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METHODS FOR FRAGMENTATION AND 
LABELING OF NUCLEIC ACIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
PatentApplicationNo. 60/817,890, ?led Jun. 30, 2006, Which 
is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The invention relates to methods for fragmentation 
of nucleic acids, in particular to generate fragments With 3' 
end hydroxyl groups, and methods for labeling the fragments. 

BACKGROUND 

[0003] Nucleic acid fragmentation and labeling has gained 
importance in the ?eld of nucleic acid analysis. Fragmented 
and labeled nucleic acids are useful for e?icient hybridization 
based nucleic acid analysis, particularly When hybridizing to 
immobilized probes, such as in multiplex detection using 
microarrays or bead based hybridization assays. Fragmenta 
tion of nucleic acids to generate fragments having hydroxyl 
groups at their 3' termini is useful since a 3' hydroxyl group 
permits extension With a template-dependent polymerase or 
labeling With a template-independent polymerase, Which per 
mits introduction of a label. The extension of fragmented, 
hybridized nucleic acid along a nucleic acidprobe or template 
molecule by target directed nucleic acid synthesis is useful for 
both nucleic acid analysis and the generation of recombinant 
nucleic acids. 
[0004] A method for controlled nucleic acid fragmentation 
has been previously described Which is based on the incorpo 
ration of non-canonical nucleotides into a polynucleotide 
strand Which is synthesized in vitro, folloWed by generation 
of an abasic site at the site of incorporation of a non-canonical 
nucleotide, permitting subsequent fragmentation of the syn 
thesized polynucleotide and/ or labeling at the abasic site. 
(US. Patent Application No. 2004/0005614; PCT Applica 
tion No. WO 04/011665). The size distribution of the frag 
mented products may be controlled by the level of incorpo 
ration of non-canonical nucleotides. The level of 
incorporation, and subsequent nucleic acid fragment size, 
may be adjusted to provide a suitable fragment size for the 
particular doWnstream use of the fragmented products. 
[0005] A process utilizing dUTP as the non-canonical 
nucleotide during DNA synthesis, uracil N-glycosylase 
(“UNG”) as the enzyme Which removes the base portions of 
the non-canonical nucleotides to generate abasic sites, and 
cleavage of abasic sites With a polyamine, such as N,N' 
dimethylethylenediamine, as described in US. Application 
No. 2004/ 0005614 and PCT Application No. WO 04/011665, 
results in the generation of fragmented polynucleotides With 
modi?ed (“blocked”) 3' ends that are capable of reacting With 
an aldehyde-reactive reagent. This process is useful for gen 
eration of fragmented and labeled nucleic acids suitable for 
analysis, for example, on a microarray, or fragmented nucleic 
acid targets suitable for immobilization. 
[0006] The process of controlled fragmentation and label 
ing of single stranded nucleic acids is dif?cult to achieve 
using other methods, such as non-speci?c digestion With an 
enzyme such as DNase or chemical nucleotide modi?cation, 
since these reactions cannot be carried out to completion 
Without complete, or nearly complete, degradation of the 
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single stranded nucleic acid to be fragmented and labeled. 
Double stranded DNA may be digested With restriction endo 
nucleases to generate fragments of de?ned size distribution. 
Such enzymes are speci?c for a de?ned sequence content, 
both With respect to composition and length of a recognition 
site, and afford higher or loWer frequency of cleavage depend 
ing on the restriction enzyme used. HoWever, restriction 
endonucleases are speci?c for double stranded DNA and this 
approach does not apply to fragmentation of single stranded 
nucleic acid molecules. 
[0007] A desirable feature for fragmented nucleic acids is 
the presence of a hydroxyl group at the 3' end, Which may 
serve as a substrate for polynucleotide synthesis With a poly 
merase via template-dependent or template-independent 
extension, or ligation With another polynucleotide. Such 
manipulations may facilitate introduction of a label. For 
example, a label may be introduced by extending from the 3' 
end With terminal transferase (a template-independent poly 
merase) and a labeled nucleotide. The method described 
above, in Which nucleic acid molecules are cleaved at an 
abasic site With a polyamine, results in nucleic acids With 
“blocked” 3' ends, precluding use of the fragments as primers 
for polynucleotide synthesis or substrates for labeling at a 3' 
hydroxyl group. 
[0008] NeW methods for the e?icient fragmentation of 
nucleic acids to generate fragments comprising 3' end 
hydroxyl groups, and of de?ned size distribution, are desir 
able. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The invention provides methods, compositions, and 
kits for fragmenting, or fragmenting and labeling, a poly 
nucleotide. 
[0010] In one aspect, the invention features the generation 
and/or use of a polynucleotide With abasic sites distributed 
such that cleavage at the abasic sites generates fragments of a 
desired size range. 
[0011] In one aspect, the invention provides a method for 
fragmenting a polynucleotide, said method comprising: (a) 
chemically cleaving a phosphodiester backbone of a poly 
nucleotide comprising an abasic site at or near the abasic site, 
Whereby a polynucleotide fragment comprising a blocked 3' 
end is generated; and (b) contacting the polynucleotide frag 
ment With an enzyme capable of unblocking (i.e., Which 
unblocks) the blocked 3' end of said fragment, Whereby a 
polynucleotide fragment comprising a 3' end hydroxyl group 
is generated. In some embodiments, steps (a) and (b) are 
performed simultaneously in the same reaction mixture. In 
some embodiments, fragments Within a desired size range are 
generated. 
[0012] In some embodiments, the phosphodiester back 
bone is cleaved With a polyamine to generate a polynucleotide 
fragment With a blocked 3' end. In one embodiment, the 
polyamine is N,N'-dimethylethylenediamine (DMED). 
[0013] In some embodiments, the enzyme capable of 
unblocking the blocked 3' end comprises a 3' to 5' exonu 
clease activity. In one embodiment, the exonuclease activity 
is a non-processive exonuclease activity. In one embodiment, 
the enzyme that comprises an exonuclease activity does not 
comprise an endonuclease activity. In one embodiment, the 
enzyme that comprises an exonuclease activity also com 
prises an endonuclease activity, and contacting the polynucle 
otide fragment With the enzyme is under conditions in Which 
the endonuclease activity is minimized or absent. In one 
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embodiment, the enzyme comprising a 3' exonuclease activ 
ity is selected from the group consisting of endonuclease 4, 
exonuclease T, and apurinic/apyrimidinic endonuclease 
(APE 1). 
[0014] In some embodiments, the method further com 
prises extending the polynucleotide fragment from the 3' 
hydroxyl group With a template independent polymerase and 
a labeled nucleotide, Whereby a polynucleotide fragment 
labeled at the 3' end is generated. In one embodiment, the 
template independent polymerase is terminal deoxynucleoti 
dyl transferase (TdT). In one embodiment, the labeled nucle 
otide is a biotinylated nucleotide. In various embodiments, 
the biotinylated nucleotide is selected from the group consist 
ing of a biotinylated nucleotide triphosphate (NTP), a bioti 
nylated deoxynucleotide triphosphate (dNTP), and a biotiny 
lated dideoxynucleotide triphosphate (ddNTP). In some 
embodiments, the biotinylated nucleotide is selected from the 
group consisting of biotin 2',3'-dideoxy-UTP and biotin 2',3' 
dideoxy-CTP. In one embodiment, the labeled nucleotide 
comprises a ?uorophore. In one embodiment, a mixture of 
labeled and unlabeled nucleotides is used for labeling the 
polynucleotide fragment. As used herein, the term “nucle 
otide” encompasses nucleotide analogs, Which are knoWn in 
the art. The term “labeled nucleotide” encompasses labeled 
nucleotide analogs. 
[0015] In some embodiments, the polynucleotide compris 
ing an abasic site is generated by: (i) synthesizing a poly 
nucleotide from a polynucleotide template in the presence of 
a non-canonical nucleotide, Whereby a polynucleotide com 
prising the non-canonical nucleotide is generated; and (ii) 
cleaving a base portion of the non-canonical nucleotide from 
the synthesized polynucleotide With an enzyme capable of 
cleaving (i.e., Which cleaves) the base portion of the non 
canonical nucleotide, Whereby an abasic site is generated. In 
some embodiments, the method involves synthesizing the 
polynucleotide from the polynucleotide template in the pres 
ence of all four canonical nucleotides and a non-canonical 
nucleotide, Wherein the non-canonical nucleotide is provided 
at a ratio suitable for generating fragments Within the desired 
size range. In various embodiments, the non-canonical nucle 
otide is selected from the group consisting of dUTP, dITP, and 
S-OH-Me-dCTP. In one embodiment, the enzyme capable of 
cleaving a base portion of the non-canonical nucleotide is an 
N-glycosylase. In some embodiments, the N-glycosylase is 
selected from the group consisting of Uracil N-Glycosylase 
(UNG), hypoxanthine-N-Glycosylase, and hydroxy-methyl 
cytosine-N-glycosylase. In one embodiment, the non-canoni 
cal nucleotide is dUTP and the enzyme capable of cleaving a 
base portion of the non-canonical nucleotide is UNG. In one 
embodiment, the non-canonical nucleotide is dUTP, the 
enzyme capable of cleaving a base portion of the non-canoni 
cal nucleotide is UNG, and the phosphodiester backbone is 
cleaved With DMED. In one embodiment, the polynucleotide 
comprising a non-canonical nucleotide is synthesized using a 
primer comprising a non-canonical nucleotide. In one 
embodiment, the polynucleotide comprising a non-canonical 
nucleotide is synthesized in the presence of tWo or more 
different non-canonical nucleotides, Whereby a polynucle 
otide comprising tWo or more different non-canonical nucle 
otides is synthesized. In one embodiment, polynucleotides 
comprising a non-canonical nucleotides are synthesized from 
tWo or more different polynucleotide templates. In some 
embodiments, the polynucleotide comprising an abasic site is 
generated by non-enzymatically converting a canonical or 
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non-canonical nucleotide in a polynucleotide into an abasic 
site. Exemplary non-enzymatic methods for generating an 
abasic site include depurination or depyrimidination of a 
nucleotide using an acidic pH, an oxidizing agent, an alky 
lating agent, and any tWo or more of the foregoing. 
[0016] In some embodiments, the polynucleotide compris 
ing an abasic site is generated by cleaving a base portion of a 
methylated nucleotide With an agent capable of cleaving (i.e., 
Which cleaves) a base portion of the methylated nucleotide to 
create an abasic site, Whereby an abasic site is generated. In 
some embodiments, the method includes cleaving a base 
portion of a methylated nucleotide in a polynucleotide With 
an agent capable of cleaving a base portion of the methylated 
nucleotide to create an abasic site, Whereby the polynucle 
otide comprising an abasic site is generated. 
[0017] In some embodiments, the polynucleotide compris 
ing an abasic site is generated by cleaving a base portion of a 
canonical nucleotide With an agent capable of cleaving (i.e., 
Which cleaves) a base portion of the canonical nucleotide to 
create an abasic site, Whereby an abasic site is generated. In 
some embodiments, the method includes cleaving a base 
portion of a canonical nucleotide in a polynucleotide With an 
agent capable of cleaving a base portion of the canonical 
nucleotide to create an abasic site, Whereby the polynucle 
otide comprising an abasic site is generated. In one embodi 
ment, the canonical nucleotide is cytosine and the agent 
capable of cleaving a base portion of the canonical nucleotide 
comprises cytosine deaminase in conjunction With UNG. 
[0018] In some embodiments, the polynucleotide compris 
ing an abasic site is synthesized from a polynucleotide tem 
plate comprising DNA or RNA. In various embodiments, the 
polynucleotide template is selected from the group consisting 
of RNA, mRNA, cDNA, and genomic DNA. In one embodi 
ment, the polynucleotide comprising an abasic site is single 
stranded. In one embodiment, the polynucleotide comprising 
an abasic site is double stranded. 

[0019] In some embodiments of the methods of the inven 
tion, the polynucleotide to be fragmented (i.e., the polynucle 
otide comprising an abasic site) is synthesized using a method 
comprising: (a) extending a composite primer in a complex 
comprising: (i) a polynucleotide template; and (ii) the com 
posite primer, said composite primer comprising an RNA 
portion and a 3' DNA portion, Wherein the polynucleotide 
template is hybridized to the composite primer; and (b) cleav 
ing RNA of the annealed composite primer With an enzyme 
that cleaves RNA from an RNA/DNA hybrid such that 
another composite primer hybridizes to the template and 
repeats primer extension and strand displacement, Whereby 
multiple copies of the complementary sequence of the poly 
nucleotide template are produced. In one embodiment, the 
complex of part (a) comprises: (i) a complex of ?rst and 
second primer extension products, Wherein the ?rst primer 
extension product is produced by extension of a ?rst primer 
hybridized to a target RNA With at least one enzyme com 
prising RNA-dependent DNA polymerase activity, Wherein 
the ?rst primer is a composite primer comprising an RNA 
portion and a 3' DNA portion; Wherein RNA in the complex of 
?rst and second primer extension products is cleaved With at 
least one enzyme that cleaves RNA from an RNA/DNA 
hybrid such that a composite primer hybridizes to the second 
primer extension product; and (ii) the composite primer. 
[0020] In some embodiments of the methods of the inven 
tion, the polynucleotide to be fragmented (i.e., the polynucle 
otide comprising an abasic site) is synthesized by an ampli 
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?cation method selected from the group consisting of 
polymerase chain reaction (PCR), strand displacement 
ampli?cation (SDA), multiple displacement ampli?cation 
(MDA), rolling circle ampli?cation (RCA), single primer 
isothermal ampli?cation (SPIA), and Ribo-SPIA. In some 
embodiments, the polynucleotide is synthesized by a method 
selected from the group consisting of reverse transcription, 
primer extension, limited primer extension, replication, and 
nick translation. In one embodiment, the polynucleotide is 
synthesized using a labeled primer. 
[0021] In one embodiment, the invention provides a 
method for fragmenting and labeling a polynucleotide, said 
method comprising: (a) synthesizing a polynucleotide from a 
polynucleotide template in the presence of a non-canonical 
nucleotide, Whereby a polynucleotide comprising the non 
canonical nucleotide is generated; (b) cleaving a base portion 
of the non-canonical nucleotide from the synthesized poly 
nucleotide With an enzyme capable of cleaving (i.e., Which 
cleaves) the base portion of the non-canonical nucleotide, 
Whereby an abasic site is generated; (c) cleaving the phos 
phodiester backbone of the polynucleotide comprising the 
abasic site at or near the abasic site, Whereby a polynucleotide 
fragment comprising a blocked 3' end is generated; (d) con 
tacting the polynucleotide fragment With an enzyme capable 
ofunblocking (i.e., Which unblocks) the blocked 3' end of said 
fragment, Whereby a polynucleotide fragment comprising a 3' 
hydroxyl group is generated; and (e) contacting the poly 
nucleotide fragment comprising a 3' hydroxyl group With an 
enzyme capable of extending (i.e., Which extends) the poly 
nucleotide fragment from the 3' end and a labeled nucleotide, 
Whereby a labeled polynucleotide fragment is generated. In 
some embodiments, steps (b), (c), and (d) are performed 
simultaneously. In some embodiments, steps (b), (c), and (d) 
are performed simultaneously in the same reaction mixture. 
In some embodiments, steps (b) and (c) are performed simul 
taneously. In some embodiments, steps (b) and (c) are per 
formed simultaneously in the same reaction mixture. In some 
embodiments, steps (c) and (d) are performed simulta 
neously. In some embodiments, steps (c) and (d) are per 
formed simultaneously in the same reaction mixture. In some 
embodiments, the method involves synthesizing the poly 
nucleotide from the polynucleotide template in the presence 
of all four canonical nucleotides and a non-canonical nucle 
otide, Wherein the non-canonical nucleotide is provided at a 
ratio suitable for generating fragments Within the desired size 
range. In some embodiments, labeled fragments Within a 
desired size range are generated. 

[0022] In one embodiment, the invention provides a 
method for fragmenting a polynucleotide, said method com 
prising: (a) incubating a reaction mixture, said reaction mix 
ture comprising: (i) a polynucleotide template; and (ii) a 
non-canonical nucleotide; Wherein the incubation is under 
conditions that permit synthesis of a polynucleotide compris 
ing the non-canonical nucleotide, Whereby a polynucleotide 
comprising the non-canonical nucleotide is generated; (b) 
incubating a reaction mixture, said reaction mixture compris 
ing: (i) the polynucleotide comprising the non-canonical 
nucleotide; and (ii) an enzyme capable of cleaving (i.e., 
Which cleaves) a base portion of the non-canonical nucle 
otide, Wherein the incubation is under conditions that permit 
cleavage of the base portion of the non-canonical nucleotide, 
Whereby a polynucleotide comprising an abasic site is gener 
ated; (c) incubating a reaction mixture, said reaction mixture 
comprising: (i) the polynucleotide comprising the abasic site; 

Jan. 28, 2010 

and (ii) an agent capable of chemically cleaving (i.e., Which 
cleaves) the phosphodiester backbone of the polynucleotide 
comprising the abasic site at or near the abasic site, Wherein 
the incubation is under conditions that permit cleavage of the 
phosphodiester backbone of the polynucleotide at or near the 
abasic site, Whereby a polynucleotide fragment comprising a 
blocked 3' end is generated; and (d) incubating a reaction 
mixture, said reaction mixture comprising: (i) the fragment of 
the polynucleotide comprising a blocked 3' end; and (ii) an 
enzyme capable of unblocking (i.e., Which unblocks) the 
blocked 3' end, Whereby a polynucleotide fragment compris 
ing a 3' hydroxyl group is generated. In some embodiments, 
the method further comprises: (e) incubating a reaction mix 
ture, said reaction mixture comprising: (i) the polynucleotide 
fragment comprising a 3' hydroxyl group; and (ii) an agent 
capable of extending (i.e., Which extends) the fragment from 
the 3' hydroxyl group; and (iii) a labeled nucleotide, Wherein 
the incubation is under conditions that permit extension of the 
polynucleotide fragment from the 3' hydroxyl group, 
Whereby a labeled polynucleotide fragment is generated. In 
one embodiment, the agent capable of extending the poly 
nucleotide fragment from the 3' hydroxyl group is TdT, 
Wherein the polynucleotide fragment is labeled at the 3' 
hydroxyl group With a labeled nucleotide. In some embodi 
ments, steps (b), (c), and (d) are performed simultaneously in 
the same reaction mixture. In some embodiments, the incu 
bation is under conditions that permit synthesis of the poly 
nucleotide from the polynucleotide template in the presence 
of all four canonical nucleotides and a non-canonical nucle 
otide, Wherein the non-canonical nucleotide is provided at a 
ratio suitable for generating fragments Within the desired size 
range. In some embodiments, fragments Within a desired size 
range are generated. 

[0023] In one embodiment, the invention provides a 
method for generating a polynucleotide fragment With a 3' 
end hydroxyl group, comprising contacting a polynucleotide 
fragment With a blocked 3' end With an enzyme capable of 
unblocking (i.e., Which unblocks) the blocked 3' end, Wherein 
the polynucleotide fragment With a blocked 3' end is gener 
ated by cleaving a polynucleotide fragment comprising an 
abasic site at or near the abasic site. 

[0024] In another aspect, the invention provides, a method 
of characterizing a polynucleotide template of interest, com 
prising analyzing a labeled polynucleotide fragment pro 
duced by a method as described herein. In one embodiment, 
the method comprises (a) generating a labeled polynucleotide 
fragment by a method as described herein; and (b) analyzing 
the labeled polynucleotide fragment. In one embodiment, 
analyzing the labeled polynucleotide fragment comprises 
determining amount of said products, Whereby the amount of 
the polynucleotide template present in a sample is quanti?ed. 
In one embodiment, analyzing the labeled polynucleotide 
fragment comprises contacting the labeled polynucleotide 
fragment With at least one probe. In one embodiment, the at 
least one probe is provided as a microarray. In one embodi 
ment, the microarray is a high density polynucleotide 
microarray. In one embodiment, the microarray is a high 
density oligonucleotide microarray. In some embodiments, 
the microarray comprises at least one probe immobilized on a 
substrate fabricated from a material selected from the group 
consisting of paper, glass, ceramic, plastic, polypropylene, 
polystyrene, nylon, polyacrylamide, nitrocellulose, silicon, 
and optical ?ber. In one embodiment, the at least one probe is 
immobilized on the substrate in a tWo-dimensional con?gu 
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ration or a three-dimensional con?guration comprising pins, 
rods, ?bers, tapes, threads, beads, particles, microtiter Wells, 
capillaries, and cylinders. 
[0025] In another aspect, the invention provides a method 
of determining gene expression pro?le in a sample, said 
method comprising determining the amount of labeled poly 
nucleotide fragment from at least one polynucleotide frag 
ment produced by a method as described herein, Wherein the 
amount is indicative of amount of a polynucleotide template 
from Which the polynucleotide fragment Was generated in a 
sample, Whereby a gene expression pro?le is determined. In 
one embodiment, the method comprises (a) generating a 
labeled polynucleotide fragment from at least one polynucle 
otide template in the sample using a method as described 
herein; and (b) determining amount of labeled polynucleotide 
fragment from a polynucleotide template, Wherein said 
amount is indicative of amount of the polynucleotide tem 
plate in the sample, Whereby the a gene expression pro?le in 
the sample is determined. In one embodiment, the polynucle 
otide template is RNA or mRNA. In one embodiment, the 
amounts of a plurality of polynucleotide fragments derived 
from a plurality of polynucleotide templates in a sample is 
determined. 
[0026] In another aspect, the invention provides a method 
of generating hybridization probes, comprising generating a 
labeled polynucleotide fragment using a method as described 
herein. 
[0027] In another aspect, the invention provides a method 
for nucleic acid hybridization, comprising hybridizing a 
labeled polynucleotide fragment With at least one probe, 
Wherein the labeled polynucleotide fragment is generated 
using a method as described herein. In one embodiment, the 
method comprises (a) generating a labeled polynucleotide 
fragment using a method as described herein; and (b) hybrid 
izing the labeled polynucleotide fragment With at least one 
probe. 
[0028] In another aspect, the invention provides a method 
for comparative hybridization, comprising comparing 
hybridization of a ?rst population of labeled polynucleotide 
fragments prepared using a method as described herein to at 
least one probe With hybridization of a second population of 
labeled polynucleotide to the at least one probe. In one 
embodiment, the method comprises (a) preparing a ?rst popu 
lation of labeled polynucleotides fragments from a ?rst tem 
plate polynucleotide sample using a method as described 
herein; and (b) comparing hybridization of the ?rst popula 
tion to at least one probe With hybridization of a second 
population of labeled polynucleotide. In one embodiment, the 
?rst population and second population comprise detectably 
different labels. In one embodiment, the second population of 
labeled polynucleotides are prepared from a second poly 
nucleotide sample using a method as described herein. In one 
embodiment, comparing comprises determining amount of 
said products, Whereby the amount of the ?rst and second 
polynucleotide templates is quanti?ed. In one embodiment, 
the ?rst and/or second template polynucleotides from Which 
the ?rst and/or second populations of labeled polynucleotides 
are prepared comprise genomic DNA. 
[0029] In another aspect, the invention provides a method 
for detecting presence or absence of a mutation in a template, 
comprising analyzing a labeled polynucleotide fragment pre 
pared by a method as described herein, Whereby presence of 
absence of a mutation is detected. In one embodiment, the 
method comprises (a) generating a labeled polynucleotide 
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fragment by a method as described herein; and (b) analyzing 
the labeled polynucleotide fragment, Whereby presence or 
absence of a mutation is detected. In one embodiment, the 
labeled polynucleotide fragment is compared to a reference 
template. In various embodiments, the mutation is selected 
from the group consisting of a base substitution, a base inser 
tion, a base deletion, and a single nucleotide polymorphism. 
[0030] In another aspect, the invention provides a compo 
sition comprising: (a) an agent capable of cleaving (i.e., 
Which cleaves) a base portion of a nucleotide to generate an 
abasic site in a polynucleotide; (b) an agent capable of cleav 
ing (i.e., Which cleaves) a phosphodiester backbone at or near 
an abasic site to produce a polynucleotide fragment With a 
blocked 3' end; and (c) an enzyme capable of unblocking (i.e., 
Which unblocks) a blocked 3' end to generate a polynucle 
otide comprising a 3' hydroxyl group. In one embodiment, (a) 
is an N-glycosylase, (b) is a polyamine, and (c) is an enzyme 
comprising a 3' exonuclease activity. In one embodiment, (a) 
is UNG, (b) is DMED, and (c) is selected from the group 
consisting of endonuclease 4, exonuclease T, and APE l. 
[0031] In another aspect, the invention provides a kit com 
prising: (a) an agent capable of cleaving (i.e., Which cleaves) 
a base portion of a nucleotide to generate an abasic site in a 
polynucleotide; (b) an agent capable of cleaving (i.e., Which 
cleaves) a pho sphodiester backbone at or near an abasic site to 
produce a polynucleotide fragment With a blocked 3' end; and 
(c) an enzyme capable of unblocking (i.e., Which unblocks) a 
blocked 3' end to generate a polynucleotide comprising a 3' 
hydroxyl group. In one embodiment, the kit further com 
prises: (d) an agent capable of labeling (i.e., Which labels) a 3' 
hydroxyl group of a polynucleotide. In one embodiment, (a) 
is an N-glycosylase, (b) is a polyamine, (c) is an enzyme 
comprising a 3' exonuclease activity; and (d) is a template 
independent polymerase. In one embodiment, (a) is UNG, (b) 
is DMED, (c) is selected from the group consisting of endo 
nuclease 4, exonuclease T, andAPE l ; and (d) is TdT. In some 
embodiments, the kit further comprises a non-canonical 
nucleotide. In some embodiments, the kit further comprises a 
non-canonical nucleotide and an enzyme capable of synthe 
sizing a polynucleotide comprising the non-canonical nucle 
otide. In one embodiment, the non-canonical nucleotide is 
dUTP and the agent capable of cleaving a base portion of a 
nucleotide to generate an abasic site in a polynucleotide is 
UNG. 

[0032] In some embodiments, the kit further comprises: (e) 
a labeled nucleotide. In one embodiment, (a) is an N-glyco 
sylase, (b) is a polyamine, (c) is an enzyme comprising a 3' 
exonuclease activity; (d) is a template independent poly 
merase; and (e) is a biotinylated nucleotide. In some embodi 
ments, (e) is selected from the group consisting of a biotiny 
lated nucleotide triphosphate (NTP), a biotinylated 
deoxynucleotide triphosphate (dNTP), and a biotinylated 
dideoxynucleotide triphosphate (ddNTP). In one embodi 
ment, (a) is UNG, (b) is DMED, (c) is selected from the group 
consisting of endonuclease 4, exonuclease T, and APE l; (d) 
is TdT, and (e) is selected from the group consisting of biotin 
2',3'-dideoxy-UTP and biotin 2',3'-dideoxy-CTP. 
[0033] In some embodiments, a kit of the invention com 
prises, in addition to the components described above, a tem 
plate dependent DNA polymerase; a composite primer, 
Wherein the composite primer comprises a 5' RNA portion 
and a 3' DNA portion; and an agent capable of cleaving RNA 
from an RNA-DNA hybrid. In some embodiments, the RNA 
portion of the composite primer is 5' With respect to the 3' 
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DNA portion, the 5' RNA portion is adjacent to the 3' DNA 
portion, the RNA portion of the composite primer consists of 
about 5 to about 50 nucleotides and the DNA portion of the 
composite primer consists of l to about 20 nucleotides. In one 
embodiment, the agent that cleaves RNA from an RNA-DNA 
hybrid is RNAse H. 
[0034] Kits of the invention generally comprise packaging, 
and may comprise instructions for use in a method for poly 
nucleotide fragmentation, or polynucleotide fragmentation 
and labeling, as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 schematically depicts an embodiment of a 
nucleic acid fragmentation and labeling procedure as 
described herein. A single stranded nucleic acid comprising 
non-canonical nucleotide dU (A) is used to generate a nucleic 
acid With abasic sites (B). Non-canonical nucleotides are 
denoted as “U” in nucleic acid A and canonical nucleotides 
are denoted as “N.”Abasic sites are denoted as “X” in nucleic 
acid B. The nucleic acid is fragmented at the abasic sites to 
generate fragments With blocked 3' termini (C). A 3'-5' exo 
nuclease is used to unblock the 3' termini of fragments C, 
thereby generating nucleic acid fragments With 3' hydroxyl 
groups (D). The 3' hydroxyl groups serve as substrates for end 
labeling using terminal transferase and labeled nucleotide 
triphosphates, thereby producing labeled nucleic acid frag 
ments (E). The end labels are denoted as “L” in fragments E. 
[0036] FIG. 2 shoWs data from an experiment comparing 
the ability of various 3' exonucleases to unblock blocked 3' 
ends of polynucleotide fragments, as described in Example 1. 
[0037] FIG. 3 shoWs data from an experiment demonstrat 
ing the ability of terminal deoxynucleotidyl transferase (TdT) 
to label 3' hydroxyl groups of polynucleotide fragments 
Which after blocked 3' ends Were unblocked by treatment With 
apurinic/apyrimidinic exonuclease l (APE l), as described in 
Example 2. 

DETAILED DESCRIPTION 

[0038] Methods for Generating Fragmented Polynucle 
otides With 3' End Hydroxyl Groups 
[0039] The invention provides novel methods, composi 
tions, and kits for fragmenting polynucleotides to generated 
polynucleotide fragments With hydroxyl groups at their 3' 
ends. The methods, compositions, and kits of the invention 
are useful for fragmenting and labeling polynucleotides. 
These methods are suitable for, for example, generation of 
labeled polynucleotide fragments, for use as hybridization 
probes, or generation of polynucleotide fragments Which may 
be hybridized to a polynucleotide template and extended With 
a template dependent polymerase. 
[0040] In methods of the invention, a polynucleotide is 
cleaved at or near an abasic site present in the polynucleotide. 
The abasic site may be prepared by cleavage of a base portion 
of a non-canonical nucleotide present in the polynucleotide, 
cleavage of a base portion of a canonical nucleotide present in 
the polynucleotide, or cleavage of a base portion of a methy 
lated nucleotide present in the polynucleotide. For methods in 
Which an abasic site is generated by cleavage of a base portion 
of a non-canonical nucleotide, the spacing of non-canonical 
nucleotides in the polynucleotide to be fragmented and 
labeled, relates to and determines the size of fragments and 
intensity of labeling. This feature permits control of fragment 
size and/or site of labeling by use of conditions permitting 
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controlled incorporation of non-canonical nucleotide, for 
example, during synthesis of the polynucleotide comprising 
the non-canonical nucleotide from a polynucleotide template. 

[0041] Cleavage at or near an abasic site is generally 
effected With an agent or under conditions Which do not 
generate a 3' hydroxyl group, i.e., conditions that generate a 
“blocked” 3' end that contains a non-nucleotide moiety, such 
as an aldehyde group (e.g., the sugar residue remaining 
behind after generation of the abasic site), at the 3' end. 
[0042] Generally, a chemical fragmentation method is 
used, Wherein a polynucleotide fragment comprising a 
blocked 3' end is generated. In some embodiments, chemical 
fragmentation at or near an abasic site is effected With a 
polyamine, such as, for example, N,N'-dimethylethylenedi 
amine (DMED), Which produces polynucleotide fragments 
With blocked 3' ends. Cleavage With a polyamine most com 
monly employs a [3- or [3-y elimination mechanism. [3-elimi 
nation results in cleavage of the 3'-phosphodiester bond and a 
remnant of the sugar moiety (an aldehyde) is attached to the 3' 
end. Depending on the cleavage agent used, other modi?ca 
tions of the 3' end are also possible, such as a 3'-phosphogly 
colate group. Blocked 3' ends may be unblocked by digestion 
With an enzyme capable of removing the attached blocking 
moiety, such as a 3' to 5' exonuclease, preferably a non 
processive exonuclease, thereby producing polynucleotide 
fragments With a 3' end hydroxyl group. In some embodi 
ments, an enzyme that comprises an exonuclease activity and 
does not comprise endonuclease activity is used. In some 
embodiments, an enzyme that comprises both exonuclease 
and endonuclease activities is used. In one embodiment, an 
enzyme that comprises both exonuclease and endonuclease 
activities is used under conditions in Which the endonuclease 
activity is substantially minimized or absent. In some 
embodiments, endonuclease 4, exonuclease T, or the 3' to 5' 
exonuclease activity of the apurinic/apyrimidinic endonu 
clease (APE l) is used. 
[0043] In some embodiments, polynucleotide fragments 
With unblocked 3' ends are labeled With an agent capable of 
labeling at 3' hydroxyl groups of polynucleotides. In some 
embodiments, a template independent polymerase is used for 
labeling. In one embodiment, the template independent poly 
merase is terminal deoxynucleotidyl transferase (TdT), an 
enzyme Which is capable of attaching one or more nucle 
otides (i.e., labeled nucleotides, unlabeled nucleotides, or a 
mixture of labeled and unlabeled nucleotides) at a polynucle 
otide 3' end hydroxyl group by extension of the polynucle 
otide from the 3' end. “Labeled” or “detectable” nucleotide or 
polynucleotide, as used herein, refers to a nucleotide (or 
nucleotide analog thereof) or polynucleotide that is directly 
or indirectly detectable. A nucleotide may comprise a 
directly-detectable label such as, for example, a ?uorophore 
(e.g., cy dyes, alexa dyes, ?uorescein, etc.), an enzyme, a 
chromophore, or a radiolabel, or the nucleotide may comprise 
an indirectly-detectable label such as a hapten Which is 
detectable by binding ofa labeled second member of a spe 
ci?c binding pair, such as, for example, biotin/avidin or 
streptavidin, antigen/antibody, etc., and the label attached to 
the second member of the binding pair may be, for example, 
a ?uorophore, an enzyme, a chromophore, or a radiolabel, or 
the second member of the binding pair may be attached to a 
detectable particle. In one embodiment, the nucleotide is a 
biotinylated nucleotide, such as, for example, biotin 2',3' 
dideoxy-UTP, and is detectable by binding of labeled avidin 
or streptavidin. 



US 2010/0022403 A1 

[0044] In some embodiments, a polynucleotide fragment 
With an unblocked 3' end, produced as described herein, is 
hybridized to a polynucleotide template and extended from 
the 3' hydroxyl group With a template-dependent polymerase, 
using labeled or unlabeled nucleotides, or a mixture of 
labeled or unlabeled nucleotides. When labeled polynucle 
otides are incorporated, a labeled polynucleotide extension 
product is produced. 
[0045] In some embodiments, a polynucleotide fragment 
With an unblocked 3' end, produced as described herein, is 
ligated to another polynucleotide With a ligase enzyme. If the 
polynucleotide to Which the polynucleotide fragment is 
ligated is labeled, a labeled ligation product is produced. 
[0046] In some embodiments, a polynucleotide fragment 
With an unblocked 3' end, produced as described herein, is 
“tailed” using a template-independent polymerase, Wherein a 
“tail” of nucleotides, i.e., labeled or unlabeled nucleotides or 
a mixture thereof, is added at the 3' end of the fragment. 

Generation of Abasic Sites in Polynucleotides Comprising 
Non-Canonical Nucleotides 

[0047] In one aspect, the invention provides methods for 
fragmenting and labeling a polynucleotide comprising an 
abasic site produced by incorporation of a non-canonical 
nucleotide. The methods generally comprise generation of a 
polynucleotide comprising a non-canonical nucleotide, 
cleavage of a base portion of the non-canonical nucleotide 
present in the polynucleotide With an agent (such as an 
enzyme) capable of cleaving a base portion of the non-ca 
nonical nucleotide (Whereby an abasic site is generated); 
chemical cleavage of the phosphodiester backbone at or near 
the abasic site With an agent or under conditions that do not 
generate a 3' hydroxyl group, i.e., conditions that generate a 
polynucleotide fragment having a blocked 3' end; digestion of 
fragments With an enzyme capable of generating a 3' end With 
a 3' hydroxyl group from a blocked 3' end; and optionally 
labeling at the 3' hydroxyl group With an enzyme or agent 
capable of attaching a label to the 3' hydroxyl group, Whereby 
labeled polynucleotide fragments are generated. 
[0048] The methods of fragmenting and labeling a poly 
nucleotide generally comprise synthesis of a polynucleotide 
comprising a non-canonical nucleotide from a polynucleotide 
template in the presence of a non-canonical nucleotide, 
Whereby a polynucleotide comprising a non-canonical nucle 
otide(s) is generated. 
[0049] Non-canonical nucleotides are knoWn in the art and 
any suitable non-canonical nucleotide can be used. In some 
embodiments, tWo or more different non-canonical nucle 
otides are used, such that a polynucleotide comprising tWo or 
more non-canonical nucleotides is generated. Methods for 
synthesizing polynucleotides from a polynucleotide template 
are knoWn in the art and described herein, and any suitable 
method can be used in the methods of the invention. In some 
embodiments, synthesis of the polynucleotide comprising the 
non-canonical nucleotides comprises SPIATM (single primer 
isothermal ampli?cation; see Kurn, US. Pat. Nos. 6,251,639 
and 6,692,918), Ribo-SPIATM (see Kurn, US. Pat. No. 6,946, 
251), PCR, primer extension, reverse transcription, strand 
displacement ampli?cation (SDA), multiple displacement 
ampli?cation (MDA), rolling circle ampli?cation (RCA), 
nick translation based DNA synthesis, DNA replication, and 
the like. The polynucleotide that is synthesized can be single 
stranded, double-stranded or partially double stranded, and 
either or both strands can comprise a non-canonical nucle 
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otide. In some embodiments, the polynucleotide that is syn 
thesized comprises a cDNA. The polynucleotide template 
(from Which the polynucleotide comprising a non-canonical 
nucleotide is synthesized) is any template from Which one 
desires to produce polynucleotide fragments or labeled frag 
ments thereof In some embodiments, the template comprises 
RNA, mRNA, genomic DNA, cDNA, or synthetic DNA. In 
other embodiments, the template comprises a cDNA library, 
a subtractive hybridization library, or a genomic library. In 
one embodiment, the polynucleotide comprising the non 
canonical nucleotide is synthesized using limited and/or con 
trolled incorporation of the non-canonical nucleotide, Which 
results in generation of a polynucleotide With a frequency or 
proportion of non-canonical nucleotides such that, labeled 
fragments of a desired size (or size range) are generated 
(folloWing production of an abasic site, cleavage of the phos 
phodiester backbone at or near an abasic site With an agent or 
under conditions in Which a 3' end comprising a hydroxyl 
group is not produced (i.e., production of a fragments With 
blocked hydroxyl groups), generation of hydroxyl groups at 
the 3' ends on the polynucleotide fragments (i.e., by unblock 
ing the blocked 3' ends, for example, With an enzyme com 
prising a 3' to 5' exonuclease activity), and labeling of the 
polynucleotide fragments using polymerase extension from 
the 3' hydroxyl groups in the presence of a detectable nucle 
otide or ligation to a detectable polynucleotide (e.g., exten 
sion at the 3' hydroxyl groups With a template independent 
polymerase such as terminal transferase to incorporate one or 
more detectable nucleotides at the 3' ends). 
[0050] In some embodiments, a labeled primer is used dur 
ing synthesis of the polynucleotide comprising a non-canoni 
cal nucleotide. In other embodiments, a primer comprising a 
non-canonical nucleotide (such as dUTP) is used during syn 
thesis of the polynucleotide comprising a non-canonical 
nucleotide. In other embodiments, the primer is a composite 
primer, said composite primer comprising a RNA portion and 
a 3' DNA portion. 
[0051] It is understood that a polynucleotide comprising a 
non-canonical nucleotide can be a multiplicity (from small to 
very large) of different polynucleotide molecules. Such popu 
lations 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 correspond to single 
sequences (Which can be part or all of a knoWn gene, for 
example, a coding region, genomic portion, etc.). 
[0052] A base portion of the non-canonical nucleotide is 
cleaved by an agent (such as an enzyme) capable of cleaving 
a base portion of a non-canonical nucleotide. Such agents are 
knoWn in the art and described herein. In one embodiment, 
the agent capable of speci?cally cleaving a base portion of a 
non-canonical nucleotide is an N-glycosylase. In another 
embodiment, the agent is Uracil N-Glycosylase (interchange 
ably termed “UNG” or “uracil DNA glyosylase”). 

Generation of Abasic Sites in Polynucleotides Comprising 
Methylated Nucleotides 

[0053] In one aspect, the invention provides methods for 
fragmenting and labeling a polynucleotide comprising an 
abasic site produced by cleaving a base portion of a methy 
lated nucleotide With an agent capable of cleaving a base 
portion of the methylated nucleotide to create an abasic site, 
Whereby an abasic site is generate. The methods generally 
comprise cleavage of a base portion of a methylated nucle 
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otide With an agent (such as an enzyme) capable of cleaving 
a base portion of a methylated nucleotide (whereby an abasic 
site is generated); chemical cleavage of the phosphodiester 
backbone at or near the abasic site With an agent or under 
conditions that do not generate a 3' hydroxyl group, i.e., 
conditions that generate a polynucleotide fragment With a 
blocked 3' end; digestion of fragments With an enZyme 
capable of generating a polynucleotide containing a hydroxyl 
group at the 3' end; and optionally labeling at the 3' end With 
an enZyme or agent capable of attaching a label to the 3' 
hydroxyl group, Whereby labeled polynucleotide fragments 
are generated (3' end labeling). 

Generation of Abasic Sites in Polynucleotides by Cleaving 
Base Portions of Canonical Nucleotides 

[0054] In one aspect, the invention provides methods for 
fragmenting and labeling a polynucleotide comprising an 
abasic site produced by cleaving a base portion of a canonical 
nucleotide With an agent capable of cleaving a base portion of 
the canonical nucleotide to create an abasic site, Whereby an 
abasic site is generated. The methods generally comprise 
cleavage of a base portion of a canonical nucleotide With an 
agent (such as an enZyme) capable of cleaving a base portion 
of a methylated nucleotide (Whereby an abasic site is gener 
ated); chemical cleavage of the phosphodiester backbone at 
or near the abasic site With an agent or under conditions that 
do not generate a 3' hydroxyl group, i.e., conditions that 
generate a polynucleotide fragment With a blocked 3' end; 
digestion of fragments With an enZyme capable of generating 
a polynucleotide containing a hydroxyl group at the 3' end; 
and optionally labeling at the 3' hydroxyl group With an 
enZyme or agent capable of attaching a label to the 3' hydroxyl 
group, Whereby labeled polynucleotide fragments are gener 
ated. 
Fragmentation at Abasic Sites to Produce Polynucleotide 
Fragments With Blocked 3' Ends 
[0055] In methods of the invention, the phosphodiester 
backbone of a polynucleotide comprising an abasic site is 
cleaved at or near the abasic site by an agent capable of 
cleaving the phosphodiester backbone at or near an abasic 
site, such that tWo or more fragments are produced. As used 
herein, “cleaving the backbone or phosphodiester backbone” 
is also termed “fragmentation” or “fragmenting.” Fragmen 
tation of the polynucleotide comprising an abasic site is con 
ducted With an agent or under conditions in Which polynucle 
otides comprising hydroxyl groups at their 3' ends are 
substantially not produced. Generally, a chemical fragmen 
tation agent is used, producing polynucleotide fragments 
With blocked 3' ends. In some embodiments, a polyamine, 
such as DMED, is used for fragmentation. 
[0056] Generally, cleavage occurs 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 adjacent nucleotide), such that an 
abasic site is located at the 3' end of the resulting fragment. In 
still other embodiments, 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 nucleotide results. Selection of reaction conditions 
also permits control of the degree, level or completeness of 
the fragmentation reactions. 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 
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alloWed to run to completion With minimal concern about 
excessive cleavage of the polynucleotide (i.e., While retaining 
a desired fragment siZe, Which may be determined by spacing 
of the incorporated non-canonical nucleotide, during the syn 
thesis step, above). In other embodiments, reaction condi 
tions are selected such that fragmentation is not complete (in 
the sense that the backbone at some abasic sites remains 
uncleaved (unfragmented), such that polynucleotide frag 
ments comprising more than one abasic site are generated. 
Such fragments comprise internal (unfragmented) abasic 
sites. 

Unblocking of Blocked 3' Ends 

[0057] The polynucleotide fragments generated by cleav 
age of the phosphodiester backbone are contacted With an 
agent, such as an enZyme comprising an exonuclease activity, 
that is capable of generating a polynucleotide comprising a 
hydroxyl group at the 3' end from a polynucleotide compris 
ing a blocked 3' end. Preferably, a non-processive exonu 
clease is used, such as, for example, APE l. The resulting 
polynucleotide fragments have unblocked 3' ends, i.e., com 
prising a hydroxyl group at the 3' end. 
[0058] In some embodiments, a polynucleotide fragment 
comprising a 3' end hydroxyl group, produced as described 
herein, is extended With a template independent or template 
dependent polymerase. In one embodiment, the polynucle 
otide fragment may be extended With a template independent 
polymerase, such as a terminal transferase, to incorporate one 
or more labeled nucleotide residue (or nucleotide analogs 
thereof), one or more unlabeled nucleotide residue (or nucle 
otide analogs thereof) or a mixture of labeled and unlabeled 
nucleotide residues (or nucleotide analogs thereof), at the 3' 
end. In another embodiment, the polynucleotide fragment is 
hybridized to a polynucleotide template and extended by a 
template dependent polymerase. In another embodiment, the 
polynucleotide fragment is ligated to another polynucleotide 
With an enZyme comprising a ligase enZyme. 

Labeling of Polynucleotide Fragments at 3' Hydroxyl Groups 

[0059] Agents capable of labeling at a 3' hydroxyl group of 
a polynucleotide are knoWn in the art. For example, a template 
independent polymerase, such as TdT, can be used to attach 
one or more labeled nucleotides at the 3' hydroxyl group (i.e., 
extend from the 3' end). In some embodiments, the detectable 
moiety (label) is directly or indirectly detectable. In some 
embodiments, the detectable signal is ampli?ed. In some 
embodiments, the detectable moiety comprises an organic 
molecule. In other embodiments, the detectable moiety com 
prises an antibody. In other embodiments, the detectable sig 
nal is ?uorescent. In other embodiments, the detectable signal 
is enZymatically generated. In one embodiment, the frag 
ments are labeled by template independent extension With 
TdT, using a labeled nucleotide triphosphate (or labeled 
nucleotide analog thereof). In one embodiment, the labeled 
nucleotide is a biotinylated nucleotide, such as, for example, 
biotin 2',3'-dideoxy-UTP, biotin-dUTP, or biotin-UTP. Other 
labeled nucleotides, e.g., dNTPs or NTPs, or terminator 
nucleotides such as 2',3'-dideoxy-NTPs), or combinations 
thereof, as Well as combinations of labeled and unlabeled 
nucleotides or dideoxy-nucleotides, may also be used. 
[0060] The methods of the invention include methods of 
using polynucleotide fragments and labeled polynucleotides 
produced by the methods of the invention (so-called “appli 
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cations”). The invention provides methods to characterize 
(for example, detect presence or absence of and/or quantify) 
a sequence of interest by analyzing fragmented and labeled 
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. 
[0061] In other embodiments, the invention provides meth 
ods of producing a hybridization probe; hybridization using 
the hybridization probes; detection using the hybridization 
probes; characterizing and/or quantitating nucleic acid; pre 
paring a subtractive hybridization probe; comparative 
genomic hybridization; and determining a gene expression 
pro?le, using the fragmented nucleic acids generated by the 
methods of the invention. 

General Techniques 

[0062] 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); “Oligo 
nucleotide Synthesis” (M. J. Gait, ed., 1984); “Animal Cell 
Culture” (R. I. Freshney, ed., 1987); “Methods in Enzymol 
ogy” (Academic Press, Inc.); “Current Protocols in Molecu 
lar Biology” (F. M. Ausubel et al., eds., 1987, and periodic 
updates); “PCR: The Polymerase Chain Reaction”, (Mullis et 
al., eds., 1994). 
[0063] Primers, oligonucleotides and polynucleotides 
employed in the invention can be generated using standard 
techniques knoWn in the art. 

De?nitions 

[0064] A “template sequence,” or “template nucleic acid” 
or “template” as used herein, is a polynucleotide comprising 
a sequence of interest, for Which synthesis of a complement 
comprising a non-canonical nucleotide is desired. The tem 
plate sequence may be knoWn or not knoWn, in terms of its 
actual sequence. In some instances, the terms “target,” “tem 
plate,” and variations thereof, are used interchangeably. 
[0065] “Polynucleotide,” or “nucleic acid,” as used inter 
changeably herein, refer to polymers of nucleotides of any 
length, and include DNA. The nucleotides can be deoxyribo 
nucleotides, modi?ed nucleotides or bases, and/ or their ana 
logs, or any substrate that can be incorporated into a polymer 
by DNA polymerase. Nucleotides include canonical and non 
canonical nucleotides and a polynucleotide can comprise 
canonical and non-canonical nucleotides. A polynucleotide 
may comprise modi?ed (altered) nucleotides, such as, for 
example, modi?cation to the nucleotide structure and or 
modi?cation to the phosphodiester backbone. As discussed 
herein modi?ed nucleotide can be canonical nucleotide or 
non-canonical (cleavable) nucleotides. It is understood, hoW 
ever, that modi?ed nucleotides that are not non-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 non-canonical nucleotide, such that an aba 
sic site is generated, and/or cleavage of a phosphodiester 
backbone at an abasic site, such that fragments are generated, 
and/or immobilization of a polynucleotide (or fragment 
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thereof) to a substrate, as described herein. If present, modi 
?cation to the nucleotide structure, such as methylated nucle 
otides may be imparted before or after assembly of the poly 
mer. The sequence of nucleotides may be interrupted by non 
nucleotide components. A polynucleotide may be further 
modi?ed after polymerization, such as by conjugation With a 
labeling component. Other types of modi?cations include, for 
example, “caps”, substitution of one or more of the naturally 
occurring nucleotides With an analog, intemucleotide modi 
?cations such as, for example, those With uncharged linkages 
(e.g., methyl phosphonates, phosphotriesters, phosphoami 
dates, carbamates, etc.) and With charged linkages (e. g., phos 
phorothioates, phosphorodithioates, etc.), those containing 
pendant moieties, such as, for example, proteins (e.g., 
nucleases, toxins, antibodies, signal peptides, ply-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 polynucleotide 
(s). It is understood that intemucleotide modi?cations may, 
e.g., alter the ef?ciency and/or kinetics of cleavage of the 
pho sphodiester backbone (as When, for example a pho sphodi 
ester 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 phos 
phonate groups, phosphate groups, protected by standard pro 
tecting 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 
groups 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 
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 (40*) 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 and/or, if present, generally should not 
affect the ability of the polynucleotide to undergo cleavage of 
a base portion of a non-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 aba 
sic 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. 

[0066] “Oligonucleotide,” as used herein, generally refers 
to short, generally single stranded, generally synthetic poly 
nucleotides that are generally, but not necessarily, less than 
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about 200 nucleotides in length. The terms “oligonucleotide” 
and “polynucleotide” are not mutually exclusive. The 
description above for polynucleotides is equally and fully 
applicable to oligonucleotides. 
[0067] 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 RNase cleavage of a 
template RNA-DNA complex) that is hybridized to a 
sequence in the template itself (for example, as a hairpin 
loop), and that is capable of promoting nucleotide polymer 
ization. Thus, a primer can be an exogenous (e.g., added) 
primer or an endogenous (e.g., template fragment) primer. 
[0068] A “complex” is an assembly ofcomponents.A com 
plex may or may not be stable and may be directly or indi 
rectly 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 inter 
mediate With respect to the ?nal polynucleotide fragments, 
labeled polynucleotide, labeled polynucleotide fragments, 
and/ or immobilized polynucleotide or fragment thereof. 
[0069] 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 “portion”) 
is any ofabout 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, the frag 
ments 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 embodi 
ments, 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 
embodiment, these fragment lengths represent an average 
size in the population of fragments generated using the meth 
ods of the invention. 
[0070] A “reaction mixture” is an assemblage of compo 
nents, Which, under suitable conditions, react to form a com 
plex (Which may be an intermediate) and/or a product(s). 
[0071] “A”, “an” and “the”, and the like, unless otherWise 
indicated include plural forms. “A” fragment means one or 
more fragments. “A” non-canonical nucleotide means one or 
more non-canonical nucleotides. 

[0072] Conditions that “alloW” or “permit” an event to 
occur or conditions that are “suitable” for an event to occur, 

such as polynucleotide synthesis, cleavage of a base portion 
of a non-canonical nucleotide, cleavage of a phosphodiester 
backbone at an abasic site, and the like, or “suitable” condi 
tions are conditions that do not prevent such events from 
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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 non-canonical nucleotide, cleavage of a 
phosphodiester backbone at an abasic site, labeling an abasic 
site, immobilizing a polynucleotide fragment or a polynucle 
otide, 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. In a preferred embodiment, a microarray 
refers to an assembly of distinct polynucleotide or oligo 
nucleotide probes immobilized at de?ned positions on a sub 
strate. Arrays are formed on substrates fabricated With mate 
rials such as paper, glass, plastic (e.g., polypropylene, nylon, 
polystyrene), polyacrylamide, nitrocellulose, silicon and 
other metals, optical ?ber or any other suitable solid or semi 
solid support, and con?gured in a planar (e.g., glass plates, 
silicon chips) or three-dimensional (e.g., pins, ?bers, beads, 
particles, microtiter Wells, capillaries) con?guration. Probes 
forming the arrays may be attached to the substrate by any 
number of Ways including (i) in situ synthesis (e.g., high 
density oligonucleotide arrays) using photolithographic tech 
niques (see, Fodor et al., Science (1991), 251 :767-773; Pease 
et al., Prac. Natl. Acad. Sci. USA. (1994), 91:5022-5026; 
Lockhart et al., Nature Biotechnology (1996), 14:1675; US. 
Pat. Nos. 5,578,832; 5,556,752; and 5,510,270); (ii) spotting/ 
printing at medium to loW-density (e.g., cDNA probes) on 
glass, nylon or nitrocellulose (Schena et al, Science (1995), 
2701467-470, DeRisi et al, Nature Genetics (1996), 14:457 
460; Shalon et al., Genome Res. (1996), 6:639-645; and 
Schena et al., Prac. Natl. Acad. Sci. USA. (1995), 93110539 
11286); (iii) by masking (Maskos and Southern, Nuc. Acids. 
Res. (1992), 20:1679-1684) and (iv) by dot-blotting on a 
nylon or nitrocellulose hybridization membrane (see, e.g., 
Sambrook et al., Eds., 1989, Molecular Cloning: A Labora 
tory Manual, 2nd ed., Vol. 1-3, Cold Spring Harbor Labora 
tory (Cold Spring Harbor, N.Y.)). Probes may also be nonco 
valently immobilized on the substrate by hybridization to 
anchors, by means of magnetic beads, or in a ?uid phase such 
as in microtiter Wells or capillaries. The probe molecules are 
generally nucleic acids such as DNA, RNA, PNA, and cDNA 
but may also include proteins, polypeptides, oligosaccha 
rides, cells, tissues and any permutations thereof Which can 
speci?cally bind the target molecules. 
[0074] The term “3'” generally refers to a region or position 
in a polynucleotide or oligonucleotide 3' (doWnstream) from 
another region or position in the same 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. 
[0076] The term “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 prefer 
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ably from about 1 to about 50, more preferably from about 10 
to about 40, even more preferably from about 20 to about 30 
nucleotides. 

[0077] As used herein, “canonical” nucleotide means a 
nucleotide comprising one the four common nucleic acid 
bases adenine, cytosine, guanine and thymine that are com 
monly found in DNA. The term also encompasses the respec 
tive deoxyribonucleosides, deoxyribonucleotides or 2'-deox 
yribonucleoside-5'-triphosphates that contain one of the four 
common nucleic acid bases adenine, cytosine, guanine and 
thymine (though as explained herein, the base can be a modi 
?ed and/or altered base as discussed, for example, in the 
de?nition of polynucleotide). As used herein, the base por 
tions of canonical nucleotides are generally not cleavable 
under the conditions used in the methods of the invention. 

[0078] As used herein, “non-canonical nucleotide” (inter 
changeably called “non-canonical deoxyribonucleoside 
triphosphate”) refers to a nucleotide comprising a base other 
than the four canonical bases. The term also encompasses the 
respective deoxyribonucleosides, deoxyribonucleotides or 
2'-deoxyribonucleoside-5'-triphosphates that contain a base 
other than the four canonical bases. In the context of this 
invention, nucleotides containing uracil (such as dUTP), or 
the respective deoxyribonucleosides, deoxyribonucleotides 
or 2'-deoxyribonucleoside-5'-triphosphates, are a non-ca 

nonical nucleotides. As used herein, the base portions of 
non-canonical nucleotides are capable of being, generally, 
speci?cally or selectively cleaved (such that a nucleotide 
comprising an abasic site is created) under the reaction con 
ditions used in the methods of the invention. As described 
herein, non-canonical nucleotides are generally also capable 
of being incorporated into a polynucleotide during synthesis 
of a polynucleotide (during e.g., primer extension and/or 
replication); capable of being generally, speci?cally or selec 
tively cleaved by an agent that cleaves a base portion of a 
nucleotide, such that a polynucleotide comprising an abasic 
site is generated; comprise a suitable internucleotide connec 
tion (When incorporated into a polynucleotide) such that a 
phosphodiester backbone at an abasic site (i.e., the non-ca 
nonical nucleotide folloWing cleavage of a base portion) is 
capable of being cleaved by an agent capable of such cleav 
age; capable of being labeled (folloWing generation of an 
abasic site); and/or capable of immobilization to a surface 
(folloWing generation of an abasic site), according to the 
methods described herein. It is understood that the non-ca 
nonical nucleotide may, but does not necessarily, require all 
of the features described above, depending on the particular 
method of the invention in Which the non-canonical nucle 
otide is to be used. In some embodiments, non-canonical 
nucleotides are altered and/or modi?ed nucleotides as 
described herein. Non-canonical nucleotide refers to a nucle 
otide that is incorporated into a polynucleotide as Well as to a 
single nucleotide. 
[0079] The term “analyte” as used herein refers to a sub 
stance to be detected or assayed by the method of the present 
invention, for example, a compound Whose properties, loca 
tion, 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. 
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[0080] As used herein, an “abasic site” refers to the site of 
incorporation of the non-canonical nucleotide folloWing 
treatment With an agent capable of effecting cleavage of a 
base portion of the non-canonical nucleotide. An abasic site 
(interchangeably termed “AP site”) can comprise a hemiac 
etal ring, and lacks a base portion of the non-canonical nucle 
otide. As used herein, “abasic site” encompasses any chemi 
cal structure remaining folloWing treatment of a canonical or 
non-canonical nucleotide (present in a polynucleotide chain) 
With an agent (e.g., an enzyme, or heat or basic conditions) 
capable of effecting cleavage of a base portion of a non 
canonical nucleotide. Thus, an abasic site as used herein 
includes a modi?ed sugar moiety attached to the 3' terminus 
of nicked polynucleotide, as When, for example, endonu 
clease III or OGGl protein are used to cleave the base portion 
of the non-canonical nucleotide. See, e.g., KoW, (2000) Meth 
ods 22, 164-169 (e.g., FIG. 4). 
[0081] 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 imme 
diately 3', immediately 5'). In still other embodiments, more 
complex forms of cleavage are possible, for example, cleav 
age such that cleavage of the phosphodiester backbone and 
cleavage of (a portion of) the abasic nucleotide results. 
[0082] As used herein, a “label” (interchangeably called a 
“detectable moiety”) refers to a moiety that is associated or 
linked With a polynucleotide (interchangeably called “label 
ing”). The labeled polynucleotide may be directly or indi 
rectly detected, generally through a detectable signal. The 
detectable moiety (label) can be attached (or associated) 
either directly or 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 or non-covalently associated as Well as 
directly or indirectly associated. 
[0083] As used herein, a “blocked 3' end” refers to a 3' end 
of a polynucleotide fragment that contains a moiety, such as 
an aldehyde group, e.g., the sugar residue attached to the 
nucleotide base that Was removed to create an abasic site, 
Which is left behind at the 3' end of the polynucleotide as a 
result of cleaving a polynucleotide at the abasic site as 
described herein, rather than a hydroxyl group at the 3' end. 
“Unblocking” of the 3' end refers to removal of the non 
nucleotide moiety, e.g., an aldehyde group, resulting in a 
polynucleotide having a hydroxyl group at the 3' end. 
[0084] 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 a non-canonical nucleotide means 
that any of the agents capable of cleaving a base portion of the 
non-canonical nucleotide described herein may be used. 

Methods for Labeling and Fragmenting Nucleic Acids 

[0085] The invention provides methods for generating frag 
ments of nucleic acids. The methods generally comprise 
cleavage of the phosphodiester backbone of a polynucleotide 
comprising an abasic site at or near the abasic site, Whereby a 
polynucleotide fragment comprising a blocked 3' end is gen 
erated; and contacting the polynucleotide fragment With an 
enzyme capable of unblocking the blocked 3' end of the 
fragment, Whereby a polynucleotide fragment comprising a 3' 
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hydroxyl group is generated. The polynucleotide comprising 
an abasic site may be produced by cleaving the base portion of 
a non-canonical nucleotide, a canonical nucleotide, or a 
methylated nucleotide. In some embodiments, the polynucle 
otide comprising an abasic site is cleaved at the abasic site 
With a polyamine, thereby producing a polynucleotide frag 
ment comprising a blocked 3' end, Wherein the blocked 3' end 
comprises a sugar aldehyde group from the nucleotide resi 
due from Which the abasic site Was generated. In some 
embodiments, the polynucleotide fragment comprising a 
blocked 3' end is contacted With an enzyme comprising a 3' to 
5' exonuclease activity, thereby unblocking the blocked 3' end 
(e.g., removing a sugar aldehyde group or other non-nucle 
otide moiety from the 3' end) to produce a polynucleotide 
fragment comprising a 3' hydroxyl group. 
[0086] In one embodiment, the invention provides a 
method for fragmenting a polynucleotide comprising a 
blocked 3' end, comprising unblocking the blocked 3' end 
With an agent capable of unblocking the blocked 3' end of a 
polynucleotide, for example, an enzyme comprising a 3'-5' 
exonuclease activity as described herein. The polynucleotide 
comprising a blocked 3' end may be produced, for example, 
by cleaving a polynucleotide comprising an abasic site at or 
near the abasic site With an agent, for example, a polyamine, 
capable of cleaving a polynucleotide at or near an abasic site 
to produce a polynucleotide fragment comprising a blocked 3' 
end. 
[0087] In some embodiments, polynucleotide fragments 
comprising 3' hydroxyl groups produced as described herein 
are labeled. In one embodiment, the polynucleotide fragment 
is labeled by extension at the 3' end With a template indepen 
dent polymerase, resulting in addition of one or more labeled 
nucleotides (or nucleotides thereof) to the 3' end of the frag 
ment. In one embodiment, the polynucleotide fragment is 
labeled by hybridizing the polynucleotide fragment to a poly 
nucleotide template, extending from the 3' end With a tem 
plate dependent polymerase, and incorporating labeled 
nucleotides into the extended polynucleotide fragment. In 
one embodiment, the polynucleotide fragment is labeled by 
ligation at the 3' end to a labeled polynucleotide With a ligase 
enzyme. 
[0088] In one embodiment, a polynucleotide fragment 
comprising a 3' end hydroxyl group, produced as described 
herein, is extended from the 3' end using a template indepen 
dent polymerase to produce a tailed 3' end Which may com 
prises labeled and/or unlabeled nucleotides. Tailing of the 
fragment comprising a 3' end hydroxyl group may comprise 
polymerizing a plurality of dNTPs or ribo-NTPs at the 3' end. 
[0089] For simplicity, individual steps of the labeling and 
fragmentation method are discussed beloW. It is understood, 
hoWever, that the steps may be performed simultaneously 
and/ or in varied order, as discussed herein. 

Synthesis of a Polynucleotide Comprising a Non-Canonical 
Nucleotide 

[0090] In some embodiments, methods of the invention 
comprise generation of a polynucleotide comprising an aba 
sic site by cleaving the base portion of a non-canonical nucle 
otide in a polynucleotide comprising a non-canonical nucle 
otide. The polynucleotide comprising a non-canonical 
nucleotide may be produced by synthesizing a polynucleotide 
from a template in the presence of at least one non-canonical 
nucleotide (interchangeably termed “non-canonical deoxyri 
bonucleoside triphosphate”), Whereby a polynucleotide com 
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prising a non-canonical nucleotide is generated. The fre 
quency of incorporation of non-canonical nucleotides into the 
polynucleotide relates to the size of fragment produced using 
the methods of the invention because the spacing betWeen 
non-canonical nucleotides in the polynucleotide comprising 
a non-canonical nucleotide, along With the reaction condi 
tions used, determines the approximate size of the fragments 
resulting from generation of an abasic site from the non 
canonical nucleotide and cleavage of the backbone at the 
abasic site, as described herein. 

[0091] Generally, the polynucleotide is DNA, though, as 
noted herein, the polynucleotide can comprise altered and/or 
modi?ed nucleotides, internucleotide linkages, ribonucle 
otides, etc. As generally used herein, it is understood that 
“DNA” applies to polynucleotide embodiments. 
[0092] Methods for synthesizing polynucleotides, e.g., 
single and double stranded DNA, from a template are Well 
knoWn in the art, and include, for example, single primer 
isothermal ampli?cation (SPIATM), Ribo-SPIATM, PCR, 
reverse transcription, primer extension, limited primer exten 
sion, replication (including rolling circle replication), strand 
displacement ampli?cation (SDA), nick translation, multiple 
displacement ampli?cation (MDA), rolling circle ampli?ca 
tion (RCA) and, e.g., any method that results in synthesis of 
the complement of a template sequence such that at least one 
non-canonical nucleotide can be incorporated into a poly 
nucleotide. See, e.g., Kurn, U.S. Pat. No. 6,251,639; Kurn, 
WO 02/00938; Kum, U.S. Pat. No. 6,946,251, Kum, U.S. Pat. 
No. 6,692,918; Mullis, US. Pat. No. 4,582,877; Wallace, 
U.S. Pat.No. 6,027,923; U.S. Pat. Nos. 5,508,178; 5,888,819; 
6,004,744; 5,882,867; 5,710,028; 6,027,889; 6,004,745; 
5,763,178; 5,011,769; see also Sambrook (1989) “Molecular 
Cloning: A Laboratory Manual”, second edition; Ausebel 
(1987, and updates) “Current Protocols in Molecular Biol 
ogy”; Mullis, (1994) “PCR: The Polymerase Chain Reac 
tion”. One or more methods knoWn in the art can be used to 
generate a polynucleotide comprising a non-canonical nucle 
otide. It is understood that the polynucleotide comprising a 
non-canonical nucleotide can be single stranded or double 
stranded or partially double stranded, and that one or both 
strands of a double stranded polynucleotide can comprise a 
non-canonical nucleotide. For convenience, “DNA” is used 
herein to describe (and exemplify) a polynucleotide. Suitable 
methods include methods that result in one single- or double 
stranded polynucleotide comprising a non-canonical nucle 
otide (for example, reverse transcription, production of 
double stranded cDNA, a single round of DNA replication), 
as Well as methods that result in multiple single stranded or 
double stranded copies or copies of the complement of a 
template (for example, single primer isothermal ampli?ca 
tion or Ribo-SPIATM or PCR). In one embodiment, a single 
stranded polynucleotide comprising a non-canonical nucle 
otide is synthesized using single primer isothermal 
ampli?cation. See Kurn, U.S. Pat. Nos. 6,251,639 and 6,692, 
918. 

[0093] Generally, the polynucleotide comprising a non-ca 
nonical nucleotide is generated from a template in the pres 
ence of all four canonical nucleotides and at least one non 
canonical nucleotide under reaction conditions suitable for 
synthesis of polynucleotides, including suitable enzymes and 
primers, if necessary. Reaction conditions and reagents, 
including primers, for synthesizing the polynucleotide com 
prising a non-canonical nucleotide are knoWn in the art, and 
further discussed herein. As described herein, non-canonical 
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nucleotides are generally capable of polymerization (i.e., are 
substrates for DNA polymerase), and capable of being ren 
dered abasic following treatment with a suitable agent 
capable of generally, speci?cally or selectively cleaving a 
base portion of a non-canonical nucleotide. Suitable non 
canonical nucleotides are well-known in the art, and include: 
deoxyuridine triphosphate (dUTP), deoxyinosine triphos 
phate (dITP), 5-hydroxymethyl deoxycytidine triphosphate 
(5-OH-Me-dCTP). See, e.g., Jendrisak, US. Pat. No. 6,190, 
865 B1;M0l. CellProbes (1992)251-6. Generally, in embodi 
ments in which a polynucleotide comprising an non-canoni 
cal nucleotide serves as a template for further ampli?cation 
(e. g., as when multiple copies of a double strandedpolynucle 
otides comprising a non-canonical nucleotide are synthe 
siZed, e.g., by PCR ampli?cation), a polynucleotide compris 
ing a non-canonical nucleotide must be capable of serving as 
a template for further ampli?cation. 
[0094] It is understood that two or more different non 
canonical nucleotides can be incorporated into the polynucle 
otide synthesiZed from the template by DNA polymerase, 
whereby a polynucleotide comprising at least two different 
non-canonical nucleotides is generated. 
[0095] Conditions for limited and/or controlled incorpora 
tion of a non-canonical nucleotide are known in the art. See, 
e.g., Jendrisak, US. Pat. No. 6,190,865 B1;M0l. CellProbes 
(1992) 251-6; Anal. Biochem. (1993) 211:164-9; see also 
Sambrook (1989) “Molecular Cloning: A Laboratory 
Manual”, second edition; Ausebel (1987, and updates) “Cur 
rent Protocols in Molecular Biology”. The frequency (or 
spacing) of non-canonical nucleotides in the resulting poly 
nucleotide comprising a non-canonical nucleotide, and thus 
the average siZe of fragments generated using the methods of 
the invention (i.e., following cleavage of a base portion of a 
non-canonical nucleotide, and cleavage of a phosphodiester 
backbone at a non-canonical nucleotide), is controlled by 
variables known in the art, including: frequency of nucleotide 
(s) corresponding to the non-canonical nucleotide(s) in the 
template (or other measures of nucleotide content of a 
sequence, such as average G-C content), ratio of canonical to 
non-canonical nucleotide present in the reaction mixture; 
ability of the polymerase to incorporate the non-canonical 
nucleotide, relative ef?ciency of incorporation of non-ca 
nonical nucleotide verses canonical nucleotide, and the like. 
It is understood that the average fragmentation siZe also 
relates to the reaction conditions used during fragmentation, 
as is further discussed herein. The reaction conditions can be 
empirically determined, for example, by assessing average 
fragment siZe generated using the methods of the invention 
taught herein. The level of labeling at an abasic site also 
relates to the frequency of incorporation of non-canonical 
nucleotides, as is further discussed herein. 
[0096] Generally, a non-canonical base can be incorporated 
at about every 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 nucleotides apart in the resulting polynucle 
otide comprising a non-canonical nucleotide. In one embodi 
ment, the non-canonical nucleotide is incorporated about 
every 200 nucleotides, about every 100 nucleotide, or about 
every 50 nucleotide. In another embodiment, the non-canoni 
cal nucleotide is incorporated about every 50 to about 200 
nucleotides. In some embodiments, a 1:5 ratio of dUTP and 
dTTP is used in the reaction mixture. 

[0097] The polynucleotide template (along which the poly 
nucleotide comprising a non-canonical nucleotide is synthe 
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siZed) may be any template from which labeled polynucle 
otide fragments are desired to be produced. As is evident from 
the description herein, the labeled polynucleotide fragments 
are the complement of the sequence of the polynucleotide 
template. The template includes 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, chro 
mosomes, plasmids, the genomes of biological material such 
as microorganisms, e.g., bacteria, yeasts, viruses, viroids, 
molds, fungi, plants, animals, humans, and fragments thereof. 
Obtaining and purifying nucleic acids use standard tech 
niques in the art. RNAs can be obtained and puri?ed using 
standard techniques in the art. A DNA template (including 
genomic DNA template) can be transcribed into RNA form, 
which can be achieved using methods disclosed in Kurn, US. 
Pat. No. 6,251,639 B1, and by other techniques (such as 
expression systems) known in the art. RNA copies of 
genomic DNA would generally include untranscribed 
sequences generally not found in mRNA, such as introns, 
regulatory and control elements, etc. DNA copies of an RNA 
template can be synthesiZed using methods described in 
Kurn, US. Pat. No. 6,946,251 or other techniques known in 
the art). Synthesis of polynucleotide comprising a non-ca 
nonical nucleotide from a DNA-RNA hybrid can be accom 
plished by denaturation of the hybrid to obtain a ssDNA 
and/or RNA, cleavage with an agent capable of cleaving RNA 
from an RNA/ DNA hybrid, and other methods known in the 
art. The template can be only a minor fraction of a complex 
mixture such as a biological sample and can be obtained from 
various biological material by procedures well known in the 
art. The template can be known or unknown and may contain 
more than one desired speci?c nucleic acid sequence of inter 
est, each of which may be the same or different from each 
other. Therefore, the methods of the invention are useful not 
only for producing one speci?c polynucleotide comprising a 
non-canonical nucleotide, but also for producing simulta 
neously more than one different speci?c polynucleotides 
comprising a non-canonical nucleotide. The template DNA 
can be a sub-population of nucleic acids, for example, a 
subtractive hybridiZation probe, total genomic DNA, restric 
tion fragments, a cDNA library, cDNA prepared from total 
mRNA, a cloned library, or ampli?cation products of any of 
the templates described herein. In some cases, the initial step 
of the synthesis of the complement of a portion of a template 
nucleic acid sequence is template denaturation. The denatur 
ation step may be thermal denaturation or any other method 
known in the art, such as alkali treatment. 

[0098] For simplicity, the polynucleotide comprising a 
non-canonical nucleotide is described as a single nucleic acid. 
It is understood that the polynucleotide can be a single poly 
nucleotide, or a population of polynucleotides (from a few to 
a multiplicity to a very large multiplicity of polynucleotides). 
It is further understood that a polynucleotide comprising a 
non-canonical nucleotide can be a multiplicity (from small to 
very large) of different polynucleotide molecules. Such popu 
lations can be related in sequence (e.g., member 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 correspond to single sequence 
(which can be part or all of a known gene, for example a 
coding region, genomic portion, etc.). Methods, reagents, and 
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reaction conditions for generating speci?c polynucleotide 
sequences and multiplicities of polynucleotide sequences are 
knoWn in the art. 

[0099] Suitable methods of synthesis of a polynucleotide 
comprising a non-canonical nucleotide are generally tem 
plate-dependent (in the sense that polynucleotide comprising 
a non-canonical nucleotide is synthesiZed along a polynucle 
otide template, as generally described herein). It is under 
stood that non-canonical nucleotides can be incorporated into 
a polynucleotide as a result of template-independent meth 
ods. For example, one or more primer(s) can be designed to 
comprise one or more non-canonical nucleotides. See, e.g., 
Richards, US. Pat. Nos. 6,037,152, 5,427,929, and 5,876, 
976. As discussed herein, inclusion of at least one non-ca 
nonical nucleotide in a primer results in cleavage of a base 
portion of a non-canonical nucleotide and labeling at the 
abasic site (i.e., folloWing generation of an abasic site, as 
described herein), thus generating a polynucleotide fragment 
or a labeled polynucleotide fragment comprising a portion of 
the primer. Inclusion of a non-canonical nucleotide in a 
primer may be particularly suitable for methods such as 
single primer isothermal ampli?cation. See Kurn, US. Pat. 
No. 6,251,639 B1; Kurn, WO 02/00938; Kurn, US. Patent 
Publication No. 2003/0087251 A1. Non-canonical nucle 
otide(s) can also be added to a polynucleotide by template 
independent methods such as tailing or ligation of a second 
polynucleotide comprising a non-canonical nucleotide. 
Methods for tailing and ligation are Well-known in the art. 

Cleavage of a Base Portion of a Nucleotide to Create an 
Abasic Site 

[0100] In methods for fragmentation of polynucleotides as 
described herein, a polynucleotide comprising an abasic site 
is cleaved at or near the abasic site to generate a polynucle 
otide fragment With a blocked 3' end, and contacted With an 
enZyme capable of unblocking the blocked 3' end to generate 
a polynucleotide fragment With a 3' hydroxyl group. The 
polynucleotide comprising an abasic site may be generated 
by cleaving the base portion of a nucleotide to create an abasic 
site. In various embodiments, the nucleotide from Which the 
base portion is cleaved to create an abasic site is a non 
canonical nucleotide, a canonical nucleotide, or a methylated 
nucleotide. 

Cleaving a Base Portion of a Non-Canonical Nucleotide to 
Create an Abasic Site 

[0101] A polynucleotide comprising a non-canonical 
nucleotide is treated With an agent, such as an enZyme, 
capable of generally, speci?cally, or selectively cleaving a 
base portion of the non-canonical deoxyribonucleoside to 
create an abasic site. As used herein, “abasic site” encom 
passes any chemical structure remaining folloWing removal 
of a base portion (including the entire base) With an agent 
capable of cleaving a base portion of a nucleotide, e.g., by 
treatment of a non-canonical nucleotide (present in a poly 
nucleotide chain) With an agent (e.g., an enZyme, acidic con 
ditions, or a chemical reagent) capable of effecting cleavage 
of a base portion of a non-canonical nucleotide. In some 
embodiments, the agent (such as an enzyme) catalyZes 
hydrolysis of the bond betWeen the base portion of the non 
canonical nucleotide and a sugar in the non-canonical nucle 
otide to generate an abasic site comprising a hemiacetal ring 
and lacking the base (interchangeably called “AP” site), 
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though other cleavage products are contemplated for use in 
the methods of the invention. Suitable agents and reaction 
conditions for cleavage of base portions of non-canonical 
nucleotides are knoWn in the art, and include: N-glycosylases 
(also called “DNA glycosylases” or “glycosidases”) includ 
ing Uracil N-Glycosylase (“UNG”; speci?cally cleaves 
dUTP) (interchangeably termed “uracil DNA glyosylase”), 
hypoxanthine-N-Glycosylase, and hydroxy-methyl cytosine 
N-glycosylase; 3-methyladenine DNA glycosylase, 3- or 
7-methylguanine DNA glycosylase, hydroxymethyluracil 
DNA glycosylase; T4 endonuclease V. See, e.g., Lindahl, 
PNAS (1974) 71(9):3649-3653; Jendrisak, US. Pat. No. 
6,190,865 B1. In one embodiment, UNG is used to cleave a 
base portion of the non-canonical nucleotide. 
[0102] Generally, cleavage of base portions of non-canoni 
cal 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 non-canonical nucleotide generally, spe 
ci?cally or selectively cleaves the base portion of a particular 
non-canonical nucleotide, Whereby greater than about 98%, 
about 95%, about 90%, about 85%, or about 80% of the base 
portions cleaved are base portions of non-canonical nucle 
otides. HoWever, extent of cleavage can be less. Thus, refer 
ence to speci?c cleavage is exemplary. General, speci?c or 
selective cleavage is desirable for control of the fragment siZe 
in the methods of generating labeled polynucleotide frag 
ments of the invention (i.e., the fragments generated by cleav 
age of the backbone at an abasic site). Generally, reaction 
conditions are selected such that the reaction in Which the 
abasic site(s) are created can run to completion. 
[0103] In some embodiments, the polynucleotide compris 
ing a non-canonical nucleotide is puri?ed folloWing synthesis 
of the non-canonical polynucleotide (to eliminate, for 
example, residual free non-canonical nucleotides that are 
present in the reaction mixture). In other embodiments, there 
is no intermediate puri?cation betWeen the synthesis of the 
polynucleotide comprising the non-canonical nucleotide and 
subsequent steps (such as cleavage of a base portion of the 
non-canonical nucleotide and cleavage of a phosphodiester 
backbone at the abasic site). 
[0104] As noted herein, for convenience, cleavage of a base 
portion of a non-canonical 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 synthesis of the polynucleotide comprising a non-ca 
nonical nucleotide (as described above), cleavage of the back 
bone at an abasic site (fragmentation) and/or labeling at an 
abasic site. 
[0105] It is understood that the choice of non-canonical 
nucleotide can dictate the choice of enZyme to be used to 
cleave the base portion of that non-canonical enZyme, to the 
extent that particular non-canonical nucleotides are recog 
niZed by particular enzymes that are capable of cleaving a 
base portion of the non-canonical nucleotide. 

Cleaving a Base Portion of a Canonical Nucleotide to Create 
an Abasic Site 

[0106] In another aspect, the invention comprises use of an 
agent, such as an enZyme, that cleaves a base portion of a 
canonical nucleotide, to generate a polynucleotide compris 
ing an abasic site. In some embodiments, the agent is not 
capable of cleaving a methylated nucleotide. 
[0107] In some embodiments, the agent is an enZyme. In 
one embodiment, the enZyme is cytosine deaminase. See 
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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 conjunc 
tion” encompasses simultaneous treatment (e.g., When 
cytosine deaminase and UNG cleavage occurs in the same 
reaction mixture) and/or treatment at different times (e.g., 
When cytosine deaminase and UNG treatment is conducted 
sequentially). 
[0108] Generally, cleavage of the base portion of a canoni 
cal nucleotide 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 canonical nucleotide generally, speci? 
cally or selectively cleaves the base portion of a particular 
canonical nucleotide, Whereby about any of 98%, 95%, 90%, 
85%, or 80% of the base portions cleaved are base portions of 
canonical nucleotides. HoWever, extent of cleavage can be 
less. Thus, reference to speci?c cleavage is exemplary. 
[0109] 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 unm 
ethylated nucleotide, and thus the average size of fragments 
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 the target canonical nucleotide(s) from Which an abasic site 
Will be generated in the polynucleotide (or other measures of 
nucleotide content of a sequence, such as average G-C con 
tent), length of the polynucleotide, and the reaction condi 
tions used during generation of abasic site. 

Cleaving a Base Portion of a Methylated Nucleotide to Create 
an Abasic Site 

[0110] In aspects involving cleavage of a base portion of a 
methylated nucleotide to generate a polynucleotide compris 
ing an abasic site, the polynucleotide comprising a methy 
lated nucleotide (in some embodiments, suspected of com 
prising 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 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) capable of effecting cleavage 
of a base portion of a methylated nucleotide. In some embodi 
ments, the agent (such as an enzyme) catalyzes hydrolysis of 
the bond betWeen the base portion of the methylated nucle 
otide and a sugar in the methylated nucleotide to generate an 
abasic site comprising a hemiacetal 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 
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base portion of a methylated nucleotide are suitable for use 
With polynucleotides comprising a loW frequency of methy 
lated nucleotides (i.e., generally, not hyper'methylated 
regions, such a CpG islands and the like), though other uses 
are contemplated. 

[0111] The polynucleotide comprising (in some embodi 
ments, suspected of comprising) a methylated nucleotide is 
treated With an agent, such as an enzyme, capable of gener 
ally, 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 struc 
ture 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 cleav 
age of a base portion of a methylated nucleotide. In some 
embodiments, the agent (such as an enzyme) catalyzes 
hydrolysis of the bond betWeen the base portion of the methy 
lated nucleotide and a sugar in the canonical nucleotide to 
generate an abasic site comprising a hemiacetal ring and 
lacking the base (interchangeably called “AP” site), though 
other cleavage products are contemplated for use in the meth 
ods of the invention. 

[0112] In some embodiments, the methylated nucleotide is 
5-methylcytosine. In some embodiments, 5-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-methyladenine. 
In other embodiments, the methylated nucleotide is 7-methy 
ladenine and/ or 3 -methylguanine. 

[0113] Suitable agents and reaction conditions for cleavage 
of base portions of methylated nucleotides are knoWn in the 
art, and include: 5-methylcytosine DNA glycosylase 
(5-MCDG), Which cleaves the base portion of 5-methylcy 
tosine (5-MeC) from the DNA backbone (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-methy 
ladenosine DNA glycosylase II, Which cleaves the base por 
tion of 3-methyladenosine, 7-methylguanine, 7-methylad 
enosine, and/3-methylguanine from the DNA backbone. See 
McCarthy et al (1984) EMBO J. 3:545-550. Multifunctional 
and mono -functional forms of 5-MCDG have been described. 
See Zhu et al., Proc. Natl. Acad. Sci. USA 98:5031-6, 2001; 
Zhu et al., Nuc. Acid Res. 28:4157-4165,2000; and Nedder 
mann et al., J.B.C. 271:12767-74, 1996 (describing bifunc 
tional 5-MCDG; Vairapandi & Duker, Oncogene 13:933-938, 
1996; Vairapandi et al., J. Cell. Biochem. 79:249-260, 2000 
(describing mono-functional enzyme comprising 5-MCDG 
activity). In some embodiments, 5-MCDG preferentially 
cleaves fully methylated polynucleotide sites (e.g., CpG 
dinucleotides), and in other embodiments, 5-MCDG prefer 
entially cleaves a hemi-methylated polynucleotide. For 
example, mono-functional human 5-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 5-methylcytosine-DNA glycosylase 
has greater activity directed to hemimethylated methylation 
sites. In some embodiments, the activity of 5-MCDG is 
potentiated (increased or enhanced) With accessory factors, 
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such as recombinant CpG-rich RNA, ATP, RNA helicase 
enzyme, and proliferating cell nuclear antigen (PCNA). See 
Us. Patent Publication No. 20020197639 Al. 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 a 
base portion of different methylated nucleotides. Treatment 
With tWo or more agents may be sequential or simultaneous. 

[0114] As is evident, in some embodiments, dUTP is gen 
erated 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, U.S. 
Pat. No. 6,190,865 B1; U.S. Pat. No. 5,035,996; U.S. Pat. No. 
5,418,149; Sartori et al (2002) EMBO J21:3182-3191. 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 reac 
tion mixture) and/or treatment at different times (e. g., When 
5-MCDG and UNG treatment is conducted sequentially). 
[0115] 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 nucleotide 
generally, speci?cally or selectively cleaves the base portion 
of a particular methylated nucleotide), Whereby about any of 
98%, 95%, 90%, 85%, or 80% ofthe base portions cleaved are 
base portions of methylated nucleotides. HoWever, extent of 
cleavage can be less. Thus, reference to speci?c cleavage is 
exemplary. 
[0116] 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 methy 
lated nucleotide, and thus the average siZe of fragments gen 
erated 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 dur 
ing generation of abasic site, as is farther discussed herein. 
Cleaving the Backbone at or Near the Abasic Site to Generate 
a Polynucleotide Fragment With a Blocked 3' End 
[0117] The backbone of the polynucleotide comprising an 
abasic site is cleaved at or near the abasic site With an agent 
that generates a polynucleotide fragment With a blocked 3' 
end. It is understood that cleavage of the base portion of a 
nucleotide to create an abasic site and cleavage of the poly 
nucleotide backbone can be performed simultaneously. For 
convenience, hoWever, these reactions are described as sepa 
rate steps. 
[0118] FolloWing generation of an abasic site by cleavage 
of the base portion of a nucleotide, for example, a non-ca 
nonical nucleotide present in the polynucleotide, the back 
bone of the polynucleotide is cleaved at or near the abasic site, 
for example, the site of incorporation of a non-canonical 
nucleotide (also termed the abasic site, folloWing cleavage of 
the base portion of the non-canonical nucleotide), With an 
agent capable of effecting cleavage of the backbone at the 
abasic site to generate a polynucleotide fragment comprising 
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a blocked 3' end. Cleavage of the polynucleotide backbone 
(also termed “fragmentation”) results in at least tWo frag 
ments (depending on the number of abasic sites present in the 
polynucleotide comprising an abasic site, and the extent of 
cleavage), one of Which does not comprise a blocked 3' end. 

[0119] Suitable agents (for example, an enZyme, a chemi 
cal and/or reaction conditions such as heat) capable of cleav 
age of the backbone at an abasic site to generate a polynucle 
otide fragment With a blocked 3' end are Well knoWn in the art, 
and include: heat treatment and/or chemical treatment (in 
cluding basic conditions, acidic conditions, alkylating condi 
tions, or amine mediated cleavage of abasic sites, (see e.g., 
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). As used herein, “agent” encom 
passes reaction conditions such as heat. In another embodi 
ment, cleavage is With a polyamine, such as N,N'-dimethyl 
ethylenediamine (DMED). See, e. g. McHugh and KnoWland, 
supra. 

[0120] Generally, cleavage is betWeen the nucleotide 
immediately 3' to the abasic residue and the abasic residue. As 
is Well knoWn in the art, cleavage can be 3' to the abasic site 
(e.g., cleavage betWeen the deoxyribose ring and 3'-phos 
phate 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 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'-dimethylethylenediamine) results in cleavage of the 
phosphodiester backbone immediately 3' to the abasic site to 
produce a polynucleotide fragment With a blocked 3' end. In 
addition, more complex forms of cleavage are also possible, 
for example, cleavage such that cleavage of the phosphodi 
ester backbone and cleavage of (a portion of) the abasic 
nucleotide results. For example, under certain conditions, 
cleavage using chemical treatment and/or thermal treatment 
may comprise a [3-elimination step Which results in cleavage 
of a bond betWeen the abasic site deoxyribose ring and its 3' 
phosphate, generating a reactive 0t,[3-unsaturated aldehyde 
Which can be labeled or can undergo further cleavage and 
cycliZation reactions. See, eg Sugiyama, Chem. Res. Toxi 
c0l. (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 meth 
ods Which result in multiple, different types of cleavage prod 
ucts comprising blocked 3' ends. 

[0121] Generally, cleavage of the backbone at an abasic site 
is general, speci?c or selective cleavage, 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 
exemplary. General, speci?c or selective cleavage is desirable 
for control of the fragment siZe in the methods of generating 
labeled polynucleotide fragments of the invention. 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 With 
minimal concern about excessive cleavage of the polynucle 
otide (i.e., While retaining a desired fragment siZe, Which may 
be determined by spacing of incorporated non-canonical 
nucleotides, during the synthesis step, above). In other 
embodiments, extent of cleavage can be less, such that poly 
nucleotide fragments are generated comprising an abasic site 
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at an end and an abasic site(s) Within or internal to the poly 
nucleotide fragment (i.e., not at an end). 
[0122] As noted herein, in embodiments in Which an abasic 
site is generated by cleavage of a base portion of a non 
canonical nucleotide in a polynucleotide synthesized in the 
presence of a non-canonical nucleotide, the frequency of 
incorporation of non-canonical nucleotides into the poly 
nucleotide relates to the size of fragment produced using the 
methods of the invention because the spacing betWeen non 
canonical nucleotides in the polynucleotide comprising a 
non-canonical nucleotide, as Well as the reaction conditions 
selected, determines the approximate size of the resulting 
fragments (folloWing cleavage of a base portion of a non 
canonical nucleotide, Whereby an abasic site is generated, and 
cleavage of the backbone at the abasic site as described 

herein). 
[0123] In methods of the invention, suitable fragment sizes 
are generally 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 nucleotides in length. In some embodi 
ments, the fragment is about 200 nucleotides, about 100 
nucleotides, or about 50 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 is 
approximate, particularly When populations of fragments are 
generated, because the incorporation of a non-canonical 
nucleotide (Which relates to the fragment size folloWing 
cleavage) Will vary from template to template, and also 
betWeen copies of the same template. Thus, fragments gen 
erated from same starting material (such as a single poly 
nucleotide template) may have different (and/ or overlapping) 
sequence, While still having the same approximate size or size 
range. 
[0124] FolloWing cleavage of the polynucleotide backbone 
at the abasic site, every fragment Will comprise one abasic site 
(if cleavage is completely e?icient), except for the 3'-most 
fragment, Which Will lack an abasic site. All other fragments 
Will comprise a 3' abasic site (a blocked 3' end). 
Unblocking of the Blocked 3' End to Generate a Polynucle 
otide Fragment With a 3' Hydroxyl Group 
[0125] A polynucleotide fragment comprising a blocked 3' 
end, prepared as described herein, is contacted With an 
enzyme capable of unblocking the blocked 3' end, Whereby a 
polynucleotide fragment comprising a 3' hydroxyl group is 
generated. In some embodiments, the enzyme capable of 
unblocking the blocked 3' end comprises a 3' to 5' exonu 
clease activity, generally a non-processive activity. In some 
embodiments, the enzyme that comprises a 3' to 5' exonu 
clease activity does not comprise an endonuclease activity, 
although an enzyme comprising an endonuclease activity 
may also be used, under conditions in Which the endonuclease 
activity is minimized or absent. In some embodiments, the 
enzyme comprising a 3' to 5' exonuclease activity is selected 
from the group consisting of endonuclease 4, exonuclease T, 
and APE 1. 
[0126] Various 3'-5' exonucleases may be used for removal 
of the 3' blocking group folloWing fragmentation of a poly 
nucleotide comprising an abasic site With an agent, such as a 
polyamine, for example, DMED, that produces a fragment 
With a blocked 3' end. A revieW of 3'-5' exonucleases is 
presented in Shevelev et al. (2002) Nature Reviews Molecular 
Cell Biology 3:367-376. Many DNA repair related exonu 
cleases have been discovered in recent years in addition to 
APE 1 and homologous AP nucleases in other eukaryotes and 
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prokaryotes. Of special interest are the TREXl and tWo 3'-5' 
exonucleases capable of unblocking a blocked polynucle 
otide 3' terminus, as described in Mazur et al., J. Biol. Chem. 
276(20): 17033-17029. Another effective exonuclease is APE 
2, Which e?iciently removes 3' blocking groups from poly 
nucleotide 3' termini, as described in Burkovics et al. (2006) 
Nucleic Acids Res. 34(9):2508-25 l 5. 
[0127] In some embodiments, an important feature of the 
3'-5' exonuclease is the ability to remove a blocking group at 
the 3' terminus of a single stranded polynucleotide (such as a 
single stranded ampli?cation product). In some embodi 
ments, the exonuclease is non-processive. An example of 
such a non-processive exonuclease is human TREX2 3'-5' 
exonuclease, as described in Perrino et al., .1. Biol. Chem. 
280(15): 15212-15218. 
Polymerase Extension or Ligation of Polynucleotide Frag 
ments With 3' Hydroxyl Groups 
[0128] A polynucleotide fragment With an unblocked 3' 
end, prepared as described herein, may be extended from the 
hydroxyl group at the 3' end by a template independent or 
template dependent polymerase or may be ligated at the 3' end 
to another polynucleotide With a ligase enzyme. 

[0129] In one embodiment, a polynucleotide fragment With 
an unblocked 3' end, prepared as described herein, is extended 
from the 3' hydroxyl group With a template independent poly 
merase, such as TdT, to incorporate one or more nucleotides, 
for example, one or more detectable nucleotides, at the 3' end 
of the polynucleotide fragment. In some embodiments, a 
labeled nucleotide is incorporated. In one embodiment, the 
labeled nucleotide is a biotinylated nucleotide, such as a 
biotinylated triphosphate (NTP), deoxynucleotide triphos 
phate (dNTP), or dideoxynucleotide triphosphate (ddNTP). 
For example, biotin 2'3'-dideoxy-UTP or biotin 2',3' 
dideoxy-CTP may be incorporated at the 3' end of the poly 
nucleotide fragment With TdT. In another embodiment, the 
labeled nucleotide comprises a ?uorophore (e. g., cy dyes, 
alexa dyes, ?uorescein, and other ?uorophores knoWn in the 
art). In other embodiments, the incorporated detectable 
nucleotide comprises an enzyme, a chromophore, a radiola 
bel, or a hapten Which is detectable by binding of a labeled 
second member of a binding pair, such as, for example, biotin/ 
avidin or streptavidin, antigen/ antibody, and the label 
attached to the second member of the binding pair may com 
prise, for example, a ?uorophore, an enzyme, a chromophore, 
a radiolabel, or may be attached to a detectable particle. In one 
embodiment, the labeled nucleotide is a biotinylated nucle 
otide, for example, biotin 2',3'-dideoxy-UTP or 2',3'-dideoxy 
CTP, and is detectable by binding of labeled avidin or strepta 
vidin. In some embodiments, a polynucleotide fragment 
prepared in accordance With methods described herein is 
tailed With unlabeled nucleotides or a mixture of labeled and 
unlabeled nucleotides With a template independent poly 
merase such as TdT. 

[0130] In another embodiment, a polynucleotide fragment 
With an unblocked 3' end, prepared as described herein, is 
hybridized to a polynucleotide template and extended from 
the 3' hydroxyl group With a template dependent polymerase. 
In one embodiment, the polynucleotide fragment With an 
unblocked 3' end is used as a primer to initiate synthesis of a 
polynucleotide complementary to the template. In one 
embodiment, the polynucleotide fragment is extended in the 
presence of one or more labeled nucleotides, such as one or 
more nucleotides attached to a member of a binding pair that 
































