
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||l|||||||||||||||| 
US 20050208538A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0208538 A1 

Kurn et al. (43) Pub. Date: Sep. 22, 2005 

(54) METHODS FOR ANALYSIS OF NUCLEIC Related US, Application Data 
ACID METHYLATION STATUS AND 
METHODS FOR FRAGMENTATION, (60) Provisional application No. 60/533,381, ?led on Dec. 
LABELING AND IMMOBILIZATION OF 29, 2003. 
NUCLEIC ACIDS 

Publication Classi?cation 

(76) Inventors: Nurith Kurn, Palo Alto, CA (US); 
Geo?'rey AI Da?'orn, LOS Altos, IIlt. Cl-7 ............................ .. (Us) (52) US. Cl. ............................................. .. 435/6; 435/912 

Correspondence Address: (57) ABSTRACT 
MORRISON & FOERSTER LLP 
755 PAGE MILL RI) The invention relates to methods for analysis of nucleic acid 
PALO ALTO, CA 943044018 (Us) methylation status, and fragmentation and/or labeling and/or 

immobilization of nucleic acids. More particularly, the 
(21) App1_ NO_; 11/026,280 invention relates to methods for fragmentation and/or label 

ing and/or immobilization of nucleic acids comprising label 
(22) Filed: Dec. 29, 2004 ing and/or cleavage and/or immobilization at abasic sites. 



Patent Application Publication Sep. 22, 2005 US 2005/0208538 A1 



US 2005/0208538 A1 

METHODS FOR ANALYSIS OF NUCLEIC ACID 
METHYLATION STATUS AND METHODS FOR 

FRAGMENTATION, LABELING AND 
IMMOBILIZATION OF NUCLEIC ACIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/533,381, ?led on Dec. 29, 2003, 
the disclosure of Which is incorporated herein by reference 
in its entirety. 

TECHNICAL FIELD 

[0002] The invention relates to methods for analysis of 
nucleic acid methylation status, and methods for fragmen 
tation and/or labeling and/or immobiliZation of nucleic 
acids. More particularly, the invention relates to methods for 
fragmentation and/or labeling and/or immobiliZation of 
nucleic acids comprising labeling and/or cleavage and/or 
immobiliZation at abasic sites. 

BACKGROUND 

[0003] Methylation of DNA is involved in both normal 
and abnormal cellular processes. For eXample, DNA methy 
lation has been implicated in X-inactivation, genomic 
imprinting, and differential gene eXpression (such as by 
upregulation or silencing of genetic loci). DNA methylation 
plays a role in gene inactivation, cell differentiation, tum 
origenesis, X-chromosome inactivation, and is required for 
mammalian development (Li, et al., Cell 69:915-926, 1992; 
Okano et al., Cell 99:247-57, 1999). In bacteria, methylation 
of cytosine and adenine residues plays a role in the regula 
tion of DNA replication and DNA repair. DNA methylation 
has also been associated With increased risk of cancer, as 
Well as cancer development itself. 

[0004] Methylation of DNA is carried out by methylases 
(also knoWn as methyltransferases). These enZymes are 
generally sequence-speci?c, and they can methylate both 
nucleic acid strands (in the case of DNA). Replication of 
these strands yields a hemi-methylated state Which is rec 
ogniZed by a class of maintenance methylases capable of 
restoring full methylation to both strands. 

[0005] Methylation can occur at all nucleotide residues, 
although in mammalian species, DNA methylation com 
monly occurs at cytosine residues, and more commonly at 
cytosine residues that lie neXt to a guanosine residue, i.e., at 
cytosine residues of a CG dinucleotide. CG dinucleotides in 
“CpG islands” remain methylation-free. CpG islands are 
rich in CG sites and are often found near coding regions 
Within the genome (i.e., genes). About half of the genes in 
the human genome are associated With CpG islands. Impor 
tantly, the vast majority of CpG islands in the genome 
remain unmethylated in normal adult cells and tissues. 
Methylation of CpG islands is normally seen only on the 
inactive X-chromosome in females and at imprinted genes 
Where it functions in the stable silencing of such genes. 
Strict control over the levels and distribution of DNA 
methylation are essential to normal animal development. 

[0006] Alteration in DNA methylation is one manifesta 
tion of the genome instability characteristic of human 
tumors. A hallmark of human carcinogenesis is the loss of 

Sep. 22, 2005 

normal constraints on cell groWth resulting from genetic 
alterations in the genes that control cell groWth. The con 
sequences of such mutations include the activation of posi 
tive groWth signals and the inactivation of groWth inhibitory 
signals. Identi?cation of gene targets Which When methy 
lated lead to the loss of normal cell responses Would be 
valuable. This Would facilitate the diagnosis and treatment 
of disorders associated With abnormal methylation and any 
doWnstream events resulting therefrom. 

[0007] The level of methylation of a nucleic acid can be 
determined using a number of techniques available in the art. 
Some methods of analysis involve the use of the chemical 
regent, bisul?te. Other methods for methylation analysis 
include methylation-sensitive restriction analysis, methyla 
tion-speci?c polymerase chain reaction (MSP), sequencing 
of bisul?te-modi?ed DNA, Ms-SnuPE, and COBRA. 

[0008] There is a serious need for improved methods for 
analyZing nucleic acid methylation status. 

[0009] Fragmentation and labeling of nucleic acids are 
important for the analysis of nucleic acid sequences. For 
eXample, fragmentation and/or labeling are commonly 
required for detection of sequences by binding of a sample 
nucleic acid to complementary sequences immobiliZed on a 
surface, for eXample, on a microarray. Cleavage of sample 
nucleic acid into small fragments (e.g., 50-100 base pairs) 
facilitates diffusion of nucleic acid onto the surface, and may 
facilitate hybridiZation. It is knoWn, for eXample, that steric 
and charge hindrance effects increase With the siZe of nucleic 
acids that are hybridiZed. Moreover, cleavage of sample 
nucleic acids into small fragments may ensure that tWo 
sequences of interest in the sample do not appear to bind to 
the same template nucleic acid simply by virtue of their 
proximity on the test nucleic acid. Cleavage of nucleic acids 
also facilitates detection of hybridiZed nucleic acid When, as 
in many detection methods, the siZe of the signal is propor 
tional to the siZe of the bound fragment and thus, control of 
fragment siZe is desirable. Labeling of nucleic acids is 
necessary in many methods of nucleic acid analysis because 
there are presently feW techniques for direct detection of 
unlabeled nucleic acid With the requisite sensitivity for 
analysis on chips. Methods for fragmenting and/or labeling 
nucleic acids are knoWn in the art. See, e.g., US. Pat. Nos. 
5,082,830; 4,996,143; 5,688,648; 6,326,142; and PCT Pub 
lication No. WO 02/090584, and references cited therein. 

[0010] ImmobiliZation of nucleic acids to create, for 
eXample, microarrays or tagged analytes, is useful for, e.g., 
detection and analysis of nucleic acids and tagged analytes. 
Methods for immobiliZing nucleic acids are knoWn in the 
art. See, e.g., US. Pat. Nos. 5,667,979; 6,077,674; 6,280, 
935; and references cited therein. 

[0011] There is a serious need for improved methods for 
labeling and/or fragmenting and/or immobiliZing nucleic 
acids to a surface (such as a microarray). 

[0012] All references cited herein, including patent appli 
cations and publications, are incorporated by reference in 
their entirety. 

SUMMARY OF THE INVENTION 

[0013] In one aspect, the invention provides methods for 
labeling and fragmenting a polynucleotide comprising a 
methylated nucleotide comprising: (a) contacting a poly 



US 2005/0208538 A1 

nucleotide comprising (in some embodiments, suspected of 
comprising) a methylated nucleotide With an agent capable 
of cleaving a base portion of the methylated nucleotide (i.e., 
cleaving a base portion of the methylated nucleotide), 
Whereby an abasic site is generated; (b) cleaving the back 
bone of the polynucleotide comprising the abasic site at the 
abasic site; and (c) contacting the polynucleotide comprising 
the abasic site With an agent capable of labeling the abasic 
site (i.e., labeling the abasic site), Whereby labeled poly 
nucleotide fragments are generated. In some embodiments, 
the agent capable of cleaving the base portion of the methy 
lated nucleotide is selected from the group consisting of an 
enZyme, a chemical agent, and acidic conditions. In some 
embodiments, cleavage of the phosphodiester backbone of a 
polynucleotide is performed With an agent selected from the 
group consisting of an enZyme, a chemical agent, acidic 
conditions, basic conditions, and heat. TWo or more of the 
steps described above may be performed simultaneously, or 
the steps may be performed sequentially. For example, steps 
(a), (b), and (c) may be performed simultaneously, steps (a) 
and (b) may be performed simultaneously, or steps (b) and 
(c) may be performed simultaneously. When the steps are 
performed sequentially, step (b) may be performed before 
step (c) or step (c) may be performed before step 

[0014] In another aspect, the invention provides methods 
for labeling a polynucleotide comprising a methylated 
nucleotide, comprising: (a) cleaving a base portion of the 
methylated nucleotide With an agent capable of cleaving the 
base portion of the methylated nucleotide, Whereby an 
abasic site is generated; and (b) labeling at the abasic site, 
Whereby a labeled polynucleotide is generated. 

[0015] In another aspect, the invention provides a method 
for fragmenting a polynucleotide comprising a methylated 
nucleotide, comprising: (a) cleaving a base portion of the 
methylated nucleotide With an agent capable of cleaving the 
base portion of the methylated nucleotide Whereby an abasic 
site is generated; and (b) cleaving the backbone of the 
polynucleotide comprising the abasic site at the abasic site, 
Whereby polynucleotide fragments are generated. 

[0016] In another aspect, the invention provides methods 
for fragmenting and labeling a polynucleotide comprising a 
methylated nucleotide, comprising: (a) incubating a reaction 
mixture, said reaction mixture comprising: a polynucle 
otide comprising a methylated nucleotide; and (ii) an agent 
capable of speci?cally cleaving a base portion of a methy 
lated nucleotide; Wherein the incubation is under conditions 
that permit cleavage of the base portion of the methylated 
nucleotide, Whereby a polynucleotide comprising an abasic 
site is generated; (b) incubating a reaction mixture, said 
reaction mixture comprising: a polynucleotide compris 
ing an abasic site; and (ii) an agent capable of effecting 
(generally, speci?c) cleavage of a phosphodiester backbone 
at the abasic site; Wherein the incubation is under conditions 
that permit cleavage of the phosphodiester backbone at the 
abasic site; Whereby fragments of the polynucleotide are 
generated; (c) incubating a reaction mixture, said reaction 
mixture comprising: a polynucleotide comprising an 
abasic site; and (ii) an agent capable of labeling the abasic 
site; Wherein the incubation is under conditions that permit 
labeling at the abasic site; Whereby labeled fragments are 
generated. 
[0017] In one embodiment, the invention provides a 
method for fragmenting a polynucleotide comprising a 
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methylated nucleotide, said method comprising cleaving the 
phosphodiester backbone of a polynucleotide comprising an 
abasic site at the abasic site, Wherein the abasic site is 
generated by cleaving a base portion of a methylated nucle 
otide With an agent capable of cleaving the base portion of 
the methylated nucleotide, Whereby an abasic site is gener 
ated. In another embodiment, the invention provides a 
method for fragmenting and labeling a polynucleotide com 
prising a methylated nucleotide, said method comprising 
cleaving the phosphodiester backbone of a polynucleotide 
comprising an abasic site at the abasic site, Wherein the 
abasic site is generated by cleaving a base portion of a 
methylated nucleotide With an agent capable of cleaving the 
base portion of the methylated nucleotide, and labeling at the 
abasic site, Whereby a labeled polynucleotide fragment is 
generated. In another embodiment, the invention provides a 
method for labeling a polynucleotide comprising a methy 
lated nucleotide, said method comprising labeling at the 
abasic site of a polynucleotide comprising an abasic site, 
Whereby a labeled polynucleotide is generated, Wherein the 
abasic site is generated by cleaving a base portion of a 
methylated nucleotide With an agent capable of cleaving the 
base portion of the methylated nucleotide, Whereby an 
abasic site is generated. In another embodiment, the inven 
tion provides a method for labeling a polynucleotide frag 
ment, said method comprising labeling at an abasic site of a 
polynucleotide fragment comprising the abasic site, 
Whereby a labeled polynucleotide fragment is generated, 
Wherein the abasic site is generated by cleaving a base 
portion of a methylated nucleotide With an agent capable of 
cleaving the base portion of the methylated nucleotide, and 
Wherein the polynucleotide fragment is generated by cleav 
ing the phosphodiester backbone of the polynucleotide com 
prising the abasic site at the abasic site. 

[0018] In one aspect, the invention provides methods for 
labeling and fragmenting a polynucleotide comprising a 
methylated nucleotide, said methods comprising: (a) con 
tacting a polynucleotide comprising (in some embodiments, 
suspected of comprising) a methylated nucleotide With an 
agent (such as an enZyme) capable of cleaving a base portion 
of an unmethylated nucleotide (i.e., cleaving a base portion 
of the unmethylated nucleotide), Whereby an abasic site is 
generated, Wherein the agent (such as an enZyme) is not 
capable of cleaving a methylated nucleotide; (b) cleaving the 
backbone of the polynucleotide comprising the abasic site at 
the abasic site; and (c) contacting the polynucleotide com 
prising the abasic site With an agent capable of labeling the 
abasic site (i.e., labeling the abasic site), Whereby labeled 
polynucleotide fragments are generated. In some embodi 
ments, the agent capable of cleaving a base portion of an 
unmethylated nucleotide comprises an enZyme. In one 
embodiment, the unmethylated nucleotide is cytosine and 
the enZyme is cytosine deaminase in conjunction With uracil 
DNA glycosylase. In some embodiments, cleavage of a 
phosphodiester backbone of a polynucleotide is performed 
With an agent selected from the group consisting of an 
enZyme, a chemical agent, acidic conditions, basic condi 
tions, and heat. TWo or more of the steps described above 
may be performed simultaneously, or the steps may be 
performed sequentially. For example, steps (a), (b), and (c) 
may be performed simultaneously, steps (a) and (b) may be 
performed simultaneously, or steps (b) and (c) may be 
performed simultaneously. When the steps are performed 
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sequentially, step (b) may be performed before step (c) or 
step (c) may be performed before step 

[0019] In another aspect, the invention provides a method 
for producing a labeled polynucleotide comprising a methy 
lated nucleotide, comprising: (a) cleaving a base portion of 
an unmethylated nucleotide With an agent capable of cleav 
ing the base portion of the unmethylated nucleotide, 
Whereby an abasic site is generated, Wherein the agent is not 
capable of cleaving the base portion of a methylated nucle 
otide; and (b) labeling at the abasic site, Whereby a labeled 
polynucleotide is generated. 

[0020] In another aspect, the invention provides a method 
for fragmenting a polynucleotide comprising a methylated 
nucleotide, comprising: (a) cleaving a base portion of an 
unmethylated nucleotide With an agent capable of cleaving 
the base portion of the unmethylated nucleotide, Whereby an 
abasic site is generated, Wherein the agent is not capable of 
cleaving the base portion of a methylated nucleotide; and (b) 
cleaving the backbone of the polynucleotide comprising the 
abasic site, Whereby polynucleotide fragments are gener 
ated. 

[0021] In another aspect, the invention provides method 
for fragmenting and labeling a polynucleotide comprising a 
methylated nucleotide, comprising: (a) incubating a reaction 
mixture, said reaction mixture comprising: a polynucle 
otide comprising a methylated nucleotide; and (ii) an agent 
capable of cleaving a base portion of a unmethylated nucle 
otide; Wherein the incubation is under conditions that permit 
cleavage of the base portion of the unmethylated nucleotide, 
Wherein the agent is not capable of cleaving a methylated 
nucleotide, Whereby a polynucleotide comprising an abasic 
site is generated; (b) incubating a reaction mixture, said 
reaction mixture comprising: a polynucleotide compris 
ing an abasic site; and (ii) an agent capable of effecting 
(generally, speci?c) cleavage of a phosphodiester backbone 
at the abasic site; Wherein the incubation is under conditions 
that permit cleavage of the phosphodiester backbone at the 
abasic site; Whereby fragments of the polynucleotide are 
generated; (c) incubating a reaction mixture, said reaction 
mixture comprising: a polynucleotide comprising an 
abasic site; and (ii) an agent capable of labeling the abasic 
site; Wherein the incubation is under conditions that permit 
labeling at the abasic site; Whereby labeled fragments are 
generated. 

[0022] In one embodiment, the invention provides a 
method for fragmenting a polynucleotide comprising a 
methylated nucleotide, said method comprising cleaving the 
phosphodiester backbone of a polynucleotide comprising an 
abasic site at the abasic site, Wherein the abasic site is 
generated by cleaving a base portion of an unmethylated 
nucleotide With an agent capable of cleaving the base 
portion of the unmethylated nucleotide, Whereby an abasic 
site is generated, Wherein the agent is not capable of 
cleaving a methylated nucleotide. In another embodiment, 
the invention provides a method for fragmenting and label 
ing a polynucleotide comprising a methylated nucleotide, 
said method comprising cleaving the phosphodiester back 
bone of a polynucleotide comprising an abasic site at the 
abasic site, Wherein the abasic site is generated by cleaving 
a base portion of an unmethylated nucleotide With an agent 
capable of cleaving the base portion of the unmethylated 
nucleotide, Whereby an abasic site is generated, Wherein the 
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agent is not capable of cleaving a methylated nucleotide, and 
labeling at the abasic site, Whereby a labeled polynucleotide 
fragment is generated. In another embodiment, the invention 
provides a method for labeling a polynucleotide comprising 
a methylated nucleotide, said method comprising labeling at 
the abasic site of a polynucleotide comprising an abasic site, 
Whereby a labeled polynucleotide is generated, Wherein the 
abasic site is generated by cleaving a base portion of an 
unmethylated nucleotide With an agent capable of cleaving 
the base portion of the unmethylated nucleotide, Whereby an 
abasic site is generated, Wherein the agent is not capable of 
cleaving a methylated nucleotide. In another embodiment, 
the invention provides a method for labeling a polynucle 
otide fragment, said method comprising labeling at an abasic 
site of a polynucleotide fragment comprising the abasic site, 
Whereby a labeled polynucleotide fragment is generated, 
Wherein the abasic site is generated by cleaving a base 
portion of an unmethylated nucleotide With an agent capable 
of cleaving the base portion of the unmethylated nucleotide, 
and Wherein the polynucleotide fragment is generated by 
cleaving the phosphodiester backbone of the polynucleotide 
comprising the abasic site at the abasic site. 

[0023] In another aspect, the invention provides methods 
using the labeled and/or fragmented methylated polynucle 
otides generated using the methods for labeling and/or 
fragmenting a methylated polynucleotide described herein 
for, e.g., detection of methylation (including presence and/or 
absence and/or quantity or level of methylation), identi?ca 
tion of methylated polynucleotide sequences, isolation of 
methylated polynucleotide sequences, characteriZation of 
methylated polynucleotide sequences, and other applica 
tions as described herein. In one embodiment, the invention 
provides a method for characteriZing a methylated poly 
nucleotide, comprising detecting a polynucleotide fragment 
or a labeled polynucleotide fragment produced by any of the 
methods described herein, Wherein detection of the poly 
nucleotide fragment correlates With presence, absence, 
sequence, or amount of the methylated polynucleotide. 

[0024] In another aspect, the invention provides methods 
for labeling and fragmenting a polynucleotide comprising a 
canonical nucleotide, said methods comprising: (a) cleavage 
of a base portion of a canonical nucleotide present in a 
polynucleotide comprising the canonical nucleotide With an 
agent (such as an enZyme) capable of cleaving a base portion 
of the canonical nucleotide (Whereby an abasic site is 
generated); (b) cleavage of the phosphodiester backbone at 
the abasic site, and (c) labeling at the abasic site, Whereby 
labeled polynucleotide fragments are generated. In some 
embodiments, the agent capable of cleaving a base portion 
of a canonical nucleotide comprises an enZyme. In one 
embodiment, the canonical nucleotide is cytosine and the 
enZyme comprises cytosine deaminase in conjunction With 
uracil DNA glycosylase. In some embodiment, cleavage of 
the phosphodiester backbone of a polynucleotide is per 
formed With an agent selected from the group consisting of 
an enZyme, a chemical agent, acidic conditions, basic con 
ditions, and heat. TWo or more of the steps described above 
may be performed simultaneously, or the steps may be 
performed sequentially. For example, steps (a), (b), and (c) 
may be performed simultaneously, steps (a) and (b) may be 
performed simultaneously, or steps (b) and (c) may be 
performed simultaneously. When the steps are performed 
sequentially, step (b) may be performed before step (c) or 
step (c) may be performed before step 
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[0025] In another aspect, the invention provides methods 
for fragmenting and labeling a polynucleotide comprising a 
canonical nucleotide: (a) incubating a reaction mixture, said 
reaction mixture comprising: a polynucleotide compris 
ing a canonical nucleotide; and (ii) an agent capable of 
speci?cally cleaving a base portion of a canonical nucle 
otide; Wherein the incubation is under conditions that permit 
cleavage of the base portion of the canonical nucleotide, 
Whereby a polynucleotide comprising an abasic site is 
generated; (b) incubating a reaction mixture, said reaction 
mixture comprising: a polynucleotide comprising an 
abasic site; and (ii) an agent capable of effecting (generally, 
speci?c) cleavage of a phosphodiester backbone at the 
abasic site; Wherein the incubation is under conditions that 
permit cleavage of the phosphodiester backbone at the 
abasic site; Whereby fragments of the polynucleotide are 
generated; (c) incubating a reaction mixture, said reaction 
mixture comprising: a polynucleotide comprising an 
abasic site; and (ii) an agent capable of labeling the abasic 
site; Wherein the incubation is under conditions that permit 
labeling at the abasic site; Whereby labeled fragments are 
generated. 
[0026] In another aspect, the invention provides methods 
for labeling a polynucleotide comprising a canonical nucle 
otide, said methods comprising (a) cleavage of a base 
portion of a canonical nucleotide present in a polynucleotide 
comprising the canonical nucleotide With an agent (such as 
an enZyme) capable of cleaving a base portion of the 
canonical nucleotide (Whereby an abasic site is generated); 
and (b) labeling at the site of incorporation of the canonical 
nucleotide (i.e., at the abasic site), Whereby a labeled poly 
nucleotide(s) is generated. 

[0027] In another aspect, the invention provides methods 
for fragmenting a polynucleotide comprising a canonical 
nucleotide, said methods comprising: (a) cleavage of a base 
portion of a canonical nucleotide present in a polynucleotide 
comprising the canonical nucleotide With an agent (such as 
an enZyme) capable of cleaving a base portion of the 
canonical nucleotide (Whereby an abasic site is generated); 
and (b) cleavage of the phosphodiester backbone at the 
abasic site, Whereby polynucleotide fragments are gener 
ated. 

[0028] In one embodiment, the invention provides a 
method for fragmenting a polynucleotide comprising a 
canonical nucleotide, said method comprising cleaving the 
phosphodiester backbone of a polynucleotide comprising an 
abasic site at the abasic site, Wherein the abasic site is 
generated by cleaving a base portion of a canonical nucle 
otide With an agent capable of cleaving the base portion of 
the canonical nucleotide, Whereby an abasic site is gener 
ated. In another embodiment, the invention provides a 
method for fragmenting and labeling a polynucleotide com 
prising a canonical nucleotide, said method comprising 
cleaving the phosphodiester backbone of a polynucleotide 
comprising an abasic site at the abasic site, Wherein the 
abasic site is generated by cleaving a base portion of a 
canonical nucleotide With an agent capable of cleaving the 
base portion of the canonical nucleotide, Whereby an abasic 
site is generated, and labeling at the abasic site, Whereby a 
labeled polynucleotide fragment is generated. In another 
embodiment, the invention provides a method for labeling a 
polynucleotide comprising a canonical nucleotide, said 
method comprising labeling at the abasic site of a poly 
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nucleotide comprising an abasic site, Whereby a labeled 
polynucleotide is generated, Wherein the abasic site is gen 
erated by cleaving a base portion of a canonical nucleotide 
With an agent capable of cleaving the base portion of the 
canonical nucleotide, Whereby an abasic site is generated. In 
another embodiment, the invention provides a method for 
labeling a polynucleotide fragment, said method comprising 
labeling at an abasic site of a polynucleotide fragment 
comprising the abasic site, Whereby a labeled polynucleotide 
fragment is generated, Wherein the abasic site is generated 
by cleaving a base portion of a canonical nucleotide With an 
agent capable of cleaving the base portion of a canonical 
nucleotide, and Wherein the polynucleotide fragment is 
generated by cleaving the phosphodiester backbone of the 
polynucleotide comprising the abasic site at the abasic site. 

[0029] In some embodiments, the polynucleotide compris 
ing the canonical nucleotide (that is to be cleaved by the 
agent that cleaves a base portion of the canonical nucleotide) 
can be single stranded, double-stranded or partially double 
stranded. In some embodiments, the polynucleotide com 
prises a cDNA. In other embodiments, the polynucleotide 
comprises RNA, mRNA, genomic DNA, or synthetic DNA. 
In other embodiments, the polynucleotide comprises a 
cDNA library, a subtractive hybridiZation library, or a 
genomic library. 

[0030] In some embodiments, the invention provides 
methods Wherein the cleavage of the base portion of the 
cleavable canonical nucleotide is under the same conditions 
(using the same agent) as the cleavage of the backbone at the 
abasic site, and labeling at the abasic site. In some embodi 
ments, the reaction conditions are acidic reaction conditions 
(such as pH 3, pH 3.5 or pH 4). In still other embodiments, 
labeling and fragmentation (including cleavage of the base 
portion of the canonical nucleotide and cleavage of the 
phosphodiester backbone at an abasic site) are under the 
same conditions (using the same agent). In still other 
embodiments, the reaction conditions are acidic reaction 
conditions (such as pH 3, pH 3.5 or pH 4). 

[0031] The methods of the invention involving cleavage of 
a cleavable canonical nucleotide include methods using the 
labeled polynucleotide fragments and labeled polynucle 
otides produced by the methods of the invention (so-called 
“applications”). The invention provides methods to charac 
teriZe (for example, detect presence or absence of and/or 
quantify) a sequence of interest by analyZing the labeled 
and/or fragmented products by detection/quanti?cation 
methods such as those based on array technologies or 
solution phase technologies. In some embodiments, the 
invention provides methods of detecting the presence or 
absence of mutations. 

[0032] In other embodiments, the invention provides 
methods of producing a hybridiZation probe or target, 
hybridiZation using the hybridiZation probes or targets; 
detection using the hybridiZation probes or targets; charac 
teriZing and/or quantitating nucleic acid, preparing a sub 
tractive hybridiZation probe, comparative genomic hybrid 
iZation, and determining a gene expression pro?le, using the 
labeled and/or fragmented nucleic acids generated by the 
methods of the invention. Any of the methods described 
herein may be used to generated labeled polynucleotides 
and/or polynucleotide fragments Which may be used as 
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hybridization probes or targets. Labeled or unlabeled targets 
produced by a method of the invention may be hybridized to 
a probe. 

[0033] The invention also provides methods for the gen 
eration of polynucleotides, or fragments thereof, immobi 
liZed to a substrate (surface), e.g., hybridiZation probes. In 
some embodiments, the immobiliZed polynucleotide, or 
immobiliZed polynucleotide fragment (in embodiments 
involving fragmentation) is labeled according to the labeling 
methods described herein. These methods are suitable for, 
for eXample, the production of microarrays or tagged ana 
lytes. 
[0034] As is evident to one skilled in the art, aspects that 
refer to combining and incubating the resultant miXture also 
encompasses method embodiments Which comprise incu 
bating the various miXtures (in various combinations and/or 
subcombinations) so that the desired products are formed. 
The reaction miXtures may be combined (thus reducing the 
number of incubations) in any Way, With one or more 
reaction miXtures above combined. It is understood that any 
combination of these incubation steps, and any single incu 
bation step, to the eXtent that the incubation is performed as 
part of any of the methods described herein, fall Within the 
scope of the invention. 

[0035] One or more steps may be combined and/or per 
formed sequentially (often in any order, as long as the 
requisite product(s) are able to be formed), and, as is 
evident, the invention includes various combinations of the 
steps described herein. It is also evident, and is described 
herein, that the invention encompasses methods in Which the 
initial, or ?rst, step is any of the steps described herein. 
Methods of the invention encompass embodiments in Which 
later, “downstream” steps are an initial step. 

[0036] The invention also provides compositions, kits, 
compleXes, reaction mixtures and systems comprising vari 
ous components (and various combinations of the compo 
nents) used in the methods described herein. In one aspect, 
the invention provides a composition comprising an agent 
capable of cleaving a base portion of a methylated nucle 
otide to produce an abasic site on a polynucleotide and an 
agent capable of labeling at an abasic site on a polynucle 
otide. In one embodiment, the composition further com 
prises an agent capable of cleaving a phosphodiester back 
bone of a polynucleotide at an abasic site. In another aspect, 
the invention provides a composition comprising an agent 
capable of cleaving a base portion of a canonical nucleotide 
to produce an abasic site on a polynucleotide and an agent 
capable of labeling at an abasic site on a polynucleotide. In 
one embodiment, the composition further comprises an 
agent capable of cleaving a phosphodiester backbone of a 
polynucleotide at an abasic site on a polynucleotide. In 
another aspect, the invention provides a composition com 
prising a population of labeled and/or fragmented polynucle 
otides produced by any of the methods described herein. 
Compositions of the invention may also optionally further 
comprise a composite primer comprising a DNAportion and 
a 5‘ RNA portion. 

[0037] In another aspect, the invention provides a kit 
comprising an agent capable of cleaving a base portion of a 
methylated nucleotide to produce an abasic site on a poly 
nucleotide and an agent capable of labeling at an abasic site 
on a polynucleotide. In one embodiment, the kit comprises 
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an agent capable of cleaving a phosphodiester backbone of 
a polynucleotide at an abasic site. In another aspect, the 
invention provides a kit comprising an agent capable of 
cleaving a base portion of a canonical nucleotide to produce 
an abasic site on a polynucleotide and an agent capable of 
labeling at an abasic site on a polynucleotide. In one 
embodiment, the kit comprises an agent capable of cleaving 
a phosphodiester backbone of a polynucleotide at an abasic 
site. Kits of the invention may also optionally further 
comprise a composite primer comprising a DNAportion and 
a 5‘ RNA portion. 

DESCRIPTION OF THE FIGURE 

[0038] FIG. 1: is a photograph of a gel shoWing the 
labeled and fragmented polynucleotide generated by acid 
catalyZed cleavage fragmentation and labeling of cDNA. 

MODES FOR CARRYING OUT THE 
INVENTION 

[0039] Methods of the Invention 

[0040] I. Methods for Methylation Analysis 

[0041] The invention provides methods and kits for ana 
lyZing DNA methylation (including detecting and/or iden 
tifying methylated DNA sequences). In one aspect, the 
methods comprise use of an agent (such as an enZyme) that 
cleaves a base portion from a methylated nucleotide (such as 
S-methylcytosine), Whereby an abasic site is generated; 
cleavage of the phosphodiester backbone of the polynucle 
otide comprising the abasic site at the abasic site; and 
labeling at the abasic site, Whereby labeled polynucleotide 
fragments are generated. In another aspect, the methods 
comprise use of an enZyme (such as cytosine deaminase in 
conjunction With uracil N glycosylase (UNG)) that cleaves 
a base portion from an unmethylated nucleotide, Whereby an 
abasic site is generated, Wherein the enZyme is not capable 
of cleaving a methylated nucleotide; cleavage of the phos 
phodiester backbone of the polynucleotide comprising the 
abasic site at the abasic site; and labeling at the abasic site, 
Whereby labeled polynucleotide fragments are generated. 

[0042] Generally, the polynucleotide comprising a methy 
lated nucleotide (in some embodiments, suspected of com 
prising a methylated nucleotide) is fragmented and labeled 
at the abasic site (Which is generated by cleavage of a base 
portion of the methylated nucleotide). Thus, the methods of 
the invention are useful for, e.g., detecting methylation 
(including presence and/or absence and/or quantity or level 
of methylation), identifying methylated polynucleotide 
sequences, isolating methylated polynucleotide sequences, 
identifying and/or isolating methylatable polynucleotide 
sequences, and other applications as described herein. The 
methods of the invention generate labeled polynucleotide 
fragments Which are useful for, e.g., hybridiZation to a 
microarray and other uses described herein. 

[0043] In one aspect, the methods involve the folloWing 
steps: (a) contacting a polynucleotide comprising (in some 
embodiments, suspected of comprising) a methylated nucle 
otide With an agent capable of cleaving a base portion of the 
methylated nucleotide (i.e., cleaving a base portion of the 
methylated nucleotide), Whereby an abasic site is generated; 
(b) cleaving the backbone of the polynucleotide comprising 
the abasic site at the abasic site; and (c) contacting the 
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polynucleotide comprising the abasic site With an agent 
capable of labeling the abasic site (i.e., labeling the abasic 
site), Whereby labeled polynucleotide fragments are gener 
ated. 

[0044] In another aspect, the methods involve the folloW 
ing steps: (a) contacting a polynucleotide comprising (in 
some embodiments, suspected of comprising) a methylated 
nucleotide With an agent capable of cleaving a base portion 
of an unmethylated nucleotide (i.e., cleaving a base portion 
of the unmethylated nucleotide), Whereby an abasic site is 
generated, Wherein the agent is not capable of cleaving a 
methylated nucleotide; (b) cleaving the backbone of the 
polynucleotide comprising the abasic site at the abasic site; 
and (c) contacting the polynucleotide comprising the abasic 
site With an agent capable of labeling the abasic site (i.e., 
labeling the abasic site), Whereby labeled polynucleotide 
fragments are generated. 

[0045] In another aspect, the methods comprise the fol 
loWing steps: (a) contacting a polynucleotide comprising (in 
some embodiments, suspected of comprising) a methylated 
nucleotide With an enZyme capable of cleaving a base 
portion of an unmethylated nucleotide (i.e., cleaving a base 
portion of the unmethylated nucleotide), Whereby an abasic 
site is generated, Wherein the enZyme is not capable of 
cleaving a methylated nucleotide; (b) cleaving the backbone 
of the polynucleotide comprising the abasic site at the abasic 
site; and (c) contacting the polynucleotide comprising the 
abasic site With an agent capable of labeling the abasic site 
(i.e., labeling the abasic site), Whereby labeled polynucle 
otide fragments are generated. In some embodiments, the 
enZyme is cytosine deaminase in conjunction With uracil 
DNA glycosylase. 

[0046] In another aspect, the invention provides methods 
using the labeled and/or fragmented methylated polynucle 
otides, for, e.g., detection of methylation (including presence 
and/or absence and/or quantity or level of methylation), 
identi?cation of methylated polynucleotide sequences, iso 
lation of methylated polynucleotide sequences, character 
iZation of methylated polynucleotide sequences, and other 
applications as described herein. 

[0047] II. Methods for Labeling and Fragmenting a Poly 
nucleotide Comprising a Cleavable Canonical Nucleotide, 
and Methods for Labeling a Polynucleotide Comprising a 
Cleavable Canonical Nucleotide 

[0048] The invention provides novel methods and kits for 
labeling and fragmenting a polynucleotide, and novel meth 
ods and kits for labeling a polynucleotide. These methods 
are suitable for, for example, generation of labeled poly 
nucleotides, or labeled polynucleotide fragments, for use as 
hybridiZation targets. Generally, the polynucleotide is 
labeled at an abasic site present in the polynucleotide, and 
fragmented at an abasic site present in the polynucleotide (in 
embodiments involving fragmentation). The abasic site 
present in the polynucleotide is generally prepared by cleav 
age of a base portion of a cleavable canonical (interchange 
ably termed “canonical”) nucleotide present in the poly 
nucleotide. 

[0049] Thus, in one aspect, the invention provides meth 
ods for labeling and fragmenting a polynucleotide. The 
methods generally comprise cleavage of a base portion of a 
canonical nucleotide present in a polynucleotide comprising 
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the canonical nucleotide With an agent (such as an enZyme) 
capable of cleaving a base portion of the canonical nucle 
otide (Whereby an abasic site is generated); cleavage of the 
phosphodiester backbone at the abasic site, and labeling at 
the abasic site, Whereby labeled polynucleotide fragments 
are generated. In another aspect, the invention provides 
methods for labeling a polynucleotide. The methods gener 
ally comprise cleavage of a base portion of a canonical 
nucleotide present in a polynucleotide comprising the 
canonical nucleotide With an agent (such as an enZyme) 
capable of cleaving a base portion of the canonical nucle 
otide (Whereby an abasic site is generated); and labeling at 
the site of incorporation of the canonical nucleotide (i.e., at 
the abasic site), Whereby a labeled polynucleotide(s) is 
generated. 
[0050] The polynucleotide comprising the canonical 
nucleotide (that is to be cleaved by the agent that cleaves a 
base portion of the canonical nucleotide) can be single 
stranded, double-stranded or partially double stranded. In 
some embodiments, the polynucleotide comprises a cDNA. 
In other embodiments, the polynucleotide comprises RNA, 
mRNA, genomic DNA, or synthetic DNA. In other embodi 
ments, the polynucleotide comprises a cDNA library, a 
subtractive hybridiZation library, or a genomic library. 

[0051] It is understood that a polynucleotide comprising a 
canonical nucleotide can be a multiplicity (from small to 
very large) of different polynucleotide molecules. Such 
populations can be related in sequence (e.g., members of a 
gene family or superfamily) or extremely diverse in 
sequence (e.g., generated from all mRNA, generated from 
all genomic DNA, etc.). Polynucleotides can also corre 
spond to single sequences (Which can be part or all of a 
knoWn gene, including, e.g., a coding region, genomic 
region, gene locus, etc.). 
[0052] A base portion of the canonical nucleotide is 
cleaved by an agent (such as an enZyme) capable of cleaving 
a base portion of a canonical nucleotide. Such agents are 
knoWn in the art and described herein. In some embodi 
ments, the agent capable of cleaving a base portion of a 
canonical nucleotide is cytosine deaminase (generally in 
conjunction With UNG), acidic conditions or treatment With 
an alkylating agent. In some embodiments, the agent is an 
enZyme. In other embodiments, the agent is a chemical 
agent. In still other embodiments, the agent is reaction 
conditions (e.g., acidic conditions). 

[0053] In some embodiments, the invention provides 
methods Wherein the cleavage of the base portion of the 
cleavable canonical nucleotide is under the same conditions 
(using the same agent) as the cleavage of the backbone at the 
abasic site, and labeling at the abasic site. In some embodi 
ments, the reaction conditions are acidic reaction conditions 
(such as pH 3, pH 3.5 or pH 4). In still other embodiments, 
labeling and fragmentation (including cleavage of the base 
portion of the canonical nucleotide and cleavage of the 
phosphodiester backbone at an abasic site) are under the 
same conditions (using the same agent). In still other 
embodiments, the reaction conditions are acidic reaction 
conditions (such as pH 3, pH 3.5 or pH 4). 

[0054] The methods of the invention involving cleavage of 
a cleavable canonical nucleotide include methods using the 
labeled polynucleotide fragments and labeled polynucle 
otides produced by the methods of the invention (so-called 
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“applications”). The invention provides methods to charac 
teriZe (for example, detect presence or absence of and/or 
quantify) a sequence of interest by analyzing the labeled 
and/or fragmented products by detection/quanti?cation 
methods such as those based on array technologies or 
solution phase technologies. In some embodiments, the 
invention provides methods of detecting the presence or 
absence of mutations. The invention provides methods of 
detection Whrein detection correlates With presence, 
absence, sequence, and/or amount of polynucleotide. These 
detection methods apply to all methods described herein 
(based on cleavage of methylated nucleotides, unmethylated 
nucleotides, as Well as canonical nucleotides). 

[0055] In other embodiments, the invention provides 
methods of producing a hybridiZation target, hybridiZation 
to a hybridiZation probe; detection of the target hybridiZed 
to the probe; characteriZing and/or quantitating nucleic acid, 
preparing a subtractive hybridiZation probe, comparative 
genomic hybridiZation, and determining a gene expression 
pro?le, using the labeled and/or fragmented nucleic acids 
generated by the methods of the invention. 

[0056] The invention also provides methods for the gen 
eration of polynucleotides, or fragments thereof, immobi 
liZed to a substrate (surface). In some embodiments, the 
immobiliZed polynucleotide, or immobiliZed polynucleotide 
fragment (in embodiments involving fragmentation) is 
labeled according to the labeling methods described herein. 
These methods are suitable for, for example, the production 
of microarrays or tagged analytes. 

[0057] The methods of the invention include methods 
using the immobiliZed polynucleotides, or immobiliZed 
polynucleotide fragments produced by the methods of the 
invention (so-called “applications”). In some embodiments, 
the invention provides methods of detecting nucleic acid 
sequence mutations. 

[0058] The invention also provides methods to character 
iZe (for example, detect presence or absence of and/or 
quantify) a sequence of interest using the immobiliZed 
polynucleotides, or fragments thereof. 

[0059] In another embodiment, the invention provides 
methods of determining a gene expression pro?le, using the 
immobiliZed polynucleotides, or fragments thereof, gener 
ated by the methods of the invention. 

[0060] General Techniques 

[0061] The practice of the invention Will employ, unless 
otherWise indicated, conventional techniques of molecular 
biology (including recombinant techniques), microbiology, 
cell biology, biochemistry, and immunology, Which are 
Within the skill of the art. Such techniques are explained 
fully in the literature, such as, “Molecular Cloning: A 
Laboratory Manual”, second edition (Sambrook et al., 
1989); “Oligonucleotide Synthesis” (M. J. Gait, ed., 1984); 
“Animal Cell Culture” (R. I. Freshney, ed., 1987); “Methods 
in EnZymology” (Academic Press, Inc.); “Current Protocols 
in Molecular Biology” M. Ausubel et al., eds., 1987, and 
periodic updates); “PCR: The Polymerase Chain Reaction”, 
(Mullis et al., eds., 1994). 

[0062] Primers, oligonucleotides and polynucleotides 
employed in the invention can be generated using standard 
techniques knoWn in the art. 
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[0063] De?nitions 

[0064] “Polynucleotide,” or “nucleic acid,” as used inter 
changeably herein, refer to polymers of nucleotides of any 
length, and include DNA. The nucleotides can be deoxyri 
bonucleotides, modi?ed nucleotides or bases, and/or their 
analogs, or any substrate that can be incorporated into a 
polymer by DNA polymerase. In embodiments involving 
methylation analysis, nucleotides include methylated nucle 
otides. A polynucleotide may comprise modi?ed (altered) 
nucleotides, such as, for example, modi?cation to the nucle 
otide structure and or modi?cation to the phosphodiester 
backbone. As discussed herein modi?ed nucleotide can be a 
canonical (cleavable) nucleotides, though, generally, a 
canonical nucleotide according to the methods for cleavage 
of a canonical nucleotide includes an unmodi?ed base 
portion (i.e., unmodi?ed adenine, cytosine, guanine and 
thymine base). It is understood, hoWever, that modi?ed 
nucleotides that are not (canonical) cleavable nucleotide 
under the reaction conditions used in the methods of the 
invention, if present, generally should not affect the ability 
of the polynucleotide to undergo cleavage of a base portion 
of the cleavable canonical nucleotide, such that an abasic 
site is generated, and/or cleavage of a phosphodiester back 
bone at an abasic site, such that fragments are generated, 
and/or immobiliZation of a polynucleotide (or fragment 
thereof) to a substrate, as described herein. If present, 
modi?cation to the nucleotide structure may be imparted 
before or after assembly of the polymer. The sequence of 
nucleotides may be interrupted by non-nucleotide compo 
nents. Apolynucleotide may be further modi?ed after poly 
meriZation, such as by conjugation With a labeling compo 
nent. Other types of modi?cations include, for example, 
“caps”, substitution of one or more of the naturally occurring 
nucleotides With an analog, internucleotide modi?cations 
such as, for example, those With uncharged linkages (e.g., 
methyl phosphonates, phosphotriesters, phosphoamidates, 
carbamates, etc.) and With charged linkages (e.g., phospho 
rothioates, phosphorodithioates, etc.), those containing pen 
dant moieties, such as, for example, proteins (e.g., 
nucleases, toxins, antibodies, signal peptides, poly-L-lysine, 
etc.), those With intercalators (e.g., acridine, psoralen, etc.), 
those containing chelators (e.g., metals, radioactive metals, 
boron, oxidative metals, etc.), those containing alkylators, 
those With modi?ed linkages (e.g., alpha anomeric nucleic 
acids, etc.), as Well as unmodi?ed forms of the polynucle 
otide(s). It is understood that internucleotide modi?cations 
may, e.g., alter the efficiency and/or kinetics of cleavage of 
the phosphodiester backbone (as When, for example a phos 
phodiester backbone is cleaved at an abasic site, as described 
herein). Further, any of the hydroxyl groups ordinarily 
present in the sugars may be replaced, for example, by 
phosphonate groups, phosphate groups, protected by stan 
dard protecting groups, or activated to prepare additional 
linkages to additional nucleotides. The 5‘ and 3‘ terminal OH 
can be phosphorylated or substituted With amines or organic 
capping group moieties of from 1 to 20 carbon atoms. Other 
hydroxyls may also be derivatiZed to standard protecting 
groups. Polynucleotides can also contain analogous forms of 
ribose or deoxyribose sugars that are generally knoWn in the 
art, including, for example, 2‘-O-methyl-, 2‘-O-allyl, 
2‘-?uoro- or 2‘-aZido-ribose, carbocyclic sugar analogs, 
ot-anomeric sugars, epimeric sugars such as arabinose, 
xyloses or lyxoses, pyranose sugars, furanose sugars, 
sedoheptuloses, acyclic analogs and abasic nucleoside ana 
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logs. One or more phosphodiester linkages may be replaced 
by alternative linking groups. These alternative linking 
groups include, but are not limited to, embodiments Wherein 
phosphate is replaced by P(O)S(“thioate”), P(S)S (“dithio 
ate”), “(O)NR2 (“amidate”), P(O)R, P(O)OR‘, CO or CH2 
(“formacetal”), in Which each R or R‘ is independently H or 
substituted or unsubstituted alkyl (1-20 C) optionally con 
taining an ether (—O—) linkage, aryl, alkenyl, cycloalkyl, 
cycloalkenyl or araldyl. Not all linkages in a polynucleotide 
need be identical. The preceding description applies to all 
polynucleotides referred to herein, including DNA. It is 
understood, hoWever, that modi?ed nucleotides and/or inter 
nucleotide linkages, if present, generally should not affect 
the ability of the polynucleotide to undergo cleavage of a 
base portion of a canonical nucleotide, such that an abasic 
site is generated, and/or the ability of a polynucleotide to 
undergo cleavage of a phosphodiester backbone at an abasic 
site, such that fragments are generated, and/or the ability of 
a polynucleotide to be immobiliZed at an abasic site (such as 
an abasic site at an end of a polynucleotide and/or an abasic 
site that is not at an end of a polynucleotide) to a surface, as 
described herein. 

[0065] “Oligonucleotide,” as used herein, generally refers 
to short, generally single stranded, generally synthetic poly 
nucleotides that are generally, but not necessarily, less than 
about 200 nucleotides in length. The terms “oligonucle 
otide” and “polynucleotide” are not mutually exclusive. The 
description above for polynucleotides is equally and fully 
applicable to oligonucleotides. 

[0066] A “primer,” as used herein, refers to a nucleotide 
sequence (a polynucleotide), generally With a free 3‘—OH 
group, that hybridiZes With a template sequence (such as a 
template RNA, or a primer extension product) and is capable 
of promoting polymeriZation of a polynucleotide comple 
mentary to the template. A“primer” can be, for example, an 
oligonucleotide. It can also be, for example, a sequence of 
the template (such as a primer extension product or a 
fragment of an RNA template created folloWing cleavage of 
a template RNA in an RNA-DNA complex by RNase H or 
other agent) that is hybridiZed to a sequence in the template 
itself (for example, as a hairpin loop), and that is capable of 
promoting nucleotide polymeriZation by DNA polymerase. 
Thus, a primer can be an exogenous (e.g., added) primer or 
an endogenous (e.g., template fragment) primer. 

[0067] A “complex” is an assembly of components. A 
complex may or may not be stable and may be directly or 
indirectly detected. For example, as is described herein, 
given certain components of a reaction, and the type of 
product(s) of the reaction, existence of a complex can be 
inferred. For purposes of this invention, a complex is 
generally an intermediate With respect to the ?nal polynucle 
otide fragments, labeled polynucleotide, labeled polynucle 
otide fragments, and/or immobiliZed polynucleotide or frag 
ment thereof. 

[0068] A “fragment” of a polynucleotide or oligonucle 
otide is a contiguous sequence of 2 or more bases. In other 
embodiments, a fragment (also termed “region” or “por 
tion”) is any of about 3, about 5, about 10, about 15, about 
20, about 25, about 30 about 35 about 40, about 50, about 65, 
about 75, about 85, about 100, about 125, about 150, about 
175, about 200, about 225, about 250, about 300, about 350, 
about 400, about 450, about 500, about 550, about 600, 
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about 650 or more nucleotides in length. In some embodi 
ments, the fragments can be at least about 3, about 5, about 
10, about 15, about 20, about 25, about 30, about 35, about 
40, about 50, about 65, about 75, about 85, about 100, about 
125, about 150, about 175, about 200, about 225, about 250, 
about 300, about 350, about 400, about 450, about 500, 
about 550, about 600, about 650 or more nucleotides in 
length. In other embodiments, the fragments can be less than 
about 3, about 5, about 10, about 15, about 20, about 25, 
about 30 about 35 about 40, about 50, about 65, about 75, 
about 85, about 100, about 125, about 150, about 175, about 
200, about 225, about 250, about 300, about 350, about 400, 
about 450, about 500, about 550, about 600, about 650 or 
more nucleotides in length. In some embodiments, these 
fragment lengths represent an average siZe in the population 
of fragments generated using the methods of the invention. 

[0069] A “reaction mixture” is an assemblage of compo 
nents, Which, under suitable conditions, react to form a 
complex (Which may be an intermediate) and/or a prod 
uct(s). 
[0070] “A”, “an” and “the”, and the like, unless otherWise 
indicated include plural forms. “A” fragment means one or 
more fragments. “A” methylated nucleotide means one or 
more methylated nucleotides. “An” enZyme means one or 
more than one enzyme. 

[0071] “Comprising” means including in accordance With 
Well-established principles of patent laW (i.e., open lan 
guage). 

[0072] Conditions that “alloW” an event to occur or con 
ditions that are “suitable” for an event to occur, such as 
polynucleotide synthesis, cleavage of a base portion of a 
canonical nucleotide, cleavage of a base portion of a methy 
lated nucleotide, cleavage of a phosphodiester backbone at 
an abasic site, and the like, or “suitable” conditions are 
conditions that do not prevent such events from occurring. 
Thus, these conditions permit, enhance, facilitate, and/or are 
conducive to the event. Such conditions, knoWn in the art 
and described herein, depend upon, for example, the nature 
of the polynucleotide sequence, temperature, and buffer 
conditions. These conditions also depend on What event is 
desired, such as polynucleotide synthesis, cleavage of a base 
portion of a canonical nucleotide, cleavage of a base portion 
of a methylated nucleotide, cleavage of a phosphodiester 
backbone at an abasic site, labeling an abasic site, immobi 
liZing a polynucleotide fragment or a polynucleotide, etc. 

[0073] “Microarray” and “array,” as used interchangeably 
herein, comprise a surface With an array, preferably ordered 
array, of putative binding (e.g., by hybridiZation) sites for a 
biochemical sample (target) Which often has undetermined 
characteristics. 

[0074] The term “3‘” generally refers to a region or 
position in a polynucleotide or oligonucleotide 3‘ (doWn 
stream) from another region or position in the same poly 
nucleotide or oligonucleotide. “3‘” may also refer to the 3‘ 
end of a polynucleotide or oligonucleotide. 

[0075] The term “5‘” generally refers to a region or 
position in a polynucleotide or oligonucleotide 5‘ (upstream) 
from another region or position in the same polynucleotide 
or oligonucleotide. “5‘” may also refer to the 5‘ end of a 
polynucleotide or oligonucleotide. 
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[0076] The terms “3‘-DNA portion,”“3‘-DNA region,”“3‘ 
RNA portion,” and “3‘-RNA region,” refer to the portion or 
region of a polynucleotide or oligonucleotide located 
towards the 3‘ end of the polynucleotide or oligonucleotide, 
and may or may not include the 3‘ most nucleotide(s) or 
moieties attached to the 3‘ most nucleotide of the same 
polynucleotide or oligonucleotide. The 3‘ most nucleotide(s) 
can be preferably from about 1 to about 50, more preferably 
from about 10 to about 40, even more preferably from about 
20 to about 30 nucleotides. In some embodiments, a 3‘ 
portion can be any of at least about 1, 2, 3, 4, 5, 6, 7, 8, 10, 
15, 20, 30, or 40 nucleotides. In some embodiments, a 3‘ 
portion can be about 1 to about 20 nucleotides, about 5 to 
about 20 nucleotides, or about 5 to about 50 nucleotides. 

[0077] The terms “5‘-DNA portion,”“5‘-DNA region,”“5‘ 
RNA portion,” and “5‘-RNA region,” refer to the portion or 
region of a polynucleotide or oligonucleotide located 
toWards the 5‘ end of the polynucleotide or oligonucleotide, 
and may or may not include the 5‘ most nucleotide(s) or 
moieties attached to the 5‘ most nucleotide of the same 
polynucleotide or oligonucleotide. The 5‘ most nucleotide(s) 
can be preferably from about 1 to about 50, more preferably 
from about 10 to about 40, even more preferably from about 
20 to about 30 nucleotides. In some embodiments a 5‘ 
portion can be at least about any of 1, 2, 3, 4, 5, 6, 7, 8, 10, 
15, 20, 30, or 40 nucleotides. In some embodiments, a 5‘ 
portion can be about 1 to about 20 nucleotides, about 5 to 
about 20 nucleotides, or about 5 to about 50 nucleotides. 

[0078] As used herein in the context of methods for 
labeling and/or fragmenting a canonical nucleotide, “canoni 
cal” nucleotide means a nucleotide comprising one of the 
four common nucleic acid bases adenine, cytosine, guanine 
and thymine that are commonly found in DNA. The term 
also encompasses the respective deoXyribonucleosides, 
deoXyribonucleotides or 2‘-deoXyribonucleoside-5‘-triphos 
phates that contain one of the four common nucleic acid 
bases adenine, cytosine, guanine and thymine. 

[0079] The term “analyte” as used herein refers to a 
substance to be detected or assayed by the method of the 
present invention, for eXample, a compound Whose proper 
ties, location, quantity and/or identity is desired to be 
characteriZed. Typical analytes may include, but are not 
limited to proteins, peptides, nucleic acid segments, cells, 
microorganisms and fragments and products thereof, 
organic molecules, inorganic molecules, or any substance 
for Which immobiliZation sites for binding partner(s) can be 
developed. As this disclosure clearly conveys, an analyte is 
a substrate. 

[0080] As used herein, an “abasic site” refers to the site of 
a canonical nucleotide folloWing treatment With an agent 
capable of effecting cleavage of a base portion of the 
canonical nucleotide (in embodiments relating to labeling 
and/or fragmentation of a polynucleotide comprising a 
canonical nucleotide), or the site of the methylated nucle 
otide folloWing treatment With an agent capable of effecting 
cleavage of a base portion of the methylated nucleotide (in 
embodiments relating to labeling and/or fragmentation of a 
polynucleotide comprising a methylated nucleotide) or the 
site of the unmethylated nucleotide folloWing treatment With 
an agent capable of effecting cleavage of a base portion of 
the methylated nucleotide (in embodiments relating to label 
ing and/or fragmentation of a polynucleotide comprising a 
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methylated nucleotide, said methods comprising cleavage of 
a base portion of a unmethylated nucleotide. An abasic site 
(interchangeably termed “AP site”) can comprise a hemiac 
etal ring and/or an aldehyde moiety, and lacks a base portion 
of the canonical nucleotide. As used herein, “abasic site” 
encompasses, in embodiments relating to labeling and/or 
fragmentation of a polynucleotide comprising a canonical 
nucleotide, any chemical structure remaining folloWing 
treatment of a canonical nucleotide (present in a polynucle 
otide chain) With an agent (e.g., an enZyme, chemical 
reagent, heat, acidic conditions, and/or basic conditions) 
capable of effecting cleavage of a base portion of a canonical 
nucleotide, and, in embodiments relating to labeling and/or 
fragmentation of a polynucleotide comprising a methylated 
nucleotide, any chemical structure remaining folloWing 
treatment of a methylated nucleotide (present in a polynucle 
otide chain) (or, in some embodiments, treatment of an 
unmethylated nucleotide) With an agent (e.g., an enZyme, 
chemical reagent, heat, acidic conditions, and/or basic con 
ditions) capable of effecting cleavage of a base portion of a 
methylated nucleotide (or, in some embodiments, an unm 
ethylated nucleotide). An abasic site may also occur in a 
natural polynucleotide, indicating damage to the polynucle 
otide. 

[0081] As used herein, “labeling at an abasic site” means 
association of a label With, in embodiments relating to 
labeling and/or fragmentation of a polynucleotide compris 
ing a canonical nucleotide, any chemical structure remaining 
folloWing removal of a base portion (including the entire 
base) of a canonical nucleotide (present in a polynucleotide 
chain) by treatment With an agent (e.g., an enZyme, or heat)) 
capable of effecting cleavage of a base portion of a canonical 
nucleotide, or, in embodiments relating to labeling and/or 
fragmentation of a polynucleotide comprising a methylated 
nucleotide, treatment With an agent capable of effecting 
cleavage of a base portion of a methylated nucleotide (or, in 
some embodiments, an unmethylated nucleotide). In one 
embodiment, a reactive aldehyde form of a hemiacetal ring 
in an abasic site is labeled. In other embodiments involving 
cleavage of a base portion of a canonical nucleotide, the 
label associates With a chemical structure remaining folloW 
ing treatment of a canonical nucleotide (present in a poly 
nucleotide chain) With an agent (e.g., an enZyme, or heat or 
basic conditions) capable of effecting cleavage of a base 
portion of a canonical nucleotide and treatment of poly 
nucleotide comprising an abasic site With an agent capable 
of effecting cleavage of the backbone at the abasic site (as 
described herein), or, in embodiments involving cleavage of 
a base portion of a methylated nucleotide, the label associ 
ates With a chemical structure remaining folloWing treatment 
of a methylated nucleotide (present in a polynucleotide 
chain) (in some embodiments, an unmethylated nucleotide) 
With an agent (e.g., an enZyme, or heat or basic conditions) 
capable of effecting cleavage of a base portion of a methy 
lated nucleotide (in some embodiments, an unmethylated 
nucleotide) and treatment of polynucleotide comprising an 
abasic site With an agent capable of effecting cleavage of the 
backbone at the abasic site (as described herein). 

[0082] As used herein, cleavage of a backbone (e.g. phos 
phodiester backbone) “at” an abasic site means cleavage of 
the phosphodiester linkage 3‘ to the abasic site or 5‘ to the 
abasic site, or both. As the disclosure herein conveys, “at” an 
abasic site refers to proximate or near location (such as 
immediately 3‘ or immediately 5‘). In still other embodi 
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ments, more complex forms of cleavage are possible, for 
example, cleavage such that cleavage of the phosphodiester 
backbone and cleavage of (a portion of) the abasic site 
results. 

[0083] As used herein, a “label” (interchangeably called a 
“detectable moiety”) refers to a moiety that is associated or 
covalently linked With a polynucleotide (interchangeably 
called “labeling”). The labeled polynucleotide may be 
directly or indirectly detected, generally through a detect 
able signal. The detectable moiety (label) can be covalently 
attached (or associated) either directly or indirectly through 
a non-interfering linkage group With other moieties capable 
of speci?cally associating With one or more sites to be 
labeled. The detectable moiety (label) may be covalently 
linked or non-covalently associated as Well as directly or 
indirectly associated. 
[0084] Methods for Labeling and/or Fragmenting a Poly 
nucleotide Comprising a Methylated Nucleotide 

[0085] The folloWing are examples of the methods of the 
invention. It is understood that various other embodiments 
may be practiced, given the general description provided 
herein. For example, reference to using an agent capable of 
cleaving a base portion of the methylated nucleotide means 
that any of the agents capable of cleaving a base portion of 
the methylated nucleotide described herein may be used. 

[0086] A. Methods for Labeling and Fragmenting a Poly 
nucleotide Comprising a Methylated Nucleotide and Ana 
lyZing DNA Methylation 
[0087] The invention provides methods for analyZing 
DNA methylation (including detecting and/or identifying 
methylated DNA sequences). Generally, the methods com 
prise use of an agent (such as an enZyme) that cleaves a base 
portion from a methylated nucleotide (such as S-methylcy 
tosine), Whereby an abasic site is generated; cleavage of the 
phosphodiester backbone of the polynucleotide comprising 
the abasic site at the abasic site; and labeling at the abasic 
site, Whereby labeled polynucleotide fragments are gener 
ated. Generally, the polynucleotide comprising a methylated 
nucleotide (in some embodiments, suspected of comprising 
a methylated nucleotide) is fragmented and labeled at the 
abasic site (Which is generated by cleavage of a base portion 
of the methylated nucleotide). Thus, the methods of the 
invention are useful for, e.g., detecting methylation (includ 
ing presence and/or absence and/or quantity or level of 
methylation), identifying methylated polynucleotide 
sequences, isolating methylated polynucleotide sequences, 
identifying and/or isolating methylatable polynucleotide 
sequences, and other applications as described herein. The 
methods of the invention generate labeled polynucleotide 
fragments Which are useful for, e.g., hybridiZation to a 
microarray and other uses described herein. 

[0088] In one aspect, the methods involve the folloWing 
steps: (a) contacting a polynucleotide comprising (in some 
embodiments, suspected of comprising) a methylated nucle 
otide With an agent capable of cleaving a base portion of the 
methylated nucleotide (i.e., cleaving a base portion of the 
methylated nucleotide), Whereby an abasic site is generated; 
(b) cleaving the backbone of the polynucleotide comprising 
the abasic site at the abasic site; and (c) contacting the 
polynucleotide comprising the abasic site With an agent 
capable of labeling the abasic site (i.e., labeling the abasic 
site), Whereby labeled polynucleotide fragments are gener 
ated. 
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[0089] Generally, native methylation status is analyZed 
(i.e., methylation status or pattern as exists in vivo, or 
substantially similar to the in vivo status or pattern), Wherein 
the polynucleotide is directly harvested and/or isolated from 
a biological sample (such as a tissue or cell culture), though 
other embodiments are contemplated (including embodi 
ments comprising detection and/or identi?cation of methy 
latable sequences) in Which the polynucleotide is from any 
source (i.e., genomic DNA, or a source other than genomic 
DNA) and the polynucleotide is methylated prior to labeling 
and fragmenting as described above). Thus, methylation 
status may be the result of in vivo processes, or of experi 
mental manipulations (e.g., deliberate exposure to a putative 
DNA damaging agent, or a putative demethylating agent). 
The methods of the invention (i.e., the methods comprising 
cleavage of a base portion of a methylated nucleotide; 
cleavage of the backbone at the abasic site and/or labeling at 
the abasic site) speci?cally exclude methods comprising 
synthesis of a polynucleotide comprising a non-canonical 
nucleotide as disclosed in co-pending co-oWned U.S. patent 
application Ser. No. 10/441,663 (publication no. 2004/ 
0005614). Thus, the polynucleotide comprising a methy 
lated nucleotide (or suspected of comprising a methylated 
nucleotide), as that term is used herein, does not encompass 
(speci?cally excludes) a polynucleotide comprising a non 
canonical nucleotide, Wherein the polynucleotide Was gen 
erated by a method comprising synthesiZing a polynucle 
otide comprising a non-canonical nucleotide from a template 
(i.e., such that the non-canonical nucleotide is incorporated 
during template-dependent synthesis of the polynucleotide 
comprising a non-canonical nucleotide.) 

[0090] The polynucleotide to be analyZed for methylation 
status (e.g., the polynucleotide suspected of comprising a 
methylated nucleotide and/or the polynucleotide comprising 
a methylated nucleotide) may be any polynucleotide from 
Which labeled polynucleotide fragments are desired to be 
produced, including double-stranded, partially double 
stranded, and single-stranded nucleic acids from any source 
in puri?ed or unpuri?ed form, Which can be DNA (dsDNA 
and ssDNA) or RNA, including tRNA, mRNA, rRNA, 
mitochondrial DNA and RNA, chloroplast DNA and RNA, 
DNA-RNA hybrids, or mixtures thereof, genes, chromo 
somes, the genomes of biological material such as plants, 
animals, humans, and fragments thereof (including frag 
ments comprising hypermethylated CpG islands, centro 
meric regions, and other hypermethylated regions), though 
other embodiments are contemplated, as described herein. 
The polynucleotide can be knoWn or unknoWn and may 
contain more than one sequence of interest, each of Which 
may be the same or different from each other. The poly 
nucleotide can be a sub-population of nucleic acids, for 
example, a subtractive hybridiZation probe, total genomic 
DNA, or restriction fragments. 

[0091] Obtaining and purifying nucleic acids use standard 
techniques in the art. Generally, the polynucleotide is DNA, 
though, as noted herein, the polynucleotide can comprise 
altered and/or modi?ed nucleotides, internucleotide link 
ages, ribonucleotides, etc. As generally used herein, it is 
understood that “DNA” applies to polynucleotide embodi 
ments. The polynucleotide suspected of comprising a 
methylated nucleotide can be processed or modi?ed prior to 
analysis, for example, cleavage using restriction enZymes or 
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other means known in the art, such as shearing, and using 
chemical or enZymatic methylation or demethylation as 
known in the art. 

[0092] For simplicity, the polynucleotide comprising (or 
suspected of comprising) a methylated nucleotide is 
described as a single nucleic acid. It is understood that the 
polynucleotide is generally a population of polynucleotides 
(from a feW to a multiplicity to a very large multiplicity of 
polynucleotides). It is further understood that a polynucle 
otide comprising a methylated nucleotide can be a multi 
plicity (from small to very large) of different polynucleotide 
molecules. Such populations can be related in sequence 
(e.g., member of a gene family or superfamily) or extremely 
diverse in sequence (such as all genomic DNA). Polynucle 
otides can also correspond to single sequence (Which can be 
part or all of a knoWn gene, for eXample a coding region, 
genomic portion, etc.). In some embodiments, the poly 
nucleotide comprises a gene, a gene locus, a speci?c CpG 
dinucleotide, a CpG island, and/or a centromeric region. 

[0093] For simplicity, individual steps of the labeling and 
fragmentation method are discussed herein. It is understood, 
hoWever, that the steps may be performed simultaneously 
and/or in varied order, as discussed herein. 

[0094] It is further understood that for convenience, meth 
ods involving cleavage of a base portion of a methylated 
nucleotide, and methods involving cleavage of a base por 
tion of a non-methylated nucleotide (Wherein the agent that 
cleaves a base portion of a nonmethylated nucleotide (inter 
changeably termed “unmethylated” nucleotide) is generally 
not capable of cleaving the base portion of a methylated 
nucleotide) (described beloW) are described separately. It is 
understood that the methods may be combined, performed 
separately, and/or performed sequentially. 
[0095] 1. Cleaving a Base Portion of a Methylated Nucle 
otide to Create an Abasic Site 

[0096] In aspects involving cleavage of a base portion of 
a methylated nucleotide, the polynucleotide comprising a 
methylated nucleotide (in some embodiments, suspected of 
comprising a methylated nucleotide) is treated With an 
agent, such as an enZyme, capable of generally, speci?cally, 
or selectively cleaving a base portion of the methylated 
deoXyribonucleoside to create an abasic site. As used herein, 
“abasic site” encompasses any chemical structure remaining 
folloWing removal of a base portion (including the entire 
base) of a methylated nucleotide With an agent capable of 
cleaving a base portion of a methylated nucleotide, e.g., by 
treatment of a methylated nucleotide (present in a polynucle 
otide chain) With an agent (e.g., an enZyme) capable of 
effecting cleavage of a base portion of a methylated nucle 
otide. In some embodiments, the agent (such as an enZyme) 
catalyZes hydrolysis of the bond betWeen the base portion of 
the methylated nucleotide and a sugar in the methylated 
nucleotide to generate an abasic site comprising a hemiac 
etal ring and lacking the base (interchangeably called “AP” 
site), though other cleavage products are contemplated for 
use in the methods of the invention. Generally, the methods 
involving cleavage of a base portion of a methylated nucle 
otide are suitable for use With polynucleotides comprising a 
loW frequency of methylated nucleotides (i.e., generally, not 
hypermethylated regions, such a CpG islands and the like), 
though other uses are contemplated. 

[0097] The polynucleotide comprising (in some embodi 
ments, suspected of comprising) a methylated nucleotide is 
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treated With an agent, such as an enZyme, capable of 
generally, speci?cally, or selectively cleaving a base portion 
of the methylated deoXyribonucleoside to create an abasic 
site. As used herein, “abasic site” encompasses any chemical 
structure remaining folloWing removal of a base portion 
(including the entire base) of a methylated nucleotide With 
an agent capable of cleaving a base portion of a methylated 
nucleotide, e.g., by treatment of a methylated nucleotide 
(present in a polynucleotide chain) With an agent (e.g., an 
enZyme, acidic conditions, or a chemical reagent) capable of 
effecting cleavage of a base portion of a methylated nucle 
otide. In some embodiments, the agent (such as an enZyme) 
catalyZes hydrolysis of the bond betWeen the base portion of 
the methylated nucleotide and a sugar in the canonical 
nucleotide to generate an abasic site comprising a hemiac 
etal ring and lacking the base (interchangeably called “AP” 
site), though other cleavage products are contemplated for 
use in the methods of the invention. 

[0098] In some embodiments, the methylated nucleotide is 
S-methylcytosine. In some embodiments, S-methylcytosine 
is present as a methylated CpG dinucleotide. The CpG 
dinucleotide may be fully or hemi-methylated. In other 
embodiments, the methylated nucleotide is 3-methylad 
enine. In other embodiments, the methylated nucleotide is 
7-methyladenine and/or 3-methylguanine. 
[0099] Suitable agents and reaction conditions for cleav 
age of base portions of methylated nucleotides are knoWn in 
the art, and include: S-methylcytosine DNA glycosylase 
(S-MCDG), Which cleaves the base portion of S-methylcy 
tosine (S-MeC) from the DNAbackbone (Wolffe et al., Proc. 
Nat. Acad. Sci. USA 96:5894-5896, 1999); 3-methyladenos 
ine-DNA glycosylase I, Which cleaves the base portion of 
3-methyl adenosine from the DNA backbone (see, eg 
Hollis et al (2000) Mutation Res. 460: 201-210); and/or 
3-methyladenosine DNA glycosylase II, Which cleaves the 
base portion of 3-methyladenosine, 7-methylguanine, 7-me 
thyladenosine, and/3-methylguanine from the DNA back 
bone. See McCarthy et al (1984) EMBO J. 3:545-550. 
Multifunctional and mono-functional forms of S-MCDG 
have been described. See Zhu et al., Proc. Natl. Acad. Sci. 
USA 98:5031-6, 2001; Zhu et al., Nuc. Acid Res. 2814157 
4165, 2000; and Nedderrnann et al., J. B. C. 271:12767-74, 
1996 (describing bifunctional S-MCDG; Vairapandi & 
Duker, Oncogene 13:933-938, 1996; Vairapandi et al., J. 
Cell. Biochem. 79:249-260, 2000 (describing mono-func 
tional enZyme comprising S-MCDG activity). In some 
embodiments, S-MCDG preferentially cleaves fully methy 
lated polynucleotide sites (e.g., CpG dinucleotides), and in 
other embodiments, S-MCDG preferentially cleaves a hemi 
methylated polynucleotide. For eXample, mono-functional 
human S-methylcytosine DNA glycosylase cleaves DNA 
speci?cally at fully methylated CpG sites, and is relatively 
inactive on hemimethylated DNA (Vairapandi & Duker, 
supra; Vairapandi et al., supra). By contrast, chick embryo 
S-methylcytosine-DNA glycosylase has greater activity 
directed to hemimethylated methylation sites. In some 
embodiments, the activity of S-MCDG is potentiated 
(increased or enhanced) With accessory factors, such as 
recombinant CpG-rich RNA, ATP, RNA helicase enZyme, 
and proliferating cell nuclear antigen (PCNA). See US. 
Patent Publication No. 20020197639 A1. One or more 

agents may be used. In some embodiments, the one or more 
agents cleave a base portion of the same methylated nucle 
otide. In other embodiments, the one or more agents cleave 
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a base portion of different methylated nucleotides. Treat 
ment With tWo or more agents may be sequential or simul 
taneous. 

[0100] As is evident, in some embodiments, dUTP is 
generated as an intermediate and cleavage of a base portion 
of dUTP is necessary to generate the abasic site. Methods for 
cleaving a base portion of dUTP are knoWn in the art. See, 
e.g., Lindahl, PNAS (1974) 71(9):3649-3653; Jendrisak, 
US. Pat. No. 6,190,865 B1; US. Pat. No. 5,035,996; US. 
Pat. No. 5,418,149; Sartori et al (2002) EMBO J 21:3182 
3191. Thus, in some embodiments, an agent that cleaves a 
base portion of a methylated nucleotides (such as an 
enZyme, such as 5 -MCDG) is used in conjunction With UNG 
to generate an abasic site from the methylated nucleotide. As 
used herein, “in conjunction” encompasses simultaneous 
treatment (e. g., When 5 -MCDG and UNG cleavage occurs in 
the same reaction mixture) and/or treatment at different 
times (e.g., When 5 -MCDG and UNG treatment is conducted 
sequentially). 
[0101] In some embodiments, the agent that cleaves the 
base portion of the methylated nucleotide is the same agent 
that cleaves a phosphodiester backbone at the abasic site. 

[0102] In some embodiments, cleavage of the base portion 
of the methylated nucleotides is general, speci?c or selective 
cleavage (in the sense that the agent (such as an enZyme) 
capable of cleaving a base portion of a methylated nucle 
otide generally, speci?cally or selectively cleaves the base 
portion of a particular methylated nucleotide), Whereby 
about any of 98%, 95%, 90%, 85%, or 80% of the base 
portions cleaved are base portions of methylated nucle 
otides. HoWever, eXtent of cleavage can be less. Thus, 
reference to speci?c cleavage is eXemplary. 

[0103] As noted herein, for convenience, cleavage of a 
base portion of a methylated nucleotide (Whereby an abasic 
site is generated) has been described as a separate step. It is 
understood that this step may be performed simultaneously 
With cleavage of the backbone at an abasic site (fragmen 
tation) and/or labeling at an abasic site. 

[0104] It is understood that the frequency (or spacing) of 
abasic sites in the resulting polynucleotide comprising an 
abasic site (folloWing cleavage of a base portion of a 
methylated nucleotide, and thus the average siZe of frag 
ments generated using the methods of the invention (i.e., 
folloWing cleavage of a phosphodiester backbone at an 
abasic site), is controlled by variables knoWn in the art, 
including: frequency of methylated nucleotide(s) in the 
polynucleotide (or other measures of nucleotide content of a 
sequence, such as average G-C content), length of the 
polynucleotide comprising a methylated nucleotide, and the 
reaction conditions used during generation of abasic site, as 
is further discussed herein. In some embodiments, poly 
nucleotide are additionally cleaved using other means (e.g., 
restriction digestion, mechanical cleavage) before or after 
cleavage and labeling at an abasic site using the methods of 
the invention. 

[0105] 2. Cleaving the Backbone at the Abasic Site of the 
Polynucleotide Comprising an Abasic Site and Labeling at 
the Abasic Site 

[0106] The backbone of the polynucleotide is cleaved at 
the abasic site, and the abasic site is labeled, Whereby 
labeled polynucleotide fragments are generated. It is under 
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stood that cleavage of the backbone and labeling can be 
performed in any order, or simultaneously. For convenience, 
hoWever, these reactions are described as separate steps. 

[0107] i. Cleaving the Backbone at the Abasic Site of the 
Polynucleotide Comprising an Abasic Site 

[0108] FolloWing generation of an abasic site, the back 
bone of the polynucleotide is cleaved at the abasic site (i.e., 
the site generated folloWing cleavage of the base portion of 
the methylated nucleotide) With an agent capable of effect 
ing cleavage of the backbone at the abasic site. Cleavage at 
the backbone (also termed “fragmentation”) results in at 
least tWo fragments (depending on the number of abasic 
sites present in the polynucleotide comprising an abasic site, 
and the eXtent of cleavage). 

[0109] Suitable agents (for eXample, an enZyme, a chemi 
cal and/or reaction conditions such as heat) capable of 
cleavage of the backbone at an abasic site are Well knoWn in 
the art, and include: heat treatment and/or chemical treat 
ment (including basic conditions, acidic conditions, alkylat 
ing conditions, or amine mediated cleavage of abasic sites, 
(see e.g., co-pending co-oWned US. patent application Ser. 
No. 10/441,663; McHugh and KnoWland, Nucl. Acids Res. 
(1995) 23(10):1664-1670; Bioorgan. Med. Chem (1991) 
7:2351; Sugiyama, Chem. Res. ToXicol. (1994) 7: 673-83; 
Horn, Nucl. Acids. Res., (1988) 16:11559-71), and use of 
enZymes that catalyZe cleavage of polynucleotides at abasic 
sites, for eXample AP endonucleases (also called “apurinic, 
apyrimidinic endonucleases”) (e.g., E. coli Endonuclease IV, 
available from Epicentre Tech., Inc, Madison Wis.), E. coli 
endonuclease III or endonuclease IV, E. coli eXonuclease III 
in the presence of calcium ions. See, eg co-pending co 
oWned US. patent application Ser. No. 10/441,663; Lindahl, 
PNAS (1974) 71(9):3649-3653; Jendrisak, US. Pat. No. 
6,190,865 B1; Shida, Nucleic Acids Res. (1996) 
24(22):4572-76; Srivastava, J. Biol Chem. (1998) 
273(13):21203-209; Carey, Biochem. (1999) 38:16553-60; 
Chem Res ToXicol (1994) 7:673-683. As used herein “agent” 
encompasses reaction conditions such as heat. In one 

embodiment, the AP endonuclease, E. coli endonuclease IV, 
is used to cleave the phosphodiester backbone at an abasic 
site. In another embodiment, cleavage is With an amine, such 
as N,N‘-dimethylethylenediamine. See, eg McHugh and 
KnoWland, supra. 

[0110] Generally, cleavage is betWeen the nucleotide 
immediately 5‘ to the abasic residue and the abasic residue, 
or betWeen the nucleotide immediately 3‘ to the abasic 
residue and the abasic residue (though, as explained herein, 
5‘ or 3‘ cleavage of the phosphodiester backbone may or may 
not result in retention of the phosphate group 5‘ or 3‘ to the 
abasic site, respectively, depending on the fragmentation 
agent used). As is Well knoWn in the art, cleavage can be 5‘ 
to the abasic site (such as endonuclease IV treatment Which 
generally results in cleavage of the backbone at a location 
immediately 5‘ to the abasic site betWeen the 5‘-phosphate 
group of the abasic residue and the deoXyribose ring of the 
adjacent nucleotide, generating a free 3‘ hydroXyl group on 
the adjacent nucleotide), such that an abasic site is located 
at the 5‘ end of the resulting fragment. Cleavage can also be 
3‘ to the abasic site (e.g., cleavage betWeen the deoXyribose 
ring and 3‘-phosphate group of the abasic residue and the 
deoXyribose ring of the adjacent nucleotide, generating a 
free 5‘ phosphate group on the deoXyribose ring of the 
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adjacent nucleotide), such that an abasic site is located at the 
3‘ end of the resulting fragment. Treatment under basic 
conditions or With amines (such as N,N‘-dimethylethylene 
diamine) results in cleavage of the phosphodiester backbone 
immediately 3‘ to the abasic site. In addition, more complex 
forms of cleavage are also possible, for example, cleavage 
such that cleavage of the phosphodiester backbone and 
cleavage of (a portion of) the abasic site results. For 
example, under certain conditions, cleavage using chemical 
treatment and/or thermal treatment may comprise a [3-elimi 
nation step Which results in cleavage of a bond betWeen the 
abasic site deoxyribose ring and its 3‘ phosphate, generating 
a reactive ot,[3-unsaturated aldehyde Which can be labeled or 
can undergo further cleavage and cycliZation reactions. See, 
eg Sugiyama, Chem. Res. Toxicol. (1994) 7: 673-83; Horn, 
Nucl. Acids. Res., (1988) 16:11559-71. It is understood that 
more than one method of cleavage can be used, including 
tWo or more different methods Which result in multiple, 
different types of cleavage products (e.g., fragments com 
prising an abasic site at the 3‘ end, and fragments comprising 
an abasic site at the 5‘ end). 

[0111] Generally, cleavage of the backbone at an abasic 
site is general, speci?c or selective cleavage (in the sense 
that the agent (such as an enZyme) capable of cleaving the 
backbone at an abasic site speci?cally or selectively cleaves 
the backbone at an abasic site), Whereby greater than about 
98%, about 95%, about 90%, about 85%, or about 80% of 
the cleavage is at an abasic site. HoWever, extent of cleavage 
can be less. Thus, reference to speci?c cleavage is exem 
plary. In some embodiments, speci?c or selective cleavage 
is desirable for control of the fragment siZe in the methods 
of generating labeled polynucleotide fragments of the inven 
tion. In some embodiments, reaction conditions can be 
selected such that the cleavage reaction is performed in the 
presence of a large excess of reagents and alloWed to run to 
completion. In other embodiments, extent of cleavage can be 
less, such that polynucleotide fragments are generated com 
prising an abasic site at an end and an abasic site(s) Within 
or internal to the polynucleotide fragment (i.e., not at an 
end). As disclosed herein, polynucleotide fragments com 
prising internal abasic sites are useful e.g., in embodiments 
involving immobiliZation of a labeled polynucleotide 
(Wherein one abasic site is used for immobiliZation and 
another abasic site(s) are labeled at an abasic site). 

[0112] As noted herein, the approximate or average siZe of 
the fragments (folloWing cleavage of an abasic site, and 
cleavage of the backbone at the abasic site as described 
herein) is controlled by variables knoWn in the art, includ 
ing: frequency of cleavable nucleotides in the polynucle 
otide (in some embodiments involving methylation analysis, 
frequency of methylated nucleotides), or other measures of 
nucleotide content of a sequence, such as average G-C 
content), length of the polynucleotide, and the reaction 
conditions used during generation of abasic site and cleav 
age of the backbone at the abasic site. In some embodiments, 
polynucleotide are additionally cleaved using other means 
(e.g., restriction digestion, mechanical cleavage) before or 
after cleavage and labeling at an abasic site using the 
methods of the invention. Generally, suitable fragment siZes 
are about 5, 10, 15, 20, 25, 30, 40, 50, 65, 75, 85, 100, 123, 
150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 550, 600, 
650 or more, such as 1 kb, 2 kb, 3 kb, 4 kb, 5 kb or more 
nucleotides in length. In some embodiments, the fragment is 
about 200 nucleotides, about 100 nucleotides, or about 50 
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nucleotides in length. In another embodiment, the siZe of a 
population of fragments is about 50 to 200 nucleotides. It is 
understood that the fragment siZe may be approximate, 
particularly When populations of fragments are generated, 
because the frequency and spacing of abasic sites (Which 
relates to the fragment siZe folloWing cleavage) Will vary 
from template to template and also betWeen copies of the 
same template, due to representation of the methylated 
nucleotide, reactions conditions selected for generation of 
abasic sites, and reaction conditions selected for fragmen 
tation. Thus, in some embodiments, fragments generated 
from same starting material (such as a single polynucleotide 
template) may have different (and/or overlapping) sequence, 
While still having the same approximate siZe or siZe range. 

[0113] FolloWing cleavage of the polynucleotide back 
bone at the abasic site, every fragment Will comprise one 
abasic site (if cleavage is completely ef?cient), except for 
either the 5‘- or 3‘-most fragment, Which may lack an abasic 
site depending on the cleavage agent. If the cleavage is 5‘ to 
the abasic site, the 5‘ most fragment Will not comprise an 
abasic site. If cleavage is 3‘ to the abasic site, the 3‘ most 
fragment Will not comprise an abasic site. 

[0114] It is understood that the preceding disclosure 
regarding cleavage of the backbone at the abasic site is 
applicable to embodiments involving cleavage of the back 
bone at the abasic site Wherein the abasic site Was generated 
by cleavage of a cleavable canonical nucleotide With an 
agent capable of cleaving a base portion of a canonical 
nucleotide, as described infra. 

[0115] ii. Labeling the Abasic Site and Detection 

[0116] The abasic site is labeled, Whereby a polynucle 
otide (or polynucleotide fragment) comprising a label is 
generated. In some embodiments, a polynucleotide fragment 
comprising an abasic site is contacted With an agent capable 
of labeling at the abasic site; Whereby labeled fragments of 
the polynucleotide are generated. As used herein, a “label” 
(interchangeably called a “detectable moiety”) is attached to 
or associated With a polynucleotide, such that the polynucle 
otide comprising an abasic site is attached to or associated 
With a label. 

[0117] Thus, in some embodiments, the label attaches to or 
associates With a chemical structure remaining folloWing 
treatment of a methylated nucleotide (present in a polynucle 
otide chain) With an agent (e.g., an enZyme, or acidic 
conditions, or a chemical reagent) capable of effecting 
cleavage of a base portion of the methylated nucleotide. In 
embodiments involving fragmentation, the label attaches to 
or associates With any chemical structure remaining folloW 
ing treatment of the methylated nucleotide (present in a 
polynucleotide chain) With an agent (e.g., an enZyme, or 
acidic conditions, or a chemical reagent) capable of effecting 
cleavage of a base portion of the methylated nucleotide (in 
embodiments involving cleavage of a methylated nucle 
otide), and folloWing treatment With an agent capable of 
cleaving the backbone at the abasic site. In one embodiment, 
the label covalently bonds With a reactive aldehyde form of 
a hemiacetal ring in an abasic site. In some embodiments, 
labeling “at” an abasic site encompasses labels that bind to 
an abasic site, but do not bind to the intact (uncleaved) 
methylated nucleotide (in embodiments involving cleavage 
of a methylated nucleotide) Whether incorporated or present 
as a single methylated nucleotide). In some embodiments, 
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labeling “at” an abasic site speci?cally excludes labels that 
attach (e.g., covalently bind) to a phosphate group of a 
nucleotide (or polynucleotide) or a phosphate group of an 
abasic site. In some embodiments, labeling “at” an abasic 
site speci?cally excludes labels that attach or associate at the 
3‘ position of the sugar. In still other embodiments, labeling 
“at” an abasic site speci?cally excludes a label comprised of 
a phosphine. As made clear from the disclosure herein, 
“label” refers to any component of a labeling system. 

[0118] It is understood that cleavage of the phosphodiester 
backbone at the abasic site, and labeling at an abasic site can 
be performed in any order, or simultaneously. 

[0119] The label can be detectable, or the label can be 
indirectly detected, for example as When the label (attached 
at an abasic residue) is covalently or non-covalently asso 
ciated With another moiety Which is itself detected. For 
example, biotin can be attached to the label capable of 
associating With the abasic site. In another example, an 
antibody (that can be detectably labeled) binds the label that 
is attached at the abasic site. In some embodiments, the label 
comprises an organic molecule, a hapten, or a particle (such 
as a polystyrene bead). In some embodiments, the label is 
detected using antibody binding, biotin binding, or via 
?uorescence or enZyme activity. In some embodiments, the 
detectable signal is ampli?ed. 

[0120] Generally, labeling at an abasic site is general, 
speci?c, or selective labeling (in the sense that the agent 
capable of labeling at an abasic site speci?cally or selec 
tively labels the abasic site), Whereby greater than about 
98%, about 95%, about 93%, about 90%, about 85%, or 
about 80% of the labels bind abasic sites. HoWever, extent 
of labeling can be less. Thus, reference to speci?c labeling 
is exemplary. In some embodiments, reaction conditions are 
selected such that the reaction in Which the abasic site(s) are 
labeled can run to completion. 

[0121] In some embodiments, labeled polynucleotide 
fragments are produced Which each comprise a single label 
(to the extent that cleavage of the phosphodiester backbone 
is generally complete, in the sense that many or essentially 
all of the polynucleotide fragments comprise a single abasic 
site). This aspect is useful in quantitating level of hybrid 
iZation, because signal is proportional to number of bound 
fragments, and does not relate to the length of the hybrid 
iZing fragment or the number of labels per fragment. Thus, 
hybridiZation intensity can generally be directly compared, 
regardless of fragment length. In another embodiment, 
labeled fragments are produced Which comprise a labeled 
abasic site at an end (such as the 3‘ end and/or the 5‘ end) and 
a labeled internal abasic site. 

[0122] Methods and reaction conditions for labeling aba 
sic sites are knoWn in the art. See, e. g., co-pending co-oWned 
US. patent application Ser. No. 10/441,663. For example, a 
common functional group exposed in an abasic site (and 
therefore suitable for use in labeling) is the highly reactive 
aldehyde form of the hemiacetal ring Which can be 
covalently attached to or noncovalently associated With a 
label using reaction conditions that are knoWn in the art. 
Many labels comprise substituted hydraZines or hydroxy 
lamines Which readily form imine bonds With aldehydes, for 
example, 5-(((2-(carbohydraZino)-methyl)thio)acetyl)ami 
no?uorescein, aminooxyacetyl hydraZide See 
Makrigiorgos, PCT Publication No. WO 00/39345. The 
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stable oxime formed by this compound can be detected 
directly by ?uorescence or the signal can be ampli?ed using 
an antibody-enZyme conjugate. See, e.g., Srivastava, J. Biol. 
Chem. (1998) 273(33): 21203-209; Makrigiorgos, Int J. 
Radiat. Biol. (1998) 74(1):99-109; Makrigiorgos, U.S. Pat. 
No. 6,174,680 B1; Makrigiorgos, WO 00/39345. Suitable 
sidechains (present on the substrate) to react With the 
aldehyde (of the abasic site) include at least the folloWing: 
substituted hydraZines, hydraZides, or hydroxylamines 
(Which readily form imine bonds With aldehydes), and the 
related semicarbaZide and thiosemicarbaZide groups, and 
other amines Which can form stable carbon-nitrogen double 
bonds, that can catalyZe simultaneous cleavage and binding 
(see Horn, Nucl. Acids. Res., (1988) 16:11559-71), or can be 
coupled to form stable conjugates, eg by reductive amina 
tion. Other methods for attaching a reactive group present in 
an abasic site to a reactive group present on a label are 
knoWn in the art. In another example, the abasic site may be 
chemically modi?ed, then the modi?ed abasic site 
covalently attached to or non-covalently associated With a 
suitable reactive group on a substrate. For example, the 
aldehyde (in the abasic site) can be oxidiZed or reduced 
(using methods knoWn in the art), then covalently immobi 
liZed to a substrate using, e.g., reductive amination or 
various oxidative processes. 

[0123] Other suitable reagents are knoWn in the art, e.g., 
?uorescein aldehyde reagents. See, e.g., Boturyn (1999) 
Chem. Res. Toxicol. 12:476-482. See, also, AdamcZyk 
(1998) Bioorg. Med. Chem. Lett. 8(24):3599-3602; Adam 
cZyk (1999) Org. Lett. 1(5):779-781; KoW (2000) Methods 
22(2):164-169; Molecular Probes Handbook, Section 3.2 
(WWW.probes.com). For example, detectable moieties com 
prising aminooxy groups can be used. See, Boturyn, supra. 
The aminoooxy group readily reacts With the highly reactive 
aldehyde form of the hemiacetal ring of an abasic site. In one 
embodiment, the label comprising an aminooxy reactive 
group is N-(aminooxyacetyl)-N‘-(D-biotinoyl) hydraZine, 
tri?uoroacetic acid salt (ARP) (available from Molecular 
Probes, Eugene Oreg., catalog No. A-10550). See, e.g., 
Kubo et al., Biochem 31:3703-3708 (1992); Ide et al., 
Biochem. 32:8276-8283 (1993). 

[0124] In yet another example, labels comprising a 
hydraZide linker can be converted to an aminooxy (inter 
changeably termed “hydroxylamine”) derivative, then used 
to label abasic sites as described herein. In one embodiment, 
the label comprises an aminooxy derivatiZed Alexa Fluor 
555 reagent as disclosed in co-pending U.S. patent applica 
tion Ser. No. 10/441,663, Use of the aminooxy-derivatiZed 
Alexa Fluor 555 resulted in greater labeling ef?ciency, as 
Well as increased ?uorescence as compared to labeling With 
unmodi?ed Alexa Fluor 555 hydraZide (Order No. A-20501, 
Molecule Probes, Eugene Oreg.). 

[0125] In another example, the abasic site may be chemi 
cally modi?ed (before, during or after cleavage of the 
phosphodiester backbone as described herein), then the 
modi?ed abasic site detected directly or indirectly. For 
example, ?uorescent cadaverine can be incorporated into an 
abasic site as described in Horn (Nucl. Acids. Res., (1988) 
16:11559-71). In another example, the abasic site may be 
chemically modi?ed by reaction With NHBA (0-4-nitroben 
Zyl hydroxylamine), then the NBHA-modi?ed abasic site is 
detected With an antibody that speci?cally binds to the 
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NBHA-modi?ed abasic sites. See KoW et al, PCT Publica 
tion No. WO 92/07951 (1992). 

[0126] In another example, the abasic site may be labeled 
With an antibody (such as a monoclonal or polyclonal 
antibody or antigen binding fragment). Methods for detect 
ing speci?c antibody binding are Well knoWn in the art. 

[0127] In another example, the aldehyde and/or hemiac 
etal ring may itself be detected, as When, for example, 
detectable signal is generated using chemical or electro 
chemical reactions speci?c to those chemical structures, 
including for example, oxidation reactions, enZymes With 
dehydrogenase or oxidase activity, and the like. In another 
example, many aldehydes are substrates for enZymes, such 
that a detectable product is generated in the presence of the 
aldehyde. For example, dehydrogenases typically couple 
oxidation of an aldehyde With reduction of NAD+ Which can 
be detected spectrophotometrically. In another example, 
glucose oxidases generate hydrogen peroxide in the pres 
ence of sugar aldehydes. Hydrogen peroxide is readily 
detectable by coupling to horseradish peroxidase With suit 
able substrates. Thus, the invention provides methods for 
detecting an abasic site. 

[0128] Methods of signal detection are knoWn in the art: 
Signal detection may be visual or utiliZe a suitable instru 
ment appropriate to the particular label used, such as a 
spectrometer, ?uorimeter, or microscope. For example, 
Where the label is a radioisotope, detection can be achieved 
using, for example, a scintillation counter, or photographic 
?lm as in autoradiography. Where a ?uorescent label is used, 
detection may be by exciting the ?uorochrome With the 
appropriate Wavelength of light and detecting the resulting 
?uorescence, such as by microscopy, visual inspection or 
photographic ?lm, ?uorometer, CCD cameras, scanner and 
the like. Where enZymatic labels are used, detection may be 
by providing appropriate substrates for the enZyme and 
detecting the resulting reaction product. For example, many 
substrates of horseradish peroxidase, such as o-phenylene 
diamine, give colored products. Simple colorimetric labels 
can usually be detected by visual observation of the color 
associated With the label; for example, conjugated colloidal 
gold is often pink to reddish, and beads appear the color of 
the bead. Instruments suitable for high sensitivity detection 
are knoWn in the art. 

[0129] It is understood that the polynucleotide or poly 
nucleotide fragments can be additionally labeled using other 
methods knoWn in the art. 

[0130] Labeled polynucleotide fragments can be immobi 
liZed to a substrate, as described herein. 

[0131] It is understood that the preceding disclosure 
regarding labeling at the abasic site is applicable to embodi 
ments involving labeling at the abasic site Wherein the 
abasic site Was generated by cleavage of a cleavable canoni 
cal nucleotide With an agent capable of cleaving a base 
portion of a canonical nucleotide, as described infra. 

[0132] B. Methods for Labeling a Polynucleotide Com 
prising a Methylated Nucleotide 

[0133] The invention provides methods for generating 
labeled nucleic acid(s). 

[0134] Generally, the methods comprise use of an agent 
(such as an enZyme) that cleaves a base portion from a 
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methylated nucleotide (such as S-methylcytosine), Whereby 
an abasic site is generated; and labeling at the abasic site, 
Whereby labeled polynucleotides are generated. Generally, 
the polynucleotide comprising a methylated nucleotide (in 
some embodiments, suspected of comprising a methylated 
nucleotide) is labeled at the abasic site (Which is generated 
by cleavage of a base portion of the methylated nucleotide). 
The methods of the invention generate labeled polynucle 
otides Which are useful for, e.g., hybridiZation to a microar 
ray and other uses described herein. The methods of the 
invention are suitable for multiplexing. 

[0135] The methods involve the folloWing steps: (a) con 
tacting a polynucleotide comprising (in some embodiments, 
suspected of comprising) a methylated nucleotide With an 
agent capable of cleaving a base portion of the methylated 
nucleotide (i.e., cleaving a base portion of the methylated 
nucleotide), Whereby an abasic site is generated; and (b) 
contacting the polynucleotide comprising the abasic site 
With an agent capable of labeling the abasic site (i.e., 
labeling the abasic site), Whereby labeled polynucleotides 
are generated. 

[0136] It is understood that labeled polynucleotides may 
be cleaved using other means (ie other means than cleavage 
at an abasic site as described herein, e.g., restriction diges 
tion, mechanical cleavage) before or after labeling at an 
abasic site using the methods of the invention. In some 
embodiments, the methods involving labeling of a poly 
nucleotide comprising a methylated nucleotide are suitable 
for multiplex analysis involving hybridiZation to an array. 

[0137] 1. Cleaving a Base Portion of a Methylated Nucle 
otide to Create an Abasic Site 

[0138] The polynucleotide comprising a methylated 
nucleotide (in some embodiments, suspected of comprising 
a methylated nucleotide) is treated With an agent, such as an 
enZyme, capable of generally, speci?cally, or selectively 
cleaving a base portion of the methylated deoxyribonucleo 
side to create an abasic site, as described herein. 

[0139] 2. Labeling the Abasic Site and Detection 

[0140] The abasic site is labeled, Whereby a polynucle 
otide comprising a label is generated, as described herein. 

[0141] C. Methods for Fragmenting a Polynucleotide 
Comprising a Methylated Nucleotide 

[0142] The methods involve the folloWing steps: (a) con 
tacting a polynucleotide comprising (in some embodiments, 
suspected of comprising) a methylated nucleotide With an 
agent capable of cleaving a base portion of the methylated 
nucleotide (i.e., cleaving a base portion of the methylated 
nucleotide), Whereby an abasic site is generated; and (b) 
cleaving the backbone of the polynucleotide comprising the 
abasic site at the abasic site, Whereby polynucleotide frag 
ments are generated. 

[0143] 1. Cleaving a Base Portion of a Methylated Nucle 
otide to Create an Abasic Site 

[0144] The polynucleotide comprising a methylated 
nucleotide (in some embodiments, suspected of comprising 
a methylated nucleotide) is treated With an agent, such as an 
enZyme, capable of generally, speci?cally, or selectively 
cleaving a base portion of the methylated deoxyribonucleo 
side to create an abasic site, as described herein. 
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[0145] 2. Cleaving the Backbone at the Abasic Site of the 
Polynucleotide Comprising an Abasic Site and Labeling at 
the Abasic Site 

[0146] The backbone of the polynucleotide is cleaved at 
the abasic site, and the abasic site is labeled, Whereby 
polynucleotide fragments are generated, as described herein. 

[0147] D. Methods for Labeling and Fragmenting a Poly 
nucleotide Comprising a Methylated Nucleotide Using an 
Enzyme that Cleaves a Base Portion of a Nonmethylated 
Nucleotide 

[0148] In another aspect, the invention comprises use of 
an enZyme (such as cytosine deaminase in conjunction With 
uracil N deglycosylase (UNG)) that cleaves a base portion 
from an unmethylated nucleotide, Whereby an abasic site is 
generated, Wherein the enZyme is not capable of cleaving a 
methylated nucleotide; cleavage of the phosphodiester back 
bone of the polynucleotide comprising the abasic site at the 
abasic site; and labeling at the abasic site, Whereby labeled 
polynucleotide fragments are generated. Generally, the poly 
nucleotide comprising a methylated nucleotide (in some 
embodiments, suspected of comprising a methylated nucle 
otide) is fragmented and labeled at the abasic site (Which is 
generated by cleavage of a base portion of the non-methy 
lated nucleotide). Thus, the methods of the invention are 
useful for, e.g., detecting methylation (including presence 
and/or absence and/or quantity or level of methylation), 
identifying methylated polynucleotide sequences, isolating 
methylated polynucleotide sequences, identifying and/or 
isolating methylatable polynucleotide sequences, and other 
applications as described herein. The methods of the inven 
tion generate labeled polynucleotide fragments Which are 
useful for, e.g., hybridiZation to a microarray and other uses 
described herein. 

[0149] The methods comprise the folloWing steps: (a) 
contacting a polynucleotide comprising (in some embodi 
ments, suspected of comprising) a methylated nucleotide 
With an enZyme capable of cleaving a base portion of an 
unmethylated nucleotide (i.e., cleaving a base portion of the 
unmethylated nucleotide), Whereby an abasic site is gener 
ated, Wherein the enZyme is not capable of cleaving a 
methylated nucleotide; (b) cleaving the backbone of the 
polynucleotide comprising the abasic site at the abasic site; 
and (c) contacting the polynucleotide comprising the abasic 
site With an agent capable of labeling the abasic site (i.e., 
labeling the abasic site), Whereby labeled polynucleotide 
fragments are generated. In some embodiments, the enZyme 
is cytosine deaminase in conjunction With uracil DNA 
glycosylase. 
[0150] 1. Cleaving a Base Portion of an Unmethylated 
Nucleotide 

[0151] In another aspect, the invention comprises use of 
an enZyme (such as cytosine deaminase in conjunction With 
uracil DNA glycosylase) that cleaves a base portion of an 
unmethylated nucleotide, Wherein the enZyme is not capable 
of cleaving a methylated nucleotide; cleavage of the phos 
phodiester backbone of the polynucleotide comprising the 
abasic site at the abasic site; and labeling at the abasic site, 
Whereby labeled polynucleotide fragments are generated. 

[0152] Generally, the methods involve the folloWing steps: 
(a) contacting a polynucleotide comprising (in some 
embodiments, suspected of comprising) a methylated nucle 
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otide With an agent (such as an enZyme) capable of cleaving 
a base portion of an unmethylated nucleotide (i.e., cleaving 
a base portion of the unmethylated nucleotide), Whereby an 
abasic site is generated, Wherein the agent (such as an 
enZyme) is not capable of cleaving the methylated nucle 
otide; (b) cleaving the backbone of the polynucleotide 
comprising the abasic site at the abasic site; and (c) con 
tacting the polynucleotide comprising the abasic site With an 
agent capable of labeling the abasic site (i.e., labeling the 
abasic site), Whereby labeled polynucleotide fragments are 
generated. 

[0153] In some embodiments, the enZyme is cytosine 
deaminase. See Sohail et al, NAR 2003, 31: 2990-94. 
Cytosine deaminase catalyZes the deamination of cytosine, 
such that dUTP is generated. Cleavage of a base portion of 
dUTP is necessary to generate the abasic site. Thus, the 
invention encompasses use of (a) an agent (such as cytosine 
deaminase) that modi?es a nucleotide (such as dCTP), 
Whereby dUTP is generated, in conjunction With (b) an agent 
(such as an enZyme, such as UNG) that cleaves a base 
portion of dUTP, Whereby an abasic site is generated. 
Methods for cleaving a base portion of dUTP are knoWn in 
the art. See, e.g., Lindahl, PNAS (1974) 71(9):3649-3653; 
Jendrisak, US. Pat. No. 6,190,865 B1; US. Pat. No. 5,035, 
996; US. Pat. No. 5,418,149; Sartori et al (2002) EMBO J 
21:3182-3191. As used herein, “in conjunction” encom 
passes simultaneous treatment (e.g., When cytosine deami 
nase and UNG cleavage occurs in the same reaction miX 
ture) and/or treatment at different times (e.g., When cytosine 
deaminase and UNG treatment is conducted sequentially). 

[0154] In some embodiments, the agent that cleaves the 
base portion of the unmethylated nucleotide is the same 
agent that cleaves a phosphodiester backbone at the abasic 
site. 

[0155] Generally, cleavage of the base portion of the 
unmethylated nucleotides is general, speci?c or selective 
cleavage (in the sense that the agent (such as an enZyme) 
capable of cleaving a base portion of an unmethylated 
nucleotide generally, speci?cally or selectively cleaves the 
base portion of a particular unmethylated nucleotide), and 
generally, speci?cally and selectively does not cleave the 
base portion of the methylated nucleotide, Whereby about 
any of 98%, 95%, 90%, 85%, or 80% of the base portions 
cleaved are base portions of unmethylated nucleotides. 
HoWever, eXtent of cleavage can be less. Thus, reference to 
speci?c cleavage is exemplary. In some embodiments, the 
methylated nucleotide is 5 -methylcytosine and the unmethy 
lated nucleotide is cytosine. 

[0156] As noted herein, for convenience, cleavage of a 
base portion of a unmethylated nucleotide (Whereby an 
abasic site is generated) has been described as a separate 
step. It is understood that this step may be performed 
simultaneously With cleavage of the backbone at an abasic 
site (fragmentation) and/or labeling at an abasic site. 

[0157] It is understood that the frequency (or spacing) of 
abasic sites in the resulting polynucleotide comprising an 
abasic site (folloWing cleavage of a base portion of a 
unmethylated nucleotide, and thus the average siZe of frag 
ments generated using the methods of the invention (i.e., 
folloWing cleavage of a phosphodiester backbone at an 
abasic site), is controlled by variables knoWn in the art, 
including: frequency of unmethylated nucleotide(s) in the 
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polynucleotide (or other measures of nucleotide content of a 
sequence, such as average G-C content), length of the 
polynucleotide comprising a unmethylated nucleotide, and 
the reaction conditions used during generation of abasic site, 
as is further discussed herein (such as presence of a methy 
lation binding protein, and/or presence of a DNA binding 
protein). In some embodiments, polynucleotide are addition 
ally cleaved using other means (e.g., restriction digestion, 
mechanical cleavage) before or after cleavage and labeling 
at an abasic site using the methods of the invention. 

[0158] It is understood that the methods involving cleav 
age of a base portion of an unmethylated nucleotide relate to 
and comprise use of a polynucleotide With native methyla 
tion status, i.e., a polynucleotide in Which methylation status 
or pattern eXists in vivo, as described herein. Speci?cally 
eXcluded are labeling and/or fragmentation methods com 
prising synthesis of a polynucleotide comprising a non 
canonical nucleotide as disclosed in co-pending co-oWned 
US. patent application Ser. No. 10/441,663 (publication no. 
2004/0005614). 
[0159] Generally, the methods involving cleavage of a 
nonmethylated nucleotide (but not cleavage of the corre 
sponding methylated nucleotide) are suitable for use With 
polynucleotide templates that are heavily methylated (hyper 
methylated), though other polynucleotide templates are suit 
able for use in the methods of the invention. Methods 
involving cleavage in the presence of methyl binding pro 
teins and/or DNA binding proteins are further described 
herein. 

[0160] In some embodiments, the polynucleotide compris 
ing methylated nucleotide is contacted With a methyl bind 
ing agent, such as a methyl binding antibody, and/or a 
methyl binding protein, prior to and/or during cleavage of 
the base portion of the unmethylated nucleotide. Binding 
With a methyl binding agent protects the portion of the 
polynucleotide bound from labeling and fragmentation 
(including cleavage of a nomnethylated nucleotide). For 
eXample, When using an enZyme for cleavage of the base, 
binding of the enZyme to a methylated nucleotide base or 
activity of the enZyme toWards a methylated nucleotide, may 
be prevented by binding to the methyl binding agent. Thus, 
the methods generally produce polynucleotide fragments 
comprising a methylated nucleotide that are suitable for 
further analysis, such as by hybridiZation to a microarray. 
The methods are generally suitable, e.g., for the analysis of 
hypermethylated samples, Where methods involving cleav 
age at a methylated nucleotide may result in excessive 
fragmentation. In some embodiments, the methods are use 
ful for selectively fragmenting a non-hypermethylated 
sequence in the polynucleotide of interest, such that hyper 
methylated sequences may be isolated from the reaction 
miXture and further analyZed (including sequencing and/or 
cloning and/or hybridiZation to a microarray). 

[0161] Antibodies that bind methylated nucleotides are 
knoWn in the art. See, e.g., US. Patent Publication No. 
2002/0197639; Erlanger and Beiser (PNAS, 52:68, 1964); 
Sano et al., (Biochemica et Biophysica Acta, 951:157, 
1988); PCT Publication No. WO 99/10540 published on 
Mar. 4, 1999; MiZugaki et al (1996) Biol Pharm. Bull. 
19:1537-40 (describing antibodies that recogniZe S-methyl 
cytosine) and Tohuku J. Exp Med. 1986, 149(2):151-161. 
Methyl binding proteins are also knoWn in the art. See, e.g, 
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Ballestar et al (2001) Eur J Biochem. 268: 1-6. As is Well 
knoWn in the art, a methyl binding protein (also termed 
methylation binding protein or MBP) encompasses proteins 
that bind methylated nucleotides as Well as proteins that bind 
a region including a methylated nucleotide. 

[0162] In other embodiments, the polynucleotide compris 
ing a methylated nucleotide is contacted With a polynucle 
otide (e.g. DNA) binding protein, such as a transcription 
factor, regulatory protein, and other DNA binding proteins, 
prior to cleavage of the base portion of the unmethylated 
nucleotide. The polynucleotide binding protein, eg a tran 
scription factor, protects the bound portion of the polynucle 
otide from cleavage, thus generating a labeled and frag 
mented polynucleotide comprising the binding site of the 
particular DNA binding protein. 

[0163] In some embodiments, methylation status may be 
compared in the presence or absence or methylation binding 
agents and/or other polynucleotide binding proteins. As 
further described herein, comparison of methylation status is 
useful to compare samples from, e.g., different stages of 
development, and/or different disease states (such as a 
control (normal) sample and a sample from diseased tissue). 

[0164] 2. Cleaving the Backbone at the Abasic Site of the 
Polynucleotide Comprising an Abasic Site 

[0165] FolloWing generation of an abasic site, the back 
bone of the polynucleotide is cleaved at the abasic site (i.e., 
the site generated folloWing cleavage of the base portion of 
the canonical nucleotide) With an agent capable of effecting 
cleavage of the backbone at the abasic site, as described 
herein. 

[0166] 3. Labeling the Abasic Site and Detection 

[0167] The abasic site is labeled, Whereby a polynucle 
otide (or polynucleotide fragment) comprising a label is 
generated as described herein. In some embodiments, a 
polynucleotide fragment comprising an abasic site is con 
tacted With an agent capable of labeling at the abasic site; 
Whereby labeled fragments of the polynucleotide are gen 
erated as described herein. 

[0168] E. Applications Using the Labeling and/or Frag 
mentation Methods for Analysis of DNA Methylation 

[0169] The methods and compositions of the invention 
can be used for a variety of purposes. For purposes of 
illustration, methods of producing a hybridiZation probe or 
target characteriZing and/or quantitating nucleic acid, pre 
paring a subtractive hybridiZation probe, detection (using 
the hybridiZation probe), and determining methylation sta 
tus, using the labeled and/or fragmented nucleic acids gen 
erated by the methods of the invention, are described. 

[0170] 1. Methods for Characterizing Methylated Poly 
nucleotides 

[0171] The labeled and/or fragmented nucleic acids 
obtained by the methods of the invention are amenable to 
further characteriZation. 

[0172] The labeled and/or fragmented nucleic acids (i.e., 
products of any of the methods for labeling and/or frag 
menting a polynucleotide comprising a methylated nucle 
otide described herein), can be analyZed using, for eXample, 
probe hybridiZation techniques knoWn in the art, such as 
Southern and Northern blotting, and hybridiZing to probe 
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arrays. They can also be analyzed by electrophoresis-based 
methods, such as differential display and siZe characteriZa 
tion, Which are known in the art, e.g., capillary electrophore 
sis and gel electrophoresis using a sequencing gel. 

[0173] In one embodiment, the methods of the invention 
are utiliZed to generate labeled and/or fragmented nucleic 
acids, and analyZe the labeled and/or fragmented nucleic 
acids by contact With a probe. 

[0174] In one embodiment, the methods of the invention 
are utiliZed to generate labeled and/or fragmented nucleic 
acids Which are analyZed (for example, detection and/or 
quanti?cation) by contacting them With, for example, 
microarrays (of any suitable substrate, Which includes glass, 
chips, plastic), beads, or particles, that comprise suitable 
probes such as cDNA and/or oligonucleotide probes. Thus, 
the invention provides methods to characteriZe (for example, 
detect and/or quantify and/or identify) a labeled and/or 
fragmented nucleic acid by analyZing the labeled products, 
for example, by hybridiZation of the labeled products to, for 
example, probes immobiliZed at, for example, speci?c loca 
tions on a solid or semi-solid substrate, probes immobiliZed 
on de?ned particles (including beads, such as Bead Array, 
Illumina), or probes immobiliZed on blots (such as a mem 
brane), for example arrays, or arrays of arrays. ImmobiliZed 
probes include immobiliZed probes generated by the meth 
ods described herein, and also include at least the folloWing 
microarrays: cDNA and synthetic oligonucleotides, Which 
can be synthesized directly on the substrate. In some 
embodiments, the microarray is an Affymetrix Gene Chip 
array, an Agilent oligonucleotide array, or Amersham 
CodeLink array, or other high density or loW density oligo 
nucleotide or cDNA array, including genome or focused 
arrays. The identity of the probes provides characteriZation 
of the sequence identity of the products, and thus by 
extrapolation can also provide characteriZation of the iden 
tity of the polynucleotide comprising a methylated nucle 
otide (termed “template”) from Which the products Were 
prepared. Thus, it is evident that polynucleotides comprising 
a methylated nucleotide may be identi?ed using the methods 
of the invention. 

[0175] Other methods of analyZing labeled products are 
knoWn in the art, such as, for example, by contacting them 
With a solution comprising probes, folloWed by extraction of 
complexes comprising the labeled products and probes from 
solution. The identity of the probes provides characteriZa 
tion of the sequence identity of the products, and thus by 
extrapolation can also provide characteriZation of the iden 
tity of a template from Which the products Were prepared. In 
addition, hybridiZation of the labeled products is detectable, 
and the amount of labels that are detected is proportional to 
the amount of the labeled products prepared from a speci?c 
polynucleotide comprising a methylated nucleotide. This 
measurement is useful for, for example, measuring the 
relative amount (quantity, extent) of methylated species in a 
sample. The amount of labeled products (as indicated by, for 
example, detectable signal associated With the label) hybrid 
iZed at de?ned locations on an array is indicative of the 
detection and/or quanti?cation of the corresponding methy 
lated polynucleotide species in the sample. 

[0176] In another aspect, the invention provides methods 
for detecting methylated polynucleotides, including detect 
ing presence or absence or quantity (level and/or extent) of 
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methylation in a polynucleotide sample (Which may com 
prise one or a multiplicity, a large multiplicity or a very large 
multiplicity of polynucleotides comprising a methylated 
nucleotide (in some embodiments, suspected of comprising 
a methylated polynucleotide), including essentially all 
genomic DNA. In some embodiments, presence or absence 
or quantity of methylation is determined by hybridiZing the 
labeled and/or fragmented polynucleotides (generated using 
any of the methods for labeling and/or fragmenting methy 
lated polynucleotides described herein) to a polynucleotide 
(probe) of de?ned sequence (Which may be immobiliZed, for 
example, on a microarray), as described further herein. In 
some embodiments, the microarray is a cDNA microarray. 
In some embodiments, the microarray is an Affymetrix Gene 
Chip array, an Agilent oligonucleotide array, or Amersham 
CodeLink array, or other high density or loW density oligo 
nucleotide or cDNA array, including genome or focused 
arrays. It is understood that amount of labeled and/or frag 
mented nucleic acids produced (and thus the amount of 
product) may be determined using quantitative and/or quali 
tative methods. Determining amount of labeled and/or frag 
mented nucleic acids includes determining Whether labeled 
and/or fragmented nucleic acids are present or absent. Thus, 
amount or extent of methylation includes information relat 
ing to absence of methylation. “Absent” or “absence” of 
product, and “lack of detection of product” as used herein 
includes insigni?cant, or de minimus levels. 

[0177] As described above, labeled and/or fragmented 
nucleic acids can be detected and quanti?ed by various 
methods, as described herein and/or knoWn in the art. 
Determination of the amount of methylated polynucleotide 
of interest present in a sample, as determined by quantifying 
products (for example labeled and/or fragmented products) 
of the methods described herein, provides for determination 
of the methylation status of the sample source. It is under 
stood that presence or absence or quantity of methylation 
may be determined for one polynucleotide of interest, a 
multiplicity of polynucleotides, a large multiplicity, or a 
very large multiplicity of polynucleotides (including all or 
essentially all genomic DNA). In some embodiments, pres 
ence or absence or quantity (extent or pattern) of methyla 
tion is determined for a speci?c polynucleotide sequence. In 
other embodiments, presence or absence or quantity is 
determined for a multiplicity, a large multiplicity or a very 
large multiplicity of polynucleotide sequences. Polynucle 
otide sequences (for Which methylation analysis is desired) 
may be knoWn (e. g., a particular locus, genomic region, CpG 
island, CpG dinucleotide, etc.) or may be unknoWn or 
unidenti?ed polynucleotide sequences. 

[0178] In another aspect, the invention provides methods 
for isolating, enriching and/or identifying methylated poly 
nucleotides. The methods of the invention are utiliZed to 
generate labeled and/or fragmented nucleic acids Which are 
isolated, enriched and or identi?ed. In some embodiments, 
labeled and/or fragmented polynucleotides are physically 
captured (for example, by binding to probes in solution or 
microarray), and captured polynucleotide products are iso 
lated and or enriched. In other embodiments, labeled and/or 
fragmented polynucleotide products are identi?ed via 
hybridiZation to a knoWn probe or other means for charac 
teriZing the sequence thereof. 




























