa
aaactttaca
actgtggtgt
gctcettgtte
taaaaagagg
acaaattggt
acaaatttaa
ggccecttgeac
agatgtttga
acagaggatg
gtaagcagcc
taaaagagat
agaccataac
ctcaacaaat
atttttgttt
acttgtgtta
ttaagtattt
tctcattatg
tagggaggta
acgttgaaga
tttaaataca
ttgttcaatg
aattatgcaa
gacatgaaag
cttaatttcc
aagtgtgtat
ctcctaaaga
tgtattgaca
ttggggettt
tcacatcttt
agtcttcatg

agtcacctct
gaagaacaga
ggtatgacag
gaaaattaca
tattcttage
aatctgtcat
aatgggagtt
aaggtataat
ataccttcag
taccagaaaa
gataataaaa
ataattgatyg
cattttctca
aggcacattg
tgaaaatgga
cactctgtca
ccecaggctca
ccagtactec
atgttgcccea
aaatgctagg
aacagactgg
catgacagta
aactctcatg
gagctactga
tttacangca
aaggcangtc
ggaaagtgcc
agaggaagag
tcatacacte
gtagctctga
tgacacatga
attttttect
tggacatgtc
gaaacaaggc
attgaggtaa
aaatgtagat
aagaaataaa
aacatcaaat
cactgggaac
gtataagcat
aggtagtgtt
atgttcacag
atttaaaaat
acaattcata
taattacttc
tctttgcaaa
cttattttgt
atgaaaataa
gagatctagg
cccgatagca
gtatggagcce
gaaagtgcgce
gtatgttgtce
ttaaatccac
acatgaatga
tcagagtttg
ttctcaaact
gtgtgtgtct
ccccacagtt
accttaataa
ttagaatgaa
attcccaaat
agttaagtga
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tgataaactt
gagcactaca
aaaaactttc
tacattettt
ctagtcagtc
tttaggaaat
agtaaatatg
agaatattte
aaacttgaaa
aaattgacat
atggattcaa
ccaagagttt
tttecetgtece
tceegtettg
atgacatagt
ccecaggctga
agtgagcctce
cagctaattt
ggctggtetce
attacaagtg
cacataataa
aacgtaattt
tatcccaaag
aggctatttt
acttctgttt
awtgagcnag
cagtgecgtgt
cgtgagecatg
aagatgcaca
ggctcaaatg
ggcaggtgga
agttgaaacc
ttctgtetga
catcttgctg
aactgaagat
tttagtggtt
aacatttgaa
acatgtgtct
ctaatctgga
gtaaatgagc
tacttacagt
aatatggcta
aaatgtatgce
tcetettgga
atctgcecagee
aatgattgag
ttatatagtt
aataagaata
caaagaaaga
cagaaacrtg
agcagtaagg
cacactagag
ttecatgtca
gtcacttaac
atgagaaact
aggtgaagag
gtgccaggga
gtgtctgcaa
tatgcacaaa
cacctaatga
atagatgcectt
attaagtttt
gggaattagg
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ttgttagaga
aaacaaatca
tcaatacata
tagccatgta
aagaaattac
ggagagatct
ttttteteat
taggattcat
gggttattta
ttttataagt
tttcaggaga
gtaaacacca
attctgtaat
tetetgtgece
gcatattcett
ggggcagtag
ccacctcaga
tttgtatttt
gaactcctgg
ggagccacca
ccccteaacc
gggttgaaat
cactttttca
cctttggaga
ttaacacttt
cccctaaatg
gagaggctgt
caggacacag
gagaggacac
ggccctggga
tggatgttgg
atagcataaa
gaaggaactt
ttaagcatcg
gtaaatgtgce
tgttgttttg
ataagaatta
tcaaaatatg
aagctgtgcet
tatgggacaa
taggantttt
gatttaaaaa
atggaaaaat
gagtaagcac
ccttgttegg
tctectagaag
tttctaattt
gaattatttt
ccagtcaget
ttgggaatcc
tactgaagga
gctctetttt
ggaacatgga
aaaatggtca
tctgectagea
tcececggagat
tactaagcaa
tagcgeggtt
agttatcaga
ttaaaaatga
tcattttata
tcagttataa
aaagactgat

11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
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gtgggattgg
agtaaaggtt
tatgagtgtg
ggttaaataa
cccagcacat
aatgaatgaa
ctacaaagga
attttgaaag
tggggatagg
ccactgcetga
ctgaagagtt
ggctcatgtce
acatctgcegg
atggaaactg
ggcatgctgt
cccaagagag
gaaaatggaa
tatataccaa
aaaacagcaa
aaaagattta
ttaaatacca
tttgtgtact
aaaacataat
cttnacctag
gtatgcagtt
ggaaaattat
taaatttatt
gagatccagg
agcttagatc
aggtaaatgt
gatataacca
ataaacaaat
gcatggaatt
ctctaaaatt
gtgtcatctt
gactgtcatt
acatcagaga
agtcccaaac
ttcaaactca
ttagcttgtt
aaatacctga
atggctgggg
ggcaggagaa
gtgagaactc
cctctetceea
gaggacacag
ggagcacata
ttctgagttt
cacacgcgcg
ttgtactcca
cccatggage
cgttttcectg
cttgagaaat
attgtagtca
tattacctgce
tttttgtttt
ctaagtgtecc
tcaatccagg
acctgccttt
agggctgaca
tggccatagg
agcagttagce
agtagctgga

cattggataa
gcaggatggt
aaaggaagdgyg
agtaggcagt
accgcagtgce
caaatgagtg
gacctacagt
gcatcccaga
tgaaaaaggc
gagtgggtgce
tagagcagta
gctcteteag
gggaagcage
taacaacagg
gaaccataat
ctgcaaggga
tattttaatt
tagaaatgaa
tgaacatggg
ttaatggata
actactttta
gtcttatgaa
aatgataagg
gatacttaaa
ttattgattc
tacaatcaac
ttactacttg
agctagttgt
atttcttggg
gagtgacagc
aagtgggaat
ccataatcaa
catatgccca
ccttatataa
gaaggatttc
gaagaggcat
aaaaaaaaac
tccaattata
atattcagag
ttettetggg
cgacgctgge
aggcctecagg
agagtgtgtg
actccctate
cacgtgggga
ccaacccata
gcgatgggga
ctgtgtttta
cgcacacaca
gtgaggacta
accagatagg
actcagccte
tctcetaata
aacagagctt
cttgaggcta
ttgttttttt
caaacatagt
tgctaatcaa
ataacaattc
tataatagcc
gaggtaacgt
aggcatctca
agaatttaga

caaagaggac
gaataatggt
caggtacaaa
tcgtaagett
ctgataccac
agtgaatgag
gtgtttggaa
cntgagggcec
cgnttgtaca
aaagagaacc
gggtctggga
gctgaatctt
accgatacct
tgatcactta
ttggaagaca
aagaaatgac
ttaatactgt
attgctatca
atgaatgagt
cattgtgaac
ataaatgtcg
ggacactttg
ctcagataca
tatccctact
aacatgaatg
cacctcaaat
aatgctttat
tgagttttta
cactgtgaga
taatgtcatt
tttttaaaaa
aaatgatttt
ttgtctceac
tctttgaagt
taaaagattg
ctcaaattga
actttaaata
taacataaat
caataacagc
aataggaggt
taatttataa
aaacttacaa
aagtaggaac
atgagaacag
ttgtggggat
tcaggagagt
taggtgctca
ttetctttte
cacacacaca
agtggcaccce
agagccagtg
ttttttttge
gtectgecaget
attttaaatt
gcttttetea
ttggttaggg
atatgccceat
atgggaagtc
ttctecacatt
ccectteaag
ctatcacagg
tcteccacet
taatcactgc

atggcttgga
atgtttagcce
tcagtgggac
caagaatgcc
agtggatgca
aaataagaag
gctgattttt
catggecctac
tatatggaat
tgctgggecet
catgagagga
cattcatgat
ctctaaatta
aggggttaag
ggagaagatt
ccatagtgtt
gaagacgggg
cagaatacaa
ttentgagtte
tgtgtagcct
gaaacctttt
gtaaacagaa
caggaancaa
ggtttttatc
aaggcataaa
taattttgaa
ataatattta
tgtatgtgtg
tttagtggca
cagttataat
acaataaatt
tgctttaggt
tgctecagtga
gaaaccactce
tatctacact
ggccaccaga
ctctgtatac
taattagtgce
ctggaaatac
gaatccgtec
aggaaagadgg
tcatggtcga
tgtcaaacac
catgggggaa
tataattcaa
taggcagaga
atacaggcaa
cagtaaaaac
cacacacaca
attgtgcttg
aacccgectg
ctgaagcget
tcagcatggt
tcaagtttge
tttttecteat
ctgttgtaaa
agctgttagt
tcacagtcga
gtattgcact
tgactgctga
atgtagatgt
caatgtaatt
attcataaaa
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taaagggttt
aacctgagtg
tcagggtcct
ttcatattca
taatatttgc
atacactgag
ttttatataa
ntagaaagga
gaatgagcna
teccegetgea
aggagaaaag
ggtgttggcea
gtagctggac
tagagaagac
caaaagactt
gcaagggcgc
ctggaatgaa
aaactgggtc
gctataagcet
ctcecnnccgat
gaaagccatg
aaaagagata
tttectatea
agagaaataa
acaatattte
ttcctcatgt
atagtattaa
gattagccag
cctgggagca
tgcactattt
ctggacatgt
ggcgtattga
aagaggaatt
ttttacttge
cagtatttgg
tttecttecee
attaacatgg
agcctactge
ccageatgtce
gttttcacac
tttaattgac
agacacctte
ttataaaacc
accgecacca
gatgaaattt
tacctgccca
tcagattcgg
tgcatctgtyg
cacacactgc
gttaggttte
atgttaaaac
ctttttttte
caactctaaa
ttggatggce
gcatgtgtaa
gatcaaataa
tecteacett
ctcagggatce
tatttgctat
gttgtggaag
ttcagaattg
tcatgaacaa
caacatctce

PCT/IB01/02798
gaattagttg 14940
cagcatgtgg 15000
ggaaacataa 15060
gtgctgtata 15120
tgtgtgaatg 15180
gttttectggg 15240
aagagggaac 15300
gtctagnaaa 15360
agaaaacaat 15420
catggggaac 15480
caggatgect 15540
ccgtettect 15600
acagatggta 15660
aggcaagaag 15720
taatactgaa 15780
tgcagttaaa 15840
gtagggaaag 15900
ttaaccattt 15960
gtttctgagt 16020
attgaantat 16080
tttttcaaac 16140
ttggcttata 16200
aaataataaa 16260
taggtctget 16320
tgtttgcaaa 16380
gtttgtaact 16440
attaaatcta 16500
gtatctttgg 16560
ggtaaagtga 16620
tggttggtca 16680
atttttctag 16740
taataaaggt 16800
gtggacagat 16860
tcectttgtat 16920
gtggatagga 16980
cactaccagt 17040
gatatcaaag 17100
aaagcccata 17160
ttcaagccag 17220
ttctataaag 17280
tccattctge 17340
ttcacaaggc 17400
atcagatett 17460
taattcaacc 17520
tggggggtgg 17580
ggtagataaa 17640
agctgcetttg 17700
ngcgcgcgea 17760
aaacatgttec 17820
tttctctaga 17880
tgcagtgcta 17940
tgttaccege 18000
ccccttacac 18060
ttggtcaagt 18120
gaagatgagt 18180
aatatcattg 18240
cctttaagac 18300
atcaggtacce 18360
ttgtgtcectg 18420
gcagtagcaa 18480
tggaaattta 18540
tttacttcag 18600
atttagggga 18660
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ggttcttece
ctactgttgg
tggggaagat
tatgtggaga
tctgecectaa
cttttgaagt
attaatttat
tagaacacat
agggcaagat
gcttgcteac
cccagccagt
ggattaacaa
aaatgtgatt
gtagaatatg
tgtegetatg
cacgctgtge
gatccaaagc
tcaacgttcc
atttgcaaaa
tcaccttcac
actgtgtgce
tgctggaatc
atgctgaagt
ccatgataca
aatctgcect
attcacatca
taaaatacgt
ctgctcecettt
tctaggctct
gaccctttee
tgtcacctct
cttctettte
actgtatttt
gtgtgtatat
tgttatatac
attacacata
aaatatcatg
tgtatgtata
gtatatatgt
catgttttat
cctaaccatg
tectttetcta
cataatatat
tgtgtgtata
aggtgtttta
ttctccatte
ggaatagaga
tacaaactta
ataattcttc
tatttggaag
ttcacacacc
aagtaaactg
taaatattat
tgaaagttct
ctgcagaatc
tcataattte
ttgtatacta
ttaagtattt
tgtatgtcct
tttggggtta
ttttgtggaa
aagagaaaaa
ctttgtattt

ccattcttte
aagtaagaga
ctgtgcattt
cagctttagg
gaagcaaccc
acataaaata
ctecatcecttt
atatgcctta
ggtttagatg
caaagctaac
cactgacttt
accagtaagt
gacaaattca
gatgaggttc
agttactcac
accctgtect
tggggtccaa
tgaatccgtg
tttgagtaaa
cgcectaatta
agaaagcata
tcagctetge
aacaaaagga
cacatgatct
ccaggttact
cgecttetget
tagtgtgaca
cctgtgteag
ctggattgtt
cagctcctcet
ggcatcctee
cacttagect
tatatgtatc
ttatataata
acatacatat
cacatatatg
tgtatataan
atgtgtacat
tatatacgtg
aatgttatat
atacatgcag
atectgectte
acatacatat
tatatatata
cttettggac
ccagcattct
atgaagcacc
tgaagaaggt
attaaaatta
ctcttttgta
aatgtttatt
aatcatcagt
aactgtcaga
gacagtcttt
catctactac
atatatgtcc
attgattaac
ttttaatcct
gtatatatat
aagaaaatct
ttttgaaaga
tctatgeatt
ttatacaaag

tgacctccct
cgtetgtgaa
catctgtatt
tataagagca
attttactet
atccattgct
taaagtttct
caaataagta
acaaatacaa
ctcagcatge
ggtcctgatg
ttecttetttg
aatatcatgt
agagtctgga
ataggaagat
cagagtcaca
gatgagcaac
agacaatatg
aggtcaatga
agttgatgag
gtaaccagaa
aaaaccaagc
aatggecctgt
gcttggacte
ttcecetgect
ttataatcat
ttectgette
cacactgtcc
cacattgctt
gatgagtcaa
tetgaaagge
gttttatatt
atatattatg
tacatatatt
aaacatataa
ttatatgtgt
catatataca
atatttatat
agactataca
aatgtgacat
gatctgcatg
cagactacat
aacatgctat
tatatatata
tgcaaagcag
gacacatagt
cctaactttt
agtataaaag
tgtctttaaa
taattagatt
gaagtgette
ggcttatgtg
taaatattat
tctanttttt
aagactaaaa
cagatagtca
tggtaatatt
agatactagt
tcatgttaac
tcagacagca
tgtctgggct
tttttcaaat
gcattatata

ccecctcccaa
tgtcgtatta
actcagcagt
tacatctaaa
agctattcta
ttgggagaaa
attttcatat
gatatatgtg
cttttecttt
tcaaaaggaa
agtctctgtce
agtatggaga
acctttggcet
agtagagaac
gcactgggta
tggtgtagag
ctgttctgaa
cacatgtttg
gataatggat
gatttgagaa
ctaagcctga
aggatcaact
tcectettge
tttgctgtcece
gctcacattt
ggaagcatcce
ttttcattca
acttgagcecce
tceetgeteg
atcctcectcea
ttatttcege
tgtatgtaaa
tgtatattta
tatggatcta
caggnttata
taacatatat
tgtcgecatat
gtgcatgcat
tgatatatgt
gtttttgcct
gactctttgt
gtgtttacat
gtgtatatge
tatatatata
gagtcagaag
aggccttcat
tcttagtgte
atgtggcctt
ctaaaaacac
ctttatgttg
caaattgcat
gtatggaatt
aactccectcecag
catcttgagt
tttttttecag
ataaaaacgt
aattgtggtg
tttcataaaa
acacacttat
gacatgcctg
aaatttgtat
gtaggatgag
tcagatacaa
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gttgggagat
aattaacact
gttctagcac
aagattttecce
aatagctagc
aaaatcaagc
gtttattata
gggaactcaa
tncccagact
gcagagttcc
ggataatgct
agcatatgtg
tcgnaaatat
aatccaatga
gtctgatcce
atgataccac
tgaacctcct
gaattaaagg
ggtatctctg
gaactgctag
caggcatgca
tcttactcecat
agtgcttgtce
ttecccagtet
ctttctatat
ctattacctt
ggacctaacc
catcagcagc
tactgctccce
tccattagga
cacagacaga
tataaagtga
cattatatac
ttgtcttagg
tgtatatcac
gcatattacc
gcatatacat
ataacatgta
atattatgtc
cttgcagtgce
tgtcecttece
gtatgtgtat
acacattata
tatatatata
tgtgttgett
tcatacttag
catcttatta
ggaggcactt
ttttgttgtt
aaagtccaga
gaaaaataca
agcagcaaaa
ctgcaagtgt
gtttngctag
agtattatat
atttggatta
ggtttagcat
aaatattgag
ctttaattct
tagtgttgca
aaaatgtgtt
accagatttt
atagaaagga
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caacttgggg 18720
ggggaaacca 18780
aaagcacctc 18840
caagaatatg 183900
ctctaaactg 18960
ttctgttggt 19020
cactatggag 19080
ttttttgatg 19140
gtggttttgt 19200
agggtggaag 19260
gacatcctect 19320
gatgtgagat 19380
ctgagctgca 19440
aatagtgaga 19500
ctcecectecece 19560
ttctcaggect 19620
ttacttgttg 19680
tctcettetg 19740
aagaactttg 19800
gccaggecacg 19860
tatccatgag 19920
ctcatggttg 19980
cttcceoccaa 20040
ctcttectet 20100
ttctattttt 20160
cattgcaaat 20220
tgtccagcaa 20280
ctcctactce 20340
tggcececcagt 20400
ctggatgaga 20460
atgtacctct 20520
tectgtaaata 20580
attgtaggtec 20640
tatatataca 20700
atatatacac 20760
cacacatata 20820
atatattata 20880
tatgtaatat 20940
ttatctagaa 21000
ttgtetttce 21060
agtctgtett 21120
ttacatgaaa 21180
tatatgtatg 21240
atacattcat 21300
ccatattttg 21360
agaattgaat 21420
cagagctttec 21480
actaaaatta 21540
gaagaactta 21600
tggggctaaa 21660
tcaaccttta 21720
tatcttcatg 21780
ctgagtctce 21840
tatatatagn 21900
taaagaatta 21960
tgtttaagaa 22020
ggagatgcag 22080
tatgagtgat 22140
ttettecttat 22200
cagaaagtta 22260
ctccaaaata 22320
taaaaagttt 22380
aattctaaat 22440
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atgggatgtg
ttgtgctaga
tagtacaaaa
cacatatttt
agatgtttgg
cacagaaatg
aattaaatga
gatttcttct
acttagtgtg
ggaccatcat
tctgtttgta
ttcactttgg
atccggggea
tgaaagtctt
tttatcttat
ttgttgecatg
atctgagaag
catgccactt
ttatttgttg
tattgcagca
aggacatgag
agtaccaatt
aaaggaagaa
ggttaaacat
cagtaatagg
tttcacttac
attttgtaca
atttcattge
acagacaatg
cccaaagtat
atttagccaa
actccttttg
aaatataata
taatgtaggc
tatggttggt
ttgttttegt
gatctcaget
ccaagtagct
agagatgggg
ggcctcecac
cttttcacat
ttgtecttgtg
aatagtttnc
tgcacacagg
tttgeccagte
ttgagagtga
tcattcaatt
caattgtttt
acaattctta
gagttttgta
attttattta
ttttaaatga
gttctagatt
tgatcatatc
agttgetttt
taaatactag
atctctagtg
attggattaa
ttaatttgtc
aagagaagag
tgggtcaaca
ttecettattt

gtgggtggcg

ttatatatca
tgctagggaa
atgaaaaaaa
aattgaacca
gagagcctga
cctecaccett
tatnaaaaac
tctteaccte
gttecataata
tgcagtgggt
tgaatacgcc
atacattatt
ttgtcaaggt
aatcccttta
acatatggaa
agactatttt
gaacaagatg
agggctgagce
acttagggag
cgatgtcatt
atggaaaaaa
ggaaacaaaa
aatttectgte
atgtagatga
agtgcagatt
tggnttgtat
aggattttga
ttceetttta
cattaatagg
attacagtta
ttctgtttea
tattggtgac
atattttacg
taatacttaa
ttctteaact
ttttgggagyg
cactgcaacc
gggattacaa
cttetecatg
ttatgtttet
cctgcaaaaa
gaagattcta
tgtgtactce
tgettetttn
tgaagggtgg
ggttagatgg
ttggccactce
tcecagtttg
tccaaatcat
ggtttcctca
atcattttgt
aggctgttgg
cttgtattag
atattcaaat
acttacttaa
tagaggtagt
tttcttcatt
gtgaataaac
aaatgtttat
atttttaaat
tacattttta
taaatttggt
ggcatgtatg

attcatttaa
gttatggtaa
agtaatggca
gaatcttect
tcaggtteceg
tctgtettag
gtgaaaatat
catattagta
caagtttgag
tcactctttg
aatgaccttce
gatgtttcete
gagcacttcc
atcatatttt
gtccttttta
aaaagttaaa
gtttgactaa
ccacaaccca
tgcagaatca
tacttgatgt
tgtectgggge
tagatataaa
actggatatc
tgctgtecct
ttagagtttg
cagcatctca
gaatctactg
tacataatta
ttettgttta
taatgtgaat
ttttaaagca
tgataaaatt
tatgataaaa
cccaccgtte
caagactcag
gaggttcact
tctgectect
ggcctaagcc
ttggtcttga
taagtctcct
attttcctat
catttgagat
wtgtncctcet
cccacatggt
gaaacggtaa
gattttatgt
tgtgtgtgtt
ccattgtcat
ggacaaactt
tacagatttt
tatttgtatg
tttctataca
tcataatagt
aaagaaagat
agtaaaataa
gaacattttt
aactagttca
tttaatttca
ttttaatttg
attgagttat
ttctatttta
ctaatctttg
cacactataa

aaagcatttc
atatagtatg
catcaagttc
atattgtagt
tctatgettt
tgtgtttatg
ttgtagcaca
aactatttta
atatcagtta
ctgecgecatcet
gagcactatc
tacacggcag
atgtcattta
cttgttcatt
aaaaggcata
taaattttgt
tgactgtgtg
gecacagggge
gagtcccatg
gttttgaaaa
caaaaggaaa
atgttttaaa
ttttecttee
agagtattta
acaaatgaca
agttagctaa
agacaatata
attgtgtgcece
actttttatt
ccectgtaact
aatctgagaa
ttctettttt
tatttgtaac
atatttccta
acaaggttta
tttgttgccce
gcattcaage
accacccegg
actcccgace
ttaagtctct
gtcattgatc
ttggectgatt
gaactgcttt
cacctcnaaa
teccactgtag
atcaagagcc
agaagtatca
tggctttgtt
tctattgtet
gcacattctt
aggtcttcecta
ttaatattat
tttecctgeta
ttgtettttt
atgaattgac
attttgtttt
aaaaattggg
cattttgaga
tcaaattatt
ccttecatte
atgtgttgtt
tcaggttttg
aatagtctga
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ttaactacta
ccectaatte
ctatgtgact
ctgatgccca
gggtctttgt
tggaaaatag
ttatatgcac
acctcagtat
tggtgeegtyg
gtgccatcat
ctccacttca
agatgatagc
aactaagaac
tcagtaaaac
actccagaga
aagtcacaaa
aagtctcgag
tggcccagag
atagagttag
tacaaaagga
attatgtgtce
agggtaaaga
atagcactaa
aattgtacta
gacgactcag
ttttggtgag
taacacataa
atccttgaaa
gtggacttta
acacatcaac
accaagtcat
ataaccacca
aagacttagc
atattgtcac
catagtatac
aggctggagt
aattctcctg
gctaattttg
tcaggtgatc
gtaagtccac
cattggaaga
gctteccagat
ngtanntttt
atatgtcaga
ttttaatttg
atttttaagt
gctgtttgtg
tgtggttatt
gcattttatg
ggttatattt
ttacatgttc
attctgctac
attcttttga
ctttgtaatt
taacactgcc
gtttttggtt
atttgaagta
gttgtagcac
attttttcct
cgataaagaa
ttgttatata
atattagatt
gcactctcag
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tgataggcce 22500
taggtactta 22560
aaattacaaa 22620
ggaggttatc 22680
aacgcatgge 22740
gtgecttgag 22800
ttagatgtta 22860
tatgttttcc 22920
tagtaactect 22980
cagcgtcatt 23040
gtatgtgace 23100
aaaaatgcac 23160
ctaaatgtgt 23220
aaaacatcat 23280
ctgggagaaa 23340
ctcttggaat 23400
tagggttatt 23460
aagcacctta 23520
agcatgatat 23580
taaaaaaaaa 23640
atgtgaaatt 23700
aagggaaaga 23760
tctttacata 23820
tttggggaag 23880
atcttagttc 23940
aaagtgtttt 24000
ttatttgtca 24060
gacagagatc 24120
aaaaatttac 24180
aattatcaat 24240
ttcagaaata 24300
taccattatc 24360
aataattcct 24420
aaattttttt 24480
ttgattgttt 24540
gcaatggcac 24600
cctecagecte 24660
tattttcagt 24720
tgccegecte 24780
taagtttcag 24840
catgcgtett 24900
ggtgctcttg 24960
gaccagncaa 25020
cttctggata 25080
catttcectt 25140
tactattttt 25200
atataagttg 25260
tgtaccatac 25320
tcatacagga 25380
atgctttggt 25440
taacttgttc 25500
tttactaaat 25560
tgcttccata 25620
tttatgceect 25680
ggtaaaattt 25740
tatctagaac 25800
tgtgtacatt 25860
aactagettt 25920
tagtgcttgt 25980
aaatccctac 26040
tgttattatt 26100
tttcatgtgt 26160
aattgtttte 26220
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actttaaaag
gggttcecttt
tattttttat
ctecttgtcac
ccaggttcaa
caccacgcect
ggatggtcte
ttacanggcg
ttgctctgtt
tettgggate
ccaccatgtg
aggctggtct
ggattacagg
tattggggtc
taattatttg
ctaattttgt
gtattttttg
ttttttttaa
aaaaatattt
acatatgtat
gtatatttecc
tgatgttcce
tttactttat
gagactctta
gttaaccagc
ctcttttete
gagaatgtat
gatatttatt
tatggtttgg
tttctacatt
tgtatttcac
gtttttgttce
tttctagttt
tcatattcga
tattatttta
cggagtacag
ctecetgecte
tttttgtatt
tgacctcagg
accatgcccg
tcatcatgat
ccacacattg
ttatcctgat
ctgectetgg
tgcecetactg
tgtcetttgg
ttggtagtca
taccagttta
tgctcagcat
tggaagaggt
gtctgtatet
ataggttcag
gagaatgcta
acattctgtg
gtgtgtagtg
tctgggtgaa
gaatgaaaca
ataaagactt
ctaatgataa
acagagcagt
taaaagagaa
tccagtattt
tttttttttt

tttggtatca
gcagtatttc
tttttgtttt
ccaggctgga
gecgattctee
ggctaacttt
aatctcctga
tgagccactg
gceccaggetg
aagagatctc
tggctgattc
ccaactccca
cgtgagtcac
tatttggtga
gtaacataga
atttttttgt
tttgttceat
aaagaatcag
ttattatact
acatgtgcca
taatgctatc
cttcentgtg
gggtctgttt
aatctgetge
agcataaaat
ctgaatacgg
gttatctttt
ttattgcatt
tcttteettt
ctctttecet
tectetttet
tttetttttt
tgtgattctt
ttatagtcett
tttttacttt
tggtgcaatc
agcctcctga
tttagtagag
tgattcgect
gcctatgtat
ccgtttgttt
ggtagagtag
gggtaaacat
actgectggece
aattgccatt
agtttctaat
tttgtttttg
catttctaca
tccacacgta
gggcatcctce
tccacaatgt
aaaactggaa
acatctctgt
tagttgcceg
gttattgggg
gcattttatg
aataagtgac
agatttcaca
aaagaacaga
gagagaacac
agaaatgact
tcacatttecce
tattttcaat

gttececeggtg
ctatttcttce
ttttttgttt
gtgcagtggt
tgecettagece
ttgtgtgttt
ccttgtgatce
tggcagacct
gagtgtagtg
ccacctcatc
ttaaaacttt
gactcaagcg
agtgttcagt
agtatatttt
cctgtgtaaa
tattttggtt
tttgttttag
cttaattaac
ttaagttcta
tgttggtgtg
cectectecoct
tccaagtgca
ctaacttttce
ttcettgect
gttactgectg
aaagagactt
tgttgatagt
gttttcagga
cetttgtttt
tgectteacte
caaatacttt
cagtctctta
ttggagcttc
catetgettt
tattattttt
ttggctcact
gtagctgaga
atggggtttc
gccttggect
tatttcattc
ggttgttett
cctetgeata
ggagcttttc
caattatcga
ctaaacatgg
attccattgce
ttttgttcct
aatgttgcca
tttattagtg
catagcttca
ggctaggcta
cctgtetcag
tattcacagt
gcecctagete
ccatggcaac
attgaaattg
atgttcctac
tcactaaaat
ggcatactta
aagttttaat
taggaccaaa
atcaacattt
ctgtaagagg

aaatcatctg
tatggaaatt
ttgtttttgt
tecattttegg
tcececgagtag
agtagagatg
cacctgtett
atgtctteat
gtgtgatcat
cteccatgta
ttttagagac
atcecteccac
caaaactgtc
cttaggaaat
tagcttttct
agcattttgt
gttagccaat
ttattaattt
gggtacatgt
ctgcacccat
ccececeogaccec
tttattagtt
gaaggtgttt
cgtggttaaa
agaatgtttt
tcectttatt
tacggatata
ttecttttgt
ctttccatgt
ctecatgectgt
tttcatttet
tcatttagac
tatttgttta
gagtgtttat
tgagacagaa
gcaacctcca
ttacaggcac
accacgttgg
cccaaggtge
atcttattct
cttgttgttce
ttgtcagtac
tgtgtaccga
atatttctta
ggctgtggte
ctctgatctt
ttgttttaca
tttattttaa
attttggggt
atgaacagat
gtttttataa
gaggccatct
actcceccetgg
actagagggc
ctttgecccat
ccatgtgttg
aagaaaactt
gatagtaggc
atatataaat
aatgtaaatg
tcgttttcaa
gggtgatgag
tgaaatttaa
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gtcectgttge
gtctgtttta
tttttcgaga
ctcactgcaa
ctgggactac
cggtttcact
ggcttcccaa
tttttagtag
agctcactgce
gctgggacta
agggtcttge
ctcggectcece
tgtttcagac
tatccecctat
ttcectetgtt
tgtcatcagg
tggtttgcte
ttgtttaatt
gcataacatg
taacttgtca
catgacaggc
tectttetttg
gtctcacatt
atgttaacca
ttttcecteg
gttcaagtca
ttttcctagt
attctaatta
atttcccectet
ccectecacte
ttttecatcat
atcatttctg
aatttetttt
tttctgttta
cctegetetg
cecttetgggt
gcaccaccac
ccaggccagt
tgggattcca
gtaatgtttt
acatgaaatg
gaggggtccc
ccgtcaggtt
cccactggec
tggaaagggt
tctgcagttt
ttaacctgca
ggttcacctt
tttggaaatc
ttcaggatga
gcactaggtt
tgggagaaag
acgttgcceg
catgaatggce
gcattgaaag
acttcttaag
ttgttttttt
attctgectag
tatatactca
ttagaagttg
aatgctgtaa
ctatttacta
aatgaaaatc

PCT/IB01/02798
gtttttgtgg 26280
tttttatttt 26340
tggagtctca 26400
cctetgtecee 26460
aagcgtgtge 26520
gtgttggecca 26580
agtgctggga 26640
agacaagatc 26700
aacctccage 26760
caggtgtgtg 26820
tatgttgcece 26880
caaagtgctg 26940
ttgettggte 27000
ttattttgtt 27060
tgattttetec 27120
ttggctagca 27180
attttgttga 27240
ttttteecttt 27300
caggtttgtt 27360
tttacattag 27420
ccecggttntg 27480
ctttatttgg 27540
ttcatttett 27600
caaggataat 27660
aagtggcttg 27720
gcagctctat 27780
ttcatcatgt 27840
taccaggatc 27900
gkttttatgt 27960
ctctgtcece 28020
ttcectgaaca 28080
tgttttctta 28140
ggtcatgttg 28200
tacgtttatg 28260
tcacccagge 28320
tcaagcaatt 28380
acccggctaa 28440
ctcagactcc 28500
ggcgtgageec 28560
tacaagggct 28620
ggagtttttce 28680
tccactgttg 28740
ctgagctctg 28800
ccagtgtcecc 28860
ttttgttggg 28920
cttggggaca 28980
acttgcagcc 29040
ctgagatatc 29100
tactggttta 29160
ttccaaaatt 29220
tagataangc 29280
ttggtcttgg 29340
gccctagete 29400
cctgtcactt 29460
atctgaatat 29520
ggttccattt 29580
aagtcattaa 29640
ttgtcacagt 29700
ttccaagtga 29760
aatcaatagt 29820
attagccatt 29880
caaccaaaaa 29940
aaataaggtt 30000
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ttetggtttt
ttgcactgtt
attctatgtt
tatcctgaac
tattgttaga
agccacagtt
acagctcaaa
aataagactt
attttattag
aaatttgtac
aagttctata
tcaactctac
tttttecatac
ctttagtccce
taagcttgta
tcttcaggtt
atgaaatgtt
agttattgag
tgatgtacac
ttttttttga
aatctcgget
ccgagtaget
tagagacggg
ceccgectegg
tgttattttt
tatagaagca
cctageccaat
tgttatccaa
attttttcaa
gacctagtaa
atatgaaaat
aaacccaagt
tacaatgagce
gtcctecagag
attttcaaca
cacttctett
tttcteccaaa
gcaaaataaa
tggatgtttt
aatacattaa
aaaaatggca
tactttgact
tccagaattg
gataaaatgg
ggggaaaggt
acaatgctgg
actatacctt
tcattatggt
aaatagcaaa
aaagggcttt
accaaaactg
tgecttgaag
agggatctca
atgccgagcet
ggagtttgtg
tctgactttg
atctgatttg
gagaaactga
aatgcatttyg
gcccatcaat
ggaagcattt
tctgtgttgt
gttgtctatt

cattcagaaa
aacattatct
taaatgctag
caagctttaa
gggtaataat
ttattatttt
gagtatattg
tattttagca
ctttgcattt
atattgtagg
ccttteaggg
cataattttt
tttttctace
ttncacccag
ttttttcata
acacttttca
taatattcac
tgagcagtac
atatgccagt
gacggagtct
cactgcaagc
gggactacag
gtttcacctt
cctcccaaag
taaagagtct
aaccaatgta
tttggcaatg
tgatacctag
aacaaacgtg
tttgccaaat
gtttaagata
acagtttcca
tcatctetgt
aaaacctggt
tccaatatat
tcactaattt
tatcactgca
aagcatttaa
atatgtgcce
agtaccatcc
tcacttcaca
gtaagatgta
tgcaactgtg
geetgggttyg
aagacagagg
tacaagattg
tggcagaatc
ggttcttceta
tattagtata
aatagtggtc
tctgettggg
gatgagtaag
cggagaaaga
caaagtagte
aaactagacc
ttctgtggtce
tgtttgaata
agcagaaagt
ttttaagtgt
tccecactecet
tcactcacca
tgcagagcac
tcacatctgg

taattggatc
tgaagtagtc
ctaacgtttt
atgtatcaac
tatatcagta
tatactacag
ggcttgatat
aaatgtcctt
ttgtatttgt
tgtttaagtt
gccctceteat
aaaacttttg
ttaatacatt
aataatttgc
cataaatagg
tagtaagttt
tgatttccaa
ctgttagcca
gatttgcgaa
cgctetgteg
tcegettecece
gcgecccgeca
gttagccagg
tgctgggatt
tttccatgeca
ttttttgecec
ttatggtgta
tttataaaat
tcaaagctgt
atattaaaat
tttaagatat
agttttectt
ccttggagaa
tcactctgtg
ttctgaaaac
atatgggaaa
ttaccatcta
aacatccctt
aacaataaca
accatatttt
gattcacggg
agattttaat
ttggagcagg
gtaaactcaa
aagatatcaa
ggcccaaaag
cactggcaac
ggttcatagt
atgagaatct
tgtaaaagct
gatatcagag
tgtggtctgt
aaaggaatat
agaagtggca
tggctgcatc
agtaaagatg
gttcactctg
ccttecagea
ttteccatctt
caacagcttt
aatccctaga
ttcatgecatt
caatagatac

aaatacaact
agctcaactt
agttaaatat
tcactaaatt
agtactgtca
acttcttcaa
tattttctta
tgtcacatta
aaatttgttt
acatcataat
attactcaag
ttaagcactt
tgccaatage
aaatatgtgc
aacgttatga
tcacattgtt
ctaaaatatt
tgtgttctgg
atgctaacct
cccaggcegg
gggttcacgce
cecgegecegg
atggtctecga
acaggcgtga
taaaactatg
agctgtcatg
cctaagagte
tatgcacgac
ggcttcctag
atgtataaat
aaatgtaata
tagtcatcca
gggaaacaga
ggacagactt
atggtggata
actaataatg
atacctatac
acccaattat
ggaagtttct
attgaattgt
tctctaagaa
tgaagcatca
gtagggtgtg
tttttggatc
tgcactagta
gtgaacaaca
tttaatgtct
gattctgggg
acatagagag
atgggggagg
aagtcttgaa
ggcaggggtg
gaggcacaaa
gatgggctgt
atggagggcec
catggaggat
gaagttacat
agaaatgtcet
ttataatatt
cttctaattg
ggtgaaaaga
gcagactgtg
aagtaaaagt
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gtaatgcaat
catagctcag
agttaaatat
tttaccatca
tttteatgat
acatgcatgt
tattcaaaac
aatgtatgtt
tgcttttata
aaaaacacac
tttgagttac
gtctgectgaa
actgcagtta
tgcattttcect
atatacatgt
tggaacagag
tctaaggaat
gtggaaaagt
gntanttttt
actgcggact
cattctccetg
ctaatttttt
tcteectgacce
gccaccgegce
ttagtccata
cacagttctt
atacctaatc
aaaccaaacc
cattgcctac
ataaatataa
taagaatgag
gcaaccattt
caaaaccaag
agcacataca
gcatattttc
tattagggga
aagtcaacct
ttgcactaat
gttattaagt
tgatatcatc
ataataaagg
attagaagat
ttttagaatt
ttttgaaagg
ttaaatagtt
gagatacacc
ccattggcac
caaacatttt
ggaccttctt
caggcataaa
gaaagaggaa
atggaagtaa
ggagtggaac
gcacaggagyg
cagcaggctce
tttcatctga
gctggatgca
ttaacaattt
cccaaagcett
cctecectaat
aactatttgg
agttctttag
agcatgcatc
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tttagtaata 30060
taaaactggt 30120
gaaatctgtt 30180
tggcctctat 30240
attaaatcta 30300
cataacagat 30360
ttaaactttt 30420
cctaatttat 30480
cttacatgag 30540
tgtcacatecg 30600
tatgctttet 30660
aacctcatca 30720
tctctcaatt 30780
cactaacatt 30840
tctattttaa 30900
ttgtgcaaat 30960
agtcaaattt 31020
gtgtgtgagt 31080
tttttttttt 31140
gcagtggcge 31200
cctecagecte 31260
gtatttttag 31320
tcatgatcca 31380
ctggccaace 31440
agaaaatatt 31500
taaaattata 31560
gttaaagtag 31620
cagaaacttt 31680
taagtttatt 31740
aatatgtaag 31800
ttatattectt 31860
attgaacact 31920
cagagctcct 31980
ggcactctte 32040
agaaaatagg 32100
gctcgactga 32160
gcatatttet 32220
caaaccacag 32280
aaatttaaaa 32340
aattgtaaaa 32400
cttctaatta 32460
gcatgctgaa 32520
ggtgaaatat 32580
ctaactttca 32640
aagtaggtaa 32700
tgcattgcac 32760
acgtgcaaag 32820
ttgcagatat 32880
tttttttatg 32940
aaagaaaaac 33000
cgtgaaacaa 33060
gatagaagta 33120
agcaaggtac 33180
cagctggaga 33240
tgcaaggagt 33300
gagtggtaca 33360
cagctgggga 33420
ttgttggagg 33480
gaaggtgctt 33540
tcectettget 33600
atgatacatg 33660
accattctca 33720
ctttaagcac 33780
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tgttgaagta
acaataaatc
tatccctata
tttcttacct
tacagctctt
aagcactctce
atttaaggtyg
gcatatttta
aaggatctgg
tctgacgata
gtgtcagatt
tagcaattat
tttacaatca
ttnagttctg
"tetcatctgt
gcatataaat
ctgacatctt
agacatggtt
tactgggtgce
catcttcaga
tgtaactcca
gatccaataa
ggcatattcet
ttgttgcatg
ggaaaggttg
gaacattaaa
gtatcttggg
aacatgagcc
tgggaaaata
gcttgttggt
tccaaacaaa
gaatttttge
ttctaattte
atagtttgaa
gaaacaaaaa
caatttttaa
tgtccaactt
tccaaaaaca
gccattecact
atttgttaac
gagtttaatt
gctacatata
gtacaatata
ttcctgecta
cccataaaat
tctgectagt
aagtaaaaaa
cttcatgaca
tgtaaattgc
acactgecta
gagagggagg
tgggtattaa
atttagatta
tatagttaaa
aaagttgaag
tgcgtttatg
tctcettectt
tcecttettgt
tcccaaaccce
ccgtteattt
cttteccace
acatctgttt
tgtgtgtgtg

atatataatg
ctgttctecat
aatgtgtttce
tategttgat
gaagcactcc
tgccectecat
ttaaaatatc
gaattgggtt
ccatgcettat
atttgataaa
tcaaggtctg
tgataatgat
tggtnaatgt
cnttatgcaa
gatctttcat
aatttcagtg
gctgtataca
catgtaccta
tgcaaacaca
atacactcaa
gagaatacgt
gttggagaga
gcgagtaaca
acgcctgagt
gcacagactt
aagccaaaga
tecataactct
aaaaagtaat
aaaagaggtc
gacacaggaa
acaattaaat
taagccagtt
tgatcaccac
atgtagtgtg
ttcagtcaca
atttaaattt
aaaaaaaaaa
tatcagaata
tgccegecece
attgtaaatg
catttctaaa
acattgttaa
aattcatcct
atatgtactc
ttcagttttce
tcttaaaata
catttgttca
cttgtcaaca
ttaaagacag
ggttaaaggg
aaggaatgaa
tcaaatttag
taattaattt
gatcctctgt
atgactataa
tgtagcacat
gggtataaat
cacccagagc
aggagtcacc
gggaattaac
atgtttatag
ttctacaaga

tgtgtgtgtg

atgctaagac
gaaactgtac
ctttttetge
tggcagtctt
tctecteage
ttettgttga
ttgagtacca
gcaaatatta
aaatggaatc
tgtgccagat
cattctactt
taatatgata
ataaaatatg
actatgctaa
ggttacaaag
aatagatgga
ttgtatatta
tctecatcatt
accnttaaat
acatttacca
tcagagaaga
ccaaatataa
caagatgcac
taaggtgatc
ggcagaattt
ttttttacaa
gcttataaaa
acatgaaact
aattectgatt
tgccactata
tacttcctat
tttataactg
tggtgcttct
ggcecagtttt
tetgttattg
atttttgccea
ttgaaaagct
cattgtgaaa
cctecececcata
tacctecattg
gcaaattatg
tgacaaaaat
atttgggtgce
attcattgct
gtttttggaa
aagatgaagt
tttaataaaa
tataacataa
aagcgtttgt
atgecttatga
gggcacaanc
gctcagaaaa
acattttcaa
gagatcttta
aaaatcctta
aaacaccagt
cttcatatga
caagcttcag
aagtttggtt
attggtttct
ctttaagtta
ctgttetttt
tgttagctag

atagtgacag
cagtgcatat
ttgttaaata
caagtgttta
caccaaagtc
tggaacaaac
ctgggcattc
taacttgagce
aaagcaactt
acaaaacata
atttaaaagt
gtaattttaa
taaaccgtaa
tcecaggaagt
gagccagaaa
tggatggatg
actgacatct
catttaatat
tateccgactt
tgagagatag
tttaagtagg
attcatgaaa
attatttata
agaggaggct
ttcgggaaga
atggaaaaat
gatgtttatg
tatgcccaga
gaccactgca
tgtttctgaa
ggaaaagaaa
aggtcgtteg
aaaatgattt
acaacattaa
atagcttttc
actggagaag
atttttaaaa
agcatgtctc
acacaaaggg
taatggtgaa
agcaattaaa
gaaataaaat
ccgtgtactce
cccaatttta
ttctttgecet
gatacttttc
gtccatttga
tgaatatttt
tttgttcacc
gctgagggaa
tttaaataat
agtcaatttt
ctgtgcaata
acacaactat
cgttatttgt
agcatcggta
tgataatcac
agtttgettt
gattaccttg
ctaaactccc
ttttgcettta
ggttgttggt
gcattatata
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atgggccctg
cattttgtceca
cttgecatgat
ccgttataaa
ctgatttttg
aaattaaaac
atatgtgtta
ctcaatacag
tgactactat
atccaagatt
attataaact
ttecctaccag
nctgtatttg
atccataagt
ggaataattt
cattcattaa
tgctgtatac
ctgctatatg
aaagtctcag
acttcttttt
aaactcaaac
taaccaatat
tacatgagct
gtagtcagat
tggacagcat
gctgagggtt
aatattgaat
ggattatttc
taccatctag
aagtccaagg
gttttctaca
aaattaagat
aaaataattc
ttteccttage
attctgaatt
tgattttgtt
atttaacatg
tcectccacct
aagtatcact
ctctcattca
aagagggtaa
agtaatactg
aacgatctat
acatagttct
ttttaaaaac
ttttttttte
aaatatacac
atattttatt
ctegtatceccee
agaaggaagt
tcatcttcta
atatgggcta
tacnaggcaa
taaaaaatgc
tatatatgta
gcatcctaag
acaatttaat
catatctett
ccecetgaaaa
catagaatta
tatactagct
ggtggtgatg
tectctaatg
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gaaacttggg
ctgcaaaata
atgttgttac
aattgacata
cgcatagetce
atttttteat
gcttetggtt
tagaatttta
ggctaggget
gtattgcaaa
tattgtgcct
ttcaattgta
catggcatgt
catctcataa
ctttttagaa
gaaatattaa
actgtatcta
tcacccactg
ggtgnttact
ttttttctaa
ttcaccatca
ggattacaaa
gagttgtcag
cactctggaa
gaaaaacaat
gctggecettt
gactcttgga
catacttcac
catgtgctga
cagaagacat
ttacatggta
gtttgtatge
attattttat
aaagaaatca
ggtgaggccc
aaagctaaaa
taagcattgg
ttggctectg
gtttatcctc
atgttccacc
ttgtagtgct
ttttgaaaaa
aattactctt
ctgctgagte
aagtgacaac
cctaacacac
ttttattttt
tcattcagaa
tagttcttga
aagggagggdga
ttanccttcet
tgttatctgt
gtatgatgct
nactataaaa
acctttgtga
atgcagettt
aaggccattg
ttgtgagtct
cattatttgt
atcttaccat
ggatgtgttc
gtggtgtgtg
taaaacaggc

33840
33900
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
35760
35820
35880
35940
36000
36060
36120
36180
36240
36300
36360
36420
36480
36540
36600
36660
36720
36780
36840
36900
36960
37020
37080
37140
37200
37260
37320
37380
37440
37500
37560
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acttacccag
taagtgtttt
aaggagatat
acatgtttta
aggtttaatc
gattacagaa
agtttctaat
attcccatgt
ggtacatctt
ttttecttge
tttttattac
tgagagatgt
gaaaaaatgt
tgtagatgtce
gtcaaggtgt
agaacttgct
gggtcttttt
cacgtgecat
atgctatccc
tgtgtccata
ttttetgtte
tcaagaaaca
acattttett
ttgtgaatag
aatcctttgg
gatccttgag
aacagtgtaa
ttttaatgat
ttctctaatg
tgaatgcctt
tgttgaccac
catatttgga
aaaaatagtg
ttttataaat
aaagtetgtt
attttcctcee
ttatttttag
ggtcttttge
gcaggtattc
canaaatata
tattttaaca
tttaattgat
caaggtgtaa
gttagaaaag
ctcaatcaga
tatattcect
attgaactta
aaatactata
agacttacag
gacatgattt
tgttttgatt
aattgtacaa
atcatctatt
catcatagtg
aatttaattt
acattaatgt
ttattttgee
actttatttt
catacttact
agacaggnaa
agatagctat
tggctaaatt
ctataagcaa

tgttcattaa
atcatagtgt
ttggatactt
tcatttgatt
agaggaggta
ttecatgattt
ttttaacctc
tattaaagca
tatctttctt
aaattaagac
actgtggtcce
tttatgtctg
atatatatat
tatcaggtge
tgaaatctcc
ttataaattt
ttattattat
ggtggtttge
tctectagec
tgttctcatt
ctgtgttagt
tgaactcatc
taaccagttt
tgctgcaata
gtatatatcc
gaatcgccac
aagtgttcct
caccattaaa
accagtgatg
gttagtttte
agtgcactct
acaatggctt
atattttccc
tatttttctt
ctattatgat
acagattgtt
ggggatagtt
ctttgggttt
tccaaaatgg
tatcaaatgt
gatgtgatta
acgtaatact
tgatcaaatc
tcaatagctg
aacgaaaatc
gaaatgaagg
aaaatttaaa
ttgcaaatat
gacagatttg
tgccttttaa
tggttgtggt
taaattattg
ctttatttaa
tttgttgata
catcactcat
gttcttttece
tgttagtaaa
ctagatattc
atatattcta
atgaataaga
agcttcaaaa
cagagtagag
tgctaaggga

gttgagttta
tagttttgeca
atttgttact
tgaaatcttg
atgatatatg
aatgggatag
atgaagtttt
ttctaatgte
ttacatatgce
aagtttctte
aagagaatgg
attaagtgtt
atgtgtatat
atttgatctt
caatattatg
gggtgttecct
aaaaaatttg
tgcaccatca
ccccacctet
gttcgactcce
ttggctgaga
cttttttatg
atcattgatg
aacatacgtg
agtaatggga
actgtcttte
agttctctac
ctggegtgag
atgagctttt
ctactaacgg
tggttettgt
ctggttecttt
tttgcatgaa
ataagtaatg
acaaaaattg
ctttaaaata
cctatgtgaa
ctttggtgcet
gnaattattt
ngattgtgta
gtetgtttac
tgtatgtatt
tgcataatta
taatatctta
aatactatag
aaacaatgtg
gtctagtcte
taaatgcttt
attggaaaat
ttcaactaaa
aagaatgccet
ttaactgtag
aaattcagaa
agctttcett
atattttttt
atttaataac
tagtgcaatt
aaaagcctece
agttggcact
ttaatgttgt
tatactcaaa
gtgcacctac
aaatccaacc

tacttcattt
tacaccataa
aaaggtagag
acattttatt
tgactgaatt
tcctaaaaaa
ctgttttatt
agaatagata
aatcccaatt
ttcacttttt
ttgttttgat
gatgttagaa
atacatccac
tgggggtttt
cagaactgta
gtgtaaagtg
cagaatgtgce
acctgtcatce
tgacaggccece
cacttatgag
gtgatggttt
gctgcatagt
ggcatttgga
tgcatgtgte
ttgctaggte
acaatggttg
atcctcetcca
atggtatctc
tttcttette
tgctaaacct
aggcagggag
aagtgttaga
ttaaatattt
ctacttaaaa
tagatagett
tttgctttge
agatcgectgg
acaggtaatt
tgcattaaaa
attgcctaca
tctgacatat
tatgggggac
gcaattttat
attattgtca
aaaattatta
gagcaatatt
cccatatttg
attataagtg
aagtagaatt
gttactatat
aacatgaaat
gtacaatgtt
ttcaaaactt
tcatattttt
aatcagcttt
tattatgtga
cttttttaat
actaaagaac
tecttgtaact
tecttattagt
agaaagtgga
ttatgctgct
tcatttaccc
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ttgggtcaaa
actatttcca
gcttatgtca
tctattttea
cagaattgac
gcaaaggctt
attccaaagg
ccctattaaa
aaaattaaag
tttgttagtc
ttcagttatt
tatgtgctat
atatatacag
tgccttaatg
agtctctttg
catatatagt
agttttgtta
tacgttaggt
gtgtgtgatg
tgagaacatg
ccagcttcat
attccatagt
ttgattccaa
cttgtactag
aaatggtatt
aactaattta
gcatctgttg
attgtggttt
actttttaat
agcagtttta
ctggcttagg
atttgtgtgg
tacctgcaaa
tgctaaactt
ttattgaaat
ctaataatgc
tgtgtttttg
aaatattttt
ngtctaaata
acattttnat
ttgaaatttg
tgagtgatat
atcacctcaa
gttatgattg
gctgttaate
tctgtatttg
gataggtatt
atggggaacg
aatttctgtg
tctattgatt
ctactgtttt
gtacaggtct
cacagcccat
ataaagttca
gtcaggttga
ttgacaaaca
attttaaccc
gttattaaca
aaaaactgtce
ttatgtattt
ttttggtgga
aacatctgta
atcttttaat

PCT/IB01/02798
taacttccat 37620
gaaacctctc 37680
atatcctgeca 37740
tttcecctage 37800
ttacatggat 37860
ttctgtttaa 37920
cattttttaa 37980
aaatgaaagt 38040
tcaatatgtg 38100
ttgaattcta 38160
ttgcatttte 38220
gtgacaatga 38280
tggaaagttc 38340
atctaatact 38400
aacatctcta 38460
taggatagtt 38520
cacaggtata 38580
gtttctccta 38640
ttccectece 38700
cagtgtttgg 38760
ccatgtcecect 38820
atattgggcc 38880
gtctttgcta 38940
aatgatttgt 39000
tctggttcta 39060
cactcccacc 39120
tttecetgact 39180
tgatttgecat 39240
cagcttgaag 39300
aagaccttcc 39360
acctacatag 39420
ctgagaaaaa 39480
gttgettgtc 39540
attccttgtg 39600
aatatttgac 39660
catgtaaaat 39720
atggatttat 39780
taaattacaa 39840
gaaantatta 39900
tttnnatttt 39960
aaaaattaat 40020
ttgatgtata 40080
acattttatt 40140
tgaattattt 40200
agatataaaa 40260
taaataaaaa 40320
agccaacata 40380
tacattaaaa 40440
cattcattca 40500
tgatttgatc 40560
aatgaatttt 40620
ctagagttca 40680
tctgeccaact 40740
cctctceccac 40800
attgtttcte 40860
tttcaaatta 40920
tttctctatt 40980
agaaagacag 41040
ttaacgaacg 41100
gtttetgtta 41160
aaataatgta 41220
tgttccatga 41280
ttgtaggtgt 41340
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ttgaaattgc
cactgattat
ttacaaatat
ttttttgtaa
atatggagtg
cagatgtttg
tatctattaa
gaataacctc
gcttectegg
atggagtcte
ctcecgeatcece
ggcgtgcacce
aagacaggac
gtacatttag
tagagcttca
tcatttttat
aacatcattt
gtaagataga
tecttectactt
cagagtggga
tagagtttgg
cagggcagca
ataggaattt
tgattcaaat
gcagccattce
tatataagga
gaggatttct
ataagtgaat
tattttatga
gacatacttt
agtaaccagce
aaagagatac
tagagataac
taagagtgtg
gtaactaaat
ctcacagaaa
tatgcaactc
tgttgcacca
ttecagaccag
aacatcagta
gccttaatta
ccagaggggg
agggtagata
tctctactaa
aggcacctgt
gcagtgagcet
caaaaaaaaa
ataccatgcce
tgttttttaa
ttttaaaaga
aaatagcctt
tattattgaa
tctttacata
atccagagag
aattaacttg
tttgtgtatt
acatcggtat
ttttcaaagt
gtatgctaaa
attgactttt
tgtattccte
catctttgtt
tcttgaaatc

tgatatagtt
gatccgagea
tttaaagtga
gttttatgta
tttcecatttt
gaacatttac
ctgcatttta
tatgtcagat
tattgttttt
gctctgtecat
cgggttcaag
accatgcceg
agattggaaa
aaaccttagt
ctgtggaagce
tattatttac
ctagactaaa
atgtatgtac
ggctgatcat
tgttggeccecce
ggttccaage
gggattgggg
gtctatttat
cttagaaatt
atcttcaaaa
tcattgagtt
ttttcataaa
atctctgtga
gtttgcataa
ctagaggcat
acatagtaaa
gtaaacacgc
atggttaaaa
aaaggaaaac
taattctgag
taaatttaat
ctaataatta
ccccaaagaa
gaggcatgtg
taatttcact
attttatttt
ctgtgcacag
acctgaggte
aaatatgaaa
gatcgggagg
gagatcgcge
aaaaaaaaaa
ttecttgatt
tataactttt
aaaatactgt
ggaaaataac
attatgtcte
tttattatat
taagttattg
tatatttett
tcttatgagg
cttaggagaa
gaggaagtta
ttttgtccag
taaatagaaa
tttatacatt
cacaaggagc
cgggtaatgce

gatcagatgt
ttcecggattt
gcgetgettt
ctttacctac
tectactttte
ttatcactgt
atctagttga
tttttaaaca
gtccaatttt
gaggctgggg
cgtttetect
actaattttt
atgtaacctg
gtggcaaaat
ttttcatatt
ttttgtecatce
cactattatc
tttaattacc
tgttaatata
tggatggtcce
acaacccaga
ataatacaat
aaatgaagaa
agatttaaag
tatttttaat
taaaaacatt
gtctatatac
gtatagacat
attatttagg
caggaagagc
ggcattcact
ttacatgctg
aaaaggaaag
atctatgagt
tttatttcecac
aattgaattt
tataatgttc
tgtcaactcce
caagtttcta
ggttaaatgt
tatttagaag
tggctceacac
aggagttcca
attageecggg
ctgagacaag
cactgcactc
angaaagaaa
atccatagta
atttttgcat
tgctactaac
tttttgataa
tactttaacc
atgtcttgag
catttattat
atgaggtact
tacgggtcaa
gctctecagta
cctttaatte
tgctttteceg
ccaatcttge
ggaagatttg
attattttta
tgtccteata

caccttgggg
attteccgatt
acaataagtt
ttttgtttet
tttctactte
gttgtaaatg
ttaacaaaga
gtgcttatgt
tattttattt
tgcagtggeg
tcctecagect
gttttgteca
gtggaaaagt
ggggagtgtg
agaatgagtt
attccctaaa
tgttgcattt
tattatgtat
caactccagg
agaagtgtcc
angtgcaaca
tgattttata
ctcatccata
cactttgtaa
atatcaatat
gaaagggtta
ttgtatatat
catgataagc
ttactcctcea
aaatgaggga
gtatgccage
aggtggtagg
agcaataaag
aactcatggc
atttataatg
ctaattcatg
taaaaactaa
aaaaaggtag
ggaaaatatg
taaacagtaa
gcatgcatct
ctgtaatctce
gaccagcctg
catggtggca
agaattgcett
cagcctggac
tttaccttag
ttatgttgaa
gatgtgagtg
cccactceccta
ccattttetg
actttattga
ggaactattt
tctacttcet
tcctgaaaat
gatgtagtct
tttcegttaa
ctatagtgcee
ttttgttcag
atttctggta
atttgctaat
ggttttttaa
aaacaagtgg
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catgttgcgg
tgaactgceca
aagaggaaaa
ctaggcgatc
tttatggaat
acacaaagcce
tatctetgta
cctetttgtt
tattttattt
cgatcteggt
gccaagtagce
atttttaaag
agattaagca
ctaacataat
acatgttcgg
atagtttcct
gactgttgta
tatgcaatag
gatgtgatgg
cattaggtgt
gatatgacta
ccttatattce
aattaccgat
aattcaaaaa
ctacttacaa
tgttgtgttt
acaaagtaaa
ttggctcaat
atgaagtaga
atgaatgtaa
tgtcattatt
cataagtgta
aagaccaaaa
tatgttattt
gtncatttaa
cacaaacagt
aagtgaattt
agattttgtt
aatgtattca
agcataatct
catacctact
agcactttag
accaatacgg
caggcacctg
gaatccagaa
cacagagcaa
gttcacagaa
gtaaagatct
aataatctat
atcttcatta
gacatattat
gattttggtg
cetttttetg
gaaaattatg
aatgatcctc
taacttagtg
gtgggatgtg
aagagttttt
ttaatgtaat
tattgctaat
gtttttgtta
attgaaatat
aacatgtttc

PCT/1IB01/02798

atteccacggce
aggaccagaa
gtttatgaag
gggagaacaa
tttaggagtt
agggtaagtt
attttcataa
ctgtgtctet
tatttttgag
tcactgcaac
tgggactaca
acaagtattce
aatgcaaagt
aacataaacc
gaaaaaaagc
aaatgattat
gggttggtgg
agcacctgcc
caggagagag
tagctagata
tgccagattt
aaatcttcac
tgaaaaatct
gagattacaa
accaattggg
tctgcagttg
taaaccacaa
tccaacactt
ttaataacag
agacaagcaa
ttgttgtcat
tcectcecaaaa
tttaaacttg
tactgacaaa
ttattagtct
atatgtatat
agttgtttge
tccacgtgtt
gtaacttcaa
attagtcaag
tagaaattta
gaggctgagg
tgaaaccccce
taatgccagg
ggcggaggtt
gactccgtet
gtgtggacag
cattttttet
tcaaaattat
ttattgttceca
tatttteccce
aatataaaaa
tcagaattaa
atccttctca
ctcaaattaa
gttggaatgg
agctgtagag
gatcattgat
gaattacatg
ttggtcatat
caaattattg
ctttaccggg
caagggttaa

41400
41460
41520
41580
41640
41700
41760
41820
41880
41940
42000
42060
42120
42180
42240
42300
42360
42420
42480
42540
42600
42660
42720
42780
42840
42900
42960
43020
43080
43140
43200
43260
43320
43380
43440
43500
43560
43620
43680
43740
43800
43860
43920
43980
44040
44100
44160
44220
44280
44340
44400
44460
44520
44580
44640
44700
44760
44820
44880
44940
45000
45060
45120
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tataagattc
gcctgaaatt
agctatggag
cttacctatt
tcttttgaat
tectgacatt
ttctttteac
ttttcatgtt
cttttteate
taatttaaaa
gcatttccaa
tatatgtgat
attttctaaa
ctgtgaaatt
tgaattggtg
gtataatatc
tatccttcett
attttctaga
taattttcaa
ttttatcgte
atgggtcaag
actctaaaat
ccacaattac
acaaattctt
aattaagccc
ccaactggtce
tgtatgtttt
ctgecatcagt
tttgggggaa
caaaacacag
cagtggcaca
cccaggagtt
agagtgagac
cctgccacat
ccatagaaag
tgacaaccca
atactgttta
caaaataatt
catttacata
gttgcctagt
ctttggggtt
tatcaaactg
tgcttaaaat
cctgecactat
aattcectgt
tggactacct
cacatggggt
tcacatggge
tccttetgtt
gttttgtatt
ggagttgaat
tttttetatt
tgttatattc
aactatttat
atgacaaatt
gcaggaaagg
aattagttca
gtgggtgagg
ttagtgtatg
aaaagatatt
ggataagaaa
tttattaaaa
aggcattatg

atattcttte
ttetttgtga
ttgttatctt
tttataattt
gtctgattat
gataatttgt
acacacacaa
gattttttat
tttcataaaa
atataatttt
aatgttgata
ttctectttg
aatgttattt
tcagcetttt
aaaattccat
tataaatgtc
ggtttttaaa
catgacagaa
ctttaattag
atgaattttg
aacatgacgt
aatttatttt
ttacgtgtac
agttttagag
agtactaaga
agatgctcta
ttaaataggt
gcgtggeata
tagaggatgg
tttggcagtt
cacctgtaat
tgagactaga
ccagtctcta
ctcatttatt
atttacacat
aatttceccatce
ataataataa
atgatgactg
aaattctaga
gataaaggtt
tattgacatg
tacactttcg
gtctcagtgt
ttattgtgtg
ctatacgtgg
ctttgccaat
catatttcca
attaaaaccc
cctactcatt
gtgagcctaa
ttggtgtagt
tttgtctaag
atctttttat
tgaaggcatg
gataaagaag
agaaatggct
tatacggagt
gaagagacaa
taggctgtag
gtgtgggttg
gcagctgtgt
ccaagtcaga
ctggcaaacg

tttcttaaat
gaacgttttt
tcttgttetg
gtcaatattg
ctttttaaca
acctttetcet
gaatctttgce
cttcattatt
tgaaggtata
cctcectaagca
tgttgtattt
acctgtaggt
gggtgcataa
gaaattcatt
gagaatttga
accaaagtca
atcagggttg
attttcaatc
gcgcataacg
aatttttttc
ttcaaatttt
atttaatcat
tttagaccat
catgggetgce
gcgtaaatga
atcagcaact
gaagtgaatc
caacattaac
tacaaatatc
tttaaaaaaa
ctcagcactt
gtgagctatg
agaagtaaaa
ccactccagg
gaatgcccac
aacagataga
ataatgaact
aataaagcca
aaatgcaaac
gtggtgggaa
ttecattatct
tatgtgcagt
gaagtagaaa
ctattaccca
gtctgttect
atcacactct
gctttcaget
aggcattagc
tactgcttte
atgcggagtt
ccatcttgec
gtccttgagg
ccttactacc
gttgagaaca
atgaaataaa
aaaaaataga
aagaaaattg
atgcatggaa
aatatgccta
gagacaatca
agtactgcag
atgtgagagt
aaagctcata

gtttgataga
cattacaaat
ttaagttggt
cataatgttt
tctgtagaat
ccattttttt
cctatttaat
tecettattte
tagacatctt
ctgttttage
ttattattat
tatttagaag
ttttattctg
aggaatcatt
aaagaaaaaa
agttggectga
ttctagcaat
tectcttattt
tgtcattgta
ctaattagct
tcagtaatca
cttttatcett
tecctggattyg
acaatcctga
agaagaaact
ctcattccac
aagtggtgcce
aatgagaagc
acaactttac
taaaaataaa
tgggagactg
attgecgtcac
atgaaagaaa
tatttaacca
agcaacttta
taaactaatg
attgatgtat
gatttaaaaa
ttatctttaa
ttaagggatt
tgactgtgcet
ttatgttatg
tctaattttt
ctgagtttag
gtggggctct
gaaagtcttt
ttacatgggc
tcecattceat
cttettatgt
tttaatgcta
acaaccagga
acacgtatga
tagtatccta
tattctattt
aaagaaacag
aaaacaaagt
aagcaagtgg
Jaaaatctgt
gattgttcta
atatggagat
tgggtacaga
tataaaactt
ttggcacata
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attcatgagt
taaatgtatt
aaattttgct
atacaaatgc
agtggtaata
atgtcttctc
gttetctatt
tgctttttag
ttaacatttt
ctctaagcac
tcaattcaaa
tgcattttta
ttgtggtcag
ttaaggacca
gtgaaatctg
taatttgttc
tgctgagaga
ttgtcagttt
tctttecagat
tcgggatgece
taactctaaa
attaatcaat
acagtaaaag
gcccagecetg
cagtagtaag
tgtcaaaacc
taccaaattt
aactaactcc
agcaaatatt
agagttgatc
aggtgggatg
tgcactccag
gaaaaaaagt
aaataaataa
ttecatagtac
atggtatatc
acagcatcett
gaggacatgt
tgatagaaaa
acaaaggggc
tctgtacatg
tcagttacac
catatggtta
tttcacctgt
gttgtgcttc
cagattacaa
tcaagacctg
aacactatgt
tttgacattt
tctatttgtt
ctcacatcca
gaaaggtaaa
acacagaata
agacagataa
agaaaagtaa
ttaagcagaa
tgagtaaggg
aggtagttgg
tgagtgaata
gaagaacagg
ggctggcette
gtaaatgcag
aatgatcgea

PCT/IB01/02798
aaaactcagg 45180
caacttacag 45240
tttcaaagag 45300
cctctgatta 45360
agccattttt 45420
aattgtatta 45480
gttagtctgt 45540
tttttgtttt 45600
tctaatacaa 45660
tgttttaget 45720
tatcttctaa 45780
gaaggatgag 45840
acaatagtcc 45900
gtatatggtc 45960
cagtttttga 46020
tgggtatttc 46080
gtactattca 46140
ttgctttcta 46200
gggctgacct 46260
agggtatatg 46320
gtaatgtgta 46380
tgatttgttc 46440
ggagcacatg 46500
gtggtgatga 46560
agagtgtgga 46620
ttggagattt 46680
attttgtcct 46740
tataagctat 46800
acaactcctt 46860
aagctgggta 46920
atcacttgag 46980
cctgggtgat 47040
tggacaggca 47100
aaatgtatgt 47160
tccaaactgg 47220
catataataa 47280
ggataaatct 47340
tctattattec 47400
gaaatcagca 47460
ctcaagaaac 47520
tgccaaaact 47580
ccactgaaac 47640
agcaattgtg 47700
ctcattcact 47760
actggtctat 47820
tctggcttta 47880
gtcttecgee 47940
caactcatgt 48000
tggaatgcag 48060
tgtagtggaa 48120
tagctatttt 48180
gaggatattg 48240
aataattagt 48300
tattaacatg 48360
gttgctaaaa 48420
agaagcagtg 48480
agttgactgt 48540
atttattttt 48600
tgaaaatgga 48660
gaaatcttct 48720
aaattaccgt 48780
ctagaagatc 48840
gaaattgaga 48900
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acagatacac
gctagttcca
catgcettgt
ccatgaaaaa
gtgaaatggc
cacacacaca
tttactattt
caactgttat
tgtttttttg
agcttactga
agctgggact
agggcttcat
ctcagcctcece
aaaaaaaatt
gtcagcacca
ctcaagaaat
aacttttctg
catgcacacg
aatgtccaac
atgcagccat
tecatcattet
taggtgggaa
gactgttgtg
atgatgagtt
gcacattgtg
aaaataaaat
tgaaaggagc
tcaagacacc
aagaagctga
tatatttatg
caacatatac
attagagttg
tttattaagce
gataaaagag
aagattaatt
tcagatgtca
tgagcaaact
ctttcagatg
tgggatggta
acaactttat
tggaataaca
agatcaatac
agagaggaca
tgaggagetg
atccatgcac
aagaaagtaa
attggccecga
attaaagtaa
acacatctcce
ttaccagcta
gttgttaaca
gacagagatt
gattgtgttt
cttttaaatg
agtagcagta
ttatgaaaag
ggagagcaat
tctcececegaa
gaagacttac
cggtatcaaa
agtaagtgta
aactcaggaa
cacacatcac

gaatgtcttce
cgctgtattt
gatctaaata
tttcataaat
tgecattttte
cacacacaca
aagaagaaaa
agctttgata
agacagactc
aacatccatc
acaggcgtgt
catgttggce
caaagtgctg
tcagttcaat
ttttacegtt
atccaaactc
tttecettttg
tatgtttatt
aatgatagac
aaaaaatgat
cagtaaacta
ttgaacaatg
gggtgggggg
aatgggtaca
cacatgtacc
aaatttcaaa
atcataggga
accatgcetta
aacctaaaat
atctcacctt
acagaaaata
atttttactce
ataaaagctt
gaagaaaaaa
accttaggca
aaaaagagag
ctagaattag
aaacaatgta
gatttaagtt
atattaaaat
ggaatgaatc
tgcatgatct
atggtggtta
ctgatcaaag
aacagggtga
atttcaaatg
tgtaaccatt
tacaattatg
gagtcacata
ctgcegtgac
attgtteccaa
tcagaccaga
aatatgtgag
gaacttagtt
ctagtaaage
agtaatgaga
ggcttgtage
gctggaacag
ctgacacctt
taatgaaatc
accattaaat
catattcgcg
agatgcccag

tgaactcatg
ggtaccaaga
ttagctecag
gttgacagaa
tcttteeccat
cacacacatt
tgcttaacta
attcatttca
tcactctgac
tcececaggtte
gccaccacac
aggctggtet
ggattaaagg
attactgcat
actattagcc
aaaataaaac
tagcctctaa
gcagcactat
tggattaaga
gagttcatgt
tcgcaagaac
agaacacatg
agggggdgagyg
gcacaccagc
ctaaaactta
aaagtcaaaa
aaagacaaac
caagttggca
aaaattattg
ttaaatcagt
agataaacta
catatttaga
taagacctag
ataggtcatg
ttgattagta
aaaatgtgag
gaatggagtg
atagagtact
gtgagtttct
taaaaaaata
tagaggacat
cacgcatatg
tcaggggctg
ggtacaaagt
caatggtcaa
tatcatcaca
atgtcttgta
atttgtcaat
ttaagctaag
ctcatttete
gttectgccta
aacttgcata
gcaaacaaga
cctgtaaggce
tttagattct
tttgactaag
agaaacaggt
gaatgtttaa
attatcattc
ttatttccaa
atatgaaagt
atggctggac
gacaatcttg

accctagagt
aaagaatgat
ctcattactt
tgcttagtta
atgtgtaaaa
tattttgtect
gccacatggt
agaatctatc
acccaggcetg
aagagattct
ccgggtaatt
cgaactcctg
cctgagccac
tttaaagcce
cagacataaa
agaaaatgtt
actatgactt
tcacaatagce
aaatgtggca
ccttggtagg
aaaaaaccaa
gatacaggaa
gatagcttta
atggcacatg
aagtataata
aaagaattcc
cgtgaaagca
ttttattetg
tttttacata
atctactttt
atttatatag
tttccagaat
aatgcatggg
tcctggagga
ataataataa
ttttatagtc
tttgaattgg
aggatgtata
ttctacaact
aaaaaaaata
tatgctaagt
tggaatccta
cggcgagaag
ttcagctagg
taataatgcg
aaaaagttaa
tacatacatc
taaaatacta
gtatgatggc
ttaatcattt
attgatttgce
tecttgggttt
taaagaagca
ccaatagcag
tctctgttaa
caaagcagct
gttgtgaaat
aaatgagctg
ctgaaaaaga
gagtgagata
ttaatataga
cactagcttt
gcttatcect
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tgcttcagta
actgaaaaaa
tattctaaaa
cctgagacat
cctgectagt
tctttttatg
agtaatgttg
aataatatct
gagtgcagtg
cctgcttecag
tttgtatttt
acctcaagag
catgtecage
cacacataag
tgtagtttta
aattgatttg
tttttgectge
aaagacttgg
catatacacc
gacgtggatg
acaccgcata
ggagaacatc
ggagatatac
tatacatatg
ataataaaat
ctgtgtaaga
gagaaatagg
aagaccataa
taaagatgat
gaaaatgtac
ttttgtttca
cccagcteat
acgtggaatt
gctcacactt
taattagtta
tttgtaaaga
aaattaaggc
atagaatgct
gcagagtcca
aaaaaagaaa
gaaataagcc
accagttaat
gagatggagc
cagtaagagt
ttatatatgt
gtgatatgat
aaaacatcac
ttatttaaaa
tgtgttttca
aagagaaacg
atgtattata
catagttgac
acacaatata
gaaatcttag
tgaatggaga
catttcctaa
accaactgtg
gcaggttaaa
agggaaacat
attagaaaaa
gagagcagga
aagcccagag
actgtttcaa

PCT/IB01/02798
agtattcttt 48960
tgcatgaaaa 49020
atgaagttca 49080
agccattatg 49140
agcatacaca 49200
tgactetttg 49260
ctcataatca 49320
tttttgttgt 49380
gcatgatctc 49440
cccecccaagt 49500
tagcagagac 49560
atctgecctge 49620
cttattttta 49680
cagaaaaact 49740
ctcttagaga 49800
aaaattttta 49860
tataaagaca 49920
aaccaaccca 49980
atggaatact 50040
aaattggaaa 50100
ttctcactca 50160
acactctggg 50220
ctaatgctaa 50280
taactaacct 50340
aaaataaaat 50400
acattcaaag 50460
agacgccaca 50520
tgaactgcca 50580
ttttcacatc 50640
atgtaacctt 50700
atcctacaca 50760
taatttaata 50820
aagcactagg 50880
gaggcagcca 50940
gaaagtgtta 51000
atatgacctt 51060
aggataatac 51120
ggccccaaac 51180
ttgaataaat 51240
ttetgtcatt 51300
aggcacagaa 51360
tcattgaagt 51420
tgcaagggaa 51480
aagttttgag 51540
caacataact 51600
ggatatatta 51660
atggtgctge 51720
aatgtattat 51780
gcaatcagtg 51840
attaagagaa 51900
gcctaatcat 51960
ctccagaact 52020
tacagttttg 52080
ttatgtcttce 52140
cctaaggcaa 52200
agaaagttga 52260
atggcagaaa 52320
tagaaaagat 52380
attcatagct 52440
ctttaaggta 52500
ttcaaacagg 52560
gttgggtgat 52620
agtaatcact 52680
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aacagecctgt
tgceccagggyg
agataatata
tttattaaaa
ctttagggta
gaggtttttt
caacatgaat
aataccgcett
aaggcaacaa
gaaaaactac
cgctegceatg
aataaaagtt
ttttaatttc
cceccaaatte
atatgtttat
attgatgtaa
ttttcttaat
aattactgtt
atctgactgt
cttececectte
ggcctaaata
aacataatga
" atggctgaat
atttatccat
agtcaacatg
acccaatagt
actgttttte
gtttctctac
gtgacatgat
catttttata
ttttgceccat
tatattctgg
gtgggctgtce
tgcaattcca
aaaaatttgce
atagattcag
gaggtaggag
gttgaagaga
taaaagcatg
tttaccagta
gtgtgatgce
tgtgttttaa
ttttgataga
tattgattct
ttectttcate
tattcctagg
atttttcaga
tgtatcctge
ggattttcta
ccaatttgga
agtatgttga
aaggctttca
ctttattgtt
acatgttgaa
ttectggttt
tcatttctgg
tcaagtctaa
tctacattca
ataatatatg
ccectatgtat
tgatatattn
ttgatctcca
tattaataaa

tattcgattt
aagtttatag
aagttggatt
taaatacatt
cttggcaaat
catggaatgc
gaagctggag
gttctcactt
cagacactgg
ctatecgggtg
acacgcagtt
aaaagaaaaa
taaggacttt
atgcaacggt
tgacacaata
ggcataataa
actgggaaca
tactatagtc
atttttgtac
tctggtaaca
tgagtgagat
cctecagtte
agtattaaca
tggtgggcag
tgagtgctgce
gaaattgctg
acagtggctg
attctcacca
atttcactgt
tacctacttg
ttcttaatca
ttattaatcc
acttcaattt
tttatctatt
ccagtccagt
ttcttagatt
cataatttta
ctgtcctttce
tatttatttc
ccatgctggt
tcecagetttg
tataaatttt
gattgcattg
tccaattcat
agagtgttat
catttttaat
ttgttcactg
aatttactga
agtgtaagat
tgtegtttat
ataaatctga
atttttcege
ttgaggtata
ttttaccaaa
atttatgtaa
gaggttaaat
ctteccaagec
taaacctata
tagtataatt
atgnttatgt
atatattttt
agatgtgaac
gtaaatataa

taaggaatct
aacttggtat
tttttgcagt
aaaatttatc
aagtgaagta
tatgcagcca
gcegttatece
atgaatgaga
agcctacctg
ctatgcttat
tacctatata
gaaatacaaa
atcaagagac
ctatgacgte
gatgtnaagt
tcaaatcagg
tttgaattat
accctactga
ccattcacca
accaatctac
catgtgatat
tgtccatgeca
ctgtgtgtgt
ttaggttgat
tatctcttaa
gatcatagag
tcagaatttg
gcactcactg
agcttttatt
ccatttgtat
gattattaga
tttgtcagtt
gttgattgtt
tttgectttag
gtcctggage
taagtcttta
ttcttctgea
cttaatgttc
tgggttttcet
ttggttgceta
ttetttttge
aggatagttt
aaactgtaga
gagcatcgaa
agttttcatt
tttttaataa
ttggtgtata
gtttgcttat
catgtcgtct
ttetttetet
tgaaaatggg
ctttggtatg
ccecettttat
tgctttttcet
tgtatcatgt
aatatgtcca
tatgtacgtt
gacatataga
tnctnacatt
ttcatgggat
agtactatct
cacctgaggt
gaatatattt

caatgtagac
tttataaaat
ttgetcttge
aactaaatta
ttgtcttata
tgagaaagaa
taagcaaact
gctaaacact
agggtggagg
tagctgagtg
acaaacctgce
tggaaacata
agttttgtag
ttcttgattce
atttttggag
gcaattggca
tctctactag
tttatcaaac
acctttctte
tttctatctt
ttgtctttcet
gctgcaaacg
gtatatatac
tcegtatttg
atatatagat
ttgttccatg
cattaccacc
tcttttttat
tgcatttccc
gtcttetttt
tttttecccat
gaatcatttg
tcctttgetg
ttgcctgtge
atttacccaa
atcctttatt
catggatatc
ttgatacctt
attccattece
tagctttgta
acgagattgce
tttatattcc
ttgectteggg
tatctttcca
gtagagatct
atattgtaaa
taaatgctat
catttctaac
gcaaatgagg
tatctgattg
tgtcctgatce
atgttangcc
actcaatttt
gcatctattg
ttattgattt
gatggtaagt
ttaccatttg
gatccacatn
aaagtttttn
tcgacttnca
atatatctct
gccagaaacc
cagaataaat
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aatgcatttt
atcaccaaga
tggtccaaat
aaatttattt
aattttgttg
tgagactatg
aacacaggaa
gagtacatac
atgagaggaa
gcgaaacaat
acatgtatcc
ctggaattta
aatatgtaaa
ctatgtattt
tacatatgat
tatccatcac
ctattttgaa
gcttaggtcet
atccaaccct
cataagatcc
gtgcttggcet
tcaggatttce
atatcacatt
gctatttgga
ttcetcecectt
tttagttttt
aacagtgtat
aaaagccatt
tgatgattag
gagaaatgtc
tgagttattt
cagacatttt
tgccgaagtt
ttttcagatt
tgttttectte
atttgatttt
catttttccc
tgtcaagaat
attgggatat
gcatattttg
tttggctatt
tgtgaagaat
tagtgttgac
ttttttgtgt
ttcacttcett
tggcattgct
taatttttgt
agtttttggt
ataattttat
ctetggcectag
ttgttccaga
atgggtttgt
ttagtgtttt
aaataataac
ccatatgtta
aagaaagcca
agaaacttct
ccatatgtat
attaangtct
tctaaatnct
tttnaaaatt
agccttteat
tgaactttca

PCT/IB01/02798
atggtcacct 52740
gttgaattag 52800
acattttaca 52860
gtcacgtatt 52920
acaaaataaa 52980
tecectttgtag 53040
gagaaaacca 53100
agacacaaag 53160
ggtgaggact 53220
ctgtacgcca 53280
ctgaatctaa 53340
gagcattaat 53400
atcataattg 53460
atttatttac 53520
atttcgatac 53580
ctgnaaacat 53640
atatgtaata 53700
tatttatttt 53760
ggcectttace 53820
acttacttaa 53880
tatttctttt 53940
actcattttt 54000
ttetttatce 54060
atagtgctge 54120
ttggatatat 54180
ttcagtecegt 54240
gagtgttcct 54300
ttaacttggg 54360
tgatgttaac 54420
tattcagatt 54480
gagttcttta 54540
cccttattet 54600
ttgagcttaa 54660
ttgcecececece 54720
taggagtttc 54780
tatatgatga 54840
agcaccattt 54900
gaattggctg 54960
tttetgtttt 55020
aagtcagtta 55080
cagaatcttt 55140
gtcattggta 55200
attttaacaa 55260
ccacttcaat 55320
tagtcacaat 55380
ttcttgattt 55440
atgttggttt 55500
ggagtcttta 55560
ttctteectte 55620
aacttccagt 55680
tcttagcaga 55740
caaatatggt 55800
gataataaag 55860
atggtttttg 55920
agccatcett 55980
ggattttaac 56040
gtattttaat 56100
aaactgtttn 56160
ggtttctant 56220
ataaactagn 56280
gttctgcaca 56340
atgataataa 56400
gatgaaaatt 56460
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aataccagca
aaagaaaacc
cttttgatca
tecttattttt
aatacttata
aaattgaagc
aagactagac
tgtatgagat
tteetttagt
agtggttaat
tgaacatcct
gtttactgta
acccaaccag
gcaccaagag
tcacctggca
aggcaaggct
tttgcaatta
aaaaaaatag
ctgcccaagyg
ggagcaccag
ttttectggga
ttctagagat
gcattggcac
tttgtaaatce
ctcatgcctg
agttcaagac
agctgggaat
tegttggage
gcetgggtcea
agagagagag
gaaaaaaaga
gaaagaaaga
cttatttctt
tatttttcag
caataaactg
cagtttctga
attttgtcaa
tgtaaacaaa
aaagaagggc
cctaataatt
taaccaagtg
cacacagaag
taaatttaac
tgttctgtaa
tcctaataat
ttctactttt
tactttaagt
gccatggtgg
tagctatttg
tgtgttgtat
tttctgatce
caaaggatat
acattttcett
tgtaaatagt
‘ttettttggg
atccttgatg
acagtgtaaa
tttaataatc
ttcectagtg
cttttgagaa
tcttgcaaat
agattgcaaa
ttettttgcet

tgatttttac
atgcagtttg
tatgtttact
agtggtaaat
acaacccgat
tgagtaaagt
ccatttcetece
aaccttecctt
tacaaggagc
tacgattgcet
ctgtgagtgt
gcecgecteca
cttggtttte
taaattttng
aaagttgtaa
gagattctca
aactccaaaa
accttgagtc
gtagcatgcc
aggtaattag
cggacaacca
tgaattgggc
ttttaaaatc
cattctttca
taatcccage
caacctgggce
ggtactgtgce
cgggaggtga
cagagtgaaa
agagagagag
gagaaagaaa
gaaagaaaga
ttattacatt
atggaaaaga
gagatcgtgt
atttttaaca
aaattcagta
gatgagagtt
agctgccaga
aagagaaaaa
aatcataaac
gacgcagcat
cataaagaga
tttgtaatgt
ttttttcaga
tttectgett
tgtgggatac
tttgctgeac
tcctaatgcet
gttctcattg
tgtgttacgt
gatctcattt
agtccagtct
gttgcaagaa
tgtataccca
aatcatcaca
agcgttccta
gcegttetga
atcagtggtg
gagtctgtte
ttgtttacat
aattttctce
gtgcataagce

cagaatagca
aatgggggtc
tcccaaaaag
aacttttatt
aagttatgtt
taaacaaagt
ctcacactgce
caacatgtgt
ctattcttaa
tattttaaga
ggaatgagga
cagaatcgat
cccatgatag
aaaattaatt
aaaatactga
gaattggcca
gatatgttat
ttcaaagaaa
tgtectette
agcctectgt
tctcaatttt
tggtgtactt
cctcactgac
ttgctataaa
actttgagag
aatatggtgg
acctgtgatc
gggaggttgce
ctccatcgaa
aggaagagag
gaaaaaagaa
aagaaaaaga
tttgggtcct
aatattgact
taatgtagat
agctcaccag
agtggaagag
ttcatttacc
ttaaatgtga
taattaactc
attaactgca
cactgctgtg
catcagtttt
tgattttaag
actttectggg
tgtatccatt
atgggcagaa
ctgtcaaccc
cteccctecee
ttcaactcce
ttgctgaagg
ctttttatgg
ateccttgatg
acatacgtgt
gtaatgggat
ttgtcttcca
tttctecaca
ctggtgtgag
ttgagetttt
atatcctttg
ttcttatagg
tattctatte
tctttagtac

aaaatgtttg
taaaaggaaa
aagataatgt
gaacaattgc
ccatttttac
ggctgagatg
tttctatget
gtccaaaatg
aagacaagtt
ctgaattcta
gctctaccta
atttactatc
aaaccataat
tttaggatga
ttccaagcca
ggttagaaat
agagtagaac
tgttagtctt
ccttaagact
ctttcctgea
atttatttag
tgtggttgag
tttactttte
gaaatacctg
gtcaagacgg
aaccccatct
ccagctactt
agtgagccga
ggaaggaagg
gaagagagga
aggaaangaa
aagagaaaaa
atatttgtat
taaaaggtac
tatttttteca
taatgtcaat
cctgtgttte
aaagacagat
tggtttatge
tgtagtgcga
ctaggacaaa
atattgcccec
atgcgaagct
tagtctttag
taataaatgce
tattcacttg
tgtgcaggtt
atcatctatg
ctgccectcea
acttatgagt
tgatggcttce
ctgcatagta
ggtatttggg
acatgtatct
tgctgtgtca
cagtggttga
tecetegecag
atggtactgce
tttcatgttt
ttcacttttt
ttgtggatat
tgtaggttgce
ttctagttta

20

tgagagtctt
ngtaacttat
aatattatag
tgtatgttat
actgtatatt
aaacagcttg
ttcagttgta
tttgaataaa
ctcagtggga
aaggcatgca
ttectgteect
acttttgtat
aagtatgcat
aatctctttg
catttgtgat
caatcgttta
acaaaattac
ctagctagct
atttccccag
aagaggcagg
tgactcttac
tgtggttgga
gtgttcacat
aaactggcag
gcagatgact
ctactgaaaa
gggaggctga
gatcatgcca
aaggaaggag
agaaagagaa
aaagagaaag
gaaaaactga
catacagaat
ctctcaaatce
gaagatctgg
gtttttggcce
tttttctagt
atatgcaaag
acatcagctg
cagtctgtca
tttttatgan
ctcaaaagta
caagatacac
cacccetaggg
catcctgtta
tttgettttt
tgctacctag
nttttcagcc
ccccgcgaca
gagaacatgc
cagcttcate
tteccatggtg
tggttcegtg
ttatagtaga
aattttattt
actaatttac
catttattgt
attgtggttt
tttggctgca
gatggggttg
tagacctttg
ctgttcacte
attagatccc

PCT/IB01/02798
cagtatacca 56520
tttgatccat 56580
gttataagat 56640
tttctcactt 56700
acagccaagg 56760
tatcagaage 56820
acttgttcag 56880
atatttagtt 56940
cgcatgagta 57000
ctggaactte 57060
cacaaatagt 57120
ctcaggttcec 57180
aactacagca 57240
gtaaagaaaa 57300
tcgtattttt 57360
aaattttagt 57420
atggecttttt 57480
gcttactgee 57540
aaatgtccaa 57600
tatgtctttg 57660
atgttcttat 57720
gtegtcaggg 57780
cattggggag 57840
ggcacggtgg 57900
tgagactagg 57960
tacaagaaat 58020
ggcacaagaa 58080
ctgcattcta 58140
agagagagag 58200
agaaangaaa 58260
agaaagaaaa 58320
gactgggtat 58380
gagttctgta 58440
ttaatgtgta 58500
aagaaagcct 58560
aaagaagaat 58620
ttttctggct 58680
aaaacctaag 58740
cataaagata 58800
gagagctctt 58860
tgtgectgatg 58920
cattatagtc 58980
gtatctttca 59040
agcaagcate 59100
aataagtatt 59160
aaaaaatttt 59220
gtatacatgt 59280
ccgecatgecat 59340
gaccccagta 59400
gctgtttggt 59460
catgteccetg 59520
tatatgtccc 59580
tctttgctat 59640
atgatgtcta 59700
ctggttctag 59760
attcctacca 59820
ttcttgactt 59880
tggtttgcat 59940
taaatatctt 60000
tttetttttt 60060
tcagatgggt 60120
tgatgatagt 60180
atttgtctgt 60240
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tttggetttt
gtcctgaata
taagtcttta
tttctgcaca
cactgcttgt
tetgaggtcet
gttttggtta
ttgttetttt
tttnagggta
gcattgaatc
atccatgagg
gatttgtagt
tttattctct
gtatttttgg
tgctgaagtt
atagaatcac
tttatttett
agtggtgaga
ttceccattea
tatgttccat
tcaaaggcect
gtgatgaatt
gccgacttga
tttattgagg
ttgttgttgt
taggaaggag
tcctetttgt
gttggtagge
ccaacttctt
tttatttagg
tggtgatatce
ttatcagttt
tgaattcatt
tcttagttat
cttttcattg
ttagtactat
ctctttgtte
tcaggagtca
tttcttaate
ttcagttctt
ataagtgcca
atagatgtcc
aattttctgt
tattttgtgg
tgctcctgta
ctttaccttt
tttctcagag
ggtcttccte
ctgaatacag
taaagaagaa
ggcacctgcect
ggggagcagg
gccctacact
ctaggagttg
caggcccceac
ccaaactata
ggagtggaaa
acataaatat
ttataataca
aaagttaatt
gcecectttece
agttcctaag
agtcaaagac

cttgccattg
gtattgccta
atccatcteg
tggctagcaa
ttttgtcagg
ctgttetgtt
ctctagecett
tectaaggat
gtttttttet
tataatttat
atggaatgtt
tctecttgaa
ttgtagcaat
tgtataggaa
gcttatcagg
gacatctgga
tctettgact
gagggcatcc
gtatgatact
caatacctag
tttetgeatce
acgtttattg
ttgtggtggg
atttttgcat
gtctctgeca
tceecteettt
acctctggta
tattaattac
gggagggtgc
tagacatgtt
cccgttatcea
agctagcagt
aattttttga
ttcttgtett
tgatgttagg
aaatttcecctt
tcattggttt
ttcagcagca
ctgagttcta
ttgcatttgce
tgtcgcactg
attaggtcca
ctcgttaatc
gagtctaagt
ttgggtgcat
aagtaatgcc
gctaggattg
catcccecttta
cataccaatg
aggtttaatt
cagcttctga
cacatcacgt
tgtaaatgac
gctcaagcca
ctccagecget
tcagggagtc
aaaaattgcc
attttgacct
gtttcataaa
ggctgaatta
attatgtcaa
gcaaaaggag
agtggactgc

cttttagcat
agttttcttce
atttaatttt
gttttctcag
tttgtcaaag
ccattggtct
gtagtatagt
tgtcttggtt
aanttctgtg
tttgggcagt
tttccatttg
gaggtcctte
tgtgaatggg
tacttgtgat
ttaaggagtt
aacagaaaat
gattgctcetg
ttgtcttgtg
ggctgtgggt
tttattgaaa
tattgagaat
atttgtgtat
taagcttttt
tgatgttcat
ggttttcgta
tcaattettt
gaatttggcet
tacctcaatt
gtgtgtccaa
tatagtatte
ttttttattg
ctgtctatct
atggcttcett
ctgctagcett
gtatccattt
cttaacactg
caaagaactt
ggttgttcaa
atttgattgc
tgagcagtgt
agaagaatgt
cttgatccag
tgtctaatat
ctctttgtgg
atatatttag
attctttgtc
caacccctga
ttttgagect
gatcttaact
ggctcatggt
tgaggcctca
gacaagaatg
cagatcccct
ttcatgaggg
gaggagtata
gttagtatgt
tctetecage
ccaagtatgt
tttgatctte
ccaactgaag
ctggctectcet
aaaagttgcet
cttataacct

tttcatcatg
tagggttttt
tgtctaaggt
caccatttat
atcagatggt
atatggctgt
ttgaagtcag
atacaggctce
aagaatgtca
atggccattt
tttgtgtegt
acgtectttg
agttcattca
ttttgcacat
ttecgggetga
ttcacttcct
gccagaacat
ccagttttca
ttgtcacaaa
gcttttaaca
catgtggett
gctgaaccag
gatgtgctgt
cagggatatt
tcgggatgat
tggaatagtt
gtgaatctgt
tcagaacttg
gaatttatecce
tgatggtatt
tgtctatttg
attttgttaa
gtgtcactgt
ttagattttt
gagatattte
ctttagttcc
cttgatttgt
tttccttgta
actgtggtct
tttacttcca
atattctgtt
agctgagttc
tgacagtggyg
atctctaaga
gatagttagc
tttttttate
tttttteett
atgtgtgtcet
ctttatccaa
tctccagget
ggaagcttac
aacacgagag
gtgaactcag
ttctgecect
cttegatgag
ctggccacct
catacaactc
aagaggtgat
acaagaaaga
ttectgttatg
ttacatatag
gcgtgaggat
caaacggttt
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aaatcactgt
atggttatgg
ataaggggtc
taaataggga
tgtagatgcg
tttggtacca
gtagcatgat
ttttttggtt
atggtagttt
tcatgatatt
ctcttattte
taagttgtat
tgatttggct
ccattttgta
gatgatgggg
ctcttcectat
ccaatactat
aaaagaatgc
tagcacttat
tgaagagttg
ttgtctctgg
ccttacactt
tggatteggt
ggcctgaagt
gctgacctca
tcagaaggaa
ctggtecctgg
ttattggttt
atttcttcta
ttgtatttct
attcttctet
ttttttecaaa
ctecctteaat
ttgectettge
tagctttcetg
cagatattct
gccttaactt
attgtgttgt
gagagactgt
attatgtggt
gatttggggt
aagtcectgaa
gtgttaaatt
acttgtttta
tcttettgtt
tttgtttgtt
ttctttecat
ttgcacatga
gttggagact
gtacaggaag
aatcatggca
agagatagtg
agcaggagcet
gtgatccaat
atttgcgcaa
tgaaaggatg
agtcaaacca
ttatattcac
tgagcaaatt
cttggcccca
attctcacce
ctcttggecce
cacatttcag

PCT/IB01/02798
ccatgtctat 60300
gtttaacatt 60360
cagttttagt 60420
atcectttcce 60480
tgatgtgatt 60540
gtgccatgct 60600
gcctecaget 60660
ccatatgaaa 60720
gatgggaata 60780
gattcttect 60840
cttgagcagt 60900
tcctaagtat 60960
ctctgecttgt 61020
tcctgagatt 61080
ttttctaact 61140
ttaaataccc 61200
gttgaatagg 61260
ttccagettt 61320
tattttgaga 61380
ttgaatttta 61440
ttctgtttat 61500
cagggatgaa 61560
ttgccagtat 61620
tttatttttg 61680
taaaatgagt 61740
tgataccagc 61800
gctttttttg 61860
atttagggag 61920
gattttctag 61980
gtggggtcag 62040
cttttettet 62100
aactagctece 62160
tctgctetga 62220
ttctctagtt 62280
atgtgggcat 62340
ggtacgttgt 62400
cattatttac 62460
tttgagtgag 62520
ttgttatgag 62580
tgattttaga 62640
tgagagttct 62700
tatccttgtt 62760
ctceccactat 62820
tgaatctggg 62880
gaattgatcc 62940
taaagtccgt 63000
ttgcttggta 63060
gattggtcce 63120
gggtatttta 63180
catggcacca 63240
gaaggcagac 63300
gaggggaggt 63360
cattgatcac 63420
cacctcccac 63480
ggacaaatat 63540
aaagcttatt 63600
cattcaatta 63660
aatttctaat 63720
gctcettgece 63780
aattctggtg 63840
tgtagtttcc 63900
agattttaaa 63960
tttggagectg 64020
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atcagtgcecat
atctcactct
accegetggg
tacgctacca
ccaggcetggt
tgggattgca
ttecatgecect
cactgtecct
attttaaaaa
atcatgtact
ttaccatttt
gaatgggtga
agaaaaaatg
tgcttcagaa
agttttccaa
ggattagtat
aattaatcct
agtgaagctg
ggaaaacctc
atatctgeca
tctecttgagt
ttctececatgg
tatataaata
gtgttatctg
cttatggaat
acaaatgggt
taacaaaaaa
tatatgtttt
gacctttttt
gtcacagtat
taacagtgta
atctcactaa
ctctttettt
ttccagaatg
atagtcactc
gtagtcatag
tcttaaagca
gcagtaaagt
gtggcataga
acaattaagt
taagcatagt
cagaagccat
gaggaatctt
gaggagaact
tatatcectt
cagctggaaa
tcteccaagg
tatacagctc
gaggtcctga
attttettag
attaaaaaca
ttagctgcectce
atttaaaaca
caacaggatc
ttaaataatg
aaacatctac
atgtatgtgt
agatacagat
aagaccaaaa
ggctctgecea
ctattaataa
tcaatttaag
caaccaaaca

cctetgtgte
gttgceccagg
ttcaagtgat
aacctggcta
ctegaattce
ggcgtgagcce
ctecattgcecct
tatccatact
gctattcaga
gcattgtcac
tatgcatgat
aaggagtggg
tgecaggtta
tatttatctt
aatcaataaa
tccaaagcat
gaccagagga
gaaggcggta
tcaatctagg
caaaaggcaa
gcaaaagagt
gtttatttag
aaaatgaagc
ttgcatgtgg
gccgacttca
caaatttcga
aggtaataac
gaaaatctag
gtcctttcete
ccatttaggg
gtttaaaaat
acagctacac
ctgtcactct
ttatgctgtt
caagcaacac
ttgatgtttc
ttcatcacac
ccetgagtcee
gtaggcttgt
gceccccctac
catattcatt
gatggtagtt
aacatgaagt
atgcacagtg
ttcttttata
gtttctcatt
taattaagtt
agtgectetge
ggtattgttt
atctcaaact
aacaagcaaa
ccagggatte
ttgaaaatca
cacttattaa
gtagaaagac
tatatattag
atatacatat
ataaagagat
tcttecaggge
aagatgtggt
gatgagtccc
tgttaatcac
gccaggcace

ctgatgctta
ctgtagttca
tetectgect
atttttgtat
tgaccttagg
actgcacccg
tatcctaacc
ggcaaagtag
tataacaaga
ttaaatttca
ggctacaatt
aaaatcatat
acttgtttat
gttttgecagt
taatttatct
ccagcattag
agctaaataa
acagccagac
ggtcagcttt
gacaagcacc
ctgtgtctgt
aattgtgttc
cttacagatg
atttgttggg
gaaatgtatt
taccaagaag
aatgtaaaca
caagtaaatt
acctactagg
tagcacgaat
tgcttttgta
tcaccagaga
ctectetctea
tattccatcce
cctattgcaa
cgctttgaac
tcteetgtgg
attttattcc
caaaaataat
gaatacagga
aatgacagtg
ccatatctgt
cttaagctat
aagcatatgt
tgaaagcgtt
tttcagatga
ggttaatcac
accgctagga
gtggceatta
cctacaaaat
catatgctag
tagtactcat
gtgccaattt
agagtttctg
acattcattc
gtttcteccag
atgtatgttg
ttactttaag
agcctggaaa
aggccagtga
actcacatta
aactgtaaaa
atactttagt

acttttettt
gtggcatgat
cagcctceccca
ttttagtaga
tgateccgecce
accaactttt
caactgcagt
ttgagggagt
taactattta
tagtcacaat
ctttacaact
taaaatacte
taaaagaggt
tccactaaaa
ctgcaaataa
aattagctag
gagtgaaaat
taagttttcect
tagcaagata
acgtaaggta
gtctatgtat
ctctattttt
caatcaaaaa
ctacttattt
gtagcttgga
tcatccttag
aaattgctat
tagtaataat
aacagtttat
cecttgtettt
tgataacaac
aaaggtgaaa
tatgcaaatg
ctagaactag
ggttttccca
ttcagttaac
tcattecttt
ttttattcat
tattatgaat
aaatttttct
attacagaag
agagaaagac
tgcetttgte
tgaattatgg
atgaggtcct
ggaaactgaa
cgaactgaga
gtggtgaata
tcaacaattt
gttatttgta
gaggataatt
tttgatacat
gtggattatt
tagtttacaa
attcattcat
agagaatata
gcttagctca
gaattggctc
tttcagcaga
cectcteectg
tggagggtaa
taccttcaca
caagttgata
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tettttettt
gttggctcag
agtagctggg
gatgggtttt
gccteggect
ctgatattat
cttetggett
caacttgggg
aaatattccect
atttgaaaaa
ttgcctacca
agttttacaa
gtgatgtcaa
gtccaggegg
gactcttget
accaattcat
gaagtcagat
gtaagtacat
atgtgtettg
tcaaaggcta
gattgtgtgt
gatgtatttc
caaaatgctc
atttacatca
ctectgcaaat
cctgtttgte
gtataaattc
ttattttgtg
aatcagctca
taccctaate
tgcttgttaa
aggtctcectct
caggctctga
tacgtgtgca
gtacccacca
atcaggagca
tttattctet
ctecattect
taataaacag
gaaaagaggc
gccaacacta
gatattgtga
gttggtgagt
ggcacatgct
tctgggaatt
gctcaaatgt
tgatcatctt
acttaaaacc
tagtaacaag
aatagaatgt
gaaggctttt
ggaagctact
acacttaaaa
ataaataatt
ttattcagaa
gaatagaata
aaagatatgt
atgtaatttt
agctgatgtg
cagagaagtc
catgctttac
gcaacatcta
cataaattta
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ttgaggtgga
tgcaacctct
attacaggca
actgtgttgg
cccaaagtgce
tttgaatatg
ctgtcaggtg
aacatatatt
ttaaaataaa
atacttaatt
acccttteag
cttatttect
tattatttcce
agccattgaa
ttccagggtg
aggagtttat
gattgtctga
gcaatgacca
ctaaattttt
tattcattat
gggtgtaatt
tagaacatac
aagttgtata
ctgacaattt
gtcttttaca
tttagetttt
ctatcatagg
agtatctttt
tgctgcatca
tataaatctc
caatccttgt
ctttetctcet
cattttcact
tcctttaata
tetgeccaccce
tatagatagc
ctcatactaa
agcatgctgt
acattcaaat
taagtcatca
agtgcagtgc
ataacgaaga
cttgtggtga
tttgcttaag
gttttttaaa
ttcaagtgaa
tgtgttgtga
acaggactet
ttcagaacac
tttgttaaga
aaaaaaacaa
aaagccagaa
gtgcataaaa
caccatagat
aataattatt
tattatatat
ctatagatac
gtaggctgtt
gcaggccaaa
aaaatctttc
tcaaagtcta
gactggtgtt
actatcatag

64080
64140
64200
64260
64320
64380
64440
64500
64560
64620
64680
64740
64800
64860
64920
64980
65040
65100
65160
65220
65280
65340
65400
65460
65520
65580
65640
65700
65760
65820
65880
65940
66000
66060
66120
66180
66240
66300
66360
66420
66480
66540
66600
66660
66720
66780
66840
66900
66960
67020
67080
67140
67200
67260
67320
67380
67440
67500
67560
67620
67680
67740
67800
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acgctgtgte
gacatccaat
caaaaagtga
tggagtgget
gttaaccaaa
agctgggaga
gggtgtttga
ttgccactgt
tgtatcagaa
tgtgtagaga
ggagaacgtg
agacttcaag
ggtttaggat
aagtggagaa
ggatgacaga
aaaagagaaa
tagaggagat
gccagcagag
atgatcactg
ctececcaaatt
gcaacattat
tttttctcecta
ctaaaatttt
ggagtcacag
aagaaatmtg
attaccactg
tecacccceac
atgactacgg
ctgaaaaaaa
aatttttaaa
cttctaataa
tcaagcctge
aaaatgagta
aaaatactct
taacttattt
ccctacaaag
cacagggctg
taacatctag
cttacgtetce
taaagcatgc
gctccaaagt
atgtagacag
taaaaatata
cttcaagagt
tgaacatgct
ctgggattta
tttgagtaca
tacttaaccc
aggaagctga
gagctgggat
tcttactgtt
agtatttgta
ttggcctaca
tatctttetg
tacagatggg
cttatttccet
taaaggaata
tgagaagtgg
gtgtgtaaaa
caattaggtg
cataagaagg
ctecacgtgac
atgtagtggg

agggacttca
gaacagatga
gggtaccttg
cccecgagaa
gaaaacagga
aggccaacgt
agtgtgggag
taaggtagga
aggctaagag
gggagatgga
acgattactt
tttgctccac
ttcaaattga
atctaataag
gaattgagaa
ggtcaaagac
ggaaaagcag
ttgcatctgt
ttagtgattc
taatgtcettt
ctactcacag
ccacaaaaac
tectgattggg
aaatgggcta
tgagtaagaa
aaagaatcat
cceccaactcee
aaataattaa
tgaaacaaag
aacagtaatt
atgtgtttet
tgccetcectgaa
tcagcactaa
aatatttata
ttggcaccat
aatgcaataa
gagtttcaat
cattgattgt
accccaggct
ttaagtcaca
ccaatttett
agtgttatct
tgtaattttg
aaatgaagaa
aaagtttctt
tgctacattg
gtacttgcaa
tcacatgagc
gcttagaggce
caaacccaga
atattgtagg
ccacacattce
tgtaagaatg
acccacccaa
gtccaaagga
gagaccagca
gcttagggtg
gcaaagtatc
ctatgtacgt
tcagacttta
tattaaagaa
tgaggctgtc
aaattagtgt

tggaattgga
ccacacaaac
agaagttata
aatgatagtt
gagacttcca
ggtcagacac
gagccagatc
cagtgattat
tgggaggcag
gagaatggaa
atgagggttg
ggtttggaag
ataagggacc
cagttggaca
atcatgaaag
agagctcaga
aatggcctna
gtcttecctece
atggagttag
agccttaatc
gttccatatg
aacaattcag
tatatcatat
aaaagttaaa
atgctggtcet
tgtctatgte
agagagtcac
ggttaatgaa
attaacaaat
accttgtggt
aataaacatt
gccaaagact
tatgaaagaa
aattaattta
tctgagtgtt
ctatcctceat
ctaggaaatc
ctatcaagta
tatgaggtag
catgtaataa
ctccaaatat
tagacatttc
atgggctagt
ctaggtgatc
ctcctetttt
tattattgta
cacattaggt
tttgctttta
ccttagagcec
aagcctcact
taccaaatca
tgaaacagag
agaaatgggg
ttgtggtaat
ccagcttaaa
gacagatgag
tttgaatcat
accagccatg
gtgtgtatgc
gagaaagcat
aaagagtcat
ttagggttgt
aacacaatta

aattacacta
atgaattgcce
gcagggaaac
aagctgggge
agtggaggag
tgggatactt
cttcagtatc
gaagggtcte
ggtggccagt
ttagctcaaa
agggagaagt
ctggtectgt
tattgagctg
tgtagctcta
tggatgagat
gcagctcatg
agaaatatgg
catactcaca
gttgggtcca
acacctataa
ttagaatgag
agcactgctg
ggaagtgaac
agagggagat
tgaaacccgt
caggatttte
ttgttctcta
taaaaataaa
atatattctg
tttagataca
tgctaataac
tcaaaataat
aaagcaaata
aaaaatcata
gcacattatc
tttggnaagt
tacaactttc
cctgttttat
acgttttcac
gtaggtcaga
ctgaaatatg
tgctattgta
agacccttec
catatagtat
aacaagtctt
atgattaata
gctatgcaaa
attatgatta
ttatttaagt
ctgaaactca
ttgatgacaa
tcagatcaga
agatatacac
ttccacaatt
atatgactag
ctecatctget
gggtgaagtt
gggtgtgtgt
gtggtggcag
attataaaag
ctggtaagtc
tctccattta
tggatttaga
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aggaacagtt
tttgtetcaa
ctggceccagt
ctgaaggcta
aagaccctge
gggggaaadgg
ttgcagacca
tccatatgcet
gaggaggcca
agatattttg
aggtatcaag
ttgttatgac
gaggtacttg
agactctaca
tgcctgggag
actaaaggtc
acnaaaccag
tctecteteca
cctggataat
ctttagttcce
gacatcttta
agaggtcaca
aaaagtaatt
tacaagtaga
ttaaacatga
ctggtggggce
tccaaagtac
ctctggaaga
aaactcttga
tgtgtteccag
ttgatgttgg
atctagtgag
taataggaag
atcattaaca
taatttaatc
gggataactg
aaactgtcaa
acaatttaca
accattatgg
actcacagcc
atttttttgg
tttttaaaag
ctctectgaac
ctcttagetg
tattgttctg
atcatttaga
gtgcattact
ctetetgtac
cacacaacca
gaagcccagt
gcatcgttga
ctgaagcaaa
gatgtgtctg
agagcctttce
agggagcaat
gctgacaaag
tetggagett
gtgtgtgtgt
caaatagcta
ggatggaagc
tacctecaatt
agaaattcct
aggcttctga

PCT/IB01/02798
gagtttggaa 67860
gtgccagaaa 67920
ggaaggcact 67980
caaaaatggg 68040
attaggcagg 68100
gggtacaaag 68160
tgttacaggt 68220
ttgtgccaaa 68280
gataagagtg 68340
agaatatgtt 68400
catgattcta 68460
agggaactct 68520
tggtgtagcc 68580
acgatgtaaa 68640
agttatcatg 68700
agctcacgac 68760
caccttcaaa 68820
naccacagcc 68880
tcaggatcat 68940
cttttgctat 69000
ggggaccagt 69060
gaagataaaa 69120
tcattgtectt 69180
tactttattc 69240
gtggatattt 69300
aagaattcca 69360
ctgagggaaa 69420
ttecttgttaa 69480
cattcatttc 69540
ggcaattaat 69600
taaaaatgtt 69660
agttgtgett 69720
aaaaaaggaa 69780
gttgagtgat 69840
attaaaatgc 69900
aggctataca 69960
taacagtagg 70020
gatgtaaata 70080
attggaaaac 70140
aagaagattg 70200
aaacttttte 70260
tatttggaat 70320
ttcaccttge 70380
catagttcta 70440
tttttacatg 70500
tcaagcatta 70560
tggtttactt 70620
cttacagatg 70680
gtaaatggca 70740
ctcecttacca 70800
tgaggttaat 70860
gatgaatcat 70920
tctaaaataa 70980
ccttgggttt 71040
gatttaacca 71100
ggcagaaccc 71160
tgtttatgge 71220
gtgtgtgtgt 71280
agggattgca 71340
agcaactgaa 71400
tggtcagaaa 71460
agaaacattg 71520
aatcatcaag 71580
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cccagacttt
ccatttttaa
ttgctgtcag
ttcttaagaa
agagctatca
catttctect
aagtatcatt
acattgctta
tcacaatgac
ttgettatcet
aagagctatt
tatgaatatc
ttgcaaataa
agagagagag
ttaccacagt
ctcatttcte
tctatatttc
gtgatttggt
tetccctete
tagatagata
tgctctgttg
cctgggcetcea
caacctcact
tcaacattta
cctggaatag
agtgcccacce
tgggctacag
ctattttgtg
ctggctgtag
tattctaccc
atggagttac
ttaaaaatat
tggtttcctt
actgtaatac
caattaatga
tgtgcatgag
taaaatgtgce
ttgtattttt
aattccaaac
atttcttcaa
tagtactgaa
gtttteatct
gcattcttee
caactgatgt
tagtcttaaa
cttttaggca
ataggctgtg
cttatcagag
agtggtcacc
atcatgtagce
tcaaaatgca
ttgcttaata
ttgagaggac
ttatcttact
ggaagtgcat
agccctceccat
taaccaggca
ttgttetttt
cttectttet
ctgtatgact
aaatggtcgt
tagatacaca
aaaatgagga

ggcgtetgcet
ggtcaaccca
gaaagccatt
ggataaaaat
ctaaatcacc
tatttgtctg
gatgagtttc
gaagtgggga
tcectcagaca
gggtctcagt
gtggggatga
atttatggat
catcatatat
agagagagag
tgggtgggcce
attcttatat
aaagtgtgtg
atctacaaca
taaatatata
gatagataga
cccaggctag
agggattctce
tggccagata
tgattgttga
tttagctatt
tggatttaaa
tggcetttaat
atgtttatga
tatagaagaa
gacagtgecgt
agatctctceca
ttgtttgttg
tcatatgtaa
taggtattga
actacttagt
aactatgtge
cattacatac
ataattcecat
aagtatttta
gtgtcaggcce
cgtgggctga
ttatgtttta
atctettttg
gaagcaattt
tececttececte
tgaggaagaa
cggaataagce
tctgcagcetce
attccagggt
taaagcacct
gcattatatt
tagggtagaa
cagttctagg
atagctgtac
cttttegtcet
aaatatttac
tgtttgtatg
gcctgatttt
atacaggett
aattgttaga
tataatttag
aactactata
aaataaaata

caatctgtgt
gaatgagagt
acatatctaa
gggttatgtc
tcataatcte
gttatttcta
gtagtatteg
agtaaaatgt
agttaacgtt
ctgtaatgge
atcagatatc
tatgaatctt
atatatatat
agagagaaag
agaaagatat
gtaagccaaa
gtacaaatat
taagagcaag
tatatatata
tagatagata
aatgcagtgg
ctgectatge
catagatatt
aattgtctaa
ccagacacac
tgcatggacc
gagataggtc
agtggacaga
atacaaatat
agcatacaag
tttttgacta
aacagggttc
ctatgtaact
tgagtgcatt
gaatatgecat
tcaaatgtgt
ataatgaaag
gcaagttgcg
tgcecttgaga
tgegtgctaa
tggtatcttt
gtatttcctc
accagtaata
caattttcta
tgtctcaaaa
atcacagatg
ttcaggagtt
tttettttag
taaggttgcc
cataccctca
caagttgatt
tctetttttg
aggaaattgc
tgttaattta
tcaagtctcc
taataggctec
aggaggcaga
gtectgttttt
aatttcatcc
taatgaaatg
atcgaaattg
tttaaaagtt
ttttattaga

gggataccte
ctacagtcag
atcctttata
attatccacc
tetttectat
aactagacac
tactgcaaag
gtgcecacag
ctttgcaaat
aaaaaccgta
atttgagaat
aaaactatat
atatatatag
tctctcaagg
gattttagac
tgatccatct
tattaacctc
aaggtctctc
tatatatatt
gatagaaaga
catgatcata
ctcccaaagt
aatgaagggt
cactttcecatg
actgectcacc
ttgaagatct
tgtcttactg
ataattaaat
aaattttaat
ctgtgtatgt
tttecgattect
tgggttgttg
ataccctaat
agagctgaaa
caactaagta
acattcttcet
aatttagcat
catattatat
attgttatca
accataaagt
ttaaagtcag
atattttatt
ttgtctccta
tactctctta
gtacagaggce
tggtatggga
ccaacagctg
ggtctgagtg
cttacagaaa
ccgtttttaa
catctttctt
agagaaaaag
cttggaggca
tctcececaagg
agggcacagg
aacaaagcgt
gccacaatag
gttggcaata
gtttgecttat
ttgatcttgt
atagctgcett
cttatggaaa
cacatgtgat
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agatagcagc
cagtcctatg
tcaagttgat
taaaggatte
gggatacctt
cttccaacac
aaaatgattt
tgagacaaga
ctgtagaaaa
atggtgatag
gtttaatatg
tcagatacac
agagagagag
tctcatatat
agacacgtca
tcgettecagt
atcaacaatg
aaggtctcte
ctctttgcetg
gcaaaggtct
gttecactgcea
gcaacgatta
aattacatta
tgttgttcac
agagctagaa
gggacttagc
gtaaaatacg
aattgatact
tctatgecta
atatgggcag
caataacrgc
actcaaagat
aggcaaggta
agtgctcctt
ataaatgtat
tggcttgeet
ctgccattta
tattaaagca
gagtaatttt
tacagctttt
ttttgcaaat
tcaagcatta
tttcacaaaa
aacttatcca
atcatgaatt
ggcgagatgt
ggcatgacta
tatccatgte
ataacctcca
tgcaacaatt
cactctgact
tctecttgta
gtcgeccect
atttaagctce
gctatgectg
atgtcttttt
agaatttagt
ttcattatte
ttttceccaaa
accataacca
cctgatatta
caaaagacaa
catctettcea
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tatttggggt 71640
ttatctatac 71700
atccaaccta 71760
ttatattcet 71820
gagttcette 71880
tcagaaggac 71940
tcatcatgeca 72000
attttgtgaa 72060
attccttecect 72120
tattcttata 72180
taattaatgt 72240
atacacaatt 72300
agagagagag 72360
atattaccaa 72420
cgtatatctec 72480
cttaactgac 72540
cttgtcatca 72600
tttectetcte 72660
tactcttaga 72720
ctcaaggtct 72780
acctcgaacc 72840
caggcatgag 72900
ttcattgtaa 72960
aggaatgtaa 73020
gaaggctacc 73080
aggcaagagc 73140
ttttaagttt 73200
aatattttga 73260
ttttataata 73320
cagtgtttgt 73380
atttaagcat 73440
aaacaaaatt 73500
agtcttaaaa 73560
gattagaata 73620
gggaaatgct 73680
tattaagtcc 73740
gttgatatca 73800
aaaaatgtat 73860
ttaaactaaa 73920
atatagaata 73980
aacatctcag 74040
tagttagatg 74100
atccagaagc 74160
actttgtaat 74220
ataccaataa 74280
atataggctg 74340
gaatgcatgc 74400
ttctatggag 74460
attttttaaa 74520
gtacccaaat 74580
tacaatggct 74640
ctgtgctgac 74700
actaaagcaa 74760
cttgaaaaca 74820
gctcacaggg 74880
aattcattgg 74940
tgttttettg 75000
ctcatgactc 75060
ttcatcatca 75120
aaacattttt 75180
tgtatctctg 75240
ttttttgecece 75300
tgcatgcatt 75360
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tgaatttaaa
tatgtaagta
accattcaaa
ctcattaaga
cagagtcatg
catctttgcce
atgaaatttt
gggcatctaa
agcaggatag
ttgagtcagg
tcacaaggca
acaactgcett
gttttcatgg
caagcaccat
ttttaaaggce
aagaaataca
atccattttg
ttatttctca
cctggtgaag
gtagaagcag
tgggcetccac
ccatgggggt
cactatccta
taacaaaaat
aatgtacttt
ttagtaggaa
aacatagaac
gaaaacattc
agagaggecct
aaattcttta
atagagacta
tatcatgagc
atttacaaaa
accgggggag
aagtaacatt
atgagaatgc
taatattatc
caattecttte
taacctctga
gactcctttg
tagatcatga
cctcaatttce
aaagagcaac
ctagaaattg
ggtgtaataa
atgattccct
gaggcattgg
tcteggtetg
cctectgggt
ccatcaccat
agccaggagyg
tgggattaca
tgcctatgtt
aaggcaagtt
aatgtcctga
gtcattgaat
catatacatt
caggtgctcce
agccatgcetg
aattccctga
tgcacctttc
actgactcat
ttgcaagett

acataattag
attatggtta
acatgaattt
tttaacactg
gagtagaaaa
tetttgtgte
catgtttaag
cagaaaactt
caatattcta
gaatcagagc
gaggccctca
tgttgctgcet
ccactataac
cctecatgtea
tetececaggtg
cacatagaca
gttgttgtaa
cagttctaga
gctcacttcce
taagggttct
cttecatgatc
tagaaattca
gaacattacc
ttatttcaaa
gaggtacttt
acagagcact
agtcaacact
attaggcatc
gaaacttcat
gggaaagaat
tattttgeat
tagtctctag
tacaatgtaa
atagtgtgat
tatacaatat
atgataaact
tatgaccacg
taaatcttga
atagagttat
tggtaaagtt
ctccacttta
cccatectagg
tgagaaacta
ggatgcacgg
taagggaggg
ttgtttacag
ggcaggggca
tecgeccaage
tcaagcagtt
gcctggcectaa
gtctcgatcet
ggcgtgagcec
aactcatatc
tttggtgatg
cttetgtget
tttectagttt
cgaatctgtg
ttecacagag
tgatgtgcag
gccacgtgac
catctttatt
ccectgetaag
cctgagtagt

gtgcctaatt
gttaaaaagg
caattcactt
atgatgttga
aattacaagg
cccaaaatca
aactctgaaa
cctgagaaga
agataatgca
aaaggctgat
tttetgecagg
gatctgggtt
ttaggatgac
attaaatcac
attaatttat
cacacacacc
caaaatgtca
gtctgggaag
tggttcatag
ctecttgaacc
taatcacacc
acaaatgaat
ctgttectece
gatgagtcat
taaaactgaa
gaattacaga
gagacacatc
cagaaaaaat
gtcaatatgg
gggtcaagct
gaaatctten
tatctatttg
atattataaa
tatgttgata
atgaaatgta
cagnaaatta
tcccaaaaaa
taatagttct
gctatttget
tgecttgaage
tattagtgtg
aaatggggta
cacttagagt
gcaaaatatg
caggacatag
acattaacta
cggtgttttt
tggagtgcag
ctectgecte
tttttttgta
cctgaccteg
actgcacccg
teccecatttea
tttggtecttt
tgtaccaate
gatgaagcat
acccctggat
cctaagtaaa
gggctccage
aactgagata
tctggatage
acattagccc
agacataatc

atgcatatga
agcccatttce
ataaaatttc
aaaattcaaa
aacccctgtt
tccaaatatc
agctgtaact
ttctgectac
tgttcctgga
tgtggaggct
cagttggtgg
ggctagaatg
ctggggaacce
aaccttagag
gtgcatgcag
tgtattataa
cagaatcagt
tccaagagca
aatggcacct
tcetteataa
caaaggtcct
ttgggggaaa
ccaaagtgaa
aattgaaaga
aaaaaatcat
ttegaaggat
ttagtaaaat
aaggtcaagt
aactctagaa
ctttctgaat
ttgaaaacat
ttttaagaac
ttatgaatat
ttcttaacat
taatagagat
ctttectttag
tcatttcaat
caaaagaaaa
gtagecatgtt
acagttgttc
acagccttag
agtgatagac
acgtgtageg
aatgtatctc
atattttcac
tgcaggtttt
tgtttgtttg
tggcacaatt
tgccteecag
tttttagtag
tgatccaccc
ccggggcacyg
ttttattcca
attcatcaat
tctetagaat
catgcatatg
tggagcctct
gcaccagctg
actaagtgat
ctagttattt
tttcetgtgg
gtgcactcaa
taaaggacat
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atttggctaa
cttttcttac
tggcagaagt
ttttaaaata
gtaagattga
aagaagattg
ataaaccaca
tgtggatctc
ggaacacaac
tactaggacc
ggagatagag
ggataaaagc
ttttaaaaca
tgatccaagg
agttatgaac
aaaccttcaa
gtctcataac
agacagcagc
tttcactgtg
ggttactaat
accttectggt
catcagcatt
acagtgacag
atgaggacca
gatatataac
gcagctttte
tgttggaaat
tagctataag
tgtaatggca
atttttgaag
tcagttaatc
aaagctaata
ctagaagaga
tcacatttta
atgtgcatac
aaataactca
atgagtaata
gtaacaaaca
taaaattatt
aaaagaatgg
gaaagtaatt
ctaccttata
tagaacaaac
tgtgttattt
actcacacac
ccagtatctt
tttgtttgtt
ttggctcact
ttagctggga
agacggagtt
gcecteggect
gtgttcttaa
atcaatgact
tattccceccte
ctgatcaaca
tttaatttta
ccecttteage
gggcattgag
ttattttceg
ctgtctecttt
ctccttecta
gatatcacac
cttgcaaaat
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tatacttgaa
taatcaaatt
agctttatgt
tattaaaagc
agagtaaaga
agaaacagaa
tcacaggact
agacagcacc
tgtctcatat
ccatgcagca
tggaggggac
taaacggaag
aacagattct
aatagatggc
cattggacta
ttecatcttg
caagagaaat
agatttcatg
tcectcacgta
accattaatg
agcatcaccc
ctgtecattg
acatctggtce
catctataaa
tcataaaagc
tcagtaagtg
caaagctaaa
gaggtacatc
caatgcttac
aggcaggaac
aagaatttct
taactgtagg
taagatgaaa
gcagttaaaa
ttgtcatgag
aaaatccaaa
atattggaat
gtatattttt
aggggcacat
ccetggggtt
aactctcttg
cagttaatgt
gcagaatgaa
gagggaaaat
tgcatctgat
attcaaggga
tgagatggag
gcaaactttg
ctacaggcege
tcacegtgtt
ccaaaagtgc
cecttgeatet
agcattctag
ccctetcaca
tttagecegt
tttatttatc
gcctttcaan
cagaaggcac
nacctectcect
cttccattta
aggaccceca
actccccatg
cgcaaaattt

75420
75480
75540
75600
75660
75720
75780
75840
75900
75960
76020
76080
76140
76200
76260
76320
76380
76440
76500
76560
76620
76680
76740
76800
76860
76920
76980
77040
77100
77160
77220
77280
77340
77400
77460
77520
77580
77640
77700
77760
77820
77880
77940
78000
78060
78120
78180
78240
78300
78360
78420
78480
78540
78600
78660
78720
78780
78840
78900
78960
79020
79080
79140
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atttagcaga
acagtggtaa
aatcacagca
ctttecagttc
gagacataaa
agtttagagc
gagtcagagt
cttctecaga
caaaatagtg
ttttetagtg
atccaaacag
gaaataaatc
aagaaagtaa
ccctteatte
ttaatgaatg
tatcatgcat
aaaaaaatcce
gcaagataaa
atgcccttaa
aaagtcgaag
atcagacagt
ttatcgattg
taatcctcaa
agataagcaa
tgctgececg
agagtagcca
taaagtctca
gcatatcctg
aaaagaataa
gctgaggcag
aatcctgtet
cagctactceg
aagccgagat
aataaataaa
aaggaatgtg
gtctagtccc
ttgaatgaaa
tactgagctg
ctacttttga
tagcaagcaa
ctaaattcaa
attaatttct
ttctaaatta
aattaatttc
gaaaaaatta
caagtcgtca
atgatgactt
agaaaatgca
actcacttct
aagaaatata
gtattgacta
tattgattta
acccctgtat

<210> 2
<211>
<212>
<213>

DNA
Homo

<220>
<221>
<222>
<223>

exon

exon

cattgagatt
ggtttgggga
acttacccta
ctactteccge
agaggcgaca
tggaacagat
gagtgggatt
tttgcagatg
tttaagaaga
gaatgttagc
aggtgatgtg
acagcaaaaa
aacatttggt
attgtacagt
tcattggatg
tttttattag
agaataaatg
ctatgaatca
cactacacga
gtaaagccag
cgttactttt
catattatgt
aatcagccca
gaatgaactc
tgtgctgagg
gccatgagta
ttatgatgat
caacatggtg
atgtgggetg
gcagatcacc
ctacagaaat
ggaggctgag
tgageccactg
taaataaata
acgtccactg
ttgtattctg
gaatataaat
taaacatctg
tgtaaaatta
aagaaaatat
aatgccgtga
gttgtgtatt
tcacaaatta
tttattagaa
taaangcttt
gctccacagg
gtaatcttca
gaaaactaag
gaagaacgta
ctgtagectgt
taagctatgg
gaaatatcag
cttgctgaaa

237961

sapilens

43726..43868

8

ccgtgattge
ttgacaacat
tttagaaaat
tgnttceccac
ctgtgatttt
aatgcagtca
agaattacag
tccaccatac
aaattcaaaa
attatttccecc
ccagttagaa
aacaccatcg
acaagagatg
caggtaaaaa
ataaaactca
tctttagaat
aaattcaact
agacattctg
gctgtatatr
gaaataataa
gtaattactg
gecctggcacce
tggggtatca
tceccagagcec
ctgaagcctg
accttecattce
ggaagaaaca
acctececctcet
ggcgtggtgg
tgaggtcagg
acaaaaatta
gcaggagaat
aactccagcce
aataaataaa
caaactgatyg
tattctgtga
attaaacaat
ggcaaggatt
ggtggtagac
gctatttggt
taaggcatgt
tgaatttact
accaacaaat
tgtgacataa
tctatatata
agttaacatg
tgaattgett
gtaaagggtyg
attatgagta
tatttacttt
actcagctcce
ttattatttt
taggattgac

agtatgggtg
cctaaaagcce
gtgtcttccce
ttgctcataa
ctgtaataac
tacattttac
agaactccgg
ttgetgttte
acaatttgca
tttagtgaaa
agaaagcaac
aactggtgat
agaacaaaac
ataaaaaatg
tcctgaaaag
catcagaata
gaaacagctt
aaaataacta
gtggatcact
acactgtatt
tcattactta
agtgaaaagg
ttatccctea
tcttaccage
tgctcttgat
ctgtggettg
catcttccaa
tgtcctgaag
ctcaagcctg
aattcaagac
gctgggeatg
cgettgaate
tgggcaacag
taaataaata
gccccttaag
gacagagagt
gtacctggga
agagataatg
acatcatggce
atattttagt
gtttgctata
ttectttgaga
ttatacaagg
acagtattta
tcectecttaa
tggattttgg
ttggcaacaa
attgagtcett
ttgaaatttg
tgtggtattt
ctgtgtgggt
cntcactggt
aat
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gcaaggtggg
acactgtcga
ttttctgaat
acatatgaga
actggaaatg
ccacacaggt
gcagaggcag
caccaaaccg
aagcttagtt
tgctgatggg
acaaaatata
tcecttgtceat
tattcaggtg
ttcagtttgg
tcacttagga
aatgacaaaa
atagcagagg
atagaaaaga
ttgcctgtte
cttatggtga
ggacaactgt
ttttgcatce
gctgatgagt
cgcatttgga
ctacaaacta
tcaggacacc
aagagtgacc
tctttagaca
taatccaagce

cagcctgggce
atggcgggtg
tgggaggcag
agcaagactce
aataataaag
gggttggtct
tggtgcataa
ggcaatgcag
ccagaaaaaa
tagagatgtg
aagttttgtg
tgtaatgtat
tatgaatatt
tgattttgga
ccttattagt
aatattagat
atgctaagaa
taaattaatt
ccagatttcc
ggactggtat
ttcttetttg
cataaatcag
ggagttetgt
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taggaatcat 79200
agtgacacaa 79260
acttacccca 79320
cataaaagect 79380
aaattacaga 79440
ggggatctga 79500
gctgaactca 79560
tcttacaact 79620
ttattcctaa 79680
gaagacecgtt 79740
ccatatatge 79800
gaccttttaa 79860
gttatttgaa 79920
actaaacaac 79980
agtaaatcgc 80040
gcccatttte 80100
aagcccacaa 80160
catacaacat 80220
tatatattca 80280
ctaattgtce 80340
tggntatcat 80400
attgtgtttt 80460
ggggagaatg 80520
agccatgtct 80580
ctacgttacc 80640
tggtccatta 80700
tgccatagtg 80760
agtcttagaa 80820
actttgggag 80880
aacatagtga 80940
ccagtaatce 81000
aggttacagt 81060
tgtctcaaaa 81120
agtaaatgtg 81180
ctggctttaa 81240
tatatgttag 81300
ttttataage 81360
ttagtaaata 81420
ggagagaact 81480
tgtatttgaa 81540
agctacatgec 81600
taaatttgct 81660
aatccacatt 81720
ttntctttac 81780
aagaaaacta 81840
caaatttaag 81900
gggcctttca 81960
tatattccca 82020
tttttacaag 82080
aatttgggta 82140
ttttattaaa 82200
gcttcggact 82260

82293
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

exon

43998..44102

exon 9

exon

52093..52179

exon 10

exon

77568..77699

exon 11

exon

98226..98393

exon 12

exon
106567..
exon 13

exon
144109.
exon 14

exon
159794.
exon 15

exon
191292,
exon 16

exon
192967.
exon 17

exon
211540.
exon 18

exon
225006.
exon 19

exon
225544 .
exon 20

exon

106758

.144246

.159868

.191428

.193108

.211613

.225107

.225613
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<222> 228450..228541
<223> exon 21

<220>

<221> exon

<222> 228630..228752
<223> exon 22

<220>

<221> exon

<222> 231289..231345
<223> exon 23

<220>

<221> exon

<222> 231589..231709
<223> exon 24

<220>

<221> exon

<222> 231813..2319%44
<223> exon 25

<220>

<221> exon

<222> 232900..233067
<223> exon 26

<220>

<221> exon

<222> 235355,.235459
<223> exon 27

<220>

<221> allele

<222> 51090

<223> 99-79335-60 : polymorphic base C or T

<220>

<221> allele

<222> 61293

<223> 99-79336-369 : polymorphic base A or G

<220>

<221> allele

<222> 80602

<223> 99-79338-332 : polymorphic base C or T

<220>

<221> allele

<222> 100485

«223> 99-79314-201 : polymorphic base G or T

<220>

<221> allele

<222> 100509

<223> 99-79314-225 : polymorphic base A or G

<220>

<221> allele

<222> 106725

<223> 99-79316-158 : polymorphic base C or T
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<220>

<221> allele

<222> 166087

<223> 99-79322-224 : polymorphic base G or T

<220>

<221> allele

<222> 166336

<223> 99-79322-473 : polymorphic base A or G

<220>

<221> allele

<222> 235894

<223> 99-79306-182 : polymorphic base C or T

<220>

<221> primer bind
<222> 51031..51051
<223> 99-79335.pu

<220>

<221> primer bind

<222> 51539..51559

<223> 99-79335.rp complement

<220>

<221> primer bind
<222> 60925..60945
<223> 99-79336.pu

<220>

<221> primer bind

<222> 61354..61374

<223> 99-79336.rp complement

<220>

<221> primer bind
<222> 80271..80290
<223> 99-79338.pu

<220>

<221> primer bind

<222> 80700..80720

<223> 99-79338.rp complement

<220>

<221> primer bind
<222> 91037..91056
<223> 99-79339.pu

<220>

<221> primer bind

<222> 91466..91486

<223> 99-~79339.rp complement

<220>

<221> primer bind
<222> 100285..100305
<223> 99-79314.pu

<220>
<221> primer_bind
<222> 100764..100784
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

99-79314.rp

primer_bind

complement

106568..106585

99-79316.pu

primer bind

107000..107020
complement

99-79316.rp

primer bind

165864..165884

99-79322.pu

primer_ bind

166381..166401
complement

99-79322.rp

primer_bind

235713..235732

99-79306.pu

primer_bind

236190..236210
complement

99-79306.rp

primer bind
51071..51089

99-79335-60.mis

primer bind
51091..51109

99-79335-60.mis complement

primer_bind
61274..61292
99-79336-369

primer bind
61294..61312

99-79336-369.

primer_bind
80583..80601

99-79338-332.

primer bind
80603..80621

99-79338-332.

.mis

mis

complement

complement
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

primer bind
100466..100484
99-79314-201.mis

primer_bind
100486..100504
99-79314-201.mis

primer bind
100490..100508
99-79314-225.mis

primer_bind
100510..100528
99-79314-225.mis

primer bind
106706..106724
99-79316-158.mis

primer_bind
106726..106744
99-79316-158.mis

primer bind
166068..166086
99-79322-224.mis

primer_bind
166088..166106
99-79322-224.mis

primer bind
166317..166335
99-79322-473.mis

primer_bind
166337..166355
99-79322-473 .mis

primer bind
235875..235893
99-79306-182.mis

primer bind
235895..235913
99-79306-182.mis

misc_binding
51078..51102
99-79335-60.probe

complement

complement

complement

complement

complement

complement
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<220>

<221> misc _binding

<222> 61281..61305

<223> 99-79336-369.probe

<220>

<221> misc_binding

<222> 80590..80614

<223> 99-79338-332.probe

<220>

<221> misc_binding

<222> 100473..100497
<223> 99-79314-201.probe

<220>

<221> misc_binding

<222> 100497..100521
<223> 99-79314-225.probe

<220>

<221> misc_binding

<222> 106713..106737
<223> 99-79316-158.probe

<220>

<221> misc_binding

<222> 166075..166099
<223> 99-79322-224 .probe

<220>

<221> misc_binding

<222> 166324..166348
<223> 99-79322-473.probe

<220>

<221> misc_binding

<222> 235882..235906
<223> 99-79306-182.probe

<220>

<221> misc_feature

<222> 6485,14246,14248,14250,14252..14254,14256..14262,14969..14980
17712,18786,19477,19496,21043..21064,21547,24607,24946,24974
25072,25124,25136,25142,28843,31239,31372,37750..37751,40488
46542..46557,49309,49326,49357,49395..49398,49400..49402
49408..49409,56275..56280,61048,61050,61059,61856..61857
61860..61861,64842,66307,66326..66327,69835..69840,70893,70905
73279,76154,76354..76355,76371..76372,76407..76408,77095
78933..78934,79363,89491..89492,95836,95838..95839,95841..95842
95958,96966,97049,97067,97078,97292,98642,98712..98713,98716
98740..98741,101368,101373..101374,101376,101378,101401..101403
101406,110014,129061,129066,129973,.,129974,135336,135345,135359
139924,147368..147369,147469,147507..147510,147767,151694,151729
163111,164480,169764,173340,173390,.173391,173398..173401,173407
173414,173419,173426,174800,174894,175041,175486,176256,177240
178864,181149,181154,181230,181287,183433,186606,186648,191065
191267,193117,193203,193223,193380,194051,194053,194057,196577
198388,198655,198828,198849,198862,199667,199693,199701,199704
199747..199748,201117,201224,201226,201314,201410,202524,203887
204396,204939,205891,205930,205998,206908,207363..207364,210938
212018,214253..214254,217022,217333,219027,219909..219912,220924
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222620,222882,223870,224902..224903,224911,224914,226899,226915
227232..227233,227415,228441,228446,229373,229471,233305,233405
233512,233601,233629,236096,237468,237471..237472,237478..237482
237486,237488..237490,237492,237495..237496,237498..237499
237504..237507,237509

<223> n=a,

<400> 2

gatgttaaat
gatgtaaatt
attaaagcat
aaaacagaaa
gtcataaaag
tgetttcaaa
tgttgccata
gcaatagaat
tcectttatcea
gaaacatcct
tgtatcttga
gggactgtct
ttaggtgtcc
aggcatgact
tgttgaatgg
attttaaaag
gacagtgttc
tttaaacatt
aagaaagtaa
ttctecatttce
ttececcttact
gttgaataca
ctagaaacaa
tactttttta
aatacaaggt
ttegtattce
tgtattcatc
catccceatte
ctcacctgte
cttctgtetg
tctacatgtg
tgtgttttac
gagcctcagg
aggactggct
tcattctgca
ctaatttcac
caaatgtgaa
ggcgacagca
tcaactaatc
ctettaccte
cttgtgagece
gaaagcccec
agttggtcat
ttettcecta
aaaatattct
actaaaataa
aaaacaaaaa
tatttttagg
tgaaagaata
tatattcaac
ttaataaata
aataaattta
gatgcaggca
actataactt
ctatttcectt

g, ¢ or t

aaggcgataa
gaattttgtt
atttcatget
gttatatatc
aaaaagccca
aaaaaaaaag
ggaattactt
tcaactaaaa
tggaacaagg
atgaggaata
atcataagtg
ttaggtttct
agatattctt
ttttaaaaat
atgagaaaag
taaattttgg
attggaaata
tataagttaa
taaattctge
ttctececte
gatagacatt
ggcatatata
tttctgggtg
aaagataagg
attcttttte
gtactctgta
ccattcttece
ttcetggatt
aggacctact
aactgtgata
tccecaccegte
ccttatgtte
cacttctttt
gatcacattt
gaaatttagt
tgttcgtttg
tagaatagca
gcectgecagaa
agttggagca
aaggctaatg
ctgctttgee
agcctttgac
ccecgaggagt
cccetecaget
aaatatacta
acgtattaga
taacaaccac
taagtagaaa
ggagatactt
aaacagttat
tgaacagccce
gaagaaacga
tccetgtetg
tgttaaagtg
tatttctcac

aatatgagga
gatgctgctg
accatatgtg
tacaaccatg
gtaaagacta
caccaagggyg
attgattttt
gggcttcatc
aaaacctgac
tttgtgaaaa
ccecctaggtt
caggttctca
cagaatgtta
aaggttgtcce
atagtgacta
agagcataaa
tctagtggat
aaaagtaata
catatataat
tectgtaagtt
taagtggttt
cattectgtge
aaatgatatg
attcatagta
aatatgcata
ctcttctgaa
tggaatgccet
gcctctetece
caggtaagtt
gcaaggtttg
tgggagtgtg
tggattcgtt
gatgtctttt
atgagaattt
aattgaaaat
aatgtatgac
tggaaatcgt
cataattccce
aaaaataata
aagacctgac
aaaaccctgce
aaagtgcttce
cactggacag
ctcactecect
aaacatgcta
ataaatcatg
taccacaatt
agtgagatgt
tctcacagta
tttgcactta
tcaaacagag
tggatcatta
agtgtgtgeg
aagcgtgagc
atttacgtaa

agaaaaatac
ctaaaaattg
atatcagatg
atttattaca
atttgtaaaa
tttttctgat
atgaaaacac
tatgataatt
atatttttgt
ctcttageca
acatgaaatg
aatagggcca
ggaagaaagg
attgtctget
gaggagtttt
gtgatgattt
tccaagaaat
cttcaaataa
tcceteecte
tcatggtatg
tcagtctttce
tcatgtgtga
cacattttta
ctgcetttat
aatattgaag
cactggcagt
ctctcececatte
taccgctcecece
tececectaate
tgcatcaaag
tgtgtotgtg
cattagaccc
ctegetcetea
tatatttgat
ttaaatcaaa
ttctcetgtta
gtatggacag
tggacactct
atagtgttat
ccttgaactce
tgaagaggta
tagcctgage
tggagagagc
taggacttgg
aataacttaa
aatggctaat
gctactataa
atttctattt
agcagaagaa
ctctatatag
atattaaaat
acttgtagta
tgtgtacaga
actccacatt
cttgtctaac
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ttttattcaa
attcatcaga
agaactttac
gaacgtatat
tatgtaattg
gcatttatct
atatggaaga
ctgtttgete
tgagtcgagyg
aatgcaagga
tgtgecttgag
cagacttact
agtttaaagg
gaaagatgtt
tcatcagaca
atttcatgtt
tagcattttt
tgtaagagat
cttececetete
ttataacatg
cctgcaataa
ttatgcttta
atatgagata
tgecgtgagtg
aaaaaaaata
ccattctett
tcttcttgaa
cctaccccca
tgcecagecage
tggacacttc
tgcacacgtg
agttgtctca
ttgaactecgg
agattgecctt
ttcaaataca
agccagatac
tcaaggaaac
atgaaatcaa
ttaggaaagc
taggggctte
agagcctcecet
catgtggget
ccatccattt
gattctggaa
atatgctaaa
aaatataagc
agattattat
ttctgagaat
tgagatgtac
gtactgaaaa
aaaacaagaa
gttcttacag
cattgtttcc
tgctgecaagt
ctctgaaaca

attataatgg
gttaaatgat
aaataaatag
ttttactgeca
agatttataa
tgatgtttac
gagaactaag
tgataaaaat
acaagatcaa
gttttatecct
gatttttaaa
taaactgaaa
cagaaattgc
taggagttct
gtgaaaggaa
atatgtagaa
atggttgtat
ttaatgattt
ttecctttett
tttttcatte
gtaatgctgt
gaacagattc
gctggeggtt
aatttttata
atgtaggcat
cttgaatgta
tgtatgtgtt
tctectgtga
actcatctce
gttacttcgt
cgtgectgtg
ggtgggagca
tatatacttg
ttgaaaatca
actctaggct
tcacgtgaaa
tttctetget
atccgtttta
cgtaacacag
catgttccag
tctctggaga
atgaaaaaga
ttctecttta
tcataaaagc
taaaattaaa
tgccaccatt
tgatcagctt
gtaaccattc
tcataaataa
tagaatgatg
atgaaggtga
ccatgtgcetg
aaactttttt
ctcacttcce
aatgttttta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
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ttagttctgg
aataagatct
tttctgcette
gcttcaatta
cgttgtatte
cttteetttt
tcgtttttet
tatecctgtge
tgagactcat
tctettetece
catatttttt
cttgacttct
atgaccacaa
acactgggga

gggggctgcet
ttcatgctte

ggcatttagt
ggatgcctgg
tagaacactt
cagtgtgtac
caaggaatct
attctttgcet
ttttcaatte
cctgeetgtt
atctcaccaa
tctaactcte
catttccact
ttgtgtttge
tggcttaaag
gtaatttata
caatcatggc
catgggggca
cgtgaggctt
tacctcccac
atgacatttg
ttgecattatg
ctgatttcte
tctgecttttt
cctttgtaac
tgcctceccaa
agtacatctg
caaactctct
aacttactct
gaaaaaggtg
gctgctaata
ctctetetgt
ctceegggtt
agccaccacg
caggctggtt
gagattacag
gtaatgatgce
atttttatac
tatttccttg
ttttngctge
gtcaatttgt
tcagcaatga
taagcttctt
ttcagcaaat
caagtaaatt
ttgtgecatac
aaattgaagt
tgtaaggaaa
ctaatggtac

taatgcaaaa
acagtagcat
ctgtgtactt
gtgcagaatt
tggaatctat
tttttttttt
ctggtagttt
ctaggcatgg
gcetttette
attctctcta
attctatect
cttgttacca
ccaaggagga
tagttcccaa
tagctgagtc
ttcatatgtt
atggtaaggt
gaccagtttt
ttaaacaacg
ccaaaaaccc
tctatcattc
gaactcttaa
caacatctat
cttttatcett
acattttaaa
ctttacaata
ggctatgagce
tgcagtttca
aatatattaa
aagaaaaaga
acaaggtgaa
ggcaagagag
attcaccatc
tgaatcccte
ggtggaaaca
ggggecactgt
tgaggagact
tctgagetgg
acccagcettt
ctectetcete
tgaaccattt
gaccgctgga
cttttatcta
tctaaataag
acattatata
cacccaggct
caagcaattc
cceggcetaat
tagaactcct
gtgtgagccea
aattttcctt
ttatatataa
aacttttaat
tgaatagtta
gtaaagacaa
taattattga
aatattaatt
aagcaaaata
gtecctaggcea
agatatatta
tgaactgaaa
gtcacctagt
agatgttgag

taatctttag
aagttaagtg
ttctgaaaat
ctcetttggt
tactgccaat
tttttttttt
ttaagattta
atttttattt
aattctggaa
ttetttgttt
ccatgtcttt
cacaatgggc
tttaaccaag
agcagtgcct
actgtgtgcea
gcceccatacag
gaagaggtct
ttgtgtttgt
gaaactcaag
agggaccctg
tcegteccte
ttttetctca
aatttttata
agattcctgt
catgcttatt
gttcatttte
tcatttttea
tggatatcaa
tgtgttctca
tttaatagat
gaagtaaagg
cctgtgecagg
atgagaacag
ccaggacaca
cagctaaacc
aaaattagac
cttttgcccc
aggccagggt
gtagagacac
tattgggacc
ggcttecagct
tagtttgctce
tttecttgtg
catagtccaa
tatgtatata
ggagtgcagt
tcatgcctcea
ttttatattt
gacctcaggt
ctgtgtccag
tctttgatat
aatgcatttt
tttacaaata
tgccaacctce
aataatatta
gtactgagaa
gcagcaaata
tgaaataaaa
attcttacca
tctcatttaa
gaggctttec
cctcacatca
atgcagagaa

agaattacgt
tgccacctte
ggctttaatt
attgattgga
aacaagccta
tggctttgtg
ccctttgtet
tttatctact
ggtttttagg
tctggaatac
aaatcgtgcet
gggttcagtt
ggatttcatt
cceccagacac
gaggtggagt
aaaatggcac
ccaaagttca
tctttgtttt
gtgcaacagt
ggttacactc
caagagttgt
gtgtgtctag
cctaatattt
tcttgetgtt
ttagaatttg
ttgtgtggtt
ggggtactct
ccgttcttac
tgctgctaat
tcacagttcc
tatgtcttac
gaaactgccce
cacaggaaag
tggggattat
atatcaggga
tacacactte
gcatggatct
tcttccagte
ctcagctcca
cagaagccct
gctgectcaca
atgtagcettt
ttgatttggce
cacattgacc
tatattatat
ggcatgatct
gcctceecaag
ttagtagaga
gatctgceca
cctatgtttt
gatgcatcta
attaattaag
ttceattteg
tgtgcagect
gagagcaaga
caattccagt
ttecaaatgct
accctaattc
tcttatgtcce
aaactagcgg
tgtaaagata
accccaggtg
cagaagcagce

34

ttttattttt
attttgtage
tgtcttattt
cataaaacct
ccgtgagteg
aatttgggtt
ttgctgtctt
gtgaactcat
tattatctte
tgattaatat
ttctaacttce
gcttggcagg
actggcaaca
aggtggaaac
gcaggcaggce
ataagctctt
tectecagete
gcaggggcetce
taaaagtgga
ttgatccttg
ttacgtattt
actgctattt
ctatctaatt
ttectttctaa
tttctaatgc
tataatattg
ggcctgaact
tgatactcgt
aaagacatac
acatggctgg
ttggtggcag
tttataaaac
actcgccceccee
tatgggagct
aggagaggtc
agttggccca
ggacagaagt
cagataaaat
acttactgtc
gaagatttat
gctctgattt
gagataattt
atagggtgag
taaagcccat
ataatttttt
cagctcactg
tagctgggac
cagggtttca
cctcagcecete
tatattttta
tgattttata
cattagttct
gtgttattat
gggaagacaa
gaatgagaca
ggattaagat
ttcactttce
agaattacct
agtaaaacaa
tgattgtaaa
cttaggatcc
tgacatgtta
tcttagggga

PCT/IB01/02798
gcttttgtta 3360
tggctaaata 3420
ttgataatta 3480
gagatatgtt 3540
aattttaagg 3600
ttttttaaca 3660
atggtcttag 3720
tctectgeata 3780
tcaaaacagc 3840
ttgtttttat 3900
cctctatttt 3960
tgggagtcca 4020
agtaagtaga 4080
agggctttgt 4140
acagctgttg 4200
ccetgggeag 4260
aggcatccce 4320
ggcttecttec 4380
tagttcttca 4440
attagttgca 4500
tcaagctcaa 4560
atttatcgaa 4620
ctgtttcaaa 4680
tcttttette 4740
ttccatattt 4800
gctatgaget 4860
gtgactgggg 4920
gttacttttg 4980
ttgagactgg 5040
ggaggccteca 5100
gcacatctta 5160
cgtecagatct 5220
atgattcaat 5280
acaattcaag 5340
cttgaactat 5400
ggtctggatt 5460
caagcaacat 5520
gcagaacaat 5580
ttatattagg 5640
attgactcca 5700
tatattctcecc 5760
atacattcaa 5820
gagggtaagg 5880
atatatatat 5940
ttgaaacagt 6000
cagcctecte 6060
tacaggcgtg 6120
ccatttcgge 6180
ccaaagtgca 6240
ggattcccat 6300
ttctaaatgt 6360
taaaagttgg 6420
ttttagtatt 6480
cacatcagca 6540
agactgcaaa 6600
ttgggatget 6660
atataagtac 6720
aaatataaaa 6780
taacctatat 6840
tcttgacacc 6900
ttacattgta 6960
ttaacttatt 7020
cagagacadg 7080



WO 02/46404

gctcagtgat
gatggtccta
gtggggaatg
gtacatatca
tgagttctca
aattaaggaa
ggagacaaac
tctggcaaaa
gtggtggtge
gcectgggaag
tagaacgaga
agtatatgct
atgtttgaaa
tctaagctaa
gtgtatttac
cttactgcca
tggtetgtgg
aggcccataa
agactagaat
ccacagctge
tctectaattt
ttccctgact
gatgggtata
gtgccttaaa
taaaattcac
agcectgaatg
ccececccaatg
ttatcttaca
tatcatttgt
tttaaataac
gttgcttcte
gtggaatgta
aatggcagag
ctctettgtt
agaaaaggag
tgaacaaagc
tcacccatct
atgctttaac
cctcatttta
aatggcaagt
atgccectgta
tgaagacaga
gggatttttg
agtgttttaa
ctatatgtta
aaactgagat
tgattaccta
taaatttttg
tttgctgttt
taaaatctaa
ctctecaagtce
gggaatacct
aggccagaag
atcttgtetce
ttaattagct
agaaagcagc
agcacatttt
cctgggaaga
tgtgtaaggg
ctattgtaat
gcactggagg
gttttggete
ctgtttatac

gattatatte
tccagataaa
ttggacaagt
cagagtgtca
atatttaact
ttatagagca
ctatgtectat
cactcatgat
atgcctgtgg
cagaggttgce
tactgtctca
gtattcactg
ctattttact
gacgctatgt
aactgactag
gtttttgtaa
ctgecttttcet
agcctaaaat
aaaggtagga
ctagaatcct
tgtctagatt
cgatgttect
tcecctgaaag
cctgtecatte
tgaatctggg
attaaagaaa
ttttagctag
gaaaactaat
taaaatacaa
ccactgatta
tggacacata
tttttectce
tggcattgtg
tatctgagta
aagaggccac
ctteteegac
gaccctagcee
ccaccatatt
ccaaagaagg
cagggattta
ctatactctg
ggtagtcgtc
agatcaggaa
gtttattcat
ggcactatgt
ggatggcatt
ccttattaag
tctagecttaa
agtttttgta
attatggtaa
tcaagcaaat
tgtgctaatt
gaacagaaat
ctagccacac
tgcagctgtce
tagcactagc
gctgaccttt
aagtcttgat
gcaaaattca
aaggagagaa
ggtactttca
ctacagctca
acttgtttga

acctgtcatg
agaaggaatt
tacttaacct
taggaagact
gattataatt
aatagtcata
attcattcca
tatacaatgt
tceccagetac
aatgagccga
aaaaagaaaa
gtgtatgctce
atttcttgea
cctggcagga
agcagggatc
acaaagtttt
ccaacagcag
gtttaccatc
aaaaccactce
ttgcagtctt
tgtgagaatc
tgaactctaa
tcacctectt
actttaagga
ttaaatttaa
ttgcttaaaa
aaaaattact
aaaaatacaa
taaacatgca
ctttectctag
acccatttge
ccttaaatct
caagttttgg
ctgccctaag
atggagaact
tatttggccece
caaattgcct
ttgcagtgat
ggggtcatga
gatgcaaatc
tattttccaa
tgggaagtag
tgttttggaa
tcactcattc
ttaccactgg
gcattttcat
agctgatttg
aacatagtgce
aaaaaggaaa
taactaaaga
ttctaaacta
tttettggtg
tgagtcaaaa
acaccatgtt
tgtgactagt
ctggatgatg
gaggagggct
ggcagacagt
agaggatttg
aaatcaacat
cctaggccaa
agtgtactag
gatatttcat

gggtagagct
ggtttcagga
cttetgecect
aaagtagact
atctttacta
gggtcacaca
tggcattaga
aatttaaaaa
ttgggaggct
gatcacgcca
aaaaatacag
tcttgcatgg
ctgetttgag
cttctaaaga
agcaaaccat
atcgcaacte
aaaagttcag
tggccattta
agcccaagcet
tatcctagga
catttctcac
acatgaattt
tctgetgect
atttttgaaa
tcagtgagta
aattagaatc
tgaaaatgag
taaactatca
aaagcgctat
tggattattt
catgtgacat
gatgcctata
aactaaggtc
atgaccatgg
gaggtcagcc
tgttagaccc
tctgcagaac
ttgttatatg
cattaagcaa
attccaacta
aaactaatta
agttttctca
aacctgagat
attcattcag
aaggcaggca
ttgattacaa
tttcaagttt
tagatttcaa
cttgtaggca
tagttgaggce
aactgttttce
ttggtaacat
taatgataac
taaacctaaa
ctgcagagga
aacaaagaaa
taagaggccc
acaaaatcaa
tgaatcattg
ccattcagtg
caaacttaat
gttggcaagt
aaagtcagcc
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acaatagtga
catagtctgce
gtaaaatagg
attctcatcce
gatacataat
gatagaaagt
tttagattac
tatacagtac
gaggtgggag
ccgcactcta
tactcacatt
agactttcat
atactaccag
cttaaagcaa
ggccagtggg
cctgcecccatt
tagtttcaac
cggaaagtta
tettttttga
ggctcagagg
aaatccagtt
ttaaaagaag
ctcacaaata
agtggataat
ttctttagaa
aaaatactaa
ccagagaagg
tttatttaaa
cattgatagc
gcaagggtag
tgccteectt
actttcttte
ccacgaggcec
agagaagccc
agccccaget
agctgagatce
cacgggccaa
gcaacatatc
ctacctaaac
aaaatgtata
gattgtgtca
accagtattt
gtgcagtcac
caaatattta
ccaggtaagt
atttattctt
tagaactcca
gaagtaaatt
gaaacaaaaa
attaacagag
ttctgttaat
taataaagct
acctcttaca
aggagagaca
taaaacggat
agaagcagct
tttgcccecet
gggacagcag
tgatttacag
cccacattge
aagcagagaa
ggaagttcct
catttgttac
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gtattctgtg 7140
atcttactag 7200
gataaaaatg 7260
tcacacctaa 7320
taattaaata 7380
gggaaaaata 7440
ctecettttag 7500
tttgctgggt 7560
gatggcttaa 7620
gcctgggetg 7680
ttactttgcet 7740
tgggaataaa 7800
caaagctatt 7860
tgctgtaget 7920
tcaaatcctg 7980
tgtttagaca 8040
agaaaccctg 8100
gccaaccccece 8160
ttectatcttce 8220
ctataacaca 8280
ctggccectet 8340
gattacctgg 8400
cacaggctat 8460
aggttagaca 8520
tggaagcatg 8580
atatcatccc 8640
agaaaaataa 8700
tacaataaac 8760
acttttaatg 8820
agtaagaatc 8880
ccaccaagaa 8940
ccecttgagat 9000
ctgcggetet 9060
agtctagccet 9120
gcttgacttce 9180
agcagaagaa 9240
taaatagcag 9300
attgaaaaac 9360
ccacaatgta 9420
ctctaaatca 9480
tcagcatttc 9540
tgcacttgtt 9600
atctctgagce 9660
ttgagatcta 9720
acaaacacag 9780
gcttataagt 9840
attgtgtcct 9900
gtcaaacagg 9960
ccaaaataaa 10020
tttgactgaa 10080
cagtttaaaa 10140
ctgtgaaatg 10200
tattcttacc 10260
cctggagggg 10320
atcagccgta 10380
gctgaggaaa 10440
gaaaatggga 10500
ctggectgttt 10560
tgaccattaa 10620
aaattgccaa 10680
acccttcagt 10740
ttggtcatct 10800
tttatctgta 10860
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gtatgtgctg
ctgtacggat
ggaaccagct
agcccttcecat
taagagctat
cattcgettt
tagtgttgga
taggaagaga
accccategt
gatacaaaat
ccaaatcatg
ctaacttaca
ttgttaaaaa
ctgataaaat
caaaacagaa
gttaaatact
gttgagacgt
ttatgaagta
acttaaatag
ctactaagtt
tcagtgccte
atggcagaag
gacaggcagt
atgttagtac
tattttttte
taaccaataa
gactttatgt
taatcatgeca
aggggacctg
gcattgtgtc
gcegtaaaat
aatacaaatg
attattcatc
attaatagta
gattataaga
aatttttaaa
ccaggcgcag
cacctgaggt
aaaatacaaa
tgaggtagga
actaaatttce
aacaacgctt
agtggtttcet
catcaagtcc
accagatgat
taaaaattgc
atactgatta
attgtacatt
cgtactttgt
tcacacagtt
atacccacac
aggagaaatt
agaatggata
gtgtctgect
cattaattct
tceggtecte
aaaactttga
tgttgtttac
actatcacgt
ttactaatac
tctgtatttg
aaattgttce
caatatttga

tttcatgtgg
ttaagccact
tgtccagaag
gctaaaaact
ttgtgacaaa
gaaaactggc
agttetggece
ggaagtcaaa
ctcagcccaa
caatgtgcaa
agtgaactcc
agggatgtga
ctaaagttgt
attttaaatt
acccactaaa
tgttgcacag
gttacgagga
tacaagccat
aattatacta
aaacgttgcet
tctacataga
aaaagttacc
gcacaatatt
atgtgactgt
ttcctactgg
ttgagcttac
tctgetettt
ctgaggaaat
tggaaataga
gttcacatag
ttgtaatttg
gctaaggtct
agtctctacc
aactttttat
tgttaataat
ggtttattca
tggctcacac
cacaagtttg
attagccggg
gaattgtttg
aacctgggcg
agagattttt
atttaaatca
aaccttectgce
ttctttgata
tgttettttg
agttatacac
gtcaaataat
gtcatatata
atagatctgt
aaatacaccc
cattagaaaa
ttttattttt
tacagttcat
tttctttaaa
tctececggtat
aactcacttt
atattattta
attttatttg
tggagtatta
aaaatagaat
tgcatactcc
tataatgaaa

aagatgettg
gagaagctat
tttaatcctt
ctcaataaat
accacagcca
acaagacagg
agggcagtca
ttgtececectgt
aatctcctta
aaatcacaag
cattcacaat
aggagctcett
tggggaacaa
ctggtgttac
atgttaactg
tagtatgagt
ctcaaaatat
tctaaccttce
ataatgcata
tccecatggtt
ggaacctatc
catttgaaaa
tgccttecag
ttcectgtet
attccattat
tatgttgagg
ggattaggct
acaatattaa
atctaagaac
caaattcagt
tttggcaaat
gtaattatga
tactattceca
attaagtata
ggtaagtcat
acaaaataga
ctgtaatccce
agaccagcct
catggtggtyg
aacccgggag
acagagtgag
aaattaaatt
caaatgatag
tacgatatta
gtctgtttaa
gaattaatat
tgcttagect
ttgcacacga
tttgtgcatt
gtgaattccc
catgaaatga
aaatcctata
tccatgtttg
atatttcttg
ctattaagac
ctccaagata
catatngntn
tatgaataaa
gtcattctac
atatacttgc
tactgggtat
caccagtact
cttgtaaatt

ccttttgata
gaacagacag
taaggaaaag
taagtattga
atatcatact
gatggcctct
ggcaggagaa
ttgcagatga
agctgatagg
cattcctata
tgcttcaaag
caaggagaac
attgtactta
aaagatttag
attgacatta
tgtttctatc
tctaattgge
acagtaaatt
ttttetgagt
ttctgggtga
tcagtaacte
aataccttat
aaaaggagat
tatcctgaat
aaaacctcta
ctgtaggcag
aattttcaaa
aataaatttt
atattgtaca
acagattgtt
cttgacaatg
gttatttaag
aattaattga
catatgtgaa
gactgttatt
gttatcttac
agcactttgg
ggccaacatg
ggcacctgta
gcggaggttyg
actctgtcte
agtttcaata
aggttagaga
gacttcaaat
aaatattgaa
aaaaacatat
agcatgtgta
tecatttacac
atcagttgat
tatattccac
tatccagtta
agcctctagt
acttgtaaag
aatttaaaaa
agcaaagtcet
acatgattat
tnnnecnnnnn
tatacaccta
aattgattga
atgagtctce
gcacattttt
aagaatgtat
ttagccaact
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gtattccaaa
gtgaagtttt
gatagcaagc
tgggacgtat
gaatgggcaa
ctcaccacte
agaaataaag
catgattgta
caacttcagce
caccaataac
agagtaaaat
tacaaaccac
aaatatattt
tgtttectttt
tattttttge
atttactctt
ggtgaccaaa
tttttacecct
gttaatgtca
tgggtgttta
ctatactact
tttccaaaca
tgcataaatg
gcatggaaag
tttgtatagg
aggataagat
agttattgac
gaagaagatg
tatgctgaat
tgttaatgte
ctgagacatt
ctaagaaatt
ctgttttata
ataaaatcat
ttgttgaagt
ttaaaaatgg
gaggccaagg
gtgaaaccct
attccagcta
cagtgagccg
aaaaaaataa
cttctataat
tgaaactaaa
ggaaagcaca
ttaataaact
actttaaagt
tgttatactt
atctgtattg
ttgcacattg
atgcatggac
atgaatacaa
ttteccaatg
taaaacttta
actcaattac
tttttatgat
gagtttaatg
nntacataga
ctccaggtaa
tgeccttttgt
ttgtgtacca
aatttttaat
ctgttttect
aaatgagtgt
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ctgaccaacc 10920
ggtattgecca 10980
ccaatgcaac 11040
ctcaaaataa 11100
aaactggaag 11160
ctattcaaca 11220
ggtattcagt 11280
tatctagaaa 11340
aaagtctcag 11400
agacagagag 11460
acctaggaat 11520
tgctagacaa 11580
attgtgtaat 11640
gttcttttta 11700
tttcgtcagt 11760
ctacaagcca 11820
tgtcatacaa 11880
ctggttgcat 11940
tgtgaaattg 12000
ttctgecttat 12060
ctacaacaaa 12120
gaagtcttca 12180
cataacttac 12240
tcatgagact 12300
ttataaattc 12360
ttacatgtca 12420
tgtaaaataa 12480
gaattatagc 12540
taatagagtt 12600
aacagattat 12660
tattctagtt 12720
tggcaagttc 12780
tactgataca 12840
attattattg 12900
gattttttag 12960
atgcttaggg 13020
cgggcagtat 13080
gtctctacta 13140
cttgggagge 13200
agatcatgcc 13260
aaaataaaaa 13320
agttaaaaca 13380
catatgagat 13440
tcaaacgtta 13500
ggaaacattt 13560
aaggaatttt 13620
aaaaatgtgc 13680
ttcacattga 13740
cacaccagag 13800
atgttcatat 13860
aggtttttaa 13920
aattaatcta 13980
gtaataaaga 14040
ataagaaata 14100
tatctacaat 14160
tatgacattt 14220
atatatggag 14280
tttagtggtg 14340
gtgtgtgtga 14400
tgggaatagt 14460
atatacttec 14520
cttagcatgt 14580
gatttetatt 14640
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cctttatagt
cactcaggtt
gacttgtgtg
attttaaggt
cagaatcgta
gacaaaagaa
atcaagaatg
atcaagaaat
cctgggaaag
gttagaatca
ccattccaag
aacaaggaag
catattccaa
ggcagtaaac
attctcctat
ctgtactttg
aatgacttca
aggggaagca
tagcttatat
agttgtaatt
atacgtgtaa
agtacactaa
aacttactgg
aaagaacaag
tgtgtttgag
gaatagaata
aattatcaac
cattttcaga
ttcttectatg
ttaccttttt
gaacgtatgt
taatcaaata
ttcagaaggt
agaagtgtca
cagtaggttt
tgggagaggc
gttaggacta
ctggctgtac
agattectgca
caggtatttt
acatccagca
ggtttattga
taatgaagtce
attctaaaaa
ttttgagttt
agttcecctgg
ataaaaggga
aagtcatttt
cttcacatag
ttccaaatgc
acttgcagta
ctgaccaccc
actcactcat
aggctggtag
ggtgagaaaa
caccctaagg
aatttaaaac
ccacaaagaa
tcaatacgtt
atgcatatat
cattataata
ctgaggcecttt
agagggcgtce

aactgatgag
tttttettcet
tgtgtctttt
tataggattt
cataggattc
aaatgtggaa
actttgtcat
taacggtgtt
tattattaca
aataaaagga
aataaaaaac
gatagagctc
gaacctgaaa
tgtctaatgg
tttaaaaacc
cagtattatt
gaatggaaaa
aaaacaacct
tttatttcag
tgaggaaact
gacttgcettt
ataatcatga
gatgccagga
attagttaac
attgattttt
gctatttttt
tttatataaa
gccatctaaa
caacaaatgg
ttctcatcat
accaaaaaaa
taacaaagta
attgtgtttt
ctccagectg
ggcacaggat
tgcaggagga
gacaagccct
cttgggggac
aaatatactg
ccctecagtg
gcactttacce
gtttgaagag
ttcttcacta
tacatcatgce
tagggcttte
ggtggatttc
catgaagtac
cagaaattga
ttaagatttc
agcagcttca
tgcctggtet
cnaccgcage
gcaccccgcea
tgaaagtcaa
acttgggcaa
attctgtgac
ccagttgage
aggatctcce
aaaaaataag
aaagaataaa
aagcaaacac
cagagtgget
catgtttgag

gttataatca
acgaattgct
tcttacatat
tagagttaat
taaacagaag
tttcacagnn
aacatecggca
gctectgecaga
atggaaaaag
gggatagatg
aaaaaaataa
tgaaagctga
aactggtaat
gatataaaaa
ttectttatat
gagcatctca
tgtecccagaa
taatctaaaa
aatgcttagce
catggttttc
gttattgttg
tgttecattct
agtgctctga
tatcatggga
aaaagaaaaa
taattcataa
agtaaaatga
ttcageccttg
ctgtatataa
aaaggtaaaa
tcacttcaaa
tatttaggcce
ctgagtattt
ggtgtecctat
gaagcaagaa
gcagagaggt
gtgaccaaca
ttcctecatt
cagttctcat
gtacccagtt
cacaggtggg

taggcaggga
aaaaaaagat

ttaattgtat
ttattggtga
cttagttgca
acatatctgg
tgtcaaatag
cccetattcea
ctgtgttcta
agccacagca
cagcgtgtcet
ctgcteccca
atgctgectg
acgtgccact
aatgggaaaa
aagtatatct
tcctetatta
tagataatgt
tgcacataac
tgatgagcca
cttggcccat
aaaccacaaa

agttaagcat
ggttcacatg
attggtatat
gaaaggataa
ccatgttcta
nnnnnnnnnn
tcattgaatg
ctggcaaatc
atatgecgaca
tagtaagaga
taggcgagtt
ctgeagtcac
ggacccttece
tagagtcttt
ggcactgcaa
agtgtctgaa
tttttaattt
tccagettaa
aaatttettg
taagatcctt
ttgtaaattg
gtgctaatag
tcacccagga
aacataagaa
gacctattta
attttatatt
taatttgata
tttgtteatt
aatatacatg
cacatgcatt
atcatggttt
aatattttga
cattatttaa
gtggttgagt
catcaaacta
cctgataatg
gaggaaagag
ttgtctgggce
tcatgtgceccce
tattatttct
tgtttattag
tttctgtttt
gtgaggacaa
ccacaaaggt
attatcaata
tataattcta
gaattaatta
gtcttccata
gaaatattag
ataatgttca
gggagccggce
ggctgtgcac
cctggctcaa
ccaggcceggg
ggctacagag
ggggtaatga
gtaaataatg
tcacagggtc
ttttagettt
atttatgtgg
ctggtgagga
gtagaggtaa
atcacaggag

37

ttttttatat
cttegeccat
ttgacttttg
aatgctggag
aataaggatt
acatttatgg
gtattgtcac
tcattgecct
agatattgta
agcagatttt
cattgtgggce
taacaaaaac
ttatactcgg
ttttectece
ataatagcac
aggtacaaag
tccttctaaa
aatgacaacc
actttgtatt
tatacctgaa
aatacctgaa
gcaggaaaga
gtgagacatg
gaatttggct
aaaatccaca
ggttagtttt
tatttectga
atacatatat
acttgttgat
tcataaatgt
acgtatctte
ctatgataaa
agcagaaggt
caaatcagtg
aaggggccaa
aggttcectg
tttctgagceca
tcatccacag
cttgagatgce
agtccattca
gtttttattt
tatgagtcac
tettgegecag
tttaaaaatt
attgtagtgce
gcctetteag
catttttctg
gctgaaagtg
tttctgatga
tgcttaggga
gcccatgeca
catggccaga
ccttggtggg
tgggcagaac
gtttcecgget
agggatagag
tacttttgta
atcccggaag
aaaaaaaagt
gttatgtaag
aacataacct
gggtgtgaaa
tecgctaaagg

PCT/IB01/02798
gtttattgge 14700
ttteecttetg 14760
tctattattt 14820
gcctagaatt 14880
tggcttgtgg 14940
gcaatagaga 15000
ctataccatg 15060
ttcttctaac 15120
ttaatagggt 15180
atagctatcc 15240
atctgtcagg 15300
ccttttgaga 15360
tgtcttgaaa 15420
ccactctaat 15480
acagcaagaa 15540
ctaacaacca 15600
acagaaatat 15660
agaggtttte 15720
aattttagtg 15780
aagttgtcge 15840
ggtagatttt 15900
tggacaatag 15960
agatgggcag 16020
ttagggattg 16080
gatgcttagg 16140
cacagcagtg 16200
tatgagtcca 16260
aagaaaatcc 16320
ttaaaatctt 16380
ttgaaaatgg 16440
taaaaacatg 16500
atcgctttga 16560
ttcatcttte 16620
cttccactat 16680
gaacaatagg 16740
actatagcag 16800
ctttctatat 16860
tcectgectaag 16920
atttgagctg 16980
actcataaca 17040
cttttgtcca 17100
ttgtcagctg 17160
tgtcataatt 17220
taaacatcag 17280
tttcttgaaa 17340
cctactaagg 17400
ctcaagagce 17460
ctaggtgtect 17520
caatggaaaa 17580
tcctgaaacc 17640
gttecccagag 17700
ctcecatgectc 17760
catgggatcc 17820
gagcccageg 17880
ggtgaagtga 17940
cagattaagg 18000
tactacaaaa 18060
aactgacatt 18120
ggaataatct 18180
cagaggtaag 18240
tcctaaatet 18300
gaacaggaag 18360
agtagtttaa 18420
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ttggttatat
atcacagagg
cataccttat
tgtececttggt
cagatcaaaa
aaatgtcttg
tatcanaaca
gtaaaataag
caatttcagg
agaaaatcct
ataaagaatt
tatttttaaa
gcatcatgaa
ctgttctatg
ggtcacctgg
aattttectce
aaaagggtat
agaaaaattt
tattttcagt
acatgaaata
gaataaatct
ataaaatgtc
ggctgatcga
aattagacca
tgatgagaag
atctaagtat
acaactgtca
acatggaaag
ggagattttg
ttggtagett
tgtttcattt
gtgtttgtgt
gatattaatc
tttcttgaga
gctgtttata
atagataagc
cctectaaaga
ctagtgatcc
aagaaatctg
cgctctcette
tegttttgac
tatttctcecat
aataatgatt
attccttaaa
nnnnaagccc
tegececageat
gaacttaagt
aagctttget
aaggctgaat
tataatttgc
aatagagaac
gtggtatgta
gtgactngaa
aggaaaatgc
catatgtttg
tttaatcatt
atgtgcacaa
ccattaactc
caccccacaa
ttcaattcce
tgctgagaat
tttttatgge
tecgttgttgg

ggaggaaatc
ccatcctgag
gggtttaaac
gtgcactttt
ttctteettg
ccttecatete
ttattattta
tggaagcaaa
aaatagccat
aagatgagga
tacagaatag
atgaaaaggc
actacttaat
ataatctaca
tccecaacctt
ttgcaatgta
attcttgaca
gatgtttgaa
aatgacagaa
aataggtaat
ggaatcctag
tgggtactta
actgagaggg
ttgtcatctg
gacatttatt
cttagtctat
cttgagtatt
aaggcaagga
gcactgaaga
aaaaggagga
ttaccctcett
ttactatatt
attatgatta
gattatatat
tcttaaatta
ttgtgcagtc
ataaaatatg
tgtaatatca
gttggaactg
tttaagggtg
aatttttctt
tttgaccaat
aaacatatta
gecctectetcece
ttecttagea
tgtectectte
acaggcaagt
cacctgceccett
caaagcctta
attttgtatt
tgagtgattc
cagctagtcce
ctattcaggce
cacctattce
ttttecgtgt
ccctatatac
tgtgcaggtt
gtcatttagce
cagtccccag
acctatgagt
gatggtttcc
tgcatagtat
acatttgggt

tggagtgatg
cagtacaata
caatgatgct
cagatggaga
actttcatag
ataaaattat
tacaaataat
cttaaatgat
ttaatcecte
gatgaagcta
ctggaaaatt
atttaacaat
tatctgcacc
ggaagacata
tggaacattt
tacaagaaat
gggaatcaga
cttaagaaaa
agtcaggaaa
ttagatacag
gaggtegcecee
ggactcctcect
attagtacat
ttgctgtgtg
gaatagcatt
agactaagtt
gggtgacttg
agaggagaat
cagatcagga
gtcaagtctt
agggtaaaag
taagaaacac
gacactagtt
taaatgggtg
atgtagaatt
agctgtgaat
aactatcttg
atacatgcat
atgccttecce
ttcagattat
tctaagttaa
ttttcectag
attaaacaaa
atecgttaacc
tctcactgga
ccgecagtgg
caacagattt
tgtacaggag
ttagtgggag
catttgaaaa
ctgggtttat
ccaaatatga
tgtaaaatat
tacattagtc
ctetgattga
atttttttat
tgttacatat
attaggccta
tgtgtgatgt
gagaacatgc
agcttcatcce
teccatggtgt
tggttccaag

ttagaagatg
ggaaattaat
tacgagggag
ttggcaagce
catttccaga
ctectatgtce
tatattttct
tcagaacaac
gaaaacaaaa
aaaaaaatat
aaggttaagt
ctaaaaacta
tatcagtgaa
attttaaaat
gaaaagcaag
ttaaaaaaga
gtgctgacag
tggaaanttt
gatgaatgtg
tgggtggtgce
taaccagtga
aggcaataaa
aatttaatct
ggagaggaag
gtacacttta
tgattcttte
acttctctte
atatcttgtce
gcatatcaga
accaactctg
agtctggtat
cattagatca
taaaagcata
gtgtacacat
tcteecttaa
tcatctagge
ttgaaattaa
gcatacatac
agtgagcctt
ctagactttc
aaccacattg
cattacagtt
taatgattat
cttttecttt
ggtacgttca
gaaccaacta
catatgcatc
tectgetgetg
gatctttgac
attgtcctgt
gtgggtgata
ttgtatttta
aggaaccatc
tggcececttge
tgcagctagce
tttattatta
gtatacatgt
tctccaaatg
tecgecttect
ggtgtttgat
atgtccctac
atatgtgcca
tctttgcectat
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caattgacca
cagggatccc
aagttagett
aatggctaag
ggatgtctag
tcacctgtaa
taaaaagact
tttctaaata
tttggetteg
attgaacact
atacaaggta
catcaaatac
gcattttttt
ttgtaaggat
gaacatataa
attttccaga
atggctaaga
ctttgetgga
gaaacaaaat
cagtatgctc
ggtctctete
tgaccttcag
atttgctaat
aggacaaggc
agagtggatt
ctttecattag
caagtcgaac
ccatcactgg
taggaacaaa
aacactcacc
ttctaagtat
attcttatta
gattagtttc
tcttactaag
tttctacata
ctactaccat
gtgctactag
ataaatattt
tgctggctet
tagaattaat
gcattttgtg
cgttaattta
ttatttttgt
gtnnnnnnnn
ggcagcatca
acaagtacac
caaatgacac
ctgggtttta
atgaaattct
gcatttgttc
ttgtggaaat
ctagagatag
tgccatagaa
tccaaaattt
taatgcctaa
tactttaagt
gccatgttag
ctatcecctec
gtgteccatgt
tttttgtect
aaaggacatg
cattttccta
tgtgaatagt
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gatcaggtgg
ctatggttac

ttetggacaa
gagggtgaat
tttatgagta
agatgttcta
tttttgtaca
tttgactaaa
gttaattttt
gtgecatttca
attatatatt
attatattta
tctecataaat
tagagtggat
actgaacatt
gtacaggtat
tttccatcca
cctcanataa
gttcttgaac
tgtaggtgaa
acttatgaac
ttagattgag
tagcatgatg
atttaagttt
ctcatatatg
tgacagagct
acactgcata
tcatttcagg
aaaaacaggc
tcagtagtga
atgctttcta
atgattactt
attaaagact
aaagttttct
gaaacttagt
ttctteatct
atctatactg
taagaaggaa
tgacagtttt
gattatttta
aatatgatca
ctggtaatta
attacgtttt
nnnnnnnnnn
ctttagtatc
tctecaggtat
gttaaataca
atgaaactta
ttttgttcag
gaatatcgag
aagaggtgct
agaattcaca
taagcatatt
cacatgtact
tgacagtttt
tttagggtac
tgtgctgeac
cceetecece
gttctcattg
tgcgatagtt
aactcttceat
atccagtcte
gccacaataa

18480
18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080
22140
22200
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acatacatgt
gtaatgggat
ccaacttcecca
tttctecaca
ggtatctcat
tecatgtgttt
cccacttttt
ttctggatat
cactctgatg
gtcaattttg
gcctatgtcee
aacacgtaag
cagtttcage
atcctttccece
tggcattatt
gtaccatgct
gectgecagcet
ccatatgaac
cacatagttg
tgtctctecag
cgctcaacta
atgaaggcag
aatctctggg
aagagaaagc
aagcaagagc
gaactgaagg
ttttttgaaa
gagaagaatc
gaaatgcaaa
ctagaagaaa
gttgaatctc
ccaaccaaaa
gaggaactgg
cctaactcat
aaaaaagaga
atactggcaa
ttcatccctg
ataaacagaa
gacaaaattc
tatctcaaaa
caaaaantgg
ctcctattea
aagggtattc
atatatctag
agcaaagtct
aacagacaaa
ataaaatacc
aaaccactgc
tgggtaggaa
antgeccatce
attcagttct
gtttececttece
tagtttattg
aaaatccttg
taagtaagta
agacaaagag
gtgtccctte
agagtgtgcea
tgctcteocete
agggaatacg
aatgaccttg
gcgagacaaa
caatgacaga

gcatgtgtct
ggctgggtca
caagggttga
tectctcecag
tgtggttttg
tttggctgca
gatggggttyg
tagecegtttg
acggtttett
gcttttgttg
tgaatggtat
tctttaatcce
tttctacata
catttcttgt
tctgagggct
gttttggtta
ttgctetttt
tttaaagtag
gaagtaaagc
accacagtgc
catggaaact
aaataaagat
acacattcaa
aggaaagatc
aaacacattc
aaatagagac
agatcaacaa
aaatagacgc
ctaccatcag
tggataaatt
tgaatagacc
aaagtccggg
taccattcct
tttatgaggc
attttagacc
accgaatcca
ggatgcaagg
ccaaagacaa
aacagccctt
taataagagc
aagcattccc
acataatgtt
aattaggaaa
aaaaccccat
caggatacaa
cagagagcca
tagnaatcca
tcaatgaaat
gaatcaatat
ccatcaagag
gactttattt
tggtcaattg
aggacccact
ctttcatgga
aaataaatag
aggggaaggt
aaggaaaatg
gggcatcggg
ctcatatgag
attggaaagg
gctattcett
actgatcagg
agagactgtce

ttatagcage
aatggtattt
actagtttat
cacctgttct
atttgcagtt
taaatgtctt
tttgtttttt
tcagatgaaa
ttgctgtgea
ccattgettt
tgcctaggtt
atcttgaatt
tggctagcca
ttttgtecagg
ctgttetgtt
ctgtagcctt
ggcttaggat
ttttttecag
actcctecage
aatcaaacta
gaacaacctg
gttctttgaa
agcagtgtgt
caaaattgac
aaaagctagc
acaaaaaacc
aattgataga
aataaaaaat
agaatattac
cctegacacg
aataacaggc
accagatgga
tectgaaacta
cagcatcatc
aatatctttg
gcagcacatc
ctggttcaac
aaaccacatg
catgctaaaa
tatctatgac
tttgaaaact
ggaagtcctg
agaggaagtc
tgtectecagec
aatcaatgtg
aatcatgagt
acttacgagg
aaaagaggat
cgtgaaaatg
atttttttac
ccattatatg
actatatggg
atgtgctagg
gtttacaaat
catgctacat
gtgagcagga
tagtagttgg
agcagcectt
gaggccaaca
taacaaggaa
ttaaatgaga
acaactctgce
ctaagagtcc

atgatttata
ctagttctag
agtecctacca
ttcctgacat
ctctgatggce
cttttgagaa
tcttgtaaat
aattttctcc
gaagctecttt
tggtgtttta
ttectctagg
aatttttgta
gttttcececag
tttgtcaaag
ccattgatct
gtagtatagt
tgacttggtg
ttctgtgaag
aaatgtaaaa
gaactcagga
ctcctgaatg
accaacgaga
agagggaaat
accctaacat
agaaggcaag
tttcaaaaaa
cctctaacaa
gataaagggg
aaacacctct
tacaccctec
tctgaaattg
ttcacagceg
ttccaatcaa
ctgataccaa
atgaacattg
aaaaagctta
atacgcaaat
attatctcaa
actctcaata
aaacccacag
ggcacaagac
gccagggcaa
aaattgtccc
caaaatctcc
caaaaatcac
gaactcccat
gatgtgaagg
acaaacaaat
gccacactge
acattccata
tgaatgtgtt
aaaatatttt
catttgatca
tctaccaaag
agtaataagt
attgcagttt
gaaggggcaa
gcaaaggcct
ggtcttgaat
tggatcacgt
tggaaagccce
ttgetgggea
aggcgagaga

39

atcctttggg
atccctgagg
acagtgtaaa
tttaatgatt
cagtgatgat
gtgtctgtte
ttgtttgagt
cattttatag
agtttaatta
gacatgaagt
gtttttatgg
taaggtgtaa
caccatttat
aacagatggt
atatctctgt
ttgaagtcag
atgegggetce
aaagtcattg
gaacagaaat
ttaagaaact
aatactgggt
acaaagacac
ttatagcact
cacaattaaa
aaatagctaa
ttaatgaatc
gactaataaa
atatcaccac
acgcaaataa
caagactaaa
tggcaataat
aattctacca
tagaaaaaga
agecgggceag
atgcaaaaat
tccaccatga
caataaatgt
tacatgcaga
aattaggtat
ccaatatcat
agggatgccce
ttaggcagga
tgtttgcaga
ttaagctgat
aagcattctt
tcacanttgce
acctecttcaa
ggaagaacat
ccanggtaat
tgtgaatatc
tetttactat
atccattcaa
caacagtgaa
gaaacaggaa
gtcaaggaga
cagataaggt
gtcacatggce
tgagaaggaa
gaagctatgg
agagccttcee
gtggagcatt
gagaatagaa
tggcagtgge
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tatataccca
aatcgccaca
agtgttectg
ggtgtgagat
gagcattttt
atatccttca
tcattgtaga
gttcectatt
aatccecattt
ctttgcccat
ttttaggtet
ggaagggatc
taaataggga
tgtagatatg
tttggtacca
gtagcttgat
ttttttggtt
gtagcttgac
tataacaaac
cactcaaaac
acataatgaa
aacataccag
aaatgcceccac
agaactagaa
aatcagagca
caggagctgg
gaagaaaaga
cgatcccaca
actagaaaat
ccaggaagaa
caatagctta
gaggtacaag
gggaatcctce
agacacaacc
cctcaataaa
tcaggtgggce
aatccagcat
aaaggccttt
tgatgggacg
actgaatggg
tctctcacca
gaaggaaata
tgacatgatt
aagcaacttc
atacaccaat
ttcaaagaga
ggagaactac
tncatgctca
ttacanattc
ctattttctg
ttttectateca
tattcaaaaa
aaacagagaa
ataatgaaaa
aaaggaaagc
ggccatgaag
tctectgggga
gcatgcccca
agaaagagaa
agggcaacgt
ttgagtagag
tcaagggaag
ttggacaaag

22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660

. 24720

24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
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gtggtagcag
tttactaaga
gtgattagat
tcteggttte
gtagaatttt
catgctcaat
taattcttgt
aaaatgatca
cattacacta
gacaaaatga
cagatgagga
gaggtggcca
aaatacttcc
gcaggcettgg
ttgaattgtg
tggtaaaaat
tataatgctt
catgaaacca
aacatttcaa
ttattttaga
tttctgtgte
aaaaaagagc
cgtccaatct
tagttagcat
ggcccacgga
tttaaagaga
agctgccatce
gtgcaggcct
cttctcectatt
tagatggctt
caggaaattc
gaatgagtct
aatgcccagt
ttgaagtcaa
attacatttt
caaaaggtac
ttectgattta
aatatcggat
ggacaatcat
agcaaaagca
tcectteect
aagtatacca
aagttcagac
attggaatgc
aagccacagt
tggagaactg
atctgtgaca
gtetgtgget
agaagctaat
ccaaggatct
ttcataacaa
tgcaacaaca
tcagagccce
gaaaatgcac
aggggattaa
gaccttagca
ggtgtcagtg
ccactttaat
gtcccaccte
caaagccagc
ggccaaagca
gggtaaaaca
ggccatgaaa

tggaggtcac
gattggctgt
agacttgcca
attacatgtt
ttcacttttt
ttttttaaaa
caagaataca
aatttgcaaa
gagtcttget
atatggggtg
aatgtatccc
ttcattatgg
tattccagta
tagtcectttce
tgtgtgtgtyg
agcattattt
tttcttgaga
aaaccctata
agaatcttaa
tctatgggtg
ttggtatgcce
tgttttatca
gcttcatata
attttttcca
ccatagctac
gaactcacaa
ctgggtatgt
ctgtggcatc
tctagetggt
gggagttgca
taggaaacat
agagtcgcaa
ccattataaa
aacaaattta
taacacagaa
acccaataca
cctaacagat
tttggttaga
ttgaggagct
cagaagaact
tttcttggge
gacaggaatt
atgcatggca
cgctececagac
cttttecattt
aaatagagaa
gtcctaggaa
tccatgggtt
cataccaaaa
ccataatagt
taatggecccc
tgaacttcaa
accccttace
ctgataatag
gcttgcatgg
aatggcttaa
aggattaaat
gaatgtgatg
ctgcaaatge
atcaggactg
gctttgtcag
acccattgge
tgggcatctg

agaagatgct
gtgttaaaag
ttaacttcca
aagttccagt
atgtcaaaac
ttgttttett
aagtcaacaa
agcttggtta
gaaatttaag
gttgatgtge
tacattttat
tcatgaactg
ctaaatattt
aagaatgtga
tattattcett
tggcaagatt
aataatttat
tttaaaaagt
gcaaatcettt
gagttcattc
agtaacttag
gacatcagtt
cttgtgtgaa
aacagacatc
tttgagtctce
cacaatggcet

gggtatttgg
tctgccaaac

ggaagggaag
tacatcagga
attcecctcecac
gcagcaatat
tatattccaa
ttgttatgaa
caaagccata
cccaaaagcet
tagtgaaaat
actctaagaa
aagagtgcag
attgctaatc
tagtctgttt
tgttcaaatt
gagtggaaag
atccactctg
ttaatgtaag
aggcctggtg
gttcaaagtt
ggagctgtct
catgaggttt
agcaggaaaa
aaacaagatg
acccagcecta
tcagaaaccg
cacctgaact
agggcaggat
ctcgetttet
gagccaagcc
atattctaac
catgtgaaca
gtataaaaga
tgcectgeacg
ccacatttcet
cagagdaaat

gaatatagtg
gaaaagatca
gaagagcatg
aatgtgatta
agaaaacatg
tgacacagta
tggectgagat
catgatgtga
acagactgte
tgaagtggcce
caaactatgt
tgaggtcaaa
ctcatatttg
atttctttgg
aagactttgce
tttaaagcct
tgctececatgt
aacaatctca
atgtgacatt
ttegggcetaa
ggcaaggtta
ggaactttgc
atcctaaaat
cttgtgaaca
agtctatgta
caagcaagac
atgagctggg
tcaacactta
ggaaaaatga
agaactttgt
tgagcagcca
ctactacagg
aaatgaagcce
ctaatttcte
gttagaattt
aaaccagagt
aattaaaatc
tatttaaaac
agaaggcaga
caaaatgcag
aactttaaaa
cctcaaaacc
aacatagtct
ggtgaactca
agtgataaga
tgtaacagga
atgactgttc
aatggggccce
ttectecaage
tgaagctgag
ctcatgtcta
tgcttggctce
caggaaggag
tcctecacac
ccaacccaca
gtatcagtaa
tgacccacag
gtttgggatg
ctgaagctac
atcaccagga
gctggaccta
gaggaccgac
ggaagccagt
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ttcatgttta
ttctaaagcect
tttgagggga
gattgaaaat
attgaataat
aaggatcaat
gaaaatattt
atttcactca
ttaggaatta
aatgagcatg
ggtgtctgat
gcacttgcaa
tttgcctaga
tatgtctgag
ctgtatttta
tgaaatggga
tgttgaatca
tattcaaagt
aaattgtaca
gtgtaggtat
gtagagtggc
cttgttttgt
gtectgtatgt
tcageccegttt
atagttgggg
acaagttgat
ccccecatgaag
ctcteccaagt
gtccagggaa
cacaaggcca
tgcgcccagg
cttaaataac
atgaaatttg
tattttatat
cagtaatcgt
cactgctaaa
ttgectgettt
tatctttacc
gaaatgttct
gaaggaaatt
gcagaatttt
aagccaagaa
gtggaggcga
gggatgtgtt
acgacttgce
tgtttctcte
tgggtttgtg
agnccaccat
gacaaagagg
accttaccct
ttggttgtgg
ttccagggac
cetgggttet
aaagaaagcc
gtagcacttc
aatggtgttt
caattcatga
ctgaggtgga
acaagcaatg
caagggcagg
gaggaattte
gtgggagaag
gtctggagac
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ctttatggga 26040
tetggectca 26100
aatatgagga 26160
gctatagctg 26220
gaaaactaca 26280
gagacttgct 26340
tccataaagt 26400
aaccacaagg 26460
tttgccaata 26520
ctttgattga 26580
ttatatcact 26640
aaacttgececa 26700
ataacaagat 26760
tttagtaatg 26820
acattttatt 26880
caaattaaag 26940
taccattagt 27000
atctecectttg 27060
ttttacecttg 27120
gaagtgtgaa 27180
ttttgtgaga 27240
ttcecctgaac 27300
caataatttt 27360
ctgagaactg 27420
taaagtaagc 27480
ttctttectga 27540
tcatcccaaa 27600
ctgteccttgg 27660
ggagtttttg 27720
caacteccttg 27780
aagaagagaa 27840
caaaggacaa 27900
acttcattta 27960
ttctcaaatg 28020
atggaatatc 28080
ttttatattg 28140
ttaaatttta 28200
tactcttgtt 28260
cctcaaccca 28320
tcaccecctece 28380
tgctctcaca 28440
aagtttcaga 28500
gcacggattc 28560
tagtctcatt 28620
agtgtgttgg 28680
catctgtgta 28740
gccaacagtt 28800
cgctctgcte 28860
ggctaagcac 28920
gacttagaag 28980
ttaataatca 29040
tgaaggcatc 29100
cagagtccaa 29160
tgatagggac 29220
cttgccatge 29280
gtagtactaa 29340
caagtctcag 29400
ggacgatggt 29460
gctctaaagt 29520
gcagagggga 29580
tcgacataga 29640
ggtcacatga 29700
aagtggagcc 29760
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attgagctag
caagggaggt
tetgecagect
catggaaatt
ctggcecgget
actcttcecct
tetectetget
taacatacct
caacacagag
aactttaaac
agataaacaa
tgagataaaa
aaccttgaat
tctaggtcaa
tgtettgeta
atttgtgctg
agaattacga
accagtgatg
ttcaactcca
aatcttgttg
attttgtcaa
gtgeggtgge
ggtcaggaga
caaaaatcag
caggagaatc
accctagect
aaattattcc
aggtgggtgg
tggtctctac
ctecctcatce
ttccatcctg
cctgtcaggg
ggggcttaaa
cctatgtaac
ataaaaataa
aaaattaaaa
tcagatttaa
gaacacctac
agtgagttat
gccaattget
ttctgtatte
atgtctgatt
ggccaaatga
aagacatttt
tgattaagtt
ttttecttece
gttagttgtt
agttgttggt
ccaggagaat
ctgtgctgtt
agagaaccac
atctgtacta
ctgtttctgce
ctgagcacac
aattttctceca
aaagtaggaa
tttttaattt
aaaccagttg
aatgtggata
gaagttataa
acattttcta
catctttget
ggtatttatc

caatgcgtga
ggctgagtct
cgggagetcet
aatctggata
ttcaaagtct
tttacatgtg
ttgttacttt
gtgtttcate
tggctgettt
tttaaaattt
tggtataacc
ggagacaaga
attagccettt
aacataaggg
aaatgtctat
gatattttat
aacacaacta
agaaggcaga
tttctteatg
aatgaatcta
caaacaataa
tcatgecctgt
tcaagaccag
ctgggcgtgg
actttaacac
ggcaacagag
aggccaggtg
accgcttgag
aagaaataca
gcctgtaatce
ggtgacagag
ggtgggaggg
acctagatga
aaacctgcac
taacataata
ataaaattaa
atggaggtca
actctacaaa
accttctgaa
ccatatttct
ctceccagtea
gctctettga
gctctggect
attccaggca
tgttgtgcta
tetttegeca
aaaatcaagc
ggggaaaatg
cgccccatca
agtgatgcat
gtctttgtag
tttttgatct
ttgtaaagag
tgaaagtcag
tattettete
tatacagtac
tagtttaacc
aacaaatttc
gcaaatacag
gacagaacaa
ttcagtttta
tttagtgctg
gtaatacaaa

tagatactgt

ggcaatgagg
ggcagctggt
gtececcctect
gctgacctct
tttcctettt
cctttgecca
tgccaggcac
catggagttt
ggacaaactt
tacattgtac
ggtattgttg
tgattgttgt
ttaaaaggct
gtagatgata
aagcgtcecat
tcataggaga
aagtgacaag
tcccaataag
gtacagaggt
caataatttt
aatcccagca
tetggeccaac
tggcagggac
gggaggcgga
caagattccg
tggtggctca
ctecaggactt
aaaattaacc
ccaggcggag
ccaaaccctg
aaggggagdyg
tgggtcaata
attctgcaca
aaataacaaa
agtacaaaaa
ttgaagctca
aagacttatg
tagtgaatta
ctgcatgtta
ggaatagcca
ggtcgttagce
ggtgcagcceyg
taagcaggcc
ttatgtaatg
ctattctaag
agaaaagaaa
acttataatg
caattcagcc
aagccaaatt
acattaattt
atatcttaaa
cttggaagtt
taactggaaa
tcacctctgt
agagctttct
tttaaactgg
aattttaaac
gaaaaattct
ttteccceatg
accattaagt
tattataaat
taagaacttt

gggaagggat
gcetggggea
gtgggtcacc
ggagaccctce
ataattgtgg
gaatatttce
tttaatctac
tggcccagge
acaatctaca
ttataaatac
agaatctgtg
gacttgaatt
ctetttttge
ggaaaaatta
aaatgtcctt
taggcaatag
tacttatttce
attaaccaag
agacaacgtt
tcataaaaac
ttctttaaaa
ctttgggagg
atggtgaaac
ctgtagtcge
gattgcagng
tctcaaaaaa
cacctgtaat
caaggccagc
aggcgtggta
attgaagtga
tctcaaaaaa
agagcatgag
ggtgcagcaa
tgtatcccag
aaagtcttta
cttaaaataa
aacacctggc
aataccctgce
aataaaatac
gagtttagcet
gtcagtatta
ccagatactt
tettgecaat
agatcacagc
ggtacttgaa
tatgttgtct
acaggcaaat
cattattctg
tetetetgtg
gtgaccagge
aaaactcgtt
tcaaaacgaa
atcaatcctg
tcaacagtgt
agagttctgg
tggcagcata
aatctgtagce
atgttttcag
gtgaatattt
tacaagctte
tgtaatatta
atttaaatta
atttttagtt

41

gtggggaatg
tccttagtceca
aactggccte
caggatggca
ctcttcacat
accagcccct
attttatgtt
cctaggaata
aagggacaaa
tgcattttte
tctccectaaa
tgtcgtgcaa
agtatgaggt
aataggccaa
gtgecctettt
caaatttatt
ctteccaacca
taagagagtt
tgacctgcece
cgtcaggtat
attattccag
ctgaggcggg
ccececatetct
agctactcgg
agctgagatc
aaaaaaaaaa
cccaacactt
ctgagcaaca
gtgagtgcct
gccgagatgg
taacaaaata
gacaaatacc
accatcatgc
aacttaaatt
catctgaaat
aaatcatttt
tgcaaagtga
attggttgat
tattaaagtt
agtgtttcca
ctececatcage
gctagaaagg
gtgcctaatg
tgcccaaage
ccatattcceg
gtatctaatg
attaaaacgt
acataatgtc
ctaatgacgg
agactagacc
ctaatcaaat
gcttttttga
tctteataac
tttaaaagtt
tctacattgg
acttaataca
acattggaaa
gctttggaag
ttattcacat
aaatttttag
ttacaaatga
atgacatteca
aattccatgt
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cagcacctct
gcaaagcagg
gggcaccatt
gatgagcaga
ggtccaacac
ctececetgacce
ttgtccagat
tggtggtgac
aaggataaac
caataaaatg
attaaagctt
ataagattaa
agttgtgaat
atgaaagaat
aacttcaatg
caactataag
ataagtaacc
ggatacaaca
tctecattect
ataatgecegg
gccaggcecgg
cggatcacga
actaaaaata
gaggctgagg
cagccaccgce
gaaaagaaaa
tnggtggcca
tggcgaaacc
gtagtcccag
caccactgca
cacaccaggg
tagtgcatgt
cacatgcata
taaaaataaa
aagtgtactt
agatatttcc
tttgtaagac
gaacaagaac
ttaaataatt
gggatgattt
cacagcacaa
tatgattgct
agagcgcgga
tctetggett
tgaatgaccg
ttgccttgea
aaatagaaaa
ttggggtcca
cctttteate
acatgtaagc
atgttcattt
cttectggttt
aagaaaaatg
aattggttac
aaatgctgga
tgaaaaatga
aaaaaaacct
cttactgaag
atgtaéacgt
cagttagtta
tattagaaca
gtgtaaattt
gttatttgta

29820
29880
29940
30000
30060
30120
30180
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320
31380
31440
31500
31560
31620
31680
31740
31800
31860
31920
31980
32040
32100
32160
32220
32280
32340
32400
32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240
33300
33360
33420
33480
33540
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tttcttatet
cccteecacg
aaacgtcaat
ttcattcage
ctgaggtaga
tatgtatgat
tagtactttt
aactattatc
attteccettcece
catatttctg
acatttcttt
gaagttgagg
actggaatgt
tttttttett
agtgcggtgg
ctgecteage
ttgtattttt
cctcatgatc
gccceggectt
ttgacctgac
gaccaggttt
cgcagggagt
acctacactt
atactatagt
aactttagaa
taaaaaatta
tttaccaata
ccaaaatcaa
ataattttaa
tggtttttgce
gtgtgtggag
cacaatgtta
gcgtggtgge
aacccaggag
acagggcgag
aaaaaaagag
aggaaggaag
ggaaaagaag
catggtttac
agctgcttta
gtctgctgat
gttcattatg
tttttttaat
tttactctta
aatttggtga
aaaatttttt
attattagag
tagattttge
cactttgtte
tttgcaagtt
ttaagaatta
attcagaaga
aaaaaaaccc
ttgggaacat
ttaatgtact
ctaagatatg
cttttettte
ctattgagct
aggcttttag
ttgatctcaa
gaccctgtge
aaagtgttte
ttttggttgg

cacatttatt
tagacctaat
tatttattte
cttectatta
ctgaccaggt
gatgcagata
gccaaatgct
ttaacattat
aataaatctt
gtatgacata
agcgccttag
tccagggtgt
taggaactgt
gtcttgtett
tgtgatctceg
ctcccaagta
agtagagaca
cacctgecectt
tcttttette
ctcactgctce
ctttgctacc
gctgtagttg
tcctgccaat
gaaagccttc
attttctaca
acttagaaga
tggcaagttg
aattaaagta
aaaagtcctt
tttattttgt
cacatgactt
cagcacagtce
ttatgecctgt
gtgaaggctg
actccatcte
aaagaaagga
gaaggaagga
aggaagaaga
agaggtttta
tegtttagta
ccacatgatc
ttgagtccag
tatgtcacac
ccacagaacce
agaaaaacat
ttaatatgtg
gatgagagaa
catcaaaagt
ttaatctggt
tgtattatct
gtetgttttc
aaaacctgaa
tgtgtgtggt
tttgcactat
tttgtaatgg
catgtataca
cagtgcctag
gtctactgtg
ccttcaaaaa
gtgaagagat
taggcactgc
tcaattggeca
gggttgcagg

taaaattaca
cggatttttt
caatcttggt
aaaataaata
ctaccttatt
tgaaccatgt
tggttctaat
gcgaacttcet
taaaatatgg
ttttgtgtac
tggtgatcag
actgactcac
aaatgacagc
ttttttttga
gctcactgea
gctgggatta
aggtttcacc
ggcctcecga
ttaagacaac
ctcaaaggca
cttactctca
gegtgtggac
gtcagcatce
acctectectt
tttaaggaaa
tatatgtaaa
tgccaaaaga
gctcaaaaac
ttatgtttgt
tttattgcect
gagtgtgtgg
tatcagggaa
aatcccaget
cagtgagcca
agaaaaagaa
aggaaggagg
aggaaagaaa
agaaggaggg
ttcactagga
aatctctgcea
ttatttcatg
atgtccacct
taaatacatt
agctctcagt
tatagtaagt
gctaaaatct
actgagagtt
gacctcaaat
ggctgctget
gtctcatgat
ttetgtgttt
agcttaccca
ttgtecttggg
ttatttcatt
cttattececge
gtcatcttac
ttgttaaaac
tggcaaatac
tctttaaaga
tcaattcatt
agggcaaaag
atttttccaa
gactgttgga

tttggtcecet
aaaattggat
tgatcttttt
aataaataaa
gttaattttt
gcatatctca
ttttggacta
agcccttttg
gtgacaaaac
tctttaggac
cagtatcatc
acaggttacc
taactgtggce
gacagagtct
ccetetgect
caggtacatg
atgttggcca
agtgctggaa
taatggaaaa
gaatgctgat
gcctacctgg
tgagcgtect
ggcttgtcaa
tctttgaagt
catatttcaa
catgtgtatg
gtgcttaagt
ataaagttta
cccatgttcet
tgatatgcca
acaagttgtg
aaatacttaa
ccttgggagyg
agactgtacc
aaaaaggaaa
gaaggaagga
gaaagaagaa
aaggaaggaa
tggtaacatc
attcaggatg
tatgtggatc
taagagtaca
tactttatga
taagaagaaa
tacagtcaat
gcataacaga
caccaaaaat
gcaagtttgt
taggtttcat
ccagacagaa
ttctatgaat
aaaacaaaca
acagttcaga
caaaatatgt
aagcagagat
tacatagcag
agcaaaatga
tttatacaaa
agaatgaaat
tcaaaaatac
ctgaagaatc
caagggccac
atttagtggg
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atcactcagg
tttaatctgce
attccgagat
taattgctect
gcattttcat
gaataggagg
ttatgaattt
cttcaatttc
taaaagaccc
aattgaaaag
actgcecctag
taggtaagaa
aaagcgtagg
tgctctgtece
cccaggttceca
ccaccaggcce
ggttggtcte
ttacaggcat
taaacttcca
tcacaggetg
aaattgccga
gggaactgtt
cacttetttt
attctctgtt
ctatgattct
gtttaaggta
gtaaaaaaca
taaatatttt
ggaatagcaa
cgtggcaage
ttgaagatta
gtttattttt
ctgaggcaga
actgecactcce
ggaagaaaga
aggaaggaag
aaagaaaaag
ggaggatcgg
ctcccaagta
cacctttcett
atccagccac
cacccctege
taactactgt
gtgctgagat
ctcactactg
tggtatatct
aaaaactaat
agctgaattg
tgtagaggct
ccagagtcta
atactgaatg
aacaaacaaa
aggcagtcat
taatttattt
agcctcccett
gaattttaaa
taaaaattta
taagcaatgt
gtcattttta
ttaatataaa
agagaggctg
tggtgaatgt
tagaggtcag

PCT/IB01/02798
tatgtttctt 33600
ctttataaac 33660
tatttactag 33720
tgtagectett 33780
ttttattgaa 33840
aaaaatatct 33900
tttatgtcat 33960
ctttgaaaag 34020
tcagaggaaa 34080
cttctaatta 34140
tgecatccatg 34200
gtaatggatg 34260
gttttgtttt 34320
ccgaggcetgg 34380
agcaattctc 34440
tggataattt 34500
aagctcctga 34560
gagccactgc 34620
agaagctectt 34680
aggggtatct 34740
gcgcaggggyg 34800
ctgctgtagt 34860
ccatttgtga 34920
cagaacttgg 34980
ttattactta 35040
acaaagtgag 35100
aacaaagaaa 35160
taaggcattt 35220
ataaaaaatg 35280
ctcaggctgg 35340
ttattacagg 35400
ttgaggctga 35460
aaattggttg 35520
agcctgggtg 35580
aagagagaga 35640
gaaggaagga 35700
aaggaaggaa 35760
agggagaaaa 35820
atttagttct 35880
gctgttgetg 35940
cgtgacaaat 36000
tgctgetttt 36060
tggggtacaa 36120
ggtgtgggga 36180
acctttgget 36240
gagtgaagag 36300
aattgcaata 36360
aagaggtgge 36420
actgagctgt 36480
ccaacgtgga 36540
tctcatcttg 36600
caaacaaaca 36660
ttaatttegt 36720
tcgattttaa 36780
cccccaaatt 36840
aagaaataag 36900
tgtaatggta 36960
cttaggatct 37020
agtcttgtat 37080
ttatatgeta 37140
tcaagttaga 37200
ctacaagtat 37260
gggtgtgget 37320
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acacatcttg
cactagtacc
gctctetttt
gcactttggg
ccaacatgac
gtgcctgtag
cagaggttgc
caccgtecten
aaaaagacag
tacttctaat
aatatttagt
ggatcataca
gatacagcat
aactgaaggg
aaaagggtga
tgagggaaac
agtctattce
cagattggaa
gtaacacaaa
gcttgttgtg
cagtgaatgg
tcecctggagg
gaaatggatg
gaaggtgatt
gcttacatct
ttagaatagt
ttgtagtgtg
acaatgtggt
atatctcacc
aatcctaaag
cctetactat
aaacatagac
aagaatgaat
ttgcacagct
gagctctcca
tattcccagg
gaaattttag
tattttaaat
aagacttttc
taagagaatt
atctgtgcag
ttcctatgtc
tcagtgtctg
agggaaacaa
ggctctetgg
ctgggcagcce
gagcgggact
tcccaaagaa
attggaaaac
taaagagatg
tcacagccectt
tctteectggg
acccttetet
ttagaaaaaa
tgactccaaa
aggataattt
atgaaaatgc
tagccactgt
tgtttgttta
cagtgttagt
tatgtatgtg
aagtttactg
gatagggcta

caatgcatag
aaacttacat
ttcattagtt
aggccgaggt
gaaaccctgt
tceccagetac
agtgcgttga
naaaaaaaaa
aaacaaataa
catgcacatg
cattgcaaat
cttccacagt
agtcatccat
gatgctcaaa
tgtctgatca
tgatgatctt
cagacagtaa
gagttaaagg
ggatgattca
ccttgcaage
gctctagceat
ggttaaagtt
gtcataaaat
tttecagacca
ccaattctaa
actataggta
ttgctagtta
tatgtaacct
tcttttttca
gtaatcaaaa
tctcaataca
ttgtggtcett
gaaatcagga
ttaatttgtg
gggatatttt
tgetgttgta
ttctataatt
gtatcaatgt
tgtgtgtata
ttgaaaatca
tattaatatt
tgtaggctac
gtacagaaat
acaaggtaga
gagtactaag
caggagtectg
gtgcaaaaga
aatgaaagga
catttttgaa
aggaaggacc
tctacccagt
gagtgttttg
ttgagctgta
aaatggagta
tgacatcttg
tcaatgttcce
tcagttaata
ttggtttcat
atgttaaaaa
acctatgaat
ttgttecetcet
tggagagcct
taaatgcect

gacagacctt
tttgtgtagce
ctgcagttta
gagtggatca
ctctactaaa
ttggggaggce
gatcaagcca
aaatagctgg
aaaccaatat
tgaaaacatc
gtagttgagc
taaatctact
gtatagtggt
ctgagattta
gagtcagctg
gagtaacaag
atgaagccgg
accagataag
cgcaaagggg
ccaagagagg
acctggtaag
caagaacatt
aaatcctcectt
agcccttggg
cttecccaact
ttttgtgttt
tcatcacaat
aagactagaa
tgggaaaaga
cagatgggaa
ggcagtgtgt
cttatttaat
gaactgatta
ccttgagagt
tggaacaggc
gcatcatttt
aaaatggact
tcttectaga
gcatgggttt
gcaaagcaaa
gaggaagaat
aaaatcattg
gaaagataca
gaattcagta
ggccecattgcecce
tcaagagggce
agtttcagta
acatacattt
aagtgatttc
atcttegtcce
gtagttcacg
gttatacttt
ctgtgggttt
gaagtttcaa
cttgcagatg
tctcaaattt
cagctattaa
tcaaaaacct
tatgtttcat
catcaataaa
ctgaaccttt
atgaacagat
tatcttgeca

cccattaaag
ttcagcaagt
ataagaatat
cctgaggtca
aatacaaaac
tgaggcagga
ctgcactcca
agattaggca
agcacaacce
aagctcttat
aaataagtat
gactgacagt
tgagtaacgt
accaggacaa
gaggatcaga
aaagttgcca
ataatcaggce
aaaacaagca
gtgcaaggac
tteeccaaagg
gagctgtcetce
gctgaggatc
tgttctttta
tactgactca
tectgtecatgg
ggagagaggt
tttatgaccc
gaaacaaatg
gtcagcagaa
tataattttg
agaaagtttc
caattcaaac
tcatgagtat
ttggggtetg
cttattgttc
tcatttaaca
aaaaatattc
aattttcecat
ttatgtttat
gtcaattcac
taatcaaaaa
tttaatttat
gttttaactt
tgacgagtga
tagtgtagct
cagagggaag
gctacagttt
gatttttgte
ttttgctatg
attgecctttg
tatgggaaac
cacgaatgte
ctgtttettt
ggctactagt
tgattaagaa
aatcttatag
acttgaatgg
agaggaaaat
attcagtgca
aacagttgct
ttcttaaaag

gcatgagggg
gggctcttet
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catcatccac
tctetcettaa
tgcectatgg
ggagttcgag
ttagccaggce
gaatcacttg
gcetgggtga
agttgtatat
accccatcett
ttgaccacca
ctatttggag
agacagttca
gtaagtttet
agtcaatcag
aagagtcatt
ttttgttcac
caatttcata
cctgtagcag
taattctgca
gactgaagcce
agaagatggg
caaacactgg
aaaattctga
ttcttattece
cagatcaggt
ttagtggtag
tctcacttga
ggagtactcc
gagggcaaag
ttcagagcta
aaggttagta
caccagtgga
cattgttgtg
agaaagtagt
tctaaaaaat
aaaatatggt
tgtagcacat
gttggatcaa
atatgagtgt
tacaaaatag
gcaaatattt
caacaatctt
tagagtgctce
catgagacag
gagggcacag
cagtgcaggg
ctttctecagg
agtttaaata
tttggcaaag
cctttgtaac
atttetttee
tcacctettt
cctttttnte
tcaatgtgct
agatctggac
tgacaagctce
tagataatag
aagggatata
cataaagcaa
tctgtttget
tcaactttta
gcgectgttce
aggcctettt
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ctgcagatgt 37380
actattcatc 37440
agcagttcta 37500
gccagectgg 37560
gtggtggcat 37620
aatctggagg 37680
cagagcaaga 37740
atgtaaacat 37800
gaacaagttg 37860
ttcaggattg 37920
tttaggatta 37980
ttgagacaca 38040
tttceccttecc 38100
cttctectctg 38160
tagaaaagtc 38220
cacagatgaa 38280
aacagtagat 38340
gatgacccga 38400
gactcctata 38460
tggcagcatc 38520
gtgttccata 38580
gagagagaaa 38640
gtgtgggagt 38700
actgtctcgg 38760
attaccattg 38820
gaccccaggt 38880
gagtggaatg 38940
caaaacacaa 39000
cggtaaataa 39060
taaaaaatat 39120
tttatecttet 39180
agaggtcaga 39240
attgcatttc 39300
gctattccaa 39360
taatgegtta 39420
cgtttagcca 39480
ctagaaaaaa 39540
acagtagatg 39600
gcaggtgttt 39660
tttccaaatt 39720
gagaaatgct 39780
tgagtgctcc 39840
acacctactg 39900
ttgaatggga 39960
aggagctgag 40020
ccagcagcga 40080
gtcctccact 40140
ttggtcgacc 40200
ccaggagtag 40260
tgttacttet 40320
atcgtcageg 40380
gtgtcaacaa 40440
ctttgteccaa 40500
cttttttact 40560
agggagaggg 40620
catattctac 40680
tggatttetg 40740
cattataaat 40800
aggtattgte 40860
gttgacattt 40920
agaaacttat 40980
atatggataa 41040
agggttaagg 41100



WO 02/46404

catactccct
tggattgttt
ataggttatg
aatattgtaa
attacttcat
aaactacccc
gcatcacagg
aaaaaaaaaa
tttaaggata
tacatattta
tcaagatatt
ttcaaggcct
ccctegtetg
attaataatt
aaaaaaattt
ttggagacct
tatctgceet
atgttgtgtt
gagttacagt
gttatattct
ctttgettct
gcggctggac
ttctcatgca
tgtttggata
atgagtggag
attgaggtac
cttcaatggt
tttatagtca
taagtcatta
gaaactaact
gctttgtacc
agacaagtca
ttgttaggat
aaaaaatcta
tgaggtaatt
gtgttcggta
gatactttac
tcattttggt
tggcaagcett
tgtttatttc
tattttattg
ttttaagaga
tcattgagaa
tcaaaagtca
ccgtctatga
gcttteecceg
ttgtgaaggt
atcttttgtt
tttgtgattt
gagtacagtt
aggtacgcta
accatcagtg
gctgtttaaa
ttgggaggct
gtagcaagac
cttgtagtcce
aaggtacagt
tatccccaaa
caatcaaatc
tgggtggttt
gacatcacaa
tttatgggta
ttttgtaatg

tctgagaatt
gtaaccagct
gaaagactgt
attcttatet
ccccecatgtga
caccctcact
accagaaggc
agaaacaata
ataagagaaa
tggggtacct
taggatatcc
ctectgetage
ccatggaaca
tctttttaaa
tttttgacct
tcattaacca
catccccact
aaagaggcta
accaatgtac
atagaaagta
ttctettage
ttgecettetg
caggctcaaa
cttggtcata
attggtttta
aaatgtttac
atatgtgtgt
taaatgatac
aatccttaca
acagaaagac
agaatgactg
ctttatcttt
taaacacatc
tccacatatt
ctcccagaaa
acaccatgga
tcteectgtg
taaaactata
aaatggtaca
cttttccaca
ttagatgttg
acagtaaaat
aataagtatg
gctgtgactce
ggccgcectca
ttggegttce
actgcgaaga
tggttttggt
ttttcagaac
tcaacaaatg
tcagcaagag
gaccttgggg
aatacagttg
gagggagagg
cctgtctceta
cagctactca
gagctgcaat
aaacataaaa
agagcttcca
tgatacaaaa
atcctcaaat
tttattecatg
gaaaatatat

tgtgttgtaa
tttgctgcaa
tttctgtttt
ctgtatactg
ccatctcact
aaacttaaca
agtgatcccce
aacttagcca
ataatctctt
gtgatatttt
ataacctcaa
tattttgaaa
ttacaactta
gcecccagtet
gatgatatgg
gtgaccttca
tegecatttg
gaaactcaac
aaaatatgat
tattagcaca
ttttetttee
ttctgecatgce
gaaacagtga
tgcacattct
tattctgtaa
cagttttatg
gtgttttete
ctgaaatatc
acacagtaaa
tattaaagag
agttaattcc
atatgettta
ttttcectac
tttagetttc
atacaaagtc
atccaaagac
agaaagtgat
gcaggtgctt
tatcecttttt
ttattatttg
aaattaccct
gtgttgecatg
gataaatatt
agtctgtect
caggaaggct
tacttctatt
attgtactaa
tgcectetge
gtgtttattg
tggggatcga
gatgttataa
aagctcttgce
ccagtcaggc
gattgcttga
caaaaaaatt
gtaggctgag
cacaacactg
gaaaataaaa
ggcagtgagg
ccaagatcgt
ggcttgtgga
tacttgcaag
ttcattcaga

ccggttgtet
ctgttactgce
aaggctctgt
tacttctgca
tcataatcaa
ataaatgctg
ctggacccag
ttataatcce
tttaacatac
gttttatgga
gcatttatca
tacacaatac
ttcecttctat
caatcaagag
gttcaatttc
cttttctttt
cctagctaat
atgctttaca
ttttaaaatg
cattaatgca
agcctetttt
cttggtgttt
ggctgcceca
agtttaaatt
taataaaact
aataacaact
acaaaagcat
ttaagaacct
gtctgtgtta
gcaagatatc
agttccctta
gttteccetgt
atggcatttt
ctttetttece
ctatttggtg
aagctccate
ttcaaatgaa
ttcagcttat
ttaattatac
catttaacag
ggcttgaagt
tgattctaat
gattgttttt
cctetgteat
gggtgttect
tcatcactct
gaaagtctat
tttgtcatte
ctgttatcat
gaagcagcac
ccecattcecgag
atgatgggct
acagtggctc
gcccaggagt
ttaaaaatta
atgggaggat
caccccagcec
taaaacaggt
taatgacacc
caaccacatt
taaaatgcaa
cctatgtaat
acaaaccaca
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agcttcacgt
tgattaatac
tagaaattgc
tacagatatt
atgactctaa
gtatatccag
ctttcactaa
tcagaaaaac
ttattgatac
taaaatgtgt
tttctatgtg
attgttgtta
ctaactctat
aaatataaat
tggttctace
ctgtaagatg
aagacagaga
aataccagct
aaaggcagga
taataggcga
tctcecttgt
gctgttgcte
acctgtgcaa
tctgtgtaac
tatttataga
tatatttatt
attgagcaat
accctgtgat
tttcccattt
atcacagttg
attattatct
ctgtaaaaca
aggttctett
attactagaa
attcactgce
atatcaattg
actcagttct
tgaatgtgtt
atatatatac
ctaaaggtat
cagaaacaac
caatttttga
ctggaaaatg
gacaggaact
catgtacaga
cattttctte
gttctgtgat
ttagactttg
tgaaacattt
tacctcaaca
catgcacatg
tctatagtct
atgcttgtaa
ttgagatcag
gccaagagta
cacttgagct
tgggtgacag
tcaaaggccc
tatattttgt
tattacatac
ccactatgga
gtctatgtgt
gtacaataaa
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cctgtttcta 41160
cttgctaate 41220
tgatgcacac 41280
atgttaaaga 41340
atccctcact 41400
tacgttggeg 41460
aaaaaaaaaa 41520
attaactata 41580
ataataattg 41640
aattatcaaa 41700
ttgggaacat 41760
actataatca 41820
gtttgtaccc 41880
agcatggtaa 41940
actttccacec 42000
gtattgataa 42060
tttecttage 42120
gtatgacaag 42180
catttatgaa 42240
taggactgca = 42300
catcaagtct 42360
tgattctget 42420
ctctcetectt 42480
taaaacatgt 42540
agtagaattt 42600
ttataaacaa 42660
tattttcaat 42720
ttacaggaat 42780
tacagatgga 42840
gatgtgtggg 42900
ttgcatccte 42960
tettatagtg 43020
aaccaatgtt 43080
gtactttcta 43140
ttacattctg 43200
tggagcctga 43260
cccatttatt 43320
aggctccaag 43380
ttggtttgac 43440
aatatcaaat 43500
tttattaaaa 43560
agcacttttg 43620
ctttcttatt 43680
agtatattca 43740
gcaattgaca 43800
ctcgectgge 43860
agttctgcag 43920
gtaaatgtgg 43980
gcagaaatca 44040
gccaccaccec 44100
tctcacccte 44160
gactcaggaa 44220
ttccagcact 44280
cctaggtaat 44340
gtggcatgag 44400
caggaggtca 44460
agcaagatcc 44520
aaacacagaa 44580
aacagctccg 44640
ctttgattct 44700
atttcttact 44760
aggattagaa 44820
ctatgaaaaa 44880
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gatccctcaa
gattcccata
gaaggtgggc
agatccaatyg
daaaaaagga
gaaaatataa
ttaaattcta
gtatctatca
ttaataatta
tgaggcatct
atagtgtcag
tgaatatgct
catagcaagt
tceceggtceca
acctaaatgg
atgacctaag
cacagctgga
agggaaatgt
cttaatcaag
taatcataca
gttgctaagce
tagcaacgag
gcttttatgt
tatgaccaaa
gttactaatt
catggaagta
gctattctca
tgcagacttce
atatatatat
taggecagete
ctgtgatgag
accaaatgcc
tttaggagac
tcaaattact
tcttagacgt
attcatacac
acaacttttt
aagtcctgag
cttcagatac
gagcttatcce
caaggctact
atatctaact
aattaaatat
ttgagcacte
tgataaaggt
tccatcaaca
tcagtgctgg
aagaatttect
gcaaaaatgt
aatatgtgag
aataatgagt
accataaatg
aatcaagcca
aaaaaccata
tttectectgea
ttcagctgcet
acctgttatt
gcatttttag
gacaggcctg
agaggagagt
tettcttaca
tcttatttaa
tgtaaaaaat

ccccaaatge
agttccatag
tacagatttg
cctttgtttt
agggcagatt
attccagaat
aaggatattt
aggagccgag
tttgttaaaa
ttatgatgct
tcttattcag
atccaggtta
tctecatctece
ttecgaggtyg
aatatggaac
attcctttaa
aaaaatagtg
gaagagactt
aggaataaat
gagaattgtg
aaccaaagct
cttcaggcece
gtagagaagg
tteecgtgaac
tgaaggaaat
cattcttgce
tcaaaggact
ccataacagce
atatatatat
actaggaact
aactgtttct
tccaagacac
cataatataa
aaatattgac
gggtaactat
ccatgatata
agtgatgtce
taccgtatct
ctgttatgag
caactttgcc
tttctgttaa
tttataaatg
tctgattgea
ttgctgacgt
agaactggtyg
ttettagaat
gttaaaaagt
cctccaaaaa
gtttactgtg
aaaacaattc
gccttctaat
agaattaaat
ggtatccact
aattttcaaa
ttactgtgta
agtgattctc
catgttgttg
ctactttaca
agagaattct
gccatggaaa
gtcactccca
ttttcataat
gacaatgatt

atgtttgtga
caatattgtt
ctaaaagcag
tatttttggt
tgtgtatctt
caggaataaa
aacaactttg
gtgtacaaat
tgcaattaaa
gtaaaagtct
tttttacaaa
tatcagaaat
tectetectet
gcagcctcta
tatgatctca
aaccatagta
tttggaagca
ggaacaaagt
tggtaattca
aaaaaccttc
cctgcetgtea
cgcccacccet
gagagacata
agggacttct
aaaataaaga
tttctctage
aaagggtcct
catgtgtata
atgcacattt
ggctctgaca
ttaaaataac
agcataggaa
catgtaactg
tctggecectet
tgccttgtge
ataccctgct
catgactgga
cactaaccca
ccececatggte
ttgagtagaa
aatggtagga
aatcataatc
caaagacagc
gtgttttctg
tgggaagaat
atgggttata
agagaaaaaa
gaaagctaca
ttccaagacc
aattaatgca
aagaaaccat
tttgtgaggt
ttcactattt
gaatccaaag
tgtggatgtg
cattaccaag
atgatgatga
aaccaaccga
caaagttgaa
ttecatttgtg
tatattgaga
aatactgtga
ggaaagttaa

ttttttaaag
tccataaaac
cagggcagtt
tttgtttecac
cttctagegt
atgatataat
taaacactta
tttacttttg
cacactaatt
gaattgtcca
caactgttca
gccatgtaga
ctttttgcaa
gaaggacatg
gcecttaact
tgtttatgga
ccaccaagtc
tgtacagaat
gaggtaatgce
attaagaaaa
gcectetgggt
ggctagccac
atttgccatg
cattcagtgg
tgattattat
atatggaaaa
gggcttgttg
gaaaatatgt
tcagaacaaa
gggaccattt
gaagcaatat
caaattacag
gaaaacagaa
gagagccttg
tcagttgtgg
ttgttaatcc
tgttgggatg
gacctttact
ctctgatcta
ctcaaagaac
gacagaaagc
caataggatc
aatcatttct
aattaatatc
gggcactttt
caatgcctaa
tggatgaaaa
tataacttaa
atttatttce
tttcagggaa
aataatagaa
tgcatcattg
tetgteatag
agcatgcaaa
tgtgtgcctg
attctttcte
tattatgcct
ccagttataa
atctccatge
ttattggtga
tctgcactag
agtgggcact
ttatctaacc
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aatccctata
cataaggctc
attacaaaag
gtgtgtgttt
gaatctttat
gccttgtaat
caaatactgt
aaaaccctca
tgggaaaagc
gtcaattcat
aacttccatg
aaagccttca
actatgagag
ttttcagtta
cacatgcagt
gtaactctca
aggcaatggt
cattttgatg
gtctagatat
atgctatagce
gaaacaccac
ttgcgagtgg
atgctattat
tttaaaacac
aatgcacaca
tttgcagttg
gacttgttga
gnnnnnnnnn
gaaggggctt

caagggaggc
ttttcaattg

agacattaat
ggaaaatgat
tgatttcata
attgggttga
actatagggt
tgcaggtgag
cccattattt
gactagctca
tgctaaattt
aggcttctga
atattgaagg
gggtctgtta
ccctaattaa
gagtttttct
agcaacttgt
gacacatgat
tgctcaaaga
tcatgaatat
gggtgcttct
tagtacaatc
aatatattat
tgactattag
ttgcaaagta
tcttgagttt
ttaccactat
ataatggaac
aactgtagca
gcttccaaat
gattctacta
tctaatgget
attaatgtct
caatgttata

PCT/IB01/02798
tattcagaag 44940
ctgagaattt 45000
agggcaattc 45060
ttgtggtgtt 45120
aaaagagaga 45180
tattataata 45240
taagacaaag 45300
agttgagctt 45360
ctggtggtgt 45420
tatagatgaa 45480
aaaggttttt 45540
agaaatcaac 45600
ataagaaagt 45660
tgactttgag 45720
gttcectggag 45780
cgtataaaat 45840
tctaatagaa 45900
caaaattgta 45960
tcagcagtgg 46020
tgaggacctg 46080
tcaggcagcc 46140
gccctectgat 46200
gtttgtaaaa 46260
tagatcacaa 46320
gcttttcaaa 46380
ttaaatatag 46440
tgtctaagte 46500
nnnnnnntat 46560
tctgttatat 46620
gaaaggaaat 46680
aatggtcacc 46740
gccaagggtc 46800
gtagaaaatt 46860
cctgectgat 46920
aggataagtg 46980
taccecaggce 47040
ctgaaagacg 47100
agatgcttta 47160
tgatggagat 47220
tagagccaca 47280
cagtcaatac 47340
tttggtaaat 47400
ttatctctga 47460
cagagaagac 47520
cctttgggtt 47580
gcataaatgt 47640
ccaaaatgga 47700
aaatacttta 47760
acatcattaa 47820
agcatggtgt 47880
atcataggaa 47940
ttcgtaatga 48000
ctattttttg 48060
aattttagat 48120
ggaattctaa 48180
ccattagata 48240
aatcccagaa 48300
gttgcaaatg 48360
gattgtgcta 48420
attcagaaca 48480
ttacaaactg 48540
ccactttgca 48600
taactggcta 48660
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gtggtaaaac
gagatgctac
ttetggecte
gggacattcg
tttggcaata
tagaaatgta
tatgaggcat
atcgattata
attgatgtga
gggatgcagyg
aactgtaaaa
ctcatnccte
aaaattacat
atactagtta
tgacgtatgce
atggtatggt
cagcccccat
catccatatc
catcctatag
ctggectttt
aagagataca
tgaggattct
taaccaatct
tcectttactt
ttgattettt
ctgatcaaag
gtatcaacag
ccttaaaatg
catctccact
ccccaaaaag
tgagatgagc
taattttgte
gagttcaaaa
aaaaattagt
aggaaaattg
ctccagectg
atacatatag
aggcaagttt
attacaaatc
accccttega
atttatttct
tatcattatt
cacacacact
gtgggaaatg
aggagataat
ttagtgggce
ttgttcectt
aaaataatta
agttctttcce
taggtcagtg
tggaagactg
cacaatgctt
taatggggat
gcaaagcata
ttatcattgt
gacttcattc
aagctggaga
tttgtcttga
gtcaacaagc
aaaaatcgcce
aagctctaga
tctattccca
ctgatggcetg

tgggactcaa
cacctttcaa
atgttaactt
catacattgt
tgtatccaaa
tcectaagaaa
tatggcaatt
aattatgaaa
agatatgctg
tgtgtgtgtg
tgttagtggt
attttctaag
cagtnnnntn
agttacattc
gatgaggaat
tgtctgtgtt
taccacagtc
ccagagagca
tcctgtatgt
ttecttggtag
aaggaaagac
tggcttctgce
aaatgttgta
atttcataca
tgattttggt
tcaatatatg
agggttttta
aggcttccag
gatgtctata
agtttttgca
aatttgcagt
atttaaaaat
ccaccectgga
tgggcattgt
cttgaacccg
ggcgacagag
ggactgtgat
attttccaca
ctaggtaatg
atacagggtc
gtaaaacagc
tagaaaaaca
cgctcctaag
tcttccaget
aggtacctag
tgtagcatct
cataatacgt
cacaaagtgt
ctatgccaca
ctcectgttcea
tccactaaat
ttaaattctg
aaaatactaa
tgcaagacag
tctttttteca
caaatataaa
catagagttc
agatgtttca
cccagggacg
cagcaaaggt
tttgtccaaa
ggacctagcet
caggcatgta

aaccaggttg
tttagccatt
ttcttttett
tgccaagagt
agtaaaacat
aattgggggc
ttttaaaaat
ttggaataaa
atgacatatt
tgtgtgtgtg
ggtgtctctg
cctttaatag
nnaaaaanna
agttgcaagg
cccattetet
gccacggatc
accttgtaga
ggaagaagaa
agttacatgg
cctagtggece
tggcagtccce
tagctagccce
taattcaggg
aataagtgac
ctattgaaaa
ccececagggat
ttaataactg
aattttgaca
ttctcagaat
gtttattcta
tggcatcttt
acatatagga
caacaagctg
ggcgggtgec
ggaggtggag
caggactcta
ttttggcaac
aaggatctac
ggatctttgce
agactaacag
gacctcaggy
aaaatgttta
aactagaaag
gggtgtaata
gagataataa
tgaatttcat
acataaaatt
attaagcaat
cgcacacttce
gcettgaggg
aaaaataaaa
attttcattt
agtatttctc
aaagtgcctg
ttcatttaag
tccataagaa
tcaatgttcecc
tgaagatgct
cgcccecagece
ctttgaattt
tttaaaatcc
tttttttttt
agagcatttc

ctecagctgca
acaagcccetg
aaaaaagaca
atgaattaaa
acatactatc
agtagccaag
ggaaacaatc
tgcaaaccat
agtacaaaaa
tgtgtgtgtg
gggaatgggt
taaaatnatt
aattaatgga
gacaaaaaag
ctcatataaa
cagacacctt
ctagcatggce
ggaaatacag
tcaagctcag
ccatacagat
tgeccacgctce
agcttctgte
gattaaagag
cttgggagaa
aaaaatttaa
cctttatgece
gtgactggca
gaaactttac
gagctattca
aagaaaatca
gtcaaaggag
ggcagaagct
aaaccctcetg
tgtagtccecca
gttggagtga
tctceceeea
tgtctctcac
caccactact
atcatctecat
gaggacataa
aggaatgaaa
attttgeccet
aaaaatatgt
ttgacacata
cctaggtatc
cacttgggtc
tctgctgage
gtggcaatct
ttattttatg
taagatacca
atttgcaacc
tctecccagat
ttgtggagaa
acatagcaag
ctttcaatgt
gacaaatttt
atattaaatg
gctggaggtt
tgecctccagg
tatttcatcc
tgaagttaga
taacatacac
agtggtattg
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agagcctttt
ctgtcaacat
gtatttattg
acatctttte
tgaccaagaa
ggcatatgtt
ttagtctcta
taaaataaga
aagatcctat
tgtataatac
ttaagctgnt
taattataga
cattctaaca
cccaaaataa
gttggaggtg
ccttectgtt
tgctgtaget
gaaaagaggg
cttcaaaaaa
tctcetttgta
cccgcaagga
tcaaagatct
aaattgaacg
cacttttact
gagagaaaat
acaattagag
atgctggttt
aaggtcctat
ggaagaatat
gaatcctgta
ctttatgtaa
gggggattgce
tctagtaaaa
gctactecggg
gtggagatca
aaaataaata
cacctcacte
accagggatt
tegtatttece
ataagggtga
cagtgagcac
attcctacca
tagtgggaaa
ggtaatatgt
taattcaatg
tttaatccaa
aggttaattg
tctaccatta
gatcctgaga
tggtagtcca
tatagtaaaa
ctaatagata
gaatatttga
tagtcaataa
taaagaacta
tgataacata
tctctgacte
ggcagctggt
tgcagtacaa
aagaaaatcc
gatggtattt
aatagggatt
aatcaatgaa

PCT/IB01/02798
tattcagcat 48720
gctgtetttg 48780
ctggctgaaa 48840
cagaaaaccg 48900
agtccgettt 48960
tgaggatgtt 49020
gcaataagtt 49080
attgaacttt 49140
gtttgtectgt 49200
ctggaatgtt 49260
tcttttgcaa 49320
atgagaaagg 49380
gaaaccacgt 49440
gttgcttagg 49500
ctcattcage 49560
ccactttgca 49620
ctaaccctca 49680
tttetgettg 49740
agggcaagaa 49800
aaacagggaa 49860
tttgagtcte 49920
actgtaatat 49980
tttttgecatt 50040
gaaaattaaa 50100
tagtctgcta 50160
agtataggat 50220
tgtcttttat 50280
aacaggtttg 50340
gcttgattca 50400
aatggacagc 50460
atgtgcacct 50520
ctgagctcag 50580
aaaaaaatac 50640
aggctgagac 50700
cgccecctaca 50760
aataataaaa 50820
attttataga 50880
tgaaactcta 50940
atcagcagtt 51000
caaaggaaac 51060
ttgtagttag 51120
tacacacata 51180
atacgtgaaa 51240
gatgatacct 51300
gatttcagat 51360
aagaaactac 51420
ctgcctagtt 51480
aaataacacc 51540
atatttttat 51600
agccagggag 51660
acacaccaga 51720
tttatcaata 51780
gcaattatat 51840
actcaagtta 51900
taattgaaat 51960
aaaatataca 52020
atctecctte 52080
agctgtggat 52140
tgacattttt 52200
acagctcttt 52260
cactccttece 52320
tgataagttt 52380
gaattttgtt 52440
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gacatgtgaa
aaattcattg
ctgtttttcet
agtgcactga
ttctcacagt
catcttctece
taaactcctt
ctecttgeee
acccctaact
accggagaat
gtgacaaatc
atttggagaa
gtctttetee
tgtactctga
acttcttttt
aggtatacaa
ctaattaaca
gggtaacact
ccattaatga
ctaatatcte
tgcettcaatg
ctttetgtgt
tcaatggcag
acattttttt
tgtgaataac
ttectttggg
ttttttggga
acagtgtaaa
tgatggtgac
ccctgataat
ctttggaaaa
tttgtttttg
cttttgaata
ctgeetttte
gcaataagta
atcctatatt
tactatcact
taaaaagcac
actatgtgcect
agcttacagt
agtgatgtgg
cgctttgaga
tccagcattt
ctggccaaca
gtgcacgcct
gaggtggagg
gagactetgt
ggatgaggtt
taggagaaag
accecaggact
aatatgcaag
ccaaatcaga
gcctcaaggt
gaataacaag
aaaataaaga
tctcagagac
atgaatgtga
acaagtttca
caatgaagag
aggagctgtg
ttaaaagaaa
ggcttteact
ctteccactce

atcttataaa
tttcatacct
gcatttggaa
tagcaaacat
gattagaaga
aagctgccat
tatctettcet
cctaaatatc
ttcecataata
tgattcettcce
ctcttetcege
gtgttcacat
agatagggac
gccattactg
gtttectattt
tgtgatgatt
cacccatcac
taagatctaa
atcactttgt
cccatttcta
aatttgactt
ctagttcatt
gattttttte
tatccattca
gctgcagtaa
catatatcca
aacctccata
agggttatct
cattgtaaca
tagggatcgt
aaatctactc
ttttttagtt
ttatctcctt
attttgttta
gaaaagctta
tgatgttgac
actaatagta
ttttattgac
agacactaag
atgcttgaga
gttttgaaag
ggtcagggaa
tgggaggctyg
tggtgaaacc
gtaatcccag
ttgcagtgag
ctcaaaaaaa
tactacaacc
tgctgattca
aatggctggg
taatcataag
gtcgtatggt
ggccatctga
ggattaatga
ttggaatggt
ccctatatga
ctcatatgcet
ttececactcaa
tgcatggaag
attagagaga
agaattaagt
aatgattaat
ctggecttgga

aatattettt
cccecgagtaa
gctttcagag
aaggattgca
tggagtctca
tgacaacaat
tcagggggcece
agtaactcat
ttttecacttt
acctggagaa
aaggggtggt
ctgecegtggg
ttcttatgea
tgggctatgt
gtattgaggt
tgatatatgt
cgcatatatt
tctectagea
ttattagatc
ccceetgtec
tttgagattc
tcacttagca
tttattatgg
tcecatcagta
acacggggct
gaagtgggat
ctgcgtttea
tttetttatg
gatatgaggt
atgcactttt
agaatttgct
tgggggettt
ttcagaaata
ttgttagtta
caatgaatat
tatgctgcta
ataacaataa
attatttttt
atagtcttga
gtgggaggga
aagtaatgca
ggttttagtg
aggcaggcag
ccatctcectac
ctacttggga
ctgagattgt
aaaaaaaaga
ctgtgatgta
gagaacatag
tcttatgget
ttcgtgatag
atccagagct
aattaggagg
cagggtgaag
gtggggatag
gatatgtgtt
tagaaactgg
cttecatgtgt
aaaagtggga
gaatacattt
aaaaatatat
gccatctaaa
ctaccatggt

accgaaggac
ctgggaaaaa
gaacataatg
ggtggggect
cgtecctgece
atggataaca
atactgacat
tcaaaataat
cattttcect
ttttatttte
ttccatagtt
atgagactgt
actcaaggat
ttatatggcce
gtgattaaca
acacagtgta
cagtagttac
aatctcatgt
ctgagaactt
ccagcccecetg
catatataaa
taacgteccte
ctgagtaata
gacacttagg
gcagatgtct
tgtgggatca
gaatggctct
cctttgecaa
gatatctcaa
tcatatacct
catttataat
ttgttattga
tggtgttcca
tttatttctg
tgataagtat
atataaaact
tgacaaagat
aatccatcaa
aagaaacatg
aaaaggcagc
agatgcaatg
cataatctta
atcacctgag
taaaaatcca
ggctaaggca
gccactgcaa
gagagagaga
gaaagaccta
ggatgtgaat
cctagecccca
agaaataaac
ttaaaatcta
caagtcagcce
tgtgatgaca
atgttgggct
atgaatatag
ggggaaaggg
ttggececetga
tggccaagaa
ctatgtcteca
tgaagataaa
actgggtaac
atcttaccct
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tgagttatgt
tatgttaata
tagaggtgtt
gagagtcctc
tgtgaacttt
ataataacaa
cttectettee
gtcaccttac
ccaagcagcce
tttagccttt
gtttatatce
atctectttte
gggtacatga
attttaccat
aataaaattg
aaacgattgt
ctctgtgtgt
atacaataca
ggccatcettt
gtaaccacaa
tgagattatg
caggcttatce
tttcattgta
ttgttccectg
ctttgagata
tatggtagtt
accaatttaa
atagttatct
tgtggtttaa
attggccatt
cagattattt
gttgtatgag
attttccect
tcagtttaaa
tattttgtgg
actacaacta
tatagtacta
ctgatattta
cacagtctcc
attgagctag
agaatatata
aaatcaaaac
gtcatgagtt
aatattaccce
caagaatcac
tgtagcctgg
atgaggaaaa
catgcectggt
tacattcaac
tgctttatcce
tatcagggct
ttaaatcctt
tecttatcac
aaatcgagca
tgaagtgtat
cagcatgctt
gtcaggtaat
ataaagcttt
gttatctgtt
gcaagaaaat
atggtcctga
aggaaaactt
caaggctgaa
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ggcagtgggce
catagtctct
tctttagcaa
atgagataga
ctggaaaaac
taaggcccaa
ttggtttcece
caagagcagc
cactegtagg
ttggtttteca
tgcccteata
tttettttgg
aaaataaaat
agagttattt
taaatactta
tgcaaccaag
gtggggtggyg
gtattattaa
tgactgataa
tecctactcte
cggtgtttgt
catatagttg
tgtctatacc
tcttgaccat
ctgatttcat
ctatttttaa
atccccacca
tttgtctttt
atttgtattt
catatgtctt
gcattttgtg
ttctttgeat
gtteccataga
aaaatggagg
tecectecttece
cctttactcece
gcttecttacc
ctgagtacca
acactcatag
caatcacaag
aattggggtce
cttgagtaat
tgagaccagc
aggtgttotg
ttgaaccecgg
gcaacagagt
gaatgactaa
cagccattta
cagagggaga
agctgaaaaa
actctgagtg
gttaatagat
aaagatttga
aggagatagt
agatgtggca
atgacatctt
tcagtgtgac
ccagaggcag
tgtaccgggce
aattaattaa
aatacttgat
tecatcteagt
caggagcata

52500
52560
52620
52680
52740
52800
52860
52920
52980
53040
53100
53160
53220
53280
53340
53400
53460
53520
53580
53640
53700
53760
53820
53880
53940
54000
54060
54120
54180
54240
54300
54360
54420
54480
54540
54600
54660
54720
54780
54840
54900
54960
55020
55080
55140
55200
55260
55320
55380
55440
55500
55560
55620
55680
55740
55800
55860
55920
55980
56040
56100
56160
56220
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taccacttct
tttatttatt
cgggatcteg
ctceceaagta
ttagtagaga
tecegeeegece
ctttttattt
taaaattaaa
ttccaatgag
gcattttatc
atgtttccte
cactttctta
acacttttet
‘ttgatgtctg
gtcacttctg
acagtccagt
ctegettaga
tagactgtgg
ggagtctaaa
taggactttg
gagcettgge
catcttgtaa
catcattgaa
gtectcactet
gcctecoccagg
tgcgccacca
gtcaggetgg
gggattacag
aaaacagagt
tgaaataaat
gagttcccat
atttgaccca
cttgtaaaag
cagagctgag
tecccaactcet
tcatacattt
tggaaataaa
gcatggatga
aaaacaatga
gtaaccctaa
gggtgactca
caattagtcc
acattttaaa
taaatgaaat
accatatttt
aacaagattg
aaccaatgct
tctetetceta
catatataag
gctggcataa
tagcaactaa
tatatcaaat
gatagtcaat
tctattgage
aatttatttt
gaataggaac
ctttetgttt
agtttggagc
gctctttaac
aggacattte
agtttaataa
ttaaaacgag
gcctgcaatg

ttttatttat
tattttttga
gctcactgca
gctgggacta
cggggtttea
tcggecetece
ttaaaacaag
aggaagagtt
taacttggag
tcacatgaaa
ttcctacacce
tcctcaaaaa
tttatgtctg
cttctecaac
caactgtgct
gaaagaagga
agctgctetg
caataacacc
gcaagcagta
gatatctctg
aggacataac
gcatataaga
aagaacccaa
cctgccecagg
ttcaagtgat
cgecctggetg
tcttgaactce
gtgtgagcca
ttattggaat
tagaaaaaat
ttaactactg
aagtttaaaa
agaatgatct
tggtggetge
ccatattgtc
atttttctaa
taaacaagta
atgaataaag
gaaatgaacc
gcctagtttt
cggaataaat
acacatttca
atgttaaaat
gtactaaaaa
ctactctgta
attaaggtgg
tctgtgatge
tgtgtgtgta
tgcatatgtg
aactattagg
ttttaaattg
atttccatta
gaattagggc
catttgtgga
gtgttctgaa
catatgcagg
ttataataaa
aggaggacta
gccacttgtt
tcatgtttat
gatactgagc
taagcgaatg
tetttectgge

ttatttattt
gacggagtct
agctcecgect
caggecgeccg
ccgttttage
aaagtgctgg
caaaatgtga
tacttgaaat
gttaatgttg
aagcatttct
acttccttcet
ataagccagg
tcataatttt
caggggaaat
ttagacatga
ggcagtacct
tttgtectece
cttttccata
cacttggagt
gatagttttg
cctgacttct
taaatttgtc
actcattcett
ctggaatcca
tctecectgect
atttttgtat
ctgacctcat
ctgtgcccag
gaaacatttg
gaggtatcaa
ggaactgttg
accagagtat
ggcaataaag
cacatgagca
tccacagcac
gagtagagaa
ataaattcat
aataaataca
tagtatttta
ctecattatgt
gaaaataatg
gtgattccaa
cataactcag
atcaaaactg
tccteatcecea
cttaattttce
tgagtttttt
tatatacaca
tgtatatgta
attttatata
ttttectaca
ttatggtatt
acataaaaga
ggagaatata
acacaaatta
catgcaagga
tgaaaatgca
gcagaaaggt
aaaatttttt
ccagttatta
atggtaaatg
tcctagaacc
tcttteteat

atttatttat
cgctetgteg
ccegggttea
ccactacgce
cgggatggte
gattacaggce
acatgttcte
cttcttteaa
agtcgattet
gcctecagga
cactcatcct
tacctctgtt
aataaaataa
tccattactt
gagatgatca
tecttggctta
tggtcttgte
cagaacactt
ttgcttcecag
ccaggatgtce
gttatgtttc
ttatgtttag
ttttttttte
gtggcacaat
cagcctcecag
ttttagtaga
gatccgccea
ctgaacccaa
aacggctgta
taatatctga
attttgttea
tttacataaa
agctctcatt
gaggcagaga
tggaggtgag
agatttctcet
aaatatataa
aggcatttta
agaaaaaagt
tacttgctag
taactttaga
aatagtattt
cataattgga
tcteccattgg
gttactataa
ctcaccatta
acgagtaata
aacatatata
tatgtgtata
tttcaatggg
ttcccacatg
tgtttcctcet
tcttcttact
ggcatctttt
caattacaat
aacgattcaa
catacttgta
attgttaget
gttaatcaac
atgaaattta
tgtgcaattc
cctgaaaaac
ctetgtgeat
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ttatttattt
ceccaggetgg
cgccattete
cggctaattt
tcgatctcecet
gtgagccacc
ataaaaaatt
tgtatcctte
tctcagacte
agcactgaca
tcagaactca
acatgtttte
attaaggata
tagagaccat
attatgttta
tgaaagtact
tgtaagaact
atttctatat
aaagtgcctce
tcctctaata
acctctttca
aaatatagtg
tttttttttt
cttggctcat
agtagctggg
aaccgggttt
ccteggecte
actaattgta
ctttgtaatt
gagacagcaa
aagtgggact
aacccacacg
tccacctgge
ggctttattg
tgttttacct
ttgtcegtga
atgtataaag
aaagcaccct
tattccgatg
gtctcaggag
tcacaaagat
tcatatattt
agctggctca
tattatgtat
gtaattaggt
ttaaattaaa
atttattctc
tacacacgtt
tacatatata
cagtgattct
tgcacataca
tttcaaatat
cttctacaga
gtctgcagtt
catagctata
tctggtgece
aatttaactg
tggtaagtta
ttaattatat
taccatgctt
ctaataaatt
ccecteccat
tgctgatgtg
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atttnnnnnn 56280
agtgcagtgg 56340
ctgectcage 56400
ttttgtattt 56460
gacctcgtga 56520
gcgeceggee 56580
aatatggaaa 56640
ctcattecttec 56700
ctgcatttat 56760
ttttcacaga 56820
gctcaaacat 56880
atatcatecct 56940
taattagttg 57000
accagtcatg 57060
ttaaccgaga 57120
tatttgacct 57180
agaaattgaa 57240
gcatgtcgtt 57300
gcagaggttg 57360
tgtggtggca 57420
gaactctttt 57480
ttaggaatag 57540
ttgagacaga 57600
tgcaacctce 57660
actacaggca 57720
caccatgttg 57780
ccaaagtgct 57840
tgttaatgag 57900
ttgaaactgt 57960
actgatgttt 58020
ttgtttttaa 58080
tcctacccat 58140
tagagttggc 58200
tgcctcagtt 58260
acccaagaat 58320
ctctatcgtg 58380
atacacaaat 58440
gtgattacag 58500
tgttaaatat 58560
gcacttggtt 58620
tatataataa 58680
tatgttttta 58740
agttctctta 58800
tatactttte 58860
aatttaataa 58920
tacatgaagt 58980
tctttectecece 59040
tttatatata 59100
tagaaacatt 59160
gatcacacat 59220
tattttacct 59280
tgcttatgga 59340
aaaaataggc 59400
tgaaaccaca 59460
attataatta 59520
ttgaagtgat 59580
caagaccaca 59640
tatgtggtga 59700
taatttgtct 59760
aataaggctg 59820
tatcctcacg 59880
cctctgtcat 59940
cttgtcactt 60000
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aggggcccect
gtctegetet
ccteccaggt
ccgceccaccat
ccaggatgat
tactgtgggg
agccccatac
acatgacctce
gatgcataga
gagataagac
acgtttatgg
atttatgact
gattgcaagt
atttetgtet
gttttggttt
atgacctccce
cactgggaaa
caggtcagga
tttcectgea
ccttgcccceca
aggagagagg
aactcaggga
aagagctaaa
tagtttcttt
ttggtgctat
ctgaaataat
ctaatattta
agcaccataa
acagcataag
gtccacgtta
taacccagtt
nattgttttg
gtgagagagg
gcacctttga
gccttetaga
caggctttta
atctcccetga
tttttttett
cgtgatcttg
ctcecegagtt
tagaagagac
gcttgtttat
tgagtgtttce
aagacaaatc
agtcaataag
gtgtgcttaa
accaagcagg
gtcactccag
gctgtgacaa
gacagatgtg
tgaggaaagt
gtcagtttcc
aacaggtgct
gctctttgaa
agcatttcaa
ttcccacaaa
tccagaacgce
tccagaaacc
gatccttett
actccatctt
ctgattccett
cattcacgat
tgcgttcacg

cgtgcectgtt
gtcatcaggce
tcaagcgatt
gccecagctaa
ctcgatcette
acaagatgac
ctggtttett
ctcacctcecte
cacccaacac
tctggaaaca
aaaatgggga
tagtaaagaa
gtecattecgge
gtgagcctgce
gtttectectec
aatcaaaagc
aaatgaagtt
gagtgcaaat
gagcaaaccc
tectectgetgg
acacaactct
tcatttttec
aaaataggct
agagaaacac
tttacaacat
ttagaaacac
tggaccactc
aggtaggtac
gaatttgatg
tacttttaac
tctteattea
ctattgcaga
tgttctaaca
ctetcetgaga
aacgtgtaag
caccagatga
ttaatggatg
ttttttttga
gctcactgaa
gctgggtcta
ggggtttcac
ctecatttgece
taaagggtat
taaaatatta
gcaattcttt
gtgtgagtct
tatatagctg
tgcttgataa
gcegttttece
gctgcecacact
ctctgacaag
ctctggtage
tgctgaaagt
aacatttcca
gtgacaaagt
ctggcagatc
agctctectece
tccaaaccaa
caattctgte
catattcctg
gattatattt
aggcatttgc
tgcagaaaac

cctttttttt
tggagtgcat
cteetgecte
ttttttgtat
tgacctcgtg
tcgtggtgaa
ttectttttg
ccttettect
aacatcttgt
tatttcagct
tgagaatgca
ttatttggaa
ctttetetge
ctctgtttte
ttgcatatta
cctaacgaga
gcgtggggge
ggaagganan
aaagtegttt
aaccactact
ttggcecatac
tgtcaaactt
attacagtct
cacgtagtta
aatattaagt
agataaaaaa
actgtgtgtt
taatacgatc
aaggtcacat
tacttcattt
tttattcatt
ccttctaaga
tatatagcta
tatggcagat
ggtgctegtt
cacgaaatgg
ttgaacattt
gatggagtct
agctcecgect
caggtgcectg
tgtgttagcc
catttatctg
attgtttctt
aatgcttgac
tatgtggtat
tagaaaggtg
tttaaatact
atagaagtct
cgctgetget
tttgaaccat
agaatgaaag
atattccacc
aggtcaaacg
ttgaaggcta
gacatcctag
atttcaagaa
ccagcccatt
cccattatgce
attacttcag
ccctcecaaaat
ggtcatttte
caaaaatttt
atagcctcac

tttttttttt
tggtgcgatc
agcctcctga
tttagtagag
atctgcetge
aaagaaaagc
tgctacaact
cccecagctac
tttgagacta
acactaccta
gttttectgg
ggaacagacc
ctgtctctca
tcaccttgaa
cccaagtatg
ctcececcagaa
atcagaaaca
gagcaggtnc
gaaaccgcecc
caaccaccct
taagtggtga
ctraatctta
cacctgaagc
ctataaactt
cgatttcctt
tacctatgtg
ttattaggta
tgttttacaa
agttactgaa
tcacccctgt
ccactatcga
cctttettat
ggacagcaat
ggctctecegg
gtctacatct
tgtcctgtaa
ttaggttcaa
tgctctgteg
cctgggtteca
ccaccacgcec
aggatggtct
ttgattttte
tctaaataaa
acatgtgcect
taaagaaacc
aaaagttata
attttagcat
attcaattgg
caggtaggag
cttccaacac
tacatatgca
gcgtgectec
gtggcgaaat
agattgaggg
gcactcctga
ttgatggagc
cccacaaaga
ttctectttt
tattttgata
caggtcagtg
ttttttgttt
ctgaattata
acacagcaga
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tttttttttt
tecggeteact
gtagctgaga
acggggttte
cttttcetgt
ctaggaacat
gcctaaatge
agatctcctt
cacgctattg
ccagtggtac
gtttgagaga
atctgctcaa
ctectecegttt
cactggcttt
gctgattgtg
aacacccaaa
ggaggcgtgg
tgetgaagcece
tttttaatcc
ccttagette
gacttgactg
taggacttga
tcaaatcatg
acaaatggac
gcatttaaaa
tctgtcagaa
ttaaattatt
aagaggaggt
tggggatttc
gtattaccct
tggacattga
ccgtgecttt
ttctgggtta
atgatagggce
tcatctgcac
tgtaaatttg
gggccacaca
cccaggctgg
cgccattcete
cggctaattt
cgatctectg
taagtgatgt
aatttaagat
ttttcatcte
gattagaaag
attgactctt
aagccatagce
accctcattce
tttteatctc
acccecgtge
tgagacgtgg
tgtgaggaac
tattccttcea
gaggtggect
aactgtcttc
ccatgagaat
aactaggttt
gtecctcteca
ttttttgact
cttectcaac
ctetttette
cgtgattgta
cccaaattcet
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ttgagaagga
gcaacctcta
ctacaggecgce
accacgttgg
ttttggtcca
agataagcca
gcatctccca
atcttcacct
tggtctgtta
gcgacaggac
attattgagt
agggaacatt
gagccacatg
attctgtttt
actgggtgta
ggtgaaggtg
ccgggagceag
aagtattgga
tctctgaaag
atggaatggg
cagtacttac
gaagtttatt
ctgtataaga
aatttgtaaa
aatacatatt
ataataatag
taatgctcac
tgaggcacag
atctcaggca
actgtgaaaa
gcttgnnttn
gtatgcacac
aaggatatga
tattttgtat
ttgatgttat
catctcecetg
ttttettttt
agtgcggtgg
ctgcceccecage
tttgtatttt
actgtagatt
tcaggaattc
attagatata
tccecatgttt
ttgecttegtt
ttagcaccaa
tgtgggaagg
ctcagcggcet
ttgacacttt
tctattacca
tacaatggat
agagggaggt
gtgttttaat
gtgtgatgtg
ttcgtgaacc
gtaggttcce
tcecctgeatt
aattcaatct
cattctctce
agagtgatct
tctattgett
catatccagc
tactctcccce

60060
60120
60180
60240
60300
60360
60420
60480
60540
60600
60660
60720
60780
60840
60900
60960
61020
61080
61140
61200
61260
61320
61380
61440
61500
61560
61620
61680
61740
61800
61860
61920
61980
62040
62100
62160
62220
62280
62340
62400
62460
62520
62580
62640
62700
62760
62820
62880
62940
63000
63060
63120
63180
63240
63300
63360
63420
63480
63540
63600
63660
63720
63780
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ttaggcaggt
cacagtcaaa
atgcatgcag
caggctcaca
acatgcacac
acaactcaca
ggcacacaca
acagtgacac
gcatgctceac
acatgcatgc
cagtgacaca
caaacacact
acacatacac
aacaactgct
attacctgga
gctaaaatgce
aacagagagg
tatatattca
gaatagacac
atttttattt
ttaaacctca
tcaaactaaa
ctcttgaatg
ttaaaatgtc
gcaaaaatga
cteccaggtta
attttctcag
tatgcactct
atcaggcagt
caaaatgagt
tttattaaat
acagctagcet
gttcaactgce
tgattctaga
atggcgtegt
tacccatgaa
ttttgtcaaa
aaaatataaa
actcagtact
ctttectagac
ttattattac
gattttagca
tcagaantca
tactgctgga
gcccaaagea
attgtattgc
caaagatagg
ttttaggagt
gtccagttaa
atgtttcacc
gagtacatgg
ccttgcagga
atatatatat
tgttgcggaa
tgaacactte
agtcaataat
aattgaaagg
tgtaggccac
aaattgtgaa
gctttecataa
caggatatag
ctgtagtcett
tagtaaggca

gtcaaacgat
aacacagcat
agacacacag
catgctcaca
tcgtgecacat
tgtacataca
catatctaca
acaatcacac
acacaccteca
acacagacat
gtgacacaca
tgtacataat
tcacacacag
tggaggaaaa
ataaatatta
tacttgaaaa
ccaattgtat
atatgtatct
cagatgacca
atttgtttat
ctggaagaaa
ttecetgtcete
tttacaatta
cattggagac
aggatgagtt
aatacacagc
tgttcaacac
aaagctgctg
tcagtcctte
ctttccttaa
atcacaagtg
tcaattttga
ccaccgttta
tgtaggaatt
gtcacctgtc
gacaaagata
gtctgttgag
acatcatgta
gaagtctagg
accagggaac
ctatgtccag
ttttcattct
gagggtcatg
acatgtatag
gaatggtgtg
ttgaactcta
gaaggggatg
ccttgctaag
ctatgtcaac
ccecgaggceta
aggaaattaa
actgagtact
atatgagcett
taactaatat
attgttgaaa
gaagtcatgce
tttttgtaca
aaagtgtgag
tatccattat
agaaaatttc
gaaaagttct
agtggcagta
tcatagctat

acttecccca
gcatgtgtac
tcaaaaacac
cgcacacaca
acacatgcct
cacacagtga
cgcacatgcet
gcacacacat
caatgcacac
gcatacacac
gacatttaca
catgcatgct
gcgcacacac
gtttgtagga
aaaccaggaa
aggcctattg
aaatcctcag
aatatatcct
ggcataggat
ctgtcttact
tatgcagaac
ctattatatt
tattaattag
aaatttccat
tttetgtttg
cttetttaag
aatctgcagt
acaggtttag
gcatttgttt
agattctaca
aggtcctgeca
attcataatt
atactaaaaa
taattagctg
tagcagccct
aagaaaaact
attattcagt
tattcaaatt
aacatcaggc
atgagagaaa
ccaagtaagc
taatttttac
aagaanngga
tgaggcctece
gcttectgga
gtgtectaat
aaagggtctt
acacctcagg
agtaccaaca
ctttcecteag
gttatatcaa
gaagcttagg
tttctactet
tttttatttt
agccaagatt
aggggtattg
tgtcatcatt
gaaaccagga
ggcattgtac
ccatgtttta
gttttaaata
teccaatgece
gtgactgcca

aatgctcacg
acacacatac
agcatgcatg
cctcaaacac
acacacttat
cacacaatcg
catgcacaca
atgcacacat
tcacaaacgg
gcttatacac
tgcttatgca
cacacataca
attcatttte
aaaagtgaat
aaataaaata
taattttgaa
ttctaaatat
gattatattt
aataaaaaat
ggcaattaaa
attttaaaat
ttcatectec
gagacatgtg
caccaaagat
ttcgtttggt
acttaaaccc
agaagggttt
acataatcta
taatgttttt
tagctcaaaa
ttgcattaga
tgtctcttga
taaaagatga
tgggaatgtc
attgtagtecc
cacaacaata
aactatgtgg
gtttaatcta
taaaaaaaat
attattgtgg
aaggtcaaca
tctagtattt
cagccctggt
tttgttgacc
ataggagatce
ttgttttact
gggaccacca
ggaaactgcc
ttactttcat
aaggaggcag
aaattattgt
aacaccaggc
ttetggacac
tcttacceat
ttagcatgtt
agttcttaat
tacttttecet
gattttaagt
tctaggaaat
aatcaattca
tttettactt
cagaaatggc
tggcattatg
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catgcacgca
acactcatac
tgtacacaca
acacagtgac
acatgctcat
cagacacaca
cacttcacac
gcatatggct
tgacacactg
acacacacct
cacatgcaca
cacgcacata
aatttctcag
ataaaaatgg
gctacatgta
gtcagtggcce
cccatatata
cnaaataata
aagattaaaa
cagttttgct
tatttgcatg
agtttgaatc
ctaacttatg
ttgttgeatt
ttggttttge
agggtttgaa
ggagcagcaa
aaatgtaagt
cctaaatact
ttattttatt
aatgcagtgt
gtttaaaaca
acataaaagt
aatgacatct
ttectgactt
caggtaacta
ttggcggagt
atgcgtccecat
aatggttgga
aaggactaat
cttcaccgtt
cactgacact
gactgccaca
atcaccctgg
atattacttg
cactttgtat
tctaggttac
tttctgaagce
ttaatacagg
aagatgctcc
tgaatctact
taaaatatat
caaggaacat
gtccagccaa
tattcttaat
ccataaatta
ttctecctact
agtgttctat
acatgttgtc
agacagatga
taactgatat
ttttgtgtge
attgataagg
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aacagagaca 63840
aggctcacac 63900
cacactcata 63960
acagacacac 64020
gcacgctcac 64080
catgcacaca 64140
gtacatacac 64200
acacacacgt 64260
acacacacac 64320
cacgcatact 64380
cacacatgca 64440
cctcacacac 64500
gggaatataa 64560
ttatgcagta 64620
gaaaggggta 64680
aaataaacta 64740
tttatttaaa 64800
attatattta 64860
tatcagtgtt 64920
tctttgattt 64980
ccacattatc 65040
agtcctataa 65100
ccaagcattt 65160
gtcacctttg 65220
aagtcttgat 65280
agtgctgtgt 65340
tatgatgecet 65400
cactttgtgt 65460
ctaaatattt 65520
tatgtatgca 65580
attagaaagg 65640
aaagttttgt 65700
caatttgaag 65760
caaaaccatc 65820
ctcactaact 65880
agaaagcacc 65940
actagtgaga 66000
ccttttagga 66060
tttttctact 66120
attcttattt 66180
gaaaagccaa 66240
tgagtgtatg 66300
ggctgagact 66360
gtecttettgt 66420
aagcaacaag 66480
taatacatgc 66540
agcatcccte 66600
ctggctcatg 66660
agatagagaa 66720
atggccaatt 66780
atgaatccag 66840
atatatatat 66900
gaaagaaaag 66960
gtaagcaaag 67020
ttttecttecca 67080
taggttagtt 67140
aatccataaa 67200
aagatagttt 67260
ctaaattgaa 67320
ttttattggg 67380
atttgtatct 67440
tecetagtget 67500
agtctctaaa 67560
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cagcagaaaa
cttagaaaag
tatgagtttt
gtggtgaaca
aatgtaaatg
aggtggagag
actgcagtca
gcaaaatttt
caacatcact
agtgacacat
cattgctcca
ggaaaccagc
tggcctggac
agtctgagcec
tcgtecagetg
gcagggccca
gctecggggtt
gcttacttca
gttggtgtgg
ccactgggtt
tcaatcctge
gttaaaatct
cacatgtgtt
agctatactc
cattccaata
aatcataggce
ctctaaggac
ttatgtttte
gaataattgt
aagcaaaaga
tttacattgt
tcatcatgta
gttttagtac
tgttttacte
ttatcctaat
tcttcagaat
gagcttttat
attttgaaag
acctgatttce
tttcaaatce
tccactgeag
tgtagatgtc
cagcacagag
accatggcaa
gttcatgtac
cttttttaat
agactacctg
ctacttagac
tcacagagtt
atcttggcac
ttggtgtcca
ctecectgggag
cttgttgtte
acttttggac
ttgtcaaagt
gtaccatttt
agctggtata
gtttectgtt
tattctcetta
gtatcaacaa
ttcacatcct
gtctttataa
aaacagattt

ggactatatg
cccagaaaat
caaataccct
atcaagttga
cteccaccat
agatgtgatt
gagatggcat
gtttgcagaa
gtagagggaa
ccaaagtgat
cttcagtaat
ttggtaggta
agacactaac
aatctcagcet
gcatctctga
tggccacctg
ccaagagcag
cctttgetac
aggatactgc
ttttcacaca
ttagaggtga
agtttgtgtt
tgttgatttg
acatggccta
aagagagcca
tettggtacc
gcatcaggaa
agtgttgata
gtacattgat
tgtcccactt
gteccttgtte
attgcattgt
atggctgatg
actcaagcag
ttatatttat
ctttaagtta
gaagtactta
tttataaatg
ttatgttaca
ttagagtgct
gctagactcet
atcatactca
acaagattta
tcttaaatct
ttataccttce
atatagagca
gtttgggctce
tttctgagec
gttgaggatt
aaaccaagca
ttttaattgc
gtttgetttc
tgcttgaggt
acaaagcaag
tacagagacc
gtagcecctgg
caagacagtt
gctgetgtaa
gaactctgea
ggctgecattg
ggaggccacc
tgcctccaaa
agttgatttt

taatatatat
agtctcccecet
acagcagact
agtccaggag
ggccaattte
gcagctccag
atacatacat
agtggaattt
agagagaggg
gcatcactte
agtaagctga
taatagcttt
tecttgcteat
gactacagct
ttttgggtgt
gccaccatge
caagagtaat
catctcactg
caaggatgtg
ggctaagagg
tttectttcac
gtaaagtcaa
tgatttcaca
gagataaagg
gccactgata
tttgtggaga
cagacagatg
taagtgttac
agtagaagta
gcaaatggga
ttatgttcat
tctccaaata
cagtattcag
caatttaaag
tgcaacctct
ctgtttcata
agcatttata
ttcacggtce
ccttcaggcce
ttccaagact
acactgaagt
tttectctgt
aactcagttc
ttctgtgaaa
tatccaacca
atgttgactg
acaatgtcta
tgtttctcea
aaagatgtta
ctccagaaaa
gtgagaagcc
atggcaggac
tggactcagt
atgaaagcgt
ccacgttgge
gcacttttat
tgagctggtg
caaataacca
gttagaagtc
ctttgggaga
tgcatttgca
tggttgcaaa
tgaccatgga

gacccagact
teccecacaagg
cagagatgcc
tcetgactgt
aagtcaccaa
cacaccacag
acatgtcata
ttgatgcecte
agactttcga
catttectgtt
gtgatgtaga
tgctaaacca
gaatttgcgg
gagctcecacce
ggctecgecat
aacaggctag
ttctaataca
accaaaataa
tggatacagg
aatttgaaaa
accagccatt
gaggagctgg
tctaacctta
gtctgtccag
gggcgtggea
tggacatgtg
ggaaaggcag
ctttttcata
atgaatatcc
gatttatttt
ggctcatatg
agtttatttc
tggaggagac
acagatttca
gagaccacta
ggaaaaatta
ccacaaaaaa
atttcaagat
ttcectgtaa
gaaataatga
ctcatttatt
gagaaaactg
atcctgtett
aacagattgt
caaatacttg
atgaattttg
agatgtttct
tatgtaaaag
ttacatgagc
cagtagetcet
ctceceegtgt
tcagaatcaa
cccattgtte
tggttgetgt
aagtcacctt
acnaatcatg
tectgtcaaaa
caaattcagt
caaaatggac
ctectggagaa
tttettaact
actaacacat

gttggggtat
51

agagtaacaa
gttattattt
ataagagctg
tagcatttte
catgacatca
ctggggcaag
catgtctatg
catccaaagt
gaaggcacac
ctggttgtga
tgagctatat
caaggcatce
atcagttgaa
ctgectetge
taattggaat
gctgecagggt
caagtatttt
gtecacatgge
gaggtgaatt
tcactggett
actggtgctt
tgattgaaaa
ctcttacaga
gattccetta
gctggcaggyg
gattccette
tctctaagga
taaattettt
agatgtcttc
aggttttatg
caagatggtt
aaaatccaat
tttgttttac
tttectgagcet
ttttgtectcet
ttggagaaat
agataagata
tactaatctc
gcaactgact
gagttacaga
ttegttttac
agtcacagaa
caaaattgat
cttcagettt
gtgaggaagc
actgtctgat
atctectgtgg
gggatgcaaa
aagcaacatc
tatttcaata
ttggcttaga
tgcgggaaaa
cagactcatt
tatgagtttt
gtgtggaacc
tttcnataga
tcgttgacaa
gacttaaaac
tteecttagge
gaaatggctt
ttatgagagt
gettttgttt
ggggacaagg
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agctaaacac
atgatcaatg
ggggagetgg
tgctttcececat
gtaaacatga
ctgcactceece
taaacacgtt
acctagtttc
cctttcteaa
gaaccaatca
gccaggaaga
taaaacttaa
cagecetget
ggtcagccac
gaagagaatg
tgatgtggtc
ccaagtctcet
tgagtctgga
caattggagg
ggcatcataa
tttcecttett
aaataacatc
gtagagtgaa
ctecggcetcte
tgtccactga
tgtcctgact
tatccactgg
gtattggaca
taaataaggg
catttggtcet
tctgagaatt
taaaacacaa
taagttgagt
gtactattca
ttgectacag
ttaatagaaa
gctttagatc
ttcennnnnn
gcatctctac
gcacacggtg
agccaaaaga
aggtgaaatc
attccattaa
cagatttagg
tgctgtcact
acaaggcaag
gcctagaaat
agtatctacc
tttggaatga
atccatcctg
cttccacagt
agtgaccttt
gtctcattac
atatctgtag
ctatggtcag
aggtgatttg
tgctgtgtta
cacacacatg
taaacacaag
ccttgetttt
ctgtaatgat
ttatgaagce
ttggcagcca

67620
67680
67740
67800
67860
67920
67980
68040
68100
68160
68220
68280
68340
68400
68460
68520
68580
68640
68700
68760
68820
68880
68940
69000
69060
69120
69180
69240
69300
69360
69420
69480
69540
69600
69660
69720
69780
69840
69900
69960
70020
70080
70140
70200
70260
70320
70380
70440
70500
70560
70620
70680
70740
70800
70860
70920
70980
71040
71100
71160
71220
71280
71340
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tttttatgtt
tagtcattat
cccagtgcag
gctcacgaat
tggggcctga
acactttgag
atagactctt
tcaaagccaa
tgacattgca
ttatattaaa
atgtactcac
gagggataga
tattttgtgg
aaaaaattga
atgtcatcag
gaattgagtt
taatatttaa
agttactgcet
gtaagtgatt
caacctaatt
agtttecctga
taagacataa
cagatgaaat
gaaaaggaat
aaaaatttta
agtcatttct
tgatttttgt
ggtgacagga
ttagatcctt
taattaatte
tcacaaaatt
tgttectaagce
gtactatttt
acagtgccag
aggataagga
gaagaggcag
atccacagct
ccagacagta
tgtgtggtgg
tccttteeat
tctetecatt
atagactagg
caccatatag
ggattatgac
aatgaatgtg
tcatgctaaa
aactggggat
ctagtatcat
caaggatgcc
ataggacaag
tgtttgcaga
aagaactgat
tagcatttct
ttacggtagc
cataatgaac
atattccata
cagtctacag
aaaaaaattc
acaaagctgg
aaacgccgtg
cagaaggaaa
actggggaaa
aactaacccc

agtgtagtcce
agacttttag
cctgcectatta
cacctgggaa
gatcctgeat
taacaatgct
tgtattttga
actaaaaaca
attaaaggaa
atatataaat
atacacatat
tcatgcatcc
tactgactca
aaagtataaa
cctttttaca
gaagtgggcce
atgtaggtac
ttggagaaag
attttaataa
ataatgacag
cagccatggce
atccacagcet
ggaaatcagc
aatagtaatg
atgagcatag
gcaagtaaat
attacctgta
agccttaata
atcaatgtta
ttcaaccteg
gcattccttt
cctttacata
ctccacttna
taagtggtgg
agaccccatg
ttettgttct
aaggaaaata
agggcatgtg
cgctagtecce
aggtctgctt
taagtattct
gtaaaatgac
agctatggtg
caagtcggat
atacatccta
aaagcatttg
agaaggaaca
actgaatggg
cactatcacc
agaaagatta
tgatatgatc
gaacaaacct
ataagccaac
tacaaataaa
actatcaaac
ttcatggatt
atgcaattga
taaaattata
gggaatcaca
gtactgccat
tececacacacce
agagagttcc
tatctetgta

aacatattac
aatcatgaaa
aggagtatcc
ccgtgttaaa
tcttaataat
cattecctgac
aaattccagc
tatccaaaac
actttaaaaa
aaaaaagaat
actagagatg
atattaaata
gctttaacat
tttggacttt
ttaaagaaac
atgccactag
tgcacatatt
tcagctaage
ctetgaacca
caccaaagtg
taaaagcttt
aaggaaaata
agaaatattt
gaatttaact
aaatgtgcca
tgatgtgcat
aaataaagtc
aaagtctact
cttacctcac
ggtaattaat
tttetgtaaa
tattgactca
tcaatgagaa
agttacggct
aaacacatac
cttaccccecat
gctectttgag
ttaataaata
tgggcagatg
ctctctecte
ctaccccaca
ttagtctctce
gatattaaag
ttatcecectgg
tcaacagaat
gcaaaattca
tacatcaaca
gaaaatctga
tectgttattce
aagggcatcc
ttatatttgg
agtaatgttg
agcaaacagt
ataaaattcc
agtgatgaaa
ggaagaatca
atccttatca
tgaaaccaca
ttacctgact
aaaaacagac
tacagtgaac
ttcaataaat
aggtacaaaa

attccagcca
ctgtgaagtt
cctacaacag
gatacagatt
tgcttccagg
agataatgct
tgtcatatac
tcetcectgett
atcaaatgtg
atgcacacac
tatgtgttca
atgcaattgt
ttteccetttat
cctgtagata
tgatagccag
ctctaacttt
tatcacctta
aatggtgatt
acagggacat
aagctgtgac
gtttggatct
gaaaaagaaa
ctaatagaac
ctecacaatge
gatgatttgc
ataaacatgt
aaagggaaac
ttccecgatgt
tagactatgg
ttctcattce
cctttgtaga
tttaaaatta
aacagaggtt
ccaggcagtt
atagagtcat
tttagtaata
ctgcaaggac
cccagaagaa
tggctcagtg
tttectgetge
gtgggcageg
tgaactgtgt
tagataaaac
gatacaagga
gaaggataaa
acatctctte
taataaaagc
aaagcctttce
aacatagtac
aaattggaac
aaaaacctaa
caggatacaa
gtgaaaaaga
ttgcaattaa
gaaatcgaag
atattgttaa
aaataccaat
gaagagccaa
tcaatttata
acatagacca
tcatttttaa
ggtcctggac
atcacatcaa
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gcatctgtgg
gcaaataatc
tgcttctcaa
ctgattcagt
ttgctgetgg
gcecttgggga
acagataagt
ttaaaaaatg
tatgtggagt
atatgtgaat
tetgtcetaca
gaagacctca
attaattttt
caaggatgaa
tttcaagcac
aaagctggag
attcttattt
atagtgtatc
gtagacattc
agttacaaaa
ttcagtaata
gttgtggcett
attatgctga
aagaaagact
ctatctgtgt
tgattggcag
ggatatgcat
cactggcatg
gctgagtctg
cgaacagaaa
atatttgtaa
ataacaagtc
taagtaactc
tggceccagag
ggagacattg
acagtttget
taaaggattc
atgaaacctc
gtgtgttgtt
ccagggectt
ggccccagaa
gaaatgtgag
aaataacatt
tgattcaaca
agctatatga
atggtaaaac
tatatatgac
ctctaatacc
tggaagtccce
ggaagaagtc
agactccaca
aatcaacata
aatcaagaaa
ccaaaaaatt
aggacaccaa
aatgttcata
gatattctte
atctatccta
attcaaagct
acgaaacaga
caaaggtgcc
atccatatge
aatggattaa
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tattctatte
ttataggtca
aattcaacat
aggcctggga
tcecagggace
ttaatctagt
aatttttgga
taaaccaaaa
ctgaaggacc
ccacatatgt
tagataggta
agtcatataa
attagaaaat
tctaaatgta
tggctgaagt
ttactgattt
aatatttgaa
aaaatccatt
agacaaaaaa
ccaatttaaa
acagtttact
ttctgeccecatg
aaggagtata
aaataacaat
tatgaaggte
ctctggaatt
caatagccac
tctcecaaatta
atatgcaaca
aatgcttgat
gtgtaatcac
tttggagtag
ccetggggece
cacctgatgt
gcagtgctca
taagacataa
tcaggtcaga
agaaagagga
tgtgctcagt
cagcctccac
tggactttaa
taatatatct
tgaataatgt
tatgcaaata
tcatttcaat
ccctecagecaa
agacccacag
tgcaacatga
agctagaaaa
aaattatcct
aggaaactat
caaaaattag
gtaatcccecat
gaaggatctc
aaatggaaaa
ctacccaaag
acagaaatag
aacaaattga
acagtaatca
atagagaacc
aagaacatac
agaagaatga
agacttaaag

71400
71460
71520
71580
71640
71700
71760
71820
71880
71940
72000
72060
72120
72180
72240
72300
72360
72420
72480
72540
72600
72660
72720
72780
72840
72900
72960
73020
73080
73140
73200
73260
73320
73380
73440
73500
73560
73620
73680
73740
73800
73860
73920
73980
74040
74100
74160
74220
74280
74340
74400
74460
74520
74580
74640
74700
74760
74820
74880
74940
75000
75060
75120
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ctatgacctc
ggactgggca
ggacaaatgg
agtgaagaga
attaataacc
atcaaaaaat
caaacaggca
ctacaatgag
ataaatgctg
aattagtaca
tgetgtaatt
ctaagagaaa
aacctaagtg
agcactattc
tggagatcat
cacttatttg
ttggttgcca
ggaacaaaaa
ctgcagtcaa
ttgtaactca
tcaaaacatc
tgtgtgtata
tgaataatat
tcattatggc
gggcggatca
ctactaaaaa
tegggaggcet
gatcacgcceca
aataataata
cagtagactt
agtgggaaag
gctgttatga
atgtacatgt
ataagtaaaa
aaaatatttt
ttactagcett
accaaccaat
agtcaaaagt
ccttgectge
tgcatagcag
atgaggttta
catcegtttt
gcaactacta
taagcagctc
tcttagagat
tcattgtcetg
accgegggec
ctgggtctta
tcagcgtaca
aataagctgg
taatgataaa
aggtaggttt
tggaatagta
aatttttatt
aagatctttg
acatatttac
tacatacaca
acagaaaaaa
atttgccata
gatttggtta
gcatgtacct
tctgaattcet
ttttactggg

aaactatgaa
aagattttat
gattacatca
caacacacag
agaatatata
gggcaaaaga
tatgaaaagg
acatcatate
gtgaggatgc
atcactatgg
tagcaatccc
tecttecactece
tccatcaaca
aaccatagta
tatgttaagce
tgggatcaca
gaggctgaga
aaantagaaa
taataataac
aaggataccc
ttgtgtacte
tatatatata
ggcctggaac
caggcatggt
tgaggtcaga
tacaaaaaaa
gaagccggag
ctgcactcta
aataatactc
ggaccagact
ttacttaacc
gttaatttat
cacttactag
aataaatctc
catctgecagt
tttaaaagcc
taaaaattaa
ctctgaaacc
ccagttcagce
cacatcacaa
tttetttgtt
ccacatgttc
caaaggagaa
tccacegtge
gcaaaagtga
cttcttaagt
tgagtcatct
ctctagaatc
ttagtttgtt
tcagcteage
ttactectcet
catgattaaa
cttecctattg
tctttcaata
tttttttaat
aaaaaaattg
gttgtacaac
gtcacaattt
taattaagtg
ataaaaattt
aacgagcata
cctetteatg
ctacagtctc

attactacaa
gagcaatacc
agttacaaag
aattagagaa
aggacctgaa
tttgaataga
tgttcaacat
accccagtta
gaagaaaagg
agaacagttt
actgetggge
catgtttgct
gacgaataga
aagaacaaga
gaaataagcc
aaatcaagat
tgggtactgy
gaatagataa
tgtacatttt
cattctccat
cataaatata
tatatannca
atagtaaccg
ggctcatgcece
agatcgagac
ttagccagac
aatgacgtga
gcctgggcga
attatttttt
tgggttcceag
tctttgagece
gtaaagcacc
aagttgtagt
aggtttcetcet
attctcccta
atttatccat
gatgcaagcc
atcttectag
agtgtgggac
aggtgctgtc
aagagtectgt
atcctgagca
aacttcagga
agatcgetgg
agtgtagcct
ggttecctetg
tcctcacagt
ttgectgtttt
tcctactaag
aatacgtaga
agaaacgggt
taagcatcte
ataaggtaat
agcattttgce
gtaaaaactt
attgacaacg
gcttcaataa
tattattttt
ttattacatt
agtctaccca
gacatctacg
gaagtatgtc
tgtgatgcaa

gaaaacactg
cccataagca
cttctgcaca
aatatttgca
acaactctat
catttctcaa
cattgatcat
aaatggttta
gaacccttcet
gaacattcct
atatacccaa
gcagcactgt
taaagaaaat
tccagtceatt
aggcacagaa
aatcaaactc
ggggacgggg
gacctactat
aaaataactt
gatatgctta
tatnngtgta
cttactatgt
tttaatacat
tgtaatccca
catcctggcet
gtggtggegyg
atccaggaag
gagagcgaga
aatgtttaat
tattgagtcc
tcagtttect
tagaaaaact
aaaattttca
tacttttceca
aacacagaat
acagtcagaa
atacacaaat
tcactgttta
atggatggct
agccaaggac
ctgtttegece
tggtgaccgt
ggcagtacga
gcaaggagca
gttcattact
gtcacagtgt
atgtcacgtt
cctatcceacc
tacaagcagg
agagggctgg
gttacaacct
cctagcacte
tttgttaata
atttatatta
acctaaaata
tagaaaccca
atccaaccta
accaaagcat
cctagaattc
cgcacaagct
tggatatcaa
tcetgaaaca
catttgccecca
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gggaaaatct
ccggcaacca
gcaaaagata
aactacccct
aggaaaaatc
aagaagacat
cagagaaatg
tattcaaaag
acactgttgg
caaaaaacta
aagaaaggaa
ttgcaataag
acagtacata
tgtaacaaca
agacaaacat
atggacatag
ggaggcaggg
ttgctagceat
aaagagtgta
ttcceccattyg
tatatatata
acccacaaat
gataaccttt
acactttggg
aacgtggtga
gcgcctgtag
cagagcttgce
ctctttcteca
tatctttatc
atcttcecaatc
tattagaata
ccaggtagag
acaaatattt
gttgtataat
aaagaaatac
ttaaggataa
gatatatgtt
gctgcctgaa
ttatcttgga
taagtcaatt
ccctecagaaa
ggacgtgatc
cgagttctac
ggtgaaccgce
tgactttcac
ggcctgattce
gccagggtaa
tcttattate
cacagattca
aaggacatat
acattaaaga
tacatatcat
cctgattett
aagcatttta
tatctcagaa
ttcattgtgt
tgaaaaagta
ttttcacata
tctcagtaca
tttctgaaaa
gaaactttta
aaataccgtt
atggccacct
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ccaggacatt
aagcaaaaat
caattaacaa
ctgacaaagg
taataatctg
acaaatgaca
caaatgaaaa
tcaggcaata
tgggaaggta
aaaattgagc
ataagtatat
atttggaagc
tgcgtaatgg
tggatggaac
cacatgttct
agagtagaga
atggttaatg
gatacagtga
acataatcat
catgcctgta
nntttatgtg
atttttaatg
ataataatac
aggccgaggce
aaccctgtcet
tceccagetac
agtgagccaa
aaataataat
ttaatgtagg
cctgtttgac
ggttecctagg
agcaagtatg
atggnaagta
aatcatctct
ttgttttgtg
atactaccca
ttccattttt
agaaaggttc
agccctgttt
acacttaatc
atgatgcggt
gtggcggceta
ctggcggagg
ggacagtgcc
caaagctgaa
atttectgtce
ccecttttece
tcteecttte
gaagatcata
agagagatgg
caccaattaa
attacagttt
aaaatatttt
ataattttcce
ttcaatggtt
gagtgaggta
aactgaaaag
aaaaaaatca
tttaaaaatt
agaattgatt
agtagtcgcet
aatacaaaac
ggtatatgga

75180
75240
75300
75360
75420
75480
75540
75600
75660
75720
75780
75840
75900
75960
76020
76080
76140
76200
76260
76320
76380
76440
76500
76560
76620
76680
76740
76800
76860
76920
76980
77040
77100
77160
77220
77280
77340
77400
77460
77520
77580
77640
77700
77760
77820
77880
77940
78000
78060
78120
78180
78240
78300
78360
78420
78480
78540
78600
78660
78720
78780
78840
78900
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gcttacaatc
tggagaacta
ggtataattt
aggtcgggta
atcacgaggt
aaaatacaaa
gctgaggeag
ccactgaatt
cagaaagaag
caatgaagga
gcatccagcec
gaggtgcctg
ttaggactat
ataagaagag
ggggaactga
ctgtggttte
atggtctcta
gaggttatga
gaaatataaa
aggcagaaat
gaagtcactc
cggggaatga
agagtgggtyg
aatggatggy
aggggtaact
ggaacagaga
tcaaggctcet
aatagcatca
ccacaagaga
gggaatcttg
aggtggtcac
gcagggaagg
ttcctaatgt
aatgtcaaat
ccaggggtag
caacctcaac
ataattgttg
ggtggatatg
tcatcacatt
ttttttettt
atctcggete
caagtagctg
agagacgggyg
ccgectegge
tcattecattc
ggaaaaataa
tagaccccat
tttggggttt
gtccecactcet
gcctcccaag
cacccagcta
tctcaaacte
aggcgtgagce
ccccaagtat
tatacatgag
tactttttea
agggtttgge
accctctcectce
atggttgttt
cagagagcaa
aataataaca

ttttggggayg
caaaatagtt

tagcaaaaaa
atgacagggg
tgctgaaaat
tggtggetta
caggagttceg
aaattagctg
gagaatcact
ccagccaggg
cctagactga
agcctcatca
agatgatgag
gggttaggca
ggatttacag
ggaaaagcaa
gaaacaaggg
tgttggatgt
tatggttaaa
tcagagagtg
atctagggtg
ggaaacgact
agagtgaggce
gcgagtgact
acagcatggt
cacctettce
catgtatttg
ttgataatgt
gaggagggag
gtaggtaaag
ttacagttat
acattagaga
actaaatcag
gaattcttta
gtttatgtat
aattgaatgt
ttggtaaatc
aacagacaga
tcecectgaca
tcaatggcat
ggtacattac
ttttgagaca
actgcaagct
ggactacagg
tttecacecgtt
cteccaaagt
ttaacaaagc
ataaataaat
cagtgtactce
ttttgttgtt
gttgctcagg
ttecagtggt
atttttgtat
ctgggctcga
catcactcct
gtttegtttt
acaaagtgat
taatatattc
aaactctttc
tgtctcaact
tccaataaaa
tgtcaaataa
ttttgtgtta
ccecattatgt
ataataacag

aaaaaaaaaa
ctgatgaaga
ccagcacacg
cgcecgtaat
agacaagcct
ggtgtagtgt
tgaacctggg
tgacagagtg
tactaatatt
agttatttct
acagtgaagt
aaaaattaac
tgataccaat
catttaaatc
gaaaagatgg
ggaaatggga
ggacgggtac
gagtccagga
tcacgtgaat
gttgaagcta
cagttecttgg
gatgaacaga
ttaacctcat
tecgtectacat
agagagaatc
agaggacatt
aagtgggaag
atttgetggce
gyttatctct
ttacagtaac
tectggagea
gtaaatttta
ggtagatgat
tgtagagttg
cttgtetttt
caggattgga
ataataataa
tgatggtaat
atgaatgcag
gagtcteget
ccgecteceg
cgccegecac
ttagccggga
gctgggatta
ggcaaatcag
aaactaggta
ttgaactact
gtttttgtect
ctagagtgca
tctecttgect
ttctagtaga
gcgatccatc
ggccgttcca
tattecagatt
ttgtttcaaa
tatttttata
ttgcagaccc
actcaactct
ctttatttac
ttgaatattg
aagtcaaata
tctaagtget
caattcaagt

aanncaataa
aattatatcc
atgaatggat
cccagaactt
ggccaacatg
cgggcacctg
aggcggaggt
agactccate
tgcaggtaaa
gtttttcceca
gggaagttgg
aatacagcaa
tcagatagct
aatccacctt
attgctggceca
ggagaatgga
caccaaagtg
ttttacaatt
gtgggtgget
aggcgctgge
agagaagagt
ttgacagaag
ggaatacgtt
gttctactag
agttgaggca
atttaacgta
atcgatgaga
aaaaatgcca
ctgggaggag
attgettttg
taagtgaata
cctaactttt
ttatcctcat
actggttact
ttctttttta
tggtggaatt
gaaagggtgt
ggtttcacag
cttttaacat
ctgtegeeca
ggttcacgcce
tacgeccgge
tggtectegat
caggcgtgag
ttaaccagct
gtggtgattt
taagcattct
cctttttttt
gtggcaccat
tagcatccecca
gatggggttt
catcttgacc
ctectgttttt
acattgccat
tgaatgtgaa
aagtttataa
agatagtaaa
gaaattgtac
aaaaatggat
gattatattc
ttttaatact
ttaaaagaat
ttatagacta
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acaataagag
agcccagect
tgtcaataaa
tgggaggcca
gtgaaacccc
taatcccecage
tgcagtgagc
tcnaaaaaaa
tttectaacac
ggaagtagga
caaagaaagg
atgcaacatt
ctgcgacttt
tagggatttt
aaggagttga
ggagtgaagg
atggaataat
ccagggtaat
taaacatatt
tgagtcttca
ggagtcaggg
gacagaagac
gcaaaggagt
aaagggctgg
cagacagaaa
ggagagactc
cagaagaatg
ggaaacaaaa
gaatctgcat
tgatctagca
ggccctecac
tcatgtacag
accttaagaa
atttaagtgt
tataatatta
cagtatatat
gggaggaaac
gggtacactt
gtcattcatt
ggctggagtyg
attctectge
taattttttg
ctcetgacct
ccaccgegece
aaaaactaac
tgttgactta
gaatttgttce
tttttttttt
cteggcetecece
agaagctggg
cgcecatgtta
tcecagagtg
gattttgtgt
ttctetttgt
aaagtcactt
agatgtcttg
cattttgccet
aaaagtgagt
cttggtttaa
aattatttaa
gacaacaata
tecattgtctce
taatgatgca
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ttttgtgeta 78960
ctgaaaaata 79020
agcagagaga 79080
aggcgggtgg 79140
atctatacta 79200
tactctggag 79260
caagagcgca 79320
aaaaaaaaag 79380
agggaaagaa 79440
agcaaggtect 79500
ggagagggaa 79560
aaagatccat 79620
ttagccctgt 79680
tttcaggtta 79740
aatgatgacc 79800
tgaaggatca 79860
agaaccagaa 79920
tctaagtaat 79980
gatggagtca 80040
catggacatt 80100
agcaaagtca 80160
agctacaggg 80220
atcaaggagt 80280
aaagggctgc 80340
gtagattctg 80400
aaagattagt 80460
atacaagagt 80520
gcagaaatga 80580
ctgetecctga 80640
cagggtgggc 80700
actggcaaca 80760
aattgatcct 80820
attccaacaa 80880
attgtagagt 80940
aaaataaaaa 81000
tatgtgtcca 81060
tttgagaggt 81120
attcccaagt 81180
cttttttttt 81240
cagtggecggg 81300
ctcagcecctce 81360
tatttttagt 81420
cgtgatcecge 81480
cggccacatg 81540
ttgaaatcct 81600
aacaaccaga 81660
cactctaggt 81720
ttttgagaca 81780
tgcaacctct 81840
ataacaggca 81900
gccaggctgg 81960
ctggaattac 82020
gtttgacttt 82080
atcagaaact 82140
taattaaact 82200
agtttaggcc 82260
tttgtagacc 82320
gtgtctcaga 82380
gctatagaaa 82440
aatacaaata 82500
aagctatgat 82560
atttaattct 82620
gtatgtaagg 82680
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caatagcatt
agcttttaaa
tctaaaataa
gaataaatta
ttaattaacc
ctatgcataa
tgtgatctaa
tacattttaa
tattatatga
cacaggagat
acagatggga
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