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METHODS FOR ANALYZING METHYLATED CpG ISLANDS
AND GC RICH REGIONS

STATEMENT OF GOVERNMENT SUPPORT

[0001]  This invention was made in part with government support under Grant No.
CA65145 awarded by the National Institutes of Health. The government may have certain

rights in this invention.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] The present invention relates generally to methylation of genomic DNA and more
specifically to the identification of sequences normally methylated in the genome and their

relationship to disease states.

BACKGROUND INFORMATION

[0003] DNA methylation is central to many mammalian processes including embryonic
development, X-inactivation, genomic imprinting, regulation of gene expression, and host
defense against parasitic sequences, as well as abnormal processes such as carcinogenesis,
fragile site expression, and cytosine to thymine transition mutations. DNA methylation in
mammals is achieved by the transfer of a methyl group from S-adenosyl-methionine to the C5
position of cytosine. This reaction is catalyzed by DNA methyltransferases and is specific to
cytosines in CpG dinucleotides. Seventy percent of all cytosines in CpG dinucleotides in the
human genome are methylated and prone to deamination, resulting in a cytosine to thymine
transition. This process leads to an overall reduction in the frequency of guanine and cytosine
to about 40% of all nucleotides and a further reduction in the frequency of CpG dinucleotides
to about a quarter of their expected frequency (Bird 1986).

[0004]  The exception to CpG under representation in the genome is CpG islands, which
were first identified as Hpa II tiny fragments (Bird et al. 1985 ), and were later formally
defined as sequences >200 bp in length, with a GC content >0.5, and a CpGobs/CpGexp
(observed to expected ratio based on GC content) >0.6 (Gardiner-Garden and Frommer
1987). CpG islands have been estimated to constitute 1%-2% of the mammalian genome

(Antequera and Bird 1993), and are found in the promoters of all housekeeping genes, as well
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as in a less conserved position in 40% of genes showing tissue-specific expression (Larsen et
al. 1992). The persistence of CpG dinucleotides in CpG islands is largely attributed to a
genera] lack of methylation of CpG islands, regardless of expression status (reviewed in Cross

and Bird 1995).

[0005]  Although CpG islands are believed to be unmethylated, two exceptions to this rule
in normal cells are the inactive X chromosome (Yen et al. 1984) and imprinted genes
(Ferguson-Smith et al. 1993 ; Razin and Cedar 1994 ; Barlow 1995), both of which are
associated with methylated CpG islands. Genomic imprinting is the parental origin-specific
differential expression of the two alleles of a gene, and most imprinted genes show
differential germline methylation of associated CpG islands (reviewed in Ohlsson et al.
2001). A third exception to the rule of methylation exclusion of CpG islands is aberrant
methylation of CpG islands in tumors and in immortalized cultured cells, and such CpG
island methylation is thought to contribute to carcinogenesis (Herman et al. 1994; Merlo et al.
1995).

[0006] Because of the interest in DNA methylation, genomic imprinting, and cancer,
several general approaches have been used to identify CpG islands that are diffefentially
methylated in specific cell types, such as screening tumor-normal pairs for cancer-related
methylation changes (Huang et al. 1999; Shiraishi et al. 1999; Toyota et al. 1999 ), or
pronuclear transplantation to examine differential parental origin for imprinted genes
(Hayashizaki et. 1994 ; Plass et al. 1996). However, there are no reports of successfully using
a systemic effort to identify unique, methylated CpG islands.

[0007]  There are a variety of genome scanning methods that have been used to identify
altered methylation sites in cancer cells. For example, one method involves restriction
landmark genomic scanning (Kawai et al., Mol. Cell. Biol. 14:7421-7427, 1994), and another
example involves methylation-sensitive arbitrarily primed PCR (Gonzalgo et al., Cancer Res.
57:594-599, 1997). Changes in methylation patterns at specific CpG sites have been
monitored by digestion of genomic DNA with methylation-sensitive restriction enzymes
followed by Southern analysis of the regions of interest. The digestion-Southern method is a

straightforward method but it has inherent disadvantages in that it requires a large amount of
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DNA (at least or greater than 5 ug) and has a limited scope for analysis of CpG sites (as
determined by the presence of recognition sites for methylation-sensitive restriction
enzymes). Another method for analyzing changes in methylation patterns involves a PCR-
based process that involves digestion of genomic DNA with methylation-sensitive restriction
enzymes prior to PCR amplification (Singer-Sam et al., Nucl. Acids Res. 18:687,1990).
However, this method has not been shown effective because of a high degree of false positive
signals (methylation present) due to inefficient enzyme digestion of overamplification in a

subsequent PCR reaction.

[0008] Genomic sequencing has been simplified for analysis of DNA methylation patterns
and 5-methylcytosine distribution by using bisulfite treatment (Frommer et al., Proc. Natl.
Acad. Sci. USA 89:1827-1831, 1992). Bisulfite treatment of DNA distinguishes methylated
from unmethylated cytosines, but original bisulfite genomic sequencing requires large-scale
sequencing of multiple plasmid clones to determine overall methylation patterns, which
prevents this technique from being commercially useful for determining methylation patterns

in any type of a routine diagnostic assay.

[0009] In addition, other techniques have been reported which utilize bisulfite treatment of
DNA as a starting point for methylation analysis. These include methylation-specific PCR
(MSP) (Herman et al. Proc. Natl. Acad. Sci. USA 93:9821-9826, 1992); and restriction
enzyme digestion of PCR products amplified from bisulfite-converted DNA (Sadri and
Hornsby, Nucl. Acids Res. 24:5058-5059, 1996; and Xiong and Laird, Nucl. Acids. Res.
25:2532-2534, 1997).

[0010] PCR techniques have been developed for detection of gene mutations
(Kuppuswamy et al., Proc. Natl. Acad. Sci. USA 88:1143-1147, 1991) and quantitation of
allelic-specific expression (Szabo and Mann, Genes Dev. 9:3097-3108, 1995; and Singer-
Sam et al., PCR Methods Appl. 1:160-163, 1992). Such techniques use internal primers,
which anneal to a PCR-generated template and terminate immediately 5' of the single
nucleotide to be assayed. However an allelic-specific expression technique has not been tried

within the context of assaying for DNA methylation patterns.
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[0011] Therefore, there remains a need for a method for using a systemic or genome-wide
approach to identify unique, methylated CpG islands, GC rich regions and CpG dinucleotides,

including normally methylated CpG sequences.

SUMMARY OF THE INVENTION

[0012] The present invention is based on the seminal discovery that normally methylated
CpG islands or GC rich regions in the genome may lose methylation and this loss of
methylation may be used to identify various diseases or disease states in a subject, imprinted

genes and other characteristics of the genome.

[0013] In another aspect the present invention provides a method for identifying a CpG
island or GC rich-regulated gene. It should be understood that while many of the illustrative
examples in this invention show CpG islands, the invention includes not only CpG islands,
but also GC rich regions and even CpG dinucleotide sequences. Thus, although the term
island may be referred to, the term includes other GC rich sequences as well. The method
includes identifying a candidate gene located on a chromosome near a CpG island and
determining whether the expression of the candidate gene is regulated by methylation of the
CpG island or GC rich region. In one illustrative example, the CpG island or GC rich regions
used in the method include at least one of SEQ ID NO:3-31. In certain embodiments, the
method includes identifying the methylation state of a CpG island or GC rich region other
than SEQ ID NO:8 (gDMR 3-4), which has been identified as a gDMR (Arima et al. 2000).

[0014] In another aspect the present invention provides a method for identifying a
population of CpG islands or GC rich regions in a genome. This aspect of the invention
utilizes a method for isolating a library of normally methylated CpG island or GC rich regions
disclosed herein. A method according to this aspect of the invention provides a genome-wide
scan to identify a population of CpG islands or GC rich regions based on the combination of
restriction enzymes used for the method. Therefore, a method according to this aspect of the
invention identifies multi-copy CpG islands or GC rich regions within repeats as well as
single copy CpG islands or GC rich regions. The method includes performing a double

digestion by cleaving genomic DNA with both a restriction enzyme that cleaves at a
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recognition site with an AT content of greater than 50%, preferably greater than 75% AT,
most preferably 100% AT, and a restriction endonuclease that cleaves at an unmethylated
restriction site comprising greater than 50% CG, preferably greater than 75% GC, most
preferably 100%GC, to generate a series of restriction fragments. The series of restriction
fragments in length are typically size fractionated as discussed below, and fragments of a
specified length (e.g. greater than 500 base pairs) are cloned in a restriction negative bacteria
to generate a first library. This first cloning step enriches for CpG islands or GC rich regions
and eliminates unmethylated CpG islands or GC rich regions because of the methylcytosine

sensitivity of the restriction enzyme that recognizes only unmethylated restriction sites.

[0015] In another aspect, the present invention provides an isolated polynucleotide that
includes a nucleotide sequence unmethylated in nucleic acid of paternal origin and methylated
in nucleic acid of maternal origin. The polynucleotiode is about 1638 nucleotides encoding
about 546 amino acids and has about 79% amino acid sequence identity to Elongin A2. In
embodiment, the polynucleotide is set forth in SEQ ID NO:1. This polynucleotide appears to
be polymorphic at position 910, which can be G or A. In another embodiment, the
polynucleotide encodes a polypeptide as set forth in SEQ ID NO:2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGURE 1 illustrates an overall strategy for cloning methylated CpG islands. In
step 1, genomic DNA is digested with Mse I which cuts between CpG islands, and Hpa II,
which cuts unmethylated CpG islands. Mse I fragments containing methylated CpG islands
then are transformed into a bacterial strain that does not cut methylated DNA. However, brief
bacterial passage leads to loss of methylation of these previously methylated sequences. In
step 2, the library DNA is pooled and digested with Eag I, which cuts relatively large
fragments within CpG islands, and these fragments are then subcloned.

[0017] FIGURES 2A and 2B illustrate methylation of CpG islands in normal human
DNA. Genomic DNA from peripheral blood lymphocytes (A) or tissues (B) was digested
with Mse I (M), Mse I + Hpa II (MH), or Mse I+ Msp I (MM). Fragment sizes are indicated
to the right. CpG islands used for Southern blot hybridization are indicated in panel A, and
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CpG island clone 1-19 was used in panel B. Note that there is an Mse I polymorphism in the
fetal tissue that is not in the adult tissue, accounting for the presence of two bands in the fetal
tissue Mse I digest. Blots were made in duplicate and one set was hybridized to RB to ensure
the presence of DNA in the Msp I lane. BR, brain; CO, colon; K1, kidney; LI, liver; fCNS,
fetal CNS; K1, fetal kidney; fLU, fetal lung; fSK, fetal skin.

[0018] FIGURE S 3A and 3B show a series of gels showing differential methylation of
novel gDMRs in uniparental tissues of germline origin. Fragment sizes (kb) are indicated to
the right. (A) Sperm (SP), ovarian teratoma (OT), or complete hydatidiform mole (CHM) was
digested, and Southern blot hybridization was performed with the gDMRs indicated, as
described in the legend to Figure 2. Multiple OT and CHM were examined with similar
results, although only one is shown. (B) Similar experiments were performed with an
unmethylated CpG island in the retinoblastoma gene (RB), with a CpG island upstream of
H19 that shows preferential methylation of the paternal allele, and with a CpG island within
the SNRPN gene that shows preferential methylation of the maternal allele.

[0019] FIGURE 4 shows a series of gels showing similar methylation of novel SMRs in
uniparental tissues of germline origin. Experiments were performed as described in the legend

to Figure 2, using the SMRs indicated. Fragment sizes are indicated to the right.

[0020] FIGURE 5 illustrates the chromosomal location and relationship of representative
methylated CpG islands to nearby genes. Genes are indicated with boxes, and the arrows
show transcriptional orientation. The methylated CpG islands are shown in shading. In the

case of 2-78, the homologous sequence within Elongin A2 is indicated.

[0021] FIGURE 6 shows the nucleotide and amino acid sequence of Elongin A3 (SEQ ID
NO:1 and 2, respectively). The transcription factor SII similarity motif is shown by the
boldfaced bases in the top 6 lines of the figure. The nuclear localization signal is shown by
the boldfaced bases in the bottom 2 lines of the figure. The site of the (G/A) polymorphism
used for imprinting analysis is boldfaced at nucleotide 910, and the PCR primers specific for
Elongin A3 are shown in boldfaced type beginning on the lines that have number 811 and
1261 to the left.
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[0022] FIGURES 7A-D illustrates tissue-specific imprinting of Elongin A3. The (G/A)
polymorphism was used to assess allele-specific expression in four heterozygous fetuses
denoted A, B, C, and D. Chromatograms of genomic DNA (gDNA) sequence are included to
show heterozygosity, as well as the homozygous maternal decidual DNA indicating parental
origin. (A) Monoallelic expression of the maternal allele in lung, central nervous system
(CNS), and limbs, and biallelic expression in kidney. (B) Monoallelic expression of the
maternal allele in placenta and CNS, and biallelic expression in intestine. (C) Monoallelic
expression of the maternal allele in CNS, biallelic expression in kidney and liver. (D)
Monoallelic expression of the maternal allele in placenta, and biallelic expression in kidney
and liver. Sequencing was done bidirectionally in all cases, and monoallelic expression of the

maternal allele did not depend on whether that allele was A or G.

[0023] FIGURE 8 shows sequence conservation of methylated CpG islands between
human and mouse. Human methylated CpG islands and ~1 kb of flanking DNA were
compared to mouse sequence, synteny was confirmed, the corresponding mouse CpG islands
were identified, and regions of conservation (percentage shown) were determined. In the case
of gDMR 1-21, the corresponding mouse sequence, while GC-rich, showed an observed to

expected CpG ratio of 0.45-0.50 and therefore was not classified as a CpG island.

DETAILED DESCRIPTION OF THE INVENTION

[0024]  To identify chromosomal regions that might harbor imprinted genes, the present
invention provides a method for generating a library of normally methylated GC rich regions
(e.g., a CpG island). Most of the nucleic acid sequences containing methylated CpG islands or
GC rich regions isolated using the methods of the invention are high copy number dispersed
repeats. However, unique clones in the library can be identified and characterized. Some of
the unique clones identified herein were differentially methylated in uniparental tissue of
germline origin. These clones are referred to herein as germline differentially methylated

regions (gDMRs).

[0025]  Surprisingly, many of the methylated CpG islands or GC rich regions identified in

the Examples herein, are methylated in germline tissues of both parental origins, representing
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a previously uncharacterized class of normally methylated CpG islands or GC rich regions in
the genome, and which we term similarly methylated regions (SMRs). These SMRs, in
contrast to the gDMRs, are shown herein to be significantly associated with telomeric band
locations, suggesting a potential role for SMRs in chromosome organization. Finally, many of
the methylated CpG islands or GC rich regions are on average 85% conserved between mouse
and human. While many CpG or GC rich regions are CpG islands, the methods of the

invention are not limited to CpG islands.

[0026] In one embodiment, the invention provides a method for determining a disease
state in a subject by determining the DNA methylation status at a cytosine residue of a CpG
sequence in a genomic DNA sample from the subject, wherein hypomethylation of a CpG
sequence normally methylated in a subject not having the disease state, is indicative of a
disease state in the subject. The CpG sequence is typically found within a GC rich region or a
CpG island. The invention methods are preferably used when the subject is a human.
Although the disease state is often cancer, the invention is not so limited. The disease state
includes other diseases such as multiple sclerosis, Alzheimer's disease, Parkinson's disease,
depression and other imbalances of mental stability, atherosclerosis, cystic fibrosis, diabetes,
obesity, Crohn's disease, and altered circadian rhythmicity, arthritis, inflammatory reactions
or disorders, psoriasis and other skin diseases, autoimmune diseases, allergies, hypertension,
anxiety disorders, schizophrenia and other psychoses, osteoporosis, muscular dystrophy,

amyotrophic lateral sclerosis or circadian rhythm-related conditions.

[0027] In another embodiment, the invention provides a method for determining the DNA
methylation status at a cytosine residue of a CpG sequence in a genomic DNA sample by
performing methylation state analysis of one or more CpG islands or GC rich regions ofa
genomic DNA sample, thereby determining the DNA methylation status in the genomic DNA
sample. One method for performing methylation state analysis is exemplifed in the Examples
herein. In one aspect, the one or more CpG islands or GC rich regions include differentially
methylated regions (DMRs). In another aspect, the one or more CpG islands and GC rich
regions include similarly methylated regions (SMRs).
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[0028] In one aspect the present invention provides a method for identifying a CpG island
or GC rich region methylation state that includes performing methylation state analysis of one
or more CpG islands or GC rich regions of a genomic DNA sample, wherein the one or more
CpG islands or GC rich regions are at least one of SEQ ID NOs: 1-31, and in certain
embodiments, SEQ ID NOs: 3-7 and 9-31.

[0029]  In one aspect the present invention provides a method for identifying a CpG island
or GC rich region methylation state that includes performing methylation state analysis of one
or more CpG islands or GC rich regions of a genomic DNA sample. In one aspect, the one or
more CpG islands or GC rich regions are at least one of SEQ ID NOs: 1-31, and in certain
embodiments, SEQ ID NOs: 3-7 and 9-31 with the proviso that it is not SEQ ID NO:8. CpG
islands or GC rich regions are sequences greater than 200 bp in length, with a GC content
>0.5, and a CpGobs/CpGexp (observed to expected ratio based on GC content) >0.6
(Gardiner-Garden and Frommer 1987).

[0030] These methods are useful in providing information regarding gene regulation since
it is known that methylation of CpG islands or GC rich regions affects gene expression
(Ferguson-Smith et al. 1993; Razin and Cedar 1994; Barlow 1995, Ohlsson et al. 2001,
Herman et al. 1994; and Merlo et al. 1995). For example, expression of a tumor suppressor
gene can be abolished by de novo DNA methylation of a normally unmethylated CpG island
or GC rich region (Issa, et al., Nature Genet., 7:536, 1994; Herman, et al., supra; Merlo, et al.,
Nature Med., 1:686, 1995; Herman, et al., Cancer Res., 56:722, 1996; Graff, et al., Cancer
Res., 55:5195, 1995; Herman, et al., Cancer Res., .55:4525, 1995). Consistent with the role of
the CpG islands or GC rich regions identified herein in gene regulation, most of the
methylated CpG islands or GC rich regions disclosed herein are localized within or near the
coding sequence of known genes or of anonymous ESTs within the GenBank or Celera

databases. The GC rich regions may be in exons, introns or regulatory regions for example.

[0031] In all the methods described herein, the identification of sequences normally
methylated and which have lost methylation is used for identifying a disease or disease state.
Such disease or disease state includes cancer, multiple sclerosis, Alzheimer's disease,

Parkinson's disease, depression and other imbalances of mental stability, atherosclerosis,
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cystic fibrosis, diabetes, obesity, Crohn's disease, and altered circadian rhythmicity, arthritis,
inflammatory reactions or disorders, psoriasis and other skin diseases, autoimmune diseases,
allergies, hypertension, anxiety disorders, schizophrenia and other psychoses, osteoporosis,
muscular dystrophy, amyotrophic lateral sclerosis and circadian rhythm-related conditions.

Preferred subjects for the present methods are mammals such as humans.

[0032] The methylation state of CpG refers to whether a particular cytidine residue in a
CpG containing dinucleotide contains any degree of methylation. A CpG dinucleotide or a
CpG island or GC rich region is characterized as either methylated or non-methylated based
on whether any cytidines of the CpG island or GC rich region are methylated. The
methylation state of a CpG island or GC rich region may be completely unmethylated,
completely methylated, or partially methylated, and the degree of methylation can be
quantified as a percent of residues methylated, as well as individually methylated CpG sites
identified. In addition, a particular site can be variably methylated in a population of cells,
and that degree of methylation can be quantified. Prior to the present invention, it had been
thought that CpG dinucleotides or islands or GC rich regions were typically unmethylated,
meaning that the degree of methylation would be nearly zero or quite low (such as less than
10%). Thus, a degree of “normal” methylation greater than the nearly zero amount would be

refered to as a “normally” methylated CpG dinucleotide.

[0033] Methylation state analysis of CpG islands or GC rich regions can be performed by
any method known in the art. Most of the methods developed to date for detection of
methylated cytosine depend upon cleavage of the phosphodiester bond alongside cytosine
residues, using either methylation-sensitive restriction enzymes or reactive chemicals such as
hydrazine which differentiate between cytosine and its 5-methyl derivative. Examples of
methylation sensitive restriction endonucleases which can be used to detect 5'CpG

methylation include Smal, SacIl, Eagl, Mspl, Hpall, BstUI and BssHII, for example.

[0034] Genomic sequencing protocols which identify a 5-MeC residue in genomic DNA

as a site that is not cleaved by any of the Maxim Gilbert sequencing reactions can also been

used. Other techniques utilize bisulfite treatment of DNA as a starting point for rhethylation
analysis. These include methylation-specific PCR (MSP) (Herman et al. Proc. Natl. Acad.
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Sci. USA 93:9821-9826, 1992); and restriction enzyme digestion of PCR products amplified
from bisulfite-converted DNA (Sadri and Hornsby, Nucl. Acids Res. 24:5058-5059, 1996;
and Xiong and Laird, Nucl. Acids. Res. 25:2532-2534, 1997). See also 6,262,171 6,200,756
6,017,704 5,786,146, all incorporated herein by reference.

[0035] In certain embodiments of this aspect of the present invention, CpG island or GC
rich region methylation state is determined for similarly methylated regions (SMRs). The
Examples included herein utilize methods of the present invention to identify numerous
human SMRs. SMRs are CpG islands or GC rich regions that are methylated equally in male
and female tissue of germline origin. The SMRs can include at least one of SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:16, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:26, SEQ ID NO:29, and SEQ ID NO:30, as identified in Table 1. Thus,
in one aspect, the invention provides a method for determining the methylation status of a
population of similarly methylated regions (SMRs) in a subject by performing methylation
status analysis of a population of SMRs of genomic DNA from a human sample. In one
aspect, the methylation status of SMRs is correlated with a disease state. In one aspect, the

population of SMRs comprises at least two SMRs and in one aspect, at least three SMRs.

[0036]  Of the sixteen SMRs identified herein, sixteen of seventeen were localized near the
ends of chromosomes, either on the last (n=15) or the penultimate (n=1) subband of the
chromosome on which it resides. The method of this aspect of the invention can identify the
_ methylation state of an SMR located near the end of a chromosome. Table 2 and Figure 5
show the location of specific SMRs of the invention. The Examples included herein also
identify CpG islands or GC rich regions that are differentially methylated in germline tissue
of male and female origin. These CpGs are referred to herein as germline differentially
methylated regions (gDMRs). The method of this aspect of the invention can identify the
methylation state of a gDMR. For example, the methylation state can be determined for are
least one of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17, SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28,
and SEQ ID NO:31.
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[0037]  The methylated CpG islands or GC rich regions identified herein were distributed
throughout the genome. There was a striking localization of SMRs near the ends of
chromosomes. Sixteen of 17 SMRs were localized near the ends of chromosomes, either on
the last (n = 15) or the penultimate (n = 1) subband of the chromosome on which it resided
(Table 2). In contrast, of 12 gDMRs that could be mapped (of the 13 gDMRs studied), only
four were localized near the ends of chromosomes (Table 2). This difference was highly
statistically significant (P = .0008, Fisher's exact test). The association of SMRs near the ends
of chromosomes is consistent with an observation of densely methylated GC-rich sequences
near telomeres, although that study did not describe methylated CpG islands or GC rich
regions (Brock et al. 1999). In addition, there was a segregation of gDMRs and SMRs within
compartments of differing genomic composition, i.e., isochores, which are regions of several
hundred kilobases of relatively homogeneous GC composition (Bernardi 1995).
Approximately 75% of the SMRs fell within high isochore regions (G+C 50%), as might be
expected from the high GC content of methylated CpG islands or GC rich regions.
Surprisingly, however, all of the gDMRs fell within low isochore regions (G+C <50%), i.e.,
of relatively low GC content, despite the high GC content of the gDMRs themselves (L.Z.
Strichman-Almashanu and A P. Feinberg). This difference was statistically significant (P<.01,
Fisher's exact test). Thus, the gDMRs and SMRs may lie within distinct chromosomal and/or
isochore compartments. These results provide the basis for a method to identify epigenetic
chromosomal domains. Localization of CpG islands or GC rich regions to the telo/subtelo
regions, for example, can be used for identifying imprinted gene domains, disease domains
(e.g. p16), chromatin regulated genes controlled at a distance, such as telomerase (TERT) or
¢-myc by CTCF; and developmentally programmed regions essential for organ formation,

such as the brain in Lunyak et al. (Science. 2002 Oct 24), for example.

[0038]  The method of this aspect of the invention for identifying the CpG island or GC
rich region methylation state can involve identifying the methylation state of one, or more
than one CpG island or GC rich region. For example, the methylation state of 2, 3, 4, 5, 6, 7,
8, 9,10, 11, 12, 13, 14, 15, 20, 25 CpG islands or GC rich regions, or in certain embodiments
all 29 CpG islands or GC rich regions disclosed herein (SEQ ID NOs:3-31 is identified). In



WO 03/048332 PCT/US02/38713

13

fact, according to the present invention the methylation state of any of the CpG islands or GC

rich regions disclosed in Table 1 can be determined.

[0039] In a embodiment of this aspect of the present invention, the methylation state of
SEQ ID NO:27 is identified. gDMR1-13 (SEQ ID NO:27) is located on 18q23 within a
predicted gene of unknown function, and near the SALL3 gene, a candidate gene for 18q

deletion syndrome, which involves preferential loss of the paternal allele (Kohlhase et al.
1999).

[0040] In another embodiment of this aspect of the present invention, the methylation state
of SEQ ID NO:30 is identified. SMR1-2 (SEQ ID NO:30) is located on 19q13.4 within

110kb of a glioma tumor suppressor candidate gene.

[0041] In another embodiment of this aspect of the present invention, the method includes
identifying the methylation state of SEQ ID NO:4 (SMR 3-20). This CpG island or GC rich
region is located within the HDAC4 gene (See Fig. 5) and there are several other predicted

genes and antisense transcripts near this CpG island or GC rich region.

[0042] In another embodiment of this aspect of the present invention, the method includes
identifying the methylation state of SEQ ID NO:26, located within 16kb from CpG island or
GC rich region 2-3.

[0043] In another embodiment of this aspect of the present invention, the method includes
identifying the methylation state of SEQ ID NO:21. SEQ ID NO:21 (SMR 3-110) is located
near a predicted apoptosis inhibitor, a septin-like cell division gene, a ras homolog, and a

predicted translation initiation factor.

[0044] In another embodiment of this aspect of the present invention, the method includes
identifying the methylation state of SEQ ID NO:23. SEQ ID NO:23 (SMR 1-12) is located
near a predicted apoptosis inhibitor, a septin-like cell division gene, a ras homolog, and a

predicted translation initiation factor.

[0045] In another embodiment of this aspect of the present invention, the method includes

identifying the methylation state of SEQ ID NO:21 (SMR 3-110) and SEQ ID NO:23 (SMR
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1-12). Together these CpGs flank a predicted apoptosis inhibitor, a septin-like cell division -

gene, a ras homolog, and a predicted translation initiation factor.

[0046] In another aspect, the present invention provides a method for determining the
methylation state of a series of similarly methylated regions (SMRs) in a subject, the method
comprising performing methylation state analysis on a series of SMRs of genomic DNA from
a human sample. The present disclosure reveals that the presence of normally-methylated
single-copy CpG islands or GC rich regions are more abundant than previously believed. The
ability to analyze the methylation state of a series of these normally methylated CpGs
provides valuable information regarding the overall methylation state of a genome. This
information may provide information regarding overall chromatin state of a genome since
SMRs appear to be located near the ends of chromosomes, as illustrated in the Examples
herein. Furthermore, such information may provide prognostic, diagnostic, or disease
monitoring tools related to cancer, based on previous observations that implicate methylation

of genomic methylation in cancer.

[0047]  The series of SMRs whose methylation state is determined can include at least two,
three, four, five, ten, 15, or all of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ
ID NO:16, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29,
and SEQ ID NO:30.

[0048]  As discussed above, methods of the present invention for identifying a CpG island
or GC rich region methylation state and methods below for identifying a population of CpG
islands or GC rich regions, provide valuable information regarding gene regulation since it is
known that methylation of CpG islands or GC rich regions can affect expression of genes
located near the CpG island or GC rich region. Accordingly, in one aspect, the present
invention provides a method for identifying the presence of an imprinted gene that includes
comparing the methylome of genomic DNA of maternal origin with the methylome of
genomic DNA of paternal origin, wherein a difference in methylation patterns between the
two methylomes is indicative of the presence of an imprinted gene. A methylome is the

methylation pattern of an entire genome (Feinberg 2001). DNA methylation serves as an
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additional layer of genetic information in the genome (Feinberg 2001). Typically,
methylation in a genome occurs in CpG islands or GC rich regions. A methylome of a

subject can be determined using methods disclosed herein.

[0049]  The present invention includes an imprinted gene identified by the above method.
Genomic imprinting is the parental origin-specific differential expression of the two alleles of
a gene. Most imprinted genes show differential germline methylation of associated CpG

islands or GC rich regions (reviewed in Ohlsson et al. 2001).

[0050] In another embodiment of this aspect of the invention, a method is provided for
identifying the presence of an imprinted gene, that includes identifying a population of CpG
islands or GC rich regions and identifying a candidate gene found within 200 kilobases of a
first CpG island or GC rich region of the population of CpG islands or GC rich regions. A
determination is made of whether the candidate gene is regulated by methylation of the first
CpG rich region of the population of CpG islands or GC rich regions and preferentially
methylated in genomic DNA from paternal or maternal origin. Regulation of the candidate
gene by methylation of the first CpG island or GC rich region and paternal or maternal
preferential methylation is indicative of an imprinted gene. The present invention includes

imprinted genes identified by the above method.

[0051] In certain embodiments, the first CpG island or GC rich region is gDMR 3-4 (SEQ
ID NO:27). Interestingly, gDMR 3-4 is located on 18q23, which has been implicated in
bipolar affective disorder, specifically harboring a predisposing gene transmitted
preferentially through the father (Stine et al. 1995 ; McMahon et al. 1997). Therefore, the
localization of this gDMR herein can serve as a guidepost for identifying candidate imprinted

genes for this important disease.

[0052] In another aspect the present invention provides a method for identifying a CpG
island or GC rich region-regulated gene. The method includes identifying a candidate gene
located on a chromosome near a CpG island or GC rich region and determining whether the
expression of the candidate gene is regulated by methylation of the CpG island or GC rich
region. Preferably, the CpG islands or GC rich regions used in the method include at least
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one of SEQ ID NO:3-31. In certain embodiments, the method includes identifying the
methylation state of a CpG island or GC rich region other than SEQ ID NO:8 (gDMR 3-4),
which has been identified as a gDMR (Arima et al. 2000).

[0053] A CpG island or GC rich region-regulated gene is a gene whose expression is
regulated by methylation of a CpG island or GC rich region. A CpG island or GC rich region
is located near a candidate gene when it is located within about 2000, 1000, 500, 200 or 100
kilobases of the gene. In other embodiments of the invention, the gene is located within
about 50, 25, 10, 5, or 1 kilobase of the gene. In other embodiments, the CpG island or GC
rich region is located within a candidate gene. For example, Prader-Willi syndrome CpG
island or GC rich region in exon 1 of SNRPN controls expression of genes up to 2 megabases
away, e.g. Buiting et al. Inherited microdeletions in the Angelman and Prader-Willi
syndromes define an imprinting centre on human chromosome 15. Nat Genet. 1995

Apr;9(4):395-400.

[0054] A determination of genes on the same chromosome as a CpG island or GC rich
region, and the approximate distance between a CpG island or GC rich region and a candidate
gene can be determined by mapping the CpG island or GC rich region and candidate gene
sequences using human genome sequence information on databases such as GenBank

(available at http://www.ncbi.nlm.nih.gov/) or the Celera human gene sequence database.

[0055] Methods are known in the art for determining whether expression of a candidate
gene is regulated by methylation of a CpG island (see e.g., Ferguson-Smith et al. 1993; Razin
and Cedar 1994; Barlow 1995, Ohlsson et al. 2001, Herman et al. 1994; and Merlo et al.
1995). For example, the effect on gene expression of de novo DNA methylation of a
normally unmethylated CpG island, can be analyzed (Issa, et al., Nature Genet., 7:536, 1994;
Herman, et al., supra; Merlo, et al., Nature Med., 1:686, 1995; Herman, et al., Cancer Res.,
56:722, 1996; Graff, et al., Cancer Res., 55:5195, 1995; Herman, et al., Cancer Res., 55:4525,
1995).

[0056] Inone embodiment, the method includes determining whether the candidate gene is

regulated by methylation of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17,
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SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:27, SEQ ID
NO:28, and SEQ ID NO:31. This embodiment, includes the CpGs identified herein as being
gDMRs.

[0057] In a embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:27.
gDMR1-13 (SEQ ID NO:27) is located on 18q23 within a predicted gene of unknown
function, and near the SALL3 gene, a candidate gene for 18q deletion syndrome, which
involves preferential loss of the paternal allele (Kohthase et al. 1999).

[0058] In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:30.
SMR1-2 (SEQ ID NO:30) is located on 19q13.4 within 110kb of a glioma tumor suppressor

candidate gene.

[0059] In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:4 (SMR
3-20). This CpG island or GC rich region is located within the HDAC4 gene (See Fig. 5) and
there are several other predicted genes and antisense transcripts near this CpG island or GC

rich region.

[0060] In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:26,
located within 16kb from CpG island or GC rich region 2-3.

[0061]  In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:21. SEQ
ID NO:21 (SMR 3-110) is located near a predicted apoptosis inhibitor, a septin-like cell

division gene, a ras homolog, and a predicted translation initiation factor.

[0062] In another embodiment of this aspect of the present invention, the method includes

determining whether the candidate gene is regulated by methylation of SEQ ID NO:23. SEQ
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ID NO:23 (SMR 1-12) is located near a predicted apoptosis inhibitor, a septin-like cell

division gene, a ras homolog, and a predicted translation initiation factor.

[0063] In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of SEQ ID NO:21 (SMR
3-110) and SEQ ID NO:23 (SMR 1-12). Together these CpGs flank a predicted apoptosis

inhibitor, a septin-like cell division gene, a ras homolog, and a predicted translation initiation

factor.

[0064] In another embodiment of this aspect of the present invention, the method includes
determining whether the candidate gene is regulated by methylation of a similarly methylated
region (SMR). For example, the method can determine whether the candidate gene is
regulated by methylation of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:16, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, or
SEQ ID NO:30.

[0065] In another aspect the present invention provides a method for identifying a
population of CpG islands or GC rich regions in a genome. In one illustrative aspect, the
invention utilizes a method for isolating a library of normally methylated CpG islands or GC
rich regions disclosed herein. A method according to this aspect of the invention provides a
genome-wide scan to identify a population of CpG islands or GC rich regions based on the
combination of restriction enzymes used for the method. Therefore, a method according to
this aspect of the invention identifies multi-copy CpG islands or GC rich regions within
repeats as well as single copy CpG islands or GC rich regions. The method includes
performing a double digestion by cleaving genomic DNA with both a restriction enzyme that
cleaves at a recognition site with an AT content of greater than 50%, preferably greater than
75% AT, most preferably 100% AT, and a restriction endonuclease that cleaves at an
unmethylated restriction site comprising greater than 50% CG, preferably greater than 75%
GC, most preferably 100%GC, to generate a series of restriction fragments. The series of
restriction fragments in length are typically size fractionated as discussed below, and

fragments of a specified length (e.g. greater than 500 base pairs) are cloned in a restriction
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negative bacteria to generate a first library. This first cloning step enriches for CpG islands or
GC rich regions and eliminates unmethylated CpG islands or GC rich regions because of the

methylcytosine sensitivity of the restriction enzyme that recognizes only unmethylated

restriction sites.

[0066] The next step (i.e. the second cloning step) provides further enrichment of CpG
islands or GC rich regions by digesting DNA from the first library with an infrequently
cutting restriction endonuclease specific for sequences common to GC islands or GC rich
regions (e.g., a CpG rich region infrequent restriction endonuclease). An infrequently cutting
restriction endonuclease is an endonuclease that recognizes a GC-rich recognition site (e.g.,
greater than 50% GC content) of at least 6 base pairs in length. (see Gardiner-Garden and
Frommer, 1987). As used herein, the methods of the invention include not only CpG islands
or GC rich regions’ (e.g., greater than 200 bp in length and a GC content of >0.5) or GC-
islands or GC rich regions in which CpGobs/CpGexp >0.6, but also CpG islands or GC rich
regions that do not meet these threshhold requirements but which are GC rich and contain
multiple CpG dinucleotides. (see also Strichman-Almashanu et al., 2002, herein incorporated
by reference in its entirety). Preferably the recognition site recognized by the infrequently
cutting restriction endonuclease is has a GC content of at least 75%, most preferably 100%
GC. This second cloning step results in isolation of relatively large fragments of CpG islands
or GC rich regions that are normally methylated (i.e., survived the first cloning step), but are

now unmethylated in the library and therefore amenable to digestion and subcloning.

[0067] Virtually any endonuclease that cleaves at a restriction site with a GC content of at
least 50%, preferably 75%, and most preferably 100% can be used for the first cloning step in
combination with virtually any endonuclease that cleaves at a restriction site with an AT
content of at least 50%, preferably 75%, and most preferably 100%. For example, the GC-
rich recognition site cleaving enzyme include but are not limited to Hpall, Btgl, Sacll, NgoM
IV, Bssh II, Nael, Eag I, BsiE I, Kas I, PspOM I, Narl, Sfol, or ApaI. The AT-rich
recognition site cleaving enzyme can be, for example, Msel, Sspl, Dral, Tsp5091, Apol, Sspl,
Asel, Psil, Dral . In one embodiment, a double digestion is performed with Mse I, which
recognizes the sequence TAAA and Hpa II, which recognizes the sequence CCGG at

unmethylated sites.
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[0068] The CG-rich recognition site cleaving enzyme and the AT-rich recognition site
cleaving enzyme can be used in any order or simultaneously depending on the required

reaction conditions for the restriction enzymes used, as will be understood.

[0069] A restriction negative bacteria is used in the first cloning step in order to avoid
bacterial digestion of methylated genomic DNA. Virtually any restriction negative bacteria
can be used in the methods of the present invention. For example the restriction negative
bacterium can be XL2-Blue MRF’. Many strains of bacteria have been derived that are
deficient in, for example, the bacterial enzymes mcrA, mcrCB and mrr. Another example is
Strategene XL10 Gold. One bacterium for the first cloning step is the restriction-negative

strain XL2-Blue MRF’ to avoid bacterial digestion of methylated genomic DNA.

[0070]  For the restriction digest before the second cloning step, virtually any endonuclease
that recognizes a GC-rich recognition site at least 6 base pairs in length can be used.
Examples of restriction endonucleases that can be used in this step include Eag 1. In certain
embodiments, the restriction endonuclease Eag 1 (recognition sequences CGGCCQG) is used.

In these embodiments using Eag 1, the resulting library can be referred to as the Eag library.

[0071]  Preferably, after the digestions before the first and second cloning steps, DNA
fragments of specified lengths are isolated and cloned. For example, fragments of at least 100
bp, 250 bp, 500 bp, 2500 bp, and in certain embodiments at least 1000 bp are isolated and
cloned. In other embodiments, DNA fragments of specified size ranges can be isolated and
cloned. For example, fragments of 100-500 bp, 500-1000 bp, and greater than 1000 bp can
be isolated and cloned separately. Methods are well known in the art for size fractionating

nucleic acids, such as by using gel purification.

[0072] By repeating the aforementioned method for identifying a population of CpG
islands or GC rich regions in a genome with different restriction enzymes, and by utilizing
various known methods such as methylation specific PCR or bisulfite methods, described
herein and known in the art, virtually the entire methylome of an organism can be determined.

Alternatively, the method for identifying a population of low copy number CpG islands or GC
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rich regions can be repeated with different restriction enzymes to identify virtually all the low

copy number CpG islands or GC rich regions of a methylome.

[0073]  The population of CpG islands or GC rich regions in methods of this aspect of the
invention can include a subset of least about 50, 100, 200, 250, 500, or 1000 palindromic
CpG sites. Additionally, the population of CpG islands or GC rich regions can include at
least about 2, 3, 4, 5, 10, 20, 25, 50, or 100 distinct CpG islands or GC rich regions.

[0074] The ability to characterize entire methylomes provides further uses for the methods
of the invention. For example, methylomes of the same species, for example human
methylomes, or portions of a methylome identified using a first set of restriction enzymes to
perform the above method of the invention, can be compared to identify methylation
differences that are involved in phenotypic differences among individuals of a species.
Furthermore, methylomes, or portions thereof, between species can be compared to identify
CpG islands or GC rich regions that are important gene expression regulators, by identifying
CpG islands or GC rich regions that are conserved between species. The Examples included
herein provide a comparison of portions of the methylome of mouse and man to identify

conserved CpG islands or GC rich regions.

[0075] Furthermore, the method discussed above for identifying a population of CpG
islands or GC rich regions in a genome, can be used to identify the methylation state of a
series of CpG islands or GC rich regions in various tissues and to determine whether
methylation of a CpG island or GC rich region is preferentially related to cells from one
parent, or certain tissues, as illustrated in the Examples provided herein. As illustrated in the
Examples section hereinbelow, 62 unique CpG island or GC rich region clones were isolated
and characterized using methods of the present invention, all of which were methylated and
GC-rich, with a GC content >50%. Of these, 43 clones also showed a CpGobs/CpGexp >0.6,
of which 30 were studied in detail. These unique methylated CpG islands or GC rich regions
mapped to 23 chromosomal regions, and 12 were differentially methylated regions in
uniparental tissues of germline origin, i.e., hydatidiform moles (paternal origin) and complete
ovarian teratomas (maternal origin), even though many apparently were methylated in

somatic tissues. At least two gDMRs mapped near imprinted genes, HYMA1 and a novel
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homolog of Elongin A and Elongin A2, which we term Elongin A3 (NM_145653), discussed
in further detail below. Surprisingly, 18 of the methylated CpG islands or GC rich regions
were methylated in germline tissues of both parental origins, representing a previously
uncharacterized class of normally methylated CpG islands or GC rich regions in the genome,
referred to herein as similarly methylated regions (SMRs). These SMRs, in contrast to the
gDMRs, were significantly associated with telomeric band locations (P = .0008), suggesting a
potential role for SMRs in chromosome organization. At least 10 of the methylated CpG
islands or GC rich regions identified herein were on average 85% conserved between mouse
and human. These sequences will provide a valuable resource in the search for novel
imprinted genes, for defining the molecular substrates of the normal methylome, and for

identifying novel targets for mammalian chromatin formation.

[0076]  Evidence for loss of methylation in cancer, (Feinberg and Vogelstein, 1983) has
been shown by hypomethylation in genes of some human cancers as compared to their normal
counterparts (Nature. 1983 Jan 6;301(5895):89-92). More recently, this has been shown in the
activation of MAGE melanoma antigen (Serrano, A., Garcia, A., Abril, E., Garrido, F., and
Ruiz-Cabello, F. 1996). Methylated CpG points identified within MAGE-1 promoter were
shown to be involved in gene repression. (Int. J. Cancer 68: 464-470 and De Smet, C., De
Backer, O., Faraoni, I, Lurquin, C., Brasseur, F., and Boon, T. 1996). The activation of
human gene MAGE-1 in tumor cells was correlated with genome-wide demethylation (Proc.

Natl. Acad. Sci. 93: 7149-7153).

[0077] In another aspect the present invention provides a method for identifying a
population of low copy number CpG islands or GC rich regions. A method according to this
aspect of the invention includes cleaving genomic DNA with both a restriction enzyme that
cleaves at a recognition site comprising adenosine and thymidine residues and a restriction
endonuclease that cleaves at an unmethylated restriction site comprising cytidine and
guanosine residues, to generate a series of restriction fragments and excluding those that are
methylated, and cloning restriction fragments of at least 200, 300, 400, 500 and the like kb
from the series of restriction fragments in a restriction negative bacteria to generate a first
library. This step is similar to the initial double digestion and first cloning step discussed

above for the aforementioned aspect of the invention. (See FIGURE 1).
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[0078]  After generating the first library, the cloned DNA of the first library is cleaved with
a restriction enzyme that cleaves DNA at a restriction site within a CpG island or GC rich
region; excluding CpG island or GC rich region fragments that contain repetitive elements
while leaving low copy CpG island or GC rich region fragments intact, thereby producing a
population of low copy number CpG islands and GC rich region fragments. Such fragments
may be at least about 100, 200, 300, 400, 500 and the like kb in size. The method may further
include cloning the restriction fragments containing low copy CpG islands and GC rich
regions to form a library containing a plurality of low copy CpG island or GC rich region
DNA. The "excluding" step is by optionally cleaving cloned DNA of the first library with a
restriction enzyme that cleaves DNA at a restriction site within a CpG island or GC rich
region repeat sequence or using a methylated CpG binding column, or other methods known
to those of skill in the art. A final library containing a plurality of clones is also included in

the invention. In one aspect, the GC rich regions are CpG islands.

[0079]  In another aspect, the present invention provides an isolated polynucleotide that
includes a nucleotide sequence unmethylated in nucleic acid of paternal origin and methylated
in nucleic acid of maternal origin. The polynucleotiode is about 1638 nucleotides encoding
about 546 amino acids and has about 79% amino acid sequence identity to Elongin A2. In
embodiment, the polynucleotide is set forth in SEQ ID NO:1. This polynucleotide appears to
be polymorphic at position 910, which can be G or A. In another embodiment, the
polynucleotide encodes a polypeptide as set forth in SEQ ID NO:2.

[0080]  The polynucleotide of SEQ ID NO:1 is a novel imprinted gene that was identified
using methods of the present invention (as illustrated in the Examples below). The CpG
island or GC rich region gDMR 2-78 was localized to 18q21 (Fig. 5) and was completely
methylated in all somatic fetal and adult tissues tested (Fig. 2 ). However, this CpG rich
region was unmethylated in CHM and sperm and methylated in OT (Fig. 3A). A BLAST
search showed that the CpG island or GC rich region spanned the putative promoter region
and body of a gene predicted by GENSCAN (http://genes.mit.edu/GENSCAN), and included
1638 nucleotides encoding 546 amino acids (Fig. 6). BLAST searches of GenBank and Celera
databases using the predicted sequences revealed that the predicted gene showed 43% amino

acid identity to human transcription elongation factor B (SII) polypeptide 3 (TCEB3), also
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known as Flongin A. The novel sequence was even more closely related to a previously
identified homolog of Elongin A termed Elongin A2, or TCEB3L, showing 79% amino acid
sequence identity to human transcription elongation factor (SIIT) Elongin A2 (TCEB3L). We
therefore term this gene Elongin A3. An alternative term is TCEB3L2, but for this term to
apply, the nomenclature committee will need to rename TCEB3L (Elongin A2) TCEB3L1.

[0081] Analysis of allele-specific expression showed monoallelic expression in lung,
brain, placenta, and spinal cord, with preferential expression from the maternal allele (Fig.
7A-D). There was incomplete preferential expression from the maternal allele in two of three
kidneys (Fig. 7A,C), and absence of imprint-specific gene expression in one kidney and in the
intestine or liver (Fig. 7B,C,D). Thus, Elongin A3 shows tissue-specific imprinting, at least in

prenatal development.

[0082] In another aspect, the present invention provides an isolated polynucleotide that
includes a nucleotide sequence unmethylated in nucleic acid of paternal origin and methylated
in nucleic acid of maternal origin. The polynucleotiode is about 1638 nucleotides encoding
about 546 amino acids and has about 79% amino acid sequence identity to Elongin A2. In a
embodiment, the polynucleotide is set forth in SEQ ID NO:1. This polynucleotide appears to
be polymorphic at position 910, which can be G or A. In another embodiment, the
polynucleotide encodes a polypeptide as set forth in SEQ ID NO:2.

[0083]  The polynucleotide of SEQ ID NO:1 is a novel imprinted gene that was identified
using methods of the present invention (as illustrated in the Examples below). The CpG
island or GC rich region gDMR 2-78 was localized to 18q21 (Fig. 5) and was completely
methylated in all somatic fetal and adult tissues tested (Fig. 2 ). However, this CpG island or
GC rich region was unmethylated in complete hydatidiform moles (CHM) and sperm and
methylated in ovarian teratomas (OT) (Fig. 3A). A BLAST search showed that the CpG
island or GC rich region spanned the putative promoter region and body of a gene predicted
by GENSCAN (http://genes.mit.edu/GENSCAN), and included 1638 nucleotides encoding
546 amino acids (Fig. 6). BLAST searches of GenBank and Celera databases using the
predicted sequences revealed that the predicted gene showed 43% amino acid identity to

human transcription elongation factor B (SIII) polypeptide 3 (TCEB3), also known as Elongin
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A. The novel sequence was even more closely related to a previously identified homolog of
Elongin A termed Elongin A2, or TCEB3L, showing 79% amino acid sequence identity to
human transcription elongation factor (SIII) Elongin A2 (TCEB3L). We therefore refer to
this gene herein as Elongin A3, alternatively TCEB3L2.

[0084] The Elongin A3 gene exhibits monoallelic expression in lung, brain, placenta,
spinal cord, and some kidneys, with preferential expression from the maternal allele (Fig. 7A-
D). The gene also exhibits an absence of imprint-specific gene expression in one kidney and
in the intestine or liver (Fig. 7B,C,D). Thus, Elongin A3 shows tissue-specific imprinting, at
least in prenatal development. Based on this expression pattern, the Elongin A3 gene is

useful for example, as a marker for tissue-specific imprinting.

[0085] It is known from previous studies that the elongin (SII) complex, which includes
elonging A1, strongly stimulates the rate of elongation by RNA polymerase I by suppressing
transient pausing by polymerase at many sites along the DNA. Elongin (SIII) is composed of
a transcriptionally active A subunit and two small regulatory B and C subunits, which bind
stably to each other to form a binary complex that interacts with elongin A and strongly
induces its transcriptional activity. Elongin A1, B, and, C are highly conserved between

mammals and yeast (Aso, T. et al., Biochem Biophys Res Commun., 241(2):334-40 (1997)).

[0086] The elongin (SII) complex is known to be a potential target for negative regulation
by the von Hippel-Lindau (VHL) tumor suppressor protein, which is capable of binding stably
to the elongin BC complex and preventing it from activating elongin A. Additionally, it is
known that both the elongin A elongation activation domain and the VHL tumor suppressor
protein interact with the elongin BC complex through a conserved elongin BC binding site
motif that is essential for induction of elongin A activity by elongin BC and for tumor
suppression by the VHL protein (Aso T., et al., EMBO J, 15(20):5557-66 (1996)). Elongin
A2 is also known to stimulate transcription by RNA Polymerase II.

[0087] Based on these results with elongin A1 and elongin A2, elongin A3
polynucleotides and polypeptides of the present invention have utility in in vitro transcription

reactions, in stimulating transcription by RNA polymerase. Additionally, elongin A3
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polynucleotides and polypeptides of the invention have utility in identifying additional tumor
suppressor genes which interact with transcriptional machinery since it is known that at least

one transcription factor interacts with an elongin complex, as discussed above.

[0088]  As used herein, the term “isolated,” "substantially purified" or "substantially pure"
means that the molecule being referred to, for example, a polyppeptide or a polynucleotide, is
in a form that is relatively free of proteins, nucleic acids, lipids, carbohydrates or other
materials with which it is naturally associated. Generally, a substantially pure polypeptide,
polynucleotide, or other molecule constitutes at least twenty percent of a sample, generally
constitutes at least about fifty percent of a sample, usually constitutes at least about eighty
percent of a sample, and particularly constitutes about ninety percent or ninety-five percent or
more of a sample. A determination that a polypeptide or a polynucleotide of the invention is
substantially pure can be made using well known methods, for example, by performing
electrophoresis and identifying the particular molecule as a relatively discrete band. A
substantially pure polynucleotide, for example, can be obtained by cloning the polynucleotide,
or by chemical or enzymatic synthesis. A substantially pure polypeptide can be obtained, for
example, by using methods of protein purification, such as chromatographic or

electrophoretic methods.

[0089] In another aspect, the present invention provides an isolated polypeptide according
to SEQ ID NO:2.

[0090] In another aspect, the invention provides, an isolated or purified, polynucleotide
that encodes an elongin A3 polypeptide described herein (SEQ ID NO:2), e.g., a full-length
protein or a fragment thereof, e.g., a biologically active portion of the elongin A3 protein.
Also included is a nucleic acid fragment suitable for use as a hybridization probe, which can
be used, e.g., to identify a nucleic acid molecule encoding a polypeptide of the invention, an
elongin A3 mRNA, and fragments suitable for use as primers, e.g., PCR primers for the
amplification or mutation of nucleic acid molecules. In one embodiment, an isolated
polynucleotide of the invention includes the nucleotide sequence shown in SEQ ID NO:1, or

a portion of any of these nucleotide sequences.
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[0091] In another embodiment, an isolated polynucleotide of the invention includes a
nucleic acid molecule which is a complement of the nucleotide sequence shown in SEQ ID
NO:1, or a portion of any of these nucleotide sequences. In other embodiments, the nucleic
acid molecule of the invention is sufficiently complementary to the nucleotide sequence
shown in SEQ ID NO:1, such that it can hybridize (e.g., under high stringency conditions) to
the nucleotide sequence shown in SEQ ID NO:1 or 3, thereby forming a stable duplex.

[0092] Inone embodiment, an isolated polynucleotide of the present invention includes a
nucleotide sequence which is at least about: 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more homologous to the entire length of the
nucleotide sequence shown in SEQ ID NO:1, or a portion, preferably of the same length, of

any of these nucleotide sequences.

[0093] A nucleic acid molecule of the invention can include only a portion of the nucleic
acid sequence of SEQ ID NO:1. For example, such a nucleic acid molecule can include a
fragment which can be used as a probe or primer or a fragment encoding a portion of an
elongin A3 protein, e.g., an immunogenic or biologically active portion of an elongin A3
protein. The nucleotide sequence determined from the cloning of the elongin A3 gene allows
for the generation of probes and primers designed for use in identifying and/or cloning other
elongin A3 family members, or fragments thereof, as well as elongin A3 homologues, or

fragments thereof, from other species.

[0094]  In another embodiment, a nucleic acid encodes an polypeptide fragment of elongin
A3 described herein. Nucleic acid fragments can encode a specific domain or site described
herein or fragments thereof, particularly fragments thereof which are at least 100, 150, 200,
210, 220, 230, 240, 250, 300, 350, 400, 450, 500, 550, or 546 amino acids in length. Nucleic
acid fragments should not to be construed as encompassing those fragments that may have

been disclosed prior to the invention.

[0095] A nucleic acid fragment can include a sequence corresponding to a domain, region,
or functional site described herein. A nucleic acid fragment can also include one or more

domain, region, or functional site described herein. Thus, for example, an elongin A3 nucleic
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acid fragment can include a sequence corresponding to a domain that binds other elongins,
similar to the domain of elongin A1 which binds elongins B and C. Elongin A3 probes and
primers are provided. Typically a probe/primer is an isolated or purified oligonucleotide. The
oligonucleotide typically includes a region of nucleotide sequence that hybridizes under
moderate, or preferably high stringency conditions to at least about 7, 12 or 15, preferably
about 20 or 25, more preferably about 30, 35, 40, 45, 50, 55, 60, 65, or 75 consecutive
nucleotides of a sense or antisense sequence of SEQ ID NO:1, or of a naturally occurring

allelic variant or mutant of SEQ ID NO:1.

[0096] In a embodiment the nucleic acid is a probe which is at least 5 or 10, and less than
200, more preferably less than 100, or less than 50, base pairs in length. It should be identical,
or differ by 1, or less than in 5 or 10 bases, from a sequence disclosed herein. If alignment is
needed for this comparison the sequences should be aligned for maximum homology.
"Looped" out sequences from deletions or insertions, or mismatches, are considered

differences.

[0097] In another embodiment a set of primers is provided, e.g., primers suitable for use in
a PCR, which can be used to amplify a selected region of a elongin A3 sequence, €.2., a
domain, region, site or other sequence described herein. The primers should be at least 5, 10,
or 50 base pairs in length and less than 100, or less than 200, base pairs in length. The primers
should be identical, or differs by one base from a sequence disclosed herein or from a

naturally occurring variant.

[0098] A nucleic acid fragment can encode an epitope bearing region of a polypeptide
described herein. A nucleic acid fragment encoding a "biologically active portion of a
elongin A3 polypeptide" can be prepared by isolating a portion of the nucleotide sequence of
SEQ ID NO:1, which encodes a polypeptide having a elongin A3 biological activity (e.g., the
biological activities of the elongin A3 protein is described herein), expressing the encoded
portion of the elongin A3 protein (€.g., by recombinant expression in vitro) and assessing the
activity of the encoded portion of the elongin A3 protein. For example, a nucleic acid
fragment encoding a biologically active portion of elongin A3 includes a domain that binds

with other elongs such as elongin B or elongin C. A nucleic acid fragment encoding a
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biologically active portion of a elongin A3 polypeptide, can comprise a nucleotide sequence

which is greater than 300 or more nucleotides in length.

[0099] In certain embodiments, a nucleic acid of the invention includes a nucleotide
sequence which is about 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1400, 1600, 1800,
1900, or more nucleotides in length and hybridizes under moderate or high stringency

conditions to a nucleic acid molecule of SEQ ID NO:1.

[0100] In embodiments, the fragment includes at least one, and preferably at least 5, 10,
15, 25, 50, 75, 100, 200, 300, 500, 1000, 1500, or 1620 nucleotides encoding a protein
including 5, 10, 15, 20, 25, 30, 40, 50, 100, 200, 210, 220, 230, 240, 250, 300, 350, 400, 450,
500, or 546 consecutive amino acids of SEQ ID NO: 2.

[0101]  The invention further encompasses nucleic acid molecules that differ from the
nucleotide sequence shown in SEQ ID NO:1. Such differences can be due to degeneracy of
the genetic code, and result in a nucleic acid which encodes the same elongin A3 protein as
that encoded by the nucleotide sequence disclosed herein. In another embodiment, an isolated
polynucleotide of the invention has a nucleotide sequence encoding a protein having an

amino acid sequence which differs, by at least 1, but less than 5, 10, 20, 50, or 100 amino acid
residues that shown in SEQ ID NO:2. If alignment is needed for this comparison the
sequences should be aligned for maximum homology. "Looped" out sequences from deletions

or insertions, or mismatches, are considered differences.

[0102]  As used herein, the term "selective hybridization" or "selectively hybridize" refers
to hybridization under moderately stringent or highly stringent physiological conditions,

which can distinguish related nucleotide sequences from unrelated nucleotide sequences.

[0103]  As known in the art, in nucleic acid hybridization reactions, the conditions used to
achieve a particular level of stringency will vary, depending on the nature of the nucleic acids
being hybridized. For example, the length, degree of complementarity, nucleotide sequence
composition (for example, relative GC:AT content), and nucleic acid type, i.e., whether the
oligonucleotide or the target nucleic acid sequence is DNA or RNA, can be considered in

selecting hybridization conditions. An additional consideration is whether one of the nucleic
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acids is immobilized, for example, on a filter. Methods for selecting appropriate stringency
conditions can be determined empirically or estimated using various formulas, and are well

known in the art (see, for example, Sambrook et al., supra, 1989).

[0104]  An example of progressively higher stringency conditions is as follows: 2X
SSC/0.1% SDS at about room temperature (hybridization conditions); 0.2X SSC/0.1% SDS
at about room temperature (low stringency conditions); 0.2X SSC/0.1% SDS at about 42°C
(moderate stringency conditions); and 0.1X SSC at about 68°C (high stringency conditions).
Washing can be carried out using only one of these conditions, for example, high stringency
conditions, or each of the conditions can be used, for example, for 10 to 15 minutes each, in

the order listed above, repeating any or all of the steps listed.

[0105]  Nucleic acids of the invention can be chosen for having codons, which are
compatible, or non-compatible, for a particular expression system e.g., the nucleic acid can be
one in which at least one codon, or at least 10%, or 20% of the codons has been altered such
that the sequence is optimized for expression in E. coli, yeast, human, insect, or CHO cells,

for example.

[0106] Nucleic acid variants can be naturally occurring, such as allelic variants (same
locus), homologs (different locus), and orthologs (different organism) or can be non naturally
occurring. Non-naturally occurring variants can be made by mutagenesis techniques,
including those applied to polynucleotides, cells, or organisms. The variants can contain
nucleotide substitutions, deletions, inversions and insertions. Variation can occur in either or
both the coding and non-coding regions. The variations can produce both conservative and

non-conservative amino acid substitutions (as compared in the encoded product).

[0107]  Orthologs, homologs, and allelic variants can be identified using methods known in
the art. These variants comprise a nucleotide sequence encoding a polypeptide that is 50%, at
least about 55%, typically at least about 70-75%, more typically at least about 80-85%, and
most typically at least about 90-95% or more identical to the nucleotide sequence shown in
SEQ ID NO:2 or a fragment of this sequence. Such nucleic acid molecules can readily be
identified as being able to hybridize under moderate, or preferably high stringency condition,
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to the nucleotide sequence shown in SEQ ID NO:2 or a fragment of the sequence. Nucleic
‘acid molecules corresponding to orthologs, homologs, and allelic variants of the elongin A3
cDNAs of the invention can further be isolated by mapping to the same chromosome or locus

as the elongin A3 gene.

[0108]  Allelic variants of elongin A3, e.g., human elongin A3, include both functional and
non-functional proteins. Functional allelic variants are naturally occurring amino acid
sequence variants of the elongin A3 protein within a population that maintain the ability to
increase the speed of transcription by RNA polymerase. Functional allelic variants will
typically contain only conservative substitution of one or more amino acids of SEQ ID NO:2,
or substitution, deletion or insertion of non-critical residues in non-critical regions of the
protein. Non-functional allelic variants are naturally-occurring amino acid sequence variants
of the elongin A3, e.g., human elongin A3, protein within a population that do not have the
ability to participate in redox reactions or molecular chaperone interactions. Non-functional
allelic variants will typically contain a non-conservative substitution, a deletion, or insertion,
or premature truncation of the amino acid sequence of SEQ ID NO:2, or a substitution,
insertion, or deletion in critical residues or critical regions of the protein. As disclosed

hererin, a polymorphism identified for elongin A3 includes a G or A residue at position 910.

[0109]  In another aspect, the invention features, an isolated polynucleotide which is
antisense to elongin A3. An "antisense" nucleic acid can include a nucleotide sequence which
is complementary to a "sense" nucleic acid encoding a protein, e.g., complementary to the
coding strand of a double-stranded cDNA molecule or complementary to an mRNA
sequence. The antisense nucleic acid can be complementary to an entire elongin A3 coding

strand, or to only a portion thereof.

[0110]  An antisense nucleic acid can be designed sucfl that it is complementary to the
entire coding region of elongin A3 mRNA, but more preferably is an oligonucleotide which is
antisense to only a portion of the coding or noncoding region of elongin A3 mRNA. For
example, the antisense oligonucleotide can be complementary to the region surrounding the

translation start site of elongin A3 mRNA, e.g., between the -10 and +10 regions of the target
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gene nucleotide sequence of interest. An antisense oligonucleotide can be, for example, about

7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, or more nucleotides in length.

[0111]  The invention also provides detectably labeled oligonucleotide primer and probe
molecules. Typically, such labels are chemiluminescent, fluorescent, radioactive, or
colorimetric. The invention also includes molecular beacon oligonucleotide primer and probe
molecules having at least one region which is complementary to a elongin A3 nucleic acid of
the invention, two complementary regions one having a fluorophore and one a quencher such
that the molecular beacon is useful for quantitating the presence of the elongin A3 nucleic
acid of the invention in a sample. Molecular beacon nucleic acids are described, for example,
in Lizardi et al., U.S. Pat. No. 5,854,033; Nazarenko et al., U.S. Pat. No. 5,866,336, and
Livak et al., U.S. Pat. No. 5,876,930.

[0112]  In another aspect, the invention features, an isolated elongin A3 protein, or
fragment, e.g., a biologically active portion, for use as immunogens or antigens to raise or test
(or more generally to bind) anti-elongin A3 antibodies. Elongin A3 protein can be isolated
from cells or tissue sources using standard protein purification techniques. Elongin A3
protein or fragments thereof can be produced by recombinant DNA techniques or synthesized

chemically.

[0113]  Polypeptides of the invention include those which arise as a resﬁlt of the existence
of multiple genes, alternative transcription events, alternative RNA splicing events, and
alternative translational and post-translational events. The polypeptide can be expressed in
systems, e.g., cultured cells, which result in substantially the same post-translational
modifications present when expressed the polypeptide is expressed in a native cell, or in
systems which result in the alteration or omission of post-translational modifications, e.g.,

glycosylation or cleavage, present when expressed in a native cell.

[0114] In an embodiment, a elongin A3 polypeptide has a molecular weight, e.g., a
deduced molecular weight, preferably ignoring any contribution of post translational

modifications, amino acid composition or other physical characteristic of SEQ ID NO:2 or it
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has an overall sequence similarity of at least 50%, preferably at least 60%, more preferably at

least 70, 80, 90, or 95%, with a polypeptide a of SEQ ID NO:2.

[0115]  In another aspect, the invention provides an anti-elongin A3 antibody, or a
fragment thereof (e.g., an antigen-binding fragment thereof). The term "antibody" as used
herein refers to an immunoglobulin molecule or immunologically active portion thereof, i.e.,
an antigen-binding portion. As used herein, the term "antibody" refers to a protein comprising
at least one, and preferably two, heavy (H) chain variable regions (abbreviated herein as VH),
and at least one and preferably two light (L) chain variable regions (abbreviated herein as
VL). The anti-elongin A3 antibody can be a polyclonal or a monoclonal antibody. In other
embodiments, the antibody can be recombinantly produced, e.g., produced by phage display

or by combinatorial methods.

[0116] In embodiments an antibody can be made by immunizing with purified elongin A3
antigen, or a fragment thereof, e.g., a fragment described herein, membrane associated
antigen, tissue, e.g., crude tissue preparations, whole cells, preferably living cells, lysed cells,
or cell fractions, e.g., membrane fractions. A full-length elongin A3 protein or, antigenic
peptide fragment of elongin A3 can be used as an immunogen or can be used to identify anti-
elongin A3 antibodies made with other immunogens, e.g., cells, membrane preparations, and
the like. The antigenic peptide of elongin A3 should include at least 8 amino acid residues of
the amino acid sequence shown in SEQ ID NO:2 and encompasses an epitope of elongin A3.
Preferably, the antigenic peptide includes at least 10 amino acid residues, more preferably at
least 15 amino acid residues, even more preferably at least 20 amino acid residues, and most

preferably at least 30 amino acid residues.

[0117]  An anti-elongin A3 antibody (e.g., monoclonal antibody) can be used to isolate
clongin A3 by standard techniques, such as affinity chromatography or immunoprecipitation.
Moreover, an anti-elongin A3 antibody can be used to detect elongin A3 protein (e.g., in a
cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of
expression of the protein. Anti-clongin A3 antibodies can be used diagnostically to monitor
protein levels in tissue as part of a clinical testing procedure, e.g., to determine the efficacy of

a given treatment regimen.
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[0118]  The invention also includes cell lines, e.g., hybridomas, which make an anti-
elongin A3 antibody, e.g., and antibody described herein, and method of using said cells to

make a elongin A3 antibody.

[0119]  In another aspect, the invention includes, vectors, preferably expression vectors,
containing a nucleic acid encoding an elongin A3 polypeptide, preferably the elongin A3
polypeptide of SEQ ID NO:2. The vector can be capable of autonomous replication or it can
integrate into a host DNA. Viral vectors include, e.g., replication defective retroviruses,

adenoviruses and adeno-associated viruses.

[0120] A vector can include a elongin A3 nucleic acid in a form suitable for expression of
the nucleic acid in a host cell. Preferably the recombinant expression vector includes one or
more regulatory sequences operatively linked to the nucleic acid sequence to be expressed.
The term "regulatory sequence" includes promoters, enhancers and other expression control
elements (e.g., polyadenylation signals). Regulatory sequences include those which direct
constitutive expression of a nucleotide sequence, as well as tissue-specific regulatory and/or
inducible sequences. The design of the expression vector can depend on such factors as the
choice of the host cell to be transformed, the level of expression of protein desired, and the
like. The expression vectors of the invention can be introduced into host cells to thereby
produce proteins or polypeptides, including fusion proteins or polypeptides, encoded by
nucleic acids as described herein (e.g., elongin A3 proteins, mutant forms of elongin A3

proteins, fusion proteins, and the like).

[0121]  The recombinant expression vectors of the invention can be designed for
expression of elongin A3 proteins in prokaryotic or eukaryotic cells. For example,
polypeptides of the invention can be expressed in E. coli, insect cells (e.g., using baculovirus
expression vectors), yeast cells or mammalian cells. Suitable host cells are discussed further
in Goeddel, (1990) Gene Expression Technology: Methods in Enzymology 185, Academic
Press, San Diego, Calif. Alternatively, the recombinant expression vector can be transcribed
and translated in vitro, for example using T7 promoter regulatory sequences and T7

polymerase.
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[0122]  Expression of proteins in prokaryotes is most often carried out in E. coli with
vectors containing constitutive or inducible promoters directing the expression of either
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: 1) to increase expression of recombinant protein; 2) to
increase the solubility of the recombinant protein; and 3) to aid in the purification of the
recombinant protein by acting as a ligand in affinity purification. Often, a proteolytic cleavage
site is introduced at the junction of the fusion moiety and the recombinant protein to enable
separation of the recombinant protein from the fusion moiety subsequent to purification of the
fusion protein. Such enzymes, and their cognate recognition sequences, include Factor Xa,
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia
Biotech Inc; Smith, D. B. and Johnson, K. S. (1988) Gene 67:31-40), pMAL (New England
Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, N.J.) which fuse glutathione S-
transferase (GST), maltose E binding protein, or protein A, respectively, to the target

recombinant protein.

[0123] The elongin A3 expression vector can be a yeast expression vector, a vector for
expression in insect cells, e.g., a baculovirus expression vector or a vector suitable for
expression in mammalian cells. When used in mammalian cells, the expression vector's
control functions can be provided by viral regulatory elements. For example, commonly used

promoters are derived from polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40.

[0124]  Another aspect the invention provides a host cell which includes a nucleic acid
molecule described herein, e.g., a elongin A3 nucleic acid molecule within a recombinant
expression vector or a elongin A3 nucleic acid molecule containing sequences which allow it
to homologously recombine into a specific site of the host cell's genome. The terms "host
cell" and "recombinant host cell" are used interchangeably herein. Such terms refer not only
to the particular subject cell but to the progeny or potential progeny of such a cell. Because
certain modifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent cell, but

are still included within the scope of the term as used herein.
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[0125] A host cell can be any prokaryotic or eukaryotic cell. For example, a elongin A3
protein can be expressed in bacterial cells (such as E. coli), insect cells, yeast or mammalian
cells (such as Chinese hamster ovary cells (CHO) or COS cells (African green monkey kidney
cells CV-1 origin SV40 cells; Gluzman (1981) Celll23:175-182)). Other suitable host cells
are known to those skilled in the art.

[0126]  Vector DNA can be introduced into host cells via conventional transformation or
transfection techniques. As used herein, the terms "transformation" and "transfection" are
intended to refer to a variety of art-recognized techniques for introducing foreign nucleic acid
(e.g., DNA) into a host cell, including calcium phosphate or calcium chloride co-

precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation.

[0127] A host cell of the invention can be used to produce (i.e., express) an elongin A3
protein. Accordingly, the invention further provides methods for producing an elongin A3
protein using the host cells of the invention. In one embodiment, the method includes
culturing the host cell of the invention (into which a recombinant expression vector encoding
a elongin A3 protein has been introduced) in a suitable medium such that an elongin A3
protein is produced. In another embodiment, the method further includes isolating an elongin

A3 protein from the medium or the host cell.

[0128]  In another aspect, the invention features, a cell or purified preparation of cells
which include a elongin A3 transgene, or which otherwise misexpress elongin A3. The cell
preparation can consist of human or non-human cells, e.g., rodent cells, e.g., mouse or rat
cells, rabbit cells, or pig cells. In embodiments, the cell or cells include a elongin A3
transgene, e.g., a heterologous form of a elongin A3, e.g., a gene derived from humans (in the

case of a non-human cell).

[0129]  The invention provides non-human transgenic animals. Such animals are useful for
studying the function and/or activity of a elongin A3 protein and for identifying and/or
evaluating modulators of elongin A3 activity. As used herein, a "transgenic animal” is a non-
human animal, preferably a mammal, more preferably a rodent such as a rat or mouse, in

which one or more of the cells of the animal includes a transgene. Other examples of
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transgenic animals include non-human primates, sheep, dogs, cows, goats, chickens,
amphibians, and the like. A transgene is exogenous DNA or a rearrangement, €.g., a deletion
of endogenous chromosomal DNA, which preferably is integrated into or occurs in the
genome of the cells of a transgenic animal. A transgene can direct the expression of an
encoded gene product in one or more cell types or tissues of the transgenic animal, other
transgenes, e.g., a knockout, reduce expression. Thus, a transgenic animal can be one in
which an endogenous elongin A3 gene has been altered by, e.g., by homologous
recombination between the endogenous gene and an exogenous DNA molecule introduced

into a cell of the animal, e.g., an embryonic cell of the animal, prior to development of the

animal.

[0130]  Elongin A3 proteins or polypeptides can be expressed in transgenic animals or
plants, e.g., a nucleic acid encoding the protein or polypeptide can be introduced into the
genome of an animal. In embodiments the nucleic acid is placed under the control of a tissue
specific promoter, e.g., a milk or egg specific promoter, and recovered from the milk or eggs

produced by the animal. Suitable animals are mice, pigs, cows, goats, and sheep.

[0131]  The invention also provides a method for identifying the DNA methylation status at
a cytosine residue of a CpG sequence in a genomic DNA sample from the subject, wherein
hypomethylation of CpG sequences compared to a methylated DNA control sample is
indicative of a disease present within the subject. In one aspect, the method is characterized
in that a set of CpG positions comprises at least 3 CpG positions that are located in the
regulatory region of the same gene. In another aspect, the method is characterized in that the

methylation state of at least 3 different sets of CpG positions is identified.
[0132]  The following examples are intended to illustrate but not limit the invention.

EXAMPLE 1

ISOLATION OF NORMALLY METHYLATED CpG ISLANDS OR GC RICH
REGIONS FROM A GENOME-WIDE SCREEN

[0133]  This example illustrates a method for isolating normally methylated CpG islands or

GC rich regions in a genome- wide screen.
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Isolation And Identification of Methylated CpG islands or GC rich regions from
Genomic DNA

[0134) A two-step cloning procedure was used for isolating and identifying methylated
CpG islands or GC rich regions from genomic DNA. In the first step, 200 pg of genomic
DNA were digested overnight with 1000 units of Hpa II (LTI) followed by a 5-h digest with
600 units of Mse I (NEB), according to the manufacturer's conditions, and the volume was
reduced using a SpeedVac concentrator (Savant). Fragments 1 kb were size selected using a
Chromaspin+TE, 400 column (Clontech), and fragments between 1-9 kb were purified from a
0.8% gel by electroelution and an Elutip-D column (S&S). The eluate was ethanol
precipitated, cloned into the compatible Nde I site of pGEM-4Z, which was first modified to
abolish the Sma I site, transformed into the competent cells of the restriction-deficient strain
XL2-Blue MRF" (Stratagene), and plated onto LB-ampicillin agar plates. Library DNA was
prepared directly from plates using a plasmid Maxi kit (Qiagen). In the second step, 100 pg of
the Mse I library DNA were digested with 1,000 U of Eag I (NEB) according to the
manufacturer's conditions. The digest was ethanol precipitated, and 100- -1500-bp fragments
were size-selected by purification from a 1.5% agarose gel, cloned into the Eag I site of pBC

(Stratagene), and transformed into XL.1-Blue MRF" (Stratagene).

DNA Sequencing

[0135] DNA sequencing was performed using an ABI 377 automated sequencer following
protocols recommended by the manufacturer (Perkin-Elmer). The sequences were analyzed

by BLAST search (Altschul et al. 1990 ) of the GenBank and Celera databases.

Southern Hybridization

[0136] Genomic DNA was digested with Mse I alone or Mse I together with a
methylcytosine-sensitive (Hpa II, LTI, or Sma I, NEB) or methyl-insensitive (Msp I or Xma ,
NEB) restriction endonuclease according to the manufacturer's conditions. Southern

hybridization was performed as described (Dyson 1991 ).
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Imprinting Analysis of Elongin A3 Gene

[0137]  Fetal tissues and matched maternal decidua were obtained from the University of
Washington Fetal Tissue Bank. We identified polymorphisms by sequencing fetal and
maternal PCR amplified genomic DNA. The following conditions were used for PCR
amplifications: 95°C, 2 min; then 40 cycles of 95°C 1 min, 60°C 30 sec, 72°C 1 min; then
72°C for 9 min. Total RNA was isolated from fetal tissues using RNeasy mini kit (Qiagen).
To eliminate DNA contamination from RNA preparations, samples were treated with
preamplification-grade DNase I (Invitrogen) according to supplied protocols. RT-PCR was
carried out using the Superscript II preamplification system (Invitrogen) and was performed
for each sample in the presence and absence (negative controls) of RT. cDNA samples were
sequenced only when no bands were obtained with the negative controls. The primers used
for the imprinting analysis were EL2AL-1093-1112F: 5-TCT GCT GTC CGC TTT TGA GG
-3' (SEQ ID NO:32) and EL2AL-1526-1550R: 5'-ATC GGA TTT TCG TGG TCA CTA CTC
G-3' (SEQ ID NO:33). DNA and cDNA sequencing was run on an ABI-377 automated

sequencer following protocols recommended by the manufacturer (Perkin-Elmer).

Isolation of Normally Methylated CpG islands or GC rich regions

[0138] A restriction enzyme-based strategy was chosen for isolating methylated CpG
islands over a PCR-based strategy, to avoid known problems of amplification bias against
GC-rich sequences, and to obtain larger clone inserts than would be possible by a PCR-based
approach. DNA from tissue from a male was used, to avoid cloning methylated CpG islands
from the inactive X chromosome, and to avoid cell culture-induced DNA methylation. The
tissue chosen was a Wilms tumor, because this approach would identify either normally
methylated CpG islands or those methylated specifically in this tumor, which is of interest to
our laboratory. The plan was to determine after cloning these sequences whether they were
methylated in normal cells or in tumors. The first step of the approach (Fig. 1) involved
double digestion with Mse I, which recognizes the sequence TTAA and Hpa II, which
recognizes the sequence CCGG at unmethylated sites. Mse I digests DNA between CpG
islands , and Hpa II digests unmethylated CpG islands into small fragments, as it has a 4-bp

recognition sequence. These digestions were followed by gel purification of fragments >1 kb
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in length. These initial digestions and purification were predicted by computer analysis of
GenBank to enrich ~10-fold for CpG islands , and enrichment of known methylated CpG
islands (near imprinted genes) was confirmed by Southern blot hybridization. At the same
time, this step eliminates all unmethylated CpG islands because of the methylcytosine
sensitivity of Hpa II. The restriction fragments obtained by this first step then were cloned
into the restriction-negative strain XL2-Blue MRF" to avoid bacterial digestion of methylated
genomic DNA, and the resulting genomic library was termed the "Mse library." The second
cloning step (Fig. 1) involved further enrichment of CpG islands by digesting the purified
Mse I library DNA with an infrequently cutting restriction endonucleases (i.e., recognizing 6
bp CG-rich sequences) specific for sequences common to CpG islands , to isolate relatively
large fragments of CpG islands that are normally methylated (i.e., survived the first cloning
step), but are now unmethylated in the Mse library and therefore amenable to digestion and
subcloning. Most of the work described here was performed by using Eag I (recognition
sequence CGGCCQG) in this second step, and subcloning Eag I fragments in three size classes
separated by agarose gel electrophoresis (100-500 bp, 500-1000 bp, >1000 bp), and the
resulting library was termed the Eag library.

Methvlated CpG islands within Interspersed Repeats

[0139]  The primary goal was to identify unique methylated CpG islands throughout the
genome. However, it quickly became apparent that most of the clones in the Eag library
represented high copy number methylated CpG islands . The majority of these clones were
derived from a sequence termed SVA, which constituted 70% of the Eag I library, and was
not previously known to be methylated. The little-known SVA retroposon contains a GC-rich
VNTR region, which embodies a CpG rich region between an Alu-derived region and an
LTR-derived region. Only three such elements had previously been described (Kawajiri et al.
1986; Zhu et al. 1992; Shen 1994), although their methylation has not been characterized. A
probe termed SVA-U was designed, which was unique to the SVA and present in all of the
SVA elements, to analyze copy number and methylation of this sequence in genomic DNA.
The copy number was estimated by quantitative Southern hybridization to be 5000 per
haploid genome. The SVA elements were found to be completely methylated in all adult

somatic tissues examined, including peripheral blood lymphocytes, kidney, adrenal, liver and
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lung. A somewhat less abundant high copy repeat, representing an additional 20% of the Eag
I library, corresponded to the nontranscribed intergenic spacer of ribosomal DNA, which was
a known methylated repetitive sequence (Brock and Bird 1997), suggesting that ribosomal
gene methylation may be more extensive than was previously suspected. The focus of the
current study was on the unique methylated CpG islands that were identified after excluding

these sequences.

EXAMPLE 2

METHYLATION ANALYSIS OF NOVEL SINGLE COPY
CpG ISLANDS or GC RICH REGIONS

[0140]  This example illustrates that the methods of the present invention for identifying
and isolating methylated CpG islands or GC rich regions are effective for identifying

imprinted genes.

[0141]  Isolation and identification of methylated CpG islands from genomic DNA was
performed as described in Example 1, except that to eliminate methylated CpG islands that
corresponded to dispersed repetitive sequences, the Mse I library was derived by adding
restriction enzymes designed to cleave those sequences and render them unclonable. For 28S
and ribosomal DNA, we used Asc I. For SVA, we used Dra III + Sal I, followed by either Acc
I or TthIII1.

[0142]  To isolate single-copy clones, we re-derived the Mse library, adding restriction
endonucleases designed to cleave repeat sequences described above, rendering them
unclonable (see Methods). After eliminating redundant clones, 62 unique clones were
characterized. All of the sequences were GC-rich, i.e., with a measured (C + G)/N >50%, and
they ranged in GC content from 55 to 79%. Forty-three (69%) of the clones showed an
observed to expected CpG ratio >0.6, meeting the formal definitional requirement of a CpG
rich region, and they were characterized further. Nevertheless, most of the remaining clones

showed an observed to expected CpG ratio >0.5.

[0143]  As the original source of DNA was a Wilm’s tumor, we had no a priori knowledge

of the methylation status of these sequences in normal tissue. Surprisingly, all of the
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sequences were methylated in normal lymphocyte DNA (Fig. 2A). Methylation was not
restricted to lymphocyte DNA, as it also was observed in both adult and fetal tissues,
including brain, gut, kidney, liver, lung, and skin (Fig. 2B). Thus, these sequences represented

normally methylated CpG islands .

[0144]  To determine whether the CpG islands were differentially methylated in the
maternal and paternal germline, 30 of the clones were individually hybridized to Southern
blots of DNA isolated from ovarian teratomas (OT) and complete hydatidiform moles
(CHM), which are of uniparental maternal and paternal origin, respectively (CHM DNA was
exhausted at that point). Thirteen clones exhibited methylation in the OT but not or
significantly less so in the CHM (Table 1). For example, CpG rich region 2-78 showed
complete digestion after Hpa II treatment of genomic DNA isolated from sperm and CHM,
similar to the pattern after Msp I digestion (Fig. 3A). In contrast, 2-78 showed an identical
pattern after Mse I + Hpa II digestion, as after Mse I alone, in OT (Fig. 3A). Similarly, Fig.
3A shows OT-specific methylation of CpG islands 3-30, 1-13, 4-6, and 2-48, with relative
lack of methylation in CHM. These sequences therefore represent differentially methylated
regions, because of their different pattern of methylation in germline tissues of male (sperm
and CHM) and female (OT) origin. Because many of these sequences also are methylated in
somatic tissues, we refer to them as gDMR's (germline differentially methylated regions). All
of the gDMR sequences were methylated in OT and not CHM. As a negative control, a CpG
rich region associated with the RB gene (retinoblastoma) is unmethylated in both CHM and
OT. As a positive control, a CpG rich region upstream of the imprinted gene H19 is
preferentially methylated in CHM, and a CpG rich region within the imprinted SNRPN gene
is methylated in OT (Fig. 3B).
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Table 1. Methylated CpG Islands Characterized in Detail
Assoclated genes
SEQ.
D
Clone ID No. Methylation pattern Chromosomal location Accession no. Predicted function
3-10 3 SMR 1q44 14042537° Similar to Zn finger protein
14423768 Olfactory receptor 2T1
hCG1644736 Similar to olfactory receptor 2T1
hCG1724357 Similar to olfactory receptor 2T1
3-20 4 SMR 2436 5174481° ‘Histone deacetylase A
- hCG1651464
hCG1656118
hCG1651461
‘ hCG1651466
1-19 5 SMR 4p16 3777583° WFS1 (wolframin)
1-41 6 SMR. 4q35 hCG1788598" Similar to-‘mouse pair-rule gene ODZ3
hCG1793025° Hypothetical protein
hCG1787540 Similar to mouse pair-rule gene ODZ3
4-8 7 SMR 4935 hCG1788598° Adjacent to but distinct from 1-41
3-4 8 gDMR 6024 hCG1660630° HYMA1
4-7 9 SMR 7p22 6806913° Centaurin-o.
hCG1747708
hCG1790856
) . hCG1747710 Cytochrome P450 homolog
1-30 10 SMR 7911.1 hCG1779529° Rab5 exchange factor homolog
hCG1779527 Antisense to hCG1779529
hCG1789113 Antisense to hCG1779529
13642872 60S ribosomal prot L35
6572672 Putative transcription factor
1-22 1 SMR 7436 11386149° Tyrosine phosphatase
hCG1799787 BHLF1 protein
3-2 12 SMR . 8p23 hCG1659058* Proline-rich mucin homolog
2-5 13 gDMR 8921.2 17451956 Similar to antigen GOR
hCG1757665
2-48 14 gDMR 9p13 hCG1659616
1-20 15 gDMR 10926 13325182a
hCG1799063
3-12 16 SMR : 10926 3122245° Inositol triphosphate phosphatase
) hCG1654478
3-30 17 gDMR 11925 17456499 Hypothetical gene
hCG37607
hCG1745526 Hypothetical protein
1-86 18 SMR . 13g34 hCG20146°
1-21 19 gDMR 14q32 8393715 Heptaceliular cancer candidate
. * hCG21408 Similar to Drosophila CLIP-190
2-42 20 gDMR 16p13.1 hCG15669" " Ser/Thr protein kinase
3-110 21 SMR 17925 8400736° Btubulin cofactor D
10435982
2-1 22 SMR 17925 . 1655842a Sulfamidase
14149793 Coiled-coil protein
1-12 23 SMR 17925 hCG1806389
' hCG1796817
2-78 24 gbMR 18921 13645769° Elongin A3
3-8 25 gDMR 18q21 13645769 Adjacent to but distince from 2-78
2-3 26 SMR. 18q23 6912444 Voltage-dependent K+ channel
1914872 Choline-binding protein
5326898 RNA Polymerase Il CTD phosphatase
1-13 27 gDMR . 18923 hCG1651089°
6688241 SALL3 Spalt-like zinc finger protein
hCG20372 ATPase
. 1651088 Mucin1 precursor
1-6 28 gDMR 19p13.1 14249150 Hypothetical protein
4.3 29 SMR 19p13.1 9665054° Ser/Thr kinase 11
hCG23965 Ankyrin repeat protein
4506715 Ribosomal protein 528
hCG1794585
10732648 Angiopoietin-like protein
1-2 30 SMR 19913.4 12063197 Zing finger protein
4505329 . NSF attachment protein
5901994 Kaptin-actin binding protein
5689511 Na/Ca exchanger protein
7657128 Glioma tumor suppressor candidate
7657054 EH-Domain containing protein
. 7657130 Glioma tumor suppressor candidate
2-4 31 gDMR 20g12 17484155° Nuclear factor of activated T-cells 2
hCG1800975
hCG1653833 .
13378306 Brain RPTmam4 isoform
110743 Neurofilament triplet H protein
7799072 DNA helicase

Accession numbers correspond to GenBank entries, within 10 kb of the CpG island, unless there is no GenBank entry, in which case they
correspond to Celera entries. One additional SMR could not be mapped.
3CpG igland lies within the transcript.
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[0145]  An additional 17 clones identified CpG islands that were methylated equally in
OT, CHM, and sperm (Table 1). For example, CpG islands 3-110, 3-10, 2-1, and 1-41
showed an identical pattern after Mse I + Hpa II digestion, as after Mse I alone, in OT and
CHM (Fig. 4). We termed these sequences SMRs, to connote their comparable methylation in
male and female tissue of germline origin. Like the gDMRs, these SMRs were methylated in

cells of somatic origin (Fig. 2A).

EXAMPLE 3

CHROMOSOMAL LOCATION OF METHYLATED CPG RICH REGIONS AND
ASSOCIATION WITH GENES

[0146]  This Example shows that many SMRs are located near the ends of chromosomes
and identifies CpG islands isolated herein that reside near known genes. Chromosomal
locations of the identified CpG islands were determined by identifying corresponding
Genbank human genomic DNA sequences of known genomic location, using well-known

nucleic acid sequence search tools such as BLAST.

[0147]  The methylated CpG islands identified here were distributed throughout the
genome. There was a striking localization of SMRs near the ends of chromosomes. Sixteen of
17 SMRs were localized near the ends of chromosomes, either on the last (n = 15) or the
penultimate (n = 1) subband 6f the chromosome on which it resided (Table 2). In contrast, of
12 gDMRs that could be mapped (of the 13 gDMRs studied), only four were localized near
the ends of chromosomes (Table 2). This difference was highly statistically significant (P =
.0008, Fisher's exact test). The association of SMRs near the ends of chromosomes is
consistent with an observation of densely methylated GC-rich sequences near telomeres,
although that study did not describe methylated CpG islands (Brock et al. 1999). In addition,
there was a segregation of gDMRs and SMRs within compartments of differing genomic
composition, i.e., isochores, which are regions of several hundred kilobases of relatively
homogeneous GC composition (Bernardi 1995). Approximately 75% of the SMRs fell within
high isochore regions (G+C 50%), as might be expected from the high GC content of
methylated CpG islands . Surprisingly, however, all of the gDMRs fell within low isochore
regions (G+C <50%), i.e., of relatively low GC content, despite the high GC content of the
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gDMRs themselves (L.Z. Strichman-Almashanu and A.P. Feinberg). This difference was
statistically significant (P<.01, Fisher's exact test). Thus, the gDMRs and SMRs may lie
within distinct chromosomal and/or isochore compartments. These results provide the basis
for a method to identify epigenetic chromosomal domains. Localization of CpG islands to
the telo/subtelo regions, for example, can be used for identifying imprinted gene domains,
disease domains (e.g. p16), chromatin regulated genes controlled at a distance, such as
telomerase (TERT) or c-myc by CTCF; and developmentally programmed regions essential

for organ formation, such as the brain in Lunyak et al. Science. 2002 Oct 24, for example.

Table 2. Band Location of Methylated CpG Rich regions

Band Location
CpG Rich region Centromeric Midchromosome Telomeric
GDMR 0 8 4
SMR 1 0 16

[0148]  There were several examples of nonredundant, unique methylated CpG islands
localizing to the same chromosomal region. In two cases, two pairs of sequences were
adjacent within the genome. Two SMRs on 4q35, 1-41 and 4-8, were adjacent to each other;
and two gDMRs on 18q21, 2-78 and 3-8, also were adjacent to each other (Table 1). In
addition, 14 methylated CpG islands were located near and on the same chromosomal
subband as other methylated CpG islands (Table 1). For example, SMRs 3-110, 2-1, and 1-
12 are all on 17¢25; two of these sequences, 3-110 and 1-12, lie within 660 kb. In some cases,
SMRs and gDMRs were found in relatively close proximity. For example, SMR 2-3 and
gDMR 1-13 lie within 1 Mb on 18q23. In addition, gDMR 1-20 and SMR 3-12 are both on
1026 and separated by ~800 kb (Table 1). All of these data together support the idea that
these methylated CpG islands identify specific portions of the genome.

[0149] Most of the methylated CpG islands were localized within or near the coding
sequence of known genes or of anonymous ESTs within the GenBank or Celera databases.
Because of the known ability of DMRs to regulate imprinting over long distances (reviewed
in Feinberg 2001), the identity of known or predicted genes within several hundred kilobases

of each methylated CpG rich region, was determined. Particularly intrigning was the
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discovery that gDMR 3-4 was located on 6q24 within HYMA1 (Fig. 5), an imprinted gene
involved in diabetes mellitus (Arima et al. 2000). This CpG rich region has been identified
independently as a DMR, in a specific analysis of this gene (Arima et al. 2001), and isolation
of this sequence using a method of the present invention indicates that these methylated CpG
islands may identify imprinted gene domains. gDMR 1-13 was located on 18q23, within a
predicted gene of unknown function, and near the SALL3 gene (Fig. 5), which encodes a
Spalt-like zinc finger protein that is a candidate gene for 18q deletion syndrome (10610715),
which involves preferential loss of the paternal allele (Kohlhase et al. 1999). Interestingly,
1823 also has been implicated in bipolar affective disorder, specifically harboring a
predisposing gene transmitted preferentially through the father (Stine et al. 1995; McMahon
et al. 1997). Therefore, the localization of this gDMR may serve as a guidepost for identifying
candidate imprinted genes for this important disease. SMR 1-2 was located within 19q13.4
(Fig. 5). Even though this sequence is an SMR, 19q13.4 contains the imprinted genes PEG3
and ZIM1 (Kim et al.‘ 1999). Given that SMR 1-2 is ~10 Mb from these genes, it is unlikely to
lie within the same imprinted gene domain. Nevertheless, it will be of interest to examine
nearby genes for their imprinting status, including a glioma tumor suppressor candidate gene
located 110 kb telomeric to SMR 1-2. Another interesting gene harboring a methylated CpG
rich region was histone deacetylase A (HDAC4), and there were several other predicted genes
near this CpG rich region, SMR 3-20 (Fig. 5). In addition, several antisense transcripts are
associated with this CpG rich region. Given that HDAC4 is itself involved in chromatin
remodeling (Wang et al. 2000), methylation of this region could be involved in a feedback
loop controlling chromatin structure. Other genes located near methylated CpG islands
included the wolframin gene, a transmembrane protein involved in congenital diabetes (Strom
et al. 1998); several olfactory receptor genes; several phosphatase and kinase genes likely
involved in signal transduction; several genes for DNA-interacting proteins; and the Peutz-
Jeghers syndrome gene STK11 (Table 1).A voltage-dependent potassium channel subunit
protein was localized only 16 kb from methylated CpG rich region 2-3 (Table 1), which is of
interest given that the voltage-dependent potassium channel KvLQT1 is imprinted (Lee et al.
1997). Finally, in addition to genes directly adjacent to these methylated CpG islands , at least
two of the domains flanked by methylated CpG islands harbored several genes within them

that may play a role in cancer. For example, contained within the region defined by



WO 03/048332 PCT/US02/38713

47

methylated CpG islands 3-110 and 1-12 are a predicted apoptosis inhibitor, a septin-like cell

division gene, a ras homolog, and a predicted translation initiation factor (Table 1).

EXAMPLE 4

IDENTIFICATION OF AN IMPRINTED GENE
HOMOLOGOUS TO ELONGIN A

[0150]  This example illustrates the use of the methods of the present invention for
identifying novel genes associated with CpG islands . More specifically, this example

illustrates the use of the methods of the present invention to identify the Elongin A gene.

Imprinting Analysis of Elongin A3 Gene

[0151]  Fetal tissues and matched maternal decidua were obtained from the University of
Washington Fetal Tissue Bank. We identified polymorphisms by sequencing fetal and
maternal PCR amplified genomic DNA. The following conditions were used for PCR
amplifications: 95°C, 2 min; then 40 cycles of 95°C 1 min, 60°C 30 sec, 72°C 1 min; then
72°C for 9 min. Total RNA was isolated from fetal tissues using RNeasy mini kit (Qiagen).
To eliminate DNA contamination from RNA preparations, samples were treated with
preamplification-grade DNase I (Invitrogen) according to supplied protocols. RT-PCR was
carried out using the Superscript I preamplification system (Invitrogen) and was performed
for each sample in the presence and absence (negative controls) of RT. cDNA samples were
sequenced only when no bands were obtained with the negative controls. The primers used
for the imprinting analysis were EL2AL-1093-1112F: 5-TCT GCT GTC CGC TTT TGA GG
-3' (SEQ ID NO:32) and EL2AL-1526-1550R: 5-ATC GGA TTT TCG TGG TCA CTA CTC
G-3' (SEQ ID NO:33). DNA and cDNA sequencing was run on an ABI-377 automated

sequencer following protocols recommended by the manufacturer (Perkin-Elmer).

[0152]  In addition to HYMALI, described above, a DMR within the IGF2R contains an
Eag I site, and as predicted, this gene also was found in the Eag library. Allele-specific
expression of genes near methylated islands was examined. gDMR 2-78 was localized to
18921 (Fig. 5) and was completely methylated in all somatic fetal and adult tissues tested
(Fig. 2 ). However, this CpG rich region was unmethylated in CHM and sperm and
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methylated in OT (Fig. 3A). A BLAST search showed that the CpG rich region spanned the
putative promoter region and body of a gene predicted by GENSCAN
(http://genes.mit.edu/GENSCAN), and included 1638 nucleotides encoding 546 amino acids
(Fig. 6). BLAST searches of GenBank and Celera databases using the predicted sequences

revealed that the predicted gene showed 43% amino acid identity to human transcription
elongation factor B (SIM) polypeptide 3 (TCEB3), also known as Elongin A. The novel
sequence was even more closely related to a previously identified homolog of Elongin A
termed Elongin A2, or TCEB3L, showing 79% amino acid sequence identity to human
transcription elongation factor (SII) Elongin A2 (TCEB3L). To determine whether 2-78
represented a genuine transcript, and if so, whether the gene is imprinted, primers were
designed that would amplify 2-78 but not Elongin A2, and amplification products were of the
expected size. Sequencing demonstrated that the amplified cDNA corresponded to 2-78 and
not Elongin A2, based on sequence differences between the two genes within the PCR
product. Analyzing DNA samples from fetal tissues, we then identified a polymorphism at
nucleotide 910 (G/A) of 2-78. Four fetuses heterozygous for this polymorphism were
identified, in which maternal decidua DNA was available and homozygous, allowing the
identification of parental origin in the fetal samples (Fig. 7). Reverse transcriptase PCR (RT-
PCR) analysis of tissues from these fetuses showed that the gene was indeed transcribed. We
therefore term this gene Elongin A3. An alternative term is TCEB3L.2, but for this term to
apply, the nomenclature committee will need to rename TCEB3L (Elongin A2) TCEB3L1.

[0153]  Analysis of allele-specific expression showed monoallelic expression of lung,
brain, placenta, and spinal cord, with preferential expression from the maternal allele (Fig.
7A-D). There was incomplete preferential expression from the maternal allele in two of three
kidneys (Fig. 7A,C), and absence of imprint-specific gene expression in one kidney and in the
intestine or liver (Fig. 7B,C,D). Thus, Elongin A3 shows tissue-specific imprinting, at least in
prenatal development. Therefore, the isolation of these novel CpG islands does enable the

identification of novel human imprinted genes.
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EXAMPLE 5

Species Conservation of Methylated CpG Rich regions

[0154]  This example illustrates that the CpG islands identified herein are conserved
among mammalian species and can be used to identify nearby regulatory elements conserved

between species.

[0155]  As further confirmation of the importance of the methylated CpG islands that were
isolated, their sequence conservation in the mouse was ascertained using the Celera mouse
genome database. Thirteen (46%) of the 30 human noncontiguous methylated CpG islands
matched sequences within the mouse genome at 86.9 + 4.9% identity (Fig. 8). Furthermore, in
some cases, the region of conservation extended beyond the CpG rich region itself. For
example, gDMR 1-21 showed, in addition to a 558 bp, 82% conserved region including the
CpG rich region, five additional conserved sequences within 1 kb of the CpG rich region.
These additional sequences varied from 80-97% identity (Fig. 8). Most of the conserved
sequences outside of the CpG islands themselves were not predicted genes, and thus may
represent conserved regulatory sequences. In all cases in which BLAST analysis of the CpG
rich region and flanking 1 kb on each side was performed, and in which any sequence
conservation was found, the CpG rich region itself was conserved, again supporting the idea

that these CpG islands play an important role.

EXAMPLE 6

NORMALLY METHYLATED CpG ISLANDS
AND GC RICH SEQUENCES
[0156]  This Example provides further insight into the methods of the present invention

and the conclusions reported herein. A major conclusion of the previous Examples is the
identification of a subset of unique CpG islands that are methylated in normal tissues, in the
first systematic effort to identify such sequences. The experiments were designed to identify
CpG islands that are methylated differentially in germline-derived tissues or differentially in
cancers. However, no CpG islands methylated specifically in tumors were found, but slightly

more than one half of the unique methylated CpG islands were methylated in germline-
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derived tissues of both maternal and paternal origin. Conventional wisdom holds that CpG
islands are unmethylated, with the exception of the inactive X chromosome, imprinted genes,
and tumors. However, rare exceptions to this rule have been described. Some repeated
sequences harboring CpG islands have been found to be methylated. Methylatioﬁ of a mouse
testis-specific histone H2B gene has been reported (Choi et al. 1996), and others have found
methylation of some ribosomal gene sequences (Brock and Bird 1997). Indeed, methylation
of one of these repeat sequences, the rDNA nontranscribed spacer, previously was found after
genomic purification from a methyl-CpG binding protein column (Brock and Bird 1997), and
the large number of these sequences may have obscured the identification of unique
methylated CpG islands . The methylation of high copy number sequences is not surprising,
as it is consistent with the hypothesis that CpG methylation arose as a host defense
mechanism (Bestor and Tycko 1996). This is particularly true of the SVA element, which is a

high copy number retroposon.

[0157]  However, the presence of normally methylated unique CpG islands and GC rich
regions has not been observed systematically. An intriguing exception is the MAGE
melanoma gene (Serraﬁo et al. 1996), and it is thought that hypomethylation of this gene leads
to its activation in cancer (De Smet et al. 1996). Our results suggest that normally methylated
single-copy CpG islands and GC rich regions may be more abundant than previously
believed. Indeed, the loss of methylation of such sequences may be related to gene activation
in cancer, just as the gain of methylation of CpG islands and GC rich regions may lead to
their silencing. Previous screens for altered CpG rich region methylation have not been
designed to identify normally methylated CpG islands and GC rich regions, but it should be
noted that the original observation of altered methylation in cancer was widespread loss of
methylation (Feinberg and Vogelstein 1983). Furthermore, even in tumors that show
increased CpG rich region methylation, the total methylation content is reduced (Feinberg et
al. 1988). DNA methylation serves as an additional layer of genetic information in the
genome, which has been termed the methylome (Feinberg 2001), and both increases and
decreases may be important in cancer. Our strategy for cloning these sequences can be
generalized to secondary libraries in addition to the Eag library, and the identification of

additional such sequences thus should enhance our understanding of the methylome.
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[0158]  Another major result of the above Examples is the identification of novel CpG
islands and GC rich regions that are methylated differentially in OT and CHM. The second
(Eag) library would not identify known imprinted genes lacking Eag I sites, but it did contain
the DMR of IGF2R (Wutz and Barlow, Mol. Cell Endocrinol. 1998 May 25;140(1-2):9-14),
as well as the DMR of the imprinted HYMA1 gene, suggesting that this strategy also can
1dentify novel imprinted gene domains. One such gene was identified to date, a novel
homolog of the Elongin A and Elongin A2 genes, which we term Elongin A3. Both Elongin
A and Elongin A2 are known to be the active components of the transcription factor B (SIII)
complex (Aso et al. 2000), that may compete for other components (Elongin B and C) with
the VHL tumor suppressor gene (Kibel et al. 1995). We did not check directly for elongation
activity of Elongin A3, but it contains the TFS2N motif as well as a nuclear localization
signal, and the predicted protein sequence is 79% identical to that of Elongin A2, so it likely

does have such a function.

[0159] It should be noted that gDMRs, even the gDMR within this novel imprinted gene,
showed variable to complete methylation in somatic tissues. Such a pattern of methylation
also is similar to that seen for the promoter of the imprinted gene ZNF127 (Strom et al.

1998), and for at least one methylated CpG rich region within the 11p15 imprinted gene
domain. Thus, imprinted gene domains may harbor some methylated CpG islands and GC
rich regions that show persistent differential methylation in somatic tissues, but also may
contain other CpG islands and GC rich regions that do not show these differences in somatic
tissues. Thus, it is important to compare methylation in sperm or CHM as a representation of
the male germline, and OT (as eggs cannot be harvested from humans for this purpose), in the
search for imprinted gene domains. The mouse is a useful adjunct and provides access to a
greater variety of tissues at varying developmental stages, but there are substantial differences
between human and mouse imprinting, both in the identity of the genes themselves, and in

their developmental pattern of imprinting.

[0160]  Several of these domains harbor multiple genes that have been implicated in
cancer, and that show frequent loss of heterozygosity, including 4p16, 4935, 10926, 18921,
and 19p13. An imprinted tumor suppressor gene in one or more of these regions might not

show conventional mutations in tumors, and thus identifying imprinted genes is an important
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part of tumor suppressor gene identification within these regions. The same region of 18q also
has shown linkage in bipolar affective disorder, with preferential transmission through the
paternal allele (McMahon et al. 1997). Furthermore, these domains appear to harbor both
SMRs and gDMRs, suggesting that both types of methylated CpG islands and GC rich

regions may be useful for identifying imprinted gene domains.

[0161] CpG islands and GC rich regions normally must be under selective pressure for
their maintenance, as methylation leads to deamination and loss of cytosine. This is especially
true in the case of the SMRs we have described, as they are methylated even in sperm DNA.
In the case of gDMRSs, their methylation in somatic tissues and oocyte-derived cells may be
critical for suppression of nearby gene expression in spermatocyte progenitor cells. This may
be particularly important for genes involved in establishing epigenetic states and in epigenetic

reprogramming, as the chromatin of spermatocyte differs markedly from oocytes and somatic

cells.

[0162] It also is likely that normally methylated CpG islands and GC rich regions are
involved directly in chromatin formation. For example, they could serve as chromatin
insulators separating enhancers from promoters. If that is so, then we would expect to find
their loss of methylation in specific tissues at specific developmental stages, which would be
consistent with the observation that imprinted genes can show developmental (tissue- and
timing-specific) imprinting (Lee et al. 1997). Support for this idea also comes from our
observation that SMRs were more frequently localized near the ends of chromosomes. Given
that chromosomal ends are associated with the nuclear lamina in interphase (Cockell and
Gasser 1999), the relative proximity of SMRs to the ends of chromosomes might permit their

association with the nuclear lamina and chromatin proteins found within it.

[0163]  Normally methylated CpG islands and GC rich regions also might promote
chromatin formation. In an intriguing review, Pardo-Manuel de Villena et al. (2000) suggest
that imprinting involving differences among homologous chromosomes arose under selective
pressure to facilitate pairing and distinguish homologous chromosomes during meiosis. We
suggest that SMRs also might enhance pairing and recombination by recruiting chromatin

factors to specific locations along a given chromosome and allowing those factors to interact
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between homologous chromosomes. A prediction of our suggestion is that recombination
frequencies in meiosis or even mitosis might be enhanced near normally methylated CpG
islands and GC rich regions. Methylated CpG islands and GC rich regions also may play a
role intrachromosomal compartmentalization. For example, the gDMRs lay within regions of
comparatively lower CpG content (GC-poor isochores). Consistent with this idea, we have
noted that most known imprinted genes also appear to lie within low isochore regions

(PLAGL1, IGF2R, PEG1/MEST, SNRPN, PEG3, GNAS).

[0164]  Finally, the identification of these methylated CpG islands and GC rich regions
will facilitate comparison of their sequences to each other, as well as computational analysis
of sequence motifs. For example, in preliminary experiments, several CTCF binding sites
within at least 10 methylated CpG islands and GC rich regions have been identified.

Therefore, CTCF binding may be a common feature of these sequences.

[0165] It has recently been proposed that CpG islands and GC rich regions fall into several
groups, one of which represents unique CpG and generally unmethylated islands and GC rich
regions associated with the 5' region of housekeeping genes, whereas another includes high-
copy nongene CpG islands and GC rich regions that are dominated by Alu I repeat elements
(Ponger et al. 2001). Because Alu I repeats are generally methylated and transcriptionally
silent, high-copy CpG islands and GC rich regions are predicted to be methylated. Indeed, the
report of Strichman-Almashanu et al. (2002) identified one of the high-copy CpG islands and
GC rich regions (SVA) to be heavily methylated. This observation is not surprising given that
repeat sequences provide signatures for de novo methylation, according to the host defense

model (Bestor and Tycko 1996).

[0166]  Strichman-Almashanu et al. (2002) also report the existence of a new class of
unique CpG islands and GC rich regions that are methylated on both alleles in all tissues
examined. Interestingly, these CpG islands and GC rich regions (SMRs) mapped to isochores
with high GC content (>0.5), whereas the differentially methylated islands and GC rich
regions (DMRs) were concentrated in isochores with low GC content (<0.5). The class of
unmethylated or differentially methylated CpG islands and GC rich regions could stand out in

a CpG-less environment and provide landmarks for various recognition events, such as the
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initiation of chromatin condensation by TP2 during spermiogenesis (Kundu and Rao 1996).
The complexity of CpG rich region compartmentalization of the mammalian genome was
further emphasized by the observation that the methylated high-copy CpG islands and GC
rich regions frequently localize close to telomeric ends (Strichman-Almanshanu et al. 2002),
as do densely methylated nonrich region CpG stretches (Brock et al. 1999), indicating some
methylation-dependent role in chromosomal integrity. This deduction is supported by the
observation that DNA methyltransferase, Dnmt1, is essential for genomic stability in mouse

embryonic stem cells (Chen et al. 1998).

Table 3. Chromosomal Location of SMRs and gDMRs
Clone ID Methylation pattern Chromosomal location
Accession no.
14042537a
14423768
hCG1644736
hCG1724357
5174481a
hCG1651464
hCG1656118
hCG1651461
hCG1651466
3777583a
hCG1788598a
hCG1793025a
hCG1787540
hCG1788598a
hCG1660630a
6806913a
hCG1747708
hCG1790856
hCG1747710
hCG1779529a
hCG1779527
hCG1789113
13642872
6572672

3-10 SMR 1q44 TEL

3-20 SMR 2936 SUBTEL

1-19 SMR
1-41 SMR

4p16 TEL
4935 TEL

4-8 SMR
3-4 gDMR
4.7 SMR

4935 TEL
6q24 SUBTEL
7p22 TEL

1-30 SMR 7q11.1

1-22

3-2
2-5

SMR

SMR
gDMR

7936 TEL

8p23 TEL
8q21.2

113861492
hCG1799787
hCG1659058a
17451956
hCG1757665
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2-48  gDMR
120 gDMR
3-12 SMR
330  gDMR
1-5 SMR
121  gDMR
2-42  gDMR
3-110 SMR
2-1 SMR
1-12 SMR
2-78  gDMR
3-8 gDMR
2-3 SMR
1-13  gDMR
1-6 gDMR
4-3 SMR
1-2 SMR
2-4 gDMR

913
1026 TEL

10926 TEL
11925 TEL
13¢34 TEL
14932 TEL

16p13.1
17¢25 TEL

17¢25 TEL
17¢25 TEL
18¢21

18¢21
18923 TEL

18¢23 TEL
19p13.1

19p13.3 TEL

19q13.4 TEL

20q12

55

hCG1659616
13325182a
hCG1799063
31222452
hCG1654478
17456499a
hCG37607
hCG1745526
hCG20146a
8393715a
hCG21408
hCG15669a
8400736a
10435982
1655842a
14149793
hCG1806389
hCG1796817
13645769a
13645769a
6912444
1914872
5326898
hCG1651089a
6688241
hCG20372
1651088
14249150a
9665054a
hCG23965
4506715
hCG1794585
10732648
12053197
4505329
5901994
5689511
7657128
7657054
7657130
174841552
hCG1800975
hCG1653833
13378306
110743
7799072

PCT/US02/38713
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WHAT IS CLAIMED IS:

1. A method for determining a disease state in a subject comprising:
determining the DNA methylation status at a cytosine residue of a CpG
seqﬁence in a genomic DNA sample from the subject, wherein hypomethylation of a
CpG sequence normally methylated in a subject not having the disease state, is

indicative of a disease state in the subject.

2. The method of claim 1, wherein the CpG sequence is within a GC rich region or a
CpG island.

3. The method of claim 1, wherein the subject is a human.

4, The method of claim 1, wherein the disease is cancer.

5. The method of claim 1, wherein the disease is selected from cancer, multiple sclerosis,

Alzheimer's disease, Parkinson's disease, depression and other imbalances of mental stability,
atherosclerosis, cystic fibrosis, diabetes, obesity, Crohn's disease, and altered circadian
rhythmicity, arthritis, inflammatory reactions or disorders, psoriasis and other skin diseases,
autoimmune diseases, allergies, hypertension, anxiety disorders, schizophrenia and other
psychoses, osteoporosis, muscular dystrophy, amyotrophic lateral sclerosis or circadian

rhythm-related conditions.

6. A method for determining the DNA methylation status at a cytosine residue of a CpG
sequence in a genomic DNA sample, comprising performing methylation state analysis of one
or more CpG islands or GC rich regions of a genomic DNA sample, thereby determining the

DNA methylation status in the genomic DNA sample.

7. The method of claim 6, wherein the one or more CpG islands or GC rich regions

include differentially methylated regions (DMRs).
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8. The method of claim 6, wherein the one or more CpG islands and GC rich regions

include similarly methylated regions (SMRs).

9. The method of claim 6, wherein the CpG island or GC rich region is selected from the
group consisting of SEQ ID NOs: 3-7, SEQ ID NO:9-30 and SEQ ID NO:31 and any

combination thereof.

10.  The method of claim 8, wherein the CpG island or GC rich region includes at least
one of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:16, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, or SEQ ID NO:30.

11.  The method of claim 8, wherein the CpG island or GC rich region includes at least
SEQ ID NO:4.

12.  The method of claim 7, wherein the CpG islands and GC rich regions are least one of
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, and SEQ ID

NO:31.

13.  The method of claim 6, wherein the methylation state of at least two CpG islands and

GC rich regions is identified.

14.  The method of claim 6, wherein the methylation state of at least three CpG islands and
GC rich regions is identified.

15.  The method of claim 6, wherein the methylation state of SEQ ID NO:27 is identified.

16. The method of claim 6, wherein the methylation state of SEQ ID NO:30 is identified.
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17.  The method of claim 6, wherein the methylation state of SEQ ID NO:24 is identified.
18.  The method of claim 6, wherein the methylation state of SEQ ID NO:8 is identified.
19.  The method of claim 6, wherein the methylation state of SEQ ID NO:4 is identified.
20.  The method of claim 6, wherein the methylation state of SEQ ID NO:26 is identified
21.  The method of claim 6, wherein the methylation state of SEQ ID NO:21 is identified.
22.  The method of claim 6, wherein the methylation state of SEQ ID NO:23 is identified.

23.  The method of claim 6, wherein the methylation state of SEQ ID NO:21 and SEQ ID
NO:23 is identified.

24,  Anisolated polynucleotide comprising about 1638 nucleotides encoding about 546
amino acids and having about 79% amino acid sequence identity to Elongin A2 and a
Genbank accession number NM_145653. '

25.  The polynucleotide of claim 24, wherein nucleotide 910 is G or A.

26.  The polynucleotide of claim 24, wherein the polynucleotide is set forth in SEQ ID
NO:1.

27.  The polynucleotide of claim 24, wherein the polynucleotide encodes a polypeptide as
set forth in SEQ ID NO:2.

28.  An isolated polynucleotide comprising SEQ ID NO:1 and sequences 5° and 3’ to SEQ
ID NO:1 containing CpG islands and GC rich regions.

29. A purified polypeptide encoded by the polynucleotide of claim 24.



WO 03/048332 PCT/US02/38713

66

30.  Antibodies that bind to the polypeptide of claim 29.

31. A method for identifying the presence of an imprinted gene comprising:
comparing the DNA methylation status at a cytosine residue of a CpG
sequence in a genomic DNA sample of maternal origin with the DNA methylation
status at a cytosine residue of a CpG sequence in a genomic DNA sample of paternal
origin, wherein a difference in DNA methylation status between the two samples is

indicative of the presence of an imprinted gene.

32. The method of claim 31, wherein the difference in methylation status is in a GC rich

region or a CpG island.

33. A methylation status representation identified by the method of claim 31.

34. A method for identifying the presence of an imprinted gene in genomic DNA
comprising:
identifying a population of CpG islands and GC rich regions in a genomic
DNA sample;
identifying a candidate gene within about 200 to 2000 kilobases of a first CpG
island or GC rich region in the population of CpG islands and GC rich regions; and
determining whether the candidate gene is regulated by methylation of the first
CpG island or GC rich region and preferentially methylated in paternal DNA or
maternal DNA, wherein regulation of the candidate gene by methylation of the first
CpG island or GC rich region and paternal or maternal preferential methylation is

indicative of an imprinted gene, thereby identifying the presence of an imprinted gene.

35.  Animprinted gene identified by the method of claim 34,
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36. A method for identifying a CpG island or GC rich region-regulated gene, comprising
identifying a candidate gene within about 200 to 2000 kilobases of a CpG island or GC rich
region and determining whether the candidate gene is regulated by methylation of the CpG

island or GC rich region, thereby identifying the CpG island or GC rich region-regulated

gene.

37.  The method of claim 34, wherein the method comprises determining whether the
candidate gene is regulated by methylation of a CpG island or GC rich region is selected from
SEQ ID NO:3-31, with the proviso that it is not SEQ ID NO:8.

38. The method of claim 34, wherein the candidate gene is regulated by methylation of
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, or SEQ ID NO:31.

39.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:27.

40.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:30.

41.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:24.

42.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:8.

43.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:4.

44.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:26
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45.  The method of claim 34 wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:21.

46.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:23.

47.  The method of claim 34, wherein the method comprises determining whether the

candidate gene is regulated by methylation of SEQ ID NO:21 and SEQ ID NO:23.

48. A method for determining the methylation status of a population of similarly
methylated regions (SMRs) in a subject, comprising performing methylation status analysis of

a population of SMRs of genomic DNA from a human sample.

49.  The method of claim 48, wherein the methylation status of SMRs is correlated with a

disease state.

50.  The method of claim 48, wherein the population of SMRs is selected from at least two
of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:16, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, and SEQ ID NO:30.

51.  The method of claim 48, wherein the population of SMRs comprises three SMRs.

52.  The method of claim 49, wherein the disease is selected from cancer, multiple
sclerosis, Alzheimer's disease, Parkinson's disease, depression and other imbalances of mental
stability, atherosclerosis, cystic fibrosis, diabetes, obesity, Crohn's disease, and altered
circadian rhythmicity, arthritis, inflammatory reactions or disorders, psoriasis and other skin
diseases, autoimmune diseases, allergies, hypertension, anxiety disorders, schizophrenia and
other psychoses, osteoporosis, muscular dystrophy, amyotrophic lateral sclerosis or circadian

rhythm-related conditions.
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A method for identifying a population of low copy number CpG islands and GC rich

regions, comprising:

54.

cleaving genomic DNA with both a restriction enzyme that cleaves at a
recognition site comprising adenosine and thymidine residues and a restriction
endonuclease that cleaves at an unmethylated restriction site comprising cytidine and
guanosine residues, to generate a population of restriction fragments excluding those
that are methylated,;

cloning restriction fragments of at least 200 nucleotides in length from the
population of restriction fragments, in a restriction negative bacteria to generate a first
library;

cleaving cloned DNA of the first library with a restriction enzyme that cleaves
DNA at a restriction site within a CpG island or GC rich region;

excluding CpG island or GC rich region fragments that contain repetitive
elements while leaving low copy CpG island or GC rich region fragments intact,

thereby producing a population of low copy number CpG islands and GC rich regions.

The method of claim 53, further comprising cloning the restriction fragments

containing low copy CpG islands and GC rich regions to form a library containing a plurality

of low copy CpG island or GC rich region DNA.

55.

The method of claim 53, wherein the excluding is by optionally cleaving cloned DNA

of the first library with a restriction enzyme that cleaves DNA at a restriction site within a

CpG island or GC rich region repeat sequence or using a methylated CpG binding column.

56.

57.

A library produced by the method of claim 53.

The method of claim 53, wherein the GC rich regions are CpG islands.
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58. A method for identifying the DNA methylation status at a cytosine residue of a CpG
sequence in a genomic DNA sample from the subject, wherein hypomethylation of CpG
sequences compared to a methylated DNA control sample is indicative of a disease present

within the subject.

59. A method according to claim 58, characterized in that a set of CpG positions

comprises at least 3 CpG positions that are located in the regulatory region of the same gene.

60. A method according to claim 58 or 59, characterized in that-the methylation state of at

least 3 different sets of CpG positions is identified.

61.  The method of any of claims 1, 6, 31, 34, 48 or 53, wherein the GC rich region is in an

intron.

62. The method of any of claims 1, 6, 31, 34, 48 or 53, wherein the GC rich region is in an

exon.

63. The method of any of claims 1, 6, 31, 34, 48 or 53, wherein the GC rich region isin a
regulatory region.
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1 atggcggcagggtecactacgetgegegeagtggggaagetgeag
M A A G S TTULURAV 6 KL 0
46 gtgcgtctggeccactaagacggagcocgaaaaagetagagaaatat
.V R L A T K T E P K KL E K Y
91 ttgcagaaactctcegecttgeccatgacegeagacatectggeg
L Q K L S A L P M T AD I L A
136 gagactggaatcagaaagacggtgaagcgcctgeggaagcaccag
E T G6 I R KTV X R L R X H Q
181 cacgtgggcgactttgccagagacttageggeceggtggaagaag *
H Vv 6D F A RDUL A AR W K K
226 ctggtgctegtggaccgaaacaccgggectgaccegeaggacect
L VL VDRNTGZPD P QD P
271 gaggagagcgcttcccgacagegetteggyggaggectcttcaggag
E E S A S R QR F G EAUL Q E
316 cgggaaaaggcectggggcttcccagaaaacgcgacggcccccagg
R E KA WG F P ENATR AR PR
361 agcccatctcacagccctgagcacagacggacagcacgcagaaca
S P S H S P EHRIRTA AR RI RT
406-cctccggggcaacagagacctcacccgaggtctcccagtcgcgaq
P P G Q QR P H PR S P S R E
451 cccagagccgagagaaagcgecceagaatggececagetgattee |
P R A ER KR P R M A P A.D-S%"
494~ ;- “zcccatcgggacectccaacgegeaccgotccect cecgatg
G P H R D PP T RTTAUP L P M
541 cccgagggccctgageccgetgtgeccggggagcaacceggaaga
P E G P E P AV P G E Q P G R
586 ggccacgctcacgcecgetcagggegggectctgetgggtcaagge
G HA HAAOQGSGT?PL L G Q G
631 tgccagggccaaccccagggggaageggtggggagcecacageaag
C 0 G Qo P O GEAUV GG S H S5 K
676 gggcacaaatcgtcccgeggggetteggetcagaaatcgectect
G H K S S R GASAOQ K S pP P
721 gtccaggaaagccagtcagagaggctgcaggcggecggegetgat
V 0 E S Q S ERULQQAAGU ATD
766 tccgccgggccgaaaacggtgceccagecatgtctteteggagete
S A G P KT V P S HV F S E L
811 tgggacccctcagaggcctggatgeaggecaactacgatetgetg
W D P S EAWMOQOANY DL L
856 tccgcttttgaggccatgacctcccaggcaaacccagaageacte
S AT EAMT S QA NUPE A L
901 tccgcgcecagegcetcecaggaggaagcetgettteectggacgeaga
S A P AL QE EAAT P G R R
946 gtgaacgctaagatgccggtgtactcgggetccaggectgectge
V N A KMUPV Y $ G S R P A C
8981 cagctccaggtgccgacgctgeogecageagigectecgggtgect
Q o Vv P TLRQQTCUL RV P
1036 aggaacaatccggacgccctcggecgacgtggaaggggteccctac
R NN P DAUL G DV E G V P Y
1081 tcggttcttgaacccgttctggaagggtggacgeccgatcagetg
S VL E PV L EGWTUPDOQL
1126 taccgcacagagaaagacaatgccgcactcgetcgagagacagat
Y R T E K DN AAULAIRE T D
1171 gaattatggaggattcattgcctccaggacttcaaggaagaaaag
E L W R IHCLQQDTFIKTEE K
1216 ccacaggagcacgagtcttggcgggagetgtacctgeggettegg
P Q EH E S W REUL Y L R L R
1261 gacgcccgagagcagcggctgegagtagtgaccacgaaaateega
DA REQRULI RV YV T T K I R
1306 tccgcacgtgaaaacaaacccagcggccgacagacaaagatgate
S A R ENI KUP S GR QT KMI
1351 tgtttcaactctgtggccaagacgecttatgatgettecaggagg
C F NS VA KT®PY DA S R R
1396 caagagaagtctgcaggagccgetgacceccggaaatggagagatg
Q E K S A GAAUDUPGNGEM
1441 gagccagcccccaagcoccgcaggaagcagecaggetecctecgge
E P A P KUPAGS S QA P S 6
1486 ctcggggacggcgacggeggcagegtgageggcggcggcageage
L 6 D GD GG SV S G G G6 § s
1531 asaccggcacgcggcgcccgcggacaaaacccgaaaacaggetgec
N R HA A PAUDI KT RIKOQA A
1576 aagaaagtggccccgctgatggccaaggcaattegagactacaag
K K v.a P L M A K A I R D Y K
1621 ggaagattctcccgacgataa 1884
G R F S R R *

Figure 6
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