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(57) Abstract: The present invention concerns isolation, library preparation and selective amplification from a compositionally het-
& erogeneous pool of DNA fragments of a fraction of molecules, such as those originating from promoter CpG islands and characterized
o by a high GC content. In particular, the process utilizes a heat-induced segregation of DNA molecules into GC-poor, single-stranded
molecule fractions and GC-rich, double-stranded molecule fractions, with subsequent enzymatic conversion of the GC-rich, dou-
ble-stranded DNA molecules into a library, and, optionally, amplification. In specific embodiments, the isolation process is used to
generate promoter-enriched genomic and methylome libraries for research and diagnostic applications, for example.
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ISOLATION OF CPG ISLANDS BY THERMAL SEGREGATION AND ENZYMAT1C
SELECTION-AMPLIFICATION METHOD

[0001] The present invention claims priority to U.S. Provisional Patent Application
Serial No. 60/704,541, filed August 2, 2005, which is incorporated by reference herein in its

entirety.
FIELD OF THE INVENTION

[0002]  The present invention generally concerns the fields of molecular biology
and cellular biology. In particular, the present invention regards selection of molecules with a
specific base composition, preparation of molecules for a library, and amplification of selected
molecules, such as for amplification of a GC-rich DNA fraction (CpG islands), utilizing novel

selection reactions.
BACKGROUND OF THE INVENTION

[0003] Human DNA has complex genomic organization, and it is characterized by
large variations in DNA base composition, usually described in terms of GC content, or %GC
(FIG. 1). GC is defined as a molar fraction of guanine and cytosine in a genome, molecule or
DNA fragment, for example. The GC distribution and compositional heterogeneity of human
DNA was initially discovered and analyzed by analytical ultracentrifugation in CsCl gradients
(Guttann, T., et al.,(1976); Clay, O., et al., (2003)) and later confirmed by DNA sequence
analysis (Clay, O., et al,, 2001; Takai, D., and Jones, P.A. (2002)]. Variations in DNA base
composition are linked to variations in gene density so that the GC-rich regions are usually 10-20

times higher in genes than GC-poor regions.

[0004] The CpG dinucleotides play a very special role in human and all other
mammalian organisms by providing a target for DNA methylation. DNA methylation is the post-
synthetic modification that introduces a methyl group to carbon-5 of cytosine and creates SmC,
the 5th DNA base. The CpG dinucleotides are distributed in a non-random fashion in human
genomic DNA. The frequency with which CpG dinucleotides are found in a genome is much
lower than expected from an average human genome G+C content, except for CpG clusters or
“CpG islands” (Cross, S.H., and Bird, A.P., (1995)). The CpG islands are present in the
promoter, and exonic regions of approximately 40% of mammalian genes. They vary in size

from 200 bp up to 2.5 kb and constitute about 1-2% of the total human genome (see FIG. 1, a
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black region on the CpG distribution diagram). The average GC content of human CpG islands is
about 65% (FIG. 2).but some CpG islands are extremely GC-rich and have as much as 75-80 %
GC content (Takai, D., and Jones, P.A., (2002)). There are about 30,000 CpG islands in the
human genome, and the islands are normally unmethylated. In contrast, other regions of the
genome contain few CpG dinucleotides, and these are largely methylated. Multiple findings
support the idea that the transcription of genes associated with promoter CpG islands is active
when these regions are in unmethylated state, and it is inhibited by promoter methylation.
Methylation of promoter CpG islands plays an important role in the regulation of gene
expression, development, tissue-specific gene function, genomic imprinting, and X-chromosome
inactivation (see U.S. Patent Application Serial No. 11/071,864 and references therein, all of
which are incorporated by reference herein in their entirety). Abberant methylation patterns of
CpG islands have been associated with ageing, inflammation, infectious diseases, autoimmune
conditions, and carcinogenesis (see U.S. Patent Application Serial No. 11/071,864 and

references therein, all of which are incorporated by reference herein in their entirety).

[0005] Despite the important biological role of CpG islands and their close
association with genes and gene regulation, only a few methods have been developed for

purification and isolation of GC-rich DNA, and specifically, CpG islands.

[0006] Bernardi and his coworkers (Clay, O., et al., (2003)) used DNA
fractionation by centrifugation in Cs;SO4 density gradients containing  3,6-
bis(acetatomercurimethyl)dioxane and discovered a class of DNA with very high GC content

that was particularly rich in genes and interspersed repetitive sequences.

[0007] Bird and his colleagues developed the methyl-CpG binding domain (MBD)
column chromatography method (Cross, S.H., ef al., (1999); Cross, S.H., et al., (2000)). In this
method, DNA was digested to completion with Msel restriction enzyme, methylated at all CpGs
using CpG methylase (NEB), and fractionated on a column containing NiZ'- NTA-agarose
coupled with the histidine-tagged methyl-CpG binding domain protein purified from crude
bacterial extracts. Eluted DNA fragments were cloned and sequenced. The method was
successfully used for bulk purification and analysis of CpG islands from whole genomes (Cross,
S.H., et al., (1999); Cross, S.H., et al., (2000)) and from cosmid, BAC, and PAC DNA clones
(Cross, S.H., et al., (1999); Cross, S.H., et al., (2000)).
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[0008] Lerman, L.S. ef al., (1984) introduced the idea of analysis of DNA duplex
stability using agarose gel electrophoresis of heated DNA.

[0009]  Shiraishi and coworkers developed a method for preferential isolation of
DNA fragments associated with CpG islands by segregation of partly melted molecules (SPM).
The method is conceptually simple and uses denaturant gradient gel electrophoresis to separate
DNA molecules digested with restriction endonucleases. For DNA fragments derived from the
edge of CpG islands, stable partly melted molecules would be expected. When subjected to
denaturing gradient gel electrophoresis, such partially melted DNA fragments are differentially
retarded and retained in the gradient, while molecules with lower GC content are run off the gel.
The SPM method (Shiraishi, M., ef al., (1995); Shiraishi, M., et al., (1998)) and the combination
of MBD column chromatography and SPM (Shiraishi, M., et al., (1998); Shiraishi, M., et al.,

(1999) were used to identify and isolate methylated CpG islands in human cancer cells.

[0010]  Bellizzi, D., et al. (1998) used exposure of DNA fragments produced by
restriction cleavage or sonication to increasing temperatures to clone thermoresistant DNA

duplexes.

[0011] Although some of the methods described above have been useful for
isolation, characterization and understanding the role of promoter CpG islands in normal and
cancer cells, they become cumbersome in applications that involve multiple DNA samples, such
as cancer diagnostics (based on analysis of promoter CpG islands hypermethylation) or high
throughput DNA methylation marker discovery by hybridization to a promoter micro-array. The
present invention overcomes these problems and describes a simple method for enrichment,
purification, and amplification of CpG islands. The method utilizes heat treatment and enzymatic
selection (rather than chromatographic methods) for isolation and in vitro amplification of GC-
rich DNA and can be easily implemented in diagnostic applications and high throughput

screening assays, for example.
SUMMARY OF THE INVENTION

[0012] The present invention is directed to a system and method for selection of
molecules with a specific base composition, such as molecules with a high GC content, preparing
selected molecules for a library, and amplifying them by utilizing known sequences on the

molecules.
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[0013] In certain aspects of the invention, DNA is segregated into single stranded
and double stranded forms by heating to a DNA melting zone temperature and then cooling,
wherein a library is prepared from the heat-resistant GC-rich double stranded DNA fraction,
which may be optionally amplified; in specific embodiments the amplification does not comprise
cloning. In additional specific embodiments, a plurality of DNA molecules having a fraction of
molecules that are GC-poor and having a fraction of molecules that are GC-rich is exposed to
heat, wherein the molecules from the GC-poor fraction are denatured into single stranded
molecules, such as substantially fully denatured, and wherein the molecules from the GC-rich
fraction may not be denatured or denatured only in part. Upon cooling of each fraction,
molecules from the GC-poor fraction renature substantially incompletely, whereas molecules
from the GC-rich fraction renature substantially completely. Following this, the molecules from
the GC-poor fraction are unsuitable for amplification, whereas the molecules from the GC-rich

fraction are suitable for amplification.

[0014] In certain aspects, high molecular weight DNA is digested with an enzyme,
such as a restriction enzyme, followed by heating of the DNA to a certain melting zone
temperature and cooling of the DNA. End-specific adaptors are ligated to the ends of the
thermo-resistant dsDNA fragments to generate adaptor-ligated molecules, and the adaptor-
ligated molecules, which may be referred to as a library, are incubated with one or more
methylation-sensitive restriction enzymes; the mixture may be referred to as a methylome
library. The GC-enriched library is amplified, such as by polymerase chain reaction. In specific
embodiments, the 3” end of the adaptor-ligated molecules are subjected to extension by a DNA
polymerase prior to incubation with one or more methylation-sensitive enzymes. In alternative
embodiments, the adaptors are ligated to the ends, such as the 5 ends, of the DNA fragments
prior to heating of the DNA.

[0015]  In other certain aspects, naturally degraded DNA (for example, cell-free
serum, plasma, or urine DNA), or nuclease-treated DNA, is subjected to modification such that
the ends are polished. The DNA is heated to a certain melting zone temperature, followed by
cooling. Blunt-end adaptors are ligated to the ends of thermo-resistant dsDNA fragments. The
adaptor-ligated fragments, which may be referred to as a library, are incubated with one or more
methylation-sensitive restriction enzymes, and may be referred to as a methylome library. This
may be followed by amplification of the GC-enriched library, such as by polymerase chain

reaction. In specific embodiments, the 3" end adaptor-ligated molecules are subjected to
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extension by a DNA polymerase prior to incubation with one or more methylation-sensitive
enzymes. In alternative embodiments, the blunt-end adaptors are ligated to the ends, such as the

5" ends, of the DNA fragments prior to heating of the DNA.

[0016] In particular, the present invention greatly reduces the complexity of the
prepared library by suppressing amplification of molecules with a low and medium GC content
and allowing amplification of molecules only with a high GC content. The enrichment process is
achieved by heat-denaturing a majority of the DNA molecules except for a small fraction of
molecules that have an increased GC content, which retains a substantially unchanged double
stranded conformation upon heating/cooling, followed by enzymatically selecting the double-
stranded DNA fraction, including preparation and amplification of a library from the heat-
resistant DNA fraction. The selected and amplified DNA molecules can constitute from about
50% to about 1% of all molecules and result in about 2 to about 100 fold enrichment of a

selected DNA fraction.

[0017] A skilled artisan recognizes that denaturation (also referred to as "melting")
is an equilibrium process that can be driven to completion or reversed depending upon at least
the temperature (and/or the pressure, pH, or other conditions). For a given temperature, a fraction
of the DNA that is GC-poor will melt completely, another fraction that is GC-rich will never
melt, and yet a third fraction (with intermediate GC content) will be in a state of partial melting
(or equilibrium). If the temperature drops, this partially melted fraction will re-anneal. If the
temperature goes up, it will completely melt. These differences in the GC content are the basis
for the thermal enrichment in the invention. It is noted in the art that the shorter the DNA, the
more pronounced the effect of GC content on the melting. The GC-rich fraction of the genome
(CpG islands and some repeats) will melt at about 10°C higher temperature than the GC-poor
DNA providing the genomic DNA is fragmented to suitable size (about 50 to 3000 bases, for
example). In specific embodiments, denaturing can be categorized according to the fraction of
the DNA that is denatured at a given temperature; for example, the categories may include the
following: substantially denatured; partially denatured (intermediate state), and substantially
non-denatured DNA. Again, the intermediate category may go to denaturing or back to
renaturing if, for example, the temperature changes. Thus, the ratio between these three

categories will vary as a function of the temperature (and/or pressure, pH, efc.)
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[0018] In particular embodiments, the present invention utilizes a DNA ligase and
an adaptor-DNA ligation reaction to select all double-stranded molecules that survive thermal
incubation and convert them into an amplifiable DNA library. Heat-denatured DNA molecules
become very inefficient templates for the ligation reaction catalyzed by DNA ligase, and as a

result become substantially lost (reduced) during amplification.

[0019] In one embodiment of the invention, there is a DNA end-polishing step
preceding heating and subsequent selective ligation of the blunt end adaptor to the heat-resistant
(GC-rich) blunt end DNA fraction.

[0020] In another embodiment of the invention, DNA fragments generated by
restriction enzyme digestion are heated and then selectively ligated to adaptors with a compatible

end structure,

[0021] In some embodiments of the invention, the selective post-heating ligation
reaction involves both strands of DNA molecules and adaptors. In this case, no additional 3’ end

extension is necessary to complete the selection process and the library preparation.

[0022] In some embodiments of the invention, the selective post-heating ligation
reaction involves only one DNA strand, specifically, the 5’ end of DNA molecules and the 3’
end of adaptors. In this case, an additional 3> end extension DNA synthesis is necessary to

complete the selection process and the library preparation.

[0023] In particular embodiments, the present invention utilizes the 3’ end
extension DNA synthesis as a step to select for the heat-resistant GC-rich DNA fraction. In this
case, the thermal incubation step occurs after the adaptor-DNA ligation reaction that involves
only one DNA strand, specifically, the 5° end of DNA molecules and the 3° end of adaptors.
Only the heat-resistant GC-rich DNA fraction would retain a double-stranded structure and the
ability to complete the library preparation by extending the 3’ ends of dsDNA molecules into the

adaptor region.

[0024]  In particular embodiments, the present invention utilizes a single strand-
specific endonuclease such as S1 nuclease, P1 nuclease, Mung bean nuclease, or a combination
or mixture thereof, to efficiently degrade all single-stranded GC-poor DNA generated by thermal

incubation while leaving intact only the heat-resistant GC-rich DNA fraction.
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[0025] = In one particular embodiment, the exposure of the DNA to heat and
subsequent single strand-specific nuclease treatment is preceded by the library preparation and

amplification.

[0026] In other particular embodiments, the thermal incubation and subsequent
single strand-specific nuclease treatment are applied to a DNA library with already attached
adaptors of known sequence, or even to a library with attached adaptors that had been amplified.
In the latter case, the selection is achieved by re-amplification of the heat- and nuclease-treated

library.

[0027] In particular embodiments, the present invention utilizes a special stem-loop
oligonucleotide and an inverted repeat adaptor design with a cleavable restriction site generated
during the adaptor attachment that allows implementation of the thermal enrichment-selection
process to the DNA library with inverted repeat adaptors (see, for example, U.S. Patent
Application Serial No. 11/071,864 and U.S. Provisional Patent Application Serial No. Unknown,
filed concomitantly herewith and entitled, COMPOSITIONS AND METHODS FOR
PROCESSING AND AMPLIFICATION OF DNA, INCLUDING USING MULTIPLE
ENZYMES IN A SINGLE REACTION, by inventors Vladimir L. Makarov, Emmanuel
Kamberov, and Brendan Tarrier, both of which are incorporated by reference herein in their
entirety). This selection process uses two additional enzymatic reactions: restriction enzyme
digestion and DNA polymerization. The selection and enrichment of the GC-rich DNA fraction
occurs by processing of all heat-resistant double-stranded molecules into amplifiable DNA units
by a restriction digestion of the adaptors and elimination of their inverted repeat structure, and by
conversion of all denatured DNA molecules into the stem-loop structures that are resistant to

PCR amplification.

[0028] In specific aspects of the invention, a library prepared with ligation of stem-
loop adaptors to DNA molecules is heat denatured such that those library molecules (which may
be referred to herein as amplicons) having low and medium GC content are denatured by heat,
whereas subsequent cooling generates the hairpin structure at their ends. However, GC-rich
amplicons remain substantially double stranded. A DNA polymerase then converts denatured,
GC-poor amplicons into long hairpin-like molecules. Restriction enzyme digestion removes
palindromes from both ends of the GC-rich amplicons and from one end of the hairpin-like

molecules. Following this, polymerase chain reaction amplifies the GC-rich amplicons, whereas
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hairpin-like amplicons originated from GC-poor DNA fragments remain resistant to

amplification.

[0029] In particular embodiments, the present invention utilizes thermal
enrichment processes to produce GC-enriched Methylome libraries for subsequent research
and/or diagnostic applications to analyze the methylation status of CpG islands, for example
(see, for example, U.S. Patent Application Serial No. 11/071,864 and U.S. Provisional Patent
Application Serial No. Unknown, filed concomitantly herewith and entitled, COMPOSITIONS
AND METHODS FOR PROCESSING AND AMPLIFICATION OF DNA, INCLUDING
USING MULTIPLE ENZYMES IN A SINGLE REACTION, by inventors Vladimir L.
Makarov, Emmanuel Kamberov, and Brendan Tarrier, both of which are incorporated by

reference herein in their entirety).

[0030] In one particular embodiment, the GC-enrichment step is introduced during
the multi-step Methylome library synthesis, and before the library amplification, while in another

particular embodiment the GC-enrichment step is performed after the library amplification.

[0031] In one particular embodiment, the GC-enrichment step is introduced right
after the one-step Methylome library synthesis, but before the library amplification.

[0032] In some embodiments, the present invention utilizes thermal enrichment
protocols to produce GC-enriched Whole Genome libraries for subsequent research and/or

diagnostic applications, for example.

[0033] In one embodiment of the invention, there is a method of amplifying a
plurality of amplifiable DNA molecules, comprising providing a plurality of DNA molecules,
said plurality having molecules comprising one or more regions that are GC-poor and having
molecules comprising one or more regions that are GC-rich; subjecting the plurality of DNA
molecules to sufficient conditions to denature GC-poor regions but not to denature GC-rich
regions, thereby producing GC-rich regions suitable for amplification; and subjecting the
plurality to amplification conditions such that the denatured GC-poor regions are substantially
not amplified and such that one or more of the non-denatured or partially denatured GC-rich

regions are amplified.

[0034]  In specific embodiments, the conditions to denature GC-poor regions but

not to denature GC-rich regions comprise temperature sufficient to denature GC-poor regions but
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not to denature GC-rich regions, pressure sufficient to denature GC-poor regions but not to
denature GC-rich regions, pH sufficient to denature GC-poor regions but not to denature GC-rich
regions, or a combination thereof. In further specific embodiments, the conditions to denature
GC-poor regions but not to denature GC-rich regions comprise temperature sufficient to denature

GC-poor regions but not to denature GC-rich regions.

[0035] In certain aspects of the invention, the subjecting the plurality of DNA
molecules to sufficient conditions to denature GC-poor regions but not to denature GC-rich
regions is further defined as: subjecting the plurality to a first temperature such that the GC-poor
regions are substantially denatured and such that the GC-rich regions are undenatured or are
denatured only in part; and subjecting the plurality to a second temperature such that at least part
of the GC-poor regions incompletely renature and such that at least part of the GC-rich regions

substantially completely renature, thereby producing renatured amplifiable GC-rich molecules.

[0036] In specific embodiments, the molecules comprising GC-rich regions are
further defined as comprising one or more regions having GC content greater than about 50%. In
further specific embodiments, the first temperature is greater than about 60°C and/or the second

temperature is lower than about 85°C.

[0037] Methods of the invention may further comprise ligating an adaptor onto the
end of at least some of the renatured GC-rich molecules to produce adaptor-ligated molecules.
In a specific embodiment, the ends of the renatured GC-rich molecules are polished prior to said
ligating, and in particular aspects the ligating is further defined as blunt-end ligating. In
additional aspects, the renatured GC-rich molecules are further defined as restriction enzyme
fragments, and wherein the adaptors are suitable for ligation onto the respective digested
fragment ends. The ligating may be further defined as ligating with both strands of the DNA
molecules and the adaptors. The ligating may be further defined as ligating with only one strand
of each molecule, said one strand being the 5° end of the DNA molecules and the 3’ end of the
adaptors, wherein the method further comprises 3’ extension of a nick in the adaptor-ligated

molecules.

[0038] In specific embodiments, the GC-poor regions that are substantially
denatured are further defined as having one or more regions that are single stranded following
said subjecting step, and wherein the single stranded regions are subjected to a single strand-

specific endonuclease, such as one that comprises S1 nuclease, P1 nuclease, Mung bean
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nuclease, or a mixture thereof. The method may further comprise subjecting the adaptor-ligated
DNA molecules to one or more methylation-sensitive restriction enzymes. In additional
embodiments, the method further comprises subjecting the adaptor-ligated DNA molecules to

one or more methylation-specific restriction enzymes.

[0039]  In particular aspects, an adaptor of the invention is further defined as a
stem-loop oligonucleotide comprising an inverted repeat and a loop. The adaptor may be further
defined as comprising a restriction endonuclease site. The endonuclease site may be present in
the inverted repeat, for example. In certain aspects, the methods of the invention further

comprise subjecting the adaptor-ligated molecules to the restriction endonuclease.

[0040] The DNA molecule that is provided may be from a body fluid or tissue, and
a body fluid may comprise blood, serum, urine, cerebrospinal fluid, nipple aspirate, sweat, or
saliva. In specific embodiments, the tissue comprises biopsy, surgical sample, or cheek

scrapings.

[0041] Amplification for the invention may comprise polymerase chain reaction. In
additional specific embodiments, the plurality of DNA molecules comprise known sequences at
the ends of the molecules. Methods of the invention may further comprise determining at least
part of the sequence of one or more of the amplified molecules. In specific aspects, the
determined sequence comprises a regulatory sequence. In specific embodiments, the
determining step provides diagnostic information for an individual, and the diagnostic
information may comprise cancer diagnosis information for the individual. In a specific
embodiment, the GC-rich region comprises at least part of regulatory sequence, such as at least

part of a CpG island.

[0042] In another embodiment, there is a method of amplifying a CpG island from
a molecule, comprising: providing a plurality of DNA molecules, said plurality comprising at
least one molecule having at least one CpG island and said plurality having at least one molecule
comprising one or more regions that are GC-poor; subjecting the plurality of DNA molecules to
sufficient conditions to denature GC-poor regions but not to substantially denature the CpG
island, thereby rendering the CpG island suitable for amplification; and subjecting the plurality
to amplification conditions such that the denatured GC-poor regions are substantially not

amplified and such that the non-denatured or partially denatured CpG island is amplified. In a

10
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specific embodiment, the CpG island is further defined comprising at least part of a regulatory

sequence.

[0043] In an additional embodiment of the invention, there is a method of
preparing a library, comprising: providing a plurality of DNA molecules, said plurality having
molecules comprising one or more regions that are GC-poor and having molecules comprising
one or more regions that are GC-rich; subjecting the plurality of DNA molecules to sufficient
conditions to denature GC-poor regions but not to denature GC-rich regions, thereby producing
GC-rich regions suitable for amplification; and subjecting the plurality to amplification
conditions such that the denatured GC-poor regions are substantially not amplified and such that
one or more of the non-denatured or partially denatured GC-rich regions are amplified. In
specific embodiments, the method further comprises ligating an adaptor onto the end of at least
some of the renatured GC-rich molecules to produce adaptor-ligated molecules, and in certain
aspects the ends of the renatured GC-rich molecules are polished prior to said ligating, which
may be further defined as blunt-end ligating. In specific embodiments, the renatured GC-rich
molecules are further defined as restriction enzyme fragments, and wherein the adaptors are

suitable for ligation onto the respective digested fragment ends.

[0044] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will be
described hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth
in the appended claims. The novel features that are believed to be characteristic of the invention,
both as to its organization and method of operation, together with further objects and advantages
will be better understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the figures is
provided for the purpose of illustration and description only and is not intended as a definition of

the limits of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0045] For a more complete understanding of the present invention, reference is
now made to the following descriptions taken in conjunction with the accompanying drawing, in
which:

[0046] FIG. 1 shows GC distribution of total human DNA based on CsCl
absorbance density gradient profile and human genome sequence analysis, with a mean value at
42% GC. The distribution has very little DNA above 55% GC, however this DNA fraction has
much higher gene density and contains a majority of CpG islands and GC-rich promoters (shown
in black).

[0047] FIG. 2A shows GC distribution of the CpG islands associated with the 5°

regions of genes in exemplary human chromosomes 21 and 22, with a mean value at ~ 65 %GC.

[0048] FIG. 2B shows length distribution of the CpG islands associated with the 5’

regions of genes in exemplary human chromosomes 21 and 22, with an average length of 1400

bp.

[0049] FIG. 3 shows DNA melting profiles for total human DNA (broad melting
zone) and two hypothetical DNA fractions with 42% and 65% GC content and corresponding
melting temperatures Tp,'> and Tp,> (narrow melting zones). Calculated difference ATy, = T,,>° —

T’ in the melting temperature for these two fractions is about 9°C.

[0050] FIG. 4 is a general description of the thermal segregation and enzymatic

selection-amplification method used for isolation of the GC-rich DNA fraction.

[0051]  FIGS. 5A-5D illustrate the selection-by-ligation approach wherein DNA
molecules produced by restriction digestion of HMW DNA (FIGS. 5A and 5C) or endogenously
cleaved (for example, from serum or urine) and polished DNA fragments (FIGS. 5B and 5D) are
exposed to a partially-denaturing temperature and then ligated with an oligonucleotide adaptor.
Only GC-rich molecules that retain double-stranded structure and template affinity for the

adaptor ligation reaction are converted into a library and amplified during PCR.

[0052]  FIGS. 6A-6B illustrate the selection-by-extension approach where DNA
molecules produced by restriction digestion of HMW DNA (FIG. 6 or endogenously cleaved (for
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example, from serum or urine) and polished DNA fragments (FIG. 6B) are ligated with an
oligonucleotide adaptor and then exposed to a partly-denaturing temperature prior to the 3° end
extension reaction. Only GC-rich molecules that retain double-stranded structure and template

capacity for the 3’ extension reaction are converted into a library and amplified during PCR.

[0053] FIG. 7 is a description of the thermo-enrichment method for selection and
amplification of the GC-rich DNA fraction that utilizes the selection-by-degradation approach
where DNA converted to a library form (and amplified if necessary) is exposed to a partly-
denaturing temperature and then incubated with a single strand-specific nuclease to destroy GC-
poor amplicons. Only GC-rich molecules that retain double-stranded structure and resistance to a

single-strand specific nuclease are amplified during PCR.
[0054] FIG. 8 shows a DNA library with inverted repeat adaptors.

[0055] FIG. 9 shows a one-step, one-tube preparation process for synthesis of DNA

molecules with inverted repeat at the ends.

[0056] TIG. 10 is a description of the thermo-enrichment method for selection and
amplification of the GC-rich DNA fraction that utilizes the selection-by-inactivation approach
where a DNA library with inverted repeat adaptors is exposed to a partially-denaturing
temperature and then incubated with a DNA polymerase and a restriction nuclease that cuts
adaptors and eliminates palindromes from the ends of GC-rich amplicons. Only the GC-rich
fragments that remain double-stranded and do not form terminal hairpins are converted into

amplifiable molecules by restriction digestion and subsequently amplified by PCR.

[0057]  FIGS. 11A-11C illustrate the complex effects of pre-heating to various
temperatures Alu I restriction fragments prior to preparation of methylome libraries by ligation
of universal adaptor on the relative presence of promoter sequences. Promoter sequences of high,
intermediate, or low GC content are analyzed by quantitative PCR as exemplified by the GSTP-1
(FIG. 11A), MDR-1 (FIG. 11B), and APC (FIG. 11C) promoters, respectively. Differential

enrichment of library fragments based on their GC content is demonstrated.

[0058] FIGS. 12A and 12B show that methylome libraries prepared from
exemplary cell-free urine DNA by ligation of universal adaptor can be enriched for promoter

sequences by pre-heating prior to library preparation at temperatures that will selectively
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denature the fraction of DNA having low to average GC content, thereby making it incompetent

for ligation. Maximal enrichment of promoter sites is achieved by pre-heating at 89 °C to 91 °C.
DETAILED DESCRIPTION OF THE INVENTION

[0059] The present application incorporates by reference herein in its entirety U.S.
Patent Application Serial No. 11/071,864, filed March 3, 2005. Also incorporated by reference
herein in its entirety is U.S. Patent Application Serial No. unknown, filed March 2, 2006, entitled
“Compositions and Methods for Processing and Amplification of DNA, including Using
Multiple Enzymes in a Single Reaction, “which itself claims priority to U.S. Provisional Patent
Application Serial No. 60/704,932, filed August 2, 2005.

1. Definitions

[0060] In keeping with long-standing patent law convention, the words “a” and
“an” when used in the present specification in concert with the word comprising, including the
claims, denote “one or more.” Some embodiments of the invention may consist of or consist
essentially of one or more elements, method steps, and/or methods of the invention. It is
contemplated that any method or composition described herein can be implemented with respect

to any other method or composition described herein.

[0061] The practice of the present invention will employ, unless otherwise
indicated, conventional techniques of molecular biology, microbiology, recombinant DNA, and
so forth which are within the skill of the art. Such techniques are explained fully in the literature.
See e.g., Sambrook, Fritsch, and Maniatis, MOLECULAR CLONING: A LABORATORY
MANUAL, Second Edition (1989), OLIGONUCLEOTIDE SYNTHESIS (M. J. Gait Ed., 1984),
ANIMAL CELL CULTURE (R. I. Freshney, Ed., 1987), the series METHODS IN
ENZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR MAMMALIAN
CELLS (J. M. Miller and M. P. Calos eds. 1987), HANDBOOK OF EXPERIMENTAL
IMMUNOLOGY, (D. M. Weir and C. C. Blackwell, Eds.), CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY (F. M. Ausubel, R. Brent, R. E. Kingston, D. D. Moore, J. G.
Siedman, J. A. Smith, and K. Struhl, eds., 1987), CURRENT PROTOCOLS IN
IMMUNOLOGY (J. E. Coligan, A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W.
Strober, eds., 1991); ANNUAL REVIEW OF IMMUNOLOGY; as well as monographs in
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journals such as ADVANCES IN IMMUNOLOGY. All patents, patent applications, and

publications mentioned herein, both supra and infra, are hereby incorporated herein by reference.

[0062] A skilled artisan recognizes that there is a conventional single letter code in
the art to represent a selection of nucleotides for a particular nucleotide site. For example, R
refers to A or G; Y refers to C or T; M refers to A or C; K refers to G or T; S refers to C or G; W
refers to A or T; H refers to A or C or T; B refers to C or G or T; V refers to A or C or G; D
refers to A or G or T; and N refersto A or Cor G or T.

[0063] The term “blunt end” as used herein refers to the end of a dSDNA molecule
having 5° and 3’ ends, wherein the 5° and 3” ends terminate at the same nucleotide position.

Thus, the blunt end comprises no 5’ or 3> overhang.

[0064] The term “CpG island” as used herein is defined as an area of DNA that is
enriched in CG dinucleotide sequences (cytosine and guanine nucleotide bases) compared to the
average distribution within the genome. The generally accepted CpG island constitutes a region
of at least 200-bp of DNA with a G+C content of at least 50% and observed CpG/expected CpG
ratio of least 0.6. In specific aspects, the CpG island has GC content of about 55% to about 80%.
In further embodiments, the CpG island comprises about 60% GC to about 70% GC. In certain
aspects, moderately GC-rich CpG islands may be considered 50 - 60 % GC, and this group
represents about 30 % of all CpG islands; GC-rich CpG islands may be considered 60 - 70 %
GC, and this group represents about 60 % of all CpG islands; and extremely GC-rich CpG
islands may be considered greater than about 70 % GC, and this group represents about 10 % of
all CpG islands.

[0065] The term “double stranded molecule” as used herein refers to a molecule

that is double stranded at least in part.

[0066] The term “GC-poor” as used herein refers to DNA molecules with the G+C
content less than 50%. In particular aspects, the GC-poor DNA comprises about 30% GC to
about 50 % GC, and in additional aspects the GC-poor DNA comprises less than about 45% GC,
less than about 40% GC, less than about 35% GC, less than about 30% GC, less than about 25%
GC, and so forth.

[0067] The term “GC-rich” as used herein refers to DNA molecules with the G+C
content more than 50%. In particular aspects, the GC-rich DNA comprises about 60% GC to
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about 70% GC, and in additional aspects, the GC-rich DNA comprises greater than about 55%
GC, greater than about 60% GC, greater than about 65% GC, greater than about 70% GC, greater
than about 75% GC, greater than about 80% GC, and so forth.

[0068] The terms “hairpin” and “stem-loop oligonucleotide” as used herein refer to
a structure formed by an oligonucleotide comprised of 5> and 3’ terminal regions that are
inverted repeats and a non-self-complementary central region, wherein the self-complementary
inverted repeats form a double-stranded stem and the non-self-complementary central region

forms a single-stranded loop.

[0069] The term “methylation-sensitive restriction endonuclease” as used herein
refers to a restriction endonuclease that is unable to cut DNA that has at least one methylated
cytosine present in the recognition site. A skilled artisan recognizes that the term “restriction

endonuclease” may be used interchangeably in the art with the term “restriction enzyme.”

[0070]  The term “methylation-specific restriction endonuclease” as used herein
regards an enzyme that cleaves DNA comprising at least one methylcytosine on at least one
strand. In a specific embodiment, the McrBC enzyme is utilized and will not cleave
unmethylated DNA. A skilled artisan recognizes that the term “restriction endonuclease” may be

used interchangeably in the art with the term “restriction enzyme.”

[0071] The term “Methylome™ as used herein is defined as the collective set of
genomic fragments comprising methylated cytosines, or alternatively, a set of genomic

fragments that comprise methylated cytosines in the original template DNA.

[0072] The term “polished” as used herein refers to the repair of dsSDNA fragment
termini that may be enzymatically repaired, wherein the repair constitutes the fill in of recessed
3" ends or the exonuclease activity trimming back of 5’ ends to form a “blunt end” compatible

with adaptor ligation.

[0073] The term “substantially completely renature” as used herein refers to the
majority of GC-rich regions being renatured. In specific aspects, the term refers to greater than
50%, greater than about 55%, greater than about 60%, greater than about 65%, greater than about
70%, greater than about 75%, greater than about 80%, greater than about 85%, greater than about
90%, greater than about 95%, or greater than about 97% of GC-rich regions being renatured.
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[0074] The term "substantially denatured” as used herein refers to the majority of
GC-poor regions being denatured. In specific aspects, the term refers to greater than 50%,
greater than about 55%, greater than about 60%, greater than about 65%, greater than about 70%,
greater than about 75%, greater than about 80%, greater than about 85%, greater than about 90%,

greater than about 95%, or greater than about 97% of GC-poor regions being denatured.

[0075] The term “substantially not amplified” as used herein refers to the majority
of denatured GC-poor regions not being amplified. In specific aspects, the term refers to greater
than 50%, greater than about 55%, greater than about 60%, greater than about 65%, greater than
about 70%, greater than about 75%, greater than about 80%, greater than about 85%, greater than
about 90%, greater than about 95%, or greater than about 97% of GC-poor regions not being
amplified.

1L Specific Embodiments of the Invention

A. Basic principles of CpG island DNA isolation by thermal segregation and
enzymatic selection approach

[0076] In this embodiment of the invention, there is a general description of the
principle of the CpG island isolation (enrichment). It is known that double-stranded DNA
fragments undergo strand dissociation when they are exposed to denaturing conditions, such as
heat; alkaline or acidic conditions with non-physiological pH; or organic solvents. DNA
fragments with higher G+C content exhibit higher stability towards denaturing agents and melt at
a higher temperature than fragments with low G+C composition. When fragmented genomic
DNA that is characterized by a wide GC distribution is exposed to heat (see FIG. 1), it melts
within a broad rather than narrow temperature zone, as opposed to DNA fractions with more
homogeneous GC composition (FIG. 3). DNA melting temperature (Ty,) depends on many
parameters that include G+C content, DNA fragment length, ionic strength of the buffer, efc. The
effects of these factors can be approximated by a simple equation: Tn; = 81 + 16.6(log;oC) + 0.4
[%GC] — 600/N, where C is the salt concentration and N is the length of the DNA fragment in
base pairs. The expected difference in melting temperature for two DNA fragments #1 and #2
(fractions) with equal size (size distribution) and buffer conditions is entirely determined by the
difference in their G+C content, namely ATy, = 0.4 {[%GC]; — [%GC],}. For example, for DNA
molecules with 42% and 65% GC content, the difference in Tm is 9.2 °C.
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[0077]  FIG. 1 and FIG. 2A show G+C distribution of total DNA and the CpG
islands associated with the 5° regions of genes, respectively. These islands constitute only 1-2%
of total DNA (FIG. 1), have an average size about 1.4 kb (FIG. 2B), and GC content about 65%
(FIG. 2A) which is 23% higher than the average GC content of genomic DNA (FIG. 1). It is
expected that the major human CpG island fraction characterized by the average GC content of
65% (FIG. 2A) will have almost 10 °C higher melting temperature than the average genomic
DNA with the GC content of 42% (FIG. 1).

[0078] When a mixture of double-stranded DNA fragments with a heterogeneous
base composition and size range form about 50 bp to about 3,000 bp is exposed to the
appropriate heat-denaturing conditions (temperature and salt concentration) the majority of GC-
poor DNA fragments (for example, < 55% GC) can be denatured and converted into a single-
stranded form. The small GC-rich DNA fraction (> 55% GC) will still possess a double-stranded
or partially double-stranded conformation (FIG. 4). After cooling down to a lower temperature
(for example, about 37°C), the GC-poor DNA fraction will remain in a single-stranded
conformation (unique, low copy DNAs) or form partial duplexes (repetitive, high copy DNAs),

while the GC-rich DNA fraction will retain its original double-stranded structure.

[0079] The GC-rich double-stranded DNA fraction segregated from the GC-poor
DNA by the above-described heating process can be selectively processed into a DNA library by
one or more enzymatic reactions and amplified (FIG. 4). The GC-poor single-stranded DNA
would be not efficiently processed into a library, and as a result is present in the amplified

material at a significantly reduced concentration.

[0080] Segregation of DNA fragments into GC-poor and GC-rich fractions can be
also achieved by DNA exposure to other denaturing conditions such as high or low pH (Cantor
and Schimmel), chaotropic reagents, elevated or reduced pressure (Dubnis D.N., e al., (2001), or

a combination thereof.

B. CpG island DNA isolation using selection-by-ligation method

[0081] In this embodiment of the present invention, as illustrated in FIG. 5, there is
a description of the CpG island isolation method that uses a specific enzymatic step in the DNA

library preparation and amplification as a tool to select and isolate double-stranded DNA
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molecules that survive a heat-denaturing process. Specifically, the method described in FIG. 5

uses the adaptor ligation reaction to select double-stranded molecules.

[0082] The method utilizes adaptors that have only one ligation-competent end.
One type of adaptor has both 3’ and 5’ termini participating in the ligation process. In this case,
the adaptor has the 3’ hydroxyl and the 5> phosphate groups at one end and neither the 5’
phosphate group nor the 3’ hydroxyl éroup at another end. A second type of adaptors has only
one 3’ terminus participating in the ligation reaction. In this case, the adaptor has the 3’ and 5’
hydroxyl groups at one end and neither the 5’ phosphate group nor the 3 hydroxyl group at
another end. The ligation-competent end of the adaptor can be blunt or has a 3’ or 5’ protruding

termini complementary to the ends of DNA restriction fragments.

[0083] DNA used in the selection process can be intact and have high molecular
weight (HMW) (FIGS. 5A and 5C), or it can be degraded (cell-free DNA from blood or urine,
DNA extracted from FFPE tissues, efc.) and have size from about 100 bp to about 2-3 kb (FIGS.
5B and 5D).

[0084] In one embodiment of the invention, prior to heating DNA is polished with
a proofreading DNA polymerase to generate blunt DNA ends (FIG. 5B and 5D). In this case,
adaptors participating in the ligation-selection reaction after DNA heating also have one blunt
end that is competent for ligation. In one specific embodiment, the adaptor has a ligation-
competent 3’ end with the hydroxyl group and a ligation-competent 5> end with the phosphate
group (FIG. 5 B). In this case, the ligation reaction selects all GC-rich double-stranded DNA
molecules and converts them into a library of DNA fragments that can be directly amplified by
PCR (FIG. 5B).

[0085]  Specifically, DNA is (1) incubated with a proofreading DNA polymerase
(such as Klenow fragment of the DNA polymerase I (exo+), T4 DNA polymerase, T7 DNA
polymerase, efc.) to generate blunt ends; (2) heated at a certain temperature for about 5-15 min to
denature most GC-poor DNA fragments and then cooled down; (3) incubated with blunt-end
oligonucleotide adaptors with the 3° hydroxyl and 5° phosphate groups, and T4 DNA ligase; and
(4) generated whole genome (WGA) library is amplified by PCR (FIG. 5B).

[0086] In a specific embodiment, when the goal is to create a GC-enriched Whole
Methylome DNA library, the product of ligation reaction (WGA library) is incubated with a mix
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of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE I, Ava I, Bce Al, Bsa
HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinP1 I,
Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AL Mvn I, and Ssi, for example (FIG. 5B), or with

methylation-specific enzymes such as McrBC nuclease, for example.

[0087] In another specific embodiment, an adaptor has a ligation-competent 3° end
with a hydroxyl group and ligation-resistant 5> end (FIG. 5D). In this case, the ligation reaction
links the adaptor to only one DNA strand, specifically to the 5’ end, leaving a nick between the
3’ end of DNA and the 5’ end of adaptor. To complete the library synthesis, the 3> end of DNA
is then extended by a DNA polymerase towards the adaptor end (FIG. 5D). Selected by ligation
and converted into a library as described above, GC-rich DNA fragments can be amplified by
PCR (FIG. 5D). '

[0088]  Specifically, DNA is (1) incubated with a proofreading DNA polymerase
(such as Klenow fragment of the DNA polymerase I (exo+), T4 DNA polymerase, T7 DNA
polymerase, etc) to create blunt ends, (2) heated at a certain temperature for about 5-15 min to
denature most GC-poor DNA fragments and then cooled down; (3) incubated with blunt-end
oligonucleotide adaptors with the 3° and 5> hydroxyl groups, and T4 DNA ligase; (4) incubated
with a DNA polymerase to extend the 3° DNA end into the adaptor region; and (5) created whole
genome (WGA) library is amplified by PCR (FIG. 5D).

[0089] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the product of polymerase-extension reaction (WGA library) is
incubated with a mix of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE
I, Ava l, Bee Al Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UL, Cfo I, Hap II,
Hga I, Hha ], HinP1 I, Hin 6I, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi, for

example (FIG. 5D), or with methylation-specific enzymes such as MerBC nuclease, for example.

[0090] In another embodiment of the invention, prior to heating DNA is digested
with a restriction enzyme to generate DNA termini with 5° protruding, 3’ protruding, or blunt
ends (FIGS. 5A and 5C). In this case, adaptors participating in the ligation-selection reaction
after DNA heating also have one compatible 5’ protruding, 3’ protruding, or blunt end that is
competent for ligation. In one specific embodiment, an adaptor has a ligation-competent 3’ end

with the hydroxyl group and a ligation-competent 5* end with the phosphate group (FIG. 5A). In
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this case, the ligation reaction selects all GC-rich, double-stranded DNA molecules and converts
them into a library of DNA fragments that can be directly amplified by PCR (FIG. 5A).

[0091] Specifically, HMW DNA is (1) digested with a restriction endonuclease; (2)
heated at a certain temperature for about 5-15 min to denature most GC-poor DNA fragments
and then cooled down; (3) incubated with oligonucleotide adaptors that have one compatible 5’
protruding, 3’ protruding, or blunt end with the 3° hydroxyl and the 5’ phosphate groups, and a
DNA ligase; and (4) the generated whole genome (WGA) library is amplified by PCR (FIG. 5A).

[0092] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the product of ligation reaction (WGA library) is incubated
with a mix of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE I, Ava I,
Bee Al Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha
I, HinP1 I, Hin 6I, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi, for example (FIG.

5A), or with methylation-specific enzymes such as McrBC nuclease, for example.

[0093] In another specific embodiment, an adaptor has a ligation-competent 3° end
with a hydroxyl group and ligation-resistant 5° (FIG. 5C). In this case, the ligation reaction links
the adaptor to only one DNA strand, specifically to the 5° end, leaving a nick between the 3° end
of DNA and the 5° end of adaptor. To complete the library synthesis the 3’ end of DNA is then
extended by a DNA polymerase towards the adaptor end (FIG. 5C). Selected by ligation and
converted into a library as described above, GC-rich DNA fragments can be amplified by PCR
(FIG. 5C).

[0094] Specifically, HMW DNA is (1) digested with a restriction endonuclease; (2)
heated at a certain temperature for about 5-15 min to denature most GC-poor DNA fragments
and then cooled down; (3) incubated with oligonucleotide adaptors that have one compatible 5’
protruding, 3’ protruding, or blunt end with the 3” and 5° hydroxyl groups, and a DNA ligase; (4)
incubated with a DNA polymerase to extend the 3’ DNA end into the adaptor region; and (5) the
generated whole genome (WGA) library is amplified by PCR (FIG. 5C).

[0095] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the product of ligation reaction (WGA library) is incubated
with a mix of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE I, Ava [,

Bee Al Bsa HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha
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L, HinP1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp Al Mvn I, and Ssi, for example (FIG.

5C), or with methylation-specific enzymes such as McrBC nuclease, for example.

C. CpG island DNA isolation using selection-by-polymerization method

[0096] In this embodiment of the present invention, as illustrated in FIG. 6, there is
a description of the CpG island isolation method that uses a specific enzymatic step in the DNA
library preparation and amplification as a tool to select and isolate double-stranded DNA
molecules that survive a heat-denaturing process. Specifically, the method described in FIG. 6

uses the 3’ end DNA extension-polymerization reaction to select double-stranded molecules.

[0097] The method utilizes adaptors that have only one ligation-competent end,
specifically the 3’ end with a hydroxyl group. The adjacent 5° end has a hydroxyl group that is
ligation-resistant. This adaptor end can be blunt, or has a 3 or 5’ protruding termini
complementary to the ends of DNA restriction fragments. The opposite end of the adaptor has
neither the 5° phosphate group nor the 3’ hydroxyl group.

[0098] DNA used in the selection process can be intact and have high molecular
weight (HMW) (FIG. 6A), or it can be degraded (such as from cell-free DNA from blood, urine,
or DNA extracted from FFPE tissues, for example) and have size from about 100 bp to about 2-3
kb (FIG. 6B).

[0099] In one embodiment of the invention, prior to adaptor ligation DNA is
polished with a proofreading DNA polymerase to generate blunt DNA ends (FIG. 6B). In this
case, adaptors participating in the ligation-selection reaction after DNA heating also have the

blunt end that is competent for ligation.

[0100]  Specifically, DNA is (1) incubated with a proofreading DNA polymerase
(such as Klenow fragment of the DNA polymerase I (exo+), T4 DNA polymerase, T7 DNA
polymerase, efc.) to generate blunt ends; (2) incubated with blunt-end oligonucleotide adaptors
with the 3’ and 5” hydroxyl groups, and a DNA ligase (such as T4 DNA ligase); (3) heated at a
certain temperature for about 5-15 min to denature most GC-poor DNA fragments and then
cooled down; (4) incubated with a DNA polymerase to extend the 3’ DNA end into the adaptor
region in molecules that survive the heat treatment and retain a double-stranded conformation;
and (5) the generated whole genome (WGA) library is amplified by PCR (FIG. 6B).
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[0101] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the product of polymerase-extension reaction (WGA library) is
incubated with a mix of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE
I, Aval, Bee Al, Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst Ul, Cfo I, Hap II,
Hga I, Hha I, HinP1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi, for

example (FIG. 6B), or with methylation-specific enzymes such as McrBC nuclease, for example.

[0102] In another embodiment of the invention, prior to adaptor ligation DNA is
digested with a restriction enzyme to generate DNA termini with 5’ protruding, 3’ protruding or
blunt ends (FIG. 6A). In this case, adaptors participating in the ligation-selection reaction after
DNA heating also have one compatible 5’ protruding, 3’ protruding, or blunt end that is

competent for ligation.

[0103] Specifically, DNA is (1) digested with a restriction endonuclease; (2)
incubated with oligonucleotide adaptors that have one compatible 5° protruding, 3’ protruding, or
blunt end with the 3’ and 5’ hydroxyl groups, and a DNA ligase; (3) heated at a certain
temperature for about 5-15 min to denature most GC-poor DNA fragments and then cooled
down; (4) incubated with a DNA polymerase to extend the 3° DNA end into the adaptor region
in molecules that survive the heat treatment and retain a double-stranded conformation; and (5)

the generated whole genome (WGA) library is amplified by PCR (FIG. 6A).

[0104] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the product of polymerase-extension reaction (WGA library) is
incubated with a mix of methylation-sensitive restriction enzymes such as Aci I, Acc II, Asp LE
I, Ava I, Bee Al Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II,
Hga I, Hha I, HinP1 I, Hin 6l, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi, for

example (FIG. 6A), or with methylation-specific enzymes such as McrBC nuclease, for example.

D. CpG island DNA isolation using selection-by-degradation method

[0105] In this embodiment of the present invention, as illustrated in FIG. 7, there is
a description of the CpG island isolation method that uses a specific enzymatic step that is
implemented after DNA library preparation but prior to its amplification or even after library
amplification as a tool to select and isolate double-stranded DNA molecules that survive a heat-

denaturing process. Specifically, the method described in FIG. 7 uses single-stranded DNA
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degradation by structure-specific nucleases, such as S1 or Mung bean nuclease, for example, to

select and amplify GC-rich double-stranded DNA molecules that survive heat treatment.

[0106] DNA used in the selection process can be intact and have high molecular
weight (HMW), or it can be degraded (such as cell-free DNA from blood, urine, or DNA
extracted from FFPE tissues, for example) and have size from about 100 bp to about 2-3 kb.

[0107] The DNA library, Whole Genome Library or Whole Methylome Library
can be synthesized using any method described herein, or presented in other patent applications
(see, for example, U.S. Patent Application Serial No. 11/071,864 and U.S. Provisional Patent
Application Serial No. 60/704,932, filed August 2, 2005 and entitled, COMPOSITIONS AND
METHODS FOR PROCESSING AND AMPLIFICATION OF DNA, INCLUDING USING
MULTIPLE ENZYMES IN A SINGLE REACTION, by inventors Vladimir L. Makarov,
Emmanuel Kamberov, and Brendan Tarrier, both of which are incorporated by reference herein
in their entirety). The selection process can be implemented before or after library amplification.
Selected DNA fragments should be amplified or re-amplified to increase the concentration of

GC-rich DNA molecules, in specific embodiments.

[0108] The process of DNA selection involves (1) DNA fragmentation (if
necessary) and whole genome (WGA) or whole Methylome (WMA) library synthesis; (2) library
heating to a certain temperature for about 5-15 min to denature most GC-poor DNA amplicons
and then cooling; (3) incubation with a single-strand specific nuclease (such as, for example, S1,

P1, Mung bean, efc.); and (4) buffer replacement and amplification of the nuclease-resistant GC-
rich fraction by PCR.

[0109] It should be noted that universal sequences introduced to both ends of DNA
molecules during library synthesis should have low or moderate GC-content (< 50% GC) to
prevent formation of stable GC-clamps at DNA termini that could affect efficiency of DNA

segregation by melting process.

E. CpG island DNA isolation using selection-by-inactivation method

[0110] In this embodiment of the present invention, as illustrated in FIG. 10, there
is a description of the CpG island isolation method that uses a special DNA library adaptor
design and specific enzymatic steps that are implemented during DNA library preparation as a

tool to select and isolate double-stranded DNA molecules that survive a heat-denaturing process.
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Specifically, the method described in FIG. 10 uses DNA molecules with inverted repeats and a
restriction site at the ends (FIG. 8) that are introduced by a one-step enzymatic process (shown in
FIG. 9. and described in detail in patent application entitled, “COMPOSITIONS AND
METHODS FOR PROCESSING AND AMPLIFICATION OF DNA, INCLUDING USING
MULTIPLE ENZYMES IN A SINGLE REACTION,” filed concomitantly herewith by
inventors Vladimir L. Makarov, Emmanuel Kamberov, and Brendan Tarrier, which is
incorporated by reference herein in their entirety). It is an intermediate product during DNA
library synthesis for inactivation of all GC-poor DNA molecules, but selection and amplification
of the GC-rich double-stranded DNA fraction that survives a heat treatment and an inactivation

process.

[0111] In a specific embodiment, as shown in FIG. 9, DNA molecules with
inverted repeats and a restriction site within a repeat are prepared by incubation of fragmented
DNA (which in further specific embodiments is naturally degraded, such as from cell-free blood
or urine DNA, or DNA produced by a nuclease digestion, for example) with a mixture
comprising the following: 1) a stem-loop oligonucleotide with the following: a) 3’ recessed, 3’
protruding, or a blunt end and a 5° hydroxyl group (FIG. 10); b) a specific DNA sequence S
comprising a loop or contained within the loop; and ¢) an adjacent stem region; 2) an
endonuclease that cleaves a restriction site R when the oligonucleotide adopts a double-stranded
conformation; 3) a 3’proofreading DNA polymerase (Klenow fragment of the DNA polymerase I
or T4 DNA polymerase, for example) 4) a DNA ligase; 5) Universal Buffer; 6) ATP; and 7)
dNTPs. Three enzymatic reactions are taking place in the same multi-step process: “polishing”
of the DNA ends and the stem-loop oligonucleotide double-stranded stem-region; ligation of the
oligonucleotide 3’ end to the 5° phosphate of the DNA leaving a nick between the 3’ end of
DNA and the 5’ end of the hairpin double-stranded stem-region; and polymerase extension of the
3’ DNA end that propagates toward the end of stem-loop oligonucleotide and generates inverted
repeats at the ends of DNA fragments and forms cleavable restriction sites R in the middle of the
palindromes instead of non-cleavable sites S within the stem-loop oligonucleotides. The process
results in DNA molecules with inverted repeats and restriction sites within a repeat at the ends of
DNA fragments (FIGS. 8 and 9).

[0112] In another specific embodiment, as illustrated in FIG. 10, there is a selection
process that involves the following: (1) preparation of DNA molecules with inverted repeats and

a restriction site within a repeat (as shown in FIG. 9); (2) heating DNA molecules at a
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temperature that denatures GC-poor amplicons with a subsequent cooling; (3) incubation with a
DNA polymerase that converts denatured fragments into long stem-loop molecules that are
resistant to PCR amplification; (4) incubation with a restriction endonuclease R that removes
palindromes from both ends of heat-resistant GC-rich molecules and converts them into an
amplifiable DNA library (restriction cleavage at one end of the long hairpin DNA molecules
does not generate amplifiable molecules); and (5) amplification of the selected GC-rich DNA
fraction by PCR. In some embodiments steps (3) and (4) can be combined into one by incubation
of intermediate DNA molecules with inverted repeats with a mixture of DNA polymerase and a

restriction enzyme.

[0113] In a specific embodiment, when the goal is to generate a GC-enriched
Whole Methylome DNA library, the intermediate product of the one-step enzymatic reaction
(DNA molecules with inverted repeats) (FIGS. 8 and 9) is incubated with a mix of methylation-
sensitive restriction enzymes such as Aci I, Acc II, Asp LE I, Ava I, Bce Al Bsa HI, Bsh 1236 1,
Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UL, Cfo L, Hap II, Hga I, Hha I, HinP1 I, Hin 61, Hpa II,
Hpy 991, Hpy CH4 IV, Hsp Al Mvn I, and Ssi, for example, or with methylation-specific
enzymes such as McrBC nuclease, for example, prior to the selection process described in FIG.
10. In this case, the nuclease digestion can be carried out concomitantly in combination with
other enzymatic reactions that produce molecules with inverted repeats (see above discussion,
FIG. 9, and U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, and a patent
application filed concurrently herewith and entitled “COMPOSITIONS AND METHODS FOR
PROCESSING AND AMPLIFICATION OF DNA, INCLUDING USING MULTIPLE
ENZYMES IN A SINGLE REACTION,” by inventors Vladimir L. Makarov, Emmanuel
Kamberov, and Brendan Tarrier, both of which are incorporated by reference herein in their
entirety). Digestion with methylation-sensitive or methylation-specific nucleases can be also
performed after or during a selection step that involves incubation with a DNA polymerase and

restriction digestion within the inverted repeat site R.

F. Application of the CpG island-enriched Methylome libraries for marker
discovery and molecular diagnostics of cancer

[0114]  In this embodiment, Methylome library synthesis described in the patent
application U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, employs
methods for additional enrichment of CpG-rich genomic DNA from substantially fragmented
DNA.
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[0115] Methylome libraries as described therein are very powerful tools that permit
the analysis of DNA methylation from very limited sample amounts, such as substantially
fragmented samples including, for example, cell-free DNA recovered from blood and/or urine;
DNA isolated from biopsies; and DNA isolated from formalin fixed paraffin embedded tissues.
When combined with real-time PCR analysis, as few as 2 or 3 methylated DNA molecules can
be detected in a blood or urine sample, for example. This level of robustness and sensitivity
presents opportunities for multiple non-invasive diagnostic applications of the methods of U.S.
Patent Application Serial No. 11/071,864, filed March 3, 2005. Methylome libraries are
characterized by a high degree of complexity, and the analysis of global methylation patterns
may best be resolved by hybridization to high resolution DNA microarrays, for example. To
maximize the specificity and sensitivity of Methylome analysis, an efficient enrichment method
may be employed to increase the relative copy number of CpG-rich DNA within the Methylome
library.

[0116] Previously, the present inventors described an enrichment method that
applied secondary Methylome libraries and demonstrated that there was a 16-128-fold
enrichment level for the various exemplary methylated promoter regions (U.S. Patent
Application Serial No. 11/071,864, filed March 3, 2005). Secondary Methylome libraries
demonstrate an increased efficiency in identifying methylated CpG regions; however, the
complex synthesis process may limit their application. Here the present invention provides an
alternative approach of Methylome library enrichment for the CpG-rich genomic regions that is
easier and faster than the secondary Methylome library method, specifically, the thermo-

enrichment method.

[0117] In one specific embodiment, as described generally in Section B and FIG.
5C, and in detail in Example 1 and FIG. 11, aliquots of blunt-end DNA fragments produced by
Alu I digestion of human DNA were pre-heated for 10 min in 1x NEBuffer 4 at 75°C (control),
83°C, 84.1°C, 85.3°C, 87°C, 89.1°C, 91.4°C, 93.5°C, 94.9°C, 96°C, or 97°C, snap-cooled on ice,
and incubated with T4 DNA ligase, Ky adaptor and ATP. After completion of the fill-in
synthesis at the recessed 3’ ends (15 min at 75°C), whole genome libraries were amplified and
then quantitatively analyzed using real-time PCR and primer pairs for different promoter regions.
It was found that pre-heating DNA at temperatures between 89°C and 94°C resulted in 4 to 128-
fold (median about 60-fold) enrichment of the amplified WGA library for all tested promoter

regions.
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[0118] In another specific embodiment, described generally in Section B and FIG.
5D, and in detail in Example 2 and FIG. 12, aliquots of cell-free DNA isolated from urine and
“polished” by Klenow fragment of DNA polymerase I underwent thermo-enrichment for 10 min
in 1x NEBuffer 4 at 75°C (control), 89°C, 91°C, or 93°C, were snap-cooled on ice, and were
incubated with T4 DNA ligase, Ky adaptor, and ATP. Libraries were subsequently digested with
a cocktail of methylation-sensitive restriction enzymes Aci I, Hhal, Hpa II, HinP1 I, and Bst UI,
filled-in to replicate the sequence of the non-ligated adaptor strand, and amplified by PCR. Real-
time PCR analysis of two CpG islands within the amplified libraries revealed a significant
enrichment for the thermo-enriched Methylome libraries with a maximum enrichment level for

these promoters observed in libraries prepared with pre-heating at 89°C and 91°C.

[0119] A skilled artisan recognizes that all above-described methods of selection
for the GC-rich double-stranded DNA fraction after pre-heating step can be used for Methylome
library enrichment. Thermo-enrichment of GC-rich DNA is a simple and rapid method for
increasing the sensitivity and specificity of Methylome libraries. When used in combination
with the One-step Methylome library synthesis, it can easily be implemented for high through-
put methylation analysis of clinical DNA samples for cancer diagnostics, and in many other
research and medical areas. CpG-enriched Methylome libraries prepared by the thermal
segregation and enzymatic selection-amplification method may be used as the method of choice

for preparing libraries for genome-wide methylation analysis.

[0120] Application of the CpG island-enriched genomic libraries for gene

discovery

[0121] As CpG islands often overlap transcription units, CpG-rich DNA libraries
prepared by the thermal segregation and enzymatic selection-amplification method can be used
to isolate full-length cDNAs for associated genes and promoter sequences in human and other

vertebrates.

[0122] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,

methods and steps described in the specification. As one of ordinary skill in the art will readily
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appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according o the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
EXAMPLES

[0123] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow present techniques discovered by the
inventors to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in light of
the present disclosure, appreciate that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result without departing from the spirit and

scope of the invention.

EXAMPLE 1: ENRICHMENT OF LIBRARIES PREPARED FROM ALUI DIGESTED
GENOMIC DNA FOR PROMOTER SEQUENCES BY HEAT TREATMENT

[0124] This example demonstrates that genomic libraries prepared from Alul-
digested DNA essentially as described in U.S. Patent Application 10/797,333, filed March 8,
2004, can be enriched for promoter sequences by pre-heating fragmented DNA prior to library
preparation at temperatures that will selectively denature subsets of DNA fragments based on

their GC content, thus making part of the genome incompetent for ligation.

[0125] Human genomic DNA isolated from the peripheral blood of a healthy donor
by standard procedures was digested with 10 units of Alul restriction endonuclease (NEB) for 1
hour following the manufacturer’s protocol. Aliquots of 70 ng were pre-heated in 15 ul of 1x
NEBuffer 4 (NEB) for 10 min at 75 °C (control) , 83°C, 84.1°C, 85.3°C, 87°C, 89.1°C, 91.4°C,
93.5°C, 94.9°C, 96°C, or 97°C followed by snap-cooling at — 10 °C in an ice/ethanol bath.

[0126] For library preparation, the pre-heated DNA samples were incubated in a
reaction mixture comprising 1x NEBuffer 4, 1.25 uM of universal Ky adaptor (Table I), 800
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units of T4 DNA ligase, and 1 mM ATP in a final volume of 21 pl. Ligation was carried out for
1 hour at 25°C followed by 15 min at 75 °C.

[0127] Libraries were amplified by quantitative PCR by supplementing the
reactions with PCR master mix adding to the following final concentrations: 1 x Titanium 7ag
reaction buffer (Clontech), 200 pM of each dNTP, fluorescein calibration dye (1:100,000) and
SYBR Green I (1:100,000), 1 uM universal primer Ky (Table I, SEQ ID NO: 15), 4% DMSO,
200 uM 7-deaza-dGTP (Sigma), and 5 units of Titanium Taq polymerase (Clontech) in a final
volume of 75 pl. After initial incubation at 75°C for 15 min to fill-in the recessed 3’ends of the
ligated DNA libraries, amplifications were carried out at 95°C for 3 min, followed by cycling at
94°C for 15 sec and 65°C for 2 min on an I-Cycler real-time PCR instrument (Bio-Rad).
Amplified libraries were purified using MultiScreen PCR cleanup system (Millipore) and
quantified by optical density reading.

[0128] Forty nanograms of purified library DNA were used to analyze promoter
sequences of high, intermediate, or low GC content by quantitative PCR as exemplified by the
GSTP-1, MDR-1, and APC promoters, respectively. Quantitative PCR was performed in reaction
mixtures comprising the following: 1x Titanium 7ag reaction buffer (Clontech), 200 uM of each
dNTP, 4% DMSO, 0.5 M betaine, FCD (1:100,000) and SYBR Green I (1:100,000), 200 nM
each forward and reverse primer (Table II, SEQ ID NO:13 and SEQ ID NO:14 for GSTP-1
promoter, SEQ ID NO:5 and SEQ ID NO:6 for APC-1 promoter, and SEQ ID NO:7 and SEQ ID
NO:8 for MDR-1 promoter), and 1.5 units of Titanium Tag polymerase (Clontech) in a final
volume of 15ul at 95°C for 3 min followed by 50 cycles at 94°C for 15 sec and 68°C for 1 min.

[0129] As shown in FIGS. 11A, 11B, and 11C, a complex pattern of temperature-
dependent shifts of the amplification curves was observed relative to the control treatment of
75°C. Temperatures of between 89°C and 94°C resulted in enrichment of on average 2 to 7
cycles (4- to 128-fold) for promoter sites of high to intermediate GC content (FIGS. 11A and
11B), whereas temperatures between 83°C and 85°C resulted in 1 — 2 cycles (2 to 4 times) less
efficient amplification. For the lower GC content in the APC-1 promoter site, the optimal
temperature for enrichment was 91.5°C resulting in about 8-fold enrichment, whereas higher
temperatures caused reduced amplification. For all three promoter sites, pre-heating at about
95°C to 97°C caused significant reduction of copy number and complete denaturing for the low

GC content in the APC promoter site.

30



WO 2007/018602 PCT/US2006/007486

EXAMPLE 2: ENRICHMENT OF LIBRARIES PREPARED FROM CELL-FREE
URINE DNA FOR PROMOTER SEQUENCES BY HEAT TREATMENT

[0130] This example demonstrates that methylome libraries prepared from cell-free
urine DNA can be enriched for promoter sequences by pre-heating prior to library preparation at
temperatures that will selectively denature a fraction of the DNA having low average GC

content, thereby making it incompetent for ligation.

[0131] Urine samples from healthy donors or from prostate cancer patients were
collected in 50 ml Falcon tubes and stabilized for storage by adding 0.1 volume of 0.5 M EDTA.
Urine samples were centrifuged at 1,800 x g for 10 min at ambient temperature to sediment cells
and supernatant was transferred carefully to a fresh tube. An equal volume of 6 M guanidine
thiocyanate was added to each sample followed by 1/6 vol of Wizard Miniprep resin (Promega
catalog # A7141). DNA was bound to the resin by rotation for 1 hour at ambient temperature.
The resin was then sedimented by brief centrifugation at 500 x g and loaded on Wizard
minicolumns (Promega catalog #A7211)) using syringe barrel extensions after carefully
decanting out the supernatant. Resin was washed with 5 ml of wash buffer (Promega catalog #
A8102) using Qiagen QIAvac 24 vacuum manifold. Minicolumns were then centrifuged for 2
min at 10,000 x g to remove residual wash buffer and bound DNA were eluted with 50 pl of
DNAse-free water at 10,000 x g for 1 min. Eluted DNA was buffered by adding 0.1 vol of 10x
TE-L buffer and quantified by fluorescent spectrophotometer using Pico Green (Molecular

Probes) and A phage DNA standards.

[0132]  Aliquots of 22 ng of purified DNA were either heat-treated directly or
processed for enzymatic repair of termini with Klenow fragment of DNA polymerase I before

heat treatment.

[0133] The first set of samples were heated in duplicate directly for 10 min at 75°C
(control), 89°C, 91°C, or 93°C in 13 ul of NEBuffer 4 (NEB) followed by cooling on ice.

[0134]  The second set of samples were first incubated in 1x NEBuffer 4 (NEB)
with 0.4 units of Klenow fragment of DNA polymerase [ (USB Corporation), 0.1 mg/ml of BSA,
and 13.3 uM dNTPs for 15 min at 25°C followed by 10 min at 75 °C in a final volume of 15 pl.
After polishing, samples were heated for 10 min at 75°C (control), 89°C, 91°C, or 93°C, followed

by cooling on ice.
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[0135]  The first set was polished after heating by incubation with 0.4 units of
Klenow fragment of DNA polymerase I (USB Corporation), 0.1 mg/ml of BSA, and 13.3 pM
dNTPs for 15 min at 25°C followed by 10 min at 75 °C in a final volume of 15 pl.

[0136] Both sets of samples were then ligated to universal blunt-end adaptor in a
reaction mixture comprising 1.25 pM Ky adaptor (Table I), 800 units of T4 DNA ligase, and 1
mM ATP in 1x NEBuffer 4 (NEB) added to a final volume of 21 pl. Ligations were carried out
for 1 hour at 25 °C followed by 15 min at 75 °C.

[0137] Half of the first set of samples (treated before polishing) was subjected to
digestion with a cocktail of methylation-sensitive restriction enzymes comprising 5.8 units of
Acil and Hhal, and 2.9 units of BstUI, Hpall, and Hinp1I (NEB) in 1x NEBuffer 4 for 12 hours
at 37°C, followed by 2 hours at 60 °C. The second half was incubated in parallel but without

restriction enzymes (“uncut” controls).

[0138] Libraries were amplified by quantitative real-time PCR by supplementing
the reactions with PCR master mix adding to the following final concentrations: 1 x Titanium
Taq reaction buffer (Clontech), 200 uM of each dNTP, fluorescein calibration dye (1:100,000)
and SYBR Green I (1:100,000), 1 pM universal primer Ky (Table I, SEQ ID NO: 15), 4%
DMSO, 200 pM 7-deaza-dGTP (Sigma), and 5 units of Titanium Taq polymerase (Clontech) in a
final volume of 75 pl. After initial incubation at 75°C for 15 min to fill-in the recessed 3’ends of
the ligated DNA libraries, amplifications were carried out at 95°C for 3 min, followed by cycling
at 94°C for 15 sec and 65°C for 2 min on an I-Cycler real-time PCR instrument (Bio-Rad).
Amplified libraries were purified using MultiScreen PCR cleanup system (Millipore) and
quantified by optical density reading.

[0139] Aliquots of 80 ng of each amplified library were used to analyze promoter
sequences for enrichment by Q-PCR in reaction mixtures comprising: 1x Titanium Tag reaction
buffer (Clontech), 200 pM of each dNTP, 4% DMSO, 0.5 M betaine, FCD (1:100,000) and
SYBR Green I (1:100,000), 200 nM each forward and reverse primer (Table II, SEQ ID NO:13
and SEQ ID NO:14 for GSTP-1 promoter, SEQ ID NO:5 and SEQ ID NO:6 for APC-1
promoter, SEQ ID NO:7 and SEQ ID NO:8 for MDR-1 promoter, SEQ ID NO:11 and SEQ ID
NO:12[ for CD-44, and Table III, SEQ ID NO:25 and SEQ ID NO:26 for p16 Exon 2 ), and 1.5
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units of Titanjum Tag polymerase (Clontech) in a final volume of 15pl at 95°C for 3 min

followed by 50 cycles at 94°C for 15 sec and 68°C for 1 min.

[0140] FIG. 12A shows the analysis of four promoter sequences in libraries
prepared from samples heated after enzymatic repair (set 2 described above). Heat-treatment at
89°C resulted in maximal enrichment in all tested promoter sites causing a shift between 4 and 7
cycles (16- to 128-fold enrichment), whereas heating at 91°C resulted in enrichment only for the
GC-rich GSTP-1 promoter but had no effect or resulted in delayed amplification for the rest of
the promoters. On the other hand, treatment at 93°C resulted in significant reduction of the copy

number of all promoter sites analyzed in cell-free urine DNA libraries.

[0141] FIG. 12B shows a comparison between heat-treated samples before
enzymatic repair (set 1 above) with or without subsequent cleavage with methylation-sensitive
restriction enzymes for two CpG islands. As shown, significant enrichment was observed for
both CpG islands in libraries pre-treated at 89°C or 91°C that were not cut with restriction
enzymes. However, no effect of the heat-treatment was found for the samples that were digested
with restriction enzymes when the GSTP promoter was analyzed, indicating that the cleavage
was complete for this site. On the other hand, when a different CpG site reported to be
aberrantly methylated in cancer, pl6 Exon 2, was analyzed, both cut and uncut samples were
enriched in a similar way by the heat-treatment, suggesting that the enzymatic digestion was
perhaps incomplete. In summary, maximal enrichment of promoter sites in libraries prepared

from cell-free urine DNA was obtained after pre-heating at 89 °C to 91 °C.

TABLE I. OLIGONUCLEOTIDE ADAPTORS USED FOR PREPARATION OF GENOMIC
AND METHYLOME LIBRARIES FROM ALU-DIGESTED AND URINE HUMAN DNA

Code Sequence*

Ky Adaptor 5’ -CCAAACACACCCx - 3’ (SEQIDNO: 1)

3’ -GGTTTGTGTGGETTGTGT-5" (SEQID NO: 2)
dU -Hairpin 5’-TGTGTTGGGAUGAUGTGETCGAUAUAUAUAUdUCCACACA
Adaptor CACCCAACACA-3’ (SEQ ID NO: 3)**

My-1 Primer 5’-CCACACACACCCAACACA-3’ (SEQ ID NO: 4)

*x = amino C7 modifier
** dU = deoxy-Uridine

TABLE II. SAMPLE PRIMER PAIRS USED FOR ANALYSIS OF EXEMPLARY ALU-
DIGESTED GENOMIC AND URINE METHYLOME LIBRARIES BY REAL-TIME PCR
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Promoter Sequence (5’ — 37)
APC-1 F CGGGTCGGGAAGCGGAGAG (SEQ ID NO: 5)

R TGGCGGGCTGCACCAATACAG (SEQ ID NO: 6)
MDR-1 F GGGTGGGAGGAAGCATCGTC (SEQ ID NO: 7)

R GGTCTCCAGCATCTCCACGAA (SEQ ID NO: 8)
BRCA-1 F CCCTTGGTTTCCGTGGCAAC (SEQ ID NO: 9)

R CTCCCCAGGGTTCACAACGC (SEQID NO: 10)
CD44 F CCTCTGCCAGGTTCGGTCC (SEQIDNO: 11)

R GCTGCGTGCCACCAAAACTTGTC (SEQ ID NO: 12)
GSTP-1 F TGGGAAAGAGGGAAAGGCTTC (SEQ ID NO: 13)

B CCCCAGTGCTGAGTCACGG (SEQID NO: 14)
RASSF-1 F GCCCAAAGCCAGCGAAGCAC (SEQID NO: 15)

R CGCCACAGAGGTCGCACCA (SEQ ID NO: 16)
E-Cadherin F GCTAGAGGGTCACCGCGT (SEQ ID NO: 17)

R CTGAACTGACTTCCGCAAGCTC (SEQ ID NO: 18)
PTGS-2 F AGAACTGGCTCTCGGAAGCG (SEQ ID NO: 19)

R GGGAGCAGAGGGGGTAGTC (SEQ ID NO: 20)
EDNRB F GGGCATCAGGAAGGAGTTTCGAC (SEQ ID NO: 21)

R TCGCCAGTATCCACGCTCAA (SEQ ID NO: 22)
Pl6 Exon2 F GCTTCCTGGACACGCTGGT (SEQ ID NO: 23)

R TCTATGCGGGCATGGTTACTG (SEQ ID NO: 24)

* F=Forward primer, R=Reverse Primer

TABLE III. SAMPLE PRIMERS USED FOR EXEMPLARY ANALYSIS OF p16 EXON 2

Promoter Sequence (5° — 3°)*
P16 (CDKN2A) F CAAGCTTCCTTTCCGTCATGCC (SEQ ID NO:25)
Exon 2 R AGCACCACCAGCGTGTCCA (SEQ ID NO: 26)

[0142] *F =Forward Primer, R = Reverse Primer
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CLAIMS
What is claimed is:

1. A method of amplifying a plurality of amplifiable DNA molecules,

comprising:

providing a plurality of DNA molecules, said plurality having
molecules comprising one or more regions that are GC-poor and having
molecules comprising one or more regions that are GC-rich;

subjecting the plurality of DNA molecules to sufficient
conditions to denature GC-poor regions but not to denature GC-rich
regions, thereby producing GC-rich regions suitable for amplification;
and

subjecting the plurality to amplification conditions such that the
denatured GC-poor regions are substantially not amplified and such
that one or more of the non-denatured or partially denatured GC-rich
regions are amplified.

2. The method of claim 1, wherein the conditions to denature GC-
poor regions but not to denature GC-rich regions comprise
temperature sufficient to denature GC-poor regions but not to
denature GC-rich regions, pressure sufficient to denature GC-poor
regions but not to denature GC-rich regions, pH sufficient to
denature GC-poor regions but not to denature GC-rich regions, or a

combination thereof.

3. The method of claim 1, wherein the conditions to denature GC-
poor regions but not to denature GC-rich regions comprise
temperature sufficient to denature GC-poor regions but not to

denature GC-rich regions.

4. The method of claim 1, wherein the subjecting the plurality of
DNA molecules to sufficient conditions to denature GC-poor

regions but not to denature GC-rich regions is further defined as:
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subjecting the plurality to a first temperature such that the GC-
poor regions are substantially denatured and such that the GC-rich
regions are undenatured or are denatured only in part; and
subjecting the plurality to a second temperature such that at
least part of the GC-poor regions incompletely renature and such that at
least part of the GC-rich regions substantially completely renature,
thereby producing renatured amplifiable GC-rich molecules.
5. The method of claim 1, wherein the molecules comprising GC-rich
regions are further defined as comprising one or more regions

having GC content greater than about 50%.

6. The method of claim 4, wherein the first temperature is greater
than about 60°C

7. The method of claim 4, wherein the second temperature is lower

than about 85°C.

8. The method of claim 4, further comprising ligating an adaptor onto
the end of at least some of the renatured GC-rich molecules to

produce adaptor-ligated molecules.

9. The method of claim 8, wherein the ends of the renatured GC-rich

molecules are polished prior to said ligating.

10. The method of claim 8, wherein the ligating is further defined as
blunt-end ligating.

11. The method of claim 8, wherein the renatured GC-rich molecules
are further defined as restriction enzyme fragments, and wherein
the adaptors are suitable for ligation onto the respective digested

fragment ends.

12. The method of claim 8, wherein the ligating is further defined as
ligating with both strands of the DNA molecules and the adaptors.
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13. The method of claim 8, wherein the ligating is further defined as
ligating with only one strand of each molecule, said one strand
being the 5’ end of the DNA molecules and the 3’ end of the
adaptors, wherein the method further comprises 3’ extension of a

nick in the adaptor-ligated molecules.

14, The method of claim 4, wherein the GC-poor regions that are
substantially denatured are further defined as having one or more
regions that are single stranded following said subjecting step, and
wherein the single stranded regions are subjected to a single

strand-specific endonuclease.

15. The method of claim 8, further comprising subjecting the adaptor-
ligated DNA molecules to one or more methylation-sensitive

restriction enzymes.

16. The method of claim 8, further comprising subjecting the adaptor-
ligated DNA molecules to one or more methylation-specific

restriction enzymes.

17. The method of claim 8, wherein the adaptor is further defined as a
stem-loop oligonucleotide comprising an inverted repeat and a

loop.

18. The method of claim 8, wherein the adaptor is further defined as

comprising a restriction endonuclease site.

19. The method of claim 18, wherein the endonuclease site is present

in the inverted repeat.

20. The method of claim 18, further comprising subjecting the adaptor-

ligated molecules to the restriction endonuclease.

21. The method of claim 1, wherein the DNA molecule that is

provided is from a body fluid or tissue.
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22. The method of claim 1, wherein the plurality of DNA molecules

comprise known sequences at the ends of the molecules.

23. The method of claim 1, further comprising determining at least part

of the sequence of one or more of the amplified molecules.

24. The method of claim 23, wherein the determined sequence

comprises a regulatory sequence.

25. The method of claim 23, wherein the determining step provides

diagnostic information for an individual.

26. The method of claim 25, wherein the diagnostic information

comprises cancer diagnosis information for the individual.

27. The method of claim 1, wherein the GC-rich region comprises at

least part of regulatory sequence.

28. The method of claim 1, wherein the GC-rich region comprises at

least part of a CpG island.

29. A method of amplifying a CpG island from a molecule,

comprising:

providing a plurality of DNA molecules, said plurality
comprising at least one molecule having at least one CpG island and
said plurality having at least one molecule comprising one or more
regions that are GC-poor;

subjecting the plurality of DNA molecules to sufficient
conditions to denature GC-poor regions but not to substantially
denature the CpG island, thereby rendering the CpG island suitable for
amplification; and

subjecting the plurality to amplification conditions such that the
denatured GC-poor regions are substantially not amplified and such

that the non-denatured or partially denatured CpG island is amplified.
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30. The method of claim 29, wherein the CpG island is further defined

comprising at least part of a regulatory sequence.
31. A method of preparing a library, comprising:

providing a plurality of DNA molecules, said plurality having
molecules comprising one or more regions that are GC-poor and having
molecules comprising one or more regions that are GC-rich;
subjecting the plurality of DNA molecules to sufficient
conditions to denature GC-poor regions but not to denature GC-rich
regions, thereby producing GC-rich regions suitable for amplification;
and
subjecting the plurality to amplification conditions such that the
denatured GC-poor regions are substantially not amplified and such
that one or more of the non-denatured or partially denatured GC-rich
regions are amplified.
32. The method of claim 31, further comprising ligating an adaptor
onto the end of at least some of the renatured GC-rich molecules to

produce adaptor-ligated molecules.

33. The method of claim 32, wherein the ends of the renatured GC-rich

molecules are polished prior to said ligating.

34.  The method of claim 32, wherein the ligating is further defined as
blunt-end ligating.

35. The method of claim 32, wherein the renatured GC-rich molecules
are further defined as restriction enzyme fragments, and wherein
the adaptors are suitable for ligation onto the respective digested

fragment ends.
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<220>
<223>

<400>
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RUBC027WO.APP.txt
SEQUENCE LISTING

MAKAROV, VLADIMIR L.
KAMBEROV, EMMANUEL
TARRIER, BRENDAN 3J.

ISOLATION OF CPG ISLANDS BY THERMAL SEGREGATION AND
ENZYMATIC SELECTION-AMPLIFICATION METHOD

RUBC:027w0

UNKNOWN
2006-03-02

60/704,541
2005-08-02

26

PatentIn ver. 2.1

1

12

DNA

Artificial Ssequence

Description of Artificial Sequence:

Primer

1

CCaaacacac ccC

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

<220>
<223>

<400>

2

18

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

2 .

ggtttgtgtg ggttgtg

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

3

42

DNA

Artificial sequence

Description of Artificial Sequence:

Primer

modified_base
(10)..024)
U=a, c, gor t

3

Synthetic

12

synthetic

18

Synthetic

tgtgttgggu gugtgtgguu uuuuccacac acacccaaca ca 42
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<210> 4

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 4
ccacacacac ccaacaca

<210> 5

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 5
cgggtcggga agcggagag

<210> 6

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 6
tggcgggcetg caccaataca ¢

<210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<220>

<223> Description of Combined DNA/RNA Molecule:xx

<400> 7
gggtgggagg aagcatcgtc

<210> 8

<211> 21

<212> DNA .

<213> Artificial Sequence

<220>

PCT/US2006/007486
Synthetic
18
Synthetic
19
synthetic
21
Synthetic
20
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<223> Description of Artificial Sequence:

<400>
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Primer
8

ggtctccagc atctccacga a

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

<220>
<223>

<400>

9

20

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

9

cccttggttt ccgtggcaac

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

<220>
<223>

<400>

10

20

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

10

ctccccaggg ttcacaacgc

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

<220>
<223>

<400>

11

19

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

11

cctctgecag gttcggtec

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

<220>
<223>

<400>

12

23

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

12

gctgcgtgcc accaaaactt gtc

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

13

21

DNA

Artificial sequence

Synthetic

21
Synthetic

20
Synthetic

20
Synthetic

19
Synthetic

23
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<220>

<223> Description of Artificial Sequence:

<400>
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Primer
13

tgggaaagag ggaaaggctt c

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

<220>
<223>

<400>

14

19

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

14

ccccagtgct gagtcacgg

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

<220>
<223>

<400>

15

20

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

15

gcccaaagcc agcgaagcac

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

<220>
<223>

<400>

16

19

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

16

cgccacagag gtcgcacca

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

<220>
<223>

<400>

17

18

DNA

Artificial Sequence

Description of Artificial Ssequence:

Primer
17

gctagagggt caccgegt

<210>
<211>

18
22

Synthetic

21
Synthetic

19
Synthetic

20
synthetic

19
Synthetic

18

Page 4



<212>
<213>

<220>
<223>

<400>
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DNA_ L.

Artificial Sequence

Description of Artificial sequence:
Primer

18

ctgaactgac ttccgcaagc tc

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

<220>
<223>

<400>

19

20

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

19

agaactggct ctcggaagcg

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

<220>
<223>

<400>

20

19

DNA

Artificial Ssequence

Description of Artificial Sequence:

Primer

20

gggagcagag ggggtagtc

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

<220>
<223>

<400>

21

23

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer
21

gggcatcagg aaggagtttc gac

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

<220>
<223>

<400>

22

20

DNA

Artificial Sequence

Description of Artificial Sequence:

Primer

22

tcgccagtat ccacgctcaa

Synthetic

Ssynthetic

Synthetic

Synthetic

Synthetic
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<210> 23

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 23
gcttcctgga cacgctggt

<210> 24

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 24
tctatgcggg catggttact g

<210> 25

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 25
caagcttcct ttccgtcatg cc

<210> 26

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

Primer

<400> 26
agcaccacca gcgtgtcca
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synthetic
19
synthetic
21
synthetic
22
Synthetic
19
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