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DETECTION AND TREATMENT OF POLYCYSTIC KIDNEY DISEASE

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates generally to the diagnosis and treatment of

polycystic kidney disease and more specifically to probes and agents useful in

diagnosing and treating polycystic kidney disease and related disorders.

BACKGROUND INFORMATION
Autosomal dominant polycystic kidney disease (ADPKD), also called adult-

onset polycystic kidney disease, is one of the most common hereditary disorders in
humans, affecting approximately one individual in a thousand. The prevalence in the
United States is greater than 500,000, with 6,000 to 7,000 new cases detected yearly
(Striker et al., Am. J. Nephrol. 6:161-164, 1986; Iglesias ef al., Am. J. Kid. Dis.
2:630-639, 1983). The disease is considered to be a systemic disorder, characterized
by cyst formation in the ductal organs such as kidney, liver, and pancreas, as well as
by gastrointestinal, cardiovascular, and musculoskeletal abnormalities, including
colonic diverticulitis, berry aneurysms, hernias, and mitral valve prolapse (Gabow e#
al., Adv. Nephrol. 18:19-32, 1989; Gabow, New Eng. J. Med. 329:332-342, 1993).

The most prevalent and obvious symptom of ADPKD is the formation of
kidney cysts, which result in grossly enlarged kidneys and a decrease in renal-
concentrating ability. In appfoximately half of ADPKD patients, the disease
progresses to end-stage renal disease, and ADPKD is responsible for 4-8% of the
renal dialysis and transplantation cases in the United States and Europe (Proc. Eur.

Dialysis and Transplant Assn., Robinson and Hawkins, eds., 17:20, 1981).

Few diagnostics are available for the identification and characterization of
mutations of the PKD1 gene, which is located on human chromosome 16. A major
factor contributing to the difficulty in identifying and characterizing mutations of the

PKD1 gene is that greater than 70% of the length of the PKD1 gene is replicated on
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chromosome 16 and elsewhere, resulting in at least six PKD1 homologs.
Significantly, the PKD1 homologs share a very high sequence identity with the PKD1
gene, including sequences having greater than 95% identity with the PKD1 gene. As
such, oligonucleotides that have been examined for use as specific probes, or as
primers for amplification, of PKD1 gene sequences have been found to cross-
hybridize with the PKD1 homologs, and the inability to identify PKD1 locus specific

probes has prevented accurate analysis of PKD1 gene mutations.

The identification and characterization of PKD1 gene mutations have been
further hindered, in part, because transcription of the PKD1 gene results in production
of a 14 kilobase (kb) mRNA, which is highly GC-rich. In addition, unlike the
remainder of the PKD1 gene, which is extremely compact (approximately 13.5 kb
mRNA coded within approximately 30 kb genomic DNA), exon 1 is separated from
the rest of the gene by an intron of approximately 19 kb. Thus, previous investigators
have simply placed the 5' anchor primer within the first intron and used it as a link to
more 3' sequences. Exon 1 has several other features that have been major obstacles
to its amplification, including an extremely high GC content (approximately 85%),
and the ability to replicate with high fidelity in PKD1 gene homologs. Furthermore,
no effective method for DNA based analysis of PKD1 gene exon 22, which is flanked
on both ends by introns that contain lengthy polypyrimidine tracts. Accordingly, very
few positions within the replicated segment and flanking exon 22 are suitable for the

design of PKD1-specific primers.

A few oligonucleotides useful for examining regions of the human PKD1 geﬁe,
have been described. For example, the primer set forth below as SEQ ID NO:11 has
been described in U.S. Pat. No. 6,017,717, and the primer set forth as SEQ ID NO:18
has been described by Watnick ef al. (Hum. Mol. Genet. 6:1473-1481, 1997). Also, the
primers set forth below as SEQ ID NOS:9, 10, 49 to 51, and 61 to 105 have been
described by Watnick et al. (Am. J. Hum. Genet. 65:1561-1571, 1999). The primers set
forth below as SEQ ID NOS: 9 and 10 and SEQ ID NOS: 11 and 12 also were more
recently desctibed by Phakdeekitcharoen et al. (Kidney International 58:1400-1412,
2000). In addition, a primer set forth as SEQ ID NO:13 in U.S. Pat. No. 6,071,717 has a
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nucleotide sequence that is substantially identical to that set forth below as SEQ 1D
NO:10, and a primer designated TWR2 by Watnick et al. (Mol. Cell 2:247-251, 1998)
has a nucleotide sequence that is substantially identical to that set forth below as SEQ ID
NO:12.

Despite the large number of families having diseases associated with PKD1
gene mutations, the potential clinical and scientific impact of mutation studies, and
the availability of a genomic structure, the fact that only a relatively small number of
PKD1 mutations have been described demonstrates the relative paucity of data due to
the complicated genomic structure of the PKD1 gene. Thus, there exists a need for
diagnostic methods suitable for examining the PKD1 gene and for identifying
disorders related to PKD1 gene mutations. The present invention satisfies this need

and provides additional advantages.

SUMMARY OF THE INVENTION

The present invention provides compositions and methods that allow for the
selective examination of the human PKD1 gene, including the detection and
identification of PKD1 gene mutations. For example, the compositions of the
invention include oligonucleotide primers that are useful for selectively amplifying a
region of a PKD1 gene, but not a corresponding region of a PKD1 homolog.
Accordingly, the present invention relates to a PKD1 gene specific primer, which can
be one of a primer pair. A primer of the invention includes a 5' region and adjacent
PKD1-specific 3' region, wherein the 5' region has a nucleotide sequence that can
hybridize to a PKD1 gene sequence and, optionally, to a PKD1 homolog sequence,
and the 3' region has a nucleotide sequence that selectively hybridizes only to a PKD1
gene sequence, and particularly not to a PKD1 gene homolog sequence, except that a
primer of the inventioh does not have a sequence as set forth in SEQ ID NO:11, SEQ
ID NO:18, SEQ ID NO:52, or SEQ ID NO:60. A 5' region of a primer of the
invention generally contains at least about ten contiguous nucleotides, and the 3'
region contains at least one 3' terminal nucleotide, wherein the at least one 3' terminal
nucleotide is identical to a nucleotide that is 5' and adjacent to the nucleotide sequence

of the PKD1 gene to which the 5' region of the primer can hybridize, and is different
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from a nucleotide that is 5' and adjacent to a nucleotide sequence of the PKD1
homolog to which the 5' region of the primer can hybridize. Generally, the primer
includes a 5' region of about 14 to 18 nucleotides and a 3' region of about 2 to 6
nucleotides, particularly about 2 to 4 nucleotides. For example, a primer of the
invention can have a sequence as set forth in any of SEQ ID NOS:3 to 10, 12 to 17,
19to 51 and 61 to 113.

The present invention also relates to an isolated mutant PKD1 polynucleotide,
or an oligonucleotide portion thereof. The polynucleotides of the invention are
exemplified by mutation of SEQ ID NO:1, which appear to be normal variants that
are not associated with a PKD1-associated disorder, for example, a polynucleotide or
oligonucleotide that includes nucleotide 474, wherein nucleotide 474 is a T;
nucleotide 487, wherein nucleotide 487 is an A; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10143, wherein nucleotide 10143 is a G;
nucleotide 10234, wherein nucleotide 10234 is a C; nucleotide 10255, wherein
nucleotide 10255 is a T; or a combination thereof; and by mutations of SEQ ID NO:1
that are associated with a PKD1-associated disorder, for example, a polynucleotide or
oligonucleotide that includes nucleotide 3110 of SEQ ID NO:1, wherein
nucleotide 3110 is a C; nucleotide 8298 of SEQ ID NO:1, wherein nucleotide 8298 is
a G; nucleotide 9164 of SEQ ID NO:1, wherein nucleotide 9164 is a G;
nucleotide 9213 of SEQ ID NO:1, wherein nucleotide 9213 is an A; nucleotide 9326
of SEQ ID NO:1, wherein nucleotide 9326 is a T; nucleotide 10064 of SEQ ID NO:1,
wherein nucleotide 10064 is an A; or a combination thereof. The invention also
provides a vector containing such a polynucleotide, or an oligonucleotide portion
thereof, and provides a host cell containing such a polynucleotide or oligonucleotide,

or vector.

A PKD1-specific primer of the invention is exemplified by an oligonucleotide
that can selectively hybridize to a nucleotide sequence that flanks and is within about
fifty nucleotides of a nucleotide sequence selected from about nucleotides 2043
to 4209; nucleotides 17907 to 22489; nucleotides 22218 to 26363; nucleotides 26246
to 30615; nucleotides 30606 to 33957; nucleotides 36819 to 37140; nucleotides 37329
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to 41258; and nucleotides 41508 to 47320 of SEQ ID NO:1. The primer, which can
be one of a primer pair, can have a nucleotide sequence substantially identical to any
of SEQ ID NOS: 3 to 18, provided that when the primer is not one of a primer pair,
the primer does not have a sequence as set forth in SEQ ID NO:11, SEQ ID NO:18,
SEQ ID NO:52, or SEQ ID NO:60. Accordingly, the present invention further relates
to a primer pair that can amplify a portion of a PKD1 gene, for example, the wild type
PKD1 gene set forth as SEQ ID NO:1, wherein the amplification product can include
about nucleotides 2043 to 4209; nucleotides 17907 to 22489; nucleotides 22218
to 26363; nucleotides 26246 to 30615; nucleotides 30606 to 33957; nucleotides 36819
to 37140; nucleotides 37329 to 41258; nucleotides 41508 to 47320; or a combination
thereof, A primer pair of the invention is useful for performing PKD1-specific

amplification of a portion of a PKD1 gene.

Primer pairs of the invention are exemplified by a pair including at least one
forward primer and at least one reverse primer of the oligonucleotides sequences set
forth in SEQ ID NOS:3 to 18 or a sequence substantially identical thereto. In one
embodiment, the primer pair includes SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6;
SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID
NOS:13 and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17 and 18; or SEQ ID NOS:9
and 113. Also provided are primer pairs useful for performing nested amplification of a
PKD1-specific amplification product of a PKD1 gene, for example, the primer pairs set
forth as SEQ ID NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24;
SEQ ID NOS:25 and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID
NOS:31 and 32; SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37
and 38; SEQ ID NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44;
SEQ ID NOS:45 and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID
NOS: 51 and 61; SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66
and 67; SEQ ID NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72 and 73;
SEQ ID NOS:74 and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78 and 79; SEQ ID
NOS:80 and 81; SEQ ID NOS:82 and 83; SEQ ID NOS:84 and 85; SEQ ID NOS:86
and 87; SEQ ID NOS:88 and 89; SEQ ID NOS:90 and 91; SEQ ID NOS:92 and 93;
SEQ ID NOS:94 and 95; SEQ ID NOS:96 and 113; SEQ ID NOS:97 and 98; SEQ ID
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NOS:99 and 100; SEQ ID NOS:101 and 102; SEQ ID NOS:103 and 104; SEQ ID
NOS: 105 and 106; SEQ ID NOS:107 and 108; SEQ ID NOS:109 and 110; or SEQ ID
NOS:111 and 112. In another embodiment, the invention relates to a plurality of
primer pairs, which can include two or more primer pairs that are useful for
generating two or more PKD1-specific amplification products of a PKD1 gene; or can
include two or more primer pairs that are useful for generating a PKD1-specific
amplification product of a PKD1 gene and for generating a nested amplification

product of the PKD1-specific amplification product.

The present invention also relates to a purified mutant PKD1 polypeptide, or a
peptide portion thereof, comprising an amino acid sequence of a mutant of SEQ ID
NO:2. A mutant PKD1 polypeptide, or peptide portion thereof can be substantially
identical to a sequence of SEQ ID NO:2 and, for example, include amino acid
residue 88 of SEQ ID NO:2, wherein residue 88 is a V; residue 967 of SEQ ID NO:2,
wherein residue 967 is an R; residue 2696 of SEQ ID NO:2, wherein residue 2696 is
an R; residue 2985 of SEQ ID NO:2, wherein residue 2985 is a G; residue 3039 of
SEQ ID NO:2, wherein residue 3039 is a C; residue 3285 of SEQ ID NO:2, wherein
residue 3285 is an I; or residue 3311 of SEQ ID NO:2, wherein residue 3311 is an R;
or can include residue 3000 of a truncated mutant PKD1 polypeptide ending at amino
acid residue 3000 with respect to SEQ ID NO:2, wherein residue 3001 is absent (and
the mutant PKD1 polypeptide is truncated) due to the presence of a STOP codon in
the encoding mutant PKD1 polynucleotide; or a combination of such mutations. Also
provided is a purified antibody that specifically binds to a mutant PKD1 polypéptide,
or to a peptide thereof.

The present invention further relates to a primer or an oligonucleotide of the
invention immobilized to a solid support. In addition, the primer or oligonucleotide
can be one of a plurality of primers, oligonucleotides, or a combination thereof, each
of which is immobilized to a solid support. The solid support can be any support,
including, for example, a microchip, in which case, the primers, oligonucleotides, or
combination thereof can be arranged in array, particularly an addressable array. The

primers, oligonucleotides, or combination thereof also can be degenerate with respect
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to each other, and specific for a wild type PKD1 polynucleotide, a mutant PKD1
polynucleotide, including a variant, or combinations thereof, and, therefore, provide a
means for multiplex analysis. Accordingly, the present invention provides
compositions comprising one or a plurality of immobilized primers or

oligonucleotides of the invention, or combinations thereof.

The present invention also relates to a method of detecting a PKD1
polynucleotide in a sample, wherein the PKD1 polynucleotide is a wild type PKD1
polynucleotide having a sequence as set forth in SEQ ID NO:1, or a mutant PKD1
polynucleotide, which can be a variant PKD1 polynucleotide that has a sequence
different from SEQ ID NO:1 but is not associated with a PKD1-associated disorder or
can be a mutant PKD1 polynucleotide that is associated with a PKD1-associated
disorder. A method of the invention can be performed, for example, by contacting
nucleic acid molecules in a sample suspected of containing a PKD1 polynucleotide
with at least one primer pair under conditions suitable for amplification of a PKD]1
polynucleotide by the primer pair; and generating a PKD1-specific amplification
product under said conditions, thereby detecting a PKD1 polynucleotide in the
sample. The primer pair can be any primer pair as disclosed herein, for example, a |
primer pair such as SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8;
SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID
NOS:15 and 16; SEQ ID NOS:17 and 18; or SEQ ID NOS:9 and 113; or can be a

combination of such primer pairs.

A method of detecting a PKD1 polynucleotide can further include, upon
generating a PKD1-specific amplification product, contacting the amplification
product with at least a second primer pair, under conditions suitable for nested
amplification of the PKD1-specific amplification product by the second primer pair,
and generating a nested amplification product. The second primer pair can be any
primer pair that can produce a nested amplification product of the PKD1-specific
amplification product, for example, a second primer pair such as SEQ ID NOS:19
and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25 and 26;
SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32; SEQ ID
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NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID NOS:39
and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45 and 46;
SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51 and 61; primer pairs
formed using consecutive primers set forth in Table 2 as SEQ ID NOS:62 to 96, 113,

and 97 to 112; or a combination thereof.

Upon detecting a PKD1 polynucleotide in a sample according to a method of
the invention, an additional step of detecting the presence or absence of a mutation in
an amplification product of the PKD1 polynucleotide in the sample as compared to a
corresponding nucleotide sequence in SEQ ID NO:1. As such, a method of the
invention provides a means to identify a PKD1 polynucleotide in a sample as a mutant
PKD1 polynucleotide or a wild type PKD1 polynucleotide, wherein detecting the
absence of a mutation in the amplification product identifies the PKD1 polynucleotide
in the sample as a wild type PKD1 polynucleotide, and wherein detecting the presence
of a mutation in the amplification product identifies the PKD1 polynucleotide in the
sample as a mutant PKD1 polynucleotide, which can be a variant PKD1
polynucleotide, or can be mutant PKD1 polynucleotide associated with a PKD1-
associated disorder, the latter of which are exemplified by a polynucleotide that is
substantially identical to SEQ ID NO:1, and wherein at least nucleotide 474 is a T;
nucleotide 487 is an A; nucleotide 3110 is a C; nucleotide 8298 is a G; nucleotide 9164
is a G; nucleotide 9213 is an A; nucleotide 9326 is a T; nucleotide 9367 is a T;
nucleotide 10064 is an A; nucleotide 10143 is a G; nucleotide 10234 is a C; or
nucleotide 10255isa T.

The presence or absence of a mutation in an amplification product generated
according to a method of the invention can be detected any method useful for
detecting a mutation. For example, the nucleotide sequence of the amplification
product can be determined, and can be compared to the corresponding nucleotide
sequence of SEQ ID NO:1. The melting temperature of the amplification product also
can be determined, and can be compared to the melting temperature of a

corresponding double stranded nucleotide sequence of SEQ ID NO:1. The melting
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temperature can be determined using a method such as denaturing high performance

liquid chromatography.

An advantage of a method of the invention is that a large number of samples
can be examined serially or in parallel. Accordingly, a method of the invention can
be performed with respect to a plurality of samples, and can be performed using a
high throughput format, for example, by organizing the samples of a plurality of
samples in an array such as in an array is on a microchip. The method can further
include detecting the presence or absence of a mutation in an amplification product of
the samples of the plurality of samples, for example, by determining the melting
temperature of the amplification product and comparing it to the melting temperature
of a corresponding nucleotide sequence of SEQ ID NO:1 using a method such as
denaturing high performance liquid chromatography, or the presence or absence of a
mutation can be performed using any method useful for such a purpose, for example,
matrix-assisted laser desorption time of flight mass spectrometry or high throughput
conformation-sensitive gel electrophoresis, each of which is readily adaptable to a

high throughput analysis format.

In another embodiment, the presence or absence of a mutation in an
amplification product can be detected by contacting the amplification product with the
oligonucleotide of the invention, under condition suitable for selective hybridization
of the oligonucleotide to an identical nucleotide sequence; and detecting the presence
or absence of selective hybridization of the oligonucleotide to the amplification
product. Using such a method detecting the presence of selective hybridization
identifies the PKD1 polynucleotide in the sample as a mutant PKD1 polynucleotide,
and detecting the absence of selective hybridization identifies the PKD1
polynucleotide as a wild type PKD1 polynucleotide. Where an absence of a mutation
is detected, the PKD1 polynucleotide in the sample is identified as a wild type PKD1
polynucleotide. In comparison, where the presence of a mutation is identified, the
mutant PKD1 polynucleotide so identified can be further examined to determine
whether the mutant PKD1 polynucleotide is a variant PKD1 polynucleotide, which is

associated with a normal phenotype with respect to PKD1, for example, where the
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amplification product has a nucleotide sequence substantially identical to SEQ ID
NO:1, and including C474T, G487A, G4885A; C6058T; G6195A; T7376C; C7696T;
G8021A; C9367T, A10143G, T10234C, or a combination thereof, or is a mutant PKD1
polynucleotide associated with a PKD1-associated disorder, for example, where the
amplification product has a nucleotide sequence substantially identical to SEQ ID
NO:1, and including T3110C, G3707A; T6078A; C7433T; T8298G; A9164G; G9213A,
C9326T; G10064A; an insertion of GCG between nucleotides G7535 and A7536; or a
combination thereof, each of which is associated with ADPKD (see Example 2; see,
also, Phakdeekitcharoen et al., Kidney International 58:1400-1412, 2000, which is

incorporated herein by reference).

The present invention further relates to a method of detecting the presence of a
mutant PKD1 polynucleotide in a sample. In one embodiment, a method of the
invention is performed by amplifying a nucleic acid sequence in a sample suspected
of containing a mutant PKD1 polynucleotide using a primer pair of the invention, for
example, a primer pair selected from SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6;
SEQID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID
NOS:13 and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17 and 18; or SEQ ID NOS:9
and 113, thereby obtaining a PKD1-specific amplification product of a PKD1 gene
sequence; and detecting a mutant PKD1 polynucleotide in the amplification product.
The mutant PKD1 nucleotide in the amplification product can be detected using any
method useful for detecting a mutation in a polynucleotide, for example, using
denaturing high performance liquid chromatograph. In another embodiment, a
method of the invention is performed by contacting a sample suspected of containing
a mutant PKD1 polynucleotide with a probe comprising an isolated polynucleotide of
the invention, or an oligonucleotide portion thereof, under conditions such that the
probe selectively hybridizes to a mutant PKD1 polynucleotide, and detecting specific
hybridization of the probe and a PKD1 polynucleotide, thereby detecting the presence

of a mutant PKD1 polynucleotide sequence in the sample.

The present invention further relates to a method of identifying a subject

having or is at risk of having a PKD1-associated disorder. Such a method can be
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performed, for example, by contacting nucleic acid molecules in a sample from a
subject with at least one primer pair of the invention under conditions suitable for
amplification of a PKD1 polynucleotide by the primer pair, thereby generating an
amplification product; and testing an amplification product for the presence or
absence of a mutation indicative of a PKD1-associated disorder. As disclosed herein,
the absence of such a mutation identifies the subject as not having or at risk of the
having a PKD1-associated disorder, wherein the presence of such a mutation
identifies the subject as having or is at risk of having a PKD1-associated disordet, for

example, ADPKD or acquired cystic disease.

A primer pair useful in a diagnostic method of the invention can include at least
one primer pair selected from SEQ ID NO:3 and 4; SEQ ID NO:5 and 6; SEQ ID NOS:7
and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ
ID NOS:15 and 16; SEQ ID NOS:17 and 18; and SEQ ID NOS:9 and 113. The subject
can be any subject having a PKD1 gene and susceptible to a PKD1-associated disorder,
including a vertebrate subject, and particularly a mammalian subject such as a cat or a
human. In addition, the diagnostic method can be performed in a high throughput
format, thereby allowing the examination of a large number samples in a cost-

effective manner.

The diagnostic method can further include contacting the amplification
product generated as described above with at least a second primer pair, under
conditions suitable for nested amplification of the amplification product by a second
primer pair, thereby generating a nested amplification product. The second primer
pair can be, for example, a primer pair selected from SEQ ID NOS:19 and 20; SEQ ID
NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25 and 26; SEQ ID NOS:27
and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32; SEQ ID NOS:33 and 34;
SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID NOS:39 and 40; SEQ ID
NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45 and 46; SEQ ID NOS:47
and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51 and 61; a primer pair formed using
two consecutive primers set forth in Table 2 as SEQ ID NOS:62 to 96, 113, and 97
to 112 (i.e., SEQ ID NOS: 62 and 63, SEQ ID NOS:64 and 65, and so on); and a
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combination thereof, in which case, the step of testing the amplification product for the
presence or absence of a mutation comprises testing the nested amplification product.
It should be recognized that the selection of a primer pair for nested amplification is
based, in part, on the sequence of the PKD1-specific amplification product that is to
be used as a template for the nested amplification, i.e., nested primer pairs are selected

such that they can hybridize to a target PKD1-specific amplification product and can

amplify the target sequence.

An amplification product can be tested for the presence or absence of the
mutation, for example, by determining the nucleotide sequence of the amplification
product, and comparing it to a corresponding nucleotide sequence of SEQ ID NO:1;
by determining the melting temperature of the amplification product, and comparing it
to the melting temperature of a corresponding nucleotide sequence of SEQ ID NO:1,
for example, using a method such as denaturing high performance liquid
chromatography; or by contacting the amplification product with an oligonucleotide
probe containing nucleotide 474 of SEQ ID NO:1, wherein nucleotide 474 isa T;
nucleotide 487 of SEQ ID NO:1, wherein nucleotide 487 is an A; nucleotide 3110 of
SEQ ID NO:1, wherein nucleotide 3110 is a C; nucleotide 8298 of SEQ ID NO:1,
wherein nucleotide 8298 is a G; nucleotide 9164 of SEQ ID NO:1, wherein nucleotide
9164 is a G; nucleotide 9213 of SEQ ID NO:1, wherein nucleotide 9213 is an A;
nucleotide 9326 of SEQ ID NO:1, wherein nucleotide 9326 is a T; nucleotide 9367 of
SEQ ID NO:1, wherein nucleotide 9367 is a T; nucleotide 10064 of SEQ ID NO:1,
wherein nucleotide 10064 is an A; nucleotide 10143 of SEQ ID NO:1, wherein
nucleotide 10143 is a G; nucleotide 10234 of SEQ ID NO:1, wherein nucleotide
10234 is a C; and nucleotide 10255 of SEQ ID NO:1, wherein nucleotide 10255 is
a T, under conditions suitable for selective hybridization of the probe to a mutant
PKD1 polypeptide, which can be a normal variant or can be a mutant PKD]

polynucleotide associated with a PKD1-associated disorder.

The present invention also relates to a method of diagnosing a PKD1-~
associated disorder in a subject suspected of having a PKD1-associated disorder.

Such a method is performed by amplifying a nucleic acid sequence in a sample
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obtained from the subject using a primer pair suitable for PKD1-specific amplification
of a PKD1 gene sequence, for example, a primer pair such as SEQ ID NO:3 and 4;
SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11
and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17 and 18, or
SEQ ID NOS:9 and 113, thereby obtaining a PKD1-specific first amplification product;
and detecting a mutation of a PKD1 gene sequence in the PKD1-specific first
amplification product, wherein the mutation is indicative of a PKD1-associated

disorder, thereby diagnosing a PKD1-associated disorder in the subject.

In one embodiment, the diagnostic method includes a step of further
amplifying the first amplification product using a second set of primer pairs to obtain
a nested amplification product; and detecting a PKD1 gene mutation in the nested
amplification product. The second set of primer pairs can be any primer pairs useful
for amplifying the PKD1-specific first amplification product, including, for example,
the primer pairs exemplified by SEQ ID NOS:19 and 20; SEQ ID NOS:21 and 22;
SEQ ID NOS:23 and 24; SEQ ID NOS:25 and 26; SEQ ID NOS:27 and 28; SEQ ID
NOS:29 and 30; SEQ ID NOS:31 and 32; SEQ ID NOS:33 and 34; SEQ ID NOS:35
and 36; SEQ ID NOS:37 and 38; SEQ ID NOS:39 and 40; SEQ ID NOS:41 and 42;
SEQ ID NOS:43 and 44; SEQ ID NOS:45 and 46; SEQ ID NOS:47 and 48; SEQ ID
NOS:49 and 50; SEQ ID NOS:51 and 61; or any of the primer pairs formed using
consecutive primers set forth in Table 2 as SEQ ID NOS:62 to 96, 113, and 97 to 112.

In another meﬂlod, the diagnostic method includes a step of contacting the
PKD1-specific first amplification product or second amplification product with a
probe comprising an isolated polynucleotide, or an oligonucleotide portion thereof,
comprising a mutant of SEQ ID NO:1, under conditions such that the probe can
selectively hybridize to a mutant PKD1 polynucleotide; and detecting selective
hybridization of the probe to the first amplification product, thereby diagnosing a
PKD1-associated disorder in the subject. The probe can be, for example, an
oligonucleotide portion of SEQ ID NO:1 that includes one or more of nucleotide 474
is a T; nucleotide 487 is an A; nucleotide 3110 is a C; nucleotide 8298 is a G;
nucleotide 9164 is a G; nucleotide 9213 is an A; nucleotide 9326 is a T; nucleotide 9367
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is a T; nucleotide 10064 is an A; nucleotide 10143 is a G; nucleotide 10234 is a C; or
nucleotide 10255isa T.

The present invention also relates to a method of detecting the presence of a
mutant PKD1 polypeptide in a sample. Such a method can be performed, for
example, by contacting a sample suspected of containing a mutant PKD1 polypeptide
with an antibody that specifically binds to a mutant PKD1 polypeptide, under
conditions which allow the antibody to bind to the mutant PKD1 polypeptide and
detecting specific binding of the antibody and the mutant PKD1 polypeptide in the
sample. The detection of an immunocomplex of the antibody and a mutant PKD1
polypeptide, for example, indicates the presence of a mutant PKD1 polypeptide in the
sample. In one embodiment, the method is performed by contacting a tissue sample
from a subject suspected of cohtaining a PKD1 polypeptide with the antibody that
specifically binds a mutant PKD1 polypeptide under conditions that allow the
antibody interact with a PKD1 polypeptide and detecting specific binding of the
antibody and the PKD1 polypeptide in the tissue.

The present invention further relates to a kit for detecting a mutant PKD1
polynucleotide, which can be a variant PKD1 polynucleotide or a mutant PKD1
polynucleotide associated with a PKD1-associated disorder. The kit can contain, for
example, a carrier means containing therein one or more containers wherein a first
container contains a nucleotide sequence useful for detecting a wild type or mutant
PKD1 polynucleotide. As such, a nucleotide sequence useful in a kit of the invention
can be an oligonucleotide comprising at least ten contiguous nucleotides of SEQ ID
NO:1, including at least one of nucleotide 474, wherein nucleotide 474 is a T;
nucleotide 487, wherein nucleotide 487 is an A; nucleotide 3110, wherein
nucleotide 3110 is a C; a position corresponding to nucleotide 3336, wherein
nucleotide 3336 is deleted; nucleotide 3707, wherein nucleotide 3707 is an A;
nucleotide 4168, wherein nucleotide 4168 is a T; nucleotide 4885, wherein
nucleotide 4885 is an A; nucleotide 5168, wherein nucleotide 5168 is a T;
nucleotide 6058, wherein nucleotide 6058 is a T; nucleotide 6078, wherein

nucleotide 6078 is an A; nucleotide 6089, wherein nucleotide 6089 is a T;
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nucleotide 6195, wherein nucleotide 6195 is an A; nucleotide 6326, wherein
nucleotide 6326 is a T; a position corresponding to nucleotides 7205 to 7211, wherein
nucleotides 7205 to 7211 are deleted; nucleotide 7376, wherein nucleotide 7376isa C; a
nucleotide sequence corresponding to nucleotides 7535 to 7536, wherein a GCG
nucleotide sequence is inserted between nucleotides 7535 and 7536; nucleotide 7415,
wherein nucleotide 7415 is a T; nucleotide 7433, wherein nucleotide 7433 isa T;
nucleotide 7696, wherein nucleotide 7696 is a T; nucleotide 7883, wherein
nucleotide7883 is a T; nucleotide 8021, wherein nucleotide 8021 is an A; a nucleotide
sequence corresponding to nucleotide 8159 to 8160, wherein nucleotides 8159 to 8160
are deleted; nucleotide 8298, wherein nucleotide 8298 is a G; nucleotide 9164, wherein
nucleotide 9164 is a G; nucleotide 9213, wherein nucleotide 9213 is an A;
nucleotide 9326, wherein nucleotide 9326 is a T; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10064, wherein nucleotide 10064 is an A;
nucleotide 10143, wherein nucleotide 10143 is a G; nucleotide 10234, wherein
nucleotide 10234 is a C; or nucleotide 10255, wherein nucleotide 10255isaT. A
nucleotide sequence useful in a kit of the invention also can comprise one or both
primers of a primer pair, particularly at least a forward primer and a reverse primer as set
forth in SEQ ID NOS: 3 to 18; and the kit can further include at least a second primer
pair, including a forward and reverse primer as set forth in SEQ ID NOS: 19 to 51
and 61 to 113. In another aspect, the present invention relates to a kit containing an
antibody that specifically binds to a mutant PKD1 polypeptide or peptide portion
thereof.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a schematic showing the genomic structure of the PKD1 gene
(SEQ ID NO:1) and the relative position of locus-specific templates and primers.

Figure 2 shows the relative position of the BPF6-BPR6 long-range PCR
template and the much shorter PKD1-specific exon 28 product, 28F-BPR6. The
dashed line below exon 28 identified the long range PCR amplification product that
resulted when BPF6, the sequence of which is common to the PKD1 gene and to the

homologs, was used in combination with the homolog-specific primer, BPR6HG.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compositions and methods for identifying
polycystic kidney disease-associated protein-1 (PKD1) gene variants and mutants, and
for diagnosing PKXD1-associated disorders in a subject. Prior to the present
disclosure, the ability to selectively examine the entire PKD1 gene for mutations was
precluded due to the high sequence homology of the PKD1 gene and the PKD1 gene
homologs, including those present with the PKD1 gene on human chromosome 16.
As disclosed herein, polynucleotide sequences have now been developed that are
useful as probes and primers for examining the entire PKD1 gene. Accordingly, the
present invention provides polynucleotides, and oligonucleotide portions thereof, of a
PKDI gene and of PKD1 gene mutants that are useful for detecting PKD1 mutations,

and that can be diagnostic of a PKD1-associated disorder.

Autosomal dominant polycystic kidney disease (ADPKD) exhibits a
transmission pattern typical of autosomal dominant inheritance, where typically each
offspring of an affected individual has a 50% chance of inheriting the causative gene.
Linkage studies indicated that a causative gene is present on the short arm of
chromosome 16, near the o. globin cluster; this locus was designated PKD1 (Reeders
et al., Nature, 317:542, 1985.) Though other PKD-associated genes exist (for
example, PKD2), defects in PKD1 appear to cause ADPKD in about 85-90% of
affected families (Parfrey et al., New Eng. J. Med. 323:1085-1090, 1990; Peters et al.,
Contrib. Nephrol. 97:128-139, 1992).

The PKD1 gene has been localized to chromosomal position 16p13.3,
specifically to an interval of approximately 600kb between the markers ATPL and
CMM65 (D16S84). This region is rich in CpG islands that often flank transcribed
sequences; it has been estimated that this interval contains at least 20 genes. The
precise location of the PKD1 gene was pinpointed by the finding of an ADPKD
family whose affected members carry a translocation that disrupts a 14 kb RNA
transcript associated with this region (European PKD Consortium, Cell, 77:881,
1994).
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The genomic structure of the PKD1 gene, which is illustrated in Figure 1 (SEQ
ID NO:1; see Appendix A; see, also, GenBank Accession No. 139891, which is
incorporated herein by reference), extends over approximately 50 kb, contains 46 exons,
and is bisected by two large polypyrimidine tracts of approximately 2.5 kb and 0.5 kb,
respectively, in introns 21 and 22 (indicated by "...CCTCCTCCT..." in Figure 1). The
replicated portion of the gene, which begins prior to the 5’UTR and is believed to end in
exon 34 (Figure 1; stippled region), covers approximately two thirds of the 5’ end of the
gene and is duplicated several times in a highly similar, transcribed fashion elsewhere in
the human genome (Germino ef al., Genomics 13:144-151, 1992; European '
Chromosome 16 Tuberous Sclerosis Consortium, 1993, Cell 75:1305-1315). The
encoded PKD1 polypeptide is shown as SEQ ID NO:2 (see Appendix A; see, also,
GenBank Accession No. P98161, which is incorporated herein by reference). It should
be recognized that SEQ ID NO:2 is not the same amino acid sequence as that shown to
be encoded by GenBank Accession No. 139891 (see, also, GenBank AAB59488),
presumably due to errors in predicting the encoded PKD1 polypeptide from the PKD1
gene sequence. Instead, the wild type PKD1 polypeptide sequence is shown in SEQ ID
NO:2 (GenBank Accession No. P98161).

The present invention provides a PKD1 gene specific primer, which can be
one of a primer pair. A primer of the invention includes a 5' region and adjacent
PKD1-specific 3' region, wherein the 5' region has a nucleotide sequence that can
hybridize to a PKD1 gene sequence or to a PKD1 gene sequence and a PKD1 gene
homolog sequence, and the 3' region has a nucleotide sequence that selectively
hybridizes only to a PKD1 gene sequence, and particularly not to a PKD1 gene
homolog sequence, except that a primer of the invention does not have a sequence as
set forth in SEQ ID NO:11, SEQ ID NO:18, SEQ ID NO:52, or SEQ ID NO:60.

Thus, a primer of the invention can have a sequence as set forth in any of SEQ ID
NOS:3,4,5,6,7,8,9,10, 12,13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,49, 50, 51, 61,
62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112 and 113, as well as a sequence that is substantially identical
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to any of SEQ ID NOS:3 to 51 and 61 to 113, provided the sequence comprises a
5' region that can hybridize to a PKD1 gene sequence or to a PKD1 gene sequence and
a PKDI gene homolog sequence, and a 3' region that selectively hybridizes to a PKD1

gene sequence, but not to a PKD1 gene homolog sequence; and provided the sequence

is not otherwise specifically excluded herein.

As disclosed herein, a primer of the invention can be prepared by aligning
SEQ ID NO:1 with the PKD1 gene homologs contained in GenBank Accession
Nos. AC002039, AC010488, AC040158, AF320593 and AF320594 (each of which is
incorporated herein by reference; see, also, Bogdanova et al., Genomics 74:333-341,
2001, which is incorporated herein by reference) and identifying regions having
potential sequence differences, then selecting as PKD1-specific primers those
sequences that match over at least about ten nucleotides and that have a mismatch at
or adjacent to the 3' terminus of the matched regions (see Example 1; see, also,
Phakdeekitcharoen et al., supra, 2000). Such primers are referred to as "PKD1-
specific primers" because, while they can hybridize to a PKD1 gene and a PKD1 gene
homologue, an extension product only can be generated upon hybridization to a
PKD1 gene due to the mismatch of one or more nucleotides in the 3' region when the
primer hybridizes to a PKD1 gene homologue. Confirmation that a selected
oligonucleotide is a PKD1-specific primer can be made using methods as disclosed
herein (Example 1) or otherwise known in the art. For example, a simple and
straightforward method for determining that a primer is a PKD1-specific primer of the
invention is to perform a primer extension or an amplification reaction using the
putative PKD1-specific primer and templates including a PKD1 gene sequence and
PKD1 gene homolog sequences, and detecting a single extension product or
amplification product generated from the PKD1 gene template, but not the PKD1
gene homolog templates. Sequences identified as PKD1-specific primers using this or
another method can be confirmed by performing various control experiments as
described by Watnick et al. (supra, 1999), for example, by comparing an
amplification product obtained in a cell having a PKD1 gene with the products, if any,
produced using the radiation hybrid cell line, 145.19, which lacks the PKD1 gene but

contains PKD1 gene homologs.
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A nucleotide sequence suspected of being useful as a PKD1-specific primer
also can be compared against a human genomic DNA database using, for example, a
BLAST search or other algorithm, to confirm that the nucleotide sequence meets the
requirements of a PKD1-specific primer as defined herein. For example, a putative
PKD1-specific primer can be examined at the National Center for Biotechnology
Information (NCBI), which can be accessed on the world wide web, by selecting the
"Blast" option, thereafter selecting the "Search for short nearly exact matches",
entering in the sequence to be examined, and, using the default search algorithms
(word size 7), searching the "nr" database, which include all non-redundant
GenBank+EMBL+DDBJ+PDB sequences, but no EST, SST, GSS or HTGS

sequences; output can be restricted to showing only the top ten matches.

In a PKD1-specific primer of the invention, the 5' region contains at least
about ten contiguous nucleotides, generally at least about 12 nucleotides, and usually
about 14 to 18 nucleotides. In addition, the 3' region of the primer contains at least
one 3' terminal nucleotide, and can include a sequence of at least about 2 to 6
nucleotides, particularly about 2 to 4 nucleotides. Where the 3' region consists of a
single 3' terminal nucleotide, the primer is selected such that the 3' terminal nucleotide
is identical to a nucleotide that is 5' and adjacent to the nucleotide sequence of the
PKD1 gene to which the 5' region of the primer can hybridize, and is different from a
nucleotide that is 5' and adjacent to a nucleotide sequence of the PKD1 homolog to
which the 5' region of the primer can hybridize, i.e., provides a mismatched
nucleotide. Where the 3' region of the PKD1-specific primer contains two or more
nucleotides, one or more of the nucleotides can be mismatched, and the mismatched
nucleotide can, but need not include the 3' terminal nucleotide, provided that when the
mismatched nucleotide or nucleotides do not include the 3' terminal nucleotide, the

primer cannot be extended when hybridized to a PKD1 gene homolog.

PKD1-specific primers of the invention are exemplified by primers that can
selectively hybridize to a nucleotide sequence that flanks and is within about fifty

nucleotides of a nucleotide sequence of SEQ ID NO:1 selected from about
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nucleotides 2043 to 4209; nucleotides 17907 to 22489; nucleotides 22218 to 26363;
nucleotides 26246 to 30615; nucleotides 30606 to 33957; nucleotides 36819 to 37140;
nucleotides 37329 to 41258; and nucleotides 41508 to 47320. A primer of the
invention is exemplified by any of SEQ ID NOS: 3 to 10, 12 to 17, 19 to 51, and 61
to 113, and can have a sequence substantially identical to any of SEQ ID NOS:3 to 51
and 61 to 113, provided the sequence meets the requirements of a PKD1-specific
primer as disclosed herein, and provided the sequence is not a sequence as set forth in

any of SEQ ID NO:11, SEQ ID NO:18, SEQ ID NO:52, and SEQ ID NO:60.

A primer is considered to be "substantially identical” to any of SEQ ID NOS:3
to 51 and 61 to 113 if the primer has at least about 80% or 85%, generally at least
about 90%, usually at least about 95%, and particularly at least about 99% sequence
identity with one of SEQ ID NOS:3 to 51 and 61 to 113, and has a 5' region and
adjacent PKD1-specific 3' region, wherein the 5' region has a nucleotide sequence that
can hybridize to a PKD1 gene sequence or to a PKD1 gene sequence and a PKD1
gene homolog sequence, and the 3' region has a nucleotide sequence that selectively
hybridizes only to a PKD1 gene sequence, and particularly not to a PKDI1 gene
homolog sequence, as defined herein, except that a primer of the invention does not
have a sequence as set forth in SEQ ID NO:11, SEQ ID NO:18, SEQ ID NO:52, or
SEQ ID NO:60. As such, a primer of the invention can include one or a few, but no
more than about four or five, more or fewer nucleotide than a primer as set forth in
SEQ ID NOS:3 to 51 and 61 to 113, provided the primer meets the functional

requirements as defined herein.

The present invention also provides primer pairs. In one embodiment, a
primer pair of the invention comprising a forward and reverse PKD1-specific primer
as disclosed herein. As such, a primer pair of the invention can amplify a portion of
SEQ ID NO:1 including about nucleotides 2043 to 4209; nucleotides 17907 to 22489;
nucleotides 22218 to 26363; nucleotides 26246 to 30615; nucleotides 30606 to 33957,
nucleotides 36819 to 37140; nucleotides 37329 to 41258; nucleotides 41508 to 47320;
or a combination thereof. In general, a primer pair of the invention can produce an

amplification product of about ten kilobases or shorter, generally about 7500 bases or
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shorter, and particularly about six kilobases or shorter. Primer pairs of the invention
are exemplified by a forward primer and a reverse primer selected from SEQ ID
NOS:3 to 18, for example, by any of SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ
ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13
and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17 and 18; and SEQ ID NOS:9 and 113,
which can be used to produce PKD1-specific amplification products of about

0.3 kilobases to about 5.8 kilobases.

As disclosed herein, a set of eight polymerase chain reaction (PCR) primer pairs
can be used to prepare PKD1-specific amplification products that encompass all of the
exons and their flanking introns within the replicated region of the PKD1 gene. In view
of the disclosed nucleotide sequences of the primers and of SEQ ID NO:1, it will be
recognized that additional PCR primer pairs useful for a preparing PKD1-specific first
amplification product can be based on the exemplified primers and primer pairs, but can
include one or few additional nucleotides (based on SEQ ID NO:1) at one or both ends
of the exemplified primers, or can have one or a few nucleotides of an exemplified
primer deleted, and their usefulness can be determined by comparing an amplification
product generated using the derived or modified primer with a PKD1-specific
amplification product as disclosed herein. As such, a primer pair based, for example, on
SEQ ID NOS: 3 and 4 can be used to generate a PKD-1 specific amplification product
containing about nucleotides 2043 to 4209 of SEQ ID NO:2, where in reference to
"about" nucleotides 2043 to 4209 of SEQ ID NO:2 accounts for the disclosure that a
primer pair used for amplification can be identical or substantially identical to SEQ

ID NOS: 3 and 4.

Accordingly, the present invention provides primer pairs comprising a forward
primer and a reverse primer having nucleotide sequences as set forth in SEQ ID NOS:3
to 18; primer pairs exemplified by SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ ID
NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13
and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17 and 18; and SEQ ID NOS:9 and 113;
and substantially identical primer pairs that comprise primers based on or derived from

the exemplified primers, such primer pairs being useful for preparing a PKD1-specific
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amplification product. The primer pairs shown as SEQ ID NOS: 9 and 10 and SEQ ID
NOS: 11 and 12 have been described by Phakdeekitcharoen et al. (supra, 2000), as have

the PKD1 specific amplification products generated using these primers.

It should be recognized that certain primers and certain primer pairs exemplified
herein are not considered to be encompassed within the present invention. For example,
the primer set forth in SEQ ID NO:11 has been described in U.S. Pat. No. 6,017,717
(which is incorporated herein by reference; column 24, SEQ ID NO:15); and the primer
set forth in SEQ ID NO:18 has been described by Watnick et a/. (Hum. Mol. Genet.
6:1473-1481, 1997, which is incorporated herein by reference; see page 1479; KG8R25),
and, therefore, neither of these primers is considered to be a primer of the invention.
Nevertheless, the primers set forth as SEQ ID NOS: 11 and 18 can be encompassed
within the primer pairs of the invention, including within various disclosed and
exemplified primer pairs, for example, the primer pairs set forth as SEQ ID NOS:11
and 12 and as SEQ ID NOS:17 and 18, as well as within combinations of two or more
primer paits, for example, a combination comprising SEQ ID NOS:11 and 12 and SEQ
ID NOS:13 and 14.

The primers set forth in SEQ ID NO:9 and SEQ ID NO:10 have been described
by Watnick et al. (Am. J. Hum. Genet. 65:1561-1571, 1999, which is incorporated
herein by reference) and, therefore, can be specifically excluded from certain
embodiments of the invention, as desired, for example, as encompassed within the
primers of the invention. It should be recognized, however, that the combination of SEQ
ID NOS:9 and 10 as a primer pair is not described by Watnick et al. (supra, 1999). SEQ
ID NOS:49 to 51 and 61 to 105 also have been described by Watnick ez al. (supra, 1999)
and, therefore, can be specifically excluded from certain embodiments of the invention,

as desired.

Except as provided herein, a primer of the invention is exemplified by any of
SEQ ID NOS:3 to 51 and 61 to 113, as well as substantially identical oligonucleotide
primers that are based on or derived from SEQ ID NOS:3 to 51 and 61 to 113. It should
be recognized, however, that the primer set forth as SEQ ID NO:12 is substantially
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similar to the primer designated TWR2 by Watnick et al. (Mol. Cell 2:247-251, 1998,
which is incorporated herein by reference; page 250;
5. GCAGGGTGAGCAGGTGGGGCCATCCTA-3"; SEQ ID NO:60), and that the
primer set forth as SEQ ID NO:10 is substantially identical to SEQ ID NO:13 in U.S.
Pat. No. 6,071,717 (5-AGGTCAACGTGGGCCTCCAAGTAGT-3'; SEQ ID NO:52).
As such, a primer having the nucleotide sequence of SEQ ID NO:52 or of SEQ ID
NO:60 is specifically excluded from the primers that otherwise would be encompassed
within the scope of primets that have a sequence substantially identical to the sequence
of the primer set forth as SEQ ID NO:12 or SEQ ID NO:10, respectively.

The present invention also provides an isolated mutant PKD1 polynucleotide,
or an oligonucleotide portion thereof comprising a mutation as disclosed herein. As
used herein, the term "isolated" or "purified," when used in reference to a
polynucleotide, oligonucleotide, or polypeptide, means that the material is in a form
other than that in which it normally is found in nature. Thus, where a polynucleotide
or polypeptide occurs in a cell in nature, an isolated polynucleotide or purified
polypeptide can be one that separated, at least in part, from the materials with which it
is normally associated. In general, an isolated polynucleotide or a purified
polypeptide is present in a form in which it constitutes at least about 5 to 10% of a
composition, usually 20% to 50% of a composition, particularly about 50% to 75% of
a composition, and preferably about 90% to 95% or more of a composition. Methods

for isolating a polynucleotide or polypeptide are well known and routine in the art.

As part of or following isolation, a polynucleotide can be joined to other
polynucleotides, such as DNA molecules, for example, for mutagenesis studies, to
form fusion proteins, or for propagation or expression of the polynucleotide in a host.
The isolated polynucleotides, alone or joined to other polynucleotides, such as
vectors, can be introduced into host cells, in culture or in whole organisms. Such
polynucleotides, when introduced into host cells in culture or in whole organisms,
nevertheless are considered "isolated" because they are not in a form in which they
exist in nature. Similarly, the polynucleotides, oligonucleotides, and polypeptides can

be present in a composition such as a media formulation (solutions for introduction of
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polynucleotides, oligonucleotides, or polypeptides, for example, into cells or
compositions or solutions for chemical or enzymatic reactions which are not naturally
occurring compositions) and, therein remain isolated polynucleotides,
oligonucleotides, or polypeptides within the meaning of that term as it is employed
herein. An isolated polynucleotide can be a polynucleotide that is not immediately
contiguous with nucleotide sequences with which it is immediately contiguous in a
genome or other naturally occurring cellular DNA molecule in nature. Thus, a
recombinant polynucleotide, which can comprise a polynucleotide incorporated into a
vector, an autonomously replicating plasmid, or a virus; or into the genomic DNA of a

prokaryote or eukaryote, which does not normally express a PKD1 polypeptide.

As used herein, the term "polynucleotide" or "oligonucleotide" or "nucleotide
sequence" or the like refers to a polymer of two or more nucleotides or nucleotide
analogs. The polynucleotide can be a ribonucleic acid (RNA) or deoxyribonucleic
acid (DN'A) molecule, and can be single stranded or double stranded DNA or RNA, or
a double stranded DNA:RNA hybrid. A polynucleotide or oligonucleotide can
contain one or more modified bases, for example, inosine or a tritylated base. The
bonds linking the nucleotides in a polymer generally are phosphodiester bonds, but
can be other bonds routinely used to link nucleotides including, for example,
phosphorothioate bonds, thioester bonds, and the like. A polynucleotide also can be a

chemically, enzymatically or metabolically modified form.

As used herein, the term "mutant PKD1 polynucleotide" means a nucleotide
sequence that has one or a few nucleotide changes as compared to the nucleotide
sequence set forth as SEQ ID NO:1. The nucleotide change can be a deletion, insertion
or substitution, and can be silent such that there is no change in the reading frame of a
polypeptide encoded by the PKD1 polynucleotide, or can be a change that results in an
amino acid change or in the introduction of a STOP codon into the polynucleotide, or a
change in a nucleotide sequence involved in transcription or translation of the PKD1
polynucleotide, for example, a change that results in altered splicing of a PKD1 gene
transcript into an mRNA (see Example 2). As disclosed herein, a mutant PKD1

polynucleotide can be a polymorphic variant, which, other than one or a few nucleotide



WO 02/06529 PCT/US01/22035

10

15

20

25

30

25
changes with respect to SEQ ID NO:1, encodes a PKD1 polypeptide and does not
correlate with a PKD1 associated disorder, particularly ADPKD, or can be a mutant
PKD1 polynucleotide that contains one or more mutations that correlate with a PKD1

associated disorder such as ADPKD (see Example 2).

For convenience of discussion and for use as a frame of reference, the PKD1
nucleotide sequence set forth in SEQ ID NO:1 is referred to as a "wild type PKD1
polynucleotide” or a "wild type PKD1 gene" sequence, and, similarly, the polypeptide
set forth as SEQ ID NO:2 is referred to as a "wild type PKD1 polypeptide." However,
while the presence of the wild type PKD1 gene sequence (i.e., SEQ ID NO:1) in an
individual correlates to the absence of ADPKD in the individual, it should be recognized
that polymorphic variants of SEQ ID NO:1 also are found in individuals that do not
exhibit ADPKD or other PKD1-associated disorder. The term "variants" or
"polymorphic variants" is used herein to refer to mutant PKD1 polynucleotide sequences
(with respect to SEQ ID NO:1) that do not correlate with the signs or symptoms
characteristic of a PKD1 associated disorder such as ADPKD. Variant PKD1
polynucleotides include, for example, nucleotide substitutions that do not resultin a
change in the encoded amino acid, i.e., silent mutations, such as G4885A, in which the
wild type and mutant codons both encode a threonine (T1558T), and C6058T, in which
the wild type and mutant codons both encode a serine (S1949S; see Example 2; see, also,
Phakdeekitcharoen ef al., supra, 2000); those that do not segregate with the disease, or
those that are found in a panel of unaffected individuals. As such, it should be
recognized that the term "mutant PKD1 polynucleotide” broadly encompasses PKD1
variants, which do not correlate with a PKD1 associated disorder, as well as mutant

PKD1 polynucleotides that correlate or are associated with a PKD1 associated disorder.

Examples of mutant PKD1 polynucleotide sequences, including variant PKD1
polynucleotide sequence, include sequences substantially as set forth in SEQ ID NO:1,
but having a mutation at nucleotide 474, wherein nucleotide 474 is a T; nucleotide 487,
wherein nucleotide 487 is an A; nucleotide 3110, wherein nucleotide 3110isa C; a
position corresponding to nucleotide 3336, wherein nucleotide 3336 is deleted;

nucleotide 3707, wherein nucleotide 3707 is an A; nucleotide 4168, wherein
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nucleotide 4168 is a T; nucleotide 4885, wherein nucleotide 4885 is an A;
nucleotide 5168, wherein nucleotide 5168 is a T; nucleotide 6058, wherein
nucleotide 6058 is a T; nucleotide 6078, wherein nucleotide 6078 is an A;
nucleotide 6089, wherein nucleotide 6089 is a T; nucleotide 6195, wherein
nucleotide 6195 is an A; nucleotide 6326, wherein nucleotide 6326 is a T; a position
corresponding to nucleotides 7205 to 7211, wherein nucleotides 7205 to 7211 are’
deleted; nucleotide 7376, wherein nucleotide 7376 is a C; a nucleotide sequence
corresponding to nucleotides 7535 to 7536, wherein a GCG nucleotide sequence is
inserted between nucleotides 7535 and 7536; nucleotide 7415, wherein nucleotide 7415
is a T; nucleotide 7433, wherein nucleotide 7433 is a T; nucleotide 7696, wherein
nucleotide 7696 is a T; nucleotide 7883, wherein nucleotide 7883 isa T;
nucleotide 8021, wherein nucleotide 8021 is an A; a nucleotide sequence corresponding
to nucleotide 8159 to 8160, wherein nucleotides 8159 to 8160 are deleted;
nucleotide 8298, wherein nucleotide 8298 is a G; nucleotide 9164, wherein
nucleotide 9164 is a G; nucleotide 9213, wherein nucleotide 9213 is an A;
nucleotide 9326, wherein nucleotide 9326 is a T; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10064, whetein nucleotide 10064 is an A;
nucleotide 10143, wherein nucleotide 10143 is a G; nucleotide 10234, wherein
nucleotide 10234 is a C; or nucleotide 10255, wherein nucleotide 10255isa T; ora
combination thereof (see Example 2; see, also, Tables 3 and 4). Examples of a mutant
PKD1 polynucleotide of the invention also include a polynucleotide that encodes a
PKD1 polypeptide having substantially as set forth in SEQ ID NO:2, but having
an A88V, W967R, G1166S; V1956E; R1995H; R2408C; D2604N; L2696R, R2985G,
R3039C, V32851, H3311R mutation, or a combination thereof, as well as
polypeptides that have, for example, an addition of a Gly residue between amino acid
residues 2441 and 2442 of SEQ ID NO:2 due to an insertion, or that terminate with
amino acid 3000 of SEQ ID NO:2 due to the presence of a STOP codon at the
position in SEQ ID NO:1 that would otherwise encode amino acid 3001 (see, also,
Table 4; Example 2).

Additional examples of mutant PKD1 polynucleotides of the invention include

polynucleotide sequences that selectively hybridize to the complements of the
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polynucleotide sequences, or oligonucleotide portions thereof, as disclosed herein, under
highly stringent hybridization conditions, e.g., hybridization to filter-bound DNA in
0.5M NaHPO,, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 65°C, and washing
in 0.1 x SSC/0.1% SDS at 68°C (Ausubel et al., Current Protocols in Molecular Biology,
(Green Publishing Associates, Inc., and John Wiley & Sons, Inc., New York 1989), and
supplements; see p. 2.10.3; Sambrook et al., Molecular Cloning: A laboratory manual
(Cold Spring Harbor Laboratory Press, 1989), which are incorporated herein by
reference), as well as polynucleotides that encode a PKD1 polypeptide substantially as
set forth in SEQ ID NO:2, but having one or more mutations; or an RNA corresponding

to such a polynucleotide.

A polynucleotide or polypeptide sequence that is "substantially identical" to a
PKD1 polynucleotide of SEQ ID NO:1 or a polypeptide sequence of SEQ ID NO:2
generally is at least 80% or 85%, usually at least about 90%, and particularly at least
about 95%, and preferably at least about 99% identical to the nucleotide sequence or
amino acid sequence as set forth in SEQ ID NO:1 or SEQ ID NO:2, respectively. It
should be recognized, however, that a mutation in a PKD1 gene sequence can result in
the expression of a truncated PKD1 polypeptide, or even a complete loss of
expression of the PKD1 polypeptide. As such, while a mutant PKD1 polynucleotide
is identified as being substantially identical to SEQ ID NO:1, it may not always be
possible to make the same comparison with respect to the encoded polypeptides. In
one aspect of the invention, a polynucleotide or polypeptide sequence that is
substantially identical to SEQ ID NO:1 or 2 will vary at one or more sites having a
mutation, for example, a mutation present in a mutant PKD1 polynucleotide as set
forth in the preceding paragraph. Sequence identity can be measured using sequence
analysis software (e. g.A, Sequence Analysis Software Package of the Genetics
Computer Group, University of Wisconsin Biotechnology Center, 1710 University
Avenue, Madison WI 53705).

A polynucleotide or oligonucleotide portion thereof of the invention can be
useful, for example, as a probe or as a primer for an amplification reaction. Reference to

an "oligonucleotide portion" of a mutant PKD1 polynucleotide means a nucleotide
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sequence of the mutant PKD1 polynucleotide that is less than the full length
polynucleotide. Generally, a polynucleotide useful as a probe or a primer contains at
least about 10 nucleotides, and usually contains about 15 to 30 nucleotides or more
(see, for example, Tables 1 and 2). Polynucleotides can be prepared by any suitable
method, including, for example, by restriction enzyme digestion of an appropriate
polynucleotide, by direct chemical synthesis using a method such as the
phosphotriester method (Narang et al., 1979, Meth. Enzymol., 68:90-99); the
phosphodiester method (Brown et al., 1979, Meth. Enzymol., 68:109-151); the
diethylphosphoramidite method (Beaucage et al., 1981, Tetrahedron Lett., 22:1859-
1862); the triester method (Matteucci et al., 1981, J. Am. Chem. Soc., 103:3185-
3191), including by automated synthesis methods; or by a solid support method (see,
for example, U.S. Pat. No. 4,458,066). In addition, a polynucleotide or
oligonucleotide can be prepared using recombinant DNA methods as disclosed herein

or otherwise known in the art.

An oligonucleotide of the invention can include a portion of a mutant PKD1
polynucleotide, including, for example, a sequence substantially identical to that of
SEQ ID NO:1, except wherein nucleotide 474 is a T; or wherein nucleotide 487 is an A;
or wherein nucleotide 3110 is a C; or wherein nucleotide 8298 is a G; or wherein
nucleotide 9164 is a G; or wherein nucleotide 9213 is an A; or wherein nucleotide 9326
is a T; or wherein nucleotide 9367 is a T; or wherein nucleotide 10064 is an A; or
wherein nucleotide 10143 is a G; or wherein nucleotide 10234 is a C; or wherein
nucleotide 10255 is a T; or wherein the oligonucleotide contains a combination of such
substitutions with respect to SEQ ID NO:1. Thus, as disclosed herein, the
oligonucleotide can be any length and can encompass one or more of the above

mutations.

An oligonucleotide of the invention can selectively hybridize to a mutant PKD1
polynucleotide sequence as disclosed herein. As such, the oligonucleotide does not
hybridize substantially, if at all, to a wild type PKD1 polynucleotide (i.e., to SEQ ID
NO:1). As used herein, the term "selectively hybridize" refers to the ability of an

oligonucleotide (or polynucleotide) probe to hybridize to a selected sequence, but not to
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a highly related nucleotide sequence. For example, a oligonucleotide of the invention
selectively hybridizes to a mutant PKD1 polynucleotide, but not substantially to a
corresponding sequence of SEQ ID NO:1. As such, hybridization of the oligonucleotide
to SEQ ID NO:1 generally is not above background, or, if some hybridization occurs, is
at least about ten-fold less than the amount of hybridization that occurs with respect to

the mutant PKD1 polynucleotide.

In addition, the term "hybridize" is used herein to have its commonly understood
meaning of two nucleotide sequences that can associate due to shared complementarity.
As disclosed herein, a primer of the invention can hybridize to PDK1 gene and may also
hybridize to a PDK1 gene homolog, but generally does not substantially hybridize to a
nucleotide sequence other than a PKD1 gene or PKID1 gene homolog. Desired
hybridization conditions, including those that allow for selective hybridization, can be
obtained by varying the stringency of the hybridization conditions, based, in part, on the
length of the sequences involved, the relative G:C content, the salt concentration, and the
like (see Sambrook et al., supra, 1989). Hybridization conditions that are highly
stringent conditions are used for selective hybridization and can be used for
hybridization of a primer or primer pair of the invention to a PKD1 gene or PKD1 gene
homolog, and include, for example, washing in 6 x SSC/0.05% sodium pyrophosphate at
about 37°C (for 14 nucleotide DNA probe), about 48°C (for 17 nucleotide probe), about
55°C (for a 20 nucleotide probe), and about 60°C (for a 23 nucleotide probe). As
disclosed herein, polynucleotides that selectively hybridize to a mutant PKD1
polynucleotide provide a means to distinguish the mutant PKD1 polynucleotide from a

wild type PKD1 polynucleotide.

A polynucleotide or oligonucleotide of the invention can be used as a probe to
screen for a particular PKD1 variant or mutant of interest. In addition, the
oligonucleotides of the invention include a PKD1 antisense molecule, which can be
useful, for example, in PKD1 polynucleotide regulation and amplification reactions of
PKD1 polynucleotide sequences, including mutant PKD1 polynucleotide sequences.
Further, such oligonucleotides can be used as part of ribozyme or triple helix sequence

for PKD1 gene regulation. Still further, such oligonucleotides can be used as a
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component of diagnostic method, whereby the level of PKDI transcript can be
determined or the presence of an ADPKD-causing allele can be detected. Further, such
oligonucleotides can be used, for example, to screen for and identify PKD1 homologs

from other species.

The term "primer” or "PCR primer" refers to an isolated natural or synthetic
oligonucleotide that can act as a point of initiation of DNA synthesis when placed
under conditions suitable for primer extension. Synthesis of a primer extension
product is initiated in the presence of nucleoside triphosphates and a polymerase in an
appropriate buffer at a suitable temperature. A primer can comprise a plurality of
primers, for example, where there is some ambiguity in the information regarding one
or both ends of the target region to be synthesized. For instance, if a nucleic acid
sequence is determined from a protein sequence, a primer generated to synthesize
nucleic acid sequence encoding the protein sequence can comprise a collection of
primers that contains sequences representing all possible codon variations based on
the degeneracy of the genetic code. One or more of the primers in this collection will
be homologous with the end of the target sequence or a sequence flanking a target
sequence. Likewise, if a conserved region shows significant levels of polymorphism
in a population, mixtures of primers can be prepared that will amplify adjacent

sequences.

During PCR amplification, primer pairs flanking a target sequence of interest
are used to amplify the target sequence. A primer pair typically comprises a forward
primer, which hybridizes to the 5° end of the target sequence, and a reverse primer,
which hybridizes to the 3’ end of the target sequence. Except as otherwise provided
herein, primers of the present invention are exemplified by those having the
sequences set forth as SEQ ID NOS:3 to 51 and 61 to 113 (see Tables 1 and 2).
Forward primers are exemplified by SEQ IDNOS:3, 5,7,9, 11, 13, 15,17, 19, 21,
23,25,27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47 and 49; and reverse primers are
exemplified by SEQ ID NOS:4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, and 50. A primer pair of the invention includes at least one

forward primer and at least one reverse primer that allows for generation of an
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amplification product, which can be a long range PKD1-specific amplification
product or a nested amplification product of such an amplification product, including
a forward and reverse primer as set forth in SEQ ID NOS:3 to 18 and of SEQ ID
NOS:19 to 51 and 61 to 113, provided that the forward primer is 5' (or upstream) of
the reverse primer with reference to a target polynucleotide sequence, and that the
primers are in sufficient proximity such that an amplification product can be

generated.

Nucleic acid sequences that encode a fusion protein can be produced and can
be operatively linked to expression control sequences. Such fusion proteins and
compositions are useful in the development of antibodies or to generate and purify
peptides and polypeptides of interest. As used herein, the term "operatively linked"
refers to a juxtaposition, wherein the components so described are in a relationship
permitting them to function in their intended manner. For example, an expression
control sequence operatively linked to a coding sequence is ligated such that
expression of the coding sequence is achieved under conditions compatible with the
expression control sequences, whereas two operatively linked coding sequences can
be ligated such that they are in the same reading frame and, therefore, encode a fusion

protein.

As used herein, the term "expression control sequences" refers to nucleic acid
sequences that regulate the expression of a nucleic acid sequence to which it is
operatively linked. Expression control sequences are operatively linked to a nucleic
acid sequence when the expression control sequences control and regulate the
transcription and, as appropriate, translation of the nucleic acid sequence. Thus,
expression control sequences can include appropriate promoters, enhancers,
transcription terminators, a start codon (i.e., ATG) in front of a protein-encoding
gene, splicing signals for introns, maintenance of the correct reading frame of that
gene to permit proper translation of the mRNA, and STOP codons. Control
sequences include, at a minimum, components whose presence can influence

expression, and can also include additional components whose presence is
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advantageous, for example, leader sequences and fusion partner sequences.

Expression control sequences can include a promoter.

A polynucleotide of the invention can comprise a portion of a recombinant
nucleic acid molecule, which, for example, can encode a fusion protein. The
polynucleotide, or recombinant nucleic acid molecule, can be inserted into a vector,
which can be an expression vector, and can be derived from a plasmid, a virus or the
like. The expression vector generally contains an origin of replication, a promoter,
and one or more genes that allow phenotypic selection of transformed cells containing
the vector. Vectors suitable for use in the present invention include, but are not
limited to the T7-based expression vector for expression in bacteria (Rosenberg et al.,
Gene 56:125, 1987), the pPMSXND expression vector for expression in mammalian
cells (Lee and Nathans, J. Biol. Chem. 263:3521, 1988); baculovirus-derived vectors

for expression in insect cells; and the like.

The choice of a vector will also depend on the size of the polynucleotide
sequence and the host cell to be employed in the methods of the invention. Thus, the
vector used in the invention can be plasmids, phages, cosmids, phagemids, viruses (e.g.,
retroviruses, parainfluenzavirus, herpesviruses, reoviruses, paramyxoviruses, and the
like), or selected portions thereof (e.g., coat protein, spike glycoprotein, capsid protein).
For example, cosmids and phagemids are typically used where the specific nucleic acid
sequence to be analyzed or modified is large because these vectors are able to stably
propagate large polynucleotides. Cosmids and phagemids are particularly suited for the
expression or manipulation of the PKD1 polynucleotide of SEQ ID NO:1 or a mutant
PKD1 polynucleotide.

In yeast, a number of vectors containing constitutive or inducible promoteré
can be used (see Ausubel et al., supra, 1989; Grant et al., Meth. Enzymol. 153:516-
544, 1987; Glover, DNA Cloning, Vol. II, IRL Press, Washington D.C., Ch. 3, 1986,
and Bitter, Meth. Enzymol. 152:673-684, 1987; and The Molecular Biology of the
Yeast Saccharomyces, Eds. Strathern et al., Cold Spring Harbor Press, Vols. I and II,
1982). A constitutive yeast promoter such as ADH or LEU2 or an inducible promoter
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such as GAL can be used (“Cloning in Yeast,” Ch. 3, Rothstein, In "DNA Cloning"
Vol. 11, A Practical Approach, ed. Glover, IRL Press, 1986). Alternatively, vectors
can be used which promote integration of foreign DNA sequences into the yeast
chromosome. The construction of expression vectors and the expression of genes in
transfected cells involves the use of molecular cloning techniques also well known in
the art (see Sambrook et al., supra, 1989; Ausubel et al., supra, 1989). These
methods include in vitro recombinant DNA techniques, synthetic techniques and

in vivo recombination/genetic recombination.

A polynucleotide or oligonucleotide can be contained in a vector and can be
introduced into a cell by transformation or transfection of the cell. By
"transformation” or "transfection" is meant a permanent (stable) or transient genetic
change induced in a cell following incorporation of new DNA (i.e., DNA exogenous
to the cell). Where the cell is a mammalian cell, a permanent genetic change is

generally achieved by introduction of the DNA into the genome of the cell.

A transformed cell or host cell can be any prokaryotic or eukaryotic cell into
which (or into an ancestor of which) has been introduced, by means of recombinant
DNA techniques, a polynucleotide sequence of the invention or fragment thereof.
Transformation of a host cell can be carried out by conventional techniques as are
well known to those skilled in the art. Where the host is prokaryotic, such as E. coli,
competent cells which are capable of DNA uptake can be prepared from cells
harvested after exponential growth phase and subsequently treated by the CaCl,
method by procedures well known in the art, or using MgCl, or RbClL.
Transformation can also be performed after forming a protoplast of the host cell or by

electroporation.

When the host is a eukaryote, such methods of transfection include the use of
calcium phosphate co-precipitates, conventional mechanical procedures such as
microinjection, electroporation, insertion of a plasmid encased in liposomes, or the
use of virus vectors, or other methods known in the art. One method uses a

eukaryotic viral vector, such as simian virus 40 (SV40) or bovine papillomavirus, to
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transiently infect or transform eukaryotic cells and express the protein. (Eukaryotic
Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 1982). Preferably, a
eukaryotic host is utilized as the host cell as described herein. The eukaryotic cell can
be a yeast cell (e.g., Saccharomyces cerevisiae), or can be a mammalian cell,

including a human cell.

A variety of host-expression vector systems can be utilized to express a PKD1
polynucleotide sequence such as SEQ ID NO:1, a coding sequence of SEQ ID NO:1 or a
mutant PKD1 polynucleotide. Such host-expression systems represent vehicles by
which the nucleotide sequences of interest can be produced and subsequently purified,
and also represent cells that, when transformed or transfected with the appropriate
nucleotide coding sequences, can express a PKD1 protein, including a PKD1 variant or
mutant polypeptide or peptide portion thereof in situ. Such cells include, but are not
limited to, microorganisms such as bacteria (e.g., E. coli, B. subtilis) transformed with
recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors
containing a PKD1 polynucleotide, or oligonucleotide portion thereof (wild type, variant
or other mutant); yeast (e.g., Saccharomyces, Pichia) transformed with recombinant
yeast expression vectors containing a PKD1 polynucleotide, or oligonucleotide portions
thereof (wild type, variant or other PKD1 mutant); insect cell systems infected with
recombinant virus expression vectors (e.g., baculovirus) containing a PKD1
polynucleotide, or oligonucleotide portion thereof (wild type, PKD1 variant or other
mutant); plant cell systems infected with recombinant virus expression vectors (e.g.,
cauliflower mosaic virus or tobacco mosaic virus) or transformed with recombinant
plasmid expression vectors (e.g., Ti plasmid) containing a mutant PKD1 polynucleotide,
or oligonucleotide portion thereof;, or mammalian cell systems (e.g., COS, CHO, BHK,
293, 3T3) harboring recombinant expression constructs containing promoters derived
from the genome of mammalian cells (e.g., metallothionein promoter) or from
mammalian viruses (e.g., the adenovirus late promoter; the vaccinia virus 7.5K

promoter).

In bacterial systems, a number of expression vectors can be advantageously

selected depending upon the use intended for the PKD1 protein ( wild type, variant or
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other PKD1 mutant) being expressed. For example, when a large quantity of such a
protein is to be pi‘oduced, for the generation of antibodies, which can be used to identify
or diagnose PKD1-associated diseases or disorderé, or to screen peptide libraries, vectors
that direct the expression of high levels of fusion protein products that are readily
purified can be desirable. Such vectors include, but are not limited to, the . coli
expression vector pUR278 (Ruther et al., 1983, EMBO J.'2:1791), in which a PKD1
polynucleotide, or oligonucleotide portion thereof (wild type, variant or other mutant)
can be ligated individually into the vector in frame with the lac Z coding region so that a
fusion protein is produced; pIN vectors (Inouye and Inouye, Nucl. Acids Res. 13:3101-
3109, 1985; Van Heeke and Schuster, J. Biol. Chem. 264:5503-5509, 1989); and the
like. pGEX vectors can also be used to express foreign polypeptides as fusion proteins
with glutathione S-transferase (GST). In general, such fusion proteins are soluble and
can easily be purified from lysed cells by adsorption to glutathione-agarose beads
followed by elution in the presence of free glutathione. The pGEX vectors are designed
to include thrombin or factor Xa protease cleavage sites so that the cloned PKD1 protein,

variant or mutant can be released from the GST moiety.

In an insect system, Aufographa californica nuclear polyhedrosis virus (AcNPV)
is used as a vector to express foreign genes. The virus grows in Spodoptera frugiperda
cells. A PKD1 polynucleotide, or oligonucleotide portion thereof can be cloned
individually into non-essential regions (for example the polyhedrin gene) of the virus
and placed under control of an ACNPV promoter (for example the polyhedrin promoter).
Successful insertion of a PKD1 polynucleotide, or oligonucleotide portion thereof will
result in inactivation of the polyhedrin gene and production of non-occluded
recombinant virus (i.e., virus lacking the proteinaceous coat coded for by the polyhedrin
gene). These recombinant viruses are then used to infect Spodoptera fiugiperda cells in
which the inserted gene is expressed (see Smith ef al., 1983, J. Virol. 46:584; U.S. Pat.
No. 4,215,051).

In mammalian host cells, a number of viral-based expression systems can be
utilized. In cases where an adenovirus is used as an expression vector, a PKD1

polynucleotide, or oligonucleotide portion thereof, can be ligated to an adenovirus
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transcription/translation control complex, e.g., the late promoter and tripartite leader
sequence. This chimeric gene can then be inserted in the adenovirus genome by i vitro
or in vivo recombination. Insertion in a non-essential region of the viral genome such as
the E1 or E3 region results in a recombinant virus that is viable and capable of
expressing a PKD1 protein (e.g., wild-type, variants or mutants thereof) in infected hosts
(Logan and Shenk, Proc. Natl. Acad. Sci., USA 81:3655-3659, 1984). Specific initiation
signals can also be required for efficient translation of an inserted PKD1 sequence.
These signals include the ATG initiation codon and adjacent sequences. Where an entire
PKD1 polynucleotide, including its own initiation codon and adjacent sequences, is
inserted into the appropriate expression vector, no additional translational control signals
can be needed. However, where only a portion of a PKD1 sequence is inserted,
exogenous translational control signals, including, for example, an ATG initiation codon,
must be provided. Furthermore, the initiation codon must be in phase with the reading
frame of the desired coding sequence to ensure translation of the entire insert. These
exogenous translational control signals and initiation codons can be of a variety of
origins, both natural and synthetic. The efficiency of expression can be enhanced by the
inclusion of appropriate transcription enhancer elements, transcription terminators, and

the like (see Bittner ef al., Meth. Enzymol. 153:516-544, 1987).

In addition, a host cell strain can be chosen which modulates the expression of
the inserted sequences, or modifies and processes the expressed polypeptide in a specific
fashion. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of
protein products can be important for the function of the protein. Different host cells
have characteristic and specific mechanisms for the post-translational processing and
modification of proteins. Appropriate cell lines or host systems can be chosen to ensure
the correct modification and processing of the foreign protein being expressed. To this
end, eukaryotic host cells which possess the cellular machinery for proper processing of
the primary transcript, glycosylation, and phosphorylation of the polypeptide can be
used. Such mammalian host cells include, but are not limited to, CHO, VERO, BHK,
Hela, COS, MDCK, 293, 3T3, WI38, and the like.
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For long term, high yield production of recombinant proteins, stable expression
is preferred. For example, cell lines that stably express a PKD1 protein, including wild-
type, variants or mutants of PKD1, can be engineered. Rather than using expression
vectors which contain viral origins of replication, host cells can be transformed with
DNA controlled by appropriate expression control elements (e.g., promoter and/or
enhancer sequences, transcription terminators, polyadenylation sites, and the like), and a
selectable marker. Following the introduction of the foreign DNA, engineered cells can
be grown for 1-2 days in an enriéhed media, then switched to selective media. The
selectable marker in the recombinant plasmid confers resistance to the selection and
allows cells to stably integrate the plasmid into their chromosomes and grow to form
foci, which can be cloned and expanded into cell lines. This method can advantageously
be used to engineer cell lines that express a PKD1 variant or mutant polypeptide. Such
engineered cell lines can be particularly useful in screening and evaluation of
compounds that affect the endogenous activity of a variant or mutant PKD1 polypeptide.
Such engineered cell lines also can be useful to discriminate between factors that have
specific vs. non-specific effects. In particular, mutant cell lines should lack key
functions, and various mutations can be used to identify key functional domains using

in vivo assays.

A number of selection systems can be used, including but not limited to the
herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223, 1977), hypoxanthine-
guanine phosphoribosyltransferase (Szybalska and Szybalski, Proc. Natl. Acad. Sci.
USA 48:2026, 1962), and adenine phosphoribosyltransferase (Lowy et al., Cell 22:817,
1980) genes can be employed in tk’, hgprt™ or aprt” cells, respectively. Also,
antimetabolite resistance can be used as the basis of selection for dhfr, which confers
resistance to methotrexate (Wigler et al., Proc. Natl. Acad. Sci. USA 77:3567, 1980,
O’Hare et al., Proc. Natl. Acad. Sci. USA 78:1527, 1981); gpt, which confers resistance
to mycophenolic acid Mulligan and Berg, Proc. Natl. Acad. Sci. USA 78:2072, 1981);
neo, which confers resistance to the aminoglycoside G-418 (Colberre-Garapin ef al.,

J. Mol. Biol. 150:1, 1981); and hygro, which confers resistance to hygromycin (Santerre
et al., Gene 30:147, 1984) genes. Accordingly, the invention provides a vector that

contains a mutant PKD1 polynucleotide, or oligonucleotide portion thereof, or one or
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more primers or their complements, including an expression vector that contains any
of the foregoing sequences operatively associated with a regulatory element that
directs the expression of a coding sequence or primer; and also provides a host cell
that contains any of the foregoing sequences, alone or operatively associated with a
regulatory element, which can directs expression of a polypeptide encoded the

polynucleotide, as appropriate.

In addition to mutant PKD1 polynucleotide sequences disclosed herein,
homologs of mutant PKD1 polynucleotide of the invention, including a non-human
species, can be identified and isolated by molecular biological techniques well known
in the art. Further, mutant PKD1 alleles and additional normal alleles of the human
PKD1 polynucleotide, can be identified using the methods of the invention. Still
further, there can exist genes at other genetic loci within the human genome that
encode proteins having extensive homology to one or more domains of the PKD1
polypeptide (SEQ ID NO:2). Such genes can also be identified including associated

variants and mutants by the methods of the invention.

A homolog of a mutant PKD1 polynucleotide sequence can be isolated by
performing a polymerase chain reaction (PCR; see U.S. Pat. No. 4,683,202, which is
incorporated herein by reference) using two oligonucleotide primers, which can be
selected, for example, from among SEQ ID NOS:3 to 51, preferably from among SEQ
ID NOS: 3 to 18, or can be degenerate primer pools designed on the basis of the
amino acid sequences of a PKD1 polypeptide such as that set forth in SEQ ID NO:2
or a mutant thereof as disclosed herein. The template for the reaction can be cDNA
obtained by reverse transcription of mRNA prepared from human or non-human cell
lines or tissue known to express a PKD1 allele or PKD1 homologue. The PCR
product can be subcloned and sequenced or manipulated in any number of ways (e.g.,
further manipulated by nested PCR) to insure that the amplified sequences represent
the sequences of a PKD1 or a PKD mutant polynucleotide sequence. The PCR
fragment can then be used to isolate a full length PKD1 ¢cDNA clone (including
clones containing a mutant PKD1 polynucleotide sequence) by labeling the amplified

fragment and screening a nucleic acid library (e.g., a bacteriophage cDNA library).
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Alternatively, the labeled fragment can be used to screen a genomic library (for
review of cloning strategies, see, for example, Sambrook et al., supra, 1989; Ausubel

et al., supra, 1989).

The present invention also provides a purified mutant PKD1 polypeptide, or a
peptide portion thereof. As disclosed herein, a mutant PKD1 polypeptide has an
amino acid sequence substantially identical to SEQ ID NO:2, and includes a mutation
resulting in the deletion, addition (insertion), or substitution of an amino acid of SEQ
ID NO:2, or is truncated with respect to SEQ ID NO:2. Examples of such mutations
include, with respect to SEQ ID NO:2, an A88V, W96’7R, G1166S; V1956E;
R1995H; R2408C; D2604N; L.2696R, R2985G, R3039C, V3285I, or H3311R
mutation, an addition of a Gly residue between amino acid residues 2441 and 2442 of
SEQ ID NO:2 due to an insertion, or a truncated PKD1 polypeptide terminates with
amino acid 3000 of SEQ ID NO:2 due to the presence of a STOP codon at the
position in SEQ ID NO:1 that would otherwise encode amino acid 3001; as well as

mutant PKD1 polypeptides having a combination of such mutations (see Table 4).

A mutant PKD1 polypeptide or peptide portion thereof can contain one or
more of the exemplified mutations. As used herein, reference to a peptide portion of
SEQ ID NO:2 or of a mutant PKD1 polypeptide refers to a contiguous amino acid
sequence of SEQ ID NO:2 or of SEQ ID NO:2 including a mutation as disclosed
herein, respectively, that contains fewer amino acids than full length wild type PKD1
polypeptide. Generally, a peptide portion of a PKD1 polypeptide or a mutant PKD1
polypeptide contains at least about five amino acids (or amino acid derivatives or
modified amino acids), each linked by a peptide bond or a modified form thereof,
usually contains at least about eight amino acids, particularly contains about ten
amino acids, and can contain twenty or thirty or more amino acids of SEQ ID NO:2.
In particular, where the peptide is a peptide portion of a mutant PKD1 polypeptide,
the peptide inf:ludes a mutant amino acid with respect to SEQ ID NO:2.

The mutant PKD1 polypeptides and peptide fragments thereof of the invention
include a PKD1 polypeptide or peptide having a sequence substantially identical to that
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set forth in SEQ ID NO:2, and having one or a combination of the following mutations:
A88V, WI67R, L2696R, R2985G, R3039C, V32851, or H3311R, or a mutation
resulting in termination of the mutant PKD1 polypeptide at amino acid 3000 (with
respect to SEQ ID NO:2) due to the presence of a STOP codon at the position that
otherwise would encode amino acid 3001. The wild type PKD1 polypeptide (SEQ ID
NO:2) contains 4303 amino acid residues and has a predicted molecular mass of
approximately 467 kilodaltons (kDa). Further encompassed by the present invention are
mutant PKD1 polypeptides that are truncated with respect to SEQ ID NO:2, for
example, a mutation of SEQ ID NO:1 resulting in a G9213A, which results in premature
termination of the encoded PKD1 polypeptide (see Example 2). Such truncated products
can be associated with PKD1-associated disorders such as ADPKD (see, also, Table 4).

PKD1 polypeptides that are functionally equivalent to a wild type PKD1
polypeptide, including variant PKD1 polypeptides, which can contain a deletion,
insertion or substitution of one or more amino acid residues with respect to SEQ ID
NO:2, but that nevertheless result in a phenotype that is indistinguishable from that
conferred by SEQ ID NO:2, are encompassed within the present invention. Such amino
acid substitutions, for example, generally result in similarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity, amphipatic nature or the like of the residues
involved. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; amino acids
with uncharged polar head groups having similar hydrophilicity values include the
following: leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine,
threonine, phenylalanine and tyrosine. In many cases, however, a nucleotide substitution
can be silent, resulting in no change in the encoded PKD1 polypeptide (see Example 2).
Such variant PKD1 polynucleotides are exemplified by those encoded by the variant
PKD1 polynucleotide sequences substantially identical to SEQ ID NO:1 (SEQ ID
NO:2), but containing (encoding) G487A (A92A), C9367T (G3052G), T10234C
(L3341L), and G10255T (R3348R) as shown in Table 3 (see, also, Example 2), and by
C9494T (L3095L).
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Mutant PKD1 polypeptides and peptide portions thereof that are substantially
identical to the PKD1 polypeptide SEQ ID NO:2 or peptide portions thereof, which
cause ADPKD symptoms, are encompassed within the scope of the invention. Such
mutant PKD1 polypeptides and peptide portions thereof can include dominant mutant
PKD1 polypeptides, or PKDI related polypeptides functionally equivalent to such
mutant PKD1 polypeptides. Examples of mutant PKD1 polypeptide sequences include a
polypeptide sequences substantially identical to SEQ ID NO:2 having one or more
amino acid substitutions such as A88V, W967R, L2696R, R2985G, R3039C, V3285],
or H3311R, or truncated after amino acid 3000. A peptide portion of a mutant PKD1
polypeptide can be 3, 6, 9, 12, 20, 50, 100 or more amino acid residues in length, and

includes at least one of the mutations identified above.

A PKD1 wild type or mutant polypeptide, or peptide portions thereof, can be
purified from natural sources, as discussed below; can be chemically synthesized; or can
be recombinantly expressed. For example, one skilled in the art can synthesize peptide
fragments corresponding to a mutated portion of the PKD1 polypeptide as set forth in
SEQ ID NO:2 (e.g., including residue 3110) and use the synthesized peptide fragment to
generate polyclonal and monoclonal antibodies. Synthetic polypeptides or peptides can
be prepared by chemical synthesis, for example, solid-phase chemical peptide synthesis
methods, which are well known (see, for example, Merrifield, J. Am. Chem. Soc.,
85:2149-2154, 1963; Stewart and Young, Solid Phase Peptide Synthesis, Second ed.,
Pierce Chemical Co., Rockford, IIl., pp. 11-12), and have been employed in
commercially available laboratory peptide design and synthesis kits (Cambridge
Research Biochemicals) Such commercially available laboratory kits have generally
utilized the teachings of Geysen ef al., Proc. Natl. Acad. Sci., USA, 81:3998 (1984) and
provide for synthesizing peptides upon the tips of a multitude of rods or pins, each of
which is connected to a single plate. When such a system is utilized, a plate of rods or
pins is inverted and inserted into a second plate of corresponding wells or reservoirs,
which contain solutions for attaching or anchoring an appropriate amino acid to the tips
of the pins or rods. By repeating such a process step, i.e., inverting and inserting the tips

of the rods or pins into appropriate solutions, amino acids are built into desired peptides.
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A number of available FMOC peptide synthesis systems are available. For
example, assembly of a polypeptide or fragment can be carried out on a solid support
using an Applied Biosystems, Inc., Model 431A automated peptide synthesizer. Such
equipment provides ready access to the peptides of the invention, either by direct
synthesis or by synthesis of a series of fragments that can be coupled using other
known techniques. Accordingly, methods for the chemical synthesis of polypeptides
and peptides are well-known to those of ordinary skill in the art, e.g., peptides can be
synthesized by solid phase techniques, cleaved from the resin and purified by preparative
high performance liquid chromatography (see, e.g., Creighton, 1983, Proteins: Structures
and Molecular Principles, W. H. Freeman & Co., N.Y., pp. 50-60). The composition of
the synthetic peptides can be confirmed by amino acid analysis or sequencing; e.g., using
the Edman degradation procedure (see e.g., Creighton, 1983, supra at pp. 34-49). Thus,
fragments of the PKD1 polypeptide, variant, or mutant can be chemically synthesized.
Peptides can then be used, for example, to generate antibodies useful in the detection
of PKD1 variants and mutants, as well as the diagnosis of PKD1-associated disorder
(e.g., ADPKD).

A PKD1 polypeptide or peptide, including variants or mutants of the invention,
can be substantially purified from natural sources (e.g., purified from cells) using protein
separation techniques, well known in the art. Such methods can separate the PKDI
polypeptide away from at least about 90% (on a weight basis), and from at least about
99% of other proteins, glycoproteins, and other macromolecules normally found in such
patural sources. Such purification techniques can include, but are not limited to
ammonium sulfate precipitation, molecular sieve chromatography, and/or ion exchange
chromatography. Alternatively, or additionally, the PKD1 polypeptide, variant, or
mutant can be purified by immunoaffinity chromatography using an immunoabsorbent
column to which an antibody is immobilized that is capable of specifically binding the
PKD1 polypeptide, variant, or mutant. Such an antibody can be monoclonal or
polyclonal in origin. For example, an antibody that specifically binds to a mutant PKD1
polypeptide does not bind to a wild-type PKD1 polypeptide or peptide thereof. If the
PKD1 polypeptide is glycosylated, the glycosylation pattern can be utilized as part of a

purification scheme via, for example, lectin chromatography.
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The cellular sources from which the PKD1 polypeptide, variant, or mutants
thereof can be purified include, for example, those cells that are shown by northern
and/or western blot analysis to express a PKD1 polynucleotide, variant, or mutant
sequence. Preferably, such cellular sources are renal cells including, for example, renal
tubular epithelial cells, as well as biliary duct cells, skeletal muscle cells, lung alveolar
epithelial cell, placental cells, fibroblasts, lymphoblasts, intestinal epithelial cells, and
endothelial cells. Other sources include biological fluids, fractionated cells such as A
organelle preparations, or tissues obtained frorh a subject. Examples of biological
fluids of use with the invention are blood, serum, plasma, urine, mucous, and saliva.
Tissue or cell samples can also be used with the invention. The samples can be
obtained by many methods such as cellular aspiration, or by surgical removal of a

biopsy sample.

PKD1 polypeptides, variants, or mutants of the invention can be secreted out of
the cell. Such extracellular forms of the PKD1 polypeptide or mutants thereof can
preferably be purified from whole tissue rather than cells, utilizing any of the techniques
described above. PKD1 expressing cells such as those described above also can be
grown in cell culture, under conditions well known to those of skill in the art. PKD1
polypeptide or mutants thereof can then be purified from the cell media using any of the

techniques discussed above.

A PKD1 polypeptide, variant, or mutant can additionaily be produced by
recombinant DNA technology using the PKD1 nucleotide sequences, variants and
mutants described above coupled with techniques well known in the art. Alternatively,
RNA capable of encoding PKD1 polypeptides, or peptide fragments thereof, can be
chemically synthesized using, for example, automated or semi-automated synthesizers
(see, for example, "Oligonucleotide Synthesis", 1984, Gait, ed., IRL Press, Oxford,

which is incorporated herein by reference).

When used as a component in the assay systems described herein, the mutant

PKD1 polypeptide or peptide can be labeled, either directly or indirectly, to facilitate
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detection of a complex formed between the PKD1 polypeptide and an antibody or
nucleic acid sequence, for example. Any of a variety of suitable labeling systems can be
used including, but not limited to, radioisotopes such as 1251 enzyme labeling systems
such as biotin-avidin or horseradish peroxidase, which generates a detectable

colorimetric signal or light when exposed to substrate, and fluorescent labels.

The present invention also provides antibodies that specifically bind a PKD1
mutant or PKD1 variant, except that, if desired, an antibody of the invention can exclude
an antibody as described in U.S. Pat. No. 5,891,628, which is incorporated herein by
reference, or an antibody that that specifically binds a PKD1 mutant as described in U.S.
Pat. No. 5,891,628. Antibodies that specifically bind a mutant PKD1 polypeptide are
useful as diagnostic or therapeutic reagents and, therefore, can be used, for example, in a
diagnostic assay for identifying a subject having or at risk of having ADPKD, and are

particularly convenient when provided as a kit.

As used herein, the term "specifically binds," when used in reference to an
antibody and an antigen or epitopic portion thereof, means that the antibody and the
antigen (or epitope) have a dissociation constant of at least about 1 x 107, generally at
least about 1 x 10, usually at least about 1 x107, and particularly at least about
1 x 10"%r less. Methods for identifying and selecting an antibody having a desired
specificity are well known and routine in the art (see, for example, Harlow and Lane,

" Antibodies: A Laboratory Manual" (Cold Spring Harbor Pub. 1988), which is

incorporated herein by reference.

Methods for producing antibodies that can specifically bind one or more PKD1
polypeptide epitopes, particularly epitopes unique to a mutant PKD1 polypeptide, are
disclosed herein or otherwise well known and routine in the art. Such antibodies can be
polyclonal antibodies or monoclonal antibodies (mAbs), and can be humanized or
chimeric antibodies, single chain antibodies, anti-idiotypic antibodies, and epitope-
binding fragments of any of the above, including, for example, Fab fragments, F(ab'),
fragments or fragments produced by a Fab expression library. Such antibodies can be
used, for example, in the detection of PKD1 polypeptides, or mutant PKD1
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polypeptides, including variant PKD1 polypeptides, which can be in a biological sample,
or can be used for the inhibition of abnormal PKD1 activity. Thus, the antibodies can be
utilized as part of ADPKD treatment methods, as well as in diagnostic methods, for

example, to detect the presence or amount of a PKD1 polypeptide.

For the production of antibodies that bind to PKD1, including a PKD1 variant or
PKD1 mutant, various host animals can be immunized by injection with a PKD1
polypeptide, mutant polypeptide, variant, or a portion thereof. Such host animals can
include but are not limited to, rabbits, mice, and rats. Various adjuvants can be used to
increase the immunological response, depending on the host species, including, but not
limited to, Freund’s (complete and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially
useful human adjuvants such as BCG (Bacillus Calmette-Guerin) or Corynebacterium

parvuimn.

Antibodies that bind to a mutant PKD1 polypeptide, or peptide portion thereof,
of the invention can be prepared using an intact polypeptide or fragments containing
small peptides of interest as the immunizing antigen. The polypeptide or a peptide used
to immunize an animal can be derived from translated cDNA or chemical synthesis, and
can be conjugated to a carrier protein, if desired. Such commonly used carriers that can
be chemically coupled to the peptide include keyhole limpet hemocyanin, thyroglobulin,
bovine serum albumin, tetanus toxoid and others as described above or otherwise known
in the art. The coupled polypeptide or peptide is then used to immunize the animal and
antiserum can be collected. If desired, polyclonal or monoclonal antibodies can be
purified, for example, by binding to and elution from a matrix to which the polypeptide
or a peptide to which the antibodies were raised is bound. Any of various techniques
commonly used in immunology for purification and/or concentration of polyclonal
antibodies, as well as monoclonal antibodies, can be used (see for example, Coligan, et
al., Unit 9, Current Protocols in Immunology, Wiley Interscience, 1991, which is

incorporated herein by reference).
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Anti-idiotype technology can be used to produce monoclonal antibodies that
mimic an epitope. For example, an anti-idiotypic monoclonal antibody made to a first
monoclonal antibody will have a binding domain in the hypervariable region that is the
image of the epitope bound by the first monoclonal antibody. Antibodies of the
invention include polyclonal antibodies, monoclonal antibodies, and fragments of
polyclonal and monoclonal antibodies that specifically bind to a mutant PKD1

polypeptide or peptide portion thereof.

The preparation of polyclonal antibodies is well known to those skilled in the art
(see, for example, Green ef al., Production of Polyclonal Antisera, in Immunochemical
Protocols (Manson, ed.), pages 1-5 (Humana Press 1992); Coligan et al., Production of
Polyclonal Antisera in Rabbits, Rats, Mice and Hamsters, in Current Protocols in
Immunology, section 2.4.1 (1992), which are incorporated herein by reference). The
preparation of monoclonal antibodies likewise is conventional (see, for example, Kohler
and Milstein, Nature, 256:495, 1975, which is incorporated herein by reference; see, also
Coligan et al., supra, sections 2.5.1-2.6.7; and Harlow et al., supra, 1988). Briefly,
monoclonal antibodies can be obtained by injecting mice with a composition comprising
an antigen, verifying the presence of antibody production by removing a serum sample,
removing the spleen to obtain B lymphocytes, fusing the B lymphocytes with myeloma
cells to produce hybridomas, cloning the hybridomas, selecting positive clones that
produce antibodies to the antigen, and isolating the antibodies from the hybridoma

cultures.

Monoclonal antibodies can be isolated and purified from hybridoma cultures by
a variety of well-established techniques. Such isolation techniques include affinity
chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion-
exchange chromatography (see Coligan e al., sections 2.7.1-2.7.12 and sections 2.9.1-
2.9.3; Barnes et al., Purification of Immunoglobulin G (IgG), in Methods in Molecular
Biology, Vol. 10, pages 79-104 (Humana Press 1992)). Methods of in vifro and in vivo
multiplication of hybridoma cells expressing monoclonal antibodies is well-known to
those skilled in the art. Multiplication in vitro can be carried out in suitable culture

media such as Dulbecco’s Modified Eagle Medium or RPMI 1640 medium, optionally
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replenished by a mammalian serum such as fetal calf serum or trace elements and
growth-sustaining supplements such as normal mouse peritoneal exudate cells, spleen
cells, bone marrow macrophages. Production in vitro provides relatively pure antibody
preparations and allows scale-up to yield large amounts of the desired antibodies. Large
scale hybridoma cultivation can be carried out by homogenous suspension culture in an
airlift reactor, in a continuous stirrer reactor, or in immobilized or entrapped cell culture.
Multiplication in vivo can be carried out by injecting cell clones into mammals
histocompatible with the parent cells, e.g., syngeneic mice, to cause growth of antibody-
producing tumors. Optionally, the animals are primed with a hydrocarbon, especially
oils such as pristane tetramethylpentadecane prior to injection. After one to three weeks,

the desired monoclonal antibody is recovered from the body fluid of the animal.

Therapeutic applications for antibodies disclosed herein are also part of the
present invention. For example, antibodies of the present invention can be derived from
subhuman primate antibodies. General techniques for raising therapeutically useful
antibodies in baboons can be found, for example, in Goldenberg et al., International
Application Publication No. WO 91/11465, 1991; Losman et al., Int. J. Cancer, 46:310,

1990, which are incorporated herein by reference.

An anti-PKD1 antibody also can be derived from a "humanized" monoclonal
antibody. Humanized monoclonal antibodies are produced by transferring mouse
complementarity determining regions from heavy and light variable chains of the mouse
immunoglobulin into a human variable domain, and then substituting human residues in
the framework regions of the murine counterparts. The use of antibody components
derived from humanized monoclonal antibodies obviates potential problems associated
with the immunogenicity of murine constant regions. General techniques for cloning
murine immunoglobulin variable domains are described, for example, by Orlandi et af.,
Proc. Natl. Acad. Sci. USA 86:3833, 1989, which is incorporated herein by reference.
Techniques for producing humanized monoclonal antibodies are described, for example,
by Jones et al., Nature, 321:522, 1986; Riechmann ef al., Nature 332:323, 1988;
Verhoeyen et al., Science 239:1534, 1988; Carter ef al., Proc. Natl. Acad. Sci. USA,
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89:4285, 1992; Sandhu, Crit. Rev. Biotech. 12:437, 1992; and Singer ef al., J. Immunol.

150:2844, 1993, which are incorporated herein by reference.

Antibodies of the invention also can be derived from human antibody fragments
isolated from a combinatorial immunoglobulin library (see, for example, Barbas et al.,
Methods: A Companion to Methods in Enzymology, Vol. 2, page 119, 1991; Winter et
al., Ann. Rev. Immunol. 12:433, 1994, which are incorporated herein by reference).
Cloning and expression vectors that are useful for producing a human immunoglobulin

phage library can be obtained, for example, from Stratagene (La J olla CA).

. In addition, antibodies of the present invention can be derived from a human
monoclonal antibody. Such antibodies are obtained from transgenic mice that have been
"engineered" to produce specific human antibodies in response to antigenic challenge.

In this technique, elements of the human heavy and light chain loci are introduced into
strains of mice derived from embryonic stem cell lines that contain targeted disruptions
of the endogenous heavy and light chain loci. The transgenic mice can synthesize
human antibodies specific for human antigens, and the mice can be used to produce
human antibody-secreting hybridomas. Methods for obtaining human antibodies from
transgenic mice are described by Green et al., Nature Genet., 7:13 (1994); Lonberg et
al., Nature, 368:856 (1994); and Taylor et al., Int. Immunol., 6:579 (1994), which are

incorporated herein by reference.

Antibody fragments of the invention can be prepared by proteolytic hydrolysis of
an antibody or by expression in E. coli of DNA encoding the fragment. Antibody
fragments can be obtained by pepsin or papain digestion of whole antibodies by
conventional methods. For example, antibody fragments can be produced by enzymatic
cleavage of antibodies with pepsin to provide a 5S fragment denoted F(ab’),. This
fragment can be further cleaved using a thiol reducing agent, and optionally a blocking
group for the sulfhydryl groups resulting from cleavage of disulfide linkages, to produce
3.5S Fab’ monovalent fragments. Alternatively, an enzymatic cleavage using pepsin
produces two monovalent Fab’ fragments and an Fc fragment directly. These methods

are described, for example, by Goldenberg, U.S. Pat. Nos. 4,036,945 and 4,331,647, and
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references contained therein, each of which in incorporated herein by reference (see,
also, Nisonhoff et al., Arch. Biochem. Biophys,. 89:230, 1960; Porter, Biochem. J.
73:119, 1959; Edelman et al., Meth. Enzymol. 1:422, 1967; and Coligan et al., at
sections 2.8.1-2.8.10 and 2.10.1-2.10.4). Other methods of cleaving antibodies, such as
separation of heavy chains to form monovalent light-heavy chain fragments, further
cleavage of fragments, or other enzymatic, chemical, or genetic techniques can also be
used, provided the fragments bind to the antigen that is recognized by the intact
antibody.

Fv fragments comprise an association of Vy and Vy, chains, for example, which
can be noncovalent (see Inbar ef al., Proc. Natl. Acad. Sci. USA 69:2659, 1972). The
variable chains also can be linked by an intermolecular disulfide bond, can be
crosslinked by a chemical such as glutaraldehyde (Sandhu, supra, 1992), or F, fragments
comprising Vg and V7, chains can be connected by a peptide linker. These single chain
antigen binding proteins (sFv) are prepared by constructing a structural gene comprising
DNA sequences encoding the Vy and Vy, domains connected by an oligonucleotide. The
structural gene is inserted into an expression vector, which is subsequently introduced
into a host cell such as E. coli. The recombinant host cells synthesize a single
polypeptide chain with a linker peptide bridging the two V domains. Methods for
producing sFvs are described, for example, by Whitlow ef al., Methods: A Companion
to Meth. Enzymol., 2:97, 1991; Bird et al., Science 242:423, 1988; Ladner et al., U.S.
Patent No. 4,946,778; Pack et al., BioTechnology 11:1271, 1993; and Sandhu, supra,
1992).

Another form of an antibody fragment is a peptide coding for a single
complementarity determining region (CDR). CDR peptides ("minimal recognition
units") can be obtained by constructing genes encoding the CDR of an antibody of
interest. Such genes are prepared, for example, by using the polymerase chain reaction
to synthesize the variable region from RNA of antibody-producing cells (see, for

example, Larrick et al., Methods: A Companion to Meth. Enzymol., 2:106, 1991).
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A variety of methods can be employed utilizing reagents such as a mutant PKD1
polynucleotide, or oligonucleotide portion thereof and antibodies directed a‘gainst a
mutant PKD1 polypeptide or peptide. Specifically, such reagents can be used for the
detection of the presence of PKD1 mutations, e.g., molecules present in diseased tissue
but absent from, or present in greatly reduced levels compared or relative to the

corresponding non-diseased tissue.

The methods described herein can be performed, for example, by utilizing
pre-packaged kits, which can be diagnostic kits, comprising at least one specific
oligonucleotide portion of a PKD1 gene or mutant PKD1 polynucleotide, a primer pair,
or an anti-PKD1 antibody reagent as disclosed herein, which can be conveniently used,
for example, in a clinical setting to diagnose subjects exhibiting PKD1 abnormalities or
to detect PKD1-associated disorders, including ADPKD. Any tissue in which a PKD1

polynucleotide is expressed can be utilized in a diagnostic method of the invention.

Nucleic acids from a tissue to be analyzed can be isolated using procedures that
are well known in the art, or a diagnostic procedures can be performed directly on a.
tissue section (fixed or frozen), which can be obtained from a subject by biopsy or
resection, without further purification. Oligonucleotide sequences of the invention can
be used as probes or primers for such in situ procedures (Nuovo, 1992, PCR in situ
hybridization: protocols and applications, Raven Press, N.Y.). For example,
oligonucleotide probes useful in the diagnostic methods of the invention include
nucleotide sequences having at least 10 contiguous nucleotides and having a sequence
substantially identical to a portion of SEQ ID NO:1, and including nucleotide 474,
wherein nucleotide 474 is a T; nucleotide 487, wherein nucleotide 487 is an A;
nucleotide 3110, wherein nucleotide 3110 is a C; nucleotide 8298, wherein
nucleotide 8298 is a G; nucleotide 9164, wherein nucleotide 9164 is a G;
nucleotide 9213, wherein nucleotide 9213 is an A; nucleotide 9326, wherein
nucleotide 9326 is a T; nucleotide 9367, wherein nucleotide 9367 isa T;
nucleotide 10064, wherein nucleotide 10064 is an A; nucleotide 10143, wherein
nucleotide 10143 is a G; nucleotide 10234, wherein nucleotide 10234 is a C;

nucleotide 10255, wherein nucleotide 10255 is a T, or a combination thereof. Primers
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useful in the present invention include those set forth in SEQ ID NOS:3 to 18 and SEQ
ID NOS: 19 to 51 and 61 to 112. Such primers flank and can be used to amplify
sequences containing one or more mutated nucleotides of a mutant PKD1

polynucleotide.

PKD1 polynucleotide sequences, either RNA or DNA, can be used in
hybridization or amplification assays of biological samples to detect abnormalities of
PKD1 expression; e.g., Southern or northern blot analysis, single stranded
conformational polymorphism (SSCP) analysis including in situ hybridization assays, or
polymerase chain reaction analyses, including detecting abnormalities by a methods such
as denaturing high performance liquid chromatography (DHPLC; also referred to as
temperature-modulated heteroduplex chromatography) or conformation sensitive gel
electrophoresis (CSGE), both of which are readily adaptable to high throughput analysis
(see, for example, Kristensen et al., BioTechniques 30:318-332, 2001; Leung et al.,
BioTechniques 30:334-340, 2001, which are incorporated herein by reference). Such
analyses can reveal quantitative abnormalities in the expression pattern of the PKD1
polynucleotide, and, if the PKD1 mutation is, for example, an extensive deletion, or the
result of a chromosomal rearrangement, can reveal more qualitative aspects of the PKD1

abnormality.

Diagnostic methods for detecting a mutant PKD1 polynucleotide can involve, for
example, contacting and incubating nucleic acids derived from a tissue sample being
analyzed, with one or more labeled oligonucleotide probes of the invention or with a
primer or primer pair of the invention, under conditions favorable for the specific
annealing of these reagents to their complementary sequences within the target molecule.
After incubation, non-annealed oligonucleotides are removed, and hybridization of the
probe or primer, if any, to a nucleic acid from the target tissue is detected. Using such a
detection scheme, the target tissue nucleic acid can be immobilized, for example, to a
solid support such as a membrane, or a plastic surface such as that on a microtiter plate
or polystyrene beads. In this case, after incubation, non-annealed, labeled nucleic acid
reagents are easily removed. Detection of the remaining, annealed, labeled nucleic acid

reagents is accomplished using standard techniques well known to those in the art.
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Oligonucleotide probes or primers of the invention also can be associated with a
solid matrix such as a chip in an array, thus providing a means for high throughput
methods of analysis. Microfabricated arrays of large numbers of oligonucleotide probes
(DNA chips) are useful for a wide variety of applications. Accordingly, methods of

diagnosing or detecting a PKD1 variant or mutant can be implemented using a DNA

chip for analysis of a PKD1 polynucleotide and detection of mutations therein. A

methodology for large scale analysis on DNA chips is described by Hacia et al. (Nature
Genet. 14:441-447, 1996; U.S. Pat. No. 6,027,880, which are incorporated herein by
reference; see, also, Kristensen et al., supra, 2001). As described in Hacia et al., high
density arrays of over 96,000 oligonucleotides, each about 20 nucleotides in length, are
immobilized to a single glass or silicon chip using light directed chemical synthesis.
Contingent on the number and design of the oligonucleotide probe, potentially every

base in a sequence can be examined for alterations.

Polynucleotides or oligonucleotides applied to a chip can contain sequence
variations, which can be used to identify mutations that are not yet known to occur in the
population, or they can only those mutations that are known to occur, including those
disclosed herein (see Example 2). Examples of oligonucleotides that can be applied to
the chip include oligonucleotides containing at least 10 contiguous nucleotides and
having a sequence substantially identical to a portion of SEQ ID NO:1, and including
nucleotide 474, wherein nucleotide 474 is a T; nucleotide 487, wherein nucleotide 487 is
an A; nucleotide 3110, wherein nucleotide 3110 is a C; a position corresponding to
nucleotide 3336, wherein nucleotide 3336 is deleted; nucleotide 3707, wherein
nucleotide 3707 is an A; nucleotide 4168, wherein nucleotide 4168 is a T;
nucleotide 4885, wherein nucleotide 4885 is an A; nucleotide 5168, wherein
nucleotide 5168 is a T; nucleotide 6058, wherein nucleotide 6058 is a T;
nucleotide 6078, wherein nucleotide 6078 is an A; nucleotide 6089, wherein
nucleotide 6089 is a T; nucleotide 6195, wherein nucleotide 6195 is an A;
nucleotide 6326, wherein nucleotide 6326 is a T; a position corresponding to
nucleotides 7205 to 7211, wherein nucleotides 7205 to 7211 are deleted;

nucleotide 7376, wherein nucleotide 7376 is a C; a nucleotide sequence corresponding to



WO 02/06529 PCT/US01/22035

10

15

20

25

30

53
nucleotides 7535 to 7536, wherein a GCG nucleotide sequence is inserted between
nucleotides 7535 and 7536; nucleotide 7415, wherein nucleotide 7415isa T;
nucleotide 7433, wherein nucleotide 7433 is a T; nucleotide 7696, wherein
nucleotide 7696 is a T; nucleotide 7883, wherein nucleotide 7883 is a T;
nucleotide 8021, wherein nucleotide 8021 is an A; a nucleotide sequence corresponding
to nucleotide 8159 to 8160, wherein nucleotides 8159 to 8160 are deleted;
nucleotide 8298, wherein nucleotide 8298 is a G; nucleotide 9164, wherein
nucleotide 9164 is a G; nucleotide 9213, wherein nucleotide 9213 is an A,
nucleotide 9326, wherein nucleotide 9326 is a T; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10064, wherein nucleotide 10064 is an A,
nucleotide 10143, wherein nucleotide 10143 is a G; nucleotide 10234, wherein
nucleotide 10234 is a C; nucleotide 10255, wherein nucleotide 10255isa T;ora

combination thereof.

Prior to hybridization with oligonucleotide probes on the chip, the test sample is
isolated, amplified and labeled (e.g. fluorescent markers). The test polynucleotide
sample is then hybridized to the immobilized oligonucleotides. The intensity of
sequence-based techniques of the target polynucleotide to the immobilized probe is
quantitated and compared to a reference sequence. The resulting genetic information
can be used in molecular diagnosis. A common utility of the DNA chip in molecular

diagnosis is screening for known mutations.

In addition to DNA chip methodology, methods using machinery adapted to
DNA analysis can allow for commercialization of the disclosed methods of detection of
PKD1 mutations and diagnosis of ADPKD. For example, genotyping by mass
spectrometry can be used, or matrix-assisted laser desorption/ionization-time-of-flight
(MALDI-TOF) mass spectrometry can be used for mass genotyping of single-base pair
and short tandem repeat mutant and variant sequences. For example, PCR amplification
of the region of the mutation with biotin attached to one of the primers can be conducted,

followed by immobilization of the amplified DNA to streptavidin beads. Hybridization

-of a primer adjacent to the variant or mutant site is performed, then extension with DNA

polymerase past the variant or mutant site in the presence of dNTPs and ddNTPs is
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performed. When suitably designed according to the sequence, this results in the
addition of only a few additional bases (Braun, Little, Koster, 1997). The DNA is then
processed to remove unused nucleotides and salts, and the short primer plus mutant site
is removed by denaturation and transferred to silicon wafers using a piezoelectric pipette.
The mass of the primer-+variant or mutant site is then determined by delayed extraction
MALDI-TOF mass spectrometry. Single base pair and tandem repeat variations in
sequence are easily determined by their mass. This final step is very rapid, requiring
only 5 sec per assay, and all of these steps can be automated, providing the potential of
performing up to 20,000 genotypings per day. This technology is rapid, extremely
accurate, and adaptable to any variant or mutation, can identify both single base pair and
short tandem repeat variants, and adding or removing variant or mutant sequences to be

tested can be done in a few seconds at trivial cost.

Another diagnostic methods for the detection of mutant PKD1 polynucleotides
involves amplification, for example, by PCR (see U.S. Patent No. 4,683,202), ligase
chain reaction (Barany, Proc. Natl. Acad. Sci. USA 88:189-193, 1991a), self sustained
sequence replication (Guatelli ef al., Proc. Natl. Acad. Sci. USA 87:1874-1878, 1990),
transcriptional amplification system (Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173-
1177, 1989), Q-Beta Replicase (Lizardi et al., Bio/Technology 6:1197, 1988), or any
other RNA amplification method, followed by the detection of the amplification
products. The present invention provides reagents, methods and compositions that can

be used to overcome prior difficulties with diagnosing ADPKD.

Using the primer pairs and methods described herein, the entire replicated
segment of the PKD1 gene, including exons 1 and 22, can be amplified from genomic
DNA to generate a set of eight long range amplification products, which range in size
from about 0.3 kb to 5.8 kb (Table 1; see, also, Figure 1). The availability of widely
scattered PKD1-specific primers provides a means to anchor PKD1-specific
amplification, and the ability to use various primer combinations provides a means to
produce longer or shorter amplification products as desired. For example, the largest
PKD1 fragment, which is amplified by primers BPF13 and KG8R25 (see Table 1;
SEQ ID NOS: 17 and 18, respectively), can be divided into two shorter segments by
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using the PKD1-specific primer, KG85R25 (SEQ ID NO:18), with forward nested
primer F32 (5'-GCCTTGCGCAGCTTGGACT-3'; SEQ ID NO:53), and using BPF13
(SEQ ID NO:17) and a second specific primer, 31R
(5'-ACAGTGTCTTGAGTCCAAGC-3"; SEQ ID NO:54).

It should be recognized that, while many of the primers disclosed herein are
positioned with intronic sequences of the PKD1 gene, others such as SEQ ID NO:16 are
positioned in coding sequences. As such, a cDNA molecule can obtained from a target
RNA molecule, for example, by reverse transcription of the RNA molecule using a
primer such as SEQ ID NO:16 and an appropriate second primer positioned 5' or 3' to
SEQ ID NO:16. In this embodiment, a PKD1 RNA can be isolated from any tissue in
which wild type PKD1 is known to be expressed, including, for example, kidney tissue,
nucleated peripheral blood cells, and fibroblasts. A target sequence within the cDNA is
then used as the template for a nucleic acid amplification reaction, such as a PCR
amplification reaction, or the like. An amplification product can be detected, for
example, using radioactively or fluorescently labeled nucleotides or the like and an
appropriate detection system, or by generating a sufficient amount of the amplification
product such that it can be visualized by ethidium bromide staining and gel

electrophoresis.

Genomic DNA from a subject, including from a cell or tissue sample, can be
used as the template for generating a long range PKD1-specific amplification product.
Methods of isolating genomic DNA are well known and routine (see Sambrook et al.,
supra, 1989). Amplification of the genomic PKD1 DNA has advantages over the
c¢DNA amplification process, including, for example, allowing for analysis of exons
and introns of the PKD1 gene. As such, a target sequence of interest associated with
either an intron or exon sequence of a PKD1 gene can be amplified and characterized.
A target sequence of interest is any sequence or locus of a PKD1 gene that contains or
is thought to contain a mutation, including those mutations that correlate to a PKD1-

associated disorder or disease.



WO 02/06529 PCT/US01/22035

10

15

20

25

30

56

Using primers flanking the target sequence, a sufficient number of PCR cycles
is performed to provide a PKD1-specific amplification product corresponding to the
target sequence. If desired, additional amplification can be performed, for example,
by performing a nested PCR reaction. Examples of primers useful for generating a
PKD1-specific first amplification product from genomic DNA include the primer
pairs having sequences as exemplified in SEQ ID NO:3 and 4; SEQ ID NOS:5 and 6;
SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID
NOS:13 and 14; SEQ ID NOS:15 and 16; and SEQ ID NOS:17 and 18. The PKD1-
specific first amplification product can be further amplified using nested primers specific
for a target sequence, including the primer pairs exemplified as SEQ ID NOS:19 and 20;
SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25 and 26; SEQ ID
NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32; SEQ ID NOS:33
and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID NOS:39 and 40;
SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45 and 46; SEQ ID
NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51 and 61; and the primer pairs
formed using consecutive primers set forth in Table 2 as SEQ ID NOS:62 to 96, 113,
and 97 to 112.

The amplified target sequences can be examined for changes (i.e., mutations)
with respect to SEQ ID NO:1 using any of various well known methods as disclosed
herein or otherwise known in the art. For example, the amplification products can
simply be sequenced using routine DNA sequencing methods, particularly where only
one or few amplification products are to be examined. However, DNA sequencing will
be more valuable as a method of detecting mutations according to a method of the
invention as sequencing technology improves and becomes more adaptable to high
throughput screening assays. In addition, methods that are useful for detecting the
presence of a mutation in a DNA sequence include, for example, DHPLC (Huber et al.,
Nucl. Acids Res. 21:1061-10666, 1993; Liu et al., Nucl. Acids Res. 26:1396-1400, 1998;
Choy et al., Ann. Hum. Genet. 63:383-391, 1999; Ellis et al., Hum. Mutat. 15:556-564,
2000; which are incorporated herein by reference; see, also, Kristensen et al., supra,
2001); CSGE (Leung et al., sﬁpra, 2001); single-stranded conformation analysis (SSCA;
Orita er al., Proc. Natl. Acad. Sci., USA 86:2766-2770, 1989); denaturing gradient gel
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electrophoresis (DGGE; Sheffield et al., Proc. Natl. Acad. Sci., USA 86:232-236, 1989);
RNase protection assays; allele-specific oligonucleotides (ASOs; Handelin and Shuber,
Current Protocols in Human Genetics, Suppl. 16 (John Wiley & Sons, Inc. 1998),
9:9.4.1-9.4.8); the use of proteins that recognize nucleotide mismatches, such as the

E. coli mutS protein; and allele-specific PCR.

For allele-specific PCR, primers are used that hybridize at their 3' ends to a
particular mutations. Examples of primers that can be used for allele specific PCR
include an oligonucleotide of at least 10 nucleotide of SEQ ID NO:1 and that has at its
3' end nucleotide 474, wherein nucleotide 474 is a T; nucleotide 487, wherein
nucleotide 487 is an A; nucleotide 3110, wherein nucleotide 3110 is a C;
nucleotide 8298, wherein nucleotide 8298 is a G; nucleotide 9164, wherein
nucleotide 9164 is a G; nucleotide 9213, wherein nucleotide 9213 is an A;
nucleotide 9326, wherein nucleotide 9326 is a T; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10064, wherein nucleotide 10064 is an A;
nucleotide 10143, wherein nucleotide 10143 is a G; nucleotide 10234, wherein
nucleotide 10234 is a C; or nucleotide 10255, wherein nucleotide 10255 isa T. Ifthe
particular mutation is not present, an amplification product is not observed.
Amplification Refractory Mutation System (ARMS) can also be used (see European
Patent Application Publ. No. 0332435; Newton ef al., Nucl. Acids. Res. 17:2503-2516,
1989).

In the SSCA, DGGE and RNase protection methods, a distinctive electrophoretic
band appears. SSCA detects a band that migrates differentially because the sequence
change causes a difference in single-strand, intramolecular base pairing. RNase
protection involves cleavage of the mutant polynucleotide into two or more smaller
fragments. DGGE detects differences in migration rates of mutant sequences compared
to wild-type sequences, using a denaturing gradient gel. In an allele-specific
oligonucleotide assay, an oligonucleotide is designed that detects a specific sequence,
and the assay is performed by detecting the presence or absence of a hybridization
signal. In the mutS assay, the protein binds only to sequences that contain a nucleotide

mismatch in a heteroduplex between mutant and wild-type sequences.
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Denaturing gradient gel electrophoresis is based on the melting behavior of the
DNA fragments and the use of denaturing gradient gel electrophoresis as shown by
Fischer and Lerman, Proc. Natl. Acad. Sci. USA 80:1579-83, 1983; Myers et al.; Nucl.
Acids Res. 13:3111-3129, 1985; Lerman et al., in Molecular Biol. of Homo Sapiens,
Cold Spring Harbor Lab. (1986) pp. 285-297. DNA fragments differing by single base
substitutions can be separated from each other by electrophoresis in polyacrylamide gels
containing an ascending gradient of the DNA denaturants urea and formamide. Two
identical DNA fragments differing by only one single base pair, will initially move
through the polyacrylamide gel at a constant rate. As they migrate into a critical
concentration of denaturant, specific domains within the fragments melt to produce
partially denatured DNA. Melting of a domain is accompanied by an abrupt decrease in
mobility. The position in the denaturant gradient gel at which the decrease in mobility is
observed corresponds to the melting temperature of that domain. Since a single base
substitution within the melting domain results in a melting temperature difference,
partial denaturation of the two DNA fragments will occur at different positions in the
gel. DNA molecules can therefore be separated on the basis of very small differences in
the melting temperature. Additional improvements to this DGGE have been made as
disclosed by Borresen in US Patent No. 5,190,856. In addition, after a first DGGE

analysis, an identified product can be cloned, purified and analyzed a second time by

DGGE.

Denaturing high performance liquid chromatography (DHPLC; Kristensen et al.,
supra, 2001) and high throughput conformation sensitive gel electrophoresis (HTCSGD;
Leung et al., supra, 2001) are particularly useful methods for detecting a mutant PKD1
polynucleotide sequence because the methods are readily adaptable to high throughput
analysis. In addition, these methods are suitable for detecting known mutations as well
as identifying previously unknown mutations. As such, these methods of detection can
be adopted for use in clinical diagnostic settings. DHPLC, for example, can be used to
rapidly screen a large number of samples, for example, 96 samples prepared using a
96 well microtiter plate format, to identify those showing a change in the denaturation

properties. Where such a change is identified, confirmation that the PKD1
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polynucleotide in the sample showing the altered denaturation property is a mutant

PKD1 polynucleotide can be confirmed by DNA sequence analysis, if desired.

An oligonucleotide probe specific for a mutant PKD1 polynucleotide also can
be used to detect a mutant PKD1 polynucleotide in a biological sample, including in a
biological fluid, in cells or tissues obtained from a subject, or in a cellular fraction
such as an organelle preparation. Cellular sources useful as samples for identifying a
mutant PKD1 polynucleotide include, for example, renal cells including renal tubular
epithelial cells, bile duct cells, skeletal muscle cells, lung alveolar epithelial cells,
placental cells, fibroblasts and lymphocytes. Biological fluids useful as samples for
identifying a mutant PKD1 polynucleotide include, for example, whole blood or
serum or plasma fractions, urine, mucous, and saliva. A biological sample such as a
tissue or cell sample can be obtained by any method routinely used in a clinical
setting, including, for example, by cellular aspiration, biopsy or other surgical

procedure.

The oligonucleotide probe can be labeled with a compound that allows
detection of binding to a mutant PKD1 polynucleotide in the sample. A detectable
compound can be, for example, a radioactive label, which provides a highly sensitive
means for detection, or a non-radioactive label such as a fluorescent, luminescent,
chemiluminescent, or enzymatically detectable label or the like (see, for example,

Matthews et al., Anal. Biochem. 169:1-25, 1988).

The method of detection can be a direct or indirect method. An indirect
detection process can involve, for example, the use of an oligonucleotide probe that is
labeled with a hapten or ligand such as digoxigenin or biotin. Following
hybridization, the target-probe duplex is detected by the formation of an antibody or
streptavidin complex, which can further include an enzyme such as horseradish
peroxidase, alkaline phosphatase, or the like. Such detection systems can be prepared
using routine methods, or can be obtained from a commercial source. For example,
the GENIUS detection system (Boehringer Mannheim) is useful for mutational

analysis of DNA, and provides an indirect method using digoxigenin as a tag for the
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oligonucleotide probe and an anti-digoxigenin-antibody-alkaline phosphatase

conjugate as the reagent for identifying the presence of tagged probe.

Direct detection methods can utilize, for example, fluorescent labeled
oligonucleotides, lanthanide chelate labeled oligonucleotides or oligonucleotide-
enzyme conjugates. Examples of fluorescent labels include fluorescein, rhodamine
and phthalocyanine dyes. Examples of lanthanide chelates include complexes of
europium (Eu*") or terbium (Tb**). Oligonucleotide-enzyme conjugates are
particularly useful for detecting point mutations when using target-specific
oligonucleotides, as they provide very high sensitivities of detection.
Oligonucleotide-enzyme conjugates can be prepared by a number of methods
(Jablonski et al., Nucl. Acids Res. 14:6115-6128, 1986; Li et al., Nucl. Acids. Res.
15:5275-5287, 1987; Ghosh et al., Bioconjugate Chem. 1:71-76, 1990). The
detection of target nucleic acids using these conjugates can be carried out by filter
hybridization methods or by bead-based sandwich hybridization (Ishii et al.,
Bioconjugate Chem. 4:34-41, 1993).

Methods for detecting a labeled oligonucleotide probe are well known in the
art and will depend on the particular label. For radioisotopes, detection is by
autoradiography, scintillation counting or phosphor imaging. For hapten or biotin
labels, detection is with antibody or streptavidin bound to a reporter enzyme such as
horseradish peroxidase or alkaline phosphatase, which is then detected by enzymatic
means. For fluorophor or lanthanide chelate labels, fluorescent signals can be
measured with spectrofluorimeters, with or without time-resolved mode or using
automated microtiter plate readers. For enzyme labels, detection is by color or dye
deposition, for example, p-nitrophenyl phosphate or 5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium for alkaline phosphatase, and 3,3’-diaminobenzidine-
NiCl, for horseradish peroxidase, fluorescence by 4-methyl umbelliferyl phosphate
for alkaline phosphatase, or chemiluminescence by the alkaline phosphatase dioxetane
substrates LumiPhos 530 (Lumigen Inc., Detroit MI) or AMPPD and CSPD (Tropix,

Inc.). Chemiluminescent detection can be carried out with X-ray or Polaroid film, or



WO 02/06529 PCT/US01/22035

10

15

20

25

30

61

by using single photon counting luminometers, which also is a useful detection format

for alkaline phosphatase labeled probes.

Mutational analysis can also be carried out by methods based on ligation of
oligonucleotide sequences that anneal immediately adjacent to each other on a target
DNA or RNA molecule (Wu and Wallace, Genomics 4:560-569, 1989; Landren ef al.,
Science 241:1077-1080, 1988; Nickerson et al., Proc. Natl. Acad. Sci. USA 87:8923-
8927, 1990; Barany, supra, 1991a). Ligase-mediated covalent attachment occurs only
when the oligonucleotides are correctly base-paired. The ligase chain reaction (LCR)
and the oligonucleotide ligation assay (OLA), which utilize the thermostable Taq
ligase for target amplification, are particularly useful for interrogating mutation loci.
The elevated reaction temperatures permit the ligation reaction to be conducted with
high stringency (Barany, PCR Methods and Applications 1:5-16, 1991b; Grossman et
al., Nucl. Acids. Res. 22:4527-4534, 1994, which are incorporated herein by

reference).

Analysis of point mutations in DNA can also be carried out by using PCR and
variations thereof. Mismatches can be detected by competitive oligonucleotide
priming under hybridization conditions where binding of the perfectly matched primer
is favored (Gibbs et al., Nucl. Acids. Res. 17:2437-2448, 1989). In the amplification
refractory mutation system technique (ARMS), primers can be designed to have
perfect matches or mismatches with target sequences either internal or at the
3' residue (Newton et al., supra, 1989). Under appropriate conditions, only the
perfectly annealed oligonucleotide can function as a primer for the PCR reaction, thus

providing a method of discrimination between normal and mutant sequences.

Detection of single base mutations in target nucleic acids can be conveniently
accomplished by differential hybridization techniques using sequence-specific
oligonucleotides (Suggs et al., Proc. Natl. Acad. Sci. USA 78:6613-6617, 1981,
Conner et al., Proc. Natl. Acad. Sci. USA 80:278-282, 1983; Saiki ef al., Proc. Natl.
Acad. Sci. USA 86:6230-6234, 1989). Mutations can be diagnosed on the basis of the
higher thermal stability of the perfectly matched probes as compared to the
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mismatched probes. The hybridization reactions can be carried out in a filter-based
format, in which the target nucleic acids are immobilized on nitrocellulose or nylon
membranes and probed with oligonucleotide probes. Any of the known hybridization
formats can be used, including Southern blots, slot blots, reverse dot blots, solution
hybridization, solid support based sandwich hybridization, bead-based, silicon chip-~

based and microtiter well-based hybridization formats.

An alternative strategy involves detection of the mutant sequences by
sandwich hybridization methods. In this strategy, the mutant and wild type target
nucleic acids are separated from non-homologous DNA/RNA using a common
capture oligonucleotide immobilized on a solid support and detected by specific
oligonucleotide probes tagged with reporter labels. The capture oligonucleotides can
be immobilized on microtiter plate wells or on beads (Gingeras et al., J. Infect. Dis.
164:1066-1074, 1991; Richen et al., Proc. Natl. Acad. Sci. USA 88:11241-11245,
1991).

Another method for analysis of a biological sample for specific mutations in a
PKD1 polynucleotide sequence (e.g., mutant PKD1 polynucleotides, or
oligonucleotide portions thereof) is a multiplexed primer extension method. In this
method primer is hybridized to a nucleic acid suspected of containing a mutation such
that the primer is hybridized 3' to the suspected mutation. The primer is extended in
the presence of a mixture of one to three deoxynucleoside triphosphates and one of
three chain terminating deoxynucleoside triphosphates selected such that the wild-
type extension product, the mutant DNA-derived extension product and the primer
each are of different lengths. These steps can be repeated, such as by PCR or
RT-PCR, and the resulting primer extended products and primer are then separated on
the basis of molecular weight to thereby enable identification of mutant DNA-derived

extension product.

In one aspect of the invention, the OLA is applied for quantitative mutational
analysis of PKD1 polynucleotide sequences (Grossman, ef al., supra, 1994). In this

embodiment of the invention, a thermostable ligase-catalyzed reaction is used to link
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a fluorescently labeled common probe with allele-specific probes. The latter probes
are sequence-coded with non-nucleotide mobility modifiers that confer unique

electrophoretic mobilities to the ligation products.

Oligonucleotides specific for wild type or mutant PKD1 sequences can be

_ synthesized with different oligomeric nucleotide or non-nucleotide modifier tails at

their 5' termini. Examples of nucleotide modifiers are inosine or thymidine residues,
whereas examples of non-nucleotide modifiers include pentaethyleneoxide (PEO) and
hexaethyleneoxide (HEO) monomeric units. The non-nucleotide modifiers are
preferred and most preferably PEO is used to label the probes. When a DNA template
is present, a thermostable DNA ligase catalyzes the ligation of normal and mutant
probes to a common probe bearing a fluorescent label. The PEO tails modify the
mobilities of the ligation products in electrophoretic gels. The combination of PEO
tails and fluorophor labels (TET and FAM (5-carboxy-fluorescein derivatives)), HEX
and JOE (6-carboxy-fluorescein derivatives), ROX (6-carboxy-x-rhodamine), or
TAMRA (N, N, N’, N’-tetramethyl-6-carboxy-rhodamine; Perkin-Elmer, ABI
Division, Foster City CA) allow multiplex analysis based on size and color by
providing unique electrophoretic signatures to the ligation products. The products are
separated by electrophoresis, and fluorescence intensities associated with wild type
and mutant products are used to quantitate heteroplasmy. Thus, wild type and mutant,
including variant, sequences are detected and quantitated on the basis of size and
fluorescence intensities of the ligation products. This method further can be
configured for quantitative detection of muitiple PKD1 polynucleotide mutations in a

single ligation reaction.

Mismatch detection or mutation analysis can also be performed using
mismatch specific DNA intercalating agents. Such agents intercalate at a site having
a mismatch followed by visualization on a polyacrylamide or agarose gel or by
electrocatalysis. Accordingly, PKD1 polynucleotide sequences can be contacted with
probes specific for a PKD1 mutation or probes that are wild type for an area having a
specific mutation under conditions such that the PKD1 polynucleotide and probe

hybridize. The hybridized sequences are then contacted with a mismatch intercalating



WO 02/06529 PCT/US01/22035

10

15

20

25

30

64
agent and, for example, separated on a gel. Visualized bands on the gel correspond to
a sequence having a mismatch. If the probes are wild-type probes mismatches will

occur if the target PKD1 sequence contains a mismatch. If the probes are specific for

‘amutated sequence mismatches will be present where the target PKD1 sequence is

wild type, but the hybridized or duplex sequences will not contain mismatches where

the probe Sequence hybridizes to a PKD1 sequence containing the same mutation.

For quantitative analysis of PKD1 mutations using OLA, oligonucleotide
probes are preferably labeled with fluorophor labels that provide spectrally
distinguishable characteristics. In one embodiment, oligonucleotides are labeled with
5' oligomeric PEO tails. Synthesis of such 5' labeled oligonucleotides can be carried
out, for example, using an automated synthesizer using standard phosphoramidite
chemistry. Following cleavage from resin and deprotection with ammonium
hydroxide, the (PEO), -oligonucleotides can be purified by reverse phase HPLC.
Oligonucleotides with 3’-FAM or TET dyes (Perkin Elmer) and 5'-phosphates can be
synthesized and purified by the procedure of Grossman et al., supra, 1994. The
5'-PEO-labeled probes can be synthesized to have 5’-PEO-tails of differing lengths to
facilitate distinguishing the ligated probe products both electrophoretically by size and

by spectral characteristics of the fluorophor labels.

The oligonucleotide probes are used for identifying mutant PKD1
polynucleotides, which can be indicative of a PKD1-associated disorder such as
ADPKD. Preferably, the probes are specific for one or more PKD1 nucleotide
positions of SEQ ID NO:1 selected from nucleotide 474, wherein nucleotide 474 isa T;
nucleotide 487, wherein nucleotide 487 is an A; nucleotide 3110, wherein
nucleotide 3110 is a C; nucleotide 8298, wherein nucleotide 8298 is a G;
nucleotide 9164, wherein nucleotide 9164 is a G; nucleotide 9213, wherein
nucleotide 9213 is an A; nucleotide 9326, wherein nucleotide 9326 isa T;
nucleotide 9367, wherein nucleotide 9367 is a T; nucleotide 10064, wherein
nucleotide 10064 is an A; nucleotide 10143, wherein nucleotide 10143 is a G;
nucleotide 10234, wherein nucleotide 10234 is a C; or nucleotide 10255, wherein

nucleotide 10255 isa T. The oligonucleotide probes for the OLA assay are typically
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designed to have calculated melting temperatures of about 40°C to 50°C, generally
about 48°C, by the nearest neighbor method (Breslaur et al., Proc. Natl. Acad. Sci.
USA 83:9373-9377, 1986) so that the ligation reaction can be performed at a
temperature range of about 40°C to 60°C, typically from about 45°C to about 55°C.
The wild type and mutant, including variant, oligonucleotide probes can be
synthesized with various combinations of PEO oligomeric tails and fluorescein dyes
such as TET and FAM. These combinations of mobility modifiers and fluorophor
labels furnish electrophoretically unique ligation products that can enable the

monitoring of two or more PKD1 nucleotide sites in a single ligation reaction.

In one embodiment, a method of diagnosing a PKD1-associated disorder in a
subject is performed by amplifying a portion of a PKD1 polynucleotide in a nucleic
acid sample from a subject suspected of having a PKD1-associated disorder with at
least a first primer pair to obtain a first amplification product, wherein said first
primer pair is a primer pair of claim 3; amplifying the first amplification product with
at least a second primer pair to obtain a nested amplification product, wherein the
second primer pair is suitable for performing nested amplification of the first
amplification product; and determining whether the nested amplification product has a
mutation associated with a PKD1-associated disorder, wherein the presence of a
mutation associated with a PKD1-associated disorder is indicative of a PKD1-
associated disorder, thereby diagnosing a PKD1-associated disorder in the subject.
The method can be performed using a first primer pair selected from SEQ ID NOS:3
and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID
NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17
and 18; and a combination thereof, and a second primer pair selected from SEQ ID
NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25
and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32;
SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38, SEQID
NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45
and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51 and 61;
SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66 and 67; SEQ ID
NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72 and 73; SEQ ID NOS:74
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and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78 and 79; SEQ ID NOS:80 and 81;
SEQ ID NOS:82 and 83; SEQID NOS:84 and 85; SEQ ID NOS:86 and 87; SEQ ID
NOS:88 and 89; SEQ ID NOS:90 and 91; SEQ ID NOS:92 and 93; SEQ ID NOS:94
and 95; SEQ ID NOS:96 and 113; SEQ ID NOS:97 and 98; SEQ ID NOS:99 and 100;
SEQ ID NOS:101 and 102; SEQ ID NOS:103 and 104; SEQ ID NOS: 105 and 106;
SEQ ID NOS:107 and 108; SEQ ID NOS:109 and 110; or SEQ ID NOS:111 and 112;

and a combination thereof.

In another embodiment, a method of diagnosing a PKD1-associated disorder
in a subject is performed by amplifying a portion of PKD1 polynucleotide in a nucleic
acid sample from a subject suspected of having a PKD1-associated disorder with a -
first primer pair to obtain a first amplification product; amplifying the first
amplification product using a second primer pair to obtain a second amplification
product; and detecting a mutation in the second amplification product, wherein the
mutation comprises SEQ ID NO:1 wherein nucleotide 3110 is a C; nucleotide 3336 is
deleted; nucleotide 3707 is an A; nucleotide 5168 is a T; nucleotide 6078 is an A;
nucleotide 6089 is a T; nucleotide 6326 is a T; nucleotides 7205 to 7211 are deleted;
nucleotide 7415 is a T; nucleotide 7433 is a T; nucleotide 7883 is a T; or
nucleotides 8159 to 8160 are deleted; nucleotide 8298 is a G; nucleotide 9164 is a G;
nucleotide 9213 is an A; or nucleotide 9326 is a T; nucleotide 10064 is an A; or wherein
a GCG nucleotide sequence is inserted between nucleotides 7535 and 7536; or a

combination thereof, thereby diagnosing a PKD1-associated disorder in the subject.

The present invention also provides a method of identifying a subject having
or at risk of having a PKD1-associated disorder. Such a method can be performed,
for example, by comprising contacting nucleic acid molecules in a sample from a
subject with at least dne primer pair of the invention under conditions suitable for
amplification of a PKD1 polynucleotide by the primer pair, thereby generating a
PKD1-specific amplification product; and testing an amplification product for the
presence or absence of a mutation indicative of a PKD1-associated disorder, wherein
the absence of the mutation identifies the subject a not having or at risk of the having

a PKD1-associated disorder, and wherein the presence of the mutation identifies the
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subject as having or is at risk of having a PKD1-associated disorder. The primer pair
can be, for example, selected from SEQ ID NO:3 and 4; SEQ ID NO:5 and 6; SEQ ID
NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13
and 14; SEQ ID NOS:15 and 16; or SEQ ID NOS:17 and 18. The PKD1-associated
disorder can be autosomal dominant polycystic kidney disease, acquired cystic
disease, or any other PKD-1 associated disorder, and the subject can be, for example,

a vertebrate, particularly a human subject.

Such a method is particularly adaptable to a high throughput format, and, if
desired, can include a step of contacting the PKD1-specific amplification product with
at least a second primer pair, under conditions suitable for nested amplification of the
PKD1-specific amplification product by a second primer pair, thereby generating a
nested amplification product, then testing the nested amplification product for the
presence or absence of a mutation indicative of a PKD1-associated disorder. The
second primer pair can be any primer pair suitable for nested amplification of the
PKD1-specific amplification product, for example, a primer pair selected from SEQ
ID NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25
and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32;
SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID
NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45
and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51 and 61;
SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66 and 67; SEQ ID
NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72 and 73; SEQ ID NOS:74
and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78 and 79; SEQ ID NOS:80 and 81;
SEQ ID NOS:82 and 83; SEQ ID NOS:84 and 85; SEQ ID NOS:86 and 87; SEQ ID
NOS:88 and 89; SEQ ID NOS:90 and 91; SEQ ID NOS:92 and 93; SEQ ID NOS:94
and 95; SEQ ID NOS:96 and 113; SEQ ID NOS:97 and 98; SEQ ID NOS:99 and 100;
SEQ ID NOS:101 and 102; SEQ ID NOS:103 and 104; SEQ ID NOS: 105 and 106;
SEQ ID NOS:107 and 108; SEQ ID NOS:109 and 110; or SEQ ID NOS:111 and 112;

and a combination thereof.
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Testing an amplification product for the presence or absence of the mutation
can be performed using any of various well known methods for examining a nucleic
acid molecule. For example, nucleotide sequence of the amplification product can be
determined, and compared with the nucleotide sequence of a corresponding
nucleotide sequence of SEQ ID NO:1. The amplification product also can be tested
by determining the melting temperature of the amplification product, and comparing
the melting temperature to the melting temperature of a corresponding nucleotide
sequence of SEQ ID NO:1. The melting temperature can be determined, for example,

using denaturing high performance liquid chromatography.

Where a nested amplification is to be performed, the method can include a
step directed to reducing contamination of the PKD1-specific amplification product
by genomic DNA prior to contacting the PKD1-specific amplification product with
the at least second set of primer pairs. For example, contamination of the PKD1-
specific amplification product can be reduced by diluting the PKD1-specific

amplification product.

The mutation indicative of a of PKD1 associated disorder can be, for example,
a nucleotide sequence substantially identical to SEQ ID NO:1, wherein
nucleotide 3110 is a C; nucleotide 8298 is a G; nucleotide 9164 is a G; nucleotide 9213
is an A; nucleotide 9326 is a T; or nucleotide 10064 is an A; or can be a nucleotide
sequence substantially identical to SEQ ID NO:1, wherein nucleotide 3336 is deleted;
nucleotide 3707 is an A; nucleotide 5168 is a T; nucleotide 6078 is an A;
nucleotide 6089 is a T; nucleotide 6326 isa T; nucleotides 7205 to 7211 are deleted;
nucleotide 7415 is a T; nucleotide 7433 is a T; nucleotide 7883 is a T; or
nucleotides 8159 to 8160 are deleted; or wherein a GCG nucleotide sequence is inserted
between nucleotides 7535 and 7536.

Data that is collected pursuant to a step of detecting the presence or absence of
a mutation indicative of a PKD1-associated disorder in an amplification product,
which can be an amplification product generated according to a method of the

invention, including, for example, a PKD1-specific amplification product or a nested



WO 02/06529 PCT/US01/22035

10

15

20

25

30

69
amplification product, can be accumulated, and can be formatted into a form that
facilitates determining, for example, whether a subject is at risk of a PKD1-associated
disorder. As such, the data can be formatted into a report that indicates whether a
subject is at risk of a PKD1-associate disorder. The report can be in any of various
forms, including, for example, contained in a computer random access or read-only
memory, or stored on a diskette, CD, DVD, magnetic tape; presented on a visual
display such as a computer monitor or other cathode ray tube or liquid crystal display;
or printed on paper. Furthermore, the data, which can be formatted into a report, can
be transmitted to a user interested in or privy to the information. The data or report
can be transmitted using any convenient medium, for example, via the internet, by

facsimile or by mail, depending on the form of the data or report.

Also provided is a method of detecting the presence of a mutant PKD1
polynucleotide in a sample by contacting a sample suspected of containing a mutant
PKD1 polynucleotide with an oligonucleotide of the invention under conditions that
allow the oligonucleotide to selectively hybridize with a mutant PKD1
polynucleotide; and detecting selective hybridization of the oligonucleotide and a
mutant PKD1 polynucleotide, thereby detecting the presence of a mutant PKD1
polynucleotide sequence in the sample. In another embodiment, a method of detecting
the presence of a mutant PKD1 polypeptide in a sample is provided, for example, by
contacting a sample suspected of containing a mutant PKD1 polypeptide with an
antibody of the invention under conditions that allow the antibody to specifically bind
a mutant PKD1 polypeptide; and detecting specific binding of the antibody and the
mutant PKD1 polypeptide in the sample, thereby detecting the presence of a mutant
PKD1 polypeptide in a sample. The mutant PKD1 polypeptide can have a sequence,
for example, substantially as set forth in SEQ ID NO:2, and having a mutation of
A88V, WI67R, L2696R, R2985G, W3001X, R3039C, V32851, H3311R, or a

combination thereof (see, also, Table 4).

Antibodies that can specifically bind wild type or mutant PKD1 polypeptides, or
peptide portions thereof, can also be used as ADPKD diagnostic reagents. Such reagents

provide a diagnostic method that can detect the expression of abnormal PKD1 proteins
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or of abnormal levels of PKD1 protein expression, including the detection of mutant
PKD1 polypeptides or aberrant cellular localization of a PKD1 protein. For example,
differences in the size, electronegativity, or antigenicity of the mutant PKD1 protein

relative to a wild type PKD1 protein can be detected.

Diagnostic methods for the detection of mutant PKD1 polypeptides or peptide
portions thereof can involve, for example, immunoassays wherein epitopes of a mutant
PKD1 polypeptide are detected by their interaction with an anti-PKD1 specific antibody
(e.g., an anti-mutant PKD1 specific antibody). For example, an antibody that
specifically binds to a mutant PKD1 polypeptide does not bind to a wild-type PKD1
polypeptide or peptide thereof. Particular epitopes of PKID1 to which antibodies can be
developed include peptides that are substantially identical to SEQ ID NO:2, and
having at least five amino acids, including amino acid residue 88, wherein residue 88
is a V; residue 967, wherein residue 967 is an R; residue 2696, wherein residue 2696
is an R; residue 2985, wherein residue 2985 is a G; residue 3039, wherein
residue 3039 is a C; residue 3285, wherein residue 3285 is an I; or residue 3311,
wherein residue 3311 is an R; or a C-terminal peptide including amino acid
residue 3000, where residue 3001 is absent and the mutant PKD1 polypeptide is
truncated due to the presence of a STOP codon in the encoding mutant PKD1

polynucleotide.

Antibodies, or fragments of antibodies, such as those described, above, are useful
in the present invention and can be used to quantitatively or qualitatively detect the
presence of wild type or mutant PKD1 polypeptides or peptide portions thereof, for
example. This can be accomplished, for example, by immunofluorescence techniques
employing a fluorescently labeled antibody (see below) coupled with light microscopic,

flow cytometric, or fluorimetric detection.

The antibodies (or fragments thereof) useful in the present invention can,
additionally, be employed histologically, as in immunofluorescence or immunoelectron
microscopy, for in situ detection of PKD1 polypeptide, peptides, variants or mutants

thereof. Detection can be accomplished by removing a histological specimen from a
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subject, and applying thereto a labeled antibody of the present invention. The
histological sample can be taken from a tissue suspected of exhibiting ADPKD. The
antibody (or fragment) is preferably applied by overlaying the labeled antibody (or
fragment) onto a biological sample. Through the use of such a procedure, it is possible
to determine not only the presence of PKD1 polypeptides, but also their distribution in
the examined tissue. Using the present invention, those of ordinary skill will readily
perceive that any of a wide variety of histological methods (such as staining procedures)

can be modified in order to achieve such in situ detection.

Immunoassays for wild type or mutant PKD1 polypeptide or peptide portions
thereof typically comprise incubating a biological sample, such as a biological fluid, a
tissue extract, freshly harvested cells, or cells that have been incubated in tissue culture,
in the presence of a detectably labeled antibody capable of identifying a PKD1
polypeptide, mutant PKD1 polypeptide and peptide portions thereof, and detecting the
bound antibody by any of a number of techniques well-known in the art. The biological
sample can be brought in contact with and immobilized onto a solid phase support or
carrier such as nitrocellulose, or other solid support that is capable of immobilizing cells,
cell particles or soluble proteins. The support can then be washed with suitable buffers
followed by treatment with the detectably labeled mutant PKD1 specific antibody,
preferably an antibody that recognizes a developed include peptides that are
substantially identical to SEQ ID NO:2, and having at least five amino acids,
including amino acid residue 88, wherein residue 88 is a V; residue 967, wherein
residue 967 is an R; residue 2696, wherein residue 2696 is an R; residue 29835,
wherein residue 2985 is a G; residue 3039, wherein residue 3039 is a C; residue 3285,
wherein residue 3285 is an I; or residue 3311, wherein residue 3311 isanR; ora
C-terminal peptide including amino acid residue 3000, where residue 3001 is absent
and the mutant PKD1 polypeptide is truncated due to the presence of a STOP codon
in the encoding mutant PKD1 polynucleotide (see, also, Table 4). The solid phase
support can then be washed with the buffer a second time to remove unbound antibody,
and the amount of bound label on solid suppott can be detected by conventional means

specific for the label.
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A "solid phase support" or "carrier" can be any support capable of binding an
antigen or an antibody. Well-known supports or carriers include glass, polystyrene,
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, and magnetite. The nature of the carrier can be either soluble to some
extent or insoluble for the purposes of the present invention. The support material can
have virtually any possible structural configuration so long as the coupled molecule is
capable of binding to an antigen or antibody. Thus, the support configuration can be
spherical, as in a bead, or cylindrical, as in the inside surface of a test tube, or the
external surface of a rod. Alternatively, the surface can be flat such as a sheet, test strip,
or the like. Those skilled in the art will know many other suitable carriers for binding
antibody or antigen, or will be able to ascertain the same by use of routine

experimentation.

The binding activity of a given lot of an anti-mutant PKD1 antibody can be
determined according to well known methods. Those skilled in the art will be able to
determine operative and optimal assay conditions for each determination by employing
routine experimentation. One of the ways in which the mutant PKD1-specific antibody
can be detectably labeled is by linking the antibody to an enzyme and use the enzyme
labeled antibody in an enzyme immunoassay (EIA; Voller, "The Enzyme Linked
Immunosorbent Assay (ELISA):, Diagnostic Horizons 2:1-7, 1978; Microbiological
Associates Quarterly Publication, Walkersville, Md.); Voller ef al., J. Clin. Pathol.
31:507-520, 1978; Butler, Meth. Enzymol. 73:482-523, 1981; Maggio (ed.), "Enzyme
Immunoassay”, CRC Press, Boca Raton FL, 1980; Ishikawa et al., (eds.), "Enzyme
Immunoassay", Kgaku Shoin, Tokyo, 1981). The enzyme that is bound to the antibody
will react with an appropriate substrate, preferably a chromogenic substrate, in such a
manner as to produce a chemical moiety that can be detected, for example, by

spectrophotometric, fluorimetric or by visual means.

Enzymes that can be used to detectably label the antibody include, but are not
limited to, malate dehydrogenase, staphylococcal nuclease, delta-5-steroid isomerase,
yeast alcohol dehydrogenase, a-glycerophosphate, dehydrogenase, triose phosphate

isomerase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase,
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beta-galactosidase, ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase,
glucoamylase and acetylcholinesterase. The detection can be accomplished by
colorimetric methods that employ a chromogenic substrate for the enzyme. Detection
can also be accomplished by visual comparison of the extent of enzymatic reaction of a
substrate in comparison with similarly prepared standards. In addition, detection can be
accomplished using any of a variety of other immunoassays, including, for example, by
radioactively labeling the antibodies or antibody fragments and detecting PKD1 wild
type or mutant peptides using a radioimmunoassay (RIA; see, for example, Weintraub,
Principles of Radioimmunoassays, Seventh Training Course on Radioligand Assay
Techniques, The Endocrine Society, March, 1986, which is incorporated herein by
reference). The radioactive isotope can be detected by such means as the use of a

gamma counter or a scintillation counter or by autoradiography.

The antibody also can be labeled with a fluorescent compound. When the
fluorescently labeled antibody is exposed to light of the proper wave length, its presence
can then be detected due to fluorescence. Among the most commonly used fluorescent
labeling compounds are fluorescein isothiocyanate, thodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde and fluorescamine. The antibody can
also be detectably labeled using fluorescence emitting metals such as 2Ry, or others of
the lanthanide series. These metals can be attached to the antibody using such metal
chelating groups as diethylenetriaminepentacetic acid (DTPA) or
ethylenediaminetetraacetic acid (EDTA).

The antibody also can be detectably labeled by coupling it to a chemiluminescent
compound. The presence of the chemiluminescent-tagged antibody is then determined
by detecting the presence of luminescence that arises during the course of a chemical
reaction. Examples of particularly useful chemiluminescent labeling compounds are
luminol, isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate
ester. Likewise, a bioluminescent compound can be used to label the antibody of the
present invention. Bioluminescence is a type of chemiluminescence found in biological
systems in, which a catalytic protein increases the efficiency of the chemiluminescent

reaction. The presence of a bioluminescent protein is determined by detecting the
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presence of luminescence. Important bioluminescent compounds for purposes of

labeling are Iuciferin, luciferase and aequorin.

In vitro systems can be designed to identify compounds capable of binding a
mutant PKD1 polynucleotide of the invention (e.g., a polynucleotide having a sequence
substantially identical to SEQ ID NO:1 and having a mutation such as C474T; G487A;
T3110C; T8298G; A9164G; G9213A; C9326T; C9367T; G10064A; A10143G;
T10234C; or G10255T). Such compounds can include, but are not limited to, peptides
made of D-and/or L-configuration amino acids in, for example, the form of random
peptide libraries (see, e.g., Lam et al., Nature 354:82-84, 1981), phosphopeptides in, for
example, the form of random or partially degenerate, directed phosphopeptide libraries
(see, e.g., Songyang ef al., Cell 72:767-778, 1993), antibodies, and small or large organic
or inorganic molecules. Compounds identified can be useful, for example, in
modulating the activity of PKD1 proteins, variants or mutants. For example, mutant
PKD1 polypeptides of the invention can be useful in elaborating the biological function
of the PKD1 protein. Such mutants can be utilized in screens for identifying compounds

that disrupt normal PKD1 interactions, or can in themselves disrupt such interactions.

The principle of the assays used to identify compounds that bind to a mutant
PKD1 protein involves preparing a reaction mixture of the PKD1 protein, which can be a
mutant, including a variant, and the test compound under conditions and for a time
sufficient to allow the two components to interact, then isolating the interaction product
(complex) or detecting the complex in the reaction mixture. Such assays can be
conducted in a heterogeneous or homogeneous format. Heterogeneous assays involve
anchoring PKD1 or the test substance onto a solid phase and detecting PKD1 test
substance complexes anchored on the solid phase at the end of the reaction. In
homogeneous assays, the entire reaction is carried out in a liquid phase. In either
approach, the order of addition of reactants can be varied to obtain different information

about the compounds being tested.

In addition, methods suitable for detecting protein-protein interactions can be

employed for identifying novel PKD1 cellular or extracellular protein interactions based
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upon the mutant or variant PKD1 polypeptides of the invention. For example, some
traditional methods that can be employed are co-immunoprecipitation, crosslinking and
copurification through gradients or chromatographic columns. Additionally, methods
that result in the simultaneous identification of the genes coding for the protein
interacting with a target protein can be employed. These methods include, for example,
probing expression libraries with labeled target protein, using this protein in a manner
similar to antibody probing of Agt libraries. One such method for detecting protein
interactions in vivo is the yeast two hybrid system. One version of this system has been
described (Chien et al., Proc. Natl. Acad. Sci. USA 88:9578-9582, 1991) and can be

performed using commercially available reagents (Clontech; Palo Alto CA).

A PKD1 polypeptide (e.g., a variant or mutant) of the invention can interact with
one or more cellular or extracellular proteins ir vivo. Such cellular proteins are referred
to herein as "binding partners". Compounds that disrupt such interactions can be useful
in regulating the activity of a PKD1 polypeptide, especially mutant PKD1 polypeptides.
Such compounds include, for example, molecules such as antibodies, peptides,

peptidomimetics and the like.

In instances whereby ADPKD symptoms are associated with a mutation within
the PKD1 polynucleotide (e.g., SEQ ID NO:1 having a mutation at T3110C; T8298G;
A9164G; G9213A; C9326T; G10064A or the like; see Example 2), which produces
PKD1 polypeptides having aberrant activity, compounds identified that disrupt such
activity can therefore inhibit the aberrant PKD1 activity and reduce or treat ADPKD]1-
associated symptoms or ADPKD disease, respectively (see Table 4). For example,
compounds can be identified that disrupt the interaction of mutant PKDI polypeptides
with cellular or extracellular proteins, for example, the PKD?2 gene product, but do not
substantially effect the interactions of the normal PKD1 protein. Such compounds can
be identified by comparing the effectiveness of a compound to disrupt interactions in an
assay containing normal PKD1 protein to that of an assay containing mutant PKD1

polypeptide, for example, a two hybrid assay.
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The basic principle of the assay systems used to identify compounds that
interfere with the interaction between the PKD1 protein, preferably a mutant PKD1
protein, and its cellular or extracellular protein binding partner or partners involves
preparing a reaction mixture containing the PKD1 protein and the binding partner under
conditions and for a time sufficient to allow the two proteins to interact or bind, thus
forming a complex. In order to test a compound for inhibitory activity, reactions are
conducted in the presence or absence of the test compound, 7.e., the test compound can
be initially included in the reaction mixture, or added at a time subsequent to the addition
of PKD1 and its cellular or extracellular binding partner; controls are incubated without
the test compound or with a placebo. The formation of any complexes between the
PKD1 protein and the cellular or extracellular binding partner is then detected. The
formation of a complex or interaction in the control reaction, but not in the reaction
mixture containing the test compound indicates that the compound interferes with the
interaction of the PKD1 protein and the binding partner. As noted above, complex
formation or component interaction within reaction mixtures containing the test
compound and normal PKD1 protein can also be compared to complex formation or
component interaction within reaction mixtures containing the test compound and
mutant PKD1 protein. This comparison can be important in those cases wherein it is
desirable to identify compounds that disrupt interactions of mutant but not normal PKD1

proteins.

Any of the binding compounds, including but not limited to, compounds such as
those identified in the foregoing assay systems can be tested for anti-ADPKD activity.
ADPKD, an autosomal dominant disorder, can involve underexpression of a wild-type
PKD1 allele, or expression of a PKD1 polypeptide that exhibits little or no PKD1
activity. In such an instance, even though the PKD1 polypeptide is present, the overall
level of normal PKD1 polypeptide present is insufficient and leads to ADPKD
symptoms. As such increase in the level of expression of the normal PKD1 polypeptide,
to levels wherein ADPKD symptoms are ameliorated would be useful. Additionally, the
term can refer to an increase in the level of normal PKD1 activity in the cell, to levels

wherein ADPKD symptoms are ameliorated.
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The identified compounds that inhibit PKD1 expression, synthesis and/or activity
can be administered to a patient at therapeutically effective doses to treat polycystic
kidney disease. A therapeutically effective dose refers to that amount of the compound
sufficient to result in amelioration of symptoms of polycystic kidney disease. 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 LDsg (the dose lethal to 50% of the population) and the EDs, (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
LDso/EDso. Compounds that exhibit large therapeutic indices are preferred. While
compounds that exhibit toxic side effects can be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue in order to

minimize potential damage to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDsp with little or
no toxicity. The dosage can vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initially
from cell culture assays. A dose can be formulated in animal models to achieve a
circulating plasma concentration range that includes the ICsy (i.e., the concentration of
the test compound that achieves a half-maximal inhibition of symptoms) as determined
in cell culture. Such information can be used to more accurately determine useful doses
in humans. Levels in plasma can be measured, for example, by high performance liquid
chromatography. Additional factors that can be utilized to optimize dosage can include,
for example, such factors as the severity of the ADPKD symptoms as well as the age,
weight and possible additional disorders that the patient can also exhibit. Those skilled

in the art will be able to determine the appropriate dose based on the above factors.

Pharmaceutical compositions for use in accordance with the present invention

can be formulated in conventional manner using one or more physiologically acceptable
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carriers or excipients. Thus, the compounds and their physiologically acceptable salts
and solvates can be formulated for administration by inhalation (either through the

mouth or the nose) or oral, buccal, parenteral or rectal administration.

For oral administration, the pharmaceutical compositions can take the form of,
for example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinised maize starch,
poljrvinylpyrrolidoné or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycollate); or
wetting agents (e.g., sodium lauryl sulphate). The tablets can be coated by methods well
known in the art. Liquid preparations for oral administration can take the form of, for
example, solutions, syrups or suspensions, ot they can be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid preparations can
be prepared by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible
fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond
oil, oily esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g.,
methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations can also contain

buffer salts, flavoring, coloring and sweetening agents as appropriate.

Preparations for oral administration can be suitably formulated to give controlled
release of the active compound. For buccal administration the compositions can 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 nebuliser, with the use of a suitable propellant such as
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit can be

determined by providing a valve to deliver a metered amount. Capsules and cartridges
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of e.g., gelatin, for use in an inhaler can be formulated containing a powder mix of the

compound and a suitable powder base such as lactose or starch.

The compounds can be formulated for parenteral administration by injection,
e.g., by bolus injection or continuous infusion. Formulations for injection can be
presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an
added preservative. The compositions can take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and can contain formulatory agents such as
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient can
be in powder form for constitution with a suitable vehicle, e.g., sterile pyrogen-free
water, before use. The compounds can also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such

as cocoa butter or other glycerides.

In addition to the formulations described previously, the compounds can also be
formulated as a depot preparation. Such long acting formulations can be administered
by implantation (for example subcutaneously or intramuscularly) or by intramuscular
injection. Thus, for example, the compounds can 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.

The compositions can, if desired, be presented in a pack or dispenser device that
can contain one or more unit dosage forms containing the active ingredient. The pack
can for example comprise metal or plastic foil, such as a blister pack. The pack or

dispenser device can be accompanied by instructions for administration.

Alternatively, ADPKD can be caused by the production of an aberrant mutant
form of the PKD1 protein, that either interferes with the normal allele product or
introduces a novel function into the cell, which then leads to the mutant phenotype. For
example, a mutant PKD1 protein can compete with the wild type protein for the binding

of a substance required to relay a signal inside or outside of a cell.
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Cell based and animal model based assays for the identification of compounds
exhibiting anti-ADPKD activity are also encompassed within the present invention.
Cells that contain and express mutant PKD1 polynucleotide sequences (e.g., a sequence
substantially identical to the sequence as set forth in SEQ ID NO:1 and having one or
more mutations of a C474T; G487A; T3110C; T8298G; A9164G; G9213A; C9326T;
C9367T; G10064A; A10143G; T10234C; G10255T or the like; see Example 2), which
encode a mutant PKD1 polypeptide, and thus exhibit cellular phenotypes associated with
ADPKD, can be utilized to identify compounds that possess anti-ADPKD activity. Such
cells can include cell lines consisting of naturally occurring or engineered cells that
express mutant or express both normal and mutant PKD1 polypeptides. Such cells
include, but are not limited to renal epithelial cells, including primary and immortalized
human renal tubular cells, MDCK cells, LLPCK1 cells, and human renal carcinoma
cells. Methods of transforming cell with PKD1 polynucleotide sequences encoding

wild-type or mutant proteins are described above.

Cells that exhibit ADPKD-like cellular phenotypes, can be exposed to a
compound suspected of exhibiting anti-ADPKD activity at a sufficient concentration and
for a time sufficient to elicit an anti-ADPKDI1 activity in the exposed cells. After
exposure, the cells are examined to determine whether one or more of the ADPKD-like

cellular phenotypes has been altered to resemble a more wild type, non-ADPKD
phenotype.

Among the cellular phenotypes that can be followed in the above assays are
differences in the apical/basolateral distribution of membrane proteins. For example,
normal (i.e., non-ADPKD) renal tubular cells in situ and in culture under defined
conditions have a characteristic pattern of apical/basolateral distribution of cell
surface markers. ADPKD renal cells, by contrast, exhibit a distribution pattern that
reflects a partially reversed apical/basolateral polarity relative to the normal
distribution. For example, sodium-~potassium ATPase generally is found on the
basolateral membranes of renal epithelial cells, but also can be found on the apical

surface of ADPKD epithelial cells, both in cystic epithelia in vivo and in ADPKD
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cells in culture (Wilson et al., Am. J. Physiol. 260:F420-F430, 1991). Another
marker that exhibits an alteration in polarity in normal versus ADPKD affected cells
is the EGF receptor, which is normally located basolaterally, but in ADPKD cells is
mislocated to the apical surface. Such a apical/basolateral marker distribution
phenotype can be followed, for example, by standard immunohistology techniques

using antibodies specific to a markers of interest.

Assays for the function of PKD1 also can include a measure of the rate of cell
growth or apoptosis, since dysregulation of epithelial cell growth can be a key step in
cyst formation. The cysts are fluid filled structures lined by epithelial cells that are
both hyper-proliferative and hyper-apoptotic (Evan et al., Kidney International
16:743-750, 1979; Kovacs and Gomba, Kidney Blood Press. Res. 21:325-328, 1998;
Lanoix ef al., Oncogene 13: 1153-1160, 1996; Woo, New Engl. J. Med. 333:18-25,
1995, each of which is incorporated herein by reference). The cystic epithelium has a
high mitotic rate in vivo as measured by PCNA staining (Nadasdy et al., J. Am. Soc.
Nephrol. 5:1462-1468, 1995, which is incorporated herein by reference), and
increased levels of expression of other markers of proliferation (Klingel ef al., Amer.
J. Kidney Dis. 19:22-30, 1992, which is incorporated herein by reference). In
addition, cultured cells from ADPKD cystic kidneys have increased growth rates
in vitro (Wilson et al., Kidney Int. 30:371-380, 1986;.Wilson, Amer. J. Kidney Dis.
17:634-637, 1991, each of which is incorporated herein by reference).

Further, in studies of rodent models of polycystic kidney disease, the epithelial
cells that line cysts of animals with naturally occurring forms of PKD showed
abnormalities similar to those reported in human ADPKD (Harding et al., 1992;
Ramasubbu et al., J. Am. Soc. Nephrol. 9:937-945, 1998; Rankin et al., J. Cell
Physiol. 152:578-586, 1992; Rankin et al., In Vitro Cell Devel. Biol. Anim. 32:100-
106, 1996, each of which is incorporated herein by reference). Moreover, mice that
have transgenic over-expression of either c-myc or SV40-large T antigen developed
PKD (Kelley ef al. J. Am. Soc. Nephrol. 2:84-97, 1991; Trudel et al., Kidney Int.
39:665-671 1991, each of which is incorporated herein by reference). Also,

expression of recombinant full length PKD1 in epithelial cells reduced their rate of
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growth and induced resistance to apoptosis when challenged with stimuli such as
serum starvation or exposure to UV light, which are known to stimulate apoptosis
(Boletta et al., Mol. Cell 6:1267-1273, 2000, which is incorporated herein by
reference). As such, biochemical pathways that are activated by PKD1 expression,
including, for example, JAK2, STAT1/3, PI3 kinase, p21, and AKT, can provide

surrogate markers for PKD1 activity.

The propensity of an epithelial cell to form tubules provides still another assay
for the function of PKD1. Jn vivo, PKD is characterized by cystic transformation of
renal tubules and pancreatic and biliary ductules. In vitro, expression of full length
PKD1 induces spontaneous tubulogenesis in MDCK cells (Boletta ez al., supra,
2000). In this model system, control MDCK cells, which did not express recombinant
wild type full length PKD1, formed cystic structures unless treated with hepatocyte
growth factor or with fibroblast conditioned medium when cultured suspended in
collagen. In contrast, MDCK cells that expressed the full length wild type
recombinant form of PKD1 spontaneously formed tubules in the absence of
exogenous factors when cﬁltured in this manner. As such, this model system can be
used to identify ligands that bind to and activate the PKD1 protein, to determine
pathways that are targeted for activation by therapeutic agents, and as an assay system

to evaluate the effect of sequence variants on PKD1 function.

Additionally, assays for the function of a PKD1 polypeptide can, for example,
include a measure of extracellular matrix (ECM) components, such as proteoglycans,
laminin, fibronectin and the like, in that studies in both ADPKD and in rat models of
acquired cystic disease (Carone ef al., Kidney International 35:1034-1040, 1989) have
shown alterations in such components. Thus, any compound that serves to create an
extracellular matrix environment that more fully mimics the normal ECM should be

considered as a candidate for testing for an ability to ameliorate ADPKD symptoms.

In addition, it is contemplated that the present invention can be used to
measure the ability of a compound, such as those identified in the foregoing binding

assays, to prevent or inhibit disease in animal models for ADPKD. Several naturally-
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occurring mutations for renal cystic disease have been found in animals, and are
accepted in the art as models of ADPKD and provide test systems for assaying the
effects of compounds that interact with PKD1 proteins. Of these models, the
Han:SPRD rat model, provides an autosomal dominant model system (see, for
example, Kaspareit-Rittinghausen ef al., Vet. Path. 26:195, 1989), and several
recessive models also are available (Reeders, Nature Genetics 1:235, 1992). In
addition, knock-out mice, in which the PKD1 or PKD2 gene has been disrupted, are
available and provide a relevant model system for genetic forms of ADPKD. As
such, the PKD1 and PKD2 knock-out mice can be useful for confirming the
effectiveness in vivo of compounds that interact with PKD1 proteins in vitro (see, for
example, Wu et al., Nat. Genet. 24:75-78, 2000; Kim et al., Proc. Natl. Acad. Sci.,
USA 97:1731-1736, 2000; Lu et al., Nat. Genet.21:160-161, 1999; Wu et al., Cell
93:177-188, 1998; Lu et al., Nat. Genet. 17:179-181, 1997, each of which is

incorporated herein by reference).

Animal models exhibiting ADPKD-like symptoms associated with one or more
of the mutant PKD1 polynucleotide sequences as disclosed herein can also be
engineered by utilizing the PKD1 polynucleotide sequences such in conjunction with
well known methods for producing transgenic animals. Animals of any species,
including, but not limited to, mice, rats, rabbits, guinea pigs, pigs, mini-pigs, goats, and
non-human primates, e.g., baboons, squitrels, monkeys, and chimpanzees can be used to
generate such ADPKD animal models or transgenic animals. In instances where the
PKD1 mutation leading to ADPKD symptoms causes a drop in the level of PKD1
protein or causes an ineffective PKD1 protein to be made (e.g., the PKD1 mutation is a
dominant loss-of-function mutation, such as a W3001X, i.e., truncated after amino acid
residue 3000, or a T3110C mutation; see, also, Table 4) various strategies can be utilized

to generate animal models exhibiting ADPKD-like symptoms.

The present invention also provides transgenic non-human organisms, including
invertebrates, vertebrates and mammals. For purposes of the subject invention, these
animals are referred to as "transgenic" when such animal has had a heterologous DNA

sequence, or one or more additional DNA sequences normally endogenous to the animal
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(collectively referred to herein as “transgenes™) chromosomally integrated into the germ
cells of the animal. The transgenic animal (including its progeny) will also have the

transgene integrated into the chromosomes of somatic cells.

Various methods to make the transgenic animals of the subject invention can be
employed. Generally speaking, three such methods can be employed. In one such
method, an embryo at the pronuclear stage (a "one cell embryo") is harvested from a '
female and the transgene is microinjected into the embryo, in which case the transgene
will be chromosomally integrated into both the germ cells and somatic cells of the
resulting mature animal. In another such method, embryonic stem cells are isolated and
the transgene incorporated therein by electroporation, plasmid transfection or
microinjection, followed by reintroduction of the stem cells into the embryo where they
colonize and contribute to the germ line. Methods for microinjection of mammalian

species is described in U.S. Pat. No. 4,873,191.

In yet another such method, embryonic cells are infected with a retrovirus
containing the transgene whereby the germ cells of the embryo have the transgene
chromosomally integrated therein. When the animals to be made transgenic are avian,
because avian fertilized ova generally go through cell division for the first twenty hours
in the oviduct, microinjection into the pronucleus of the fertilized egg is problematic due
to the inaccessibility of the pronucleus. Therefore, of the methods to make transgenic
animals described generally above, retrovirus infection is preferred for avian species, for
example as described in U.S. Pat. No. 5,162,215. If microinjection is to be used with
avian species, however, the method of Love ef al., (Biotechnology, 12, 1994) can be
utilized whereby the embryo is obtained from a sacrificed hen approximately two and
one-half hours after the laying of the previous laid egg, the transgene is microinjected
into the cytoplasm of the germinal disc and the embryo is cultured in a host shell until
maturity. When the animals to be made transgenic are bovine or porcine, microinjection
can be hampered by the opacity of the ova thereby making the nuclei difficult to identify
by traditional differential interference-contrast microscopy. To overcome this problem,

the ova can first be centrifuged to segregate the pronuclei for better visualization.
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The non-human transgenic animals of the invention include, for example,
bovine, porcine, ovine and avian animals (e.g., cow, pig, sheep, chicken, turkey). Such
transgenic non-human animals are produced by introducing a transgene into the germline
of the non-human animal. Embryonal target cells at various developmental stages can
be used to introduce transgenes. Different methods are used depending on the stage of
development of the embryonal target cell. The zygote is the best target for
microinjection. The use of zygotes as a target for gene transfer has a major advantage in
that in most cases the injected DNA will be incorporated into the host gene before the
first cleavage (Brinster ef al., Proc. Natl. Acad. Sci. USA 82:4438-4442, 1985). Asa
consequence, all cells of the transgenic non-human animal will carry the incorporated
transgene. This will in general also be reflected in the efficient transmission of the
transgene to offspring of the founder since 50% of the germ cells will harbor the

transgene.

The term "transgenic" is used to describe an animal that includes exogenous
genetic material within all of its cells. A transgenic animal can be produced by cross-
breeding two chimeric animals that include exogenous genetic material within cells used
in reproduction. Twenty-five percent of the resulting offspring will be transgenic i.e.,
animals that include the exogenous genetic material within all of their cells in both
alleles. Fifty percent of the resulting animals will include the exogenous genetic material

within one allele and 25% will include no exogenous genetic material.

In the microinjection method useful in the practice of the invention, the transgene
is digested and purified free from any vector DNA e.g. by gel electrophoresis. It is
preferred that the transgene include an operatively associated promoter that interacts
with cellular proteins involved in transcription, ultimately resulting in constitutive
expression. Promoters useful in this regard include those from cytomegalovirus (CMV),
Moloney leukemia virus (MLV), and herpes virus, as well as those from the genes
encoding metallothionein, skeletal actin, P-enolpyruvate carboxylase (PEPCK),
phosphoglycerate (PGK), DHFR, and thymidine kinase. Promoters for viral long
terminal repeats (LTRs) such as Rous Sarcoma Virus can also be employed. When the

animals to be made transgenic are avian, preferred promoters include those for the
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chicken B-globin gene, chicken lysozyme gene, and avian leukosis virus. Constructs
useful in plasmid transfection of embryonic stem cells will employ additional regulatory
elements well known in the art such as enhancer elements to stimulate transcription,
splice acceptors, termination and polyadenylation signals, and ribosome binding sites to

permit translation.

Retroviral infection can also be used to introduce transgene into a non-human
animal, as described above. The developing non-human embryo can be cultured in vitro
to the blastocyst stage. During this time, the blastomeres can be targets for retro viral
infection (Jaenich, Proc. Natl. Acad. Sci. USA 73:1260-1264, 1976). Efficient infection
of the blastomeres is obtained by enzymatic treatment to remove the zona pellucida
(Hogan et al., In "Manipulating the Mouse Embryo" (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor NY 1986)). The viral vector system used to introduce the
transgene is typically a replication-defective retro virus carrying the transgene (Jahner et
al., Proc. Natl. Acad. Sci. USA 82:6927-6931, 1985; Van der Putten ef al., Proc. Natl.
Acad. Sci USA 82:6148-6152, 1985). Transfection is easily and efficiently obtained by
culturing the blastomeres on a monolayer of virus-producing cells (Van der Putten,
supra; Stewart, et al., EMBO J. 6:383-388, 1987). Alternatively, infection can be
performed at a later stage. Virus or virus-producing cells can be injected into the
blastocoele (Jahner ef al., Nature 298:623-628, 1982). Most of the founders will be
mosaic for the transgene since incorporation occurs only in a subset of the cells that
formed the transgenic nonhuman animal. Further, the founder can contain various
retroviral insertions of the transgene at different positions in the genome that generally
will segregate in the offspring. In addition, it is also possible to introduce transgenes into
the germ line, albeit with low efficiency, by intrauterine retroviral infection of the

midgestation embryo (Jahner et al., supra, 1982).

A third type of target cell for transgene introduction is the embryonal stem cell
(ES). ES cells are obtained from pre-implantation embryos cultured in vitro and fused
with embryos (Evans et al. Nature 292:154-156, 1981; Bradley ef al., Nature 309:255-
258, 1984; Gossler et al., Proc. Natl. Acad. Sci. USA 83:9065-9069, 1986; and
Robertson et al., Nature 322:445-448, 1986). Transgenes can be efficiently introduced
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into the ES cells by DNA transfection or by retro virus-mediated transduction. Such
transformed ES cells can thereafter be combined with blastocysts from a nonhuman
animal. The ES cells thereafter colonize the embryo and contribute to the germ line of

the resulting chimeric animal (for review see Jaenisch, Science 240:1468-1474, 1988).

The transgene can be any piece of DNA that is inserted by artifice into a cell, and
becomes part of the genome of the organism (i.e., either stably integrated or as a stable
extrachromosomal element) that develops from that cell. Such a transgene can include a
gene that is partly or entirely heterologous (i.e., foreign) to the transgenic organism, or
can represent a gene homologous to an endogenous gene of the organism. Included
within this definition is a transgene created by the providing of an RNA sequence that is
transcribed into DNA, then incorporated into the genome. The transgenes of the
invention include DNA sequences that encode a mutant PKD1 polypeptide, for example,
a polypeptide having an amino acid sequence substantially identical to SEQ ID NO:2
and having a mutation of a A88V, a W967R, a L2696R, an R2985G, an R3039C, a
V32851, a H3311R, or any combination thereof; or encoding a truncated PKD1
polypeptide ending at amino acid 3000 (also referred to herein as "W3001X", where
"X" indicates STOP codon; see, also, Table 4) and include sense, antisense, and
dominant negative encoding polynucleotides, which can be expressed in a transgenic
non-human animal. The term "transgenic" as used herein also includes any organism
whose genome has been altered by in vitro manipulation of the early embryo or fertilized
egg or by any transgenic technology to induce a specific gene knockout. The term "gene
knockout" as used herein, refers to the targeted disruption of a gene in vivo with
complete or partial loss of function that has been achieved by any transgenic technology
familiar to those in the art. In one embodiment, transgenic animals having a gene
knockout are those in which the target gene has been rendered nonfunctional by an
insertion targeted to the gene to be rendered non-functional by homologous

recombination.

The invention also includes animals having heterozygous mutations in or partial
inhibition of function or expression of a PKD1 polypeptide. One of skill in the art would

readily be able to determine if a particular mutation or if an antisense molecule was able
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to partially inhibit PKD1 expression. For example, in vitro testing can be desirable
initially by comparison with wild-type (e.g., comparison of northern blots to examine a
decrease in expression). After an embryo has been microinjected, colonized with
transfected embryonic stem cells or infected with a retrovirus containing the transgene
(except for practice of the subject invention in avian species, which is addressed
elsewhere herein), the embryo is implanted into the oviduct of a pseudopregnant female.
The progeny are tested for incorporation of the transgene by Southern blot analysis of
blood samples using transgene specific probes. PCR is particularly useful in this regard.
Positive progeny (Po) are crossbred to produce offspring (P,) that are analyzed for

transgene expression by northern blot analysis of tissue samples.

In order to distinguish expression of like species transgenes from expression of
an endogenous PKD1-related gene, a marker gene fragment can be included in the
construct in the 3' untranslated region of the transgene and the northern blot probe
designed to probe for the marker gene fragment. The serum levels of a PKD1
polypeptide can also be measured in the transgenic animal to determine the level of
PKD1 expression. A method of creating a transgenic organism also can include methods
of inserting a transgene into, for example, an embryo of an already created transgenic

organism, the organism being transgenic for a different unrelated gene or polypeptide.

Transgenic organisms of the invention are highly useful in the production of
organisms for study of, for example, polycystic kidney disease or PKD1-related
diseases or disorders and in identifying agents or drugs that inhibit or modulate
polycystic kidney disease, PKD1 associated disorders and inheritance. Expression of
a mutant human PKD1 polynucleotide can be assayed, for example, by standard
northern blot analysis, and the production of the mutant human PKD1 polypeptide can
be assayed, for example, by detecting its presence using an antibody directed against
the mutant human PKD1 polypeptide. Those animals found to express the mutant
human PKD1 polypeptide can then be observed for the development of ADPKD-like

symptoms.
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As discussed above, animal models of ADPKD can be produced by engineering
animals containing mutations in a copy of an endogenous PKD1 gene that correspond to
mutations within the human PKD1 polynucleotide. Utilizing such a strategy, a PKD1
homologue can be identified and cloned from the animal of interest, using techniques
such as those described herein. One or more mutations can be engineered into such a
PKD1 homologue that correspond to mutations within the human PKD1 polynucleotide,
as discussed above (e.g., resulting in a mutation of the amino acid sequence as set forth
in SEQ ID NO:2 and having a mutation of a A88V, a W967R, a L2696R, an R2985G,
a W3001X, an R3039C, a V32851, a H3311R, or any combination thereof; see, also,
Table 4). As disclosed herein, a mutant polypeptide produced by such an engineered
corresponding PKD1 homologue can exhibit an aberrant PKD1 activity that is
substantially similar to that exhibited by a mutant human PKD1 protein. The engineered
PKD1 homologue can then be introduced into the genome of the animal of interest,
using techniques such as those described, above. Accordingly, any of the ADPKD
animal models described herein can be used to test compounds for an ability to
ameliorate ADPKD symptoms, including those associated with the expression of a
mutant PKD1 polypeptide substantially identical to SEQ ID NO:2 and having the
mutation A88V, WI67R, L2696R, R2985G, W3001X, R3039C, V32851, H3311R, or

a combination thereof (see Example 2 and Table 4).

As discussed above, mutations in the PKD1 polynucleotide that cause ADPKD
can produce a form of the PKD1 protein that exhibits an aberrant activity that leads to
the formation of ADPKD symptoms. A variety of techniques can be utilized to inhibit
the expression, synthesis, or activity of such mutant PKD1 polynucleotides and
polypeptides. For example, compounds such as those identified through assays
described, above, which exhibit inhibitory activity, can be used in accordance with the
invention to ameliorate ADPKD symptoms. Such molecules can include, but are not
limited, to small and large organic molecules, peptides, and antibodies. Further,
antisense and ribozyme molecules that inhibit expression of a PKD1 polynucleotide,
(e.g., amutant PKD1 polynucleotide), can also be used to inhibit the aberrant PKD1
activity. Such techniques are described, below. In yet another embodiment, triple helix

molecules can be utilized in inhibiting aberrant PKD1 activity.
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Among the compounds that can exhibit anti-ADPKD activity are antisense,
ribozyme, and triple helix molecules. Such molecules can be designed to reduce or
inhibit mutant PKD1 activity by modulating the expression or synthesis of PKD1
polypeptides. Techniques for the production and use of such molecules are well known

to those of skill in the art.

Double stranded interfering RNA molecules are especially useful to inhibit
expression of a target gene. For example, double stranded RNA molecules can be
injected into a target cell or organism to inhibit expression of a gene and the resultant
polypeptide’s activity. It has been found that such double stranded RNA molecules are
more effective at inhibiting expression than either RNA strand alone (Fire ef al., Nature,
19:391(6669):806-11, 1998).

When a disorder is associated with abnormal expression of a PKD1 polypeptide
(e.g., overexpression, or expression of a mutated form of the protein), a therapeutic
approach that directly interferes with the translation of a PKD1 polypeptide (e.g., a wild
type, variant or mutant PKD1 polypeptide) is possible. Alternatively, similar
methodology can be used to study gene activity. For example, antisense nucleic acid,
double stranded interfering RNA or ribozymes could be used to bind to a PKD1 mRNA
sequence or to cleave it. Antisense RNA or DNA molecules bind specifically with a
targeted gene’s RNA message, interrupting the expression of that gene’s protein product.
The antisense binds to the messenger RNA forming a double stranded molecule that
cannot be translated by the cell. Antisense oligonucleotides of about 15 to 25
nucleotides are preferred since they are easily synthesized and have an inhibitory effect
just like antisense RNA molecules. In addition, chemically reactive groups, such as
iron-linked ethylenediaminetetraacetic acid (EDTA-~Fe) can be attached to an antisense
oligonucleotide, causing cleavage of the RNA at the site of hybridization. Antisense
nucleic acids are DNA or RNA molecules that are complementary to at least a portion of
a specific mRNA molecule (Weintraub, Scientific American, 262:40, 1990). In the cell,
the antisense nucleic acids hybridize to the corresponding mRNA, forming a double-

stranded molecule. The antisense nucleic acids interfere with the translation of the
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mRNA, since the cell will not translate a mRNA that is double-stranded. Antisense
oligomers of at least about 15 nucleotides also are preferred because they are less likely
to cause problems when introduced into the target PKD1 polypeptide producing cell.
The use of antisense methods to inhibit the in vitro translation of genes is well known in

the art (Marcus-Sakura, Anal. Biochem., 172:289, 1988).

Use of an oligonucleotide to stall transcription is known as the triplex strategy
since the oligomer winds around double-helical DNA, forming a three-strand helix.
Therefore, these triplex compounds can be designed to recognize a unique site on a
chosen gene (Maher ef al., Antisense Res. and Devel., 1:227, 1991; Helene, Anticancer
Drug Design, 6:569, 1991).

Ribozymes are RNA molecules possessing the ability to specifically cleave other
single-stranded RNA in a manner analogous to DNA restriction endonucleases.
Through the modification of nucleotide sequences that encode these RNAs, it is possible
to engineer molecules that recognize specific nucleotide sequences in an RNA molecule
and cleave it (Cech, J. Amer. Med. Assn., 260:3030, 1988). A major advantage of this
approach is that, because they are sequence-specific, only mRNAs with particular

sequences are inactivated.

There are two basic types of ribozymes namely, tetrahymena-type (Hasselhoff,
Nature, 334:585, 1988) and "hammerhead"-type. Tetrahymena-type ribozymes
recognize sequences that are four bases in length, while “hammerhead”-type ribozymes
recognize base sequences 11-18 bases in length. The longer the recognition sequence,
the greater the likelihood that the sequence will occur exclusively in the target mMRNA
species. Consequently, hammerhead-type ribozymes are preferable to tetrahymena-type
ribozymes for inactivating a specific mRNA species and 18-base recognition sequences
are preferable to shorter recognition sequences. These and other uses of antisense and
ribozymes methods to inhibit the iz vivo translation of genes are known in the art (e.g.,
De Mesmaeker et al., Curr. Opin. Struct. Biol., 5:343, 1995; Gewirtz et al., Proc. Natl.
Acad. Sci. USA, 93:3161, 1996b; Stein, Chem. and Biol. 3:319, 1996).
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Specific ribozyme cleavage sites within any potential RNA target are initially
identified by scanning the target molecule for ribozyme cleavage sites, which include the
following sequence: GUA, GUU and GUC. Once identified, short RNA sequences of
about 15 to 30 ribonucleotides corresponding to the region of the target gene containing
the cleavage site can be evaluated for predicted structural features, such as secondary
structure, that can render the oligonucleotide sequence unsuitable. The suitability of
candidate targets can also be evaluated by testing their accessibility to hybridization with

complementary oligonucleotides, using ribonuclease protection assays.

It is possible that the antisense, ribozyme, or triple helix molecules described
herein can reduce or inhibit the translation of mRNA produced by mutant PKD1 alleles
of the invention. In order to ensure that substantial normal levels of PKD1 activity are
maintained in the cell, nucleic acid molecules that encode and express PKD1
polypeptides exhibiting normal PKD1 activity can be introduced into cells that do not
contain sequences susceptible to whatever antisense, ribozyme, or triple helix treatments.
Such sequences can be introduced via gene therapy methods such as those described,
below. Alternatively, it can be preferable to coadminister normal PKD1 protein into the

cell or tissue in order to maintain the requisite level of cellular or tissue PKD1 activity.

Antisense RNA and DNA molecules, ribozyme molecules and triple helix
molecules of the invention can be prepared by any method known in the art for the
synthesis of DNA and RNA molecules. These include techniques for chemically
synthesizing oligodeoxyribonucleotides and oligoribonucleotides well known in the art
such as for example solid phase phosphoramidite chemical synthesis. Altemétively,
RNA molecules can be generated by in vitro and in vivo transcription of DNA sequences
encoding the antisense RNA molecule. Such DNA sequences can be incorporated into a
wide variety of vectors that incorporate suitable RNA polymerase promoters such as the
T7 or SP6 polymerase promoters. Alternatively, antisense cDNA constructs that
synthesize antisense RNA constitutively or inducibly, depending on the promoter used,

can be introduced stably into cell lines.
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Various well known modifications to the DNA molecules can be introduced as a
means of increasing intracellular stability and half-life. Possible modifications include,
but are not limited to, the addition of flanking sequences of ribonucleotide or
deoxyribonucleotides to the 5' or 3' end or both of the molecule or the use of
5 phosphorothioate or 2'-O-methyl rather than phosphodiesterase linkages within the

oligodeoxyribonucleotide backbone.

As discussed above, mutations in the PKD1 polynucleotide that cause ADPKD
can lower the level of expression of the PKD1 polynucleotide or; alternatively, can cause
10 inactive or substantially inactive PKD1 proteins to be produced. In either instance, the
result is an overall lower level of normal PKD1 activity in the tissues or cells in which
PKD1 is normally expressed. This lower level of PKD1 activity, then, leads to ADPKD
symptoms. Thus, such PKD1 mutations represent dominant loss-of-function mutations.
For example, a polynucleotide having a sequence as set forth in SEQ ID NO:1 and

15  having a mutation of a G9213A results in early termination of PKD1.

For example, normal PKD1 protein, at a level sufficient to ameliorate ADPKD
symptoms can be administered to a patient exhibiting such symptoms or having a mutant
PKD1 polynucleotide. Additionally, DNA sequences encoding normal PKD1 protein

20  can be directly administered to a patient exhibiting ADPKD symptoms or administered
to prevent or reduce ADPKD symptoms where they have been diagnosed as having a
PKD1 mutation identified herein but have not yet demonstrated symptoms. Such
administration can be at a concentration sufficient to produce a level of PKD1 protein
such that ADPXD symptoms are ameliorated.

25

Further, subjects with these types of mutations can be treated by gene
replacement therapy. A copy of the normal PKD1 polynucleotide can be inserted into
cells, renal cells, for example, using viral or non-viral vectors that include, but are not
limited to vectors derived from, for example, retroviruses, vaccinia virus, adeno-

30 associated virus, herpes viruses, bovine papilloma virus or non-viral vectors, such as
plasmids. In addition, techniques frequently employed by those skilled in the art for

introducing DNA into mammalian cells can be utilized. For example, methods including
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but not limited to electroporation, DEAE-dextran mediated DNA transfer, DNA guns,
liposomes, direct injection, and the like can be utilized to transfer recombinant vectors
into host cells. Alternatively, the DNA can be transferred into cells through conjugation
to proteins that are normally targeted to the inside of a cell. For example, the DNA can
be conjugated to viral proteins that normally target viral particles into the targeted host

cell.

Administering the whole gene or polypeptide is not necessary to avoid the
appearance of ADPKD symptoms. The use of a "minigene" therapy approach also can
serve to ameliorate such ADPKD symptoms (see Ragot et al., Nature 3:647, 1993;
Dunckley et al., Hum. Mol. Genet. 2:717-723, 1993). A minigene System uses a portion
of the PKD1 coding region that encodes a partial, yet active or substantially active PKID1
polypeptide. As used herein, "substantially active" means that the polypeptide serves to
ameliorate ADPKD symptoms. Thus, the minigene system utilizes only that portion of
the normal PKD1 polynucleotide that encodes a portion of the PKD1 polypeptide
capable of ameliorating ADPKD symptoms, and can, therefore represent an effective
and even more efficient ADPKD therapy than full-length gene therapy approaches.

Such a minigene can be inserted into cells and utilized via the procedures described,
above, for full-length gene replacement. The cells into which the PKD1 minigene are to
be introduced are, preferably, those cells, such as renal cells, which are affected by
ADPKD. Alternatively, any suitable cell can be transfected with a PKD1 minigene so
long as the minigene is expressed in a sustained, stable fashion and produces a

polypeptide that ameliorates ADPKD symptoms.

A therapeutic minigene for the amelioration of ADPKD symptoms can comprise
a nucleotide sequence that encodes at least one PKD1 polypeptide peptide domain,
particularly a domain having an amino acid sequence substantially identical to a
peptide portion SEQ ID NO:2 and having a mutation as shown in Table 4, for
example, an A8V, WI67R, L2696R, R2985G, W3001X, R3039C, V3285I, or
H3311R mutation. Minigenes that encode such PKD1 polypeptides can be synthesized
and/or engineered using the PKD1 polynucleotide sequence (SEQ ID NO:1).
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The materials for use in the assay of the invention are ideally suited for the
preparation of a kit. Such a kit can comprise a carrier means containing one or more
container means such as vials, tubes, and the like, each of the container means
comprising one of the separate elements to be used in the method. One of the
container means can comprise a probe that is or can be detectably labeled. Such
probe can be an oligonucleotide comprising at least 10 contiguous nucleotides and
having a sequence of a fragment of SEQ ID NO:1 including: nucleotide 474, wherein
nucleotide 474 is a T; nucleotide 487, wherein nucleotide 487 is an A; nucleotide 3110,
wherein nucleotide 3110 is a C; nucleotide 8298, wherein nucleotide 8298 is a G;
nucleotide 9164, wherein nucleotide 9164 is a G; nucleotide 9213, wherein
nucleotide 9213 is an A; nucleotide 9326, wherein nucleotide 9326 is a T;
nucleotide 9367, wherein nucleotide 9367 is a T; nucleotide 10064, wherein
nucleotide 10064 is an A; nucleotide 10143, wherein nucleotide 10143 is a G;
nucleotide 10234, wherein nucleotide 10234 is a C; or nucleotide 10255, wherein

nucleotide 10255 isa T (see, also, Example 2).

A kit containing one or more oligonucleotide probes of the invention can be
useful, for example, for qualitatively identifying the presence of mutant PKD1
polynucleotide sequences in a sample, as well as for quantifying the degree of binding
of the probe for determining the occurrence of specific strongly binding (hybridizing)
sequences, thus indicating the likelihood for a subject having or predisposed to a
disorder associated with PKD1. Where the kit utilizes nucleic acid hybridization to
detect the target nucleic acid, the kit can also have containers containing reagents for
amplification of the target nucleic acid sequence. When it is desirable to amplify the
mutant target sequence, this can be accomplished using oligonucleotide primers,
which are based upon identification of the flanking regions contiguous with the target
nucleotide sequence. For example, primers such as those listed below in Tables 1
and 2 can be included in the kits of the invention. The kit can also contain a container
comprising a reporter means such as an enzymatic, fluorescent, or radionuclide label,
which can be bound to or incorporated into the oligonucleotide and can facilitate

identification of the oligonucleotide.
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The following examples are intended to illustrate but not limit the invention.

EXAMPLES
The present invention is based upon the use of widely spaced PKD1-specific
anchor primers in long range PCR to generate 5 kb to 10 kb PKD1 polynucleotide
segments. After appropriate dilution, the PCR products can be used as a template for
mutation screening using any one of a variety of methods. Accordingly, a number of

mutants have been identified in families with PKD1-associated disorders.

Using a number of PKD1-specific primers, eight templates ranging in size
from about 0.3 to 5.8 kb were generated that span from the 5' untranslated region to
intron 34 and cover all exons in the replicated region including exon 1 and exon 22
(Example 1). These reagents were used to evaluate 47 Asian PKD1 families
(Example 2). Variant nucleotide sequences were found throughout the PKD1

polynucleotide sequence.

Forty-one Thai and 6 Korean ADPKD families were studied. Samples from
50 healthy Thai blood donors collected in blood banks served as normal controls.
Genomic DNA was extracted from either fresh or frozen whole blood that had been
stored for up to five years using commercially available kits (Puregene, Gentra) or
standard phenol-chloroform methods. For the N23HA and 145.19 cell lines (Cell
77:881-894, 1994; Germino et al., Am J. Hum. Genet. 46:925-933, 1990; Ceccherini
et al., Proc. Natl. Acad. Sci. USA 89:104-108, 1992, each of which is incorporated
herein by reference; see, also, Watnick et al., supra, 1997), genomic DNA was -

isolated using the Puregene DNA isolation kit.

EXAMPLE 1
LONG RANGE SPECIFIC TEMPLATES
A two-part strategy was used to generate and validate PKD1-specific primers
that could be used to amplify the replicated portion of PKD1. The sequence of PKD1
(SEQ ID NO:1) was aligned with that of two homologues present in GenBank
(Accession Number AC002039) and identified potential sequence differences.
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Candidate primers were designed such that the mismatches were positioned at or

adjacent to the 3' end of the oligonucleotide so as to maximize their specificity for
PKDI1.

The primers were tested for specificity using rodent-human somatic cell
hybrids that either contained only human 16p13.3 and therefore, human PKD1
(145.19, a radiation hybrid), or that lacked 16p13.3 and contained only the human
PKD1-homologues (N23HA). Figure 2 presents a representative example of this
approach using the primer pair, BPF6 and the PKD1-specific primer BPR6. This
primer pair amplified a product of the correct length (4.5 kb) under the stated
conditions only when total human genomic DNA or 145.19 DNA is used as template.
Similar results were obtained when BPR6 was used in combination with the non-

specific primer 28F to generate a much shorter product.

As a final control, the absence of amplified product was verified using N23HA
as template to confirm that the results obtained using total human genomic DNA and’
145.19 DNA were due to the specificity of the primer and not the result of other
causes (i.e., difference in quality of DNA or ratio of human/rodent template). A
primer specific for the homologues (BPR6HG) was designed that was positioned the
same distance from BPF6 as BPR6 and used to amplify a specific band of the same

size as the corresponding PKD1-long range product. As predicted, a product of the

correct size was amplified from both N23HA and total genomic DNA, but not
from 145.19,

A total of eight primer pairs can be used to generate a series of templates that
range in size from about 0.3kb to 5.8kb and include all exons and their flanking intron
sequences in the replicated portion of PKD1 (exons 1 to 34). Table 1 summarizes the
details for each product and includes the sequence of each primer, its respective
position within the gene, its expected size, and the optimal annealing temperature and
extension time for its amplification. Figure 1 illustrates the relative position of each
product with respect to the overall gene structure. It should be noted that exon 1 and

its flanking sequences were particularly problematic to evaluate. Primer design was
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Table 1
- Oligonucleotide primers for Long-range specific templates

from exon 1-34 of PKD1 gene

Template | Primers Sequence 5’3’ Position | Size | Tm | ET SEQ
) (kb) | (°C) | (Min) | ID
NO:
T1 BPF14* CCATCCACCTGCTGTGTGAC | 2043 22 169 7 3
CTGGTAAAT
BPR9 CCACCTCATCGCCCCTTCCT | 4290 4
AAGCAT
T2-7 BPF9* ATTTTTTGAGATGGAGCTTC | 17907 |4.6 | 68 7 5
ACTCTTGCAGG
BPR4 CGCTCGGCAGGCCCCTAACC | 22489 6
T8-12 BPF12 CCGCCCCCAGGAGCCTAGAC | 22218 42 |68 7 7
G
BPR5* CATCCTGTTCATCCGCTCCA | 26363 8
CGGTTAC
T13-15 | F13 TGGAGGGAGGGACGCCAAT | 26246 |44 |68 7 9
C
R27* GTCAACGTGGGCCTCCAAGT | 30612 10
T15-21 F26* AGCGCAACTACTTGGAGGCC | 30603 |34 |70 4.5 11
C
R2 GCAGGGTGAGCAGGTGGGG | 33953 12
CCATCCTAC
T22 BPF15 GAGGCTGTGGGGGTCCAGTC | 36815 {03 |72 1 13
AAGTGG
BPRI2* | AGGGAGGCAGAGGAAAGGG | 37136 14
CCGAAC
T23-28 | BPF6 CCCCGTCCTCCCCGTCCTTTT | 37325 42 |69 7 15
GTC
BPR6* AAGCGCAAAAGGGCTGCGT | 41524 16
CG
T29-34 | BPF13* GGCCCTCCCTGCCTTCTAGG | 41504 |58 | 68 8 17
CG
KG8R25* | GTTGCAGCCAAGCCCATGTT | 47316 18
A

5  Tm - annealing temperature; ET — extension time; * - PKD1-specific primer.
Bold type in BPR12 primer sequence identifies intentional replacement of C by A to

enhance discrimination of PKD1 from homologs.

10  greatly limited by the high degree of homology and extreme GC bias in the region. A
combination of widely space primers (to generate a fragment considerably larger than
the segment of interest) and the GC melt system were used to circumvent these

obstacles.
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Specific details concerning the primer sequences, annealing temperatures and
extension times used for each long-range (LR) template are provided in Table 1 (all
sequences in Tables 1 and 2 are shown in 5' to 3' orientation from left to right). Three
hundred to 400 ng of genomic DNA was used as template for each LR product, except
for exon 1 (see below). The long range PCR amplification was performed as follows
in a Perkin Elmer 9600 thermal cycler: denaturation at 95°C for 3 min followed by
35 cycles of a two-step protocol that included denaturation at 95°C for 20 sec
followed by annealing and extension at a temperature and for a time specific for each
primer pair (Table 1). A final extension at 72°C for 10 min was included in each
program. The total PCR volume was 50 pl using 4 U of Tth DNA polymerase XL
(Cetus, Perkin Elmer) and a final MgOAC,; concentration of 0.9 mM. A hot start
protocol as recommended by the manufacturer was used for the first cycle of
amplification. For the exon 1 LR product (T1), the LR was generated using 500 ng of
genomic DNA. The long range PCR amplification was modified as follows:
denaturation 95 C for 1 min followed by 35 two-step cycles of denaturation at 95°C
for 30 sec followed by annealing and extension at 69°C for 7 min. The total PCR
volume was 50 pl using 1 pl of Advantage-GC genomic polymerase (Clontech),
GC melt of 1.5 M and final MgOAC; concentration of 1.1 mM.

The long-range templates were serially diluted (1: 10* or 1:10%) to remove
genomic contamination, then used as templates for nested PCR of 200-400 bp exonic
fragments. A total of 17 new primer pairs were developed for exons 1-12 and
exon 22. The sequences and PCR conditions for each new pair are summarized in
Table 2. Primer sequences and PCR conditions for exons 13-21 and 23-34 aré
described in Watnick ef al., Am. J. Hum. Genet. 65:1561-1571, 1999; and Watnick et
al., Hum. Mol. Genet. 6:1473-1481, 1997, which are incorporated herein by
reference. Intron based primers were positioned approximately 30-50 bp away from
consensus splice sites. Exons larger than approximately 400 bp were split into
overlapping fragments of less than or equal to 350 bp. Two ul of diluted long range
(LR) product was used as template for amplification of each exon. Single strand
conformation analysis was performed using standard protocols. SSCA analysis was

performed by use of 8% polyacrylamide gels with 5% glycerol added. The
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Table 2
Nested Primers Used for Mutation Detection
Exons Primer Primer Sequence 5> 3’ Fragment | T,, °C) | SEQ
size (bp) ID
NO:
Tl 1F1 GGTCGCGCTGTGGCGAAGG 328 67 19
T1 1R1 CGGCGGGCGGCATCGT 20
T1 152 ACGGCGGGGCCATGCG 348 67 21
T1 1R2 GCGTCCTGGCCCGCGTCC 22
T2-7 2F TTGGGGATGCTGGCAATGTG | 272 62 23
T2-7 2R GGGATTCGGCAAAGCTGATG 24
T2-7 3F CCATCAGCTTTGCCGAATCC 171 62 25
T2-7 3R AGGGCAGAAGGGATATTGGG 26
T2-7 4F AGACCCTTCCCACCAGACCT 299 62 27
T2-7 4R TGAGCCCTGCCCAGTGTCT 28
T2-7 5F1 GAGCCAGGAGGAGCAGAACC | 259 65 29
C
T2-7 5R1 AGAGGGACAGGCAGGCAAA 30
GG
T2-7 5F2 CCCAGCCCTCCAGTGCCT 284 65 31
T2-7 SR2 CCCAGGCAGCACATAGCGAT 32
T2-7 5F3 CCGAGGTGGATGCCGCTG 294 65 33
T2-7 5R3 GAAGGGGAGTGGGCAGCAGA 34
C
T2-7 6F CACTGACCGTTGACACCCTCG | 281 65 35
T2-7 6R TGCCCCAGTGCTTCAGAGATC 36
T2-7 TF GGAGTGCCCTGAGCCCCCT 311 65 37
T2-7 TR CCCCTAACCACAGCCAGCG 38
T8-12 8F TCTGTTCGTCCTGGTGTCCTG | 215 65 39
T8-12 S8R GCAGGAGGGCAGGTTGTAGA 40
A
T8-12 9F GGTAGGGGGAGTCTGGGCTT | 253 65 41
T8-12 9R GAGGCCACCCCGAGTCC 42
T8-12 10F GTTGGGCATCTCTGACGGTG 364 65 43
T8-12 10R GGAAGGTGGCCTGAGGAGAT 44
T8-12 11F2 GGGGTCCACGGGCCATG 311 67 45
T8-12 11R2 AAGCCCAGCAGCACGGTGAG 46
T8-12 11midF GCTTGCAGCCACGGAAC 386 65 47
T8-12 1ImidR GCAGTGCTACCACTGAGAAC 48
T8-12 11F1 TGCCCCTGGGAGACCAACGA | 303 67 49
TAC
T8-12 11R1 GGCTGCTGCCCTCACTGGGA 50
AG
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TABLE 2 (cont.)
Exons Primer Sequence 5’ 3’ Fragment | T, (°C) | SEQID
size (bp) NO:
12 12F GAGGCGACAGGCTAAGGG 286 64 51
12R-2 CATGAAGCAGAGCAGAAGG 61
13 13F: TGGAGGGAGGGACGCCAATC 308 67 62
13R: GAGGCTGGGGCTGGGACAA 63
14 14F: CCCGGTTCACTCACTGCG 220 64 64
14R: CCGTGCTCAGAGCCTGAAAG 65
15 15F16: CGGGTGGGGAGCAGGTGG 280 67 66
15R16: GCTCTGGGTCAGGACAGGGG 67
A
15 15F15: CGCCTGGGGGTGTTCTTIT 270 64 68
15R15: ACGTGATGTTGTCGCCCG 69
15 15F14: GCCCCCGTGGTGGTCAGC 250 67 70
15R14: CAGGCTGCGTGGGGATGC 71
15 15F13: CTGGAGGTGCTGCGCGTT 256 67 72
15R13: CTGGCTCCACGCAGATGC 73
15 15F12: CGTGAACAGGGCGCATTA 270 65 74
15R12: GCAGCAGAGATGTTGTTGGA 75
C
15 15F11: CCAGGCTCCTATCTTGTGACA 259 60 76
15R11: TGAAGTCACCTGTGCTGTTGT 77
15 15F10: CTACCTGTGGGATCTGGGG 217 67 78
15R10: TGCTGAAGCTCACGCTCC 79
15 15F9: GGGCTCGTCGTCAATGCAAG 267 67 80
15R9: CACCACCTGCAGCCCCTCTA 81
15 15F8: 5CCGCCCAGGACAGCATCTTC 261 64 82
15R8: CGCTGCCCAGCATGTTGG 83
15 15F7: CGGCAAAGGCTTCTCGCTC 288 64 84
15R7: CCGGGTGTGGGGAAGCTATG 85
15 15F6: CGAGCCATTTACCACCCATA 231 65 86
G
15R6: GCCCAGCACCAGCTCACAT 87
15 15F5: CCACGGGCACCAATGTGAG 251 64 88
15RS: GGCAGCCAGCAGGATCTGAA 89
15 15F4: CAGCAGCAAGGTGGTGGC 333 67 90
15R4: GCGTAGGCGACCCGAGAG 91
15 15F3: ACGGGCACTGAGAGGAACTT 206 64 92
C
15R3: ACCAGCGTGCGGTTCTCACT 93
15 15F2: GCCGCGACGTCACCTACAC 265 67 94
15R2: TCGGCCCTGGGCTCATCT 95
15 15F1: GTCGCCAGGGCAGGACACAG 228 68 96
R27" AGGTCAACGTGGGCCTCCAA 113
15 15F1-1: ACTTGGAGGCCCACGTTGAC 276 69 97
C
15R1-1: TGATGGGCACCAGGCGCTC 98
15 15F1-2: CATCCAGGCCAATGTGACGG 266 64 99
T
15R1-2: CCTGGTGGCAAGCTGGGTGT 100
T
16 16F: TAAAACTGGATGGGGCTCTC 294 56 101
16R: GGCCTCCACCAGCACTAA 102
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TABLE 2 (cont.)
Exons Primers Primer Sequence 5'-3' Fragment | T,, (°C) | SEQID
size (bp) NO:
17 17F: GGGTCCCCCAGTCCTTCCAG 244 67 103
17R: TCCCCAGCCCGCCCACA 104—4
18 18F: GCCCCCTCACCACCCCTTCT 342 67 105 |
18R: TCCCGCTGCTCCCCCCAC 106
19 19F: GATGCCGTGGGGACCGTC 285 67 107
. I9R: GTGAGCAGGTGGCAGTCTCG 108
20 20F: CCACCCCCTCTGCTCGTAGGT 232 64 109
20R: GGTCCCAAGCACGCATGCA 110
21 21F: TGCCGGCCTCCTGCGCTGCTG 232 - 67 111
A
TWR2-1: | GTAGGATGGCCCCACCTGCT 112
CACCCTGC

radiolabeled PCR products were diluted with loading buffer, were denatured by
heating at 95°C for 5 min, then were placed on ice prior to being loaded and run on
the gel at room temperature. Gels were run at 400 V overnight, dried, and placed on
X-Omat XAR film (Kodak) at room temperature. Aberrantly migrating bands
detected by SSCA were cut from the gel and eluted into 100 ul of sterile water
overnight. The eluted products were re-amplified using the same set of primers,

purified using Centricon-100 columns (Amicon) and then sequences.

Variants that were predicted to alter a restriction site were confirmed by
restriction enzyme digestion analysis of re-amplified products. In cases where the
change did not alter a restriction site, primers were designed with mismatches that
create a new restriction site when combined with the point mutation in question. The
following primer combinations were utilized:

ASP1+26R (ASP1; 5'-CTGGTGACCTACATGGTCATGGCC GAGATC-3';

SEQ ID NO:55),

ASP2+30R (ASP2; 5'-GGTTGTCTATCCCGTCTACCTGGCCCTCCT-3;

SEQ ID NO:56);

ASP3 + 30F (ASP3; 5'-GTCCCCAGCCCCAGCCCACCTGGCC-3"; SEQID
NO:57).
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When possible, segregation of the variant with the disease phenotype was
tested. In cases where a missense change was unable to be determined on the dormal

haplotype (and thus be a normal variant) the mutation was tested for in a panel of

50 normal controls.

EXAMPLE 2
MUTATION SCREENING
The new PKD1-specific products were generated from one affected member
of each of the 47 Asian families and then used as template for mutation detection of
exons 1-12 and 22-34. Table 2 lists the sequence and PCR condition for primer pairs
that were used for nested amplification of individual exons and their adjacent intronic

sequence. Overlapping pairs were designed for segments >400 base pairs in length.

A total of 13 novel variants were detected by SSCA using the conditions
described above. Two are highly likely to be pathogenic mutations, four are predicted
to encode missense substitutions not found in normals and seven are normal variants

(see Table 3).

The first pathogenic mutation is a G to A transition at position 9213 in
exon 25 that is predicted to result in a nonsense codon (W3001X). Its presence was
confirmed by restriction analysis using the enzyme Mae [ and it was found to
segregate with disease. This variant is predicted to truncate the protein near the
carboxyl end of the Receptor for Egg Jelly (REJ) domain. The W3001X mutation
results in a greatly truncated product missing all of the membrane spanning elements,
intervening loops and carboxy terminus. The second mutation (T3110C) is predicted
to result in a non-conservative amino acid substitution (W967R) at a critical position
of one of the PKD repeats. The mutation is unique to the family in which it was
found and was not observed in a screen of over 100 normal Thai chromosomes. The
WO967R missense mutation is predicted to disrupt the secondary structure of PKD
domain 3. The WDFGDGS (SEQ ID NO:58) motif within the CC' loop region is the

most conserved sequence of the PKD domains. The tryptophan is replaced is the first
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residue of the turn at the end of the C strand and is conserved in 14 out of 16 PKD

domains. Moreover, it is evolutionarily conserved in mouse and Fugu polycystin-1.

Table 3

Mutations Identified in the PKD1 Gene in a Thai population

Patient Exon Nucleic Acid | Codon Change | Consequence Confirmation
Change Enzyme
Pathogenic
RAMA28-01° 12 T3110C WI67R Missense BsaW 1
(disrupt PKD (cut NC)
domain3)
RAMA59-02* 25 G9213A W3001X Nonsense (early | Mael
termination)
Variants not found in 100 chromosomes
RAMA3-02* 22 T8298G L2696R Missense HinP11
RAMART-01* 25 A9164G R2985G Missense BsrB 1
RAMAZT-01% 25 C9326T R3039C Missense Faul (cut
NC)
RAMAA45-03* 29 G10064A V32851 Missense Bsm 1
Probable normal variants
RAMAT-06 2 CAT74T AB8V Missense Hphl
RAMA107-01 2 G487A A92A Silent change TspR 1
RAMA94-01 25 C9367T G3052G Silent change Sfo I (cut NC)
RAMA66-01 30 A10143G™ H3311R Missense Nsp 1 (cut
NC)
RAMA66-01 30 T10234C™ L3341L Silent change ASP1 + BseR
I
RAMAS1-01 30 G10255T R3348R Silent change ASP2 + MSC
I

* - Segregation with disease; 0 - cannot test for segregation; NC - Normal control;

HG - Present in one copy of the homologues; ASP - Allele-specific primer.

These pathogenic mutations add to previously identified pathogenic mutations,
including a deletion of G3336 (AG3336) in exon 13, resulting in a frame shift after
amino acid 1041 (FS1041); C4168T (Q1653)X), C6089T (Q1960X) and C6326T
(Q2039X) mutations in exon 15, each resulting in a nonsense termination;
AG7205-G7211 in exon 16, resulting in a FS2331; a C7415T (R2402X) mutation in
exon 18, resulting in a nonsense termination; a C7883T (Q2558X) mutation in

exon 19, resulting in a nonsense termination; and a AC8159-T8160 mutation in
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exon 21, resulting in a FS2649 (Phakdeekitcharoen et al., supra, 2000). In addition,
probable pathogenic mutations including G3707A (G1166S) and T6078A (V1956E)
missense mutations in exon 15, and a C7433T (R2408C) missense mutation and an
insertion of a GCG trinucleotide between G7535 and G7536 (extra Gly2422) in
exon 18 have been identified (Phakdeekitcharoen et al., supra, 2000).

Four additional mutations unique to one of the families also were identified
(see Table 3). The mutants segregate with disease, and were not observed in a screen
of over 100 normal Thai chromosomes. Three of the four variants are prediéted to
result in non-conservative amino acid substitutions. Two of them (A9164G, C9326T)
are present in the same allele of a single family (R4AMA87). As such, these mutations
meet several criteria expected of disease-producing mutations, including they are not
found in normal, ethnically matched chromosomes, they segregate with the disease,

and they result in non-conservative substitutions.

In one case a heteroduplex pattern was discovered for the exon 22 product of
the proband by standard agarose electrophoresis. The heteroduplex pattern was
confirmed to segregate with disease and subsequently determined that the novel
variant was the result of a T to G transversion at position 8298. This mutation is
predicted to substitute arginine for leucine at position 2696 of the protein sequeﬁce.
This non-conservative substitution is within the REJ domain. Interestingly, the
R3039C substitution occurs near a newly described putative proteolytic cleavage site
of polycystin-1, His(3047)-Leu-Thr-Ala(3050) (SEQ ID NO:59). Inthe
corresponding position of Fugu and murine polycystin-1, glutamic acid and arginine,
respectively, are present, suggesting a non-critical role for a non-polar residue at this

location.

Seven nucleotide substitutions that are likely normal variants were also
identified. Two are missense variants that do not segregate with disease in the family
in which they were discovered. The C474T substitution results in the conservative
replacement of valine by alanine at position 88 in the first leucine rich (LRR) repeat.

The amino acid is not conserved between species and is not predicted to disrupt the
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LRR structure. The second missense variant, A10143G, substitutes arginine for
histidine at position 3311 within the first extracellular loop between TM2 and TM3.
It too, is a conservative change involving a residue whose identity is not
evolutionarily conserved at this position. The other five variants were silent
nucleotide substitutions that were unique to the pedigree in which they were found
and not found in more than 100 normal chromosomes. It is possible that these
variants can be pathogenic by affecting gene splicing in the region. Two of the
normal variants of exon 30, A10143G (H3311R) and T10234C (L.3341L), were
clustered together in a single PKD1 haplotype. Interestingly, both variants also are
present in at least one of the homologues, suggesting a previous gene conversion
event as the original of these PKD1 variants. Additional PKD1 variants, which do not
appear to be associated with a PKD1-associated disorder, include two silent
mutations, G4885A (T1558T) and C6058T (S1949S), and a missense mutation,
G6195A (R1995H), in exon 15; a silent T7376C (L2389L) mutation in exon 17;‘a
silent C7696T (C2495C) mutation in exon 18; and a missense G8021A (D2604N)

mutation in exon 20 (Phakdeekitcharoen et al., supra, 2000).

Table 4 summarizes the clinical findings for the probands of 17 Thai families.
The genotypes and phenotypes for patients with ADPKD are shown. It has been
estimated on the basis of studies of Caucasian populations that approximately 15% of
mutations are localized to the nonreplicated portion of the PKD1 gene. If the same
frequency is true for the Thai population (the patients were not screened for mutations
in the nonreiterated portion), then the present studies have identified approximately
45% to 54 percent of all mutations present in the nonreplicated region. This detection
rate likely can be increased by using more sensitive detection methods such as
DHPLC (Kristensen et al., supra, 2001), HTCSGD (Leung et al., supra, 2001), or the

like.
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Although the invention has been described with reference to the above
examples, it will be understood that modifications and variations are encompassed
within the spirit and scope of the invention. Accordingly, the invention is limited

only by the following claims.
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What is claimed is:

1. A primer, comprising a 5' region and adjacent 3' region,

said 5' region comprising a nucleotide sequence that selectively hybridizes to a
PKD1 gene sequence and, optionally, to a PKD1 gene homolog sequence, and

said 3' region comprising a nucleotide sequence that selectively hybridizes to a
PKD1 gene sequence, and not to a PKD1 gene homolog sequence,

provided the primer does not consist of a sequence as set forth in SEQ ID

NO:11, SEQ ID NO:18, SEQ ID NO:52, or SEQ ID NO:60.

2. The primer of claim 1, wherein said 5' region comprises at least about ten
contiguous nucleotides,

wherein the 3' region comprises at least one 3' terminal nucleotide identical to
a nucleotide that is 5' and adjacent to the nucleotide sequence of the PKD1 gene to
which the 5' region of the primer can hybridize, and

wherein said 3' terminal nucleotide is different from a nucleotide that is 5' and
adjacent to a nucleotide sequence of the PKD1 homolog to which the 5' region of the

primer can hybridize.

3. The primer of claim 2, wherein the 3' region comprises about 2 to 4

3' terminal nucleotides.

4. The primer of claim 2, comprising a 5' region of about 14 to 18 nucleotides

and a 3' region of about 2 to 6 nucleotides.

5. The primer of claim 1, which can selectively hybridize to a nucleotide
sequence flanking and within about fifty nucleotides of a sequence of SEQ ID NO:1
selected from about nucleotides 2043 to 4209; nucleotides 17907 to 22489;
nucleotides 22218 to 26363; nucleotides 26246 to 30615; nucleotides 30606 to 33957,
nucleotides 36819 to 37140; nucleotides 37329 to 41258; and nucleotides 41508
to 47320, or to a nucleotide sequence complementary to said sequence of SEQID
NO:1.
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6. The primer of claim 5, comprising a nucleotide sequence substantially
identical to any of SEQ ID NOS:3 to 51 and 61 to 113.

7. A primer pair, which can amplify a portion of SEQ ID NO:1 comprising
about nucleotides 2043 to 4209; nucleotides 17907 to 22489; nucleotides 22218
to 26363; nucleotides 26246 to 30615; nucleotides 30606 to 33957; nucleotides 36819
to 37140; nucleotides 37329 to 41258; nucleotides 41508 to 47320; or a combination
thereof.

8. The primer pair of claim 7, comprising a forward primer and a reverse

primer, each of which is selected from SEQ ID NOS:3 to 18.

9. The primer pair of claim 7, wherein the primer pair comprises SEQ ID
NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10;
SEQID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; or SEQ ID
NOS:17 and 18.

10. The primer pair of claim 7, comprising a forward primer and a reverse

primer, each of which is selected from SEQ ID NOS:19 to 51 and 61 to 113.

11. The primer pair of claim 10, wherein the primer pair comprises SEQ ID
NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25
and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32;
SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID
NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45 and
46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS: 51 and 61; SEQ ID
NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66 and 67; SEQ ID NOS:68 and
69; SEQ ID NOS:70 and 71; SEQ ID NOS:72 and 73; SEQ ID NOS:74 and 75; SEQ ID
NOS:76 and 77; SEQ ID NOS:78 and 79; SEQ ID NOS:80 and 81; SEQ ID NOS:82 and
83; SEQ ID NOS:84 and 85; SEQ ID NOS:86 and 87; SEQ ID NOS:88 and 89; SEQ ID
NO0S:90 and 91; SEQ ID NOS:92 and 93; SEQ ID NOS:94 and 95; SEQ ID NOS:96
and 113; SEQ ID NOS:97 and 98; SEQ ID NOS:99 and 100; SEQ ID NOS:101 and 102;
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SEQ ID NOS:103 and 104; SEQ ID NOS: 105 and 106; SEQ ID NOS:107 and 108;
SEQ ID NOS:109 and 110; or SEQ ID NOS:111 and 112.

12. A plurality of primer pairs comprising at least two primers pairs, wherein the
primer pairs in the plurality can amplify a portion of SEQ ID NO:1 comprising about
nucleotides 2043 to 4209; nucleotides 17907 to 22489; nucleotides 22218 to 26363;
nucleotides 26246 to 30615; nucleotides 30606 to 33957; nucleotides 36819 to 37140;
nucleotides 37329 to 41258; nucleotides 41508 to 47320; or a combination thereof.

13. The plurality of primer pairs of claim 12, wherein at least one primer pair is
selected from SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ
IDNOS:9 and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15
and 16; and SEQ ID NOS:17 and 18.

14. The plurality of primer pairs of claim 12, wherein the primer pairs comprise
SEQ ID NOS:3 and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9
and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; and
SEQID NOS:17 and 18.

15. The plurality of primer pair of claim 12, wherein at least one primer pair is
selected from SEQ ID NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23
and 24; SEQ ID NOS:25 and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30;
SEQ ID NOS:31 and 32; SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID
NOS:37 and 38; SEQ ID NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43
and 44; SEQ ID NOS:45 and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50,
SEQ ID NOS: 51 and 61; SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID
NOS:66 and 67; SEQ ID NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72
and 73; SEQ ID NOS:74 and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78 and 79;
SEQ ID NOS:80 and 81; SEQ ID NOS:82 and 83; SEQ ID NOS:84 and 85; SEQ ID
NOS:86 and 87; SEQ ID NOS:88 and 89; SEQ ID NOS:90 and 91; SEQ ID NOS:92
and 93; SEQ ID NOS:94 and 95; SEQ ID NOS:96 and 113; SEQ ID NOS:97 and 98;
SEQ ID NOS:99 and 100; SEQ ID NOS:101 and 102; SEQ ID NOS:103 and 104; SEQ
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ID NOS: 105 and 106; SEQ ID NOS:107 and 108; SEQ ID NOS:109 and 110; and SEQ
ID NOS:111 and 112.

16. A solid matrix, comprising the primer of claim 5, wherein the primer is

immobilized on the solid matrix.

17. The solid matrix of claim 16, which comprises a plurality of immobilized

primers.

18. The solid matrix of claim 17, wherein the matrix comprises a plurality of
primers, wherein said primers are degenerate with respect to one or more codons

encoding a polypeptide having an amino acid sequence as set forth in SEQ ID NO:2.
19. The solid matrix of claim 16, wherein the solid matrix is a microchip.

20. An isolated polynucleotide, comprising a contiguous sequence of at least
about ten nucleotides substantially identical to a nucleotide sequence of SEQ ID NO:1 or
to a nucleotide sequence complementary thereto, the contiguous nucleotide sequence
comprising with respect to SEQ ID NO:1:

nucleotide 474, wherein nucleotide 474 isa T;
nucleotide 487, wherein nucleotide 487 is an A;
nucleotide 3110, wherein nucleotide 3110 is a C;
a position corresponding to nucleotide 3336, wherein nucleotide 3336 is
deleted;
nucleotide 3707, wherein nucleotide 3707 is an A;
nucleotide 4168, wherein nucleotide 4168 isa T;
nucleotide 4885, wherein nucleotide 4885 is an A;
nucleotide 5168, wherein nucleotide 5168 isa T;
nucleotide 6058, wherein nucleotide 6058 is a T;
nucleotide 6078, wherein nucleotide 6078 is an A;
nucleotide 6089, wherein nucleotide 6089 is a T;

nucleotide 6195, wherein nucleotide 6195 is an A;



WO 02/06529 PCT/US01/22035

113
nucleotide 6326, wherein nucleotide 6326 is a T;
a position corresponding to nucleotides 7205 to 7211, wherein
nucleotides 7205 to 7211 are deleted;
nucleotide 7376, wherein nucleotide 7376 is a C;
S a nucleotide sequence corresponding to nucleotides 7535 to 7536,
wherein a GCG nucleotide sequence is inserted between nucleotides 7535
and 7536;
nucleotide 7415, wherein nucleotide 7415 isa T;
nucleotide 7433, wherein nucleotide 7433 isa T;
10 nucleotide 7696, wherein nucleotide 7696 is a T;
nucleotide 7883, wherein nucleotide 7883 isa T;
nucleotide 8021, wherein nucleotide 8021 is an A;
a nucleotide sequence corresponding to nucleotide 8159 to 8160, wherein
nucleotides 8159 to 8160 are deleted;
15 nucleotide 8298, wherein nucleotide 8298 is a G;
nucleotide 9164, wherein nucleotide 9164 is a G;
nucleotide 9213, wherein nucleotide 9213 is an A;
nucleotide 9326, wherein nucleotide 9326 is a T;
nucleotide 9367, wherein nucleotide 9367 isa T;
20 nucleotide 10064, wherein nucleotide 10064 is an A;
nucleotide 10143, wherein nucleotide 10143 is a G;
nucleotide 10234, wherein nucleotide 10234 is a C;
nucleotide 10255, wherein nucleotide 10255isa T;

or a combination thereof.

25
21. A vector, comprising the polynucleotide of claim 20.
22. A host cell containing the vector of claim 20.
30 23. A solid matrix, comprising the polynucleotide of claim 20, wherein said

polynucleotide is immobilized on the solid matrix.
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24. The solid matrix of claim 23, wherein the polynucleotide comprises one

of a plurality of polynucleotides, each of which is immobilized on the solid matrix.

25. A method of detecting the presence or absence of a mutation in a PKD1
polynucleotide in a sample, the method comprising:

contacting nucleic acid molecules in a sample with at least one primer
pair of claim 7 under conditions suitable for amplification of a PKD1
polynucleotide by the primer pair, thereby generating a PKD1-specific
amplification product under said conditions; and

identifying the presence or absence of a mutation in the PKD1-specific
amplification product, thereby detecting the presence or absence of a mutation

in the PKD1 polynucleotide in the sample.

26. The method of claim 25, wherein the primer pair comprises SEQ ID NO:3
and 4; SEQ ID NOS:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9 and 10; SEQ ID
NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; SEQ ID NOS:17

and 18; or a combination thereof.

27. The method of claim 25, wherein, upon generating a PKD1-specific
amplification product, the method further comprises:

contacting the PKD1-specific amplification product with at least a
second primer pair selected from SEQ ID NOS:19 and 20; SEQ ID NOS:21
and 22; SEQ ID NOS:23 and 24; SEQ ID NOS:25 and 26; SEQ ID NOS:27
and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31 and 32; SEQ ID NOS:33
and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38; SEQ ID NOS:39
and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID NOS:45
and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51
and 61; SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66
and 67; SEQ ID NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72
and 73; SEQ ID NOS:74 and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78
and 79; SEQ ID NOS:80 and 81; SEQ ID NOS:82 and 83; SEQ ID NOS:84
and 85; SEQ ID NOS:86 and 87; SEQ ID NOS:88 and 89; SEQ ID NOS:90
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and 91; SEQ ID NOS:92 and 93; SEQ ID NOS:94 and 95; SEQ ID NOS:96
and 113; SEQ ID NOS:97 and 98; SEQ ID NOS:99 and 100; SEQ ID NOS:101
and 102; SEQ ID NOS:103 and 104; SEQ ID NOS: 105 and 106; SEQ ID
NOS:107 and 108; SEQ ID NOS:109 and 110; SEQ ID NOS:111 and 112; and a
combination thereof, under conditions suitable for nested amplification of the
PKD1-specific amplification product by the second primer pair, thereby
generating a nested amplification product; and

identifying the presence or absence of a mutation in the nested
amplification product, thereby detecting the presence or absence of a mutation

in the PKD1 polynucleotide in the sample.

28. The method of claim 25, wherein amplification is performed by a

polymerase chain reaction.

29. The method of claim 25, wherein the PKD1 polynucleotide is a variant
PKD1 polynucleotide.

30. The method of claim 29, wherein the variant PKD1 polynucleotide
comprises a nucleotide sequence substantially identical to SEQ ID NO:1, wherein
nucleotide 474 is a T; nucleotide 487 is an A; nucleotide 4884 is an A; nucleotide 6058
is a T; nucleotide 6195 is n A; nucleotide 7376 is a C; nucleotide 7696 is a T;
nucleotide 8021 is an A; nucleotide 9367 is a T; nucleotide 10143 is a G;
nucleotide 10234 is a C; or nucleotide 10255isa T.

31. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product comprises determining the nucleotide sequence

of the amplification product.

32. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product comprises determining the melting temperature
of the amplification product, and comparing the melting temperature to the melting

temperature of a corresponding nucleotide sequence of SEQ ID NO:1.



WO 02/06529 PCT/US01/22035

10

15

20

25

30

116

33. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product is performed using denaturing high performance

liquid chromatography.

34. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product is performed using matrix-assisted laser

desorption time of flight mass spectrometry.

35. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product is performed using high throughput

conformation-sensitive gel electrophoresis.

36. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product is performed by a method selected from single
stranded conformation analysis, denaturing gradient gel electrophoresis, an RNAse
protection assay, allele-specific oligonucleotide detection, an allele-specific

polymerase chain reaction, and an oligonucleotide ligation assay.

37. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product is performed using a primer extension reaction
assay,

wherein the primer extension reaction is performed using a detectably labeled
primer and a mixture of deoxynucleotides and dideoxynucleotides, and

wherein the primer and mixture are selected so as to enable differential
extension of the primer in the presence of a wild type PKD1 polynucleotide as

compared to a mutant PKD1 polynucleotide.

38. The method of claim 25, wherein the method is performed using a

plurality of primer pairs.
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39. The method of claim 25, wherein the method is performed in a high
throughput format using a plurality of samples.

40. The method of claim 39, wherein plurality of samples are in an atray.

41. The method of claim 40, wherein the array comprises a microtiter plate.

42. The method of claim 40, wherein the array is on a microchip.

43. The method of claim 25, wherein identifying the presence or absence of a
mutation in the amplification product comprises:
contacting the amplification product with the polynucleotide of
claim 20, under condition suitable for selective hybridization of the
polynucleotide to an identical nucleotide sequence; and
detecting the presence or absence of selective hybridization of the
polynucleotide to the amplification product,
wherein the detecting the presence of selective hybridization identifies the
presence of a mutation in the PKD1 polynucleotide in the sample, and
wherein detecting the absence of selective hybridization identifies the absence

of a mutation in the PKD1 polynucleotide in the sample.

44. A method of identifying a subject at risk for a PKD1-associated disorder,
the method comprising:

contacting nucleic acid molecules in a sample from a subject with at
least one primer pair of claim 7 under conditions suitable for amplification of
a PKD1 polynucleotide by the primer pair, thereby generating an amplification
product; and

detecting the presence or absence of a mutation indicative of a PKD1-
associated disorder in the amplification product,
wherein the absence of the mutation identifies the subject a not at risk for a

PXD1-associated disorder, and
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wherein the presence of the mutation identifies the subject as at risk for a
PKD1-associated disorder.

45. The method of claim 44, wherein the at least one primer pair is selected from
SEQ ID NO:3 and 4; SEQ ID NO:5 and 6; SEQ ID NOS:7 and 8; SEQ ID NOS:9
and 10; SEQ ID NOS:11 and 12; SEQ ID NOS:13 and 14; SEQ ID NOS:15 and 16; and
SEQ ID NOS:17 and 18.

46. The method of claim 44, wherein the PKD1-associated disorder is

autosomal dominant polycystic kidney disease.

47. The method of claim 44, wherein the PKD1-associated disorder is

acquired cystic disease.

48. The method of claim 44, wherein the method is performed in a high
throughput format.

49. The method of claim 44, wherein detecting the presence or absence of a
mutation indicative of a PKD1-associated disorder in the amplification product
comprises accumulating data representative of the presence or absence of the

mutation.

50. The method of claim 49, wherein the data is formatted into a report

indicating whether a subject is at risk of a PKD1-associate disorder.

51. The method of claim 50, further comprising transmitting the report to a

Uuser.

52. The method of claim 51, wherein transmitting the report comprises

sending the report over the internet, by facsimile or by mail.
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53. The method of claim 44, further comprising contacting the amplification
product with at least a second primer pair, under conditions suitable for nested
amplification of the amplification product by a second primer pair, thereby generating
anested amplification product,
and detecting the presence or absence of a mutation indicative of a PKD1-

associated disorder in the nested amplification product.

54. The method of claim 53, wherein the second primer pair is selected from
SEQID NOS:19 and 20; SEQ ID NOS:21 and 22; SEQ ID NOS:23 and 24; SEQ ID
NOS:25 and 26; SEQ ID NOS:27 and 28; SEQ ID NOS:29 and 30; SEQ ID NOS:31
and 32; SEQ ID NOS:33 and 34; SEQ ID NOS:35 and 36; SEQ ID NOS:37 and 38;
SEQ ID NOS:39 and 40; SEQ ID NOS:41 and 42; SEQ ID NOS:43 and 44; SEQ ID
NOS:45 and 46; SEQ ID NOS:47 and 48; SEQ ID NOS:49 and 50; SEQ ID NOS:51
and 61; SEQ ID NOS:62 and 63; SEQ ID NOS:64 and 65; SEQ ID NOS:66 and 67,
SEQ ID NOS:68 and 69; SEQ ID NOS:70 and 71; SEQ ID NOS:72 and 73; SEQ ID
NOS:74 and 75; SEQ ID NOS:76 and 77; SEQ ID NOS:78 and 79; SEQ ID NOS:80
and 81; SEQ ID NOS:82 and 83; SEQ ID NOS:84 and 85; SEQ ID NOS:86 and 87,
SEQ ID NOS:88 and 89; SEQ ID NOS:90 and 91; SEQ ID NOS:92 and 93; SEQ ID
NOS:94 and 95; SEQ ID NOS:96 and 113; SEQ ID NOS:97 and 98; SEQ ID NOS:99
and 100; SEQ ID NOS:101 and 102; SEQ ID NOS:103 and 104; SEQ ID NOS: 105
and 106; SEQ ID NOS:107 and 108; SEQ ID NOS:109 and 110; SEQ ID NOS:111

and 112; and a combination thereof.

55. The method of claim 53, detecting the presence or absence of the mutation
comprises determining the nucleotide sequence of the amplification product, and
comparing the nucleotide sequence to a corresponding nucleotide sequence of SEQ

ID NO:1.

56. The method of claim 53, wherein detecting the presence or absence of the
mutation comprises determining the melting temperature of the amplification product,
and comparing the melting temperature to the melting temperature of a corresponding
nubleotide sequence of SEQ ID NO:1.
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57. The method of claim 53, wherein detecting the presence or absence of the

mutation is performed using denaturing high performance liquid chromatography.

58. The method of claim 44, wherein the mutation indicative of a of PKD1
associated disorder comprises a nucleotide sequence substantially identical to SEQ ID
NO:1, wherein nucleotide 3110 is a C; nucleotide 8298 is a G; nucleotide 9164 is a G;
nucleotide 9213 is an A; nucleotide 9326 is a T; or nucleotide 10064 is an A.

59. The method of claim 44, wherein the mutation indicative of a of PKD1
associated disorder comprises a nucleotide sequence substantially identical to SEQ ID
NO:1, wherein nucleotide 3336 is deleted; nucleotide 3707 is an A; nucleotide 5168 is
a T; nucleotide 6078 is an A; nucleotide 6089 is a T; nucleotide 6326 isa T;
nucleotides 7205 to 7211 are deleted; nucleotide 7415 is a T; nucleotide 7433 isa T;
nucleotide 7883 is a T; or nucleotides 8159 to 8160 are deleted; or wherein a GCG

nucleotide sequence is inserted between nucleotides 7535 and 7536.

60. A method of diagnosing a PKD1-associated disorder in a subject, the
method comprising:
amplifying a portion of a PKD1 polynucleotide in a nucleic acid
sample from a subject with at least a first primer pair to obtain a first
amplification product, wherein said first primer pair is a primer pair of claim
7
amplifying the first amplification product with at least a second primer
pair to obtain a nested amplification product, wherein the second primer pair is
suitable for performing nested amplification of the first amplification product;
and
determining whether the nested amplification product has a mutation
associated with a PKD1-associated disorder,
wherein the presence of a mutation associated with a PKD1-associated
disorder is indicative of a PKD1-associated disorder, thereby diagnosing a PKD1-

associated disorder in the subject.
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61. The method of claim 60, wherein the method is performed in a high

throughput format using a plurality of nucleic acid samples.

62. A method of detecting the presence of a mutant PKD1 polynucleotide in a
sample, the method comprising:

contacting a sample suspected of containing a mutant PKD1
polynucleotide with a polynucleotide of claim 20 under conditions that allow
the polynucleotide to selectively hybridize with a mutant PKD1
polynucleotide; and

detecting selective hybridization of the polynucleotide and a mutant
PKD1 polynucleotide, thereby detecting the presence of a mutant PKD1

polynucleotide sequence in the sample.

63. A kit for detecting the presence or absence of a mutation in a PKD1 gene,
the kit comprising a primer, said primer comprising a 5' region and adjacent 3' region,

said 5' region comprising a nucleotide sequence that selectively hybridizes to a
PKD1 gene sequence and, optionally, to a PKD1 gene homolog sequence, and

said 3' region coﬁprising a nucleotide sequence that selectively hybridizes to a
PKD1 gene sequence, and not to a PKD1 gene homolog sequence,

provided the primer does not consist of a sequence as set forth in SEQ ID
NO:11, SEQ ID NO:18, SEQ ID NO:52, or SEQ ID NO:60.

64. The kit of claim 63, comprising a plurality of said primers.

65. A kit for detecting the presence or absence of a mutation in a PKD1 gene,
the kit comprising a primer pair, said primer pair comprising a forward primer and a
reverse primer,

wherein the primer pair can amplify a portion of SEQ ID NO:1 comprising
about nucleotides 2043 to 4209; nucleotides 17907 to 22489; nucleotides 22218
to 26363; nucleotides 26246 to 30615; nucleotides 30606 to 33957; nucleotides 36819
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to 37140; nucleotides 37329 to 41258; nucleotides 41508 to 47320; or a combination
thereof.

66. A kit for detecting the presence or absence of a mutation in a PKD1 gene,
the kit comprising an isolated polynucleotide, said polynucleotide comprising a
contiguous sequence of at least about ten nucleotides substantially identical to a
nucleotide sequence of SEQ ID NO:1 or to a nucleotide sequence complementary
thereto, wherein the contiguous nucleotide sequence comprises with respect to SEQ ID
NO:1, nucleotide 474, wherein nucleotide 474 is a T; nucleotide 487, wherein
nucleotide 487 is an A; nucleotide 3110, wherein nucleotide 3110 is a C; a position
corresponding to nucleotide 3336, wherein nucleotide 3336 is deleted; nucleotide 3707,
wherein nucleotide 3707 is an A; nucleotide 4168, wherein nucleotide 4168 isa T;
nucleotide 4885, wherein nucleotide 4885 is an A; nucleotide 5168, wherein
nucleotide 5168 is a T; nucleotide 6058, wherein nucleotide 6058 is a T;
nucleotide 6078, wherein nucleotide 6078 is an A; nucleotide 6089, wherein
nucleotide 6089 is a T; nucleotide 6195, wherein nucleotide 6195 is an A;
nucleotide 6326, wherein nucleotide 6326 is a T; a position corresponding to
nucleotides 7205 to 7211, wherein nucleotides 7205 to 7211 are deleted;
nucleotide 7376, wherein nucleotide 7376 is a C; a nucleotide sequence corresponding to
nucleotides 7535 to 7536, wherein a GCG nucleotide sequence is inserted between
nucleotides 7535 and 7536; nucleotide 7415, wherein nucleotide 7415isa T;
nucleotide 7433, wherein nucleotide 7433 is a T; nucleotide 7696, wherein
nucleotide 7696 is a T; nucleotide 7883, wherein nucleotide 7883 isa T;
nucleotide 8021, wherein nucleotide 8021 is an A; a nucleotide sequence corresponding
to nucleotide 8159 to 8160, wherein nucleotides 8159 to 8160 are deleted;
nucleotide 8298, wherein nucleotide 8298 is a G; nucleotide 9164, wherein
nucleotide 9164 is a G; nucleotide 9213, wherein nucleotide 9213 is an A;
nucleotide 9326, wherein nucleotide 9326 is a T; nucleotide 9367, wherein
nucleotide 9367 is a T; nucleotide 10064, wherein nucleotide 10064 is an A;
nucleotide 10143, wherein nucleotide 10143 is a G; nucleotide 10234, wherein
nucleotide 10234 is a C; nucleotide 10255, wherein nucleotide 10255isa T; ora

combination thereof.
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67. A kit for detecting the presence or absence of a mutation in a PKD1 gene,

the kit comprising an antibody that specifically binds to a mutant PKD1 polypeptide.
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SEQUENCE LISTING
<110> THE JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE
GERMINO, Gregory
WATNICK, Terry
PHAKDEEKITCHAROEN, Bunyong
'<120> DETECTION AND TREATMENT OF POLYCYSTIC KIDNEY DISEASE
<130> JHU1680WO

<150> US 60/283,691
<151> 2001-07-13

<150> US 60/218,261
<151> 2000-07-13

<160> 113

<170> PatentIn version 3.0

<210> 1
<211l> 53522
<212> DNA

<213> Homo sapiens

<400> 1
tgtaaacttt ttgagacagc atctcaccct gttccccagg ctggagtgeca gtggtgtgat 60

catggctcac tgcagcgtca acctcctggg tctacttgat ctgtaaactt cgagggaagg 120
tgtaataaac cctcctgcaa tgtctttgtt tttcaaaatc tttgtatttc acagtttage 180
ttegtgggtt gatgttctat tttgtttttg tgtgtgtgtg tgtgtgtttt gtgttttttt 240
ttgagacaca gtcttgectct tgttgecccag getggagtge aatggtgtga tettggcetcea 300
ctgcaactte cacctcttgg gttcaagaga ttctectgec teagecttee gagtagetag 360
gattacaggc gccgccacca caccccgcta attttgtatt tttagtagag atggggttte 420
tccatattgg tcaggctggt ctcaaactcc cgacctcagg tgatccgeccce acctcagect 480
cccaaaatgce tgggattaca ggegtgagtce accgcacctg geccaatgttce tatttttgag 540
aacacaacag ttcataatat attctacata gaccatacct gttatgtgta gataaacaga 600
ctcttttecece atttaacacc ttttgcctta ggtttatttt tctggtatca atactggcac 660
acttactttg tttgcagttt cctgtctttt tttttttttt tttttttttt gagacagagt 720
ctcactcetgt cacccagget ggagtgaagt ggcgggatct cggctcactg caacctctac 780
ctcetgggtt catgegattc tectgectca gettcccgaa tagctgagac cacaactgtg 840
tgccaccatg cccagccaat ttttgtattt ttagtagaca cggggtttca ccatactggce 900
caggatggct caatctettg acctegtgat ccacctgect ccgectecca aagtgctggg 960
attacaggca tgagccactg tgcctggect ttttttttet ttttgagatg gagtectcact 1020

ctgtcaccca ggctggagtg cagtggggta acctcaggtce actgcgacct ccgectecceg 1080
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ggttccagtg
catgcetgge
ggtctcgaac
acaggtgtga
cceecetttta
aagaaacatt
ttgctetgte
tcactcttgt
ctecetgggtt
tggcaccacc
caggctggtce
gattacaggc
atttccaggt
ctaaacaatt
tgttttgcete
aatcttaagt
taccatccac
gctctgttge
ctactgccte
tttttgtatt
tgatcttgtg
cactcccage
actcttttge
ctgggctcac
cagtttggct
ggtctccaac
accggagtga
ctcatttaat
aataaataag

tctttcaata

attctecctge
taatttttgt
tettggecte
gccactgtge
ggctaacaat
tecectecacgt
tcaccacatg
tgccecaggcet
caagcgattce
cccagctaat
tcgaactect
atgagccacc
aactaatttg
gcattttatt
atttggcagce
ctgtecatttg
ctgctgtgtg
ccaggctgga
aggctcccta
tttagtagag
atctgcceccege
cagttctttt
ccaggeggga
acgctecctcece
aattttgget
tcectggactce
gccactgtgce
aaagggaata
gcaataaatg

agctctcacc

ctcagcectee
atttttagta
atgtgacccg
ctggeectgge
tattcactgt
cttetteect
gattttgttt
ggagtgeccat
tcetgtcetcea
ttttgtattt
gaccttgtga
acgcceggec
cttectttaaa
ccacaaccgc
agtttecttgt
actgcaatta
acctggtaaa
gtgcagtggc
gtagctggga
atgaggtttc
cteggectece
tttetttttt
gtgcagtggce
ggcctcagcece
aatttttgta
aagggatcca
cctgctggceca
attgtagcac
aatggatggg

atcaacctcc

cgagtagctg
gagacggggt
cctgecettgg
tttcttgttt
taataaaaac
gaaccaaaca
ttttgtttct
ggcacaatct
gcctectgag
ttagtagaga
tctgecccace
cccatggttt
catatgtctt
cttcaaacaa
ggctgtttet
aaagctgggt
tttetttttt
acaacctcetg
ttataggtge
accatgttgg
caaagtgctg
ccattttttt
acaatcacgg
tctecgagtac
gaaacggggt
ccttectece
aatttcttaa
actttttcta
gaatgaagga

cattgcetgt

ggattacagg
tttgccacgt
cctceccaaag
cttttctect
cctcaggtcet
agatctctgg
ttgttttttg
cagctcactg
tagctgggat
cggggtttca
ttggcctece
ttcaaatagt
ttctatttaa
tcattgagac
tccetccact
ttggaataca
tttttttgag
cctecececaggt
ctgccaccat
ctaggctggt
ggattacagg
ttttttcgag
ctcagcgcag
ctgggactac
ctcgecatgt
cctctcaaag
actgtctgtg
gagctgtgaa
tgtgggtttce

tctetetett

PCT/US01/22035
cacccaccac 1140
tggccaggtt 1200
tgctgggatt 1260
cttetagttt 1320
gtattttatc 1380
cacattttat 1440
agatggagtc 1500
caacctccac 1560
tacaggcgceg 1620
ccatgttggt 1680
aaagtgctgg 1740
ttagaatttc 1800
gaaatccttt 1860
ttggttaatce 1920
ggagtccttg 1980
atcgcagect 2040
acggagtctt 2100
tcaagcgatt 2160
gceccagetga 2220
ctcgaacttc 2280
catgagccac 2340
acaggatctt 2400
ccactgcecta 2460
aagcgtgagc 2520
tggccagget 2580
ttctgggatt 2640
cctcagtgac 2700
gattcaatgg 2760
ctcecctettg 2820
ccecectetet 2880
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ccectetgtet
gtcgggagge
aaccgcggaa
ctggcccaca
acgcacttta
ctgecagtgeg
gegtggggeg
agccteccgga
cctgeacceg
aggagccgceg
gagcggccetg
ccatccagece
gcgggeggge
cgcececgeceg
gceccegggceg
ccgectgecg
tceceecgegga
ggacgggcgg
cgctecccagg
gagcecgeggt
cacccggggyg
ggacaaacag
gagaggtggg
gatttgatgg
gaagaagggy
tgtgaggggt
ctecaggcget
cegtgggggy
ttatggagac
gaatcctgac

ggaaacaggt

ctcteteage
tgcgggtact
gaaggatcag
ccacaggaga
gectgecageg
acggcggtge
gagcttcegg
tgcecagtecc
cccegeccec
gecggggceccg
gcececgagec
cgecgecegec
ctggggacgg
cctggegetg
cggctgeggg
cgtcaactge
cgccacagcg
gcgtgggegg
ggcgaggctce
tggcacggcc
ctctgecagac
tcgctaattyg
gatggctgta
atgtgcaaga
ggtgaacggt
aggggcaggg
ctgctattgg
ttaaagcctt
gctgeccaga
tctgaccatce

ttggagaggt

caggaaacct
gactecgggece
ggtggagcect
agggcggage
gggcggagceyg
tteccagacge
aggcccegec
tcategetgg
cctegececy
cactgcageg
ccgagcggge
atgecegtcecg
cggggcecaty
gcecctgggec
ccctgegage
tecgggeegeyg
ctgtgagtag
gttcecctgge
cggcgceggcea
ccggggagec
gccagegggg
gagaggaatt
gggggcggcea
attgggctga
gtgagcaaag
tgggaggtgg
gttccaagge
gtcatgtteg
gccaggtetg
cgaggcatag

gacacgacct

3
ggggtaggga
gcgcacggag
gtggectgctg
agatggcacc
tgaaaaatag
tcegecceac
ctgctgcecega
cceggtegeg
tcegeccege
ccagcgteeg
gtcgetcecage
cgggecccge
cgcgegetge
tgggcctgtg
cceccctgect
ggctgeggac
cgggcccage
ccgggacggyg
cggegggecce
gaaaaacccce
gcggggcegeg
gggatgcggce
gggaagagtt
tgcttaggaa
accgtgaggc
gctegegggt
tatcectgaga
ctttcgggag
tgccaggcetce
ggaccgtgga

gtceccaggca

ggcttggagce
atcgegggag
caggaggagyg
ctgcecaccg
ctcgtgetee
gtegecatgeg
cecetgtggag
ctgtggcgaa
gcegegeggg
agcgggceggce
agcaggtcege
ctgagctgcg
cctaacgatg
gcteggggcg
ctgcggcecca
gctcggtccc
ggcacccggg
aagcaggacg
tgctaaataa
gggtctggag
gaggccgege
ctggggctge
ccaggaggtg
ggggcgatga
tggaggetgg
gggctggggt
acaggggtga
ataaaaacaa
ctgttggggg
gatttgeatt

tcacagcegg

PCT/US01/22035
cagcgggtgce 2940
aaggatccac 3000
aacccgecgce 3060
ctteecgecce 3120
tecggecgact 3180
ccecegggaac 3240
cggagggtga 3300
gggggcggag 3360
gaggaggagy 3420
cgagcteccececg 3480
ggcecgcagcc 3540
gcctcecgege 3600
ccgeccgecyg 3660
ctggcggggg 3720
gcgeccggeg 3780
gcgetgegea 3840
agaggccgceg 3900
cgggccagga 3960
ggaacgcctg 4020
acagacgtcec 4080
tcagctggga 4140
ggggtacccg 4200
tctggaaaag 4260
ggtgggtcca 4320
ccacgggagg 4380
catgaagggc 4440
ggggggattg 4500
caggtggect 4560
tegtcatgeg 4620
tcacagatga 4680
gatgtgcata 4740
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gcaggggttt
gactaagata
ccttgtattt
gatccctggg
tggttttgta
gtgtccttgg
caatggagcc
gtgtctecgeg
attgcatcag
gccaggcecgg
atggtgtcca
ctgagcggag
cctgeettgt
agttggtggc
gcaacagggc
gcecgeegetg
aggaaggatg
cagccatttt
gggaagaggyg
caagggtcca
aggtgcctet
gttccaggtyg
tgccgagagg
gctcgaagcet
cagagcctge
ttetttttett
acgatctcgg
ctceccgagta
gtagagacag

ccgecegect

ggaactatga
agcagacagt
cccaggctcee
ggacgtggca
acgtttectgg
ggctttgetg
cgtgceccecte
gctgtctetg
acctacccca
tcactgggga
tgagagcagce
agcaaggccc
gttgtectct
ctgtecececage
acagggtgac
ggagagttct
tgaaggccct
gctgtctace
gtcaagctgg
agagcgttgce
ccacttgtgyg
gaggacagcc
tggtggcttt
tcgtggggag
cctgcectee
tttttttgag
ctcatggcaa
gctgggatta
ggtttctcca

cggectecca

ggtgcccagyg
tgtcececcage
aggcteccteg
catcececcagg
gtcactcecg
ggtggtctceg
ggggccacat
tggagatggce
ccegttgttt
ctctgteccag
ccctecaggag
gtgttctccea
taggctctgg
ctgagcectgge
ctcatgtggg
ggaaggtggg
ggctggccce
ctgcaaactc
gagaggtgaa
tgtctgggtg
ctccetgget
ggggcttcetg
tggaaaagat
acgtgggcag
ctgeccecgac
acagagttca
cctecegecte
caggcgtgca
tattggtcag

aagtgctggg

acccagggtt
gctggggaga
ccgggacagt
cttgctaaac
cctgtggeca
agggtgggag
tgctcctgeg
ctectectge
gtgatgctgt
ggcectggtgg
ctgtccggga
ggcccecttgge
tecectggggtt
aagattccga
caggtgggtg
gtgaggggac
ccaggccacc
ctcetecgggg
ggacacagat
tcaccagtag
gctgaagcte
aggccacagc
ggegtactgce
agccgtgget
cctteteect
ctettgttge
ctgggttcaa
ccaccatgcc
gctggtettg

attacaggca

ggattgaaaa
gtettgggac
gteteecttgg
attgggtggg
cccttectta
aagaatgggt
ctcectgact
ctggcaacag
agctgagggce
ttcectgette
gagaagggcg
acagcagtgg
tggaggaggyg
atgccaggcece
ctgttctgta
ccatggcaaa
ctctgtgcectyg
agacggctgg
cacagqtgct
cctteectggg
agcagggaca
ctgeettggg
aaaacgtgct
gactcacaga
cctgacccat
caaggctgga
gegettttte
tggctaattt
aactcctgac

tgagccacca

PCT/US01/22035
gggeggaggg 4800
cagtctgatg 4860
gtgegtgetg 4920
ttctggcecatt 4980
ggggagccgt 5040
tctectggac 5100
gcggacgegt 5160
cacccacaga 5220
tecetetgtet 5280
ccagcacctg 5340
ctggtggcetg 5400
agccccegece 5460
ggaccctggyg 5520
ccecaagtgt 5580
cacacctggg . 5640
ctagggcctt 5700
tggggcagec 5760
gtttteccecceca 5820
ggcaggtgtt 5880
gggctcacgce 5940
gctgtgtceca 6000
ttaatgatgc 6060
gctctgegtg 6120
ccececcaccee 6180
gtgttttttt 6240
gtgcaatggc 6300
ctgectecagce 6360
tgtattttta 6420
ctcagatgat 6480
cgecccagece 6540
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tgacccatgt
tcgeaatact
gtgtgttcac
caattagttg
cttgtctecca
ggttcaagcg
gcaccaccgt
ccaggatggt
ggattacagg
ttttttttga
acctcacggce
agctgggatt
gggtttctce
ttggcctecce
gtgtgtettt
cctggetgtg
ttgttttgtt
tgatctcggce
cctgagtagce
ttagtagaga
gatctgcttg
ttatttattt
tggagtgcag
‘ctcctgcctc
tttgtatttt
acctcgtgat
cetgtetttt
aatttgttga
cctecatggt
tegttggagce

agatgtcatc

tttgaaccaa
gcagacceac
atttttggtt
atgtettttt
ggccgcagtg
attctcecctge
gcccagctaa
ctegatctee
cgtgagccac
gacggagttt
aacctccgee
acaggcatgt
acgttggtca
aaagtgttgg
aaggctggtc
atcaattegt
ttgtttgaga
tcactgcagce
tgggattaga
tggggtttca
ccteggectce
atttatttat
cagtgccatc
agcctcecctga
tagtagagac
ccteeegect
aaatgtccga
agaaactgge
gtcacctceg

cgacatccca

agctcagggce

attccagceca
ctaacacaac
taatagtttg
ttttttettt
cagtggcatg
ctcagcecetcee
tttttgtatt
tgacctegtg
cgcaccecggce
cgctcttgtt
tcecegggtte
gccaccatge
ggctggtcte
gattacaggt
aagcaaagca
tgtgaacacc
cggagtctgg
ctceatctec
ggcgcegegcec
ccatgttggt
ccaaagtgcet
ttttattatt
tcagctceact
gtagcctgga
ggggtttcac
cagcctcecca
tgatgtctag
teetgeagece
tggtgetgtg
ttgtceccaga

ccectgetet

5

cccttttate
agacagttcc
aattaagagc
tttttttett
atctcagetce
cgagtacctg
tttagtagag
atctgcccac
caatgtettt
gcececaggcetg
aagtgattct
ctggctaatt
aaactcctga
gtgagccaac
gtaggactgg
actgtgcttg
ctetgteace
cgggttcaag
accacgcccg
caggctggtce
gggattacag
tgagatggag
gcaagctecg
ctggtgeecg
cgtgttagce
aagtgctggg
gagcttcect
tggatttcte
agtgtgtgcet
ggttgtcetg

aaaggccact

tgcaagcatt
ttcatgccac
caaataaggt
ttttgagacg
accgcaacct
gtagctgggt
acggggtttt
ctcggectece
taaaaatata
gagtgcagtg
cctgectecag
ttgtattttt
cctcaggtga
gcgcccagac
agaaagaatg
gaccagctag
caggctggag
cgattctect
gctaattttt
ttgaactctt
gtgtgagtga
tctecactetg
ccteectgggt
ccaccatgcc
aggatggtct
attacaggct
tectetettt
gctgtgtctt
ttgtgtttet
gctggcactg

tctggtgetg

PCT/US01/22035
ttggagggca 6600
cgaaggccetg 6660
ccacacactg 6720
gagtcttget 6780
ccgactccct 6840
ttacaggcat 6900
actgtgttgg 6960
caaagtgctg 7020
tacttttttt 7080
gcgegatcetce 7140
cctcteecagt 7200
aggagagacg 7260
teegeetgece 7320
aaaaatatat 7380
aagaattcta 7440
ctgatgtctt 7500
gacaatggtg 7560
gcctecagect 7620
aaaaatattt 7680
ggccttaggt 7740
tgtattttat 7800
ttgcccaggce 7860
tcacgccatt 7920
cagctaattt 7980
ggatctectg 8040
tgagccaccg 8100
ttccttgtge 8160
gggggtgceca 8220
tgtaaattgg 8280
gcctaggtgt 8340
gttgceactc 8400
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accectggetyg
ggcacatcga
ggccettgecece
cagcaggcgce
ggagcgaccc
gggctggcca
gaggactagg
gagggcteeg
agagatggat
gccaggtttce
ctcgggggea
aagagccctg
gecctecacceg
gtgcctgegt
tggacaaaaa
tgggggaagg
gagctceccac
atcggcttge
tttaaacatg
gggtggatcg
tctctaaaaa
ttcaggagac
gatcacacca
aaaaaaaaaa
ggccaacagce
accactgtcce
atggcttgag
tattagtggt
agtctatgag

actaggaaac

ggggtcacct
gggacttggt
tttceccacct
agaccccggg
ctaggcctga
ggccacggag
gattgtcacc
ttatcactgg
gatggggagg
aaagctccca
ggggtagggce
gcagccgagce
gggtccctga
gagaaacggt
tgtggacaag
gatggggagg
tgcagaggeg
atccagatca
gacaaggggt
cttgagccea
ataaaagaac
tgaggtggga
ctgcactcca
aaaaaatcac
gtgtgagaag
agecgggege
gccaggagtt
ggcgcctgta
gttgagactg

ggtctttaaa

gggtctgetg
aggtgettgg
gcatcectga
gecectgecet
tgccttagag
gggccctgge
aaggcctcca
agcccgegtt
gggctggcecet
cagggagctg
ctetgtcagg
ggaggcagtg
geecgggtett
agtttcttta
aagtcacacg
ctttggttgt
actgtggaga
tacagggaac
cactcacgcce
ggagtttgac
attggccggg
catcacttga
ggctgggtcea
aggatctgaa
atggtcggcece
ggtgecteac
tgaggccagce
gtcccagcta
cagttagcetg

aaaaaaaaaa

ctgtctcgea
ttcactgatg
atgacaggag
gggattggcg
cgcaactgece
teccecatttet
tgagccectea
caaccaacac
ggaaggaccc
cccagagaga
agagcctagg
gtgaggacct
acgtggctecce
ttagacgecgg
ctcactcctg
gtctgcagca
cagagagcac
actatgattc
tggaatccca
accagcctgg
cgtggtggta
gccgaggagg
cagagcaaga
cagagatttc
tcattagtca
gcectgtaate
ctgggcaaca
gttgggaggc
tgatggtgce

aaaaacaggg

aatgctaggg
taaaatatag
agtgtgggag
tcggggaaga
agagacacag
ggtccectgga
gcagaaggag
gcagatgatt
ccagtgcagg
gtccccaagg
agaggcctgt
gcatcctgea
cgcactcggg
atgcaaactce
tacgcgattg
gttgggaatg
ctgcaggtca
aacaacagac
gcagtttggyg
gcaacagggt
tgcatctgtyg
tcaaggctgce
ccetgtetea
tccaaagaag
tgagggaaac
ccagcacttt
tagcgagacce
tgagggggga

actgcactce

tgggcgeggt

PCT/US01/22035
tccaggactyg 8460
gagcaccegg 8520
agtgtaggga 8580
caggcattct 8640
cttecettggy 8700
tecetgagagce 8760
ggccaccctce 8820
ctccaaggac 8880
tgacattgaa 8940
ggcaaggtga 9000
gtcttctagg 9060
tgtccagcectg 9120
cgttcagaac 9180
gccaaacttg 9240
ccggecagggg 9300
tggggcacce 9360
tccatgecagt 9420
agggacccceg 9480
aggccagggt 9540
gagaccccegg 9600
gtcccagcta 9660
agtgagctgt 9720
aaaaaaaaaa 9780
acgcacagat 9840
gtaaatcaaa 9900
aggagagcag 9960
aataaataga 10020
ggattecctg 10080
agcctgggcg 10140
ggttcacgec 10200
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tgtaatctca
cagcctgacce
gtcgtgggeg
cgggaggcgyg
agcgagacte
agctactttyg
aggcaagatt
gaaaaggtct
gagccctetg
cctggtctca
catcagcatg
tgccetggtt
cttgcactcc
agcccctecece
tecccacctet
cteteectec
’ ctcecectgecca
ccagccecte
cctcccacct
acctctceet
ccttetetet
tttgcgeect
tggtccagte
ccctgcaggyg
ttgttaaagt
atgcactgtg
gacactgtgc
gtggactcct
ctgtgggggc
attggtgcct

agagccgcga

gcactttggg
aacatggtga
cctgtaatce
aggttgecagt
tgtctcaaaa
ggggctgagg
gcaccattgce
aggaagagtc
tgttcttgtce
ttttacacac
ctetggggca
tatagacaga
ccgaggggcet
acctctecect
cceteectge
ctgccagccce
gccectecca
ccacctctec
ctecccteect
ccectgeccage
agtttcectgt
ggagtcagac
tctcagecte
cagtgtagca
agctectgtcg
agacctgccc
ctgtgcttag
atggacccct
tcacaagacc
tttgacgegt

gtaccgtcct

aggccaaggt
aaccccgtte
cagctaatta
gagccaatat
aaaaaaaatg
caggagaatc
actccagect
cgcacccetet
tectececatace
caggaaattg
gacccctgea
cagaggtggce
gaggggcect
ccctgecage
cagccectcece
ctecceaccte
ccteteecete
ctcectgeca
gccageccect
cecteccace
tcagtttcag
ctgggttcac
agtttcctca
gtgacctgge
gttececetecayg
tgccacagag
accagacact
cagcacccag
cggcecacte
tectggtgtgt

cactcctttt
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ggggggatea
tactaaaaat
ggaggctgag
cacaccactg
ctgagegtgg
gettgaaccet
gggagacaga
cceegeggatg
tcatcacggc
aggctetttg
gccgcacagg
agtggecgcett
gcgeccaggt
ccctcccaqc
cacctctcece
tceceteeetg
cctccagece
gccectecea
cccacctete
tcteecectece
gaaggaggct
gtcececagegce
cctgtaaagt
tcagccactg
gggttecggyg
cagagtgtaa
ggacgacggg
ccteggtgece
ctgcttgtge
gtgagacgtg

gttcttttga

caaggtcagg
acaaaaatta
gcaggagaat
cactctagcce
tggcgecatgce
gggaggcaga
gtgaaactct
gccacgccgg
accgcagggt
agaagccgtg
gtgcetgggg
ccgagtcggg
gcagctgett
teteectece
tcecctgecag
ccagceccececte
ctcccaccte
cctcteecte
ccteectgece
tggctcatece
gggaacccag
ctccacctcet
gggctccatg
gcagcccca;
ggceccattce
cagcctgagg
agccagtgca
ttcagcgecag
ctacatctgg

cggggetggg

cgtaagetgg

PCT/US01/22035
agtttgtgac 10260
gcgaggtgtg 10320
cacttgaacc 10380
tggtcaacag 10440
ctgtagtctc 10500
ggtcgcagtg 10560
gtctcaaaaa 10620
gctccgeget 10680
tgcagccact 10740
gtgatgattt 10800
cccacactag 10860
ctgcgatgtg 10920
gggtgetgee 10980
tgccageccce 11040
ccectcccac 11100
ccacctctce 11160
tcecctecectg 11220
cctgeccagee 11280
agccecctcee 11340
ctgetgtgte 11400
atgtagggaa 11460
ggtgtgacct 11520
attagatgca 11580
caatcatace 11640
cectgtectee 11700
gtgagagcca 11760
gcctgggcgg 11820
ggccgegtygg 11880
gtgtttgcee 11940
aagtgttgge 12000
cgagtggcac 12060
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tgcectgagtt
ggtggtggeg
gttgtgccaa
ccagggcatce
ctggccecatg
ccaaatgtgg
ctgccactge
ctgcectggga
tctggagete
ccecgetgetg
ggcacgtctg
ggaaaatgca
cttgectagg
gaggcgggct
cattcctgac
agaaagggct
aatgaggcca
ggcteegggt
ccatcattgg
tgtgctgctg
ttgcttgeee
accctgetgg
ttgagcctea
gtgaagggtg
gcgtgcaggayg
accccagcgg
tegtctccag
tcgcagactce
gtgcetgect

cctggggaca

ccgeteagtg
gtgtgegetg
gcectgagect
tctatgaggg
agtgggtgat
gtccegeatc
cctegetecce
tectgetttec
tgcagtggce
tctgggectg
cgggcacagce
gctcacgceccece
ggccagggtyg
gggtecctttt
cttagcagcg
ttgtgeccecag
gcgetgggcea
tctgagecceg
ctgtgccecac
ccctetecag
ccceccecac
ctgcccgggg
gtgtgccceat
ggagtggaga
gcaccaggag
caggtagcat
acggcccttt
ccctttetea
gtgggtcecceg

gttcageegt

ccegecctga
tegetggtgg
cgacgtccce
ccteetgetg
gcgetggeca
tgcaagcceccce
ccaccttggg
agcaaggaat
acggcagccce
gcectgeactce
agcgggggcyg
tttcccagaa
cccaggcact
ctcecetgeag
ccatgatctg
gcagaggcgyg
agcccatgcec
tccactgtge
agccgagtgg
ggcactgctg
catcctcette
aggtgtttgg
caggagcgta
gggatgcaag
ccggecctea
acgtatgaag
ttgagctgge
tctecectegt
ggaggacctg

gggagggate

tgtgcggace
gcaccgagag
ctteccegget
gagccgtcte
ccatctggtyg
tececctgggte
gtgecctcetece
atactttgga
agcccgccaa
tgctgecetge
ccacagtctc
cacctcgcete
ggtggcagga
ctcececgagge
aagacaggct
aagccagctc
cagggaacgt
atcgtggccce
gtgatgggat
tgcececgcaca
ctaccttgge
gggatggtgt
aggtcagtge
ggggtcacaa
ttctecececctt
cgctetcett
tgtgttttte
tcagccteeg
aggctgccca

tgtaaggaca

cecgetgeatt
tctttgggag
ttetgttgge
tgtggatctce
acagtggceg
ccctagggta
cecetgetegt
gggagacaca
gcaccctgga
gcteccagetg
cctgecagagt
ttcatggctt
gaagggctac
ccagcectgg
ggcttctgtg
ttecttetgg
cacagctgtg
tggcctcagg
teceggetgece
gcegggegea
ttectceccatt
tgggggagga
agcacctgcc
cgeectggetce
gaactggaag
cctacacccce
catctgtgta
aggccggagt
tgtcacccce

gaatgccget

PCT/US01/22035
cttgctgtta 12120
ctttggggag 12180
tcttetgagg 12240
ctectgeccate 12300
ggcaccgctg 12360
tggggtggtt 12420
gggggagacc 12480
catgttcttt 12540
atgaaaacat 12600
gctgaggeecg 12660
gagcgcaget 12720
ggcagctgte 12780
atctggggect 12840
cccagectgg 12900
aggccaccte 12960
ttgaggcagg 13020
ggagtacagg 13080
atggectcgta 13140
ccgetggate 13200
gatggccagt 13260
gacacactgg 13320
ggagggcccce 13380
cacacaggct 13440
catgtcagct | 13500
ggtggccceg 13560
acaggtggge 13620
ggcaaggaca 13680
ctccatccet 13740
ggcatctcat 13800
gagcctgggg 13860
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ctececcaget
tgcttgggge
ccagggttgt
catctgcccea
cccgttaatt
aaaggagcac
ggggccgcag
agcccatttce
gggcggaggg
ccctgggtet
aggecggccec
gggggtgeeg
tttctttggg
cgcctggggce
attccctetg
ctcagtccca
. cagaaggccc
gccaactgtg
cctgaggggc

cgggcagacc

tgctgccceac
ggcctggceca
aggggtgaag
cccagcagec
cttccagate
tgeccceatg
cctggcececte
atagcaggaa
ctgcactctg
tgecctgggcece

cagacagcgg

agtctcacac
ctggcagect
ggceggecte
gceceggggcet
taaacaggat
agcgcagagyg
tgggggtggce
ctcaccctgg
gaaccagctce
ggcgtecectgt
teccgageegg
ggcctggege
ggcteegtee
actcagctcet
ctgtggattg
ctgttgcétt
agccccaaga
ggcagagccc
cgaggctcca
cgctgcagea
agccctggga
caccctectge
acccgtactg
gctaaggagc
ggacgctegg
ggggtgtact
gggcacccat
ctggggtgag
ctectgtgete
ctgectgtgtce

cgatgatgtc

ccegtgtetg
cgtcctgtat
cctggeccte
gcactgtttt
catttcegge
gaaacagatg
actgecegeet
gcctgetete
ctccaggaga
cctgeecectg
tececeeccage
acacccgcectg
ggcceccaga
gagtgtgaga
ggagggcccce
ccecgaccecce

cttececggcece

agggggaggg
gggcgagggyg
tgagacacgt
cgtggeccca
tgttgctgcet
tggccacaca
cegetgggtce

cgctggggac

cctecccgaca
caggctgtcc
gagtgegtgg
ttgcctggge
ccccatcctt

acctggegag
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ggacccagag
cagaggctge
cccatggaag
ttttcaaatg
cctggaagcece
aggtcatgge
gtcceccetgte
gggagggacg
ggacggggec
ccgagggagg
ccagtttcca
ctgaccacac
ccceactcag
ctctgaggca
gggagctgce
ggctcccecg
ctgccagect
caggagagcc
gccegaccetg
gtcagctace
cctgtgacgg
cctgeteecag
cctgggactt
ccacgctagg
cccttgtgte
agcttggcett
ctgtgcacct
ggcagcaagg
ttagggccge
gcagggaacc

tgcagaggaa

accctegtge
cacccccacc
tggtaggcgg
agcaccgtcc
gecctecactet
tecggetggee
ctctececageg
ggcctggggyg
tggcaggggg
agcggttaca
gtgaggcggce
gtgtctggaa
catctggtet
ggtctggttt
ccacacccag
gcccaggagc
caggcttcecac
agcgcctgge
gggttcacac
tcgggcegge
gtgtggaggg
gattggcaag
ccttcectecac
atggtcctaa
ccggggctgg
cagctteccet
ggctcccacc
gcectgggacce
tcggtggtcce
agaacgtggg

gcccgagggg

PCT/US01/22035
agggctctgt 13920
cctegtgggg 13980
agccagcagc 14040
caaactgcag 14100
ccttaaatag 14160
cagcgaggaa 14220
cccacactgc 14280
tcctettget 14340
catggggcct 14400
taagctcecge 14460
cagcgcggge 14520
tgtgcagatg 14580
ggggagtggg 14640
gtctggggec 14700
ggaagttctc 14760
gcetgtgggg 14820
ccaccctcge 14880
tgggaacacc 14940
gceegggtgg 15000
aggctggcce 15060
gcagcctceca 15120
ggtgctggga 15180
ccagtggtge 15240
ctcecteecege 15300
ggcaccgtcc 15360
gggagcacat 15420
cttccagecte 15480
ccagaggacc 15540
tgctgccaga 15600
ggcagggcat 15660
cggggtgggg 15720
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gggctggegce
gcagatggag
gtgctgttec
cccagggggc
ctgcacctgg
ggccgagcgyg
gggagaagga
ggcagggetg
tgggatgggce
cctggettgt
ggccaaacat
tcececatgece
gtgtcecctte
tagggctcect
ccgcegcagce
ttccececteg
gagaatggcc
tgtggatgcc
tcagccegtg
ggggggaagt
ctcecectece
ggaagggaac
agccagtgcece
cgtececgtggce
ctggggtggc
cgggccccac
gcggagetcce
gatggaggcc
ctaggcggag

ccgtggcagg

gaggctgect
acgtgaaaaa
ctgteccetga
acctgagtcce
ctcetgtetg
ggtccccaag
gccagecctgg
cctgetggeg
ggggagccgg
cagctccecag
cttcaggett
tgggggcagyg
cagggggcect
gcgecteggg
cgctggaaag
ggcatggtgce
tcttgectggt
tagcagcgceg
tcecctacctt
ggtggecccetyg
ggagcccagg
tgcaccccca
cagcgtctceca
tggtgectgcet
ctctggtcece
cgggcagect
ggtgggagga
gecceggett

gcacctgetg

aggtgaggce

ggctaggcct
gtacgggage
agcccacacce
tacccaggge
ggccecaget
accttgetge
agcectggecac
tggaagaagt
ggggctctgyg
cagcagccac
tteccttettt
tgcgagagcece
gcectgtgtte
teceeggtgece
tcecctectca
ttgggcagtg
ctcececageca
gctgtgggcece
ggtgtagagg
ccggagggge
gcacaggcat
accgtgecect
tctgtectggg
tcetggeacg
cttetttgtt
gtgtgtgcegt
gcagggctgg
ggggcetgget

ggtcactcgt

tecggggtect

10

tggegttecec
aagcgaggtg
tgagtcctge
agacgcttee
tcattccact
atttctggge
gcagggagtyg
gtccatggca
ggtecctegge
tecttgatgga
ccttteteee
tgtgccecte
accgtggect
tcatttctec
ggtctaactg
ggtgtgagtc
ccaccctgte
cacccatcct
aggggacggce
cgttecctgt
aggctctetg
ccatcegecag
cacccagccc
gagaaggcct
ggttcectte
ctectectgeg
aggctggcag
gcegggtggt
ggggagggtg

ggggagcagg

ccagaacggc
aggactccac
ccagggcaga
acaccctggg
gcectgggece
cttgggetgg
catggccaga
cceecaggcec
tgacctgeccce
ttttccagaa
gtggcctggg
cctggggeag
ctgcagcacc
ctaaagcatt
cagttcctca
cagctgecte
ccaccccacg
tatgggcagt
agagaagcag
gtgecectggee
agtgtcccac
atggaacgag
aggtgagggc
cggetgetcet
tcaagctctt
ccgggtagge

gggctgggeg

cattgctggg

acacctgggg

ggggtggtgt

PCT/US01/22035
gatggcaaaa 15780
ggggacccct 15840
tgctteccaca 15900
ggctggggga 15960
ctgggagcte 16020
ggtgagggcc 16080
accggtgaca 16140
tggttcacag 16200
ccaccecctge 16260
aatgaggtgt 16320
tgggagctge 16380
tttcacagect 16440
tetegececet 16500
ggttctgetg 16560
cggcacagtg 16620
accctgtcte 16680
gcggggatgg 16740
ggggagcacc 16800
ggttcagtta 16860
cccagatcect 16920
agcccctggg 16980
aagctcecggg 17040
ctggctccac 17100
gtccectcag 17160
geccctggece 17220
tcctgtggga 17280
ggtgttcagg 17340
aagagcaagt 17400
aagtagaggc 17460
gcagacctge 17520
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ggagccatag
agggtgggcg
tttgcceccag
ctecgggeage
cactgactac
tgcctggttt
ccteeatect
gggtgctgga
gtgattctce
gactaattct
actcctgacce
gagccattgce
cttttetttt
gcagtggegt
cctcagecete
catttttagt
catgatccac
cggccatcett
cgcccagget
caagcgatcc
cctggcectgat
tcaaactcct
ccttttette
gtatttttgg
ttttctaatt
ctggtctttg
ctegecegttt
ctctetgggce
catgccgeca
cagggtggtt

tgttaccggce

tectgtgeca
gcagagtgac
ctctetgtet
tctgaaaaga
tgacatggga
ttettttttt
tttttttttt
gtgcaggggt
tgcctaagcec
gtagttttgg
tcaggtgatg
acccggcetcet
cttttttttt
gatettggcet
ctgagtgget
agagacaggg
ccaccttggce
tctttecttg
ggactgcagt
ttcctectca
tcttttttte
ggcctteeca
tttttaactg
cctttagtat
ttatttatat
atgttttatt
cacccaggcet
tcaagtgatt
tgecctggceta
tcaaaatcct

gtgtgecccag

ggagcactac
cccecgaggtg
actcacctcce
gagacatgct
tgtttttect
gtttttggag
atttttattt
gcgatctcag
tcctgagtag
tagagacagg
cgeccegecte
ttecececettet
tcttttgaga
cactgcaacc
ggcactacag
tttecaccctg
ctcccaaagt
ctttctettt
ggcacaatca
gccceccgag
cttgtagaga
aagcactggg
gaatagttga
gtegtgtaag
tttgegtaga
tattaattat
ggagtacagt
tttctectect
atgtgtattt

gggcccaggc

tgecectggecg
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tgggagtgeg
cttgaggceg
gcatcaccag
gcecgecctgt
acggctgtga
ttttctettt
tttgagatgg
ctecactgcaa
ctggaattac
gtgtetcegt
agcctcccaa
ccttttette
tggagtctcg
ttegectece
gctceecgeeg
ttggccagga
tctggecatta
gttttecttte
tagctcactg
tagctggaac
tggggtcettg
tttacaggca
cgttttcttt
ttgctagtge
agttgtgtat
gtatgtattt
gatgecgatcet
ctacctececeg
tttgtagata
gatcctteeg

tecttggaggt

tgggaccagg
aggggaggtg
ctccaggacc
ggtttetgtt
ccaattgtgc
ctttectece
agcttcacte
cctetgecte
aggtgcttgce
gttggteggt
agtgctggga
tctetctect
ctetgtcacc
gggttcacgt
ccatgceccgg
tggtctcgat
caggagtgag
gagaccgggt
cagcctecgac
tacagttaca
ctatgctgte
taagccacca
attagctgtg
ttttctgaga
tttagatgga
atttattttt
cagctccctg
agtacttggg
cggggtctca
tctecagetce

cttgtttcte

PCT/US01/22035
aggggtgccc 17580
gagttctcgg 17640
tggtttgtaa 17700
getttttett 17760
ttettctaat 17820
tececctetcac 17880
ttgcaggatg 17940
gcgggttcaa 18000
caccacgcec 18060
ctggtcttga 18120
ttacaggcag 18180
ccetttettt 18240
aggctggatt 18300
gattctcctg 18360
ctaatttttg 18420
ctcttgatct 18480
ccaccgtgecc 18540
cttgetetgt 18600
ttccectgget 18660
cactaccatg 18720
catcctggte 18780
cacccagttt 18840
tgtcaggagg 18900
ttgtagtttg 18960
gttaggtecgg 19020
gaggtagagt 19080
tagccttgac 19140
accccaggeg 19200
ctgtgttgec 19260
cacggtgectg 19320
tgggtttatg 19380
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cctcgaggtyg
acacagtcat
gatgggggee
tgggggactg
gtgccecttec
gtgcagaggyg
ttgggtctte
aggccatagce
actaggggcet
gcteecgggeg
gtcccecagt
gctgctcecage
taagcaacaa
gtgaaatgta
ccettetgee
cagttcactg
ctgtcagggt
agacctggtce
tgtgactgtg
cagccecgagg
atccecttge
ccagccaggt
ggggggccte
gggcgtgggg
gaggagtatg
tcagctgcecce
ggccagggcec
teccagtgecet
acctgtaggg

gtggggcccce

gcgectgcetce
acctggttgt
cctegagtet
tggacagggg
tggcecetggg
ctgaggcccce
catcagaaag
ttggggatge
ctggececctga
ctggacgttg
cgtgecagea
tgtgggggct
caagatttet
agttgtggtt
ctcccagttg
cctgettgga
ggctecaggg
cccaacacct
geetggegtg
cagccacgtg
tggacagtgg
gggacctggg
cgggccaagg
tggagccagg
tegectgeet
acgaaggcct
tegecageect
cctttgectg
gceccaccet

acggacctct

ccctgtgete
ggtcccacag
gtgtgggggce
atggggggcc
tggacaggtc
caggcctcte
tceeectectg
tggcaatgtg
ccecacggceca
ggctecctgge
tgcggggete
tccatcagcet
acgttagaag
ctttgggtgg
gteegtgtecc
gcececccecagt
cctggttgee
gcecectgecce
gctgecgega
tgctgggect
ctgtggtgag
ccectgcagac
gaacagcatg
aggagcagaa
ccectgacaac
gcttecageca
ctcggagecag
cctgteccte
cctccagcac

ggcctetgge
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cctggtagece
tgggaccacc
tgtggacagg
ttggccetge
catgtggcac
ctggettggt
acctctggga
tgggatgggc
ctcactectce
gaacctctcg
actccgggtg
ttgecgaatce
aaggaatatt
ggtecctgget
cctteccagge
gccégcttgg
agtggggggce
tgcagaaacc
tgggcggagg
ggctcectgyg
tgcecggtggg
actgggcagg
ggagcctgtg
ceccggggtece
agctcaggcea
gaggcctgceca
ggctggtgece
tgctceggee
gtcttcecctg

cagctagcag

.tggtagtgag

ctgttgggtt
gttgggagac
gtgggatggg
tcggcatagg
ttecceecagat
gtggggagct
ccagggaagyg
agagacgtct
gcgetggeag
ggctggegge
cceegtetet
tgctaattta
ggaccccagyg
ttgagaccag
ttggggcagyg
tggcatagac
tgagtgggaa
agcagcagdt
ctggccagcce
tggggccagce
gctcaggaag
agtgcggcgg
agtggctgcee
ccgtggecage
gcgecttetg
tgtgtgggge
cccegecace
cctcecccagg

ccttccacat
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cctgettcete
cagaacagga
cttggctcetg
ttgggggtcc
gctgagatgg
gagtgttcat
caagggtggg
cctetggecet
cccacaacct
agctgtgagt
accgectett
tccagggata
tttaatttaa

cceccecaatat

atcctggggg
ggaggeggtg
ccttececace
ccegtttgag
gcgggtggtyg
tetgcttgge
tctgtectte
gcetetetgg
gcggatgtgg
tcttctaggt
agtgteccttt
cttctececacce
ggcccagccec
tcctgeccee
ggccaccctg

cgetgeeceg

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
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ctcectgtea
gggceggetg
gceetggggg
gccetggage
cagaaccgcg
ccggececgag
gcagagcctg
gtctecageg
ctgctaccge
ctgggcecggg
ccgggtcace
gcactggggce
gccctggtga
aggtggacat
cctgecacggg
gggctggtgg
cagtgatggg
ccectgecat
gcagggggtg
gaactggctg
caccgggtgg
gcccggaggt
gccgagegec
cggcecteggte
gcactcgeca
ggggacctgce
gagccegtgg
aggccttgec
cttgtgceca
cattacctcc

gtcetgecce

ctgcecacacg
cctcgecateg
ccggcteagce
tegtgtgecc
gtggttcagg
gtgagtgtct
gtaccccegt
gtgcacccge
ctggtggtgg
gecegecctgg
aggtgcctge
agagactgcg
gcaggtggcg
gagctggggag
gatccectgec
gecctggtet
gcteccageg
cccacaccceg
gaggtgggcc
cccggggage
tgtaacaccg
gtgcgggggyg
cgcggtggag
cccagtetgt
cccecaggcce
agggacccct
aggtagtcgyg
tgcectgece
gtgaagatgg
aggccttttce

ccatggacag

ctgggactte
ctatgtgcetg
cctgctgggg
gtcecteggtg
cctggaggcec
gctgecceact
cttgggcccea
tctgcceecte
agaaggcgge
caatggtgga
cceceaccece
gectggggagt
ccggeeggtyg
cagcctecegg
ggtacccaca
ccgggetetg
ggctgctgtg
ccccecaggag
cagcgccgca
cacacccagc
acctgtgcete
ccaggcaggy
cctgggetga
tcgtectggt
agtgcaggat
gacgcctetg
ccceccacgt
actgtgggtce
ttgggaaaat
tctgagegtg

tttccaccgg
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ggagacggcet
cctgggeget
acagacgtgc
cagagtgacg
gcctacagea
cceccttecte
cactgaccgt
ggacacggag
ctggctgcag
cagtccegcece
c¢gaggggceca
ctcaggagga
gggcegttec
acactectgg
ggcceegtgg
agcctecagtt
agggtgggag
cctagacgtg
gggcgaggcec
cacagccgag
agcgccgceac
gcctgagacg
ggaggaggdgg
gtecectgggcece
gccgagaace
gcacagcagg
tctacaacct
tcgecaaaaa
ccagagtgca
tgtgagttat

agtcttecte

ccgeegaggt
atcacgtgac
aggtggaagc
agagcctcga
tegtggecct
cccagggcecea
tgacaccctc
atcttcectg
gcgcaggagce
gtgecagcget
taggttggga
aggaggtggg
tgtcagctct
gcacgccata
gtgggtgctg
tccececatcetg
gatggaggag
tggatcggct
ttcagcctgg
cactgcgtcece
agctacgtct
ctggetgtgg
ctggtggggé
ctggccegge
tectegtggg
acggcctcte
gccctcctge
acttgggggce
gagaggaaag
tcctgaaagg

tcgagcgaca
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ggatgccgcet
ggccgtgetg
ggcacctgcce
cctcageatce
gggcgaggag
tccagatggg
gttcccaceg
gcaacgggca
agtgtecaggc
tcctggtete
gatctctgaa
agctgggccg
gcagatgcag
cgggaggtgg
ctgtgagect
gaaaggggga
tgcecctgage
tctegactgt
agagctgcca
ggctcgggece
gcgagctgca
ttaggggcct
ggtttteggg
gcctcactgt
agcgccecagt
agccccgeac
ctgccecetgg
cttaatgttg
cgtttactca
caggtcaggg

ggagccaggc

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040



WO 02/06529

ctgtgggggt
gggagtctgg
aggtcatggt
ttgggaccca
gcacagcagg
tggectetet
aggtggacag
tgggtggggc
actgggetgg
tggtgcaggc
ctececctecet
acaggaccca
tetgettgee
ggccaggget

cggggeeccece

ctcaggccac
ctgcaggcce
cctctececag
tcteteecag
tgtgtcecccce
cttgaggtgt
ggtccacggg
cctcecacggce
tggecectgge
gtacctctcce
ttgggcectge
gctgggcettyg
ggtgggcaat
ggctgggctyg

cggctcagcee

ctgatggctce
gcttecagget
attceceggge
ggagctccgg
tgggactctg
gagctttcac
agcaggggtt
ctgcetgggg
gagtgctgcece
agttgggcat
cacagggacc
gctggeccece
gctggacgcece
acccggggec
cgcgcagtac
cttectgtet
ctceccacgte
tgggagaagc
cacagctgcet
ggtctgcaac
ggctgacgaa
ccatgaccgt
caggatgtcc
gcectectge
gccaacgect
cctgeectgtg
aggcccaacce
ggcgtgtcca
cgggtcatct

ttggtgctcc

gctectectte
gggatggggt
ctgegtetga
cggccecgecc
ggtggtgggt
gtectgetggt
ccagagacac
gceggectgg
caggtgggga
ctctgacggt
ceggagaacg
gegtgeatge
tectgecacce
cectatgege
teggtgtgtg
gctgeccagg
cttgccacct
tctegectgg
cctteetgte
tgtecctgecet
gcggggagcece
gaggacgtga
tcatgcetece
actgctcecgece
cgtcatggcet
ccctgegget
ctggactgeg
ggcacaacct
accctgecccc

aggtggactc

14

cctecectet
ctgtggagcet
gccgtgaage
agctgegget
ggtgggtggt
cctgtggeca
cagctcatte
gtcagtcggce
gacctgtcct
ggcctgtggg
gcagcgagcec
cagggggacyg
cccaggectg
tatggagaga
gccctgacct
gtctgggtcect
ctgaccteceg
gccettggea
tgccaggtct
gteccttgteca
ctgegtgtcece
tgcagccctg
tggtgaccte
ggcteceeggce
gcceccacttg
gcttgcagec
gctgectggg
ctecectgecage
ccgecgacggce

tggtgccaac

tcectgggaag
gaggcggcece
cttccteace
gcaggtgtac
gggcgeccgca
ccagagtggt
caggtgtccet
tggccggaga
cacagcaagg
caaatcaggg
tgagagcagg
ctggtgeccct
cgccaatgge
gttectctte
gggtctgtte
gtgcaccaga
acctctgcag
cgagctgtge
tggcctgtgt
cgagcactgt
accctcatcce
cctecectete
gttggcttge
caccctggte
ccagcccage
acggaacagc
cgctatgagyg
tttgacgtgg
cgcctectacg

gccacggeca
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ttegggtagg 23100
cctgcecace 23160
acggccgaat 23220
cggctccteca 23280
ggactcgggg 23340
tcccagtett 23400
gggggtggat 23460
cggacgcage 23520
ccaggattge 23580
ccccaacacce 23640
tcceceggaca 23700
ggagccaaca 23760
tgcacgtcag 23820
tcegtteccg 23880
cctgcatcte 23940
cacacccagc 24000
tgccctegge 24060
ctcectettee 24120
cctctececeeg 24180
ggggaggctc 24240
gtcgtgeggg 24300
cacaggtcac 24360
agcacgacgc 24420
ccecgggecce 24480
tggagggcac 24540
tcaccgtget 24600
tcecgggecaga 24660
tctcecccagt 24720
tgcccaccaa 24780
cggctegetg 24840



WO 02/06529

gcctggggge
cgtgeecegge
gctcagtgag
cctecagectg
cgaggeecegt
cccecaggcag
gagggcagca
tecgggetace
aactcattcc
cgagcecccg
ttttgaggtg
ctgggtacat
ccttgggagg
cagtgtaggt
gccgggaggyg
gctttacaga
tggctggaga
ccecegggeac
gtccaggagg
cccegeagag
tcaacgacaa
cggeggtett
gcagggcggyg
ggacgctgece
acctgccacc
caacgtcacc
ggtctccaca
gctggtggac
tgggcaccag

tgcttttctg

gaggctgcac

agtgtcagceg
tgceccetggg
ggggagcacg
cgggtgacgg
gtactgcagg
gtgcecctgecag
gcccagttac
tggtgggett
actgtctcat
tgagtctcte
gagtctgaac
gggggacagg
ggccatcaga
gccteccecte
tctgagaaga
tggggaaact
gccggacagt
ctcctctect
cgacaggcta
gtacagcccc
gcagtccctg
caagctctceca
ggcgggcetcce
atggetgtgg
tgggctcact
gtgaactaca
gtgceggecg
tecggecgtgg
gctcttgtcee
agcctcggtt

gggagceggy

ccecgetttga
agaccaacga
tggtggacgt
cggaggagcc
gagtcctagt
acagggtgcet
tggggacgte
taaattcctg
ttcacaaaat
acgcectcety
ccctgatggyg
gctgtcteca
aatggcgtga
actgctccga
ctcagagaga
gaggcacaga
gagtgtccca
ctgtgececg
agggcagagt
gtggtggagg
accttccaga
gtaggtgggc
accttcacct
gtgagtggag
gacgcetgte
acgtaaccgt
tgctgtccee
aggtggcctt
cagccccage
tceetgtetg

agaggcctea
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gaatgtctge
taccctgtte
ggtggtggaa
catctgtggc
ggtgagtatg
cacacagggc
ggcceeggge
gaaagtcacg
gaatttaaaa
ctgtgttctc
aaactgcggg
tettgegggt
cctgtgeage
gctctetggg
ggtggactct
gaggttgagg
gcecegggett
cgtgggacte
cctccacaga
ccggcetegga
acgtggtett
ggg9ggtgggg
ctgccttetg
ggagggacgc
cctgcagetg
ggagcggatg
caatgccacg
cctgtgagtg
ctcagccgag
ttgggaggta

gcacagcegg

cctgecetgg
tcagtggtag
aacagcgcca
ctececgegeca
gecegaggete
gtgaggectg
aggtcctgcet
gctctgacag
ctetgcectece
gcctggcetaa
ctgcecgegg
acctgectcet
ctgtectggg
tgaggagctg
ttgtagctgg
cattagtagt
ggctcccatg
tccagecccga
gcccaggctg
catggtcttc
caatgtcatt
aggggagggyg
ctctgcttea
caatcagggc
acggectceca
aacaggatgc
ctagcactga
actcgggggc
ggacccccac
actgggtgca

gtgggcectg
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tggccacctt 24900
cactgeccgtg 24960
gccgggccaa 25020
cgceccagece 25080
caccaccagc 25140
gcttcccagt 25200
ggctggetce 25260
tggctcecget 25320
tgacctcaca 25380
agcgagtggc 25440
tgccaccatg 25500
tcaccagggg 25560
ttctgtaage 25620
gggcaagagc 25680
tactaggttt 25740
actacatggc 25800
gcatgcagag 25860
cgggaggtgt 25920
acaccattcc 25980
cggtggacca 26040
tatcagagcg 26100
atggggcggg 26160
tgctgeccecga 26220
caggcctctec 26280
accacgtgag 26340
agggtctgca 26400
cggcgggegt 26460
cggtttgggg 26520
atcacggggt 26580
caggagccct 26640
aatggaggcc 26700
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cggggcgtga
gcceaccect
gatggggagc
gacccctegg
ggtgagggat
agctccecag
gctgatggcet
gaagctgggce
tgcececegagt
ctacacctgt
caggtgcagc
gcaggtgggg
accgtgectgg
gcctecctge
gtcaccttct
ggggacggct
aggggcacct
gcggatgtge
gagcagggcg
accttcgaca
tacctgecggg
gccecggagec
tgcatcccca
tacctctteg
acggtgacac
cgecgtgaaca
accctgcagc
gcctggeccece
acccgtgceca

acagtcaccg

ctgcagagtg
gtecceggtte
aggcecctceea
tggcccaggt
gagggggtga
tcaagctgece
taggeccctac
ccctgaactg
gcagctgeac
gctcegtccece
cgttecaccce
gtgccgegge
catctaatgce
ccteegtgge
acccgcaccce
cceectgtect
accacgtgcg
gegtetttga
cceeegtggt
tgggggacgg
cacagaactg
tgcacgtgcet
cgcagectga
actggacctt
acaacttecac
gggcgcatta
cagagaggca
cgtteccecta

ggggccctga

cgtccaacaa

gagcctegge
actcactgcg
ccagttccag
gctggtggag
gggggccact
ccecttecte
tggggtgagg
cgcceeccge
ttggaggcgg
gcacgtggcet
gggctceccetca
tgcccecacte
cttecgagaac
tgtgggtgtg
gctgececteg
gacccagagce
cctggaggtce
ggagctcege
ggtcagcgece
cacegtgetg
cacagtgacc
ggtcttegte
cgcgeggete
cggggatggce
gcggagegge
cttecaccage
gtttgtgcag
ccgetacace
ggtgacgttc

catctctget
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tgggtceccecaa
tcccacecgec
cctecegtaca
cacaatgtca
gecctttcagg
cccaacagcce
gaggggccag
ccteececeggg
tgegtecteg
tgggagcctg
ggcgggggge
gggcctgtec
cggacgcagc
agtgacggcg
cctggggatg
cagcecggetg
aacaacacgg
ggactcagcg
gcggtgcaga
tcgggcccgg
gtgggtgegyg
ctggaggtgc
acggcctacg
tcctecaaca
acgttceccce
atctgegtgg
ctcggggacg
tgggactttg
atctaccgag

gccaatgact

gcacccectg
ccggeaggtyg
acgagtccett
tgcacaccta
ctctgagcac
ctcactgtga
gcgtgggggg
cctggetett
ccaggcagcc
ggacccttaa
ttctgeccgag
ccacaggtga
aggtgcctgt
tecetggtgge
ttctttacac
ccaaccacac
tgagcggtgce
tggacatgag
cgggcgacaa
aggcaacagt
ccagccccge
tgcgecgttga
tcaccgggaa
cgaccgtgeg
tggcgctggt
agccagaggt
aggcctggcet
gcaccgagga
acccaggcete

cagccctggt
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cceegecace
gacctttggg
cceggtteca
cgctgececa
gggtccceecc
cctcacectgg
agtggacagg
gctgetetge
ctcagtgctg
ggctgggecg
cgggtgggga
gtacctectg
gagcgtgege
cggeecggecce
gtgggactte
ctatgecteg
ggcggceccag
cctggecgtyg
catcacgtgg
ggagcatgtg
cggccacctg
acccgccgec
cccggeccac
ggggtgcccg
gctgtceagce
gggcaacgtc
ggtggcatgt
agccgeeccec
ctatcttgtg

ggaggtgcag

26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
28080
28140
28200
28260
28320
28380
28440

28500
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gagccegtgce
ccgtacctgt
gacggtgggt
accgttaggt
tgaagcggcg
ggagcgtgag
tctgtgaccg
tgggcacctt
tettegtceta
tccecaccaa
acagctggac
cgctcacegt
cagcgectgg
cgcctceceeg
tggcagtggt
gccatttacce
gaacccgcetg
cctecagcatc
cttttggggag
cagcagcaag
ccggctcaat
ggagcccatc
ggtccatttt
cggggccaac
agaccacgtg
catcgtggtg
cgccacgggce
cgcctggtac
cgacgtcacc
cgeccctggge

ggccctgeag

tggtcaccag
tctetgetgt
ggctcgaggg
ggcecggetgg
cgtgcggggy
cttcagcacg
ctgcacgcce
caatatcatc
tgtcctgecag
ccacacggta
tgcctggagg
ctecgaggecg
gccgactgea
aacccagcetg
gtcgtataca
acccatagct
ggctcageca
agggccagceg
cagctggcca
cgtggccectce
gcctccaacg
gtgggcetgg
cagatcctge
cccgaggtge
gtgagegtgce
ctggaggccg
actgagagga
ttctegetge
tacacgceceg
agtgagaacc

agcggeccct

catcaaggtc
gggcecgtggg
teceggaggte
aatgaggtéa
ctegtegtcea
tegetggagg
atccetgggg
gtcacggctg
ctcatagagg
cagctgcagg
gacaggggcec
gcacctacca
ccatggactt
ccgtcaacaa
cttggtectt
tcecccacacce
acgccaccgt
agcecceggagg
cgggcaccaa
atgtcaccat
cagtcagcetg
tgctgtggge
tggctgcegg
tcececegggece
ggggcaaaaa
tgagtgggct
acttcacagc
agaaggtcca
tggccgeggg
gcacgctggt

gcttcaccaa
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aatggctccce
cgcecegeca
acccacgcett
gccgeagega
atgcaagccce
ccggcagtga
gtectaccat
agaacgaggt
ggctgcaggt
ccgtggttag
cggccctgge
tgtgcagctg
cgtggagect
aagcgtcacc
ggaggaggag
cggectgeac
ggaagtggat
cagcttegtg
tgtgagctgg
ggtcttcceg
ggtctcagcc
cagcagcaag
ctecagcectgtce
cegtttetece
ccacgtgage
gcaggtgccc
ccgegtgecag
gggcgacteg
gctgttggag
gctggaggtt

ccgeteggeg

ttgggctgga

gctacctgtg
acaacagcac
ggcctggetce
cacggtggtg
tgtgcgetat
ctcttacacc
gggcteegee
ggtgggcggt
ggatggcacc
cggcageggce
cgggccacca
gtggggtggce
ctcagtgeceg
ctgagctggg
ttggtcacca
gtgcaggtgc
gcggcegggt
tgctgggcetg
gatgctggca
acgtacaacc
gtggtggcege
accttecgec
cacagcttcce
tgggcccagg
aactgctgcg
cgcggcetetce
ctggtcatcc
atccaggtgce
caggacgccg

cagtttgagg

PCT/US01/22035
gctgcagcag 28560
géatctgggg 28620
aggtgacttc 28680
aatgtgacgg 28740
cccctgaatg 28800
tcctgggtge 28860
ttecgectecg 28920
caggacagca 28980
ggccgctact 29040
aacgtctcct 29100
aaaggcttct 29160
acatgectggg 29220
tgatggtggc 29280
agctggectgg 29340
agacctccga 29400
tgacggcagg 29460
ctgtgagtgg 29520
cctectgtgce 29580
tgccecggegg 29640
ccttctecat 29700
tcacggegga 29760
ccgggeaget 29820
tgcaggtcgg 29880
ccecgegtegg 29940
cgcaggtgeg 30000
agcctggcat 30060
gggtcgecta 30120
tgtcgggccg 30180
gcgecttcaa 30240
tccagtatgt 30300
ccgccaccag 30360
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ccccageccec
cacagatgag
gaacgcctece
ggcctgeegg
acagcgcaac
gtaccgetgg
ggcectgecce
tgtggggcac
catccaggcce
ataccgegtg
caacctggag
acaggtcagt
cagagaacac
ccagcatggg
atggggctct
tgcgectgaac
ggctggegtg
caccaaccag
ccetggtceat
tctgtttetg
aacctgccac
acagtcccct
tgtcecccage
cctetectgga
tgtcaggcgg
tcagctggcee
ggttccatce
agtcaggcct
atccccccag

gtacaccaga

cggcgtgtgg
cccagggecg
aacctggtga
gagccggagg
tacttggagg
gaggtgtatc
ggcgtggacg
tactgetttg
aatgtgacgg
tggtcagaca
gacggcgacc
gcgtggcagg
ccagcttgee
gagggggtct
caggccacgt
tttgggcceccece
gagtacacct
acggtgggtg
ctactgtttt
atgcaaattc
agttccacgt
agcaatacca
ccatgteccect
ccggccagga
ggectgetgy
tgattggggy

cagctcagcece
acgtggcagce
gggccctecag

acgcacactc

cctaccactg
agcactccta
gettettegt
tggacgtggt
cccacgttga
gcaccgccag
tgagccggcece
tgtttgtegt
tggccececga
cacgggacct
agacgccgcet
gccgtectece
accagggctg
ccegegetgt
cgcececttgt
gcgggageag
tecagectgac
ccgeccgece
cecgtgtttta
tatgtaacac
acagtcttca
acagtgagga
gttgctggat
ggcttggtga
tgcceccagag
tctteeccaga
tcctgaccca
tgeggtectce
tgagcattgc

cagtgtectc
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ggactttggg
cctgaggect
ggcgcaggec
cctgececcecctg
cctgegegac
ctgccagegyg
tecggetggtyg
gtecatttggg
gcgeetggtyg
ggtgctggat
cagtttccac
atgcccctea
gcgcgtcctc
ctectgggcee
tcteggectg
cacggtcacc
cgtgtggaag
ctcggccact
gtgetggtgg
gacagcctgce
agccacatat
agagccccett
gtggtgggee
ccctgagcecce
tgggegtetg
ggggtcgtcet
ggccctggcet
acacccacac
ctgcctectg

tgeccetgtgt

gatgggtcgce
ggggactacc
acggtgaccg
caggtgctga
tgegtcacct
ccggggegec
ctgeecgecgge
gacacgccac
ccecatcattyg
gggagcgagt
tgggcetgtg
cccgtecaca
agtgcctggt
gggctetget
cagagggagg
attccacggg
gcecggecgca
tgcettggac
aggccgcacg
ttcagctttg
gctctagtgg
cccaccceag
ggttctcacc
gtggtggctg
ttecccagte
gaggggaggg
aagggctgca
atacgtctct
ctagggtcca

atgcecttcece

PCT/US01/22035
cagggcagga 30420
gcgtgecaggt 30480
tccaggtget 30540
tgcggecgate 30600
accagactga 30660
cagcgcgtgt 30720
tggcgetgec 30780
tgacacagag 30840
agggtggctc 30900
cctacgaccc 30960
tggcttecgac 31020
cccatgagece 31080
gggcccegte 31140
ttaaaactgg 31200
ctggcgggtg 31260
agcggctgge 31320
aggaggaggc 31380
agcccagccet 31440
ctectececcte 31500
cttccttecca 31560
caaaagctac 31620
aggtagccac 31680
ctcacgctee 31740
ctecctgetge 31800
cctgetttece 31860
tgtgggagca 31920
ggagtctgtg 31980
tctcacacgec 32040
gctgggtcca 32100
gcegtccaag 32160
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ttggaaggtg
ggcccctggg
gcaggccaaa
gtggccgggt
aagtgagccg
ccaagcgagg
aggggacggg
caccccttet
gatgagacca
ctgcgggacg
gagggctgeg
ctcttcececac
gagtgcaggc
ctccegtgat
ccgctggtgt
gtctacaagg
ttcgaggtgg
aacaggtgag
ctgctcgtag
cagtctggcet
ccecagcacgt
cctgggaggg
ctggagcttt
agcaccccga
tccacaatgce
aacagctcag
ccgggagteg
gtgcccectg
gcggcageac
ccacactgtg

gcecccacctg

gcaaaccgga
aaacctggag
tagacctgtg
gcccattgtg
cagctcctac
ggtgagtgtt
gcctgecagge
gcctgecageg
ccacatccac
gcgagggata
cctececatcecg
tgggcgetgt
ctgegtgggg
gcegtgggga
acgccctget
gcagcctcte
gcetggeegt
ccaggecgtg
gtctttggcec
gcacgggctce
catcgagtac
gacgtcacat
gcagagggcet
ccttecgete
agcceccgec
tgttgtgggt
tgggcatcectg
cctgecccecag
cgagcccaga
gatgacatcc

ctcaccctgce

tgagtatcct
tttgggagca
ttggaggtaa
tccttggagt
gtgtacttgg
gagcggggtg
agaagtgggg
gtgggctgea
gggcagtgca
caccttcacyg
cctgtceeccee
gcacgcccte
ggagcagegg
ccgtecctea
gctgeggege
cagctacgga
ggtggtgcag
ggagggcgcce
atcaccctcce
accgctagtg
tegttggecce
ctgctgeatg
catcceggge
ccagcagcca
caggagggcc
cagtgcccge
ctggcctcct
tacgagcggg
tacgcaagaa
agcagatcgce

cccgeatgece
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gggagggagt
gcatcctcca
ccecactcce
gtgtgtecctg
agggcecgetg
tgggcggget
ctgacagggce
cgtacgttca
ggcatgcgac
ctcacggtgce
aaccgcccge
accaccaagg
gatcccecga
ggctggcatg
tgtcgeccagg
gccgtgetge
gaccagctgg
cccgagactg
cagagcccaa
tgctececcagg
tggtcaccgt
cgtgettggg
cccagagata
cacccaccgg
catgtgctfa
atcacacagce
gcecggectece
ccctggacgt
catcacggag
tgetgegetg

tgccagggea

gagctcaccg
tgggtcecce
acgccaggtg
caaggcacag
cctcaattge
ggggatgggt
agagggttgc
gcaacaagac
tggtgctgeg
tgggcegetce
cgctgggggg
tgcacttega
ctctgtgacg
acgcggagga
gcecactgecga
ccecegggttt
gagccgcetgt
ccacctgcete
cggcagegea
gctgetgegg
gctgaacgag
accaagacct
aatcccagtg
gcecteteeg
ccctgttttg
gtctagcacg
tgegetgetg
ggcgcagage
actctggtgt
gcccagtgea

ctgggttcag

PCT/US01/22035
gcagtggcca 32220
agtccttcca 32280
ctgatcegga 32340
gcegtgtacg 32400
agcagcgget 32460
cccatggececg 32520
gcccectcac 32580
gectggtgectg 32640
gcggggegtg 32700
tggcgaggag 32760
ctcttgecge 32820
atgcacgggt 32880
tecacggagecc 32940
tgctggegee 33000
ggagttctgt 33060
caggccacac 33120
ggtcgceete 33180
accacceccecct 33240
acggggctca 33300
caggccgatc 33360
gtgagtgcag 33420
gtacccctge 33480
accctgaagc 33540
gcgtctgett 33600
cccatgaaga 33660
taactgcacc 33720
acagcttget 33780
ccaagcacga 33840
ccectgagggt 33900
tggtaggatg 33960
ccccecccaggg 34020
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cagacgggca
ttecteggte
tgcctetegg
tgectgetetg
tceceoctecte
cceeeccage
cctteeccte
tcgtcecccca
tcecectecte
ccecteceect
tecceectecet
ctceectecee
cctectectee
ccttecattt
ctttcttcte
cttctectet
cccectecte
tcecectectt
ccecggcetect
ctcetceect
cctectecta
tcctecccte
ctceteceect
ctceccatcce
ctctectece
tttectecece
tcteectecte
ctceccctttt
tectctcttte

tcttecctece

gcttggeega
tectgacctge
gggacccagg
tgcectecac
cccktecccecta
ccttececte
ctccectece
gccecteect
cceceteecte
cctgteccece
cceteetecee
ctectceecce
tceccateect
ctceccetecete
ctcectecct
cttttcatce
cectecttece
cctecteccea
ctecteccecet
ccteateccec
tteecceetece
ctcccatcce
tectcteeect
ccetectecce
ctcatccecece
tccecctect
tcecectecee
ceccttttete
tttectecet

tectttecte

ggagctgagc
ttcagtagcc
gtgtaaagag
tetcecectece
gccctteccee
ctccecteec
ctagaccttce
cccctagecece
ttcecteccce
ctectecect
teccteeecct
tcececectec
cctececcatce
cccetgecct
ttectcteete
ttcececttett
tcecteccatt
ttacccctece
cctcatecce
ctecetetecet
tctcctecce
cctectecece
cctetectee
atcceccecte
tcectetetee
tcceectect
cttctetttt
ttecctetect
ttecttetcee

ccetecteet
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ctcecagectg
tcagcegtte
gggcccagat
cctcecctee
teceteccecte
ctagccectte
ccctcaccte
ctecccectecee
tccectecte
cctecectecet
cctectecte
ctteccteece
ctecetcececeeg
cctetectee
cctececctte
ccctecttte
ccecectecte
tctecteeece
ctecetctect
tcectectee
tececttectece
tectecectee
cctecetcetee
ctctectecce
tecececteece
ccecectecett
tcectectece
ccecttetee
cctgttcectee

tttetctgtt

ggctecttcec
;gtcctgtgt
gtggggaggg
ccetteecte
ccctagecct
ccectectece
ctccegetga
cctteetecee
ccecttecte
cccectectece
ccctectcecce
ctccccecte
ttceccattcet
tcacctcccee
tcececttete
ctcectetttt
ccecectecca
tcecteccace
tccctcectaa
tatccccecect
tectetecte
tcecatcceca
tecteectecte
cactectcetce
ctecctetect
ctecceccecatcc
tecettecte
cctectgtcece
teceetteccet

tctettectt

PCT/US01/22035
tgccatggecg 34080
gaacgcaggg 34140
actaagaaga 34200
ccctagecece 34260
ttceccttett 34320
ctccectace 34380
gceccctecac 34440
ctcctececece 34500
cccteteccte 34560
cccecctectee 34620
tcctececte 34680
ccectectcee 34740
ctccecctecee 34800
ttctcegete 34860
ctcttectece 34920
cectettecte 34980
tteccecectece 35040
ccectectect 35100
cceccecteet 35160
cctctectee 35220
ccatgececcece 35280
tceccectect 35340
tcctececcte 35400
ctcceccacte 35460
tcectectee 35520
ccettececect 35580
ctccecectett 35640
tceectecectt 35700
tctececcttt 35760
tcececeteccac 35820
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tttececette
ctctetecce
tececectecte
tcectecect
ttecececteee
ctcttectte
tctecteccee
cttcectece
tetttectet
tteccctecce
ctcececctte
ccccttetet
tceectecce
tectctecect
tctectctee
gtgaagaggt
gggtcatgca
gctctecage
gtgtgcaagyg
gcagggagct
tgctecatcct
gcatcctcaa
gcecctttect
gtceccectee
cceectecece
cceccccecgt
ccctteecect
ctcttttete
cgtccteate
ttccttetge

ccoctecgget

ctttececte
ttcttttecce
ttceectece
cttetectee
ctcctettece
ctctettece
ttetecttcece
ctectettec
tcecectecece
tttctcececcee
tctecececectece
cceccecttete
tectcceceett
ccectetect
ccccttttet
gcecttgtgtg
gagccacaga
tgcagggetg
agtggggcca
cgtatgeccgce
gcaggcagag
catcacaggt
ctgcctecct
ccteccceecececa
cttcecectatt
cctececeegte
cccttatecce
taccctttte
ccecatecacct
ctgcacctcg

ccececttttt

tcectttetee
tecttececte
ctecctettece
ccteetetece
ctccecttece
ctcecectect
ctceectttt
ctccectett
tectectecce
ttctctecce
cctcteceecce
tcteecectte
ctctcececte
ctccceccette
ccactcccct
gtecggtggge
aaatgcttag
ggggtgggag
ggagcggggce
tcgtgectga
accaccgcgg
gcecgeggecce
cctececccea
attcccatece
accatccctt
cttttgtceca
ccttececte
cttecttttt
tceeccctecece
ctectetgece

gcectgececc
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ttectttect
cectectett
cctetectee
cctetteccece
ccteccectece
cttecectece
cttcectete
cccctetect
teccctttee
teccectetee
ttetetecce
tectececectt
cccteteccece
cctetectet
ctcetctcete
tgcatcacgt
tgaggaggct
ccaggtgagg
tggacactgc
agcagacgct
gcaccgtgac
gtgcccceatg
accgegtcege
tecatccecet
ttctecatct
ttcecectcat
cetttececcce
cctcectcete
ccetecacca
cctcaggttce

accctccecte

ctcceettet
ccecteceet
tectteceete
tcecectecte
tctteectece
ctctteeect
cttgtcttec
cctetteect
cctctteccece
ccecttetet
tctectetee
ctcteccecte
tgtcectctee
ccececttete
ccctectect
ggtccccagg
gtgggggtcc
acccgtgtag
tggctccaca
gcacaagctg
gcccaccgcec
ccacccgecce
ctttgceccca
cccccaattce
ctctececcett
ctteccteate
tgctcctett
cccatcecatcc
ctectectetee
cccctttete

tacctcectg

PCT/US01/22035
cttcetttte 35880
cctettcecce 35940
ccctcctett 36000
ttcectcecece 36060
ccttececcecte 36120
ccccttectet 36180
ctgcectect 36240
cccctettee 36300
tceceecteecge 36360
ccccteccet 36420
cccttetecte 36480
cceccttete 36540
tcteccaceect 36600
tcceeteccece 36660
ccgectectcat 36720
tggaggccct 36780
agtcaagtgg 36840
agaggagggc 36900
caggggccca 36960
gaggccatga 37020
atcggagaca 37080
gceccegtgeg 37140
tceceatette 37200
ccattctcet 37260
ttctecattt 37320
cccctcatec 37380
cttctcecectt 37440
ccctecatctt 37500
agcttcececece 37560
ccagccccca 37620
tctectgecact 37680
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gacctcacge
acagccctca
c¢ctgacctet
gacgctggcg
gtgctatggce
ggcecctggec
tcecetttgge
gacacaggcc
gaaggtgccc
caactccgtt
caaccctgeg
cgggtggggce
cttcecatggg
cagagaggag
ctttecaggece
ttgagcttece
gaacctgagc
tgctecggceta
accttettcea
tcatgggtca
ggaccgggta
gctacccecctt
agccacttce
tacttcagcg
tegececcecgece
gtgcccccaa
tctgcagagt
acgtgacctc
catcgtcatg

gcacaagetg

atgtctgcag
gagctgggag
gcactcatge
ggcgaggaga
ggcgccccag
aacctcagtg
tatatcagca
ggcgcccaga
aacaactegg
gtggtccage
gecegggetge
acacgcggcec
tgtectctggt
ctgggggcca
cgtggcagag
cggcaggcgt
cctacctgge
gcaggaggat
tttcececeggg
gcattgeetg
tgggctctga
ccctgeceag
getggtegge
aggaggacat
aggccgtcetg
gccatgteceg
cgaggagggc
ctgggccegyg
ctgacatgtg

gaccagttgg

gagacctcat
ccgagtcace
gcatcctecat
tcgtggecea
ggcctggcetg
acgtggtgca
actacaccgt
tcececatega
actgggctge
ccecaggectce
atctgeaget
cecetggectt
gaaatttgct
cggagaagca
ggtgggctca
gtgacctgcg
agtctaccta
ccgcccagag
gtgagctctg
ggttactgge
gactgcgaca
gagcagagac
gctgcaggtg
ggtgtggegg
cctcaccege
ctttgtgttt
ctgggtgggce
cggetgtgte
ctgtgtgect

atgccageceg

22

ccacctggcece
atctcggatg
gcgctececge
gggcaagcgce
ccacttctece
gctcatettt
ctccaccaag
geggetggece
ccggggecac
cgteggtget
caactatacg
gttecttgggyg
ttetgttteca
ggtgccagcet
ggagggccat
cgttetgceee
cactcggagce

tcactccagg

.cgggeccagcce

ccecatgggga
tcecaacctgg
ccagcgggga
tcegtgggece
acagaggggc
cacctcaccg
cctgtgagtyg
teggetctat
ctcacaggag
ggtgacctac

gggccgcgcce

agcteggacg
gtggcgtccce
gtgctcaacg
teggaccege
ateccececgagg
ctggtggact
gtggecctega
tcagagcgeg
cgcagctecg
gtggtcacce
ctgctggacg
ggaaggcgtt
tgggctgetg
ctggtgcaga
cgtgggtgtc
caggccacta
cccggeccaa
gtgctgacca
tggcagggca
cggcaggcag
cggagcctgg
gttaccatct
tgtacacgtc
tgctgeeccect
cctteggege
accctgtget
cctgagaagg
ccgacagcgg
atggtcatgg

atccctttet

PCT/US01/22035
tgcgggcacc 37740
aggcctacaa 37800
aggagcccct 37860
ggagcectget 37920
ctttcagegg 37980
ccaatccctt 38040
tggcattcca 38100
ccatcaccgt 38160
ccaactcege 38220
tggacagcag 38280
gtgcgtgcag 38340
tctecgtaggg 38400
ggggcctgge 38460
ggctcctatg 38520
cccegggtgg 38580
cctgtctgag 38640
tgagcacaac 38700
ccggecctac 38760
gggcagggca 38820
cgaggggact 38880
gctcacgtece 38940
gaacctetce 32000
cctgtgccag 39060
ggaggagacc 39120
cagcctctte 39180
cctgggagece 39240
cacagcttge 39300
atgtaaacta 39360
ccgccatecet 39420
gtgggcagcg 39480
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gggccgcette
gcgcagcggyg
gagtgagtct
cgtgtgttea
tcectagetgg
gtggccecac
atcctgactg
cttcagtacc
cgtttttett
tgatcttggce
tecectgagtag
agccaggcega
tgacaggtgt
ctcttecattg
ggtggctcac
ggagatcgag
attagececcgg
gaatggegtg
agcctgggtg
gggtctgtca
gagggacggg
gcagtgcggg
caagttacag
caaattgcag
gtgtggctcce
tgttgggcag
cgtgggcatc
cagagccttce
tagcgtgtgg
tctgccecte

gcagggctca

aagtacgaga
gtggcagggce
cgtecgcaggce
tectgggaat
aagtaggtgce
aagtgacgtg
catagctegt
tccattttce
tttttagaga
tcacagcaac
ctgggagtac
actcctgacce
gagccaccac
cccagttcett
acctgtaatc
accatcctgg
cgtagtggca
aacccgggag
acacagcaag
ctgggagagg
tgtgtggtgce
tcactggttg
ttetttececat
taaccgcagc
ttgagtgecge
cagaccgagc
atgctgtatg
caccgcaaca
aagatccgag
tgcccecegea

gcectgectg

tecctegtceaa
ctcecectget
gtcagaacaa
gacctcgtga
cagtcagtca
agcatcgcta
ctectecagacg
tttcattgga
cggagtctca
tteccagetcece
aggtgcacac
tcaggtgatc
acctggcetgt
tettttgatt
cgagcacttt
ctaacggtga
ggcgcectgta
gcggagettyg
actccatctc
aggtgacaca
gggtcaccgyg
tggtgtggac
gtaacttaat
tccttgtgta
acaggccaaa
ctcecaccce
gggtggacag
gcctggacat
tgtggcacga
ttggggcgec

gttcctgecag
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gacaggctgg
ctecactggcet
ggcagttttt
gcactcactg
gggtgggcag
ccactgtggg
gaggcgccag
attgcccectte
ctctgttgece
cgggtttaag
caccacaccc
cgeetgecetce
gttcccattt
acctactttt
gggaggccag
aaccctgtet
gtcccagetce
cagtgagctg
aaaaaaaaaa
gcttcacgcet
ttgtggcatg
tgaggcgtgt
catgtccttg
tggcagagcc
gctgagatga
tcecetettge
ccggagcggce
ctteceggate
caacaaaggt
ctgcgagcecet

cacgtcatcg

ggececggggcet
gtgetggttg
gcagtgctgt
tcectgagga
cccacgttcet
agactgtgca
caccctcece
tggcattccece
caggctggag
ccattccect
agttaatttt
ggcctgeccag
tttatctctg
aaaaactgtc
gcaggcaaat
ctaataaaaa
cttgggagac
agattgcgece
gaaaaaaaat
ttgcagtctg
actgaggcgt
gcagccatgt
aggtcctgcet
gtgcaaagcce
cttgecctggg
ctcccaggta
caccggcacc
gccaccccge
ttgtgcggac
gacctcecte

tcagggacct

PCT/US01/22035
caggtgaggg 39540
caccctctgg 39600
gtgaagggct 39660
ctaggacage 39720
gcacagtage 39780
tccacccgeg 39840
gtggctgttt 39900
tttttgtttt 39960
tgcaatggca 40020
taagcgattc 40080
tcaccatgte 40140
agtgctggga 40200
tgctgettte 40260
ggccgggege 40320
cacggggtca 40380
gtacaaaaaa 40440
tgaggcagga 40500
actgcactcec 40560
actgtcacct 40620
tgcatgaact 40680
ggacaggtgt 40740
ttgcatgtca 40800
gttaattgga 40860
gggactgcct 40920
atgccacacg 40980
ccacggccca 41040
tggacggcga 41100
acagcctggg 41160
cctgccaage 41220
ctgcgectet 41280
gcagacggca 41340
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cgcagegcecet
ctggtggaga
gaggttgggc
aggcgacgca
ctttgacaag
catccagagg
gtggtacggg
tettectgece
cagcacgggyg
ggtgtccagce
ccggagcaag
ggcaccatgce
aaggctgcectce
agagagaaga
cacggacgac
acgctteccga
gagttagtcc
tccecaacact
gggcaacata
acgectgtaa
tcgagaccag
ctgggcatgg
gcatgaaccc
gggcaacgga
tcaggctcag
tcecttcacag
cgggaggcecg
aaccccagca
ccgtggcagg

gatggccggy

tcttectggt
aggaggtgcet
agggtggtcc
gcecttttge
cacatctggc
gccacctget
gctgttggeg
cagcccttcec
catgtgtcca
gtggttgtct
gtgggetagg
ctagggccge
gggaagggtc
ctcagaagcc
tgcacagcag
aatgcactcc
cttagaaacg
tcaggtggcece
gcaagacccce
tccecagcact
cctggecaac
tggcgggege
aggaggcgga
gcaagactcc
agccttcacg
actctttcca
caccccttag
gcacacagag

aaccagaggc

tgtggtggct

caatgactgg
ggccgegagt
tgcceegtgg
gctteeggeg
tctecatatg
gcgttetect
actctgcecta
tgccecteag
ggctgagccc
atcccgtceta
gctggggacce
cactttccag
aacacacttg
agaatggtga
cacgccagat
agaagaaaat
tceccagtgge
gaggtgggcg
atctatataa
ttgggaggcc
acaatgaaac
ctgtagteccce
gcttgecagtg
atctccaaaa
atagaatttt
agaatacagc
gaatgcacac
aaggcgcata
cacatgtggc

cacacctgta
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cttteggtgg
aaggcctegt
ccteetgeag
cctgetggtg
ggaccggecg
catctgecte
caggtgggtg
ccteacctgt
gctgagcegtce
cctggecate
cgggagtact
tgctgcagece
agcagcctta
aagaacgagg
aactcagaag
ctcagtacat
cgggecgggt
gatctgagtc
aacattaaaa
gaggcgggca
ccegactcta
agctactcga
agccgagatt
aaaaaaaaaa
tctaagcagt
aggtgggaac
gtggggtcct
agccgegace
tgctcgtatt

atcccagcac

agacggaggc
tccatggtce
tgcggeccte
gctgagetge
cctegtagece
ttcetgggeg
ccgtaggggt
gtggcctecet
gacacagtcg
ctttttctet
gggaatggag
agagggaaag
gctagactga
gcactttgct
aagcaagcac
ctataggaag
gtggtggcte
caggagtttg
agggccaggce
gatcacttga
ctacaaatac
gaggctgagg
gcgccactge
aaaatcccac
taaggaagaa
gcttecceatt
caagaggtta
aggaggggtt

taagttaatt

tttgggaggc

PCT/US01/22035
caacgggggc 41400
cactccgtgg 41460
cctgecttet 41520
agcgtggett 41580
gtttcactcg 41640
ccaacgccgt 41700
cggggcagce 41760
ctcctccaca 41820
ctgttggcect 41880
tccggatgte 41940
cctgggecte 42000
gegtccacca 42060
ccagggagaa 42120
aagcagacgc 42180
gcggetgtge 42240
tgaagaggct 42300
acgcctgtaa 42360
agaccagcct 42420
gecggtggete 42480
ggtcaggagt 42540
aaaaacttag 42600
caggagaatg 42660
actccatcct 42720
aaagaaaagc 42780
ttaacaccaa 42840
catacggaaa 42900
catgcaaact 42960
gctcccgagt 43020
aaaatggaac 43080
ggaggcgggc 43140
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agatcacttg
tactaaaaat
aggaggctga
ttgcgccatt
aatttaaaac
cgcgaggggc
tctgtcagat
ctgagcaggt
ccagageecc
cgtgectggac
gggggtectg
gtgcacctct
taagaggtgg
ccgggggtgt
ccegggagea
tgtgtgtgtg
tggcccteeg
ggtagcaatc
gacgécttct
ctggggtgag
ctgtacctct
ccecctacccea
ctcgggggag
ccgecetgagg
ctctgaacct
cectectaggg
gctggceggg
ttaaataccc
aggccgaggt
gaaaccccgt

gtcccagtta

aggtcaggag
acaaaaaatt
gccaggacaa
gcactccagce
tctgttectt
tgccatcacg
ggcaccggge
ctgagctgce
acacctgeccg
agctccttcece
ggctgggctg
cagcaggccet
gttccctaga
gegggetgeg
ggtttgctcg
acacatcccc
gcgagggaac
tgcggcaget
ccetggecag
aggagggggc
agatgaagac
agacacccac
gggggattge
tagggtgggg
ctgttgtetg
agggagcagg
gccacgtttt
catttttggce
gggcagatga
ctctactaaa

ctcgggagac

ttcecaagacc
agctgggecat
tegectgaac
ctgggtgaca
agctgcacca
gacggtgcag
tctgtectgt
gceegetgac
ggcagcaggt
tcacgttcte
ggggtccetge
ttgttggaca
gaaacctcga
tgtccttgcet
gaagcccagg
tggtaccttg
gctcagttgg
ggcacggggce
ccectacteg
tctgaagetce
ctgatccage
atggaaacgg
cagaggaggyg
tggggtgcca
tggaaagagc
ctecatggggce
tatcttggtc
cgggegeggt
cctgaggtca
aatacaaaaa

tgaggtagga

25
agcctggcca
ggtggcaggce
gcgggaggtg
gcgagactecce
gtectgctgte
atgtcccata
ctgctgagga
cactgcceccte
gctggacate
aggcctccac
cgecttggeg
gatgaagagt
gcecectggtge
gggtgtctgt
gtgtcecgtge
ctgacccgeg
ccggacctge
caggcgggcec
cctgccaaat
acccttgecag
aggtccttgce
acctgctcag
gccgggacte
gggcagggcet
ctecatgggat
tttgtaggag
tcagagcagt
ggctcacacg
gcagttcgag
attagccggg

gaatcgattg

acacagtgaa
acctgtaatc
gaggttgcag
atctaaaaaa
aagtgttcag
tatccagcat
ggtggettcet
gtecctgecagg
gacagctgcc
gctgaggtga
cagcttggac
gacttgtttc
aggtcactgt
ggctccatgt
gtgactggac
ccacctgcag
tcagtgaccc
atgggctggg
ccttctcage
ctgggecccac
cgagggggtc
cagcctgtga
aggccaggca
gtggctgcac
ccecagggcce
cagaaaggct
gagaaattat
tgtaatccca
accagcctgg
catgctggca

aacctggtag

PCT/US01/22035
accccgtcte 43200
ccagctacte 43260
tgagctgaga 43320
gaaaatatga 43380
tggcacacgt 43440
tctaggacat 43500
catccctgte 43560
tggctgggag 43620
tggactcgtc 43680
ggactctact 43740
tcaagacact 43800
tggatgattc 43860
gtctggggtg 43920
ggtcacacca 43980
gggggtggge 44040
tctggtgtge 44100
gtccattgtg 44160
cccagaggag 44220
atcaggtgag 44280
cctatgeccte 44340
agcagcccag 44400
gtgtcegget 44460
gcegtggtte 44520
cacttcactt 44580
ccagaacctt 44640
cctgtgtgag 44700
gggcgggttt 44760
gcactttggg 44820
ccaacatggc 44880
ggcgcctgta 44940
gtgaaggttg 45000
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tagtgagccg
caaaaacaaa
atagaggtta
gcgcacccac
caggtgtgct
gcagtggecat
atgcacaggg
acagaattac
tgctgetttt
tgttaagcaa
acttcctgat
c?ggttggtt
cagccccagg
atttctgacg
cttcctcaac
cttgggtttg
ggctecctttce
ggcggcgcect
tctectgecag
ggaatagttg
ttgccecagac
tcaagcagtt
gccggctaat
ctggtcttga
acaggcgtga
aagacagggt
tgaagtgctg
cgagagacag
cggtgatggg

gtctcgcagt

agatcgcgcee
aaaattcctce
ccttgtatgt
ggcgtgttece
gaggtccaca
gcagtgcagg
gctgeggtgt
ctaatgacgce
gcatccacat
ccaagaacta
ttacaaaagg
ttaaaaatac
tatctcegge
gcagctcaga
ccttggeegt
tecctggacce
ccaacgcaga
ctgececcetgge
cgagagcctg
aggctgggtt
tggagtgcag
atctgcctca
tttttgtgtg
actcctgacc
gccaccacge
ctcactgtcect
ggattacagg
caaaacagga
ctgacgaggg

tggtctegte

actgcactcecc
aatttettgg
agtcacgcac
cacgegtgtg
cggcectgece
tgcggtgece
ctgggtttgg
atttctcaga
ctagtttgat
aagaggtatg
cagataacca
agagtatggg
ccaaagctet
ctecegeatcece
ccettgeteg
ctctgegtece
gcacggcectt
attcecctgee
ctcecetgagt
attttttatt
tcgcatgatc
gcctecccaag
tgtgttttag
tcgtgatcca
ctgaccaagt
ccaactcctg
cttgagacac
agcattcagt
cgcaggtacg

cteccectcea

26

agcctgggcea
ttgttttgta
atagtcacgc
accccgggcet
gttgcactge
cggagccaca
gtaactacgc
acacatccct
ttgtgtgtta
aactgcccecct
tcacatgagg
gaaatccagg
gtgaaatcca
acacagagcg
gacagtgcett
ttecctcactg
ccetgegecet
actccatgcce
cagaccctga
tttatttatt
tcggeteact
tagctaagat
tagagaggag
cccatctcag
tgaggctagg
agctcaagtg
tgecgcecccage
gcagtgtgac
ggagagcgtc

acgtgtctte

acaagagcga

acttatcaac

acatggcagc

ctgcceatgece
agctgectge
ggccacacca
cctgtgacat
ggcactaagt
ttcetttgag
ggactcaaac
gcatctttat
ggtagtcact
gattcagtgce
cgtggcecte
cgggctgacc
cagcctcceag
gagcctgcac
tcectattgg
gtcatttgtg
tttttgagat
gcaaagtctg
tacaggcgec
gtttcaccat
ccteccaaaa
tcatttttta
atcctcctge
caagagtgte
cctgggtceag
ctgagagccce

gctgectetg

PCT/US01/22035
aactccgtct 45060
aaatggtcat 45120
cggcggcegga 45180
ctcctatget 45240
aggattcagt 45300
cagggcctge 45360
ttgcacagca 45420
ggtgecgtgac 45480
tgcttctcat 45540
aaaaaggaaa 45600
gaataaattg 45660
acatgctgac 45720
ttcecgegggg 45780
accctccegg 45840
aggteggagg 45900
cgegtecegt 45960
cctcegtect 46020
ccattctcecg 46080
ttgctataaa 46140
ggagtctctg 46200
cctcccacgt 46260
cgecgeccaca 46320
cttagccagg 46380
tgctgagatt 46440
attttttgta 46500
ctcagcctce 46560
ttttatcctc 46620
gceccgttcecttt 46680
gggactcgge 46740
tacctcttct 46800
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ctagcagcte
tggtcactgg
tgggatttga
tgcatgggac
cccaatcata
ctgtaagggce
agggacgcag
agcaccactc
tgacccaaga
tcctggagge
agaagacaga
tgaactggga
gggatgcccc
gactggtgga
ggctcagcct
tceceececeggg
tccteggetg
cacgggggac
cactggtggce
tgacgecctgt
tggccaagga
gtgcggectg
ggacactcct
cctttgeeccg
gcccagctece
cetgtgtgte
aggtagagtc
catggctcca
agggcccccec
tggccagcta

agcaggagct

tgggaccggg
ctcctggaga
aaggcattca
agacacactg
gtttgcaggg
agctggtcag
gcggacgect
ccactctcegt
ggctcaagaa
cgggatgaat
gacgctggeg
acagccccag
tagcccectec
gggtctgcgg
gctectggtg
cgtgagtgtt
ggagccactg
ccctetgaag
caagcggctg
gagcgcacgt
agaagcccgc
tgcecectgec
gtcceccettt
gtctecctece
aatgcccact
tgcececcagg
ttggggcgcece
gcecgttgeca
cgtccaccag
tggggatgcce

gcacagccgg

catatcagca
cacaagcaga
tatgtttcect
gcgtectcetag
ttgaaggggg
gctgtgggeg
gacttcggtg
ttggggtagg
actgcccgece
tcacagccta
ctgcagagge
gcagcgagge
ctgtgagctg
aagcgcctge
gctgtggcetg
gcgtggcetce
aaggtgaggg
ccacccccte
cacccggatg
gtgececeegeg
aaggtcaaga
acctececgtet
cctcacctca
taccccacge
cctgecectgge
tggggttceg
cecctgccage
aagccctget
agcctecetgg
tcatgceatg

gecttceetgg

27
tggtggcceg
tctetggect
tgtccagaag
attgtagaga
gectcattgca
atgggtttat
cctggagtgg
gtctteecgge
caggttaaca
ccatgtcect
tgggggagcet
tgtccaggac
cctctcacag
tgcecggectg
tggetgtcetce
tgtccagecag
ggctgccagg
cccaggtctt
aagatgacac
tacggccacce
ggctacatgg
cttgtctecece
gaaggccectt
cccccacttg
cctgaaggce
ggcagggtgt
tcaccttect
gtcactgtgg
tgtacatgct
ggcacgccta

ccatcacgcg

atgcagtggce
cagggagccce
ttaattttag
tgcttgttgg
ccctgagaga
cagcagcaag
ctcttggttce
tttttgtegg
tgggcttgge
caggtccagc
ggggccaccce
aggtgtgcett
gtetgtetet
gtgtgectcce
agggtgggtg
cgcecagcettce
ggtaggctac
gctggaagcce
cctggtagag
ccacggcttt
catgctgegg
accteccacce
aggggttcaa
ctgcceccagt
cctaagcacc
gtgectgecat
gcagccacac
gctggggeca
ttttctgetg
ccgtetgcaa

gtacgggcat

PCT/US01/22035

acagcctcgg
tacacactgt
gccataaacc
atggttgaga
ctgtgecactg
cgggcgggag
cctggetecce
ggggaccctg
tgcaactgec
actcctgggg
agcccaggcce
gcgtageccce
gctteeccag
ctggceccacg
ggtgcgagct
ctggectcecat
aggcctccat
ctgtacttct
agcceggetg
gcactcttcc
gtgagcctgg
catgcacgca
tgctctgecag
ccctgececagg
actgcagtgg
taccctggece
ctgccgceagce
ggctgaccac
gtgaccctgce
agcgccatca

ccggtgceact

46860
46920
46980
47040
47100
47160
47220
47280
47340
47400
47460
47520
47580
47640
47700
47760
47820
47880
47940
48000
48060
48120
48180
48240
48300
48360
48420
48480
48540
48600

48660
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ggtctgtett
acatgtgtag
gcagagggga
actgtctgec
gcagggcagt
ggggcagtag
tggatggccce
ccceecacggce
cttaaatcgt
tcectagetg
atggtaacgt
agctcaggceg
cggeetgggg
acgtgectegg
cacaatggct
gggcccecggyg
tgaccagcct
ccggcagggce
agctgggecet
ggctggacaa
ccaggagccc
agccacgcct
cgcaccctct
tggggctgca
ccgcecteayg
tgctcaccte
ccecectegeg
gcgtceegece
cceccggcage

tgaccgcgece

ctgggcttta
atacctttgt
gggacacagg
ccagaacatc
gggagccatg
gggctggage
acgtgctgcet
tgcggecaggt
tcectettgtt
tgtgaccttt
tgtctaattg
agctggeccag
ctctgtgtgt
ccgeaggagg
cggggacgtg
cgtctacgece
ggctcegggg
atggtcctgg
gagcctggag
caggtgggag
accctecactce
gcactgegeg
gcgeaggage
cgeecgecegte
cgtecegeccece
ggtacgcccg
gggcccegec
ccctegeagyg
gtccecgeccece

cccecacaggt

gttttgcctt
ggctgctaga
tecgtgtett
cccaggataa
ttccetgggt
gtgtgactga
gccectacgte
gcggcetgeag
gagagagcag
gccctcecttaa
atggctgetg
caggaaacac
ttcagcactce
cttcagcacc
ggcctattca
aaggacaagg
tgccggaagg
ggctcectgtg
gagagccgeg
ctcectecce
ctceggeccc
gteccccgeag
cgegetgtgt
acgctgcgcec
tttgegetge
tcececeggeca
cggcagcgtc
gceccecgecce
ctecgcagggce

gtgcctgetg

28

tagtccagcce
actggaggta
gcagtgcaca
ggctgagaag
ctctggtgge
tgctgtggea
cacgggaacc
gaaggtgagc
cctttagegg
caccgcegtt
ggagggttcc
tcectgttggg
tacccagacc
agcgattacg
gcgecggate
gagtagttct
gctggggtge
ccgtgtatga
accggcetgeg
tgccctctee
cgctggecta
ctcéecegeect
tecctggaget
tcgagttcecee
gccgectecag
gaccccgege
tcacccecteg
ggcagcgtece
ccegeccegg

ctgttegecg

agaccctagg
ggtgetgctg
ggacgggecce
cccaggtcta
cgctcacteg
ggtctgagga
agtccagccc
tggcagggcg
agctctggea
tecttctetg
ctggggtggc
ttttgatgag
ctcecggecce
acgttggcetg
tgctggggtg
ccaggagtgc
ggcacccacg

cagcgggggc

cttectgcag
ggggtggccg
ggcggettcce
gccaccegcet
cacgcgctac
ggcggeegge
cgcegggecte
ctececcacegg
cagcgccceg
cgcceccecteg
cagcgtecect

tgcacttecge

PCT/US01/22035
ggacatgtgg 48720
gcatcagtag 48780
atgacagaca 48840
geccgtggeca 48900
aggcgggcat 48960
gctctggececa 49020
agagctgggg 49080
tgccccaaga 49140
tcagccctge 49200
tatatgagag 49260
gccgaaccag 49320
gcecctggecece 49380
cagggtccac 49440
ggagagtect 49500
agcagagcga 49560
cgcggectee 49620
ccacccectet 49680
tacgtgcagg 49740
ctgcacaact 49800
cagtcaccag 49860
acagccccte 49920
cctactgacc 49980
agcccggeeg 50040
cgcgecctgg 50100
tcgetgecte 50160
cagcgtcceg 50220
cccectegea 50280
tagggcccecg 50340
cccgecctee 50400
cgtggccgag 50460
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gceccgtactt
tggctgctgg
gctgaccgece
caggtggcgce
ttggtcaagg
agcagacaga
gtctttggca
gtggtgctcg
gagggegtct
agctcgtgtce
gccctgggac
tgtgtgtggyg
teccgetggeg
actacgagat
tcaaggaggt
gtgcagcegg
aagggatgga
ccccacccag
ggctgagcgt
aagccgtgtt
tctaccagcet
ccggatctte
gggccagtcg
acaaggtcca
gagtggacac
gctgcacgta
ctttaaagag
ggacacagca
tecaggtacag
ctgectggcett

ctccagttec

ggcacaggga
tggcgetgac
agtggacccg
agctgagcetce
tgagggctgg
tttetegtee
agacattatg
gggtagccta
tagctcagct
ttecctgtgtg
tgggctetct
gctetgggea
ctaccacgcc
ggtggagttg
gggtacggcc
actgactgag
geecgetgecce
cgetggetce
gagcctggge
cgaggccetg
ggagcagcag
ccgtggecca
gggtgtggac
cccecageage
cgctcagtat
ggttccccag
gctgtgtggce
gtattggacg
cgggetgtge
cagggagggt

taccgtactc

agggcgetgg
ggcggecacg
tttegtgege
cgcagcccegt
geceggtggge
gcaggctgcce
ccgagetetg
cgcccagctg
cagctcagcet
gactccctet
accctgtgtce
ctgeggetgt
ttgcgtggag
ttecetgegea
cagtgggggg
cceetgtgece
tctegetect
gatgcctcge
cggctgggga
ctcacccagt
ctgcacagce
tcececgggece
ctggccactg
acttagtcct
tactttectge
agagcaggca
caaccaggac
gtttctagcec
ceggecccac
tagcctgeac

cctgecacegt

29
cgegtgetge
gcactggtac
ggccgecegce
ggcctggegy
geggggetgg
cagcagctac
ccagagctcc
gccatcetgg
gtacgcccte
ggagcgtgge
ctgcegagtce
ggggcgcecct
agctgtaccg
ggctgegect
gagagggaca
gceccccagtt
ccaggggctce
acccctccac
caaggtgtga
ttgaccgact
tgcaaggccg
tgecggccage
gcececcageag
cctteectgge
cgctgtcaag
ggggcatctg
ccagggtceccce
tctgagatge
cceetgggea
cgecgecacce

ctcactgtgt

ggcteggagce
gcctegecca
gcecgetteac
cctegetget
gcgcacacce
gcttegtgeg
tgggggtcac
taggtgactg
actggtgtcg
ccaggccctg

ctggcacctg

acggctgggg
gceggectgg
ctggatggge
cgccectggge
ccgccacaaa
caaggtatcc
ctcctecage
gcectgagecce
caaccaggcc
caggagcagce
actgcccagce
gacacccctt
gggggtgggc
gcecgagggcec
tctgtetgtg
ctccccaget
taatttattt
gatgtccccce
ctgccectaa

gtctegtgte

PCT/US01/22035
ctgggcgegg 50520
gctgggtgce 50580
tagcttecgac 50640
cttcetgett 50700
cagggctgca 50760
ccagtggtcc 50820
cttgggectg 50880
cgeggecggg 50940
ccttecececge 51000
ttggtgctgt 51060
tcacccctge 51120
gctgttatte 51180
gagccccagg 51240
ctcagcaagg 51300
tctgecccagg 51360
gtcecgetttg 51420
ccggatgtge 51480
cagctggatg 51540
tcecgectece 51600
acagaggacg 51660
cgggegeceg 51720
cgcecttgece 51780
cgggccaaga 51840
cgtggagteg 51900
aggcagaatg 51960
ggcttcagca 52020
cccttgggaa 52080
ccececgagtee 52140
actgctaagg 52200
gttattacct 52260
agtaatttat 52320
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atggtgttaa aatgtgtata tttttgtatg tcactatttt cactagggct gaggggectg 52380
cgcccagage tggectccce caacacctge tgegettggt aggtgtggtg gegttatgge 52440
agcceggetg ctgettggat gegagettgg ccttgggecg gtgetggggg cacagetgte 52500
tgccaggcac tcteatcacc ccagaggcct tgtcatccte ccttgeccecca ggecaggtag 52560
caagagagca gcgcccaggce ctgctggcat caggtctggg caagtagcag gactaggcat 52620
gtcagaggac cccagggtgg ttagaggaaa agactcctcce tgggggetgg ctceccagggt 52680
ggaggaaggt gactgtgtgt gtgtgtgtgt gcgcgegege acgegegagt gtgctgtatg 52740
gcecaggcag cctcaaggce cteggagetg getgtgectg cttetgtgta ccacttectgt 52800
gggcatggcce gcttctagag cctegacacc cccccaacce ccgcaccaag cagacaaagt 52860
caataaaaga gctgtctgac tgcaatctgt gcctctatgt ctgtgcactg gggtcaggac 52920
tttatttatt tcactgacag gcaataccgt ccaaggccag tgcaggaggg agggccccegg 52980
cctcacacaa actcggtgaa gtcctccacce gaggagatga ggegetteeg ctggecccace 53040
tcatagccag gtgtgggctc ggctggagtce tgtgcagggg ctttgctatg ggacggaggg 53100
tgcaccagag gtaggctggg gttggagtag gcggcttcecet cgcagatctg aaggcagagg 53160
cggcttgggce agtaagtctg ggaggcgtgg caaccgctcet gcocccacacac ccgccccaca 53220
gcttgggcag ccagcacacc ccgctgaggg agccccatat tececctacceg ctggecggage 53280
gcttgatgtg gecggagecggg caatccactt ggaggggtag atatcggtgg ggttggagecg 53340
gctatgatge acctgtgagg ccatctgggg acgtaggcag ggggtgaget cactatcagg 53400
tggcacctgg gcctgtccca ccagctcacg cctggaccca cceccactca catttgegtg 53460

cagggccatce tggcegggcca cgaagggcag gttgeggtca gacacgatct tggccacget 53520

gg 53522
<210> 2

<211l> 4303

<212> PRT

<213> Homo sapiens
<400> 2

Met Pro Pro Ala Ala Pro Ala Arg Leu Ala Leu Ala Leu Gly Leu Gly
1 5 10 15

Leu Trp Leu Gly Ala Leu Ala Gly Gly Pro Gly Arg Gly Cys Gly Pro
20 25 30

Cys Glu Pro Pro Cys Leu Cys Gly Pro Ala Pro Gly Ala Ala Cys Arg
35 40 45

Val Asn Cys Ser Gly Arg Gly Leu Arg Thr Leu Gly Pro Ala Leu Arg



Ile

65

Ala

Asp

Asn

Cys

Val

145

Leu

Gly

Ala

Ala

Ser

225

Ser

Pro

Pro

Leu

Trp

305

Ala

Leu

Glu

Ser
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50

Pro

Leu

Ile

Leu

Asp

130

Arg

Ala

Glu

Ala

Cys

210

Glu

Phe

Thr

Gly

Ala

290

Asp

Sexr

Ala

Ala

Asp
370

Ala

Asp

Ser

Phe

115

Cys

val

Gly

Glu

Val

195

Ser

Gln

Ala

Cys

Ala

275

Ala

Phe

His

Leu

Ala

355

Glu

Asp

vVal

Asn

100

Asn

Gly

Val

Gln

Tyr

180

Serx

Ala
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4220 4225 4230

Glu Asp Val Tyr Gln Leu Glu Gln Gln Leu His Ser Leu Gln Gly
4235 4240 4245

Arg Arg Ser Ser Arg Ala Pro Ala Gly Ser Ser Arg Gly Pro Ser
4250 4255 4260

Pro Gly Leu Arg Pro Ala Leu Pro Ser Arg Leu Ala Arg Ala Ser
4265 4270 4275

Arg Gly Val Asp Leu Ala Thr Gly Pro Ser Arg Thr Pro Leu Arg
4280 4285 4290

Ala Lys Asn Lys Val His Pro Ser Ser Thr

4295 4300
<210> 3
<211> 29
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPF1l4

<400> 3

ccatccacct getgtgtgac ctggtaaat 29
<210> 4

<211> 26

<212> DNA
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<213> Artificial sequence

<220>
<223> PCR primer BPRY

<400> 4
ccacctcate gececectteect aagcat

<210> 5
<211s> 31
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPF9

<400> 5
attttttgag atggagcttc actcttgcag g

<210> 6
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPR4

<400> 6
cgctcecggeag geccectaacce

<210> 7
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPF12

<400> 7
ccgcccccag gagcctagac g

<210> 8
<211> 27
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPR5

<400> 8
catcctgttce atccgectcca cggttac

<210> 9
<211> 20
<212> DNA

<213> Artificial sequence

45
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26

31

20

21

27
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<220>
<223> PCR primer F13

<400> 9
tggagggagg gacgccaatc

<210> 10
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer R27

<400> 10
gtcaacgtgg gcctccaagt

<210> 11
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer F26

<400> 11
agcgcaacta cttggaggcc ¢

<210> 12
<211> 28
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer R2

<400> 12
gcagggtgag caggtggggc catcctac

<210> 13
<211> 26
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer BPF15

<400> 13
gaggctgtgg gggtccagte aagtgg

<210> 14
<211> 25
<212> DNA

<213> Artificial sequence

46
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20

21

28

26
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47
<220>
<223> PCR primer BPR12
<400> 14
agggaggcag aggaaagggc cgaac 25
<210> 15
<211> 24
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer BPF6
<400> 15
cccegtecte cecgtecttt tgte 24
<210> 16
<211> 21
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer BPR6
<400> 16
aagcgcaaaa gggctgegte g 21
<210> 17
<211> 22
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer BPF13
<400> 17
ggccctecet gecttcectagg cg 22
<210> 18
<211> 21
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer KG8R25
<400> 18
gttgcagcca agcccatgtt a 21
<210> 19
<211> 19
<212> DNA
<213> Artificial sequence
<220>

<223> PCR primer 1F1
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48

<400> 19
ggtcgegetg tggegaagg

<210s> 20
<211> 16
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 1R1

<400> 20
cggcgggegg catcgt

<210> 21
<211> 16
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 1F2

<400> 21
acggeggggce catgeg

<210> 22
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 1R2

<400> 22
gcgtectgge ccgegtece

<210> 23
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 2F

<400> 23
ttggggatgc tggcaatgtg

<210> 24
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 2R

PCT/US01/22035

19

16

16

18

20
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<400> 24
gggattcgge aaagctgatg

<210> 25
<211l> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 3F

<400> 25
ccatcagectt tgccgaatcce

<210> 26
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 3R

<400> 26
agggcagaag ggatattggg

<210> 27
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 4F

<400> 27
agacccttec caccagacct

<210> 28

<211l> 19

<212> DNA

<213> Artificial sequence

<220> .
<223> PCR primer 4R

<400> 28
tgagccctge ccagtgtet

<210> 29
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 5F1

<400> 29

PCT/US01/22035

20

20

20

20

19
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gagccaggag gagcagaacc ¢

<210> 30
<211ls> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 5R1

<400> 30
agagggacag gcaggcaaag g

<210> 31
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 5F2

<400> 31
ccecageccte cagtgect

<210> 32
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 5R2

<400> 32
cccaggcage acatagegat

<210> 33

<211> 18

<212> DNA

<213> Artificial segquence

<220>
<223> PCR primer 5F3

<400> 33
ccgaggtgga tgcecgetg

<210> 34
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 5R3

<400> 34
gaaggggagt gggcagcaga c

50
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<210> 35
<211ls> 21
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer 6F
<400> 35

cactgaccgt tgacacccte g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

36

21

DNA

Artificial sequence

PCR primer 6R

36

tgcceccagtg cttecagagat c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

37

19

DNA

Artificial sequence

PCR primer 7F

37

ggagtgccct gagccccect

<210>
<211>
<212>
<213>

<220>
<223>

<400>

38

19

DNA

Artificial sequence

PCR primer 7R

38

cccctaacca cagccagceg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

39

21

DNA

Artificial sequence

PCR primer 8F

39

tetgttcgtce ctggtgtecet g

51
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<210> 40
<211s 21
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer 8R
<400> 40

gcaggagggc aggttgtaga a

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

41

20

DNA

Artificial sequence

PCR primer 9F

41

ggtaggggga gtctgggett

<210>
<211>
<21l2>
<213>

<220>
<223>

<400>

42

17

DNA

Artificial seguence

PCR primer 9R

42

gaggccacce cgagtcc

<210>
<211>
<212>
<2;3>

<220>
<223>

<400>

43

20

DNA

Artificial sequence

PCR primer 10F

43

gttgggcatc tctgacggtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

20

DNA

Artificial sequence

PCR primer 10R

44

ggaaggtggc ctgaggagat

52
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20
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53
<210> 45
<211> 17
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 11F2

<400> 45
ggggtccacg ggccatg

<210> 46
<211l> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 11R2

<400> 46
aagcccagca gcacggtgag

<210> 47
<211> 17
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 11lmidF

<400> 47
gcttgcagcc acggaac

<210> 48
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 1lmidR

<400> 48
gcagtgctac cactgagaac

<210> 49
<211> 23
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 11F1

<400> 49
tgccecectggg agaccaacga tac

<210> 50

PCT/US01/22035

17

20

17

20

23
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<211l> 22
<212> DNA
<213> Artificial sequence
<220>
<223> PCR primer 11R1
<400> 50

ggctgetgee ctcactggga ag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

51

18

DNA

Artificial sequence

PCR primer 12F

51

gaggcgacag gctaaggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

20

DNA

Artificial sequence

Primer for PCR

52

aggtcaacgt gggcctccaa gtagt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

53

19

DNA

Artificial sequence

Forward nested primer F32

53

gccttgegea gettggact

<210>
<211>
<212>
<213>

<220>
<223>

<400>

54

20

DNA

Artificial sequence

Second specific primer 31R

54

acagtgtctt gagtccaagce

<210>
<211>

55
30

54
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<212>
<213>

<220>
<223>

<400>

ctggtgacct acatggtcat ggccgagatc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggttgtctat ccecgtctacc tggccectect

<210>
<211>
<212>
<213>

<220>
<223>

<400>

DNA
Artificial sequence

PCR primer

55

56

30

DNA

Artificial sequence

PCR primer

56

57

25

DNA

Artificial sequence

PCR primer

57

gtcceccagee ccagcccace tggcec

<210>
<211>
<212>
<213>

<400>

58

7

PRT

Homo sapiens

58

Trp Asp Phe Gly Asp Gly Ser

1

<210>
<211>
<212>
<213>

<400>

5

59

4

PRT

Homo sapiens

59

His Leu Thr Ala

1

<210>
<211>
<212>
<213>

<220>
<223>

60

27

DNA

Artificial sequence

PCR primer

55
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30

30

25
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<400> 60
gcagggtgag caggtggggc catccta

<210> 61
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 12R-2

<400> 61
catgaagcag agcagaagg

<210> 62
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 13F

<400> 62
tggagggagg gacgccaatc

<210> 63
<21l> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 13R

<400> 63
gaggctgggg ctgggacaa

<210> 64
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 14F

<400> 64
ccecggttcac tcactgeg

<210> 65
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 14R

56
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<400> 65
ccgtgectcag agecctgaaag

<210> 66
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F16

<400> 66
cgggtgggga gcaggtgg

<210> 67
<211l> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R16

<400> 67
gctectgggte aggacagggg a

<210> 68
<211l> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F15

<400> 68
cgeectggggg tgttettt

<210> 69
<211l> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R15

<400> 69
acgtgatgtt gtcgceccg

<210> 70
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F14

<400> 70

PCT/US01/22035

20

18
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18

18
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gcccecegtgg tggtcage

<210> 71
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R14

<400> 71
caggctgegt ggggatge

<210> 72
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F13

<400> 72
ctggaggtgce tgcgegtt

<210> 73
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R13

<400> 73
ctggctccac gcagatgce

<210> 74

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F12

<400> 74
cgtgaacagg gcgcatta

<210> 75
<211> 21
<212> DNA

<213> Artificilal sequence

<220>
<223> PCR primer 15R12

<400> 75
gcagcagaga tgttgttgga c

PCT/US01/22035
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<210> 76
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F11

<400> 76
ccaggcetect atcttgtgac a

<210> 77
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R11

<400> 77
tgaagtcacc tgtgctgttg t

<210> 78
<211l> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F10

<400> 78
ctacctgtgg gatctgggg

<210> 79
<211l> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R10

<400> 79
tgctgaaget cacgcetcee

<210> 80
<211l> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F9

<400> 80
gggctcgteg tcaatgcaag

PCT/US01/22035

21
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1

18

20
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<210> 81

<211l> 20

<212> DNA

<213> Artificlal sequence

<220>
<223> PCR primer 15R9

<400> 81
caccacctge agcccectcta

<210> 82
<211> 20
<212> DNA

<213> Artificial seguence

<220>
<223> PCR primer 15F8

<400> 82
ccgcccagga cagcatcttce

<210> 83
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R8

<400> 83
cgctgeccag catgttgg

<210> 84
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F7

<400> 84
cggcaaaggce ttctcgcetce

<210> 85
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R7

<400> 85
ccgggtgtgg ggaagctatg

60
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<210> 86
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F6

<400> 86
cgagccattt accacccata g

<210> 87
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R6

<400> 87
gcccagcacce agctcacat

<210> 88
<211l> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F5

<400> 88
ccacgggcac caatgtgag

<210> 89
<211l> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R5

<400> 89
ggcagccagc aggatctgaa

<210> 90
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR pimer 15F4

<400> 90
cagcagcaag gtggtggc

<210> 91

PCT/US01/22035
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<211> 18
<212> DNA
<213> Artificial sequence

<220>
<223> PCR primer 15R4

<400> 91
gcgtaggcga cccgagag

<210> 92
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F3

<400> 952
acgggcactg agaggaactt c

<210> 93
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R3

<400> 93
accagcgtge ggttcetcact

<210> 94
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F2

<400> 94
gcecgcgacgt cacctacac

<210> 095
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R2

<400> 95
tecggccctgg geteatcet

<210> 96
<211> 20

PCT/US01/22035
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<212> DNA
<213> Artificial sequence

<220>
<223> PCR primer 15F1

<400> 96
gtcgecaggg caggacacag

<210> 97
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F1-1

<400> 97
acttggaggc ccacgttgac c

<210> 98
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R1-1

<400> 98
tgatgggcac caggcgctce

<210> 99
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15F1-2

<400> 99
catccaggcecce aatgtgacgg t

<210> 100
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 15R1-2

<400> 100
cctggtggca agectgggtgt t

<210> 101
<211> 20
<212> DNA
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<213> Artificial sequence

<220>
<223> PCR primer 16F

<400> 101
taaaactgga tggggctctc

<210> 102
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 16R

<400> 102
ggcctccacc agcactaa

<210> 103
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 17F

<400> 103
gggtccccca gtecttecag

<210> 104
<211> 17
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 17R

<400> 104
tccccagecce gceccaca

<210> 105
<211l> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 18F

<400> 105
gccccctcac caccecttet

<210> 106
<211> 18
<212> DNA

<213> Artificial sequence
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<220>
<223> PCR primer 18R

<400> 106
tccegetget ccceccac

<210> 107
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 19F

<400> 107
gatgccgtgg ggaccgtce

<210> 108
<211> 20
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 19R

<400> 108
gtgagcaggt ggcagtctceg

<210> 109
<211> 21
<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 20F

<400> 109
ccaccccete tgectegtagg t

<210> 110

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer 20R

<400> 110
ggtcccaage acgcatgca

<210> 111
<211> 22
<212> DNA

<213> Artificial sequence

65
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<220>
<223> PCR primer 21F

<400>

111

tgcecggecte ctgegetget ga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

112

28

DNA

Artificial sequence

PCR primer TWR2-1

112

gtaggatggc cccacctget caccctge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

113

20

DNA

Artificial sequence

PCR primer R27'

113

aggtcaacgt gggcctccaa

66
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